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Preface

Institute for Zootechnics of the Faculty of Agriculture University of Belgrade 
and Department of Animal Sciences of the Faculty of Agriculture University of 
Novi Sad both have a long tradition in organizing scientific events. Institute for 
Zootechnics has been organizer of nineteen national conferences "Innovations in 
animal science" that 2012 evolved into "The first international symposium on 
animal science". At the same time, Department of Animal Sciences twenty three 
times was successful organizer of the International Symposium "New 
Technologies in Contemporary Animal Production". This year, these two 
institutions have decided to continue the tradition by joint forces, and the 
"International Symposium on animal science 2014" is the result of that 
cooperation.  

The main goal of this Symposium is to establish better collaboration between 
animal science researches and specialists from industry, trade and other related 
fields, and producers from Serbia, Western Balkans, EU and other parts of the 
World in their common fields of interests in science, education and good 
livestock production practice.  

The Symposium covers the most important topics in animal sciences: 1. 
Animal Raising and Reproduction, 2. Animal Breeding and Genetics, 3. Animal 
Nutrition, 4. Animal Health and Welfare, and Farm Biosecurity, 5. Game 
Production, Fishery and Beekeeping, 6. Rural Development, Organic and 
Sustainable Livestock Production, 7. Quality of livestock products and 8. 
Transfer of knowledge and innovations in Animal Science.   

We are grateful to the all institutions who responded to our invitation to help 
us in organization of this event. We thank the Symposium co-organizers: Faculty 
of biotechnology and food sciences in Nitra (Slovakia), Faculty of Agriculture-
University of Zagreb (Croatia), Faculty of animal science and biotechnology in 
Timisoara (Romania), Faculty of Agriculture-Josip Juraj Strossmayer University 
of Osijek (Croatia), Research Institute for Animal Production in Nitra (Slovakia), 
and Academy of Engineering Sciences of Serbia (Serbia). Also, we express a 
special thanks to European Society of Agricultural Engineers (EurAgEng), and 
Embassy of the Kingdom of the Netherlands in Serbia as well as all other 
institutions, sponsors and donators for support. 

We thank all authors and co-authors for their contribution in achieving the 
high scientific level of all topics, as well as invited speakers and members of the 
International Scientific and the Organizing Committees. Finally, we thank all 
participants, contributors, chairpersons, organizational and technical assistants 
for the considerable efforts they made in realization of this event.  

           Sincerely, 

                                                                 Prof. Dr Zoran Popovi  
                                                                 Editor in Chief and Chairman of Symposium  

                                                                  Organising and Scientific Committees 
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Preface

Institute for Zootechnics of the Faculty of Agriculture University of Belgrade 
and Department of Animal Sciences of the Faculty of Agriculture University of 
Novi Sad both have a long tradition in organizing scientific events. Institute for 
Zootechnics has been organizer of nineteen national conferences "Innovations in 
animal science" that 2012 evolved into "The first international symposium on 
animal science". At the same time, Department of Animal Sciences twenty three 
times was successful organizer of the International Symposium "New 
Technologies in Contemporary Animal Production". This year, these two 
institutions have decided to continue the tradition by joint forces, and the 
"International Symposium on animal science 2014" is the result of that 
cooperation.  

The main goal of this Symposium is to establish better collaboration between 
animal science researches and specialists from industry, trade and other related 
fields, and producers from Serbia, Western Balkans, EU and other parts of the 
World in their common fields of interests in science, education and good 
livestock production practice.  

The Symposium covers the most important topics in animal sciences: 1. 
Animal Raising and Reproduction, 2. Animal Breeding and Genetics, 3. Animal 
Nutrition, 4. Animal Health and Welfare, and Farm Biosecurity, 5. Game 
Production, Fishery and Beekeeping, 6. Rural Development, Organic and 
Sustainable Livestock Production, 7. Quality of livestock products and 8. 
Transfer of knowledge and innovations in Animal Science.   

We are grateful to the all institutions who responded to our invitation to help 
us in organization of this event. We thank the Symposium co-organizers: Faculty 
of biotechnology and food sciences in Nitra (Slovakia), Faculty of Agriculture-
University of Zagreb (Croatia), Faculty of animal science and biotechnology in 
Timisoara (Romania), Faculty of Agriculture-Josip Juraj Strossmayer University 
of Osijek (Croatia), Research Institute for Animal Production in Nitra (Slovakia), 
and Academy of Engineering Sciences of Serbia (Serbia). Also, we express a 
special thanks to European Society of Agricultural Engineers (EurAgEng), and 
Embassy of the Kingdom of the Netherlands in Serbia as well as all other 
institutions, sponsors and donators for support. 

We thank all authors and co-authors for their contribution in achieving the 
high scientific level of all topics, as well as invited speakers and members of the 
International Scientific and the Organizing Committees. Finally, we thank all 
participants, contributors, chairpersons, organizational and technical assistants 
for the considerable efforts they made in realization of this event.  

           Sincerely, 

                                                                 Prof. Dr Zoran Popovi  
                                                                 Editor in Chief and Chairman of Symposium  

                                                                  Organising and Scientific Committees 
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Abstract 
It is now well established that interactions between the immune and reproductive system 
have important consequences for fertility and reproductive health. Pattern recognition 
receptors (PRRs) are one of the key components of innate immune recognition in 
vertebrate species. One of the best studied members of PRRs innate immune system is the 
family of Toll-like receptors (TLRs), which is a family of conserved transmembrane 
proteins recognizing conserved molecular motifs in a broad range of bacteria, viruses, 
fungi and parasites. In this review the role of TLR genes in the reproductive immunology 
of tract of farm animal species will be discussed. 

Key words: embryos, gametes, gene expression, reproductive organs, toll-like receptors

Introduction 
Many studies have reported on the involvement of TLRs in the interactions between the 
immune and reproductive system, as well as on the involvement of TLRs in the physiology 
of reproduction in various vertebrate species (Fazeli et al., 2005; Andersen et al., 2006; 
Itoh et al., 2006; Soboll et al., 2006; Herath et al., 2007). Furthermore, microbial invasion 
presents a threat to the health of male reproductive organs that can affect fertility (Dejucq 
et al., 2001; Com et al., 2003; Palladino et al., 2003). Various pathogens are able to infect 
the male reproductive tract in vertebrates, resulting in reproductive dysfunction and 
endocrine disorders. Microbial infection of the testis and epididymis can have as a 
consequence orchitis or epididymal inflammation, leading to transient or permanent 
sterility (Dejucq et al., 2001; Hall et al., 2002; Com et al., 2003; Rodrigues et al., 2008). 
Protection of the male reproductive organs from invading microorganisms is therefore an 
essential aspect of reproductive physiology.  

During the last years, pattern recognition receptors (PRRs) have been identified as one of 
the key components of innate immune recognition in vertebrate species, providing the first 
line of defense against potential pathogens (Akira et al., 2001; Brownlie and Allan 2010). 
One of the members of PRRs, the family of Toll-like receptors (TLRs), has been reported 
to be expressed in the reproductive organs in various vertebrate female species and thus 
have been implicated in many aspects of reproductive physiology and pathology, providing 
evidence to suggest that TLRs may function to affect fertility (Fazeli et al., 2005; Andersen 
et al., 2006; Shimada et al., 2006; Soboll et al., 2006; Herath et al., 2007; Ozoe et al., 2009; 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

2

Michailidis et al., 2010; 2011). However, mechanisms of antimicrobial protection of male 
reproductive organs mediated by TLRs have not been studied extensively.  

Male reproductive tract 
It has been reported that rat male reproductive organs, including testis, epididymis and vas 
deferens express TLRs1-11 (Palladino et al., 2007), while mouse Sertoli cells express 
TLRs2-5 at relatively high levels and TLR6, 7 and 13 at lower levels and do not express 
TLR1 and TLR8-12 (Riccioli et al., 2006; Starace et al., 2008). Adult human testis also 
expresses TLR2 and 4 at high levels and TLR5 and 6 at lower levels (Nishimura and Naito, 
2005).  

Bacterial and viral infections of the male reproductive organs can cause orchitis, 
epididymitis, and epididymo-orchitis, as well as obstructions of the reproductive tract, 
which can result in compromising movement of spermatozoa through the excurrent ductal 
system, contributing significantly to impaired fertility (Palladino et al., 2003; Bhushan et 
al., 2009). Protection of male reproductive tissues, such as testis and epididymis from 
microbial invasion is therefore an emerging aspect of research in reproductive physiology.   

In recent years, research on antimicrobial protection of male reproductive organs and 
spermatozoa have indicated the crucial role of the innate immune system in controlling 
microbial infections of the male genital tract. As innate immune system competence is of 
critical importance in preventing microbial penetration, a growing number of known or 
putative antimicrobial defense systems have been reported to be present in the testis of 
various vertebrate species. In particular, a number of antimicrobial peptides, such as 
defensins, eppin, human cationic antimicrobial protein 18, and lipopolysaccharide binding 
protein (Com at al., 2003; Palladino et al., 2003), have been detected in the male 
reproductive tract and spermatozoa of various vertebrates. In addition to their roles in 
innate immunity of male reproductive organs, antimicrobial peptides, such as members of 
the b-defensin family have been reported to play roles not only in innate immunity but also 
in male fertility, sperm survival in male reproductive tract, and sperm-egg interaction in 
mammals (Com et al., 2003; Palladino et al., 2003).   

Apart from antimicrobial peptides, during the last years the discovery of Toll-like revealed 
the significant role of pattern recognition receptors in the innate immune system (Akira et 
al., 2001). TLRs recognize a range of microbial molecular patterns and generate intra-
cellular signals through nuclear factor-kB (NFKB) dependent pathways to induce 
chemokine and cytokine expression that activate a range of host responses (Zarember and 
Godowski, 2002). As interactions between the immune and reproductive systems have 
important consequences for fertility and reproduction, there is increasing evidence that 
many of these interactions involve the family of Toll-like receptors (Girling and Hedger, 
2007). Although their function in the male reproductive tract has not yet been studied 
extensively, there is increasing evidence that the innate defense system of the testis hinges 
on recognition of bacterial products by members of the TLR family and TLRs play a role 
in testicular steroidogenesis and spermatogenesis during normal function, as well as in 
testicular pathology (Girling and Hedger, 2007; Bhusham et al., 2009). Previous studies 
have reported that in the testis, TLRs are found in immune cells such as macrophages and 
dentritic cells, as well as in testicular somatic cells and also in the germ cells (Bhushan et 
al., 2009). Messenger RNA for TLRs was abundantly expressed in the testis (Palladino et 
al., 2007), expression of TLR1-9 was detected in human testis (Nishimura and Naito, 
2005), while various types of TLRs were expressed in testicular Sertoli cells (Riccioli et al., 
2006; Wu et al., 2008).
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Bacterial and viral infections of the male reproductive organs are one of the most serious 
causes of infertility in males as they can cause orchitis, epididymitis, and epididymo-
orchitis, as well as obstructions of the reproductive tract, which can result in compromising 
movement of spermatozoa through the excurrent ductal system, contributing significantly 
to impaired fertility (Palladino et al., 2003; Bhushan et al., 2009). Protection of male 
reproductive organs, from microbial invasion is therefore an emerging aspect of research in 
reproductive physiology.    

Although some studies have reported on the testis, there have been relatively few studies 
on inflammatory signaling in the epididymal epithelium or on the effects of systemic 
inflammation on epididymal function. However, it is well established that immune 
responses within the testis, where sperm develop, and immune responses in the epididymis, 
where mature sperm concentrate and mature, are very different and the immune functions 
of the epididymis have largely been underestimated (Hedger, 2011; Meinhardt and Hedger, 
2011). Intraepithelial lymphocytes and other immunocompetent cells have been observed 
in the epididymis (Da Silva et al., 2011; Meinhardt and Hedger, 2011), but the precise 
nature of these cells and their immunological properties remain to be elucidated. 
Surprisingly, one of the most understudied aspects of epididymal physiology is its 
interaction with the immune system (Hedger and Hales, 2006; Da Silva et al., 2011). The 
epididymal mucosal system must protect autoantigen-coated spermatozoa from destruction 
by the immune system as well as invading pathogens. Because of the role of the 
epididymis in sperm maturation and storage it is critical that the epithelium of the male 
reproductive tract be protected from a variety of pathogens that can invade the tract 
including pathogens that cause sexually transmitted diseases (Palladino et al., 2007). 
Previous studies have reported on the role of host defense peptides and proteins such as 
defensins and TLRs in protecting the epididymis and therefore both spermatozoa and the 
epididymal epithelium from microbes, as well as on motility and fertility in different 
mammalian species (Frohlich et al., 2001; Avellar et al., 2004; Yenugu et al., 2006; 
Palladino et al., 2003; 2007; Lin et al., 2008).  

Female reproductive tract 
TLRs have been reported to be expressed in the reproductive organs of various female 
species and have been implicated in critical aspects of ovarian, endometrial and placental 
function (Fazeli et al., 2005; Girling and Hedger, 2007; Michailidis et al., 2010 and 2011). 
Several studies have reported on the role that TLRs play in the maintenance of the immune 
system in the reproductive organs in many vertebrate species. Members of the TLR family 
were expressed in the ovary and granulosa and cumulus cells in mouse, as well as in cattle, 
pig, chicken, sheep and human ovaries, providing evidence to suggest that they may 
function to affect fertility (Fazeli et al., 2005; Rodriguez-Martinez et al., 2005; Alvarez et 
al., 2006; Shimada et al., 2006; Herath et al., 2007; Shimada et al., 2008). A number of 
studies have also reported the presence of TLR family members in the uterine, vaginal 
tissues and oviductal stromal fibroblasts in the female reproductive tract (Soboll et al., 
2006; Fazeli et al., 2005; Andersen et al., 2006; Itoh et al., 2006). 

Conclusion 
Collectively, members of the TLR family are abundantly expressed in the ovary, oviduct, 
testis, epididymis and embryos during embryonic development, their mRNA abundance is 
developmentally regulated during sexual maturation and that certain TLRs are significantly 
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induced in the male and female reproductive tract response to various infections. These 
findings suggest that TLRs are important for innate immunity of the reproductive organs 
and embryos and suggest that a TLR mediated immune system exists in the reproductive 
organs and that it probably plays a role in the recognition of pathogens, and in the initiation 
of immune response to protect the gametes for successful fertilization, and in preventing 
microbial pathogens from being incorporated into the embryos. Increased knowledge about 
TLRs may result in the identification of breeds that are more resistant to colonization of 
pathogens, which will be very important as farm animals are important reservoir of 
zoonotic pathogens harmful to humans and provide an important food source. 
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Abstract 
In this study human adrenocortical carcinoma cell line NCI-H295R was used as an in vitro 
biological model to study the effect of heavy metals on steroidogenesis. The cell cultures 
were exposed to different concentrations of cadmium (1.90; 3.90; 7.80; 15.60; 31.20; 62.50 
M of CdCl2), mercury (1.0; 5.0; 25; 50; 100 M of HgCl2), nickel (3.90; 7.80; 15.60; 

31.20; 62.50; 125; 250; 500 M of NiCl2) and compared to control. Cell viability was 
measured by the metabolic activity (MTT) assay for estimation of mitochondria structural 
integrity. Quantification of sexual steroid production directly from aliquots of the medium 
was performed by enzyme linked immunosorbent assay (ELISA). Cadmium decreased the 
release of progesterone and testosterone already at a very low concentration (1.90 M) of 
CdCl2, while the cell viability remained relatively high (> 75%) up to 7.80 M of CdCl2 
and significantly (P<0.01) decreased at 15.60 M and higher concentrations of CdCl2. 
Concentration-dependent depression in testosterone production was detected particularly 
for higher concentration of HgCl2. Progesterone production was also decreased, but at the 
lower concentrations (1.0 and 5.0 M) of HgCl2 this decline was lower compared to 
depression of testosterone. The cell viability significantly decreased at 25 M and higher 
concentration of HgCl2. Results of the our study indicate dose dependent decreases in both 
sexual steroid hormones by NCI-H295R cell culture following a 48 h in vitro NiCl2 
exposure. The lowest concentration of progesterone was significantly (P<0.01) detected in 
groups with the higher doses (  500 M) of NiCl2, which elicited significant cytotoxic 
effect. The testosterone production was decreased as well, but this decline was more 
pronounced compared to depression of progesterone. These results suggest that heavy 
metals have detrimental effects on steroid hormone synthesis even at very low 
concentrations and consecutively on reproductive physiology. 

Key words: cell viability, endocrine disruption, heavy metals, NCI-H295R cell line, 
steroid hormones
 

Introduction 
Currently, there is increased evidence that various chemicals introduced to the environment 
have the potential to disrupt the endocrine system, which may result in adverse effects on 
differentiation, growth and development. It is possible for certain environmental 
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contaminants (including metals) to cause or contribute to a hormonal disruption and 
interfere with functions of key enzymes involved in steroidogenesis (Sanderson, 2006). 
Heavy metals such as cadmium, mercury and nickel are also reported to have an endocrine 
disruptive potential (Zhu et al., 2000). Cadmium (Cd) is an industrial and environmental 
contaminant unique among metals because of its non biodegradable nature, long 
environmental persistence, extremely protracted biological half-life, low rate of excretion 
from the body and predominant storage in soft tissue (primarily liver and kidney) 
(Massanyi et al., 2002). As a well-known endocrine disrupting chemical, Cd is not only a 
regulator of hypothalamus and pituitary hormone secretion (Lafuente et al., 2003), but also 
disrupts steroidogenesis including the syntheses of androgen, progesterone and estrogen, 
leading to suppression of reproductive functions (Takuguchi and Yoshihara, 2006). 
Mercury (Hg) is one of the oldest toxicants known and is considered to be a risk factor of 
the environment and food chain (Tazisong and Senwo, 2009). Exposure to a high 
concentration of Hg causes an increase in reproductive problems (Schuurs, 1998), which 
can be reflected in the process of steroidogenesis. The endocrine disruptive effects of Hg 
have recently become one of the major public concerns. There in sufficient evidence from 
animal studies supporting the disruptive effects of Hg on the functions of the thyroid, 
adrenal gland, ovary and testis, although several factors make it difficult to extrapolate the 
animal data to humans (Zhu et al., 2000). Nickel (Ni) is considered to be an essential 
micronutrient (Eisler, 1998) that is only required in very small amounts (Das, 2009). 
Nickel serves as a cofactor or a structural component of several metalloenzymes (Przybyla 
et al., 1992). There is sufficient evidence that nickel ions (Ni2+) have potent toxic effects 
on the reproductive system (Das and Dasgupta, 2000). Nickel salts are capable of 
morphological changes such as degeneration of testicular germinal epithelium (Pandey et 
al., 1999), testicular sarcomas and functional disorders such as inhibition of 
spermatogenesis (Yokio et al., 2003) or disruption of steroidogenesis (Krockova et al., 
2011). 

In the present study we investigated the effects of heavy metals on steroidogenesis in the 
human adrenocortical carcinoma cell line (NCI-H295R), which serves as a model system 
for screening endocrine-disruptive chemicals (Ding et al., 2007). This cell line was derived 
from H295 cells, which were established from a primary hormonally active adrenocortical 
carcinoma (Rainey et al., 2004). The NCI-H295R cells have physiological characteristics 
of zonally undifferentiated human fetal adrenal cells (Staels et al., 1993) and represent an 
unique in vitro model system which has the ability to produce all of the steroid hormones 
found in the adult adrenal cortex and gonads, allowing to test the effects on both 
corticosteroid synthesis together with the production of sexual steroid hormones (Gazdar et 
al., 1990) as well as permit the measurement of hormone production.  The objective of our 
study was to determine the effects of heavy metals (Cd, Hg and Ni) on steroidogenesis of 
human adrenocortical carcinoma cell line (NCI-H295R). Specifically, we examined the 
dose-dependent changes of heavy metals as endocrine disruptors in relation to release of 
progesterone and testosterone by adrenocortical carcinoma cells in vitro. 

Material and methods 
Cell Culture 
The human adrenocortical carcinoma cell line (NCI-H295R) was obtained from the 
American Type Culture Collection (ATCC, Manassas, VA, USA). The cells were cultured 
in a Good Laboratory Practice (GLP) certified laboratory (National Institute of Chemical 
Safety, Budapest; OGYI/31762-9/2010) according to previously established and validated 
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protocols (Hilscherova et al., 2004; OECD, 2011). The adrenocortical carcinoma cells 
were grown (37ºC, with a 5% CO2 atmosphere) in a 1:1 mixture of Dulbecco´s Modified 
Eagle´s Medium and Ham´s F-12 Nutrient mixture (DMEM/F12) (Sigma-Aldrich, St. 
Louis, MO, USA) (1:1) supplemented with 1.20 g/L NaHCO3 (Sigma-Aldrich, St. Louis, 
MO, USA), 5.00 mL/L of ITS+Premix (BD Biosciences, San Jose, CA, USA) and 12.50 
mL/L of BD Nu-Serum (BD Biosciences, San Jose, CA, USA). The medium was changed 
2-3 times per week and cells were detached from flasks for sub-culturing using sterile 
0.25% trypsin-EDTA (Sigma-Aldrich, St. Louis, MO, USA).Cell density was determined 
using a hemocytometer and adjusted with culture medium to a final concentration of 300 
000 cells/mL. The cell suspensions were plated (with final volume of 1.00 mL/well) into 
sterile plastic 24-well plates (TPP, Grainer, Germany) for estimation of steroid hormones. 
For cytotoxicity evaluation the cells (100 μL/well) were seeded into 96-well plates (MTP, 
Grainer, Germany). The seeded plates were incubated at 37ºC with a 5% CO2 atmosphere 
for 24 h to allow the cells to attach to the wells (Knazicka et al., 2013).  

In vitro exposure 
After 24 h attachment period the cell culture medium was removed from the plates and 
replaced with a new medium supplemented with 1.90; 3.90; 7.80; 15.60; 31.20; 62.50 M 
cadmium chloride (CdCl2; Sigma-Aldrich, St. Louis, MO, USA), 1.0; 5.0; 25; 50; 100 M 
mercury chloride (HgCl2; Sigma-Aldrich, St. Louis, MO, USA) and 3.90; 7.80; 15.60; 
31.20; 62.50; 125; 250 or 500 M nickel chloride (NiCl2; Sigma-Aldrich, St. Louis, MO, 
USA). Cell cultures were maintained for 48 h. 

Cytotoxicity evaluation 
The viability of the cells exposed to heavy metals was evaluated by the metabolic activity 
(MTT) assay (Mosmann, 1983). This colorimetric assay measures the conversion of 
a yellow tetrazolium salt [3-(4,5-dimetylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] 
(MTT), to blue formazan particles by mitochondrial succinate dehydrogenase of intact 
mitochondria of living cells. Formazan was measured spectrophotometrically. Following 
the termination of heavy metals (HgCl2, CdCl2 and NiCl2) exposure, the cells were stained 
with MTT (Sigma-Aldrich, St. Louis, MO, USA) at a final concentration of 0.20 mg/mL. 
After 2 h incubation (37ºC, with a 5% CO2 atmosphere), the cells and the formazan 
crystals were dissolved in 150 μL of acidified (0.08 M HCl) isopropanol (CentralChem, 
Bratislava, Slovak Republic). The optical density was determined at a measuring 
wavelength of 570 nm against 620 nm as reference by a microplate reader (Anthos 
MultiRead 400, Austria). The data were expressed in percentage of the control (i.e. optical 
density of formazan from cells not exposed to heavy metals).   

 

Hormone measurement 
Enzyme linked immunosorbent assay (ELISA) was used for the quantification of steroid 
hormones (progesterone, testosterone) directly from the aliquots of the medium. The 
ELISA kits were purchased from Dialab GmbH (Wiener Neudorf, Austria). According to 
the manufacturer's data the sensitivity of testosterone assay was 0.075 ng/mL, and the 
intra-and inter-assay coefficients of variation were 4.60% and 7.50%, respectively. Cross-
reactivity with 5 -dihydroxytestosterone was 16.00%. The sensitivity of progesterone 
assay was 0.05 ng/mL, and the intra- and inter-assay coefficients of variation were  
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4.00% and  9.30%, respectively. The absorbance was determined at a wavelength 450 nm 
using an Anthos MultiRead 400 (Anthos MultiRead 400, Austria) microplate reader and 
the data were evaluated by WinRead 2.30 computer software. Values were expressed in 
percentage of the untreated controls. 

 

Statistical analysis 
Obtained data were statistically analyzed by the PC program GraphPad Prism 6.00 
(GraphPad Software Incorporated, San Diego, California, USA). Descriptive statistical 
characteristics (arithmetic mean, minimum, maximum, standard deviation and coefficient 
of variation) were evaluated. One-way analysis of variance (ANOVA) and the Dunnett´s 
multiple comparison test were used for statistical evaluations. The level of significance 
was set at * P<0.05; ** P<0.01 and *** P<0.001. 

Results and discussion 
Release of steroid hormones by adrenocortical carcinoma cells after CdCl2 exposure 
Recently, the effects of Cd on steroidogenesis have been described, but results vary 
depending on the experimental model, time-duration of exposure and the dose used. Our 
results suggest a direct toxic action of Cd on the steroid-producing cells and subsequent 
changes in hormonal release. Cadmium decreased the release of progesterone and 
testosterone in the whole applied range even at a very low concentration (1.90 M) of 
CdCl2 (Table 1), while the cell viability remained relatively high (> 75%) up to 7.80 M of 
CdCl2 and significantly (P<0.01) decreased from 15.60 M and higher concentrations of 
CdCl2 (Figure 1). These results are in agreement with a previous report by Tchounwou et 
al. (2001) indicating the high degree of CdCl2 toxicity to human liver carcinoma cells 
(HepG2). 

Figure 1. The viability of NCI-H295R cells in culture after 48 h of CdCl2 exposure
Legend: Cytotoxicity was assessed using the MTT assay following CdCl2 exposure. Bar values represent the 
arithmetic mean (±S.D.) optical density in % of (untreated) controls. The number of replicate wells was 21-
32 at each point. A decline in optical density reflects a decline in cell viability. Statistical difference between 
the values of control and treated cells was indicated by asterisks * P<0.05; ** P<0.01; *** P<0.001 (One-
way ANOVA with Dunnett´s multiple comparison test).  
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Cadmium disrupts steroid biosynthesis in a variety of cells (Paksy et al., 1992). The studies 
conducted using cultured human placental trophoblastic cells suggest that Cd reduces 
progesterone synthesis by inhibiting the gene expression of the low-density lipoprotein 
(LDL) receptor, which controls the internalization of cholesterol into steroidogenic cells 
(Jolibois et al., 1999), cytochrome P450SCC, which coverts pregnenolone to progesterone 
(Kawai et al., 2002). The results of our present study indicate dose-dependent decrease in 
progesterone release by NCI-H295R cell line in culture following a 48 h in vitro CdCl2 
exposure. The lowest amount of progesterone was significantly detected in groups with the 
highest doses (  31.20 M) of CdCl2. The authors Paksy et al. (1992 and 1997) reported a 
decrease of progesterone production by human granulosa cells after Cd treatment in vitro. 
Cadmium did not cause a significant alteration in progesterone accumulation during 4 h 
incubation period, however, progesterone production decreased after 24 h. The testosterone 
production was decreased as well, but this decline was more evident at 7.80 M of CdCl2 
in comparison to the decrease in progesterone release. Laskey and Phelps (1991) examined 
effect of Cd2+ and other metal cations (Co2+, Cu2+, Hg2+, Ni2+ and Zn2+) on in vitro Leydig 
cell testosterone production. Testicular cells were incubated with metal cations (1.0 to 
5000 μM) for 3 h absence and presence of maximally stimulating concentrations of human 
chorionic gonadotropin (hCG), dibutyl cyclic adenosine monophosphate (db-cAMP), 20 -
hydroxycholesterol (HCHOL) or pregnenolone (PREG). The results showed no change in 
Leydig cell viability with any metal cation treatment during 3 h incubation. Dose-response 
depletion in both hCG- and db-cAMP-stimulated testosterone production were noted with 
Cd2+, Co2+, Cu2+, Hg2+, Ni2+ and Zn2+ treatment. Surprisingly, Cd2+, Co2+, Ni2+ and Zn2+, 
which caused depletion in hCG- and db-cAMP-stimulated testosterone production, caused 
significant increases in HCHOL- and PREG-stimulated testosterone production over 
untreated and similarly stimulated cultures. This indicated that these cations may act at 
multiple sites within the Leydig cell.  

 
Table 1. Effect of 48 h CdCl2 exposure on release of sexual steroid hormones (ng/mL) by 

adrenocortical carcinoma (NCI-H295R) cells 

Groups 
 

Control 1.90 3.90 7.80 15.60 31.20 62.50 
Ctrl F E D C B A 

CdCl2 (μM) 
Progesterone (ng/mL) 
x  26.72 19.03 20.97 22.93 9.85 5.34* 2.49** 
Minimum 15.24 11.77 10.89 8.15 4.88 2.44 1.25 
Maximum 42.88 34.24 35.07 32.53 12.25 6.88 3.88 
S.D. 9.68 13.84 9.17 10.60 2.70 1.58 0.90 
CV (%) 36.24 43.05 43.71 46.25 27.37 29.55 36.15 
% 100.00 71.20 78.47 85.80 36.86 19.99 9.31 
Testosterone (ng/mL) 
x          14.02 9.56 13.31 8.82* 4.10** 2.65** 2.21** 
Minimum 9.22 4.03 8.28 4.97 2.13 1.08 1.02 
Maximum 18.50 14.66 22.24 12.28 7.12 4.88 3.88 
S.D. 3.15 4.26 4.65 2.26 1.78 1.37 0.87 
CV (%) 22.49 44.51 34.96 25.66 43.37 51.77 39.36 
% 100.00 68.13 94.83 46.57 19.84 18.88 15.74 

x – arithmetic mean; S.D. – standard deviation; CV (%) – coefficient of variation; *P<0.05; **P<0.01; 
***P<0.001 
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Release of steroid hormones by adrenocortical carcinoma cells after HgCl2 exposure 
The results of our present study indicate dose-dependent decreases in both progesterone 
and testosterone release by NCI-H295R cell line in culture following a 48 h in vitro HgCl2 
exposure detected at low concentration (Table 2), which does not elicit significant 
(P>0.05) cytotoxic action. The viability of cells significantly decreased at 25 μM and 
higher concentration of HgCl2 (Figure 2). However, at 25 M HgCl2 exposure the cell 
viability remained relatively high (> 80%). The measurement of cell viability and in vitro 
sexual steroid production proved to be sensitive for assessing a direct action of 
environmental chemical factors. Our presented data showed that progesterone was 
decreased, but at the lower concentrations (1.0 and 5.0 M) of HgCl2 this decline was less 
pronounced comparing to depression of testosterone. Burton and Meikle (1980) found that 
mitochondrial conversion of cholesterol to pregnenolone was inhibited in testicular tissue 
following mercury (MeHg) exposure and this could inhibit steroidogenesis. Veltman and 
Maines (1986) studied the synthesis of corticosterone in rats following exposure to HgCl2, 
and determined that there was an increase in specific cytochrome P450 enzymes (CYPs) in 
the mitochondrial fraction of the adrenal glands, which in turn caused an increase in side-
chain cleavage of cholesterol and a seven fold increase in the rate of production of 
pregnenolone.  

Figure 2. The viability of NCI-H295R cells in culture after 48 h of HgCl2 exposure
Legend: Cytotoxicity was assessed using the MTT assay following HgCl2 exposure. Bar values represent the 
arithmetic mean (±S.D.) optical density in % of (untreated) controls. The number of replicate wells was 20-
32 at each point. A decline in optical density reflects a decline in cell viability. Statistical difference between 
the values of control and treated cells was indicated by asterisks * P<0.05; ** P<0.01; *** P<0.001 (One-
way ANOVA with Dunnett´s multiple comparison test). 

 

The testosterone seems to be more vulnerable than progesterone to HgCl2 exposure 
suggesting multiple sites of action of this metal in steroidogenesis. Disorders of the 
testosterone synthesis could result in a reduction of the activity of the key enzymes implied 
in the biosynthesis of testosterone (McVey et al., 2008). Vachhrajani and Chowdhury 
(1990) examined the testicular steroidogenesis after an intraperitoneal administration of 
HgCl2 (5.0; 10 g/kg) and methylmercury (50; 100 g/kg of MeHg) for 90 days. Both 
(HgCl2, MeHg) inhibited the activity of 3 -hydroxysteroid dehydrogenase in the rat, 
leading to a significant decrease in serum testosterone levels and an induced cellular 
disintegration of Leydig cells. 
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Table 2. Effect of 48h HgCl2 exposure on release of sexual steroid hormones (ng/mL) by 

adrenocortical carcinoma (NCI-H295R) cells

Groups Control 1.0 5.0 25 50 100 
Ctrl E D C B A 

HgCl2 (μM) 
Progesterone (ng/mL) 
x  18.53 11.79* 17.31 1.43** 0.007** 0.01** 
Minimum 12.14 7.92 11.88 1.09 0.00 0.00 
Maximum 23.58 15.21 22.24 2.02 0.02 0.02 
S.D. 4.80 2.99 4.37 0.41 0.009 0.01 
CV (%) 25.89 25.40 25.26 28.65 127.66 115.47 
% 100.00 63.63 93.42 7.72 0.38 0.05 
Testosterone (ng/mL)
x 12.21 4.85** 5.51** 1.06** 0.36** 0.88** 
Minimum 6.69 2.59 2.84 0.89 0.10 0.05 
Maximum 18.50 8.29 8.24 1.38 0.78 2.05
S.D. 4.90 2.45 2.59 0.22 0.30 0.92 
CV (%) 40.16 50.51 47.04 20.27 83.40 104.53 
% 100.00 39.72 45.13 8.68 3.00 7.20 

x – arithmetic mean; S.D. – standard deviation; CV (%) – coefficient of variation; *P<0.05; **P<0.01; 
***P<0.001

Release of steroid hormones by adrenocortical carcinoma cells after NiCl2 exposure 
Following 48 h culture of the cells in the presence of NiCl2 a concentration-dependent 
depletion of steroid hormones release was observed in the whole applied range of 
concentrations (1.90 to 500 M), including the lower concentrations of NiCl2. The lowest 
amount of progesterone was significantly (P�0.01) detected in groups with the higher 
doses (  500 M) of NiCl2 (Table 3), which elicited significant cytotoxic effect. However, 
the cell viability remained relatively high up to 62.50 M of NiCl2 (Figure 3). The 
testosterone production was decreased as well, but this decline was more pronounced 
compared to depression of progesterone. These results clearly confirm previous reports by 
Forgacs et al. (2011) and Ocztos et al. (2011), who observed the effect of Ni2+, Hg2+ and 
Cd2+ on the progesterone and testosterone production of H295R cells. 
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Figure 3. The viability of NCI-H295R cells in culture after 48 h of NiCl2 exposure
Legend: Cytotoxicity was assessed using the MTT assay following NiCl2 exposure. Bar values represent the 
arithmetic mean (±S.D.) optical density in % of (untreated) controls. The number of replicate wells was 22-
32 at each point. A decline in optical density reflects a decline in cell viability. Statistical difference between 
the values of control and treated cells was indicated by asterisks * P<0.05; ** P<0.01; *** P<0.001 (One-
way ANOVA with Dunnett´s multiple comparison test). 

Table 3. Effect of 48 h NiCl2 exposure on release of sexual steroid hormones (ng/mL) by 
adrenocortical carcinoma (NCI-H295R) cells 

Groups Control 3.90 7.80 15.60 31.20 62.50 125 250 500 
Ctrl H G F E D C B A

NiCl2 (μM) 
Progesterone (ng/mL) 
x  21.05 19.56** 11.07** 10.59** 11.70** 9.93** 7.33** 6.18** 5.79**
minimum 15.24 15.64 6.24 6.84 8.27 6.88 5.27 4.25 3.55 
maximum 28.25 24.12 14.25 15.26 14.85 14.49 10.58 8.18 7.58 
S.D. 4.40 4.00 3.26 3.06 2.65 3.00 1.99 1.62 1.35 
CV (%) 20.91 20.46 29.48 28.96 22.96 30.24 27.15 26.13 23.41 
% 100.00 68.39 52.59 50.28 55.50 47.19 34.83 29.37 27.48 
Testosterone (ng/mL) 
x 10.75 4.42** 3.18** 1.98** 4.96** 1.46** 1.22** 2.18** 1.86**
minimum 6.54 2.12 1.84 0.48 3.02 0.27 0.25 0.88 0.57 
maximum 16.44 7.28 5.87 3.54 7.12 2.71 2.33 3.19 3.21 
S.D. 3.45 2.02 1.47 1.18 1.71 0.90 0.74 0.89 1.07 
CV (%) 32.12 45.66 46.33 59.52 34.45 61.85 60.43 41.05 57.51 
% 100.00 41.10 29.55 18.41 46.14 13.53 11.30 20.23 17.26 

x – arithmetic mean; S.D. – standard deviation; CV (%) – coefficient of variation; *P<0.05; **P<0.01; 
***P<0.001 

Krockova et al. (2011) examined the effects of NiCl2 on the testosterone secretion, cell 
viability and apoptosis in mouse Leydig cells in vitro. Their study demonstrated that NiCl2 
decreased the testosterone production already at a low dose (15.67 M) and subsequently 
confirmed structural and functional alterations in the Leydig cells. Ng and Liu (1990) 
reported that NiCl2 had no deleterious effects on cell viability and hormone-induced 
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steroidogenesis in the adrenal gland and Leydig cells when tested up to a concentration of 
100 M. 

 

Conclusions 
Data obtained from this in vitro study indicate that the release of sexual steroid hormones 
by adrenocortical carcinoma cells can be associated with the dose of heavy metals 
administration. Testosterone release seemed more vulnerable than progesterone to heavy 
metals exposure. Probably the effect of enzymatic action of 17 -hydroxysteroid 
dehydrogenase is more expressive, which results in decreased release of testosterone in 
comparison with progesterone and thereby the effect of enzymatic action of 3 -
hydroxysteriod dehydrogenase. In conclusion, the present study suggests the endocrine 
disruptive and reproductive toxicological effects of these selected heavy metals. 
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Abstract 
In this study we investigated influence of weight gain level of gilts reached during  
performance test on the expression of important reproductive traits. For the purpose of 
research, data on the litter size from 2nd to 9th parity of 700 tested gilts were monitored. 
Characteristics that were examined are: growth at the end of the test, the number of piglets 
born alive, stillborn and weaned piglets per parity and a total from 2nd to 9th parity, and the 
percentage of sows entering the next farrowing. Results obtained in this study indicate that 
gilts with a lower weight gain in performance test have smaller number of live born 
(8.8:9.23 p<0.01) and reared piglets (8.46:8.55, p<0.01) in regard to the higher weight gain 
gilts, but a larger number of stillborn piglets (0.35:0.29). Also, gilts with the lowest weight 
gain during the performance test had smaller average litter size from 2nd to 9th parity. Even 
greater difference is determined if the average litter size from 3rd to 7th parity (9.8:10.0 and 
10.4) is observed. The largest percentage of sows farrowing for the second time was in 
gilts with the highest weight gain during the performance test (39.5%: 14.8% and 15.5%) 
which expressed statistically significant difference (p<0.01). Gilts with a lower gain weight 
in performance test had a higher percentage of sows included in the next farrowing. Data 
showed a large drop in the number of sows with the second and third parity in the total 
sample, where the percentages of earned second and third litters were 16.5 and 45.3%, 
while the percentages of actual parity from the 4th to 7th parity were: 79.2; 94.7; 83.3; 96.7; 
72.4 and 90.5%.

Key words: gilts, litter size, live births, parity, sows, weight gain 
 

Introduction 

Pig production, in addition to poultry, is one of the most intensive type of production, 
which requires the perfect operation of all technological processes. Great emphasis is 
placed on the production of breeding material, mainly gilts (Stan i  et al., 2006), which 
after proper selection are to be engaged in production (Hughes et al., 2010), with the 
assumption that, as Prunier et al. (2003) and Hoving et al. (2010) stand out, they will 
remain in production long enough to cover the costs of purchasing and breeding. In this 
case, it is primarily related to gilts/sows longevity with achieving maximal reproductive 
performance (Lucia and March, 1999; Lucia et al., 2000a; Serenius et al., 2006; Filha et al., 
2010). For this reason, it is necessary to correct the traditional breeding technology 
(Foxcroft et al., 2005), even if it is, in addition to the impact of growth, difficult to define 
effects of age, weight and thickness of a side of bacon on reproductive efficiency 
(Bortolozzo et al., 2009). 
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A current problem in production is high percentage of culled sows which, according to 
Linda Engblom et al. (2007) reaches an average of 49.5% on commercial farms in Sweden, 
which is also similar to the results obtained in other EU countries (Boyle et al., 1998; Lucia 
et al., 1999; Lucia et al., 2000a and 2000b). For the purpose of ensuring a sufficient 
number of animals for herd repair, it is necessary to pay special attention to gilt raising, in 
order to align the appropriate body weight and age at the first possible moment of 
fertilization so they could effectively be involved in breeding (Radovi , 2002; Stan i  et 
al., 2003; Radovi  et al., 2007). Factors influencing the moment of reaching puberty and 
reproductive efficiency are numerous, from the influence of sow genotype and boar impact 
(Langendijk et al., 2000; Kemp et al., 2005) up to factor of accommodation (Stan i  and 
Šahinovi , 1998; Stan i  et al., 2003; Akos and Bilkei, 2004). Recently, emphasis has been 
placed on defining the criteria for identification and exclusion of sows with low 
productivity (Gordon, 1997; Takai and Koketsu, 2007). 

In addition to these factors, an essential factor is nutrition (Kirkwood et al., 1998). Feeding 
during the growth period has to provide a high daily gain, efficient food conversion and 
good carcass quality, as they are main criteria for assessing the performance test in the gilts 
and their involvement in reproduction (Main Pig Breeding Program, 2010). However, 
according to Rydhmer et al. (1995) and Chen et al. (2003), high meatiness caused by high 
weight gain affects reproductive parameters. Gerasimov et al. (1997) and Imboonta et al. 
(2007) indicate that, because of different degree of heritability of reproductive and 
fattening characteristics, it is not possible to apply the same methods of selection in order 
to obtain corresponding phenotype with a good reproductive characteristics, which 
according to Radovi  et al. (2006) and Petrovi  et al. (2006) represent the secure key for 
the future successful production. 

In our production conditions only data from performance test are used for gilts selection. 
Obtained data favor growth characteristics, which later represent the basis for a decision on 
the gilt use in breeding (Main Pig Breeding Program, 2010; Radojkovi  et al., 2012). 
Takai and Koketsu (2007) and Filha et al. (2010) pointed out that for maximum utilization 
of genetic potential of gilts first fertile insemination should be done with the body mass of 
120 kg and a minimum backfat thickness of 16 mm. 

Due to the foregoing, there is always an interest to find the links between growth of gilts in 
performance test and their subsequent reproductive potential, with the aim to determine 
optimal selection strategy and management of gilts breeding technology. 

 

Material and methods 
Study was carried out on the farm with capacity of 2,500 sows. For the purpose of research 
data on litter size from 2nd to 9th parity of 700 gilts that finished performance test were 
monitored. Performance test lasted from 25 to 100 kg body weight. Animals were placed in 
a box in a group of three and were fed with a standard meal for gilts in up-growth. Daily 
gain for each one of gilts has been calculated at the end of the test. Groups were defined on 
the basis of growth in performance test: first group (I) with a growth rate of 295-418 g; 
second group (II) with a growth rate of 419-542 g and third group (III) with a growth rate 
of 543-665 g. Within the defined groups the number of live births, stillbirths and weaned 
piglets was calculated. Calculations were performed in the descriptive statistics, analysis of 
variance, using the general linear model and phenotypic correlations between growth in 
test performance and litter size of parity. Due to a large number of first litter sows to be 
excluded from breeding, as a result of applied technology and set of selection criteria, the 
results of the total number of live births, stillbirths and weaned piglets were analyzed and 
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monitored for each sow, ranging from 2nd to  9th parity, respectively, only in those animals 
that have begun to be actively used in the reproduction. In particular, an average litter size 
from 3rd to 9th parity was calculated regarding the period that potentially includes sows 
that, based on reproductive performance and according to the selection criteria on the farm, 
could enter the nucleus level. The percentage of sows included in the next parity has been 
calculated in relation to the number of sows that made prior farrow. 

 

Results and discussion 

Table 1 shows results of the number of live births, stillbirths and weaned piglets from 2nd 
to 9th parity, based on the weight gain in performance test. Results show that gilts with 
lower gain in performance test had less live births (8.8:9.23, p <0.05) and reared piglets 
(8.46:8.55, p <0.05) compared to gilts with higher gain. Serenius et al. (2004) and Serenius 
et al. (2005) reported that a small gain, as a result of low food intake, causes great loss of 
backfat during lactation, which is directly related to the longevity of sows and its 
reproductive performance. The same authors (Serenius et al., 2006) state that there is 
insufficient information in the literature about the influence of genetic factors on food 
intake and backfat loss during lactation. Number of stillborn piglets (Table 1) gives us 
information that gilts with lower gain had more stillborn piglets (0.35:0.29) than gilts with 
higher weight gain, which is inconsistent with the results of Filha et al. (2010), where gilts 
with weight gain over 770g had a higher number of stillborn piglets. The same authors 
suggest that taking into account the cost of food, number of non-productive days, number 
of piglets born alive and uniformity of weight of piglets the production should be focused 
on obtaining gilts with less gain in the moment of first fertilization. 

 
Table 1. Number of liveborn, stillborn and weaned piglets in the first parity in relation to the daily 

gain in performance test   

Liveborn      
Gain, g Valid N Mean Variance Std.Dev. Stand. Error

295-418 (I) 147 8.8A 5.58 2.36 0.19 
418.4-542 (II) 454 8.99 5.21 2.28 0.11 
543-665 (III) 38 9.23A 7.02 2.65 0.43 

Stillborn      
Gain, g Valid N Mean Variance Std.Dev. Stand. Error 

295-418 (I) 147 0.35 0.036 0.061 0.05 
418.4-542 (II) 454 0.34 0.04 0.065 0.03 
543-665 (III) 38 0.29 0.03 0.056 0.09 

Weaned      
Gain, g Valid N Mean Variance Std.Dev. Stand. Error

295-418 (I) 147 8.46 2.31 1.52 0.13 
418.4-542 (II) 454 8.5 1.81 1.34 0.06 
543-665 (III) 38 8.55 1.66 1.29 0.21 

Values with the same superscript are significantly different (p<0.05) 
 

In order to determine the reproductive efficiency of sows by parity, Table 2 shows the 
number of sows, average number of live-born piglets from 2nd to 9th parity, and the average 
number of live-born piglets from 3rd to 7th parity depending on the gain that gilts achieved 
during the performance test. It also shows the percentage of sows that made next 
farrowing. 
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Table 2. Total number of  liveborn piglets and percentage of included sows from 2nd to 9th parity in 
relation to the daily gain in test 

Gain  Parity           

  1 2 3 4 5 6 7 8 9 3.-
7.

2.-
9.

295-418 
(I) 

No. of 
sows 148 23 22 16 16 12 12 6 5   

 
% of 

included
sows 

100.0% 15.5%B 14.9% 10.8% 10.8% 8.1% 8.1% 4.1% 3.4%   

 liveborn  9.0 9.4 9.3 9.4 10.7 10.3 10.3 10.4 9.8 9.8 
419-542 

(II) 
No. of 
sows 458 68 22 19 18 16 15 13 13   

 
% of 

included
sows 

100.0% 14.8%A 4.8% 4.1% 3.9% 3.5% 3.3% 2.8% 2.8%   

 liveborn  8.9 9.7 9.9 9.9 10.0 10.2 10.0 9.6 10.0 9.8 
543-665 

(III) 
No. of 
sows 38 15 4 3 2 2 2 2 1   

 
% of 

included
sows 

100.0% 39.5%AB 10.5% 7.9% 5.3% 5.3% 5.3% 5.3% 2.6%   

 liveborn  7.3 9.5 11.6 9.0 9.9 11.7 10.8 10.0 10.4 10.0
Total of 

sows 644 106 48 38 36 30 29 21 19    

% of 
included

sows 
100 16.5% 45.3% 79.2% 94.7% 83.3% 96.7% 72.4% 90.5%  

  

Values with the same superscript are significantly different (p<0.01) 
 

According to Takai and Koketsu (2007), the objective of piglet production is to provide a 
sufficient number of sows in parities from 2nd to 9th because of the great potential of sows 
in litter size in those parities. In our study, the results obtained by analyzing the 
reproductive efficiency of sows by parity (Table 2) show that gilts with the smallest gain 
(group I) during the performance test had a lower average number of live-born piglets from 
2nd to 9th parity compared to gilts of group III. Even greater difference appears if one 
considers the average litter size from 3rd to 7th parity (9.8:10.4). According to Lucia et al. 
(2000a) this is explained by higher selection pressure on sows in these parities and high 
weight gain in performance test, which are potential nucleus animals, i.e. producing 
animals. Takai and Koketsu (2007) point out that the percentage of gilts that do not satisfy 
the selection criteria in the commercial farms is approximately 20%. The same authors 
state that those are the sows with low reproductive index which causes reduction of 
farrowing percentage by 10%. Moreover, low reproductive index later causes extended 
service intervals with an increase of non-productive days and a reduction in herd 
productivity. Among the abovementioned values statistical significance was not manifested 
because of the small percentage of sows involved in the next farrowing and a small number 
of recorded litters. Highest percentage of second farrowing sows was in gilts with the 
greatest weight gain during performance test (39.5%: 14.8% and 15.5%), where a 
statistically significant difference was expressed (p<0.01) compared to gain of gilts in the 
first and second group. This demonstrates the efficient translation to the second farrowing 
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sows category of those animals that as gilts had the largest gain in performance test. Todd 
(2000) states that in order to ensure quality production on commercial farms, optimal 
parity structure should not have more than 18 - 22% of first farrowing sows related to total 
number of sows on farm. According to Brisbane and Chesnais (1997), reduction of 
longevity of sows increases the cost of their replacement, ie.with the reduction in parity 
from 6 to 5.8 price of replacement of sows increases by 1.2%, while the reduction in parity 
from 3 to 2.8 increases the price of sows replacement up to 5%. Radovi  et al. (2008) state 
that the optimal period of use of sows in order to recover the investment in gilt production 
is from 3rd to 8th parity, and in the case of poor production they were excluded from 
breeding after 8th parity. For more precise way of making decisions about the culling of 
sows Kim et. al. (2014) recommended AHP - technique (Analytical Hierarchy Process) to 
make decisions based on multiple criteria. Percentage of sows involved in farrowing from 
2nd to 9th parity is shown in Chart 1 and Table 2. 

 

 
Chart 1.  Number of farrowing sows in relation to the number of sows in previous farrowing 

 
A large decline in the number of second and third farrowing sows in total sample was 
manifested, where percentage of realized second and third litters is only 16.5 and 45.3% 
(Table 2, Chart 1). According to Linda et al. (2007) and Hughes et al. (2010) most 
common reasons for exclusion of lower parity sows are reproductive problems, locomotory 
problems, a small number of piglets born alive and increased number of non productive 
days. The same authors state that there is a high percentage of unplanned culling exactly in 
this category of young sows. 

In addition, the results show (Table 2, Chart 1) that the number of realized litters from 
parities 4 to 7 decreased in a much lesser extent and the percentage of actual farrowing was 
79.2; 94.7; 83.3; 96.7; 72.4 and 90.5%. Observed by the groups, gilts with less weight gain 
in performance test had a higher percentage of sows included in the next farrowing. 
Reasons for exclusion of sows in subsequent parities, according to Linda et al. (2007) are: 
reproductive disorders (26.9%), age (18.7%), udder problems (18.1%), low productivity 
(9.5), problems with the locomotor apparatus (8.6%) and traumatic injuries (7.1%). These 
authors state that the most common reasons for exclusion of sows from parities 4 to 6 are 
problems with udder, while in sows after 7th parity the most common reason is age. 
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The results obtained in this study show a positive impact of the weight gain in performance 
test of gilts to the total number of live births and reared piglets, as well as the percentage of 
the realized next farrowing. Further research on the impact of characteristics of 
performance test on subsequent reproductive efficiency of sows can provide guidance in 
defining the criteria for characteristics in the aggregate genotype, which would give a more 
accurate estimation of breeding values of animals. 
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Abstract 
This paper presents the most important production results obtained for the population of 
Simmetal breed raised in majority of the European countries which with a total population 
of about 9 million animals rates as the second biggest important cattle breed in Europe. 
Breeding goals from previous period were analysed along with newly defined  breeding 
goals in some Simmental breed populations. Current mean values for milk yield of 
Simmental cows in standard lactation in the European countries range from 5500 to 7500 
kg. Depending on the Simmental breed population in most countries a breeding goal set for 
first lactation cows is milk yield of 5500 or 6000 kg with 4.0% milk fat and 3.5% protein, 
while in cows who finished their third lactation required milk production is more than 7000 
kg for Simmental breed, over 8000 kg for Simmental breed with share of Red and White 
Holstein genes and over 8500 kg for Montbeliard breed. A special emphasis is given on the 
prolonging of the duration of life and production span. During life span the demand is to 
produce minimum 30 000 kg milk/cow. This demand can be realised if functional traits in 
breeding goal participate with over 40 %  with proper implementation of improvement 
programme. As for the traits that are significant for meat production, depending on the 
population, defined breeding goal for daily liveweight gain are values above 1500 g/day 
(i.e. 1400 g /day) for Simmental male bullcalves. 

Key words: breeding goals, production traits, Simmental breed 

 
Introduction 
Since the second half of the XX century the Simmental breed has developed into a high 
producing breed with pronounced milk yield. In some European countries (Switzerland, 
Hungary, Czech Republic, Slovakia), a Simmental type for pronounced milk yield is 
developed and improved by Red Holstein breed. In the other European countries 
(Scandinavian countries, Great Britain) and almost all non-European countries 
Simmental breed is well-known and raised as fatenning breed in system cow-calf, both in 
pure breed and in the programmes for dual and three breeds crossing with other cattle 
breeds. It is raised in various climate conditions and production systems and therefore 
represented in a significant degree in the Alpine region of Europe, where it originated, 
but it is also present in a significant degree in southeast Europe, Great Britain, Russia, 
China, North and South America, Southern Africa and other worldwide countries. 
Different sub-populations of Simmental breed have been created with different breeding 
goals. Nowadays in majority of the European countries the Simmental breed is mostly 
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raised in pure breed so that it possesses a high potential for expressing heterosis efect if  
crossed with dairy and specialised fatenning breeds.  

Total world population of Simmental breed in the last two years numbers about 41 million 
heads. Simmental breed in Europe with about 9 million heads ranks second in population 
size after the population of Holstein Friesian cattle. According to the data of some national 
associations of breeders of Simmetnal breed (www.asr-rind.de) number of Simmental 
breed cows in Europe is about 6 million. As for the European countries the most significant 
populations of Simmental breed are raised in Germany and Austria. According to the 
Simmental breeders societies and associations an absolutely largest population of 
Simmental cattle is in Germany of about 3450000 heads out of which 1130000 are cows. 
In Austria the share of Simmental breed is 76%  in total cattle fund of the country what 
makes about 1500000 heads. Austria and Germany are main exporters of Simmental 
breeding animals. The important export category for European countries is  mostly the 
pregnant heifers category. Besides this export category Austria and Germany were in the 
past and still are major exporters of Simmental bulls semen into all parts of the world. 
Besides good genetic potential for milk yield it is desirable that the animals have well 
developed body shape. For this reason the process of holstenisation of Simmental breed in 
Germany and especially in Austria was not of a larger scale.  

In France, Montbeliard breed is the most important among all spotted cattle created on a 
basis of Simmental breed from Switzerland. This breed belongs to the dual production 
breeds of pronounced milk yield. Red and White Holstein Friesian breed participated in its 
creation. Montbeliard breed is today used as an improving breed for poorer performance 
populations of Simmental breed such as that of our country.  

In Serbian cattle breed structure Simmental breed makes about 80 % total fund of cattle, 
Holstein-Friesian breed and Black and White improved by Holstein Friesian breed 12 to 13 
% and crosses of Simmental with other breeds (Busha in the first place) make about 6 to 
7%, while pure breeds of native breeds (Busha and Podolska breed) have in total less than 
1000 heads. In milk production in Serbia Simmental breed plays a major role due to its 
abundance – size of population, while as regards the individual production performance 
per animal Holstein Friesian breed is by far higher dairy producing breed compared to 
Simmental breed. General trend in Serbia is to reduce the number of milk producers, 
particularly producers with smaller number of cows (1-3 cows), so that in the forthcoming 
period we can expect significant reduction in the number of farmers-households producing 
milk (Popovi , 2008; Periši  et al., 2012). 

 

Simmental breed milk yield  
Milk yield of Simmetnal cows in some European countries is at the level of bovine milk 
yield in specialised dairy breeds. Besides high level achieved in previous period the milk 
yield is constantly increasing. About less than 10 years ago in controlled populations of 
Simmental breed, in the countries which had more siginificant share of Simmental genes, 
milk yield ranged from 5000 to 7000 kg (Table 1).  

According to the data produced by Simmental breeders national associations (www.asr-
rind.de; www.fleckvieh.at; http://zar.at), bovine milk yield in two most important 
populations of Simmental cattle (German Simmental, Austrian Simmental) is increasing 
and milk production mean values both in control animals and the animals in registered 
breeding stock are higher than 7000 kg in standard lactation.  
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 Table 1. - Simmental cows milk yield traits in some European countries 10 years ago 

Country Year 
Duration of 
lactation, 

days 

Milk 
yield, kg 

Fat 
content 

% 

Yield 
of 
fat, 
kg 

Protein 
content, 

% 

Yield of  
protein, 

kg 

Hungary 2004 293 5 023 3.99 201 3.43 175 
Czech Republic 2006 294 6 162 4.08 252 3.46 213 

Slovenia 2006 305 5023 4.17 209 3.29 165 
Slovakia 2004 297 4 919 4.09 201 3.30 162 

Switzerland 
(Fleckvieh ) 2006 299 6 847 3.99 273 3.24 222 

Switzerland 
(Simmental) 2006 297 5 681 3.88 220 3.30 187 

Austria 2006 305 6 483 4.18 271 3.43 222 
Norway 2004 266 5 229 4.15 217 3.35 175 
Croatia 2006 305 4 459 4.07 181 3.35 149 

Italy 2006 293 6 528 3.92 256 3.41 223 
France (Montbeliard) 2006 296 6 907 3.91 270 3.46 239 

Germany 2006 316 6 854 4.14 284 3.48 239 
Poland 2006 - 4785 4.01 192 3.36 161 

      (www.Cattlenetwork.net) 

 

Austrian Simmental cows milk yield is at the level of mean values for bovine milk yield of 
all breeds. These mean values include milk yield of Holstein Friesian cows represented in 
Austria by about 10 % of total number of cows under milk yield control, i.e. about 12.5% 
of total registered cows. 

In Switzerland the milk yield of spotted cattle populations in the type of Simmental breed 
had no significantly increase compared to the milk yield 10 years ago. However, milk 
yields of bovine populations of Simmental section (5819 kg), Fleckvieh section (6741 kg) 
and Montbeliarde breed cows in Switzerland in 2012/2013  were still placed among the 
European highest dairy producers when speaking of Simmental breed.  

 
Table 2. - Simmental cows milk yield traits in  2012 in Germany 

Population 
Number 

of 
lactations 

Milk yield  
(305 days), 

kg 

Fat 
content, 

% 

Fat yield, 
kg 

Protein 
content, 

% 

Yield of 
protein, kg 

Fleckvieh, 
Control cows 885086 7107 4.11 292 3.48 247 

Fleckvieh, 
Cows in breeding 

stock 
693 599 7439 4.14 308 3.50 260 

 

Fleckvieh, 
firstcalved 

2012 245940 6481 4.13 267 3.46 225 

2002 239 900 5654 4.16 235 3.47 196 
(www.asr-rind.de) 
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In Serbia in the regions of more intensive cattle production the bovine populations  with 
pronounced milk yield are being raised and crossbreeding of Simmental breed with dairy 
breeds is quite common. In hilly-mountainous regions lower producing animals are being 
raised for the meat-milk production. According to selection reports milk yield of 
Simmental registered cows in Serbia is in the range of 4000 kg to 5500 kg milk in standard 
lactation depending on the lactation on order and breeding region.  
 

Table 3. - Simmental cows milk yield traits in 2013 and in preceding years in Austria 

Population 
Number 

of 
lactations 

Milk yield  
(305 days), 

kg 

Fat 
content, 

% 

Fat yield, 
kg 

Protein 
content, 

% 

Yield of 
protein, 

kg 

Number 
of animals 

Fleckvieh, 
Control 
cows, 
2013 

249030 7103 4.15 294 3.41 242 536 

Average milk yield in all control bovine breeds  in Austria per years 
2013 339032 7200 4.14 298 3.40 245 543 
2012 337988 7148 4.14 296 3.41 244 540 
2011 333191 6942 4.13 287 3.39 235 522 
2010 328035 6841 4.12 282 3.38 231 513 

Fleckvieh, 
Cows in 
breeding 

stock, 
2013 

240.745 7.141 4.15 296 3.41 244 540 

Average milk yield in all bovine  breeds in Austria per years 
2013 326176 7234 4.14 299 3,40 246 545 
2012 326190 7177 4.14 297 3.41 245 542 
2011 321700 6970 4.13 288 3.39 237 525 
2010 316865 6867 4.12 283 3.38 232 515 

Fleckvieh, 
Firstcalved 

of 
breeding 

stock, 
2013 

65766 6479 4.12 267 3.38 219 486 

Average milk yield of  firstcalved in breeding stock of all breeds in Austria per years 
2013 91290 6575 4.11 270 3.37 221 491 
2012 91082 6516 4.11 268 3.39 221 489 
2011 94928 6331 4.12 261 3.38 214 475 
2010 92736 6235 4.11 256 3.36 209 465 

(http://zar.at) 

For the purpose of improving Simmental milk yield traits and fatenning traits in our 
country the improvement was implemented mostly by selection in pure breed. In addition 
there was an import of Simmental breeding animals from the countries that have high 
genetic potential individuals for milk production. Thus the animals were most often 
imported from Austria and Germany in which the mean milk production per cow for 
overall population in the last decade was from 6500 – 7000 kg milk with over 4 % milk fat. 
Since the milk yield traits are more rapidly enhanced by means of crossing our country 
followed the example of some European countries and in a considerable degree 
implemented the crossing of Simmental with Red Holstein and Montbeliard breeds. This 
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way enhances also the milking traits in a significant degree what is particularly important 
in intensive milk production and machine milking. 

 

Table 4. - Milk yield traits in Simmental cows in  2012/2013 in Switzerland 

Population Number of 
lactations 

Milk yield (305 
days), kg 

Fat content, 
% 

Protein content, 
% 

Simmental 15312 5819 3.93 3.32 
Fleckvieh 41818 6741 4.05 3.26 

Montbeliarde 5381 7388 3.77 3.32 
Mean value for all 

control bovine breeds 167763 7389 4.05 3.26 
(www.swissherdbook.ch)  

In Serbia in the last three decades the crossbreeding of Simmental with higher dairy breeds 
(Montbeliard, Red and White Holstein Friesian breed) of different scope was implemented. 
The results thereof can be found in the research papers by Medi  et al. (1983), Ze evi  
(1986), Periši  (1998) and Periši  et al. (2002). The effects of crossing were monitored by 
Kneževi  et al. (1991) for populations in Croatia. These results  indicate that cross-breeds 
compared to Simmental breed show somewhat earlier maturity, have higher milk 
production with lower content of milk fat and longer duration of lactation and service-
period. The share of genes in Simmental dairy breeds should comply with breeding 
conditions in which improved animals realise their production, as well as with the market 
demands for milk production. Since in the European countries there is a trend of reducing 
the number of cows for milk production and increasing the population of bovine fattening 
breeds we should not, in our conditions, expect that holstenisation of Simmental breed will 
be of a larger scale in the forthcoming period, primarily due to current uncertain placement 
of milk and dairy products on the European market what reflects the situation in our dairy 
sector as well (Popovi , 2008; Periši  et al., 2012). 

Simmental as fattening breed 
In Simmental breed, from its beginning until today, the improvement directions  changed 
frequently although the endeavours to keep dual production could often be perceived with 
differences regarding the expressiveness of production traits (milk yield or fattening) all in 
accordance with the needs of the countries in which this same breed was bred for 
combined production. In the last several decades in non-European and some European 
countries Simmental breed is being raised exclusively for the purposes of specialised meat 
production by breeding in pure breed or by crossing with other breeds.  

Simmental fattening breed is represented in Great Britain where this breed is crossed with 
dairy breeds in order to obtain crosses for fattening purposes. Simmental cattle in pure 
breed and for crossing with dairy breeds for the purpose of meat production is being bred 
in Ireland, Denmark and Sweden.   

Due to its production traits and good acclimatisation abilities Simmental breed has spread 
to all continents and became one of the most significant world cattle breeds. 

Besides spreading to the European Mediterranean countries Simmental has from the 
Alpine regions spread successfully to all continents. It is raised in a considerable degree 
also in South America where it is being crossed with American zebu (humped) cattle for 
the purpose of meat production by pasture fattening lasting for about two to three years. It 
is mostly crossed with larger format zebu cattle. Similar situation is in North America, 
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Australia and New Zealand, where Simmental breed is raised as specialised fattening 
breed. It is frequently crossed with fattening breeds of smaller format such as British 
fattening breeds with the aim to obtain cross-breeds which can be fattened to higher 
finishing weights compared to British breeds. The types of breeding used there are pasture 
cow-calf system and extensive fattening in fenced stables by use of forage feeds. It is 
raised also in southern and southwestern Africa, less in pure breed and more as hybrid 
breed Simbrah (Simmental x Braman). 
 

Table 5. - Performance test results on Simmental bullcalves fattening traits  

Country 
 

Year 
 

Mass at 
birth, kg 

Mass with 
200 days, 

kg 

Mass with 
365 days, kg 

Liveweight 
gain in 

fattening, gr 
Czech Republic 2006 39 284 531 1348 

Slovenia 2006 45 276 - - 
Slovakia 2004 32 202 - - 
Serbia 2004 45 251 508 1254 

Switzerland (Simmental) 2006 43 311 536 1469 
Sweden 2006 48 342 610 1470 
Austria 2006 44 285 445 1103 
Norway 2004 44 340 568 1492 
Ireland 2004 40 400 - - 

Great Britain 2004 41 422 600 1530 
Germany 2006 41 286 525 1326 
Denmark 2006 47 355 636 1614 

(www.cattlenetwork.net) 
 

The results of Simmental young bulls performance test from earlier period  (shown in 
Table 5), as well as more recent results of the test in the animals up to the one year of age 
are at the level of the results realised by specialised fattening breeds which belong to the 
group of terminal breeds.  

In Germany in 2010 (www.asr-rind.de)  in performance test which lasted from 112 to 350 
day of age young Simmental bulls realised liveweight gain of 1365 g/day and an average 
liveweight daily gain of 1208 g/day. According to the same source, in the test conducted in 
2011 which lasted up to the 423 day of age young bulls realised daily liveweight gain of 
1325 g/ day and achieved body mass of 601 kg at the end of test. In 2012, young bulls had 
body weight of 593 kg at the end of test which lasted 418 days and realised daily 
liveweight gain of 1322 g/day.   

 The results of test regarding fattening in Austria in 2013 (http://zar.at) confirm that 
Simmental breed in relation to all examined breeds had best results in the test which lasted 
up to the 365 days of age. Average daily liveweight gain in male animals was 1174.5 and 
in females 986.5 g/day. In specialised fattenning breeds Sharolais realised liveweight gain 
of 1165 g/day in males and 987.5 g/day in females while Limousine realised daily 
liveweight gain of 1092.5 g/day in males and  950.9 g/day in females.  

As a maternal basis, Simmental breed is used in specialised systems of meat production 
(system ''cow-calf''), where the cross breedings with terminal fattening breeds (Sharolais, 
Limousine, Belgian Blue and White) are most oftenly carried out. Better milk yield of 
Simmental breed compared to cows of specialised fattening breeds has a positive effect on 
weight gains of calves in suckling period which lasts 6 months. Thus it often happens that 
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calves crosses have considerably greater body mass at weaning compared to pure breed 
calves when those pure breeds were crossed with Simmental.  

In Serbia the crossings of Simmental and fattening breeds, primarily with Sharolais and 
Limousine (Periši  et al., 2006; Periši , 2007; Periši  et al., 2008; Periši  et al., 2009) were 
conducted. The effects of crossing were in general positive in fattening and slaughter 
breeds what made possible for crossed bullcalves (Simmental x Sharolais; Simmental x 
Limousine) to be fatenned to greater body masses in relation to the bullcalves of pure 
Simmental breed without compromising the quality of carcass or meat. Production was 
organised according to the cow-calf system and on most farms the production was 
conducted in stable conditions throughout the whole year. Such way of production and 
keeping (stable keeping, cow-calf system) could not be fully efficient primarily due to the 
transport of forage feeds to the stables throughout a whole year so that the farms gave up 
this kind of production. Better effects would certainly be achieved by organising this kind 
of production with use of pastures what would considerably reduce the costs of feeding.  

 

 Breeding goals for Simmental breed  
Improving the production traits of Simmental breed can be realised by selection in pure 
breed and by use of crossing methods with other breeds. When breeding goals and 
programmes for Simmental breed in the European countries are in question we can observe 
that they differ from one another. It is certain that they must be reconciled with the needs 
of each country to meet the requirements of their markets for milk and meat. Selection 
goals depend in a great degree on the size of population of Simmental breed and its share 
in total cattle fund in a given country. The important factor which can influence the 
defining of production goals for Simmental cattle is also the participation of cattle dairy 
breeds in total cattle fund and their productivity. The higher the participation of specialised 
dairy breeds in some country, especially if their milk yield is high or showing the tendency 
of further rise can directly influence the reduction in Simmental cattle populations raised 
for combined production and influence the increase in populations grown in the ”cow-calf” 
system. 

Defined goals in previous period (2006) are also of the interest today, i.e. they are not fully 
realised yet. The importance of some traits in selection goals for Simmental breed in 
certain European countries is shown in Table 6. Functional traits have a great importance 
in selection goals and breeders programmes for Simmental breed populations which 
achieved a high average lactation milk production (Simmental breed in Germany, Austria, 
Switzerland...), so in the forthcoming period we can expect more improvement in 
functional traits (longevity, regular fertility, resistance to mastitis), and not striving to have 
further increase in milk yield.    

In the countries that have highly producing populations of Simmental breed the attention is 
particularly being paid to the improvement of functional traits what might result in longer 
life span and higher life production (minimum 30000 kg per individual during life). For the 
sake of comparison the breeding goal for Holstein Friesian breed is life milk production of 
40000 kg. 

On the basis of many trials and analyses of performace results it has been determined that 
the increase of milk yield per cow is always connected with longer lactations. It has also 
been found out that a significant increase in profit per farm is the result of cows increased 
longevity.  
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Table 6. - The importance of some traits (in %) in breeding goal for Simmental breed 

Country Milk, % Meat, % Functional  traits, 
% Exterior, % 

Hungary 60 40 0 0 
Czech Republic 40 24 0 36 

Slovenia 45 10 23 22 
Slovakia 60 40 0 0 
Serbia 50 50 0 0 

Switzerland 
(Fleckvieh) 40 10 30 20 

Switzerland 
(Simmental) 35 20 25 20 

Romania 60 35 5 0 
Poland 50 50 0 0 
Austria 38 16 46 0 
Croatia 50 50 0 0 

Italy 44 24 12.5 19.5 
France (Simmental) 51 - 31 18 
France (Monbeliard) 50 - 37.5 12.5 

Germany 38 16 46 0 
(www.Cattlenetwork.net) 

 

Breeding goals for Simmental breed in some European countries  
Breeding goals for Simmental breed in most of the European countries which raise 
Simmental as dual production breed are generaly defined in accordance with concrete 
situation in each state (as regards cattle breed structure, population milk yield) and by 
following the example of leading countries which raise Simmental as breed of combined 
production traits (Germany, Austria). Therefore in Austria the breeding goals (according to 
ZAR - Central working association of Austrian cattle breeders), defined in 2010 for 
Simmental breed directed for milk –meat production are: 

- the importance of some groups of traits in breeding goal 

     (38 % milk, 16 % meat, 46 % functional traits), 

- milk yield of cows in first lactation 6000kg, 

- milk yield of cows in later lactations from 7000 kg to 9000 kg with 4.2% fat and 3.7% 
protein, 

- cow body mass from 650 to 850 kg, 

- body mass of bulls with finished growth from 1100 to 1300 kg,  

- withers height 140-150 cm, 

- bulls withers height 150 to 165 cm, 

- first calving at 30 months,  

- calving interval 365 days, 

- cow production life longer than 3.8 years, 

- daily liveweight gain of male bullcalves 1400g, 
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- daily liveweight gain of female bullcalves 1150 g, 

- carcass quality: > 80%  E class  + U class, 

- optimal marbling.

Similar demands regarding production and exterior traits are for German Simmental as 
well. A special emphasis is given to the increase of the duration of life and production 
span. During life span the requirement is to realise minimum 30000 kg milk/cow. By this 
requirement the emphasis is being given to functional traits which must participate with 
more than 40% in breeding goal with duly implementation of the improvement 
programme.  
Along with the traits important for milk production in Germany a significant attention is 
being paid to improving the traits important in meat production when Simmental is bred in 
the cow-calf system. General preconditions required for the successfull and economic meat 
production in cow-calf system, besides pronounced fattening traits of Simmental breed is 
regular fertility as well. 

Breeding goals for Simmental populations directed at specialised meat production differ 
from breeding goals for the populations directed at combined production. Thus in Germany 
(www.asr-rind.de) the efforts are made to have animal age at first calving of 24 to 28 
months, calving interval 365 days and calf mass at birth adequate for cow-calf system 
(females weight 39 kg, males weight 41 kg).  

In Switzerland separate breeding goals have been defined for the sections of Simmental 
and Montbeliard breed.  

 
Table 7. - Breeding goals for some traits in cattle population in Switzerland 

Trait Simmental 
(stand. 2014.) 

Fleckvieh 
(stand. 2009.) 

Montbeliarde 
(stand. 2009.) 

Cow body height, cm 138-146 140 - 150 140 – 150 
Cow body mass, kg 650 – 800 650 - 800 650 - 850 

Bulls body height, cm 150 - 160 154 - 164 152  - 162 
Bulls body mass, kg >1200 >1200 >1200 

Calving interval, days 365 365 365 

Milk yield, kg 
I lactation 5500 6000 6500 
II lactation 6500 7000 7500 
III lactation 7500 8000 8500 

Milk fat content, % 4.00 4.00 4.00 
Protein content, % 3.50 3.50 3.50 

Weight gain of male bullcalves in 
fatenning, g/day >1500 >1400 >1500 

(www.swissherdbook.ch)  

Breeding goal for Simmental breed in Serbia 
On the basis of analysis of the size of Simmental breed in our country the conditions 
prevailing on the market have imposed that Simmental cattle breeding in forthcoming 
period will be predominantly in pure breed with less application of improvement  crossing 
(lower share of genes of Red and White Holstein or Montbeliard breed).  
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For the purpose of improving the milk yield and fattening traits of Simmental breed in a 
greater part of Serbia the selection is conducted in pure breed. By application of artificial 
insemination, i.e. by wider use of insemination in overall population and by introducing the 
genes of more productive Simmental populations from some European countries (import of 
semen of elite bulls, import of breeding offspring), genetic potential of Simmental breed is 
being improved as a breed of combined purpose milk-meat production. 

According to the Breeding Programme for Simmental breed in Serbia of 2010 breeding 
goal was defined in relation to up to then reached levels in production in majority of 
Simmental cattle populations in the European countries: 

- Average milk production in standard lactation (305 days) of over 6 000 kg with 4.10% 
milk fat and 3.6% protein; 

- Average milk flow of 2.0 kg/min minimum; 

- Average daily liveweight gain higher than 1 300 g; 

- Hot carcass percentage over 58.00%; 

- Ridge and withers height in adult cows over 140 cm; 

- Adult cow body mass over 650 kg; 

- Age at first insemination from 16-17 months, and body mass over 400 kg; 

- Age at first calving from 25-26 months; 

- Calving interval 370 days maximum; 

- Cow production life 7-8 years; 

- Functional traits (udders, extremities); 

- Milk quality (somatic cell count less than 250 000); 

- Ridge and withers height in adult bulls over 155 cm; 

- Adult bulls body mass over 1200 kg; 

- Improved udders. 

When the animals from breeding stocks are in question the crossing with other breeds is 
less applied. There are some limitations regarding the share of genes of other breeds in 
Simmental breed. For instance in Serbia in previous period it was allowed to have up to 
12.5% of share of genes of Red and White Holstein Friesian breed while today this share 
of genes is up to 25% in accordance with the Breeding Programme for Simmental breed 
from 2010. The gene share of Simmental dairy cows should correspond to the breeding 
conditions in which improved animals realise their production as well as to the market 
demands for milk production.  

The effects of Simmental cattle crossing, with the exception of the increase in milk 
production, are reflected also on the milking traits improvement. The results of numerous 
studies show that crosses compared with Simmental breed attain earlier maturity, have 
higher milk production with lower content of milk fat and only slightly poorer reproductive 
traits. The most important improvement in the appearance and structure of udders which 
can be perceived in the crosses of Simmental breed and Red and White Holstein is 
improved uniformity of the udders quarters and index, enlarged udder spaciousness, 
improved udders tightness and better tits shape and size.  
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Conclusion 
Milk yield in Simmental cows in some European countires is at the level of milk yield of 
cows of specialised dairy breeds. Mean values for milk yield 10 years ago for Simmental 
breed population in the European countries were in the interval of 5000 to 7000 kg for 
standard lactation, while today they are in the interval of 5500 to 7500 kg.  Milk yield, 
besides high level reached in previous period,  is still rising.  

Depending on the population of Simmental breed in most countries the production goal 
according to breeding goal for first lactation Simmental cows is 5500 or 6000 kg milk with  
4.0% milk fat and 3.5% protein, while in cows after third lactation the required milk yield 
is higher than 7000 kg for Simmental breed, over 8000 kg for Simmental breed with the 
share of Red and White Holstein and over 8500 kg for Montbeliard cows. Special 
emphasis is given to increase of life and production cycle. During life span the required 
minimum realised is 30000 kg milk/cow. This requirement can be achieved by emphasis 
placed on functional traits which must participate with over 40% in breeding goal with 
proper implementation of improvement programme.  

The traits important in meat production must be highlighted so that in higher producing 
populations of Simmental breed, daily liveweight gain of 1500 g/day for male bullcalves of 
Simmental breed and 1400 g/day for male bullcalves of Simmental breed with the share of 
genes of Red and White Holstein is set as breeding goal.  

In Serbia the methods of improvement of Simmental breed must be designed in accordance 
with already existing genetic potential of each specific population, its purpose (registered 
breeding stocks, production breeding stocks), as well as market demands for bovine milk, 
dairy products and meat.  
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Abstract 
The aim of this study was to determine the effectiveness of the synchronized estrus 
induction in sexually mature gilts, after treatment with different hormonal treatments, given 
in the unknown phase of a spontaneous estrus cycle. Sexually mature gilts were used, with 
at least one spontaneous estrous cycle. A total of 90 gilts were treated with single i/m 
injection of 1,000 IU eCG (Folligon®), 40 gilts were treated with two separate i/m injection 
of 1 ml PGF2  (Dinolytic®), at an interval of 11 days, and 40 gilts were treated orally 
(within diet) with 20 mg of synthetic progestagen preparation Altrenogest (Regumate®), 
during 18 days. Estrus was detected twice daily, in the 10h to 12h intervals, by direct 
contact with the teaser boar. The best induction of synchronized estrus (in 90% of gilts), 
which appeared within the first 7 days (mean 5.3 days) after treatment, was found in gilts 
treated with progestagen preparations. In the three repetitions of treatment with eCG, 
within the first 7 days (mean 4.2 days) after the treatment, estrus was detected in 65%, 40% 
or 33% of the treated gilts. After treatment with luteolytic preparation PGF2  (Dynolitic®), 
estrus was detected in 40% of gilts, on average 5.5 days after treatment. The obtained 
results clearly show that the successful induction of synchronized estrus in sexually mature 
gilts can be done only by the method for prolongation of the luteal phase of the 
spontaneous estrous cycles, using progestagen preparations.

Key words: estrus, gilt, hormones, induction, treatment    

 

Introduction
In the intensive pig production, it is often necessary to induce synchronized estrus, for a 
number of sexually mature gilts (Gordon, 2005; Stan i , 2005). The goal is to get all the 
treated gilts at the beginning of the follicular phase (proestrus) of the induced estrous cycle, 
after cessation of treatment. In general, the induction of synchronized estrus in sexually 
mature gilts can be done by the control of spontaneous cycles luteal phase duration, using 
different hormone preparations (Stan i , 2002; Coffey et al., 2002; Cassar, 2009; Brüssow and 
Wähner, 2011). Luteal phase of the spontaneous estrous cycles can be either shortened by 
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using luteolytic preparations (native or synthetic PGF2  preparations) or prolonged by using 
synthetic progestagen preparations, as well as by regression accessory corpora lutea (with a 
single PGF2  injection), induced by a single injection of gonadotropin eCG (Stan i  et al., 
1998; Estill, 2000; Flowers, 2001; Mari  et al., 2003; Estienne, 2003; Stan i  et al., 2007; 
Bošnjak, 2007; Davis, 2008; Stan i , 2010; De Rensis et al., 2012; Stan i  et al., 2013). 
However, the success of the degree of estrus synchronization depends on the phase of the 
spontaneous estrous cycle of the gilts at the treatment beginning, as well as on the applied 
hormonal preparations. In the practical conditions, most often, the phase of spontaneous 
estrous cycle in gilts at the start of hormonal treatment is unknown. This results in a highly 
variable success of synchronized estrus induction, depending on the applied hormone 
preparations (Stan i , 2005; Gordon, 2005; Stan i  et al., 2013).                                                      

Therefore, the aim of this study was to determine the degree of synchronized estrous response 
in sexually mature gilts treated with various hormonal preparations (gonadotropins, 
prostaglandin F2  and progestagens ) in an unknown stage of spontaneous estrous cycle. 

   

Materials and methods 
Farm. Investigations were carried out on an intensive pig production farm in AP Vojvodina, 
Serbia. For the experiment we used gilts of 7 to 8 months of age, 125 to 140 kg body weight, 
in which at least one spontaneous estrous cycle was detected. Detection of estrus was 
performed twice daily at an interval from 10h to 12h, by full contact with the teaser boar. The 
experimental gilts were housed in group pens, with the possibility of individual nutrition. Gilts 
were treated in an unknown stage of spontaneous estrous cycle, using gonadotropin (eCG - 
equine chorionic gonadotropin), luteolytic (PGF2 ) or synthetic progestagen (Altrenogest) 
hormonal preparations. 

Gonadotropin treatment. A total of 90 gilts (30 gilts per group, for three treatment 
replications) was treated with gonadotropin preparation eCG (Folligon®, Intervet - Boxmer, 
Holland). The treatment was performed by a single i/m injection of 1,000IU eCG. 

Luteolytic treatment. Prostaglandin F2  preparation (PGF2 ) Dynolitic® (Phizer) was used as a 
luteolytic hormone for gilts treatment. A total of 40 gilts was treated by two separate i/m 
injections of 1ml Dynolitic solution (containing 5mg Dinoprost), within an interval of 11 days.     

Progestogen treatment. Preparation Regumate® (Roussel Uclaf, Bernburg, Germany) was 
used. The active substance of the preparation is Altrenogest, highly potent synthetic analogue 
of progesterone. Each gilt (n=40) received 5ml Regumate daily, containing 20mg Altrenogest, 
for 18 days. The preparation was applied by the original spray bottle, directly into the 
individual gilts morning part of daily meal, just before consumption, so each gilt consumed the 
entire daily dose of preparations.  

Induced estrus detection was performed as described for the detection of spontaneous estrus, 
starting about 24h after the cessation of the hormonal treatments. Estrus which appeared 
within the first 7 days after treatment was considered to be induced by hormonal preparations 
(Gordon, 2005; Stan i , 2005). 
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The experimental results are shown in Table 1. The degree of synchronized induced estrous 
reaction in gilts, within the first 7 days after treatment with gonadotropin preparation eCG, 
was highly variable among the three treatment groups (63%, 40% and 33%). The average 
interval from the end of treatment to the occurrence of induced estrus was 4.2 days (3 to 6 
days). Total estrous response, in this group of gilts, was high (93%, 83% and 97%), but the 
average interval from the end of treatment to estrus, was much longer (lasting 24 to 27 days). 

On average 5.5 days (4 to 7 days) after second luteolytic (PGF2 ) injection, synchronized 
estrus was induced in only 40% of treated gilts. Total estrus reaction was high (90%), with an 
average interval of 11.2 days (8 to 15 days) from the second PGF2  injection to estrus 
detection. 

Progestagen treatment resulted in high proportion of synchronized estrus induction (90% of 
treated gilts). On average, induced estrus was detected 5.3 days (4 to 7 days) after cessation of 
treatment. In the remaining four gilts (10%) estrus was not detected within 30 days after 
cessation of treatment with progestagen.  

 
Table 1. Estrus reaction in sexually mature gilts after different hormonal treatments 

 Hormonal treatments 
eCG PGF2  Progestagen

Gilts treated, n 301, 302, 303 40 40 

Average gilts age at the start of treatment, days 218           
(205-234) 

231         
(212-240) 

223          
(210-238) 

Gilts with detected estrus within 7 days after 
treatment* 

n 191, 122, 103 16 36 
% 631, 402, 333 40.0 90.0 

Average interval from the end of treatment to induced 
estrus, days 4.2 (3-6) 5.5 (4-7) 5.3 (4-7) 

Total gilts with detected estrus n 281, 252, 293 36 36 
% 931, 832, 973   90.0 90.0 

Average interval from the end of treatment to estrus in 
the total gilts with detected estrus, days 

241, 262, 253 
(24-27) 

11.2        
(8-15) 5.3 

 * Estrus induced by hormonal treatment. 1, 2, 3 First, second and third treatments. 
    Minimal and maximal values in parenthesis. 
 

The results of our study clearly show that there is a considerable variation in the degree of 
synchronized estrous response after treatment performed with various hormonal preparations, 
in the unknown phase of a spontaneous estrous cycle of gilts. Thus, within 7 days after 
treatment with placental gonadotropin eCG, in the three groups of gilts, estrus was detected in 
63%, 40% or 33% of the treated gilts. In the same interval after treatment with luteolytic 
preparation PGF2 , estrus was detected in 40% treated gilts. Higher degree of synchronized 
estrous reaction was found after treatment with progestagen preparations. Namely, within 7 
days after cessation of treatment, estrus was detected in 90% gilts. The interval from the end 
of treatment to the appearance of induced estrus was similar (average 4.2 to 5.5 days), 
regardless of the used hormonal preparations.  

Synchronized ovulation can be induced by placental (eCG and hCG) or pituitary (FSH and 
LH) gonadotropic hormone preparations in sexually immature (prepubertal, acyclic) and 
sexually mature (pubertal, cyclic) gilts, as well as in weaned sows (Flowers, 2001; Stan i , 

Results and discussion 
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2005; Tummaruk et al., 2011; Brüssow and Wähner, 2011). Prepubertal gilts and weaned sows 
respond with very high proportion of synchronized estrus, within 4 to 6 days after a single 
injection of 500 to 1,500 IU eCG. This effect is achieved due to the fact that, at the moment of 
treatment, only follicles with non-functional corpora lutea (CL) are present at ovaries of both 
females category (Stan i  et al., 1998; Coffey et al., 2002; Gordon, 2005; Stan i  et al., 2007; 
Cassar, 2009). In 80 % to 100 % of sexually mature gilts, eCG injection given at any stage of 
spontaneous estrous cycle causes a synchronized ovulation and formation of functional 
accessory corpora lutea. However, the synchronized estrus, within 4 to 6 days after the eCG, 
occurs only in the gilts treated during the follicular phase or at the end of the luteal phase of 
spontaneous cycles. This is due to the inhibitory action of the induced (accessory) and 
spontaneous estrus cycles corpora lutea. Therefore, the degree of synchronization of estrus is 
highly variable in sexually mature gilts treated at an unknown stage of spontaneous estrous 
cycle, depending on the proportion of gilts in certain phases of spontaneous estrous cycle at 
the moment of eCG treatment (Ramapacek et al., 1992; Heavenly et al., 1997; Haff et al., 
2002; Stan i , 2005; Bošnjak et al., 2007; Stan i  et al., 2012; Stan i  et al., 2013). 

The injection of PGF2 , within the first 12 days of the luteal phase of the spontaneous estrous 
cycle does not cause regression of corpora lutea (CL). This is due to the fact that the pigs CL, 
unlike cows CL, are responsive to the luteolytic action of PGF2  only within the last 4 days of 
the luteal phase, ie. after day 12 of diestrus (Guthrie and Polge, 1976; Guthrie, 1979; Puglisi et 
al., 1979; Stan i , 1979; Stan i  and Vukovi , 1995; Stan i  et al., 1998; Stan i  et al., 2007). 
Therefore, there is a high probability that a large number of gilts, at the moment of PGF2  
treatment, are not in the reactive phase of spontaneous estrus cycle (follicular and first 12 days 
of luteal phase). Such gilts will not react with CL regression, and with synchronized estrus 
manifestation. The result is low degree of estrus synchronization after PGF2  treatment of gilts 
in the unknown stage of spontaneous estrous cycle (Stan i  et al., 1995; Almond, 1997; 
Nebesni et al., 1997; Stan i  et al., 1998; Stan i , 2010; De Rensis et al., 2012). 

The highest level of synchronized estrus in sexually mature gilts can be achieved by peroral 
treatment with synthetic progestagen preparations (Davis et al., 1979; Almond, 1997; Stan i  
et al., 2005). Recently, the most commonly used preparation has been Altrenogest 
(Regumate®) for 16 to 18 days peroral treatment. After such treatment, synchronized estrus 
occurs 4 to 7 days after cessation of treatment in 80% to 100% of gilts (Estienne et al., 2001; 
Estienne and Harper, 2002; Mari  et al., 2003; Gordon, 2005; Stan i , 2005; Stan i  et al., 
2007; Bošnjak et al., 2007; Stan i , 2010). 

The results of the present study and the results of other authors clearly demonstrate that a high 
degree of estrus synchronization in sexually mature gilts can only be achieved by applying 
treatment with progestagen preparations. Treatment of these gilts with gonadotropin or 
luteolytic hormonal preparations is not effective and has no relevance to the practical 
application for estrus synchronization in sexually mature gilts. 

 

Conclusion
Based on the obtained results, we can conclude the following:  

1. The degree of synchronized estrous response in sexually mature gilts significantly 
varies depending on the applied hormonal preparations (gonadotropins, luteolytics or 
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progestagens) and the phase of the spontaneous estrous cycle in which the treatment is 
carried out.  

2. Within the first 7 days after treatment, estrus was detected in 33% to 63% gilts treated 
with gonadotropin eCG (Folligon®), in 40% gilts treated with luteolytic PGF2  
(Dynolitic®), and in 90% gilts treated with progestagen preparation (Regumate®). 

3. Synchronized estrus in high proportion of sexually mature gilts can only be achieved 
by progestagen treatment. Treatment with gonadotropin or luteolytic hormonal 
preparations is not effective and has no relevance to the practical application for estrus 
synchronization in sexually mature gilts. 
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Abstract 
In view of the criticism regarding the piglet castration as currently practiced, one of the 
alternatives is the active immunisation against the hypothalamic GnRH hormone referred to 
as immunocastration. This method is effective in prevention of boar taint in pork and has 
the advantage of avoiding the pain associated with castration (performed without 
anaesthesia and analgesia). However, in some rare cases the immunocastration may not be 
effective and such pigs (so called non-responders) present a risk for boar taint. It is 
therefore important to have a reliable indicator of the effective immunocastration for the 
use on the slaughter line. Determination of boar taint substances (androstenone and 
skatole) is time consuming and expensive, whereas the size of reproductive organs could 
serve as an indicator of successful immunocastration. Present study provides results for 76 
immunocastrates (IC) and 55 entire males (EM) varying in body (or carcass) weight and 
delay between immunocastration and slaughter, in which testes and accessory sex glands 
(vesicular gland, bulbourethral gland) were dissected and weighed. Gathered data were 
used to distinguish IC and EM by discriminant analysis. The results show better 
discrimination of IC than EM. Testes weight is less reliable indicator of successful 
immunisation than the weight of accessory sex glands and that the best discrimination was 
achieved when using all three measurements. 

Key words: discriminant analysis, immunocastration, pig, reproductive organs 

  
Introduction 
Surgical castration of male piglets is a traditional practice in pig production used to avoid 
boar taint, an unpleasant odour and flavour of meat from entire male pigs. It has been 
ascribed to the presence of androstenone (Patterson, 1968) and skatole (Walstra and 
Maarse, 1970). Surgical castration as practiced nowadays (according to EU legislation it 
can be performed without anaesthesia and analgesia within first 7 days after birth) is being 
criticised and a ban of such practice is presently under consideration by the European 
Union. The alternatives include surgical castration with anaesthesia and/or analgesia, 
raising entire males, sperm sexing and immunocastration. Up to now the best alternative to 
prevent boar taint appears to be the immunocastration i.e. a vaccination against the 
gonadotropin-releasing hormone (GnRH) which induces the formation of specific 
antibodies that bind and neutralise GnRH. As a consequence, the hypothalamic-pituitary-
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gonadal axis is disrupted resulting in a decreased pituitary release of LH and FSH, 
inhibition of testicular steroid synthesis, regression of reproductive organs and clearance of 
boar taint compounds. The first commercial product for immunocastration of male pigs 
(Improvac®) has been released in Australia and New Zealand in 1998 and registered for 
use in 53 countries since then, including the European Union in 2009. Before the 
immunisation becomes effective (two vaccinations are needed), the pigs exhibit 
performance of entire males i.e. improved feed efficiency and lean meat deposition 
(Batorek et al., 2012a). To benefit as much as possible from the advantages of entire males 
the late castration strategy is practiced. The first vaccination is usually performed when the 
animals enter the growing-finishing unit resulting in low antibody titres with animals 
physiologically remaining similar to an entire male. The second dose, resulting in effective 
castration, is injected 4-6 weeks before slaughter. This delay is recommended by vaccine 
producer to assure the clearance of boar taint compounds and is referred to as late 
immunocastration. In the case of an earlier immunocastration the advantage is that its 
efficiency can be easily demonstrated (e.g. by checking testes development), however the 
advantage in fattening performance comparatively to surgical castration is lost. In some 
cases the immunisation may be ineffective and such pigs present a risk for boar taint. It is 
therefore important to have a simple but reliable indicator of the efficacy of 
immunocastration for the use at slaughter line, because determination of boar taint 
substances (androstenone and skatole) is not practical (time consuming and expensive). 
Assessment of testes size has been suggested as an indicator of successful 
immunocastration, however, Bonneau (2010) questioned its reliability and suggested 
vesicular gland as better indicator of effective immunocastration. The mentioned study was 
based on published literature, whereas the aim of the present study was to test this 
suggestion on measurements collected from 131 pigs (76 immunocastrates and 55 entire 
males of varying carcass weight and delay between immunocastration and slaughter) from 
four experiments in which testes and accessory sex glands were dissected and weighed.  

 

Materials and methods 
Data on weight of testes, vesicular and bulbourethral gland was collected from previously 
published experiments on EM and IC (Škrlep et al., 2010; Škrlep et al., 2012; Batorek et 
al., 2012b; Kubale et al., 2012). The pigs used for the study were commercial crosses of 
different breeds (Large White × Landrace, Large White × Landrace × Duroc, Large White 
× Landrace × Pietrain) varying in body (103.6±13.5) and carcass weight (76.8±11.1 kg). In 
IC pigs the delay between second vaccination and slaughter varied from 2 to 9 weeks. 
Reproductive organs were collected at the slaughter line and taken to the laboratory for 
dissection and weighing. Samples of subcutaneous fat were also taken at the level of last 
rib for androstenone and skatole determination (HPLC methods) as described in previously 
mentioned articles. Data analysis was performed with statistical package IBM SPSS 21.0 
for Windows using discriminant analysis to categorize pigs into EM or IC based on either 
one of the classifying factors (i.e. weights of testes, vesicular gland or bulbourethral gland) 
or using all three weights in a single step. Cross–validation of discrimination was also 
performed using leave-one-out method of SPSS.  

 

Results and discussion 
Figure 1 presents basic statistics and distribution for the reproductive organs weights used 
in the discriminant analysis. To show that IC and EM were similar in regard to body 
weight the distribution and basic statistics of the later is also shown. Although the two sex 
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groups differ considerably in regard to the size of reproductive organs (being strongly 
regressed in IC) some overlapping in distribution could be observed. There are several 
possible factors to explain this situation. Firstly there is one IC that could be considered a 
non-responder (pig no. 20 with androstenone level 0.34 g/g and weight of reproductive 
organs similar to EM i.e. testes weight 413 g, vesicular gland weight 107 g and 
bulbourethral gland weight 96 g). Secondly, for some pigs the delay between the effective 
vaccination and slaughter was only 2 weeks, which may not be enough to reduce the size 
of the organs. Namely, it is known that approximately one week is needed after the second 
vaccination for the metabolic response to take place (Claus et al., 2007). Thirdly the pigs 
included in the study were of different crossbreeds and also varied considerably in body 
weight (in entire males a correlation between the size of organs and carcass weight was in 
the range 0.45-0.53; data not shown) i.e. those entire males with lower body weight were 
retarded in growth and likely delayed in reaching sexual maturity, exhibiting low 
reproductive organ size, closer to those of IC. Such circumstances, i.e. variability of 
crossbreeds, body weight, some pigs being retarded in growth, are usual in everyday pig 
production practice.  

 

 

 

EM 

 

 

IC 

 Body weight at slaughter, kg Testes weight, g 

 

 

EM 

 

 

IC 

 Vesicular gland weight, g Bulbourethral gland weight, g 
Figure 1. Distribution of data for slaughter weight and weight of reproductive organs 

 

When using testes weight as a criterion to distinguish between EM and IC (Table 1) the 
results of discriminate analysis showed a 91.6 % success rate, with misclassification being 
higher in EM (12.7%) than IC (5.3%). Cross-validation results were the same as in the 
calibration step. Looking individually on misclassified pigs in EM group it could be 
observed that these were all Pietrain crossbred pigs (weighing between 71-108 kg) with 
two of them retarded in growth. It could be mentioned that Pietrain crosses had similar 
slaughter weight as pigs of other two crossbreeds whereas testes weight (520 g) in EM of 
Pietrain crossing was lower (P<0.001) than in other two crossbreeds (682 g and 701 g for 
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Landrace×Large White and Landrace×Large White×Duroc crosses, respectively; data not 
shown). Concerning IC, it could be argued that misclassified pigs were non-responders, 
however, their androstenone levels does not support that since it was below detection limit 
of the method (<0.24 g/g fat) in all cases. Misclassified IC pigs were all crosses of 
Landrace×Large White (had the smallest regression of testes weight among the three 
crossbreeds), weighing between 100-130 kg and with 5 weeks delay between second 
vaccination and slaughter (recommended standard). As it was observed already in EM, 
lighter testes weight was also evidenced for immunocastrated Pietrain crosses.  

Table 1. Classification resultsa,c of discriminant analysis for testes weight as criterion  

 Predicted Total  
IC EM Missclassified pigs 

Original 
Count 

IC 72 4 76 2, 3, 66, 68 
EM 7 48 55 105, 108, 109, 110, 111, 117, 120 

% 
IC 94.7 5.3 100.0  
EM 12.7 87.3 100.0  

Cross-
validation 

Count 
IC 72 4 76 2, 3, 66, 68 
EM 7 48 55 105, 108, 109, 110, 111, 117, 120 

% 
IC 94.7 5.3 100.0  
EM 12.7 87.3 100.0  

a91.6% of original grouped cases correctly classified. 
c91.6% of cross-validated grouped cases correctly classified. 

When using bulbourethral gland weight (Table 2) as a criterion to distinguish between EM 
and IC the results of discriminate analysis were slightly better as in the case of testes 
weight and showed a 93.1% success rate, with misclassification being higher in EM 
(10.9%) than IC (3.9%). Cross-validation results were the same as in the calibration step.  

 
Table 2. Classification resultsa,c of discriminant analysis for bulbourethral gland weight as 

criterion 

 Predicted Total Missclassified pigs 
IC EM 

Original 
Count 

IC 73 3 76 20, 37, 55 
EM 6 49 55 82, 104, 111, 117, 119, 120 

% 
IC 96.1 3.9 100.0  
EM 10.9 89.1 100.0  

Cross-
validation 

Count 
IC 73 3 76 20, 37, 55 
EM 6 49 55 82, 104, 111, 117, 119, 120 

% 
IC 96.1 3.9 100.0 

  

EM 10.9 89.1 100.0  
a93.1% of original grouped cases correctly classified. 
c93.1% of cross-validated grouped cases correctly classified. 
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We did not observe any effect of crossbreed on the weight of bulbourethral gland (data not 
shown). It is noteworthy that all the EM misclassified as IC showed also low androstenone 
levels (three of them below detection limit, others from 0.247 to 0.629 g/g fat) which 
indicates that the reason for misclassification to IC group is likely due to the sexual 
immaturity of these EM pigs. 

 
Table 3. Classification resultsa,c of discriminant analysis for vesicular gland weight as criterion 

 Predicted Total Missclassified pigs 
IC EM 

Original 
Count 

IC 75 1 76 20 
EM 11 44 55 85, 88, 90, 91, 95, 104, 105, 117, 118, 119, 120

% 
IC 98.7 1.3 100.0  
EM 20.0 80.0 100.0  

Cross-
validation 

Count 
IC 75 1 76 20 
EM 11 44 55 85, 88, 90, 91, 95, 104, 105, 117, 118, 119, 120

% 
IC 98.7 1.3 100.0  
EM 20.0 80.0 100.0  

a90.8% of original grouped cases correctly classified. 
c90.8% of cross-validated grouped cases correctly classified. 

 

When using vesicular gland weight (Table 3) as a criterion to distinguish between EM and 
IC the result of discriminate analysis was overall the lowest with 90.8% success rate, 
which was due to the high misclassification of EM (20%). On the other hand the 
recognition rate was excellent (98.7%) in the case of IC where only one pig was 
misclassified as EM; in that particular case (pig no. 20); this pig was likely a non-
responder which in the end denotes a correct classification into EM.  

Table 4. Classification resultsa,c of discriminant analysis using all three criteria (testes, 
bulbourethral gland, vesicular gland) 

 
Predicted 

Total Missclassified pigs 
IC EM 

Original 
Count 

IC 75 1 76 20 
EM 4 51 55 105, 117, 119, 120 

% 
IC 98.7 1.3 100.0  
EM 7.3 92.7 100.0  

Cross-
validation 

Count 
IC 75 1 76 20 
EM 5 50 55 105, 111, 117, 119, 120 

% 
IC 98.7 1.3 100.0  
EM 9.1 90.9 100.0  

a96.2% of original grouped cases correctly classified. 
c95.4% of cross-validated grouped cases correctly classified. 
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When using all three organs (Table 4) as a criterion to distinguish between EM and IC the 
results of discriminate analysis were overall the best with 96.2% success rate (95.4 % in 
cross-validation). Only 7.3% EM and 1.3% IC (i.e. one pig) have been incorrectly 
classified. As already mentioned IC pig (no. 20) was likely a non-responder. Out of five 
misclassified EM, only one had androstenone level typical for EM (1.0 g/g fat) and above 
sensory threshold level (0.5 g/g fat) whereas the other four pigs had low androstenone 
levels (<0.27 g/g).  

A higher degree of misclassification observed for EM than IC can be related to higher 
variability due to differences in (cross)breeds and growth rate affecting the onset of sexual 
maturity (e.g. delayed sexual maturity in slow growing pigs, resulting in underdeveloped 
testes and accessory reproductive glands). In agreement with Bonneau (2010), vesicular 
gland (or alternatively all reproductive organs) turned out as the most reliable indicator for 
IC discrimination. This result has a high practical relevance because it denotes that reliable 
on-line detection of non responders is possible. According to Bonneau (2010) vesicular 
gland undergoes a fast weight regression, whereas in testes or bulbourethral gland the 
response will take much longer. This can be explained by the tissue structure. In the 
vesicular gland grape-like acini, filled with serous secrete, are more prone to leakage than 
in the case of more condensed structure of bulbourethral gland, with smaller acini, filled 
with highly viscous content. A vesicular gland, a very reliable indicator for IC pigs, seems 
problematic for correct classification of EM. In the majority of vesicular gland based EM 
false classifications, the bulbourethral gland and/or testes were not regressed.  

 

Conclusion 
In conclusion, the correctness of the classification was high and much better for IC than 
EM. The lowest success rate in IC was obtained when using testes weight (87%) and the 
highest when using vesicular gland weight or alternatively all reproductive organs (one pig 
was false negative which was likely a non-responder) denoting faultless discrimination. 
For entire males using vesicular gland was the least reliable (80%) whereas using all 
reproductive organs provided the best classification correctness (93%).  
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Abstract 
The results of draft genome research of permafrost horse bone dated approximately 560-
780 (kyr BP) have been published recently. According to the data representing the oldest 
full genome sequence compared to the modern genomes of domesticated horse, 
Przewalskii and donkey it was suggested that the Equus lineage gave rise to contemporary 
horses, zebras and donkeys some 4.0 to 4.5 million years ago, twice increasing the 
assumed time to the common ancestor. Upon the phylogenetic and divergence analyses it 
was estimated that the Przewalskii and domestic horse populations diverged some 38-72 
kyr BP and that there are no evidences that admixtures between Przewalskii and domestic 
horse populations occurred post-divergently thus Przewalskii’s involvement in the process 
of horse domestication has been excluded.

The new data on ancient equide genome question the conventional theory on the origin of 
Domestic mountain pony. Upon the protein variability of the Domestic mountain pony the 
influence of diluvial genome on the population was confirmed and this finding differed 
from the conventional theory stating E. f. Przewalskii and E. ferus caballus as ancestors of 
the autochthonous population. The role of different ancestral horses in evolution of our 
autochthonous population is therefore unclear. 

The questions emerging from the most recent genetic and proteomic research in concern 
with the autochthonous populations are presented in the paper. 

Key words: fossil DNA, horse, wild ancestors 

 

Introduction 
Although the fossil findings of equine ancestors made these mammals the model for 
evolutionary processes, the domestication process remained unsatisfactory cleared until 
recently. The evidences on horse domestication, found in grassland at the space between 
nowadays Russia and Ukraine, were calibrated to be 5-6 million years old, while the 
artifacts speaking of the utilization of these animals belong to the period 6,000-3,000 years 
B.C. Other centers of horse domestication were determined on different geographic regions 
so it was considered that domesticated horse arose through independent domestication 
events that have involved different ancestral subspecies of wild horse. The multicentric and 
polyphyletic origin can be the major factor contributing extensive diversity in domesticated 
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horse. It was also recognized that mutations occurred rarely during domestication so 
separate equine gen pools were geographically differentiated (Ellegren, 2002). 

Anyway the importance of the horse in transportation an human migrations through history 
led to crossing between the separate domesticated populations and thus influencing the 
gene pool of the original domesticated breeds and types (Kaminski and de Andres Cara, 
1986). 

The origin of horse populations in Europe, North Africa and in West Asia is traceable back 
to the prehistoric forms. Therefore the contemporary horse breeds are classified as 
occidental, oriental and horses of East and South-East Asia. The pre-domestication horses 
belonged to the four (4) original types, i.e.: horse of North-West Europe, which assembled 
to contemporary Exmore pony (type1); a larger pony of North Europe and Asia similar to 
Highland pony (type 2); horses inhabiting Central Asia (type 3) probably ascending Akhal-
teka and similar breeds; and horses of West Asia (type 4) as probable progenitor of 
Kaspian pony and Arab. Oriental horses descend from two ancestral forms: Tarpan (E. 
ferus ferus) and Przewalskii (E. Przewalski), while occidental horses have developed from 
diluvial forest pony. The dualistic evolutive approach has been undoubtedly incorporated 
into the existing theory on autochthonous horses of the Balkan (Savi  et al., 2007). 

Studies on polymorphism in horses lead to the development of evolutive-genetics as new 
discipline allowing testing and clarification of the evolutive process including effects of 
domestication and selective breeding. The data obtained by testing of genetic variability 
could be applied for characterization of the breeds and interpretation of evolutive-genetic 
relationship between the different population and breeds, even in absence of pedigree data 
(Langlois, 2005). The fact that wild ancestors of domesticated horses have been extinct 
their traits could be traced only by comparisons of the different domesticated breeds as 
carriers of the original wild genetic variance (Sponenberg, 2000). Only recently, the 
variability of the DNA molecule allowed investigation of the variability in the fossils, so 
allowing the comparison of the ancient and contemporary animals on the level other than 
comparison of the skeletons (Ludovic et al., 2013; Trailovi  et al., 2013a and 2013b). 

 

Genetic variability applied in the studies of the equine evolution 
Genetically controlled variability is profoundly studied in domestic animals and applied in 
characterization of different breeds and types, aiming to evaluate origin and course of 
domestication, and to establish population data necessary for preservation and/or 
conservation of rare and unique traits that can influence adaptation and unpredictable 
selective challenges in the future. The data concerning genetic characterization are 
obtained by evaluation of biochemical, physiological and DNA polymorphism (Trailovi  
et al., 1994 and 1998; Trailovi , 2009). Genetic polymorphism has been applied in the 
research of genetic variability in wild equines, while DNA variability and sequencing 
allowed insight in genetic constitution of the equines before domestication (Ellengren, 
2002; Ludovic et al., 2013). Polymorphism of the different proteins, blood groups, MHC 
markers, DNA markers together with genome mapping and research of the genome 
sequence allowed studies of the interbreed divergence. The genome sequencing and equine 
gene mapping gave rise to the profound investigation of the genetic traits of the ancient 
equines by DNA analyses of the fossil remnants (Ludovic et al., 2013). 

The evaluations of genetic variability on different levels show that some breed specific 
alleles reflect the heritage and therefore indicate possible ancestry of the modern breeds of 
horses (Trailovi , 2009, Trailovi  et al., 2013a and 2013b). Although numerous allelic 
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forms in modern equine species are common, some alleles are species specific and 
therefore reflect divergence of the species (Put and Whitehouse, 1983; Nozawa et al., 
1998; Cho and Cho, 2004). Research of genetic polymorphism and collection of the data 
gave rise to the debate on the role of Przewalskii horse during domestication. 

Evaluations of the biochemical polymorphism revealed high degree of homology between 
Przewalskii and domestic horse breeds, although frequent alleles in Przewalski are rare in 
any of the domestic horse population studied and some Przewalski characteristic alleles 
have been revealed both by blood typing and by genotyping of the remaining wild horse 
(Putt and Whitehouse, 1983; Bowling and Ryder, 1987). It was suggested that Przewalski 
and domesticated horses had separated before domestication events and that the separate 
evolution gave rise to speciation of the two horse species. 

During the last decade equine gene mapping allowed presentation of the medium dense 
gene map and revealed genome sequence in horses. The methodology of DNA studies has 
developed enough to allow amplification and sequencing of ancient DNA. 

By comparison of genomic data obtained on Late Pleistocene horse remnants and modern 
genomes of five domestic horse breeds (E. ferus caballus), Przewalskii (E. Przewalski) and 
donkey (E. asinus) the evolution of different equines was recalibrated and the role of the 
different ancient horses in domestication was clarified (Ludovic et al., 2013). The 
discovery and sequencing of the genomic DNA in Late Pleistocene horse fossil confirmed 
that Przewalskii is the last surviving wild horse population. The comparative analyses of 
the genome sequence of the Late Pleistocen horse and modern genomes of five domestic 
breeds, Przewalskii horse and donkey suggested that Equus lineage that gave rise to all 
contemporary horses, zebras and donkeys originated 4.0-4.5 million years before present 
(myr BP), twice the time that were accepted as the distance to the most recent common 
ancestor of the genus Equus. It was estimated that Przewalskii’s and domesticated horse 
populations diverged 38-72 kyr BP and no admixture between the two diverging 
populations was evidenced. The results obtained by Ludovic et al. (2013) exclude 
Przewalskii horse from the domestication process. 

The novel finding on Equus evolution posed several questions on ancestry of our 
autochthonous Yugoslav mountain pony, as well as the other horses on the Balkan. 

 

The ancestry of autochthonous Yugoslav Mountain pony 
Yugoslav Mountain pony is autochthonous horse breed that inhabits mountains South of 
Sava and Danube on West Balkan. It is believed that all mountain ponies of former 
Yugoslavia descended from Tarpan (Equus ferus) and Przewalskii (Equus Przewalskii). 

Although the dispersed natural habitat of this breed is biogeographically divided by natural 
barriers, all ponies on the mountains in Serbia and Montenegro were considered to belong 
to autochthonous Yugoslav Mountain pony breed and the data concerning biogeographic 
differentiation of local ecotypes are missing. There is evident lack of interest reflected in 
few scientific data about this very adaptive breed which indicates the degree of 
endangerment of these unique animals (Mitrovic et al., 2011). On the other hand mountain 
ponies in B&H have been described in details by the beginning of the 20th century and 
besides numerous ecotypes, Bosnian pony was developed as highly selected breed. 

Recently, some physiological, morphological, and reproductive characteristics of 
Autochthonous Yugoslav mountain pony have been described (Trailovi  et al., 1998; 
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Trailovi , 2009; ermanovi  et al., 2010; Djermanovic et al., 2012; Trailovi  et al., 2013a 
and 2013b). 

The functional polymorphism within the breed was evaluated in aim to confirm the 
dualistic origin of autochthonous breed upon biochemical variability, to investigate genetic 
divergence between original population of Yugoslav Mountain pony and descending 
selected breed Bosnian pony, and also in aim to establish the data for further evaluation of 
physiology of the breed and to obtain information on functional variability in aim to 
promote conservation (Trailovi , 2009). 

During the investigation polymorphism in eight protein systems: albumin, transferring, 
protease inhibitors, Xk, vitamin D binding protein, esterase, phospho-glucose 
dehydrogenase and glucose-phosphate isomerase was established. A total of 33 functional 
alleles was segregating in Domestic mountain pony compared to 26 in Bosnian pony. The 
observed loss of functional polymorphism in descending population reveals restriction of 
the gene pool that could be the consequence of the limited number of founding animals and 
selective breeding. However none of the Przewalskii horse specific biochemical markers 
was determined in autochthonous population, thus the dualistic origin could not be 
confirmed upon the investigated biochemical polymorphism. Unexpectedly the rare AlI 
isoprotein, which is considered to be the heritage of diluvial ancestors (Sandberg, 1972) 
was determined in Domestic mountain pony. The ancestral influence of the diluvial 
genome on gene pool of autochthonous horse in Former Yugoslavia was not described 
until our investigation. The introduction of diluvial horses to the Balkans could occur 
during prehistoric nomad migrations and certainly in Roman Empire. 

 

Conclusion 
Very recent evidences obtained by genome sequence analyses of early Middle Pleistocene 
horse allowed recalibrating of evolution of the genus Equus and profound comparison of 
the prehistoric and contemporary horses thus clarifying the lineage of all contemporary 
horses. These results also indicated that no recent admixture between the domestic horse 
breeds and Przewalskii occurred after the divergence of the species some 38-72 kyr BP 
(Ludovic et al., 2013), so that it was cleared that Przewalskii horse could not be involved 
into the horse domestication. 

The novel finding therefore poses questions on the existing theory concerning the 
evolution of autochthonous Yugoslav mountain pony especially when Przewalskii is 
involved in ancestry. However the ancestral role of Tarpan is not questionable, but the 
original finding of the distribution of the diluvial genome markers in the autochthonous 
population of Yugoslav mountain pony however demands further research on routes and 
period of introduction of diluvial horse genome on the Balkans. 

 

References 
1. Bowling AT, Ryder OA 1987. Genetic studies of blood markers in Przewalskii horses. 

Journal of Heredity 78, 75-80. 

2. Cho BW, Cho GJ 2004. Analysis of red cell and blood protein typing in the Mongolian 
horse. Journal of Animal Science and Technology 46, 887-896. 

3. Djermanovic V, Mitrovic S, Djordjevic N 2012. Exterior characteristics of the horse breed 
population of „Posavac“ bred in the region of Eastern Serbia. Proceedings of the 47th 
Croatian and 7th International Symposium on Agriculture, Opatija, Croatia, 699-673. 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

54

4. ermanovi  V, Mitrovi  S, Novakovi  M, or evi  N, Ivanov S, Topolac M 2010. 
Qualitative properties of equidae grown in Central Serbia. Proceedings of Research Papers 
16 (3-4), 179-188. 

5. Ellegren H 2002. It took many mares to form the domestic horse. Trends in Genetics 18, 
501-502. 

6. Kaminski M, de Andres Cara DF 1986. Electrophoretic markers of Andalusian horses: 
comparison of Spanish and Lusitanian lineages. Comparative Biochemistry and Physiology 
83B, 575-588. 

7. Langlois B 2005. A revuew on the methods of parentage and inbreeding analysis with 
molecular markers. In Bodo I., Anderson L., Langlois B. (Eds) Conservation Genetics of 
Endangered Horse Breeds. EAAP Scientific Series, 116, 35-54. 

8. Ludovic O, Ginolhac A, Zhang G, Frorese D, Albrechtsen A, Stiller M, Schubert M, 
Cappellini E, Petersen B, Moltke I, Johnson PLF, Fumagalli M, Vilstrup TJ, Raghavan M, 
Korneliussen T, Malaspinas AS, Vogt J, Syklarczyk D, Kelstrup DC, Vinther J, Dolocan A 
2013. Recalibrating Equus evolution using the genome sequence of an early Middle 
Pleistocen horse. Nature 499, 74-78. 

9. Mitrovic S, Djermanovic V, Trailovic R, Trailovic D 2011. Equine selective breeding in 
Serbia: Status and Perspectives. Proceedings of the 2nd Regional Symposium: “Horsville - 
Science and Profession”, Novi Sad, 47-53. 

10.Nozawa K, Shotake T, Ito S, Kawamoto Y 1998. Phylogenetic relationships among Japanese 
Native and alien horses estimated by protein polymorphisms. Journal of Equine Science 9, 
53-69. 

11.Putt W, Whitehouse DB 1983. Genetics of plasma protein loci in Equus przewalskii. Animal 
Blood Groups and Biochemical Genetics 14, 7-16. 

12.Sandberg KA 1972. Third allele in the horse albumin system. Animal Blood Groups and 
Biochemical Genetics 9, 169-174. 

13.Savi  M, Jovanovi  S, Vegara M 2007. Sto arstvo: farmske i socijalne životinje. igoja, 
Beograd, 304 pp. 

14.Sponenberg DP 2000. Genetic resources and their conservation. In: The Genetics of the 
Horse. (eds A T Bowling, A Ruvinski), pp 387-410. CABI Publishing. 

15.Trailovi  R 2009. Phylogenetic evaluation of Yugoslav Mountain pony upon genetic 
markers. PhD thesis. Faculty of Veterinary Medicine, University of Belgrade. 

16.Trailovi  R, ermanovi  V, Savi  M, Dimitrijevi  V, Mitrovi  S, Ivanov S, Beckei Ž 2013a. 
Autochthonous breeds of horses and donkeys in Serbia: Status and Perspectives. Proceedings 
of Fourth Regional Symposium „Breeding, reproduction and health care of horses“, Novi 
Sad, 47-53. 

17.Trailovi  R, Jovanovi  S, Savi  M 1994. Efficiency of some serum protein systems in 
parentage control in Yugoslav Trotter horse. Acta Veterinaria 4, 233-238. 

18.Trailovi  R, Jovanovi  S, Savi  M 1998. Some characteristics of the isolated populations of 
Yugoslav Mountain Pony. Proceedings of the 1998 International Conference of Endangered 
Animal Breeds of Danubian Countries, Budapest, 57-59. 

19.Trailovi  R, Savi  M, Dimitrijevi  V, Beckei Ž 2013b. Protein polymorphism as indicator of 
influence of diluvial ancestry on domesticated mountain pony population in Serbia.  
Proceedings of the 13th International Congress of the World Equine Veterinary Association 
WEVA, Budapest, Hungary, 
http://www.ivis.org/proceedings/weva/2013/posters/122.pdf?LA=1. 

 



55

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

Original paper 

RELATIONSHIPS BETWEEN THE UTERUS HORNS LENGTH AND PUBERTY 
ATTAINTMENT IN GILTS 

 
Žarkovi  I. 

 
University of Novi Sad, Faculty of Agriculture, Department of Animal Science, 21000, Novi Sad,  Serbia 
Corresponding author: ivan.zarkovic@stocarstvo.edu.rs 

Abstract 
 Intensive pig production represents one of the basic requirements in order to fulfill conditions 
necessary to achieve the effective reproduction or to timely provide sufficient number of good 
pregnant gilts in order to replace and repair the sow herd base. Reproductive efficiency of gilts 
and the gilt management is one of the primary factors of a successful production of piglets. 
This efficiency, among other things, expresses the number of pregnant gilts, desirable genetic 
traits, body weight, age at first estrus, the status of sexual maturity, longevity and a good 
general health.  

The aim of this study was to determine the correlation between length of uterus horns and the 
time of reaching puberty in gilts. The data used during the comparative analyses of 
morphological parameters were the length of uterus horns without weight, ligaments, cervices 
and ovaries. For the testing data 592 animals were used. The studies were conducted in warm 
and cool periods of the year. The animals were sacrificed at 210 days of age. On the basis of  
morphological structure of the ovary and the stage of sexual maturity the following has been 
determined: the animals before reaching puberty, animals with first and second estrus cycle.  

It was determined that the gilts that have made a second estrus cycle have greater significant 
difference (p<0.01) in length of uterus horns (172.90cm) compared to others. The results show 
that the female fattening gilts in relation to breeding gilts had significantly greater (p<0.01) 
length of uterus horns (131.31cm). According to the studies based on the season a statistically 
significant (p<0.01) difference in the length of uterus horns was determined. In first and 
second estrus cycle the higher percent of animals that have reached puberty was achieved in 
breeding gilts (38.38 and 39.47%). 

Key words: gilts, puberty, uterus horns 
 

Introduction
Reproductive efficiency of gilts and the gilt management is one of the primary factors of a 
successful production of piglets. This efficiency, among other things, expresses the number of 
pregnant gilts, desirable genetic traits, body weight, age at first estrus, the status of sexual 
maturity, mating or conception in gilts which is associated with their subsequent reproductive 
performance, longevity and good general health. 
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In practice, the above mentioned condition is difficult to achieve. The reason for this can be 
seen as a result of the strong influence of paragenetic factors such as diet, season, contact with 
sexually mature boars, environmental conditions, stress factors, treatment with exogenous 
hormones and health (Stan i  et al., 2003; Peltoniemi et al., 2005). 

The main reason for the occurrence of prolonged anoestrus preinsemination was that that 
estrus was not detected even after 8 months of age (Tummaruk et al., 2007; Patterson et al., 
2010; Stan i  et al., 2010). 

According to Tummaruk, Tantasuparuk and Kunavongkrit (2008), the age of puberty in gilts is 
usually defined as “the time of the first estrus and ovulation with a continuation of regular 
estrus cycles”. 

One of the most common problems present in modern pig production is a high percentage of 
culled sows, which is around 30% on our farms and up to 50% worldwide (Gagr in et al., 
2009). Most of the gilts and young sows were removed from herds due to reproductive failure 
(Engblom et al., 2007). 

It has been demonstrated that gilts with a high growth rate attain puberty earlier than those 
with low growth rate (Young et al., 2008; Tummaruk et al., 2009). 

Gilts with a delayed age at first mating (>260 days) have a shorter lifetime performance than 
gilts mated at a younger age. Gilts attaining puberty at a younger age also produce more 
piglets during the first 3 parities than those attaining puberty at an older age (Young et al., 
2008). 

Infertility in the summer and autumn months varies from farm to farm, field to region and year 
to year. Finally, what we are most interested in is to achieve maximum fertility and 
reproductive performance regardless of season or location (Holyoake et al., 2005). Infertility 
during the summer period covers a wide range of problems including anoestrus in gilts and 
sows, the problem with detection of estrus, conception and decreased level of embryo survival 
(Donald, 2007). 

The aim of the present study was to determine that the length of uterus horns and the season 
affect the attaining puberty in gilts.  

 

Material and methods 
The aim of this study was to determine the correlation between the length of uterus horns and 
the time of reaching puberty in gilts. The data used during the comparative analyses of 
morphological parameters were the length of uterus horns without weight, ligaments, cervices 
and ovaries. Examination was made on a large farm in Vojvodina. For testing we used data of 
592 gilts that were randomly assigned to four groups (two groups of female fattening gilts and 
two groups of breeding gilts). The testing was performed in both the warm (May-October) and 
cool (November-April) season.  

The animals were sacrificed at an average of 210 days of age. After sacrifice the observation 
of the morphometric parameters of the gilts was made in the Laboratory in the Department of 
Animal Science at the University of Novi Sad. Breeding and female fattening gilts were kept 
under different housing and feeding regime. Based on the number of ovarian follicles and size 
all the animals were divided into three stages, namely: before reaching puberty (Pp),  at first 
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estrus cycle (1E), or second estrus cycle (2E). The measurement was performed with the 
meter. The average values of the length of the uterus horns were expressed in centimeters. 
Descriptive statistics was performed using the software package Statistics 12th. 

 

Results and discussion 
It is very important to know the factors that affect the intensity of reproduction as well as the 
timely detection of estrus, insemination and the time of attaining puberty in gilts. To achieve 
these requirements it is of primary importance that breeding gilts achieve optimum age and 
weight, as well as the optimal ratio of muscle mass and fat body reserves, as at the time of 
attaining puberty and in the fertile time of insemination (Radovi  et al., 2007). 

 
Table 1. Distribution of stages of sexual maturity depending on season and category 

Stage of 
sexual 
maturity 

(Cool season) Warm season 
Category 

Breeding gilts Female fattening 
gilts 

Breeding gilts Female fattening 
gilts 

N % N % N % N %
PP 22 28.95 181 75.74 46 46.46 129 72.47 
1E 24 31.58 54 22.59 38 38.38 28 15.74 
2E 30 39.47 4 1.67 15 15.16 21 11.79 
Total 76 100 239 100 99 100 178 100 

Total 592 
 

In Table 1 we can see that the highest percentage (75.74%) was in the female fattening gilts 
before reaching puberty in the cool season and the lowest (1.67%) in the second estrus cycle 
also in cool season. The highest percentage (38.38%) of gilts with one estrus cycle was in 
breeding gilts in the warm season in relation to the breeding gilts (39.47%) in the second 
estrus cycle in the cool season. 

Similar results regarding the influence of seasonal photoperiod were given by Stan i  et al., 
1990. According to the study cited by Cotton, 2001, from 23 to 60% gilts attain puberty lower 
between June and September than in the period from October to May. In pigs, the seasonal 
influence on both fertility and production traits is well documented (Tummaruk et al., 2004; 
Tummaruk et al., 2010). 

Furthermore, based on the fecal progesterone results, the proportion of gilts exhibiting first 
standing estrus without ovulation is more common during hot season compared to any other 
period (Tummaruk et al., 2007) which is in harmony with our study that shows that the 
percentage of gilts that reach first estrus was highest in warm period (38.38%) in breeding 
gilts.  

In Table 2 we can see that the gilts that have made a second estrus cycle have greater 
significant difference (p<0.01) in length of uterus horns (172.90 cm) compared to the others. 
The results show that the female fattening gilts in relation to breeding gilts had significantly 
greater (p<0.01) length of uterus horns (131.31cm). According to the study based on the 
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season in cool and warm period of year a statistically significant (p<0.01) difference in the 
length of uterus horns was determined.  

 
Table 2. Average value and variability of the length of uterus horns 

 N  X SE SD CV P 
Category      

0.000** Breeding gilts 417 52.45 1.38 28.08 53.54 
Female Fattening gilts 175 130.31 4.55 59.97 46.02 

Seasons      
0.000** Cool 315 77.01 3.32 58.90 76.48 

Warm 277 73.52 2.82 46.90 63.79 
Stage of sexual 

maturity      

0.000** PP 377 47.18 1.00 21.36 45.25 
1E 145 101.78 2.80 33.59 33.01 
2E 70 172.90 7.82 65.47 37.86 

All population 592 112.75 3.75 91.21 80.90 
 

A morphometrical evaluation of the reproductive system of gilts before reaching sexual 
maturity could be a useful indicator for the estimation of early potential and actual fertility of 
sows (Kapela ski et al., 2012). 

Several experiments have suggested that uterine length influences uterine capacity (Wu et al., 
1988; Chen and Dziuk., 1993; Wu and Dziuk., 1995). It has also been shown that gilts vary 
profoundly in the length of the uterine horns (Chen and Dziuk, 1993). 

According to the research of the foreign authors the length of the uterus horns was 37 cm in 
gilts before reaching puberty and 244.1 cm in gilts that have reached first estrous cycle. This is 
in harmony with our research where the gilts before reaching puberty had 47.18 cm of the 
uterus horns to 101.78 cm at the time of reaching first estrus cycle. Between various races and 
crossbreds there are differences in the length of the uterus horns. For example, the length of 
uterus horns in China race Mainshan had a significantly lower length than the European white 
race Yorkshire. In addition, there are differences in the length of uterus horns between 
Swedish Landrace race (66cm) in comparison to race Mangulica (61cm). This is also shown in 
our research where we can see that the length of uterus horns is higher in the fattening gilts 
(130.31cm) compared to breeding gilts (52.45cm). 

There is little research evidence that could clearly demonstrate the correlation between the 
length of the uterus horns before and after the attainment of sexual maturity and during 
pregnancy (Christenson et al., 1987; Wu and Dziuk, 1988). Furthermore, there is no research 
evidence that seasonal period affects the length of uterine horns which is in harmony with our 
research, but the length of uterus is the important feature that influence the uterus capacity.  
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Based on the results obtained in this work it can be concluded that the categories of female 
fattening gilts in relation to breeding gilts showed statistically significant difference in the 
length of uterus horns (131.31 cm compared to 52.45cm). Furthermore it can be seen from 
research that there was significant difference between the length of uterus horns observed by 
influence of season and also category that affected the length of uterus horns.  

The highest percentage of animals which achieved puberty was in the first and second estrus 
cycle. Although our research shows that female fattening gilts have greater length of uterus in 
relation to breeding gilts the higher percentage of breeding gilts that reached puberty was in 
the first and second estrus cycle. From the aim of this work we can see that the length of 
uterus horns does not influence the puberty attainment in gilts.  
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Abstract 
Research was conducted on New Hampshire (in further text NH) and Sombor Crested (in 
further text SC) breeds which were kept in semi extensive system. 56 birds of each breed 
were used (50 females and 6 males) in the experiment. 100 eggs from every chicken breed 
were used for natural hatching, and remained eggs were sold. From the total number of the 
naturally incubated eggs, 83 (NH) and 85 (SC) chickens were hatched, and they were used 
for the study of performance and related parameters. 

Eggs and chickens originating from NH breed were statistically significantly heavier 
(P<0.001; P<0.01) compared with SC breed. Egg shape index and chicken percentage in 
egg weight were significantly higher at SC (P<0.001; P<0.05) compared to NH breed. 
Very strong positive correlation was determined between egg weight and chicken weight in 
both breeds. Very weak negative correlation was determined between egg weight and 
relative chicken intake in the egg weight. Similarly, between egg shape index and chicken 
weight, negative correlation coefficient was determined in both breeds. However, between 
egg shape index and chicken percentage, statistically significant (P<0.001) negative 
correlation coefficient was determined in NH breed. Significant (P<0.05) positive 
correlation for the same performances was determined in SC breed. 

Key words: New Hampshire (NH) breed, reproductive parameters, semi-extensive system, 
Sombor Crested (SC) breed 
 

Introduction 
Based on available literature it can be noted that productive and reproductive performances 
of pure breeds and their mestizos have nowadays become subjects of research for 
economic reasons. This is particularly important regarding the adoption of the Law on 
organic animal husbandry (EU, EEC-Regulation 1804/1999 – supplementing regulation 
no. 2092/91), respectively animal production, which attaches more importance to pure 
races because they are more convenient for the organic poultry meat and eggs than some 
chicken hybrids. 

In semi extensive or extensive breeding system, following breeds are being reared in the 
Republic of Serbia: New Hampshire, Naked Neck, White Leghorn, Rode Island Red, and 
two domestic breeds Black Svrljig and Sombor Crested. Research was conducted with the 
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goal to determine productivity of these breeds in semi extensive breeding system (Maši  et 
al., 1970; Žigi  et al., 1970; Marinkovi  et al., 1972; Apostolov, 1976; Apostolov N. and 
Apostolov D, 1976). Thorough researches, in order to determine fattening and slaughter 
parameters of above mentioned breeds reared in different breeding systems, were 
conducted by many authors (Miloševi  et al., 2005; Pavlovski et al., 2009; Mitrovi  et al., 
2011a). Besides, incubation values of eggs originating from two chicken breeds (strains) 
(White Naked Neck - WNN and Black Svrljig strain - BSv) which were reared in rural 
parts of Serbia in extensive breeding systems were conducted in a lesser extent (Mitrovi  et 
al., 2011b). 

Next to incubation parameter results, researching of physical egg parameters and their 
influence on incubation values highly contributes to poultry production and reproduction 
of different breeds and poultry genotypes (Farooq et al., 2001; Islam et al. 2002a and 
2002b; Witt and Schwalbach, 2004). 

It is well known that egg weight influences the chicken weight and chicken percentage in 
total egg weight. Similar statement was confirmed for different genotypes of parental 
flocks by majority of researchers (Luquetti et al., 2004; Vieira et al., 2005; Almeida et al., 
2006; Miclea and Zahan, 2006; Enting et al., 2007; Wolanski et al., 2007; ermanovi , 
2010; ermanovi  et al., 2010). The highest relative share of chicken in egg weight was 
determined in 27 weeks old parents, and the lowest in 60 weeks old parents. Phenotype 
correlation among monitored parameters of hybrids was similar for pure breeds (Farooq et 
al., 2001; Islam et al. 2002a and 2002b). However, between age of parents and egg weight, 
egg weight and chick weight, positive phenotype correlation was determined, but between 
egg weight and percentage of the chicken in egg weight negative correlation was 
determined and it had different levels of significance. 

Bearing in mind that New Hampshire and Sombor Crested breeds are being reared in 
significant extent in Serbia, the aim of this research was a comparative analysis of 
productive and reproductive traits of the above mentioned breeds. Basically, laying 
intensity in specific time frame, egg weight, phenotype quality characteristics of eggs 
(length, width and shape index), hatched chickens weight and relative chicken weight share 
in total egg weight were studied. Phenotype correlation coefficients and their correlation 
strength were determined among the most of the following parameters. 

 

Material and methods 
With the goal to determine productive and reproductive parameters for NH and SC breeds 
the analysis of their reproductive traits while being reared in semi extensive system was 
conducted. Two parental flocks were used as experimental material. Within each breed 
there were 50 female and 6 male birds (1  : 8 ), which were individually marked by leg 
rings. Both parental flocks were reared separately near the farmer house and were fed, 
besides natural pasture, with corn grain, corn grout, and wheat and concentrate mixtures. 
The experiment lasted 60 days. Productivity of both breeds was monitored, respectively; 
number of laid eggs was counted each day for each breed and each hen during that period. 
Based on that laying the intensity, (absolute and relative), was calculated. Moreover, 
weight of each egg was taken just after being laid, length and width were also measured 
and the shape index was calculated for each laid egg. 

For reproduction of both chicken breeds, 100 eggs were chosen by random sample method 
and they were planted under the hens in specific time intervals. All eggs were marked with 
specific number which was written on the egg shell. Identity of each chick was easily 
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determined that way. Eggs which were not used for reproduction, as surplus were used as 
consumable eggs at the farm or at the market as eggs for incubation. Chicks were laid 
naturally using the brooding hens and for that purpose from each breed seven hens were 
used. 

During the experimental period following parameters were determined: number of laid 
eggs, laying intensity [(number of eggs/60 days) x 100], laid eggs weight, length and width 
of laid eggs, egg shape index [Shape index = (width/length) x 100], egg weight before 
planting under the broody hen, weight of hatched chickens and relative share of the 
chicken in the egg weight [(chick weight/egg weight) x 100]. Besides, not fertilized eggs 
were measured as well as their length and width, and shape index was calculated. 

Usual statistic parameters were calculated for all productive and reproductive parameters: 
arithmetic mean, arithmetic mean error, standard deviation, and variation coefficient. 
Determined differences between followed parameters were calculated by t-test. Phenotype 
correlation coefficients and correlation between egg weight (fertilized and not fertilized) 
and phenotype egg parameters (length, width, and egg shape index), were calculated with 
statistic program (SAS, 2000) as well as correlation between weight of incubation eggs and 
one day old chickens and chicken share in total egg weight. 

 

Results and discussion 
It has already been mentioned that for natural hatching (by using the hen) 100 eggs were 
used for each breed and 83 day old chicks of NH breed and 85 chicks from SC breed were 
hatched. Hatchability for NH was 83.00% and 85.00% for SC. However, some authors 
(Mitrovi  et al., 2011b) determined significantly lower hatchability for BSv (78.02%) and 
WNN (80.00%), while eggs of RIR, BPR, WLH and WR during artificial incubation (Witt 
and Schwalbach, 2004) determined lower hatchability of 88.16% and 95.08%. 

Both studied breeds produced totally 3,699 eggs out of which 200 (100 – NH and 100 – 
SC) were used for natural hatching (research), while 3,499 were used for consummation. 
For given period NH parental flock produced totally 1,799 eggs (laying intensity 59.97%), 
while SC flock produced 1,850 eggs (laying intensity 61.67%). Obtained results are shown 
in Table 1. 

 
Table 1. Average value, variability and significant difference between observed parameters in 

analyzed race of chicken 

Parameters 
Breed n Mean SEM SD C.V. Significance 

Hatching eggs 

Eggs weight, g NH 100 58.99 0.44 4.48 7.85 1.95*** 
SC 100 57.04 0.34 3.45 6.05 

Eggs length, cm NH 100 5.91 0.02 0.23 3.89 0.34*** 
SC 100 5.57 0.02 0.16 2.87 

Eggs width, cm NH 100 4.36 0.01 0.13 2.98 0.09*** 
SC 100 4.27 0.01 0.09 2.11 

Egg shape index, % NH 100 73.77 0.30 3.02 4.09 -2.84*** 
SC 100 76.61 0.11 1.06 1.38 

Fertilized eggs 

Eggs weight, g NH 83 59.48 0.49 4.48 7.53 2.63*** 
SC 85 56.85 0.37 3.43 6.03 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

64

Eggs length, cm NH 83 5.93 0.02 0.22 3.71 0.36*** 
SC 85 5.57 0.02 0.16 2.87 

Eggs width, cm NH 83 4.37 0.01 0.13 2.97 0.10*** 
SC 85 4.27 0.01 0.09 2.11 

Egg shape index, % NH 83 73.80 0.32 2.89 3.92 -2.80*** 
SC 85 76.60 0.12 1.11 1.45 

1-day-old chickens 

Chick weight, g NH 83 42.23 0.36 3.30 7.81 1.31** 
SC 85 40.92 0.23 2.15 5.25 

Chick weight, % NH 83 71.01 0.22 2.04 2.87 -1.03* 
SC 85 72.04 0.20 1.83 2.54 

Not fertilized eggs 

Eggs weight, g NH 17 56.59 1.15 4.75 8.40 -1.54ns 
SC 15 58.13 0.86 3.32 5.71 

Eggs length, cm NH 17 5.85 0.07 0.28 4.79 0.25** 
SC 15 5.60 0.04 0.15 2.68 

Eggs width, cm NH 17 4.30 0.03 0.11 2.56 0.01ns 
SC 15 4.29 0.02 0.09 2.11 

Egg shape index, % NH 17 73.61 0.89 3.68 5.00 -3.07** 
SC 15 76.68 0.45 1.74 2.27 

*P < 0.05; **P < 0.01; ***P < 0.001; ns-no significance. 

 

NH breed average weight of laid eggs was 58.99 g, hatched eggs (fertilized) 59.48 g and 
not fertilized 56.59 g, while for SC breed average weight of laid eggs was 57.04 g, hatched 
(fertilized) eggs 56.85 g and 58.13 g for not fertilized eggs. Weight of eggs (hatching and 
fertilized) coming from NH breed was significantly higher (P<0.001) than eggs from SC 
breed, while weight of not fertilized eggs was higher for SC breed though it was not 
statistically significant (P>0.05). It can be seen from Table 1 that all eggs from SC breed 
had statistically significantly (P<0.001; P<0.01) higher (76.61%; 76.60%; 76.68%) shape 
index (width length ratio, %) compared to eggs coming from NH breed (73.77%; 73.80%; 
73.61%). Average chicken weight for NH breed was 42.23 g, while for SC breed 40.92 g, 
therefore chickens coming from NH breed had statistically significantly (P<0.01) higher 
body weight by 1.31 g than chickens coming from SC breed (Table 1). Chicken share in 
weight of an egg was higher in SC breed (72.04%) than in NH breeds (71.01%), and 
difference was statistically significant (P<0.05). 

Regarding the eggs weight for NH breed (58.29 g – 58.36 g) and shape index (72.86%), 
some authors (Maši  et al., 1970; Žigi  et al., 1970) obtained similar results. However, in 
eggs of the White Rock breed (Maši  et al., 1970) higher egg weight was determined being 
between 61.03 g and 61.32 g, while for the same chick breed (Marinkovi  et al., 1972; 
Apostolov, 1976) in similar breeding conditions lower egg weight was determined (57.18 
g) and slightly higher shape index value (74.70%). Authors (Farooq et al., 2001; Islam et 
al., 2002a and 2002b; Mitrovi  et al., 2011b) determined the highest egg weight 61.27 g 
(Mitrovi  et al., 2011b), slightly lower in White Leghorn 59.48 g (Islam et al., 2002a and 
2002b), and lowest egg weight in Rhode Island Red 53.94 g (Farooq et al., 2001), while 
the shape index was 1.33 [(width/length) x 100 = 75.19%]. 

During the reproductive parameters research attention is given to the quality of hatched 
chickens, to the relative share of the chicken in egg weight. During determination of the 
mentioned parameter different results were obtained, more than 70% (Witt and 
Schwalbach, 2004) and between 65.96% and 68.43% (Apostolov N. and Apostolov D., 
1976; Islam et al., 2002a; Mitrovi  et al., 2011b). 
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Based on obtained results it can be noticed that egg weight had some influence on all 
monitored productive and reproductive parameters for both studied breeds (NH and SC). 
This statement is best ratified by calculated phenotype correlation coefficients between 
monitored parameters (Table 2). 

 
Table 2. Phenotype correlation coefficients for the studied parameters of the analyzed chicken 

breeds (New Hampshire, n = 83; Sombor Crested, n = 85) 

Param. Breed E.We. E.L. E.Wi. E.S.I. C.We. (g) C.We. (%) 
E.We. NH 1.000 0.593*** 0.734*** -0.011ns 0.863*** -0.084ns

SC 1.000 0.722*** 0.602*** -0.241* 0.787*** -0.124ns 
E.L. NH - 1.000 0.557*** -0.643*** 0.606*** 0.112ns 

SC - 1.000 0.801*** -0.623*** 0.565*** -0.281* 
E.Wi. NH - - 1.000 0.281* 0.611*** -0.271* 

SC - - 1.000 -0.033ns 0.401*** -0.186ns 
E.S.I. NH - - - 1.000 -0.130ns -0.380*** 

SC - - - 1.000 -0.300** 0.221* 
C.We. (g) NH - - - - 1.000 0.300** 

SC - - - - 1.000 0.251* 
C.We. (%) NH - - - - - 1.000 

SC - - - - - 1.000 
E.We. - Eggs weight (g); E.L. - Eggs length (cm); E.Wi. - Eggs width (cm); E.S.I. - Egg shape index (%); 
C.We. - Chick weight (g); C.We. (%) - Chick weight (%); *P < 0.05; **P < 0.01; ***P < 0.001; ns-no 
significance 
 

Data from Table 2 show that by incubation eggs weight increasing the length, width and 
chicken weight were increased for both breeds statistically significantly (P<0.001), and 
very strong correlation was determined. Between eggs weight, shape index and chicken 
share in weight of an egg negative coefficients were determined for both breeds though 
they were not statistically significant (P>0.05), except for the egg weight and shape index 
correlation where phenotype correlation (rp=-0.241) was calculated and it was statistically 
significant (P<0.05). 

By determining correlation of studied parameters between different genotypes most of the 
authors (Farooq et al., 2001; Islam et al., 2002a and 2002b; Mitrovi  et al., 2011b) came to 
similar conclusion. Similar correlation values between egg weight, length and width 
(P<0.05) were determined for Rhode Island Red (Farooq et al., 2001; Islam et al., 2002a 
and 2002b; Mitrovi  et al., 2011b), as well as between egg weight and one day old chick 
weight (rp=0.496). However, WNN and BSv strain (Mitrovi  et al., 2011b) had statistically 
positive phenotype correlation between egg weight and chick weight (P<0.001). Between 
egg weight and relative chick share in egg weight (Mitrovi  et al., 2011b) negative 
correlation was determined (rp=-0.204) for WNN, while for BSv it was positive (rp=0.058), 
where correlation coefficients were not statistically significant (P>0.05). 

Many authors (Luquetti et al., 2004; Vieira et al., 2005; Almeida et al., 2006; Miclea and 
Zahan, 2006; Enting et al., 2007; ermanovi , 2010; ermanovi  et al., 2010) concluded 
that age of parents influences the egg weight, that egg weight influences the hatched chick 
weight and percentage of the chicken in the egg weight for hybrids Ross SL 2000, Ross 
308 and Cobb 500. Quoted authors state that with the age of broiler parents egg weight 
increases, and that with increase of the egg weight chicken weight increases as well as 
dynamics of egg weight loss during the incubation period (positive phenotype correlation 
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was determined), but percent of the chick in the egg weight decreases (negative 
correlation). 

Finally it can be said that research results of quoted authors for pure breeds and hybrids 
during artificial incubation mainly match up with productive and reproductive traits of NH 
and SC breeds during natural egg incubation. 

 

Conclusion 
Conducted research and obtained results show that NH and SC while being kept in semi 
extensive breeding system show satisfying productive and reproductive traits, and that both 
breeds can be used in organic poultry production. Moreover, research results point that 
during the natural hatching compared to artificial incubation, better results were obtained, 
especially regarding hatchability percentage and relative share of the chicken in total egg 
weight. 
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Abstract 
The objective of this study was to evaluate the effects of different levels of Lavander 
stoechas essence on blood parameters and ovarian morphology of laying hens for 8 weeks. 
This experiment was conducted with 160 Hy-Line (W36) laying hens (30 wks of age)  
randomly divided into 4 experimental groups, 5 replicates and 8 birds per each (2 cages for 
each replicate and 4 birds in each cage). Treatments were control (without Lavander 
essence), and levels of 200, 400, and 600 ppm Lavander essence. All hens were provided 
the layer diets (2870 kcal/kg ME and 15.5 % CP) ad- libitum and received 16 h of light/ 8 
h of dark. At the end of experiment, 2 birds of each replicate were randomly selected and 
blood samples were collected by brachial venipuncture. Serum was harvested by 
centrifugation and frozen for future analysis of plasma lipid. After that birds were killed by 
cervical dislocation for morphological assessments of ovaries. The weights of the oviduct, 
ovary, and stroma were recorded. The stroma weight comprised the ovarian tissue 
remaining after the large yellow follicles (LYF) were counted and removed. The number of 
small yellow follicles (SYF) and postovulatory follicles (POF) was recorded. Blood 
triglycerides, glucose and HDL were not affected by the treatments but by adding 
Lavender essence to the diet, cholesterol and LDL concentration decreased significantly in 
comparison with control diet (p<0.05). In addition, the levels of Lavander essence had no 
effect on the relative weight of the ovary, oviduct, stroma and number of SYF and POF. 
However, the levels of 200 and 400 ppm of Lavender caused significant increase of 
number and weight of LYF. The results showed that the addition of essence of Lavender 
up to 400 ppm increased weight and numbers of LYF. 

Key words: blood parameters, Lavender essence, ovary morphology 
 

Introduction 
In the commercial egg type chicken industry profits depend on the cost and nutritive value 
of the feed. One of the promoting enhances productive performance of layers are 
antibiotics. Antibiotics have been used as a growth promoting substance. However, the 
using of antibiotics as feed additives is risky due to, not only cross-resistance, but also to 
multiple resistances in pathogens (Bach Knudsen, 2001; Schwarz et al., 2001). 
Consequently, the animal feed industry is under increasing consumer pressure to reduce 
the use of antibiotics as a feed additive and to find substitutes for antibiotics in the diet 
(Hertrampf, 2001; Humphrey et al., 2002). Many scientists have searched for alternatives 
to antibiotics (Langhout, 2000; Mellor, 2000; Wenk, 2000; Kamel, 2001). Recently, it has 
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been found that natural additives such as herbs and edible plants have some properties as 
growth enhancers to replace antibiotics. These additives are given to animals or birds to 
improve their physiological and productive performance. The antimicrobial effect of the 
medicinal plants is well documented (Valero and Salmeron, 2003). Lavander stoechas is a 
flowering plant in the family of Lamiaceae. The medicinal parts are the essential oil from 
the fresh flowers and/or the inflorescence, the flowers collected just before opening and 
dried, the fresh flowers and the dried flowers. Lavender oil has been reported to contain 
more than 100 components. The essential oil (1 to 3%) of Lavandula is rich in linalool and 
linalyl acetate. Further aroma components are -ocimene, cineol, camphor and 
caryophyllene epoxide. Linalyl acetate is the major compound found in flowers. The plant 
also contains rosmarinic acid and coumarin. Since no information is available about the 
administration of Lavandula in laying hens diet, this experiment was conducted to 
investigate the effect of using Lavander stoechas as an additive on productive performance 
and egg quality of laying hens.  

 

Material and methods 

Birds and housing 
One hundred and sixty Hy-Line (W36) laying hens (30 wks of age) were individually 
weighed and randomly housed in cages and allotted for four dietary treatment groups of 
five replicate and eight birds in each replicate for ten weeks (four birds in each cage and 
two cages for each replicate). Two weeks were for adaptation and eight weeks for 
sampling. The birds were maintained under commonly 16 h light:8 h dark cycle throughout 
the experimental period. Hen house temperature was 17-20°C during the experiment. Feed 
and water were offered ad-libitum. Treatments were basal diet (Corn-Soybean diet with 
2870 kcal/kg ME and 15.5 % CP) and increasing levels of Lavander stoechas essence (200, 
400 and 400 ppm)  added to basal diet. The experimental diets were in mash form and 
formulated to meet or exceed NRC (1994) recommendations. 

 

Data collected 
At the end of the experiment, two birds of each replicate were selected and 10-mL blood 
sample was collected by brachial venipuncture. Serum was separated by centrifugation at 
3000 g for 10 min, and stored at -20ºC until the time of analysis. Serum samples were 
analysed for glucose (glucoseoxidase method; Trinder, 1969), triglycerides (glycerol-3-
phosphate-oxidase paraamino-phenazone GPO-PAP colourimetric enzymatic method; 
Trinder, 1969), total cholesterol (cholesterol-oxidase para-aminophenazone (CHOD-PAP) 
colouri-metric enzymatic method; Roeschlau et al., 1974), high-density lipoprotein (HDL), 
and low-density lipoprotein (LDL) (Zlatkis et al., 1953). At the end of the experiment, two 
birds from each replicate were killed by cervical dislocation and body weight was 
recorded. Then the birds were dissected, and weights of the oviduct, ovary, and stroma 
(ovarian tissue remaining after the LYF were counted and removed) were recorded. The 
LYF were counted, sorted by size (> 10 mm diameter) and individually weighted. The 
number of small yellow follicles (SYF) (5 to 10 mm diameter), large white follicles (LWF) 
(< 5 mm diameter) and postovulatory follicles (POF) on the stroma were recorded 
(Renema et al., 1999). 

All the results were statistically analyzed by General Linear Models (GLM), one way 
analysis of variance, using SAS software (SAS Institute, 1999). Differences among the 
means were separated using Duncan’s multiple range test (Duncan, 1955). 
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Results and discussion 
Table 1. Effects of treatments on blood parameters of laying hens 

Level of essence 
(ppm) 

Glucose, 
mg/dL 

Cholesterol, 
mg/dL

Triglycerides,
mg/dL

LDL,2 
mg/dL 

HDL,1 
mg/dL

0 193.38 146.0a 201.80 62.25a 45.4 
200 191.23 90.6b 195.20 45.00b 46.8 
400 194.54 130.2ab 189.00 51.50b 45.2 
600 204.30 106.2ab 158.25 51.20b 43.6 
SEM 3.32 7.18 9.90 1.50 0.88 

a,b Column means with different superscripts differ significantly (P < 0.05); 1High-density lipoprotein; 2Low-
density lipoprotein 

 

As shown in Table 1, serum parameters such as glucose, triglycerides and HDL were not 
affected by the treatments (P>0.05). However, it was noted that the triglyceride values of 
the control group were numerically higher than those of the other treatments. Layers fed 
diets supplemented with Lavandula essence significantly (P<0.05) decreased total plasma 
cholesterol and LDL compared with those fed control diet (Table 1). Our results are in 
agreement with that reported by Abdalla et al. (2011) that showed that the addition of 
mixture of medicinal plants to layer diets decreased significantly total cholesterol 
compared to control group. El-Husseiny et al. (2002) also noticed that addition of 
fenugreek to broiler diet decreased significantly total cholesterol compared to control 
group. Moreover, El-Kaiaty et al. (2002) found that a fenugreek seeds extract containing 
steroid saponins induced hypocholesterolaemia. Such reduction is often related to the mode 
of action of fenugreek in bird metabolism, which includes competition with cholesterol at 
binding sites or interfere with the cholesterol biosynthesis in the liver. 
Hypocholesterolaemic effects of fenugreek are owing to increased conversion of hepatic 
cholesterol to bile salts due to the loss in the feces of complexes of these substances with 
fenugreek fiber and saponins.  

 
Table 2. Effects of treatments on reproductive morphometrics of laying hens 

Parameters Level of essence (ppm) 
0 200 400 600 SEM 

Oviduct weight (g) 4.90 4.04 3.87 3.87 0.13 
Ovary weight (g) 3.72 3.44 3.21 2.77 0.13 
Stroma weight (g) 8.07 6.99 7.93 7.55 0.25 
Number of SYF1 17.8 14.4 17.6 16.0 0.81 
Number of LYF2 5.2ab 5.8a 5.7a 5.0b 0.1 
Number of LWF3 38.6 41.8 36.6 42.2 2.15 
Number of POF4 3.4 3.8 3.6 3.7 0.12 
Total LYF weight (g) 39.38ab 46.08a 44.51a 32.85b 1.14 

a,b Row means with different superscripts differ significantly (P < 0.05); 1Small yellow follicle (5 to 10 mm 
diameter); 2Large yellow follicle (>10 mm diameter); 3 Large white follicle (<5 mm diameter); 
4Postovulatory follicle. 

 

Oviduct, ovary and stroma weights were not significantly affected by the treatments 
(P>0.05) (Table 2). However, the number of LYF and total LYF weight were significantly 
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affected by the treatments (P<0.05). There was an increase in the number of LYF and total 
LYF weight at levels of 200 and 400 ppm essence compared to the control and 600 ppm.   

We found no study that shows the effect of Lavandula essence on reproductive 
morphometrics of laying hens in literature to compare our result. But Khazaei et al. (2011) 
reported significant increase in a total number of follicles by using Foeniculum vulgare 
compared to the control in female mice.  

Conclusion 
Lavandula essence supplementation in laying hen diets shows a significant positive effect 
on lipid parameters. Moreover, Lavandula essence supplementation in diet increased 
number of LYF and total LYF weight. The present study has elucidated the fact that 
Lavandula essence has a folliculogenesis effect in laying hens. But further studies are 
suggested for understanding the exact mechanism(s) underlying these actions and probable 
changes in hormonal levels. 
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Abstract 
The aim of our study was to detect macrophages in rooster semen and subsequently to 
asses their effect on the spermatozoa motility parameters. Semen samples were collected 
from Ross PM3 breeder males (n = 24) by the dorso-abdominal massage into prepared 
sterile tube. Macrophages were identified using fluorescent dye Alexa Fluor-AcLDL and 
evaluated under a Leica fluorescent microscope (Leica Microsystem, Germany). Roosters 
(n=8) with the occurrence of macrophages above 20% per samples were classified to the 
group R1 and roosters (n=16) with the occurrence of macrophages 0-10% were classified 
to the group R2. The mean content of macrophages was 23.43±1.82 vs. 7.59±1.39 (group 1 
vs. group 2, P<0.001) during experiment. The concentration (109 per ml), percentage of 
motile spermatozoa (motility > 5 μm/s) and percentage of progressive motile spermatozoa 
(motility > 20 μm/s) of two heterospermic samples were measured using computer-assisted 
sperm analysis (CASA system, Sperm Vision™). We observed significantly (P<0.05) 
lower progressive motile of rooster spermatozoa in the group R1 in comparison to group 
R2 (25.04±5.98 vs. 46.38±3.28). Based on the observed preliminary results, we 
hypothesized that the higher presence of macrophages in semen may have a negative effect 
on the quality of rooster spermatozoa in terms of their motility. Further experiments are 
required in order to prove our hypothesis. 

Key words: CASA, macrophages, motility, rooster, spermatozoa  
 

Introduction 
Monocytes-macrophages, cells belonging to the mononuclear phagocytic system, are 
considered as the first line of immunological defense. Being mobile scavenger cells, 
macrophages participate in innate immunity by serving as phagocytic cells. These cells 
arise in the bone marrow and subsequently enter the blood circulation as blood monocytes. 
Upon migration to various tissues, monocytes mature and differentiate into tissue 
macrophages (Qureshia et al., 2000). Activated macrophages, engaging in sperm 
phagocytosis (spermiophages), might represent a marker of innate immune system 
activation (Pelliccione et al., 2008). Macrophages are known to perform essential roles in a 
number of physiological processes including lipid metabolism, wound healing, scavenging, 
and host defense against microorganisms and neoplasms but no clearly defined role has 
been assigned to macrophages normally present in the reproductive tract. Spermiophagy 
has been reported to occur widely in various groups of vertebrates, e.g., teleosts (Porawski 
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et al., 2004), amphibians (Sever, 1992), reptiles (Akbarsha et al., 2007), mammals 
(Murakami et al., 1985; Goyal, 1982; Abou-Elmagd and Wrobel, 1990). In mammals, 
spermiophagy takes place in various portions of the male reproductive tract, such as the 
seminiferous tubules (Holstein, 1978), rete testis, efferent duct (Holstein, 1978; Goyal, 
1982), ampulla of the vas deferens (Murakami et al., 1985), seminal vesicle (Murakami et 
al., 1978), and ejaculatory duct (Abou-Elmagd and Wrobel, 1990). In avian species, 
spermiophages have been identified in the semen of guinea fowl (Hess et al., 1986) and in 
the rete testis of normal cockerels (Aire and Malmqvist, 1979). Aire (2000) reported active 
spermiophagy by the non-ciliated cells in the epithelial lining of the epididymal efferent 
ducts of the normal chicken.  

The macrophages are capable of engulfing numerous spermatozoa (Hughes et al., 1981), 
and such phagocytosis could represent a process for removal of ageing spermatozoa 
(Tomlinson et al., 1992). However, current evidence indicates that it can also be 
pathological (Bronson, 1999; Turek and Lipshultz, 1994). 

The aim of the study was to detect macrophages in rooster semen using fluorescent 
staining and to asses their effect on the spermatozoa motility and concentration using 
CASA method. 

 

Materials and methods 
Animals 
Sexually mature (37 - 40 weeks old) Ross PM3 breeder males (n = 24) reared in a private 
breeding facility (Liaharenský podnik Nitra Ltd., Mo enok Slovak Republic) were used in 
experiments. The roosters were housed in individual cages, under a constant photoperiod 
of 14 h of day light and were fed commercial standard diet with water given ad libitum. 

Semen collection  
The semen samples were collected from all roosters by dorso-abdominal massage into 
prepared sterile tubes. All the semen samples were at first analyzed for the presence of 
macrophages using fluorescent dye. The samples were divided into two groups on the basis 
of macrophage’s content as follows: roosters (n=8) with the occurrence of macrophages 
above 20% per samples were classified to the group R1 and roosters (n=16) with the 
occurrence of macrophages 0-10% were classified to the group R2. Then heterospermic 
samples were routinely collected from these roosters twice a week into two prepared sterile 
tubes. The heterospermic pools were transported to the laboratory for fluorescent and 
CASA analysis.  

Analysis of macrophages 
Semen samples were washed in a saline solution (Sodium chloride 0.9 %, B. Braun 
Medical Ltd. Bratislava, Slovak Republic) and centrifuged at 300 x g for 3 min from the 
rest of seminal fluid. Pellets were resuspended in 2 g.ml-1 of Alexa-AcLDL (Acetylated 
Low Density Lipoprotein, Molecular Probes, USA) in saline solution and incubated in 
incubator for 2 hours. The samples were subsequently centrifuged at 300 x g for 3 min and 
resuspended in a cold saline solution. The suspension was afterwards placed on to a 
microscope slide, mixed with an equal volume of Vectashield antifade medium (Vector 
Laboratories, Burlingame, CA) containing DAPI fluorochrome. DAPI was used to identify 
the whole spermatozoa population. The drop was covered with a coverslip. Samples were 
evaluated under Leica fluorescent microscope (Leica Microsystem, Germany). The 
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percentage macrophages were determined for each heterospermic sample as the percentage 
of stained macrophages within the 400 spermatozoa counted.  

CASA 
The samples were diluted at the ratio of 1:100 in a saline solution. The concentration and 
motility characteristics of diluted rooster spermatozoa with different macrophage content 
were analyzed using CASA system (Sperm Vision™; MiniTüb, Tiefenbach, Germany). A 
subsample of this solution (4 L) was placed on a Standard Count Analysis Chamber Leja 
20 micron (MiniTüb, Tiefenbach, Germany) and evaluated using the CASA system under a 
Zeiss Axio Scope A1 microscope. In each sample the following parameters were 
evaluated: the concentration (109 per ml), percentage of motile spermatozoa (motility > 5 
μm/s), percentage of progressive motile spermatozoa (motility > 20 μm/s), VCL (velocity 
curved line, m/s), VSL (velocity straight line, m/s), STR (straightness - VSL:VAP, 
velocity average path), LIN (linearity - VSL:VCL), BCF (beat cross frequency, Hz). 

Statistical analysis 
The experiment with heterospermic samples was replicated 4 times. Observed results were 
evaluated statistically using t-test by means of SigmaPlot software (Systat Software Inc., 
Germany) and expressed as the means ± SEM. P-values at P<0.05 were considered as 
statistically signi cant. 

 

Results and discussion 
The semen quality of the rooster is affected by different factors like age, breed, feed, 
environmental stressors, temperature and humidity (Zhang et al., 1999; Karaca et al., 2002; 
Shanmugam et al., 2012). The assessment of semen quality characteristics of poultry birds 
gives an excellent indicator of their reproductive potential and has been reported to be a 
major determinant of fertility and subsequent hatchability of eggs (Peters et al., 2004). 
Among the parameters evaluated in the seminal analyses, the white blood cell count is 
considered, as are sperm concentration, motility and morphology. It has been determined 
that neutrophils and macrophages constitute 95% of seminal leukocytes (Cavagana et al., 
2012). 

The macrophages in rooster semen were detected by fluorescent dye Alexa-AcLDL in this 
work. If the LDL (Low-Density Lipoprotein Complexes) has been acetylated, the LDL 
complex no longer binds to the LDL receptor, but rather is taken up by macrophages that 
possess “scavenger” receptors specific for modified LDL. The superior fluorescence output 
by Alexa Fluor AcLDL provides easier identification of macrophages and in mixed cell 
population. The experimental roosters were divided into two groups on the basis of 
macrophages content, that was observed using fluorescent dyes Alexa-AcLDL (green 
stained) and DAPI (blue stained). Roosters (n=8) with the occurrence of macrophages 
above 20% per samples belong to the group R1 and roosters (n=16) with the occurrence of 
macrophages 0-10% belong to the group R2.  The average content of macrophages was 
23.43±1.82 vs. 7.59±1.39 (group 1 vs. group 2, P<0.001) during experiment. 

Present work evaluates effect of rooster macrophages on selected sperm parameters. 
Tomlinson et al. (1992) suggested the possibility that macrophages may play a positive 
role in the control of semen. The authors postulated that phagocytes might shape the 
quality of the human ejaculate by phagocytising morphologically abnormal spermatozoa. 
In our study, there was no statistically significant difference in motility of spermatozoa 
between R1 and R2 group. On the other hand, the progressive motility was significantly 
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lower (P<0.05) in the group R1 (25.04±5.98) in comparison to the group R2 (46.38±3.28). 
There were no significant differences in other motility parameters (VCL, VSL, LIN, STR, 
BCF) between analyzed groups (Table 1). 

 
Table 1. CASA parameters of rooster heterospermic samples in the groups R1 and R2  

Semen sample R1 R2 
Concentration (109 per ml) 3.15±1.29 3.69±1.07 
% of motile spermatozoa (motility m/s) 43.99±3.88 55.51±8.43 
% of progressive motile spermatozoa (motility 20 m/s) 25.04±5.98* 46.38±3.28 
VCL ( m/s) 87.06±6.73 86.09±6.11 
VSL ( m/s) 31.15±1.23 30.29±2.27 
LIN (VSL/VCL) 0.36±0.02 0.35±0.17 
STR (VSL:VAP) 0.66±0.03 0.64±0.01 
BCF (Hz) 26.84±1.53 28.63±1.61 

Results are expressed as means ± SEM;  * statistically significant at P<0.05 
 
Pelliccione et al. (2008) reported a significant positive correlation between macrophage 
counts in men semen and sperm tail defects, acrosome damage and high sperm deformity 
index. The presence of spermiophages was associated with a lower total sperm count and 
sperm concentration, a lower forward motility and a high percentage of disrupted sperm 
compared to ejaculates without macrophages. Nevertheless, in our study no significantly 
negative effects of the macrophages on the concentration of rooster spermatozoa were 
observed (Table 1). 

The polymorphonuclear macrophages are the main components of seminal leukocytes 
which can generate significantly higher (>100-fold) quantities of ROS, overwhelming the 
ROS-scavenging mechanisms in seminal plasma and resulting in oxidative stress and 
damage to spermatozoa (Sharma et al., 2001). Immune activation induced a steeper decline 
in sperm swimming velocity, thus highlighting the potential costs of an induced immune 
response on sperm competitive ability and fertilizing efficiency. Oxidative damage 
negatively correlated with sperm swimming velocity as reported for Great Tit (Losdat et al., 
2011). Oxidative damage to spermatozoa can reduce fertility in domestic animals and 
humans (Tremellen, 2008; Aitken, 1999), and has been demonstrated recently in a wild 
bird species to affect sperm quality by a reduction of sperm motility and swimming 
velocity (Helfenstein et al., 2010). But on the contrary, the addition of macrophages to 
normal turkey semen had no effect on fertilizing capacity, hatchability, or embryonic 
mortality of unstored semen or semen stored for 6 h (Barnes et al., 1996). Seshadri et al. 
(2012) analyzed the effect of human leucocyte subpopulations on fertilization rates in an 
IVF cycle and they reported that the macrophages and the monocytes were significantly 
elevated in the good fertilizers group in comparison with the poor fertilisers. 

 

Conclusion 
These preliminary results may indicate the negative effect of higher macrophages presence 
in semen on the quality of rooster spermatozoa. Nevertheless, it is necessary to more 
precisely determine the effects of seminal macrophages on the quality parameters of 
rooster semen and fertilization. 
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Abstract 
 

In this paper Sanska goat reproductive parameters after the first kidding are shown as well 
as influence of birth type on kid body weight at birth. At first insemination average age of 
young goats was 252 days. Average gestation period for goats that carried twins was 
150.19 days and for goats that carried singles 151.10 days. Determined difference in 
gestation length of 0.91 days in favor of goats that carried singles was not statistically 
significant (P 0.05). Goat fertility after first kidding was 164.70%. Kid body weight at 
birth was analyzed based on birth type (singles-twins). Singles had higher body weight at 
birth than twins by 0.91kg (34.60%) which was statistically very significant (P<0.01). 
Average body weight of singles was 3.54kg, and twins 2.63kg, twins were approximately 
74.29% of body weight of singles. Gender based differences at birth in body weight were 
present in favor of male kids, but they were not statistically significant (P 0.05). Based on 
obtained results in this research we can conclude that the results which were obtained for 
researched parameters are within average limits for Sanska goat breed.  

Key words: age, birth type, body weight at birth, fertility, Sanska breed 

Introduction 
Republic of Serbia, even though it has favorable conditions for goat herding development 
(geographic position, relief, ground composition, flora, environment) is in deficit with goat 
meat, milk and milk products (Meki  et al., 2011). 

Goats are being reared in Europe mainly because of milk production and two breeds of 
goat which have the highest milk yield originate from Europe (Park, 2001). In the 
European Union, France is in the first rank for its goat milk production, it averagely 
produces 534 millions of liters of goat milk (Jean-Claude Le Jaouen, 2005). 

Goats as genetic resource have very important socio-economical roles in many rural areas 
of the world (Ogola and Kosgey, 2012). In the developing countries, goat productivity 
level is low (Abdel Aziz, M. 2010). Today, it is considered that goat herding is very 
significant part of sustainable production, rural development and poverty reduction (Haen 
Lein, 1998).  

 [Type text]
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Fact is that exceptional characteristics of goat milk – good nutritive value, digestibility and 
lack in allergens – make it recommendable for kids and reconvalescents (Ribeiro and 
Ribeiro, 2011). In the past two decades these facts had positive influence on goat herding 
interest increase in Serbia, especially for high milk yield of pure breeds. However, because 
in Serbia there are no such breeds, in several occasions Alpine, Sanska and German fawn 
were imported because of their good genetic potential for milk production and high fertility 
( inkulov et.al., 2007). 

When it comes to high milk production in Europe Sanska and Alpine breed have one of the 
highest potentials. Productive traits of those two breeds are almost the same. Sanska breed 
has slightly higher milk yield and fertility rate (Rako, 1981). Both genotypes are excellent 
for rearing in our ecological conditions.  

Milk yield is influenced by genetic and paragenetic factors. Yield and milk quality depend 
on the breed (Sung et al., 1999), lactation stage (Ciappesoni et al., 2004); kidding season 
(Crepaldi et al., 1999) and all these factors have a very significant influence on the final 
product quality (Fekadu et al., 2005). 

Amount and milk composition is a breed genetic characteristic, however, it is also 
influenced by physiological and environmental factors (Crepaldi et al., 1999). The most 
significant physiological factors according to Dimassi et al. (2005) are lactation length, 
fertility, kidding season, while most significant environmental factors that have influence 
on the amount and milk composition are diet and milking.  

It is well known that the amount of milk increases with the age of the goat till the fourth, 
sometimes, till the fifth lactation (Steine, 1975; Crepaldi et al., 1999; Spath and Thume, 
2000). 

The aim of this paper was to determine phenotype variability of reproductive traits of 
Sanska breed after first kidding and the influence of birth type (singles-twins) on kid body 
weight at birth.  

 

Materials and methods 
Reproductive parameters were monitored at the farm which keeps Sanska breed. Fertility 
parameters were monitored for young goats that were kidding for the first time. Parameters 
that were monitored were: young goat age at first insemination, gestation period length, 
goat fertility, body weight of kids at birth depending on birth type (singles-twins). 

Data processing was done by usual statistical methods for this type of research. Influence 
of the birth type and gender of newborn kids on body weight at birth was processed using 
analysis of variance. Researched treatments comparison was conducted using the least 
significant difference test (LSD – test). 

 

Results and discussion 
Reproductive parameters and goat fertility were unevenly expressed with different goat 
breeds and considered as their important racial trait. Average age at first insemination was 
252 days and at first kidding it was 402.6 days.  

Gestation period is a biological trait and it is influenced by many factors such as breed, 
season, number and gender of kids and goat age. Gestation length results for the first 
pregnancy depending on type of birth (singles-twins) are shown in Table 1. 
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 Table 1. Average values and gestation length variability depending on birth type (days) 

Birth type 
P a r a m e t e r s  

n SD CV(%) 
Singles 75 151.10 0.46 3.95 2.61 
Twins 52 150.19 0.49 3.54 2.36 

Average 127 150.64 0.30 3.43 2.28 
  

From given data (Table 1) it is visible that for the first gestation period average gestation 
length was 150.64 days. Determined difference of 0.91 days in gestation length between 
the singles and twins in favor of singles was not statistically significant (P>0.05). 

Uroševi  et al. (1999) determined that the age during first insemination in Sanska goat herd 
was 265.59 days and average gestation length was 149.84 days. inkulov et al. (2009) 
quote that average age for German fawn during the first insemination was 242 days, while 
gestation length was 151.6 days, which is similar to our results.  

Our research results are in compliance with the research of Duygu Ince (2010) where it 
was determined that gestation period length for Sanska goat was averagely 150.1 days and 
slightly higher value of 152.87 days of the same parameter and the same breed was 
determined by (Meki  et al., 2012). 

inkulov et al. (2009) in their research determined that gestation length for German fawn 
was averagely 152 days. 

Determined gestation length of 150.64 days for Sanska breed in our research is in 
compliance with the research conducted by many authors and published in literature 
(Amoah, E.A. et al., 1996; Göncü et al., 2005; Moaeen UD-DIN-M. et al., 2008). 

Fertility of Sanska breed after first kidding was averagely 164.70%. 

Fertility of Sanska breed according to literary data is between 1.20 up to 2.14 kids, Taskin 
et al. (2003), Göncü et al. (2005), Moaeen UD-DIN-M. et al.  (2008). Meki  et al. (2012), 
conducted a research and average fertility of Sanska breed in consequent kidding was 
159.98%, and inkulov et al. (2007) quote that fertility of German fawn was 1.96%, which 
is a higher value compared to our research. 

Lower fertility for Sanska breed aged two years was determined by Duygu Ince (2010), 
where fertility value was 1.13%, and for goats older than five years it was 1.47%. 
Therefore, the average fertility of 164.70% obtained in our research for Sanska breed after 
the first kidding can be considered satisfying and in accordance with literature data, while 
Rako (1981) points out that fertility high milk yield goat breeds is 1.8 kids. 

 

Kid body weight at birth 
Determined body weights of kids at birth were analyzed from the birth type aspect 
(singles-twins). It was concluded (Table 2) that difference between the body weight of 
singles and twins at birth was 0.91kg in favor of singles while twins were approximately 
74.29% of body weight of singles. Determined difference was statistically very significant 
(P<0.01). 
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Table 2.  Average values and variability of body weight of one day old kids (kg) 

Birth type Gender 
P a r a m e t e r s  

n SD CV(%) 

Singles 
 35 3.57 0.16 0.98 27.45 
 40 3.51 0.30 0.83 23.65 

+  75 3.54 0.11 0.92 25.99 

Twins 
 58 2.66 0.12 0.89 33.46 
 46 2.60 0.12 0.81 31.15 

+  104 2.63 0.08 0.81 30.80 
 

Body weight of kids at birth is very variable and it mainly depends on the breed. On 
average it represents 1/15 of grown goat weight, Morand-Fehr (1981). Majid et al. (1993) 
quote that body weights of kids at birth for five goat breeds in southern part of the USA 
(Alpine 3.8 kg; La Mancha 3.3 kg; Anglo Nubian 3.3 kg; Sanska 3.8 kg and Toggenburg 
3.5 kg). Within the breed, kid body weight at birth depends on litter size, gender, kidding 
order, constitution and age of the mother, gestation length, diet, kidding season, health 
condition of the goat, etc. (Laes-Fettback and Peters, 1995). Jan i  and Antunac (1986) 
have determined significantly higher body weight for Alpine breed singles compared to 
twins (3.95:2.92 kg). 

In the research by Duygu Ince (2010), Sanska breed kids body weight was 3.06 kg; Göncü 
et al. (2005) determined for Turkish Sanska breed that kid body weight at birth ranges from 
3.0 to 3.2 kg; Mio  (1998) has determined that value of Sanska goat kids body weight at 
birth was 3.26 kg while for Alpine it was 3.55 kg; inkulov et.al. (2009) determined body 
weight of 3.38 kg for German fawn. 

Amoah et al. (1996) quotes that average body weight of kids at birth for milking breeds of 
goat is within interval of  3.24±0.643 kg and that body weight drops down significantly if 
the number of kids increases in the litter. 

When it comes to the gender of newborn kids within the birth type, there were differences 
and they were in favor of male kids but they were not statistically significant (P 0.05). 
Male kids have bigger body weight than female by 200 to 500 grams (Mavrogenis et al., 
1984). Otuma and Osakwe (2008) point out that body weight of kids at birth is under very 
significant influence of the season, birth type and gender, therefore determined values for 
body weight in our research is in compliance and within expected values for Sanska goat. 

 

Conclusion 
Based on the obtained results about reproductive parameters for Sanska breed after the first 
kidding following conclusions can be made: 

1. Average age at first insemination was 252 days. 
2. Average gestation period length was 150.64 days and determined difference of 0.91 

day between singles and twins was not statistically significant (P 0.05). 
3. Goat fertility was averagely 164.70%. 
4. Average body weight of singles was 3.54 kg, and twins 2.63 kg, twins were 

approximately 74.29% of body weight of singles. Difference in favor of singles was 
statistically very significant (P<0.01). 

Based on presented reproductive parameters of Sanska breed after the first insemination it 
can be concluded that satisfying results were achieved for fertility and that body weight of 
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kids at birth can be even higher if the breeding conditions were to be improved, especially 
diet, during the entire productive cycle, as that is the only way to express genetic 
predispositions which Sanska goat has.  
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Abstract 
This paper shows the results of the effects of higher dose 700 i.u. of natural gonad tropic 
hormone PMSG application in comparison with usual 500 i.u dose which is used at the 
farms during the induction and synchronization of estrus in anestrous season in Sjenica 
improved sheep. This experiment included 90 grown sheep divided into two groups 
(control group 30 sheep and experimental group 60 sheep). Both groups received 
polyurethane sponges impregnated with 20 mg of Fluor Geston Acetate (FGA). After 14 
days both group sponges were removed. First group received 500 i.u of PMSG, usual dose, 
and second (experimental group) received 700 i.u of PMSG. Insemination was conducted 
48-72 hours after gonad tropic hormone application. Number of sheep that lambed 
compared to the number of sheep that were treated was 93.33% (control) and 88.33% 
experimental group. Average fertility of control group sheep was 150.00% while 
experimental sheep had average fertility of 209.43%, which is more than 59.43% higher 
compared to control group. Higher dose of PMSG led to higher number of triplets by 
7.34%, quadruplets by 14.41% and quintuplets by 4.50% in the experimental group. 
Higher dose by 200 i.u of PMSG had a positive effect and increased fertility by 59.43%, 
which negates zero hypothesis that there is no difference between researched treatments 
and it proved hypothesis that higher dose of PMSG has a positive effect on Sjenica 
improved sheep during anestrous season.  

Key words: Fluor Geston Acetate (FGA), PMSG dose, sheep, sheep fertility 
 

Introduction 
Main goals of modern animal husbandry production are how to increase animal fertility, 
extend their usage period and get and grow highest possible number of high quality 
offspring. Sheep are seasonal poly estrous animals. A seasonal sexual activity phenomenon 
is influenced by different length of sunlight and dark cycle in specific seasons (Spring, 
Summer, Autumn, Winter). A mating season for sheep starts when days become short, 
which in our northern hemisphere happens in the period from second half of August till the 
first half of January (Stan i , 2008). 

Complex neural-endocrine apparatus is under a direct influence of differences in 
photoperiods during the year, so it is being manifested as mating season (estrous season) 
and sexual inactivity season (anestrous) (Nenadi  et al., 1993).  
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In anestrous season sheep are not sexually active, they do not have estrus cycles and 
ovulation, and they do not show estrus signs. Today intensive sheep production is based on 
genetic potential and life cycle of the animal, mainly on increasing the biologic base of 
reproductive cycle (Meki  et al., 1997, 2012, 2013). Methods that are used with goal to 
increase the reproductive efficiency of sheep are mainly oriented towards shortening the 
seasonal anestrous time, increasing the number of born lambs per sheep and introduction of 
young sheep in reproduction.  

Evocation and synchronization of estrus in sheep by applying hormonal substances has 
important role among the methods for sheep reproduction increase, therefore it has 
important role for total sheep production increase. For example, if the sheep is being 
treated with intra vaginal sponges during 12-14 days of anestrous season, and they receive 
injection of PMSG after sponge removal, evocated ovulation is followed by visible estrus 
signs (Stan i , 2008). 

Progesterone hormones are in wide usage for small ruminants with the goal to induce 
estrous synchronization (Zeleke et al., 2005; Dogan and Nur, 2006). In anestrous season 
estrous induction and synchronization effect in sheep by using Progesterone and PMSG 
were researched by (Meki  and Stojkovi , 2002; Dogan and Nur, 2006; Zonturlu et al., 
2011; Moradi et al., 2012). During the productive cycle sheep breeders have to know if 
their sheep are in proper condition or if they are too skinny or too fat. Body weight in each 
phase of productive cycle represents an excellent parameter. Sheep body weight is not 
constant throughout the year. It changes with the change of production phase (Meki  et al., 
2007). 

Polyovulation is expressed more often in heavy and well fed sheep than in weaker and 
inadequately fed sheep that also have high prenatal mortality rate. In the research by 
(Allison, 1978) influence of body weight on induction, ovulation and number of follicles 
was researched.  It has been determined that heavier sheep for entire estrous cycle time had 
higher number of follicles compared to lower weight sheep. Robinson, 1983 and Chursh, 
1986, quote that there is a specific correlation between body weight (condition) and 
ovulation, success in sheep insemination. Body condition of the sheep is connected with 
specific body weight during the mating season which makes the base for number of egg 
cells that will be released for fertilization during the ovulation. For estrus evocation mostly 
used method is an application of intra vaginal sponges that are applied on 12th or 14th day 
into the sheep vagina (Amer and Hazzaa, 2009). 

The aim of this paper was to give contribution to enlighten the questions regarding the 
influence of different dose of gonad tropic hormone application influence on fertility of 
Sjenica sheep in anestrous season.  

 

Materials and methods 
Research of different dose of natural gonad tropic hormone influence on sheep fertility in 
anestrous season was conducted at a private sheep farm in Valjevo rural area. Researched 
sheep was Sjenica improved breed. Induction and synchronization of estrus was conducted 
in anestrous season by using polyurethane sponges impregnated with 20mg of Fluor 
Geston Acetate (FGA), and they were kept inside sheep vagina for 14 days. 

Experiment included total number of 90 sheep. Two groups of sheep were formed: control 
group (30 sheep) which after removal of polyurethane sponge received the injection of 500 
i.u of PMSG (Foligon) which is a usual application dosage. Experimental group (60sheep) 
received dose of 700 i.u of PMSG.  
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After 48-72 hours from sponge removal and PMSG application all sheep were individually 
inseminated.  

Main data processing was done using usual mathematical and statistical methods for this 
type of research.  

Results and discussion 
Reproductive parameters: Reproduction represents most important and limiting factor for 
increasing the production and profitability of sheep herding. In wide practice by 
controlling estrus with hormonal treatments fertility can be significantly increased and 
lambing can be precisely synchronized.  

The results of the effects of different doses of PMSG hormone on sheep reproductive 
parameters are shown in Table 1. From the data shown in Table 1 it can be seen that the 
percent of sheep that were inseminated compared to the sheep that were treated was equal 
and it was 96.67%. The percent of sheep that lambed compared to the number of sheep that 
were inseminated was for control group 96.5% and for experimental 91.38%, meaning that 
sheep in experimental group lambed 5.17% more. 

 
 Table 1. Sheep reproductive parameters depending on applied PMSG dose 

No Parameters 
PMSG dose 

Control 500 i.u. Experimental 
700 i.u. 

1. Number of treated sheep  30 60 

2.

Number of inseminated 
sheep compared to number 

of treated 
 29 58 

%  96.67 96.67 

3.

Number of sheep that 
lambed compared to 

number of inseminated 
 28 53 

%  96.55 91.38 

4.
Percent of sheep that 

lambed compared to the 
number of treated sheep 

 93.33 88.33 

5. Total number of lambs  42 111 

 Type of birth 

Singles  9 8 
 7 6 

Twins  11 25 
 9 27 

Triplets  2 17 
 4 7 

Quadruplets  - 9 
- 7 

Quintuplets  - 3 
 - 2 

6. Sheep fertility, %   150.00 209.43 
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For experimental sheep group higher fertility by 59.43% was determined. Higher fertility 
for experimental group can be explained by the fact that experimental group had more 
triplets by 7.34%, quadruplets by 14.41% and quintuplets by 4.50% than control group. 

Based on given results we can conclude that higher dose of PMSG by 200i.u per sheep had 
positive effect on increase of the number of ovulated egg cells on ovaries, which resulted 
with birth of higher number of lambs per sheep in the experimental group. 

Research by Mutaveli  et al. (1989) confirms that higher dose of PMSG has positive effect 
on increasing the sheep fertility. In his experiment he treated sheep with 750 i.u of PMSG 
and compared it with control group that received 500i.u of PMSG. Sheep that were treated 
with higher dose of PMSG had higher percent of lambing and higher fertility than control 
group. Meki  et al. (2012) determined higher fertility for Ile de France breed by 23.17% 
for sheep that received 750 i.u. of PMSG compared to group that received 500 i.u. In 
earlier research by Meki  et al (2009) Sjenica improved sheep were treated by 1000 i.u of 
PMSG and then fertility rate of 192.00% was achieved. 

Based on above results we can conclude that increased dose of 700 i.u of PMSG compared 
to usual dose of 500 i.u of PMSG had positive effect on fertility of treated animals by 
59.43% compared to experimental group. Higher fertility of experimental group was 
explained by higher number of lambs per sheep (triplets, quadruplets and quintuplets) 
compared to control group. 

Besides the above mentioned parameters, fertility rate depends largely from the number of 
factors including heritage, breed, season, age, environment, diet, health condition, female 
hormonal status, sperm quality (Webb et al., 1994; Lewis et al., 1996; Beck et al., 1996; 
Husein et al., 1996, 1998; Yavuzer, 2005). 

 

Conclusion 
Based on conducted research of the effect of the application of induction and estrus 
synchronization for Sjenica improved sheep using sponges impregnated with 20mg of 
Fluor Geston Acetate (FGA) and different doses of gonad tropic hormone PMSG (500 i.u 
for control group and 700 i.u for experimental group) following conclusions can be made:   

1. Number of sheep that lambed compared to the sheep that was treated for control group 
was 96.55% and for experimental group 91.38%. 

2. Average fertility for sheep of the control group was 150.00% while for experimental 
group it was 209.43%, meaning that experimental group had fertility rate higher by 
59.43%. Higher fertility was expressed through higher number of triplets, quadruplets 
and quintuplets than in control group. 

This research clearly shows that application of higher dose of gonad tropic hormone by 
200 i.u led to increased number of lambs at birth and higher fertility what has a direct 
influence on higher production of mutton per sheep thus increasing the economy and 
profitability of sheep production. 
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Abstract 
Milk production in Serbia is organized on farms of different capacities that mutually vary 
in relation to agro-ecological, zootechnical and production conditions. The aim of this 
paper is to present a part of the most important results that have been obtained so far, in the 
implementation of the project “Optimization of technological procedures and zootehnical 
resources on farms with the goal to upgrade sustainability of milk production”. The results 
that are presented relate to the most important features of farm cow milk production in 
Serbia, as well as the possibility for optimization of the most important technological 
procedures and zootechnical resources on which milk production is based. The structure of 
dairy farms in Serbia, in terms of size and number of animals, is not satisfactory, because 
the predominated types are small and medium scale farms. However, there are numerous 
possibilities for optimization of farm and zootechnical conditions and resources in order to 
improve the sustainability of milk production. These possibilities can be divided into 
optimizing selection and breeding methods, optimizing nutrition manners and physical 
form of forage and complete meals in the nutrition of dairy cows, optimizing housing 
conditions, welfare and health care in order to improve the sustainability of milk 
production, as well as optimizing milking and handling the milk after milking. 

Key words: animal housing, animal welfare, breeding method, dairy farm, nutrition  
 

Introduction 
Milk production in Serbia has a long tradition and represents one of the most important 
branches of livestock production with a great impact on the economic development of a 
particular geographic area. Milk production in Serbia is organized on farms of different 
capacities that mutually vary in relation to agro-ecological, zootechnical and production 
conditions. According to the research performed by Bogdanovi  et al., 2012, and 
Bogdanovi  et al., 2014, the largest number of cattle farms in Serbia are small capacity 
farms and they keep up to 10 cows, while the number of medium, and especially large 
farms, is significantly lower. Despite the available natural resources, farm fragmentation 
leads to large heterogeneity in their exploitation, and therefore in achieved production 
results, which significantly affects the unevenness in the quantity and quality of produced 
and supplied raw milk. 
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Researches of very complex farming systems for milk production require significant 
engagement of different resources, so researches of this type, as a rule, are very complex in 
terms of research activities that must be implemented, they are long lasting and rather 
expensive. This imposes the requirement for them to be financed from public funds i.e. 
from the budget of the Republic of Serbia, through the relevant Ministry of Education, 
Science and Technological Development. 

The aim of this paper is to present a part of the most important results that have been 
obtained so far, in the implementation of the project “Optimization of technological 
procedures and zootehnical resources on farms with the goal to upgrade sustainability of 
milk production” which is funded by Ministry of education, science and technological 
development of the Republic of Serbia. The results that are presented relate to the most 
important features of farm cow milk production in Serbia, as well as the possibility for 
optimization of the most important technological procedures and zootechnical resources on 
which milk production is based. 

 

State of the art of dairy cattle production sector in Serbia 
Cattle production has traditionally been one of the most important branches of livestock 
production. Since the first official Simmental (SM) cattle imports in the second half of the 
nineteenth century until today it has passed through various stages of development. 
However, despite several decades of development, the current state of livestock production 
is not completely satisfactory. Generally speaking, the production of milk and meat is 
carried on with a significantly reduced number of cattle and is, generally, intended to meet 
the needs of the domestic market, which has relatively low purchasing power. A negative 
trend has been visible for more than two decades in the numbers of cattle, and all forecasts 
indicate that this tendency will continue in the future. The situation is further aggravated 
by the existence of a large number of non-commercial operators, mostly elderly 
households, with poor equipment and motivation. In the presence of these, it is not possible 
to organize a modern and efficient production sector, or to make long-term production 
plans (Periši  et al., 2006). 

Based on the surveys that were performed by Bogdanovi  et al. 2012 and 2014, it was 
found that about 59% of farms that are primarily registered for livestock production and 
which are commercially engaged in milk production have a size of up to 20 ha (of which 
about 11% of the farms have a size up to 5 ha, about 25% of the farms have a size from 5 
to 10 ha, about 14% of the farms have a size from 10 to 15 ha, and about 9% of the farms 
have a size of 15 to 20 ha), about 20% of the farms have a size of 20-50 ha, about 6.5% of 
the farms have a size between 50 and 100 ha, about 2.5% of the farms have a size from 100 
to 200 ha, while about 6% of the farms that engage in commercial milk production have a 
size of more than 200 ha. Some 6% of surveyed farmers did not respond to this question.  

The average size of farms in the first group with up to 20 ha is about 10.15 ha, the average 
size of the farms in the group between 20 to 50 ha is about 29.8 ha, farms in the group 
from 50 to 100 ha have an average size of about 66.4 ha, while in the group of farms with a 
size from 100 to 200 ha the average size is about 131 ha. 

The most common cattle breeds are SM and HF. The SM breed exists mainly in central 
Serbia, while HF is more prevalent in Vojvodina, i.e. in north region of Serbia. However, 
due to its greater robustness the SM breed is gradually increasing in Vojvodina. 
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The usual way of managing cows in milk production is in free stalls, rarely in tied-up 
systems. Stables with the free system are open or semi-open with appropriate outlets, while 
keeping the cows in pasture is seldom practiced. 

The average number of cows varies considerably from farm to farm. About 55% of farms 
have up to 15 cows and heifers (of which about 26% of farms have up to 5 cows, about 
19% of farms have 5 to 10 cows and 10% of farms have 10 to 15 cows), about 15% of 
farms have 15 to 30 cows, about 5% of farms have 30 to 100 cows, about 5% of farms 
have 100 to 200 cows, while about 3% of the farms have more than 200 cows in the 
production. A total of 17% of surveyed farmers did not answer this question.  

Even though the results of this study cannot be generalized to all the farms that 
continuously or occasionally supply milk to the dairies, of which there are, according to 
various estimates, around 149,000, they indicate that there are still significant potentials for 
optimization and improvement of milk production both in terms of farmers, and in terms of 
optimum utilization of available farm resources. This certainly includes optimization of 
breeding and selection programs, optimization of cow nutrition in lactation period, as well 
as optimization of the conditions of keeping and care of animals. 

 

Possibilities for optimization of most important technological procedures and 
zootechnical resources in milk production 
Cow milk production in Serbia is mainly organized in semi-intensive and intensive 
production systems, while extensive systems are less common and mainly associated with 
undeveloped or mountainous areas. Common to all farmers who are engaged in specialized 
livestock production, compared to the average farmers engaged in mixed agricultural 
production, is a higher level of technological knowledge, greater openness to technological 
production improvements, larger farm areas and larger number of animals that are kept on 
the farm. 

Numerous analyzes of the situation and the level of milk production on farms with dairy 
cows confirm that there is still a need for continuous organization and implementation of 
planned activities to improve milk production, primarily by improving the breeding 
composition of cattle. All estimates indicate that the number of cattle, especially cows, will 
decrease also in the period to come and the only answer to that is continuous improvement 
of the genetic potential of cattle intended for milk production. The main reason for this 
assumption is the constant closing down of a large number of small, mainly elderly 
households, as well as the reorientation of small farms and households to some other types 
of agricultural production. Intensive and sustainable milk production require, primarily, 
improving the genetic potential of milk production cattle. In accordance with the 
characteristics of the area (climate conditions, forage quality, breeders habits, altitude) the 
method that imposes for improving both domestic Simmental, and Holstein, is growing in 
pure breed with performing strict selection and application of artificial insemination with 
bull semen that is highly rated for their milk properties (Periši  et al, 2011a and 2011b). 
The goal of the breeding should be improving milk production traits, without 
compromising fattening traits, while retaining the resistance, regular fertility, good health 
and longevity. This type of breeding should contribute to the improvement of milk 
performance traits, from the average level which is currently, with the majority of milk 
producers, in the interval from 3,000 to 4,000 kg, to the average production level of the 
entire population of 5,000 kg and more. At the same time, feeding conditions, housing and 
care have to be improved in order for the improved cattle to fully express their genetic 
potential. It should be mentioned that the Simmental breed kept in the mountainous area of 
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some European countries (e.g., Austria, Germany) has an average milk production of 
6,500-7,000 kg with over 4% fat, and quite often there are herds with an average of more 
than 8,000 kg of milk per cow. It is from these countries that bull semen should be 
imported in order to improve the genetic potentials for milk yield of our Simmental herds 
(Periši  et al, 2011a and 2011b). 

Apart from this, one should have in mind that the size of the farm, together with applied 
farm management, can have a significant impact on the expression of, primarily, 
production traits of cows. In general, the tendency is that farms that raise more livestock 
achieve not only higher average milk yield, but have less manifested problems in the 
reproduction of animals. The results of the research by Ku evi  et al. 2011, indicate, 
however, that this trend is maintained only up to a certain farm size, i.e. number of 
livestock in the herd, after which there is a stagnation, and even decrease in production. In 
this regard, it is extremely important that every farmer independently estimates the optimal 
size of his herd in relation to the availability of necessary resources for milk production. 

During the implementation of any program for the improvement of milk yield one should 
pay attention that the quality of milk and dairy products directly depends on its protein 
composition. The variability of kappa-casein ( -CN) , as one of the four casein proteins in 
milk, is of particular importance in the selection of cattle. The research of edovi  et al., 
2012 (unpublished results), conducted on the genotypes of Simmental breed cows, the 
crossbreed obtained by crossbreeding the Simmental with Red Holsteins and cows of the 
indigenous breed of Buša, showed that there are differences in the frequency of -CN. 
Genotype frequencies -CN for Simmental breed were: 42.8%; 47.6% and 9.6% for AA, 
AB and BB genotype, for crossbreeds: 75.0%; 25.0% and 0.0% and for Buša individuals: 
41.7%; 50.0% and 8.3%, respectively. The frequencies of alleles A and B, for observed 
breeds, estimated on the basis of genotypic frequencies, were 0.667 and 0.333 for 
Simmental breed, 0.875 and 0.125 for crossbreeds and 0.667 and 0.333 for the indigenous 
cattle breed Buša, respectively. The research showed that the genotype -CN, statistically, 
significantly affects milk yield and highly significantly milk fat yield, but it does not affect 
the milk fat content of tested animals. 

The research established the dominance of allelic A variant with all covered breeds, which 
particularly applies to crossbreeds obtained by crossbreeding Simmental and Red Holstein. 
The frequency of desirable B allelic variant -CN was lower and the same with cows of 
Simmental breed and Buša cows. Through identification of populations and cattle breeds 
with an increased proportion of B allelic variants -CN and their inclusion in selection 
programs, the opportunity to increase the frequency of favourable alleles would be gained, 
and thus the technological quality of cattle milk would be improved, which would increase 
the economic value of livestock production. Conducted research provides a starting point 
for further determination of breeders for keeping breeds and producing milk of a certain 
quality and quantity according to the needs of the dairy industry. 

It is well known that the costs of cattle feeding in milk production can amount to 65-75% 
of total production costs. Therefore, all farmers involved in this survey pay special 
attention to proper feeding of all categories of cattle. All the farmers involved in this 
analysis adapt feeding to the physiological status of the animal, paying particular attention 
to milk yield and to reproductive status. About 92% of farmers prepare their own livestock 
feed, while 55% of farmers buy ready-made concentrates from animal feed manufacturers. 
Farmers that prepare their own feed, mainly produce the entire amount of forage and one 
part of the concentrated feed. In terms of forage, farmers prepare hay from clover or 
alfalfa, corn silage and, increasingly, haylage. When it comes to concentrated feed, farmers 
usually produce feeds such as corn, soybean or sunflower, while they only purchase 
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additives or necessary premixes. About 78% of surveyed farmers buy the vitamin and 
mineral supplements required in cattle diets. 

What is, in the researches by various authors, more frequently expressed as a possibility for 
additional optimization of nutrition programs on dairy farms is to solve the problem of 
forage crumbling and primarily whole-plant corn silage and alfalfa haylage, as well as total 
mixed ration (TMR), for nutrition of cows in lactation. Based on the research by 
Stojanovi  et al. 2011a, 2011b and 2011c, and with the use of “Penn State Particle 
Separator” system of four sieves, various deviations were defined from the optimum 
predicted values of distribution of certain fractions of particles for both forage and TMR. 
The more uneven the crumbling of forage was, the more the fragmentation of TMR varied. 
The authors of these researches point out that the results indicate the importance of 
optimization of the physical form of forage during its preparation, in order to achieve the 
desired physical effectiveness of the entire meal. The optimum physical efficiency of 
forage can be achieved using various methods and procedures both during the grinding of 
the mass and during preparation of whole-plant corn silage, and alfalfa haylage. 

High temperatures (as a seasonal factor) in the form of heat stress can significantly reduce 
the daily milk production, and exceptionally stop lactation, which is especially the case 
with poorer dairy cows. The selection of high yielding cattle breeds with the aim of 
improving the genetic predisposition for higher milk production and the quantity of 
consumed food, has led to a decrease in productive and reproductive potentials in periods 
of increased outside temperature, because not enough attention has been given to the 
thermoregulatory abilities of animals. In the conditions of heat stress, there is first a 
reduction in milk production, which has particularly become important in recent years. 
High yielding dairy cows are most sensitive to heat in early lactation and milk production 
reduces significantly when body temperature is higher than 39 degrees Celsius. Dairy cows 
in early lactation are unlikely to cope with heat stress, which is why it has the greatest 
impact on milk production in the first 60 days of lactation (Joksimovi -Todorovi  et al., 
2011). 

One of the major problems of modern intensive farm milk production is a growing 
presence of mycotoxins, as a result of significant climate changes, which has been 
validated in Serbia in the past few years. Due to the harmful effects on human and animal 
health, mycotoxins are today called the “silent killers”, “invisible thieves” or “natural 
toxicants”. The main mechanisms of toxicity are the inhibition of protein synthesis, DNA, 
RNA, lipid peroxidation, changes in the structure and function of the membrane and the 
initiation of programmed cell death. In addition to inadequate preparation and storage of 
feed, poor nutritional status of animals and housing conditions may, also, affect the 
increase in the sensitivity of animals to mycotoxins. In that sense, the use of different 
antioxidants can potentially be very important in the protection against mycotoxins. 
Selenium and vitamin E are the key ingredients that act as antioxidant protection and 
farmers should pay attention to this when preparing the meals for feeding the cattle 
(Joksimovi -Todorovi  and Davidovi , 2011). 

Finally, it should be noted that for the success of any optimization program or 
improvement of production parameters on dairy farms it is essential that farmers are 
interested in this and ready to implement certain new solutions on their farms. In this 
regard, the oldest surveyed farmer was born in 1928, and the youngest in 1990. About 25% 
of surveyed farmers were born in the period from 1928 to 1952, while 50% of surveyed 
farmers were born in the period from 1952 to 1973. If we consider all the birth years, 50% 
of surveyed farmers were born until 1964 and 50% were born in the period from 1964 to 
1990. It is the age of surveyed farmers, who are also the owners of their farms, that 
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provides some “space” for the acceptance of new technological solutions or optimization 
of existing technological processes. This is supported by the fact that 71% of all surveyed 
farmers have regular, and 23% occasional contact with agricultural advisory service. Also, 
over 86% of surveyed farmers intend to expand the existing farm production, mainly by 
increasing the number of animals, stricter selection of animals, as well as by improving the 
feeding conditions and manners, housing, care and milking. About 6.5% of farmers do not 
currently intend to expand their production. No less important is the fact that about 75% of 
surveyed farmers expect certain benefits from future EU membership, even though they 
are aware that they, also, can expect a lot more adjustments. On the other hand, about 19% 
of farmers do not expect any benefits from the potential Serbian EU membership. 

 

Conclusion 
Based on everything that has been mentioned, it can be concluded that the structure of 
dairy farms in Serbia, in terms of size and number of animals, is not satisfactory, because 
the predominated type are small and medium scale farms. As Serbia moves closer to EU, 
these farms will soon face even greater market pressure. On the other hand, family farms 
of larger capacity, but also many farms of medium capacity, can become competitive on 
the market only if they continuously improve and innovate their production. Commercial 
milk production of today is extremely demanding and based on continuous improvement of 
all available farm conditions, technological processes and zootechnical resources that are 
important for this type of production. The possibilities for optimization of farm and 
zootechnical conditions and resources in order to improve the sustainability of milk 
production can be divided into optimizing selection and breeding methods, optimizing 
nutrition manners and physical form of forage and complete meals in the nutrition of dairy 
cows, optimizing housing conditions, welfare and health care in order to improve the 
sustainability of milk production, as well as optimizing milking and handling the milk after 
milking. How many farm and zootechnical conditions and resources will be optimized or 
improved in order to increase the sustainability of milk production does not only depend on 
the obtained research results, but also on the system and the manner of their dissemination, 
and the willingness of farmers to innovate their production. 
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Abstract 
The study aimed to investigate different sources of variation for milk traits in dairy cows, 
in first lactation from three breeding regions of Vojvodina (Srem, Banat and Backa). For 
research purposes a total of 2767 complete and 305 days records of milk yield (MY), fat 
yield (FY) and milk fat content (MFC) of Holstein-Friesian (HF, black and red) dairy cows 
was used. All cows were involved in the official milk recording program in 2013 in 
Vojvodina. Milk traits were analyzed using the mixed linear model in order to explain total 
variation with bull-sire as a random effect, region, year of birth and calving season as fixed 
effects and length of lactation as covariates. The average values of MY, MF and MFC in 
the first lactation of 305 days were 6053.4 kg of milk, 225.24 kg of milk fat and 3.74% 
milk fat content. The effects of the bull-sire, calving season, year of birth and breeding 
region on all investigated milk traits were highly significant (p>0.01) during 305 days, but 
year of birth for complete records had no significant effect on these parameters (P>0.05). 

Key words: dairy cows, milk traits, regions 
 

Introduction 
It is important to evaluate various sources of variation in regard to phenotypic and genetic 
variability of milk in order to ascertain which effects are major for a dairy production and 
future decision for selection and breeding program. Production traits were greatly affected 
by para-genetic factors such as season of calving, parity, age of cow, age at first 
insemination, etc. (Petrovi  et al., 2006), as well as significant influence of genetic 
components, Panteli  et al. (2011), Trivunovi  (2006). 
In the last years, according to the official statistics, the total number of dairy animals in 
Serbia (including the province of Vojvodina) was reduced but it was not significantly 
reflected in total milk production at the country level. Indeed, in the last 10 years, milk 
production was stable and amounted to about 1.5 to 1.6 million tons of raw milk per year. 
Significant increase of yield per cow was realized in herds involved in the official milk 
recording program (Ku evi  et al., 2011). Increase in row milk production was achieved 
due to genetic improvement and selection program by the Center for the breeding of 
domestic animals in Vojvodina. In relation to the other cattle population, HF breed is the 
most present in Vojvodina and makes around 78%. This breed is specialized for milk 
production and breeding goals are adjusted to achieve sufficient quantities of milk 
according to the quality standards requested by the European Union (Bogdanovi  et al., 
2007). According to the Center's Annual Report in 2013, the average milk yield of 
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recorded and controlled dairy cows of the total population of HF breed in Vojvodina was 
around 6307 kg with 237 kg of milk fat and average milk fat content of 3.76%. 

Objective of this study was to analyse different sources of variation for milk traits in HF 
dairy cows in first lactation from three regions of Vojvodina (Srem, Banat and Ba ka).  

Materials and methods 
This research included 2767 HF first calvers involved in the official milk recording 
program in Vojvodina. We examined the variability of complete and 305 days records of 
MY, FY and MFC. Data were collected from three breeding regions in Vojvodina: Srem 
(1), Banat (2) and Ba ka (3). In order to explain different sources of variation for milk 
traits a mixed model with a sire as a random effect, the region, year of birth and season as 
fixed effects and length of lactation (in days) as covariates were used. The effects of the 
various factors influencing milk traits were evaluated by fitting a mixed model of least 
squares with fixed and random effects (LS-Least Squares), procedure of STATISTICA 
ver.10 (StatSoft Company, 2013). Factors included in the model were based on their 
significance and impact on the studied traits, which represent systematic fixed part of the 
model. Systemic effects were combined in various ways. Determination of model for 
investigated traits ranged from 19% to 33%, which is in line with their biological 
characteristics. The following model was used for complete records: 

Yijklm =  + Ri+ Yj + Sk + B1 + b1 (x1- x1) +eijklm 
where: 
Yijklm - phenotypic value of observed traits 

 – general mean 
Ri – fixed effect of breeding region (1-3) 
Yj – fixed effect of year of birth (1-5) 
Sk – fixed effect of season of calving (1-3) 
B1– random bull-sire effect (1-72) 
b1(X1-X1) – linear regression effect of length of lactation  
eijklm – random error 
For the records of 305 day the same model but without length of lactation was used. 

Results and discussion 
In the Table 1 results of the descriptive statistical analysis of the studied traits are 
presented.  

Table 1. The average values and variability of investigated traits 

Traits x  S x  SD min max CV % 
MY, kg 7131 38.27 2013.4 3121 13491 28.2 
MF, kg 276.72 1.53 80.85 115 682 29.2 
MFC, % 3.88 0.006 0.34 2.10 7.67 8.9 
MY 305, kg 6053.4 26.94 1417.6 2048 12557 23.4 
MF 305, kg 225.24 0.99 52.43 69.00 709.0 23.2 
MFC 305, % 3.74 0.008 0.43 2.06 7.74 11.5 
Milk yield =MY; Milk fat =MF; Milk fat content =MFC; MY for 305 days =MY 305; MF for 305 days =MF 
305; MFC for 305 days =MFC 305  
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Based on studied sample, average values of investigated parameters for complete lactation 
(on average 359 days) amounted to 7131 kg of MY, 276.72 of MF and 3.88 of MFC 
whereas during standard lactation of 305 days it was produced 6053.4 of MY, 225.24 of 
MF and 3.74 of MFC. 

The lowest recorded milk yield during 305 days included in the study was 2048 kg and the 
highest was 12557 kg, resulting in high value of the variation width of even 10509 kg of 
milk. Values of the variation coefficient (CV) and standard deviation (SD) for milk yield 
were also very high and amounted to CV=23.4% and SD=1417.6. Contrary to the 
established values of CV and SD for MY, the value obtained for MFC was significantly 
lower CV=11.5% and SD=0.4. These lower values indicate that the variability of this trait 
is more under the influence of biological and breed characteristics of dairy cows than on 
rearing conditions present on the farm. Similar data on variation of milk traits were 
obtained by Ku evi  et al. (2011) and Radinovi  et al. (2011). 

Using the mathematical-statistical model we identified genetic and environmental factors 
which influenced expressions of investigated traits. The obtained factors in the study are 
shown in tables 2 and 3. 

 
Table 2. The effect of genetic and environment factors on investigated milk traits  

Factors DF MY MF MFC 
F-value F-value F-value

Region 2 27.36** 14.97** 5.98** 
Year of calving 4 1.35 ns 1.83 ns 0.90 ns 
Season 2 8.04** 3.10* 3.73* 
Sire 71 11.56** 9.42** 4.37** 
DF-degree of freedom; F-values; **-P<0.01-statistically highly significant effect; ns-P>0.05-no significant 
effect
 
 
Table 3. The effect of genetic and environment factors on investigated milk traits in 305 days 

Factors DF MY 305 MF 305 MFC 305
F-value F-value F-value

Region 2 27.15** 14.04** 4.65** 
Year of calving 4 2.13** 4.80** 3.76** 
Season 2 8.01** 3.62* 6.54** 
Sire 71 14.12** 7.45** 6.69** 
DF-degree of freedom; F-values; **-P<0.01-statistically highly significant effect; ns-P>0.05-no significant 
effect 
 

Data presented in tables 2 and 3 show highly significant effect (p>0.01) of the sire, calving 
season and breeding region on all investigated milk traits. Only age for complete records 
had no significant effect on these parameters (p>0.05). The research is in accordance with 
the results obtained by Periši  (1998), Petrovi  et al. (2006) and Sekerden (1997), which 
stated that calving season  highly significantly affected milk yield, milk fat, and protein in 
standard lactation. Petrovi  et al. (2009) confirmed that quantitative milk traits of first 
calving cows under the influence of region had highly significant deviation from general 
average. If we observe production of milk in the region of Vojvodina it may be pointed out 
that dairy production is organized in very different rearing and farm management 
conditions, therefore statistically highly significant sources of variation in regard to 
breeding region was expected. Considering that the heritability values for milk 
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performance traits range from very low to medium, applied technology and management, 
which includes nutrition, housing, care, milking, etc., express strong effect on phenotypic 
variability of traits. 

Conclusion 
In the studied population of Holstein-Friesian dairy cows, involved in the official milk 
recording program in the three regions of Vojvodina, the variability of complete and 305 
days records of milk traits as well as different sources of genetic and para-genetic variation 
was examined. The average values of MY, MF and MFC in the first lactation of 305 days 
were 6053.4 kg of milk, 225.24 kg of milk fat and average milk fat content amounted to 
3.74%. Based on obtained results it was established that effects of the bull-sire, calving 
season, year of birth and breeding region were highly significant (p>0.01) on all 
investigated milk traits. Year of birth had no significant effect for complete records on 
these parameters (p>0.05). It can be concluded that investigated factors significantly affect 
milk traits therefore it is necessary to work on further optimization of the environmental 
factors, as well as on genetic improvement, primarily of bull-sires in the population of HF 
dairy cows.  
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Abstract   
Goats are the most popular animals in the world and goat meat and milk consumption are 

most widely distributed in the world. Goats are popular with small holders because of their 
efficient conversion of feed into edible and high-quality meat, milk and hide. Goats are also 
used as holistic tools for land vegetation management and fire fuel load control. With proper 
grazing management, goats can eliminate noxious weeds, restore native grasses and prevent 
fires through fuel load reduction. In the world the number of goats is increasing. However, 
when it comes to growing goats, the conditions prevailing today are fairly complex. Problems 
and prospects vary by region, which consequently have different cultural and economic 
implications. Both global and regional approaches to livestock farming are important from the 
economic aspect of developed and developing nations. Rapidly increasing goat populations in 
developing countries point to the goat assisting in solving some of the needs created by the 
rising human population. Goat farming in Europe also has a more positive outlook after nearly 
a century of a negative reputation. Dairy-goat farming is significant to the economies of the 
Mediterranean countries. Dairy goats produce about 15.2 million metric tons (MT) of milk, 
accounting for about 2% of the world total amount of milk produced by livestock species. The 
developing countries produce approximately 83% of the total amount. In Europe, goat 
breeding is strongly oriented towards milk production, with only 3% of the world goat 
population producing about 15% of the world’s goat milk, which is mostly used for cheese 
production. Goat meat is widely consumed in the developing countries. According to 
FAOSTAT (2008), total meat inventory is about 280 million MT. Goat meat represents only 
2% of this total. The total amount of goat meat produced in 2008 was 4.9 million MT. The 
developing countries produced approximately 97% of this amount, reflecting the great 
importance of goat meat to feed millions of people in these countries. The top ten countries 
producing goat meat are all from Asia and Africa.  China is a world leader in producing goat 
meat, accounting for 38% of the world total goat meat produced. Goat meat production has 
been increasing from 2.65 million MT in 1990 to 4.93 million MT in 2008. 

Key words: goats, milk, meat, number of goats, production  
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Introduction 
Globally, the number of goats is constantly increasing. However, despite the fact that this 
branch of livestock production had the highest growth rate in last 20 years, global situation in 
regard to goat production in the world shows contradictory situation. On one hand, there are 
well organized private sectors in several countries which have clearly defined breeding and 
selection goals in goat production, and have constant progress in production of milk, meat and 
thread. On the other hand, most of the goat population is mainly used for production of milk, 
meat, leather or threads in developing countries but without any greater tendencies towards 
quantitative and qualitative improvement of production. So, milk, and primarily meat, meets 
the nutritional requirements of rural population in developing countries, especially in those 
regions with rapid growth of human population (Boiazoglu et al., 2005; Dubeuf et al., 2004; 
Devendra, 2007). This means that increase of number of goats is no indicator of positive 
development of productivity, but simply reflects the fact that many people living in rural 
regions of developing countries are trying to survive by keeping small ruminants, such as 
goats (Dubeuf and Boiazoglu, 2009; Žujovi  et al., 2011). Dairy-goat farming is significant to 
the economies of the Mediterranean countries. Previously, in developed countries, a limited 
number of high quality goats was raised as a complementary activity. Recently, the market for 
high-quality cheeses made from goat's milk has been developing and there has been growing 
interest in intensive cultivation of goats with high milk yield. An example of this is France, 
with about 1.2 million dairy goats and production of about 40.000 tones of cheese per year, 
while the production of meat and skin of goats and kids is of secondary importance in the total 
income of goat production.  

Goats live either in small or large herds or in different areas and environments ranging from 
plains, desert areas, mountain and alpine areas. Table 1 shows the numerical strength of the 
goats in different parts of the world, as well as their representation in the percentage of the 
total number (FAOSTAT, 2010). The number of goats has increased by 18.91% in the 
analyzed period, reaching 867.9 million heads in 2009. Most of the livestock is in Asia 
(59.5%), followed by Africa (34%), the Americas (4.3%), Europe (1.8%) and Oceania (0.4%), 
which proves that the highest share is in developing countries where goat milk is a basic food 
especially for rural population (Table 1). 

Table 1. Number of goats in the world (FAOSTAT, 2010) 

Year MU Asia Africa America Europe Oceania Total world 

1999 
Million heads 447.3 227.8 33.7 19.0 2.1 729.9 

% 61.3 31.2 4.6 2.6 0.3 100.0 

2009 
Million heads 516.7 294.8 37.1 15.9 3.4 867.9 

% 59.5 34.0 4.3 1.8 0.4 100.0 
Source:FAOSTAT, 2010 

 

Based on the data presented in Table 1, it is evident that the number of goats in the world is 
867.9 million (FAOSTAT, 2010). However, there are huge variations in the distribution and 
number of goats among different parts of the world. The largest number of goats is grown in 
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Asia (China, India, Pakistan and Bangladesh have 59.5% of the total goat world population), 
followed by Africa, 34% of which represents 93.5% of the total number of goats in the world 
(Table 2).  

 
Table 2. Top 10 countries based on goat livestock (FAOSTAT, 2010.) 

Country Number of goats (million heads) % of the total number of goats in 
the world 

India 
China 

Bangladesh 
Pakistan 
Nigeria 
Sudan 
Iran 

Ethiopia 
Indonesia 

Mali 

154.0 
150.7 
65.0 
59.9 
56.5 
43.4 
25.7 
22.0 
16.8 
16.5 

16.7 
16.4 
7.1 
6.5 
6.1 
4.7 
2.8 
2.4 
1.8 
1.8 

Total world 920.6 100.0 

The number of goats in the world has been growing steadily since 1990 from about 1% to 4% 
annually. In the same period, the number of cattle has increased by 5%, while the number of 
sheep decreased by 10%. Goat is now considered "poor man’s cow". Goats consume a smaller 
amount of food, take up little space, and according to their size, i.e. body mass, produce 
enough milk for the needs of an average family, and in relation to the keeping of cows, gain on 
an increasing popularity.  

 

Milk production 
Goat breeds according to milk production can be divided into three groups: 

1. Breed of goats belonging to a highly productive improved breeds; 

2. The second group of the breeds with an average production, with the potential for high 
production but whose actual production is decreased due to the conditions of nutrition, 
care and housing; and finally  

       3. The third breeds belong to the group with low production that are not regularly milked. 
Highly productive goat breeds are originating from the mountain range of the Alps and the 
Mediterranean area. Typical improved breed of goats are Saanen, Alpine and Toggenburg. 
Spanish Granada and Malaga which have sufficient milk production are also classified as a 
dairy breed, along with Nubian (Table 3). The examples of breeds with an average production 
is the Damascus from the Middle East, as well as the Indian breeds: Jamnapari, Beetal and 
Barbari. Most of the African, Asian and Latin American goat breeds fall into the third group of 
goats, where our local goat breeds and their crosses can also be introduced (Memiši, 2000; 
Memiši and Žujovi , 2012). 
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Table 3. Milk production of certain breeds of goats in the world 

Goat breeds Milk production, kg % milk fat Authors 
Saanen 720 – 1000 3.4 Fehse and Kunzi,  (1998) 

Toggenburg 700 – 900 3.3 Fehse and Kunzi,  (1998) 
Alpine 650 – 900 3.4 Gall (1982) 

Appenzell 670 3.1 Fehse and Kunzi,  (1998) 
Chamois Coloured 758 Fehse and Kunzi,  (1998)

German White Improved 1126 3.6 Gall (1982) 
Poitou 700 3.0 Gall (1982) 

Murcia  Granada 500 4.0 – 4.5 Falagán and Mateos  (1996) 
Maltese 500 – 600  Gall (1982) 

Israeli Saanen 650  Gall (1982) 
Damascus 400 – 600 3.5 Constantinou (1985) 
Jamnapari 540 3.5 – 4.5 Gall (1982) 
La Mancha 800 4.0 Gall (1982) 

Domestic breeds and genotypes of goats 
Domestic Balkan 180 3.7 Memiši (1998 and 2000) 

Domestic Serbian White 400 4.0 Žujovi  (1988) 
Domestic crossbreds 250 - 350 3.5 – 4.0 Memiši and Bauman (2002, 2003) 

 

The use of goat milk as an excellent food source is undeniable. It has beneficial effects for 
health maintenance, physiological functions, nutrition of children and elderly people, and 
according to some authors, can be consumed without negative effects by people suffering cow 
milk allergy. Goat (Capra hircus) milk production is of significant importance to the economy 
and survival of large populations of many countries in the world: in developing countries (i.e. 
Asia, Africa, the Middle East and Mediterranean countries and South America) as well as in 
developed countries (i.e. Europe, North America and Oceania) (Billon, 2003;  Albenzo et al., 
2006).  

Dairy goats produce about 15.2 million metric tons (MT) of milk, accounting for about 2% of 
the world total amount of milk produced by livestock species (FAOSTAT, 2008). The 
developing countries produce approximately 83% of the total amount. In Europe, goat 
breeding is strongly oriented towards milk production, with only 3% of the world goat 
population producing about 15% of the world’s goat milk, which is mostly used for cheese 
production. Table 4 shows the amount of goat milk produced by the top ten countries in the 
world, along with the total number of dairy does and the average of milk produced per doe 
(FAOSTAT, 2008).  

The largest amount of goat milk is produced in India, followed by Bangladesh and Sudan. 
China, India, Pakistan, Indonesia and Bangladesh together contribute 78% of the total small 
ruminant population in Asia (Talpur et al., 2009). In Pakistan, the Damani and Kamori breeds 
are popular, while in other countries popular breeds are Barbari, Beetal, Jamnapari, Malabar, 
Damascus, Barky and Black Bengal (Talpur et al., 2009). 
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Table 4. The amount of goat milk produced in the top ten countries (FAOSTAT, 2008) 

Country Goat milk production 
(million MT)

Number of dairy 
goats (million)

Milk produced per 
dairy doe (kg)

India 
Bangladesh 

Sudan 
Pakistan 

Spain 
France 
Greece 

Iran 
Somalia 
China 

4.0 
2.2 
1.5 
0.7 
0.6 
0.6 
0.5 
0.4 
0.4 
0.3 

30.2 
27.1 

- 
4.9 
1.4 
0.8 
4.1 

13.7 
6.6 
1.4 

132.5 
80.0 

- 
141.9 
422.3 
703.8 
123.9 
29.9 
59.7 
194.8 

Goat farming is of vital importance for the national economy in many countries in the 
Mediterranean and Middle East region, and is particularly well organized in France, Italy, 
Spain and Greece (Park et al., 2007). Among the European countries, Greece is the first in 
goat population (6,000,000 animals) and produces about 450,000 t of goat milk per year 
(Kondyli et al., 2012). France has nearly 1 million goats and occupies the first place in the 
European Community in terms of milk production. Turkey has the largest goat population in 
Europe (5,600,000 t in 2009) and is the fourth in total goat milk production (192,000 t in the 
year 2009) in the European and Mediterranean region, after France, Spain and Greece 
(FAOSTAT, 2009). In France, interest in dairy goats has led to the establishment of organized 
programs for selection, processing and commercialization of goat milk, which is produced 
mainly from Saanen and Alpine breeds. France leads the list in terms of the annual milk 
production per dairy doe, while Iran reports the lowest milk production per dairy doe. China 
has the largest total number of goats in the world with 195.6 million, but they are mainly kept 
for meat production ( livijer et al., 2005), followed by India with 120.0 million, and Pakistan 
56.7 million. 

Table 5. Increase in the production of goat milk and cheese in the period from 1985 to 2005, Source: 
FAOSTAT (2006) 

 2005 1985 
Cheese Milk Cheese Milk

Europe 180 2.5 132 1.7
Asia 99 6.7 113.7 4.1 

America 17.8 0.37 33.96 0.48 
North and Central A. 

South A. 
13.8 
4.0 

0.19 
0.18 

30.06 
3.9 

0.32 
0.16 

Africa 122 2.8 35 1.8 
Total in world 437.8 12.4 343.32 8.4 

 

By the amount of milk produced per goat (194.8 kg), China is on the third place just behind 
France and Spain. China officially reports 1.4 million dairy goats producing 0.3 million MT of 
milk (FAOSTAT, 2008). Since 1990, interest in dairy goats has been steadily increasing, as 



107

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

manifested by the increase in milk production from about 10 million MT in 1990 to about 15.2 
million MT in 2008. The dairy goat industry has great potential for further growth. 

 

Meat production 
In many countries, especially in Asia and Africa, goat and caprine meat have great importance 
in the diet of the population. Because of its high biological value, caprine meat is increasingly 
required in highly developed countries (Todaro et al., 2004). Production of goat meat in the 
world, although it is four times smaller than the meat of sheep, is of great importance for many 
countries, especially in Asia, Africa and South America (Dubeuf et al., 2004). In EU countries 
the production of goat meat is of much less importance and scope, especially in the countries 
where there are grown dairy goat breeds in which the meat is a by-product. It is estimated that 
the goat meat in Europe makes about one tenth of the total quantity of sheep meat. Greece, 
Spain, Italy and France are the largest producers of these types of meat products because they 
produce two thirds of the total quantity of goat meat in Europe (Webb et al., 2005).  

Table 6. The amount of goat meat produced in the top ten countries, number of animals slaughtered 
and the average amount of meat produced per animal (FAOSTAT, 2008) 

Country Total meat 
(million MT) 

Number of animals 
slaughtered (million) 

Average meat produced 
per animal (kg) 

China 
India 

Nigeria 
Pakistan 

Bangladesh 
Sudan 
Iran 

Indonesia 
Ethiopia 

Niger 

1.8 
0.5 
0.3 
0.3 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 

133.3 
47.8 
21.3 
15.4 
30.0 
14.5 
7.6 
6.6 
7.6 
4.4 

13.7 
10.0 
12.7 
17.0 
7.0 

13.0 
14.0 
10.0 
8.5 

12.0 
 

Due to the long-standing prohibition of goats keeping which has been in force since 1954 
(unique law in the world that has been adopted in the former Yugoslavia), on the territory of 
the Republic of Serbia there has not been paid special attention to the production of goat meat, 
nor any statistical data on the number of production of goats have been produced. Although on 
the territory of Serbia, the basic product is a goat milk, meat production should not be ignored 
either. It should properly utilize high biological potential of goats for good fertility (Memiši et 
al., 2001). Goat is known as the most prolific ruminant, which many breeders use to increase a 
caprine meat production by forcing goat fertility and creating a race that can on average 
produce 2-3 young goats annually. This ability in goats may very well take advantage of the 
sequential kidding, and this is where the caprine meat production is more profitable than milk 
production, and where, there may be the reason for a lack of interest for the production of 
milk, or the conditions for organized sale of large quantities of milk or for a milk processing 
(Memiši and Bauman, 2002a and 2007; Memiši et al., 2004).  
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Goat meat has about the same nutritional value and digestibility as sheep milk (to put it more 
exact: more protein and less fat compared to sheep meat). It is still less appreciated because of 
specific smell and flavor, especially if the animal is older. On the basis of chemical 
composition, caprine and goat meat, in terms of nutritional and biological value is not inferior 
to other types of meat in other types of livestock for slaughter. 

 
Table 7. Top exporters of goat meat  

Country Goat meat production (million tonnes) % 
Australia 

China 
France 

New Zealand 
Industrialized countries 

16.431 
3.999 
2.628 
1.198 

21.194 

50 
12.1 

8 
3.6 
64 

World 33.087  
Source: FAOSTAT (2005)  

Goat meat is widely consumed in the developing countries. According to FAOSTAT (2008), 
total meat inventory is about 280 million MT. Goat meat represents only 2% of this total. The 
total amount of goat meat produced in 2008 was 4.9 million MT. The developing countries 
produced approximately 97% of this amount, reflecting the great importance of goat meat to 
feed millions of people in these countries. The top ten countries producing goat meat are all 
from Asia and Africa (Table 6). China leads the world in producing goat meat accounting for 
38% of the world total goat meat produced. Goat meat production has increased from 2.65 
million MT in 1990 to 4.93 million MT in 2008. 
 

Table 8. Top importers of goat meat  

Country (MT) % 
U.S. 

China 
Italy 

Canada 
France 

Industrialized countries 

9.551 
5.709 
1.451 
1.374 
1.151 

16.097 

18.2 
10.9 
2.8 
2.6 
2.2 

30.7 
World 52,477  

Source: FAOSTAT (2005) 

Australia leads goat meat export in the world with 16.431 MT and 50% of the total world  
market. China, France and New Zealand claim 12.1, 8.0 and 3.6% of the world market 
respectively (Table 7).  

Total goat meat imported in the world is 52,477 MT. Top importers of goat meat are the 
United States with 18% of the market, followed by China with 10.9% and Italy, Canada and 
France, each about 2% of the market (Table 8).  
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Conclusion
Geographical conditions that have been deteriorating due to global warming will probably 
further increase the importance of goat industry in the future. Although the goats have been 
the most defamed domesticated animals in many countries they have played an important role 
in human nutrition, wellbeing and survival. In Europe, the decline in goat number is 
compensated by an increased milk and meat performance with a positive impact on the 
continent contribution to the world goat milk. 

While in the developing countries goat milk and meat will continue to be a basic food for rural 
population, in the developed ones the goat milk processing will continue to be a priority 
because of the increased demand for dairy products. 
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Abstract 
Information regarding morphology of endangered autochthonous donkey breed in Serbia is 
insufficient. The aim of the study was to establish 18 morphometric values for the Balkan 
donkey breed and to explore possible age dependence of the parameters tested. In addition, 
inter-breed similarity of morphometric parameters was assessed by comparing the data 
obtained for the Balkan donkey with available morphometric measurements of several 
previously characterized donkey breeds. The study population included 74 donkeys, 
divided in two age groups (group A  3 years; group B > 3 years). Significant 
morphometric differences (p<0.05) in body length, head length, chest circumference and 
body weight were found between two age groups. Significant differences in morphological 
parameters were revealed among the Balkan donkey and other donkey breeds (Catalonian, 
Croatian and Albanian). However, the smallest distance was between the Balkan donkey 
and Albanian donkeys as demonstrated by the results of cluster analysis. The results of 
morphometric analyses showed consistency of the obtained values within the breed, and 
diversity as compared to other donkey breeds, and, thus, could be taken as referent for the 
Domestic Balkan donkey. The information gained through this comprehensive 
morphometric characterization of the Balkan donkey breed provides a basis for 
conservation and development of the breed standard. 

Key words: breed characterization, Domestic Balkan donkey, morphological measures 
 

Introduction 
Local donkey breeds are important genetic resources. However, many of them are at risk of 
extinction as a result of intensive agrarian production and the socio-economic changes in 
the rural areas. Protection of genetic resources is one of the crucial issues aimed at 
biodiversity conservation as autochthonous breeds are vanishing at disturbing rate 
(Allendorf and Luikart, 2007). Genetic or morphological data for the most of donkey 
breeds are lacking. Information regarding main morphological and genetic characteristics 
should be acquired in initial investigations in order to preserve breeds. 
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Domestic Balkan donkey (Balkan donkey) is an endangered autochthonous breed 
widespread across the Serbian territory (Official Gazette of RS, no. 38/10, Kugler et al., 
2008). Over the last decades, the population of Balkan donkey has been constantly 
declining due to the loss of their economic importance. It is estimated that current number 
of sexually mature Balkan donkeys in Serbia is as low as 250-300 and they are under some 
form of surveillance and protection (Trailovic et al., 2011).  

The initial research in the process of donkey breed preservation relies on the phenotype 
study including the geographical distribution and morphometric characterization, along 
with the age differences (Folch and Jordana, 1997; Ivankovic et al., 2000; Rischkowsky 
and Pilling, 2007; Papa and Kume, 2012). Scientifically based data on donkey population 
in Serbia are deficient. The only available data are basic body measures (Trailovic et al., 
2011) and major hematological parameters (Vucicevic et al., 2011). Both these surveys, 
however, included small number of Balkan donkeys located in Stara Planina Mt. region. 
The aim of our study was to establish morphometric values for the endangered Balkan 
donkey breed by using representative sample acquired from two age categories. In order to 
assess inter-breed similarity within a context of morphometric parameters, the data 
obtained for the Balkan donkey were compared with morphometric parameters of several 
previously characterized domestic donkey breeds.  

 

Material and Methods  
The Balkan donkey population 
The majority of donkey population in Serbia is situated in following locations: the Special 
Nature Reserve “Zasavica” (SNR “Zasavica”, 44057  32,2  N 19031 32,7  E), the Stara 
Planina Mt. region (43°06 37 N 22°57 14 E) and in Kovilj village (45025 16,7  N 
19083 69,4  E) near Novi Sad. Besides that, small number of adult donkeys and foals is 
distributed over the country in individual households. In total, 74 heads have been included 
in this survey: 39 donkeys from SNR “Zasavica“, 16 donkeys from Stara Planina Mt. and 
19 donkeys located in Kovilj village. The study population included 6 males and 68 
females. In accordance with the previous investigations (Folch et al., 1997; Jordana et al., 
1998), the study population consisted of two age groups. The group A included 22 young 
donkeys (  3 years of age) while group B included 52 adult donkeys older than 3 years. 
The oldest animals in group B were 10 years old.  

Morphometric measurements  
In total, 18 body measures were selected for morphometric characterization of Balkan 
donkey. For six body variables (chest circumference, carpal circumference, tarsal 
circumference, tibia circumference, ear length and head length) a measuring tape was used. 
The additional 11 parameters (wither height, back height, hip height, chest depth, carpal 
height, tarsal height, body length, head width, chest width, croup length and croup width) 
were measured by the Lydtin stick. The body weight (BW) for each animal was calculated 
according to the formula:  

BW (kg) = (CC2 x BL) / 11877 

where CC and BL represent chest circumference and body length, respectively (Peji , 
1996). Microchip number, followed by age, coat color, specific distinctive signs and 
possible external defects were recorded for each animal. 
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The five body measures (wither height, chest depth, body length, chest width and chest 
circumference) were selected for inter-breed analysis among Balkan donkey and 
Catalonian donkey (Folch and Jordana, 1997), Croatian donkeys (Ivankovic et al., 2000) 
and Albanian donkeys (Papa and Kume, 2012).  

Statistical analysis 
The data recorded in this study were presented through mean, median, quartile range and 
coefficient of variation (CV). Shapiro-Wilk’s W test was used in order to assess the normal 
distribution of the data followed by Levene’s test for determination of the homogeneity of 
variances. Variables with normally distributed data and homogenous variances were 
compared between groups through the t-test, otherwise, the Mann-Whitney U-test was 
used. Similarity of Balkan donkey with other donkey breeds was examined through the 
cluster analysis, based on Euclidean distances and Ward’s method of linkage. The 
statistical differences for the five selected morphological parameters among donkey breeds 
were determined by using t-test. Differences were considered as significant for p values 
<0.05. Statistical analysis of the results obtained in the experiment was carried out using 
software STATISTICA v. 6 (StatSoft, Inc., Tulsa, OK, USA).  

 

Results  

The values of body measures displayed homogeneity (CV<30%) in both age categories 
(Table 1). Most of the body measures for adult donkeys followed normal distribution, 
while majority of the variables for young donkeys indicated not-normal data distribution 
(Shapiro-Wilk’s W test, p<0.05). Between groups A and B, there was a significant 
difference (p<0.05) in four out of eighteen parameters: body length, head length, chest 
circumference and body weight.  

 

 

Figure 1. Dendrogram of the cluster analysis showing relationships among the Domestic 
Balkan donkey and previously described European donkey breeds, based on the 
morphometric data.  

 
The results of t-test (Table 2) for five selected body measures showed the significant 

differences (p<0.01) when Balkan donkey (BALK) was compared to Catalonian donkey 
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(CAT) and Croatian donkeys (LD - Littoral-Dinaric donkey; NA - North-Adriatic 
donkey; IST - Istrian donkey). Comparison of Balkan donkey with Albanian donkey 
population (ALB) revealed no significant differences in body length values (p>0.05); 
however, values of chest depth (p<0.05), wither height (p<0.01), chest width (p<0.01) and 
chest circumference (p<0.01) were significantly different (Table 2). Results of hierarchical 
clustering demonstrated the smallest distance between Balkan donkey and Albanian 
donkeys (Figure 1).

T
ab

le
 1

. M
or

ph
om

et
ri

c 
m

ea
su

re
m

en
ts

 fo
r 

th
e 

D
om

es
tic

 B
al

ka
n 

do
nk

ey
 b

re
ed

Pa
ra

m
et

er
s 

A
ge

 g
ro

up
 A

 
A

ge
 g

ro
up

 B
 

 

B
od

y 
va

ri
ab

le
s 

(c
m

) 
M

ea
n 

M
ed

ia
n 

Q
ua

rt
ile

 
ra

ng
e 

C
V

(%
) 

M
ea

n 
M

ed
ia

n 
Q

ua
rt

ile
 

ra
ng

e 
C

V
(%

) 
p

W
ith

er
 h

ei
gh

t 
10

3.
3 

10
3.

5 
10

1.
0-

10
7.

0 
5.

7 
10

4.
9 

  1
04

.0
 

99
.0

-1
08

.5
 

8.
5 

0.
90

6 

B
ac

k 
he

ig
ht

 
10

1.
9 

10
1.

7 
99

.0
-1

06
.0

 
5.

9 
10

2.
8 

  1
02

.5
 

97
.5

-1
06

.7
 

8.
4 

0.
87

3 

C
he

st
 d

ep
th

 
  4

7.
1 

 4
6.

5 
45

.0
-5

1.
0 

10
.4

 
  4

7.
3 

46
.5

 
44

.0
-5

0.
7 

9.
9 

0.
85

9 

H
ip

 h
ei

gh
t 

10
6.

8 
10

7.
0 

10
5.

0-
11

1.
0 

5.
0 

10
7.

2 
  1

06
.7

 
10

2.
0-

11
2.

0 
7.

9 
0.

73
1 

T
ar

sa
l h

ei
gh

t 
 4

0.
7 

 4
0.

5 
39

.0
-4

2.
0 

5.
8 

  4
1.

3 
41

.0
 

38
.0

-4
4.

0 
9.

2 
0.

54
1 

C
ar

pa
l h

ei
gh

t 
 3

2.
0 

 3
1.

5 
30

.0
-3

4.
0 

6.
6 

 3
2.

4 
33

.0
 

30
.0

-3
4.

5 
11

.7
 

0.
75

7 

B
od

y 
le

ng
th

  
11

0.
3 

   
11

1.
5 

10
7.

0-
11

6.
0 

8.
7 

11
7.

2 
  1

17
.0

 
11

2.
0-

12
1.

5 
8.

2 
0.

00
2 

H
ea

d 
le

ng
th

 (t
) 

 4
7.

6 
  4

8.
0 

45
.0

-5
1.

0 
7.

7 
 4

9.
6 

49
.7

 
47

.0
-5

2.
0 

7.
3 

0.
03

8 

H
ea

d 
w

id
th

 
 2

1.
0 

  2
1.

0 
20

.0
-2

2.
0 

6.
8 

 2
2.

1 
21

.7
 

20
.7

-2
3.

0 
12

.4
 

0.
14

5 

E
ar

 le
ng

th
 (t

) 
 2

6.
1 

  2
6.

0 
25

.0
-2

7.
0 

8.
2 

 2
5.

6 
25

.0
 

24
.0

-2
7.

0 
8.

4 
0.

31
8 

C
ro

up
 le

ng
th

 
 2

9.
4 

  3
1.

5 
25

.0
-3

3.
0 

17
.1

 
 2

9.
9 

32
.0

 
24

.0
-3

5.
0 

21
.3

 
0.

67
4 

C
ro

up
 w

id
th

 
 3

3.
7 

  3
4.

0 
33

.0
-3

6.
0 

12
.3

 
 3

5.
0 

36
.0

 
32

.5
-3

8.
0 

12
.5

 
0.

19
8 

C
he

st
 w

id
th

 
 2

3.
9 

  2
4.

0 
23

.0
-2

5.
0 

11
.0

 
 2

4.
3 

24
.2

 
22

.5
-2

7.
0 

11
.9

 
0.

60
9 

C
he

st
 c

ir
cu

m
fe

re
nc

e 
11

4.
2 

11
4.

7 
11

2.
5-

11
8.

0 
8.

0 
11

9.
6 

  1
18

.5
 

11
4.

5-
12

4.
5 

8.
8 

0.
03

0 

C
ar

pa
l 

ci
rc

um
fe

re
nc

e 
 2

1.
0 

  2
1.

0 
20

.5
-2

2.
0 

6.
8 

 2
1.

4 
21

.0
 

19
.7

-2
2.

5 
11

.5
 

0.
89

6 

T
ar

sa
l

ci
rc

um
fe

re
nc

e 
 2

7.
3 

  2
7.

0 
26

.0
-2

9.
0 

7.
7 

 2
8.

6 
28

.0
 

27
.0

-2
9.

0 
10

.3
 

0.
14

2 

T
ib

ia
 c

ir
cu

m
fe

re
nc

e 
 2

3.
9 

  2
4.

0 
23

.0
-2

5.
0 

10
.7

 
 2

5.
0 

25
.0

 
23

.7
-2

6.
2 

12
.1

 
0.

27
5 

B
od

y 
W

ei
gh

t (
kg

) 
12

4.
9 

12
2.

0 
11

1.
0-

13
2.

0 
16

.9
 

14
3.

4 
  1

38
.5

 
12

3.
5-

15
5.

0 
  2

4.
8 

0.
00

5 

 (t
) –

 t-
te

st
; f

or
 th

e 
re

st
 o

f t
he

 v
ar

ia
bl

es
 U

 te
st

 w
as

 u
se

d 



115

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun
Ta

bl
e 1

. M
or

ph
om

etr
ic 

me
as

ur
em

en
ts 

fo
r t

he
 D

om
es

tic
 B

al
ka

n 
do

nk
ey

 b
re

ed
  

Pa
ra

m
ete

rs 
Ag

e g
ro

up
 A

 
Ag

e g
ro

up
 B

 
 

Bo
dy

 va
ria

bl
es

 (c
m

) 
M

ea
n 

M
ed

ian
 

Qu
ar

til
e r

an
ge

 
CV

 (%
) 

M
ea

n 
M

ed
ian

 
Qu

ar
til

e r
an

ge
 

CV
 (%

) 
p 

W
ith

er
 h

eig
ht

 
10

3.
3 

10
3.

5 
10

1.
0-

10
7.

0 
5.

7 
10

4.
9 

  1
04

.0
 

99
.0

-1
08

.5
 

8.
5 

0.
90

6 

Ba
ck

 h
eig

ht
 

10
1.

9 
10

1.
7 

99
.0

-1
06

.0
 

5.
9 

10
2.

8 
  1

02
.5

 
97

.5
-1

06
.7

 
8.

4 
0.

87
3 

Ch
es

t d
ep

th
 

  4
7.

1 
 46

.5
 

45
.0

-5
1.

0 
   

10
.4

 
  4

7.
3 

46
.5

 
44

.0
-5

0.
7 

9.
9 

0.
85

9 

Hi
p 

he
ig

ht
 

   
10

6.
8 

10
7.

0 
10

5.
0-

11
1.

0 
5.

0 
10

7.
2 

  1
06

.7
 

10
2.

0-
11

2.
0 

7.
9 

0.
73

1 

Ta
rsa

l h
eig

ht
 

 4
0.

7 
 40

.5
 

39
.0

-4
2.

0 
5.

8 
  4

1.
3 

41
.0

 
38

.0
-4

4.
0 

9.
2 

0.
54

1 

Ca
rp

al 
he

ig
ht

 
 3

2.
0 

 31
.5

 
30

.0
-3

4.
0 

6.
6 

 3
2.

4 
33

.0
 

30
.0

-3
4.

5 
  1

1.
7 

0.
75

7 

Bo
dy

 le
ng

th
  

   
11

0.
3 

   
11

1.
5 

10
7.

0-
11

6.
0 

8.
7 

11
7.

2 
  1

17
.0

 
11

2.
0-

12
1.

5 
8.

2 
0.

00
2 

He
ad

 le
ng

th
 (t

) 
 4

7.
6 

  4
8.

0 
45

.0
-5

1.
0 

7.
7 

 4
9.

6 
49

.7
 

47
.0

-5
2.

0 
7.

3 
0.

03
8 

He
ad

 w
id

th
 

 2
1.

0 
  2

1.
0 

20
.0

-2
2.

0 
6.

8 
 2

2.
1 

21
.7

 
20

.7
-2

3.
0 

  1
2.

4 
0.

14
5 

Ea
r l

en
gt

h 
(t)

 
 2

6.
1 

  2
6.

0 
25

.0
-2

7.
0 

8.
2 

 2
5.

6 
25

.0
 

24
.0

-2
7.

0 
8.

4 
0.

31
8 

Cr
ou

p 
len

gt
h 

 2
9.

4 
  3

1.
5 

25
.0

-3
3.

0 
   

17
.1

 
 2

9.
9 

32
.0

 
24

.0
-3

5.
0 

  2
1.

3 
0.

67
4 

Cr
ou

p 
wi

dt
h 

 3
3.

7 
  3

4.
0 

33
.0

-3
6.

0 
   

12
.3

 
 3

5.
0 

36
.0

 
32

.5
-3

8.
0 

  1
2.

5 
0.

19
8 

Ch
es

t w
id

th
 

 2
3.

9 
  2

4.
0 

23
.0

-2
5.

0 
   

11
.0

 
 2

4.
3 

24
.2

 
22

.5
-2

7.
0 

  1
1.

9 
0.

60
9 

Ch
es

t c
irc

um
fe

re
nc

e  
11

4.
2 

11
4.

7 
11

2.
5-

11
8.

0 
8.

0 
   

  1
19

.6
 

  1
18

.5
 

11
4.

5-
12

4.
5 

8.
8 

0.
03

0 

Ca
rp

al 
cir

cu
m

fe
re

nc
e 

 2
1.

0 
  2

1.
0 

20
.5

-2
2.

0 
6.

8 
 2

1.
4 

21
.0

 
19

.7
-2

2.
5 

  1
1.

5 
0.

89
6 

Ta
rsa

l c
irc

um
fe

re
nc

e 
 2

7.
3 

  2
7.

0 
26

.0
-2

9.
0 

7.
7 

 2
8.

6 
28

.0
 

27
.0

-2
9.

0 
  1

0.
3 

0.
14

2 

Ti
bi

a c
irc

um
fe

re
nc

e 
 2

3.
9 

  2
4.

0 
23

.0
-2

5.
0 

   
10

.7
 

 2
5.

0 
25

.0
 

23
.7

-2
6.

2 
  1

2.
1 

0.
27

5 

Bo
dy

 W
eig

ht
 (k

g)
 

12
4.

9 
12

2.
0 

11
1.

0-
13

2.
0 

   
16

.9
 

14
3.

4 
  1

38
.5

 
12

3.
5-

15
5.

0 
  2

4.
8 

0.
00

5 
(t)

 – 
t-t

es
t; 

fo
r t

he
 re

st 
of

 th
e v

ar
iab

les
 U

 te
st 

wa
s u

se
d 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

116

 Ta
bl

e 2
. C

om
pa

ris
on

 o
f m

or
ph

ol
og

ica
l p

ar
am

et
er

s o
f t

he
 D

om
es

tic
 B

al
ka

n 
do

nk
ey

s a
nd

 o
th

er
 d

on
ke

y b
re

ed
s a

nd
 p

op
ul

at
io

ns
 b

as
ed

 o
n 

t-t
es

t 

Br
ee

d 
W

ith
er

 h
ei

gh
t 

Ch
es

t d
ep

th
 

Bo
dy

 le
ng

th
 

Ch
es

t w
id

th
 

Ch
es

t c
irc

um
fe

re
nc

e 

M
ea

n 
t  

p 
M

ea
n

t 
p 

M
ea

n
t 

p 
M

ea
n

t 
p 

M
ea

n
t

p 

LD
 

  9
6.

9 
  7

.9
 

<0
.0

1 
42

.0
 

 9
.5

 
<0

.0
1 

10
2.

6 
10

.6
 

<0
.0

1 
23

.1
 

 3
.4

 
<0

.0
1 

11
2.

7 
  4

.3
 

<0
.0

1 

N
A

 
11

5.
2 

-1
1.

4 
<0

.0
1 

50
.9

 
-2

2.
9 

<0
.0

1 
12

1.
1 

-5
.0

 
<0

.0
1 

27
.3

 
-9

.4
 

<0
.0

1 
13

1.
8 

-1
1.

2 
<0

.0
1 

IS
T 

12
4.

0 
-2

0.
7 

<0
.0

1 
54

.7
 

-1
3.

6 
<0

.0
1 

13
1.

3 
-1

3.
6 

<0
.0

1 
29

.8
 

-1
7.

1 
<0

.0
1 

14
4.

0 
-2

1.
3 

<0
.0

1 

A
LB

 
10

7.
8 

 -3
.5

 
<0

.0
1 

46
.1

 
 2

.1
 

<0
.0

5 
11

3.
4 

 1
.5

 
  0

.1
3 

26
.7

 
 -7

.4
 

<0
.0

1 
12

5.
2 

  -
5.

8 
<0

.0
1 

CA
T 

 
13

6.
2 

-3
3.

6 
<0

.0
1 

59
.3

 
-2

1.
9 

<0
.0

1 
14

3.
8 

-2
4.

2 
<0

.0
1 

32
.4

 
-2

4.
8 

<0
.0

1 
15

4.
7 

 -3
0.

1 
<0

.0
1 

BA
LK

 
10

4.
5 

 
 

47
.3

 
 

 
11

7.
9 

 
 

24
.3

 
 

 
11

4.
9 

 

LD
 - 

Li
tto

ra
l-D

in
ar

ic
 d

on
ke

y;
 N

A 
- N

or
th

-A
dr

iat
ic

 d
on

ke
y;

 IS
T 

- I
str

ia
n 

do
nk

ey
 (I

va
nk

ov
ic

 et
 al

., 
20

00
); 

A
LB

 - 
A

lb
an

ian
 d

on
ke

y 
po

pu
la

tio
n 

(P
ap

a a
nd

 K
um

e, 
20

12
); 

CA
T 

- 
Ca

ta
lo

ni
an

 d
on

ke
y 

br
ee

d 
(F

ol
ch

 an
d 

Jo
rd

an
a, 

19
97

); 
BA

LK
 - 

D
om

es
tic

 B
alk

an
 d

on
ke

y.
 

       



117

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

7

Discussion  
In this study the Balkan donkey breed was characterized through the morphometric 
investigation. The obtained values were compared between donkeys classified into group 
A ( 3 years of age) and group B (>3 years of age). Animals disclosed high homogeneity of 
body values (5.08%  CV  24.8%) in both age groups although three different 
geographical populations of donkeys have been investigated. This high level of 
homogeneity points out to the uniformity of morphometric characteristics of the Balkan 
donkey breed. Significant morphometric differences in body length, head length, chest 
circumference and body weight were found between age groups. Since the body weight 
was calculated using body length and chest circumference, changes in these parameters 
obviously generated the change in weight. Variations in chest circumference and body 
length were expected due to the processes of growth and lipogenesis which follow increase 
in foals’ weight and reproductive status of investigated animals. Comparison of the 
selected morphological parameters revealed significant differences among the Balkan 
donkey and other donkey breeds (Catalonian, Croatian and Albanian). Cluster analysis 
indicated morphological similarity between Balkan donkey and Albanian donkeys. This 
could be attributed to close geographic proximity and the overlap of their habitats. 
Additional molecular characterization of both breeds is needed to get insight in their 
molecular genetics diversity.  

 

Conclusion 
The results of morphometric characterization of the endangered Balkan donkey breed 
showed consistency of the obtained values within the breed and differences when 
compared to other previously described donkey breeds. According to the normal 
distribution of the body measures determined and significant morphological differences in 
wither height, chest depth, body length, chest width and chest circumference among the all 
above mentioned breeds, recorded values for Balkan donkey could be taken as referent. 
The information gained through the morphometric analysis provides a basis for 
development of the breed standard and an introduction for genetic research of donkey 
populations in Serbia, which is currently underway in our laboratory. The obtained results 
will provide useful information in order to preserve donkeys as animal genetic resource 
(FAO, 2011). 
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Abstract 
Istrian and Littoral Dinaric donkey are autochthonous breeds which habitat primarily in the 
Mediterranean part of Croatia. During the second half of the 20th century they have lost 
primary function as working animals, which led to breeds suppression. Nowadays these 
two breeds are in the status of endangered ones. One of the possibilities for their economic 
re-affirmation is launching the program for production and processing donkey’s milk. The 
aim of the study was to determine the possibility of milk production of Istrian and Littoral 
Dinaric jennies in terms of quantity and chemical composition. Istrian jennies produce 
745.4 mL/milking while Littoral Dinaric produce 317.8 mL/milking. Milk form Littoral 
Dinaric jennies contained a significantly higher proportion of milk fat and proteins. There 
were no significant differences in the content of lactose, dry matter, number of somatic 
cells and microorganisms in milk between these two breeds. Considering the potential for 
milk production and milk quality, we believe that both breeds are suitable for integration in 
the programs for milk production, thus enabling for both population to be economically 
sustainable. It is necessary to develop production technology and markets, with special 
emphasis considering quality of donkey milk and safety of consumers. 

Key words: autochthonous breeds, chemical composition, donkey milk, utilisation 

Introduction 
Conservation of autochthonous breeds of domestic animals in recent decades has been  
imposed as one of the important demands in global and national animal production. Safety 
of food production in the future may considerably depend on cumulative adaptability 
preserved in autochthonous, today often neglected breeds. Based on past experience, 
analysis and assumptions for development of environment for food production FAO set a 
new strategic guidelines for the protection of animal genetic resources in the Global Plan 
of Action for Animal Genetic Resources, accepted in Interlaken in 2007 (FAO, 2007). 

Donkeys are one of the important species of domestic animals, particularly adapted to 
areas with small amount of rainfalls and scarce vegetation. Such areas are now found in the 
Mediterranean countries of Europe, Middle East, Asia and Africa. Today 193 donkey 
breeds  are registered, of which 29% breeds in Europe, 24% breeds in Near East, 17% 
breeds in Asia and Pacific, 14% breeds in Africa, 13% in Latin America and the 
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Caribbean, and 3% breeds in the area of North America (FAO, 2014). Preserved genetic 
diversity of donkeys in Europe reflects the efforts of preserving all existing breeds as well 
as more complete inventory of the donkey breeds in the field. In Croatia in the area of the 
Mediterranean and sub-Mediterranean climate zones three autochthonous donkey breeds 
are preserved, Littoral Dinaric, North-Adriatic and Istrian donkey. In the past these breeds 
played an important role in the cultivation of small agricultural lands, transport of goods 
and people, especially in the Dinaric and insular areas in Croatia. 

Littoral Dinaric donkey has the largest population size, mainly distributed in central and 
southern Mediterranean part of Croatia, although it can be found in other areas. Because of 
small body frame and small body weight it belongs to a group of small donkeys in the 
world. On the contrary, Istrian donkey is a breed with larger body frame and larger body 
mass. It is assumed that in the origin of Istrian donkey some Italian breeds were involved, 
while breeds with smaller body frame, mostly from Southeast Europe, participated in 
shaping of Littoral Dinaric donkey. Ivankovi  et al. (2000) report that Littoral Dinaric 
donkey has withers height 97 cm and body weight 93 kg, while the Istrian donkey is 
considerably more developed, with withers height of 124 cm and body weight of 218 kg. 

Social and economic changes that took place during the second half of the 20thcentury, 
especially agriculture industrialization and depopulation of rural areas, caused the 
reduction in demand for working animals like donkeys. Their number during mentioned 
period was notably reduced. If we consider reproductive aspect, all breeds were neglected 
(due to reduced necessity for young animals). In the middle nineties of the 20thcentury the 
interest for donkey breeds as genetic heritage was initiated and breed inventory was made. 
In terms of breeds preserving, relatively small population size and poor reproductive 
activity of the population were troubling. In recent years some efforts are taken to find new 
models of economic utilization of donkeys in order to save the breed from extinction, to 
improve reproduction, to preserve the identity of the region and to improve food offer. 
Milk production of autochthonous donkey breeds is one of the favorable opportunities 
because it is based on regular reproduction. Although in Croatia tradition of donkey milk 
production does not exist, in times of insufficient medical care and protection, it was often 
used in small quantities as a functional food (drug) in the rehabilitation of various health 
disorders, particularly in the treatment of diseases of the respiratory system. Such 
traditional knowledge is still present in the population, and is often used as functional food 
in the treatment of some diseases of the immune, circulatory, respiratory, and other 
systems nowadays. Due to the market demand a small number of donkey farms for milk 
production were established in Croatia. Such farms try to achieve economic sustainability, 
but they also increase chances for long-term conservation of autochthonous breeds. Since 
there is very little knowledge about the potential of autochthonous donkey breeds in milk 
production, the aim of this research was to determine milk yield and chemical milk 
composition of Littoral Dinaric and Istrian breed. 

 

Materials and methods 
The study included 28 jennies from three farms (Pula, Imotski, Ivani  Grad), of which 
eight were Istrian, and 18 jennies from Littoral Dinaric breed. Jennies were kept in the 
whole day free housing system. Meal was primary pasture and concentrate in the amount 
of about one kg/day (a mixture of corn and barley; 50:50). Each jenny was subjected to 
two control manual milking during June and July in 2013. Three hours before milking 
foals were separated (physically) from the mothers to avoid milk suckling. After milking, 
the amount of milk was measured and milk samples for chemical and hygienic analysis 
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were taken. The samples were immediately frozen at -20°C and stored till chemical 
analysis was performed. Chemical composition is determined by infrared 
spectrophotometry according to HRN ISO 9622:2001. With fluoro-opto-electronic method 
according to HRN EN ISO 13366-2:2007/Ispr.1: 2007 the number of somatic cells account 
(SCC) is determined. Quantitative determination of the number of microorganisms in the 
milk (BCC) is done using epifluorescent flow cytometry method, according to IDF 
161A:1995. The results were processed using the GLM procedures of the SAS statistical 
package (SAS Institute, 1999). 

 

Results and discussion 
Research has shown that the Istrian jennies produce significantly higher amount of milk 
(p<0.001) compared to Littoral Dinaric (745.38 vs. 317.83 mL/milking). This result is 
expected if we consider relation between the size of the body frame and body mass (218 
vs. 93kg) partly. Given the amount of milk produced in one milking, we can conclude that 
their potential is beneficial, especially of Istrian jennies. Salimei and Fantuz (2012) 
observed (based on several studies: Alalbiso et al., 2009; Chiofalo et al., 2004; Guo et al., 
2007; Ivankovi  et al., 2009) significant variability in the amount of milk at hand milking 
(466 260 mL/milking), in relation to the machine milking (772 148 mL/milking). 
Introduction of machine milking in the regular procedure is acceptable to farmers after 
organisation of market conditions considering donkey’s milk, and establishing continuity 
of demand. Taking into account that jennies in the regular milking procedure could be 
milked four times per day, the amount of milk of mentioned breeds would be sufficient for 
its sustainable production. Average values and chemical composition of donkey’s milk are 
shown in Table 1. 

 
Table 1. Chemical composition and hygienic parameters of Istrian and Littoral-Dinaric donkey 

milk 

Traits Istrian donkey Littoral-Dinaric donkey Significance 
level Mean St.dev. Mean St.dev. 

Milk yield (mL/milking) 745.38 302.23 317.83 154.81 *** 
Dry matter (%) 8.44 0.321 8.55 0.570 ns 
Lactose (%) 5.92 0.305 5.85 0.419 ns 
Fat (%) 0.42 0.112 0.59 0.151 ** 
Protein (%) 1.47 0.194 1.63 0.248 * 
SCC  10.600 2.200 9.500 1.900 ns 
BCC  2.600 1.250 6.240 2.460 ns 
*** P<0.001; ** P<0.01; * P<0.05; ns – not significant 
 
Milk dry matter and lactose in researched donkey breeds did not differ significantly. 
Furthermore, significant differences in the number of SCC and BCC in the milk between 
breeds are not observed. Milk of Littoral-Dinaric jennies contain higher amount of milk fat 
content (P<0.01) and milk protein (P<0.05) compared to the milk of Istrian jennies (0.59 
vs. 0.42%, 1.63. vs. 1.47%). Compared to previous studies (Guo et al., 2007; Piccione et 
al., 2008; Alalbiso et al., 2009; Chiofalo et al., 2004; Ivankovi  et al., 2009) observed 
content of milk fat is much lower, while content of milk protein does not differ 
significantly. The number of SCC and BCC is very small, which is in agreement with 
previous studies. This can be explained by frequent milking or frequent suckling of foals, 
which prevents longer retention of milk in the udder as well as short teats canal of udder. 
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In addition, donkey milk contains certain substances that inhibit the growth of 
microorganisms (lysosyme, lactoferrin), which prevents their significant growth in the 
udder. The amount of lysozyme is almost twenty times higher, while the amount of 
lactoferrin is almost three times higher in jennie's than in cow’s milk (Salimei and Fantuz, 
2012).  

There was a significant negative correlation between milk yield and fat content (P<0.05), 
i.e. milk yield and protein content (P<0.01). Knowing the physiology of the synthesis and 
milk releasing the observed correlation is understandable, as well as observed positive 
correlation between milk fat and milk protein content (P<0.01; Table 2). 

 
Table 2. Correlation coefficients of donkey milk composition components 

 Dry matter Lactose Fat Protein SCC BCC 
Milk yield -0.196 -0.022 -0.361* -0.419** 0.564** -0.324 
Dry matter  0.875** 0.455** 0.673** 0.072 0.063 
Lactose   0.169 0.239 0.150 0.052 
Fat    0.603** 0.171 0.451* 
Protein     -0.131 0.051 
SCC   0.761**
** P<0.01; * P<0.05 
 
Positive correlation between milk yield and SCC as well as SCC and BCC microorganisms 
is observed (P<0.01). This indicate that the majority of milk yield is actually synthesized 
and deposited in mammary cisterns and canals, and only small portion of milk is 
synthesized during the second phase of the milking.  

 

Conclusion 
This research indicates favorable potential of Littoral Dinaric, and especially Istrian jennies 
for milk production. The interest of the farmers is determined by market conditions, i.e. by 
the continuity of demand for donkey milk. There is the need to establish processing units 
that could process donkey milk into nutritional products or cosmetic products. Since the 
production technologies were undeveloped, it is necessary to improve them and introduce a 
machine milking as standard procedure on larger dairy farms. Development of such 
programs, with richer offer of different dishes raises the sustainability of endangered 
donkey breeds, enriches the tourist offer and maintains the overall biodiversity of the area. 
It is necessary to adopt health norms for milk safety and continue to research the effects of 
donkey milk on consumer’s health. 
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Abstract 
Variance components for sow litter size traits were estimated using the REML method. 
Number of live born piglets (NBA), number of still born piglets (NSB), number of total 
born piglets (NTB) and number of weaned piglets (NW) were treated as traits which 
repeated several times during sow lifetime - repeatability model. Results of the fertility of 
Swedish Landrace sows realized on three pig farms in the Republic of Serbia were 
presented in four data sets DS1 (farm 1), DS2 (farm 2), DS3 (farm 3) and DS23 (farms 2 
and 3 together). Fixed part of the model for litter size traits at farrowing (NBA, NSB and 
NTB) included parity, mating season as year-month interaction, litter genotype and 
weaning to conception interval as class effects. The age at farrowing was modelled as a 
quadratic regression nested within parity, whereas preceding lactation length was included 
as linear regression.  In case of NW the model included parity, weaning season as year-
month interaction, number of piglets in litter subsequent to crossfostering and litter 
genotype as class effects. The age at farrowing was included into the model in the same 
way as in case of previous traits. Random part of the model was the same for all analysed 
traits and represented as effect of common environment in litter where sows had been born, 
permanent effect of environment in sows’ litters and direct additive genetic effect. 
Heritability of NBA varied between 0.050 (DS2) and 0.076 (DS3), NSB between 0.004 
(DS3) and 0.027 (DS2), NTB between 0.065 (DS2) and 0.073 (DS3) and of NW between 
0.010 (DS2) and 0.028 (DS1). Share of permanent environment of sow in phenotypic 
variance was higher than share of litter effect and mostly lower than share of direct genetic 
effect. 

Key words: heritability, litter size traits, pigs, variance components 

Introduction 
In order to achieve maximum accuracy in evaluation of breeding value of sows for litter 
size traits, it is necessary to estimate as accurately as possible their variance components. 
For that purpose, it is necessary to determine the most optimal mixed model for analysis. 
That means to include all class, regression and random effects which influence variation of 
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mentioned traits. Determining of these effects is based on knowledge of the biology of pig 
fertility.  

The litter size traits, at least most of them, are low hereditary traits which impedes their 
improving through selection. On the other hand, direct additive genetic effect is the the 
most common source of variation in relation to other variance components (random 
effects). Another problem related with improvement of litter size traits through selection is 
fact that those traits can be under negative maternal effect, and they can only be measured 
in sows after first farrowing which effects prolonging of the generation interval. Also, 
undesirable correlation between litter size and some important carcass quality traits which 
for a long time have been in the center of attention in pig selection (i.e. back fat thickness) 
is well known. Mentioned litter size traits are expressed several times during a lifetime of 
breeding females. It can cause dilemma whether these traits should be approached as traits 
which repeat several times during lifetime (repeatability model) as suggested by Logar 
(2000) or as specific traits (multi trait model) as presented by Tholen et al. (1998). 

Residual Maximum Likelihood method (REML) is mostly applied for estimation of 
variance components of production traits in pigs which enables the most objective 
estimation of parameters using information deriving from the matrix of animal 
relationship. 

The objective of this study was to estimate variance components of litter size traits, based 
on reproduction performance realized on three pig farms in the Republic of Serbia, as 
follows: number of live born piglets (NBA), number of still born piglets (NSB), number of 
total born piglets (NTB) and number of weaned piglets (NW) for the purpose of selecting 
traits which would be included into aggregate genotype in estimation of the breeding value 
of sows. This is extremely important for building of modern selection system in pig 
production. Radojkovi  et al. (2012) stated that despite the great genetic progress in the last 
two decades in terms of production traits of pigs, biological limits have not been reached. 
Traits are still characterized by significant phenotypic and genetic variability, which, in 
addition to heredity, variable in different traits, provides the basis for the expectation that 
conventional selection will enable continuous improvement of production performance of 
pigs for significant number of years to come.  

 

Materials and methods 
Litter records of Swedish Landrace sows (the largest pig breed population in Serbia) 
collected over a period of 13 years on three pig farms (farm 1, 2 and 3) in the Republic of 
Serbia were analysed in this study. Data sets from mentioned farms have been marked as 
DS1 (farm 1), DS2 (farm 2), DS3 (farm 3) and as DS23 when analysed data included a 
combination of fertility records from farms 2 and 3. In Table 1 the structure of analysed 
data and used pedigree files per farm is presented. 

Average number of litters per sow, as well as average number of selected sows per litter, 
was approximately similar on all farms, indicating rather equal structure of analysed data 
sets.  

Pedigree files were done for three generations. Share of ancestors in total number of 
animals in pedigree file was the lowest in case of DS1 (14.39%), and highest in case of 
DS3 (32.86%). Only in DS3 is the number of base animals greater than 15%, this pulls the 
base animal percentage in the combined dataset. 
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Table 1. Structure of data sets and pedigree files (second part of table) 

Parameter DS1 DS2 DS3 DS23 
No. of litters 11014 6757 8452 15209 
No. of sows 2803 1826 2235 4061 

Average no. of litters per sow 3.93 3.70 3.78 3.74 
No. of sires 192 127 157 204 

No. of litters from which sows are 
selected 

 
2022 

 
1344 

 
1617 

 
2636 

Average no. of sows per common 
litter 

 
1.39 

 
1.36 

 
1.38 

 
1.54 

Total no. of animals 
in pedigree file 

 
3274 

 
2559 

 
3329 

 
5023 

No. of animals with records 2803 1826 2235 4061 
No. of ancestors 471 733 1094 962 

No. of base animals 
(percentage, %)

330 
(10.07%)

374 
(14.61%)

728 
(21.87%) 

808 
(16.09%)

 

Based on presented number of sires, averagely selected sows per litter and number of 
ancestors in pedigree, the presence of strong genetic relation between farms 2 and 3 is 
noticeable since significant number of Swedish Landrace boars was used on both farms.  
This was reason why variance components of analysed traits were also determined based 
on data from both farms together, as well as separately for each farm.  

In Table 2 the number of analysed data, average values and phenotypic variability of litter 
size traits in analysed DS are presented. 

Table 2. Descriptive statistics for litter size traits according to analysed data sets 

Trait Data set No. of records X SD min max CV 
Number of live DS1 11014 9.13 2.66 0 19 29.14 

born piglets DS2 6757 9.76 2.78 0 20 28.49 
(NBA) DS3 8452 9.76 2.89 0 20 29.66 

DS23 15209 9.76 2.84 0 20 29.15 
Number of still DS1 11014 0.77 1.21 0 14 156.78 

born piglets DS2 6757 0.68 1.05 0 11 154.31 
(NSB) DS3 8452 0.52 0.96 0 15 182.51 

 DS23 15209 0.59 1.00 0 15 168.83 
Number of total DS1 11014 9.90 2.84 1 20 28.69 

born piglets DS2 6757 10.44 2.90 1 20 27.78 
(NTB) DS3 8452 10.29 2.96 1 20 28.75

 DS23 15209 10.36 2.93 1 20 28.33
Number of DS1 11014 7.83 2.38 0 14 30.45 

weaned piglets DS2 6757 8.68 1.83 0 13 21.09 
(NW) DS3 8452 8.53 2.36 0 13 27.71 

DS23 15209 8.60 2.14 0 13 24.94 
  

Analysed traits of litter size showed no significant differences between farms, in regard to 
average, or parameters of phenotypic variability. Only the average NW in DS1 was lower 
compared to the other farms.  
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Variance components of studied traits and share of single variance components in the 
phenotypic were estimated using the method of Residual Maximum Likelihood - REML. 
Application of REML method for estimation of dispersion parameters is necessary due to 
fact that sample representing the basis for estimation is not random, but is a population 
under selection. During determination of variance parameters using REML method 
analysed traits were treated as traits which repeat several times during a production 
lifetime (repeatability model). In such treatment of the litter size traits, a confounding 
problem involving maternal effect can occur but it is successfully solved by inclusion of 
the litter in which animals were born as a random effect in the model (Andersen, 1998; 
Logar, 2000; and Lukovic et al., 2004). 

Special method of data preparation enabled simultaneous application of two different 
models used for analysis of the variability of litter size traits at birth (NBA, NSB and NTB) 
in litters of primiparous and older sows. This approach is a consequence of the fact that in 
the litters of primiparous sows two very important effects are not expressed, duration of 
previous lactation and period from previous weaning to conception.    

In preparation of data, in reference to the effect of duration of previous lactation, real 
values of this parameter (in litters of older sows) were substituted with deviation from the 
average value for duration of lactation on farm (real value of the parameter minus average 
value), and in primiparous sows, for this parameter value 0 was included. When duration 
of lactation is included into the model as linear regression effect, it means that in 
primiparous sows this effect is not present, whereas for other parities, the effect of this 
factor on other traits of litter size at birth is normally analysed.   

The effect of duration of period from weaning to conception on size of subsequent litter 
was studied as a fixed effect with categorical classes. According to previous findings 
relating to specific expression of this effect on litter size traits at birth, as well as 
distribution of frequency of this parameter, duration of this period was divided into 10 
classes, as suggested by Lukovic et al. (2003), in the way presented in Table 3. 

 
Table 3. Classes of duration of the period from weaning to conception 

Class 1 2 3 4 5 6 7 8 9 10 
Duration (days) <4 4 5 6 7 8 9 10-23 24-32 32 

 

In the results pertaining to fertility realized in the first farrowing, for duration of period 
from weaning to conception, it was necessary to include any value besides those presented 
in Table 3. In that case, in analysis of variance of studied traits for fertility results for first 
farrowing, forming of unit vector occurs, since the same values appear. The model 
practically ignores this effect (since in this case there is no variability – it is not possible to 
calculate variance, i.e. it is equal 0) in primiparous sows, whereas in case of results of 
realized fertility in latter parities this effect is taken into consideration without any 
disturbances.  

In scalar notation, used models for estimation of variance components of litter size traits at 
birth (NBA, NSB and NTB) by REML method are presented in equation (1): 
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where yqijklmno represents NBA, NSB or NTB in litters of primiparous sows (y = 1) or older 
sows (y = 2). Class effects in the models were: parity (Pi), mating season as interaction of 
year and month (Sj), litter genotype (LGk) and interval from weaning to conception (WCl). 
Age of the sow at farrowing was modelled as square regression effect nested between 
parities (xijklmno), whereas duration of previous lactation was included as a linear regression 
effect (zijklmo). Random part of the models is presented through the effect of common 
environment in the litter where sows were born (lm), permanent effect of the environment 
in sows’ litters (pijklmno) and direct additive genetic effect (aijklmno). Previous analyses 
showed a negligible estimate for the maternal effect which was reason for exclusion of this 
effect from the models. This effect was probably not expressed because on every farm 
equalization of litters was done by crossfostering of piglets.  

Model used for estimation of variance components of NW is presented in equation (2): 
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where yijklmno represents NW. Indications of the effects have the same meaning as in 
equation (1) except Sj which in this case is the effect of weaning season as an interaction 
between year and month. The model also included as a fixed effect, the number of reared 
piglets in litter (Rl), i.e. number of piglets in litter after equalization. The purpose for 
inclusion of this effect into the model was to diminish the effect of equalization procedure 
on variability of NW, as well as on objectivity of calculated parameters of dispersion. The 
statistical significance of systematic influences which have been included in the models 
and coefficients of determination were shown in the paper presented by Radojkovi  et al. 
(2007). 

For estimation of phenotypic and genetic variances of analysed traits by REML method, as 
well as establishing the percentage share of individual variance components in phenotypic 
variance, was used program package "VCE-5" (Kovac et al., 2002). Previously fixed part 
of the model was analysed using procedures of the program package "SAS/STAT" (SAS 
Inst. Inc., 2001). 

 

Results and discussion 
The shares of individual variance components in the phenotypic variance for NBA are 
presented in Table 4.  

As presented in equations (1 and 2), direct additive genetic effect of the animal, effect of 
common litter environment and effect of permanent environment which sows provide to 
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their litters are included as random effects within mixed model used for estimation of 
parameters using REML method in all traits. 

 
Table 4. Estimation of the share of individual variance components in the phenotypic variance for 

number of live born piglets (NBA) 

Data 
set 

2
Phˆ * )ĥ(

2
2seĥ  )l̂(

2
2sel̂  )p̂(

2
2sep̂  

DS1 6.389 0.055 ± 0.004 0.027 ± 0.005 0.038 ± 0.006
DS2 7.224 0.050 ± 0.004 0.018 ± 0.004 0.053 ± 0.007
DS3 7.744 0.076 ± 0.008 0.012 ± 0.004 0.058 ± 0.007 

DS23 7.584 0.064 ± 0.008 0.028 ± 0.005 0.048 ± 0.007 
* - 2

Phˆ : estimates of phenotypic variance; 2ĥ : estimates of the heritability; 2l̂ : estimates of the common 

litter effect; 2p̂ : estimates of the effect of permanent environment 
 

Values of heritability coefficients varied from 0.050 (DS2) to 0.076 (DS3) and it can be 
stated that they were rather uniform in studied DS. Presented interval of values of 
heritability coefficients obtained in this research is very close to values shown by Kim 
(2001); Noguera et al. (2002); Chen et al. (2003); Stella et al. (2003); Vukovic (2003); and 
Holm et al. (2004). Higher values of studied parameter were presented by Logar (2000); 
Hannenberg et al. (2001); Peskovicova et al. (2002); Lukovic et al. (2004); Holm et al. 
(2005); Radojkovi  et al. (2005); Lukovic et al. (2007); Ibanez-Escriche et al. (2010); 
Pandey and Singh (2010); and Wolf (2010). 

The effect of litter in which sows were born explained from 1.2 % (DS3) to 2.8 % (DS23) 
of total variability of studied trait. Although the share in total variability of NBA explained 
by this effect was small, in certain cases (DS1) it was almost 50 % of direct additive 
genetic effect, which justified its inclusion in the model. Results obtained in this research 
are in accordance with results presented by Logar (2000); Lukovic et al. (2004) and 
Lukovic et al. (2007). 

Share of the effect of sow permanent environment in total variability of NBA varied in 
interval from 0.038 (DS1) to 0.058 (DS3). Part of phenotypic variance explained with this 
effect was considerably high, in case of DS2 even higher than direct additive genetic 
effect. In concordance to results obtained in this research are results relating to influence of 
this effect on variation of studied trait presented by Logar (2000); Vukovic (2003); Stella 
et al. (2003); Wolf et al. (2005); Lukovic et al. (2004); Lukovic et al. (2007) and Wolf 
(2010). Somewhat higher values were presented by Hanenberg et al. (2001); Damgaard et 
al. (2003); Chen et al. (2003) and Barbosa et al. (2010), whereas Peskovicova et al. (2002) 
established lower value.  

Estimation of the share of individual variance components in total variability of NSB 
established based on different data sources is presented in Table 5.  

Heritability of studied trait varied within 0.004 (DS3) and 0.027 (DS2), and it was in 
accordance with results obtained in application of this method by Kim (2001) and Vukovic 
(2003), whereas Hannenberg et al. (2001) established slightly higher value for the studied 
parameter.  

The effect of common litter environment explained a very small part of total variability of 
studied trait in the interval from 0.4 % (DS3) to 2.0 % (DS1), whereas the effect of 
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permanent environment of sows explained a slightly higher share which varied from 1.5 % 
(DS1) to 3.1 % (DS2) of total NSB variability.  

 
Table 5. Estimation of share of variance components in the phenotypic variance for number of still 

born piglets (NSB) 

Data set 2
Phˆ * )ĥ(

2
2seĥ  )l̂(

2
2sel̂  )p̂(

2
2sep̂  

DS1 1.378 0.025 ± 0.003 0.020 ± 0.003 0.015 ± 0.004 
DS2 1.070 0.027 ± 0.005 0.006 ± 0.003 0.031 ± 0.005 
DS3 0.884 0.004 ± 0.003 0.004 ± 0.003 0.025 ± 0.006 
DS23 0.967 0.016 ± 0.003 0.004 ± 0.002 0.028 ± 0.004 

* - 2
Phˆ : estimates of phenotypic variance; 2ĥ : estimates of the heritability; 2l̂ : estimates of the common  

litter effect; 2p̂ : estimates of the effect of permanent environment 
 

In Table 6 the share of individual variance components in the phenotypic variance of NTB 
is presented.  

Direct additive genetic effect explained from 6.5% (DS2) to 7.3% (DS3) of total variability 
of studied trait which are lower values compared to results presented by Logar (2000); 
Marios et al. (2000); Kim (2001); Hannenberg et al. (2001); Serenius et al. (2003); 
Vukovic (2003); Wolf et al. (2008); Barbosa et al. (2010) and Schneider et al. (2012).  

The effect of common litter environment was lower than the direct additive genetic effect 
and its share in total variability of NTB varied in the interval from 0.015 (DS3) to 0.034 
(DS23), which is in accordance with results presented by Logar (2000); Marios et al. 
(2000) and Bolet et al. (2001). 

 
Table 6. Estimation of the share of individual variance components in the phenotypic variance for 

number of total born piglets (NTB) 

Data set 2
Phˆ * )ĥ(

2
2seĥ  )l̂(

2
2sel̂  )p̂(

2
2sep̂  

DS1 7.293 0.066 ± 0.007 0.032 ± 0.005 0.040 ± 0.005 
DS2 7.846 0.065 ± 0.011 0.025 ± 0.009 0.030 ± 0.011 
DS3 8.022 0.073 ± 0.007 0.015 ± 0.007 0.065 ± 0.011 
DS23 8.009 0.067 ± 0.008 0.034 ± 0.005 0.041 ± 0.005 

* - 2
Phˆ : estimates of phenotypic variance; 2ĥ : estimates of the heritability; 2l̂ : estimates of the common  

litter effect; 2p̂ : estimates of the effect of permanent environment 
 

Share of permanent effect of sow in the phenotypic variance of studied trait was lower than 
additive effect, but higher than the effect of litter, and varied in the interval from 0.030 
(DS2) to 0.065 (DS3). Similar results in regard to share of this effect in total variability of 
NTB were obtained by Logar (2000); Kim (2000) and Wolf (2010). Contrary to mentioned 
authors Hannenberg et al. (2001); Damgaard et al. (2003) and Barbosa et al. (2010) 
established higher share of this effect compared to the values interval presented in this 
research, whereas the value of this parameter presented by Vukovic (2003) was lower. 
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Phenotypic variances, heritability as well as individual shares of other random effects in 
total variability of NW established based on analysed data sets  are presented in Table 7. 

 
Table 7. Estimation of the share of individual variance components in the phenotypic variance for 

number of weaned/ reared piglets (NW) 

Data set 2
Phˆ * )ĥ(

2
2seĥ  )l̂(

2
2sel̂  )p̂(

2
2sep̂  

DS1 2.384 0.028 ± 0.005 0.007 ± 0.003 0.019 ± 0.006 
DS2 1.593 0.010 ± 0.004 0.002 ± 0.002 0.041 ± 0.006 
DS3 1.739 0.013 ± 0.005 0.002 ± 0.002 0.018 ± 0.006 
DS23 1.674 0.011 ± 0.003 0.012 ± 0.005 0.017 ± 0.004 

* - 2
Phˆ : estimates of phenotypic variance; 2ĥ : estimates of the heritability; 2l̂ : estimates of the common  

litter effect; 2p̂ : estimates of the effect of permanent environment 
 

Heritabilities of studied trait were extremely low and varied in the interval from 0.010 
(DS2) to 0.028 (DS1) what is in accordance with results obtained by Radojkovi  et al. 
(2011). Obtained values of this parameter were lower than values established using this 
method procedure on data sets proportional in regard to scope of data used in the analysis 
by Kim (2001); Chen et al. (2003); Vukovic (2003); Radojkovi  et al. (2005) and Pandey 
and Singh (2010). Even though the effect of number of reared piglets in litter after 
equalization (Rl) was included in applied model for genetic analysis of this trait, such 
attempt did not enable overcoming of the problem caused by equalization in analysis. With 
this model, in practice, the genetic variability of the ability of sow to rear certain number of 
piglets was estimated, and not the number of reared piglets in the narrow sense of the term.  

The effect of litter explained only from 0.2 % (DS2 and DS3) to 1.2 % (DS23) of total 
variability. 

Share of permanent effect of sows in total variability of NW was, with the exception of 
DS1, higher than direct additive effect and varied in the interval from 0.017 (DS23) to 
0.041 (DS2), which is in concordance with the result presented by Chen et al. (2003). 
Slightly higher share of this effect in phenotypic variance of studied trait was established 
by Kim (2001), whereas Vukovic (2003) established lower value. 

 

Conclusion 
Share of additive genetic component of heritability in total phenotypic variability was the 
highest of all analysed variance components of litter size traits at farrowing (NBA, NSB 
and NTB), whereas in case of NW it was lower than the effect of permanent environment 
of sow which she provides to litters. Presented values of heritability varied within the  
limits of values which in application of REML method were also established by other 
authors except for NW whose deviance may be the consequence of litter equalization. 
Share of permanent environment of sow was higher than the share of litter (except in NSB, 
DS1) and mainly lower than share of direct genetic effect (except in cases: NBA, DS2; 
NSB, DS2, DS3 and DS23; NW, DS2, DS3, DS23). Share of phenotypic variability of 
studied traits which was explained by the effect of litter and permanent environment was 
within the limits of values presented in literature.  
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Based on share of individual variance components in the phenotypic variability, objectivity 
of estimated dispersion parameters as well as objectivity in determination of phenotypic 
values of analysed traits, it can be emphasized that NBA or NTB are most acceptable traits 
for inclusion into aggregate genotype in estimation of sows’ breeding value. 
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Abstract 
The goal of this research paper was to assess the breeding value of first farrowed Swedish 
Landrace sows by the means of selection indices method. The traits on the basis of which 
the breeding value of animals was assessed are following: daily  liveweight gain, average 
thickness of collected back fat measured at five sites and number of liveborn piglets in the 
first litter. The liveweight gain and carcass quality traits determined at the end of 
performance test were corrected for the body mass of 100kg by the method of basic 
indexes and following mean values were determined: for corrected daily liveweight gain 
(KZDP) 499.92g/day and for corrected average collected backfat thickness (KSL) 
20.01mm. The first farrowed sows on average produced 8.09 liveborn piglets in the litter. 
Studying the effect of the gilts` birth year and season on KZDP and KSL it was determined 
that the gilts` birth year and season had no statistically significant influence (P>0.05) on 
KZDP variation but they had a statistically significant effect on KSL (P<0.01). The year 
and the season of farrowing and the class of backfat thickness in performance test did not 
display any statistically significant effect (P>0.05) on BZPL, while the KZDP class and the 
age at first farrowing had a statistically significant effect on the variability of these trait 
(P<0.05; P<0.01). All studied traits varied statistically significantly (P<0.01) under the 
impact of the gilts` sire or dam. Heritability coefficients were: h2= 0.402 for KZDP, h2= 
0.261 for KSL and h2= 0.177 for BZPL. The relation between KZDP and KSL was of a 
medium strength both at phenotype and genetic levels (rph=0.491; rg=0.411), while the 
relation of these traits with BZPL did not exist, except for the genetic relationship between 
KSL and KZDP which was of a medium strength (rg=0.252). Three equations for the 
selection indexes were constructed among which as the most optimal was chosen the one 
which includes all three traits (KZDP, KSL and BZPL) and whose correlation coefficent of 
selection index and aggregate  genotype was rIAG = 0.5473. 

Key words: backfat thickness, daily liveweight gain, heritability, piglets, selection index 

Introduction 
The assessment of animal breeding value represents a very delicate procedure  which 
should consider a number of traits of which some have better and some have poorer values 
and on the basis thereon to make a conclusion and choose or remove the animal from 
further breeding (Popovac et al., 2014). One of those procedures is the method of selection 
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indexes. The method of selection indexes has found its special application in pig breeding 
in the countries where the pig breeding is not at the very high level and where the 
conditions for the use of BLAP AM-method on which the assessment of swine breeding 
value is based in the countries with developed livestock productions have not been created 
yet. A practical application of this method is relatively simple because when the equation 
for the assessment of breeding value is constructed it means the simple exchange of 
determined phenotype values of the traits of animals whose breeding value is being 
assessed and as the result we obtain the assessed animal breeding value expressed in  index 
points (Radojkovi  et al., 2010). The major characteristic of this metodological procedure 
is that it can compensate for the values of traits and produce, as a final result of the 
assessment of breeding value, the number of index points on whose basis we rank the 
animals whose breeding value is being assessed. This methodological procedure is 
particularly good in the conditions in which the traits have a high heritability and where the 
impact of environment factors is low (Sellier et al., 2000).  

Taking into account the fact that liveweight gain and carcass quality traits in pigs display 
from medium to high heritability (Brki  et al., 2001; Imboonta et al., 2007; Hoque and 
Suzuki, 2008;  Saintilan et al., 2012), and the fact that reproductive traits, although they 
have low heritability (Damgaard et al., 2003; Lukovi  et al., 2004;  Radojkovi  et al., 
2012) influence in the same degree a comprehensive estimation of sows breeding value, 
the equation of selection index for the assessment of breeding value of sows has been 
constructed on the basis of their daily liveweight gain and average backfat thickness 
measured at the end of performance test and on the number of liveborn piglets in the first 
litter. 

Material and methods 
A set research goal was to construct the equation of selection indexes that served to assess 
the breeding value of the farm-raised Swedish Landrace sows breed on the basis of their 
productive results obtained in performance test and during the first farrowing. Data set on 
which this was performed contained the information for 1020 sows born in 5 consecutive 
years and farrowed in 6 consecutive years. The sows were the ascendants of forty-one 
sires, where the minimum number of daughters per one sire was 10 for the reason of 
obtaining the accuracy in calculating the genetic parameters whilst the each sire on average 
produced 24.88 daughters included in the analysis. 

The traits included in the analysis were: corected daily liveweight gain at the end of test 
(KZDP), corrected average collected backfat thickness measured on 5 sites on the backs at 
the end of test (KSL) and number of liveborn piglets in the first litter (BZPL).  

The correction of the liveweight gain and carcass quality traits was performed for the body 
mass of gilts of 100kg, by the method of basic indexes based on regression analysis.  

Statistical processing of data included the establishing of descriptive statistical indicators 
and measures of variation, then examination of the variability of traits on phenotype and 
genetic level and phenotype and genetic relationship of these traits. Descriptive statistical 
processing of data was done by the use of programme package STATISTICA, Version 5.0. 
Variability of traits on phenotype and genetic level, heritability and interrelationship of the 
same traits and parameters necessary (variances and covariances) for the construction of 
selection indexes were calculated by the method of the least squares by means of 
programme packages LSMLMW – Harvey (1990) and SAS, 9.1.3.(2007). 
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Several mixed models were used on whose basis we studied the variability of the traits of 
liveweight gain and carcass quality traits and reproductive traits;

Model 1: Yijk = μ + Gi + Sj + oijk + eijk

Where: Yijk – is the manifestation of the trait (KZDP, KSL), μ – population general 
average, Gi – fixed effect of the gilts` birth year, Sj – fixed effect of the gilts` birth season, 
oijk – random effect of the gilt`s sire, eijk – random effect of non-determined factors.  

Model 2: Yijklm = μ + Gi + Sj + Pk + Dl + b (X – ) + oijklm + eijklm

Where: Yijklm – is the trait manifestation (BZPL), μ – population general average, Gi – 
fixed effect of the sows` first farrowing year, Sj – fixed effect of the season of the first 
farrowing of sows, Pk – fixed effect of the class of the corrected daily liveweight gain at the 
end of test, Dl – fixed effect of the class of corrected collected backfat thickness at the end 
of test, b (X – ) – linear regression effect of the age of sows at the first farrowing, oijklm – 
random effect of sows` sire, eijkil – random effect of non-determined factors. 

Model 3: Yijk= μ + Gi + Sj + oijk + eijk

Where: Yijkl – is the trait manifestation (KZDP, KSL, BZPL), μ – population general 
average, Gi – fixed effect of the year of birth of gilt-sow, Sj – fixed effect of the season of 
birth of gilt-sow, oijk – random effect of the sire of gilt-sow, eijk – random effect of non-
determined factors. 

Model 3 is constructed in such a way so as to include only those factors which displayed 
statistically significant effect on some of the studied traits and which could influence both 
groups of traits, in order to calculate the heritability and relationship of the liveweight gain 
trait and reproductive traits that served for the construction of selection index.  

 Heritability of studied traits was calculated by the method of interclass correlation 
of half-sibs on father´s side. Heritability equation can be expressed in a following way: 

h2 = s
2) / ( s

2 + e
2 ) 

Where: h2 – is a heritability coefficient (heritability), s
2 – intersire variance, e

2 – intra-
sire (error) variance. 

Correlation coefficients on phenotype and genetic levels were calculated on the basis of 
following equation: 

rXY = (CovXY) / ( X
2 +  Y

2) 

Where:  rXY – is the correlation coefficient between the X and Y traits, CovXY – covariance 
between X and Y traits, X

2 –  variance of the X trait, Y
2 – phenotype variance of the Y 

trait. 

The strength of the interrelation of traits was determined on the basis of Roemer-Orphal 
classification  (Latinovi , 1996).  Statistical significance of correlation coefficents was 
determined on the basis of the tables of statistical significance produced by Snedekor and 
Cochran (1980). 

Breeding value of first farrowed sows assessed by the method of selection indexes can be 
expressed by following equation: 

I = b1 (X1 – 1) + b2 (X2 – 2) +......+ bn (Xn – n) 
Where: I – is a relative animal breeding value estimated by selection index (value of 
selection index determined for each animal), bi – partial coefficients of multiple regression 
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for each trait included in selection index,  (Xi – i) – difference between the phenotype 
value of the individual trait and population average. 

For calculating the partial regression coefficients (b) we used matrix equation from which 
the following equation stems out: 

P * b = G * v 

b = P-1 * G * v 

Where: b – is the vector of the solutions of the partial regression coefficients for each trait 
(X), P-1 – inverse phenotype matrix formed of variances and covariances of the traits 
included in selection index, G – genetic matrix formed of variances and covariances of the 
traits included in selection index, v – vector of relative economic value of the traits 
included in selection index.  

The accuracy of assessed breeding value by the method of selection indexes is expressed 
by the correlation coefficent between selection index and agreggate genotype of each 
individual. Higher value of this correlation coefficent increases also the accuracy of the 
assessment of the animal breeding value by the means of selection indexes. Agreggate 
genotype can be explained by following equation: 

AG = v1* h2
1

 *X1 + v2* h2
2

 *X2 + ..... + vi* h2
i
 *Xi 

Where: AG – is an agreggate genotype, vi – economic value of the trait (Xi), h2
i – trait 

heritability coefficient (Xi), Xi – trait phenotype value of each individual. 

Correlation coefficient of selection index and agreggate genotype is calculated by means of 
following equation: 

rIAG = I / AG 

Where: rIAG – is a correlation coefficient between selection index and agreggate genotype, 
I – standard deviation of selection index, AG – standard deviation of agreggate genotype. 

For calculating the economic value of the traits included in selection index we used the 
methodology used by Popovac et al. (2014), where the traits economic value is presented 
as a ratio of cost fluctuations per trait unit when the traits have been changed for the set 
selection goal. The set selection goal was to improve the traits for 10% out of which we 
obtained following economic values of the traits:  

                  BZPL:                                                      1, 

                 KZDP:                                           0.02334,     

                 KZLSL:                                        -0.58348.

 

Results and discussion 
Table 1 shows the average values and variability of corrected daily liveweight gain and 
corrected collected backfat thickness in peformance tested gilts of Swedish Landrace 
breed. 

The average value of corrected daily liveweight gain at the end of test in examined gilts 
was 499.92 g/day, what is in harmony with the results obtained by Mijatovi  et al. (2009), 
taking into account that they determined a somewhat higher value of corrected daily 
liveweight gain of 502 g/day. Vidovi  et al. (2012), determined a significantly higher value 
of this trait in Swedish Landrace gilts which was 670 g/day. Corrected thickness of 
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collected backfat thickness at the end of performance test in tested gilts on average was 
20.01 mm, what are somewhat lower values in relation to the values (22.30 mm)  
determined by Radivojevi , (1992) in his research. 

Table 1. Average value and variability for KZDP and KSL

Trait N SD Min Max CV μ ± se 
Corrected daily 
liveweight gain  (g)  
KDP 

 
1020 

 
499.92 

 
74.50 

 
317.0 

 
705.0 

 
14.90 

 
496.19±2.6

8 
Corrected thickness of 
collected backfat 
thickness (mm) KSL 

 
1020 

 
20.01 

 
3.76 

 
10.3 

 
34.1 

 
18.79 

 
19.97±0.13 

 

The years and the seasons of birth and the sires of gilts are included in the model as factors 
which helped to explain the existing variability of KZDP and KSL at the end of direct test. 
Statistical significance of these factors and Fexp values per studied years and seasons of 
birth and the gilts` sires are shown in Table 2. 

 

Table 2. Statistical significance and Fexp values for KZDP and KSL per years, seasons of birth 
and gilts sires

 
Traits  

Effects  
R2 Birth season Birth year Sire 

KZDP  Fexp 1.668ns 0.133ns 3.339 **     0.158 
KSL  Fexp 7.804** 7.960** 2.562 **    0.187 

ns-no statistical significance, **-P<0.01; R2- model determination coefficient 
 

The results of the variance analysis displayed in Table 2 show that the year and the season 
of birth of gilts did not express  (P>0.05) a significant effect on KZDP, while KSL 
statistically significantly (P<0.01) varied under the influence of the year and the season of 
birth of gilts. The research also showed a statistically significant (P<0.01) effect of sire of 
gilts on variability of studied traits of liveweight gain and carcass quality. 

The research by Gogi  et al. (2012) and Radovi  et al. (2012) show statistically significant 
variation in daily liveweight gain and the backfat thickness under the effect of gilts` birth 
year. Significant effect of the season of gilts` birth on KZDP and KSL established Vukovi  
(1998) in his research. On the other hand, Popovac et al. (2014) did not determine a 
significant variation of the liveweight gain trait and carcass quality trait under the influence 
of the year and season of gilts` birth, while the same authors established that the sire had 
statistically highly significant effect on daily liveweight gain and backfat thickness in 
performance tested gilts. The results of research presented in this paper are in harmony 
with the research of Mijatovi  et al. (2009) and Vidovi  et al. (2012), who determined a 
statistically significant variation of daily livewight gain under the influence of gilts` sire. 
Variability of backfat thickness measured on different sites and of daily liveweight gain in 
performance tested gilts under the influence of sire was determined also by Brki  (2002) in 
his research. 

Average value and variability of the number of liveborns in litter (BZPL) in first farrowed 
sows of Swedish Landrace included in this trial are shown in Table 3. 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

140

Table 3. Average value and variability for BZPL 

Trait N SD Min Max CV μ ± se 
Number of liveborn in 
first farrowed litter 
(BZPL) 

 
1020 

 
8.09 

 
2.41 

 
1 

 
14 

 
29.79 

 
7.91±0.27 

 
The first farrowed sows on average had 8.09 liveborns in litter, what are the values lower 
or in concordance with the values for this trait in comparison with the records found in 
literature. Radojkovi  (2007) determined the value of this parameter of fertility in the 
interval from 8.08 to 9.14 liveborn piglets in litter on different farms. Average values of  
BZPL determined in different studies are as follows: Radojkovi  (2000) 8.20, Brki  (2002) 
9.63, Damgaard et al. (2003) 10.60 and Be kova and Vaclavkova (2008) 10.28 liveborn 
piglets in the first farrowed litter. 

Statistical significance of the factors and Fexp values for BZPL per studied years and 
seasons of sows farrowing, the class of daily liveweight gain and the class of backfat 
thickness, regression effect at first farrowing and sows` sire are shown in Table 4. 

Table 4. Statistical significance and Fexp values for BZPL per years and seasons of farrowing, 
classes of  KZDP and KSL, age at first farrowing and sows sires

 
Traits  

Effects  
R2 Year of 

farrowing   
Season of 
farrowing 

Class 
KZDP 

Class 
KSL 

Age at 
first 

farrowing 

Sire 

BZPL Fexp 2.096NZ 0.178NZ 2.717* 0.788NZ 41.346**   1.991**    0.143 
ns- P>0.05; **-P<0.01; *-P<0.05; R2- model determination coefficient. 

The results displayed in Table 4 show that the year and season of the sows` first farrowing 
did not exhibit (P>0.05) statistically significant effect on BZPL. 

F values shown in Table 4 suggest that the class KZDP affects statistically significantly 
(P<0.05) BZPL, but they show no statistically significant (P>0.05) effect of KSL class on 
the same trait. The classes are formed (6 classes) in such a way that the values that have 
one standard deviation more or less in relation to the average make one class. Excluding 
the classes 1 and 6 for KZDP due to a relatively small number of animals which are within 
these classes there was a trend of increasing the number of liveborn piglets with the 
increase of the KZDP class.  

Besides mentioned fixed effects on BZPL the regression effect of age at first farrowing of 
sows on this trait was also examined and it was established that BZPL statistically 
significantly (P<0.01) varies depending on the age of sow in the moment of first farrowing. 
Average age of the first farrowed sows at farrowing was 343.68 days, where with the 
increase of the age at first farrowing for 1 day the litter increased by 0.02 liveborn piglets 
as well. 

Analyzing the effect of sows` sires on BZPL during its first farrowing it was found out that 
the sire exhibits statistically significant (P<0.01) effect on BZPL.  

Studying the phenotype variability of traits of fertility of sows of Swedish Landrace breed 
Radojkovi  et al. (2007) reports that the year and season of farrowing display no 
statistically significant effect on BZPL and other traits of the size of litter at first farrowing 
where the results of these studies are in harmony with the results of previously mentioned 
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authors. Significant effect of the year and season of farrowing on BZPL determined  
Petrovi  et al. (1998) and Sobczynska et al. (2007) in their research. 

The results of this research are consistent with the research of ehov and Tvrdon (2008) 
and Mijatovi  et al. (2009) who established statistically significant variation of BZPL 
depending on the class of daily liveweight gain obtained by tested Swedish Landrace gilts, 
the authors also state that the sows with highest daily liveweight gain also had the greatest 
number of liveborn piglets in litter.  

The results obtained in this paper confirm the results of Radojkovi  (2007) that age  at 
first farrowing exhibits statistically significant effect on first farrowed BZPL. 

Analysing the effect of sires of first farrowed sows on BZPL in their first litter in the 
available literature we found some results which also indicate to the significant effect of 
the sire on this trait (Brki , 2002; Sobczynska et al., 2007; Radojkovi  et al., 2007), what 
was shown also in this research. 

Table 5 shows the heritability values (h2) for KZDP, KSL and BZPL traits obtained by the 
use of different mixed models on whose basis we have studied variability, heritability and 
relationship between these traits. 

Table 5. Values of heritability coefficients and heritability error 

Trait
Model 1 Model 2 Model 3 

h2 SE h2 h2 SE h2 h2 SE h2

KZDP 0.377 0.106 - - 0.402 0.110
KSL 0.260 0.087 - - 0.261 0.087 
BZPL - - 0.172 0.072 0.177 0.072 

h2-heritability coefficient; SE h2-heritability error 

In Table 5 we can see that the heritability values obtained by the use of different models of 
the same traits are equalised. Heritability coefficients (h2=0.377; 0.402) for KZDP show 
mean heritability of this trait and give possibility of successful selection-improving work 
when the improvement of this trait is in question. Heritability value of h2=0.260; 0.261 for 
KSL depending on the model applied, indicate also to the mean heritability of this trait. 
Contrary to the traits of liveweight gain and carcass quality the reproductive traits have low 
heritability what is shown also by heritability coefficients obtained for BZPL of h2=0.172; 
0.177. 

 The results of this research are very similar to the results of Vukovi  et al. (2007) and 
Szynder-Nedza et al. (2010), who determined the heritability of gilts` daily liveweight gain 
of h2=0.270 or h2=0.390 allocating this trait into the group of mean heritability value. Low 
heritability of h2=0.140 for KZDP in gilts at the end of test in their research using the 
REML method was established by Malovrh and Kova  (1999) defining this trait as a low 
heritability trait.  

Backfat thickness has a medium heritability what is shown by the research of Vukovi  et 
al. (2007) and Urankarova et al. (2012), where the authors state that phenotype 
manifestation of this trait depends 38% or 28% upon genetic factors. High heritability of 
backfat thickness of h2=0.610 at the end of test was determined in the research by 
Imboonta et al. (2007). All showed values of heritability obtained in this research for KSL 
are lower in relation to the values found in literature. 
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Heritability values for BZPL determined in this research are higher in relation to the 
heritability obtained by the means of different methods in the studies by: Damgaard et al. 
(2003) h2=0.120, Lukovi  et al. (2004) h2=0.102 and Radojkovi  et al. (2012) h2=0.064.  

In Table 6 the values of the coefficients of phenotype correlations are shown above the 
diagonal line while the values of coefficients of genetic correlations are shown under the 
diagonal line.  

Table 6. Coefficients of phenotype and genetic correlations between KZDP, KSL and BZPL 

Trait  KZDP KSL BZPL 
KZDP - 0.491** 0.087** 
KSL 0.411** - 0.039ns 
BZPL 0.092** 0.252** - 

1)Correlation coefficient for 5 and 1% safety (d.f.=1000) is 0. 062 and 0.081. 

Relationship between KZDP and KSL is statistically significant and of medium strength 
nearing close to a strong traits relationship. Coefficient of phenotype correlation of 
rph=0.491 shows that in the individuals that have higher daily liveweight gains the share of 
adipose tissue in total gain increases as well. On the other hand, positive value of genetic 
correlation coefficient of rg=0.411 warns us that one-sided selection for high daily 
liveweight gains could lead to the aggravation of the quality of carcass in the pig 
populations in which this kind of selection is being applied. 

Relationship between KZDP and BZPL is statistically significant, but there is correlation 
neither at phenotype nor at genetic level (rph= 0.087; rg=0.092). 

Correlation coefficient (rph=0.039) between KSL and BZPL at the phenotype level is 
statistically insignificant and shows that there is no relationship of these traits. Genetic 
relation (rg=0.252) is statistically significant and of medium strength.   

Hicks et al. (1998) in their research on the relationship between the daily liveweight gain 
and backfat thickness at the end of test determined a negative very low or almost no 
relationship both at phenotype and genetic level (rph=-0.14; rg=-0.08), taking into account 
that in their calculations they included the results of measuring the boars that finished the 
performance test. Results obtained by Nguyen and McPhee (2005) for the relationship 
between daily liveweight gain and backfat thickness show a moderate negative coefficient 
of genetic correlation of rg=-0.250 indicating that in the individuals selected for higher 
daily gains and meatiness the backfat thickness decreased at the same time. Relationship 
between the traits displayed in this paper is both at the phenotype and  genetic level 
significantly stronger with a positive pre-sign what is not in harmony with the results 
obtained by previous two groups of authors. The value obtained for genetic  correlation 
coefficient is very close to the value of genetic correlation coefficient (rg=-0.437) 
determined by Brki  et al. (2001) where they determined negative pre-sign of this 
coefficient indicating the possibility of improving one trait so that in indirect way the value 
of other trait improves as well. 

Obtained results are in harmony with the results obtained by Vukovi  (2003), who also did 
not establish any phenotype correlation between KZDP and KSL on one hand and BZPL 
on the other, taking into account that he determined lower value of correlation coefficient 
of negative pre-sign of rph=-0.006 between KZDP and BZPL. Absence of relationship on 
genetic level between backfat thickness at the end of test and the number of liveborn 
piglets in the first litter was determined by Holm et al. (2004) showing coefficient of 
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genetic correlation of rg=-0.000, but the results shown in this paper are not in harmony 
with the results of the above mentioned group of authors.  

On the basis of parameters determined by the analyses the several mixed selection models 
were constructed where on the basis of the value of correlation coefficient of selection 
index and agreggate genotype on one hand and selection strategy on the other we chose the 
best equation of selection index for the assessment of breeding value of sows after the first 
farrowing. Table 7 shows the equations of selection indexes and correlation coefficent of 
index and agreggate genotype (rIAG). 

 
Table 7. Equations of selection indexes and correlation coefficient of index for assessment of 

breeding value of first farrowed sows and agreggate genotype (rIAG) 

Selection index rIAG 

SI1 = 0.2072a (x1 – 8.09) + 0.0099b (x2 – 499.92) – 0.1471c (x3 – 20.01) 0.5473 
SI2 = 0.1684a (x1 – 8.09) + 0.0097b (x2 – 499.92) 0.5492 
SI3 = 0.2140a (x1 – 809) – 0.1824c (x3 – 20.01) 0.5158 

a – values of partial regression coefficients for BZPL; b – values of partial regression coefficients for KZDP; 

c – values of partial regression coefficients for KSL; xi – phenotype values of traits of each individual. 
 

The accuracy of constructed mixed selection indexes measured by correlation coefficents 
rIAG ranged from rIAG = 0.5158 in index 3 to  rIAG = 0.5492 in index 2.  Approximate values 
of correlation coefficients of different indexes give possibility to choose selection index 
which includes a greater number of traits to which we gave a similar importance in this 
research while at the same time the assessed breeding value of individuals do not loose the 
accuracy. In line with this as the most optimal selection index for assessing the breeding 
value of first farrowed sows we chose SI1 which includes three traits and they are BZPL, 
KZDP and KSL. 

Obtained values for the correlation coefficients for index and agreggate genotype are lower 
in relation to the values determined by Brki  (2002), who obtained the indicators of 
accuracy of mixed selection indexes in the interval of rIAG = 0.572 to rIAG = 0.640. The 
author included a number of traits of gain and reproductive traits and obtained as the most 
accurate index for the assessment of sows breeding value the one that included following 
traits: age at the end of test, daily liveweight gain, meatiness, number of total born piglets, 
the litter mass at 28th day and index of piglets mass at 28th day. Observing the accuracy 
(from rIAG = 0.231 to rIAG = 0.405) of selection indexes constructed by Radojkovi  et al. 
(2009) for the assessment of sows breeding value on the basis of their reproductive 
indicators and accuracy (from rIAG = 0.318 to rIAG = 0.821) of selection indexes for 
assessment of gilts breeding value displayed by Brki  (2002) it can be concluded that the 
accuracy of mixed selection indexes is somewhere in the middle between the accuracy of 
these two groups of indexes. The reason for lower accuracy of selection indexes for 
assessment of animal breeding value on the basis of their reproductive performances could 
be that these traits have a low heritability what negatively affects the accuracy of obtained 
estimation of index so all this influenced the assessment of animal breeding value on the 
basis of the liveweight gain and carcass quality traits to have medium to high heritability 
by means of selection indexes which found a broad application in practice (Cleveland and 
See, 2006). What is evident when we speak about the liveweight gain trait and carcass 
quality trait included in the model for the assessment of swine breeding value is that the 
daily liveweight gain and backfat thickness are the traits that have a primary place in 
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selection in this kind of animals (Suzuki et al., 2005; Kralik et al., 2007; Popovac et al., 
2014).  

 

Conclusion 
Analysing metodological procedure for the construction of selection indices we arrived at 
the conclusion that this is a relatively simple method by which we can assess animal 
genetic potential and select breeding animals in the production conditions in which it is not 
possible to use more complex selection methods. It should also be pointed out that 
selection indices involving liveweight gain and carcass quality traits as well as 
reproductive traits represent a good method applied to assess sow breeding value since it 
provides a unique numerical value as sublimation of positive and negative values of these 
two groups of equally important traits in sow selection. 
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Abstract  
Anatolian Water Buffalo is found mostly in the half northwestern of Turkey including north 
part of the middle Anatolia. It is more common along the coast of the Black Sea. It is also 
found in Eastern Anatolia. From a taxonomical point of view it is classified as 
‘Mediterranean’ type. In the past, buffalo farming has been an important production source 
for Turkey (1 117 000 heads assessed in 1971), while currently the population size is of only 
117,591 heads. In Turkey most farmers keep 1-2 buffaloes for family consumption and this 
system is very widespread in villages while farms with around 100 heads are located near to 
the big cities. In spite of the popular indifference, farming of this species has survived in order 
to promote productive systems in agreement with sustainable rural development and trend to 
revalue autochthonous genetic types. There are in situ and ex situ conservation programmes 
and incentive premiums in order to stop the reducing tendency of population. 

Nationwide water buffalo improvement program has also initiated so-called community based 
herd improvement program. 

Anatolian Water Buffalo is reared for triple aptitude: meat, milk and draught. Most meat is 
especially used for making sausages. Concerning milk production, research is evidencing that 
controlled farming and feeding conditions may significantly improve performances. Milk is 
also employed to make a very popular traditional product, known as ‘lüle kayma ’and yogurt 
production. 

Key words: Anatolian Water Buffalo husbandry herd improvement program 

 

Introduction 
Anatolian Water Buffaloes breed morphologican characteristics is registred by the National 
committee for breed registration (Anonymus, 2004). According to this source Anatolian 
Water Buffalo is generally small structured with easy temperament and having generally long 
horne. Color of horne and nail of legs are black and coat colour varies from dark black to light 
black or brown. Body coat is covered with long hairs. Young animals have black hairs till 1-
1.5 years and it becomes reddish black colour after weaning (Anonymus, 2004). According to 
the Turkish Statistic Institute data (www.turkstat.gov.tr) 100,000 water buffalo slaughtered in 
1991 (buffalo population of 360150 head) producing 8803 metric ton buffalo meat. Average 
carcass weight estimates 110 kg. It is estimated that 250,000 heads of buffalo population exist 
in Turkey. Adult body weight of water buffalo raised in Turkey is approximately 400 kg. 
Average lactation yield and length of buffaloes of Turkey  are 1 ton and 250 day respectively. 
Average age at first insemination is 22-24 month. Average open day period is three months. 
First heat cyclus is observed generally after 3 month of calving. They are raised in a coastal 
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area of North Anatolia, especially Samsun and north part of central Anatolia relatively close 
to coastal area such as Tokat, Trakya region (Istanbul) that has the biggest number of buffalo 
population of Turkey. In addition the eastern part of Turkey such as Mu , Kars, Sivas has also 
Water buffalo populations. Afyon in western Anatolia and Diyarbak r in South Eastern 
Anotolia has also Buffalo population. Average rate of live weight gain is 400 gram in young 
period up to 1 years of age. Buffaloes are raised as the form of family operation 3-5 head of 
farm size. They are used in forest area also for their pulling power. The buffaloes used as draft 
animals are castrated in 12 years of age. They can be used up to 12 years of age as a pulling 
power. Most important reason for raising Buffaloes are their milk and meat and especially 
cream or (fat) characteristics which is favourable for consumer. Buffalo for meat is favourable 
for garlic flavoured sausage. Buffalo cream is favourable as for additives to the famous 
Turkish deserts. They are also raised as meat production with average size of 50 head of herd 
in the region close to big cities. Average withers height of adults of male is 140 cm. Average 
fat content and total solid content of milk in first lactation is 8% and 16 % respectively. 

According to FAO (2008) data, there are about 185.29 million domesticated buffaloes raised 
in the 42 countries of which 179.75 million(97%) are in Asia among five world continents. 
However, there are about 158 million buffaloes left in the world. During the last 10 years the 
world Buffalo production increased by 1.49 % annualy. 
Also, in Turkey the buffalo population has declined dramatically over the last decades. The 
total population according to the Turkish Statistic Institute was 117,591 heads in 2013 
(www.turkstat.gov.tr). Former buffaloes have been used as draft animals for centuries. Also 
they have been used for source of meat and milk products. Than buffalo number was 
decreased, because of increasing demand for cattle breeding and increasing technology in 
agriculture. 

In spite of the popular indifference, farming of this species has survived in order to promote 
productive systems in agreement with sustainable rural development and trend to revalue 
autochthonous genetic types.  In this context, beginning from 1963 some provincial, regional 
and national research institutes have established programmes aimed to revalue and improve 
reproductive and productive potentiality of Anatolian water buffalo. In 1989 improvement 
plans have been established by crossing Anatolian buffalo with “Murrah” buffalo imported 
from Bulgaria. 

Concerning milk production, research is evidencing that controlled farming and feeding 
conditions may significantly improve performances. Indeed, in comparison with buffaloes 
reared in village conditions, buffaloes under experimental conditions show more favourable 
values for mean lactation period (245 d  vs 250 d), maximum and minimum milk yield (1.715 
vs 1.603 litres and 442 vs 186 litres, respectively) and mean fat milk percentage (8% vs 7 %). 
Milk is also employed to make a very popular traditional product, known as ‘lülekayma . 

Buffalo for draught purpose is limited to tree stump hauling in forest area when mechanical 
equipments may not be used. In Turkey most farmers keep 1-2 buffaloes for family 
consumption and this system is very widespread in villages while farms with around 100 
heads are located near to the big cities. 

Concerning housing system, most farmers own 1-2 buffaloes as source of animal protein for 
family consumption and this system, very widespread in villages, is based on pasture resource 
exploitation; on the contrary, big herds (around 100 heads) are located near the big cities and 
buffaloes in this case receive concentrate supplemented feed (maize, wheat, barley, 
cottonseed and sugar beet by-products) when available. Although artificial insemination 
forms cornerstone of buffalo improvement program yet at present it represent only very rare 
occasion mostly for research purposes. 
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Artificial insemination is not applied in villages while it is widely used in experimental farms, 
such as Afyon and Band rma district of Turkey and at the Department of Animal Science of  
Mustafa Kemal University (Sekerden,O., 2008). The programme is currently in progress at 
Zootechnics Institute of Bandirma district in the Turkish province of Balikesir employing 
artificial insemination and breeding programmes. The larger farms with 40-50 females 
maintain their own males and the villages usually share a common male. Natural mating sires 
within the herd is a common practice. Live weight is about 450-500 and 700-800 kg in the 
adult female and male respectively. The water buffalo population and the amount of 
production from water buffalo in Turkey are also decreasing. There is only one water buffalo  
breed called Anatolian water buffalo in Turkey. The water buffalo in-situ conservation 
program was conducted in Bal kesir province of western Turkey. The number of water 
buffalo population decreased from 117,8000 (1970)  to  847,268 (2010) and increased by 
117,591 in 2013 again.  The latest attempt regarding Conservation of animal genetic resources 
establishing Water buffalo breeding organization of Turkey which started in 2008 and central 
water buffalo breeder association established in 2011. Nationwide water buffalo improvement 
program was initiated under the name of community based improvement program. So far 14 
provinces and 2873 farms with total of 16082 adult water buffalo individuals were included in 
the nationwide improvement program. Recently this kind of support put on implementation 
that water buffalo breeding stock breeder who is a member of breeder union and joins the 
nationwide herd improvement program can receive 250 Euro per head as incentive premium. 
The aim of this project is to create superior breeding stock. Other water buffalo breeders 
rather than be included in improvement program also receive support as premium but lower 
(150 Euro) than included improvement program. Due to opening door for subsidizing the 
support to the farmer this activity w ll help very much stopping the tendency for decreas ng 
the number of water buffalos in Turkey . 

 
Table 1.  Means and standard errors (SE) for certain carcass quality characteristics of male and 

female Anatolian Water Buffalos 

Characteristics 
Male Female 

Sig. 
Mean SE Mean SE 

Hot carcass weight, kg 325.40 2.65 288.20 5.99 *** 
Carcass length, cm 127.07 1.00 132.16 1.93 * 

Chest depth, cm 45.37 0.43 46.26 0.60 NS 
Leg length, cm 72.62 1.30 67.87 0.84 ** 
Leg width, cm 29.96 0.65 28.99 0.61 NS 

Conformation score 5.20 0.42 5.50 0.40 NS 
Fatness score 7.70 0.47 7.30 0.68 NS 

Backfat thickness, cm 19.84 1.69 19.77 2.06 NS 
Fat colour parameters 

Lightness (L*) 64.00 1.04 60.03 0.96 * 
Redness (a*) 6.14 0.49 7.01 0.89 NS 

Yellowness (b*) 7.03 0.63 7.08 0.59 NS 
pHu 5.49 0.01 5.44 0.01 *** 

NS= not significant (P>0.05) 
*P<0.05; **P<0.01; ***P<0.001
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The water buffalos in Turkey are named as Anatolian Water Buffalos and they are among 
Mediterranean Water Buffalos which are subgroup of river buffalos (Soysal et al., 2005). 
They are mostly bred in Samsun and Sinop in North Anatolia sea shore; in Çorum and 
Amasya in Middle Anatolia; in Afyon and Bal kesir in Inner West Anatolia; in Sivas and Mu  
in East Anatolia and in Diyarbak r in Southeast Anatolia (Soysal, 2009). In Turkey water 
buffalos are particularly bred for milk production and they are slaughtered for meat 
production after they finish their productive age. The cream produced from Anatolian Water 
Buffalo milk is a popular product which is consumed together with many local desserts 
(Soysal et al., 2005). In some regions, Anatolian Water Buffalo milk is also used for cheese 
production. Anatolian Water Buffalo meat is consumed as fresh or in meat products like 
Turkish style fermented sausage, pastrami and salami. In the recent years there has been a rise 
in the production for meat only. Anatolian Water Buffalo meat is more commonly used in 
Turkish sausage as it decreases the fermentation duration and is believed to give taste. In 
some regions in Turkey, Anatolian Water Buffalo breeding is a traditional production model 
which has great importance in the economy and culture of its breeders. In recent years strong 
emphasis was placed on the management of farm animal genetic researches in general and 
also on the water buffalo husbandry in particular. n general, the efforts related to 
conservation and sustainable utilisation of the farm animal genetic resources are coordinated  
and supported financially and technically by the General Directorate of Agricultural Research 
and policy  of the Ministry of Food, Agriculture and Livestock. 

According to the A. Y lmaz et al. (2011) certain carcass and meat quality characteristics of 
Anatolian Water Buffalos were given in the following tables

Table 2. Least-square means for meat quality characteristics of Anatolian Water Buffalos due to 
gender and aging duration 

Characteristics 
Gender (G) Aging Duration 

(AD) SEM 
Significance 

Male Female 7-day 21-day G AD G × 
AD 

WHCa, % 9.81 9.98 10.57 9.23 0.284 NS * NS 

Cooking loss, % 27.40 27.93 28.84 26.49 0.336 NS ** NS 

Shear force, kg 3.26 3.18 3.54 2.90 0.095 NS ** NS 

Colour parameters at 1 h 

Lightness (L*)1h 39.33 36.49 37.35 38.48 0.257 *** * NS 

Redness (a*)1h 21.78 22.98 21.29 23.47 0.281 * *** NS 

Yellowness (b*)1h 7.48 7.56 7.30 7.74 0.189 NS NS NS 

Colour parameters at 24 h 

Lightness (L*)24h 40.87 38.23 38.82 40.29 0.215 *** ** NS 

Redness (a*)24h 23.99 25.89 25.30 24.58 0.262 *** NS NS 

Yellowness (b*)24h 7.84 7.91 8.90 6.85 0.198 NS *** NS 
a WHC=water holding capacity NS= not significant (P>0.05). *P<0.05; **P<0.01; ***P<0.001 
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Table 3. Means and standard errors (SE) for sensory characteristics of male and female Anatolian 
Water Buffalos 

 
Characteristics 

Male Female 
Sig. 

Mean SE Mean SE 

Odour intensity 4.54 0.12 4.53 0.12 NS 
Tenderness 4.67 0.12 4.68 0.12 NS 
Juiciness 4.29 0.12 4.23 0.12 NS 

Flavour intensity 4.87 0.12 4.96 0.12 NS 
Flavour quality 4.79 0.12 4.79 0.12 NS 

Overall acceptability 4.66 0.12 4.69 0.12 NS 
NS= not significant (P>0.05) 
 
There is only one water buffalo breed called Anatolian Water Buffalo in Turkey. The water 
buffalo in- situ conservation program was conducted in Bal kesir province of western Turkey. 
There is also ex- situ conservation program for Anatolian Water Buffalo breed in Turkey at 
Band rma Animal Research Institute in Turkey. The latest attempt regarding Conservation of 
animal genetic resources  establishing Water buffalo breeding organization of Turkey in 2008. 
In-situ and ex-situ conservation and incentive premium support programs are carried out to 
stop the declaring the population number. 

Due to opening door for subsidizing the support to the farmer this activity will help very 
much stopping the tendency for declaring the number of water buffalo in Turkey. Recently 
(2009) this kind of support put on implementation that water buffalo breeding stock breeder 
who is a member of breeder union can receive 150 Euro per head as incentive premium. 

Table 4. Several characteristics of Anatolian Water Buffalo raised in Turkey 

Parameters Maximum Minimum Sources 

Lactation Yield  (kg) 1070.5 279.9 709.6 23.0 ekerden et al (2000b) 
Uslu, N.T. (1970b) 

Lactation Length (day) 269.2 70.0 222.0 44.2 ekerden et al (2000a) 
ekerden et al (2000b) 

Fat (%) 8.1 0.205 6.6 0.68 Kök, S., (1996) 
ekerden et al (2000a)

Adult Body Weight 518.6 17.2 411.0 9.07 larslan et al (1983) 
Uslu N.T, (1970a) 

Calving Interval 434.3 57.1 365.2 17.5 ekerden et al (2000a) 
larslan et al (1983) 

Age at first insemination (day) 679.7 210.9  ekerden et al (2000a) 

Age at first calving (day) 1313.2 234.8 964.1 3.94 ekerden et al (2000b) 
larslan et al (1983) 

Birth Weight (Male) 34.3 1.20 26.7 0.52 Uslu N.T;  (1970b) 

Birth Weight (Female) 31.6 0.90 22.1 0.48 Alaçam et al. (1992) 
Uslu N.T.,  (1970b) 

Service  Period 112.45 70.8 larslan et al (1983) 
ekerden et al (2000b) 

Gestation Length (day) 
326.5 5.8 
(artificial 

insemination) 

317.0 51.5 
(natural 

insemination) 

zgi and Asker, (1989) 
zgi and Asker, (1989) 
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Daily Live Weight Gain (gr) 
(0-3 Month) 

(Male) 
0.483 

(Female) 
0.456 ekerden et al. (2000c) 

Daily Live Weight Gain (gr) 
(3-6 Month) 

(Male) 
0.305 

(Female) 
0.294 ekerden et al. (2000c) 

Daily Live Weight Gain (gr) 
(6-9 Month) (Female) (Male) ekerden et al. (2000c) 

Male  0.314  
Female 0.357   

Daily Live Weight Gain (gr) 
(9-12 Month) 

(Male) 
0.504 

(Female) 
0.360 ekerden et al. (2000c) 

Fat Content  of Milk 8.1 6.1 Kök, S. (1996)  
Soysal and Kök (1997) 

Total Solid Matter of Milk 17.7 
(3. Lactation) 

15.3 
(1. Lactation) ekerden et al.(2000b) 

Ash % of Milk 0.830 0.743 ekerden et al.(2000a) 
ekerden et al.(2000b) 

Water of Milk 82.3  Kök, S. (1996) 

Protein % of Milk 4.6 4.2 
ekerden et al. (2000a) 

(Soysal and Kök, 1997)  
Kök S. (1996) 

Casein % of Milk 3.4 
(3. Lactation) 

3.0 
(1. Lactation) ekerden et al.(2000b) 

 

Genetic constitution of population 
In order to reveal the genetic constitution of Anatolian water buffalo several molecular 
genetic diversity studies have been carried out. The genetic variation and relationship among 
six Turkish water buffalo populations typical of different regions were assessed using a set of 
twenty-six heterologous (bovine) microsatellite markers. Between 7 and 17 different alleles 
were identified per microsatellite in a total of 254 alleles. The average number of alleles 
across all loci in all the analyzed populations was found to be 12.57. The expected mean 
heterozygosity (HE) per population was between 0.5 and 0.58. The overall polymorphic 
information (PIC) value was between 0.33 and 0.86. Significant departures from Hardy-
Weinberg equilibrium were observed for 44 locus-population combinations. Population 
differentiation was analyzed by estimation of the FST index (values ranging from 0.053 to 
0.123) among populations. The PCA analysis identified three clusters: the Merzifon and 
Danamandira populations represented one cluster each, and the Afyon, Coskun, Pazar and 
Turhal formed a single cluster. The assignment of individuals to their source populations 
performed using the Bayesian clustering approach implemented in STRUCTURE 2.2 software 
evidenced a high differentiation of Merzifon and Danamandira populations as well. The 
results of this study could be useful for the conservation strategies of the Turkish buffalo 
(Soysal et al., 2008) 

Another molecular genetic study for indigenous water buffalo population to Anatolia was 
characterised with 11 cattle autosomal microsatellite loci. A set of 4 cattle microsatellite loci 
was found to be polymorphic in the Anatolian buffalo genome. Genotyping of these 
polymorphic microsatellite loci revealed alleles ranging from 3 to 9. The observed 
heterozygosity ranged from 0.550 to 0.775 and the expected heterozygosity ranged from 
0.494 to 0.815. The FIS value changed from 0.101 to 0.205. This result shows that Anatolian 
water buffalo population samples seemed to be in Hardy-Weinberg expectation (Soysal et al., 
2007). 
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Table 5. Mean, standard deviation and comparison between males and females (1),  distinctly for class 
of age, of somatic traits measured on  buffaloes  raised in Danamandra village, of Silivri 
district of stanbul Province of Turkey 

 
<1 Year 1 Years <2 2 Years <4  4 Years 

N X ±
XS  N X ±

XS  N X ±
XS  N X ±

XS  
1.Withers height 

Male 28 87.46±12.01 3 131.33a ±5.02 11 126.54±9.59 1 141.30 
Female 22 90.95±10.74 5 105.00b±13,64 0 - 32 134.15±5.32 

2. Rump height 
Male 28 93.28±12,22 3 137.33 a ±9,28 11 128.09±7,50 1 147.50 

Female 22 95.81±10.88 5 109.20 b±12,79 0 - 32 132.87±7,35 
3.Tail base  height 

Male 28 86.00±10.90 3 126.00±3,98 11 117.70±6,33 1 136.500 
Female 22 89.22±11.44 5 103.8±14,65 0 - 32 122.34±6.28 

4. Body length 
Male 28 75.82±16.67 3 116.00 a ±9.53 11 127.09±11.44 1 142.50 

Female 22 74.27±9.62 5 96.40 b ±22.74 0 - 32 138.56±8.26 
5. Chest width

Male 28 20.07±4.39 3 29.33±1.14 11 32.63±5.27 1 39.30 
Female 22 20.36±4.83 5 22.60±4.72 0 - 32 33.78±4.92 

(1) Different letter means significant difference for P<0.05 

 
 

1 Year 1> Years 2 2> Years 3 3 >Years 4 Adult 

N X ±
XS  N X ±

XS  N X ±
XS  N X ±

XS  N X ±
XS  

1.Withers height 
Male 4 110.75±9,93 18 122.1±8.29 13 129.38A ±4,68 6 132.83±8.03 35 138.23±7.22

Female 6 99.00±11.15 10 122.7±8.09 12 122.92B ±5,07 8 127.13±5.24 91 133.14±6.76
2. Rump height

Male 4 112.00±10.29 18 122,78±8.40 13 129.85a ±3.55 6 133.00±9.4 35 135.71±7.06
Female 6 103.60±11.69 10 125.5±7.60 12 125.58b ±6.34 8 125.88±4.85 91 132.57±7.20

3. Body length 

Male 4 118.25a±6.85 18 123.17±8.11 13 137.85A ±8.00 6 145.67a 
±10.21 35 145.09±7.88

Female 6 102.2 b±10.47 10 121.9±8.07 12 127.42B±10.06 8 132.00b ±4.78 91 142.43±8.77
4. Chest depth 

Male 4 29.50 B ±3.00 18 59.67±5.19 13 64.96A ±1.56 6 74.67A 
±5.24 35 77.2±8.45 

Female 6 45.20 A ±8.70 10 61.70±7.10 12 64.92 B ±3.20 8 67.38B 

±2.92 91 71.1±4.85 
(1) Different letter means significant difference for P<0.05 (small letter) or P<0.01 (capital letter) 

Morphometric characteristics of Water Buffalo population of Turkey 
An investigat on done by Soysal et al. (2007) in which 76 males and 127 females of the 
Istanbul district and 32 males and 70 females raised in Danamandra village of Silivri district 
were measured. On each buffalo, withers height, rump height, body length, chest depth and 
chest width were determined. The results showed a significant difference between males and 
females starting from 12 months in buffaloes of Danamandra village and from 3 years of age 
in animals of Istanbul district. 
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Abstract
Sperm sexing is a relatively new biotechnological procedure which offers us the possibility to 
choose the offspring sex. This method is widely used today in the insemination of the dairy 
cattle breeds and it is based on the difference in total DNA quantity between X and Y 
chromosome spermatozoa. In this research paper we have analysed the fertility, sex ratio and 
characteristics of female  Black and White breed calves inseminated by the sexed sperm 
produced by 6 bulls on 6 commercial farms of the PK Belgrade. Conception rate was 44% 
with average gestation length of 274.9 days. Average calf birth weight was 36.75 kg. The 
stillbirths and twinning rates were 7.16 and 1.13%, respectively. Artificial insemination by 
sexed sperm assessed by 2 test highly significantly (P<0.01) alters the sex ratio between 
female and male calves (85:15%). By means of GL model we have assessed the effects of 
farm, insemination season, sex of the calves and  inseminating bull on gestation length and 
calf birth weight. All mentioned factors have manifested statistical significance (P<0.01) on 
studied traits, except for the inseminating bull trait which did not statistically significantly 
affect (P>0.05) gestation length. Regardless the low conception rate, the application of sexed 
sperm in dairy cattle breeding is very significant since it enables the breeders to use the best 
replacement female animals what may result in the improvement of genetic basis of breeding 
stock.  

Key words: Black and White breed, fertility traits, sex relationship, sexed sperm 
 

Introduction  
Artificial insemination of dairy cattle by sexed semen facilitates faster genetic improvement. 
By the application of sexed semen we can, in the first place, produce a greater number of 
descendants of desired sex in shorter time period in relation to a conventional artificial 
insemination (Seidel, 2002; De Vries et al., 2008). So far a several methods for separating X 
and Y spermatozoa have been developed but most often used method recently has been the 
method of flow cytometry which provides a satisfying degree of separating and is based on 
difference in total DNA quantity between spermatozoa with X and Y chromosomes. 
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The research shows that the fertility with sexed sperm is lower in relation to the fertility 
obtained by use of conventional non-sexed sperm (Seidel, 1999; Tubman et al., 2004;  
Norman et al., 2010; DeJarnette et al., 2011; Healy et al., 2013). Thus, Seidel et al. (2002) 
reported that in Holstein heifers the pregnancy rate ranged from 21 to 35% for sexed sperm 
compared with 58% for conventional. Lower fertility is caused by the damages occurring on 
spermatozoa during sorting of sperm. The process with spermatozoa during sorting is very 
invasive; they are placed under high pressure and great speeds and abruptly halted thereupon, 
causing the damage of the spermatozoa by such physical forces. High pressure within the 
system has been associated with decreased fertility (Seidel et al., 2003). For this reason it is 
recommended that sexed sperm is to be used primarily in heifers that show distinct signs of 
estrus (Foote, 2010). The heifers are the most fertile part of the herd and they are not burdened 
by the production, and that fact is of crucial importance in the use of sexed sperm. 

There was no increase in calf abnormalities that have been reported to date with sexed sperm 
relative to controls. There is a possibility that early embryonic mortality may be increased 
slightly with sexed sperm (Seidel et al., 1999; Tubman et al., 2004; Healy et al., 2013).  

The aim of this paper was to determine the conception rate, gestation length, calf birth weight, 
sex ratio, calf vigor, neonatal death rate and calf twinning rate after insemination of Black and 
White breed heifers by sexed semen.     

Materials and methods  
Study Design, Animals, and Housing
Data for the analysis was collected, from January 2012 until January 2014, from the total of 
1205 inseminations in 530 heifers of Black and White breed raised on 6 commercial farms of 
the Agricultural Corporation of Belgrade. The conditions on all farms were uniformed and 
there were minimal differences between the heifers regarding the feeding and care conditions. 

The heifers were grouped according to height and weight, and fed mixed rations to meet all or 
part of their nutritional requirements according to pasture availability. All of the heifers 
enrolled in the breeding program were grouped together and, as such, minimal differences 
exist between these heifers. 

Reproductive Management
Artificial insemination was performed once daily, on the same morning as estrus detection. 
Insemination was carried out by multiple AI technicians using sexed semen straws collected 
from 6 dairy sires, provided by  CRI (Wisconsin, USA)  and sorted by flow cytometry. Sperm 
viability and semen quality were not evaluated before insemination. In most cases, sex-sorted 
straws were used only for the first or second breeding and heifers returning to estrus were 
inseminated with conventional semen for subsequent breedings.  

Data and Statistical Analysis  
Data available for analysis included: heifers identity, date of insemination, date of successful 
conception, date of calving (birth), identity of the calf sire, type of sperm (sexed or non-
sexed), calf sex, calf birth weight, calf vigor (1-calf with inborn anomalies; 2-poorly 
developed and avital calf; 3- moderately developed and vital calf; 4-5- well developed calf, 
vital and in type), incidence of twinning and stillbirths. Gestation length was calculated as the 
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difference of the date of successful conception and the date of calving. All stillborn calves 
were recorded, but their sex was not determined. During the trial no anatomic anomaly was 
perceived in calves. Both fertility traits and characteristics for total of 530 calves obtained by 
the application of sexed semen were analyzed. After the records obtained on different farms 
have been completed and edited the establishing of average values, standard deviation and 
frequency of studied traits took place.  

By means of GLM procedures of the Statistical Analysis System (SAS Institute, 2013), the 
assessment of the effect of farm, insemination season, calf sex and inseminating sires on 
gestation length and calf birth weight was carried out.   

The following GL model was used: 

 

Yijklm= μ + Fj + Sk +Pl+ Om + ejklm 

In which: 

Yijklm – is the phenotypic manifestation of studied trait, 

μ-general average of population 

Fj-fixed effect of the j farm (j=1...6) 

Sk- fixed effect of the k calving season (k=1...4) 

Pl- fixed effect of the calf sex (l=1,2) 

Om- fixed effect of the l sire (m=1...6) 

ejklm- random error. 
2 test, within the same SAS programme package (SAS Institute, 2013)  was used to study the 

calf sex ratio in both types of artificial inseminations. 

 

Results and disscusion
Table 1 shows the mean values for the conception rate, gestation length, calf birth weight, calf 
vigor, neonatal death rate and calf twinning rate obtained after the insemination of heifers by 
sexed semen. 

 
Table 1. Average values of studied traits  

Traits n=530 
Conception,% 44 
Gestation length, days Mean ±SD 274,92±9,04 
Birth weight, kg 
Mean ±SD 

36,75±2,0 

Vitality of calvesa 4,12 
Stillbirth, % 7,16 
Twinning, % 1,13 
a1-calf with inborn anomalies;  2- poorly developed and avital calf;  
3- moderately developed and vital calf;  4-5- well developed calf, vital and in type 
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The effect and statistical significance of farm, season of insemination, calf sex and 
inseminating sire on gestation length are shown in Table 2.  

Table 2. Analysis of variance for gestation length  
Source DF Mean square F-value Significance 
Farm 5 611.241966 8.54 <.0001***
Season 3 253.087765 3.53 0.0147*
Calf sex 2 615.512068 8.60 <.0001***
Sire 5 72.581875 1.01 0.4304 NS

Error 510 71.59860   
DF- Degrees of Freedom; MS- mean square; F-value; P- probability; N.S; non-significant, * P<0.05, **P<0.01; 
***P<0.001 
 

From the results displayed in the table we can observe that the farm and calf sex have a very 
high significant effect (P<0.001) on gestation length whereas inseminating sire does not 
statistically significantly affect mentioned trait. Similarly to a previous table, Table 3 displays 
the significance of studied factors on calf birth weight. 

 
Table 3. Analysis of variance for birth weight 

Source DF Mean square F-value Significance 
Farm 5 35.6066081 14.34 <.0001***
Season 3 8.8772715 3.57 0.0140*
Calf sex 2 151.4725914 60.99 <.0001***
Sire 5 12.2940260 4.95 <.0001***
Error 510 2.483482 
DF- Degrees of Freedom; MS- mean square; F-value; P- probability; N.S; non-significant, * P<0.05, **P<0.01; 
***P<0.001 

The farm, calf sex and inseminating sire have a very highly significant (P<0.001) effect on 
birth weight. The season significantly (P<0.01) affected a given trait. 

  
Table 4. Mean values of gestation length and calf birth weight observed per sex 

Sex Traits 
Gestation length, days Birth weight, kg 

Female 274,73 36,61 
n 425 425 
Male 276,23 37,74 
n 75 75 
P <.0001*** <.0001***
P- probability; N.S; non-significant, * P<0.05, **P<0.01; ***P<0.001 
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Table 4 shows mean values of gestation length and calf birth weight observed per sex. The 
calf sex statistically very highly significantly (P<0.001) affects the observed traits.  

The sex ratio and statistical significance determined by 2 test are shown in Table 5. Artificial 
insemination by sexed semen very highly significantly (P<0.001) alters the calf sex ratio 
(85:15).  

 
Table 5. The sex ratio of calves and 2 value 

 
 
Sexed semen, n 

Sex ratio 2 P Female, % Male, % 
85 15 245,00 <0.001***

500 500  
2-value; P- probability;  NS non-significant, * P<0.05, **P<0.01; ***P<0.001 

 

85%

15%

Female

Male

 
Figure 1. The sex ratio of calves 

Many studies show that conception rate as a consequence of the application of the sexed 
sperm is highly variable, and that it is lower in relation to conventional sperm. Obtained rate 
of conception in this paper was in harmony with the rate of conception obtained by the heifers 
that were artificially inseminated by sexed sperm in other countries and ranged from 39 to 
57% (Cerchiaro et al., 2007; DeJarnette et al., 2009). The determined rate of conception for 
sexed sperm was higher than that reported by Weigel (2004), Bodmer et al. (2005) and Healy 
et al., 2013.  

A low rate of conception realized by sexed sperm has most probably been provoked by 
damage of spermatozoa during sorting process and by the decreased concentration of 
spermatozoa in the applied doses (Seidel et al., 1999; Bodmer, 2005; Garner and Seidel, 
2008). 

Conception rate for sexed semen in this study was significantly higher than the same rate 
established for Holstein heifers by Healy et al. (2013) and is in line with majority of published 
reports in which it amounts even up to 75%  (Cerchiaro et al., 2007; DeJarnette et al, 2009; 
Norman et al., 2010). At the same time, in a number of studies, we can notice that the highest 
conception rates were recorded in moderate climate conditions to which studied region also 
belongs.  
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Improved efficacy of the sorting can in the future increase the rate of conception and thus 
contribute to wider use of sexed sperm in dairy cattle breeding. 

Gestation length represent the trait whose duration is characteristic for every species of 
domestic animals and depends on greater number of factors. Significant differences in the 
gestation length depending on the parents breed, sires in particular, have been confirmed by 
many authors (O’Ferrall et al., 1990; Cundiff et al., 1986; Gregory et al., 1997). The results 
obtained for gestation length were in harmony with several studies (DeJarnette et al, 2009; 
Norman et al. 2010) which report that the gestation length in heifers is statistically 
sifgnificantly influenced by the season of insemination, inseminating sire, twinning frequency 
and calf sex. Male sex prolongs the gestation length what is reflected in higher body mass at 
birth in relation to the female calves. 

Type of insemination, in the present study, did not statistically significantly (P= 0.4734) 
shorten or prolong gestation length what is in harmony with the research by Tubman et al., 
2004 and Healy et al., 2013.   

Studying the calf birth weight is significant for a number of reasons, among the others, a great 
calving mass of calves is one of the major causes of difficult calvings, and later causes the 
death of calves which can occur immediately after the birth. Calf birth weight is influenced by 
different genetic and non-genetic effects, such as sex, body mass and the age of dam, sire, 
calving in order, calving season, breed, gestation length, duration of a dry period (Nelsen et 
al., 1984; Cundiff et al. 1986). The results obtained by Tubman et al., 2004, correspond to the 
results obtained in the present study meaning that in addition to the sex, season of 
insemination and inseminating sire the type of artificial insemination also has a statistically 
significant (P<0.01) effect on calf birth weight. 

Calf vigor was evaluated for all live born calves by the marks from 1 to 5. The evaluation is 
great deal subjective, therefore due to such scoring and partly due to differences originating 
from dams a statistically significant difference (P<0.01) was confirmed between the calves 
produced by sexed and those produced by non-sexed semen. The results obtained are not in 
harmony with the results of Tubman et al., 2004, who proved that there is no significant 
difference in the results for calf vigor depending on the type of insemination and sex.

Many farmers throughout the world today face the constant increase in the calf mortality rate, 
what highly unfavorably affects the economic value of milk production (Meyer et al., 2000; 
Steinbock et al., 2003; Zadeh et al., 2008). The rates of single stillborn calves in our research 
produced by heifers inseminated by sexed semen are lower than the rates obtained by Norman 
et al., 2010.  Healy et al. (2013) report that the rate of stillborns is influenced by following 
factors: sex, twinning, gestation length,  AI technician, semen type, the age of dam and the 
season of insemination. DeJarnette et al., 2009, in their study suggest that increased rate of 
stillborns produced by heifers inseminated by sexed semen occurs as a consequence of the 
process of sorting which damages sperm and leads to reduced vigor of foetus and ultimately to 
stillbirth. 

The rates of the twinning for Holstein heifers and White and Black heifers in previous studies 
ranged from 0.76% to 1.3% (Mee, 1991; Zadeh et al., 2008; Norman et al, 2010). 

The twinning rate in this study was higher than expected one for the heifers of dairy breeds 
and statistically depended (P<0.01) on the type of semen. The results obtained are consistent 
with the values reported by Healy et al., 2013, who, contrary to the results obtained in this 
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study, point out that the type of semen had no statistically significant effect (P>0.05) on 
twinning rate but that it affected the sex of twins. The use of sexed semen (Table 5) increases 
significantly the frequency of the pairs of female twins at the expense of the male ones 
(Tubman et al., 2004; Norman et al, 2010; Healy et al., 2013).  

The inheritance of the sex is the consequence of the random pairing of gamets in the proces of 
insemination and therefore, it is likely to expect an almost equal sex ratio  (1:1) in cattle 
offspring. By the application of sexed sperm, heifers will deliver female calves in about 90% 
cases instead of 49% what is an average frequency when we use the sperm which has no been 
sexed (Seidel, 2003; Cerchiaro et al, 2007; DeJarnette et al., 2009). 

The relation of sexes accomplished in this study which is obtained by sexed sperm was 
acceptable and similar to that reported by Bodmer et al. (2005) and Healy et al. (2013). 
However, it was somewhat lower than majority of reports in literature, which reported that by 
the application of sexed sperm we can obtain about 90% female calves (Cerchiaro et al, 2007; 
DeJarnette et al., 2009; Norman et al, 2010). The realised relation of sexes can be considered 
to be the consequence of reduced accuracy in sorting due to increased rapidity (Seidel, 2003). 
The relation of sexes in the respective research was statistically significantly (P<0.01) altered 
by the application of sexed sperm. 

The obtained sex ratio for conventional insemination was not in line with a majority of 
published results stating that about 50 to 52% male calves are being born (Tubman et al., 
2004; Zadeh et al., 2008; DeJarnette et al., 2009). However, similarly to our study, Norman et 
al. (2010) determined 48.5% birth of male calves. Type of insemination, which involves also 
the inseminating bull, had a significant effect on sex ratio (Norman et al., 2010; Healy et al., 
2013).   

 

Conclusion
The results obtained in this study are consistent with a majority of studies which compared the 
fertility traits, sex ratio and calf characteristics realised by artificial insemination with sexed 
semen. It can be said that the application of  sexed sperm does not lead to the increase in the 
abnormalities and that it does not affect in a negative way the studied calf characteristics. 
Sexed sperm enables the breeders to use only the best replacement heifers in the herd what 
will result in improvement of the genetic base of breeding stock. Sexed sperm should be used 
only for the insemination of sound heifers on the farms with good organisation of reproduction 
because otherwise the fertility can additionaly decrease. Regardless all limitations it has, the 
use of sexed sperm is very significant because in this way we can obtain the animals of desired 
sex and superior hereditary traits. 
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Abstract
DHI (Dairy Herd Improvement) testing - Cow productivity control implies the determination 
of milk quality and quantity, during a certain period of time. In accordance to the breeding 
program for cattle, milk recording in the Republic of Serbia is conducted according to the 
internationally recognized AT4 method. This method is recognized by the International 
Committee for Animal Recording - ICAR, as the reference method. Advantages of measuring 
individual cow samples through DHIA testing include the ability to monitor individual cow 
performance, to calculate and monitor average group performance and to monitor variation 
among individuals or groups of cows, or changes within individuals or groups of cows over 
time. The DHI samples must be properly sampled, preserved, labeled and stored.  

The aim of this paper is to highlight the importance of proper sampling of raw milk 
preservation, labeling, storage and transport to the laboratory, in order to obtain reliable test 
results.  

This paper presents the experience regarding the work of the Laboratory for milk quality 
control, at the Agricultural Faculty, University of Novi Sad. Raw milk samples were obtained 
from farms in Vojvodina, by the AT4 method. Milk samples are collected by DHI supervisors. 
Samples were collected in 40 ml bottles, containing potassium dichromate (K2Cr2O7) as 
preservative and kept under refrigeration at temperature not exceeding 4°C but without 
freezing during transportation to the Laboratory for milk quality control, Novi Sad. Analysis 
of milk samples was performed on Foss's instrument MilkoScanTMFT. The milk samples are 
heated prior to analysis to a temperature of 40+2°C and visually controlled. Sample 
identifications performed based on the bar code label, by an automatic scanner installed on 
each analyzer. Statistical analysis was performed in STATISTICA 12.0. 

In the period from July 2013 to May 2014, the Laboratory analyzed a total of 332992 milk 
samples. From the overall analyzed samples 0.57% was inadequate for analysis. The largest 
number of inadequate samples was curdy, in total 1174 samples (61.34%). These samples 
were not preserved and probably were not stored at appropriate temperature. With no bar code 
label were 518 samples, 27.06% of the total number of inadequate samples. 162 samples were 
not supplied with enough amount of milk for analysis what was 8.46% of the total number of 
inadequate samples. The most of the samples (99.43%) were properly sampled, preserved and 
stored. The results of regression analysis show that the influence of the months was significant 
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only in the case of the total number of samples. In other cases the influence of months was not 
statistically significant. The total number of samples has increased by an average rate of 
changes of 4.27% and the number of inadequate samples has increased at the rate of 9.21%. In 
that regard, it can be said that it is necessary to supervise the sampling and training of 
samplers (DHI specialists) in order to have a high level of samples quality. 

Key words: labeling, preservation, raw milk, sampling, storage 
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Abstract  
The aim of this paper is to present the research results on the milk traits and variation of milk 
composition during lactation of Pivska pramenka breed, as one of the most important 
autochthonous sheep breeds in Montenegro. Investigation was conducted on the family sheep 
farm located in the municipality of Žabljak, a typical rearing area of Pivska pramenka breed.  

The following milk traits were studied: length of lactation, milk yield (daily milk yield – DMY 
and total milk yield - TMY) and milk composition (Fat, Protein, Lactose, Solid non-fat - SNF 
and Somatic cells count - SCC).  

Based on the data of 68 completed lactations, average length of lactation was 178.5 days and 
average milk yield 94.1 kg. On the basis of 289 milk samples analysed in 5 consecutive milk 
recordings, average daily milk yield was 0.549 litres, with 5.71% of fat, 5.75% of protein, 
4.47% of lactose, 11.04 % of solid non-fat and 600x103 SCC on average.  

Differences in averages for milk composition among test days (days of milk recording) during 
lactation were significant (P 0.01). The largest variation was for milk fat, from 2.95% in the 
first control to 9.42% in the fifth control, while variation of protein was between 4.5% in the 
first and 7.4 in the fifth control. The content of lactose exposed decreasing trend during 
lactation (from 4.7% in first to 3.1% in fifth control).  

Key words: lactation, milk composition, milk yield, Pivska pramenka 
 

Introduction 
Milk is still an important product of sheep sector, in spite of dominance of meat market value.  
Europe is the main sheep milk producer in the world (2/3 of total production), with the 
Mediterranean countries (Italy, Spain, France and Greece) as the leading producers (Mio  et 
al., 2007). Sheep milk is mainly used for production of different types of cheese, then for sour 
milk products and to a smaller extent is directly consumed as fresh milk (Doma inovi  et al., 
2008). 

Economic importance of sheep milk in the countries of Balkan Peninsula has been constantly 
decreasing, due to the fact that lamb meat production is in focus of farmers’ orientation and 
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their breeding programs (Petrovi  et al., 2013). The same trend is present in Montenegrin 
sheep sector. 

During the sixties of 20th century Montenegro had about 600,000 heads of sheep. Since that 
period, intensive industrialization led to a drastic reduction of the total sheep population. Only 
during the last 20 years sheep population decreased by 53%, from 480,000 heads in 1991 to 
207,000 heads in 2012.  

Sheep production is characterized by semi extensive system of rearing, focused on utilisation 
of grassland and pasture areas. Regarding breed structure, autochthonous breeds (Pramenka 
group of breeds) prevail with a number of breeds which are invaluable from the aspect of 
preservation of farm animal genetic resources (Markovic et al., 2008). Two autochthonous 
breeds are dominant: Pivska or Jezeropivska (approx. 20% in total) and Sjeni ka (approx. 25% 
in total). Breeds like Bardoka, Ljaba, Sora or Zetska Žuja are less numbered, and all together 
participate by 15% in the total. Share of crossbreds in the total population is very high, about 
40% (Markovi  et al., 2011). 

These autochthonous sheep breeds are for triple-purpose (milk, meat and wool). Since wool is 
nowadays practically without economic importance, thus ratio between market value of the 
main products is estimated as: meat 70-75%, milk 25-30%. This ratio depends on the region, 
way of production, milking capacities of sheep, as well as on working force available for hand 
milking (Adzi  et al., 2004; Markovi  et al., 2011).  

Production of sheep milk in Montenegro is highly seasonal due to the seasonality in lambing 
of ewes, usually from February to April. Milking of ewes mainly starts after three month 
suckling period and lasts until autumn. Milk is usually processed in household into traditional 
dairy products: local product called skorup or kajmak, different types of cheese, yogurt, 
jardum, etc. 

Raw milk quality is one of the key prerequisites for the amount and quality of dairy products. 
Yield and composition of milk are influenced by breed, age of ewes, parity, litter size, 
nutrition, health of animals, environment, stage of lactation, etc. The last one – stage of 
lactation has a significant effect on milk traits (Pavi  et al., 2002; Oravcova et al., 2007; 
Kuchtik et al., 2008). 

Milk production is a function of the stage of lactation, usually presented in number of days in 
milk. The most common approach in lactation curve modelling is to fit suitable function of 
time, y = f (t), to test-day records (Komprej et al., 2012).  Two types of lactation curves can be 
found in sheep to describe the effect of stage of lactation on milk traits. The first one is 
common to the intensive production systems. Daily milk yield (DMY) is increasing from 
lambing to the peak of lactation appearing three to five weeks ahead. After that daily milk 
yield is gradually decreasing toward the end of lactation with different persistence, depending 
on rearing conditions and breed. The second type, known as an atypical lactation curve, 
appears in ewes kept in poor environment or in the extensive production systems where daily 
milk yield decrease continually from the start toward the end of lactation. 

Most of the previous studies of milk traits of sheep in Montenegro were focused on total milk 
yield and lactation length measured individually, while milk composition (solids, butterfat, 
and milk protein) were determined only on the group milk samples, but not on milk records of 
individual ewes. The aim of this paper is to present the results of investigation of variation of 
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daily milk yield and milk composition during lactation of Pivska pramenka breed on the basis 
of test day records.  

Materials and methods  
Investigation was conducted on the family sheep farm located at village Javorje, Žabljak 
Municipality. It is at the foot of the Mountain Durmitor, at an altitude of 1500 meters, what is 
typical rearing area of Pivska pramenka breed. Milk is mostly used for production of well-
known traditional dairy products ”skorup” and cheese “prljo”. This breed is well adapted to 
the conditions of a cold mountain climate. Feeding of sheep is primarily based on pasture, 
while during wintertime the hay is the main feed, supplemented by grain during lambing 
season. During summer season (from May to end of September) the farmers usually remove 
flocks from the permanent settlements to mountain pastures.   

The investigations were carried out during 2013. Due to a very long and cold winters lambing 
season starts in the second part of March and ends in the middle of April. Suckling period, 
when lambs are permanently with their mothers, lasted 2.5 months. One of the characteristics 
of sheep sector in this region is growing of lambs at the pasture until the age of 6-7 months. 
Due to the lack of enough workers, after the weaning the lambs stay with their mothers during 
the day as well, thus having possibility to suck ewes. Lambs are separated only during the 
night and ewes are milked regularly only in the morning.   

Milk recording was done in accordance with the ICAR guidance at five consecutive terms, 
starting in April. First two recordings were done during suckling period, and the rest during 
the period of milking of ewes. Milk yield was determined by measuring cylinder graduated at 
20 ml.  Individual samples of milk for chemical analyses were taken from each of the recorded 
animal, thus total of 289 milk samples was collected and delivered to the lab for analyses.  

Chemical composition of milk was analysed in the Dairy Laboratory of Biotechnical Faculty, 
in the following way: fat (F), protein (P), lactose (L) and solid non-fat (SNF) by the IC 
spectrophotometry (IDF 141C: 2000), somatic cells – 103/ml (SSC) by flow cytometry METI 
EN ISO 13366-2-2011 (IDF 148-2) using MilcoScan 120FT.  

All data were analysed by using one-way analysis of variance (ANOVA) in the statistical 
package Statistica 12.  

Yijkl =  + Ci + eij 
where: 

 = overall mean 

Ci = fixed effect of test day (i = 1, …, 5) 

eij = random residual error. 

 

Results and discussion   
The obtained results on 68 ewes of Pivska pramenka breed (Table 1) show that the average 
milk yield was 94.11 kg during 178.5 milking days on average. Very wide range of variation 
in TMY, from 50 kg to 200 kg, indicates that this breed has a genetic potential for higher milk 
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production. Milk yield in this research is slightly lower than the previous one for this breed of 
sheep (Ljumovi  and Adži  1987; Miti  1987), while similar to the results obtained by Adzic 
et al. (1992).  

Pivska pramenka has similar milk yield to Sjeni ka breed, but higher than the other breeds 
from the Pramenka group: Zetska Žuja and Ljaba from Montenegro, Pirotska from Serbia and 
Vlasicka from Bosnia and Herzegovina (Ljumovi  and Adzi , 1987; Miti , 1987; Petrovi  et 
al., 2002 and 2006). However, autochthonous breeds from Croatia produced higher milk 
quantity in the lactation (Pandek et al., 2005). 

Average daily milk yield (DMY) and milk components: fat, protein, lactose, SNF – solid non-
fat and somatic cells count – SCC were determined on 289 individual measurements and on 
the same number of milk samples taken in five consecutive visits during milking.     

Average daily milk yield was 0.549 l. It was the highest at first recording (0.720 l), then it has 
been constantly decreasing till the last (fifth) test day (0.280 l), Table 2. All differences in 
milk yield among test days (days of recording) were significant (P<0.01), except for the 
difference between the first and second recording which was not significant (P>0.05). 

 
Table 1. Statistical parameters for milk traits of Pivska pramenka breed 

Parameter N 
_ 
X SD CV (%) Range 

Lactation length, days 68 178.53 24.11 13.50 126.0 – 230.0 
TMY - Lactation milk yield, l 68 94.11 25.41 27.00 50.20 –198.90 

DMY - daily milk yield, l 289 0.549 0.24 43.7 0.10 – 2.40 
Fat, % 289 5.71 2.55 44.6 1.85 – 12.42 

Protein, % 289 5.75 1.18 20.51 3.79 – 10.36 
Lactose, % 289 4.47 0.67 14.99 1.86 – 5.46 

SNF, % 289 11.69 0.82 7.02 9.00 – 14.72 
SCC, 103 278 600.52 1085.50 180.70 37 - 5311 

 

Fat is the milk component with the highest variation through the lactation. Average fat content 
was 5.71%, and contrary to the milk yield it has had significant increase from 2.95% in the 
first up to 9.42% in the fifth recording. The differences among the test days were significant 
(P<0.01).  

Variation of fat content through lactation and the effect of stage of lactation on fat content are 
in accordance with the results of Pavi  et al. (2002); Kuchtik et al. (2008); Komprej et al.  
(2012). However, the average fat content in milk is lower than in majority of the results of 
other researchers. One of the reasons for this may be incomplete milking; thus the last milk is 
retained. 

Protein, lactose and SNF are milk components with much smaller range of variation than milk 
fat. Similar to fat content, protein has been increasing from the first recording (4.51%) up to 
the fifth (7.36%), while lactose content exposed the opposite trend, but at smaller scale, from 
4.72% in the first to 3.11% in the fifth recording, Graph 1.  
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Table 2. Variation of daily milk yield (DMY) and chemical composition of sheep milk in different 
stages of lactation   

Parameter I II III IV V 
Daily milk 
yield, l 0.72±0.04a 0.67±0.03a 0.58±0.02b 0.420±0.02c 0.28±0.02d 

Fat, % 2.95±0.09a 3.38±0.09a 4.91±0.12b 7.38±0.20c 9.42±0.34d 

Protein, % 4.51±0.51a 5.03±0.04b 5.54±0.06c 6.80±0.10d 7.36±0.19e

Lactose, % 4.72±0.02a 4.98±0.03b 4.77±0.02a 4.12±0.06c 3.11±0.10d

SNF, % 9.99±0.06a 10.78±0.05b 11.07±0.06b 11.44±0.2c 12.32±0.16d

SCC, 103/ml 563±302ab 206±41.2b 342±75.4b 1113±284ac 2067±819d

a,b,c,d  - different letter in subscript means statistical significant differences (P<0.05) 

 

Similar to protein, SNF had a mild growing trend from the first (9.99%) to the fifth recording 
(12.32%). Stage of lactation had a significant influence on SNF content, thus all differences 
among test days (recordings) were significant (P<0.01), except for the difference among the 
second and third test day which was not significant (P>0.05).  

Somatic cell count - SCC in sheep milk is important as parameter of udder health status 
(mastitis indicator) as well as for the processing of milk (indicator of quality). Average SCC 
was 600,520/ml. SCC amounted to 563,000 at the beginning of lactation (first recording) then 
during the middle of lactation (second and third recording) went down and significantly 
increased reaching 1,113,000 in the fourth recording and  even 2,067,000 cells in the fifth 
recording.  

 

Graph 1. Variation of the milk components through lactation 

Increasing of SCC during the second half of lactation, parallel with decreasing of daily milk 
yield is in accordance with the results of Gaicone et al. (2005). SCC curve goes to the opposite 
direction in comparison to the shape of DMY curve, Graph 2.  
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Graph 2. Variation of DMY and SCC through lactation 

Conclusion
The stage of lactation had a significant effect on the daily milk yield and the content of all 
studied milk components.    

A wide range of milk yield indicates the plasticity of the genome of Pivska pramenka and 
good capacity for improvement by implementation selection in the existing breed. 

Content of fat in milk has been increasing in parallel with the decreasing of milk yield.  

From April to October protein and SNF content increased in parallel, but lactose decreased 
slightly.  

The results of milk yield and milk composition of Pivska pramenka sheep breed show that 
there are still quite a lot of possibilities to improve the milk yield and fat content. Nutrition, 
maintenance and state of health can contribute to improve the production and to influence a 
rearing success. 

 

References  
1. Adzi  N, Markovi  B 2003. Osnovne morfološke i proizvodne karakteristike zetske zuje. 

Savremena poljoprivreda 3-4, 373 – 376.  

2. Doma inovi  M, Antunovi  Z, Miji  P, Šperanda M, Kralik D, idara M, Zmai  K 2008. 
Proizvodnja mlijeka – sveu ilišni priru nik, ISBN 978-953-7243-19-7, Poljoprivredni fakultet 
Osijek.  

3. Giaccone P, Scatassa M L, Todaro M 2005. The influence of somatic cell count on sheep milk 
composition and cheese-making properties. Ital. Journal of Animal Science 4 (Suppl. 2), 345-
347.  

4. Grupa autora – Adži  et al. 1992. The influence of genotype on prolificy and other productive 
traits of sheep under omprove and intensive feeding condition and care in mountainous regions. 
Final Report of project JFP-685. Agricultural institute Podgorica.  

5. Komprej A, Drobni  M, Kompan D 1999. Milk yield and milk traits in Slovenian sheep breeds. 
Acta Agraria Kaposváriensis 3, 2, 97-106. 



173

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

6. Kuchtik J, Šustova K, Urban T, Zapletal D 2008. Effect of the stage of lactation on milk 
composition, its properties and the quality of rennet curdling in East Friesian ewes. Czech J. 
Anim. Sci. 53, 2, 55–63.  

7. Ljumivi  M, Adži  N 1988. Mlije nost i prinos vune crnogorskih ekotipova ovaca. 
Poljoprivredni institute Titograd, Zbornik radova, pp. 217-228.  

8. Markovi  B, Markovi  M and Adzi  N 2007. The farm animal genetic resources of Montenegro, 
Biotechnology in Animal Husbandry 23, 3-4, 1-9.  

9. Markovi  B, Markovi  M, Radonji  D, Veljic M 2011. Sustainable sheep and goat production 
based on local breeds in Montenegro. 8th Global Conference on the conservation of animal 
genetic resources Tekirdag, Turkey. Book of papers, pp. 413-421.  

10.Mio  B, Pavi  V, Suši  S 2007. Ov arstvo. Hrvatska Mljekarska udruga - Zagreb.  

11.Miti  N 1987. Ov arstvo. Nau na knjiga Beograd.    

12.Oravcová M,  Margetín M, Peškovi ová D, Da o J, Milerski M, Hetényi, Polák P 2007. Factors 
affecting ewe’s milk fat and protein content and relationships between milk yield and milk 
components, Czech J. Anim. Sci. 52, 7, 189–198.  

13.Pandek K, Mio  B, Bara  Z, Pavi  V, Antunac N, Prpi  Z 2005.  Mlije nost nekih pasmina 
ovaca u Hrvatskoj. Mljekarstvo 55, 1, 5-14. 

14.Pavi  V, Antunac N, Mio  B, Ivankovi  A, Havrenek J 2002. Influence of stage of lactation on 
the chemical composition and physical properties of sheep milk. Czech J. Anim. Sci. 47, 2, 80–
84. 

15.Petrovi  P M, Ili  Z, Petrovi  Caro V 2013. Ov arstvo i kozarstvo. Monografija – ISBN 978-86-
82431-70-1, Institut za sto arstvo Zemun.  

16.Petrovi  P M, Žujovi  M, Negovanovi  D, Ruži  Musli  D, Strsoglavec S 2002. Uticaj 
paragenetskih faktora na osobine mle nosti ovaca. Biotehnologija u sto arstvu 18, 1-2, 23-27.  

 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

174

Abstract 

THE EVALUATION OF MILK PRODUCTION FOR THE TIGAIE BREED WHICH IS 
RAISED IN DIFFERENT TRADITIONAL PARTS OF ROMANIA

  
Pascal C.*1, Cristian C.2 

 
1University of Agricultural Sciences and Veterinary Medicine Ia i, Romania 
2SCDCOC Secuieni-Bacau, Romania 
*Corresponding author: pascalc@uaiasi.ro 
 
  
Abstract
The purposes of the research was to assess the real potential of the Tigaie breed for milk 
production and the identification of the improvement ways of production. The biological 
material used for evaluation was represented by growing herds which were exploited in three 
Romanian counties in which the growing of this breed is an action with old traditions. The 
quantitative milk production  was appreciated based on monthly check-ups, the used method 
was the official one used in Romania and in the UE, named the A4 method. During the 
lactation more successive check-ups were planned, for equal periods of 30 days, and for 
determining the total milk production obtained for each period, the Fleishmann method was 
used 

The obtained results after applying successive reviews indicate the existence of obvious 
differences between the lots. These differences are significant statisticaly for p<5%, the only 
distinguished exception being of + 0.54 l obtained between Vrancea and Vaslui, which is 
unimportant  for the considered significant limit. The completion of the research and the 
statistical processing of the dates indicate the fact that the Tigaie breed must be subjected to a 
more extensive program for milk production which would make it more efficient.  

Key words: Romanian sheep, sheep for milk production (milk sheep), Tigaie 
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Abstract
Egg quality characteristics of three different autochthonous chicken phenotypes 
(phenotype having ashy-silvery-brown leghorn laced plumage color, phenotype having 
light brown spangled plumage color and phenotype having black or blue plumage color) 
were examined. These types of chickens are mainly raised as backyard rural area flocks 
in the villages of R. Macedonia. The data were collected through first systematic 
approaches in phenotypical identification and characterisation of these autochthonous 
genotypes realized recently. Three small flocks of old hens collected from different 
villages and placed in control pens were established. No data about number of 
eggs/hen/year is available for the established flocks. Further investigations are needed to 
record productive (number of egg produced) and reproductive data. The plan was that 
additional, yearly production records be collected from the flock produced as offspring 
from established flock of old hens collected from different villages and placed in control 
pens. Set of 90 eggs was collected (30 eggs from each plumage phenotype) and basic egg 
quality parameters measured. Egg size (weight) was 50.71g for brown laced plumage 
phenotype, 60.48g for blue plumage phenotype and 52.6 g for light brown spangled 
plumage phenotype. Egg shell strength was 3965, 3628 and 3924 g/cm2 for brown laced, 
blue and brown spangled plumage phenotype, respectively. Light brown spangled 
plumage phenotype had the highest value of yolk color (10.29) and Hough Units (76.63) 
compared to brown laced (10.08 and 75.27) and blue (9.09 and 71.65) plumage 
phenotype.  

Key words: autochthonous, egg quality, genotypes, poultry, rural  

Introduction 
Global trends have been oriented toward identification, characterization, protecting and 
conservation of the animal genetic resources worldwide. Chickens are part of these 
activities and contribute toward world’s food security, safety and sustainability. Many 
reports have been published on the characteristics of different native genotypes of 
chickens in order to offer small, but valuable contribution to these global efforts for 
protecting the genetic poultry resources.  
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Tharrington et al. (1999), analyzing historical Leghorn strains conclude that genetic 
selection has resulted in decreased yolk percentage due to increased egg size, meaning 
that selection improved albumen size but the overall egg quality has been maintained. 
Zanon et al. (2006) in his study examined the egg characteristics of autochthonous 
Modenese and Romagnolo breeds and report light and small eggs produced by them but 
these eggs had higher contents of yolk protein than commercial eggs. General findings of 
the study of Krawczyk (2009) was that native breed hens kept for many years in closed 
populations where no selection process was practiced express noticeable differences in 
some egg quality traits that can change according to egg production level and layer age 
but not in a pattern noticed in the commercial hybrid hens selected for high production. 
Ceccobelli (2013) has summarized and described the most important traits for several 
breeds (Albanian, Serbian, Spanish and Italian) in PhD thesis focusing on molecular 
tools in analyzing genetic diversity of Mediterranean autochthonous chicken breeds.  

Analysing data on the quality of eggs of different genotypes has shown a relatively poor 
quality of eggs laid by Naked Neck, namely, lower weight, lower quality and poorer 
inner shell quality. The difference in the quality of the eggs was also identified between 
autochthonous breeds (Pavlovski et al., 2012).  

Macedonia is a small country in Balkan Peninsula with about two million inhabitants in 
which rural population represents 41% of these two million. Poultry industry officially 
records about 2.2 million chickens, with three level tiers structure. Egg production covers 
domestic market demands but poultry meat production covers only 4-5% of the market 
needs. Overall average egg production at all three levels is 152 eggs/hen/year. First level 
of production is organized on 10-15 big enterprise farms with average capacity 80-
100000 layers where around 1 million layers are kept in cages reaching production level 
of over 310 eggs/year. Second level is represented by medium and small family owned 
farms covering 200 000 layers. Third level comprises all other (around one million) 
chickens that are backyard poultry with average production of 80-100 eggs/hen/year kept 
for the household needs. In the third level many fancy breeders exist that keep different 
breeds rarely taking in consideration breeding structure and keeping herdbooks for 
pedigree breeding purposes (Ministry of Agriculture, Forestry and Water Economy 
(MAFWE), 2007; 2008). At the moment no national livestock gene bank is established in 
the country (Ministry of Agriculture, Forestry and Water Economy (MAFWE), 2010). 
Such gene bank could serve as a main point for conservation, protection, monitoring and 
inventory of livestock biodiversity. First systematic activities were realized in 2011, 
aiming to monitor the happenings in the “third (rural) level” of poultry industry. The idea 
was to investigate if there are remains of archaic, native or indigenous genotype of 
chickens that used to be there before the era of industrial poultry production. These 
efforts were part of the state goals toward protection and conservation of the genetic 
diversity in the area of domestic animals and poultry according to the acquired obligation 
stated in the “Law for Livestock”. Additionally, noticeable efforts are made through 
different international organisations for protecting and conservation of the genetic 
resources in agriculture in general and poultry species as a part of it. Activities in this 
direction could help establishing protected flocks of rare breeds and genotypes that exist 
among rural areas in the country. The information presented is the result of these and 
follow-up, ongoing activities in the area of preservation of the indigenous chicken 
genotypes. 
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Material and methods 
Recently, three small flocks of old hens collected from different villages and placed in 
control pens have been established through the support obtained from GEF project 
enabling first systematic approaches in phenotypical identification and characterisation of 
these autochthonous genotypes. The eggs were collected from these pens (pen of hens 
having ashy-silvery-brown leghorn laced plumage color, pen of hens having light brown 
spangled plumage color and pen of hens having black or blue plumage color). Set of 30 
eggs from each plumage phenotype was collected and basic egg quality parameters 
measured. No data about number of eggs/hen/year are available for the established flocks. 
Analyses of the external (egg mass - g, egg shell strength - g/cm2) and internal (yolk color 
– La Roche ladder 1-15, albumen quality – Hough units) egg quality 
parameters were performed in the laboratory for control of the marketing quality of eggs 
in the Institute for Animal Biotechnology of the Faculty of Agricultural Sciences and Food 
using automated machine Egg multi tester EMT 5200, for measuring the internal quality 
and Eggshell Force Gauge for measuring the egg strength (Robotmation Co. Ltd., Tokyo, 
Japan).  

 

Results and discussion 
Morphological characteristics 
Using the Generic data collection format for phenotypic characterization of chickens from 
Annex 3 of the Draft guidelines on phenotypic characterization, determined by 
Intergovernmental technical working group on animal genetic resources for food and 
agriculture of the Commission on genetic resources for food and agriculture of FAO 
(2012), three distinct phenotypes were determined and small flocks of hens with similar 
phenotype were established for further reproduction and monitoring: 

Phenotype having ashy-silvery-brown leghorn laced plumage color; 

Phenotype having light brown spangled plumage color and  

Phenotype having black or blue plumage color. 

 

Egg quality characteristics 

Table 1. Egg quality characteristics of different indigenous genotypes raised in village area of 
Macedonia as backyard chickens 

Parameters Brown 
laced Blue 

Brown 
spangled Average 

Egg weight (g) 50.71 60.48 52.26 54.48 
Egg shell strength g/cm2 3965 3628 3924 3839
Yolk color – La Roche points (1-15) 10.08 9.09 10.29 9.82 
Internal quality -  albumen quality (Hough 
Units) 75.27 71.65 76.63 74.52 
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Egg production level is still not recorded, but the plan is to establish a control flock from 
each of the phenotypes in the next year and to follow their productivity for the year. 
Estimates are that 100-120 eggs are laid yearly in all three varieties but it hardly depends 
on the feed used and feeding practice. Sample of 30 eggs from each of the flocks of all 
three phenotypes was included in this analysis. Results (Table 1.) present average values 
for egg size (weight) and other egg characteristics (shell strength, yolk color and Hough 
units). Egg weight was 50.71g, 60.48g and 52.6g for brown laced plumage phenotype, 
blue plumage phenotype and brown spangled plumage phenotype, respectively. Eggshell 
strength figures were 3965, 3628 and 3924, and yolk color 10.08, 9.09 and 10.29 for 
brown laced plumage phenotype, blue plumage phenotype and brown spangled plumage 
phenotype, respectively. Hens from brown spangled plumage phenotype produce eggs 
with best albumen quality (76.63 Hough Units) in comparison with brown laced plumage 
(75.27) and blue plumage phenotype (71.65). 

 

 

 
Graph 1. Egg size of different indigenous genotypes raised in village area of Macedonia as 

backyard chickens 

 

 

The average egg size (Graph 1) was quite high (54.48 g) compared to some other results 
of research on indigenous eggs. The indigenous eggs are mostly small in size with less 
weight when compared with other types of chicken eggs (Shabbir et al., 2013). The 
larger size of eggs especially in the Blue genotype was due also to the greater age of the 
chickens. The eggs mass increased with the age of hens, especially from traditional 
production where egg mass showed continuous increase with the age of hens (Škrbi  et 
al., 2011). 
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Graph 2. Egg shell strength in different indigenous genotypes raised in village area of 
Macedonia as backyard chickens 

 

Egg shell strength (Graph 2) was 3839 g/cm2 on average which is a good strength of shell 
especially in Brown laced genotype that had the smallest mass of eggs and also the best 
strength of the shell, which indicates a positive correlation between the two parameters. 
Significant (  < 0.05) negative correlation was found between egg shell strength and egg 
weight (-0.175) indicating that with increasing the egg weight the eggshell strength 
decreases (Kocevski et al., 2011). 

Graph 3. Yolk color in different indigenous genotypes raised in village area of Macedonia as 
backyard chickens 

Yolk color (Graph 3) was very good, ranging from 9.09 to 10.29 points in La Roche 
scale, showing that the trait can be considerably improved when hens are given access to 
green outdoor areas. Free-range layers consumed plants that were a source of 
xanthophylls for egg yolk. Van den Brand et al. (2004) and Horsted et al. (2006) 
observed that plants consumed on free-range have a beneficial effect on yolk color. 
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Graph 4. Internal (albumen) quality (Hough Units) in different indigenous genotypes raised in 
village area of Macedonia as backyard chickens 

 

The value of Hough units (Graph 4) showed good quality of egg albumen and high 
freshness, 74.52 average for all genotypes. Eggs from backyard system received the best 
scores for freshness (albumen height and Haugh units), corroborating the results of 
similar studies by Kosmidou et al. (2007), Sekeroglu et al. (2008) and Krawczyk (2009). 
Meanwhile, Rossi (2007) obtained lower Haugh units for the eggs of hens kept under 
organic production systems compared to caged layers.  

Conclusion 
Full system for monitoring and recording the local breeds is at the beginning, therefore 
monitoring of trends and risks in the field of endangered local breeds are scarce. This 
means that these, first information are indicative and based on scientific research 
activities and first systematic efforts realized recently.  

Presented egg characteristics of the three chicken phenotypes described belong to one 
“Macedonian” genotype, which is part of the mixed gene pool that exists among village 
chicken population in Macedonia. Further activities are needed in realization of the 
conservation program toward stabilization of the phenotypic population and collection of 
morphometrical, productive and reproductive data for the existing flocks. This will 
contribute toward definition and characterization of breed or genotype standards for the 
exterior including body measures, phenotypical, biological, productive and reproductive 
characteristics.  
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Abstract
Horse race results in studbooks are supposed to give information to manage the selection of 
trotters based on the analysis of genetic and phenotypic parameters. The objectives of this 
study was to estimate genetic and phenotypic variability of three racing traits (number of 
starts, race time and best racing time) of trotter horses in Serbia. The data were obtained from 
the Trotting Association of Serbia and consisted of 2252 observations. The model included 
effect of sex, year of birth, season, year of race, distance and race track as fixed effects and 
sire as random effect. The BLUP sire model was applied to the genetic evaluation of measured 
traits. Average mean of number of starts, race time and best racing time was 64, 83.15 and 
79.28, respectively. Of all tested fixed effects only distance was not statistically significant for 
number of starts and season for best racing time. However, a statistically highly significant 
influence of all tested fixed effects on racing time was shown. Heritability estimates were 0.28 
for number of starts, 0.19 for racing time and 0.35 for best racing time. The low heritability 
estimates for number of starts and racing time indicate that selection based on horse 
phenotypic value induces small genetic change in these traits while middle level of heritability 
for best racing time indicates that animal's phenotype is a good indicator of genetic merit or 
breeding value.  

Key words: heritability, racing performance, trotter 

Introduction 
Trotter racing is a form of horseracing in which the horses race in a specified gait (trot). Trot 
is a two-beat gait in which the diagonal limbs move together synchronously (Thiruvenkadan et 
al., 2009). Horse race results in studbooks are supposed to give information to manage the 
selection of trotters based on the analysis genetic and phenotypic parameters. Research on the 
basis of trotting performance was previously done by Minkema (1978), Langlois (1982, 
1984a) and Tolley et al. (1985). Later, Ricard et al. (2000) and Thiruvenkadan et al. (2009) 
also compiled the performance of trotters. In this review, a detailed description of different 
breeds involved in trotting races has been presented along with description of genetic 
parameters, breeding evaluation and genetic improvement of the trotters. Trotting performance 
was mostly measured by time traits, earnings, perfect gaits, number of starts, rank in races and 
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qualification status. Hintz (1980) reviewed the heritability estimates of trotters and reported 
that log of earnings is highly heritable (0.41) while time, best time and earnings are 
moderately heritable (0.34, 0.25 and 0.20, respectively). In order to avoid bias in estimation of 
genetic parameters the effect of some environmental factors should be considered in the 
statistical model. Most often these are age, sex, year, racing distance, racetracks, track 
condition, temperature, class of race, starting method, season etc. According to Štrbac and 
Trivunovi  (2013) sex, age, season, racetrack and distance have highly significant effect on 
race time of trotters. Similar results were obtained by Rohe et al. (2001) and Bugislaus et al. 
(2006). The objective of this study was to estimate genetic and phenotypic variability of three 
racing traits (number of starts, race time and best racing time) of trotter horses in Serbia. 

Material and methods 
Individual race records of trotters in Serbia were used in this analysis. Based on information 
from the Trotting Association of Serbia, data consisted of 2252 observations. Performance 
data were used in analysis. These included number of starts, race time and best racing time. 
The model used contained fixed effect of sex, year of birth, season, year of race, distance, 
racetrack and sire as random effect. Statistical analysis was conducted using the software 
Statistica 12. Estimation of genetic parameters was conducted using the LSMLMW (Harvey, 
1990), intra-class correlation (half-sibs) method. The statistical model was: 

Yijklmnop=μ+Si+Bj+Sek+Rl+Dm+Rtn+Sio+eijklmnop, 
Where: 

Y:  measured traits, 

μ:  general average, 

S:  the effect of sex (i=1..3), 

B:  the effect of year of birth (j=1...13), 

Se:  the effect of season (k=1,2), 

R:  the effect of year of race (l=1...15), 

D: the effect of distance (m=1...3), 

Rt: the effect of racetrack (n=1...29), 

Si: the effect of sire (o=1...8), 

e: random error is an error term under usual assumptions for ANOVA (the error 
distributed normally with mean = 0 and constant variance). 

 

Results and discussion 
The means and variability of the three measured traits for the trotter horse in Serbia are shown 
in Table 1. The average number of starts, racing time (s/km) and best racing time (s/km) were 
64.85, 83.15 and 79.25, respectively. 
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 Table 1. Mean and variability of measured traits 

Traits N Mean SD CV 
Number of starts 2252 64.85 35.23 54.33 
Racing time, s/km 2252 83.15 3.44 4.14 
Best racing time, s/km 2252 79.28 1.70 2.14 

N – number of horses; SD – standard deviation; CV – coefficient of variation  
 
Langlois and Vrijenhoek (2004) stated that the career total number of starts observed in 
French trotters was 30.3. The number of starts might be regarded as a possible indicator of the 
soundness of a horse's basic conformation (Thiruvenkadan et al., 2009). It can be considered 
according to the age or for the whole career. Racing time has frequently been used as a 
measure of racing performance in trotters. A natural choice to measure a performance trait for 
a racing horse is to measure its ability to run fast (Thiruvenkadan et al., 2009).  

Table 2 shows the effect of sex, year of birth, season, year of race, distance, racetrack and sire 
on number of race, racing time and best racing time. Of all tested fixed effects only distance 
was not statistically significant for the number of starts and season for best racing time, while 
a statistically highly significant influence of all tested fixed effects on racing time was shown.  

  
Table 2. The effect of studied factors on measured traits 

Traits Number of race Racing time Best racing time 
Source variability F P F P F P 
Sex 29.989 0.0000** 21.617 0.0000** 124.868 0.0000** 
Year of birth 94.981 0.0000** 59.174 0.0000** 77.036 0.0000** 
Season 9.335 0.0023** 22.143 0.0000** 0.005 0.9463ns

Year of race 17.953 0.0000** 39.287 0.0000** 2.742 0.0005** 
Distance 0.189 0.8274ns 28.236 0.0000** 6.480 0.0016** 
Racetrack 4.922 0.0000** 14.113 0.0000** 3.644 0.0000** 
Sire 12.793 0.0000** 8.527 0.0000** 15.620 0.0000** 
R2 0.578 0.419 0.498 
 

The racing records reflect the speed capacity of a horse when many favourable environmental 
conditions are met, it is the sum of the effects of many genetic and environmental factors 
(Arnason, 2001). When trotting performance is measured, the horse’s age, sex, birth year, race 
distance, racetrack, track conditions, prize money, racing season and year are often taken into 
estimation of breeding value. Age and gender effects are mostly investigated and they will be 
examined further, as well as the year of racing with the genetic progress. Effect of racing 
distance on the speed is observable in countries having a wide range of distances in races. 
Accordingly this effect can bias the estimation of the effect of age because younger horses 
race on shorter distances (Thiruvenkadan et al., 2009). Racetrack effect results from some 
physical conditions such as the type of ground (grass being slower than the sand), shape of the 
curves and evenness and length of the straight lines (Thiruvenkadan et al., 2009). Highly 
significant effect of all mentioned on trotting horse speed was found by Bugislaus et al. 
(2006), Rohe et al. (2001), Katona and Distl (1989) and Štrbac and Trivunovi  (2013). It is 
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thought that by using individual race information, enviromental factors (rather than just pure 
genetic factors) will be able to be estimated much more accurately and information from each 
record will be more appropriately weighted in the final breeding value. 

Heritability is one of the most important concepts in animal breeding. There are several 
working definitions, as heritability is used to help plan breeding programs, determine 
management strategies, estimate breeding values of individual animals and predict response to 
selection (Štrbac and Trivunovi , 2014). An intensive selection of stallions on the basis of 
phenotypic racing performance has been practised in many trotter populations for quite a long 
time. Improvements have been observed in different trotter populations and this is attributed to 
both genetic and environmental changes. Studies devoted to the estimation of the heritability 
of the traits linked to racing performance are fundamental for the development of consistent 
genetic breeding programs. The heritability estimates, genetic and phenotypic correlations are 
shown in Table 3. Heritability estimates were 0.28 for number of starts, 0.19 for racing time 
and 0.35 for best racing time. The low heritability estimates for number of starts and racing 
time indicate that selection based on horse phenotypic value induces small genetic change in 
these traits while middle level of heritability for best racing time indicates that animal's 
phenotype is a good indicator of genetic merit or breeding value. There was a negative genetic 
correlation between time traits and number of starts as was expected because a decrease in the 
time traits is always related to the improvement in the performance results in races.   

 
Table 3. Heritability estimates (on the diagonal), genetic (below diagonal) and phenotypic correlation 

(above diagonal) for measured traits 

Parameters Number of race Racing time Best racing time 
Number of race 0.28 0.07 0.12 
Racing time -0.55 0.19 0.36
Best racing time -0.40 0.92 0.35 
 

Heritability estimates of racing performance range from low to moderate, and traits used in 
genetic evaluation of trotters are racing time, earnings, percentage of placings, and number of 
disqualifications in races (e.g., Ojala, 1987; Klemetsdal, 1994; Pösö and Ojala, 1997; Arnason, 
1999; Thuneberg Selonen et al., 1999; Bugislaus et al., 2005; Langlois and Blouin, 2007). 
Klemetsdal (1994) observed that the heritability estimates in Norwegian Trotters for 
transformed number of starts in 3, 4 and 3 to 6 years of age were 0.02, 0.07 and 0.10, 
respectively. Arnason et al. (1989) also reported low heritability estimates for number of starts 
in 3-, 4-, 5- and 6-year-olds and the estimates were 0.07, 0.04, 0.02 and 0.07, respectively, in 
Swedish Standard bred Trotters. The heritability of the time traits was to the range found in 
the reviewed bibliography, 0.08–0.50 (Ojala and van Vleck, 1981; Ojala, 1987; Arnason, 
1999; Bugislaus et al., 2005; Gomez et al., 2010). The genetic correlations between number of 
starts and the other traits according to Thiruvenkadan et al. (2009) were generally fairly low.  

 

Conclusion
Selection of stallions on the basis of phenotypic racing performance has been practised in 
Serbian trotter populations for quite a long time. Knowledge about the genetic and phenotypic 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

186

parameters of the trotter horse in Serbia represents an actuality issue if we take into account 
that such studies are inexistent. In addition, selection and genetic improvement must be based 
on the analysis of the heritability and average values of racing performance in horse 
populations used in the race and breeding. The analysis of heritability of the racing 
performance in the Serbian population of trotters indicates that best racing time has the highest 
level (0.35). In animal breeding, the knowledge about genetic parameters of the traits that we 
are interested in is the rst prerequisite in establishing a selection programme. Therefore, this 
traits should be main selection criterion in breeding programme. Because of a high genetic 
correlation between racing time traits (0.92), direct selection could also result in adequate 
selection accuracy for racing success for these traits, but modern animal breeding requires 
dynamic breeding schemes in which it is necessary to use genetic evaluation of breeding 
animals. 
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Abstract 
Optimal feeding of sows is a complex problem due to their very different needs and use of 
nutrients during certain phases of the reproductive cycle. In pregnancy the sows need for 
nutrients is relatively small and slightly higher than maintenance requirements. In the last 
few years, the recommendations for feeding pregnant sows have been revised in such a way 
that greater protein (amino acid) and energy intake have been proposed for late gestation, 
compared to early gestation. The U.S. National Research Council (NRC, 2012) published 
the Nutrition models for swine, combined into a Microsoft Excel workbook and stored in 
the file NRC swine 2012. The program also includes a database with nutrient profiles of 
ingredients and a means to formulate diets and generate feeding programs. In the current 
paper, we will show agreements and differences between models and empirical data and 
discuss the implications and relevance for pregnant sow nutrition. 

Key words: needs, nutrition model, sows, recommendation 
 

Introduction 
In pig production, sow nutrition is one of the most dynamic and most pre-stressed, so it is a 
challenge to meet the needs of nutrients and achieve satisfactory results.  During 
exploitation, sow should produce about 70-75 piglets as is generally accepted. The key 
factors are: stage of gestation and feeding regimen, parity and anticipated litter size; and 
effects of housing and environmental conditions. These factors are main influence of 
nutrient requirements, and in the 2012 NRC model during evaluation different feeding 
programs they are indispensable.  Pig farming is a process within which it is difficult to say 
”This stage is the beginning of the process”. The question that arises is whether it is a 
second insemination or farrowing, or heat phase?  But truly speaking it can be said that 
gestation is a phase of reproductive cycle which lasts more than 70% of the sow life. Also 
undisputable fact is that during pregnancy sows eat 2/3 of the total amount of feed 
consumed during the year.  Therefore, as one of the measures for better efficiency Stan i  
et al. (2011)  recommended early diagnosis of pregnancy, thereby reducing the number of 
unproductive feeding days per sow, significantly increasing the efficiency of utilization of 
accommodation space, and it is possible and appropriate timely intervention in each animal 
examined.  With the ultrasound method, gestation can be diagnosed 17 days after 
insemination (Stan i  et al., 2011). Over 95% of correct diagnosis is made by examination 
performed between the 25th and the 35th day of insemination. But significant deficiency, 
which significantly limits the large-scale use of this method in practical production is a  
high price of ultrasound equipment (Stan i  et al., 2011).  Reproductive problems, which 
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may result in the reduction of sows productivity or early culling, are often related to 
extreme variations in body reserves (Dourmad et al., 1994; Kov in et al. 2009), although 
body reserves should be considered more as an indicator of the risk rather than as the real 
cause of problems. During pregnancy, sufficient body reserves must be built to compensate 
for the eventual nutritional deficit that may occur in the following lactation. However, 
these reserves should not be excessive in order to avoid the occurrence of farrowing 
problems that are typical for fat sows, or to impair feed intake after farrowing (Dourmad et 
al., 2008).  The sow nutrients requirements in the beginning of gestation are small, slightly 
higher than maintenance requirements, which are the largest in the structure, compared 
with growth (maternal protein and fat deposition), fetus, mammary tissue, uterus, and 
placenta and fluids. Therefore, regardless of the small requirements for protein and energy 
during gestation, and due to the aforementioned facts, the impact on reproductive 
efficiency and cost of production of this stage is huge and very important. 

 

Protein and energy requirements 
The values for complete feed for pregnant sows and gilts according to the feed quality 
regulative of the Republic of Serbia are shown in (Table 1). 

Table 1. Values for complete feed for pregnant sows and gilts according to the feed quality 
regulative of the Republic of Serbia (the Official Gazette of the Republic of Serbia, no. 
4/2010) 

Protein, % min. 13 
ME, MJ/kg, min. 12.0 
Lysine, %, min. 0.55 
Meth+cist, %, min. 0.3 
DM, %, min 86.5 
Cellulose, %, max 9 
Ash, %, max. 8 
Ca, % 0.75 – 1.00 
P, % min. 0.55 
 
The use of diets with 13% CP and 12 MJ ME, during the whole period of pregnancy 
without a detailed analysis of the individual requirements of each sow is believed to show 
a retrograde attitude. Kleisiary (2007) showed increased piglet birth weight when the 
dietary protein content was increased from 11 to 13% for the last 30 day of pregnancy.   
According to the NRC (1998, 2012) models of the requirements, they should be 
coordinated with body weight of sows during mating, growth during pregnancy, as well as 
the expected number of piglets per litter. Although the gestation as a sow life period has 
been characterized like period with low need in proteins and other nutrients, the quantity 
and quality of protein in this stage according to many researchers may have a significant 
impact on the reproductive efficiency and profitability of production. This is particularly 
pronounced  in the last stage of pregnancy. Therefore it is important to define nutrition 
program of sows that will ensure maximum production of piglets with a minimum amount 
of protein and minimal cost of feed. INRA and NRC have some differences that largely 
define their specificity, for example NRC (2012) includes AA balances for calculating sow 
requirements, but the model does not include manure composition and mass calculations. 
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On the other hand the InraPorc model (Dourmad et al., 2008) estimates the requirements of 
gestating and lactating sows, but does not estimate nutrient excretion and emission.  

Table 1 shows that the same diet could be used for gestation sows and gilts. This can cause 
a potential problem if gilts are kept in groups without automatic feeding. In such 
circumstances, the efficiency of the entire herd of sows may be reduced. Wholesale 
exclusion of young sows is the consequence of inadequate nutrition of growing gilts and 
gilts just before the mating. Many studies indicate that gilts extremely meaty breed body 
weight of 100 kg should be reached between 150-160 days and inseminated in the second 
or third estrus at the age of 220-230 days, the body weight of 130 kg and the back fat of 20 
mm (Foxcroft 2002; Foxcroft et al., 2005; Jonson et al., 2009; Patterson et al., 2010). Gilts 
should continue to develop and to deposit the reserves necessary to meet the needs of the 
nutrients contained in milk (Kustina et al., 1999; Kov in et al., 2006). Soto et al. (2011) 
observed increased piglet and litter weights when gilts were given an extra 1.82 kg/d 
during the last 2 weeks of pregnancy. Anyway increased exclusion of gilts after farrowing 
or sows after first and second farrowing is a huge problem, because it reduces the 
reproductive efficiency of the sow herd (Beukovi  and Kov in, 1995; Beukovi , 1999) . 

 

Protein and amino acid balance  
In the gestating sow model (NRC 2012) Pd (predicted total protein gain) predicted in the 
various protein pools is dependent on either time or energy intake and in products of 
conception is varied with anticipated litter size and mean piglet birth weight. Based on 
changes in Pd with stage of gestation and across parities, the gestating sow model clearly 
shows the need to increase feeding levels and daily AA (amino acid) intake towards the 
end of gestation in order to satisfy increased energy and AA requirements for products of 
conception and to avoid negative maternal energy and body protein balances. It also 
supports reductions in daily amino acid requirements with increasing parity (NRC 2012).  

The weight of uterus increases during gestation (Walker and Young, 1992). Growth of the 
mammary gland is limited until 80 day of gestation (Figure 1), but the growth accelerates 
afterwards (Kim et al., 2009). Besides the growth associated with pregnancy, the sow will 
continue to grow toward mature weight.  Fetal weight, fetal protein content and mammary 
protein content increase 5-, 18- and 27-fold, respectively, in the last 45 d of gestation 
(McPherson et al., 2004; Ji et al., 2006; Moehn S. and Ball R. O. 2013). 

Goodband et al. (2013) in their analysis made compare estimates for AA, the new model 
first subdivides protein deposition and retention during gestation into six tissue pools: 
fetus, placenta plus fluids, uterus, mammary tissue, time-dependent protein deposition, and 
energy-dependent protein deposition (Figure 1). The same authors have pointed out that 
models changes in the protein accretion of these tissues over time are based mainly on 
serial slaughter studies with gestating sows according to (McPherson et al., 2004; Ji et al., 
2006).  

Goodband et al. (2013) pointed that the greatest AA requirement throughout gestation is 
that of time-dependent protein deposition and energy-dependent protein deposition for 
weight gain (represented by the blue and yellow band, Figure 1) of the gilt or sow. The 
greatest fetal growth and mammary development are late gestation what can be clearly 
seen at (Figure 1). Because of the protein and AA demands the best opportunity for 
replenishing body protein reserves is in early gestation.  
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Figure 1. Predicted total protein gain (Pd; g/d) in second-parity sows during gestation (Goodband 

et al. 2013) 

 

Analyzing the experimental data from Moehn S. and Ball R. (2013) research, group 
include the requirements in early and late gestation for lysine (Samuel et al., 2013), 
threonine (Levesque et al., 2011), isoleucine and tryptophan (Moehn et al., 2012a,b). In 
that analysis, each sow received each of six test diets in both early and late gestation. Feed 
allowance was kept constant throughout gestation. Amino acid requirements were 
determined using the indicator amino acid oxidation technique simultaneously with 
indirect calorimetry to measure energy expenditure. Key results of these experiments are 
compiled in Table 2. 

 
Table 2. Total lysine 1, threonine 2, tryptophan 3 and isoleucine 3 requirements of gestating sows 

(Moehn S. and Ball R., 2013) 

Amino acid Phase First parity 
(Srichana 2006) 

Second parity 
(Samuel et al., 2010) 

Third and forth parity 
(Levesque et al., 2011) 

Lysine 
EG 15.0 13.1 8.1 
LG 18.0 18.4 13.0 

Threonine 
EG n/a 7.0 5.0 
LG n/a 13.6 12.3 

Tryptophan 
EG n/a 1.7 n/a 
LG n/a 2.6 n/a 

Isoleucine 
EG n/a n/a 3.6 
LG n/a n/a 9.7 

n/a – not available 
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Table 3. Changes in sow performance during amino acid requirement studies in early (EG) and 
late gestation (LG) over 3 parities (Moehn S. and Ball R., 2013) 

Parity  BW, 
kg 

Maternal 
gain, kg 

ME 
intake, 
MJ/d 

Protein 
retention, 

g/d 

Energy 
retention, 

MJ/d 

Litter 
size 

Litter 
weight, 
kg 

2 EG 177 44 34.2 32 3.0 13.8 19.5 2 LG 215 34.5 126 -0.7
3 EG 205 40 36.1 38 1.2 13.6 20.1 3 LG 244 36.0 119 -0.9 
4 EG 240 25 35.6 4 1.5 15.8 22.1 4 LG 266 35.5 64 -1.3 
 
Table 3 shows body weight of sows increased from early to late gestation, regardless of 
parity, and increased from parity 2 to 4. Litter size and weight increased marginally over 3 
parities. Protein deposition was greater in late than early gestation, across all parities, 
which is in accord with the fetal growth that occurs predominantly in late gestation. Thus, 
fetal growth drives amino acid requirements in late gestation, whereas maintenance and 
maternal growth are the principal factors affecting amino acid requirements in early 
gestation (Moehn S. and Ball R., 2013). 

Changing amino acid requirements during gestation (Table 2) have important 
consequences for feeding sows. Since amino acid requirements increase to a much greater 
degree in late gestation than energy requirements it is nearly impossible to satisfy the 
requirements by simply feeding more of the same diet in late gestation. If the feed 
allowance of the same diet is increased sufficiently to cover amino acid intake, the sows 
will consume excessive amounts of energy. So what is more important: amino acid or 
energy intake? According to Moehn S. and Ball R. (2013) by (Shelton et al. 2009; 
Kleisiary, 2007; Kusina et al., 1999) meeting the protein (amino acid) requirement is more 
important than meeting the energy needs. Parity segregated phase feeding is the ideal tool 
to meet both the amino acid and energy requirements of pregnant sows of all ages. 

 

Energy balance 
When talking about need in energy for maintenance, metabolisable energy of maintenance 
(MEm) does not change throughout gestation. It was set to 440 kJ/kg BW0.75 for a sow 
with 240 min of standing activity per day (Hansen et al., 2014; Dourmad et al., 2008).  

Fetal growth changes throughout gestation. In the first third of gestation, the daily weight 
accumulation (g/d) is relatively slow compared with fetal growth during the last part of 
gestation (Hansen et al., 2014). Similar to amino acid requirements, in the 2012 NRC 
model energy requirements have been divided into six tissue pools for maintenance, 
growth (maternal protein and fat deposition), foetus, mammary tissue, uterus, and placenta 
and fluids (Goodband et al., 2013; NRC, 2012). Huge energy requirement is for 
maintenance and maternal growth (Figure 2). The maintenance requirement can be 
expressed as 100 × BW0.75  (NRC 2012).  
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Figure 2.  Energy needs of gilts (kcal/d) during gestation based on different body  tissues   
                (Goodband et al., 2013) 
 

Thus, as BW increases, maintenance energy requirements increase as well.  Insufficient 
amount of energy in the diet leads to slower growth and serious disturbances in 
reproduction.  Excessive increases in fat can also cause negative effects on reproduction 
(Beukovi , 1999; Maleti  2012). 

Some studies have even shown that increasing the amount of protein and energy in 
pregnancy aims to provide the best possible preparation for the next lactation of sows and 
possibly increase the body weight in newborn piglets (Beukovi , 1999; Young and Aherne,  
2005; Smits et al., 2008; Maleti , 2012; Goodband et al., 2013). From further reproduction 
are usually excluded best sows, which had a huge and good litter, because of the 
insufficient preparation BW for lactation. Weng et al. (2009) observed that sows housed in 
individual stalls or grouped in pens during gestation on average do not spend more than 
four hours standing. If individually penned sows are housed at less than 20°C or group 
housed sows are housed at less than 16°C, additional adjustments must be made for the 
increased requirement for thermal regulation. Young gilts and second-parity sows will 
require more energy for weight gain than older sows where BW is simply maintained. In 
reality, weight gain is dictated by the level of feeding above the requirement for 
maintenance and requirement for foetal tissue, mammary tissue, placenta, and fluids, so the 
greatest opportunity for maternal gain is in early gestation, when requirements for foetal 
tissues and mammary gland growth are relatively low. 

 

Conclusion 
NRC model allows users to properly adjust and enter parameters related to production 
conditions depending on the situation. The model will estimate protein deposition, lipid 
deposition and bodyweight changes. In gestating sows, these changes will be estimated for 
several pools, including the sow, the fetuses and the reproductive tissue.  

Requirement for SID amino acids is one of the benefits that this model provides. Besides 
that the sows should have individual amounts applied depending on average body weight 
and condition, and it should be modified for each sow or group, particularly if they are too 
lean or too fat. In any case heavier or lighter than average, and more or less efficient in 
their nutrient utilization.  Single diet is not adequate to provide sufficient amino acids in 
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late pregnancy for young sows. Conversely, a single diet provides excess amino acids 
throughout pregnancy for older sows. The consequence is that the single diet may impair 
performance of young sows and will waste money because it is over-formulated for older 
sows.  
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Abstract 
Grape pomace (GP) of white varieties without stalks was ensiled by the method of single 
factor trial in the two treatments: in the first treatment, with the addition of lucerne biomass 
(L) of the last cut, which was harvested at the stage of forming pods with equal shares in 
the weight ratio and in the second with the addition of Benural S (B) in the amount of 1%. 
Chemical analyses were conducted on GP and L to determine the suitability of biomass for 
silage and to determine the chemical composition and nutritional value and the process of 
lactic acid fermentation. It has been found that the biomass of GP had 2 times higher 
concentration of water-soluble carbohydrates (WSC 140.5:69.4 gkg-1DM) relative to L, and 
a lower buffer capacity (BC) what makes it 10 times more favourable for ensiling (ratio 
WSC/BC 13.1 : 1.3). GP, as compared to L, had lower contents of CP, CF, and a lower 
nutritional value expressed in NEL and NEM units and a higher content of crude fat. Silage 
with the equal share of GP + L compared to silage with GP + B had a slightly lower CF 
and significantly less crude fat and ash, especially Ca. More favourable ratio Ca : P (2.93 : 
1) was established in silage GP + L compared to 10.1:1 silage GP + B. Silages GP + L in 
the fermentation process were scored/rated one class higher according to the DLG and 
Zelter assessment methods, compared to the silages GP + B. 

The aim of the study was to investigate the possibility of ensiling grape pomace with equal 
proportion of biomass of lucerne and added NPN substances and to determine the detailed 
chemical composition, nutritive value and silage quality on the basis of the process of lactic 
acid fermentation. 

Key words: Benural S, ensilability, grape pomace, lucerne, NEL and NEM, silage quality 

 
Introduction 
Providing feed for ruminants in Serbia has been a growing problem in recent years, both 
because of rising prices of production inputs (oil, fertilizers, pesticides) and climate 
changes and droughts in the years 2012 and 2013. Decreased production of animal feed 
can cause a reduction in the number of ruminant animals (cattle and sheep) and therefore 
reduction in the production of milk and meat. 

This problem of lack of fodder can be partly alleviated by using additional products of 
food industry (sugar, beer, alcohol, juice, etc.). By-products are usually characterized by a 
high water content, rapid fermentation and perishability and present real environmental 
problems because they pollute water and soil (Nikoli  and Jovanovi , 1986). Dehydration 
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of these products requires a large amount of energy and it is economically unprofitable. 
Some by-products can be used as raw material for making the compost, but the most cost 
effective and sustainable solution is processing and preservation/conservation so that they 
can be used as part of the animal diet. 

GP, as a by-product of wine and fruit juice industry, is a major problem for storage and for 
the environment. Large quantities of obtained pomace, hundreds of tons annually, must be 
stored in a safe, environmentally friendly, sustainable and cost-effective manner. One way 
that meets the aforementioned criteria is its preservation and the use as silage for animal 
nutrition. 

GP is the residue produced by pressing the grapes and juice extraction and consists mainly 
of fruit skin, seeds, insoluble fruit parts and of the juice remains. Approximately 22-25 % 
of fresh pomace is obtained from the total amount of grapes, and it contains 40-50 % dry 
matter (Pavli evi  et al., 1988). The content of nutrients in the GP is variable and depends 
on the grape variety, processing technology, climate and soil conditions of production. In 
nutrition of ruminants, fresh, dried and ensiled grape pomace can be used. It is not possible 
to use fresh pomace as animal feed in the long run due to rapid fermentation and spoilage. 
In previous years, dried GP was used in the nutrition of ruminants, primarily for cattle 
fattening (Nikoli  et al., 1980; Zeremski, 1982, Stojanovi  et al., 1989), but today this kind 
of feed is not cost effective because of the high cost of energy required for dehydration. 
For this reason ensiling GP becomes the most economical solution for its long-term storage 
and use. 

Considering that the GP is a typical carbohydrate feed, the goal of this study was to 
determine the possibility of increasing the CP content in order to optimize the nutrition of 
ruminants. The best solution is to add biomass of perennial legumes, but the problem 
occurs at the time when grape is processed (September and October) when there is very 
little lucerne. Another possibility, extremely simple and cheap, is to add a non-protein 
source of nitrogen to the silage or diet. Symbiotic bacteria in rumen use this nitrogen for 
the synthesis of their own proteins of high biological value, which will be digested and 
utilized in the small intestine of ruminants together with protein in the diet ( or evi  and 
Dini , 2011). Potential problem for the using value of GP silage could be insufficient 
aerobic stability due to the very broad WSC and BC ratio and improper unload and low 
daily consumption. 

 

Material and methods 
GP of white varieties (Rkatsiteli and Chardonnay) without stalks was taken from the 
production facility "Rubin" Kruševac immediately after pressing and was ensiled 
according to the method of single factor trial in the two treatments a) with the addition of 
lucerne biomass (L) of the last cut, which was harvested at the stage of forming pods with 
the weight ratio of 1:1, and b) with the addition of Benural S (B) in the amount of 1%. 
Ensiling was carried out on September 15th 2012, on a private farm in the village of 
Pepeljevac in experimental containers holding 130 litres. 

Benural S containing 42 % of urea, 56 % of bentonite and 2 % of sulphur was used as the 
NPN substance. Bentonite allows slower release of ammonia in the rumen, and thereby a 
more efficient utilization by rumen micro-organisms. It binds gases and toxic substance 
and contains some important elements of the alkali (K, Na, Mg etc.). Sulphur from Benural 
S enables more efficient synthesis of amino acids methionine and cystine. 
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The parameters relevant to the suitability of biomass for silage were determined in the 
initial material. WSC were determined colorimetrically by the method of DuBois et al. 
(1956), while BC was determined according to the method of Weissbach (1967). The 
following parameters were determined in GP and silage: content of dry matter (DM), crude 
protein (CP), crude fibre (CF), ether extract (EE), NDF, ADF, ash and content of macro 
elements (Ca and P). 

The samples of silage were taken 90 days after ensiling, and at the same time the chemical 
analysis of the process of lactic acid fermentation was performed. The degree of acidity 
(pH) and the content of soluble nitrogen and ammonia, acetic, butyric and lactic acids were 
determined in the silage. Chemical analyses were conducted in the laboratory of the 
Institute of Forage Crops, Kruševac, according to the standard methods (AOAC, 2002). In 
the assessment of the quality of silage, three methods were applied: DLG, Zelter and 
Weissbach ( or evi  and Dini , 2003). The results of chemical analysis were processed by 
the analysis of variance while the statistical significance of differences was tested using the 
LSD test. 

 

Results and discussion  
The suitability of the initial material for ensiling 
In order to ensure successful lactic acid fermentation and stable silage without the presence 
of butyric acid, the WSC/BC ratio should be equal to or greater than 3.0 (Weissbach, 
1967). The tested silages showed favourable share of DM (380 gkg-1), low BC (0.7 meq 
LA - lactic acid100g-1DM), high concentration of monosaccharides (117 gkg-1DM) and 
WSC (140.5 gkg-1DM) and a very favourable WSC/BC ratio (13.12) (Table 1). Such 
favourable WSC/BC ratio in GP suggests that it may be successfully ensiled and can serve 
as a supplement to biomasses that are difficult for ensiling, such as perennial legumes. 
However, silages made from easy ensiled biomasses can often subsequently ferment due to 
residual WSC in the silage and insufficient generated fungicidal acids (acetic, propionic, 
etc.). In contrast to GP, withered lucerne biomass is extremely poor in monosaccharides 
and WSC, and has an unfavourable SC/BC ratio (1.32), indicating that it cannot be 
successfully ensiled on its own. Wilted lucerne biomass has a high content of DM as a 
result of wilting and mowing at the stage of forming the pods. The suitability of the lucerne 
biomass for ensiling in this study is slightly greater than in the research by Dini  et al. 
(2012). The results of these studies show WSC content in the GP decreased by 28.5 gkg-

1DM (169 gkg-1DM) compared to the results of Alipour and Rouzbehan (2007) and more 
than 2 times lower than in the studies of Zheng et al. (2012), which could be interpreted as 
a result of favourable climatic conditions and varietal characteristics. 

 
Table 1. Parameters of suitability of grape pomace and lucerne biomass for ensiling 

Biomass DM, 
 gkg-1 

BC, meq 
LA100g-1 DM 

Monosah. 
gkg-1DM 

WSC  
gkg-1DM 

Ratio 
WSC/BC 

Alfalfa wilted  410 52.4 42 69.4 1.32 

Grape pomace, fresh  380 10.7 117 140.5 13.1 
Legend: DM – dry matter; BC – buffer capacity; LA – lactic acid.,  WSC – water-soluble carbohydrates 
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Chemical composition and nutritive value of the initial material and silage 
Chemical composition and nutritional value of organic matter of the initial material of GP 
and lucerne biomass harvested in the last stage of pod formation were different in all tested 
parameters particularly in the content of ether extract (92.1 : 18.2 gkg-1DM) what can be 
interpreted by the high concentration of oil in the grape seeds released after milling with a 
sieve (Table 2).  

It is considered that fat present in ruminant diet containing GP or GP silage is not available 
to animals because it is imprisoned in seeds. A significant difference in the content of CP 
in favour of lucerne (29 gkg-1DM) was determined, as well as nutritional value expressed 
in NEL and NEM units, also in favour of lucerne. Statistically significant differences were 
determined between silages for all tested parameters, except for the content of CP and CF. 
Similar values for the concentration of CP and CF were the result of late cutting of lucerne. 
Had the cutting of lucerne been done in a timely manner (at budding stage) the 
concentration of CP, minerals and nutritional value would have been higher and the 
content of structural carbohydrates significantly lower (Dini  et al., 1997). 

Higher NFE, NDF, ADF values and nutritional value expressed by NEL and NEM were 
determined in silage GP + L (Table 2). Lower nutritive value of silages GP + B was the 
result of lower digestibility coefficients, primarily high share of lignin in biomass and 
silage from white grape pomace (Zalikarenab et al., 2007). 

Table 2. Chemical composition and nutritive value of the initial material and silages, gkg-1 DM 

Treatments CP CF EE NFE NDF ADF NEL, 
MJ kg-1SM 

NEM , 
MJ kg-1SM 

 T h e   s t a r t i n g   m a t e r i a l 
GP 128.4 330.6 92.1 395.9 625.6 590.4 2.87 2.17
L 157.4 360.1 18.2 371.2 560.4 470.7 4.57 4.29 
 S i l a g e 
GP+L 141.9a 339.2a 60.76b 403.2a 621.7a 586.0a 3.69a 3.13a 
GP+B 145.a 331.4a 94.9a 332.2b 573.3b 503.6b 2.74b 2.06b 
LSD 0.05 3.74 8.97 6.72 13.09 23.59 9.04 0.09 0.08 
GP– grape pomace; L–alfalfa biomass; B–benural S; CP– crude protein; CF–crude fiber; EE – ether extract 

The concentration of mineral substances in the silage with the equal shares of GP + L (54.9 
gkg-1DM) is almost two times lower than in silage GP + B (96.1 gkg-1 DM) and this 
difference was statistically significant (Table 3). This difference was the result of high 
concentrations of bentonite, urea and sulphur in Benural S. In addition, a higher 
concentration of Ca in silage GP + B was determined, as well as less favourable (broader) 
Ca : P ratio. 

Table 3. Concentration of mineral substances in the initial material and silages, gkg-1 DM 

Treatments Ash Ca P Ratio Ca:P 
The initial material  
Grape pomace 53.0 5.0 2.6 1.92 
Alfalfa 93.1 14.1 2.5 5.64 
Silage  
Grape pomace + Alfalfa 54.9b 7.33b 2.5a 2.93b 
Grape pomace + Benural S 96.1 24.5a 2.43a 10.11a 
LSD 0.05 10.46 2.33 0.19 1.71 
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Concentration of calcium of 7.33 gkg-1 DM in the silage GP + L can meet cows`  
nutritional needs according to NRC recommendations (1989 and 2001) (0.43-0.66% and 
0.57-0.67%), and or evi  et al. (2009), while the concentration of P of 2.5 gkg-1DM did 
not meet the requirements. The concentration of P in the dry period of cows should be 0.3-
0.4% and during lactation from 0.38 to 0.55% in the dry matter of the ration. The 
concentration of Ca in the silage GP + B was three times higher compared to the cows' 
requirements. 

 

Biochemical changes occurring during ensiling process 
It was established that very good silages were obtained on the basis of sensory perception 
expected on the basis of the advantages of GP for ensiling (WSC/BC ratio 13.1), which 
contributed to the successful ensiling of lucerne. High DM content, favourable H values, 
favourable share of ammonia and soluble nitrogen were established particularly in silage 
GP + L, the absence or traces of butyric acid and a favourable ratio of lactic and acetic 
acids (Table 4). It is a well-known fact that DM levels above 300 gkg-1 can prevent the 
activity of butyric acid and other undesirable bacteria that cause decay and spoilage of 
silage and to reduce the losses in the form of effluent - silage juice (Ensilage, 1978, 

or evi  and Dini , 2003), which was confirmed by the results of the present study. 

Table 4. Parameters of biochemical changes in silages 

 
Treatments 

 
DM 

 
pH 

%  
NH4-N 

/ N 

%  
H2O-N 

/ N  

A c i d s   i n   s i l a g e 
Acetic  Butyric Lactic 

gkg-

1DM 
% u 
TA 

gkg-

1DM 
% u 
TA 

gkg-

1DM 
% u 
TA 

GP+L 413.3a 3.80b 2.89b 23.77b 24.6b 37.19 0.0b 0.00 41.3b 62.81
GP+B 353.3b 4.98a 10.01a 60.71a 37.5 42.48 0.77a 0.87 50.2a 56.65
LSD 0,05 52.35 0.255 1.69 9.37 6.84 - 0.092 - 8.55 - 
 
The degree of acidity (pH 3.80) of silage GP + L was at the level of acidity which can be 
realized in whole maize silage or silage with easy ensiled plant material and was evaluated 
as the maximum score for this parameter, as well as the share of ammonia nitrogen in 
relation to total nitrogen (%NH4-N/N ) and water-soluble in relation to total nitrogen 
(%H2O-N/ N). The silage GP + B was found to have higher values of pH (lower acidity) as 
well as the share of NH4-N/ N and % H2O-N/ N which had negative impact on its quality. 
Most of the methods for assessing the quality of silage allocate maximal number of points 
for the pH in the range of 3.5 to 4.8 (depending on the level of dry matter), for the NH4-
N/N  up to 10%, for the H2O-N/ N up to 50%, butyric acid up to 4kg-1DM of silage, and 
acetic acid up to 40% of relative share in relation to the total acid (Ensilage 1978).  

 
Table 5. Evaluation of the silage quality by various methods  

Treatments 
DLG ZELTER WEISSBACH 

Points Class Points Class Points Class 
GP + L 47 I 16 II 70 II 
GP + B 39 II 14 III 65 II 
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In order to assess the quality of silage three methods were used: DLG, which is based on the 
degree of acidity and the relative proportion of lactic, acetic and butyric acids, Zelter's 
method which assesses the percentage of NH4-N/N  and the content of acetic and butyric 
acids in fresh silage, and Weissbach method, which scores the content of butyric acid gkg-

1DM, % NH4-N/ N, pH in relation to the level of DM, and points are deducted, if the total 
content of acetic and butyric acids is in the excess of 40 gkg-1DM and based on share of 
moulds in silage. The results of quality evaluation of silage are shown in Table 5. The silage 
GP + L in relation to the silage GP + B was scored one class higher based on the DLG and 
Zelter methods, while according to Weissbach method, it was classified into the same class, 
but with a greater number of points (70:65). 

 

Conclusion  
On the basis of the conducted research on ensiling GP with biomass L from final cut in a 
weight ratio of 1:1 and ensiling GP with 1% Benural S the following can be concluded: 

GP in relation to L has 5 times lower buffer capacity (10.7: 52.4 g LA/100gDM), 2 times 
higher content of WSC (140.5:69.4gkg-1DM), i.e. 10 times more suitable for ensiling 
compared to lucerne (WSC/BC ratio = 13.1:1.32). 

Biomass L compared to the GP had a higher content of CP, CF, nutritional value expressed 
in NEL and NEM units, higher mineral content and unfavourable (broader) ratio of Ca : P. 

Silages GP + L compared to silages GP + B had higher values for NDF, ADF, and higher 
nutritional value and lower value for the content of EE, ash and Ca. 

Silage GP + L compared to silages GP + B had more favourable values for the acidity (pH), 
for the lower values of ammonia and soluble nitrogen in relation to total nitrogen, and more 
favourable relative share of acids, i.e. were scored one class higher based on DLG and 
Zelter’s methods. 

The general conclusion is that the GP can be successfully ensiled together with lucerne 
biomass to provide somewhat better silage compared to silage supplemented with NPN 
substances. The diet in ruminant nutrition will comprise parts of both silages. 
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Abstract  
The objectives of our work were to establish the feeding effects of rapeseed meal (RSM) on 
urinary purine derivatives (PD) excretion as an indicator of ruminal synthesized and yielded 
microbial crude protein (MCP), and nitrogen (N) balance. Experimental animals (n=5, Tsigai 
breed wethers, 4-y aged, 65±2kg BW) averaging 1.1±0.1kg digestible organic matter intake 
(DOMI) randomly assigned to dietary treatments (n=2) in the two-stage 21–d periods– 
preliminary (14-d) and collection (7-d). Diets were consisted of 36% meadow hay, 34% cereal 
(corn, tritikle), 3% vitamin–mineral premix, 27% protein supplement. Diets were either 
control (with sunflower meal=SFD) or experimental (with rapeseed meal=RSD). They’re iso-
nitrogenous (crude protein, CP=16%), iso-caloric (net energy as feed units for gain, 
FUG=1.0/kg DM), equal in protein digestible in small intestines (PDI=86g/kg dry matter) and 
Ca:P ratio (2:1). The results have revealed that RSD gained (p=0.2) in higher DOMI (1.1 vs. 
1.0kg) and tended to improve N balance (p=0.4) compared with SFD. PD-s value (24.0 vs. 
22.3Mm), as allantoin (14.8 vs. 11.7Mm), xanthine+hypoxanthine (7.2 vs. 8.6Mm) and uric 
acid (1.9 vs. 2.0), respectively weren’t affected (p=1.0, 0.9, 0.5 nd 0.7, respectively) among 
the dietary treatments (SFD vs. RSD). Similarly, established ratios, as allantoin (2.1 vs. 1.9) 
and PD to creatinine (2.4 vs. 2.1, respectively), were not differ (p=0.3, respectively) between 
diets (SFD vs. RSD). Evaluated microbial N yield (20.7 vs. 19.3g, respectively) wasn’t 
affected (p=0.9), and gained 19.3 vs. 17.1 microbial protein synthesis efficiency, respectively 
(p=0.8). Observed relationship between DOMI level and allantoin value (R2=0.62), and 
between PD value and MCP level (R2=0.99) suggested good parity among the treatments. In 
conclusion, the usage of high level RSM (27% of total ration), as a protein source in feedloot 
lamb diets tended to improve DOMI and dietary N utilization, but didn’t affect PD excretion 
and microbial N yield. 

Key words: dietary protein source, ruminants, microbial N, purine derivatives, rapeseed meal  

Abbreviations: Ca-calcium; CP-crude protein; DM-dry matter; DOMI-digestible organic 
matter intake; FUG-feed units for gain; GE-gross energy; MCP-microbial 
crude protein; N-nitrogen; P-phosphorus; PD-purine derivatives; PDI-protein 
digestible in small intestines; RSD-rapeseed meal–based diet; RSM-rapeseed 
meal; SFD-sunflower meal–based diet; TR-total ration.  
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Introduction 
In regards to sustainable ecosystems policy and eco–agro–socio–economic efficiency 
(Yossifov, 2014) of diet balancing, new feeding strategies with alternative feedstuffs and 
optimization of productive systems are required.  

So, the ruminant nutrition must meet the N requirements of host organism and ruminal 
microorganisms in regards to improve N utilization for animal performance and to limit N 
excretion (Tamminga, 1992). The microbial protein synthesis (MCP) must cover protein 
requirements in ruminants, especially high-productive animals (Tas and Susenbeth, 2007). 
But, the conversion of dietary protein into microbial protein and the microbial protein yield is 
related to some factors, such as feeding level and passage rate and available energy and amino 
acids (AA) in synchronous rate (Firkins et al., 2007). For higher and strong microbial 
efficiency, substrate energy must be transformed at short chain fatty acids (FA) and adenosine 
triphosphates molecules (ATP). So, diet nutrients must ensure energy and N supply to rumen 
microbes.  

The MPC could be predicted by the concentration of renal excreted purine derivates (PD) in 
regards to relationship to MCP (Chen et al., 1992; Shingfield, 2000). The duodenal purine 
bases (PB) are used as a microbial marker as an efficiently absorbed and the majority of their 
derivatives excreted via the kidney. So, the ratio of PDs in urine closely reflects, and therefore 
may be used to predict, microbial protein flow. 

The objectives of current work were to 1/ establish the effects of feeding rapeseed meal– 
based diets (RSD) on urinary purine derivatives (PD) excretion as an indicator of ruminal 
synthesized and yielded MCP, 2/ estimate nitrogen (N) balance, and 3/ draw relationship 
model between established parameters and among the treatments. We hypothesized that the 
usage of high levels rapeseed meal (27 % in total ration), as a protein source in sheep diets, 
would affect DOMI, N balance, PD excretion and microbial N yield. 

 

Material and methods 
Experimental design. Experimental units were conducted at Experimental Base of Institute of 
Animal Science, Kostinbrod, BG. Animals averaging 1.1 ± 0.1 kg digestible organic matter 
intake (DOMI = (Coefficient of OM digestibility x OM content) x Feed intake ) randomly 
assigned to dietary treatments (n= 2) in the two-stage 21–d periods – preliminary (14-d) and 
collection (7-d) (adopted from Yossifov and Kozelov (2014). Wethers were housed in 
individual metabolic cages with free access of fresh water and were fed twice a day (8.00 and 
16.00 h). 

Animals and treatments. Five Tsigai breed wethers (4-y aged, 65 ± 2 kg BW) were used in an 
experiment. Diets were consisted of 36 % meadow hay, 34 % cereal (corn and tritikle), 3 % 
vitamin–mineral premix and 27 % protein supplement (Table 1). Dietary treatments were 
either control (with sunflower meal – SFD) or experimental – with rapeseed meal (RSD). 
Offered diets were iso-nitrogenous (crude protein, CP= 16 %), iso-caloric (net energy as feed 
units for gain, FUG= 1.0/kg DM), equal in protein digestible in small intestines (PDI= 86 g/kg 
DM) and Ca:P ratio (2:1). 

Sampling and procedures. Feed, faeces and urine samples were quantitatively collected per 
animal during the collection period. Feeds were dried at 65 oC, ground and then analyzed 
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(AOAC, 2002) for chemical composition (DM, CP, ether extract (EE), crude fiber (CF), Ash). 
Consumption (feed and water) was calculated for each animal as a difference between offered 
and refused (if orts were presented). Total digestible nutrients (TDN), energy and protein 
values were investigated and reported elsewhere (Yossifov and Kozelov, 2014). The faeces 
samples were analyzed for total N. Urine samples were analyzed for total N and purine 
derivatives (allantoin, xanthine + hypoxanthine, uric acid) as described in IAEA (1997). The 
amount of microbial purine derivatives was calculated as discribed by Chen and Gomes 
(1995).  

Calculations and biostatistics. Analyses of variance and simple linear regression were 
performed. All observed data were presented as mean with SEM. The treatment means were 
compared by Student’s T-test and were accepted as representing statistically significant 
differences at p< 0.05 and trends were discussed at 0.05 < P < 0.20. The deduced relationships 
between DOMI level (kg/d) and allantoin excretion value (Mm/d) and between PDs excretion 
value (Mm/d) and MCP level (g N/d) were prepared by MS Office Statistic Package. 

 

Results and discussion 
The composition of the experimental diets were similar for SFD and RSD (Table 1). The 
difference was observed at diet digestibility (Yossifov and Kozelov, 2014), affecting TDN (11 
%) and ME (14 %) concentration among the treatments.  

The higher digestibility of OM significantly improved the values of the digestible OM (DOM) 
for RSD than SFD (p<0.05). So, thus reflected on the intake of DOM (DOMI) among the diets 
trending (p= 0.18) with the positive effect for RSD (Table 2). This considers the effective 
digestibility of ruminant diets in depends on the amount of soluble, potentially digestible and 
indigestible fractions, as well as the rate of passage and their ruminal digestion (Van Soest, 
1982). Increased DOM might be related to increased OM outflow from the rumen with a high 
proportion of bacterial cells being associated with the particulate matter. So, it is apparent 
greater flow of particles from the rumen at an early stage of digestion with more attached 
microbes (Faichney, 1980; Van Soest, 1982; Merchen et al., 1986). 

The investigation on value of metabolizable energy (ME) tended to higher levels for RSD than 
SFD (14 %). Such higher levels must to reflect on the amount of microbial protein synthesized 
in rumen as an energy source.  

The effect of dietary protein source on nitrogen balance (N) is presented below (Table 2). The 
between-animal variation in N balancing trial was markedly higher in the present study, so the 
differences were not significant and shown only trends. As shown, N intake (Ni) is similar 
between diets (Ni= 38.2 g/d). The N balance in terms of N available (Na, p= 0.7) and urinary N 
(Nu, p= 0.6) also did not be affected by the treatments. Although, N retention (Nr) and fecal N 
(Nf) tended to be increased (14 %) by rapeseed meal supplementation (p= 0.4). Such trendline 
was observed among calculated N balancing ratios in RSD fed animals (p> 0.05) than SFD fed 
animals (Table 2). The strongest trend (15 %) was estimated for the values of utilized N per 1 
g Ni (p= 0.19). In regards to N utilization some authors noted that N excretion and N retention 
should reflect the differences in N metabolism, but the latter index was the most important of 
the protein nutrition status (Zinn, 1988). Also, this data confirmed the opinion that Nu 
decreased in order of energy supply (Balch, 1967). 
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Table 1. -Experimental design (%) and diet composition (%)*1  

 Treatments                   

 SFD RSD 
Ingredient 

Meadow hay 36.6 36.3 
Cereal   

                     Corn 17.2 17.0 
 Tritikale 17.2 17.0 

Protein supplement   
 Sunflower meal 26.3 - 
 Rapeseed meal - 27.2 

Premix2 2.7 2.5 
Nutrient 

Dry matter 1584.1 1606.28 
Organic matter 95.3 94.8 
Digestible OM 73.3a 78.9a 

Total digestible nutrients 61.5 68.0 

Energy 
Gross 17.9 18.0 

Net, as FUG 1.0 1.0 
ME3 2.2 2.5 

Crude protein 16.4 16.5 
PDI 8.6 8.6 

*Adopted from Yossifov and Kozelov (2014); 1as DM basis, except DM (g) and energy (GE (kcal), ME (Mcal) 
and FUG (units); 2Vitamin-mineral premix + limestone + dicalcium phosphate; 3Metabolizable energy (ME, 
Mcal/kg DM)= (TDN×0.04409×0.82); aap<0.05; RSD-rapeseed meal- based diet; SFD-sunflower meal-based 
diet; PDI-Protein digestible in small intestine; FUG-feed units for gain. 

The mean values for daily excretion of the PDs are shown in the table above (Table 2). The 
between-animal variation in PD excretion also was markedly higher in the present study, so 
the differences were not significant and shown only trends. The allantoin and PD excretion 
values decreased with 21 and 7 % feeding RSD. The RSD increased with 19 and 7 % for 
xanthine + hypoxantine and uric acid values, respectively. Also, insignificant reduction in PD 
excretion was observed when ME intake was higher in other reports (Giesecke et al., 1984).  

As also shown for N and PD, the between-animal variation in efficiency of microbial protein 
synthesis (EMPS) was higher in the present study, so the differences were not significant and 
shown only trends. The EMPS, presented as different indices, in SFD and RSD fed animals 
was not altered (p> 0.8) with the exception of the Ni/DOMI values (p= 0.3). These values were 
similar to those obtained in sheep by other authors (White et al., 2002; Yu et al., 2002). 
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The deduced relationship models between established parameters and among the treatments 
are presented below (Fig. 1 and 2). The graph of relationship between DOMI level (kg.d-1) and 
allantoin excretion value (Mm.d-1) is shown in Fig. 1. 
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Figure 1. The relationship between DOMI level (kg/d) and allantoin excretion value (Mm/d). 
 

Observed correlation suggested good parity among treatments (R2= 0.62). Regression analysis 
indicated that the values of allantoin excreted (y) were closely related to estimated level of 

Table 2.  Effect of RSM vs. SFM supplementation on productive parameters (per day) 

Item
Treatments.

SEM P-value r2

SFD RSD 

DOMI, g/d 1.05 1.13 0.04 0.18 0.54 
N balance, g/d 

N intake (Ni) 38.16 38.29 1.73 0.98 0.92 
Fecal N (Nf) 9.21 8.16 0.59 0.46 0.98 

Available N (Na) 28.94 30.13 1.32 0.72 0.89 
Urinary N (Nu) 13.17 12.21 0.75 0.60 0.99 

Retention N (Nr) 15.77 17.93 1.09 0.42 0.88 
Nr / Ni 37.03 42.57 2.61 0.38 0.88 
Nr / Na 54.48 59.15 1.98 0.33 0.97 

Utilized N per g Ni 0.41 0.47 0.02 0.19 0.97 
Nr/Ni per 100g P/ g DMI 5.93 6.81 0.42 0.38 0.88 

Renal Excretion, Mm/d 
Allantoin 14.83 11.72 4.92 0.54 0.96 

Xanthine + Hypoxanthine 7.24 8.60 2.66 0.63 0.90 
Uric acid 1.89 2.02 0.74 0.86 0.53 

PD/ BW0.75 1.05 0.98 0.18 0.85 0.93 
                                                                          Efficiency 

MCP, g N 20.65 19.28 4.48 0.90 0.94 
Ni/DOMI (g/kg) 36.36 33.67 1.09 0.31 0.93 

MCP N/DOMI (g/kg) 19.28 17.11 3.92 0.83 0.87 
MCP N/ME intake (g/Mcal) 0.0064 0.0055 0.001 0.78 0.89 

MCP N/Na 0.68 0.67 0.12 0.95 0.87 
Ratios 

Allantoin:Creatinine 2.13 1.88 0.44 0.25 0.95 

PD:Creatinine 2.44 2.14 0.51 0.33 0.93 
SFD-sunflower meal-based diet; RSD-rapeseed meal-based diet. DOMI-digestible organic matter intake; P-
crude protein; PD-purine derivatives; BW-body weight; MCP-microbial protein; ME-metabolizable energy. 
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DOMI (x). The slope of 0.1807 and small intercept of 0.1807 indicate that both parameters 
gave comparable results (Fig. 1). Such strong relationship confirmed the results of others 
(Perez et al., 1996). 

The graph of relationship between PD excretion value (Mm/d) and MCP level (g/d) is 
presented in Fig. 2. 
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Figure 2. The relationship between PD excretion value (Mm/d) and MCP level (g N/d).  

 

Observed correlation suggested good parity among treatments (R2= 0.99). Regression analysis 
indicated that the values of microbial protein synthesized (y) were closely related to estimated 
level of PDs excreted (x). The slope of 0.1807 and intercept of 0.847 indicate that both 
parameters gave comparable results (Fig. 1).  

Conclusion
Results from this study indicate that rapeseed meal (RSM) was superior to sunflower meal 
(SFM) in terms to having higher dietary digestible organic matter (DOM), total digestible 
nutrients (TDN) and metabolizable energy (ME), and to optimizing N utilization. Based on 
this research unit, it can be concluded that substitution of dietary protein source and diet 
supplementation with RSM vs. SFM improves diet composition as DOM, TDN and ME with 
8, 11 and 14 %, respectively. The higher (8 %) digestible organic matter intake (DOMI) at 
rapeseed meal-based diet (RSD) compared to sunflower meal-based diet (SFD) optimizing N 
utilization by lower N excretion (9 %) and higher N retention (14 %) at equal N intake. The 
level of the purine derivatives (PD) excretion and efficiency of microbial protein synthesis has 
been not affected. Close relationships were found between DOMI level and allantoin excretion 
value, and between PD excretion value and MCP level. This study recommended RSM to be 
used as local feedstuff and alternative protein and energy supplement to improve animal 
performance at intensive feeding systems.  
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Abstract 
The objective of this study was to investigate effects of partial replacement of starch with 
neutral detergent soluble fiber with or without roasted canola seed as a fat source, and 
possible interactions on apparent digestibility and growth performance of growing lambs. 
For this purpose, 24 male lambs were used in a completely randomized design with a 2×2 
factorial arrangement of treatments. Dietary treatments were 1- starch from barley, 2- 
starch from barley with roasted canola seed, 3- soluble fiber from beet pulp, and 4- soluble 
fiber from beet pulp with roasted canola seed. The experimental period was 84 days and 
forage:concentrate ratio was 10:90 for all diets. Treatments had no significant effect on the 
dry matter intake, feed conversion ratio, apparent digestibility of protein and organic 
matter (p>0.05). High starch diets compared with high soluble fiber diets caused a 
significant decrease in the digestibility of dry matter, organic matter, ADF and NDF 
(p<0.01). Canola seed addition to the diets significantly decreased ADF and NDF 
digestibility (p<0.01). The carbohydrate source by canola seed interaction was significant 
for weight gain and rumen pH (p<0.01) indicating that addition of canola seed to high 
starch diet increased weight gain and rumen pH more dramatically in comparison with 
soluble fiber diet (p<0.01). It is concluded that addition of canola seed to high starch diet 
had favorable effects on growth performance and rumen pH but because of its negative 
effect on fiber digestibility and its different response depend on carbohydrate source, more 
research is needed for conclusion.

Key words: Dietary energy source, Digestibility, Fattening lamb 
 

Introduction 
Neutral detergent-soluble carbohydrates (NDSC) vary in their fermentation and digestion 
characteristics, including the profile of metabolizable nutrients that they provide. Ruminal 
fermentation of starch tend to produce relatively more propionate than acetate, and may 
produce lactic acid. In contrast, fermentations of neutral detergent-soluble fiber (NDSF) 
carbohydrates, such as pectic substances, tend to produce more acetate than propionate and 
do not generate appreciable amounts of lactic acid (Strobel and Russell, 1986). Starch has 
the potential to be digested in the small intestine, and the resulting monosaccharides are 
absorbed. The nonstarch polysaccharides of NDSF are digested only by microbial 
enzymes. It may be possible to influence both the nutrient digestibility and animal growth 
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by modifying the supply of metabolizable nutrients to the fattening lamb through altering 
the proportions of NDSC types in the diet. 

Barley is starch rich and beet sugar pulp is one of the pectin rich feedstuffs commonly fed 
to fattening lamb. In the most common lamb-finishing system in Iran, feedlot lambs are fed 
high-concentrate diets. However, this feeding program, is usually associated with digestive 
disorders, such as ruminal acidosis, causing reduced feed intake, impaired nutrient 
absorption and depressed animal performance (Bodas et al., 2007). Acidosis also 
prejudices the reticulo-rumen epithelial tissues producing parakeratosis (Wang et al., 
2009). In the study by Strobel and Russell (1986), pectin utilization decreased by 53 % 
when the pH decreased from 6.7 to 6.0. These researchers concluded that pectin-utilizing 
bacteria are very sensitive to low pH.  

Inclusion of whole oilseeds in the diets of ruminants may provide a high quality protein 
and increase the energy density of the diet. Whole canola seed contains high levels of lipid 
(approximately 43%) and large amount of protein (approximately 20.5% CP), with a 
similar to slightly lower amino acid availability than that of soybean meal (Bell, 1984). 

Little information is found in the literature with respect to the effects of partial substitution 
of cereal grains with pectin-rich feedstuffs, such as sugar beet pulp in the high concentrate 
diets. Also, few data are available concerning the interaction between NDSC type and fat 
supplementation. Therefore, the objective of this study was to investigate partial 
substitution of barley grain with beet pulp with or without roasted canola seed 
supplementation on growth performance and nutrient digestibility of lambs fed by high 
concentrate diets. 

 

Material and methods 

This study was undertaken at the Experimental Farm of Agriculture College, Ramin 
Agriculture and Natural Resources University of Ahvaz, Iran. Twenty-four male lambs 
with an average age of 118 ± 10 days and average weighing 23.7± 2.5 kg, were used in a 
completely randomized design with a 2 * 2 factorial arrangement of treatments. Dietary 
treatments consisted of 1) barley starch, 2) barley starch with roasted canola seed, 3) beet 
pulp soluble fiber, 4) beet pulp soluble fiber with roasted canola seed. Ingredients and 
chemical composition of the experimental diets are reported in Table 1. Before doing the 
experiment, all lambs were maintained under the same feeding management and 
environmental condition. The lambs were weighed and randomly allocated to one of four 
dietary treatments according to live weight. The lambs were individually penned (1*1.5M) 
and fed for 84 days with two week of adaptation to the diets. Before starting the 
experiment, the lambs were dewormed by dosing with Dieverm and vaccinated against 
enterotoxaemia (Razi Institute, Hesarak, Karaj, Iran). The experimental diets were 
formulated based on NRC (2007) requirements of a finishing lamb. The 
roughage:concentrate ratio was 10:90. The animals were fed ad libitum a TMR twice daily, 
morning (0600 h) and afternoon (1800 h). During the experimental period, to calculate the 
daily gain, the lambs were weighed every 7 days from weaning until the end of the 
experiment. The weights were taken after about 14 h fasting to minimize error. In order to 
estimate apparent digestibility of dry matter and nutrients, feed intake and refusals were  
collected each day, weighed to accurately determine DMI, and discarded also, fecal output 
was collected thrice (At days 20, 40, and 80 of age), weighed, and recorded. Samples were 
stored frozen (-20°C) until analysis. Feed, orts and faeces were analysed for DM by drying 
at 55 C for 48 h. The OM was determined by ashing at 550 C for 6 h (968.08; AOAC, 
2006) and CP by a Kjeldahl technique (988.05; AOAC, 2006). Neutral detergent fiber was 
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determined by a procedure of Van Soest et al. (1991) without sodium sulphite or -amylase 
and acid detergent fiber was determined according to the method described by Van Soest 
(1981). 

Data analysis was performed using a statistical model based on a completely randomized 
design with repeated measurements using the model: 

Yijk = μ + Ti + Wl+Aj + Dk + (T*D)ik + iljk 

Yijk = Dependent variable; μ = The overall mean; Ti = Treatments (NDSC source, Addition 
of roasted canola seed and interaction among these factors); Wl = The effect of initial 
weight, as covareat; Aj = Random residual effects in the treated lambs; Dk = Effect of Time; 
(T*D)ik = Interaction of treatment and time, iljk = The residual error. 

 

Results and discussion 
Table 1. Ingredient and chemical composition (g/kg DM) of the basal experimental diet 

Experimental diets®

Ingredients (% DM) Beet pulp Starch 
+RCS -RCS +RCS -RCS 

10 10 10 10 Alfalfa hay
28 28 62 64 Milled barley
36 36 0 0 Dried beet pulp
7 0 7 0 Roasted Canola seed
0 044 Wheat bran

16.2 14.2 12 10 Soybean meal
3 10 3 10 Canola meal

1.0 1.0 1.2 1.2 Limestone
0.2 0.2 0.2 0.2 Salt
0.6 0.6 0.6 0.6 Vitamins and minerals 

supplement* 

Chemical composition(%) 
94.3 93.7 93.6 92.5 Dry mattera 

90.0 89.9 90.2 90.8 Organic mattera

18 18.5 17.2 18.3 Crude proteina

32 32 23 24 Neutral-detergent fibera

16.6 17.1 11.1 11.6 Acid-detergent fibera

41.0 46.3 50.5 55.3 Non-fiber 
carbohydrates1b

4.6 2.0 5.1 2.5 Ether extracta

2.82 2.75 2.97 2.83 Metabolisable energy 
(MJ/kg DM)c

*–RCS=Without roasted Canola seed; +RCS = With roasted Canola seed 
*Vitamin-trace mineral pre-mix provides per kg of mixed ration: 18,750 IU Vitamin A; 3750 IU Vitamin D3; 
7.5 IU Vitamin E; 5mg Co; 1.25 mg Cu; 75 mg Fe; 1250 mg Mg; 150 mg Mn; 0.375 mg Se; 100 mg Zn. 
aObtained from measurements in the laboratory 

bNon-fiber carbohydrates (NFC) were calculated using the formula: %NFC = 100 - (%CP + %EE + %NDF + 
%ASH). c Metabolisable energy was calculated according to NRC (2007). 
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Table 3. Growth performance of fattening lambs fed by experimental diets (%)

Nutrient 
Experimental diets*

S.E
P values of effectsStarch Beet pulp 

-RCS +RCS -RCS +RCS NDSC RCS 
NDSC 
* RCS 

TRT Time TRT×Time 

DM 77.6 81.5 83.3 85.6 2.97 0.007 0.65 0.65 0.001 0.006 0.39 
week 4 77.7 77.6 80.5 83.0 2.75 0.012 0.62 0.68 --- ---- ---- 
week 8 79.4 82.1 86.3 86.2 3.01 0.008 0.65 0.63 --- ---- ---- 
week 12 79.6 84.2 87.2 87.4 3.27 0.001 0.66 0.67 --- ---- ---- 

OM 58.8 68.8 71.7 69.8 3.62 0.002 0.67 0.63 0.71 0.80 0.65 
week 4 59.4 67.5 70.3 70.1 3.76 0.003 0.65 0.64 --- ---- ---- 
week 8 58.6 69.7 72.7 69.3 3.43 0.002 0.68 0.66 --- ---- ---- 
week 12 58.4 69.2 72.1 69.9 3.62 0.002 0.66 0.61 --- ---- ---- 

CP 72.6 70.4 70.1 68.7 1.72 0.65 0.61 0.77 0.63 0.44 0.45 
week 4 73.2 70.2 69.8 68.6 1.33 0.67 0.67 0.79 --- ---- ---- 
week 8 71.2 69.2 69.8 67.6 1.56 0.67 0.63 0.77 --- ---- ---- 
week 12 73.2 71.7 70.7 69.7 1.93 0.66 0.65 0.79 --- ---- ---- 

NDF 30.1 27.7 50.8 46.1 2.21 0.01 0.003 0.48 <0.001 0.53 0.36 
week 4 30.5 26.7 48.9 43.1 1.77 0.003 0.004 0.51 --- ---- ---- 
week 8 30.1 27.2 49.9 43.9 1.68 0.031 0.003 0.44 --- ---- ---- 
week 12 31.7 29.5 53.6 51.3 2.02 0.011 0.005 0.47 --- ---- ---- 

ADF 22.5 21.4 45.9 38.1 1.68 0.021 0.003 0.48 <0.001 0.72 0.02 
week 4 19.6 18.8 39.5 35.9 1.62 0.003 0.038 0.5 --- ---- ---- 
week 8 21.6 20.7 46.0 39.3 1.52 0.013 0.063 0.46 --- ---- ---- 
week 12 26.4 24.7 52.3 39.4 1.73 0.042 0.043 0.49 --- ---- ---- 
** -RCS= Without roasted Canola seed; +RCS = With roasted Canola seed 
**NDSC =Starch vs. Neutral detergent-soluble; RCS= Diets with Roasted canola seed vs. Diets without 
roasted canola seed and diets interaction  

Table 2. Growth performance of fattening lambs fed by experimental diets (kg)

Parameters 
Experimental diets* 

S.E 
P values of effects** 

Starch Beet pulp 
-RCS +RCS -RCS +RCS NDSC RCS 

NDSC 
* RCS 

TRT Time TRT×Time 

Initial body 
weight,  23.4 23.8 24.1 23.6 0.5 0.89 0.88 0.78 --- --- --- 

Final body 
weight  44.9 47.8 46.7 47.9 1.33 0.87 0.92 0.30 0.11 <0.01 <0.01 

Average 
daily intake 1.41 1.51 1.48 1.48 0.05 0.52 0.75 0.66 0.50 <0.01 0.07 

week 4 1.24 1.28 1.29 1.30 0.05 0.70 0.74 0.67 --- ---- ---- 
week 8 1.47 1.58 1.52 1.50 0.07 0.76 0.74 0.65 --- ---- ---- 
week 12 1.53 1.68 1.63 1.65 0.05 0.74 0.76 0.64 --- ---- ---- 

Feed 
conversion  5.5 5.3 5.4 5.2 0.72 0.46 0.28 0.51 0.57 <0.01 0.004 

week 4 4.1 4.4 4.3 4.1 0. 64 0.43 0.29 0.51 --- ---- ---- 
week 8 5.4 5.3 5.7 4.6 0.68 0.49 0.25 0.46 --- ---- ---- 
week 12 7.1 6.6 6.5 7.1 0.85 0.46 0.33 0.52 --- ---- ---- 

Average 
daily gain  0.256 0.286 0.269 0.289 0.04 0.04 0.35 0.03 0.31 <0.01 <0.01 

week 4 0.306 0.299 0.301 0.311 0.05 0.51 0.59 0.71 --- ---- ---- 
week 8 0.248 0.305 0.269 0.325 0.03 0.007 0.03 0.006 --- ---- ---- 
week 12 0.215 0.255 0.239 0.232 0.03 0.56 0.44 0.51 --- ---- ---- 
** -RCS= Without roasted Canola seed; +RCS = With roasted Canola seed
**NDSC =Starch vs. Neutral detergent-soluble; RCS= Diets with Roasted canola seed vs. Diets without 
roasted canola seed and diets interaction  
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Mean values of the growth performance trial containing initial body weight, final body 
weight, average feed intake, feed conversion and average daily gain are report in Table 2. 
Initial body weight showed no significant difference due to stratification within dietary 
treatments (P > 0.05). High starch diets compared with high soluble fiber diets had no 
significant effect on final body weight, average daily DM intake and feed conversion ratio. 
Roasted canola seed addition to the diets also had no significant on these parameters (P > 
0.05). A similar trend was observed by a comparison diets interaction for traits (P > 0.05). 
In an experiment by Mandebu and Galraith (1999) examined the effects of diets containing 
different proportions of barley and beet pulp on growth performance of male lambs and no 
significant differences observed for feed intake and feed conversion ratio. Similar results 
have been reported by Bodas et al. (2007). In contrast, Rouzebhan et al. (1999) reported 
the decrease in dry matter intake with increasing level of beet pulp in the diet. Different 
factors could affect the dry matter intake including stretch of gastrointestinal tract. Amount 
of stretch that could limit DMI is different in the animals with different levels of 
production and among diets with various concentrations of energy, nutrients, dry matter 
and physical properties (Allen, 1996). Effectiveness of stretch of rumen wall in reduction 
of DMI is likely attributable, in part, to the weight and bulk of consumed feed. Beet pulp 
could increase filling effect of consumed feed with its higher water holding capacity and 
therefore reduce feed intake (Robinson et al., 1990). It look like that the level of beet pulp 
in the rations used in current study was not high enough that could limit feed intake. 

In agreement with the current study, Several researchers found no adverse effects of 
supplemental fat on DM intake and feed conversion of sheep (Goulas et al., 2003; Zhang et 
al., 2007). Similar findings have also been reported for dairy cows fed canola seed 
(Khorasani et al., 1991), sunflower seed (Markus et al., 1996) or flaxseed (Mustafa et al., 
2003). Feeding supplemental fat in the form of oilseeds is expected to have less 
detrimental effects on DM intake than if a similar amount was added as free oil (Kennely, 
1996). 

An interaction between NDSC and RCS was observed for daily gain (P < 0.05) because the 
level of increase in weight gain with addition of RCS was different among carbohydrate 
sources. Limited research has been conducted investigating the interaction between 
carbohydrate source and fat supplementation. 

Bhattacharya et al. (1975) reported that growing fattening sheep fed on a diet contained 
45% beet pulp + 45% corn gained faster and required less feed per unit of gain than those 
fed on either 90% corn or 90% beet pulp. Similar conclusions were also reported by 
Bouaque et al. (1976) on young bulls and Mandebvu and Galbraith (1999) on lamb. The 
significant difference in average daily gain observed in lambs fed with high soluble fiber 
could be the result of high water holding capacity of dry beet pulp due to the existence of 
pectic substances, methyl and carboxyl groups in its molecular structure that might be the 
reason of its better digestion. Inclusion of beet pulp in feeding of ruminants delays rate of 
passage outside the rumen (Vollker and Allen, 2003) and increased methanogenic bacterial 
count, Lactobacilli and Streptcocci and enzymatic yield of polygalacturonase and 
pectinesterase (Vollker and Allen, 2003).  

Addition of canola seed to the high starch diet caused dramatic increase in weight gain in 
comparison with high soluble fiber diet. Data is lacking using full fat oilseeds in high 
starch diets. This difference in response might be attribute, in part, to the correlated change 
in rumen pH (results are not reported). An increase in rumen pH observed when RCS 
included in the high starch diet. Wallace and Cotta (1989) indicated that at low pH, 
bacteria spend part of the available energy in maintaining the proton-motive force across 
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the cell membrane, increasing maintenance requirements at the expenses of growth 
(Nagaraja and Titgemeyer., 2007). The result is the reduction of microbial nitrogen flow to 
the small intestine. Hoover and Miller (1992) summarized several studies in which pH was 
modified in in vitro conditions and observed that the efficiency of microbial protein 
synthesis was affected when pH decreased below 5.5 (high starch diet without RCS 
supplementation). 

Effects of experimental diets on digestibility of dry matter, organic matter, crude protein, 
NDF and ADF are shown in Table 2. Neutral detergent-soluble carbohydrates significantly 
affect dry matter and organic matter digestibility (p<0.05). High-starch diets compared 
with diets containing soluble fiber reduced the digestibility of dry matter and organic 
matter. Addition of roasted canola seed had no significant effect on the digestibility of 
these two parameters (p<0.05). 

NDSC source had a significant effect on NDF and ADF digestibility and replacement of 
starch with soluble fiber resulted in increase in NDF and ADF digestibility (P<0.001). 
Increase in dietary fat with RCS incorporation in the ration significantly decreased NDF 
and ADF digestion. No significant interaction observed between NDSC source and RCS. 

In agreement with the current study, Voelker and Allen (2003) reported greater ruminal 
and total tract NDF digestion when dried, pelleted beet pulp replaced corn in lactating 
dairy cow diets. Also, Mojtahedi and Danesh Mesgaran (2011) have reported increased 
digestibility of dry matter, organic matter by partial substituting of barley with beet pulp in 
the diet of steers. Beet pulp NDF has a shorter lag time and more rapid digestion rate than 
most other sources of fiber (Bhatti and Firkins, 1995) partly because it has been previously 
soaked in hot water (Bichsel,1988). Therefore, increasing the contribution of beet pulp 
NDF to total NDF can increase the overall rate of NDF digestion, independent of any 
associative effects of beet pulp NDF on the digestion of NDF from other sources. 
Substituting the readily degraded pectin and NDF of beet pulp for barely may also increase 
the rate of digestion of other dietary fiber through associative effects of both fiber and 
starch. Adding beet pulp might have increased the population of fibrolytic bacteria and 
fibrolytic enzyme activity by providing excess available substrate for fiber degraders. 
Dilution of the concentration of dietary starch would also reduce the negative effects of 
starch fermentation on cellulolytic bacteria (Voelker and Allen, 2003). It has been 
suggested that the decrease in pH caused by rapid fermentation of starch and lactate 
production can also affect the reduction in fiber digestion (Voelker and Allen, 2003). 
However, even if the pH is kept constant, the lower NDF digestibility can occur with the 
addition of starch (Mandebu and Galraith, 1999).  

Stanford et al (2000) reported the decrease in digestibility of NDF and ADF with increase 
in dietary fat from canola seed source. These researchers conclude that the result is due to 
the toxic effects of fat on cellulose-degrading bacteria and protozoa. In vitro studies 
(Henderson, 1973; Maczulak et al., 1981) demonstrated that the unsaturated fatty acids, 
particularly C18:1, inhibit ruminal cellulolytic microbes. MacLeod and Buchanan-Smith 
(1972) postulated that the depressing effects of fat on fiber digestion might also be partially 
due to a physical coating of fiber particles, forming a lipid barrier that impedes enzyme 
penetration. 

 

Conclusions 
Partial replacement of starch with neutral detergent soluble fiber in high concentrate diets 
had positive effects on weight gain and nutrient digestibility. Also, incorporation of canola 
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seed in high concentrate diets, specially high starch diets, improved growth performance 
but because of its adverse effect on the digestibility of fiber fraction more reseach is 
needed for conclusion. 
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Abstract  
In this paper the up to date methods and regulation of goat kids feeding as the new 
normatives and nutrient requirements are presented. In kids feeding remarkable 
attention has to be made on optimal needs concerning the accurate growth and progress. 
In order to make the best solution the updated normatives with large number of 
parameters have to be used. 

Growing goat kids require energy, protein, vitamins and minerals for optimum growth. 
Determining quantities of these nutrients needed will make possible to determine how 
much of grain mix and hay should be used to support maintenance and growth. The 
nutrient requirements of growing goats show a different trend than those of mature 
animals. 

The latest investigation results on protein level recommendation in kids feeding (NRC, 
2007) have grown over 45%, while energy needs only infinitesimally more in regard to 
goat nutrient requirement needs considering the NRC recommendation from 1981. 
However, it must be remembered that energy requirements are based on minimal 
activity needed to secure feed and the actual requirement may very. Thus, the needs of 
energy for growing kids with a body mass of 20 kg is 5.69 MJ ME and 75.6 g in 
proteins. The first three days after birth are the most critical days in the life of a 
newborn kid. If the mother rejects the kids, colostrum of kids should be fed three times 
a day, a total of 2 to 3 pint per day. After three days, the kid diet is based on milk or 
milk replacer, which is given twice a day and does not exceed three liters per day. 
Feeding with milk or milk replacer may continue until 8-12 weeks or until the time the 
kids are weaned and able to consume 0.2 kg grain milk per day. 

At weaning, for feeding the 30 days old kids we used a mixture concentrate for early 
suckling kids. By own nutrient compounds this grain mixtures must have better quality 
than concentrate mixtures used in goat kids feeding. 

Provide a grain mix (kid starter) containing high levels of protein (16%) and high levels 
of fiber (11%) as well as good quality hay to encourage rumen development. After 
weaning up to 6 months, continue feeding with kid starter 0.2 to 0.4 kg/day and plenty 
of good quality forage and pasture. When the growing kids start to use large amounts of 
hay or green forage in feeding, they should be given a mixture of concentrate with 
something simpler composition. Do not feed silage and non-protein nitrogen at this age. 

Key words: goats, kids, nutrient requirements, nutrition, weaning 
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Introduction 
Adequate nutrition and rearing of kids is the basis for future high production in goats. 
The production values of each head is greatly dependent on feeding in early age 
(Memiši and Bauman, 2003; Žujovi  et al., 2002). Future goat production will therefore 
depend largely on the quantity and quality of these nutrients. In doing so, the quality of 
roughages is of great importance (Poore and Luginbühl, 2002). In such cases, depending 
on quality of roughage a part of it involves a certain amount of concentrate feed, 
because the forage crops are not sufficient to meet all the needs of animals in nutrients. 
Concentrate mixtures are given to the younger categories with the aim to increase the 
share of energy and protein in the diet and also to enrich meal in certain mineral 
elements (Memiši et al., 2007a and 2008a). Special attention should be given to feeding 
goats in gestation period. In regard to this, a good diet in the last gestation period 
resulted in coarser and more vital kids, which later enabled their intense and successful 
development (Memiši et al., 2008b). 

Intensive production of kid meat in countries with developed goat production is 
becoming more and more prominent (Memiši, 2009). In addition, of particular interest 
are systems that contribute to solving the problem of efficient kids weaning, in other 
words, a faster transition to feeding with dry food (Memiši and Bauman, 2007b).  
Taking into account that in our country there is a great interest in breeding goats, and 
the problem of rearing the kids is still greatly unknown, we wanted, in this paper, to 
give a contribution to clarifying the issues related to the effects of proper weaning of the 
kids.  One more reason is that there are real possibilities to adequately rear offspring in 
our conditions with great success, which will allow breeders to produce larger quantities 
of milk for the production of various products for the market and it will also lead to the 
intensification of goat production, which currently is not on a high level. 

 

Nutritional requirements of goat kids 
It is most important for kids to receive colostrum (the doe’s first milk) during the first 
24 hours of their life. A healthy newborn kid rarely needs help to suck from its dam. 
Colostrum contains essential antibodies (immunoglobulins) that protect kids from 
disease and represents a concentrated source of nutrients. The newborn kid can absorb 
the essential antibodies in colostrum only during its first 24 hours or so of life. Kids eat 
solid food from about 1 week of age and are often seen ruminating at about 2 weeks, so 
it is important to give them good-quality hay and suitable concentrate from 1–2 weeks 
of age (Ensminger, 2002). 

When the young goats begin to eat solid food (forages and grains), these feeds may stay 
in the rumen what can lead to development of the microbial population. The rumen-
reticulum and the large intestine begin to increase more rapidly at the expense of the 
abomasum and small intestine. The change from preruminant to ruminant is a gradual 
process. Fibrous feedstuffs (forages) encourage rumen development and appear to speed 
up the development of the muscles of the rumen wall (Ezeasor and Nwaogu, 2008), 
which are important in rumen digestion and mixing of rumen contents. 

These changes in the digestive system have a large impact on the feeding methods used 
in raising young goats and should be kept in mind during all feeding management 
decisions. Growing goat kids require energy, protein, vitamins and minerals for 
optimum growth and profitability. Determining needed quantities of these nutrients will 
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enable you to determine how much of grain mix and hay should be used to support 
maintenance and growth (Memiši and Bauman, 2007b).  

Growth is a period of high energy requirement and the NRC (1981) recommends an 
allowance of 1732.8 kJ ME/kg of weight gain be made in the diet. The difficulty in 
estimating energy requirements for growth are due to the immense differences in the 
energy costs of protein and fat deposition and the change in rates of deposition with age, 
weight and diet (AFRC 1997). Growth has high protein requirements due to the fast lay 
down of protein rich tissue. The NRC (1981) recommendation of protein allowance for 
growth was 195g DP/w kg 0.75. For replacement females in a diary system the female 
weaners need to gain 50-100g/day. In order to achieve this, the diet should contain 12 
MJ/kg DM and 140g CP/ kg DM (AFRC 1993). To achieve growth rates of 200g/day, 
the diet needs to be based on cereal grains and in an intensive lotfeeding type situation 
(AFRC 1993). The metabolisable protein requirements for growth as recommended by 
the AFRC (1997) are detailed in Table 1.  

 
Table 1. Requirements in metabolisable protein for the growth of kids (AFRC 1997).  

Expected growth 
Requirements in metabolisable protein (g/day) 

The body weight of kids 
15 -20 kg 20-25 kg 25-30 kg 

100 g/day 24.6 24.0 23.4 
200 g/day 49.2 48.0 46.8 
300 g/day 73.8 72.0 70.2 

 

The nutrient requirements of growing goats show a different trend than those of mature 
animals (Table 2). In the research of group of authors (Luo et al., 2004 and 2004a; Sahl 
et al., 2004), recommendations for the level of protein in the diet of goats, according to 
these studies, increased by over 45% while the needs of the energy were only slightly 
higher compared to those of 1981 (NRC, 1981). However, it must be remembered that 
energy requirements are based on minimal activity needed to secure feed and the actual 
requirement may very (Memiši et al., 2009). 

 
Table 2.  Energy and protein requirements of a 20 kg growing kid (Luo et al., 2004) 

Parameters NRC 1981 2004 
ME mJ 5.53 5.69b 

Crude Protein, g 51.76 76.5c 
a 50 g gain 
b 2004 requirements for energy based on doelings and wethers 
c metabolizable protein converted to crude protein utilizing NRC 1996 
 

On the basis of these studies, in 2004, the amount of information available about the 
actual needs of the offspring of goats in nutrients increased, which is essential for 
making decisions concerning the expected performance of the wide variety of 
nutritional status. Based on that research NRC in 2007 published new regulations in 
nutrient requirements of goats which represent a step forward compared to the former 
regulations from 1981. 

NRC (2007) provides a detailed summary of the nutrient requirements for kids and 
differentiates between dairy, Boer, indigenous local (assumed to be equivalent to 
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Australian rangeland, but may not be) and Angora. Daily requirements vary according 
to current or target liveweight, rate of daily gain, gender and are too extensive to list 
within this review; however Table 3 provides an extract to highlight the differences.  

 
Table 3. Daily dry matter intake (DMI), dietary NDF tolerance, crude protein, protein (CP) 

and energy (ME) of four goat genotypes at 20 and 30kg LW growing at 200g/d 
(adapted from NRC 2007). 

Genotype 

Live-
weight 

Growth 
rate 

Fiber 
growth 

rate 
DMI DMI NDF 

limit CP ME 

kg g/day g/d kg/day % 
LW % g/d MJ/d 

Dairy 20 200  0.73 3.7 33 130 9.66 
Boer 20 200  0.66 3.3 36 163 8.91 

Indigenous 
local 20 200  0.62 3.1 39 130 8.24 

Angora 20 40 8 0.74 3.7 32 84 7.45 
Dairy 30 200  1.14 3.8 32 145 11.47 
Boer 30 200  1.04 3.5 35 179 10.42 

Indigenous 
local 30 200  0.97 3.2 37 145 9.75 

Angora 30 40 8 0.91 3.0 40 100 9.12 

Supplemental feeding  
The first three days after birth are the most critical days in the life of a newborn kid. If 
mother rejects the kids, colostrum of kids should be fed three times a day, a total of 2 to 
3 pint per day. After three days, kid diet is based on goat milk or milk replacer, which is 
given twice a day and does not exceed three liters per day. In some cases, the female 
goats cannot produce enough milk for feeding their kids, especially when it comes to 
their greater numbers (twins or triplets). For providing adequate daily increment of kids 
a sufficient amount of the initial starter mixture and high-quality hay must be available 
from the first days after birth. 

 
Table 4. Nutrition technique for kids under 3 months of age (INRA, 1989) 

Nutrition 
technique 

Age 
of kids 

Quantity 
of milk (kg)  

From the 7th day 
after kidding 

feeding hay and 
concentrates ad 

libidum 

 
 

Goat milk in 2 
meals 

By the third day Colostrum (max. 1.5 kg) 
31 1.5 kg goat milk 
32 1.0 kg goat milk 

33 – 42 0.5 kg goat's milk in the 1st 
meal 

85 – 90 Weaning 
 

Table 4 contains examples of the composition of concentrate mixtures for goats feeding. 
If the kid feeding is used as milk replacer, it should contain not less than 5% fat, and at 
least 20% crude protein, which should originate from by-products of milk (Solaiman, 
2014). In any case, substitute for milk from cow's milk is less expensive compared to 
the replacement of goat milk and can be a very good quality food for kids (Memiši and 
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Bauman, 2003a). Feeding milk or milk replacer could continue up to 8-12 weeks or up 
to the time the kids are weaned or able to consume 0.2 kg of grain mix daily. Provide a 
grain mix (kid starter, Table 5) containing high levels of protein (16%) and high levels 
of fiber (11%) as well as good quality hay to encourage rumen development.  
 

Table 5.  Kid starter grain mix (Solaiman, 2014) 

Ingredient % of ration
Cracked corn 29.0 
Crushed oats 29.0 
Wheat bran 29.0 

Soybean meal 11.5 
Trace mineral salt 0.5 

Dicalcium phosphate 0.5 
Vitamins ADE 0.5 

Protein 15-16%
Fiber (minimum) 10%

 

For additional weight gain, animals also need nutrients for growth such as 0.55 Mega calorie
(Mcal) for every 100 g gain/d, 57 g protein (CP) for every 100 g gain/d., 2.8 g calcium (Ca),
1.3 g phosphorus (P).  

Table 6.  Examples of complete meal for starter and mixtures for the growth in nutrition of kids 
(Sahlu et al., 1992) 

Feedstuff Kid Starter 
% 

Growing 
Ration  % Feedstuff 

Kid Starter 
(% dry matter 

basis) 
Corn 27.6 12.9 Corn 70.17 
Oats 37.9 10 Oats 2 
Soybean meal (44%) 10 8.6 Soybean meal (44%) 24 
Alfalfa leaf meal 18 10 Alfalfa meal 2 
Cane molasses 5 5 Calcium carbonate 0.81 
Cottonseed hulls 0 51.9 Dicalcium phosphate 0.37 
Trace mineral salt 1 1 Trace mineral salt* 0.45 

Limestone 0.3 0.4 Vitamins A, D and E 
(premix)** 0.2 

Vitamins A, D and E 
(premix) 0.2 0.2   

Crude protein = 20%                                  Calcium = 0.6% 
Metabolizable energy, Mcal/kg = 3.06      Phosphorus = 0.5% 
* Composition: 98% salt (NaCI), 0.35%  zinc, 0.28 manganese, 0.175%  iron, 0.035% copper, 0.007%  
iodine and  0.008% cobalt. 
** Contents (for 2.2 lbs): 6600 IJ vitamin A, 2200 IJ vitamin D and 33 IJ  vitamin E. 
 

The kids that are in the flock for overhaul and further reproduction purposes, which are 
selected and graded on the basis of production and morphological characteristics of their 
parents should be weaned at the age of three months. Feeding base of weaned kids 
should be a good quality pasture with the addition of small amounts of concentrate. The 
amount of concentrate depends on the condition and the mass of kids, where certain 
recommendations suggest providing around 100-150 g of concentrate a day. However, 
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if the pasture is of a lower quality, it is necessary to provide sufficient quantities of good 
quality lucerne hay. Otherwise, during the weaning, the kids gain decreases, and thereby 
the consumption of feed per kilogram of gain increases. 

Conclusion 
Adequate nutrition and rearing of kids is the basis for future high production goats. The 
production value of each head is greatly dependent on feeding in early age. Poor and 
inadequate nutrition in this age can have adverse consequences of a permanent 
character. Kids are mostly fed milk suckling their mother, but in some cases this can 
also be supplemented. If we use the supplementation in kids nutrition, the number of 
servings for kids should be the same as the suckling.  

Nutrition of weaned kids very much depends on whether the animals are intended for 
rearing or to be used for breeding. Feeding base of weaned kids should be a good 
quality pasture with the addition of small amounts of concentrate. The amount of 
concentrate depends on the condition and the mass of kids. In feeding kids intended for 
breeding we should strive for those in the age 7-8 months to attain body weight 30-35 
kg. In this way they will be in a good shape and well prepared for mating.
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Abstract

The goal of the paper was to investigate the effect of feeding programmes with different 
protein levels on broiler performance and production efficiency. The research was conducted 
on 600 chicks of Cobb-500 and Ross-308 provenience, previously divided into four groups (by 
feeding treatments). 

The groups (treatments) differed in the type of mixture given in the starter period. The feeding 
programmes were, as follows: T1 (control group) – 23% protein mixture (Day 1 to Day 21); 
T2 - 23% protein mixture (Day 1 to Day 14), and 20% protein mixture (Day 14 to Day 21); T3 
– 23% protein mixture (Day 1 to Day 7), and 20% protein mixture (Day 7 to Day 21); T4 - 
20% protein mixture (Day 1 to Day 21). The chicks were given 20% protein mixture from Day 
21 to Day 35, and 18% protein mixture from Day 35 to Day 42. A standard technology for 
chicken fattening was carried out. Production efficiency was determined by observing the ratio 
of the total cost and total revenue, i.e. profit per chick. From the value of the European 
Production Efficiency Factor (EPEF), a summary indicator of production results, the authors 
came to a conclusion that T1 (control) group of the Cobb-500 and Ross-308 chicks had 
achieved higher EPEF than the experimental groups, whereby the values of T2 group were 
similar to the values of T1. The highest profit per chick was found for T1 group of Cobb-500 
chicks and for T2 group of Ross-308 chicks. The research showed that a drastic protein 
reduction in the starter period had resulted in negative tendencies in the chicks of the both 
genotypes. From the aspect of development of more profitable feeding programmes, further 
research should therefore focus on T2 feeding programme.   

Key words: broiler, genotype, production efficiency, production performance  

Introduction 
In broiler production, a proper diet is one of the most important preconditions for expressing 
the genetic potential of modern hybrids. Broiler diets comprise feeding programmes that 
follow recommendations given in NRC Standards (National Research Council, 1994), 
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programmes of breeding centres – producers of line hybrids, and programmes aimed to satisfy 
some specific market requirements (e.g. the production of meat of special quality) as well as 
environmental and other requirements for modern broiler production.  
A diet is also one of the key factors affecting broiler production efficiency, since feed costs 
make about 70% of the total cost of production (Marcu et al., 2013). The cost of the protein 
component in broiler mixtures generates the largest share of feed costs, together with energy 
sources (Moosavi et al., 2011). Over the last decade, one can see the tendency of protein 
reduction in broiler mixtures, due to economic and environmental requirements. Proteins have 
an important role not only in enabling the carrying out of the basic life functions but also in 
providing conditions for expressing the genetic potential, in terms of broiler productivity. 
Therefore, nutritionists try to develop such feeding programs that will optimally meet broiler 
requirements and requirements for production efficiency. There are also some aggravating 
circumstances – protein requirements can fluctuate a lot, depending on the genotype, sex, age, 
production programme, etc., and one should have in mind that the efficiency of protein 
utilisation can also differ depending on the protein source and levels of other nutrients in a diet 
(Joki  et al., 2004). 
To increase production efficiency, some feeding programmes are designed to maximise profits 
instead of maximising production performance. The research conducted by Eits (2004) was 
aimed to develop a model to make choosing of optimal feeding strategies much easier, in 
terms of achieving preferable performances with minimal costs.  

In order to determine an optimal amount of time for giving basic mixtures, and considering 
broiler performance and production efficiency, the subject-matter of the research of numerous 
authors was phase feeding programmes, i.e. programmes based on different frequencies of 
change of feeding mixtures – starters, growers and finishers (Watkins et al., 1993; Saleh et al., 
1996; Pope and Emmert, 2001; Roush et al., 2004). The aforementioned authors mostly 
indicated a necessity for questioning traditional feeding programmes and duration of each 
feeding phase. They also pointed out some genetic improvements in broilers, a shorter time for 
gaining body weight, as well as a growing need for the economic optimisation of broiler 
production. The economic effect of changing starter mixtures with growers is based on the 
difference in costs of starters and growers. According to Warren and Emmert (2000), the 
duration of a feeding phase significantly affects fattening efficiency, i.e. phase feeding 
programmes can reduce feed costs, without affecting weight gain and body yield.  

The goal of the paper was to investigate the effect of feeding programmes comprising different 
protein levels, i.e. different frequencies of change of starter and grower mixtures on 
performances of different genotype broilers and their production efficiency.  

 

Materials and methods 
The experiment comprised 1.200 chicks, i.e. 600 chicks of Cobb-500 and 600 chicks of Ross-
308 provenience. Within each genotype, four groups (treatments) were formed, with two 
repetitions per treatment. The object was divided in 16 pens (75 chicks each). The treatments 
and repetitions were assigned by a randomised block design. Each treatment comprised 150 
chicks, which makes 600 chicks per provenience investigated. Feeding differed only in the 
starter period (from Day 1 to Day 21), according to the following programme: 

T1 (control group) - 23% protein mixture (starter) from Day 1 to Day 21;  
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T2 - 23% protein mixture (starter) from Day 1 to Day 14, and 20% protein mixture 
(grower) from Day 14 to Day 21;  
T3 - 23% protein mixture (starter) from Day 1 to Day 7, and 20% protein mixture 
(grower) from Day 7 to Day 21;  
T4 - 20% protein mixture (grower) from Day 1 to Day 21.  

From Day 21 to Day 42, all the chicks were fed in the same way. They were given 20% 
protein mixture (grower) from Day 21 to Day 35, and then 18% protein mixture (finisher) to 
Day 42. Feeding was ad libitum. A standard fattening technology was carried out, following 
all technological norms of intensive fattening. 

All the chicks were marked, after which control weighing on a precision balance was 
conducted on the Day 1 and then on a weekly basis. Daily gain was calculated on the basis of 
the data on body weight. Data on the used feed and achieved gain were used to calculate feed 
intake and conversion.   

The obtained production parameters were then used to calculate the European Production 
Efficiency Factor (EPEF = liveability (%) * body weight (kg) / number of days of fattening * 
feed conversion) * 100) and the European Broiler Index (EBI = liveability (%) * average daily 
gain (g) / feed conversion *10). 

Production efficiency was determined after taking into account the value of production and the 
total cost, i.e. profit per chick. A profit index per chick was calculated for each feeding 
programme, whereas the obtained profit per chicken for the control group was used as a basis 
for calculating the profit index per chicken for experimental feeding programmes.  

The data were statistically processed using the computer programme Statistica (version 5) 
(Stat.Soft.Inc, 2006). Individual differences in means were compared with the LSD test. 

 

Results and discussion 

Having analysed the data given in Table 1, the authors determined that at the end of the starter 
and the fattening period (after 42 days) the Cobb-500 chicks from the group T1 had achieved 
the largest body weight. Statistically, the value of their body weight was significantly higher 
than the value of the body weight in the groups in which feed restriction had started in the first 
(T4) and second week (T3). No statistical significance was detected between T1 and the group 
in which protein reduction had started in the third week (T2). As for the chicks of Ross-308 
provenience, after comparing T1 with the experimental groups and comparing the 
experimental groups among themselves, the results showed T4 group (largest protein 
reduction) was the only one with significantly smaller body weight in the aforementioned 
periods. This result showed certain differences among hybrids, i.e. that the Ross-308 chicks 
were more tolerant to protein reduction and to a shorter period of feeding with the starter 
mixture. Different reactions of hybrids were also detected by Madrigal et al. (1994) when 
investigating the effect of feeding programmes. Smith and Pesti (1998) also investigated the 
effect of different feeding programmes on two proveniences and determined that the hybrid 
and the level of protein in mixtures had affected production performances - body weight and 
feed intake, which is in line with the results of this research. Saki et al. (2010), however, 
studied three feeding programmes applied on two genotypes in their starter period and found 
no statistically significant interactions between the hybrids and the feeding programmes.  
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Table 1.  Broiler production performances 

Traits 
M

ea
su

re
s 

of
 

va
ria

tio
n Broiler production performances 

Cobb-500 Ross-308 

T1 T2 T3 T4 T1 T2 T3 T4 

Day 1 to Day 21  

Body weight  x  
Sd 

642a 

116.54 
621a

87.12 
614b

85.87 
530c

92.08 
642a

93.28
638a 

104.57 
623a 

100.71 
554b

94.54 
Average daily 

gain (g)  
x  
Sd 

28.81a 
5.51 

27.80 a 
4.12 

27.48 a 
4.05 

23.48b 
4.38 

28.78 a 
4.41 

28.55 a 
7.26 

27.90 a 
4.79 

24.63 b 
4.47 

Average feed 
intake (g) 

 50.229 49.029 55.465 56.357 50.382 50.402 56.820 51.232 

Day 1 to Day 42   
Body weight 

(g) 
x  

Sd 
2279a 

261.96 
2216a

244.05 
2203b

210.31 
2048c

234.56
2177a

266.24 
2166a 

264.00 
2136a 

287.00 
1963b

247.72 

Feed 
conversion  

 
1.871 1.918 1.994 2.058 1.914 1.927 2.022 2.126 

Mortality, (%)  2.67 2.33 2.50 2.17 2.50 2.17 2.33 2.50 
EPEF  282.27 268.68 256.47 231.79 264.04 261.82 245.66 214.35 
EBI  277.63 264.04 252.11 227.65 257.55 257.24 241.32 202.2 

a-b - values with different superscript letters in the same line for hybrids are statistically significantly different  (P 
<0.05) 
 
In the chicks of Cobb-500 and Ross-308 provenience, the smallest, insignificant difference in 
finished body weight was found by comparing T1 with T2 group, which consumed the starter 
mixture for two weeks. This result raises a question whether the chicks in the starter period 
need starter mixtures for longer than 14 days. The obtained results are in line with the research 
of Saleh et al. (1997), who estimated the periods of giving starter, grower and finisher 
mixtures to fattening chicks in the fattening period of 42 days. These authors pointed out the 
importance of targeting finished body weight when creating feeding programmes, and they 
gave recommendations for duration of certain feeding phases, considering the finished body 
weight of 1 kg, 2 kg or 3 kg (Saleh et al., 1996, 1997a and 1997b). For the both investigated 
genotypes, after comparing T1 with the experimental groups, significant and also the largest 
difference in finished body weight was found between T1 and T4 group, observed by periods 
and in the whole experiment. A lag in weight gain, found in T4 group during the starter period 
but also in the second fattening phase, was a result of a drastic protein reduction, since these 
chicks were fed with the grower mixture from the first day. The obtained results are in line 
with the other researches, where chicks subjected to drastic protein reductions in their early 
period lagged behind in weight gain, not being able to compensate it later (Watkins et al., 
1993). 

The analysis showed best feed conversion in T1 group and poorest in the experimental groups 
with the highest protein reduction (T3 and T4). The obtained results can be somewhat 
compared with the one of Jianlin et al. (2004), who investigated eight feeding programmes in 
the starter period of broilers, where the control group was given feed with 22.48% crude 
protein, and each following experimental group was given feed with reduced protein levels, 
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the lowest of which was 16.61%. Body weight and feed conversion was smaller than in the 
control group, and the more reduced protein levels were, the smaller was the body mass and 
feed conversion. Dozier et al. (2006) also investigated the effect of phase programmes with 
different protein levels, and found that chicks fed with mixtures with higher protein levels and 
nutrients had achieved larger body weight and better feed conversion.   

The broilers of Cobb-500 and Ross-308 provenience were of satisfying liveability, which 
implies that the feeding programmes did not affect this trait. The obtained results are in line 
with the results of Watkins et al. (1993), in which different time distribution of mixtures did 
not affect broiler mortality. However, Salmon et al. (1983), when investigated the effect of 
different feeding programmes on liveability, found high protein levels in starter mixtures that 
resulted in increased total mortality. 

From the obtained value of EPEF, a summary indicator of production results, the authors came 
to a conclusion that T1 (control) group of the Cobb-500 and Ross-308 chicks had achieved 
higher EPEF than the experimental groups, whereby the values of T2 group were similar to the 
values of T1. The results of EBI showed that the highest profit per chick of Cobb-500 
provenience had been identified for T1 group, with the smallest difference between T1 and T2 
programmes. EBI for T1 and T2 group of the chicks of Ross-308 provenience were 
completely uniform. The obtained results for EPEF and EBI for the chicks of the both 
provenience implies that further research should focus on T2 feeding programme. Differences 
in EPEF and EBI were also found by Marcu et al. (2013), when investigated feeding 
programmes with different protein and energy levels. 

The production efficiency of the feeding programmes, determined after comparing the value 
of production and the total cost, i.e. profit index per chick, is shown in Table 2.  

 
Table 2.  Broiler production efficiency, depending on the feeding programme   

 Profit index per chick, depending on feeding programmes (%) 

Cobb-500 Ross-308 
Parameter   Feeding programmes     

 T1 T2 T3 T4 T1 T2 T3 T4 
Index   100 93.64 80.98 38.73 100 116.31 75.62 15.58 

 
The highest profit index per chick was found in T1 group of the Cobb-500 chicks and T2 
group of the Ross-308 chicks. The feeding programmes with drastic protein reduction (T3 and 
T4) achieved the lowest profit indices, which can be related to the smallest finished body 
weight and poorest feed conversion that resulted in the lowest profits for these groups. The 
results are in line with the research of Moosavi et al. (2011), in which feed costs per kg were 
different. They were lower for mixtures with lower protein levels, yet production costs were 
then higher due to poorer feed conversion, considering the chicks were fed with mixtures with 
lower protein and energy levels. Differences in profit indices of different feeding programmes 
were also detected by Petri evi  et al. (2012).  
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Conclusion
Based on the obtained results, it was determined that the applied feeding programmes with 
different protein levels (different frequencies of change of starter, grower and finisher 
mixtures) for Cobb-500 and Ross-308 chicks had affected the production performance and 
efficiency. When observing the production results for the whole experiment, in the both 
provenience, T1 (control) group achieved the highest European Production Efficiency Factor 
(EPEF) compared to the experimental groups (T2, T3 and T4). The applied feeding 
programmes with a drastic protein reduction in the starter period (T3 and T4) resulted in 
negative tendencies from the aspect of production results and efficiency. In the both 
provenience, the experimental group T2 achieved similar values of EPEF to T1. Moreover, 
when it comes to the Ross-308 chicks, T2 group also achieved the highest profit index per 
chick. From the aspect of the development of more profitable feeding programmes, the focus 
of further research on optimising the periods of giving starter, grower and finisher mixtures 
should be put on T2 programme. 
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Abstract 
A total of 106 samples of complete feeding mixtures for different categories of pigs were 
analyzed for presence of aflatoxin. Feeding mixtures were composed of feed materials 
harvested during 2012 harvest season in Serbia. These samples included complete feeding 
mixtures for fattening pigs (49), lactating sows (19), pregnant sows (10) and piglets (28). 
Analysis was performed using ELISA test kits. The presence of aflatoxin was the highest 
in complete feeding mixtures for fattening pigs (43%), somewhat lower in complete 
feeding mixtures for lactating sows (37%) while in complete feeding mixtures for piglets 
was 25% of positive samples. Incidences ranged from 4 μg/kg to 66 μg/kg, both in 
complete feeding mixtures for fattening pigs. Out of 10 samples of complete feeding 
mixtures for pregnant sows, aflatoxin was detected in only one sample in the concentration 
of 14 μg/kg. Contamination levels were above the maximum limit established by the 
European Union and Serbian regulation in 7 (14%) samples of complete feeding mixtures 
for fattening pigs, 4 (21%) samples of complete feeding mixtures for lactating sows and in 
7 (25%) samples of complete feeding mixtures for piglets. None of the samples of 
complete feeding mixtures for pregnant sows contained aflatoxin above the maximum 
permitted level. 

Key words: aflatoxin, ELISA, feedstuffs, pigs, Serbia 
 

Introduction 
Mycotoxins, as natural food and feed contaminants, became a public health problem of 
considerable importance. Fungal invasion and subsequent mycotoxins production can 
occur during plant growth, maturity, harvesting, storage, processing of grains and is 
influenced by various factors (temperature, relative humidity, oxygen availability, 
damaged or broken grain kernels) (Bernardo, 2004; Lanyasunya et al., 2005). The Food 
and Agriculture Organization (FAO) estimates that 25% of the world's food crops are 
affected by mycotoxins, of which the most notorious are aflatoxins (WHO, 1999). 
Aflatoxins (AFB1, AFB2, AFG1, AFG2, AFM1, AFM2), a group of potent carcinogenic 
and teratogenic compounds, are secondary metabolic products of some Aspergillus spp.: 
Aspergillus flavus, Aspergillus parasiticus and Aspergillus nomius (Kurtzman et al., 1987; 
Martins, 1989). Among all aflatoxins, the aflatoxin B1 (AFB1) is the most potent 
hepatocarcinogenic substance known; recently, after a thorough risk evaluation, it has been 
proven to be also genotoxic (Van Egmond and Jonker, 2004; Zain, 2011). 
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Aflatoxins may cause various performance and health problems in pigs, including 
significant effects on growth performance, decreased average daily gain and feed gain 
ratio, increased relative weights of liver, kidney, spleen and pancreas, impaired liver 
function, the increase of serum enzyme activities and the decrease of liver enzyme 
activities (Shi et al., 2007). Aflatoxins have a severe influence on reproduction in sows 
which may include endometritis, mammary glands edema and reduced rate of piglets’ 
survival (Liu et al., 2009). 

All mammals that ingest AFB1 during lactation excrete aflatoxin M1 in their milk (Wood, 
1991), even though its amount depends on many factors. In case of dairy cows, the 
excreted amount of AFM1 is up to 6.2% of ingested AFB1 (Veldman et al., 1992). It was 
reported that in case of pigs, an AFB1 conversion index from feed to liver is 800:1 and that 
the carry-over of AFB1 from sow feed to milk was not known (Stoloff, 1977). Crenshaw 
(2008) reported the presence of AFM1 in the milk of sows fed diets containing aflatoxins. 
It was found that pigs nursing sows consuming feed with 500 to 750 ppb of aflatoxin had 
higher death rates and slower growth. Also, even though pigs were not exposed to 
aflatoxins after weaning, they were permanently stunted and performance was reduced 
throughout the growing/finishing period. Bertuzzi et al. (2003) investigated the AFB1 
carry-over in lactating sows. Starting from parturition, lactating sows were fed 5 kg of 
contaminated feed for 7 days. Colostrum and milk samples were collected daily for 10 
days after parturition, from each sow. The feed was prepared by adding 5% of a peanut 
meal naturally contaminated by aflatoxins and contained a mean level of 6.4±0.5 and 
0.67±0.05 ppb of AFB1 and AFB2, respectively. The authors concluded that the AFB1 
carry-over as AFM1 in the milk was much lower in sows compared to cows (1 - 3%). 

To reduce the risk of exposure, many countries have regulated the levels of aflatoxin in 
feed. Currently, the legal limits of aflatoxin in feedstuffs are highly variable from the 
European Union (EU) countries to other countries. The EU has a limit of 20 μg/kg for 
complete feedingstuffs for pigs and poultry (except young animals) and 10 μg/kg for other 
complete feedingstuffs (European Commission, 2003). In Serbia, proposed maximum 
permissible levels of aflatoxins in complete and complementary feedingstuffs for pigs and 
poultry (except young animals) is 20 μg/kg and in complete and complementary 
feedingstuffs for calves, lambs, kids, piglets, chicks, turkeys, ducklings is 5 μg/kg (the 
Official Gazette of the Republic of Serbia, 27/2014). 

Aflatoxin has long been monitored by the United States Food and Drug Administration, 
and a level of 20 μg/kg has been set as the limit of aflatoxin content for corn, peanut 
products, and other animal feeds and feed ingredients but excluding cottonseed meal, 
intended for immature animals (United States Food and Drug Administration, 2000). The 
mentioned regulation also establishes maximum level of aflatoxin in cottonseed meal 
intended for beef, cattle, swine, or poultry (300 μg/kg), corn and peanut products intended 
for finishing swine of 100 pounds or greater (200 μg/kg) and corn and peanut products 
intended for breeding beef cattle, breeding swine, or mature poultry (100 μg/kg) (United 
States Food and Drug Administration, 2000). 

The purpose of this study is to give the information on the occurrence of aflatoxin in 
complete feeding mixtures for different categories of pigs. 

 

Materials and methods 
Samples- One hundred and six samples of complete feeding mixtures for different 
categories of pigs were collected randomly from different farms in Serbia during 2013 
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year. Immediately after sampling, 1000 g of each sample were prepared by grinding in a 
laboratory mill in such a way that >93% passed through a sieve with pore diameter of 1.0 
mm. After that, the sample was homogenized by mixing. Samples thus prepared were 
packed in plastic bags and stored in a freezer at -20 ºC until analysis. Prior to each analysis, 
the samples were allowed to reach room temperature. 

Extraction- Exactly 20 g of samples were weighed in a 150 ml beaker. Aflatoxin was 
extracted with 100 ml of 70% methanol on an Ultra Turrax T18 homogenizer for 3 min at 
11,000 rpm. Crude extract was then filtered through 6 Advantec filter paper. 

Analysis- The immunochemical analysis was performed using the Veratox, Aflatoxin 
(Total), Quantitative Test Kit (Neogen, Lansing, MI, USA) with four calibration standard 
solutions (0, 5, 15 and 50 μg/kg). Analytical procedure was carried out according to 
manufacturer’s procedure. Optical densities on the basis of which aflatoxin content was 
calculated, were read using the reader of microtitration plates with a 630 nm filter (BioTec 
Instruments, USA). 

 

Results and discussion 
Validation parameters of method for aflatoxin determination were estimated according to 
the European Commission (2006) and Reason (2003). Limit of detection (LOD) for 
aflatoxin in feed samples was 0.45 μg/kg, while limit of quantification (LOQ) was 1.37 
μg/kg. Average recovery value, based on analysis of certified reference material, was 
106.2% which is within acceptable limits according to the European Commission (2006). 
Precision was estimated in terms of repeatability and reproductivity. Both parameters can 
be described as “acceptable”. Measure uncertainty was calculated in accordance with 
Handbook for Calculation of Measurement Uncertainty in Environmental Laboratories 
(Magnusson et al., 2012) and it was 34.55%. The obtained results showed that the 
proposed analytical method fits well for control purposes of aflatoxin in feed samples. 

 
Table 1. Presence of aflatoxin in samples of complete feeding mixtures for different categories of 

pigs 

Feeding mixture No of samples No of positive 
samples (%) 

No of samples above 
maximum permitted level (%) 

Fattening pigs 49 21 (43) 7 (14) 
Lactating sows 19 7 (37) 4 (21) 
Pregnant sows 10 1 (10) - 

Piglets 28 7 (25) 7 (25) 
Total 106 36 (34) 14 (13) 

 

The occurrence of aflatoxin was investigated in 106 samples of complete feeding mixtures 
for different categories of pigs and the results are presented in Table 1 and Table 2. Out of 
106 samples, aflatoxin was present in 36 (34%) samples with the average content of 20 
μg/kg, ranged from 4 to 66 μg/kg. The highest rate of positive samples (43%) and the 
greatest concentration of aflatoxin (66 μg/kg) was established in samples of feeding 
mixtures for fattening pigs. It needs to be pointed out that this was the largest group of 
samples (nearly half of samples). Despite the smaller number of samples in case of feeding 
mixtures for lactating sows, the presence of aflatoxin was quite high (37%) with the 
highest mean value of 27 μg/kg. Somewhat lower incidence was established in samples of 
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feeding mixtures for piglets (25%) with the average aflatoxin content of 16 μg/kg, while in 
samples of feeding mixtures for pregnant sows, aflatoxin was found in only one sample. 

Regarding legislative in our country and the European Union, contamination levels were 
above the maximum limit in 7 (14%) samples of complete feeding mixtures for fattening 
pigs, in 4 (21%) samples of complete feeding mixtures for lactating sows and in 7 (25%) 
samples of complete feeding mixtures for piglets. 

 
Table 2. Aflatoxin concentration in samples of complete feeding mixtures for different categories  

of pigs 

Statistical parameters 
Feeding mixture 

Fattening
pigs 

Lactating 
sows 

Pregnant 
sows Piglets Total 

No of samples 49 19 10 28 106 
Average (μg/kg) 19 27 14 16 20 
Std. dev. (μg/kg) 16 17 - 19 17 
Minimum (μg/kg) 4 9 - 6 4 
Maximum (μg/kg) 66 59 - 58 66 

 

During 2012 the presence of aflatoxin was found in most grains in the Republic of Serbia, 
particularly in maize (Kos et al., 2013a; Jaji  et al., 2013b) which may explain the obtained 
results. Jaji  et al. (2013b) reported aflatoxin contamination in 63.6% of the analyzed 
maize samples with concentration range of 5-367 μg/kg. Somewhat lower contamination 
(56.4%) was reported by Kos et al. (2013a) with a concentration range of 1-80 μg 
aflatoxin/kg. All this has contributed to the aflatoxin contamination of compound feed 
(Jaji  et al., 2013a). Extreme aflatoxin contamination of crops and feed seems to be a 
consequence of favorable weather conditions for Aspergillus mold growth and aflatoxin 
production. Kos et al. (2013b) compared climatic conditions in period 2009 – 2012 and 
concluded that very high average temperatures and greater number of days with 
temperatures higher than 30 °C and 35 °C characterized summer of 2012. According to 
Republic Hydrometeorological Service of Serbia (2012) drought period (July-August) was 
characterized with extremely high temperatures and lower amount of precipitation for up to 
95% than multiannual average. Kos et al. (2013b) noted that different weather conditions 
during 2012 in comparison to previous years resulted in presence of aflatoxins in maize.  

As for our neighboring countries, aflatoxin contamination was monitored in Romania 
(Braicu et al., 2008; Tabuc et al., 2010) and Croatia (Šegvi  Klari  et al., 2009). Tabuc et 
al. (2010) analyzed 56 cereal samples (corn, wheat, barley and oats). They determinated 
the level of fungal contamination and aflatoxin content where Aspergillus species were 
present in over 80% of the samples and aflatoxin B1 has been identified in almost 30% of 
the samples, mainly corn with the low concentrations <10 μg/kg. Braicu et al. (2008) 
investigated forty-three samples of different cereals (wheat, maize, rye and Triticale). It 
was found that 58.1% of samples were contaminated with different mycotoxins in various 
concentrations: aflatoxin B1 (1.6–5.7 μg/kg), aflatoxin B2 (0.89–4 μg/kg), aflatoxin G1 
(1.2–5.76 μg/kg), aflatoxin G2 (0.96–3.4 μg/kg) and/or 4.3–30 μg/kg ochratoxin A. The 
concentration of total aflatoxin contamination ranged from 11.2 to 10.8 μg/kg. Among the 
different cereals, the highest number of contaminated samples was found to be in the wheat 
samples (62.5%). Šegvi  Klari  et al. (2009) analyzed 37 samples of cereals and feed 
randomly collected in 2007 from households of an endemic nephropathy area in Croatia. 
The incidence of aflatoxins was 24.3 % with the average value of 4.6 μg/kg. 
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Conclusion
Based on everything stated above, it can be concluded that the presence of aflatoxin was 
highest in complete feeding mixtures for fattening pigs (43%), while in complete feeding 
mixtures for pregnant sows, aflatoxin was detected in only one sample with concentration 
of 14 μg/kg. This may be explained by smaller amount of maize used for preparation of 
complete feeding mixtures for pregnant sows. However, there was no information about 
their actual composition, so this is just a theoretical assumption. Contamination levels were 
above the maximum limit established by the European Union and Serbian regulations in 14 
(13%) samples which can be characterized as quite high contamination. Since Serbian 
regulations for control of mycotoxins in feed was harmonized with EU regulations in 2014 
it can be assumed that in the future there will be more frequent controls of aflatoxins and 
more data about its occurrence in Serbia. 
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Abstract 
The objective of the present study was to investigate relationship between endocrine 
profile with energy balance (EB) and milk yield (MY) in Simmental dairy cows during 
lactation. Fifteen late pregnant cows, 15 early lactation cows and 15 mid lactation cows 
were chosen for the analysis. Blood samples were collected to measure growth hormone 
(GH), insulin, triiodothyronine (T3) and thyroxine (T4). Early lactation cows were found 
to have higher blood serum concentrations of GH (p<0.05) and lower blood serum 
concentrations of insulin (p>0.05), T3 (p<0.05) and T4 (p>0.05) compared to dry and mid 
lactation cows. Insulin and thyroid hormones were in positive correlation with EB 
(p<0.05), and in negative correlation with MY (nonsignificant). GH was in positive 
correlation with MY (p<0.05), but in negative correlation with EB (nonsignificant). 
Relationship between hormones showed significant positive correlation between insulin 
and thyroid hormones. These relations are not principaly determinated by EB or MY. 
Negative correlations between insulin or thyroid hormones with GH were observed. These 
relations are principaly determinated by EB or MY. 

Key words: cows, correlation, energy balance, hormones  
 

Introduction 
Negative energy balance in dairy cows during transition period (21 days before and 21 
days after calving) leads to many metabolic changes. These metabolic changes occur as a 
result of the entry of the mammary gland in the metabolic processes. Negative energy 
balance is the result of decreased food intake, higher consumption of glucose in the udder 
and decreased insulin sensitivity. These changes are in relation with many endocrine and 
metabolic adaptations. Characteristic endocrine adaptation is increased concentration of 
growth hormone (GH), decreased concentration of thyroid hormone (T3 and T4), 
decreased insulin and IGF-I concentration (Ingvarsten and Andersen, 2000).  

Interdependent changes occur in the GH - insulin - IGF-I - glucose signalling pathway in 
early lactation (Lucy et al., 2001). GH concentration increases at this time; this increase is 
accompanied by an increase in IGF and IGF binding proteins in mammary secretions, 
suggesting a role for these factors in mammogenesis and lactogenesis (Tucker, 1994). 
When cows are in a negative EB, GH stimulates lipolysis; it alters the sensitivity of 
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adipose tissue to b -adrenergic agents (Bauman and Vernon, 1993). Similarly, plasma 
concentrations of insulin, another homeorhetic hormone, would be changed by prepartum 
nutrition and this would affect nutrient supply to the udder. Insulin plays a role in the 
adaptation of organic matter metabolism in dairy cows during the transitional period and 
lactation, particularly in terms of nutrient redistribution and partitioning towards the 
mammary gland (insulin resistance) (Butler et al., 2003; Balogh et al., 2008). Thyroid 
hormones, primarily triiodothyronine (T3), are important in regulating the energy 
metabolism. Blood levels of thyroid hormones in peripartal cows decrease, particularly in 
early lactation, when body reserves are mobilized for high milk production (Bonczek et al., 
1988; Tiirats, 1997; Huszenicza et al., 2002). Circulating thyroid hormone concentrations 
correlate positively with EB and negatively with daily MY in cattle (Blum et al., 1983; 
Tiirats, 1997; Eppinga et al., 1999; Capuco et al., 2001; Reist et al., 2002; Cassar-Malek et 
al., 2001). 

The objective of the present study was to investigate the nutritional, metabolic and 
endocrine status in Simmental cows during transition period and mid lactation based on the 
relationships between blood metabolic hormones, EB and MY. 

 

Material and methods 
Fifteen late pregnant cows, 15 early lactation cows and 15 mid lactation cows were chosen 
for the analysis. Blood was sampled from 25 to 1 (13  9) days before partus, in the first 
month of lactation (16  9 days), and in mid lactation cows between 3 to 5 months of 
lactation (115  29 days). Blood samples were collected at 10 a.m. by puncture of the 
jugular vein into sterile disposable test tubes. Blood samples were collected to measure 
growth hormone (GH), insulin, triiodothyronine (T3) and thyroxine (T4). Serum 
concentrations of GH, insulin, T3 and T4 were determined by ELISA methods (Endocrine 
Technologies Inc. CA, USA) using Humareader Single plus (Human, Germany). Diet was 
suited to the energy requirements of late pregnancy, early and mid lactation cows. Weende 
methodology was used for the chemical analysis of the feed. Energy balance was 
calculated by NRC recommendation (2001). Actual energy balance was calculated as a 
difference between DMI and NEL of the ration offered minus DMI and NEL of the rest of 
the ration after feeding. Feeding space was provided to each individual cow in order to 
prevent mixing of their rations. MY was recorded every day by farm software.  

Model and statistics: Difference between hormone concentration, EB and MY between 
three periods of lactation were calculated by ANOVA analysis and posthock LSD test. 
Relationship between hormones, EB and MY was calculated by Pearson correlation 
coefficient. Finally, correlation and partial correlation between metabolic parameters were 
evaluated by Pearson correlation analysis. Partial correlation analysis is used to examine 
the correlation between endocrine and metabolic parameters with the effects of EB 
removed. Software used: Statgraphic Centurion, Statpoint Technologies Inc.Warrenton, 
Va, Virginia, USA. 

 

Results and discussion 
Early lactation cows were found to have higher blood serum concentrations of GH 
(p<0.05) and lower blood serum concentrations of insulin (p>0.05), T3 (p<0.05) and T4 
(p>0.05) compared to dry and mid lactation cows.  
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Table 1. Blood hormones, energy balance and milk yield in late pregnant, early and mid lactation 
dairy cows (n=15 in each group). Results are expressed as mean SD. 

Parameter Late pregnant cows Early lactation cows Mid lactation cows 
GH (ng/ml) 11.4 8.67 a 17.13 3.87 b 11.45 4.42 a 
Insulin (ng/ml) 0.55 0.44 a 0.39 0.21 b 0.65 0.47 c 
T3 (ng/ml) 0.77  0.36 a 0.73 0.41 b 1.29  1.01bc  
T4 (ng/ml) 32.70 13.67 a 31.93 18.30 a 33.06  17.04 a 
EB 10.15 9.5 3.56 10.19 b 12.15 8.4 
MY / 19.6 5.5 24.8 3.2 

Values marked by letters (a, b, c) in one row describe significant differences at level p< 0.05 or higher 

 

Insulin and thyroid hormones were in positive correlation with EB (p<0.05), and in 
negative correlation with MY (nonsignificant). GH was in positive correlation with MY 
(p<0.05), but in negative correlation with EB (nonsignificant).  

 
Table 2. Relationship between hormones, EB and MY. 

Parameter GH Insulin T3 T4 
EB  -0.26  0.32*  0.3*  0.31* 
MY  0.51** -0.29 -0.19 -0.17 
*p < 0.05; **p < 0.01 

 

Relationship between hormones showed significant positive correlation between insulin 
and thyroid hormones. These relations are not principaly determinated by EB or MY. 
Negative correlations between insulin or thyroid hormones with GH were observed. These 
relations are principaly determinated by EB or MY.

Table 3. Relationship (correlation coefficients) between hormones in function of energy balance   
             and milk yield.

Parameter Insulin GH 

T3 
 0.35* 
 0.32* 
0.28 

-0.21 
 -0.32* 
 -0.34* 

T4 
 0.37* 
0.3* 
0.29 

-0.26 
  -0.33* 
  -0.31* 

Insulin / 
-0.29 

    -0.55** 
   -0.33* 

a correlation between parameters after exclusion of EB or MY; b  correlation between parameters controlled 
by energy balance; c  correlation between parameters controlled by milk yield; *p < 0.05; **p < 0.01 

GH is a homeorhetic controller of metabolism, shifting the partitioning of nutrients 
between the various parts of the body during late pregnancy and lactation (Bonczek et al., 
1988; Lucy et al., 2001). The transition and early lactation periods were considered as time 
periods that have the potential to enhance lactation performance. In the current study, early 
lactation cows had significantly higher GH levels than late pregnant and mid lactation 
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cows. GH dramatically increases lipid mobilization from the adipose tissue, and increases 
blood NEFA and BHB in early lactation cows (Tucker, 1994; Jindal and Ludri, 1994). In 
this study, GH was significantly positively correlated with MY and NEFA, but negatively 
with EB and DMI. These correlations have been reported by other authors (Jindal and 
Ludri, 1994; Balogh et al., 2008) and show that under NEB conditions, blood GH 
concentration increases what results in fat lipomobilisation, and stimulates MY in dairy 
cows during lactation. Therefore, lipolysis must be an important pathway to provide the 
precursors needed in the early postpartum period of cows especially to supply the energy 
required for milk production (Bonczek et al., 1988; Bauman and Vernon, 1993; Butler et 
al., 2003). 

Insulin has an important homeostatic effect in regulating lipid metabolism. GH inhibits the 
ability of insulin to initiate lipogenesis in adipose tissue. Accordingly, GH reduces the 
action of insulin, restricts lipogenic enzyme activity, and reduces glucose utilization 
(Balogh et al., 2008). Blood insulin levels during the same period were non-significantly 
lower in early lactation cows than in late-pregnant and mid lactation cows. A significantly 
positive correlation coefficient between insulin and EB and DMI and a negative but non-
significant coefficient with NEFA and BHB were obtained. These relationships were found 
in earlier studies (Jindal and Ludri, 1994; Xia et al., 2007) and are due to increased fat 
mobilization during insulin insufficiency. The decrease in blood insulin levels under NEB, 
reduced DMI and high blood GH values can cause an increase in blood NEFA and BHB 
levels, suggesting that the reduced anabolic effect of insulin on lipid metabolism leads to 
sudden uncontrolled mobilization of NEFA from body reserves, and ketogenesis in the 
liver. Similar results were reported elsewhere (Bonczek et al., 1988; Veenhuizen et 
al.,1991; Jindal and Ludri, 1994; Butler et al., 2003; Remppis et al., 2011). 

Thyroid hormones, particularly T3 whose activity is 4 times greater than that of T4, are of 
importance in adapting the endocrine system during lactation, since their very low blood 
levels in transitional cows lead to a decrease in energy metabolism, mobilization of body 
fat reserves and their partitioning toward high milk production (Tiirats, 1997; Cassar-
Malek et al., 2001; Huszenicza et al., 2002). This also involves disorders of metabolic 
balance and uncontrolled mobilization of lipids which, apart from being used for milk 
synthesis, very often remain within parenchymatous organs, liver, in particular. Blood 
levels of T3 and T4 in this experiment were lower in puerperal cows than in late pregnant 
and mid lactation cows, and exhibited a generally significantly positive correlation with 
EB and DMI, but a negative non-significant correlation with NEFA and BHB. These 
findings are consistent with those of other authors (Aceves et al., 1985; Jindal and Ludri, 
1994; Tiirats, 1997; Eppinga et al.,  1999; Capuco et al., 2001; Huszenicza et al., 2002; 

okovi  et al., 2007) suggesting that blood levels of thyroid hormones decrease in 
puerperal cows, particularly in those suffering from metabolic disorders, under marked 
NEB which involves increased mobilization of NEFA from body reserves.   

Conclusion 
Endocrine changes during lactation are in relation with energy balance and milk yield. 
Relationship between insulin and thyroid hormones was not controled by milk yield and 
energy balance. Contrary to that, negative correlations between insulin or thyroid 
hormones with growth hormone are principaly determinated by EB or MY. 
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Abstract 
The effects of dietary supplementation with phytogenic feed additives (PFA) and enzyme 
(E) on performance parameters were investigated using Ross 308 as hatched broilers fed 
standard diets or diets with reduced energy concentrations. Birds were assigned to 5 
treatments with 5 replications each and fed either a standard basal diet or a re-formulated 
basal diet with reduced energy concentrations. Reduction was made according to enzyme 
matrix (Ronozyme WX, DSM). Treatments were: (1) Standard diet; (2) Negative control 
(NC) – 4% reduction in ME (3) NC + E; (4) NC + PFA (5) NC + E + PFA. Body weight 
and feed consumption were recorded weekly. Mortality was recorded on daily basis. Foot 
pad lesions were scored at day 35 using scale from 0 (no lesion) to 2 (lesion extending 
through skin). The results showed that birds fed Negative control diets had a significantly 
lower body weights (P<0.05) compared to Positive control, Negative control + E and 
Negative control + E + PFA. Birds fed with Negative control + PFA had higher body 
weights compared to Negative control (+ 83 g on day 42), but the difference was not 
significant (P>0.05). Mortality and FCR did not differ significantly between treatments. 
Average foot pad lesion score was the highest in Negative control (1.05) and the lowest in 
NC+E (0.55).  

In conclusion, re-formulation of diets for 4% energy reduction decreased broiler growth 
rate. Supplementation of diets with PFA improved live weight especially in combination 
with enzyme, hence confirming a growth-promoting effect of both phytogenics and 
enzymes in broilers. 

Key words: broilers, enzymes, performance, phytogenic feed additives 
 

Introduction 
Use of antibiotics as growth promoters is no longer acceptable in EU and many other 
countries. Because of that it is necessary to offer other feed additives as an alternative such 
as enzymes or phytogenic feed additives which can have a beneficial effect on broiler 
performance even when added in feed with lower nutrient density. Studies reporting the 
positive effect of enzymes added to feed with lower energy content are very extensive and 
numerous authors have established that by application of enzymes production 
performances can be improved up to 10% (Acamovic, 2001; Cowieson and Ravindran 
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2008; Montahini et al., 2012). Also in recent years there has been growing interest in plant-
derived substances as ingredients or supplements in broiler production. Essential oils 
contain a number of antimicrobial, antifungal and antioxidative compounds predominantly 
belonging to the groups of phenols, terpenes or aldehydes. An increasing number of 
scientific reports is available pertaining to the efficacy of essential oils in broiler 
production (Windisch et al., 2008; Peri  et al., 2009; Wallace et al., 2010). It was 
hypothesized that, due to a nutrient-sparing effect, dietary supplementation with essential 
oils might compensate for a reduction in nutrient density in terms of growth performance 
in broilers.  

The objective of this study was to determine the effects of phytogenic feed additives and 
enzymes on growth performance of broilers fed standard diets or diets with reduced energy 
concentration. 

 

Materials and methods 
The trial was carried out on 1050 Ross 308 broilers which were distributed in  6 groups 
with 5 replicates. Each replicate consisted of the floor pen with 35 birds per pen. Feed and 
water supply were ad libitum and birds were fed with Starter, Grower and Finisher diets 
(Table 1). The Positive Control diet was formulated to meet the actual breed standard. The 
Negative Control diets were formulated according to enzyme matrix. Used enzyme 
(Ronozyme WX, DSM) was added at level of 200 mg/kg and the phytogenic additive 
(Digestarom® Poultry) was added at level of 150 mg/kg. Feed was in the mash form for all 
groups. 

 
Table 1. Feed composition 

Parmeters Positive control Negative control 
Days 1-14 15-28 29-42 1-14 15-28 29-42
Ingredients,% Starter Grower Finisher Starter Grower Finisher
Corn 37.75 37.61 35.57 46.51 42.82 43.81 
Wheat 15 20 25 15 20 25
Wheat middlings 6 2.42 5.17 0 0 0 
Soybean meal  (47% CP) 18.14 17.58 11.83 29.45 26.32 23.25 
Full fat soya 18.26 16.91 16.72 4.05 5.29 2.1 
Soybean oil 0 1.5 2 0 1.5 2 
Threonine L – 98 0.13 0.05 0.04 0.17 0.09 0.08 
Lysine 0.27 0.1 0.07 0.33 0.15 0.14
Methionine DL-99 0.12 0.02 0 0.12 0.02 0 
Monocalcium phosphate 1.14 0.91 0.75 1.13 0.88 0.73 
Limestone 1.61 1.33 1.29 1.64 1.36 1.32 
Sodium bicarbonate 0.19 0.12 0.1 0.24 0.15 0.15 
Salt 0.2 0.25 0.26 0.16 0.22 0.22 
CAPTEX 0.2 0.2 0.2 0.2 0.2 0.2 
PREMIX 1 1 1 1 1 1 
TOTAL 100 100 100 100 100 100 
The chemical composition of mixtures  
Crude protein, % 22.00 21.00 19.00 21.85 20.85 18.83 
ME, MJ/kg 12.65 13.20 13.40 12.14 12.69 12.84 
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Ca, % 1.05 0.90 0.85 1.05 0.90 0.85 
P (total), % 0.82 0.75 0.71 0.78 0.72 0.67 
 P (available), % 0.50 0.45 0.42 0.50 0.45 0.42 
Lysine, % 1.43 1.24 1.09 1.42 1.24 1.09 
Methionine, % 0.72 0.61 0.57 0.72 0.61 0.56 
Methionine + cystine, % 1.07 0.95 0.89 1.06 0.95 0.88 

 
Average body weights per pen were measured weekly. Average daily feed intake per pen 
was recorded for the feeding periods (1-14 days (starter), 15-28 days (grower) and 29-42 
days (finisher)) and for the whole period (1-42 days). 
Average feed intake and average body weight per pen are used to calculate the feed 
conversion ratio (FCR). Mortality was recorded daily during inspection. Birds that died 
were noted and their bodyweight was used to adjust the FCR accordingly. 
Foot pad lesions were recorded at 35 days of age using 4 birds/pen with a 0–2 scoring as: 

0 – No lesions 

1 – Small lesions affecting skin, no ulcers 
     2 – Lesions extending through the skin 
Data were analyzed by ANOVA followed by Duncan's post hoc test using StatSoft 
software (STATISTICA 12).The level of significance to indicate differences stated in the 
ANOVA model are P<0.05  

 

Results and discussion 
Results of the average body weights of birds per weeks and per treatments are shown in 
Table 2.  

 
Table 2.  Average body weight of birds, g 

Days 
T r e a t m e n t s  

Positive 
control 

Negative control 
- ENZYME PFA E + PFA 

7 169.5a 156.9b 167.9ab 164.3ab 170.1a

14 437.3a 382.9b 428.2a 422.8ab 418.3ab

28 1158ab 1105b 1187ab 1157ab 1193a

35 1642ab 1543b 1671a 1597ab 1645ab

42 2143a 2008b 2135a 2091ab 2187a

a-c Values between row with no common superscript are significantly different (P<0.05) 

 

Average body weights of birds fed Negative control (NC) diets were lower compared to 
Positive control (PC) and other experimental groups from the beginning of the trial. At the 
end of the trial (42 days) the difference was statistically significant (P<0.05) compared to 
PC, NC+ E and NC+ E + PFA. Birds fed with NC+ PFA had higher body weights 
compared to NC (+ 83 g on day 42), but the difference was not significant (P>0.05). It is 
obvious that energy reduction in Negative control group resulted in decreased body 
weights but the addition of enzyme either individually or in combination with PFA 
significantly improved final body weight. Addition of PFA without enzyme tended to 
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improve body weight of birds fed diets with insufficient energy content, but in slightly 
lower extent compared to combination with enzymes. 

Positive effect of enzymes added to feed with lower energy content is reported in many 
studies (Acamovic, 2001; Montahini et al. 2012; Zou et al., 2013). In the research reported 
by Cowieson and Ravindran (2008) it is stated that supplementation of both the standard 
and energy reduced diets with the enzyme improved weight gain and feed efficiency 
compared with the non-supplemented diets. However, some authors did not report a 
positive effect of enzymes on body weight of broilers when added into low feed with lower 
energy content (Iji et al., 2003, Zu et al., 2013). Studies examining the nutrient sparing 
effect of essential oils are also diverse. Peri  et al. (2010) reported that supplementation of 
the standard diets with essential oils significantly increased (P<0.05) body weight of 
broilers at 42 days of age. Similar results were found by Windisch et al. (2008), Cross et al. 
(2008) and Bozkurt et al. (2012) who reported improved weight gain of broilers fed diets 
supplemented with essential oils. On the contrary, Buchanan et al. (2008) reported no 
improvement in final body weight by using a mixture of essential oils.  

It has been suggested by many authors (Acamovic, 2001; Cross et al., 2007; Peri  et al., 
2009) that the results of the trials depend on the differences in the feed composition, level 
of energy or protein reduction, type and level of used enzyme or phytogenic additive, as 
well as environmental and management conditions.

 
Table 3.  Average daily feed consumption, g 

Period, days 
T r e a t m e n t s 

Positive 
control 

Negative control  
- ENZYME PFA E + PFA 

1-14 39.04 38.62 39.67 39.17 38.87 
15-28 97.76 95.83 102.11 97.07 101.15 
29-42 168.72a 146.93c 154.66bc 155.98bc 164.37ab

Total, 1-42 100.85a 93.89b 98.82a 97.24ab 101.28a

 

Feeding treatments significantly affected feed consumption. Birds from Negative control 
group consumed significantly (P<0.05) less feed compared to the others, except for the 
group NC+PFA. However, lower feed consumption had no significant effect on the feed 
conversion ratio (table 4). The same effect was established in the work of Peri  et al. 
(2011) but Buchanan et al. (2008) reported a reduction in FCR (1.81 vs. 1.84) when a diet 
with standard nutrient concentration was supplemented with a mixture of essential oils. 

 
Table 4. Feed conversion ratio 

Period, days 
T r e a t m e n t s  

Positive 
control 

Negative control  
- ENZYME PFA E + PFA 

1-14 1.251a 1.413c 1.296b 1.297b 1.301b 

15-28 1.899 1.858 1.884 1.851 1.828 
29-42 2.398 2.278 2.290 2.338 2.315 
Total, 1-42 1.978 1.965 1.947 1.952 1.945
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Mortality rate did not differ significantly between treatments and for all groups it was 
lower than 5%. 

 
Table 5. Mortality rate 

Mortality 
T r e a t m e n t s  

Positive 
control 

Negative control  
- ENZYME PFA ENZ + PFA 

No. of birds 6 4 8 5 7 
% 3.43 2.29 4.57 2.86 4.00 

Average foot pad lesion score was the highest in NC (1.05) and the lowest in NC+E (0.55). 
That could indicate that addition of enzymes has a positive effect on digesta viscosity and 
litter condition (Garcia et al., 2008). It is interesting that foot pad lesion score was lower in 
NC+PFA group compared to NC+E+PFA but the difference was not statistically 
significant.  

 
Table 6. Foot pad lesions 

Treatments 
No. of 
birds 

No. of birds with 
lesions 

% of birds with 
lesions Average 

score 0 1 2 0 1 2 
Positive control 20 5 13 2 25 65 10 0.85 
Negative control (NC) 20 3 13 4 15 65 20 1.05 
NC+ Enzyme 20 9 11 0 45 55 0 0.55
NC +PFA 20 5 11 4 25 55 20 0.95 
NC+ Enz+PFA 20 3 13 4 15 65 20 1.05 

 

Conclusion 
In conclusion, re-formulation of diets for 4% energy reduction decreased broiler growth 
rate. Supplementation of diets with PFA improved live weight especially in combination 
with enzyme, hence confirming a growth-promoting effect of both phytogenics and 
enzymes in broilers. 
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Abstract 
Antibiotics have been widely used in animal production for decades in past. Although 
some are used therapeutically to improve the health and well-being of animals, most were 
given for prophylactic purposes and to improve growth rate and feed conversion ratio 
efficiency. After the ban of nutritive antibiotic usage in animal nutrition in the European 
Union, many alternative substances have been investigated for growth promoter potential 
as their replacement. A large number of experiments have confirmed a wide range of 
activities of phytoadditives such as black pepper (Piper nigrum L.) and hot red pepper 
(Capsicum annum L.) in poultry nutrition for feed intake stimulation, antimicrobial, 
antioxidative, anticoccidiostatic effects. Besides these effects, black pepper and hot red 
pepper also have a strong influence on lowering the cholesterol level in edible tissuses as 
well as on reducing deposition of abdominal fat in carcass. The aim of this review is to 
present characteristics and effects of phytoadditives, especially black pepper and hot red 
pepper and their bioactive components in broiler chicken nutrition. 

Key words: black pepper, chickens, nutrition, phytoadditives, red pepper 

 

Introduction 
Antibiotics have been widely used in animal production for decades. Although some are 
used therapeutically to improve the health and well-being of animals, most were given for 
prophylactic purposes and to improve growth rate and feed conversion ratio efficiency. 
However, due to the emergence of microbes resistant to antibiotics which are used to treat 
human and animal infections, the European Commission has banned the use of antibiotics 
as growth promoters in animal feed. In many countries and in Serbia as well, consumer 
pressure is pushing the poultry industry to rear animals without antibiotics as growth 
promoters (Dibner and Richards, 2005; Castanon, 2007). The removal of antibiotics as 
growth promoters has led to animal performance problems, feed conversion ratio increase 
and a rise in the incidence of certain animal diseases (Wierup, 2001). The alternatives to 
antibiotics as growth stimulators are numerous, amounting to finding an adequate non-
pharmacological products from the group of prebiotics, probiotics, organic acids, essential 
oils, medicinal plants or parts of plants such as thyme, basil, oregano, pepper and plenty of 
others (Simon, 2005; Kostadinovi  and Levi , 2012; Puva a et al., 2013). Black pepper 
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(Piper nigrum L.) is a flowering vine of Piperaceae family and has been a prized spice in 
many cultures all over the world. This herb is a known spice which improves digestibility 
(Moorthy et al., 2009). It is a common medicinal herb used in human diet. The volatile oil 
of pepper has been shown to have antimicrobial activity (Dorman and Deans, 2000). Black 
pepper has many medicinal properties for treatment of vertigo, asthma, indigestion, 
congestion, fever, paralytic, diarrhoea (Ravindran, 2000; Turner, 2004). When used in 
broiler chicken nutrition it has been found that very small addition of black pepper in the 
diet, about 0.5 to 1.0%, significantly reduces cholesterol levels in meat (Al-Kassie et al., 
2011). Hot red pepper (Capsicum annum L.) is one of the most important herbs widely 
used in human nutrition. Besides its pungent effect, in poultry nutrition it is added in small 
amounts between 0.25 and 1.0% because it plays an important role in increasing the ability 
analyser and deposition of cholesterol and fat in the body and contributes to decrease levels 
of triglycerides and works to support the vascular system in the body. Hot red pepper is 
also rich in vitamin C which has a considerable impact on improving production through 
contributing the reduction of heat stress taking into account that poultry consumption of 
hot red pepper induces a considerable change in energy balance (Yoshioka et al., 2001; Al-
Kassie et al., 2012). The aim of this paper is to present the effects of herbal plants such as 
black pepper and hot red pepper in poultry nutrition as a phytobiotics and possible 
alternative to antibiotics.  

 

Black pepper (Piper nigrum L.) in broiler chicken diets 
Black pepper is known as spice due to its pungent quality. Black pepper is a flowering vine 
in the family Piperaceae, genus piper and species piper nigrum. Black pepper is found to 
improve digestibility (Moorthyet et al., 2009). Pepper efficiency compounds consist of 
cupsaeesin, cupsisin and cupsantine and some of them can allay rheumatic aches. Piperine 
is one of the compounds of black pepper which has antiache effect (Mahadyet al., 2008). In 
addition, the bioactive molecule, piperine, present in pepper, has a major pharmacological 
impact on nervous and neuromuscular system and it can help in digestion (Great, 2003). 
Black pepper was found to be rich in glutathione peroxidase and glucose-6-phosphate 
dehydrogenase while it has been shown that piperine can dramatically increase absorption 
of selenium, vitamin B complex, beta carotene and curcumin as well as other nutrients 
(Khalafet et al., 2008; Taziet et al., 2014). Piperine enhances the thermogenesis of lipid 
and accelerates energy metabolism in the body and also increases the serotonin and -
endorphin production in the brain (Al-Kassieet et al., 2011). Pepper has been found to have 
antioxidant properties and anticarcinogenic effect, especially when compared to chilli 
(Naliniet al., 2006). The outer fruit layer contains important odour contributing terpenes, 
including pinene, sabinene and limonene which give tasty properties. The consumption of 
these spices exerts several health beneficial effects by the virtue of their innumerable 
therapeutic potentials in fever, asthma, cold, cough and other general health disorders 
(Rakesh and Sushil, 2003). Phytogenic feed additives are plant derived products used in 
animal feeding to improve the performance of agricultural livestock and may satisfy the 
increasing concerns of consumers, since they prove to be safe and effective. Piperine (1-
piperoyl-piperidine) is a major alkaloid component of black pepper (Piper nigrum L.) and 
is responsible for its pungent and biting taste (Dograet et al., 2004). Among its chemical 
and biological activities, piperine exhibits antimicrobial (Reddy et al., 2004), anti-
inflammatory (Pradeep and Kuttan, 2004) and antioxidant (Mittal and Gupta, 2000) 
properties. It also increases the bioavailability of certain drugs in the organism (Karan et 
al., 1999) and acts as a chemo preventive factor (Reenet et al., 1997). According to 
Kohlertet et al. (2000), the active principles of phytogenic additives are absorbed in the 
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intestine by enterocytes and are quickly metabolized by the body. Piperine induces 
alterations in membrane dynamics and permeation characteristics, as well as the synthesis 
of proteins associated with cytoskeletal function, resulting in an increase in the small 
intestine absorptive surface (Khajuriaet et al., 2002). The rapid metabolism and the 
shortlife of piperine indicate a low risk of accumulation in the tissue. Cardoso et al. (2009), 
while working on broiler chickens, found that orally administered piperine did not interfere 
in weight gain or liver relative weight. However, liver hystopathological changes were 
observed in a dose dependent manner, indicating that 1.0 mg/kg of piperine, with oral route 
of administration, is nontoxic for broiler chickens, as previously reported for rats and mice 
(Dograet et al., 2004; Gaginiet et al., 2010). The effect of feeding broiler chicks on diets 
containing different levels of black pepper as natural feed additive on productive 
performance, carcass characteristics and economic efficiency were studied by Taziet et al. 
(2014). A total of one hundred and sixty, one day old broiler chicks were randomly divided 
into four experimental groups. Each group was further subdivided into five replicates at the 
rate of eight chicks per pen in a complete randomized design. The chicks were fed on two 
basal diets. The black pepper was added to the basal diets at several levels (0.0, 0.5, 0.75 
and 1%). The experimental diets were fed for six weeks duration. The result indicated that 
the group supplemented with black pepper in amount of 1% had significantly (P<0.05) 
highest  values for body weight gain, feed intake, dressing, improved feed conversion ratio, 
and commercial cuts percentages (breast, drumstick and thigh). The birds fed on the 
control group produced significantly (P<0.05) highest abdominal fat percentage. The 
mortality rate and the percentages of edible giblets (liver, heart and gizzard) were not 
affected significantly (P>0.05) by the addition of the black pepper in broiler diets. Birds 
fed on the highest level of black pepper (1%) yielded the highest net profit as compared to 
other experimental groups. A study was also conducted by Al-Kassieet et al. (2011) to 
determine the performance of broilers fed diets with black pepper. A total of 250 one day 
old chicks were used. Four levels of black pepper at the rate of 0.25%, 0.50%, 0.75% and 
1% were incorporated into the basal diet of broilers for six weeks. The results revealed that 
the inclusion of black pepper at the levels of 0.50%, 0.75% and 1% in the diets improved 
body weight gain, feed intake and conversion ratio. At the same time the black pepper of 
0.50 %, 0.75% and 1% depressed the cholesterol ratio concentration. It was concluded that 
the use of black pepper as feed additive at 0.50%, 0.75% and 1% enhanced the overall 
performance of broiler chicks. Graph 1 shows the effect of different levels of black pepper 
powder on final body weight of chickens and total cholesterol levels in tissues. Besides 
being a natural compound that does not produce detected residues in the animal or in their 
derived products, piperine is easily isolated in great amounts and has shown interesting 
biological effects in studies on animals. 
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Graph.1. Final body weight of chickens fed with black pepper powder and total cholesterol levels 
in tissues (Al-Kassieet et al., 2011; Akbarinet et al., 2012; Valiollahiet et al., 2013). 

 

Hot red pepper (Capsicum annum L.) in broiler nutrition 
It has been proven that some of the phytobiotic components have different active 
substances (Al-Kassie and Witwit, 2010). In spite of that the poultry do not sense the effect 
of hot spice, because of the lack of the receptors specific to capsaicin binding (Mason and 
Maruniak, 1983; Geisthovel et al., 1986), or they have receptors that are insensitive to 
capsaicin (Szolcsangi, 1976), but it increases the appetite that the addition of hot red 
pepper to the diet influence on the feed consumption of broilers (Yoshioka et al., 1999). A 
recent study involved in the poultry performance showed that blends of active compounds 
of hot red pepper can cause chemo preventive and chemotherapeutic effects. As for hot red 
pepper the capsaicin is the main active compound responsible for the pungent effects of 
various species of hot pepper (Jancso et al., 1997) and the main component of hot red 
pepper including hot taste, capsaicin has been shown to have a protective function in the 
gastric mucosa as a stimulant of afferent nerve endings. Hot red pepper plays an important 
role in increasing the ability analyser and deposition of cholesterol and fat in the body and 
contributes to decreasing levels of triglycerides and acts to support the vascular system in 
the body. Hencken, (1991) explained that hot red pepper is rich in vitamin C which has a 
considerable impact on improving production through contributing the reduction of heat 
stress taking into account that birds consumption of hot red pepper induces a considerable 
change in energy balance when individuals are given free access to feed (Yoshioka et al., 
2001). Although it is well known that plant extracts improve the digestibility of the feeds 
in broilers, Hernandez et al. (2004) revealed that the effect of different additives on 
digestibility has slightly improved performance and the differences were not significant. 
Capsinoids are a family of compounds that are analogues of capsaicin, which is the 
pungent component in hot red peppers. Capsinoids are widely present at low levels in red 
pepper fruit, they include capsiate, dihydrocapsiate and have a very favourable safety 
profile (Kobata et al., 1999). Hot red pepper is known as the herb crucial for stimulating 
the healing effects of the body organs such as kidney, lungs, stomach and heart. Al-Kassie 
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et al. (2012) conducted the study to investigate the efficiency of utilization of feed mixture 
supplemented with hot red pepper to broiler on its productive performance and some 
haematological traits. A total of 300 one day old chicks were divided into five groups of 60 
birds each and were allocated to five feeding treatments, a control group free from any 
additions, and groups with addition of 0.25, 0.5, 0.75 and 1 % of hot red pepper 
respectively. The results showed a highly significant (P<0.05) average in (live weight gain, 
feed consumption, feed conversion ratio and dressing percent) with no significant 
difference in the edible giblet. At the same time the above mixture with addition of 0.75 
and 1.0% of hot red pepper depressed the cholesterol ratio concentration. It was concluded 
that using a mixture as feed additive at levels 0.75 and 1 % enhanced the overall 
performance of broiler chicks, and improved haematological traits. Shahverdi et al. (2013) 
conducted the study with objective to determine the effect of the use of red pepper, black 
pepper and their mixture powder on performance of broiler chicks. Chicks were fed basal 
diet as control, 0.02% red pepper, 0.02% black pepper and with the mixture of these two 
powders. Feed intake, body weight gain and feed conversion ratio were determined. 
Cholesterol, triglyceride, glucose levels and antibody titter against new castle vaccine were 
investigated. The results revealed that the inclusion of red and black pepper in broiler diet 
improved body weight gain, feed intake and conversion ratio. In addition, the use of red 
and black pepper depressed the cholesterol, triglyceride and glucose concentration and 
decreased H/L ratio concentration in broiler blood plasma (P<0.05). Data from the study 
showed that the use of red and black pepper powder on broiler diets can cause increase in 
total diameter of small intestine parts (P<0.05). It was concluded that the use of red and 
black pepper as feed additive at 1% enhanced the overall performance of broiler chicks. 

 

Conclusion 
Based on the available data it can be concluded that phytobiotics can be used as natural 
non-antibiotic growth promoters in broiler nutrition. The efficacy of phytobiotic 
applications in poultry depends on many factors. The most important consideration seems 
to be the differences in composition of the active components and feed inclusion levels, 
poultry genetics and overall diet composition. The advancement of knowledge and 
understanding of the complex poultry gut ecosystem in order to be able to fully explore the 
precise modes of action of phytogenic compounds represents a clear prerequisite for the 
design of highly efficacious phytogenic products. From the obtained data and field results 
it can be concluded that phytobiotics such as black pepper and hot red pepper can be 
successfully used in poultry nutrition for the improvement of overall productive 
performances, reduction of cholesterol levels in edible tissues and meat quality 
improvement. In general, phytobiotics have positive effects but the knowledge of their use 
in poultry nutrition is still limited and requires further research. 
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Abstract 
The aim of the paper was to examine the effect of polyunsaturated fatty acids from linseed 
oil on productive performances and fatty acid composition of lipids of broiler chicken 
abdominal fat, as well as correlation and regression between consumed amount of oil and 
possibilities of their incorporation in the tissues. For the need of experimental research, 
three groups of 40 day old chicken, hybrid line Cobb 500 were formed. Every group had 
five replicates, in total amount of 200 chickens per treatment. Control group were fed with 
diet in addition of 4% soybean oil, while the experimental groups were fed with addition of 
4 and 8% of linseed oil in the diet. Addition of linseed oil had a statistically high (P<0.01) 
influence on chicken body weight reduction in treatments T2 and T3, compared to the 
body weights of chicken in control group T1. Feed conversion ratio in chicken in 
experimental groups T2 and T3 was 1.84 and 1.82 kg of feed/kg of gain. Introduction of 
linseed oil in amounts of 4 and 8% in chicken nutrition led to statistically high (P<0.01) 
differences in content of linoleic acid (C18:2) in treatments T2 and T3, compared to 
control group T1, which leads to a conclusion that linseed oil significantly reduces linoleic 
acid in tissue. Compared to linoleic acid, content of -linolenic acid (C18:3) was 
statistically significantly increased (P<0.05) in treatment T2 and highly significantly 
(P<0.01) in treatment T3, compared to control. Negative values of regression (b) and 
correlation (r) also confirm the fact that introduction of linseed oil in the diet significantly 
reduces content of linoleic acid in fat tissue of chickens (b=-0.551; r=-0.79), while the 
same coefficients show positive dependence between added linseed oil in the diet and 
deposited linolenic acid in tissues (b=1.081 and r=0.87). Based on the gained results it can 
be concluded that addition of linseed oil in the amount of 4 and 8% could be successfully 
used in chicken nutrition for fatty acid composition improvement and for lowering the ratio 
between n-6/n-3 polyunsaturated fatty acid in tissues of broilers.    

Key words:  fatty acids, linseed oil, regression, correlation, nutrition, chickens 
 

Introduction 
Poultry production is the fastest way for obtaining high-quality food of animal origin 
which meets the high demands of modern human nutrition. Improving the quality of meat 
is reflected among other things in a favorable balance of fatty acids and a reduced content 
of undesirable and increased participation of desirable fatty acids in muscle lipids of 
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broilers. For normal metabolic processes in the human body essential fatty acids are 
necessary (Ryan et al., 2010; Wall et al., 2010). Since body is unable to synthesize them, 
they have to be inserted in sufficient quantity, usually by consuming food of animal origin. 
Studies have shown that the composition of lipids in food can significantly affect the fatty 
acid composition of lipids in chicken meat that can be used freely in the diet of 
cardiovascular patients and people with high blood cholesterol levels (Adkins and Kelley, 
2010; Stana ev et al., 2013; Puva a et al., 2013). The main sources of polyunsaturated long 
chain fatty acids are oils of sea and river fish (Ljubojevi  et al., 2013; Ljubojevi  et al., 
2013a). However, the addition of fish oil in feed for chickens violates the organoleptic 
characteristics of the product, so we resorted to the enrichment of chicken meat in 
polyunsaturated fatty acids with 18 carbon atoms by the addition of vegetable oils rich in 
these acids. Linseed (Linum usitatissiumum L.) belongs to this nutrient because it contains 
oil rich in n-3/n-6 polyunsaturated fatty acid which is used in animal nutrition to improve 
the fatty acid composition of meat and eggs (Hall et al., 2007; Bassett et al., 2009; 
Grashorn, 2013) and thus provide a functional food for consumers (Vukeli  et al., 2012). 
Linseed oil contains a high level of -linolenic acid of the total amount of polyunsaturated 
fatty acids contained in the oil (Ahmad et al., 2013). Since the poultry is unable to 
synthesize the same acid it can be successfully incorporated in the edible tissues of the 
chicks by introducing the linseed oil diet (Shen et al., 2005; Vukmirovi  et al., 2012). It is 
well known that the quality of broiler meat is a complex concept that can be evaluated 
from several aspects. Thus, from the point of slaughter industry and consumer interests it is 
very important that fattened chickens have a good yield, the preferred conformation, as 
much meat on the carcass, the optimal distribution of adipose tissue rich in polyunsaturated 
fatty acids and the appropriate skin color. Representation of certain tissues in more 
valuable parts of the carcass is an important element that determines the quality of meat 
(Grashorn and Serini, 2006; Eleroglu et al., 2013; Moujahed and Haddad, 2013). For 
proper interpretation of the results we used the correlation and regression analysis of the 
data showing the extent and severity of dependence between variables, which is of great 
importance when it comes to fatty acids and their possible incorporation into tissue lipids 
depending on their level in feed mixtures (Vidovi , 2009; Vidovi , 2013; Luka  and 
Vidovi , 2013). 

The aim of this study was to investigate the effect of polyunsaturated fatty acids 
originating from linseed oil in the diet of broiler chickens on production performance and 
fatty acid composition of lipids in adipose tissue, as well as correlation and regression 
dependence between the entered quantity of oil through the diet and the possibility of their 
incorporation in the tissues of chickens. 

Material and methods 
Biological tests were carried out under production conditions at the experimental farm 
"Pustara" in property of the Faculty of Agriculture, Department of Animal Science. At the 
beginning of experiment, three groups of 40 day-old broiler chickens of Cobb 500 line in 
five reps on a total of 200 chickens per treatment were formed. For the chicks nutrition 
three mixtures were used, with 21, 20 and 18% of crude protein (Table 1). The first 14 
days, during the preparatory period, the chicks were fed starter mixture. Following the 
preparation period, the chicks were divided into three groups and fed the next 21 days with 
Grover mixture, and then the last 7 days of fattening period with finisher mixture. The 
control group (T1) was fed a standard commercial feed mixture for chicken, while the 
experimental groups were fed a diet supplemented with 4% (T2) and 8% (T3) of linseed 
oil. During the experiment, which lasted 42 days, the chicks were fed and watered ad 
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libitum, and microclimate conditions were regularly monitored. Chickens were on the floor 
holding system. Control of body weight and feed consumption was performed every 7 
days. 

 
Table 1. The structure and chemical composition of feeds mixtures for broiler chickens, % 

Feedstuffs 
Starter Grover Finisher 

T1 T2 T3 T2 T3 
0% 4% 8% 4% 8% 

Corn flour 50.00 56.50 44.00 60.60 51.00 
Bran 4.00 1.00 6.00 5.00 5.50 
Linseed oil 0.00 4.00 8.00 4.00 8.00 
Soybean oil 4.00 0.00 0.00 0.00 0.00 
Soybean meal 17.40 34.00 33.00 26.00 23.00 
Sunflower meal 0.00 0.00 4.50 0.00 8.00 
Soybean grits 21.00 0.00 0.00 0.00 0.00 
Yeast 3.00 0.00 0.00 0.00 0.00 
Monocalcium phosphate 1.50 1.50 1.40 1.50 1.50 
Salt 0.30 0.30 0.30 0.25 0.30 
Limestone 1.50 1.50 1.50 1.50 1.50 
Lysine 0.10 0.00 0.10 0.00 0.00 
Methionine 0.20 0.20 0.20 0.15 0.00 
Premix 1.00 1.00 1.00 1.00 1.00 
Total 100.00 100.00 100.00 100.00 100.00 
ME, MJ/kg 12.88 13.13 13.59 13.30 13.73 
 

For the purpose of determining the fatty acid composition of lipids, at the end of the 
experiment, 10 chicks of each group, 5 male and 5 female of an average body weight were 
sacrificed. After sacrifice, all supporting operation was carried out, and then samples of the 
abdominal fat were taken for analysis of fatty acid content. For a proper interpretation of 
the results analysis of variance (ANOVA), LSM and Fisher's LSD post-hoc test were 
performed and also analysis of the regression coefficient and Pearson's correlation 
coefficient within the statistical software STATISTICA 12. 

 

Results and discussion 
Based on the obtained results it can be concluded that the addition of linseed oil at a 
concentration of 4 and 8% in the diet of broiler chickens did not statistically significantly 
(p>0.05) affected the achieved body weight of chickens in the first fattening period, until 
the end of the experiment when was observed a statistically highly significant (p<0.01) 
decrease in body weight of chicks in experimental treatments T2 and T3 compared to the 
final weights of the chickens on control treatment T1, which amounted to a row 2636.06 g 
2648.51 g and 2701.44 g (Table 2).  

In their research, Lopez-Ferrer et al. (2001) have come to similar conclusions that the 
addition of linseed oil in the amount of 2 to 4% in the mixture for feeding broiler chickens 
affected slightly a depression in the final body weight of chickens, as well as the addition 
of 8% fats of animal origin. In later studies, addition of linseed oil in the amount of 6% by 
Leonard et al. (2004) also demonstrated a depressing effect on the body weight of chicks at 
the end of the experiment. When it comes to the efficiency of feed utilization, it can be 
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seen that the chickens in the experimental treatment had lower feed conversion ratio, 
compared to chickens of the control group, which was statistically highly significant 
difference (p<0.01). The achieved conversion ratio of chickens in the control treatment T1, 
at the end of the sixth week of the experiment amounted to 1.87 kg of feed per kg of gain, 
while the conversion ratio in the experimental groups T2 and T3 was 1.84 and 1.82 kg 
feed/kg gain (Table 3). 

 
Table 2. Body weight of chickens (LSM), g 

Treatments and 
weeks of 
experiment 

Control (T1) Linseed oil (T2) Linseed oil (T3) 
0% 4% 8% 

LSM SELsm LSM SELsm p LSM SELsm p 
End of 
preparatory 
period 

468.00 5.91 468.12 5.91 0.98ns 468.00 5.91 1.00ns 

End of III week 994.72 10.04 970.33 10.04 0.75ns 984.44 10.04 0.25ns 
End of IV 
week 1552.11 18.49 1599.11 18.49 0.00** 1607.33 18.49 0.00** 

End of V week 2139.57 18.80 2164.78 18.86 0.00** 2082.17 18.31 0.06ns 
End of VI 
week 2701.44 28.48 2636.06 28.56 0.00** 2648.51 27.73 0.00** 

p<0.05 - *; p<0.01 - **; p>0.05 - ns 

 

Table 3. Feed conversion ratio ( ), kg feed/kg gain. 

Treatments and 
weeks of 
experiment 

Control (T1) Linseed oil (T2) Linseed oil (T3) 
0% 4% 8% 

 p  p 
End of 
preparatory 
period 

1.34 1.29 0.00** 1.34 0.76ns 

End of III week 1.37 1.39 0.02* 1.42 0.00** 
End of IV week 1.48 1.41 0.00** 1.49 0.04* 
End of V week 1.62 1.59 0.00** 1.68 0.00** 
End of VI week 1.87 1.84 0.00** 1.82 0.00** 
p<0.05 - *; p<0.01 - **; p>0.05 - ns 

 

By analyzing the fatty acid composition of the linseed oil lipids and adipose tissue lipids 
using gas chromatography, 6 to 11 fatty acids in total were detected (Table 4 and 5). 

 
Table 4. Fatty acid composition of linseed oil (LSM), g/100 g 

Oil source 
Fatty acids 

C16:0 C18:0 C18:1 C18:2 C18:3 C20:0 

Lan
LSM SELsm LSM SELsm LSM SELsm LSM SELsm LSM SELsm LSM SELsm 

2.63 28.3 4.94 21.4 19.97 14.5 16.74 26.8 55.53 15.9 0.18 18.3 
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From the results shown in Table 4 it can be seen that the most common member of the oil 
is -linolenic acid (C18: 3 n-3), with 55.53%, followed by oleic (C18: 1 n-9) to 19.97%, 
and linoleic acid (C18: 2 n-6) to 16.74%. 

 
Table 5. Fatty acid composition of abdominal fat (LSM), g/100 g 

Fatty acids 
Control (T1) Linseed oil (T2) Linseed oil (T3) 

0% 4% 8% 
LSM SELsm LSM SELsm p LSM SELsm p 

myristic C14:0 0.04 0.01 0.06 0.01 0.27ns 0.06 0.01 0.31ns 
palmitic C16:0 17.74 0.38 18.39 0.38 0.26ns 16.35 0.38 0.02* 
palmitoleic C16:1 3.27 0.25 3.83 0.25 0.14ns 3.45 0.25 0.61ns 
stearic C18:0 5.23 0.17 5.06 0.17 0.52ns 4.71 0.17 0.06ns 
oleic C18:1 35.45 1.01 35.72 1.01 0.85ns 34.36 1.01 0.46ns 
linoleic C18:2 29.22 0.55 25.13 0.55 0.00** 24.80 0.55 0.00** 
linolenic C18:3 5.88 0.96 9.61 0.96 0.01* 14.53 0.96 0.00** 
arachidic C20:0 0.07 0.02 0.07 0.02 0.97ns 0.08 0.02 0.73ns 
gadoleinic C20:1 0.45 0.06 0.42 0.06 0.70ns 0.32 0.06 0.20ns 
behenic C22:0 0.06 0.02 0.01 0.02 0.18ns 0.08 0.02 0.52ns 
lignoceric C24:0 0.00 0.00 0.00 0.00 0.24ns 0.00 0.00 0.24ns 
p<0.05 - *; p<0.01 - **; p>0.05 - ns 

 

In Table 5, the results of fatty acid composition of abdominal fat show statistically 
significant and highly significant differences in the content of the individual fatty acids in 
the experimental treatment compared to the control treatment. Introduction of linseed oil at 
concentrations of 4 and 8% in the diet of chickens has led to a statistically significant 
difference (p<0.01) in the content of linoleic acid (C18:2) in the treatment T2 (25.13 g/100 
g), and T3 (24.80 g/100 g) compared to the control treatment T1 (29.22 g/100 g), what 
indicates a significant reduction of linoleic acid in the tissue. The content of -linolenic 
acid (C18:3) was significantly increased (p<0.05) in the treatment T2 (9.61 g/100 g), and 
highly significantly (p<0.01) in the treatment T3 (14.53 g/100 g) in response than the 
content of -linolenic acid in the chickens tissue of treatment T1, which amounted to 5.88 
g/100 g. From the results shown in the same table it can be seen that the addition of linseed 
oil at both concentrations was not statistically significant (p>0.05) affected on the presence 
of oleic acid (C18:1). The research of Nyquist et al. (2013) with the linseed oil in the diet 
of chickens showed an increased content of n-3 EPA, DPA and DHA and reduced content 
of arachidonic acid (AA) of the n-6 family of fatty acids. These authors noted that the 
relationship between AA/EPA to 19/1 in the group with addition of the soybean oil in the 
mixture decreased to 1.7/1 in the treatment of chickens with the linseed oil in the feed. A 
number of authors (Bou et al., 2005; Haug et al., 2007; Smink et al., 2008; Wongsuthavas 
et al., 2011) in their studies with the addition of linseed oil to feed for chickens came to 
similar results with increasing concentrations of  -linolenic acid, EPA, DPA and DHA in 
comparison with the group with addition of the soybean oil, which had higher 
concentrations of linoleic and arachidonic acid in the tissues. 

In the case of regression and correlation coefficients, from the results in Table 6, it can be 
observed dependence with statistically significant differences. 

By the means of the regression coefficient and Pierson correlation coefficient we came to 
the conclusion that there is a positive and a negative correlation between the added linseed 
oil to the chicken diet and deposit of fatty acids in lipids. The negative value of the 
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regression (b) and correlation (r) show that the introduction of linseed oil statistically 
(p<0.01) significantly affected the content of linoleic acid in adipose tissue of chickens 
(b=-0.551, r=-0.79), while the regression coefficients and correlations show a positive 
correlation between the added linseed oil to diet and deposited -linolenic acid in the 
tissues (b=1.081 and r=0.87) with a statistically high significance (p<0.01). Table 7 also 
shows the regression equation which shows, or predicts, how the content of certain fatty 
acids in adipose tissue of chickens will increase or decrease by a certain amount of linseed 
oil (x) supplement  in the diet mixture.  

 
Table 6. The coefficient of regression and correlation for the observed properties of fatty acid 
composition 

Fatty acids a b The regression 
equation r r2 p 

myristic C14:0 0.048 0.002 y=0.048+0.002 x 0.28 0.08 0.30ns 
palmitic C16:0 18.196 -0.174 y=18.196-0.174 x -0.49 0.25 0.06ns 
palmitoleic C16:1 3.431 0.023 y=3.431+0.023 x 0.14 0.02 0.63ns 
stearic C18:0 5.262 -0.064 y=5.262-0.064 x -0.51 0.26 0.05ns 
oleic C18:1 35.723 -0.135 y=35.723-0.135 x -0.21 0.04 0.45ns 
linoleic C18:2 28.595 -0.551 y=28.595-0.551 x -0.79 0.62 0.00** 
linolenic C18:3 5.686 1.081 y=5.686+1.081 x 0.87 0.77 0.00** 
arachidic C20:0 0.071 0.001 y=0.071+0.001 x 0.09 0.01 0.72ns 
gadoleinic C20:1 0.467 -0.016 y=0.467-0.016 x -0.36 0.13 0.19ns 
behenic C22:0 0.043 0.003 y=0.043+0.003 x 0.16 0.02 0.57ns 
lignoceric C24:0 0.005 -0.000 y=0.005-0.000 x -0.33 0.11 0.23ns 
p<0.05 - *; p<0.01 - **; p>0.05 – ns; x – variable amount of oil 
 

Conclusion 
Based on the obtained results it can be concluded that the introduction of linseed oil in the 
amounts of 4% and 8% had mild depressant effect on the final body mass of fattening 
chickens and a positive effect on the reduction of feed conversion ratio. Regarding the fatty 
acid composition of lipids in adipose tissue, it can be concluded that the introduction of the 
oil in diet affects highly significantly the increased incorporation of n-3 polyunsaturated 
fatty acids, in particular -linolenic fatty acids, and highly significantly the reduction of the 
content of n-6 fatty acid, linoleic acid. From the obtained results it can be concluded that 
linseed oil in the amount of 4% and 8% can be successfully used in the diet of broiler 
chickens to improve fatty acid composition of edible tissues of chickens and balance the 
ratio of n-6/n-3 polyunsaturated fatty acids, which would also improve products and make 
them suitable in cardiovascular patients nutrition and in the prevention of atherosclerosis 
and other diseases related to disorders of the digestive tract. Also, the application of these 
regression and corelation models may be one of the practical solutions on the ground in the 
formulation of diet mixtures for poultry when it comes to improving the fatty acid 
composition of the final product. 
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Abstract 
The objective of this paper was to consider the effect of supplementary feeding of grazing 
dairy cows on dry matter intake (DMI), milk production and milk composition. Accurate 
estimations of total DMI and pasture DMI are important to the management of dairy 
grazing systems. The intakes of dry matter (DM) and net energy-NEL are lower on the 
pasture-only diet compared with cows supplementary fed with concentrate. Many pasture 
factors affect DMI, including pregrazing pasture mass and pasture allowance. Milk 
production of high producing grazing dairy cows in early lactation increases linearly as the 
amount of concentrate increases to 10 kg DM/day with a milk response of 1 kg milk/kg 
concentrate. In late lactation, increases are with a lower milk response per kilogram of 
supplemented concentrate. With the amount of concentrate supplementation, milk fat and 
protein yield increase while milk fat percentage decreases. Supplementation with rumen 
undegradable protein (RUP) is important for meeting requirements of grazing dairy cows, 
because the pasture has high ruminal crude protein (CP) degradability. Corn silage 
supplementation to grazing cows may increase milk production if pasture offered is 
restricted, but if pasture is offered ad libitum milk production does not change or can 
decrease. Supplementation of ruminally inert fat could have positive effect on milk 
production with concentrate supplemented at a lower rate.  

Key words: cows, intake, pasture, performances 

 

Introduction 
The use of pasture for dairy cows is considered as lower-cost feeding system because 
grazed forage is the cheapest source of nutrients. Milk production per cow is usually lower 
on grazing-based than on con nement-based farms. Milk production of grazing cows is 
limited by the inability to consume enough pasture DM to meet the nutrient requirements 
for higher milk production, or an imbalance of rumen fermentable carbohydrate and rumen 
degradable protein-RDP (Stojanovi  et al., 2006a; Stojanovi  et al., 2009). The duodenal 
protein supply of a dairy cow grazing pasture is adequate to meet the production 
requirements of approximately 25 kg of milk per day (Reis and Combs, 2000). 
Supplementation-concentrate as a source of starch provides the energy for more efficient 
utilization of the RDP in pasture (Grubi  and Adamovi , 2003; Stojanovi  et al., 2007).  

According to Clark and Kanneganti (1998) pasture used for dairy cows is characterized as 
high quality pasture with the content of 18 to 24% DM, 18 to 25% CP, 40 to 50% NDF, 
and 6.40 to 7.0 MJ/kg DM of NEL. The main objective of supplementation of grazing dairy 
cows is to increase total DMI and energy intake relative to that achieved with pasture-only 
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diets (Stojanovi  et al., 2004). Supplemental nutrition of grazing cows improves the use of 
pasture with the possible higher stocking rate per unit of land, increases milk production 
per cow, improves body condition score-BCS and reproduction performances of grazing 
cows (Kellaway and Porta, 1993). 

Appropriate strategies for supplementation of high producing dairy cows require an 
understanding of the effect of different types of supplements on DMI, digestion and animal 
performance and imply providing nutrients that complement the nutrient content of pasture 
and meet the nutrient requirements of dairy cows (Stojanovi  et al., 2006). 

The objective of this study was to consider the impact of supplemental concentrate and 
forage nutrition of grazing cows on production performances. 

 

Dry matter intake of grazing cows 
Low pasture DMI is identified as a major factor limiting milk production of high producing 
cows with a grazing system (Grubi  et al., 2003). Mayne and Wright (1988) reported that 
pasture DMI of high yielding dairy cows might reach 3.25-3.5% of BW, with no pasture 
quantity and quality restrictions. The intake of DM and NEL is lower on the pasture-only 
diet compared with cows fed total mixed ration (TMR), (Kolver and Muller, 1998). Total 
DMI of high producing cows fed pasture-only diets is lower than for cows fed pasture diets 
plus concentrates. This may be explained by physical constraints, rate of forage removal 
from the rumen, and water consumption associated with pasture.  

Many pasture factors affect DMI, including pregrazing pasture mass (kgDM/ha) and 
pasture allowance - PA (amount of pasture offered per cow, kg DM/cow/day). Over a 
range of PA from 20 to 70 kg DM/cow/day, pasture DMI increased 0.19 kg/kg of increased 
PA (Bargo et al. 2003). In order to maximize pasture DMI of high producing dairy cows, 
unrestricted pasture quality and quantity must be ensured. Unrestricted pasture conditions 
(high PA) also imply low pasture utilization (pasture DMI/PA < 50%). The use of very 
high PA might result in deterioration of pasture quality because of the increase in residual 
pasture height. Even under unrestrictive pasture conditions, total DMI of high producing 
dairy cows is lower compared with cows consuming TMR or pasture plus supplements 
(Bargo et al., 2002). Because of low pasture utilization and deterioration of pasture quality 
at high PA, a practical recommendation is to provide a PA of 2 times the expected pasture 
DMI or 25 kg DM/cow/day when cows are fed supplements (Bargo et al., 2002). Grazing 
cows are characterized by low grazing efficiencies - 45.5% of the pasture allowance 
(Vazquez and Smith, 2000). 

Regression equations for prediction of pasture DMI (PDMI) for grazing dairy cows: 

 

PDMI, kg/day = 4.47 + 0.14 * FCM + 0.024 * BW + 2.00 * CBW + 0.04 * PA + 0.022 * 
PASUP  0.90* SUP  0.13* NDFp  0.037 * LEG, (Vazquez and Smith 2000) 

FCM - 4% fat corrected milk (kg/day), BW – body weight (kg), CBW - change in BW 
(kg/day),  PA – pasture allowance (kgDM/cow/day), PASUP - pasture allowance and total 
supplementation interaction (PA * SUP), SUP - total supplementation (kg DM), NDFp - 
NDF in pasture available (% DM), LEG - percentage of legumes in pasture (%); 

PDMI = –0.61 + 0.981 * PA + 0.479 * CI – 0.039 * (PA * CI) – 0.014 * PA2, (Meijs and 

Hoesktra, 1984)  
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PA – pasture allowance (kg DM/cow/day), CI – intake of concentrates (kg/day); 

 

For low pasture allowance, NDF intake as a percentage of the BW is 1.2%, whereas for 
high PA, intake of NDF is signi cantly higher than 1.3% (1.5% of BW in grazing dairy 
cows consuming only pasture), (Kolver and Muller, 1998). 

Arriaga-Jordan and Holmes (1986) reported that concentrate supplementation of dairy 
cows reduced grazing time 11 min/kg of concentrate in continuous grazing and 8 min/kg of 
concentrate in rotational grazing. When the amount of concentrate was increased from 5 to 
10 kg/day, grazing time decreased 16 and 20 min/kg of fiber-based or starch-based 
concentrate, respectively (Sayers, 1999). Bargo et al. (2002) reported that supplementation 
with 7.9 kg/day of a corn-based concentrate reduced grazing time by 75 min/day at low PA 
and by 104 min/day at high PA. 

 

Effect of supplementation on production performances of grazing dairy cows 
Supplementary feeding of grazing cows decreases pasture DMI while increases total DMI. 
Decreasing of pasture DMI is indicated by value of substitution rate – SR. Substitution rate 
is defined as the decrease in pasture intake per kilogram of supplemental feed.  

 

SR (kg pasture DM/kg supplement DM) = (pasture DMI in unsupplemented grazing cows, 
kg - pasture DMI in supplemented grazing cows, kg) / supplement DM, kg  

 

A substitution rate < 1 kg/kg means that total DMI of the supplemented grazing cows is 
higher than total DMI of the unsupplemented grazing cows. Bargo et al. (2003) reported 
that decreasing of pasture DMI was 13%, when pasture was supplemented with 1.8 to 10.4 
kgDM of concentrate, while the increasing of total DMI was 24%. Milk response – MR 
(kg of additional milk/kg supplement) is one of the main indicators that determine whether 
supplementation is profitable.  

The type of supplement influences substitution rate and milk yield and response. 
Supplementation with forages, such as hay or corn silage, decreases pasture DMI more 
than concentrates and results in higher SR than supplementation with concentrates. Mayne 
and Wright (1988) found SR ranged from 0.84 to 1.02 kg/kg for grass silage 
supplementation and from 0.11 to 0.50 kg/kg for concentrate supplementation. Meijs 
(1984) reported that SR was reduced from 0.45 kg pasture/kg high-starch concentrate to 
0.21 kg pasture/kg fiber-based concentrate when cows grazed a ryegrass pasture. 

There is usually a negative relationship between substitution rate and milk response, 
indicating that the lower SR the higher MR is expected. At high producing grazing dairy 
cows with increasing of pasture allowance, substitution rate also increased and milk 
response decreased. Bargo et al. (2002) in study with dairy cows (101 days in milk – DIM, 
milk yield of 45.8 kg/day) grazed orchardgrass (Dactylis glomerata) with corn as 
supplement (7.9 kg/day), with pasture allowance 25 and 40 kg DM/cow/day, reported SR 
as 0.26 and 0.55 kg pasture/kg concentrate, and MR as 1.36 and 0.96 kg milk/kg 
concentrate, respectively. Robaina et al. (1998) in the research on grazing dairy cows 
(pasture: perennial ryegrass - Lolium perenne  and  white clover - Trifolium repens) 180 
DIM and yielding 20.5 kg milk/day, with 4.3 kg/day concentrate (barley/lupin) and pasture 
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allowance 21.1 and 42.3 kg DM/cow/day, found that SR was 0.31 and 0.57 kg pasture/kg 
concentrate, and MR was 0.98 and 0.54 kg milk/kg concentrate, respectively. Higher 
substitution rate found with higher pasture allowance may be partially explained by the 
higher quality of pasture actually consumed, because cows have the opportunity to be more 
selective.  

 
Figure 1. Relationship between milk production and concentrate DMI by grazing dairy cows 

supplemented with different amounts of concentrate: -studies with cows < 90 DIM or 
> 28 kg milk/day; -studies with cows > 160 DIM or < 23 kg milk/day (Bargo et al., 

2003). 

 
Milk production of high producing grazing dairy cows in early lactation increases linearly 
as the amount of concentrate increases from 1.8 to 10 kg DM/day with milk response of 1 
kg milk/kg concentrate, whereas in late lactation, milk response is lower. In early lactation, 
cows partition more nutrients toward milk production thus MR to supplementation may be 
higher than in late lactation, when more nutrients are directed to BW. To avoid metabolic 
health problems such as subclinical acidosis, it is not recommended to supplement more 
than about 10 kg DM/day or >50% of DMI. The high fiber intake (pasture NDF >50% 
DM) may allow for feeding high amounts of concentrate (Bargo et al., 2003). 

Milk production increases with the amount of concentrate supplementation, as well as the 
milk fat and protein yield, while milk fat percentage decreases. Supplementation of 8.7 kg 
of corn for the grazing dairy cows (orchardgrass - Dactylis glomerata) with pasture DMI of 
19 kg/day, decreased pasture DMI – 15.8 kg/day while increased total DMI – 24.5 kg/day, 
increased milk yield (20.7 to 29.8 kg/day) and milk fat yield (0.79 to 0.97 kg/day) and milk 
protein yield (0.60 to 0.90 kg/day), while milk fat percentage was decreased (3.81 to 
3.31%) with increased milk protein percentage (2.96 to 3.10%), (Bargo et al., 2002). 
Supplementing grazing dairy cows (perennial ryegrass - Lolium perenne) with 1.8 or 3.6 
kg/day of concentrate (corn/dry beet pulp), decreased pasture DMI (17.1 to 16.5 and 16.8 
kg/day) while total DMI was increased (17.1 to 18.3 and 20.4 kg/day), as well as milk 
yield (24.0 to 25.0 and 26.6 kg/day), milk fat yield (0.88 to 0.90 and 0.93 kg/day) and milk 
protein yield (0.77 to 0.82 and 0.86 kg/day), while milk fat content was decreased (3.71 to 
3.68 and 3.55%) with increased milk protein content (3.25 to 3.28 and 3.26%), (Dillon et 
al., 1997).  Reis and Combs (2000) found that using 5.0 and 10.0 kg of corn in diets for 
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grazing cows (alfalfa - Medicago sativa, red clover - Trifolium pratense, perennial ryegrass 
- Lolium perenne) decreased pasture DMI (13.9 to 12.7 and 9.8 kg/day) increasing at the 
same time total DMI (13.9 to 17.7 and 19.8 kg/day) with increase in milk production (21.8 
to 26.8 and 30.4 kg/day) and decrease in milk fat yield (0.88 to 0.83 and 0.75 kg/day) 
while milk protein yield was increased (0.62 to 0.79 and 0.93 kg/day), content of milk fat 
was reduced (3.89 to 3.50 and 3.08%) whereas higher values for milk protein were 
determined (2.85 to 2.95 and 3.05%).  

Supplementation with rumen undegradable protein-RUP could be important for meeting 
requirements of grazing dairy cows, because the pasture has a high ruminal CP 
degradability (>70%), and therefore provides smaller amounts of RUP compared with 
cows on TMR diets (Grubi  et al., 2003a; Stojanovi  et al., 2010). Providing necessary 
dietary content of RUP is possible by using high-quality protein feeds - sources of 
undegradable (protected) protein: heat-treated soybean and soybean meal (extruded, 
toasted), soybean expeller, corn gluten meal, heat or chemical treated rapeseed expeller 
and meal (Stojanovi  et al., 2010a). Ruminal ammonia concentration of grazing Holstein 
cows decreased linearly with the inclusion of supplement (corn-based concentrate 5 and 10 
kg DM/day) in the diet. Reduction in ruminal ammonia (from 13.2 to 10.4 and 8.13 mmol) 
is most likely due to the ability of the ruminal bacteria to utilize larger amounts of 
ammonia because of an increased supply of ruminally fermented organic matter (Reis and 
Combs, 2000). The pasture species have a large impact on the RUP concentration in 
consumed pasture. A winter oats pasture contains 18.4% CP and 19.3% RUP in CP, while 
an orchardgrass pasture contains 24.8% CP and 39.1% RUP in CP. An increase in milk 
yield (6 to 18%) with supplementation of high RUP concentrates is reported in the study 
by Schor and Gagliostro (2001).   

Corn silage supplementation to grazing cows may increase milk production if pasture 
offered is restricted - low pasture allowance, but if pasture is offered ad libitum - high PA, 
milk production does not change or can decrease. Different forms and amounts of hay 
supplementation reduced pasture DMI, whereas the effect on total DMI depended on the 
substitution rate values: with lower SR (0.33) total DMI was increased, and higher SR 
(0.81-0.97) resulted in similar total DMI (Bargo et al., 2003).  

Supplementation of rumen-protected fat positively affects milk production with 
concentrate supplemented at a rate lower than 4 kg DM/day (milk production less than 30 
kg/d). Milk fat percentage was higher (4.02 to 4.36%) when 0.5 kg/day of ruminally inert 
fat was added to 3.3 kg DM/day of concentrate-barley for grazing cows (King et al., 1990).  

 

Conclusion 
Low pasture DMI is a major factor which can limit the milk production of high producing 
grazing cows. The pasture factors that mostly affect DMI are pregrazing pasture mass and 
pasture allowance. Supplementary feeding of grazing cows decreases pasture DMI while 
increases total DMI. Increasing in milk yield, milk response, is one of the main positive 
effects of supplementary feeding, followed with improvement in pasture utilization, 
possible increase in stocking rates on the pasture and positive effects on BCS and 
reproduction. Milk production increases with the amount of concentrate supplementation 
(up to 10 kg DM/day), as well as milk fat and protein yield, while milk fat percentage 
decreases. Dietary crude protein utilization is improved by inclusion of concentrate in diets 
for grazing cows. Corn silage supplementation to grazing cows may increase milk 
production if pasture offered is restricted.   
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Abstract 
Some of the active substances from the seeds of medicinal plants have a beneficial effect 
on human and animal health. The representatives of this group of plants, in addition to the 
secondary (biologically) active substances significant for their therapeutic properties and 
the flavours in the content of their seeds, have a high percentage of primary active 
substances (carbohydrates, oils, proteins and the like). These components are essential for 
plant growth and reproduction, but they are also very important as constituent substances. 

The objective of this study was to determine the effect of storage duration (from one to five 
years) on oil and protein content of the seeds of various medicinal plants. The seeds of 9 
cultivated plant species namely: white mustard (Sinapis alba L.), flax (Linum 
usitatissimum L.), fenugreek (Trigonella foenum graecum L.), evening primrose 
(Oenothera biennis L.), marigold (Calendula officinalis L.), milk thistle (Silybum 
marianum Gaertn.), black cumin (Nigella sativa L.), borage (Borago officinalis L.) and 
castor oil plant (Ricinus communis L.) were analyzed. Laboratory studies have been 
performed in three replications in the course of 2014 according to accredited methods. 

On average, the highest oil content was obtained from castor seed (50.44%), whereas the 
lowest average oil content was recorded in fenugreek seed (5.35%). The greatest 
statistically significant variation of the oil content was observed in the seeds of white 
mustard. In spite of that, the highest number of medicinal plants had a statistically 
considerable reduction in oil contents between seeds of different ages. The highest protein 
content was recorded in the seeds of white mustard (31.96%), which was by about 2.3 
times higher than the lowest protein content in seeds of evening primrose (13.80%). The 
largest statistically significant variation in protein content was observed with the seeds of 
white mustard, marigold and flax. 

The high content of oil and protein, with their beneficial effects, can positively affect the 
proper functioning of the immune system of bred animals, and can also work as an 
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antioxidant, as a blood purifier, it destroys intestinal parasites, stops diarrhea, and cures 
foot-and-mouth disease, and the like. 

Key words: medicinal plants, oil and protein content, seed storage duration 

Introduction  
In the modern approach to livestock breeding, practical and research experiences with 
medicinal plants are also used for the treatment of animals. The possibilities of the 
application of selected medicinal plants and spice plants in the prophylaxis and treatment 
of various diseases of farm animals, particularly, their use in the production of 
fodderphytoadditives, as a safe alternative to synthetic antibiotics, growth promoters and 
other xenobiotics, can be used as an inexhaustible resource of animal health for the 
purpose of the production of safe food for humans (Kostadinovi , 2013). In addition to the 
medicinal and the protective function in the utilisation of this group of plants, animals 
receive the necessary proteins, oils and carbohydrates for their growth and development. 

In the production of fodder, plants provide a real opportunity to increase the value of food 
using a variety of functional accessories. In developed European countries, there is a very 
strong trend of replacing synthetic antibiotic preparations with medicinal herbal 
preparations. These compositions have antibacterial activity, antiinflammatory activity, 
they stimulate digestion, have laxative activity, antidiarrhoeal activity, choleretic activity, 
and the like, which are already used in human medicine, and which can be added to animal 
feed in the treatment of various disorders of animal health (Runjai -Anti  et al., 2010). A 
complete ban on antibiotics in poultry feeds was brought into force on 1st January 2011 by 
the European Union (EU); thus, all of the antibiotics used at sub-therapeutic doses for 
growth promotion were withdrawn (Toghyani et al., 2010). 

The aim of this study was to determine the effect of storage duration (from one to five 
years) on the content of oil and protein in the seeds of several medicinal plants. 

Material and methods 
As the material, the seeds of plant varieties and domesticated plant populations were used: 
white mustard (Sinapis alba L.), flax (Linum usitatissimum L.), fenugreek (Trigonella 
foenum graecum L.), evening primrose (Oenothera biennis L.), marigold (Calendula 
officinalis L.), milk thistle (Silybum marianum Gaertn.), black cumin (Nigella sativa L.), 
borage (Borago officinalis L.) and castor oil plant (Ricinus communis L.), which had been 
produced in the production plots of the Institute for Medicinal Plant Research “Dr Josif 
Pan i ” in Pan evo. The processing and preparation for the analysis of oil and protein 
content was performed in the seed testing laboratory of the Institute in Pan evo. The 
research was conducted with seeds ranging from five years of age (the seeds from the year 
2009) to one year of age (the seeds from the year 2013). 

The content of oil and protein was determined in the chemical laboratory of the Institute 
“Tamiš” “Tamiš Agrolab” in Pan evo according to the methods prescribed by the 
Ordinance on the methods of sampling and the methods of physical, chemical and 
microbiological analysis of animal feed (the Official Gazette of the Socialist Federal 
Republic of Yugoslavia, Number 15/87). For the determination of protein and oil content 
was used by 1 g, and 10 g of seed in three replications. 
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The obtained experimental data were statistically analyzed using the method of variation 
statistics: the mean value (I) and the coefficient of variation (Cv). The statistical 
significance of the difference between the calculated mean values was obtained by 
applying the analysis of variance models (ANOVA), using the statistical software package 
“Statistica 10 for Windows”. 

 

Results and discussion 
The highest protein content was recorded in three-year-old seeds (22.25%), and the lowest 
content was in the oldest ones – five-year old seeds (19.50%). The highest protein content 
was achieved with the seed of white mustard (31.96%), fenugreek (29.06%) and flax 
(25.74%). Twice as low protein content was recorded in the seeds of evening primrose, 
marigold and milk thistle (tables 1 and 2). Both tested factors, as well as their interactions, 
had a statistically significant variation between the obtained values of protein content (p 
<0.01). 

 
Table 1. Protein content (%) in medicinal plant seeds 

Seed maturity Year Average 
V IV III II I 

White Mustard (Sinapis alba L.) 22.97 29.13 39.00 33.39 35.31 31.96 
Flax (Linum usitatissimum L.) 24.45 27.17 26.75 24.71 25.66 25.74 
Fenugreek (Trigonella foenum 
graecum L.) 27.79 27.78 28.66 30.53 30.53 29.06 
Evening Primrose (Oenothera biennis 
L.) 13.18 13.91 14.66 14.95 14.66 14.27 
Marigold (Calendula officinalis L.) 11.88 15.06 13.39 14.60 14.07 13.80 
Milk Thistle (Silybum marianum 
Gaertn.) 15.25 15.88 15.22 15.53 15.97 15.57 
Black Cumin (Nigella sativa L.) 22.66 23.41 24.54 24.34 24.50 23.89 
Borage (Borago officinalis L.) 17.41 18.22 17.19 17.75 17.92 17.70 
Castor Oil plant (Ricinus communis 
L.) 19.94 20.95 20.90 22.00 19.83 20.72 
Average 19.50 21.28 22.25 21.98 22.05 21.41 
 
Table 2. Analysis of variance of protein content (%) 

Source of variation d.f. s.s. m.s. v.r. F pr. 
Plant species 8 5301.8230 662.7279 3208.18** <.001 
Years of age 4 129.6687 32.4172 156.93** <.001 
Interaction 32 429.8970 13.4343 65.03** <.001 
Residual 89 18.3851 0.2066   
Total 133 5824.2179    

Cv= 2,1%, * P 5%, ** P 1% 
 Plant species Years of age Interaction 
LSD 5% 0.3298 0.2458 0.7374 
LSD 1% 0.4368 0.3256 0.9768 
 

The highest content of oil and protein was recorded in two-year-old seeds (23.17%), and 
the lowest content was in the oldest ones – five-year-old seeds (19.68%). The highest oil 
content was achieved with the seeds of castor oil plant (50.44%), flax (35.88%) and black 



275

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

cumin (33.47%), whereas the oil content in white mustard was slightly lower than 
expected, amounting to 19.20% (tables 3 and 4). The obtained values of oil content were 
less than the significance level, 1 and 5%, so it can be concluded that the F-ratio was 
highly significant (p<0.01), or, in other words, that there was a significant effect of plant 
age and species on oil content. 

 
Table 3. Oil content (%) in medicinal plant seeds 

Seed maturity Year Average 
V IV III II I 

White Mustard (Sinapis alba L.) 14.53 23.91 21.00 17.67 18.91 19.20 
Flax (Linum usitatissimum L.) 32.73 34.65 36.23 41.96 33.83 35.88 
Fenugreek (Trigonella foenum 
graecum L.) 5.57 5.01 5.38 5.11 5.72 5.35 
Evening Primrose (Oenothera biennis 
L.) 5.10 5.57 7.42 5.91 5.25 5.85 
Marigold (Calendula officinalis L.) 12.59 12.20 11.25 11.29 11.29 11.72 
Milk Thistle (Silybum marianum 
Gaertn.) 24.04 24.25 24.12 24.29 25.06 24.35 
Black Cumin (Nigella sativa L.) 28.10 30.53 35.77 36.11 36.88 33.47 
Borage (Borago officinalis L.) 10.17 12.23 10.49 10.89 11.33 11.02 
Castor Oil plant (Ricinus communis 
L.) 44.33 47.14 48.86 55.34 56.54 50.44 
Average 19.68 21.72 22.28 23.17 22.75 21.92 
 
Table 4. Analysis of variance of oil content (%) 

Source of variation d.f. s.s. m.s. v.r. F pr. 
Plant species 8 28636.2660 3579.5333 22204.73 <.001 
Years of age 4 203.6588 50.9147 315.84 <.001 
Interaction 32 658.9649 20.5927 127.74 <.001 
Residual 90 14.5085 0.1612   
Total 134 29513.3983    

Cv= 1,8%, * P 5%, ** P 1% 
 Plant species Years of age Interaction 
LSD 5% 0.2913 0.2171 0.6513 
LSD 1% 0.3858 0.2876 0.8627 
 

The following section of the paper presents the results of some former research. Depending 
on the cultivated variety, better results than our results of the seeds of certain field 
genotypes of white mustard contain from 25.6% to 28.1% of oil (Pi tka et al., 2004). Some 
of the selected genotypes of white mustard contain even up to 52.8% of oil. An increase in 
the protein content results in the reduction of the content of p-hydroxybenzyl glucosinolate 
and erucic acid (Katepa-Mupondwa et al., 1999). According to the statements by Carter 
(2002), the seeds of flax oil plant contain from 26.9 to 31.6% of protein, and from 31.9 to 
37.8% of oil. Similar results in the conditions of South Banat, depending on the variety and 
agro-ecological conditions of cultivation, the average oil content of about 41.0% was 
achieved (Filipovi  et al., 2014). A higher content of oil in flax was achieved on 
chernozem soils with the signs of gleisation in relation to chernozem on sandy loess 
(Filipovi  et al., 2010). The content of protein and oil in the seeds of evening primrose 
varied depending on the mineral nutrition with nitrogen nutrients and the time of sowing. 
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The several times higher values than our values of oil content had an interval from 23.5 to 
30.1%, whereas the content of protein ranged from 12.5 to 16.2% received Ghasemnezhad 
and Honermeier (2008). According to Hulan et al. (1987) and Christie (1999), the oil 
content of evening primrose seeds varies with such factors as the age of the seeds, the 
cultivar and growth conditions, and typically varies between 18 and 25%, with occasional 
outliers to 12 or 28%. The seeds of pot marigold have a significant around 20% oil content 
(Saleem et al., 1986), which is better in comparison with our results. Similar results of the 
oil content of pot marigold were reported by Dulf et al. (2013). The lipid seeds varied 
between 13.6 and 21.7 g oil per 100 g of seeds. Also, similar results with our results had 
the seeds of milk thistle, in addition to secondary metabolites, which are rich in vegetable 
oil, in the amount from 26.67 to 27.16%, and in protein, in the amount from 23.4 to 24.2% 
(Khan et al., 2007). Black cumin, depending on agro-ecological conditions, achieves 
higher or lower oil content. The above results also point to the high content of two primary 
metabolites. For example, in the conditions of Italy (D'Antuono et al., 2002), from 13 to 
23% of oil was achieved, whereas, in the climate of Iran (Cheikh-Rouhou et al., 2007), the 
seeds of black cumin had as much as 40% of oil. The level of synthesized protein in the 
seeds of black cumin depends on the variety cultivated, so, in the pieces of research by 
Cheikh-Rouhou et al. (2007), an interval was recorded from 22.6% to 26.7%.  

 

Conclusion  
The age of the seeds of the tested medicinal plant species significantly influenced the 
content of the two primary metabolites: protein and oil. The highest protein content was 
recorded in the seeds three years of age (22.25%), and the lowest in five-year-old seeds 
(19.50%). The highest protein content was achieved in the seeds of white mustard 
(31.96%), fenugreek (29.06%) and flax (25.74%). The highest oil content was achieved, as 
expected, in oil plant species (castor oil plant (50.44%), flax (35.88%) and black cumin 
(33.47%)), whereas the oil content in the seeds of white mustard was somewhat lower than 
expected, totaling 19.20%.  
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Abstract 
Economic importance of alfalfa (Medicago sativa L.) is reflected in the production of high-
quality forage, however, the seeds of alfalfa are valuable commodity in the domestic and 
international markets. In Serbia, the seed is produced in forage-seed mode of exploitation 
where the second or third growth is used for seed production, and the remaining growths 
are used for fodder. The aim of this work was to determine the influence of cuttings and 
time of cutting on total energy value of hay in a model of forage and seed production. The 
second and third cuts were used as seed cut. In the variant where the second cut was used 
as seed cut, the first cut was harvested at different times (A1-early, A2-medium early, A3-
late and A4- very late). In the model where the third cut was used for seed, two pre-cuts 
were used for forage production (A5). In all the following variants, seed cut was followed 
by one more cutting (final cut), used for the production of fodder. The highest average total 
production (from pre-cut and final cut) of NEL (34606 MJha-1) and NEM (33811 MJha-1) 
was realized in the system of cutting with two pre-cuts. In the variant with single pre-cut, 
the highest yield was formed in the early system. Later cutting of the first cut causes 
decline of NEL production and it was the lowest in the system of very late cutting or 15.1 
% less than in the early system and 38% lower than in the system of cutting with two pre-
cuts. Delaying of utilization of alfalfa to the later stages of exploitation has contributed to 
the lower yield of NEM and in the medium early system and late system and especially in 
the very late cutting system, where by 22.2 % less was realized than in the early production 
system. Studies have shown that late cutting of first cut resulted in the reduction of 
nutritional value expressed in the amount of net energy per unit area.  

Key words: alfalfa, cutting, net energy, yield 
 

Introduction 
Alfalfa is the most important forage legume in Serbia. Its importance is reflected primarily 
in production of fodder, while the seed production is less important to the national 
economy. The local seed production satisfies the domestic demand for alfalfa seed, and in 
some years the alfalfa seed is even exported. In the agro-ecological conditions of Serbia, 
the alfalfa seed is most commonly produced from the second and sometimes the third 
growth of alfalfa. Time of cutting and number of pre-cuts significantly influence the yield 



279

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

of alfalfa seed (Vu kovi  et al., 2004; Karagi , 2004; Karagi  et al., 2006; Terzi , 2011). 
Karagi  (2004) and Karagi  et al. (2006) and Terzi  (2011) have established that by late 
cutting of the first cut in the average yield of seed from the second growth is higher 
compared to yields of pre-cut carried out at the beginning of May. 

Cutting at certain phase of development significantly influences the yield and quality of 
alfalfa. Cutting of alfalfa in later development phases ensures higher forage yield and 
sustainability of alfalfa (Undersander et al., 2004). The best quality and the highest yield of 
nutrients are achieved in early phases of alfalfa development - budding stage and before 
blossoming (Mejaki  et al., 1997).
In the research of Terzi  et al. (2013), in the same dual model of production (hay-seed), 
the highest average production of NEL and NEM in pre-cuts was realized in a harvesting 
system with two pre-cuts (31981 MJha-1 and 31163 MJha-1). In the variant with a single 
pre-cut the highest yield from the first growth was formed in the early system (20988 and 
20508 MJha-1). Later first cutting led to decrease in production of NEL and NEM, with the 
lowest values recorded in the very late cutting system (18199 and 16017 MJha-1).  

In addition to the production of hay from pre-cuts, in the dual model of production, the 
last cut is used for production of hay.  

The aim of this study was to examine the total production of the NEL and NEM of the final 
cut and total production of NEL and NEM in the seed-forage model of production. 

 

Materials and methods 
Study was carried out on experimental field of the Institute for Forage Crops in Kruševac 
in 2005, 2006 and 2007. The size of the basic plot was 10.5 m2. Treatments were different 
time of pre-cut of alfalfa seed crop: A1- early cut (around May 5th), A2- medium early cut 
(around May 15th), A3- late cut (around May 25th), A4- very late cut (around June 5th), 
A5- cut (A5 I- around May 5th and II - around June 5th). Contrary to the harvest procedure 
in the A1 to A4 systems, where the second cut was used for seed production, in the A5 
harvest procedure the third cut was used for seed production. The final cut was done at the 
end of October. At the moment of cutting the plants were on average in the early system 
(A1) in the stage of budding, in the medium early system (A2), in the stage of the beginning 
of flowering, in the late (A3), in the stage of full flowering and in very late system (A4) in 
the stage of post-flowering. In a system with two pre-cuts (A5), at the time of cutting, 
plants were in the budding stage and in final cut plants were in various stages of intensive 
growth. Cutting of growth for forage was done manually at height of about 5 cm. All 
results related to chemical composition are expressed through absolute dry matter. The 
quantity of nutrients was calculated based on the chemical composition and yield in 
absolute dry matter. The total energy value NeL and NEM is calculated as the sum of the 
energy values of pre-cut in the seed cut and energy value of the last cut. Net energy value 
of crop residues after harvest of seed was not calculated. 

Chemical analyses were carried out in the laboratory of the Institute for Forage Crops in 
Kruševac. The NEL and NEM values were calculated (NEL=k1 x ME, q=ME/UE x 100; 
NEM=kmf x ME, q= ME/UE x 100). The calculation used the following digestibility 
coefficients (Obra evi , 1990) CP-80%, SC-53%, DM-46%, NFE-78%. Statistical 
processing of obtained data was done by variance analysis. Testing of the significance of 
differences was done by LSD test.
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Results and discussion 
The paper presents the content of crude protein and crude fiber, energy value of the last cut 
and total energy value of pre-cut and the final cut in the production model forage-seed 
production system. Contents of crude protein and crude fibre in the final cut are shown in 
Table 1.  

 
Table 1. Contents of crude protein and crude fibre in the final cut (gkg-1DM) 

Cutting 
term 

Year 
Average conteint 

2005 2006 2007 
Crude  

proteins 
Crude  
fibre 

Crude  
proteins 

Crude 
fibre 

Crude  
proteins 

Crude  
fibre 

Crude  
proteins 

Crude  
fibre 

A1 203.0 256.7 210.5 276.8 195.1 249.9 202.9 261.1 

A2 214.4 229.9 216.1 285.7 200.3 226.9 210.3 247.5 

A3 219.4 229.4 227.3 252.6 205.5 232.0 217.4 238.0 

A4 222.8 242.9 228.9 234.6 215.7 224.4 222.5 234.0 

A5 221.9 239.5 230.1 232.4 216.4 224.8 222.8 232.2 
 

The content of crude protein in the final cut increases going from A1 to A5 system of 
cutting, while the average content of crude fiber decreases. The results of the final cut in 
the present study show contradiction in relation to changes in the content of crude protein 
and crude fiber in the first cut in studies by Mejaki  et al. (1997), Undersander et al. (2004) 
and Terzi  et al. (2012) who state that crude protein content in the first cut decreases with 
the delay in cutting.  At the moment of cutting, in the final cut, the plants are in the various 
stages of intensive growth. Plants from the previous system of cutting, due to earlier 
cutting of pre-cuts and earlier harvesting of seed production had more time to regenerate in 
the final cuts. More time for regeneration contributed to the plants from earlier cutting 
periods (A1 and A2) to be developed in relation to the plants from late harvesting of the 
first cut A3 and A4 system, which has influenced the treatments with earlier pre-cuts (A1 
and A2) to have a lower protein content in the final cut relative to the later harvesting 
periods (A3 and A4). 

The energy value of alfalfa last-cut depending on the cutting system is shown in Table 2.  

In the last cut, the lowest average values of NEL (5.61 MJkg-1DM) and NEM (5.63 MJkg-

1DM) were realized in the early system (A1) of cutting of the first growth. Slightly higher 
energy value was generated in the very late (A4) cutting system (5.78 MJkg-1DM and 5.83 
MJkg-1DM) as well as in system (A5) with two pre-cuts (5.79 MJkg-1DM and 5.83 MJkg-

1DM). Realized energy value in this study is higher than the value recorded for the first 
growth in research by Terzi  et al. (2013) in the forage-seed model of production, where 
the energy value of NEL ranged from 5.40 MJkg-1DM in early cutting to 3.88 MJkg-1DM 
in very late cutting, and of NEM 5.28 MJkg-1DM for early system of cutting to 3.41 MJkg-

1DM in very late cutting system. In the results stated by Terzi  et al. (2013) in the first 
cut, NEL and NEM MJkg-1DM values have declined going from early to late cutting 
system, while in this research, in case of the last cut, values increased going from early to 
late system of the first cut. 

 



281

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

Table 2. Contents of NEL and NEM  of final alfalfa cut (MJ kg-1 DM) 

Cutting term 
Year Average content 

2005 2006 2007 
NEL NEM NEL NEM NEL NEM NEL NEM 

A1 5.65 5.68 5.51 5.50 5.67 5.71 5.61 5.63 
A2 5.79 5.76 5.54 5.53 5.75 5.82 5.69 5.70 
A3 5.74 5.81 5.74 5.77 5.81 5.88 5.76 5.82 
A4 5.77 5.80 5.75 5.82 5.81 5.87 5.78 5.83 
A5 5.81 5.88 5.70 5.74 5.80 5.87 5.79 5.83 

 

Differences in tendencies between the first and the last cut are the result of harvesting at 
different stages of development of the first cut. Earlier harvest deadlines of first growth 
have contributed to the slightly earlier seed harvests, which later, in the final cut, caused, 
that swaths that have been harvested earlier have a greater number of days to regenerate 
and plants in the earlier first harvest later are more developed (in the last cut), which 
caused the plants harvested at earlier periods of the first cut to have lower contents of 
NELMJkg-1DM and NEM MJkg-1DM compared to plants that are harvested at later periods 
of the first cuts. 

Reduction of the energy value of alfalfa in the later stages of exploitation is consistent with 
the results of Obra evi  (1990), Dini  (1997) and or evi  et al. (2003). The values 
obtained in the present study are slightly lower than the values reported by Macgregor 
(1994) cit. by Glamo i  (2002), where the values of NEL and NEM in the stage before 
flowering were 5.96 and 5.89 MJkg-1DM. The values were higher than the values stated by 
Dini  (1997) where the average values of NEL and NEM in alfalfa silage were 5.25 MJkg-1 
and 5.34 MJkg-1DM in budding stage. Higher values are consequence of harvesting the 
alfalfa in the final cut in the stage before the bud stage when the leaf and stem ratio is more 
favourable. 

In Table 3 is given the total net energy in MJha-1 calculated from pre-cut and final cut 
together.  

Total NEL energy ranged from 17798 MJha-1 (very late period in 2007) to 37380 MJha-1 
(in the system with two pre-cuts in 2007). In regard to the total production of NEL and 
NEM in MJha-1 (Table 3) it can be seen that the highest yield of NEL was generated in the 
system (A5) with two pre-cuts, NEL (34 606 MJkg-1) and NEM (33811MJha-1). In the single 
pre-cut harvesting system, the highest total net energy in MJha-1 in milk production was 
recorded in the system with early harvesting (A1) of the first growth 25105 MJha-1 and 24 
637 MJha-1 in the production of meat. Postponing of the first cut reduces the yield 
decreases and the lowest values are recorded in very late (A4) harvest period. 

In earlier harvest periods, lower net energy MJkg-1DM has been realized in the earlier 
cutting but with higher production of dry matter, which contributed to more MJha-1 formed 
in the total production of NEL and NEM per unit area in earlier harvest periods of first cut. 
Studies have shown that late harvest results in the reduction of yield of net energy per unit 
area. Later first cut reduces the production of NELMJha-1and the lowest value is realized in 
the system of very late (A4) harvest or 15.1% less than in the early system (A1) and 38% 
less than in the system of harvesting with two pre-cuts (A5). 
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Table 3.  Total net energy from pre-cut and final cut (MJ ha -1) 

Cutting schedule 
Year 

Average content 
2005 2006 2007 

NEL NEM NEL NEM NEL NEM NEL NEM 
A1 27674 27189 24847 24377 22794 22344 25105 24637 
A2 26324 25126 23952 22914 21139 20180 23805 22740 
A3 25323 23430 22303 20727 20668 19277 22765 21145 
A4 24180 21756 21996 19937 17790 15809 21322 19167 
A5 33617 33007 32821 31944 37380 36482 34606 33811 

F- test ** ** ** ** ** ** Level 

LSD 
972 925 2415 2339 1241 1182 5% 
1414 1347 3514 3403 1805 1719 1% 

 

Delaying the utilization of alfalfa from the early period to the later stages of exploitation 
has contributed to the formation of lower total yield of NEMMJha-1in the medium early and 
late harvesting systems and especially in the very late harvesting system, where 22.2% less 
is formed than in the early production system and 43% less than in production with two 
pre-cuts. The highest net energy value is realized in the system with two pre-cuts.  

Analyses showed that between the years the highest production was realized in 2005, 
which was characterized with a lot of rainfall in the summer and the lowest production in 
2007, when less rainfall was recorded in summer.  

Overall, the total production of NEL and NEM, which is given in this paper and the 
production of NEL and NEM in pre-cuts A1, A2, A3, A4 and A5 system is reported by Terzi  
et al. (2013). It can be observed that in the last harvest, the share of production from the 
last cut is considerably lower than the production of the first cut. Compared with the 
production in the first cut, the final cut has participated with 15-17% in the total 
production, and in the system with two pre-cuts, last swath participated with only 8% in 
the total production of NEL and NEM in MJha-1. 

 

Conclusion 
Earlier harvesting of the first growth in forage-seed production influenced forming of 
slightly lower value of NEL and NEM MJkg-1 DM in final cut.  

Later first cut reduces the yield of NELMJha-1 and the lowest value is realized in the 
system of very late harvest (A4).  

Delaying of utilization of alfalfa from the early period (A1) to the later stages of 
exploitation has contributed to the formation of lower yield of NEMMJha-1 in the medium 
early (A2) and late (A3) harvesting systems and especially in the very late (A4) harvesting 
system.  

The highest net energy value MJha-1 is realized in the system with two pre-cuts (A5) and 
seed production in the third cut. 
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Abstract 
The aim of this paper was to investigate the effect of feeding sows in lactation, in diets 
with different levels of energy and protein to mobilization of reserves from internal organs. 
The experiment was conducted on 240 sows divided into two groups of 120 sows each, 
with two sub-groups of 60 sows. Experimental period lasted 65 days, and during the last 30 
days of pregnancy and lactation, until weaning. For sows feeding a mixture of the standard 
composition and the quality, with the 15% crude protein, and 14 to 12 MJ ME / kg and 
19% crude protein, and 14 to 12 MJ ME / kg of the mixture were used. Sows were divided 
into two groups and four subgroups consumed 2.20 and 3.30 kg of food per day. Based on 
the statistical analysis of the data it can be concluded that the different amounts of feeds 
with different levels of protein and energy in the diet resulted in the mobilization of the 
reserves from the internal organs of lactating sows. When we talk about the content of 
protein in the liver of lactating sows, statistically significant effect (P>0.05) to diets with 
15% crude protein (19.04%) and 19% crude protein (19%) was not recorded. The same 
trend in the content of crude protein in the kidney (14.61 and 14.84%) was also observed, 
but with no statistically significant difference (P>0.05). Analysis of variance was 
established as statistically significant effects (P<0.01) protein content in the diet on protein 
content in the muscle of the heart muscle (17.59 and 18.71%). Effect of different energy 
level in mixture used for the diet of lactating sows, the protein content in the liver, kidneys 
and heart was missing. 

Key words: energy, nutrition, protein, sows 
  

Introduction 
In intensive pig production important place takes the nutrition of sows, whose main goal is 
the cost-effective production. This set of goals is not easy to achieve because sow 
reproductive efficiency is influenced by many factors of which diet take a significant role. 
Success in the modern conditions of pig production greatly depends on the efficiency of 
the breeding herd (Rupi  et al., 2005; Rosendo et al., 2007). It is believed that during the 
exploitation, sows should raise a total of 70-75 piglets (Smits 2003; Close and Turnley, 
2004). Achieving this goal can be defined only if the optimal housing conditions and 
adequate nutrition of sows were in all phases of the reproductive cycle. The problem of 
optimal nutrition of sows is complex due to the very different needs of sows in the food 
and nutrients in different stages of the reproductive cycle (Kov in et al., 2005). In 
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pregnancy, the needs of sows in nutrients are not great and come down primarily to meet 
basic maintenance requirements, which are the largest item in the structure needs. In 
addition to their maintenance requirements necessary to provide part of the nutrients for 
the development and creation of reserves, then the intrauterine development of piglets and 
to prepare the mammary glands for milk secretion, this begins immediately after farrowing 
(Beukovi , 1999). Needs of lactating sows are extremely high which can be a serious 
problem when it comes to feed consumption, namely, insufficient consumption of sowing 
order, the secretion of milk will be satisfactory (Kim and Wu, 2008), and at the same time, 
should not lose too much reserves of nutrients from the body, in order to avoid delayed 
estrus after weaning piglets (Whittemore, 1998; Trottier and Johnston, 2000, Boyd et al. 
2000; Kongsted, 2005). The secretion of milk requires an appropriate amount of protein in 
the diet, so it is necessary to increase the participation of protein nutrients of plant or 
animal origin (Trottier and Johnston, 2005; Dean, 2005). The protein needs for sows, 
during lactation depends mainly of milk secretion amount, and much less of the weight of 
the sows (Beukovi , 1999, McNamara and Pettigrew, 2002). In order to satisfy the needs in 
nutrients during lactation via feed which sows consumed during this stage, it would be 
necessary to consume 6-7 kg of feed, which is much higher than the actual consumption 
(Beukovi , 1999). Engagement body reserves of nutrients from the body during the period 
of lactation is a regular occurrence (Foxcroft et al., 1997; Eissen et al., 2000), which is 
hard to miss and is not a big problem if it is not too long and big (Eissen et al., 2003; 
Thaker and Bilkei, 2005). In the body there are reserves of protein, so it comes to engaging 
body protein from muscle and vital internal organs (Aherne and Williams, 1992, Yang et 
al., 2000; Clowes et al., 2003). Previous studies have indicated that increasing the amount 
of protein and energy in pregnancy has a negative effect on embryonic survival 
(Whittemore, 1987), and recent studies point to the positive effect of increasing amounts of 
protein and energy on litter size, especially when it comes to young sows (Wu et al., 2006). 
Increasing amounts of protein and energy in pregnancy aims to provide the best possible 
preparation for the next lactation sows and possibly increase the body weight of newborn 
piglets.  

The aim of this study was to investigate the effect of feeding sows in lactation diets with 
different levels of energy and protein to mobilization of reserves from internal organs. 

Materials and methods 
The experiment was conducted on 240 sows, divided into two groups of 120 sows each, 
with two sub-groups of 60 sows. Experimental period with sows lasted 65 days, 
respectively during the last 30 days of pregnancy and lactation, until weaning. The sows 
were fed a mixture with a standard composition and the quality of the 15% crude protein, 
and 14 to 12 MJ ME / kg and 19% crude protein, and 14 to 12 MJ ME / kg of feed (Table 1 
and 2). Sows were divided into two groups and four subgroups consumed 2.20 and 3.30 kg 
of food per day. In the last thirty days of experiment sows were housed in group pens. Feed 
is performed automatically, twice a day. Water supply was from automatic drinkers. 
Micro-climatic conditions, the relative humidity and temperature were automatically 
controlled. Fresh air flow was enabled by perforated ceiling, while drawing air was 
through a vertically mounted vent with running on the roof. During the experimental 
period sow body mass was controlled 30 days before farrowing and immediately before 
farrowing and weaning. The results regarding gain of sows in gestation and weight loss in 
lactation were also accompanied in the trial. After farrowing the sows in all groups were 
fed diets for lactating sows, which differed by the amount of crude protein and energy 
levels. At this stage, feeding is performed on two occasions in an amount of 5 kg. Amount 
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of consumed food in this phase of the experiment was not registered. Piglets were weaned 
in 28 days age. After the end of the experimental period, sows were sacrificed, and analysis 
of nutrients in the liver, kidney and heart was determined. The results obtained in this 
experiment are shown in the tables as well as an average or relative value. Statistical 
significance was determined by measurement obtained by using analysis of variance 
(ANOVA) and t-test. The level of statistical significance of differences between groups 
was expressed as a statistically highly significant, statistically significant or the difference 
that is not statistically significant. Software package Statistica for Windows ver. 8.0 
(StatSoft Inc., USA) was used for statistical data processing. 

Table 1. Structure of diet mixtures used in experiment, % 

Feedstuffs 

In mixture, % 

Sows
Lactating sows

15/12 
(CP/ME) 

15/14 
(CP/ME) 

19/12 
(CP/ME) 

19/14 
(CP/ME) 

Corn 48.38 23.56 56.62 26.56 44.50 
Soybean meal 3.48 6.20 13.70 19.58 25.50 
Wheat bran 30.00 15.00 8.00 15.00 8.00 

Barley 10.00 41.00 10.00 25.00 10.00 
Soybean grits 1.00 5.00  5.00 

Sunflower meal 5.00 10.00  10.00  
Vegetable oil   3.30  3.80 

Lysine 0.06 0.17 0.03   
Lime stone 1.17 1.70 1.42 2.02 1.44 

Monocalcium phosphate  0.07 0.60 0.50 0.43 
Salt (NaCl) 0.31 0.30 0.33 0.30 0.33 

Premix 1.00 1.00 1.00 1.00 1.00 
Total 100.00 100.00 100.00 100.00 100.00 

 
Table 2. Structure of diet mixtures used in experiment, % 

 Sows 
Lactating sows 

15/12 
(CP/ME) 

15/14 
(CP/ME) 

19/12 
(CP/ME) 

19/14 
(CP/ME) 

Nutrients ND DM ND DM ND DM ND DM ND DM 
Dry 

matter 88.93 100.00 88.01 100.00 88.14 100.00 87.31 100.00 87.60 100.00 

Moisture 11.07 - 11.99 - 11.86 - 12.69 - 12.40 - 
Crude 

proteins 13.47 15.15 15.56 17.68 15.47 17.55 19.11 21.89 19.15 21.86 

Crude  
fat 2.87 3.23 2.71 3.08 3.60 4.08 2.49 2.85 6.85 7.82 

Crude 
fiber 3.92 4.41 3.65 4.15 3.39 3.85 3.49 4.00 3.69 4.21 

Ash 4.16 4.68 4.82 5.48 4.88 5.54 5.87 6.72 5.19 5.92 
NEM 64.51 72.53 61.27 69.62 60.80 68.98 56.35 64.54 52.72 60.18 

Ca 0.67 0.75 0.73 0.83 0.80 0.91 1.00 1.15 0.79 0.90 
P 0.47 0.53 0.45 0.51 0.50 0.57 0.58 0.66 0.49 0.56 
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Results and discussion 
The results shown in Table 3 indicate that the protein content in the liver was under the 
influence of the protein level in the diet for sows. When the level of protein in the diet was 
750 g, the protein content in the liver was 19.04%,  while the increase of protein to 950 g 
in diet leads to an increase in the protein content of 19.31% in the liver. Statistical analysis 
of the results shows that the level of protein in the liver was not significantly (P>0.05) 
different between groups fed with different levels of protein in the diet. 

 
Table 3. Protein level in liver 

Protein level (%) 15 19 Mean: 
Energy level (MJ) 12 14 12 14 

2.20 18.85 18.89 19.1 19.66 19.12 
3.30 18.87 19.54 18.96 19.5 19.22 

Mean: 18.86 19.22 19.03 19.58 
Protein effect 19.04ns 19.31ns  
Energy effect 18.94 19.4  

 

In contrast to the liver, changes in the protein content in the kidney are not affected by the 
protein in a meal, and it can be concluded that the protein from the kidneys is less involved 
in the mobilization of protein to meet the needs of the protein during lactation. The content 
of protein in the kidneys of affected levels of protein in the diet is shown in Table 4 in 
addition to the protein content of kidney which marked a significant difference (P>0.05). 

 
Table 4. The level of protein in kidneys 

Protein level (%) 15 19 Mean: 
Energy level (MJ) 12 14 12 14 

2.20 14.01 14.49 15.1 15.22 14.71 
3.30 14.37 15.57 14.41 14.61 14.74 

Mean: 14.19 15.03 14.755 14.915 
Protein effect 14.61 14.84  
Energy effect 14.48 14.97  

 
Table 5. Level of protein in the hearth muscle 

Protein level (%) 15 19 Mean: 
Energy level (MJ) 12 14 12 14 

2.20 17.49 17.61 18.5 19.07 18.14 
3.30 17.50 17.78 18.38 18.90 18.17 

Mean: 17.50 17.70 18.44 18.99 
Protein effect 17.59B 18.71A  
Energy effect 17.97 18.34  

 

The protein content in the heart muscle was not affected by protein meals so it can be 
concluded that the protein of the body was less involved in the mobilization of protein to 
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meet the needs of the protein during lactation. The protein content in the heart muscle is 
shown in Table 5. To the basis of Statistical analysis of results it can be noted that the level 
of protein in the muscle of the heart had a significant effect (P<0.01) to the levels of 
protein in sows feed while the energy levels in sow feed had no significant effect (P> 
0.05). 
 

Conclusion 
On the basis of the tests and the results it can be concluded that the level of protein and 
energy in the diet of lactating sows can influence the mobilization of protein from vital 
internal organs, especially the liver. The content of protein level in the liver was higher in 
sows fed with high levels of protein and energy. Sows that were fed diet with 750 g of 
protein and 60 MJ ME had a protein content in the liver of 18.86%, 14.19% in the kidney, 
and 17.50%. in the heart. Increasing the energy level of the food with 70 MJ ME causes  
increase of the protein content in vital internal organs, the liver 19.22%, kidney 15.03% 
and heart 17.70%. The content of protein in the internal organs was increased in diet with 
increased protein in the diet. At the protein level of 950 g and 60 MJ ME protein content 
amounts to 19.03% in liver, 14.41% in kidney and 18.44%. in the heart. With the increase 
of the energy level to 70 MJ ME the same level of protein leads to an increase of protein in 
internal organs, in the liver 19.58%, in the kidney 14.91% and 18.99% in the heart. 
Increasing the amount of food in the last stage of pregnancy had no significant impact on 
the content of protein levels of vital internal organs. 
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Abstract
Crude protein (CP) of forages can be separated into fractions of differentiated abilities to 
provide available amino acids in the lower gut of ruminants. This knowledge is critical to 
develop feeding systems and to predict animal responses. The objective of this research was 
to asses whether CP concentrations and the relative proportion of CP fractions by CNCPS in 
alfalfa (Medicago sativa L.) cv K-28 were affected by different cuts and vegetation stages. 
Fraction B2, which represents true protein of intermediate ruminal degradation rate, was the 
largest single fraction in all cuts except in the third cut. Soluble fraction A was less than 400 g 
kg-1 CP in all cuts except in the third cut, while the unavailable fraction C ranged from 56 g 
kg-1 CP in the first cut to 134.8 g kg-1 CP in the fourth cut. The remaining fraction B3 (true 
protein of very low degradation rate) only represented less than 60 g kg-1 of total CP. Results 
showed that undegraded dietary protein represented a small proportion of total CP in alfalfa 
from the first to the fourth cut. 

Key words: alfalfa, CNCPS, cut, protein 

Introduction 
Livestock enterprises are significant contributors to nonpoint sources of environmental N 
pollution because of their contributions to ammonia emissions and nitrate contamination of 
surface and ground water (NRC, 1993). Purchased feed, especially protein supplements, is a 
major source of imported nutrients and farm expenses on dairy farms (Klausner et al., 1998). 
Under these economic and environmental constraints, improving the efficiency of N 
utilization and thus reducing N excretion are very important to maintain the sustainability of 
dairy farms, and nutrition models became an effective farm management tool to accomplish 
these tasks (Dinn et al., 1998; Wattiaux and Karg, 2004). 

Milk production will be reduced when protein supplied by the diet is below energy-allowable 
milk production, which is affected by protein degradation rates (Fox et al., 2004). Feed 
protein fractionation systems have been integrated into nutrition models to account for 
differences in protein availability and utilization. The in situ techniques and schemes based on 
solubility in buffers and detergent solutions have been adopted by the NRC (2001) and the 
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Cornell Net Carbohydrate and Protein System (CNCPS; Fox et al., 2004) to measure protein 
fractions in feeds. 

In the CNCPS the CP (Crude Protein) of feeds for ruminants is divided into three fractions: 
the non-protein nitrogen (NPN, PA), the true protein (PB) and the combined protein (PC) 
(Sniffen et al., 1992), of which the true protein (PB) is further divided into PB1, PB2 and PB3.
The PA and PB1 are soluble in buffer and highly degradable, whereas PB3 and PB2 are 
combined with plant cell wall with different degradabilities in the rumen. Although the 
calculation of PA, PB1, PB2, PB3 and PC is based on the chemical analysis of the CP, the 
soluble crude protein (SCP), the neutral detergent insoluble crude protein (NDICP) and the 
acid detergent insoluble crude protein (ADICP) of feeds, PA, PB1, PB2, PB3 and PC have 
been closely related to the rumen degradation characteristics of feeds (Sniffen et al., 1992). 

The objective of this study was to determine the effect of cutting alfalfa at different periods of 
vegetation on protein fractions determined as CNCPS. 

Materials and methods 
The experiment was designed as a factorial trial, by randomized block system in three 
replicates. Samples of alfalfa, cv K 28 was taken on May 4th at mid-bud stage in the first cut, 
on June 6th at early flowering in the second cut, on July 6th at mid-bloom in the third cut and 
on August 8th at full bloom in the fourth cut. Dry matter was determined by drying out 
samples at 65º C and grinding and sieving them to 1 mm particle size. The samples were dried 
in an oven at 105º C for 6 h for dry matter determination.  

The CP of the samples was determined using Kjeldahl method. The NPN, NDICP, ADICP, 
SolP, TP (True protein) and IP (Insoluble protein) were determined by Licitra et al. (1996). 
The CP, NPN, SolCP, NDICP, ADICP, TP and IP were calculated as follows: 

CP = Total N x 6.25 

NPN = (Total CP – Residual CPNPN)/CP x 1000 

SolCP = (Total CP – Residual CP SolCP)/CP x 1000 

ADICP = Residual CPADICP/CP x 1000 

NDICP = Residual CPNDICP/CP x 1000 

TP = Residual CPNPN/CP x 1000 

IP = Residual CPSolCP/CP x 1000 

NPNSolCP = NPN/SolCP x 1000 

Where, CP is the crude protein, NPN - non-protein nitrogen (g kg-1 CP); SolCP, the soluble 
crude protein (g kg-1 CP); NDICP, the neutral detergent insoluble crude protein (g kg-1 CP); 
ADICP, the acid detergent insoluble crude protein (g kg-1 CP); TP – true protein (g kg-1 CP); 
IP – insoluble crude protein (g kg-1 CP) and NPNSolCP, (g NPN kg-1 SolCP-1).  

The CNCPS crude protein fractions of the samples, PA, PB, PB1, PB2, PB3 and PC were 
calculated based on CP, NPN, SolCP, NDICP, ADICP contents of samples according to 
Sniffen et al. (1992). 
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PA = NPN 

PB1 = SolCP – NPN 

PB2 = CP – SolCP – NDICP 

PB3 = NDICP – ADICP 

PB = 1000 – PA – PC 

PC = ADICP 

Where, PA refers to the non-protein nitrogen (g kg-1 CP); PB1, the rapidly degraded crude 
protein (g kg-1 CP); PB2, the intermediately degraded crude protein (g kg-1 CP); PB3, the 
slowly degraded crude protein (g kg-1 CP) and PC, the bound crude protein (g kg-1 CP). 

Data were processed by the analysis of variance in a randomized block design. Effects were 
considered different based on significant (P< 0.01) F ratio. 

Results and discussion 
The analyses of variance (Table 1) revealed a statisticaly significant effects of the cut on 
crude protein content in dry matter of alfalfa. The cut was an important source of variability 
for all investigated protein fractions. Alfalfa had the highest content of crude protein at mid-
bud stage in the first cut (199.1 g kg-1 DM) and the lowest content of CP at mid-bloom stage 
in the third cut. This is in agreement with Taylor and Quesenberry (1996) who reported that in 
early spring young plants of alfalfa have a large proportion of leaves, a high moisture content, 
protein and minerals. 

The highest contents of NDICP and ADICP were in full-bloom stage in the fourth cut. Yari et 
al. (2012) concluded that alfalfa at the flowering stage had higher content of NDF, ADF and 
NDICP compared to alfalfa at early and late bud stage. The contents of IP were similar in the 
first and the second cut of alfalfa, but the lowest content was observed at the mid-bloom stage 
in the third cut. The values for buffer soluble CP in alfalfa were slightly lower than those 
reported by Sniffen et al. (1992) and Yari et al. (2012) for spring growth in alfalfa. Results in 
this investigation showed that all content of SolCP is represented by NPN. 

Table 1. Content of crude protein fractions in alfalfa, cv K 28, g kg-1 CP 

Cut CP NDICP ADICP IP SolCP TP NPN NPNSolCP

I 199.1a 104.0c 55.9d 653.6a 346.3c 588.1b 411.8c 1000.0a

II 198.3ab 120.6b 90.7b 656.8a 343.5c 675.4a 324.5d 942.8b

III 182.2c 77.5d 70.6c 496.8c 503.1a 471.1d 528.9a 1000.0a

IV 198.0b 194.6a 134.8a 629.1b 370.8b 553.3c 454.9b 1000.0a

Different letters denote significantly different means (P< 0.01) 

In models designed to asses utilization of dietary protein by ruminants, it is assumed that most 
of the soluble protein (PA and PB1) is completely degraded in the rumen, and varying 
proportions of insoluble fractions (PB2, PB3 and PC) escape ruminal degradation depending 
on the interactive effects of digestion and passage (Sniffen et al., 1992). Because various 
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protein fractions differ in rate and extent of ruminal degradation, the proportions of these 
different protein fractions in alfalfa are believed to influence the amounts of ruminally 
degraded and escape protein consumed by animals (Elizalde et al., 1999). The results of these 
protein fractions by CNCPS are presented in Table 2. 

Table 2. Content of crude protein fractions in alfalfa, cv K 28 by CNCPS, g kg-1 CP 

Cut PA PB PB1 PB2 PB3 PC
I 346.3c 597.7a 0.0b 549.5a 48.1a 55.9d

II 323.8c 585.7a 19.3a 536.1a 29.9b 90.7b

III 503.1a 426.3c 0.0b 419.4b 7.0c 70.4c

IV 370.8b 494.3b 0.0b 434.5b 59.9a 134.7a

 Different letters denote significantly different means (P< 0.01) 

The results indicate that alfalfa cut at mid-bloom stage in third cut had the highest rapidly 
degradable NPN fraction-PA fraction of crude protein. The highest content of undegradable 
PC fraction, associated with the lignin and cell wall was observed at full-bloom stage in the 
fourth cut. The slowly degradable PB3 fraction associated with the plant cell wall was the 
lowest at mid-bloom stage of alfalfa in the third cut. PB2 fraction, which is intermediately 
degradable in the rumen was the highest protein fraction in all the cuts of alfalfa. Values for 
this fraction were similar in the first and the second cut, but higher than values for PB2
fraction in the third and the fourth cut. 

The protein fractions of alfalfa in this study differed from tabular values in NRC (2001). 
Fraction PA was higher, fraction PB (PB = PB1 + PB2 + PB3) was lower and fraction PC was 
higher that the tabular value in NRC (2001), except for the value of PC fraction in the first 
cut. Sniffen et al. (1992) found that the fraction PB2 was the largest CP fraction in alfalfa, 
with a mean value of 41% of the total CP, which is in agreement with our results in the third 
and the fourth cut. Elizalde et al. (1999) reported a PB2 value of 51.6% of the total CP in 
alfalfa, which is in agreement with our results in the first and the second cut. The values for 
PB3 fraction of alfalfa in this study were similar to the results obtained by Elizalde et al. 
(1999) who reported that this value amounted to 3% of CP in alfalfa. From a nutritive point of 
view, PC fraction appears to be essentially indigestible and the amount apparently digested is 
poorly used by ruminant animal (Sniffen et al., 1992). In this study, the proportion of fraction 
PC averaged approximately 9% of the total CP which is higher than the results obtained by 
Cherney et al. (1992) for alfalfa (1.8-4.6% CP). 

Conclusion
Cutting alfalfa at different cuts and different vegetation stages had profound influence on the 
protein fractions as determined by CNCPS. The present data indicate that alfalfa from 
different cuts and different vegetation stages differ in proportions of protein fractions, which 
account for different rumen degradation characteristics. 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

294

Acknowledgements 
Research was financed by the Ministry of Education, Science and Technological 
Development of the Republic of Serbia, TR 31057. 

References 

1. Cherney DJR., Volenec  JJ and Cherney JH 1992. Protein solubility and degradation in vitro 
as influenced by buffer and maturity of alfalfa. Anim. Feed Sci. technol, 37, 9-20. 

2. Dinn NE, Shelford JA and Fisher LJ 1998. Use of the Cornell Net Carbohydrate and Protein 
System and rumen-protected lysine and methionine to reduce nitrogen excretion from lactating 
dairy cows. Journal of Dairy Science, 81, 229-237. 

3. Elizalde JC, Merchen NR and Faulkner DB 1999. Fractionation of fiber and crude protein in 
fresh forages during the spring growth. J. Anim. Sci., 77, 476-484. 

4. Fox DG, Tedeschi LO, Tylutki TP, Russell JB, Van Amburgh ME, Chase LE, Pell AN and 
Overton TR 2004. The Cornell Net carbohydrate and protein System model for evaluating 
herd nutrition and nutrient excretion. Animal Feed Science and Technology. 112, 29-78. 

5. Klausner  SD, Fox DG, Rasmussen CN, Pitt RE, Tylutki TP, Wright PE, Chase LE and Stone 
WC 1998. Improving dairy farm sustainability I: An approach to animal and cop nutrient 
management planning. J. prod. Agric, 11, 225-233. 

6. Licitra G, Hernandez TM and Van Soest PJ 1996. Standardization of procedures for nitrogen 
fractionation of ruminant feeds. Animal Feed Science Technology, 57, 347-358. 

7. NRC 1993. Soil and water quality: An agenda for agriculture. National Academic Press, 
Washington, DC. 

8. NRC 2001. Nutrient Requirements for Dairy Cattle. National Academic Press, Washington, 
DC. 

9. Sniffen CJ, O’Connor DJ, Van Soest PJ, Fox DG and Russell JB 1992. A net carbohydrate 
and protein system for evaluating cattle diets. II: Carbohydrate and protein availability. J. 
Anim. Sci., 70, 3562-3577. 

10. Taylor NL and Quesenberry KH 1999. Red clover science. Kluwer, Academic Publishers. 

11. Wattiaux  MA and Karg KL 2004. Protein level for alfalfa and corn silage-based diets: II. 
Nitrogen balance and manure characteristics. Journal of Dairy Science. 87, 3492-3502.  

12. Yari  M, Valizadeh R, Naserian AA, Ghorbani GR, Moghaddam PR, Jonker A and Yu P 2012.
Botanical traits, protein and carbohydrate fractions, ruminal degradablity and energy contents 
of alfalfa hay harvested at three stages of maturity and in the afternoon and morning. Anim. 
Feed Sci. Technol., 172, 162-170. 



295

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

Original paper 
 
 
 
 

EFFECT OF DIFFERENT LEVELS OF LAVANDULA STOECHAS ESSENCE ON 
PRODUCTION PERFORMANCE AND EGG QUALITY OF LAYING HENS 

Salari S.*1, Taki A.1, Bojarpour  M.1, Sari M.1, Taghizadeh M.2

1Ramin Agriculture and Natural Resources University, Molasani, Ahwaz, Iran 
2Medical University of  Kashan, Isfahan, Iran 
*Corresponding author: somayehsallary@yahoo.com 

Abstract  
The objective of this study was to evaluate the effects of different levels of Lavander stoechas 
essence on performance and egg quality of laying hens for 8 weeks. This experiment was 
conducted with 160 Hy-Line (W36) laying hens (30 wks of age), randomly divided into 4 
experimental groups, 5 replicates and 8 birds per each (2 cages for each replicate and 4 birds 
in each cage). Treatments were control (without Lavander essence), and levels of  200, 400, 
and 600 ppm Lavander essence. All hens were provided the layer diets (2870 kcal/kg ME and 
15.5 % CP) ad- libitum and received 16 h of light/ 8 h of dark. Performance parameters 
including egg weight and egg production were recorded daily and feed intake, feed conversion 
ratio (grams of feed:grams of egg) and egg quality were measured weekly. The following 
characteristics were recorded for the individual eggs: weight, shape index, eggshell breaking 
strength, shell thickness, yolk color, and Haugh unit. Levels of 200 and 400 ppm of Lavander 
essence showed a significant increase in production percentage and egg weight but these 
parameters decreased at level of 600 ppm. Feed intake was highest for control, 200 and 400 
ppm essence dietary levels but level of 600 ppm showed significant decrease. Addition of 
essence to the diet had no effect on FCR. Shape index and Haugh unit were not significantly 
affected by the treatments. Higher yolk color score was observed in treatments containing 
Lavander essence in comparison with control (p<0.05). Levels of 200 and 400 ppm essence 
increased significantly egg shell quality including thickness, weight and shell breaking 
strength. The results showed that the addition of essences of Lavender up to 400 ppm 
increased production performance and improved egg quality.  

Key words: egg quality, Lavender essence, laying hens, performance 
 

Introduction 
In the commercial egg type chicken industry profits depend on the cost and nutritive value of 
the feed. One of the promoting enhances productive performance of layers are antibiotics. 
Antibiotics have been used as growth promoting substance. However, the use of antibiotics as 
feed additives is risky due to not only cross-resistance but also to multiple resistances in 
pathogens (Bach Knudsen, 2001; Schwarz et al., 2001). Consequently, the animal feed 
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industry is under increasing consumer pressure to reduce the use of antibiotics as a feed 
additive and to find substitutes for antibiotics in the diet (Hertrampf, 2001; Humphrey et al., 
2002). Many scientists have searched for alternatives to antibiotics (Langhout, 2000; Mellor, 
2000; Wenk, 2000; Kamel, 2001). Recently, it has been found that natural additives such as 
herbs and edible plants have some properties as growth enhancers to replace antibiotics. These 
additives are given to animals or birds to improve their physiological and productive 
performance. The antimicrobial effect of the medicinal plants is well documented (Valero and 
Salmeron, 2003). Lavander stoechas is a flowering plant in the family of Lamiaceae. The 
medicinal parts are the essential oil from the fresh flowers and/or the inflorescence, the 
flowers collected just before opening and dried, the fresh flowers and the dried flowers. 
Lavender oil has been reported to contain more than 100 components. The essential oil (1 to 
3%) of Lavandula is rich in linalool and linalyl acetate. Further aroma components are -
ocimene, cineol, camphor and caryophyllene epoxide. Linalyl acetate is the major compound 
found in flowers. The plant contains also rosmarinic acid, and coumarin. Because no 
information is available about the administration of Lavandula in laying hens diet, this 
experiment was conducted to investigate the effect of using Lavander stoechas as additive on 
productive traits and egg quality traits of laying hens. 

 

Material and methods 
Birds and housing 
One hundred and sixty Hy-Line (W36) laying hens (30 wks of age) were individually weighed 
and randomly housed in cages and allotted for four dietary treatment groups of five replicates 
and six birds in each replicate for ten weeks (three birds in each cage and two cages for each 
replicate). Two weeks were for adaptation and eight weeks for sampling. The birds were 
maintained under commonly 16 h light:8 h dark cycle throughout the experimental period. 
Hen house temperature was 17- 20°C during the experiment. Feed and water were offered ad-
libitum. Treatments were basal diet (Corn-Soybean diet with 2870 kcal/kg ME and 15.5 % 
CP) and increasing levels of Lavander stoechas essence (200, 400 and 400 ppm) added to 
basal diet. The experimental diets were in mash form and formulated to meet or exceed NRC 
(1994) recommendations. 

Productive and egg quality traits 
Egg production performance was expressed as a percentage of hen-day egg production. 
During the entire experimental period, eggs from each replicate were collected daily and 
weighed to determine average egg weight. Feed intake was recorded on a weekly basis. Egg 
mass and feed conversion ratios were calculated as below:  

Daily egg mass (g/hen) = hen-day egg production (%) × egg weight (g)/100.  

Feed conversion ratio (g feed/g egg) = daily feed intake (g/hen)/daily egg mass (g/hen). 

To evaluate egg quality, 10 eggs from each treatment every week were randomly collected. 
Eggs were weighed individually, then broken and the inner contents were placed on a leveled 
glass surface to determine the inner egg quality.  

Eggshell thickness, eggshell strength, yolk colour score, Haugh unit (HU) and albumen height 
as egg quality parameters were examined. When determining egg quality characteristics, the 
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samples of eggs were individually weighed at initiation, and then egg shell breaking strength 
was measured using egg shell tester equipment (Futura resistant tool), and expressed as unit of 
compression force exposed to unit egg shell surface area (kg/cm2). Then, eggs were cracked 
and carefully separated from the shells. Egg shell thickness (with membrane) was measured at 
three different points (i.e. the top, middle and bottom) using a micrometer (model IT-014UT, 
Mitutoya, Kawasaki, Japan). The average of three different thickness measurements from each 
egg was used to describe egg shell thickness. The shell was weighted and the relative 
proportion of shell was determined. Albumen height was measured by Futura equipment. A 
Haugh unit was calculated according to the formula given as follows:  

Haugh unit = 100 log [albumen height (mm) + 7.57 - 1.7 egg weight 0.37 (g)] 

Yolk colour was determined according to the Roche Yolk Colour fan. 

All the results were statistically analyzed by General Linear Models (GLM), one way analysis 
of variance, using SAS software (SAS Institute, 1999). Differences among means were 
separated using Duncan’s multiple range test (Duncan, 1955). 

 

Results and discussion 
Productive traits 
Table 1. Effect of treatments on performance parameters of laying hens during the experiment

Level of 
essence (ppm) 

Egg Weight (g) Production 
Percentage (d/h) 

Feed Intake 
(g/h/d) 

Feed Conversion 
Ratio 

0 57.30b 87.18ab 100.4a 2.01 
200 58.47a 88.03a 100.2a 1.92 
400 58.44a 87.12ab 99.4a 1.96 
600 57.25b 85.58b 94.6b 1.92 

SEM 0.41 2.16 1.87 0.05 
a,b Column means with different superscripts differ significantly (P < 0.05) 

The productivity data of laying hens are summarized in Table 1. Data from Table 1 indicate 
that egg weight during the experiment was significantly affected by treatments. It can be 
observed from this table that hens fed 200 and 400 ppm of Lavandula essence had higher egg 
weight when compared with other treatments. Supplementation layer diet with different levels 
of Lavandula essence had no significant effect on production percentage compared to the 
control. But as numerical, the highest production percentage was found in 200 ppm essence 
that had significant effect with 600 ppm. 

Supplementation layer diet with different levels of Lavandula essence had a significant effect 
on the amount of feed intake through the experiment. Hens fed the levels of 200 and 400 ppm 
of essence and control diet had significantly (p<0.05) greater feed intake than hens fed diet 
supplemented with 600 ppm essence. However, there was no significant (p>0.05) difference in 
feed intake between hens fed control and essence up to 400 ppm (Table 1). Feed conversion 
ratio was not affected by the treatments (p>0.05). The results of this experiment are in 
accordance with the results of Hassan et al. (2011) that observed increase in egg weight, feed 
intake and production percentage by using Eucalyptus powder in the diets of quail. Previous 
studies reported that plant extract supplementation to diet showed different effect on egg 
production and egg quality of laying hens. This might stem from the amount of plant extract 
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and the source of it. Our findings related to egg production traits did not confirm some earlier 
works that indicated beneficial effects from essential oils in the diets for laying hens. In our 
study, egg weights of 200 and 400 ppm essence were significantly higher compared to control 
treatment. Bozkurt et al. (2009) showed that mixture of essential oil supplementation in diet 
did not affect egg production and egg weight of broiler breeders. In another study (Botsoglou
et al., 2005), the effects of dietary aromatic plant extracts on the laying performance of hens 
from 32 to 40 wk of age were investigated and the results showed no significant differences in 
egg production and egg weight among the treatment groups. 

Egg quality traits 
Table 2. Effects of treatments on egg quality of laying hens during the experiment

Level of 
essence 
(ppm) 

Haugh unit Egg yolk 
colour 
score1 

Breaking 
strength 
(kg/cm2) 

Eggshell 
thickness 

(mm) 

Eggshell 
weight (g) 

Eggshell 
weight ratio 

(%) 
0 79.84 6.06b 1.67c 0.341b 5.66b 9.87b 

200 80.76 7.46a 2.22a 0.374a 6.20a 10.60a 
400 81.36 7.31a 2.04ab 0.368a 5.97ab 10.20ab 
600 79.70 7.03a 1.88bc 0.353b 5.86b 10.23ab 

SEM 1.18 0.17 0.094 0.120 0.12 0.35 
a,b Column means with different superscripts differ significantly (P < 0.05); 1 Roche yolk colour score: 1 light 
yellow; 15 orange 

Supplementation layer diet with different levels of Lavandula essence had no significant effect 
on Haugh unit (Table 2). Egg yolk colour was affected by dietary treatments. Yolk colour of 
the essence groups was higher compared to the control. The outer egg quality parameters 
(eggshell weight, eggshell thickness, eggshell weight ratio and eggshell strength) were 
affected by dietary treatments (p<0.05) (Table 2). Layers fed diets supplemented with 200 
ppm essence had highest eggshell weight among treatments. Eggshell weight ratio was 
significantly increased by increasing levels of essence in the diet (p<0.05). Layers fed diets 
supplemented with Lavandula essence (200 and 400 ppm) had thicker egg shell, while the 
lowest one was detected for control diet and 600 ppm essence. Layers fed diets supplemented 
with 200 ppm essence had highest breaking strength among treatments. The results of our 
study showed significant differences in eggshell weight, eggshell weight ratio, eggshell 
thickness, eggshell strength and egg yolk colour among treatments. However, there were no 
significant differences in Haugh unit score. Since there is not enough information about 
lavandula essence on egg quality of layers we use the results of other plant extracts in poultry 
nutrition. Results reported herein are in agreement with those reported by Bacha et al. (1997) 
saying that anise is rich in mineral elements what plays an important role in increased egg 
shell intensities. In contrast with the result of our study, there are several studies that oregano 
essential oil supplementation in diet did not affect eggshell thickness (Botsoglou et al., 2005). 
On the other hand, Haugh unit results of our study agree with the results of Botsoglou et al. 
(2005) who reported that Haugh unit score was not affected by oregano essential oil 
supplementation of diet.  

Conclusion
Lavandula essence showed a significant positive effect on performance of layers up to 400 
ppm in diet.  Moreover, Lavandula essence supplementation in diet increased eggshell quality 
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of layers. Collectively, these findings suggest that Lavandula essence supplementation in 
commercial layer diets might be beneficial up to 400 ppm. More detailed studies are still 
needed to determine the function of Lavandula essence supplementation to laying hen diets. 
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Abstract
This experiment was conducted to investigate the effects of different doses of cadmium on 
fermentation characterization and nutrient digestibility using dual flow continuous culture 
system. Eight dual-flow, continuous culture fermenters were used in 2 replicated periods of 
10 d (7 d of adaptation and 3 d of sampling). Fermenters were inoculated with a 
composited ruminal fluid from 3 beef steers fed a high concentrate diet for at least 2 mo 
before the beginning of the trial. Anaerobic conditions were maintained by the infusion of 
N2 at a rate of 40 mL/min. Temperature (38.5°C) and liquid (10%/h) and solid (5%/h) 
dilution rates were kept constant. Fermenters were fed daily with 120 g dry matter in three 
equal portions. Treatments arranged as complete randomized block design with control and 
addition three levels of cadmium (0.1, 1 and 10 mg/l) to the high concentrate diet (15:85 
forage to concentrate ratio). Organic matter, dry matter, NDF and ADF digestibility 
significantly decreased with the addition of 1 and 10 mg/l cadmium to the culture media 
compered to control treatment (P<0.05). Cadmium significantly decreased total volatile 
fatty acids concentration, acetate proportion and acetate to propionate ratio. Propionate and 
butyrate proportion increased significantly in response to cadmium addition (P<0.05). 
Concentration of NH3-N was significantly decreased in 1 and 10 mg/l cadmium treatments 
compared with control treatment. The results of this study suggest that cadmium in doses 
of 1 mg/l or more had strong inhibitory effect on mixed rumen microorganisms. 

Key words: Cadmium, Digestibility, Rumen fermentation, Toxicity. 

Introduction 
Heavy metals are well known to be toxic to most organisms when present in excessive 
concentrations (Giller et al., 1998). Cadmium, a heavy metal, is a member of group IIb in 
the periodic table of elements which is present in soils, sediments, air and water (Stoeppler, 
1991). Cadmium (Cd) is a non-essential heavy metal which accumulates in mammals and 
is potentially toxic to both humans and animals. It accumulates in many agricultural crops, 
mainly as a result of phosphate fertilizer and sewage sludge use, and presents a significant 
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risk to humans consuming high levels of food products from hyper accumulators, such as 
offal products derived from grazing animals (Wilkinson et al., 2003). Cadmium is 
transported into microorganisms by the energy-dependent manganese or magnesium 
transport systems (Nies and Silver, 1999). Cd is highly toxic (Babich and Stotzky,1977). It 
competes with and replaces other functional metals inside cells (Hughes and Poole, 1989). 
It also brings about the denaturation of proteins, inhibits bacterial respiration and proton–
solute cotransport, and causes single-stranded breaks in cellular DNA (Cunningham and 
Lundie, 1993). Many microorganisms have evolved mechanisms to tolerate and overcome 
Cd toxicity. A major mechanism for heavy metal resistance involves alterations in the 
membrane transport system of an organism, resulting in the reduction or denial of entry of 
Cd into the organism (Laddaga et al., 1985). Alternatively, the intracellular or extracellular 
sequestration of heavy metals by adsorption to cell walls (Mullen et al., 1989) or by 
binding to a specific biopolymer results in tolerance to heavy metal toxicity (Kurek et al., 
1991). Heavy metals can be stimulatory, inhibitory, or even toxic for biochemical reactions, 
depending on their concentrations (Gikas and Romanos, 2006). The presence of many 
metals is required in trace amounts for the activation or functioning of many enzymes and 
coenzymes. Excessive amounts, however, can lead to inhibition or toxicity (Juliastuti et al., 
2003). The various mechanisms of metal toxicity in microorganisms are (1) substitutive 
ligand binding, (2) redox reactions with sulfur groups, (3) Fentontype reactions, (4) 
inhibition of membrane-transport processes, and (5) electron siphoning (Harrison et al., 
2007). The aim of this study was to detect the toxic effect of cadmium on rumen microbial 
fermentation and nutrient digestibility using dual flow continuous culture system. 

Material and methods

Apparatus and experimental design
Eight dual-flow continuous culture fermenters (Hoover et al., 1976) were used in 2 
repeated periods of 10 d each (7 d of adaptation, 3 d of sampling). Fermenters were 
inoculated with a composited ruminal fluid taken after slaughter from 3 beef cattle fed a 
high-concentrate diet. Donor animals were therefore different in each period. Temperature 
(38.5°C) and liquid (0.10/h) and solid (0.05/h) dilution rates were maintained constant. 
Anaerobic conditions were maintained by the infusion of N2 at a rate of 40 ml/min. 
Artificial saliva (Weller and Pilgrim, 1974) was continuously infused into flasks and 
contained 0.4 g/l of urea to simulate recycled N. Fermenters were fed 97g of DM/d in 3 
equal portions, at 08:00, 16:00, and 24:00 h. 

Treatments arranged as complete randomized block design with control and addition three 
levels of cadmium (0.1, 1 and 10 mg/l) to the high concentrate diet (15:85 forage to 
concentrate ratio). 

Sample collection, processing and chemical analysis
During sampling days, collection vessels were maintained at 4°C to impede microbial 
action. Solid and liquid effluents were mixed and homogenized for 1 min, and a 500-ml 
sample was removed via aspiration. Upon completion of each period, effluent from the 3 d 
of sampling was composited and mixed within fermenter and homogenized for 1 min. 
Subsamples were taken for total N, ammonia-N, and VFA analyses. The remainder of the 
sample was dried. Dry samples were analyzed for DM, ash, NDF and ADF. 

Dry samples were ashed overnight at 550°C in a muffle furnace (AOAC 1990; ID 942:05). 
Ether extract was analyzed by Soxhelet, and total N was determined as described by 
AOAC (1990; ID 976.05) procedures. The NDF were analyzed sequentially by the 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

302

detergent system (Van Soest et al., 1991). Samples for VFA were prepared using 4-
methylvaleric acid (Aldrich Chemical Company, Milwaukee, WI, USA) as the internal 
standard. The analysis was performed by GLC using a polyethylene glycol 
nitroterephthalic acid-treated capillary column. A 4-ml subsample of filtered fluid was 
acidified with 4 ml of 0.2 N HCl and frozen. Samples were centrifuged at 25000 × g for 20 
min, and the supernatant was analyzed for ammonia-N (Chaney and Marbach, 1962). 

Statistical analysis 
Data were analyzed as a randomized block design using PROC MIXED of SAS (version 
8.1; SAS Inst., Inc., Cary, NC). Differences in average between treatments were declared 
at P <0.05 using Tukey’s multiple comparison test, and least squares means for treatments 
are shown. 

Results and discussion 

Table 1. Effects of Cadmium on Apparent nutrient digestibility in continuous culture

Parameters Control 0.1 mg Cd/l 1.0 mg Cd/l 10 mg Cd/l SEM P value 
DM 53.2a 52.1a 50.8b 22.6c 1.40 0.001 
OM 47.8a 46.4a 45.3b 18.4c 1.01 0.001 
NDF 40.1a 39.6a 36.2b 14.3c 2.12 0.001 
ADF 38.4a 38.2a 34.9b 11.6c 2.33 0.001 

a,b,c Means within a row with different superscripts differ (P < 0.05) 

Addition of 1 and 10 mg Cd/l significantly decreased apparent dry matter, organic matter, 
NDF and ADF digestibility. Low level of Cd (0.1 mg Cd/l) had no significant effect on 
nutrient digestibility. It has been reported that sensitivity of ruminal bacteria to heavy 
metals is depends on bacterial species and conditions which affect their metabolic activity 
(Faixová and Faix, 2002; Mihaliková et al., 2009). Individual species of rumen bacteria 
differed from one another in their sensitivities to various heavy metals (Forsberg, 1978). 
Salem et al (2010) reported when the inhibitory effect of Cd was examined on separated 
bacterial and protozoal fractions, it was more inhibitory to bacteria. 

Although Cd is extremely toxic, some bacteria can overcome its adverse effects or resist its 
presence at low concentrations. Divalent ion transport systems are normally required to 
transport essential metals such as magnesium, phosphate, and sulfate (Laddaga et al., 1985). 
Nutrient metal transport systems are often up-regulated in times of need or starvation. An 
adverse consequence of this is the co-transport of other cations that may be toxic to the 
organism. Sensitive bacteria can accumulate 3 to 15 times more Cd(II) than resistant 
bacteria (Laddaga et al., 1985). Cadmium resistance occurs through all of the biochemical 
resistance mechanisms with the exception of enzymatic detoxification. This metal will not 
move out of the cell; instead they will remain to undergo oxidation back to its original 
form (Nies, 1992). Resistance to Cd(II) can be mediated by chromosomes, plasmids, or 
transposons (Lebrun et al., 1994). The most prominent metal resistance system for Cd(II) is 
by effux pumps. The reduction in nutrient digestibility at levels of 1 and 10 mg Cd/l 
concentration showed that mixed rumen anaerobic microorganisms could not tolerate these 
levels of heavy metal and the digestion process corrupted by addition of Cd. The results is 
supported by the investigation conducted by Yue et al., (2007) reported severe decrease in 
anaerobic digestion of cattail by the 1.6 mg/l Cd addition to the culture medium. 
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Table 2. Effects of Cadmium on total and individual volatile fatty acids (VFA) and ammonia 
nitrogen in continuous culture 

Parameters Control 0.1 mg 
Cd/l

1.0 mg 
Cd/l

10 mg 
Cd/l SEM P value 

Total VFA, mM 112.1a 105.2b 103.6b 41.3c 5.3 0.001 
VFA, mol/100 mol  
    Acetate 52.5a 44.6b 41.3bc 36.9c 2.35 0.004 
    Propionate 24.4d 28.9c 30.5bc 33.4a 1.97 0.009 
    Butyrate 17.2c 19.9b 21.2b 24.0a 1.38 0.021 
    Valerate 2.35 3.44 3.88 3.49 0.71 0.039 
    Isovalerate 3.61a 3.07a 3.14a 2.14b 0.58 0.019 
C2:C31 2.15a 1.54b 1.36bc 1.11c 0.17 0.001 
NH3-N, mg/100 ml 13.1a 10.5b 5.45c 4.12c 1.39 0.001 

a,b,c Means within a row with different superscripts differ (P < 0.05); 1C2:C3 = acetate to propionate ratio 

Addition of Cd affected total VFA concentration, and the molar proportions of acetate and 
propionate (P < 0.05; Table 2). Total VFA concentration decreased with increasing level of 
Cd in the culture medium. Molar proportion of acetate (mol/100mol) was greatest in the 
control diet (52.5) followed by 0.1 mg Cd/l (44.6), 1 mg Cd/l (41.3) and 10 mg Cd/l (36.9) 
having the lowest acetate proportion among treatments. Propionate concentration was 
lowest in the control treatment and greatest in 10 mg Cd/l, and consequently acetate to 
propionate ratio was highest and lowest in control and 10 mg Cd/l treatment, respectively. 

Data are lacking investigating the effects of Cd on VFA concentration and proportion. The 
results are probably due to the effects on different microorganisms fermenting different 
substrates. Forsberg (1977) reported resistance in Streptococcus bovis and Megasfera 
elsdenii to mercury. These microorganisms are able to ferment glucose to propionate. 
However at low concentrations, Cd had a stimulatory effect on some ruminal enzymes 
(Faixová and Faix, 2002). Nies (1999) showed that resistance to Cd in bacteria is based on 
Cd efflux and our results suggest that, due to their high toxic effects, Cd has limited 
beneficial effects on rumen bacteria. More research in needed for conclusion. 

Cd addition significantly decreased NH3-N concentration. Reduction in urease activity of 
rumen microorganisms in the presence of Cd reported by Faixova and Faix (2002). In the 
conditions of the present experiment, it is likely that the reduced protein degradation may 
be related to the reduction in the digestibility of fiber associated with the protein within 
feeds. The undigested fiber within feeds will reduce the access of bacteria and enzymes to 
the protein, and therefore reduce protein degradation (Devant et al., 2000).  

Conclusion 
Cadmium addition to the culture medium significantly decreased nutrient digestibility and 
VFA production. The results of this study suggest that cadmium has strong inhibitory 
potential on mixed rumen microorganisms and feedstuff pollution with this metal could 
seriously interfere with normal rumen microbial fermentation. 
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Abstract  
The paper presents testing results of three silage combines employed in maize silage 
preparation in Toplica region. It is focused on determination of technical working 
parameters of tested machines. Achieved results verified the superiority of silage combine 
John Deere 5820, which produced the chopped mass having particle lengths of the 
smallest deviation with respect to the preset cutting length. In this case, the average length 
of chopped mass was 9.9 mm, having 69 % mass in the range up to 8 mm. The other two 
silage combines produced lower mass percentage of this fraction and larger variations of 
particle lengths with respect to the preset length. Minimum mass flow rate was evidenced 
for the silage combine Fortschrit E-286: 7.3 kg s-1 (26.3 t h-1) and the surface productivity 
of 0.83 ha h-1, at the average speed of 4.0 km h-1. Maximum production rate was achieved 
with silage combine John Deere 5820: 10.9 kg s-1 (39.1 t h-1) at average working velocity 
of 4.7 km h-1 and surface efficiency of 1.21 ha h-1.  

Key words: combine, mass flow rate, operational productivity, silage, work quality  
 

Introduction 
Maize silage is popular forage, mainly used in ruminant nutrition to substitute expensive 
concentrated food. Many factors affect the quality of prepared fodder, including climatic 
conditions during the season, temperature during preparation, as well as the state of the 
crop used for silage production (Ball et al., 2001). Nowadays, a variety of different types 
of silage combines exists, Petrovi  et al., 2012. Depending on particular circumstances, 
like crop yield and species, terrain conditions, etc., specific harvester system can be used: a 
tractor-powered machine, self-propelled combine or a self-loading forage wagon system. 
To make an optimal choice of applied system, relevant and reliable information is 
necessary (Marsh, 2011).  

Relying on the adequate value of preset cutting length, forage harvester John Deere 5830 
can provide high-quality chopped material (Jonhson et al., 2002). Preparation of high-
quality silage demands application of adequate machines that ensure proper mass 
distribution of specific fractions with respect to chopping length of ensiled plants (Ott, 
2000; Lisowski, 2006; Van and Heinrichs, 2008). Srivastava et al. (2006) claimed that 
proper selection and definition of governing parameters and choice of silage combine type 
should result in reaching the upper limit of the possible machine mass flow rate.  
Koprivica et al. (2007) reported that silage combine Fortschritt E-281C at working speed 
of 2.2 km h-1 has achieved a mass flow rate of 6.6 t h-1 and surface productivity of 0.76 ha 
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h-1. Increasing the operational velocity to 2.8 km h-1 gave higher capacity (9.0 t h-1) and 
surface productivity of 0.95 ha h-1. Calvin (2007) reported that silage combines are 
designed for easy and efficient harvest of silage crop, which reduces share of human labor 
in time and allow optimal mass distribution of silage particles chopping lengths. 
Stanimirovi  et al. (2008), found that forage harvester Fortschrit E-286, with preset 
chopping length of 8 mm and operating speed of 4.1 km h-1, achieved average mass flow 
rate of 7.2 kg s-1 (26.1 t h-1) and surface productivity of 0.86 ha h-1. According to Koprivica 
et al. (2009) harvester John Deere 5820 reached average daily performance of 7.25 ha. At 
average operating speed of 3.5 km h-1 combine achieved mass flow rate of 30.9 t h-1. As it 
was expected, increasing the working speed to the maximum (4.5 km h-1) resulted in higher 
productivity - 37.4 t h-1.  

Four different factors can limit machine capacity depending on field conditions and 
operation: power, mass flow capacity, speed and traction (Buckmaster, 2009). Potkonjak et 
al. (2010) reported that silage combine Krone Big X V8 achieves surface productivity of 
2.79 ha h-1, while the harvester John Deere 6810 reached only 1.4 ha h-1. With preset cut 
length of 8 mm, combine Krone gave the average cut length of 9.8 mm, while the combine 
John Deere 6810 provided the cut length of 12.3 mm (preset value was 11 mm).  

Stanimirovi  et al. (2009) analysed maize ensiling by silo-combine Zmaj 350. At average 
harvester speed of 5.1 km h-1, they found surface productivity of 1.09 ha h-1 and mass flow 
rate of 9.1 kg s-1 or 32.9 h t-1. However, at smaller velocity of 4.5 km h-1 the mass flow rate 
was only 7.2 kg s-1 (25.8 t h-1). Mohammad et al. (2013) proposed the application of 
sensors to monitor the flow rate of harvested mass and reported that their accuracy was 
about 95%.  
 

Materials and methods 
Testing the work quality of silage combines Fortschritt E-286, Zmaj 350 and John Deere 
5820 has been conducted in the Toplica region during 2013. All three self-propelled 
harvesters have been employed in maize silage preparation in the vicinity of village 
Zitoradja (43°11'14 "N, 21°42'28" E).  

Primarily, test plots were planted by maize hybrid ZP-704. In all analysed cases, 
experimental data were obtained through 5 repetitions. Necessary adjustments of silage 
combines and presetting of the chopping length to 8 mm were carried out within the 
second phase of experiment. The length distributions of the chopped mass were determined 
by subsequent measurement and classification in the appropriate length fractions of the 5 
kg of chopped mass taken from the transport trailer.  

Mass flow rate was measured by capturing chopped mass after leaving combines within 
the specified time interval. The mean operating speed was determined by measuring the 
time of combine traveling between the two fixed points having mutual distance of 100 m. 
Final values were calculated by averaging five replicates. The aim of this study was to 
determine the work quality of tested silo-combines in the agro-ecological region of 
Toplica.  

Results and discussion 
Data presented in Table 1 show that silage combines were tested in similar conditions. The 
average yields were in the range between 23.91 t ha-1 and 24.49 t ha-1, and the average 
heights of corn stalks were in the range from 2,560 to 2,732 mm. Numbers of plants per 
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hectare were in the range from 58,940 to 59,210. Moisture of the maize biomass during the 
ensiling process ranged between 69.9 % and 71.4 %.  

Table 1. Technical characteristics of silage harvesters and experimental conditions  

Parameters 
Type of silage harvesters 

Fortschritt 
E-286 

Zmaj 
350 

John Deer 
5820 

Number of rows / / 3 4 
Length [m] 7.97 5.73 7.62 
Width [m] 3.14 2.51 3.30 
Mass [kg] 5,260 4,800 7,711 

Chopping device type / Cylinder with 
knives 

Cylinder with 
knives 

Cilinder with 
knives 

Drum rotation rate [min-1] 914 1,100 1,200 
Maximal capacity [t h-1] 80 80 100 
Cutting length [mm] 3.3-15 4.8 -19 3-20 
Operating speed [km h-1] up to 8.7 up to 10 up to 10 
Transport speed [km h-1] 20 20 20 
Engine power [kW] 110 125 206 
The average plant height [mm] 2,560 2,732 2,693 
The average height set on ear [mm] 726 730 717 
Stem diameter [mm] 22.6 23.2 23.4 
Number of plants per hectare [plant ha-1] 58,940 59,210 59,143 
Yield of maize [t ha-1] 24.49 23.91 24.14 
Moisture [%] 71.4 69.9 72.3 
The average length of a clip [mm] 233 240 215 
 
Table 2 presents average values of chopped lengths of sillage mass, as well as mass 
participations of three particular fractions (< 8 mm, 8 – 19 mm and > 19 mm).  

Based on these results, it can be noted that the silage combine Fortschritt E-286 achieved 
an average length of chopped mass of 9.4 mm with standard deviation of 0.8 mm and 
variation coefficient of 7.4 %. Most of chopped mass was in the shortest fraction having 
length of up to 8 mm (68.9%). The middle-length fraction having lengths between 8 mm 
and 19 mm comprehended mass participation of 29.4%, and the least mass percentage (1.7 
%) was found for the largest fraction having lengths of chopped mass over 19 mm.  

The average length ( X ) of maize mass chopped by harvester Zmaj 350 was 11.7 mm, with 
a standard deviation (Sd) of 1.0 mm and variation coefficient (CV) 4.1 %. Percentage of the 
fraction of chopped particles having lengths smaller than 8 mm took the value of 58.8 %, 
39.4 % for the fraction between 8 mm and 19 mm, and 1.8 % for the largest fraction 
having particles over 19 mm in length.  

In the latter case, the application of silage combine John Deere 5820 resulted in the 
average length of chopped mass of 9.9 mm, with a standard deviation from 0.5 mm and 
variation coefficient of 7.4 %.  

Comparing the work quality of these three combines gave the following conclusion: the 
smallest deviation of actual average length of chopped mass in relation to the preset value 
was achieved by combine John Deere 5820. In that case, the average length of chopped 
mass was 9.86 mm, while 69.45 % of the chopped mass was shorter than 8 mm. These 
results are consistent with findings of other researchers: Ott, 2000; Jonhson et al., 2002; 
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Lisowski, 2006; Calvin, 2007; Stanimirovi  et al., 2008; Van and Heinrich, 2008; 
Potkonjak et al., 2010, among the thers.  
 

Table 2. Achieved chopped lengths of maize mass and presence of different fractions  
 

Type of 
silage 

combine 

Average cut length and mass 
percentage of different 
chopped mass fractions 

X (mm) Sd (mm) CV (%) Xmin 
(mm) 

Xmax 
(mm) 

Fortschritt 
E-286

Average cut length  (mm) 9.4 0.8 7.4 4.9 21.0 
Fraction up to 8 mm 68.9 5.5 7.9 58.3 78.4 
Fraction 8 - 19 mm 29.4 4.6 16.0 21.1 39.0 
Fraction > 19 mm 1.7 1.7 107.2 1.0 5.0 

Zmaj 350 

Average cut length  (mm) 11.7 1.0 4.1 5.0 22.1 
Fraction up to 8 mm 58.8 9.7 17.2 45.0 77.8 
Fraction 8 - 19 mm 39.4 11.0 26.4 18.3 57.0 
Fraction > 19 mm 1.8 1.5 86.4 1.0 5.0 

John Deere 
5820

Average cut length  (mm) 9.9 0.5 7.4 5.4 21.6 
Fraction up to 8 mm 69.5 5.8 8.1 52.4 79.0 
Fraction 8 - 19 mm 29.1 4.9 17.2 20.6 39.0 
Fraction > 19 mm 1.4 2.0 108.1 1.0 6.8 

 
Basic statistical parameters of working speed, mass flow rate and productivity of tested 
combines are listed in Table 3. Presented data show that traveling velocity of silage 
harvester Fortschritt E-286 varied between 3.0 km h-1 and 5.0 km h-1, with average value of 
4.0 km h-1. Chopped mass flow rate was recorded in the range between 5.31 kg s-1 (19.33 t 
h-1) and 9.46 kg s-1 (34.15 t h-1), having the mean value of 7.30 kg s-1 (26.3 t h-1). It follows 
that, under testing conditions, this machine reached mean capacity of only about 33 % with 
respect to declared value. Simultaneosly, the surface productivity varied between 0.61 ha 
h-1 and 1.13 ha h-1, with average value of 0.83 ha h-1.  

Table 3. Working speed, flow rate of chopped mass and productivity of tested combines 
 

Type of ensilage 
harvesters

 

Statistical 
property 

Operating speed
[km h-1]

Mass flow rate Surface 
productivity 

[ha h-1] [kg s-1] [t h-1] 

Fortschritt 
E-286 

X 4.0 7.30 26.3 0.83 
Sd 0.5 0.97 3.3 0.14 

Cv (%) 11.0 0.18 14.2 13.48 
min. 3.0 5.31 19.3 0.61 
max 5.0 9.46 34.2 1.13 

Zmaj 350 

X 5.0 8.60 31.0 0.98 
Sd 0.4 0.98 4.1 0.14 

Cv (%) 7.8 10.38 11.4 10.36 
min. 4.4 6.93 25.0 0.87 
max 5.7 10.67 38.4 1.15 

John Deere 5820

X 4.7 10.87 39.1 1.21 
Sd 0.6 0.83 4.5 0.32 

Cv (%) 8.1 11.45 16.8 11.87 
min. 4.2 8.92 32.1 0.98 
max 5.7 11.76 42.3 1.39 
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During testing the silo-combine Zmaj 350, traveling velocity was in the range from 4.4 km 
h-1 to 5.7 km h-1, with average value of 5.0 km h-1. Mass flow rate took values between 
6.93 kg s-1 (24.95 t h-1) and 10.67 kg s-1 (38.41 t h-1), while the average rate was 8.60 kg s-1 
(30.96 t h-1). Thus, measured value of mean flow rate of the combine was 38.75% of the 
value declared by manufacturer. Under specified testing conditions, silage harvester Zmaj 
350 achieved surface productivity from 0.87 ha h-1 to 1.15 ha h-1, while the average 
productivity was 0.98 ha h-1.  

Results of testing the combine John Deere 5820 also show its deficiency with respect to 
mass flow rate – real flow rate was only 39.13% of those declared by manufacturer. 
Testing speed varied in the range between 4.2 km h-1 and 5.7 km h-1, while the mean 
velocity was 4.7 km h-1. Average flow of chopped mass was 10.87 kg s-1 (39.13 t h-1) and 
mass flow rate variations were from 8.92 kg s-1 (32.11 t h-1) and 11.76 kg s-1 (42.34 t h-1). 
Minimum, maximum and average registered surface efficiencies were 0.98 h ha-1, 1.39 ha 
h-1 and 1.21 h ha-1, respectively.  

Experimental results show increase of the mass flow rate and surface productivity of all 
three combines with increasing the operating speeds. Analogue results have been also 
reported by: Harigan, 2003; Srivastava et al., 2006; Koprivica et al., 2007, 2009; 
Stanimirovi  et al., 2008; Potkonjak et al., 2010; Buckmaster, 2009; Barwicki et al., 2011.  

Presented results of testing different combines show that forage harvester Fortschrit E-286 
achieved much lower average speed in relation to other two silo-harvesters, Zmaj 350 and 
John Deere 5820, while the speeds of the two latter combines were similar. Silage combine 
John Deere 5820 achieved the highest mass flow rate, much over the combines Fortschrit 
E-286 and Zmaj 350, while the mass flow rates of these two combines can be rated as 
similar. Similar differences between the silo-combines were determined with respect to 
surface productivities.  
 

Conclusion 
Following the common practice, all three forage harvesters have been tested under fairly 
similar operational conditions. Among others, it can be noted that yields of maize crops 
collected and chopped by these harvesters at the experimental plot were close by values - 
between 23.91 t ha-1 and 24.49 t ha-1.  

However, the smallest deviation of actual cut length of chopped mass with respect to the 
preset cutting value was recorded when silo combine John Deere 5820 was used. In this 
case, the average length of chopped mass was 9.86 mm, and 69.45% chopped mass was in 
fraction having length of up to 8 mm. In opposite to this machine, the other two silo-
combines expressed smaller participations of chopped particles of this fraction, as well as 
larger discrepancies of real (measured) chopped lengths from their preset values.  

When compared to the other two harvesters, silo combine John Deere 5820 reached the 
highest average mass flow rate (10.87 kg s-1 or 39.13 t h-1) and surface productivity (1.21 
ha h-1) at average working speed of 4.7 km h-1.  

Measured values of the average mass flow rate (7.30 kg s-1 or 26.28 t h-1) and surface 
productivity (0.83 ha h-1) of the combine Fortschritt E-286 were smallest. It should be 
noted that this harvester operated at smallest working velocity - only 4 km h-1.  

Finally, testing the silo combine Zmaj 350, which was performed at average operational 
velocity of 5.0 km h-1, resulted in average mass flow rate of 8.60 kg s-1 (30.96 t h-1) and 
surface productivity of 0.98 ha h-1.  
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Results of present experiment clearly show that, under real agro-ecological conditions of 
Toplica region, all three forage harvesters were characterized by lower mass flow rate in 
comparison to values declared by manufacturers. Attempts of experimentators to increase 
the mass flow rates of tested combines failed at preset cutting lengths and testing 
conditions, because the speed increasing over the applied testing values resulted in 
congestion of combines during the work.  
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Abstract 
Alfalfa is one of the most important crops for forage production. Traditional method of 
alfalfa conservation assumes hay preparation. However, nowadays it is also commonly 
processed in the form of silage and haylage. Physiological effects of forages that are 
included in diets depend on plant species, stage of maturity, method of preservation and 
diet composition. Physical characteristics of rations for ruminants are primarily influenced 
by dietary forage to concentrate ratio, type of forages and concentrates, and mean particle 
size of feeds. Length distribution of forage particles represents an important parameter for 
ruminant’s diet formulation, especially for dairy cattle. During silage production, harvest 
considerations should be focused to obtaining the adequate particle size distribution of the 
ensiling crop particles. 

This paper presents results of testing three contemporary types of self-propelled silage 
harvesters applied in the alfalfa haylage preparation: Claas Jaguar 950, Krone Big X 700 
and Krone Big X 500. All machines were adapted with pick-up headers. In the study are 
analyzed length distributions of chopped alfalfa particles. Resulting frequency distributions 
of produced haylage are characterised by high mass percentage of the fraction 
comprehending the largest particles. It is also evident that harvester Class Jaguar 950 
achieved the mean chopping length closest to preset value. 

Key words: alfalfa, chopper, cutterhead, length fraction, silage harvester  

Introduction 
Alfalfa (Medicago sativa L.) plant, also called lucerne, is a relevant source for dairy cows 
feeding. Thanks to extensive adaptability and high nutritive value, alfalfa is the most 
widely cultivated forage legume worldwide. This crop is characterised by high level of 
proteins, vitamins and minerals content, but it does not contain the minimum sugar 
percentage needed for successful fermentation. However, producing the haylage by 
ensiling, compared to hay, is less sensitive toward the weather conditions, what results in 
smaller looses.  

Haylage is preserved fodder of green plants that arise as a combination of wilting and 
ensiling. Under typical climate conditions in Serbia followed by dry farming, first moving 
of alfalfa crop provides the highest yield. Unfortunately, this period of the year is 
characterised by frequent rains, atmospheric and soil humidity. Consequently, harvested 
mass of wet alfalfa raw material is difficult to dry and leaves quickly fall, causing the loss 
of quality. In order to control the nutrient degradation during legumes ensiling, different 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

314

methods can be used: wilting, carbohydrate stimulation, inoculation and chemical 
preservation (Nadeau et al., 2000).  

In opposite, haylage quality and production process are less dependent on weather 
conditions, than hay preparation, because hay production demands longer period for crops 
wilting in the field. During the haylage production process, alfalfa is left on the land for 
only few hours or maximum the whole day (depending on the temperature) in order to 
reduce the moisture to about 50 %. Finally, wilted alfalfa mass is collected, chopped and 
transported to the silo (Horrocks and Valentine, 1999).  

In Serbia, alfalfa is the most important perennial forage crops, and is the second most 
important forage crop after maize. It is grown on 178,000 ha (STAT.YEARB.SERB. 
2013). Contemporary agricultural production of alfalfa assumes machine crop harvesting. 
Modern self-propelled precision-cut forage harvesters, when combined with large transport 
units, reach a high harvest performance, over 150 tons of fresh material per hour (Shinners, 
2003). However, besides harvesters of modern design (Markovi  et al., 2006; Potkonjak et 
al., 2010), the interest for non-contemporary models still exists in transition countries like 
Serbia (Stanimirovi  et al., 2008; Petrovi  et al., 2012).  

Digestive effects of forages depend on plant species, stage of maturity, method of 
preservation and diet composition. Forage quality is first determined by content of useable 
energy, crude protein and its fractions - rumen degradable and undegradable protein, 
neutral detergent fiber-NDF and acid detergent fiber-ADF. The ensiling process represents 
storage and conserving forage system that includes mechanical and biological processes 
for preservation of quality and feeding characteristics of silage, maintaining the content of 
dry matter-DM, energy, protein and digestible fiber. Besides the chemical composition, 
physical effectiveness is basic parameter that influences nutritional value and quality of 
forages in ruminant nutrition (Stojanovi  et al., 2009).  

Insufficient particle size of diet for dairy cows decreases ruminal acetate to propionate 
ratio, milk fat content and feed conversion efficiency, with possible causing ruminal 
acidosis, paraceratosis, lameness, dislocation of abomasus and fat cow syndrome 
(Stojanovi  et al., 2011).  

Intake of diet with deficit of effective fiber cause disturbance of ruminal function, and 
ruminal fermentation. In opposite, excessive content of long and coarse forage particles in 
total mixed rations for dairy cows results in decreased feed intake and digestibility of 
consumed DM, and negatively affects cow’s energy balance (Allen, 2000).  

Fine chopping of roughage (corn silage, grass silage, alfalfa silage and barley silage) to a 
theoretical particle size of 4 to 6 mm adversely affect rumination activity and rumen 
fermentation in diets for lactating cows containing relatively large amounts of concentrate 
(50 to 60 % DM). Lowering the particle size of forages decreases ruminal pH and fiber 
degradation. Finally, moderate decreasing the theoretical particle size of forages to 
approximately 10 to 15 mm promotes ruminal digestion (Zebeli et al., 2012).  

 

Materials and methods 
The experiments were performed in the first decade of June 2014, at two locations planted 
with alfalfa in the second year of exploitation. The study is focused on preparation of 
alfalfa haylage in the second mowing. 

Domestic variety of alfalfa "Banat" seeded at first location, was harvested with the self-
propelled forage harvesters Krone Big X 700 and Krone Big X 500, equipped with pick-up 
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adapters. Average operational speeds were 6.1 and 6.9 km/h, respectively. The experiment 
was performed at flat terrain, parcel T-10 (25 ha) of "PKB" corporation, farm "Mladost - 
Jabu ki Rit", Belgrade - GPS coordinates (44o 55' 59" N, 20o 33' 3" E). Achieved yield of 
wilted chopped mass was 3.2 t/ha.  

The second domestic variety of alfalfa, "Morava", was seeded at the parcel "Directorate" (8 
ha) of the "Almex" corporation, farm "Ka arevo" AD, Pan evo - GPS coordinates (44o 54' 
44" N, 20o 38' 15" E). During the second experiment, this crop was harvested with the self-
propelled forage harvester Claas Jaguar 950, equipped with pick-up adapter. Average 
operational speed was 9.8 km/h and yield of wilted chopped mass amounted to 8.3 t/ha. 

Identical technollogy of preparation alfalfa haylage was applied at both locations. Before 
harvesting, plant was mowed by self-propelled mower, at the small-bud growth stage and 
average green mass humidity of about 70%. Partially wilted crop mass was gathered into 
swath tracks. Wilting process of the crop collected in swaths was finished when dry matter 
content was average 49 % ("PKB location ") and 38 % ("Almex" location). Under these 
conditions, mass was chopped with self-propelled forage harvesters, and ensiled. Technical 
characteristics of the applied machines are given in Table 1.  

 
Table 1. Technical characteristics of examined self-propelled forage harvesters 

Parameters Unit
Type of silage harvesters 

Claas JAGUAR 
950 

Krone BiG X 
700 

Krone BiG X 
500 

Engine  OM 502 LA 
V8 16 l 

MAN D2868 
V8 16 l 

OM 460 LA 
R6 12.8 l 

Exhaust gas standard  TIER 4i TIER 2 TIER 3 
Max. power (ECE R120) kW 440 570 375 

Feeder width / height mm 730/180 760/170 760/170 
Cutting cylinder width / 

diameter mm 750/630 800/660 800/660 

Number of knives on the drum  24 28 28 
Corn cracker diameter mm 250 250 250 
Spout rotation angle  210°/225° 210° 210° 

Base unit weight without 
header kg 12,500 14,350 13,000 

Particle length setting on plot mm 44 10 8 
 

Particle lengths of the forage samples were determined by hand separating and sieving of 
samples, acquired from the transport trailer, and classification in the appropriate length 
fractions.  

Results and discussion 
Elementary descriptive statistics parameters of mass distributions, related to length of 
chopped haylage particles are given in Table 2. 
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Table 2. Descriptive statistics of alfalfa cut length distribution 

Krone Big X 700 - length setting 10 mm 

  Sample 
1 

Sample 
2 

Sample 
3 

Sample 
4 

Sample 
5 

Averag
e 

MEAN L (mm) mL 22.63 22.99 25.74 22.20 24.68 23.65 
REL_ERR[MEAN L] (%) mL 126.32 129.87 157.39 122.00 146.83 136.48 

ABS_ERR[MEAN L] 
(mm) 

m
L

12.63 12.99 15.74 12.20 14.68 13.65 

ST.DEV.[ L] (mm) L 16.61 17.11 17.48 15.88 17.81 17.04 
COEF. VAR. [L] (%) CVL 73.39 74.45 67.89 71.53 72.15 72.07 

Claas Jaguar 950 - length setting 44 mm 
MEAN L (mm) mL 36.38 32.22 33.00 34.92 32.28 33.76 

REL_ERR[MEAN L] (%) mL -17.31 -26.78 -24.99 -20.65 -26.64 -23.27 
ABS_ERR[MEAN L] 

(mm) 
m
L

-7.62 -11.78 -11.00 -9.08 -11.72 -10.24 

ST.DEV.[ L] (mm) L 18.25 18.12 18.48 18.07 18.28 18.31 
COEF. VAR. [L] (%) CVL 50.16 56.25 55.98 51.75 56.62 54.24 

Krone Big X 500 - length setting 8 mm 
MEAN L (mm) mL 22.91 19.86 21.83 26.04 23.07 22.74 

REL_ERR[MEAN L] (%) mL 186.39 148.20 172.90 225.45 188.35 184.26 
ABS_ERR[MEAN L] 

(mm) 
m
L

14.91 11.86 13.83 18.04 15.07 14.74 

ST.DEV.[ L] (mm) L 17.18 14.15 16.56 17.62 17.00 16.67 
COEF. VAR. [L] (%) CVL 74.97 71.26 75.87 67.66 73.70 73.30 

MEAN L - Mean length; REL_ERR[MEAN L] - Relative error of mean cut length with respect to preset 
value; ABS_ERR[MEAN L] - Absolute error of mean cut length with respect to preset value; ST.DEV.[ L] - 
Standard deviation of cut length distribution; COEF. VAR. [L] - Variation coefficient of cut length 
distribution. 

In addition, haylage mass frequency distributions fm (%) of particles cut lengths LD (mm), 
chopped by three harvesters are presented in figures 1, 2 and 3.  
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Fig. 1 Mass % distribution of lucerne haylage cut lengths, chopped by Krone Big X 700  
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Fig. 2 Mass % distribution of lucerne haylage cut lengths chopped by Claas Jaguar 950  

In general, it is evident from these figures that length frequency distributions are 
characterised by high mass percentage of the fraction comprehending the largest particles. 

This evidence is in full agreement with reports of many other authors. As it was expected, 
general shapes of cut length distributions of haylage particles produced by combines Krone 
Big X 500 and Krone Big X 700 are similar, while Claas Jaguar 950 generates distributions 
of different shape. More precisely, frequency distributions related to Krone combines 
possess two extreme values, while the frequency of particles length distribution generally 
raise toward longest particles in the case of Class Jaguar 950 harvester. 
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Fig. 3 Mass % distribution of lucerne haylage cut lengths, chopped by Krone Big X 500  
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Absolute errors of chopped particles mean lengths (mean value calculated on the basis of 
all five samples) were 13.65 mm, 10.24 mm and 14.74 mm, for combines Krone Big X 
700, Claas Jaguar 950 and Krone Big X 500, respectively. Relative errors of particles 
cutting, defined with respect to the mean lengths, were 136.48 %, 23.27 % and 184.26 %, 
for combines Krone Big X 700, Claas Jaguar 950 and Krone Big X 500, respectively. For 
these three combines, standard deviations of cutting lengths were 17.04 mm, 18.31 mm, 
16.67 mm, while the variation coefficients were 72.07 %, 54.24 % and 73.30 mm, 
respectively.  

This means that combine Class Jaguar 950 achieved the mean chopping length closest to 
preset value. In addition, the variation coefficient of chopped particles length distribution 
was smallest, what means the highest concentration of length distribution around the mean 
value. Consequently, it follows that second harvester, produced by Class, provided the 
highest cutting precision with respect to preset value of chopping length.  

 

Conclusion 
The primary goal of farm management in this region is to facilitate further haylage 
compression in silos and haylage distribution within the livestock buildings after 
harvesting. Following this kind of approach, Serbian farming practice does not follow 
strictly the recommendations on the optimal length distribution of forage fractions, related 
to nutritional forage properties. During the presented experiment, real conditions that 
characterise current forage production of this kind have been followed.  

Physical characteristics of rations for ruminants are influenced by dietary forage to 
concentrate ratio, type of forages and concentrates, and mean particle size of feeds. The 
particle length distribution of any forage is important parameter for ruminant’s diet 
formulation, especially for dairy cattle. During silage production, harvest considerations 
should be focused to obtaining an appropriate particle size distribution of the ensiling crop. 

Within the framework of the examined forage harvesters, Claas Jaguar 950 achieved a 
slightly shorter average mean length of particles from preset value, while harvesters Krone 
Big X 700 and Krone Big X 500 made several times longer average mean length of 
chopped particles with respect to the specified (theoretical) length. 

Possible explanation of this fact, regarding the conditions at the parcels, can be found in 
the difference of wilted mass moisture on field; Krone's combines were used at lower 
moisture content of wilted mass in relation to combine Claas. 

Other causes for the above results, which are not covered by this study, can be found in the 
constructional solutions and adjustment of the silage harvesters, as well as the reliability of 
individual machines. In further research it should be determined what constructional 
solutions and adjustment of the different silage harvesters could effect that considerable 
difference regarding the cut length of the haylage particles.  
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Abstract 
In this paper, different methodologies for assessing the welfare of dairy cows, such as 
Animal Needs Index, system of welfare indicators, system of behaviour indicators and the 
Welfare Quality® assessment protocol for cattle were discussed. Also, the results of the 
usage of these methodologies in Serbia were analyzed. In the last several years in the 
country, numerous studies have been conducted about welfare of dairy cattle. State of 
welfare of dairy cows, on farms with tied and free system estimated by mentioned 
methodologies was generally acceptable. The major problems in the welfare of cows are 
insufficient amounts of floor litter, lack of cow access to outdoor runs or pasture, 
occurrence of lameness, dystocia, downer cow syndrome and mortality, the manifestation 
of aggression between the animals and improper relationship between stockmen and  
animals. On the basis of the results, it can be stated that in Serbia only recently enough 
attention has been paid to monitoring and understanding the current welfare state of dairy 
cows, which are the first important steps to achieve improvements in practical terms. 

Key words: dairy cows, methodology, welfare  

 

Introduction 
From the very beginning of the scientific considerations of dairy cow welfare it was clear 
that assessment methodology would be an important and challenging issue. It was 
recognized that dairy cow welfare can be assessed in many different ways. The approaches 
to dairy cow welfare assessment include various individual indicators or their 
combinations. In the studies that have been conducted for many years, scientists have 
identified a number of dairy cow welfare indicators, adjusted for different purposes in 
practical terms. Nowadays as results from comprehensive studies there are many 
systematizations and categorizations of dairy cow welfare indicators. Profound scientific 
insight into features of the indicators categorizes them into those derived from the animals 
and those that reflect the state of the animals’ environment (Bloom and Fraser, 2007; 
Hristov et al., 2012a; Hristov et al., 2012b). 

For scientific and practical purposes, the easiness of application of the method for 
assessment of dairy cattle welfare and the quality of the obtained results in terms of their 
contribution to improve the state of dairy cow welfare are of crucial importance (Rousing 
et al., 2000; Whay et al., 2003; EFSA, 2009; EFSA, 2012; Hristov et al., 2012b). To 
improve dairy cow welfare at the population level it is essential to be able to identify farms 
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with impaired welfare in order to prioritize intervention plans. Among the different 
components of dairy cow welfare (health, feeding, housing and behaviour), the European 
Food Safety Authority (EFSA) reported that dairy cows are especially affected by poor 
health (EFSA, 2009; EFSA, 2012). 

Based on this, the aim of the paper was to set out review of different methodologies to  
assess dairy cow welfare, such as Animal Needs Index (ANI) (Bartussek et al., 2000), 
system of welfare indicators (Anon., 2011), system of behaviour indicators (Hristov et al., 
2010c) and the Welfare Quality® assessment protocol for cattle (Anon., 2009). In addition, 
the results obtained from the application of these methodologies in Serbia are briefly 
analyzed. 

  

Dairy cattle welfare assessment methodology  
The early days of considering the assessment of farm animal welfare and in that sense the 
assessment of dairy cow welfare date back to 1964 when the book "Animal Machines" was 
published by Ruth Harrison. The work of Harrison certainly initiated very important 
reforms, a better understanding of husbandry conditions for animals and increase of public 
awareness. In 1965, the UK government commissioned an investigation, led by Professor 
Roger Brambell, into the welfare of intensively farmed animals, partly in response to 
concerns raised in Harrison's previously mentioned book. The Brambell's report stated that 
animals should have the freedom to "stand up, lie down, turn around, groom themselves 
and stretch their limbs". This short recommendation later became known as Brambell's 
Five Freedoms. The Five Freedoms were used as the basis for the actions of professional 
group including veterinarians and have been adopted by representative groups 
internationally including, for example, the World Organization for Animal Health (OIE, 
2013). 

The Farm Animal Welfare Council (FAWC) was established by the British Government in 
July 1979. This body started to list the provisions that should be made for farm animals in 
five categories, which also became known as the Five Freedoms. The Five Freedoms that 
animals should have as currently expressed are: 1. freedom from hunger or thirst by ready 
access to fresh water and a diet to maintain full health and vigour; 2. freedom from 
discomfort by providing an appropriate environment including shelter and a comfortable 
resting area; 3. freedom from pain, injury or disease by prevention or rapid diagnosis and 
treatment; 4. freedom to express normal behaviour by providing sufficient space, proper 
facilities and company of the animal's own kind; and 5. freedom from fear and distress by 
ensuring conditions and treatment which avoid mental suffering. 

Key concepts and the role of science in the welfare of dairy cattle are described by von 
Keyserlingk et al. (2009). Comprehensive description of dairy cows welfare indicators are 
given by Hristov et al. (2012b). In the latter paper only the most important principles, 
categories, indicators or behavioural systems of the methodologies that are used in our 
country are presented. The most important issues in dairy cattle welfare that impact the 
dairy industry today and tomorrow, especially dairy cattle welfare indicators and standards, 
and the most significant welfare problems, and to illustrate the role of science in 
addressing these challenges were discussed by Hristov et al. (2012a). Also, dairy cattle 
welfare standards were described by FAWC (2009) and Hristov et al. (2010a). An 
excellent review about associations between variables of routine herd data and dairy cattle 
welfare indicators was provided by de Vries et al. (2011). The influence of rearing 
conditions on the welfare of dairy cows and milk production is well documented in study 
by Zlatanovi  (2009). 
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The Five Freedoms were later partially or completely used in defining the methodology for 
the study of the welfare of dairy cows. The first approach was the ANI (Animal Needs 
Index). The ANI method includes the most important five animal welfare categories as: 1. 
possibility of movement; 2. possibility of social contacts with other cows; 3. type and 
quality of floor; 4. lighting and air quality in the accommodation facility; and 5. interaction 
of stockman with cattle (Bartussek et al., 2000). Basically, ANI almost exclusively uses 
resource- and management-based measures. 

It took many years to define behavioural indicators for dairy cow welfare assessment that 
included nine complex behavioural systems. Each of these systems included assessment of 
a large number of behavioural strategies. These are the basic animal behavioural systems: 
reactivity, ingestion, exploratory behaviour, the kinetic system, behavioural system of 
associations (social behaviour, group behaviour), the body care system, territoriality, 
behavioural system of reproduction and behavioural system of rest and sleep (Vu ini , 
2006; Broom and Fraser, 2007). 

The Welfare Quality® assessment protocol for cattle (Anon., 2009) is a new 
multidimensional concept for evaluating dairy cow welfare. The four basic principles that 
are detailed in the protocol and observed through the expression of adequate criteria and 
indicators are: 1. the principle of provision of food and water to animal; 2. the principle of 
ensuring adequate housing conditions; 3. the principle of ensuring good health; and 4. the 
principle of ensuring the appropriate behaviour.  

For dairy cattle welfare assessment, standards on farms in our country within the national 
project "TR 20110: Development and implementation of welfare and biosecurity standards 
to improve the technology of cattle and pigs production" have been developed. The 
assessment includes a written plan of welfare protection, management and leadership, 
competence of stockman, specialist competence, space, microclimate and hygienic 
conditions of rearing, veterinary and zootechnic practices, health status, satisfaction of 
animal behaviour needs, some physiological and behavioural indicators, and finally 
production indicators of welfare (Anon., 2011). 

As already pointed out, all the analyzed indicators for assessment of animal welfare can be 
classified into two groups (Ostoji -Andri  et al., 2013) according to the impact on the 
status of animal welfare as: 1. indicators derived from the environment (non-animal-based 
measures); and 2. indicators of the body of animals (animal-based measures). In our 
country, researchers and stockmen have devoted more attention to non-animal-based 
measures (Hristov and Reli , 2009). This group of indicators point out the influence of the 
environment on animal welfare and include: type of animal housing, the degree of freedom 
of movement, the degree of contact with animals of the same species, the use of litter on 
floor, microclimate factors that act on an animal and the quantity and quality of offered 
food and water. In addition, the relationships of stockman to animals, as well as factors of 
those origins from the animals themselves are included. The relationship of stockman to 
animals involves the expertise of a certain form of exploitation of animals or some form of 
livestock production, feelings of stockmen to animals, the ability of stockmen to recognize 
the change in the status of the animal welfare, understanding and valuing of animal life, 
etc., (Waiblinger et al., 2006). Factors derived from the animals include genetic 
predisposition for a certain type of animal production, the use of appropriate animal breeds 
to certain type of production or other means of exploitation, the exploitation of animals in 
accordance with sex and age, etc. 

The second group of the welfare indicators is measured by physiological, behavioural and 
production parameters. Physiological indicators include the physiological status of the 
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organism, the presence or absence of clinically manifest disease, the presence or absence of 
wounds and injuries, nutritional status, body condition, etc. Behavioural indicators include 
expression of physiological patterns of behaviour (ingestion of food and water, hygiene of 
the body, exploratory behaviour, space behaviour, social interactions, reproductive 
behaviour, rest and sleep, etc.), some changes in the behaviour and pathological form of 
behaviours. Production indicators include physiological level of production that 
corresponds to the standard of breed or age and production category, as well as changes in 
the level of productivity of the animals (Vu ini , 2006; Broom and Fraser, 2007). 

 

Research in our country  
In the last several years in our country numerous studies have been conducted regarding 
welfare of dairy cattle, namely using the methods of ANI (Hristov and Reli , 2009; 
Zlatanovi , 2009; Hristov et al., 2010b; Reli  et al., 2010), system of behaviour indicators 
(Hristov et al., 2010c), system of welfare indicators (Hristov et al., 2011a) and the Welfare 
Quality® assessment protocol for cattle (Hristov et al., 2011b; Ostoji -Andri , 2013). 
Summary of conducted studies regarding welfare of dairy cattle in Serbia is given in Table 
1.

In conducted studies (Table 1) different welfare assessment systems have been applied; in 
the course of the research activities, one national project (Anon. 2011) has been carried out 
and many papers (Hristov and Reli , 2009; Zlatanovi , 2009; Hristov et al., 2010a; Hristov 
et al., 2010b; Hristov et al., 2010c; Reli  et al., 2010; Hristov et al., 2011a; Hristov et al., 
2011b), one magister thesis (Zlatanovi , 2009) and one doctoral thesis (Ostoji -Andri , 
2013) have been published. Farms that we have so far tested in our country differ in 
capacity and system of rearing of the animals. Namely, research covered in total 47 farms, 
32 farms with tied system and 15 farms with free housing system in the last several years. 
Investigated farms had different capacities from 12 to 1,250 dairy cows; there were 16 
farms with capacity from 10 to 50 lactating cows, 12 farms from 51 to 100 cows, 14 farms 
from 101 to 500 cows, three farms from 501 to 1,000 cows and two farms with more than 
1,000 lactating cows. When it comes to methodology, ANI was used on three farms, the 
Welfare Quality ® assessment protocol for cattle (2009) was applied to a total of 19 farms 
and the system of welfare indicators on 11 farms was applied. Simultaneously, ANI and 
the system of behaviour indicators were applied to a total of eight farms, ANI and system 
of welfare indicators on two farms, a system of welfare indicators and the Welfare 
Quality® assessment protocol for cattle to two farms and finally all four methods on two 
farms. 

As mentioned previously, the measures could be categorized into animal-based measures 
and non-animal-based measures. Therefore, animal-based measures include: observations 
and measures from the animals made during the welfare assessment on farm, ante- or post-
mortem. First of all, these are certain direct indicators (e.g. behaviour, clinical signs of 
injury or lameness). Some of these are veterinary procedures that can be obtained only by a 
veterinarian or other authorized person. Further animal-based measures comprise records 
of animal breeding, milk yield and milk quality, fertility, health, etc., (EFSA, 2012). These 
indicators may include records of animal-based measures obtained by the use of automated 
methods (e.g. progesterone in milk samples, locomotion scoring). Assessment of the 
welfare of dairy cattle using animal-based measurements by direct observations and 
investigation of farm records were conducted by Whay et al. (2003). Non-animal-based 
measures are designated as resource- and management-based (EFSA, 2012). These 
measures involve observations and measures of housing condition provided or of 
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management used (e.g. cubicle dimensions, quality of bedding and floor surfaces) and 
inspection of documentation (e.g. food provision strategies, foot care programme). 

Table 1.  Summary of conducted study on dairy cattle welfare in Serbia

Parameters Number of farms 
Investigated farms 47 

Farms with tied system of rearing 32 
Farms with free system of rearing 15 

Farm capacity 
10 to 50 lactating cows 16 

51 to 100 cows lactating cows 12 
101 to 500 cows 14 
501 to 1000 cows 3 

More than 1001 cows 2 
Used assessment methods 

Welfare Quality ® assessment protocol for cattle 19 
ANI 3 

System of welfare indicators 11 
ANI and the system of behaviour indicators 8 

ANI and system of welfare indicators 2 
System of welfare indicators and the Welfare Quality ® 

assessment protocol for cattle 2 

All four methods 2 
The emergence of some welfare problems in farms Number Percentage 

Malnutrition 16 34.04 
Lameness 47 100 
Mastitis 47 100 

Metabolic diseases in cow 21 44.68 
Diarrhoea in calves 29 61.70

Respiratory disease in calves 24 51.06 
Dystocia 10 21.28 

Downer cow syndrome 5 10.64 
Mortality 15 31.91

Poor hygiene of floor surface in the stables 24 51.06 
Inappropriate relationship between stockmen and animals 10 21.28 

The aim of the monitoring of animal welfare indicators is to identify and determine the 
severity of the problem that endangers or impairs the welfare of the animals. Identification 
of welfare cow problems was achieved with general clinical examination of animals, 
special and specific examination of animals, examination of the housing system, handling 
of animals and the relationship of the dairy farmer to animals. Assessments of the 
seriousness of the problems that disturb cow welfare should take into account duration of 
causes and the number of animals for which the well-being is threatened or violated 
(FAWC, 2009; Hristov and Stankovi , 2009; EFSA, 2012). 

Applying the mentioned dairy cow welfare assessment methodologies in our country has 
produced a number of findings. First of all, it can be stated that knowledge relating to the 
definition and importance of introducing standards of animal welfare at cattle farms in our 
country do not apply enough or are applied selectively (Hristov et al., 2010a). In our 
country enough attention has only recently been paid to understanding the welfare problem 
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in scientific terms, which is the first important step to achieve improvements in practical 
terms (Hristov and Stankovi , 2009; Hristov et al., 2011a). When we define the indicators 
of cow welfare it is very important to determine the monitoring system (Keeling and 
Veissiere 2005; Broom and Fraser, 2007; Hristov et al., 2010a).  

Although experts and dairy farmers in our country have some knowledge regarding animal 
welfare, generally it is not sufficient for complete protection of cow welfare (Hristov and 
Stankovi , 2009). They, in addition to scarce knowledge of indicators and standards of 
animal welfare, tend to have fragmented knowledge of the principles of animal welfare 
based on the five freedoms. One should always bear in mind that dairy farmers’ attitudes 
and empathy towards animals are associated with animal welfare indicators (Hristov et al., 
2010a; Kielland et al., 2010). 

The average state of welfare of cows on farms in our country, in tied and loose housing 
systems, as estimated by ANI, system of behaviour indicators, the Welfare Quality® 
assessment protocol for cattle and system based on welfare indicators may be regarded as 
acceptable. The state of welfare of cows on the farm with free rearing system with the 
possibility of permanent use of outdoor runs is better than the state of welfare of cows in 
tied system. Loose housing provides significantly greater opportunities to meet the needs 
of all systems of behaviour of dairy cattle in relation to the tied system. Generally, 
knowledge that most stockmen possess in our country is inadequate for completely 
safeguarding the welfare of dairy cattle. Stockmen have many years of experience, but not 
the desire for additional training. There is a need to familiarize stockmen with ethological 
needs of the animals and to motivate them to meet those needs (Hristov et al., 2010a; 
Ostoji -Andri , 2013). 

Rearing conditions often do not correspond to dairy cattle welfare in terms of temperature 
and relative humidity (Hristov and Stankovi , 2009). Maintenance of hygiene of all 
surfaces in the stables, and in particular the floor surface is not on an appropriate level as 
well. On the farms with tied system generally minimum standards of welfare are met and 
the biggest objections concern the inability of cow movement, thus demonstrating lack of 
other forms of behaviour in which the moving is part. Stockmen attitude towards cows is 
generally appropriate, but there were failures in usage of certain husbandry procedures due 
to non applied analgesia and anaesthesia. Due to lack of knowledge, stockmen often do not 
respond to the appearance of the initial symptoms of disease and veterinary assistance is 
requested only when the disease has already been manifested. Claw disorders and mastitis 
are the most important diseases that disrupt the welfare of cows, although metabolic 
diseases in cow and diarrhoea and respiratory disease in calves occur frequently. The major 
problems in the welfare of cows are the consequence of insufficient amounts of bedding 
material, lack of access of cows to outdoor outlets or pasture, occurrence of lameness, 
dystocia, downer cow syndrome and mortality, the manifestation of aggression between 
animals and inappropriate relationship between stockmen and animals (Hristov and 
Stankovi , 2009; Hristov et al., 2010b; Reli  et al., 2010; Hristov et al., 2011a; Ostoji - 
Andri , 2013). 

Although it is considered that the cow diet meets the needs at high level, malnutrition can 
be encountered in the different stages of lactation (Ostoji -Andri , 2013). One should 
always bear in mind that as dairy farms become larger and diverge between grass-based 
and fully housed systems the interest in the welfare of the dairy cow and related 
environmental issues by consumers and legislators is increasing. These pressures mean that 
good nutrition and management, which underpins much of dairy cow welfare, are critical 
(Ostoji -Andri , 2013; Logue and Sinclayr Mayne, 2014). 
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In our studies it was found that the protocol for assessment of dairy cattle welfare (2009) 
provides information about  most consequences for cow welfare caused by the action of the 
major risk factors but which requires no longer observation time (behavioural disorders, 
thermal discomfort in cows). Also, there is a lack of specificity of some indicators (body 
condition, skin lesions which may be a consequence of several factors). Given the 
importance of both the inadequate body condition (malnutrition or too fat), the proportion 
of cows with normal body condition could be regarded as a more relevant indicator of the 
state of cow welfare. Age, productivity and genetic potential of animals significantly 
determine the potential risk and the impact on cow welfare and could also be examined as 
differential factors (Hristov et al., 2011b; Hristov et al., 2012b; Ostoji -Andri , 2013). 

 

Conclusion 
On the basis of literature data about different approaches to assess the welfare of dairy 
cows and experience of authors the following can be concluded:  

Serbia has only recently paid enough attention to monitoring and understanding the 
current welfare state of dairy cows, which are the first important steps to achieve 
improvements in practical terms. 

The applied multidimensional approaches for assessment of dairy cow welfare are 
suitable for scientific consideration of the welfare level on farms, so that the 
methodology which is given therein may be introduced for practical assessment of 
the dairy cow welfare. 

The applied methodologies can be helpful to detect shortcomings in the protection 
of the welfare of the cows on the farm and to take action for resolving the problems 
of the welfare at the appropriate time.  

The results show that there are many opportunities for improving the quality of the 
welfare of dairy cows, which should be directed mostly to improving the housing 
conditions of dairy cows in terms of providing adequate space, comfort and 
hygiene.  

The most important problems of the welfare of cows in Serbia are the consequence 
of insufficient amounts of bedding material, lack of access of cow to outdoor 
outlets or pasture, occurrence of lameness, dystocia, downer cow syndrome and 
mortality, the manifestation of aggression between animals and inappropriate 
relationship between stockmen and animals. 

Stockmen and experts involved in the breeding and animal health protection should 
be familiar with cow welfare assessment methodologies, as well as with the 
parameters, indicators, criteria and principles used in the assessment of cow 
welfare.  
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Abstract
In this paper reproductive results of six dairy cows farms with total of 766 (farm 1 – 107; farm 
2 –175; farm 3 – 49; farm 4 – 400; farm 5 –20 and farm 6 – 11 milking cows) with different 
system of rearing and welfare level were analyzed. A dairy cow reproductive efficiency is a 
key factor for milk production - impaired reproductive performance is a major cause of 
reduced production in dairy industry.  

Welfare and reproductive disorders data were collected by questionnaire regarding criteria of 
Animal Need Index (ANI – Bartussek et al., 2000) and compared by multidimensional criteria 
of total discriminating effect. Possibility of movement, lighting and air quality in the 
accommodation facility, type and quality of floor, possibility of social contacts with other 
cows and interaction of stockman with cattle were compared and analysed in respect of farm 
welfare. In respect to the welfare level of lowest ranked farm (farm 6), farms 1, 2, 3, 4, 5 and 6 
were ranked as 4th, 2nd, 1st, 5th, 3rd, and 6th, respectively, but in respect to the reproductive and 
related disorders occurrence rate lowest ranked farm (farm 4), farms 1, 2, 3, 4, 5 and 6 were 
ranked as 1st, 4th, 2nd, 6th, 5th and 3rd. Discrepancy derives from the fact that reproduction data 
were collected for a year, while welfare assessment describes reached level in on particular 
moment of time, not covering all potential causes of reproductive disorders.  

Reduced reproductive success would seem promising as information about poor farm welfare, 
although good results often are not related to good welfare. Nevertheless, assessed welfare 
protection level provides important information about herd health and potential reproduction 
problems, pointing out that there are many opportunities for improving the quality of the 
welfare of dairy cows, mostly through improving the housing conditions of dairy cows.  

Key words: dairy cow, farm, reproductive disorder, welfare 
 

Introduction 
There are three types of concern about animal welfare that prevalence: those involving the 
biological functioning of the animal, those involving the animals “feeling”, and those that 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

330

involve the ability of the animal to live a “natural” life (Fraser, 2003). People concerned with 
the biological functioning of the animal (most often veterinarians and farmers) generally focus 
on disease, injury, poor growth rates, and reproductive problems. There is little disagreement 
about whether such problems are of welfare concern, and much research in animal welfare has 
focused on these issues (Rushen et al., 2008).  

Reproductive efficiency in dairy cows is essential in dairy milk production, and many studies 
have identified impaired reproductive performance as a major cause of diminished production 
efficiency in the dairy industry. Reduced reproductive success would seem promising in 
providing information about poor welfare. There is much evidence that animals in poor 
condition (e.g. those that are ill or suffering from chronic stress) are less likely to reproduce 
successfully. Critics of animal agriculture often argue that the low reproductive rate of dairy 
cattle is an indicator of poor welfare. However, as we argue later, while poor welfare may 
indeed lead to lower reproductive success, it does not follow that high reproductive success 
indicates a lack of welfare problems (Rushen et al., 2008). 

According to EFSA (2009), reproductive disorders reflect prolonged or short-term poor 
welfare, such as lack of oestrus, embryonic loss or early abortion due to stress experienced for 
longer or shorter time periods around parturition and in early lactation, or related to the poor 
welfare directly, particularly dystocia and genital infections associated with pain or 
inflammatory reactions. The aim of this paper was to establish the relationship between the 
most significant reproductive disorders and welfare level on the farm.  

 

Materials and methods 
Incidence of the most significant reproductive disorders in six dairy farms with total of 766 
cows (farm 1 – 107; farm 2 –175; farm 3 – 49; farm 4 – 400; farm 5 –20 and farm 6 – 11 dairy 
cows) with different system of rearing and different welfare level were analyzed.  

Welfare quality level and information regarding reproductive disorders in the last 12 months 
were collected regarding criteria of Animal Need Index (ANI – Bartussek et al., 2000). The 
ANI method includes the most important five animal welfare categories: 1. possibility of 
movement, 2. lighting and air quality in the accommodation facility, 3. type and quality of 
floor, 4. possibility of social contacts with other cows and 5. interaction of stockman with 
cattle. 

The obtained data were analyzed and compared by method of multidimensional criteria of 
total discriminating effect. 

 

Results and discussion 
As it could be seen in Table 1, in respect of possibility of movement, the best marked was 
farm 3 (9 points), then farms 1 and 2 (5 points), farms 4 and 5 (4.5 points), and finally, farm 6 
(2.5 points). In respect of type and quality of floor, the best assessed farms were farm 3 (6 
points), and farms 1, 2 and 4 (4.5 points). Farm 5 gained 3 and farm 6 2.5 points. Considering 
lighting and air quality in the accommodation facility, the best marked farm was farm 1 again 
(7 points), then farm 2 (5.5 points), farms 4 and 5 followed with 5 points, farm 1 had 4.5 
points and farm 6 had 2.5 points. Chances for possibility of social contacts with other cows 
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were the best on farm 3 (5 points), than on farm 5 (3.5 points), 3 points on farm 2, 2.5 points 
on farm 1, and finally, 1.5 points on farm 6. Interaction of stockman with cattle was the best 
on farm 5 (8 points), then farms 2 and 6 (7.5 points), and on farms 3, 1 and 4 marks were 7, 6 
and 5.5, respectively. Welfare rank of these farms was assessed and farms were ranked, as it is 
given in Table 2.  

 
Table 1. Score ANI points (minimum -9.5, maximum 45 points) 

Parameter Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 
System of rearing loose loose loose loose loose tied 

Possibility of movement 5 5 9 4.5 4.5 2.5 
Type and quality of floor 4.5 4.5 6 4.5 3 2.5 

Lighting and air quality in the 
accommodation facility 4.5 5.5 7 5 5 2.5 

Possibility of social contacts 
with other cows 2.5 3 5 2 3.5 1.5 

Interaction of stockman with 
cattle 6 7.5 7 5.5 8 7.5 

Score ANI points 22.5 25.5 34 21.5 24 16.5 
total discriminating effect 7.116 10.568 17.871 6.039 9.345 2.257 

rank IV II I V III VI 
 

Table 2. Farm ranking according to ANI-welfare categories (Bartussek, 2000) 

Sum of 
ANI 

points 

Names of categories of 
housing conditions with 

respect to welfare 

Verbal 
school 
grades 

Farm Farm score 
ANI points Rank 

< 11 Not suitable Insufficient - - - 
11-16 Scarcely suitable Sufficient - - - 

16.5-21 Little suitable (mediocre) Satisfactory Farm 6 16.5 VI 

21.5 -24 Fairly suitable Good 
Farm 5, 
Farm 1 
Farm 4 

24 
22.5 
21.5 

III 
IV 
V

24.5-28 Suitable Very good Farm 2 25.5 II 
> 28 Very suitable Excellent Farm 3 34 I 

 

Occurrence of reproductive disorders is presented in Table 3. According to total 
discriminating effect in respect to the reproductive disorders occurrence rate, lowest ranked 
farm (farm 4), farms 1, 2, 3, 4, 5 and 6 were ranked as 1st, 4th, 2nd, 6th, 5th and 3rd, respectively. 
Rather high rates of certain reproductive disorders were noticed on farm 5, especially placenta 
retention, metritis and finally mastitis (17.39%, 13.70% and 13.04%, respectively), which was 
moderate high on farm 6 (8.33%).  

Comparison of the results given in all three tables points out that, according total 
discriminating effect in respect to the welfare protection level of lowest ranked farm (farm 6), 
farms 1, 2, 3, 4, 5 and 6 were ranked as 4th, 2nd, 1st, 5th, 3rd, and 6th, respectively, but in respect 
to the true reproductive and related disorders occurrence rate lowest ranked farm (farm 4), 
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farms 1, 2, 3, 4, 5 and 6 were ranked as 1st, 4th, 2nd, 6th, 5th and 3rd, respectively, with rather 
low coefficient of correlation (r = 0.218). 
Table 3. Reproductive indicators 

Observation in the last 12 months Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 
System of rearing loose loose loose loose loose tied 
 n 

1. Total herd size 280 400 102 750 23 12 
2. Milking cows 107 175 49 400 20 11 

 % 
3. Calves lost 0.5 2 2 5 3 2 
4. Cows lost   0 0.25 0.98 2 8.70 0 
5. Mastitis 2.89 4.25 1.96 4  13.04 8.33 
6. Puerperal paresis  1.76 1.75 0 0 8.70 0 
7. Retention of placenta 3.57 4.25 0 2  17.39 0 
8. Metritis 0 4.25  0 6.93 13.70 0 
9. Heath detection and 

insemination  
100 90 85 95 90 80 

10. Conception rate  50 50 70 50 30 30 
11. Dystokia 0.71 2.25 0 1.33  0 0 
total discriminating effect 22.4513 16.58309 22.42150 16.16071 5.68021 17.38789

rank I IV II VI V III 
 

The dairy cows fertility is influenced by many factors. These factors include management 
regime, environment, genetics, nutrition, and biological and health status. The heat detection 
rate or heat detection efficiency (HDE) is crucial when wanting to impregnate cows. If few 
cows in heat are detected, few cows will subsequently be inseminated and few cows will 
become pregnant. Herds with good HDE can achieve better results according to many 
reproductive performance indicators (Mayne et al., 2002).  

Similar to the situation with mastitis, reports of the relationships between health status, 
expressed through condition scoring (CS) and calving-related problems are equivocal. 
Markusfeld et al. (1997) reported that poor body condition is associated with a risk of retained 
placenta and uterine infection after calving while Berry et al. (2007) could find no relationship 
between body condition and dystocia or still births.  

Cows in low body condition have poorer reproductive performance even when data was 
adjusted to account for differences in yield (Pryce et al., 2001). Failure to get in calf, 
especially where the farming system has a high level of reliance on seasonal pasture growth, is 
a major cause of culling in New Zealand dairy systems (Xu and Burton, 2000) hence survival 
characteristics and longevity are negative correlated to CS. However, the full extent to which 
this attribute of longevity is a valid indicator of welfare, particularly where shortened life is 
based upon a management decision to cull, is subject for debate. Moderate body condition at 
calving for mature cows and some over it for first and second calved cows is advised because 
cows calving at less than moderate will produce less milk and are more likely to have 
reproductive problems (Macdonald and Roche, 2004). 

Although there was rather low coefficient of correlation and discrepancy between estimated 
ranks of reached welfare level and reproductive parameters of the observed farms obvious, 
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there is much evidence that animals in poor condition (e.g. those that are ill or suffering from 
chronic stress) are less likely to reproduce successfully. Established  discrepancy derived from 
the fact that reproduction data were collected for entire year, while reached welfare protection 
level, although consequently from the previous efforts and work done, describes obtained level 
of welfare in on particular moment of time and do not cover all potential causes of 
reproductive disorders. Critics of animal agriculture often argue that the low reproductive rate 
of dairy cattle is an indicator of poor welfare. However, while poor welfare may indeed lead to 
lower reproductive success, it does not follow that high reproductive success indicates a lack 
of welfare problems (Rushen et al., 2008). 

Reproductive disorders risk identification and reproductive disorders risk management, as 
primary preventive issues are pivotal in modern animal health care in all size types dairy 
farms. Welfare protection and quality risk management can both be integrated into current 
operational veterinary herd health and production management programs (Noordhuizen and 
Da Silva, 2009), particularly in monitoring and protocols of reproduction, such as 
insemination, calving and postpartal regimes on farms. Cows with reproductive-related 
diseases have been associated with impaired reproductive performance (Dubuc et al., 2011). 
Oltenacu et al. (1990) found that cystic ovarian disease and silent heat syndrome each 
increased the day open interval by 40 days. They also found that metritis prolonged the 
interval by 20 days and retained placenta by seven days. Cows calving twins are at greater risk 
of reproductive disorders, including retained placenta, dystocia, and metritis, which increase 
average days open and services per conception following the subsequent lactation (Nielen et 
al., 1989). Peake et al. (2011) found prolongation of the interval from calving to onset of the 
first luteal phase for cows with one or more of three production stressors: lameness, 
subclinical mastitis, and body condition score loss. However, no significant associations were 
found between disease events and overall reproductive performance.  

The most common reproductive disease in dairy cattle is metritis, an inflammation of the 
uterine wall caused by bacterial infection and usually diagnosed by elevated body temperature, 
vaginal discharge, and a large, flaccid uterus. The latter is usually determined by rectal 
palpation, although it appears to be a poorer diagnostic tool than examining vaginal discharge 
directly (Le Blanc et al., 2002).  

Herd managing staff that performs inseminations themselves instead of using specialized 
technicians risk reduced herd reproductive performance (Buckley et al., 2003), possibly due to 
lack of training.  

Free-stall herds have displayed better reproductive efficiency (Valde et al., 1997), and studies 
have demonstrated that the interval between calving and first ovulation and oestrus is shorter 
in free-stall than tie-stall herds, enabling earlier insemination in free-stall herds (Petersson et 
al., 2006). When examining the effects of automatic milking on fertility, Kruip et al. (2002) 
found that automatic milking increases the number of days to first service. Fahey et al. (2002) 
reported lower calving rates in larger herds, whereas Simensen et al. (2010) found that larger 
herds had better fertility.  

Calving difficulty (dystocia) is another common disorder with clear implications for animal 
welfare. Calving difficulties can be a leading cause of calf death. Among dairy cattle, dystocia 
is a major cause of stillbirths (Meyer et al., 2001). The welfare of surviving calves is also 
affected: calves that needed assistance during delivery developed enteritis at an earlier age 
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than calves that did not need such assistance (Sivula et al., 1996). Dairy herds with a high 
incidence of dystocia also tend to have a higher incidence of health problems in calves 
(Sanderson and Dargatz, 2000). Calving difficulties appear to have less of an impact on the 
cow than on the calf; although dystocia can cause reproductive problems in the cows, this 
appears to have only moderate effects on milk production or feed intake (Bareille et al., 2003). 
However, dystocia is associated with increased incidence of metritis and retained placenta 
(Gröhn et al., 2003), as it increases trauma to the uterine wall and increases the susceptibility 
to disease by increasing the risk of harmful bacteria entering the reproductive tract (Bruun et 
al., 2002) and it increases the likelihood that the cow will be culled (Rogers et al., 2004). One 
barrier to research in this area is of measuring calving difficulty. However, farms likely vary 
greatly in when they feel that some assistance is needed and measures of calving assistance 
may reflect the farmer’s attitudes rather than anything else (Nix et al., 1998). 

Lame cows have been reported to have poorer reproductive performance. Sprecher et al. 
(1997) found that cows with high lameness scores had longer intervals from calving to first 
service and to conception and also required more services per pregnancy. In addition, Hultgren 
et al. (2004) found that the first-service conception risk was lower for cows with sole ulcer. 
Garbarino et al. (2004) found that cows classified as lame had 3.5 times greater odds of 
delayed cyclicity than did cows classified as non-lame.   

Many forms of illness, such as calving difficulties, lameness, and metritis can lead to 
reproductive failure, and so measures of reproductive success may be indirect measures of 
these health problems. Furthermore, considerable research on a number of mammalian species 
has also shown the depressive effects of stress on reproductive capacity of both males and 
females and has described the physiological mechanisms underlying these effects. Such 
suppressive effects of stress have been found in cattle (Dobson and Smith, 2000) and a number 
of studies show that stressors reduce reproductive efficiency in cows.  

Risk conditions can be identified through monitoring plans, their impact assessed by adaptive 
conjoint analysis procedures involving experts (Horst et al., 1996) or quantified by 
epidemiological studies yielding odds ratios or relative risks (Noordhuizen et al., 2001). Risk 
conditions can be found at the animal/herd level (parity; milk yield; breed; lactation stage), the 
level of cows environment and management (barn climate; housing conditions; feed quality), 
and collected data (milk recording; feedstuff analysis). 

Welfare protection plans refer to health management strategies and comprise key components 
like disease or injury risk identification. Good hygiene is crucial at calving to reduce risk of 
genital infections (EFSA, 2009). Proper use of the issues goes through a set of so-called 
working instructions or protocols (Noordhuizen and da Silva, 2009). Therefore, dairy cows 
welfare builds on further on a general good farming practice attitude.

Conclusions
Taking into account all presented data concerning assessed biosecurity level of six observed 
dairy farms the following can be concluded:  

according to total discriminating effect in respect to the welfare protection level of 
lowest ranked farm (farm 6), farms 1, 2, 3, 4, 5 and 6 were ranked as 4th, 2nd, 1st, 5th, 
3rd, and 6th, respectively, but in respect to the true reproductive and related disorders 
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occurrence rate lowest ranked farm (farm 4), farms 1, 2, 3, 4, 5 and 6 were ranked as 
1st, 4th, 2nd, 6th, 5th and 3rd, respectively; 

although there was rather low coefficient of correlation and discrepancy between 
estimated ranks of reached welfare level and reproductive parameters of the observed 
farms obvious, there is much evidence that animals in poor condition are less likely to 
reproduce successfully. However, it should be bear in mind that reduced reproductive 
success would seem promising in providing information about poor welfare, although 
good reproductive results often do not stand related to high welfare of the farm, 
making this relationship more indirect; 

nevertheless, assessed welfare protection level provides important information about 
herd health, and potential reproduction problems;  

there are many opportunities for improving the quality of the welfare of dairy cows, 
mostly through improving the housing conditions of dairy cows in terms of providing 
adequate space, comfort and hygiene.  
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Abstract 
Microclimate in a barn has a major influence on cows’ health and welfare, as well as on 
milk production of dairy cows. Extreme values of air temperature and humidity can 
negatively influence barn conditions, having thus negative effect on cows kept in barns. 
The research aimed to investigate influence of basic microclimate parameters on a modern 
dairy farm located in Eastern Croatia. Research period referred to summer season, from 01 
June – 31 August 2013. Measurements were carried out in three time intervals (00:00-
08:00; 08:00-16:00; 16:00-00:00) for the following parameters: temperature (T), humidity 
(H) and temperature-humidity index (THI). The results showed that the values of T and 
THI were higher than optimal values recommended by the scientific literature. Differences 
between the daily interval for T, H and THI were statistically highly significant 
(p<0.0001). Furthermore, significant difference (p<0.0001; p<0.05) was determined for all 
investigated parameters between June and July, and June and August. However, between 
July and August there was no significant difference. Although measurements were 
performed on a modern dairy farm equipped with additional cooling by fans, it was not 
sufficient to create an optimal microclimate environment for dairy cows. Because of that, 
additional measures need to be undertaken during summer months (for example, 
installation of water sprinklers) to reduce the air temperature and temperature-humidity 
index, all with the purpose to increase comfort of dairy cows and to prevent decrease in 
milk production. 

Key words: ambiance of cows, dairy farm, microclimate parameters  

 

Introduction 
Specific microclimatic parameters occurring in a barn, as caused by high air temperatures 
and air humidity, can negatively influence animals' health (Kadzere et al., 2002; Miji  et 
al., 2007) and violate welfare norms (Ma uhová et al., 2008; Brou ek et al., 2009). In such 
conditions, dairy cows are exposed to heat stress, which results in lowered feed 
consumption and milk production (Young, 1993). In comparison to ordinary cows, high 
producing dairy cows should be provided with better housing environment, since negative 
microclimate influences are more exhibited in such cows (Bobi  et al., 2011). Heidenreich 
et al. (2004) stated that microclimate in a barn should be considered as a very important 
factor in animal welfare measures, while Brunsch et al. (1996) published data on optimal 
temperature (4 - 160C) and optimal air humidity (60 - 80%) for dairy cows. However, 
unfavorable combination of air temperature and air humidity occurs often. Nauheimer and 
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Weniger (1986) concluded that both conditions of 300C and relative humidity of 50%, and 
260C and relative humidity of 70% had equally negative influence on dairy cows’ welfare. 
Cows tend to avoid heat stress differently, which depends on environment they are in. 
Thus, grazing cows will seek for shades, while cows in barns will look for a coolest place 
(Brou ek, 1997). Unfavorable climate and microclimate parameters negatively influence 
not only animals in barns, but also workers who spend their work time in production 
facilities (Matkovi  et al., 2006). 

The aim of this research was to investigate influence of some microclimate parameters on 
ambience of dairy cows in a modern dairy farm during summer period.  

 

Materials and methods 
The research was carried out on a dairy farm in the Osijek-Baranja County (Eastern 
Croatia). Experimental animals were primiparous Holstein cows in full lactation stage. The 
farm was of a modern construction: free keeping of cows, semi-open type, parlor (Figure 
1). Research was carried out from 01 June to 31 August, 2013. Measurements were 
performed by a digital device �Data Logger PCE-HT71“, which was placed in the middle 
of a barn at a 2 m height. Every two hours the device recorded air temperature (T) and air 
humidity (H) in the facility, based on which temperature-humidity index (THI) in a facility 
was calculated. Daily measurements were divided into three intervals and one interval 
referred to eight hours, as follows: Interval 1 from 00:00-08:00 hours, Interval 2 from 
08:00-16:00 hours, and Interval 3 from 16:00-00:00 hours. Data were processed in the 
StatSoft Statistica 8 (2008). Differences between mean values were performed by One - 
Way ANOVA, and significance of differences was tested by Post Hoc and Fisher’s LSD 
tests (p<0.0001; p<0.01; p<0.05). 
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Figure 1. Scheme of investigated farm 

 

Table 1 presents average values for investigated parameters. Air temperature was on 
average 23.540C, fluctuating from 13.10 to 380C. Average value of air humidity was 
67.74%, fluctuating from 28.70 to 90.20%, while THI was on average 70.81, fluctuating 
between 55.81 and 84.62. 
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Table 1. Basic statistical results for investigated microclimate parameters 

Parameters N Average Min. Max. S. D. S. E. 
T (0C) 1.104 23.54 13.10 38.00 5.00 0.15 
H (%) 1.104 67.74 28.70 90.20 14.23 0.43 
THI 1.104 70.81 55.81 84.62 6.12 0.18 

T= air temperature; H= air humidity; THI= temperature-humidity index; N = number of measurements; Min. 
= minimum; Max. = maximum; S.D. = standard deviation; S.E. = standard error 

 

Results and discussion 
Referring to the investigated time intervals, research results, as presented in Table 2, 
indicated that there were statistically highly significant differences (p<0.0001) determined 
between all time intervals for all investigated parameters (air temperature and air humidity, 
as well as for temperature-humidity index).  

 
Table 2. Values and significance level of microclimate parameters referring to time interval  

Parameter Interval (N = 368) pI II III
T(0C) 20.40a 27.51b 22.70c

*** H (%) 77.11a 54.98b 71.13c

THI 67.14a 75.10b 70.17c

***p<0.0001 = values marked by different letter are statistically significant; I = interval from 00.00 – 08.00 
hours; II = interval from 08.00 – 16.00 hours; III = interval from 16.00 to 00.00 hours; T = temperature; H = 
air humidity; THI = temperature-humidity index 

According to Berman et al. (1985), 250C is an optimal temperature for Holstein cows to 
maintain stable body temperature. Higher air temperature requires undertaking of measures 
for air conditioning. Our research showed that the time interval 2 (from 8.00 – 16.00 hours) 
with an average temperature of 27.510C was the most unfavorable for cows. Although in 
that interval the air humidity was the lowest (54.98%), high air temperatures affected also 
THI (75.10). According to the results of Ravagnolo et al. (2000), critical THI values were 
from 64 to 77, while West et al. (2003) concluded that production of milk per one THI 
increase unit lowered for 0.20-0.88 kg/cow. Results of this research showed that THI 
values were unfavorable for dairy cows and that they exceeded the allowable limits. 
Obtained THI in this research was higher than the average THI value published by Gantner 
et al. (2011). Such unfavorable combination of microclimate parameters was surely 
affecting reduce in milk production of observed primiparous cows, if referring to statement 
of Bianca (1965), which claimed that barn temperature of 290C and air humidity of 40% 
influenced milk yield reduce for about 3.7%.  

 
Table 3. Values and significance level of microclimate parameters referring to research month   

Parameter Month pJune July August
T(0C) 21.97a 24.36b 24.25bc *** 
H (%) 72.78a 66.03b 64.56bc *** 
THI 68.96a 71.91b 71.49bc *

***p<0.0001; *p<0.05 
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Referring to research results in Table 3, high air temperature (24.250C) and high 
temperature-humidity index (71.91) were also determined for specific months. Differences 
in air temperature and air humidity between June and July, and between June and August 
were highly significant (p<0.0001), while differences for THI between June and July and 
between June and August were less significant (p<0.05). 

 

Conclusion 
Based on the performed research, it was concluded that values for T and THI were higher 
than optimal ones. This was especially exhibited during the time interval 2 (from 8.00 – 
16.00 hours) and during July. Statistical analysis determined highly significant differences 
(p<0.0001) for T, H and THI between particular time intervals. Referring to month of 
measurement, there were also highly significant differences (p<0.0001) determined for T 
and H between June and July, and between June and August. Less significant differences 
(p<0.05) were determined for THI between June and July, and June and August. Although 
measurements were performed on a modern dairy farm, this was not enough to assure 
favorable microclimate ambience for dairy cows. Therefore, additional measures shall be 
undertaken (e.g. installation of automatic water mist air conditioning system) to reduce T 
and THI, in order to improve cow comfort and to prevent reduce in milk production.
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Abstract 
Preservation of bull sperm by deep freeze is a technological process that allows you to store 
semen in theory for an unlimited period of time, national and international transport, without 
significant loss of quality and safety of semen. According to the literature, some 
microorganisms successfully survive the low temperatures during storage of semen in liquid 
nitrogen (-196 ° C), in deep-frozen semen, seeds, and in liquid nitrogen and ice sediment in 
the storage container for deep-frozen bull semen. The aim of this study was to do 
microbiological analysis of samples semen frozen bull and liquid nitrogen in containers for 
bull semen storage. 414 samples of frozen bull semen, and 53 samples of  liquid nitrogen ice 
sediment were examined. From the deeply frozen semen were isolated Candida albicans, 
Citrobacter freundii and Pseudomonas stutzeri. Microorganisms isolated from the storage 
container of frozen semen are mostly members of the family Enterobacteriacae, and 
Citrobacter freundii was isolated from the largest number of samples. Considering the 
findings of microorganisms in the semen, and liquid nitrogen, there is the possibility of 
connection of contamination of the semen with microorganisms of the liquid nitrogen, and 
reversely, as would be the goal of our future investigations. 

Key words: Citrobacter freundi, Candida albicans, deep frozen bull semen, liquid nitrogen  

Introduction
For the production and distribution of quality bull semen in artificial insemination the bulls 
that have passed the relevant tests are used. The bulls must be disease free, and their semen is 
collected and processed according to standard protocols. However, the microorganisms are 
present in most of the semen samples, in a smaller or larger number. These organisms are 
opportunistic pathogens of low importance for causing infection. Nevertheless, even such 
microflora can lead to infection (OIE Appendix 3.2.1.), under the conditions where the 
immune system of the body is compromised. According to literature data, the individual 
microorganisms can successfully survive the low-temperature storage of semen in liquid 
nitrogen (-196 ° C), both in semen straws, as well as in liquid nitrogen and ice sediment in the 
containers for storage of bull frozen semen. According to the "Regulations on the manner of 
sperm marking, keeping records of the production of sperm, and the conditions that must be 
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met in terms of semen quality of the Republic of Serbia" Article 5, the number of 
microorganisms after thawing of frozen semen should not exceed 500 cfu / ml. Vakanjac et al. 
(2013) isolated samples of Candida albicans in 9 and Citrobacter Freundi in 5 of 351 samples 
of deep frozen bull semen after thawing. Abro et al (2009) examined 100 samples of frozen 
bull semen and isolated seven different bacterial species (Acinetobacter, Actinobacillus 
lignieisis, Citrobacter, Microccus luteus, Pseudomonas auruginosa, Staphylococcus 
epidermidis and Staphylococcus intermedius). Bielanski et al. (2003) in their work indicated 
that they isolated 13 different bacterial species from deep-frozen bull semen which were 
stored in liquid nitrogen from 6 to 35 years. The same author also states that  in 69% of 
samples of the liquid nitrogen, 62% of samples of the deep frozen semen and 32% of the 
samples of embryos the microorganisms were isolated, and in 14 (35%) of the samples is 
isolated from any microorganism of the sample. Bielanski (2012) states that the viruses are 
isolated from the liquid nitrogen, but a larger number of ubiquitous microorganisms were 
isolated from the liquid nitrogen and the ice sediment. Morris (1999) in his paper states that he 
isolated 100 cfu anaerobic microorganisms and aerobic microorganisms 10 cfu per 10 kg of 
liquid nitrogen. Radnoti and Farkas (1966) isolated 1 cfu of microorganisms on 5-10 ml of 
liquid nitrogen. Piasecka-Seraline (1972) describes in his work that there were 94% samples of 
frozen semen showing bacterial contamination after freezing and storage in liquid nitrogen, 
which was experimentally contaminated with Escherichia coli and Staphylococcus aureus. 
Nedi  et al. (2013) in total of 35 samples of liquid nitrogen confirmed the presence of 
microorganisms in 21 samples, and identified Citrobacter freundi, Klebsiella oxitoca, 
Acinetobacter braumannii, Acinetobacter Iwoffi, Pseudomonas stutzeri, Citrobacter diversus, 
Citrobacter koseri, Proteus mirabillis and Aspergillus sp.  

Very extensive testing possibilities of cross-contamination of samples and liquid nitrogen are 
described by Bielanski (2005). In his work he states three experiments, the first experiment, 15 
ml of bacterial culture and 10 ml of viral culture poured into liquid nitrogen in which bovine 
embryos are stored, in the second experiment, samples of bovine semen and embryos exposed 
to viral and bacterial culture prior to freezing, and in the third experiment 1 ml of the bacterial 
and viral culture is frozen and stored, and wherein the same container and the sample of 
bovine embryos and semen. The results of this study show that there is no cross-contamination 
of samples in one of these three experiments if they were frozen 7 days in the tested container. 

 

Materials and methods 
A total of 414 samples of frozen bull semen and 53 samples of ice sediment of liquid nitrogen 
were checked. After dissolution in the water bath at 37 ° C, with a deletion of straws 70% 
alcohol, and careful trimming of the top, straws were seeded in medium (blood agar 
supplemented with 10% sheep blood, Mac Conkey agar, and Sabouraud dextrose agar). 
Samples of liquid nitrogen were taken with sterile swabs, dip in bowl filled with liquid 
nitrogen, in which frozen bull semen straws are stored. After enrichment in nutrient broth (24 
hours at 37 ° C) samples were streaked onto solid medium (blood agar supplemented with 
10% sheep blood, Mac Conkey agar, and Sabouraud dextrose agar). All plates were incubated 
for 24-48h at 37°C. Bacterial strains obtained in pure cultures were examined on the basis of 
morphological, cultural and biochemical characteristics. As a test to confirm, in the process of 
identification Microgen ID (Camberley, UK) was applied. 
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Results and discussion 
Results of 414 samples of frozen bull semen show that Candida albicans was isolated in pure 
culture in nine samples, and Citrobacter freundi in 5 samples. We isolated two types of 
microorganisms in samples of deep frozen bull semen, in contrast to Bielanski et al. (2003) 
who in his work isolated as many as 13 different bacterial species. Abro et al. (2009) who 
examined 100 samples of frozen bull semen isolated seven different bacterial 
species. Although the temperature of liquid nitrogen is -196 °C it is considered that 
contamination of the samples stored in liquid nitrogen is possible when the container is not 
properly sealed.  

Piasecka-Serati in 1972 was first to describe contamination of deep frozen bull semen in liquid 
nitrogen, which is experimentally contaminated with Escherichia coli and Staphylococcus 
aureus. From a total of 53 samples of ice sediment of liquid nitrogen that we examined in our 
study, organisms were isolated in 28 samples. Citrobacter freundi were isolated in 9 samples, 
Pseudomonas aeruginosa and Klebsiella oxitoca in 2 samples, Acinetobacter iwoffi in 3 
samples ,Pseudomonas stutzeri in 4 samples, Staphylococcus saprophyticus, Citrobacter 
diversus, Klepsiella ozaenae, Proteus mirabillis and Aspergillus sp. in one sample, Candida 
albicans in 3 samples. High levels of liquid nitrogen sediment contamination, of the container 
for storage of human embryos are described by Morris (2005). The author states that the 
bacteria are isolated from all of the samples, the mold in 9 of the 10 samples, wherein 
Acinetobacter baumannii, Microcossus sp. Chrysenomonas luteola, Klepsiella oxytoca, 
Sphinogobacterium spiritivorum, Weaksella virosa and  nonhemolytic streptococci were  
identified. A large number of different microorganisms isolated from liquid nitrogen 
(Staphylococcus auricularis, Bacillus sp, Alcaligensis faecalis, Stenotrophomonas 
maltophilia, etc.). Bielanski got in his work (2003). Fountain et al. (1997) reported the 
isolation of Aspergillus sp, Penicillium sp, Paecilomyces,  hemolytic Staphylococcus, 
Bacillus sp, Corynobacterium and coagulase-negative staphylococci in liquid nitrogen for 
storage of hematopoietic stem cells. 

 

Conclusion
Although there is no conclusive evidence about the possibility of transmission of 
microorganisms from a container of liquid nitrogen in the samples of stored deep frozen bull 
semen, it is still necessary to implement measures to ensure that contamination of liquid 
nitrogen and samples is reduced to a minimum. Containers in which deep-frozen bull semen 
are kept, should be new or previously thoroughly cleaned and disinfected, filled with new 
liquid nitrogen and sealed under veterinary supervision.  Containers must be annually emptied, 
cleaned and disinfected to reduce possible contamination of liquid nitrogen and stored 
samples. 
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Abstract  
The aim of the present study was to assess adrenal response to high air ammonia levels in 
rabbits. Twenty male rabbits of the New Zealand White breed at the age of 4 months 
were randomly allocated into two groups: control - reared under low air ammonia levels 
(1.4-14.6 ppm) and experimental – reared under higher ammonia levels (28-57 ppm). The 
rabbits of both groups were subjected to forced running for 15 min on day 37 of the trial 
and two weeks later they received i.m. injection of 0.1 mg synthetic adrenocorticotropin 
(ACTH1-24) per rabbit. The animals were sacrificed two days after termination of the trial 
and some internal organs and glands were excised and weighed. Plasma cortisol levels in 
both groups were not significantly altered at 20 and 60 min following the end of forced 
running relative to basal levels. Plasma corticosterone level in the control rabbits declined 
at 20 min (P<0.01) and 60 min (P<0.05) following exposure to forced running and 
remained unchanged in the experimental group. Plasma cortisol and corticosterone 
concentrations in both groups declined significantly at 60 and 120 min following ACTH 
injection. The rabbits under high ammonia levels had heavier adrenal glands than control 
rabbits (P<0.01). The results are interpreted to suggest that ammonia-induced higher 
adrenal weight was due to hypertrophy of adrenal zona glomerulosa. 

Key words: adrenal gland, corticosterone, cortisol, rabbit, tetracosactide 

 

Introduction 
Most of the ammonia related investigations are focused on the deleterious effect of 
ammonia on defense mechanisms of the respiratory tract against pathogens (Drummond 
et al., 1981; Al-Mashhadani, 1984; Gustin et al., 1994). 

It is worth to note that exposure of weaned pigs to 35 and 50 ppm of ammonia for 19 
days was found to increase serum cortisol level on day 19, but the magnitude of the 
increase was of moderate value (von Borell et al., 2007). On the contrary, exposure of 
pigs to 0, 25, 50 and 100 ppm of ammonia for 6 days did not modify plasma cortisol level 
(Gustin et al., 1994). Slight but significant increase of plasma cortisol levels have been 
reported in nursery pigs following chronic (20 days) or acute (96 h) exposure to 30 and 
50 ppm of ammonia (Mitloehner, 2004). Olanrewaju et al. (2008) did not find significant 
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change of plasma cortisol level in broiler chickens exposed to 0, 25 and 50 ppm of 
ammonia for 14 days. Thus, the aim of the present study was to investigate the effect of 
enhanced level of air ammonia on adrenal response to stress. 

 

Materials and methods 
Twenty New Zealand male rabbits (Oryctolagus cuniculus) at the age of 4 months and 
average weight of 3 kg were randomly allocated into 2 groups (control and experimental) 
- 10 rabbits in each. Rabbits were reared individually in wire-floor cages, provided with 
feeders and automated drinkers - feed and drinking water were supplied ad libitum. Air 
temperature, relative humidity and CO2 levels were within the following limits - 16-24 °C; 
40-70% and 480-1260 ppm. The rabbits of both groups were reared together from birth 
until the start of the experiment in a room with natural ventilation and relatively high air 
ammonia levels (15-21 ppm). During the 51 days long experiment the rabbits of the 
control group were reared under low air ammonia levels (1.4 – 14.6 ppm), whereas the 
experimental rabbits were kept under higher levels of naturally occurring ammonia (28-
57 ppm) via window closing. Thirty seven days from the start of the experiment all 
rabbits were exposed to 15 min forced running. Blood samples were collected by ear 
venepuncture before (basal level) and after the forced running session (at 20 and 60 min). 
Two weeks later the rabbits of both groups were injected with 0.1 mg tetracosactide 
(Adrenocorticotropin, 1-24). Blood was taken before and following adrenocorticotropin 
(ACTH) injection (at 1 and 2 h). The acute effect of air ammonia on adrenal function was 
assessed by spreading liquid ammonia on the floor, immediately after the end of forced 
running session and ACTH injection, which led to increased air ammonia level as high as 
158 ppm. All rabbits were sacrificed two days after termination of the trial and the 
following internal organs and glands were excised and weighed – liver, lung, spleen, 
testes and adrenal glands. Plasma cortisol and corticosterone were measured by Rabbit 
cortisol and corticosterone ELISA kits, manufactured by Cusabio Biotech. CO., LTD. Air 
ammonia was recorded via AeroQual S200 Monitor, equipped with ammonia sensor head 
(0-100±0.1 ppm). The results of one factor statistical analysis are expressed as means ± 
S.E.M. and were analyzed by ANOVA.  

 

Results and discussion 
Chronic exposure to ammonia had no effect on basal plasma levels of cortisol (Figure 1). 
Ammonia prevented cortisol decline, observed in the control rabbits at 20 min following 
the end of forced running session (Figure 1). Our data, concerning rabbit exposure to 
forced running, are not consistent with those reported in rats subjected to acute exercise 
session (Fortunato et al., 2008). The authors found an increase of corticosterone level at 
30 min after the termination of 20 min long treadmill exercise followed by sharp decline. 
The observed discrepancy of cortisol dynamics between our and their experiment could 
be due to species specific difference in the rate of cortisol clearance.  
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Figure 1. Effect of forced running and ACTH injection on plasma levels of cortisol in rabbits, 

reared under low and high ammonia levels 
     * - P<0.05    *** - P<0.001 

 
Table 1. Relative weight of liver, lung, spleen, testes and adrenal glands in rabbits, reared under 

low and high ammonia levels 

Organs and 
glands 

n 
Control group Experimental group 

x Sx x Sx 
Liver 9 0.0272 0.0012 0.0249 0.0017 
Lung 9 0.0039 0.00014 0.0042 0.00026 

Spleen 9 0.00049 0.00006 0.00037 0.00004 
Testes 9 0.00126 0.00020 0.00182 0.00036 

Adrenal
gland 9 0.000073 0.0000036 0.000101** 0.0000081 

** - P<0.01 significantly different versus control group 
 
Surprisingly, plasma cortisol levels declined significantly in both groups at 1 and 2 h 
following adrenocorticotropin (ACTH1-24) injection. Our data are not consistent with the 
reported 7-fold increase of corticosterone within 30 min after ACTH injection in neonatal 
mother-deprived rabbits (Brecchia et al., 2009). Earlier studies involving wild rabbits 
have shown completely different stress response to psychological stress which did not 
involve the adrenal cortex (Kracht and Kracht, 1952; Kracht, 1954.) The authors found 
symptoms of thyrotoxicosis and suggested that the observed stress response was 
completely mediated by the pituitary-thyroid system. On the contrary, Brown-Grant et al. 
(1954) reported that rabbits subjected to restraint or electrical current had reduced rate of 
release of Iodine-131 from the thyroid gland, which was not due to stress-induced renal 
clearance of iodine, since the inhibitory effect of stress on thyroid function was also 
observed in adrenalectomized rabbits. It seems that the lack of adrenal response to forced 
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running and ACTH injection in our study was influenced by NH3 despite the similar 
response in the control and experimental rabbits. This view stems from the fact that many 
generations of rabbits in the rabbit farm have been raised under high ammonia levels, 
especially in winter when all doors and windows were kept closed because of the low 
ambient temperature. Furthermore, the rabbits of the control group have been reared 
under high ammonia level for 4 months before being moved to a clean, well ventilated 
room at the start of the experiment. Numerous experiments on animal and man indicated 
that exposure to stress during pregnancy and neonatal period alters hypothalamic-
pituitary adrenal activity of the offspring (Sternberg and Ridgway, 2003; Davis et al., 
2004; Huang, 2011). Consequently, we assume that adrenal response to stress in the 
control rabbits might have been modified by the elevated air ammonia level during 
pregnancy, neonatal or early postnatal period.  

Alleviated adrenal response to ACTH in hyperammonemic rats was reported by Llansola 
et al. (2013). Ammonia is known to increase NO synthesis (Swamy et al., 2005) and NO 
was found to modulate cortisol and corticosterone secretion (Adams et al., 1992).  
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Figure 2. Effect of forced running and ACTH injection on plasma levels of corticosterone in 

rabbits, reared under low and high ammonia levels 
 * - P<0.05      ** - P<0.01       *** - P<0.001 
a – significantly different versus basal level in the control group  
b – significantly different versus basal level in the experimental group  
 

Plasma corticosterone levels declined in the control group (P<0.01) at 20 and 60 min 
following exposure to 15 min forced running (Figure 2). It is worth to note that plasma 
corticosterone level in the experimental group did not decline significantly at 20 and 60 
min. following the termination of forced running session. The observed difference in 
plasma corticosterone levels between the two groups could be due to ammonia-induced 
increase of plasma aldosterone and the use of corticosterone as a precursor of aldosterone 
(Müller, 1965, Perez et al., 1977; Yamauchi et al., 1997). The experimental rabbits had 
heavier adrenal glands (P<0.01) relative to the control rabbits (Table 1). Adrenal 



351

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

hypertrophy in the hyperammonemic rabbits was obviously not due to increased secretion 
of glucocorticoids as seen in Figure 1 and 2. Ammonium chloride has been used in many 
animal studies to induce metabolic acidosis since around 98% of endogenous ammonia 
exists as NH4

+ (Wright, 2010). Ammonium chloride ingestion was reported to decrease 
serum cortisol level (Müller, 1965; Yamauchi et al., 1997; Llansola et al., 2013). Also, 
hyperammonemia-induced metabolic changes are only partially mediated by adrenaline 
(Wiechetek et al., 1989). Consequently, the higher adrenal weight in the experimental 
rabbits was most probably due to hypertrophy of adrenal zona glomerulosa. This view is 
in agreement with the reported zona glomerulosa hypertrophy in ammonium chloride 
treated rats (Lina and Kuijpers, 2004). Furthermore, hepatic encephalopathy is 
accompanied by hyponatremia (Bhatia et al., 2006) and it is well known that 
hyponatremia stimulates aldosterone secretion. 

Adrenocorticotropin administration caused significant decline of plasma corticosterone 
levels in both groups of rabbits at 1 and 2 h following the injection (Figure 2). However, 
the rate of corticosterone decline was more pronounced than that of cortisol level and 
constituted almost half of the basal corticosterone level. 

Conclusion
Rabbits did not respond to forced running and ACTH administration by increase of 
cortisol and corticosterone levels. Exposure to high air ammonia caused adrenal 
hypertrophy. 
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Abstract 

Intensive swine production in modern conditions of breeding and use of technological 
processes has influenced the occurrence of wide range of breeding and technopathy diseases. 
One of the most abundant breeding diseases declared in literature as an independent disease is 
esophagogastric ulcer characterized by erosions and ulcers in mostly esophagogastric part and 
rarely in mucous part of stomach. Esophagogastric ulcer is a disease of multifactorial etiology 
caused by genetic predisposition, diet, and presence of certain pathogenic microorganisms (for 
example Helicobacter pylori). The goal of our research was to examine the frequency of 
esophagogastric ulcer in pigs on commercial farms. One commercial farm has its own 
slaughterhouse for producing meat of fattened pigs. In our experiment we used 103 pigs in 
fattening with body weight between 100 and 107 kg and aged from 6 to 7 months. In the 
process line of slaughterhouse we established thickening of esophageal surface, 
hyperkeratosis, nonstructural yellow surface in 37 of total of 103 animals, while erosion of 
esophageal part of stomach, surface damage which does not include damage of muscular layer 
of mucous membrane, was present in 29 of 103 animals. Ulcers of esophageal part of stomach 
which affect total thickness of mucosal membrane were present in 4 of 103 examined animals.  

Key words: commercial farms, esophagogastric ulcer, pigs  
 

Introduction 
Esophagogastric ulcer occurs most commonly as an independent disease in pigs. The largest 
number of cases was recorded in sows and finishing pigs. It can be said that the incidence of 
esophageal ulcers is the most significant in young males aged about 8 weeks. A great number 
of articles suggest that the most frequent occurrence of ulcers is in swine body weight from 40 
to 90kg (Lon arevi  et.al., 1997; Šamanc, 2009). According to some sources, frequency of 
occurrence of the ulcer in pig suggests the most common body weight of 60kg, then, from 70 
to 100kg the incidence is falling and rising again in pigs heavier than 100kg. Primitive breeds 
of pigs are far more resistant than the noble ones in which the disease is far more common. 
There was a significantly higher incidence of these lesions in pigs of Duroc breed than in the 
Yorkshire breed (Guise et al., 1997). The goal of our research was to examine the frequency of 
esophagogastric ulcer in pigs on commercial farms.  
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Material and methods 
Commercial farm has a slaughterhouse and in this particular case there is no transport and 
handling of animals in depot prior to slaughter. On the slaughter line 103 animals were 
examined chosen by method of accidental choice. The average age of animals was between 6 
and 7 months and the body weight varied between 100 and 110 kg. The stomach was opened, 
freed of content and washed with water in order to see the inner part of mucus. The photo was 
taken of all the samples and they were processed for histological analysis.  

Results and discussion 
The stomach of pig has the shape of bag and it is located in transversal way in abdomen. Two 
parts can be differed - left or cranial and right or pyloric. There are also two surfaces (cranial 
and caudal), two edges (dorsal and ventral) and a central part corpus ventriculi.There are two 
openings on the stomach, one connecting with oesophagus –ostium cardiacum and one leading 
to small intestine-ostium pyloricum. Dorsal edge is a concave one and it is known as curvatura 
ventriculi minor, located between oesophagus and duodenum. Ventral edge is convex and 
bigger known as large curvature-curvatura ventriculi major. In order to make the inner part of 
stomach visible the cut was made across curvatura ventriculi major. In the inner part there are 
cutaneus and glandular part of mucosa. This type of stomach is known as composite stomach –
ventriculus compositus. The part of stomach containing only cutaneous mucosa located 
arround the cardia is named pars oesophagica or proventricularis. Other part of stomach 
containing glandular mucosa is the glandular stomach –pars glandularis. The border line 
between one type of mucosa and the other has the obvious difference in the color.  

The results of occurence of esophagogastric ulcer in investigated swine on the slaughter line 
are given in Table 1.  

 
Table 1. The occurence of esophagogastric ulcer in swine on the slaughter line   

Fattening pigs Number of 
examined pigs Age Body weight 

(kg) Positive  
Negative 

Total 100 6-8 months 100-110 24 76 
 

In Table 2 we present the number of positive results of ulceration presence in relation to the 
age category. 

Table 2. Number of positive animals in relation to age 

 Number of animals Positive results of ulceration 
presence 

Animals from 6-7 months 51 10 
Animals older than 7 months 49 14 
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The results of histological examination of esophageal part of stomach on the salughter line are 
given in the Table 3.  

 
Table 3. Histological examination of esophageal part of stomach on the slaughter line 

 
The findings 

 
Number of positive 

animals 

 
Number of tested 

animals 
Thickness of esophageal surface of mucosa- 
Hyperkeratosis, non-structural yellow surface 37 103 

The erosions of esophageal surface of  
mucosa-surface erosion which do not get to 
Muscularismucose 

 
29 

 
103 

The ulcerations of esophageal surface of mucosa- 
damage of whole depth of mucosa

 
4 

 
103 

 

In pictures 1, 2, 3 and 4 we presented the founded changes in mucosa. 

 
         Picture 1. Ulcer which is obviously 

 separated from healthy mucosa 
 

 
Picture 2. Hyperkeratosis of the cutaneous 

mucosa surface 

 

 
Picture 3.  Erosions of mucosa/ different sizes 

and shapes 

 

 
Picture 4. - Mucosa of esophageal area without 
changes  
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On esophagogastric stomach area the established changes mostly consist of different numbers 
and range with erosions or without erosions. The lining of the affected had changed color 
(tawny, yellow-green or gray). Its area is roughly thickened and wrinkled, like the oak bark 
and therefore surpasses the mucous membrane environment. Along with this, there were 
erosions which were different. This shape and size changes usually began with that of the 
periphery of the margo plicatus, spreading into the center and affecting the entire lining. When 
there was independent erosion, as for the major destructive changes- ulcers of deeper nature, 
we occasionally found them alone, and many times combined with other pathological 
alterations. The most frequently we found chronic ulcers, which were round, oval or irregular 
in shape, with extensive lesions. They looked like many small ulcers merged into one large 
that was often spread to the whole esophageal region. The edges of the ulcer were prominent 
and sharp. The crater was covered with a layer of necrotic mass. Ulcer color is gray to brown 
chocolate. Sometimes the blood clot was glued to the base of the ulcer. Bottom of the chronic 
necrotic ulcer crater was covered with purulent-fibrous exudate. In several samples we found 
edema in the submucosa around the edges of ulcers in the form of cut watermelon slices. In 
most chronic ulcers the areas in the process of rehabilitation can be observed, as well as fields 
that are pathologically active. Surface repair patches are characterized by the presence of 
connective tissue in the bottom of the crater and cicatrisatio-regeneration of epithelium at the 
edges of the ulcer. Ulcers were found in alterations whose localization was mostly in the folds 
of mucous membrane or their foot, and rarely were scattered throughout mucosa, often 
accompanying mucosal fold along its length. Rarely have we found round oval ulcers, as well 
as incorrectly rectangular ones. Size varied. Shallow ulcers lining resembled cracked bark and 
deep ulcerations had the look like a sultry of mucosa with some sharp object. Walls were 
irregular, jagged, while they were inflamed and edematous. In the bottom of the crater there is 
the necrotic mass of dirty yellow color or small blood clot of darker color.  

Etiological factors that contribute to the emergence of diseases can be classified into several 
groups, some of which stand out as the most important like food and polyvalent stress 
(Kopinski et al., 2007; Bojkovski et al., 2010, 2011). Food can significantly contribute to the 
occurrence of ulcers, particularly for hogs. Infestation is common, because of the commercial 
reasons and the concentrated feed for pigs with increased proportion of corn at the expense of 
barley and oats. Meals with finely minced and powdered food with a large number of small 
particles favor the occurrence of cutaneous mucous membrane processes on proventriculus 
(esophageal) and erosions in the other part of the stomach. This means that the meal does not 
contain a greater percentage of coarse particles, lacking natural wear and restoring cutaneous 
epithelial lining of proventricular part of the stomach (Šamanc, 2009). Disorder in the renewal 
of the epithelium could be the result of long-term acidosis related to the chemical processes of 
digestion, and less influenced by the gastric juice. During degradation of starch under the 
influence of microorganisms, large amounts of lactic acid which has a corrosive effect are 
made, and they are likely to cause initial appear-acute cutaneous erosions on the mucosal 
surface. It was observed that the state of stress, caused by overcrowding the facility, and the 
conditions, drastically changed environmental conditions (especially temperature) as a result 
of changes in the appearance of gastric mucosa in a larger number of animals. Many authors 
point out that stomach ulcers in pigs, like ulcers in people, develop under the influence of 
various stresses. Under modern conditions of production, pigs are exposed to many 
nonspecific stimuli, which cause tension among them, fear, pain, etc. This acts as a stressor 
and psychosomatic physical nature, requiring intermittent or continuous adaptation of animals 
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given environmental conditions and its frequent changes. Esophagogastric ulcer would 
therefore have to be included in the group of diseases whose causes are the result of the 
general adaptation syndrome. Observations concerning the state of stress caused by cramped 
living space, sudden temperature changes, transportation, room in the depot before slaughter, 
mixing of animals who do not know a new unfamiliar environment. In pigs with 
esophagogastric ulcer it violated the neuroendocrine regulation in terms of reduced secretion 
of pituitary hormones and increased thyroid secretion of cortisol. Given that the stress states 
increased corticotropin secretion of endocrine changes described correlations can be 
interpreted as a contribution to the neuro stress is very important in the pathogenesis of peptic 
ulcer disease (Krakowka et al., 1998 ). Microbiological examination of material from the ulcer 
showed that there are often fungus Candida species. Experimental work has shown that 
Candida albicans is a normal resident flora of pig stomach and turns off its role in ulcer 
development (Krakowka et al., 2006). Today it is considered to belong to the group of 
Helicobacter heilmanii very important enteropathogenic microorganisms in pigs that have an 
important role in the formation of gastric ulcers in these animals. Although these 
microorganisms invade the pars oesophagica and do not use toxic destruction of cellular 
elements, it attributes their role in the pathogenesis of the lesion. One way ulceration action of 
bacteria could be their ability to produce lower fatty acids. Lower fatty acids quickly pass 
through the outer barrier of gastric mucosa and increase the acidity of gastric contents. The 
primary cause of infectious diseases has not been proven nor is it typical for pigs. Several 
different causes are associated with the occurrence of disease in pigs, but the exact cause has 
never been confirmed. In a few cases the gastric ulcers were found in pig circovirus lesions 
(Iveti  et al., 2002). Gastric ulcers are associated with the emergence of swine influenza and 
swine respiratory disease complex especially during the summer months (Gagri in and Došen, 
2004). Regardless of the fact that the cause or risk factors will reduce the effects of normal 
gastric function. Abnormal fluid content of the stomach is the result of changes in pH that 
normally exists between terminal part of the esophagus and pylorus. The result is an intense 
secretion of gastric acid. The increased acidity of gastric juices irritates the esophageal lining 
part and leads to initial changes squamous epithelium (hyperkeratosis), which can further lead 
to ulceration. Clinical picture accompanying esophagogastric ulcer is usually correlated with 
the stage of development and intensity of pathomorphological changes in the pars esophagica. 
In per acute cases, without the appearance of clinical symptoms, the animals die suddenly. In 
acute cases skin and mucous membranes are very pale. Some animals grind their teeth because 
of pain in the stomach, taking less food. They retreat into the corners of rooms, reluctant to 
move and usually lie. In some cases, it may be noted that they vomit. An influence of acid in 
the blood is black vomit. Faeces are dark. In sub-acute and chronic cases the disease is longer 
and symptoms are milder. The animals are anemic, taking less food and gradually become 
thin. Occasionally dark faeces can be noticed. Often the only indication of the existence of 
ulcers is occasional occurrence of constipation due to hard stools. In fact most of the pigs are 
sub clinically ill and the incidence of disease can be determined only at the slaughter line. 
Clinical effects of ulcers are usually associated with blood loss. Similar clinical symptoms that 
accompany esophagogastric ulcer happen also in cases of dysentery, salmonellosis, TGE, 
intestinal adenomatosis, coccidiosis and others. Bacterial and viral infections are usually 
manifested with fever and sickness in a large number of animals at the same time, in contrast 
to the esophagogastric ulcer, in which the temperature is within the normal range and which 
occurs sporadically (Mili , 1968). If esophagogastric ulcer is not timely diagnosed and 
appropriate treatment is not taken, the disease, after a shorter or longer period, ends lethally. 
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Pigs suspected to have ulcers should be separated into separate boxes. Treatment of anemia 
may include application of vitamin K although hemostatic effectiveness of the therapy is 
questionable. In some cases, antacid agents (aluminum hydroxide or magnesium silicate) can 
be successfully applied. As in all cases of symptomatic treatment, it is recommended to 
provide infusion solutions or preparations based on iron and vitamin B complex. Change of 
diet and a higher percentage of fiber in the diet contribute to a faster recovery from illness. In 
addition, the food needs to be kept in order to prevent fungal growth and thus prevent the 
creation of unsaturated fatty acids. Prevention is based on the exclusion of risk factors, 
minimizing stress and improving nutrition in terms of changes in the composition and the 
adjustment of time of a meal is beneficial as well. Quality of food ingredients must be 
acknowledged, especially if food is long standing or of poor quality. Successful control of 
swine respiratory disease complex will reduce losses in ulcerative gastroenteritis on some 
industrial pig farms (Filipovi , 2009).  

Conclusion
Pathology of pigs is a very dynamic discipline and control and health protection must be an 
integral part of each program. It is very important to access technological and production 
diseases whose detection and suppression is not a legal obligation, but an economic necessity. 
In the process line of slaughterhouse we have established thickening of esophageal surface, 
hyperkeratosis, nonstructural yellow surface in 37 animals out of total of 103 animals, while 
erosion of esophageal part of stomach, surface damage, which does not include damage of 
muscular layer of mucous membrane, was present in 29 of 103 animals. Ulcers of esophageal 
part of stomach which affect total thickness of mucosal membrane were present in 4 of 103 
examined animals.  
 
Acknowledgments 
This Paper is accomplished as a part of project TR 31071 of the Ministry of Education, 
Science and Technological Development of the Republic of Serbia. 

References 
1. Bojkovski J, Reli  R, Hristov S, Stankovi  B, Savi  B and Petrujki  T 2010. Contribution to 

knowledge of health, reproduction,biosecurity and ecological problems in intensive pig 
production. The 9th International Symposium “Prospects for the 3rd millennium agriculture” Cluj-
Napoca Symposiums 1-5 pp. 

2. Bojkovski J, Radoji i  B, Savi  B, Petrujki  T,Pavlovi  I and Reli  R 2011. Bolesti stada i 
ekološki problem u intenzivnoj proizvodnji svinja. 46th Croatian and 6th International 
Symposium on Agriculture, Opatija Croatia, 828-832 pp.

3. Gagr in M and Došen R 2004. Kompleks respiratornih oboljenja svinja,Veterinarski glasnik, 
58(3-4), 409-418.  

4. Guise HJ, Carlyle WW, Penny RH, Abbot TA, Riches HL and Hunter EJ 1997. Gastric ulcers in 
finishing pigs: their prevalence and failure to influence growth rate. Vet. Rec. 141, 563-566. 

5. Iveti  V, Savi  B,Valter D and Miloševi  B 2002. Cirkovisrune infekcije svinja,Veterinarski 
glasnik, 56(1-2) ,33-40. 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

360

6. Krakowka S, Eaton KA, Rings DM and Argenzio RA 1998. Production of gastroesophageal 
erosions ans ulcers (GEU) in gnotobiotic swine monoinfected with fermentative commensal 
bacteria and fed high-carbohydrate diet. Vet. Pathol. 35, 274-282. 

7. Krakowka S and Ellis J 2006. Reproduction of severe gastroesophageal ulcers (GEU) in 
gnotobiotic swine infected with porcine Helicobacter pylori-like bacteria. Vet.Pathol. 43, 956-
962. 

8. Kopinski JS and McKenzie RA 2007. Oesophagogastric ulceration in pigs: a visual 
morphological scoring guide. Aust. Vet. J., 85, 356-361. 

9. Lon arevi  A, Mari i  Z, Toševski J and Pavlovi  I 1997. Osnove sistematskog zdravstvenog 
nadzora i programiranje zdravstvene zaštite svinja u intenzivnom odgoju. U monografiji: A. 
Lon arevi : Zdravstvena zaštita svinja u intenzivnom odgoju, pp. 517-523, Nau ni institut za 
veterinarstvo Srbije, Beograd. 

10.Mili  D 1968. Problem ezofagogastricnog ulkusa kod svinja na farmama. PhD, Fakultet 
veterinarske medicine, Univerzitet u Beogradu, Beograd.

11.Filipovi  V 2009. Iskustva primene preventivnih mera na farmama intenzivne proizvodnje, 
Zbornik radova sedmog simpozijuma zdravstvena zaštita, selekcija i repodukcija svinja, Srebrno 
jezero, pp. 21-23. 

12.Šamanc H 2009. Bolesti svinja, Nau na knjiga, Beograd. 

 

 

 



361

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

Original paper 

CONTROL OF THE RESPIRATORY DISEASES IN A PIG HERD USING DATA OF 
THE RESPIRATORY ORGANS EXAMINATION OF FATTENING PIGS AT A 

SLAUGHTERHOUSE

Došen R.*, Prodanov-Radulovi  J., Stojanov I., Pola ek V., Milanov D., Puši  I. 

Scientific Veterinary Institute“Novi Sad“, Rumena ki put 20, 21000 Novi Sad, Serbia 
*Corresponding author: dosen@niv.ns.ac.rs 

Abstract
In everyday farming practice, assessment of economical impact of respiratory diseases at herd 
level relies on the following information: data records on the diseases within the herd, 
productivity and slaughterhouse records. The data available from the slaughterhouse 
encompass the number and percentage of low weight pigs, number of diseased animals, the 
severity of lesions observed at slaughter as well as the amount of discarded organs and 
carcasses. The aim of this investigation is to improve the assessment of health status of pigs at 
herd level and design programs for the control of respiratory syndrome in swine based on the 
analysis of the data collected at slaughter line. In the slaughterhouse, the thoracic cavity 
organs from 105 fatlings that have reached the slaughter body mass, 20 underweight fatlings 
and 20 underdeveloped piglets were examined. The weight of both half-carcasses was 
measured. Tissue samples of altered organs (lungs, mediastinal lympho nodes, tonsils) were 
collected and subjected to bacteriological analysis. The average weight of both half-carcasses 
was 81.54kg in fatteners with full slaughter body mass, and 58.29kg and 14.95kg in low-
weight fatlings and piglets, respectively. Changes affecting 10% of lung tissue were 
established in 9 animals, 11-20% in 10 and 21-32% in 10 fatlings. Pathological process is 
characterized by hepatization of lung tissue, inflammation of the pleura or, even more 
frequently, adhesions between the visceral and parietal pleura and pericardium. In 
underweight fatlings, the rates of lung changes were 20% in 5, 11-30% in 3, 40% in 4, and 

40% in 6 animals. Applying bacteriological testing, the following microorganisms were 
isolated: Haemophilus parasuis, Arcanobacterium pyogenes, and Pasteurella multocida. The 
examination performed at the slaughter line strongly suggested the necessity of designing a 
new, updated vaccination program taking into consideration the causative agents and 
vaccination schedule.  

Key words: control, fatteners respiratory organs, slaughterhouse 
 

Introduction 
A number of researches demonstrated that respiratory diseases of swine result in substantial 

decrease in production performance and increase of production costs in pig industry (Van 
Alstine, 2012). Economical losses are mainly associated with increased consumption of drugs 
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and labor, veterinary services, decreased feed conversion, increased mortality rate, body 
weight loss and prolonged fattening period (Dosen et al., 2008; Hurnik et al, 1994). The 
analysis of economical effects of an outbreak of Actinobacillus pleuropneumoniae infection 
diagnosed on pig farms in the United States (US) in 1995 revealed a total economical loss of 
32 million US dollars (Willard, 2005). Some estimations reported in the US indicated that 
reproductive problems, increased mortality rate and decreased growth and performance rate 
induced by Porcine reproductive and respiratory syndrome virus (PRRSV) infection are 
responsible for economic losses of some 66.75 million US dollars in breeding herds and some 
493.57 million US dollars on fattening pig farms in the U.S. (Neumann et al., 2005). Although 
the specific economic effect of mycoplasmal pneumonia can be difficult to ascertain, a review 
of a number of studies of herds with enzootic pneumonia demonstrated 17% decrease in daily 
weight gain and a 14% decrease in feed efficiency. In addition, it has been estimated that for 
every 10% of the lung with pneumonia, the mean daily gain is reduced by 37 grams (Leneveu 
et al., 2005).

In everyday farming practice, assessment of economical impact of respiratory diseases at herd 
level relies on the following information: data records on the diseases within the herd 
(occurrence of clinical form of respiratory disease and/or other diseases, mortality rate, 
autopsy results, material costs of applied therapy and prophylactic strategies), productivity 
data (current weight gain, number of days until slaughter, conversion) and slaughterhouse 
records (the percentage of low-weight pigs, number of diseased animals, severity of lesions 
observed at slaughter and amount of discarded organs and carcasses) (Dailidavi ien  et al., 
2008; Došen et al., 2008; Došen et al., 2013). The inspection at slaughter might be a useful 
tool for monitoring the health status of animals and data source for further epidemiological 
studies (Došen et al., 2011). In many countries, health recording protocols for collecting 
relevant data at the slaughterhouses were developed (Christensen et al., 1999; Sorensen et al., 
2006). Comprehensive post-mortem examination in the slaughterhouse enables identification 
of certain pathological changes in clinically healthy pigs. Such pathologies are associated with 
decreased production performances and indicate potential health problems on these farms 
(Sorensen et al., 2006; Van Alstine, 2012). 

The aim of this research was to improve the assessment of health status of pigs at herd level 
and to design programs for the control of respiratory syndrome in swine based on the analysis 
of the data collected at slaughter line.  

Materials and methods 
The material for this research derived from swine farm, where certain disorders and health 
respiratory problems in fatteners were detected. The applied research methods included gross 
pathological examination and standard bacteriological examination for detection of the 
presence of aerobic and anaerobic bacteria in the organs and tissue samples derived from 
slaugtered pigs.  

All examined animals at the slaughterhouse originated from the same farm with the capacity 
of 14,000-15,000 fatlings. It should be noted that during the previous period, samples from 
dead fatlings were examined revealing presence of the viral genome Porcine circovirus (PCV) 
type 2 and PRRSV (Real Time RT-PCR). At the slaughterhouse, thoracic cavity organs from 
105 fatteners that have reached the slaughter body mass, 20 underweight fatlings (the same 
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age as the previous category) and 20 underdeveloped piglets (age 70-80 days) were examined. 
The results of the examination and severity of the changes were recorded in forms prepared 
according to Christensen et al. (1999). The weight of both half-carcasses was measured. 
Moreover, the tissue samples of altered respiratory organs (lungs, mediastinal lympho node, 
tonsils) were collected and subjected to bacteriological examination.  

 

Results and discussion 

The half-carcass weight of healthy fatlings, underweight fatlings and underdeveloped 
piglets
The substantial variability in the carcass weight and leanness (share of muscle tissue) was 
established. The carcass weight of clinically healthy fatling ranged within a wide range of 
67.95 kg to 101.4 kg. The carcass weight below 80 kg was established in 45 (44.55%) 
fatteners. The highest and the lowest leanness values being 64.9 kg and 49.2 kg, respectively, 
were established in the fatling group with carcass weight ranging between 80.1 and 90 kg. 

Table 1. Half-carcass weight of clinically healthy fatteners at slaughter line 

less than 70kg 
(67.95kg) 

71-75 
(72.13) 

76-80 
(77.81) 

81-85 
(82.45) 

86-90 
(87.43) 

91-95 
(92.62) 

96-100 
(96.2) 

over 100 
(101.4) 

4 pcs* 12 pcs 29 pcs 26 pcs 18 pcs 10 pcs 1 pcs 1 pcs 

The average half-carcass mass = 81.54kg 
* pieces 

 

Table 2. Half-carcass weight / leanness ratio of clinically healthy fatteners at slaughter line 

Less than 70 kg - 5 carcasses Average leanness   54.8% 
max.  56.9%           min. 50.5%           over 55% -3 carcasses 

70.1 -75kg  -       12 carcasses Average leanness   54.53% 
max.  61.9 %          min. 49.5%           over 55% - 3 carcasses 

75.1- 80kg  -       28 carcasses Average leanness   52.36% 
max.  61.6 %          min. 49.3%          over 55% - 7 carcasses 

80.1-85kg  -        26 carcasses Average leanness   53.99% 
max.  64.9 %          min. 49.2%          over 55% - 5 carcasses 

85.1-90kg  -        18 carcasses Average leanness   54.92% 
max.  60.9 %          min. 51.2%           over 55% - 7 carcasses 

over 90kg -       12 carcasses Average leanness   53.37% 
max.  57.8 %           min. 51.2%           over 55% - 2 carcasses 

The average carcass weight of underdeveloped fatlings was 58.2 kg, ranging from 43.6 kg to 
69.6 kg. Although the fatteners were of the same age and originated from the same farm 
(facilities), their carcass weight was lower for 23.34 kg. The average carcass weight of piglets 
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aged 70-80 days was 13.23 kg. The piglets of the same age and body mass of 7.5 kg (weaned 
at age of 28 days) would weigh around 26 kg, provided that the daily weight gain was 400 g. 

Table 3. Half-carcass weight of underweight fatteners and underdeveloped piglets 

Category Body mass 
(groups) 

Number of 
fatlings Individual carcass weight (kg) Average carcass 

weight (kg) 

Emergency 
slaughter 

<50kg 6 43.4; 44.0; 46.6; 47.0; 49.2; 49.8 
 

X=58.29 
50-60kg 3 56.4; 58.0; 58.0 

61-70kg 11 61.0; 62.2; 62.8; 63.0; 63.8; 64.0; 
64.8; 66.4; 67.0; 68.8; 69.6 

Piglets 13-13.9kg 9 13.2; 13.2; 13.2; 13.2; 13.2; 13.2; 
13.3; 13.3. 13.3 X=13.23 

 

Type of lesions in lung tissue, pleura and heart of clinically healthy fatlings 
Low-grade lobular hepatization localized predominantly in the left and right apical lung was 
observed in 6 fatlings. In the two animals from the same population, localized pleuritis was 
observed. The changes were of very low grade, thus not quantified. In another 6 fatlings, 
lobular collapse of lung tissue was observed in the left and right diaphragm lobe. In 22 
fatteners, localized pleuritis of both diaphragm lobes was noticed, whereby in 2 animals it was 
associated with adhesion complications and in 9 with abscesses. In 20 (19.05%) fatlings, the 
changes affected 11-40% of lung tissue.  Most commonly, the entire cardiac lobes of the lung 
was affected.  

 
Table 4. Type of lesions in clinically healthy fatteners examined at slaughter line 

 

Normal lung Lung inflammation Severe lung 
inflammation 

Affected Affected Affected 

0 Not 
measurable 1-10% 11-20% 21-30% 31-40% 41-50% >50% 

Pcs* 33 43 9 10 8 2 - - 
% 31.43 40.95 8.57 9.52 7.62 1.9 - - 

Total 80.95% 19.05% - 
* pieces; - no detected 

The majority of gross pathological changes were associated with localised chronic pleuritis 
(35.58%), Pneumonia catarrhalis, mycoplasmal infection (18.27%), Pneumonia catarrhalis 
disseminata (13.46%) as well as Pleuropneumonia chronica / adhesiva (7.69%). Interestingly, 
pericarditis (Synechia pericardi) was diagnosed in only one case (0.96%). 

In the period from October 2003 to March 2004, number of 110, 865 pigs originating from 
1,196 pig farms were examined at slaughterhouses in France. Vaccination against 
Mycoplasma hyopneumoniae has been performed at the majority of farms (899 herds) 
throughout a period of more than one year. The findings revealed the average rates of 
pneumonia, pleuritis and abscess being 27.6%, 14.4% and 2.3%, respectively. In almost 10% 
of the herds, pneumonia was diagnosed in more than 30% of animals. In vaccinated herds, the 
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rate of observed lesions was lower than that in non-vaccinated ones (Leneveu et al., 2005). In 
Lithuania, the examination of respiratory organs at slaughter revealed “enzootic pneumonia” 
in 46.14% of examined animals. Pleuritis, alone or associated with lung inflammation, was 
established in 29.55% of examined cases (Dailidavi ien  et al., 2008). In our research, the 
bacteriological analysis of lung tissue, mediastinal lympho nodes and heart revealed the 
presence of Bacillus sp., Streptococcus alfa hem., E. coli, Haemophilus parasuis.    

Primary causative agents of respiratory diseases are PRRSV, PCV-2, Swine influenca virus 
and infections caused by M. hyopneumoniae, Actynobacillus pleuropneumoniae, Bordetella 
bronchiseptica, Haemophilus parasuis and sometimes Aujeszky's disease virus (Došen et al., 
2013; Prodanov-Radulovi  et al., 2011; Van Alstine, 2012). The secondary important 
infectious agents include Pasteurella multocida, Streptococcus suis and Actinobacillus suis 
(Došen et al., 2008; Neumann et al., 2005). Regrettably, the majority of infections implicate 
more than one causative agent. If the bacterial infection is associated with the viral one, the 
disease takes an acute course spreading rapidly between the housing facilities and is associated 
with higher morbidity and mortality rates. Subsequently, the epidemic takes a chronic course 
characterized by sporadic manifestations such as coughing, sneezing, anorexia and fever. The 
frequency and severity of the epidemic outbreak is strongly dependent on the location of the 
farm, bio-safety measures, farm management, vaccination program, as well as on the type and 
species of the agent (Hurnik et al., 1994).  

Swine production management is of great influence on the occurrence of respiratory diseases 
on the farm. The most common infection routes include purchasing of infected pigs or semen 
for artificial insemination originating from another swine farm (Christensen, 1999; Došen et 
al., 2011; Prodanov-Radulovi  et al., 2011). Purchasing fattening pigs from different sources 
(farms), farms with floor-system production and vicinity of other pig-farms is a potential risk 
factors for the occurrence of respiratory diseases (Sorensen et al., 2006; Prodanov-Radulovi  
et al., 2011). Large number of pigs on the farm and high-density of the animals also play a role 
in the outbreak of the disease (Stark, 2000). Besides, air quality, temperature, nutrition and 
hygiene regimen are important factors in the development and course of the disease (Hurnik et 
al., 1994; Sorensen et al., 2006).  

 

Type of lesions in lung tissue, pleura and heart in underdeveloped fatlings and piglets 
Lung changes affecting 13-78% of lung tissue were observed in all fatteners. All lung lobes 
were affected, and pleuritis was established in 50% of cases. In eight fatlings, the changes 
affected over 40% of lung tissue.  

Table 5. Type of lesions in underdeveloped  fatteners and piglets 

Group 
Normal lung Lung inflammation Severe lung 

inflammation 
0 

affected 
1-10% 

affected 
11-20% 
affected 

21-30% 
affected 

31-40% 
affected 

41-50% 
affected 

>50% 
affected 

   5/25% 3/15% 4/20% 2/10% 6/30% 
Total 20 (40%)  fatlings 
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In the examined samples, the following microorganisms were isolated: H. parasuis (4 
samples), Arcanobacterium pyogenes and P. multocida (2 samples), A. pyogenes and H. 
parasuis (2 samples), Pasteurella multocida and H. parasuis (2 samples), and A. pyogenes, H. 
parasuis and P. multocida (1 sample).  In the examined piglets, lobular collapse of lung tissue 
(4), emphysema (2), interstitial edema (2), fibrinous pneumonia and hepatization (2) and lung 
tissue hepatization were diagnosed.  

Conclusion
High rate of changes in respiratory organs of clinically healthy fatteners was evident. It 
substantially affects the fluctuation in body weight, leanness and carcass quality. In spite of 
prophylactic measures and persistent therapy, a number of fatteners are underdeveloped. The 
apparent high-grade changes in thoracic cavity organs of examined pigs raise the issue of 
economical feasibility of their raising. Moreover, such fatlings are potential carriers of 
infectious agents. The examination performed at the slaughter line strongly suggested the 
necessity of designing a new, updated vaccination program taking into consideration the 
causative agents and vaccination schedule.  
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Abstract 
Although conventional livestock farming has been successful at production and cost-
benefits rate however, besides these successes, modern livestock system, also, created 
ethical, social and environmental challenge. In other words, it is really unsuccessful at the 
issues of environmentally friendly production, animal health and animal welfare. In this 
situation, organic livestock has been introduced as an alternative for conventional 
livestock. Organic livestock is guided by a set of fundamental goals and ideas. Providing 
animal welfare can be related to some overall goals for organic. As such understanding 
how different actors perceive it is a precondition for the successful improvement of animal 
welfare. To our knowledge, no studies undertake to investigate stockmen’s intention 
toward animal welfare in Iran and MENA region. As such, the aim of this study is to 
investigate the intention of stockmen regarding importance and necessity of animal welfare 
at Sirjan County in Kerman province in the middle of Iran through a psychological 
perspective. Therefore, 100 industrial stockmen through simple random sampling were 
selected who, as we assume, will be the key stakeholders, and will contribute to the animal 
welfare in Iran. Data were analyzed using the SPSS. The results through a multiple 
regression revealed that attitude toward animal welfare, moral norm, control perceived 
behaviour and outcome expectations were predictor of stockmen’ intention toward animal 
welfare. The findings of this study provided preliminary data toward improvement of 
animal welfare between Iranian stockmen.

Key words: animal welfare, industrial stockperson, intention, Iran

Introduction 
Although conventional livestock farming has been successful at production and cost-
benefits rate however, besides these successes, modern livestock system, also, created 
ethical, social and environmental challenge. In other words, it is really unsuccessful at the 
issues of environmentally friendly production, animal health and animal welfare. In this 
situation, organic livestock has been introduced as an alternative for conventional 
livestock. Organic livestock is guided by a set of fundamental goals and ideas. Providing 
animal welfare can be related to some overall goals for organic. Organic livestock farming 
has an explicit goal of improved animal health and welfare compared with non-organic 
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farming (Vaarst and Alroe, 2012). The welfare of animals can be defined in many ways 
(Kauppinen et al., 2010) and there are many different conceptions of what welfare is, and 
animal welfare is both an evaluative concept, as well as a normative concept, which 
involves both value judgments and ethical concerns (Vaarst and Alroe, 2012). In organic 
agriculture, a number of animal welfare issues differ clearly when compared to non-
organic farming. This means that not only is there an explicit goal of improved livestock 
welfare, but—more important—an underlying philosophical and ethical idea and definition 
of what constitutes good animal welfare. As such, understanding how different actors 
perceive it is a precondition for the successful improvement of animal welfare (Kauppinen 
et al., 2010). The role of the stockperson in the welfare and productivity of farm animals 
has received increasing attention over recent years (Coleman et al., 2000). For example, 
stockperson behavior has been shown to be strongly related to fear and reproductive 
performance in pigs (Coleman et al., 2000). Therefore, the most relevant attitudes are those 
of the farmers and the farmer who as a care giver has a vital influence on animal welfare 
(Kauppinen et al., 2010). 

In this paper we deal with the question of how a group of stakeholders, such as farmers, 
perceive animal welfare and potentials for their behavior in Iran.  This is especially 
interesting in Iran, which is marked by Islamic country, because Islam frequently 
advocated for respect to animal. We believe that farmers, who will be key stakeholders, 
will play an important role in deployment animal welfare in Iran. As such the aim of this 
research is investigated intention toward animal welfare in industrial dairy sector in Iran. 

Materials and methods 
The study was designed as a cross-sectional survey. The population of interest consists of 
industrial dairy farmers in Sirjan city, eastern Iran. The study sample consisted of 100 
farmers selected through a random sampling. The participants aged from 25 to 71 and had 
a mean age of 49/17 years (SD = 11/05). All farmers were males. 

The variables were quantitatively tested using the survey methodology to understand 
individual intention. An in-depth literature review was used to develop the questionnaire to 
collect data for this study. Data were collected through personal interviews based on a 
structured questionnaire. The questionnaire was used for a face-to-face survey with 
farmers, conducted in the period from 2013. Researchers received all completed 
questionnaires directly after the survey; no intermediaries were involved into the analysis 
or interpretation of results. All farmers received the right to refuse to participate, to refuse 
to answer any question they deemed to be too sensitive or that they felt uncomfortable 
about. The questions were scored on a 1-5 point scale (very low, low, moderate, high, very 
high) to reduce the statistical problem of extreme skewness. 

 

Results and discussion 
A multiple regression analysis, with intention regarding animal welfare as the dependent 
variable, and with attitude, moral norm, self-efficacy, outcome expectations and moral norm 
as independent variables, revealed that attitude, self-efficacy and outcome expectations are 
significant predictors (Table 1). 

These three variables predicted 47% of the variance in intention regarding animal welfare, 
with outcome expectations appearing to contribute most to the model, ( =0.61, p<0.000), 
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followed by self-efficacy ( =0.19, p<0.000) and then attitude (  =0.15, p<0.009). Analysis 
revealed that relationships between moral norm and intention were not significant. 

Table1. Enter regression of variables on intention regarding animal welfare 

Independent variables b Std.er Beta Signif T
Outcome expectations 0.79 0.10 0.61 0.000 
Self-efficacy 0.14 0.03 0.19 0.000 
Attitude 0.06 0.02 0.15 0.009 

Constant= -0/17, F= 55/40, Sig= 0/000 

 Variable Multi. R R2 R2 Adjust 
Intention 0.68 0.47 0.46 
 

Intention is a plan or motivation which influences human behavior (Ajzen, 1991). It refers 
to the individual attempts to doing special behavior and clearly, probably the occurrence of 
behavior is directly dependent on his/her intention (Ajzen, 1991). The past research 
revealed that attitude is the most important factor which can influence intention (Kielland 
et al., 2010; Breuer et al., 2000; Coleman et al., 1998). Attitude refers to “the degree of a 
person’s favorable or unfavorable evaluation or appraisal of the behavior in question” 
(Fishbein and Ajzen, 1975). As such we expected that farmers attitude toward animal 
welfare directly influence their intention toward animal welfare.  The second factor which 
can influence farmers' intention is self-efficacy. It refers to the “people’s perception of ease 
or difficulty in performing the behavior of interest” (Liao et al., 2007), or “the extent to 
which individuals perceive the behavior to be under their volitional control” (Fielding et 
al., 2008). We added to other factor to framework, moral norm and farmers' expectation 
regarding animal welfare. Expectations refers, individual’s beliefs about costs and benefits 
of the behavior or judgments about the results of behavior have an important effect on 
intention (Bundura, 2004). Outcome expectations are the anticipated consequences of a 
behavior. It is the relative value that an individual places on each outcome expectation 
(Winters et al., 2003). When animal welfare can contribute to more production in animal 
(Kauppinen et al., 2012) farmers' expectation regarding their benefits can influence their 
intention toward animal welfare. Moral norms are internal moral rules or values, motivated 
by anticipated self-administered rewards or punishments (Arvola et al., 2008). Moral 
norms originate from the psychologist Schwartz’s (1977) norm-activation theory of 
altruism. Schwartz’s theory claims that pro-environmental actions occur in response to 
personal moral norms about them and that these are activated in individuals who believe 
that environmental conditions pose threats to other people, other species, or the biosphere 
and that actions they initiate could avert those consequences (Stern et al., 1995). Since
many researchers (Kauppinen et al., 2010; Vaarst and Alroe, 2012) acknowledged that 
animal welfare behavior is a moral behavior we added it to our framework. 

 

Conclusion
Our analysis revealed that expectation about outcome of animal welfare, attitude and self-
efficacy can determine farmers' intention toward animal welfare. And moral norm was not 
significant predictor of intention. Based on this finding we can conclude that farmers see 
animal welfare more instrumental than humanity and morality. Furthermore, for policy 
implication we suggest that at first stage, farmers be aware about the effects of animal 
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welfare and their animal productivity. This clarity makes them more motivated to doing 
behavior regarding animal welfare. 

Our results, also, revealed that self-efficacy of animal welfare will be expected to have an 
impact on the possibility of doing this behavior. This finding suggests that animal welfare 
programs should seek to gain widespread support from the community parts to animal 
welfare and provide strategies that ensure us people find it easy to engage in this behavior. 
Researchers aiming to increase animal welfare behavior may need to focus on the 
strategies that strengthen farmers' plans and objectives to animal welfare. Promoting 
farmers' confidence through educational programs in order to enable them to overcome any 
perceived barriers and difficulties in actions resulting in welfare behavior, will improve 
adherence to animal welfare behavior among the population. Furthermore, while attitude 
was another significant variable, in order to increase animal welfare behavior, we should 
learn about and understand farmers' attitudes toward animal welfare. We believe that in 
Iran, the success of many policy instruments will be limited unless we succeed in installing 
a more positive attitude toward this behavior practices in the minds of stakeholders. 
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Abstract 
The aim of this study was to determine the effect of selenium concentration in blood and milk 
in early lactation on somatic cell count. The average selenium concentration in the blood 
serum was 0.62 ± 0.11 mol/l and in the milk serum 0.61 ± 0.07 mol/l. Optimal blood 
selenium concentrations were found in 19 cows and suboptimal concentrations in 11 cows. 
Optimal milk selenium concentration was found in 14 cows and suboptimal in 16 cows. The 
average milk production per cow was 23.12 ± 3.1 liters / day and the average somatic cell 
count in the first and sixth months of lactation was 5.34 ± 5 (log transformed) and 5.12 ± 4.9, 
respectively. Blood selenium concentration correlated negatively with milk somatic cell count 
in early and mid lactation. The classification of cows based on blood selenium concentration 
gave results which suggested that selenium-deficient cows had a significantly higher somatic 
cell count in early lactation (the first month) and mid lactation (the sixth month). Blood 
selenium is an important predictor of milk somatic cell count. Somatic cell count in milk is 
not dependent upon selenium concentration in milk or interaction blood×milk selenium. 
Selenium concentration is not in connection with milk production. 

Key words: cows, selenium, somatic cell count 

Introduction 
Selenium acts as a cellular antioxidant in the cell cytoplasm by preventing cell damage due to 
peroxidase and plays a major role in the function of the immune response (Miller et al., 1993). 
Parturition and early lactation lead to a weakened immune system and a subsequent increase 
in the risk of infection in dairy cows (Mallard et al., 1998). Miller et al. (1995) found that 
blood selenium concentrations decrease at parturition. Uncontrolled peroxide is highly 
damaging to healthy cells and healthy tissue of the mammary gland (Kommisrud et al., 2005). 
Selenium is essential in helping leukocytes: it reduces the formation of peroxides, translates 
them into safe substances and, then, destroys phagocytized pathogens (Larsen, 1993; Finch 
and Turner, 1996; Smith et al., 1997; McKenzie et al., 1998). We hypothesized that selenium 
deficiency in early lactation can affect mammary gland health in cows. The aim of this study 
was to determine the effect of selenium concentration in blood and milk in early lactation to 
somatic cell count. 
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Materials and methods 
Animals: The experiment included 30 high-producing dairy Holstein-Friesian cows raised 
under farm conditions. The cows had similar body condition scores. They were in their third 
(14 cows) or fourth (16 cows) lactation and gave approximately the same amount of milk in 
the previous lactation (7000 liters). 

Blood analysis: Blood was taken during the first month of lactation (25-30 days) by 
v.coccygea to determine selenium concentration. Blood sera were further analyzed by atomic 
absorption spectrometry (AAS) on a Perkin Elmer Elan 6100 ICPMS, Massachusetts, USA. 
Selenium concentration was determined using the method described by Maas et al. (1992). 

Milk analysis: Milk samples were taken at the time of blood sampling. Somatic cell count 
(SCC) was determined in bulk milk samples from every quarter using MILKOSCAN 
appliances. Milk serum was separated for the purpose of measuring selenium concentration 
and further analyzed by atomic absorption spectrometry. The methodology was the same as 
for the blood serum. 

Model and statistics: In the first step results are presented as mean ±SD. In second step we 
examined correlation (Pearsons) between Se concentration in blood and milk and SCC in 
early and mid lactation. Finally, a statistical model to assess the impact of selenium in the 
blood and milk of the number of somatic cells in milk of cows is formed. On the basis of the 
value of selenium in the milk and blood the cows were denoted as cows with optimal or 
suboptimal value of selenium in blood and milk. Lower reference range of selenium is 0.6 

mol/l. Data were analyzed by ANOVA as a manual 2x2 factorial experiment, and the 
influence of the concentration of selenium in blood serum selenium in milk serum and their 
interaction, according to the model: yi =  + Bi + LJ + FC + fjk + l × ijkl, where y - the 
dependent variable – SCC or milk production, Bi - effect block, Ij - effect of selenium 
concentration in blood serum (j - optimal concentrations, suboptimal concentration), fk - 
effect of selenium concentration in the milk serum (k - optimal concentrations, suboptimal 
concentration), L × fjk - interaction between the two variables and ijkl - residual error.  

 

Results and discussion 
The average selenium concentration in the blood serum was 0.62 ± 0.11 mol/l and in the 
milk serum 0.61 ± 0.07 mol/l. Optimal blood selenium concentrations were found in 19 
cows and suboptimal concentrations in 11 cows. Optimal milk selenium concentrations were 
found in 14 cows and suboptimal in 16 cows. The average milk production per cow was 23.12 
± 3.1 liters / day and the average somatic cell count in the first and sixth months of lactation 
was 5.34±5 (log transformed) and 5.12±4.9, respectively. The above data are shown in Table 
1.  

 
Table 1.  Description data  from experimental cows 

Parameter Mean±SD 
Blood selenium (μmol/l) 0.62±0.11 
No. of cows with optimal / suboptimal blood selenium  concentration  19 / 11 
Milk selenium (μmol/l) 0.61±0.07
No. of cows with optimal / suboptimal milk selenium  concentration 14 / 16 
Milk yield (liters/day/cow) 23.12±3.1 
SCC in the first month of lactation (log/ml) 5.34±5 
SCC in the sixth month of lactation (log/ml) 5.12±4.9
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Blood selenium concentration correlated negatively with milk somatic cell count in early and 
mid lactation. The above results are given in Graphs 1 and 2. Correlations between other 
variables were not determined. 
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Graph 1. Correlation between blood selenium concentration and milk somatic cell count at first 

lactating month – early lactation 
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Graph 2. Correlation between selenium blood concentration and milk somatic cell count at sixth 

lactating month – mid lactation 
 
The classification of cows based on blood selenium concentration gave results which 
suggested that selenium-deficient cows had a significantly higher somatic cell count in early 
(the first month) and mid lactation (the sixth month). Blood selenium is an important 
predictor of milk somatic cell count. Somatic cell count in milk is not dependent upon 
selenium concentration in milk or interaction blood×milk selenium. Selenium concentration is 
not in connection with milk production.The above results are given in Table 2. 
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Table 2. Influence of selenium concentration on milk production and SCC in early and mid lactation 

 Treatment p value  

 OBS* OMS SBS SMS SEM BS** MS BS×MS 

Milk production 25.4 23.5 24.5 24.7 1.4 NS NS NS 

SCC early (log) 5.12 4.93 5.58 5.45 0.9 <0.01 NS NS 

SCC mid (log) 5.05 4.82 5.33 5.06 0.8 <0.01 NS NS 
*OBS – optimal Se value in blood, OMS – optimal Se value in milk, SBS – suboptimal Se value in blood, SMS 
– suboptimal Se value in milk. 
**BS – influence of blood Se to SCC, MS – influence of milk Se to SCC, BS×MS – influence of interaction of 
blood and milk Se to SCC. 
 
The range of physiological values for blood selenium in dairy cows is 0.6 to 0.9 mmol/l 
(Erdeljan et al., 2011, Juniper et al., 2006, Gunter et al., 2003). Our results are in accordance 
with the above. Pechová et al. (2008) reported that there is no significant correlation between 
blood selenium concentration and milk selenium concentration, which is consistent with our 
results. However, Grace et al. (2001) found a statistically significant linear correlation 
between blood and milk selenium concentrations. The concentration of selenium in the blood 
and breast milk depends on selenium supplements used on farms, since the use of selenium 
leads to a significant increase in its concentration in the blood and breast milk (Ran et al., 
2010). 

Atroshi et al. (1986) and Hogan et al. (1993) found that the occurrence of mastitis in cows is 
associated with low glutathione peroxidase and vitamin E in the blood plasma. Kruze et al. 
(2007) observed that cows infected with Staphylococcus aureus receiving selenium in their 
diet showed a significantly higher glutathione peroxidase activity and a significantly lower 
milk somatic cell count.  Low levels of glutathione peroxidase were found to reduce the 
antioxidant capacity of the defense system of the mammary gland, leading to an increase in 
mastitis incidence and somatic cell count in milk (Mukherjee, 2008). Selenium concentrations 
and glutathione peroxidase activity are positively correlated (Pilarczyk et al., 2012). Selenium 
is an integral part of the enzyme, and this can explain why selenium-deficient cows exhibit 
higher infiltration of inflammatory cells undergoing excessive inflammation. Selenium 
deficiency provokes an inflammatory process due to reduced antioxidant activity in tissues 
when there is an accumulation of immune cells in response to prolonged inflammation; 
therefore, the concentration of selenium is negatively correlated with the degree of cellular 
infiltration in the parenchyma of the udder. A reduction in mastitis after dietary selenium and 
vitamin E intakes occurs as the result of enhanced activities of glutathione peroxidase 
(Hemmingway, 1999; Weiss et al., 1997). Selenium supplementation leads to a reduction in 
subclinical mastitis and somatic cell count in dairy cows (Barbano et al., 2006; Cope et al., 
2009; Rabiee et al., 2010; Weiss et al., 2002; Davidov et al., 2012).  

 

Conclusion 
Blood selenium concentration plays an important role in maintaining mammary gland health. 
Selenium-deficient cows were found to have a large milk somatic cell count. Blood selenium 
is an important predictor of milk somatic cell count. Somatic cell count in milk is not 
dependent upon selenium concentration in milk or interaction blood×milk selenium. Selenium 
concentration is not in connection with milk production. 
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Abstract 
Swine dysentery is a severe mucohemorrhagic enteric disease of pigs which has a large 
impact on pig production, with important losses caused by mortality and suboptimal 
performance. The causative agent is Brachyspirahyodysenteriae. The aim of the paper was 
to evaluate all the available data on B. hyodysenteriae presence on swine farms in 
Vojvodina region. The material for this research included five swine farms, where certain 
disorders and health problems in weaned, grower and fattening pigs were detected. 
Depending on the specificity of each evaluated case and available material, the applied 
research methods included: anamnestical and clinical evaluation, gross pathological 
examination, standard bacteriological testing for detection of the presence of aerobic and 
anaerobic bacteria in the tissue samples derived from diseased and/or died pigs. Besides 
this, in some cases the molecular diagnostic method (RT-PCR) was included. Swine 
dysentery is a common and important endemic problem in many swine farms in 
Vojvodina. On endemically infected swine farms transmission mainly occurs by ingestion 
of infected faeces. All the observed factors affecting disease persistence and transmission 
on the farm are thoroughly analysed and discussed. Finally, current prophylactic and 
therapeutic approaches to fight against disease are described.    

Key words: control, diagnostics, swine dysentery 

 

Introduction 
Swine Dysentery (SD) is a severe mucohemorrhagic enteric disease of pigs which has a 
large impact on pig production, with important losses caused by mortality and suboptimal 
performance (Alvarez-Ordó ez et al., 2013). The causative agent is 
Brachyspirahyodysenteriae, a gram negative, motile, anaerobic bacterium which belongs 
to the Brachyspiraceae family, phylum Spirochaetes (Hampson, 2012) and naturally 
infects pigs (including feral pigs) and occasionally some other species (Jacobson  et al., 
2004). On infected farms it has been isolated from mice, rats, dogs and feral birds 
(Alvarez-Ordó ez et al., 2013). The disease primarily affects pigs during the growth and 
finishing periods, but it may also occur in adults and occasionally in suckling pigs 
(Hampson, 2012). Clinical signs may vary in range, from mild mucous diarrhea with 
unaltered general condition to severe hemorhagic diarrhea with a mortality rate of 50-60% 
(Alvarez-Ordó ez et al., 2013). The disease is primarily transmitted by ingestion of faecal 
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material either from clinically affected pigs or from clinically normal pigs that carry B. 
hyodysenteriae (Novotna and Škardova, 2002).

Swine dysentery is a relatively common endemic problem in many countries in the 
European Union, South America and Southeast Asia (Hampson, 2012).The incidence 
varies in different countries and regions and changes with time. Variations in prevalence 
can be due to the use of different diagnostic methods or to differences among countries in 
housing management and feeding regimens (Novotna and Škardova, 2002). In many 
countries the prevalence may be concealed by the use of antimicrobials as feed additives, 
in others the ban of antibiotics as growth promoters may have resulted in an increase in SD 
prevalence (Alvarez-Ordó ez et al., 2013; Pringle et al., 2012). 

The aim of the paper is to summarize the available data on B. hyodysenteriae presence on 
swine farms in Vojvodina region. The factors affecting disease transmission are thoroughly 
discussed (husbandry factors - production system, production stage, farm management). 
Finally, current prophylactic and therapeutic approaches to fight this disease are described.    

 

Materials and methods 
The material for this research derived from five swine farms, where certain disorders and 
health problems in different swine categories (weaners, growers and fattening pigs) were 
detected. Depending on the specificity of each evaluated case and available material, the 
applied research methods included: anamnestical and clinical evaluation, gross 
pathological examination, standard bacteriological testing to detect the presence of aerobic 
and anaerobic bacteria in the organs and tissue samples (spleen, liver, kidney, lung, 
mesenterial and mediastinal lympho nodes) derived from diseased and/or died pigs. In one 
case, the microbiological feed testing, in order to examine the presence of fungi and 
mycotoxins by the method of thin layer chromatography, was included. Besides this, the 
molecular diagnostic methods, real time reverse transcriptase-polymerase chain reaction 
(RT-PCR) for detection of Mycoplasma hyopneumoniae (Strait et al., 2008) and a 
multiplex RT-PCR for detection of Brachyspira hyodysenteriae (DNA extracted from 
faeces) (La et al., 2006) were applied.  

Results and discussion 
In the first examined farm, by anamnestical evaluation, health problems in weaners and 
finishers were discovered: loss of weight, insufficient weight gain and dehydration. 
Clinically, at the end of the weaning period, the bloody diarrhoea in most of weaned 
piglets was detected. In some cases, the diarrhoea was greyish black, with blood and 
mucus flecks. Perineal staining was also present. Analysing the existing data on the farm, 
the high incidence of morbidity and mortality in weaners was noticed. Therapeutic 
treatment of piglets only temporarily improved health problems. In addition, a 
reappearance of SD often occurs after removal of antimicrobials from the water or feed. 
Clinically, in the finishers, the prominent signs of bronchopneumonia (dyspnea, cough and 
purulent nasal discharge, fever) and intermittently bloody diarrhoea have been registrated 
lately. By applying gross pathological examination on dead weaners and finishers, the 
prominent changes on the digestive tract (Gastroenteritis haemorrhagica, Typhlocolitis 
haemorrhagica, Ulcus oesophagogastricum) and respiratory tract (Pleuritis adhaesiva 
diffusa, Pneumonia fibriosa in statu hepatisationis rubrae et griseae) were detected. By 
bacteriological testing from the tissue samples derived from the dead fatteners, Escherichia 
coli haemolytica and Actinobacillus suis were isolated. By applying RT-PCR method on 
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the faecal samples derived from weaners and finishers, B. Hyodysenteriae was detected. 
By applying real time RT-PCR method on the lung tissue derived from dead finishers, M. 
hyopneumoniae was detected. 

Swine dysentery occurs mainly in grower and finisher pigs, and less frequently in weaners. 
It is often seen a few weeks after animals are moved from the nursery, coinciding with a 
dietary change and removal of antimicrobials used to control respiratory and enteric 
diseases (Alvarez-Ordó ez et al., 2013). The first evidence of SD is usually soft, yellow to 
gray faeces. A few days after infection, large amounts of mucus and often flecks of blood 
are found in the faeces. This progresses to watery stools containing blood, mucus, and 
shreds of white mucofibrinous exudate (Hampson, 2012). Where antibiotic medication is 
routine, any cause of loss of appetite (such as pneumonia) stops the intake of antibiotics 
and the animal may then succumb to SD (Novotna and Škardova, 2002). Outbreaks of SD 
are often associated with stressful conditions such as crowding, transportation or dietary 
changes and composition of the diet (Hampson, 2012).The pig diet has been proposed as 
one of the most important factors that can influence spirochaete colonization and the 
occurrence of mucohemorrhagic diarrhea (Jacobson et al., 2004). The intestinal tract of 
pigs is densely populated with bacteria and the intestinal microbiota has important 
influence on animal health and growth performance (Hampson, 2012). Leser et al. (2000) 
indicated that the pig intestinal microbial ecosystem responds fast and dynamically to 
perturbations such as dietary changes or infection with intestinal pathogens. 

In the second evaluated swine farm, the feed from a different source was introduced in 
weaners-growers production stage. After that, the problem of high morbidity and mortality 
in weaned pigs was detected. Clinically, in the weaners and growers, a weaker food intake 
and bloody diarrhea associated with pronounced apathy and decumbency was observed. By 
applying gross pathological examination of dead weaners and growers the prominent 
changes on the digestive tract (Gastroenteritis haemorrhagica, Enteritis colibacillosa, 
Typhlocolitis haemorrhagica) were detected. Pigs with clinical dysentery had gross 
lesions, compatible with SD in the large intestine (Jacobson et al., 2004). A predominant 
gross change in most pigs was moderately to markedly increased mucous secretion and 
superficial necrotic foci with pseudo membranes. By bacteriological testing from the tissue 
samples deriving from dead pigs the following bacteria were isolated: Escherichia coli 
haemolytica, Clostridium perfringens. By applying RT-PCR method on the faecal samples 
derived from weaners and growers, B. Hyodysenteriae was detected.

The clinical and gross pathology findings suggested the possibility that change in the feed 
components influences the health condition of examined swine farms. It is well known that 
on endemically infected swine farms, clinical signs often occur after change in feed 
composition (Hampson, 2012).The influence of diet composition on the appearance of SD 
might be mainly related to the digestibility of their ingredients, which, in turn may have 
effect on the composition and equilibrium of the large intestine microbiota (Jacobson et al., 
2004). The composition of the microbiota is relevant because B. hyodysenteriae executes 
its pathogenic action in association with other anaerobic members of the large intestinal 
microbiota (Alvarez-Ordó ez et al., 2013). 

On the third examined swine farm, the health problems in finishers were connected with 
the recent purchasing of breeding animals from 3 different sources. Clinically, the bloody 
diarrhoea was continually present in finishers, especially in the first 10-15 days in fattening 
phase. Diarrhea was also detected after moving to new pens and mixing with different 
animals. At the same time, breeding animals (sows, boars) were only occasionaly affected. 
Therapeutic treatment of finishers by oral and parenteral antibiotics application only 
temporarily improved health condition. Applying gross pathological examination on the 
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dead finishers, typical changes SD were found: swollen colonic mucosa, with loss of 
typical rugose appearance, covered by mucus and fibrin, with flecks of blood. In some 
animals lesions become more chronic i.e. mucosal surface was covered by a thin, dense, 
fibrinous exudate. However, lesions were found also in clinically healthy pigs as reddened 
areas of the colonic mucosa, covered with mucus, but with normal colonic contents. By 
applying RT-PCR method on the faecal samples derived from breeding animals and 
finishers, B. Hyodysenteriae was detected. 

Biosecurity aspects are important for the prevention of infective disease transmission. New 
outbreaks of SD usually occur following introduction of asymptomatic carrier pigs that are 
not quarantined and/or treated prophylactically (Alvarez-Ordó ez et al., 2013). 
Introduction of new stock is the greatest risk, so a reliable history of the source herd is 
essential. Purchased animals should be quarantined for at least 3 weeks, and treated to 
eliminate B. hyodysenteriae (Hampson, 2012). Oubreaks of SD can also occur in herds 
following introduction of contaminated feed, tracks, or by visitors who have had contact 
with infected pigs. Asymptomatic pigs may develop diarrhea following stressful 
management procedures, such as moving to new pens, mixture of animals from different 
origin, inadequate stocking densities or changes in feed (Alvarez-Ordó ez et al., 2013). 

On the fourth examined swine farm, the health problems in fattening stage in the last 7 
days were noticed. Clinically, pigs became depressed, manifested clinical signs of apathy 
and inappetence. Also, decreased interest for food was recorded with the signs of 
respiratory disease (cough) and bloody diarrhoea. The clinical signs were noticed after 
some changes in feed components, i.e. the new source of corn and barley was introduced. 
By applying gross pathological examination on dead fatteners the prominent changes on 
the digestive tract indicative for SD (diffuse mucohemorrhagic typhlocolitis) were 
observed. With an aim to exclude alimentary intoxication, the laboratory feed testing was 
applied. The presence of mycotoxin (Ochratoxin A) in sunflower pellets (0.1mg/kg) and in 
the barley (0.02mg/kg) was discovered. 

It may be supposed that as a consequence of immunosuppresive action of mycotoxins 
(Kabak et al., 2006), clinical and gross pathological lesions that correspond to SD occurred 
on the examined farm. The gastrointestinal tract represents the first barrier against ingested 
food contaminants and natural toxins. Stability of the intestinal flora appears to be an 
important factor for animal health. Thus an impaired balance of the intestinal microbiome 
could have many adverse effects on the health of the host. However, data on the influence 
of toxins on the intestinal microflora are still limited (Greinier et al., 2013). The biggest 
challenge with mycotoxicoses is the non-specific nature of symptoms in the affected 
animals (Kabak et al., 2006). Consequently, the health disorders due to mycotoxins in the 
feed are difficult to diagnose (Prodanov-Radulovi  et al, 2011). 

On the last examined swine farm, certain irregularities in the implementation of all-in/all-
out system were found. Analysing the existing data on the farm, it was concluded that the 
basic health problem and the high mortality in growers and fatteners is a consequence of 
respiratory diseases and SD. Clinically, mucohemorrhagic diarrhoea occurs dominantly in 
the growers and sporadically in fattening pigs. Despite the fact that the growers and 
fatteners were therapeutically treated, there was no evident response to applied medication. 
Besides this, in the fatteners the canibalism and signs of respiratory disease were detected. 
The main problem on the farm is the existing production technology: at the same time 
there are always 5 different age groups of pigs situated in the same object. Despite 
separated pigs with the clinical signs of SD, the animals faeces can be easily carried out by 
workers boots through the corridors and stables. By applying gross pathological 
examination on the dead fatteners the prominent changes on the digestive tract 
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(Gastroenteritis haemorrhagica, Typhlocolitis haemorrhagica) and respiratory tract 
(Pleuropneumonia, Pneumonia fibriosa in statu hepatisationis rubrae et griseae, 
Pericarditis fibrinosa) were detected. By applying RT-PCR method on the fecal samples 
derived from weaners and finishers, B. Hyodysenteriae was detected. By applying real time 
RT-PCR method on the lung tissue derived from dead finishers, M. hyopneumoniae was 
detected. 

Brachyspira hyodysenteriae is shed in faeces for variable periods of time. On endemically 
infected swine farms transmission mainly occurs by ingestion of infected faeces (Jacobson 
et al., 2004). Transmission between pens may occur in housing systems where there are 
open channels between pens (Hampson, 2012). All-in/all-out management with cleaning 
and desinfection between batches reduces the risk of reinfection of medicated pigs and 
limits spread of SD infection (Alvarez-Ordó ez et al., 2013). Ideally, affected batches of 
pigs should be moved to clean buildings after medication to break the cycle of infection. 
Careful disposal of infected bedding, the use of boot scrubbers and desinfectant foothbaths, 
cleaning and desinfection of equipment used in infected areas, and changing of protective 
clothing are vital measures (Hampson, 2012). To a great extent, the production system is a 
decisive factor in the control and prevention of SD. In farrow-to-finish herds, the pathogen 
can persist in endemic infected sows, which have overcome the infection and developed 
protective immunity but still shed the pathogen in their faeces. The proximity of facilities 
and continuous flow of animals in this sort of production system will facilitate the 
transmission of infection to non-infected animals. Depending on the herd immune status 
and measures taken to control the disease, animals will be more or less severely affected 
and the disease will affect principally pigs at the growing or finishing period when the 
medication used to control respiratory infections is removed, favoring the expression of SD 
(Alvarez-Ordó ez et al., 2013). 

The treatment and control of SD are based mainly on the use of antimicrobials, as no 
commercial vaccine against B. hyodysenteriae is available (Hidalgo et al., 2011). 
Antimicrobial agents such as pleuromutilins, macrolides and lincosamides are used in the 
control of SD (Novotna and Škardova, 2002). However, decreased susceptibility to 
tiamulin among B. hyodysenteriae isolates has been reported in several countries. Such 
isolates have been detected in many pig-producing countries, for example in Spain and 
Czech Republic, and they represent a serious threat to the pig industry (Hidalgo et al., 
2011). Continuous treatment with antibiotics in herds with SD over extended periods of 
time is the probable explanation to the situation of resistance reported (Pringle et al., 
2010).  

In Serbia, many herds are preventively or curatively treated against SD. When started with 
treatment, it is advised to treat the whole group in the stable. Parenteral injection of, for 
example, tiamulin, tylosin and lincomycin can be used. Besides this, water/feed medication 
is given for in-contacts (e.g. tiamulin or valnemulin). However, development of resistance 
to antimicrobial agents is an increasing threat to the treatment options (Novotna and 
Škardova, 2002). Depending on the herd structure, the production system, and economical 
considerations, SD eradication can be performed in several ways. These vary from 
intensive medication of all pigs for a short period to introduction of medicated early 
weaning and multisite production, through an ongoing program performed by emptying 
and desinfection of each herd unit in a cycle, and introducing medicated animals to cleaned 
and disinfected units (Hampson, 2012). 

The recommendation for biosecurity plan includes some basic principles for the prevention 
and control of SD, such as maintaining a closed herd with no contact with outside animals. 
In the case of new introductions, the farmer should isolate, test and treat incoming animals 
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for SD. The measures should also include control of visitors and vehicles, and prevention 
of direct and indirect contact with other domestic species and wildlife. The producer 
should ensure that swine feed and water are free of contamination.When introducing new 
animals to the herd, attemps should be made to establish the following: the disease status 
of the resident herd and the farm of origin, the available diagnostic tests, prophylactic 
treatments and their efficacy. All principles mentioned above apply equally to intra-farm 
biosecurity. External security of building; all-in/all-out policies, cleaning and desinfection 
between houses, and treatment prior moving or mixing may be important in controlling the 
spread of SD between different ages, groups and houses where pigs are kept. Especially 
important is the existence of strategically placed, well-maintained effective disinfectant 
foot baths and cleaning equipment; washing facilities and separation of clean and dirty 
areas; separated way for carcass removal and appropriate facilities and protocols for slurry 
or manure collection and disposal. 

 

Conclusion  
In order to control SD in endemically infected swine herd, improved basic hygiene 
measures and use of strategic medication are necessary. Eradication by depopulation is the 
preffered method of control if practically and economically possible. Accordingly, the 
antimicrobial susceptibility testing of clinical isolates of B. hyodysenteriae has become 
essential in selecting SD treatment strategies. Moreover, a monitoring program may help to 
detect new resistance trends and to evaluate the usefulness of the available antimicrobials 
on a national level. Nowadays, a natural solution for prevention and treatment of SD could 
be the use of plant extracts. These include a natural product added to swine feed (it is not a 
medication) and can be used freely (no waiting period) in all production phases. 
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Abstract
The aim of this study was to investigate the effect of supplementing standard diets for 
pregnant and lactating sows with live yeast culture (Saccharomyces cerevisiae) on their health 
status, as well as the health status and growth parameters of their litters during lactation. A 
total of 120 sows were divided into three groups: the first group was fed diets supplemented 
with probiotics during pregnancy (G+P, n=40), the second group was fed these diets during 
lactation (L+P, n=40), and the third group was the control group which was not fed diets 
supplemented with probiotics (C, n = 40). During the lactation period, a significantly (p<0.01) 
smaller proportion of probiotic treated sows (G+P=7.5%, L+P=12.5%) manifested clinical 
signs of the uterus and/or the udder disease in comparison with the control sows (22.5%). The 
incidence of infectious diarrhea in the nursing piglets was significantly (p<0.05) lower in the 
treated sows (12.5%) compared to the control sows (27.5 %). The average number of weaned 
piglets per litter (p/l) and average litter weight at weaning (lw) (G+P=11.6 p/l and 103.6 kg lw, 
L+P=11.1 p/l and 102.8 kg lw, C=10 p/l and 79 kg lw) were significantly higher (p<0.01 or 
p<0.05) in sows treated with probiotic compared to the control sows. These results clearly 
show that the use of probiotic significantly improves the health status of sows and nursing 
piglets, as well as the piglets growth parameters. 

Key words: diets, performance, piglets, probiotic, sows 

Introduction 
Under the intensive production conditions, sows are exposed to numerous chronically 
stressogenic conditions (Hyun et al., 1998) which reduce their natural immunity (Kick et al., 
2011; Poto njak et al., 2012) and increase susceptibility to various infectious agents 
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(Sutherland, 2006). In addition, the long-term application of conventional antimicrobial 
preparations in the prevention and treatment of infectious diseases significantly increase 
infectious agent resistance to these antimicrobial preparations (Cromwell, 2002; Pugh, 2002; 
Gagr in et al., 2003; Le Coz, 2012). Reduced natural immunity and increased resistance of 
microorganisms to antimicrobial agents result in the increase of numerous infectious diseases, 
and consequently in the reduced reproductive performance of sows (Hogg and Lewis, 1997; 
Floss and Tubbs, 1999; Gagr in, 2003; Sutherland, 2006; Yeskim, 2007; Stan i  et al., 2010). 
Recently, the problem of lower sow reproductive performance, as a result of reduced natural 
immunity and increased infective agents resistance to conventional antimicrobial preparation, 
has been frequently solved by using probiotic preparations (natural immunomodulators) 
(Blecha, 2001; Pavi i  et al., 2003; Zveki , 2006; Gallois and Oswald, 2008; Pragathi et al., 
2011; Zveki  et al., 2012; Api  and Zveki , 2013). Yeast culture was one of the most active 
natural immunomodulators added to food in order to prevent infectious diseases of the udder 
and the uterus, as well as to increase the reproductive performance of sows and their litters 
(Bonneau and Laarveld, 1999; Davis et al., 2004; Gallois et al., 2009; Pragathi et al., 2011). 
However, the results of previous studies on the effectiveness of replacing conventional 
antimicrobial agents with probiotics for the prevention and treatment of infectious diseases, as 
well as their impact on the reproductive performance of sows, are not entirely consistent 
(Gallois et al., 2009; Plante et al., 2011; Zveki  et al., 2012; Ferroni et al., 2012; Faldyna et al., 
2012; Api  et al., 2013). According to the studies of  Gagr in et al. (2002), (2003), Stan i  et 
al. (2010) and (2012), in more than 50% of Serbian pig farms, there is a problem of udder and 
uterus infectious diseases (MMA - syndrome), resulting in significantly reduced reproductive 
performance of sows.  

Therefore, the aim of this study was to investigate the effect of adding probiotic Actisaf Sc 
47® in gestating or lactating diets on the performance of sows and their litters. 

 

Material and methods 
Experimental sows. The experiment was carried out on a commercial pig farm, with about 
1,200 sows in the reproductive herd, located in the AP Vojvodina, Serbia. A total of 120 
experimental sows (between the first and the sixth parity) were divided into three separate 
groups, immediately after artificial insemination. The sows in each experimental group were 
equalized according to body condition, parity and health. The pregnant sows were housed in 
group pens (10 sows per group) and equalized by age, body condition, parity, health and the 
stage of pregnancy. Between 7 and 10 days before the scheduled date of farrowing, the sows 
were moved into the farrowing building with individual pens, where they stayed with their 
litters during lactation. The average lactation duration was 33 days. 

Feeding sows. Standard feed diets for gestating and lactating sows were used as complete 
basic diets (produced by Veterinary Institute, Subotica, Serbia). These diets were 
supplemented with the probiotic preparation "Actisaf Sc 47", which contains live culture of 
Saccharomyces cerevisiae 47 (produced by Lesaffre Group, France), in the amount of 600 g 
per ton of the basic feed diet for gestating or lactation sows. During the first half of gestation, 
all sows received 3.2 kg of complete basic diets per day, and during the second half of 
gestation, 3.5 kg per day. During lactation, sows were fed ad libitum with complete basic diets 
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for lactating sow, twice a daily (morning and afternoon). Water was available ad libitum for 
pregnant and lactating sows.  

Experimental groups of sows. The first group (n=40 sows) was fed diets supplemented with 
probiotic within gestation (G+P group), the second group (n=40 sows) was fed diets 
supplemented with probiotic only within lactation (L+P group), and the third control group 
(n=40 sows) was fed only basal diets without probiotics (C group).  

Estrus detection and artificial insemination. The detection of estrus was performed twice per 
day by direct contact with the sexually mature teaser boar, starting from the first day after 
weaning. The double artificial insemination (AI) was performed in estrus detected sows within 
first 7 days after weaning.  

Data recorded: (a) liter size at farrowing, (b) litter weight at farrowing, (c) infectious diarrhea 
and preweaning piglets mortality and (d) litter size and litter weight at weaning. The 
measurement of litter weight was done immediately after farrowing and weaning and was 
performed with digital scales. Sows rectal temperature was measured first three days after 
farrowing. Elevated rectal temperature ( 39.3oC) and manifestation of specific clinical signs, 
were assumed as postpartum metritis, mastitis, hypogalactia or agalactya. The diagnosis of 
piglets diarrhea was established on the basis of specific clinical symptoms. 

Statistical analysis. The evaluation of phenotypic parameters of the research results was done 
by the "Statistic 12" software package according to the average, minimum and maximum 
values and standard deviation of the experimental results.  

T-test was used to test the difference between the arithmetic means of the results.    
 

Results and discussion 
The average live born piglets per litter were 12.22 in the G+P sows, 11.53 in the L+P sows, 
and 11.42 piglets in the control sows. These values were significantly (p<0.05) higher in the 
G+P sows in comparison with the control and L+P group of sows, but average number of live 
born piglets per litter in L+P and C control group of sows was not significantly different 
(p>0.05) (Table 1).   

The average weight of a live born piglet in the litter. in both treatment groups (G+P = 16.4 kg. 
L+P = 16.1 kg) was significantly higher (p<0.01) than in the control group (13.5 kg). The 
significantly higher average number of weaned piglets per litter was estimated in G+P sows 
(11.65 piglets. p<0.01). and in L+P sows (11.15 piglets. p<0.05) than in the control group of 
sows (10.0 piglets). Infectious diarrhea was clinically manifested in 12.5% litters of probiotic 
treated sows (G+P and L+P groups). and in the significantly higher (p<0.05) proportion of 
litters (27.5%) of untreated (control-C) sows. Within the first three days after farrowing 
averaged piglets mortality per litter was 0.43 piglets in the G+P sows and 0.65 piglets in the L 
+ P sows. and this difference was not statistically significant (p 0.05). The average number of 
dead piglets per litter. within the first three days after birth in the control group of sows was 
0.97 piglets. and was significantly higher (p<0.05) only compared with treatment groups G+P 
sows. Preweaning piglet mortality was approximately 10% lower in the probiotic-treated sows 
(G+P = 4.9%. L+P = 3.4%) compared to the control sows (C = 14.2%). The average weaned 
litter weight was significantly higher (p<0.01) in both treatment groups (G+P = 103.6 kg. L+P 
= 102.8 kg) in comparison with the control group of sows (79.1 kg) (Table 1). 
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Table 1. Litter parameters from farrowing to weaning ( x  ± SD)  

  Parameters 

Period of treatment with probiotic 
"Actisaf Sc 47" 

Control 
group, 
without 

probiotic      
(C)

Gestation (G+P) Lactation (L+P) 

Number of litters 40 40 40 
Total piglets born (n) 520 505 515 

Aver. live born piglets per litter (n) 12.23a±1.66 
(9-16) 

11.53b±1.50 
(9-14) 

 11.42b±1.88 
(8-16) 

Aver. weight of live born piglets per litter (kg) 16.43A ±2.17  
(12-21) 

16.07A±2.26 
(13-21) 

13.47B±2.74 
(7-21) 

Litters with infectious diarrhea  n 5 ±0.33a 5 ±0.33a 11 ±0.45b

% 12.5 12.5 27.5 

Piglets mortality within first 3 days 
after farrowing 

Total 
(n) 17 26 39 

A/L 0.43a±0.87 0.65ab±0.80 0.97b±1.23 
Total preweaning piglets mortality (%) 4.9            3.4          14.2 

Aver. weaned piglets per litter (n) 11.65A±2.09 
(7-16) 

      11.15a±1.76 
        (7-14) 

  10.0Bb±2.50 
       (4-16) 

Aver. litter weight at weaning (kg)  103.6A ±15.66    
 (51-128) 

 102.8A±13.53 
 (63-103) 

  79.1B±16.9 
     (34-102) 

Minimal and maximal values in parenthesis. A/L – Average per litter 
Values with different superscripts significantly differ: ABC (p<0.01); abc (p<0.05); Not significant:   NS (p>0.05) 
 

The studies carried out on large farms in Serbia show that the average farrowing number per 
sow was 3.5 with the average 2.1 annual farrowing index (Radovi  et al.. 2006; Stan i  et al.. 
2010). The average farrowing rate is 78.9%. and the average number of live born piglets per 
litter was 10.9. Total sows culling rate was 38.4% per year. About 42% of total culled sows 
were culled due to the health problems. Diseases of the uterus and/or udder were the reasons 
for culling 30.4% of the total sows culled due to the health problems (Radovi  et al.. 2006; 
Stan i  et al.. 2010; Maleti . 2012; Stan i  et al.. 2012). The authors also found permanent 
decreasing in the efficacy of treating sow uterus and/or udder diseases. as well as newborn 
piglet infectious diarrhea by using conventional antimicrobial preparations. primarily due to 
resistance of infectious agents on increasing number of antimicrobial preparations. Similar 
problems related to increasing microbial resistance to conventional antimicrobial preparations 
have been shown by other authors (Wray and Gnanou. 2000; McEwen and Fedorka-Cray. 
2002; Ozawa et al.. 2012). Therefore. the aim of this study was to solve this problem by using 
natural probiotic preparations. 

In recent years. natural probiotics have been used as substitutes for traditional antimicrobial 
preparations in animal production (Spring, 2004; Roseboom et al., 2005; Gallois and Oswald, 
2008; Giang. 2010; Bass et al., 2012). The results obtained by experimental studies in the 
present paper clearly show that feeding the sows during pregnancy or lactation period by 
standard complete diets supplemented with probiotics (live culture of Saccharomyces 
cerevisiae) significantly improve their health status and health status of their piglets. 
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preweaning piglet mortality within lactation. and increase the average number of weaned 
piglets per litter and the average litter weight at weaning. Similar results after application of 
probiotic preparation. were obtained by other authors. Namely. although not clearly consistent 
(Jacela et al.. 2010). most researches show that the use of probiotic preparations. containing 
live yeast culture. in the diets of pregnant and lactating sows. can significantly reduce sow 
puerperal uterus and/or mammary gland diseases. newborn piglet infectious diarrhea. and 
increase the preweaning piglet performance (Blecha. 2001; Davis et al.. 2004; Zveki . 2006; 
Gallois et al.. 2009; Williams. 2010; Kenny et al.. 2011; Zveki  et al.. 2012; Poto njak et al.. 
2012; Lazarevic et al.. 2012 Api  et al.. 2013; Api  and Zveki . 2013). In addition. the 
occurrence of microbial resistance to conventional antibiotics can be avoided by the 
application of probiotics (Wray and Gnanou. 2000; McEwen and Fedorka-Cray. 2002; Ozawa 
et al.. 2012). Consequently. this prevents the appearance of residual antibiotics in the feed of 
animal origin used in human nutrition. and their harmful impact on the health of the human 
population (Perreten. 2005; Marshall and Stuart. 2011; Kjeldgaard et al.. 2012). 

Results of other authors show that treatment with preparations containing live yeast culture. 
increases natural sows immunity (effect of Glucans + Mannan Oligosaccharide). This results 
in the significant decrease of sows puerperal uterus and/or udder diseases (Blecha. 2001; 
Maxwell et al.. 2003; Kogan and Kocher. 2007; Gallois and Oswald. 2008; Gallois et al.. 
2009; Bass et al.. 2012; Sallamon. 2012). Furthermore. adding a live yeast culture 
(Saccharomyces cerevisiae) in diets of sows during gestation and lactation increases the 
gamma globulin (IgG and IgA) in colostrum and early milk of sows (Jurgens and al.. 1997; 
Hung and Lindemann. 2011; Zanello et al.. 2012; Jang et al.. 2013). Sufficient milk production 
of healthy sows and increased content of immunoglobulins in colostrum and milk. 
significantly reduce piglets mortality from starvation and infectious diarrhea during the first 
days after farrowing (Miguel et al.. 2004; Zveki . 2006; Wilcock. 2011; Shen et al.. 2011; 
Api  and Zveki . 2013).   

Conclusion
The results of this study clearly show that the use of probiotic preparation "Actisaf 47" (live 
yeast culture of Saccharomyces cerevisiae) in the diets of pregnant and lactating sows 
significantly improves the health status of their piglets in the lactation period. In addition. litter 
productive parameters (the number of weaned piglets per litter and litter weight at weaning) 
were also significantly higher in treated than in untreated (control) sows.  
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Abstract 
Pododermatitis (foot pad lesions) is one of the main welfare problems in modern broiler 
production in countries with developed poultry farming. Factors contributing to the occurrence 
of these lesions are nutrition, stocking density and material used for litter. There are a number 
of different procedures that can be applied in order to prevent and reduce the number of 
lesions with the most pronounced defects. The experiment was conducted on broiler chickens 
grown in 10 buildings of 240 m2 each. The stocking density was 35 kg/m2. The experiment 
was set up in five treatments with two replicates. Treatment one (T1) - control with a straw 
litter, treatment two (T2) - litter treated with microbial preparation Micropan®, treatment three 
(T3) – litter with addition of lignin, treatment four (T4) – litter with addition of lignin and 
Micropan® and treatment five (T5) - chopped straw without supplements. At the end of the 
experiment, on day 42 the intensity of the lesions was scored on the slaughter line. The 
presence of lesions was scored using scale from 0 (no lesions) to 3 (plantar pads with more 
than 50% damage). Based on the results of the trial it can be concluded that litter has a 
significant impact on the presence and the degree of foot pad lesions. The lowest score of foot 
pad lesions was observed in the treatment T5 (chopped straw). Different treatments of litters 
may also contribute to the solution of the problem of pododermatitis since the results in all 
treated groups (T2, T3, T4 and T5) were better when compared to the control. 

Key words: broiler, litter treatment, pododermatitis 
 

Introduction 
Foot pad lesions are a type of contact dermatitis affecting the plantar region of the feet in 
poultry and other birds. At an early stage, discoloration of the skin is seen. Hyperkeratosis and 
necrosis of the epidermis can develop, and in severe cases, these changes are followed by 
ulcerations with inflammatory reactions of the subcutaneous tissue (Ekstrand et al., 1997).The 
lesions are commonly named “ammonia burns” and are thought to be caused by a combination 
of moisture, high ammonia content, and other not yet specified chemical factors in the litter 
(Berg, 2004). By definition, the chicken paw is the portion below the spur, while chicken feet 
include the lower leg as well as the foot. The terms paw and foot are interchangeable and both 
terms will be used in this paper. Due to the market value of this product and increasing welfare 
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issues, it is in the best interest of the poultry industry to reduce paw down grades and 
condemnations. Therefore, factors associated with increased incidence of foot pad lesions and 
methods to reduce it need to be evaluated. Revenue from chicken paws in 2008 alone was 
worth $280 million. Harvesting large, unblemished paws has become a priority to poultry 
companies all over the world. Research on this subject has been ongoing since the 1940s and 
has looked into many different areas including nutrition, environment, and genetics (Shepherd 
and Fairchild, 2010).The FPD condition is an important aspect of poultry welfare that in 
severe cases can cause pain (Berg, 1998) resulting in unsteady walk (Harms and Simpson, 
1975; Hester, 1994). Selection for rapid growth rate in broilers is accompanied by a decrease 
in walking ability, and there is a high unfavorable phenotypic correlation (0.8) found between 
BW and overall walking ability (Kestinet al., 2001). The FPD condition is a part of a general 
walking ability problem, but specific knowledge of genetic effects on FPD is very scarce. 

Litter serves several functions that include thermal insulation, moisture absorption, protective 
barrier from the ground, and it allows for natural scratching behavior. Bedding material must 
not only be a good absorber of moisture but also to have a reasonable drying time (Grimes et 
al., 2002; Bilgili et al., 2009). Although litter refers to the mixture of bedding material, fecal 
droppings and moisture, the term is used interchangeably with bedding materials. The most 
commonly used litter material in Europe is straw (Grimes et al., 2002). The best-performing 
material was pine shavings followed by: rice hulls, ground corncobs, stump chips, pine 
sawdust, bark and chips, pine bark, and clay (Grimes et al., 2002). Differences in particle size 
of straw were suggested to be the most important factor. The emergence of the foot pad 
lesions is multifactorial problem influenced by a large number of factors among which the 
most significant are ventilation, feeding, watering, microclimate and health status of animals. 
Consequences of the development are significant both in terms of animal welfare and in terms 
of economic feasibility of production (Bjedov et al., 2013). Differences in particle size of 
these materials were proposed to be the most important factor. The aim of this study was to 
determine the effect of litter on the occurrence of foot pad lesions. 

 

Material and methods 
The experiment was conducted on broiler chickens grown in 10 buildings of 240 m2 each. The 
stocking density was 35 kg/m2. The experiment was set up in five treatments with two 
replicates. Treatment one (T1) - control with a straw litter, treatment two (T2) - litter treated 
with microbial preparation Micropan®, treatment three (T3) – litter with addition of lignin, 
treatment four (T4) – litter with addition of lignin and Micropan® and treatment five (T5) - 
chopped straw without supplements. Lighting program provided  23 hours of light  + 1 hour of 
dark. Birds were vaccinated against Newcastle disease (NCD) and infectious bursal disease 
(IBD) as per commercial recommendations. Feed and water supply were ad libitum. At the 
end of the experiment, on day 42 the intensity of the lesions was scored on the slaughter line. 
These labeled birds were examined weekly for the presence of foot dermatitis and given a 
lesion score using the methodology described by Martrenchar et al. (2002). Brie y, the scores 
were 0: no lesion; 1: lesion on <25% of the pads; 2: lesion on 25 to 50% of the pads; 3: lesion 
on >50% of the pads. Data were analyzed by ANOVA using the GLM procedure and the 
means separated by Duncan post hoc test using StatSoft computer package (STATISTICA 11, 
2012). 
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Results and discussion  
The results indicate that different litter treatments have an impact on the occurrence of foot 
pad lesions. Table 1 shows the results of the experiment. The best results were obtained by 
using a chopped straw litter as compared to the other treatments that were used in the 
experiment. The results reached by De Baere et al. (2009) show that the use of large quantities 
of chopped straw of 1.5 kg/m2 produced a significant increase in the intensity of the FPD in 
broiler chickens. In their work, they state that the use of chopped straw at a rate of 2.0 kg/m2 
leads to an increase in the number of lesions with the highest degree of damage. 

 
Table 1. The number of scored broiler (No) and values (%) of foot pad damage by applying  different 

treatments 

Treatments T1 T2 T3 T4 T5 
Footpad 
lesions  No % No % No % No % No % 

0 1 0.06 24 0.88 6 0.27 30 1.13 39 1.59
1 3 0.18 128 4.71 22 0.97 238 8.98 212 8.62 
2 547 32.54 924 34.02 945 41.76 1042 39.32 1002 40.76 
3 1130 67.22 1640 60.38 1290 57.00 1340 50.57 1205 49.02 
Total/Average 1681 2.66a 2716 2.53b 2263 2.55bc 2650 2.39d 2458 2.37d

(a,b,c,d,), Means in the same row with different letters are significantly different (P<0.05) 

The results in this experiment are consistent with previous studies (Grimes et al., 2002; Bilgili 
et al., 2009) in which the use of different litter materials caused a reduction in the occurrence 
and intensity of foot pad damage. There was a statistically significant difference between the 
chopped straw and a straw litter, litter treated with microbial preparation Micropan®, and litter 
with addition of lignin. No statistically significant difference on the occurrence of foot pad 
lesions between litter with addition of lignin and Micropan® and chopped straw without 
supplements was observed. 

 

Conclusion
The emergence of the FPD is a multifactorial problem that is influenced by a large number of 
factors among which the most significant are ventilation, feeding, watering, microclimate and 
health status of animals. Consequences of the development are significant both in terms of 
animal welfare and in terms of economic feasibility of production. It is possible that different 
litter treatments significantly prevented the occurrence and reduced the intensity of foot pad 
lesions. Good knowledge of all factors of the occurrence of FPD significantly contribute to the 
prevention of these types of dermatitis and reduce intensity damage in flocks where the 
disease has occurred.  
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Abstract 
The incidence of foot pad lesions of broilers of moderate growth was investigated in order 
to establish correlations with body weight. Broilers were reared until the age of 42 days in 
the floor system in the poultry house and then were divided into two groups. The first 
group continued growing in the poultry house until the age of 84 days and the second 
group was growing in the free range system until the same age. Individual measurements 
of body weight and evaluation of the incidence of foot pad lesions of broilers were carried 
out at the end of the experiment. In a correlation analysis of previously transformed data on 
the percentage of broilers with lesions and body weight within each weight group, data 
were obtained that showed an association between these traits depending on the rearing 
system. 

System of rearing had significant impact on the strength and direction of correlation 
between body weight and the incidence of foot pad lesions, in light of the determined 
correlation coefficient r = -0.95 at the significance level p=0.01 in the free range system, 
and r=0.56 (p>0.05) in chickens reared in the poultry house.  

Key words: body weight, broilers, lesions, rearing system  
 

Introduction 
The lesions on the foot pads of broilers usually represent the type of contact dermatitis, and 
depending on the degree of damage they can range from the level of surface inflammatory 
processes to necrotic changes in the deep layers of tissue. Their incidence is associated 
with rearing conditions (Meluzzi et al., 2008), stocking density (Ferrante et al., 2006; 
Škrbi  et al., 2010), nutrition  (Eichner et al., 2007; Škrbi  et al., 2012), which exert their 
effects through litter quality considered as the most important factor for the development 
of various forms of dermatitis (footpad, hock burns, breast blisters) (Allain et al., 2009). 
Footpad dermatitis causes pain and affects the incidence of lameness (Sorensen et al., 
2000) which can result in a lower gain and final body mass of chickens. In general, the 
footpad lesions pose a problem to the welfare and economic efficiency of broiler 
production. Research results of Kjaer et al. (2006) show significant differences in the 
incidence of footpad dermatitis in fast-growing and slow growing broiler hybrids. uki - 
Stoj i  et al. (2013) have found differences in the frequency of footpad lesions in moderate 
growing broilers depending on the rearing system. Body mass of broilers is a potential 
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predisposing factor for the incidence of footpad lesions, given that male broilers showed a 
greater tendency towards more frequent incidence and more severe degrees than the female 
birds (Bilgili et al., 2006). 

The aim of this study was to investigate the presence and nature of phenotypic correlations 
between body mass and frequency of broiler footpad lesions in the hybrids of moderate 
growth in terms of extensive rearing in the house and the traditional free range rearing 
system.   

 

Materials and methods 
The experiment was conducted on a total of 300 chickens of genetic potential for a 
moderate rate of growth (Redbro). By 42 days the chicks were reared in the poultry house 
in the floor rearing system. Conditions of feeding and breeding were typical for standard 
fattening. The chickens were housed in boxes, 50 birds/box or 12 birds/m2. After 6 weeks, 
150 broilers were transferred to the traditional free range rearing facility to the slaughter 
age (84 days), which was the same for chickens from each rearing system. Throughout the 
experiment, the diet was based on complete mixtures. The chicks were fed starter (22.2 % 
CP; 3100Kcal) grower (19.4 % CP; 3110Kcal) and finisher (17.3 % CP; 3170Kcal) diets, 
while the broiler in the free range system had available pasture area of 10m2/bird. By 
individual measuring of chicks at the end of the experiment, in both rearing systems, the 
final body mass was determined. At the same time, the incidence and the degree of lesions 
on the foot pads were visually evaluated according to the method of Thomas et al. (2004), 
in which score 1 indicates the absence of lesions, score 2 presence of moderate lesions and 
score 3 the presence of severe lesions. Based on the measured body mass, chickens were 
divided into six weight groups : <2.0 kg, 2.0-2.5 kg, 2.5-3.0 kg, 3.0-3.5 kg, 3.5 - 4.0 kg and 
> 4.0 kg. Also, for the purpose of the data processing, the summary frequency of the 
incidence of foot pad lesions was taken into account, regardless of the degree of damage 
and the score. 

Statistical analysis was performed using the software program Statistica (Stat.Soft, Inc. 8 
version) and was based on the determination of the parameters of descriptive statistics and 
correlation analysis of body mass of broilers and the incidence of lesions on the foot pads 
of broilers within weight groups depending on the rearing system. Data expressed in 
percentages were previously transformed to arc sin. 

 

Results and discussion 
Based on the average scores for footpad lesions we can state in general that the condition 
of leg pads in each rearing system was satisfactory (Table 1), which is partly the effect of 
the genotype of moderate growth broilers. In the free range rearing system, average scores, 
depending on the weight group, ranged from 1.0 to 1.25, and in the rearing system in the 
poultry house, from 1.0 to 1.20. Results obtained by Kjaer et al. (2006) point out the 
important role of genotype for the development of dermatitis, in terms of less sensitivity to 
their development in the slow growing hybrids. As for the rearing system in the poultry 
house, in the first two groups of broilers with the lowest body mass the incidence of 
footpad lesions was not recorded. In contrast, in the free range rearing system, in these 
groups, the highest percentage of broilers with footpad lesions was determined (33.33% 
and 18.75%). 
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Table 1. Frequency of incidence and average score of footpad lesions in broiler weight     
             groups and rearing systems  

Weight 
group Rearing system 

Average body 
weight, kg 

(mean ±SD) 

Incidence of 
footpad lesions, % 

Average score of 
footpad lesions 

< 2.0 kg 
free range 1.71 ± 0.18 33.33 1.25 

poultry house 1.77 ± 0.06 0 1.0 
average 1.73 ± 0.15 22.22 1.17 

2.0-2.5 kg 
free range 2.33 ± 0.13 18.75 1.16 

poultry house 2.25 ± 0.14 0 1.0 
average 2.30 ± 0.14 10.71 1.09 

2.5-3.0 kg 
free range 2.79 ± 0.16 5.66 1.05 

poultry house 2.78 ± 0.15 10.34 1.12 
average 2.78 ± 0.15 7.32 1.07 

3.0-3.5 kg 
free range 3.21 ± 0.15 4.17 1.04 

poultry house 3.26 ± 0.15 16.0 1.2 
average 3.23 ± 0.15 8.22 1.09 

3.5-4.0 kg 
free range 3.77 ± 0.14 2.13 1.04 

poultry house 3.76 ± 0.13 11.43 1.13 
average 3.77 ± 0.14 6.10 1.08 

> 4.0 kg 
free range 4.26 ± 0.20 0 1.0 

poultry house 4.35 ± 0.29 7.69 1.12 
average 4.31 ± 0.25 4.25 1.06 

 
Different conditions in the studied rearing systems influenced the opposite direction of the 
correlation between body mass of broilers and frequency of lesions of the foot pads. In the 
free range rearing system, correlation coefficient of r = -0.95 (p=0.01) indicates a strong 
negative correlation, i.e. significantly lower incidence of foot-pad dermatitis in broilers of 
greater body mass (fig. 1). In the floor rearing system, in the poultry house, a medium 
strong positive correlation was found (r=0.56, p>0.05). However, given the lack of 
statistical significance of determined correlation coefficient, regardless the strength of 
correlations, it can be argued that there is a correlation between body mass of broilers and 
the incidence of footpad lesions in the floor system of rearing in the poultry house (Figure 
2). In accordance, the weak, insignificant correlation between the foot pad dermatitis and 
the body mass of broilers was determined also by Kjaer et al. (2006). 

The quality of litter or bedding is a crucial factor for the development of dermatitis. In 
terms of free range rearing it is anticipated that this problem is less pronounced. Physical 
activity of broilers, or freedom of movement, exposure to natural rearing conditions 
(grassy range, air, sun), contribute to the overall better shape of legs (Kestin et al., 1992). 
In such conditions, footpad lesions were more common in groups with lower body mass 
maybe due to "inherited" condition of the poultry house, where the chickens were reared 
the first six weeks. Footpad lesions cause a painful condition that affects the ability to 
move and thereby reduce competition for food and weight gain. In the floor system of 
rearing, in the poultry house, the condition of foot pads continuously deteriorated with the 
increase in body mass due to intense and prolonged contact with wet litter until the age of 
slaughter. In this sense, the management of production is of great importance for the 
maintenance of environmental conditions in the house (air temperature, relative humidity), 
satisfactory quality of litter (Wang et al., 1998, Allain et al., 2009). A negative correlation 
between the serious footpad dermatitis and live mass of broilers, i.e. meat yield, is 
determined by Hashimoto et al. (2013) and indicates the possibility of improving these 
production parameters through control of the incidence of footpad dermatitis. 
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Rearing system: free range

Scatterplot: Body weight vs. Incidence of footpad lesions
Correlation: r = -0.95
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Figure 1. Correlation between body mass and incidence of footpad lesions in the free range    

rearing system 
 

Rearing system: poultry house

Scatterplot: Body weight vs. Incidence of footpad lesions
Correlation: r = 0.56
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Figure 2. Correlation between body mass and incidence of footpad lesions in the floor rearing 
               system 
 
Conclusion 
The system of rearing of broilers exhibited a significant effect on the correlation between 
the body mass and incidence of footpad lesions. In the free range rearing system, the body 
mass and the incidence of footpad lesions were in strong negative phenotypic correlation, 
while in the floor rearing system, in the poultry house, phenotypic correlation between 
these traits was not statistically confirmed.  
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Low average footpad lesion scores, i.e. satisfactory condition of foot pads of broilers in 
both rearing systems, provide confirmation of the importance of genotype for the 
development of dermatitis. 
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Abstract  
Plasma protein and immunoglobulin (Ig) levels in fish can be influenced by stress reaction, 
caused by some nutritional factors. This paper shows effects of different feed quantity on 
total protein and total Ig levels in blood of common carp (Cyprinus carpio) juveniles 
exposed to chronic stress conditions. 
The study was carried out in a recirculation aquaculture system (RAS) during 96 days. 
Carps (initial weight 6.43±0.02 g) were distributed into four groups in three replicate tanks, 
40 fish per tank. The groups were formed according to the feed quantity applied: 2, 3, 4 
and 5% of commercial extruded mixture in relation to the ichthyomass (i.e. groups I, II, III 
and IV respectively).
According to the results, the mean values of total plasma proteins and Ig were highest in 
group IV and the lowest in group II (p<0.05). Total protein levels were influenced by feed 
quantity (p<0.05), and sampling time (p<0.001). Total Ig levels were influenced by 
duration of the experiment i.e. sampling time (p<0.001). In all groups the mean values of 
plasma proteins after two month of the experiment was increased (p<0.01), and the mean 
values of Ig in less fed groups I and II (p<0.05 and p<0.01, respectively). Total plasma 
proteins and Ig were not significantly affected by water quality parameters only in the 
group fed 2% of feed (group I). Significant positive correlation between total proteins and 
Ig was determined in each experimental group (p<0.01).
In terms of reducing stress and ensuring welfare in carp juveniles, applied feed amount 
should match to the length of fish growing in the fish tanks, stocking density and capacity 
of the system for efficient water purification. 

Key words: common carp, feed quantity, RAS, total immunoglobulins, total proteins 

  
Introduction 
Growing carps in tanks of recirculation aquaculture systems (RAS) implies the absence of 
natural food and entirely dependence on added feed. Commercial feed must be compliant 
with the needs of fish, regarding its quality, pellet size, shape and quantity. In deciding the 
optimal feed quantities for carp juveniles Stankovi  et al. (2011) considered production 
and economic indicators (e.g. weight gain, feed conversion ratio and feed price). However, 
producers’ goals must also be directed towards ensuring the welfare of fish. 

The level of nutrition is one of the main factors that affect water quality in RAS. 
Decomposition of uneaten feed and its retention in tanks led to the deterioration of water 
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quality in the system (Isla Molleda, 2007), which triggers stress response mechanisms in 
fish (Conte, 2004; Hastein et al., 2005).  

Stress reaction involves various physiological changes including alteration in blood 
composition and immune mechanisms (Wendelaar, 1997). Total plasma protein and 
immunoglobulin levels were used in the studies of stress response in fish by Cœurdacier 
and Dutto (1999), Harikrishnan et al. (2003), Ardó et al. (2009), Patriche et al. (2009), 
Hajibeglou and Sudagar (2010), and Noori (2013). Effects of the feed quantity on these 
blood parameters in common carp juveniles (Cyprinus carpio L.), which are grown in 
RAS, are not sufficiently examined.  

The aim of this paper is to show effects of different feed quantity on total plasma protein 
and immunoglobulin levels in common carp juveniles kept in tanks over a period of three 
months. 

   
Material and methods 
The study was carried out in recirculation aquaculture system (RAS) of the CEFAH 
(Center for Fishery and Applied Hydrobiology of the Faculty of Agriculture, University of 
Belgrade, Serbia). During 96 days 480 specimens of common carp (Cyprinus carpio) with 
the initial weight of 6.43±0.02 g were held in 120-litre tanks with constant water flow of 
0.5 l/min. They were distributed in four groups in three replicate tanks, 40 fish per tank. 
The groups were formed according to the feed quantity applied: 2, 3, 4 and 5% of 
commercial extruded mixture (38% of proteins and 12% fat, “VZ Subotica”, Serbia) in 
relation to the ichthyomass (i.e. groups I, II, III and IV, respectively). Fish feed was 
weighed by digital scale (KERN PLS 2100-2, Germany) and distributed by hand, twice a 
day (08:00–08:30 and 14:00–14:30 hrs). 

Water quality in the tanks was checked three times a week (temperature, pH, and dissolved 
oxygen i.e. DO) by appropriate probe (MULTI 340i/SET, WTW, Germany), and twice a 
month (unionized ammonia i.e. NH3-N, and organic substances content based on KMnO4 
consumption) by analyzing water samples (Anon., 1985; oha, 1990). Water sampling and 
direct measurements of the water parameters were conveyed in the morning, before feed 
distribution.   

The study had three periods of parameters’ examination, and each period was finished at 
the day of blood sampling. Blood samples were collected from three fish per tank at 32, 64 
and 96 day of the experiment. Prior to blood sampling fish were anaesthetized in MS-222 
(Sigma-Aldrich®). Methods of sampling blood from caudal vein and blood samples 
preparation for analyses were described by Roberts (1989), and by Ardó et al. (2009). 
Blood plasma was isolated by centrifugation (1400G, 15 min), and samples were stored at -
20°C before the measurements.  

Total protein concentration in the blood was determinated colorimetrically by Fluitest TP 
(Analyticon® Biotechnologies AG, Germany), as well as total immunoglobulins, with 
addition of polyethylene glycol (PEG) (Sigma-Aldrich®), as described by Ardó et al. 
(2008). Both parameters were measured using microplate reader Multiskan Spectrum 
(Thermo Labsystems; Waltham, MA, US). 

As factors affecting blood parameters in this study, the feed quantity and duration of 
exposure to the same conditions (periods between two consecutive sampling) were 
considered. Data were analyzed using parametric tests (two-way factorial ANOVA, LSD 
and Fisher LSD test) at significance level of p<0.05. For immunoglobulin levels square 
root data transformation was applied. Relation between blood and water parameters was 
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evaluated according to the value of Spearman's rank correlation coefficient. The results 
were analyzed by STATISTICA 8.0 Software (StatSoft, Inc. 2007), and Microsoft Office 
EXCEL 2007.  

 

Results and discussion 
Based on the results of all blood samplings during the experiment, the highest mean value 
of total proteins was obtained in group IV, and the lowest in group II (p<0.05) (Table 1).  

 
Table 1. Statistical parameters for total plasma proteins (g/l) 

Groups Statistical parameters
N Mean*   SE** Min Max CV (%)** 

I 27   38.88 ab 1.73 19.92 48.18 23.16 
II 27   38.12 a 1.59 22.41 51.62 21.67 
III 27   38.94 ab 1.41 20.26 49.18 18.77 
IV 27   42.75 b 1.15 33.82 56.41 13.96 

*a, b – significant at p<0.05; the same letter - no significant difference (p> 0.05); **SE - standard error; Cv - 
coefficient of variation 
 
The mean values of total protein were high in all groups, but in group IV was slightly 
above the upper physiological limit for carp of 40 g/l (according to Svobodová and 
Vykusová, 1991).  

Protein levels could be influenced by the nutritional status (Love, 1980). Patriche et al. 
(2009) and Noori et al. (2013) found that level of total plasma proteins varies depending on 
the protein concentration in the feed. In our study, high mean values of the total protein in 
all groups could be influenced by the high protein level in the feed.  

According to results of two-way ANOVA, total protein levels were significantly 
influenced by feed quantity (p<0.05), and period of observation (p<0.001), but there was 
no interaction between these two factors (p>0.05). This indicates that blood protein 
concentration was also influenced by factors other than feed quantities and duration of the 
experiment. In Table 2 differences of total proteins mean values in each group are shown. 

 
Table 2. Mean values of the total plasma proteins at the end of the each period (g/l) 

Periods Groups* 
I II III IV 

first ( lst - 32nd day) 28.20 A 29.17 A 32.36 A 37.74 aA 
second (33rd - 64th day) 43.24 B 42.80 B 43.58 B 46.61  B 
third (65th - 96th day) 45.20 B 42.38 B 40.90 B 43.90 b 

*a, b –significant at p<0.05; A, B –significant at p<0.01; the same letter - no significant difference (p> 0.05) 

Result shows significant increase in total protein levels in all groups after two months of 
the experiment i.e. in the second period (p<0.01), while these values were not significantly 
changed in the third period (p>0.05).  

Increased synthesis of proteins could be associated with tertiary stress response. Stress 
could be caused by changes in water quality and increased stocking density due to growth 
of the fish. Plasma composition could be also changed by handling and anaesthetics 
applied at blood sampling (Ross and Ross, 2008). Smit et al. (1979) found that tricaine 
methanesulfonate (TMS or MS-222) can induce haemo-concentration in common carp. 
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This common effect of stress was monitored in several research by measuring plasma 
protein levels (cited in the paper by Bystriansky et al., 2006).   

As in plasma proteins, the highest mean value of total immunoglobulins was in group IV, 
and the lowest in group II (p<0.05). However, in all groups coefficients of variation were 
greater than in total proteins (Table 3). Largest variations of immunoglobulin levels in 
group II may result from sporadic occurrence of high concentrations of NH3-N that was 
recorded mostly in this group, and which could adversely affect the activity of the carps’ 
immune system (Wlaslow et al., 1990). Cœurdacier and Dutto (1999) found in their study 
significantly lower level of total immunoglobulins in fish exposed to high level of 
ammonia compared with fish from the control group.  

 
Table 3. Statistical parameters for total immunoglobulins (g/l) 

Groups Statistical parameters
N Mean*   SE** Min Max CV (%)** 

I 27  18.01 ab 0.90 4.83 25.91 25.89 
II 27     15.85 a 1.18 3.88 25.85 38.83 
III 27     17.34 ab 1.13 1.99 31.33 33.93 
IV 27 19.17 b 0.99 4.64 29.74 26.88 

*a, b –significant at p<0.05; the same letter - no significant difference (p> 0.05); **SE - standard error; Cv - 
coefficient of variation 
 
Feed quantity (itself and in interaction with sampling) had no significant influence on total 
immunoglobulin levels (p>0.05), unlike to the period of observation  (p<0.001). Similar to 
plasma proteins, absence of the interaction between feed quantity and period of 
observation could indicate the influence of other factors, including quality of the water in 
tanks, increased stocking density and the presence of bacteria in the water.  
Primary and secondary stress responses are short-term effects of acute, short-lived 
challenges. When these responses are prolonged or repeated and fish has no way to avoid 
or escape the challenge, a series of tertiary effects become apparent, including changes in 
immune function (cited by Broom DM in EFSA, 2008). Influence of the observation 
periods was manifested in all groups except in group III (Table 4). 

 
Table4. Mean values of the total plasma immunoglobulins at the end of the each period (g/l) 

Periods Groups* 
I II III IV 

first ( lst - 32nd day) 14.83 a 11.27 a 16.84 a 17.00 a

second (33rd - 64th day) 19.45 ab 19.07 B 19.38 a 22.89 b 
third (65th - 96th day) 19.76 b 17.20 B 15.81 a 17.61 ab 

*a, b – significant at p<0.05; A, B – significant at p<0.01; the same letter - no significant difference (p> 0.05) 

Results from the table indicate that in the less fed groups I and II a significant increase in 
the amount of immunoglobulin occurred (p<0.05 and p<0.01, respectively). On the other 
hand, although decrease of the values in groups II, III and IV in the third period was not 
significant, it could be result of chronic exposure to stressors (Dobšíková et al., 2009; 
Magnadottir et al., 2010), considering the suppressive effects on the immune response of 
fish.   

According to previously published data from the same experiment, increased feed quantity 
was affected fish average body mass (Stankovi  et al., 2009), and the water quality was 
gradually deteriorated (Reli , 2011; Reli  et al., 2011) especially in groups III and IV in 
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the third period. Table 5 shows that total protein and immunoglobulin concentration was 
significantly affected by at least one water quality parameter in all experimental groups, 
except for group I. 

 
Table 5. Significant correlation between water and blood parameters at group level 

 
Parameters 

Groups** 
I  II  III  IV  

* p-level  p-level * p-level  p-level 
temp & prot -0.163 0.418 -0.409 0.034 -0.214 0.285 -0.223 0.263
temp & Ig -0.233 0.241 -0.430 0.025 -0.296 0.134 -0.072 0.723
DO & prot 0.345 0.078 0.392 0.043 0.425 0.027 0.117 0.562
NH3-N & prot -0.486 0.329 0.886 0.019 -0.486 0.329 0.543 0.266
organic sub.  & Ig 0.754 0.084 0.319 0.538 0.086 0.872 -0.886 0.019
prot & Ig 0.600 0.001 0.857 <0.001 0.604 0.001 0.572 0.002

*  – Spearman's rank correlation coefficient; **bolded values are statistically significant 

Total proteins were in the significant negative correlation to the water temperature in group 
II, and positively correlated to DO (groups II and III) and NH3-N concentration (group II). 
Total immunoglobulin values were significantly and negatively correlated to the water 
temperature (group II) and organic matter content (group II). Correlation between total 
proteins and immunoglobulins was significant and positive in the each experimental group 
(p<0.01), and strongest in group II.  

Conclusions 
According to the results from this study, feed quantity has showed influence on total 
protein levels, while period of observation i.e. time of sampling had influence on both 
parameters, total protein and immunoglobulin levels.   

Rearing conditions (limited space, increase of feed quantity with increasing of the 
ichtyomass, increasing of stocking density, and consequently deterioration of the water 
quality over the time) have created a state of chronic stress. 

In terms of reducing stress and ensuring welfare in carp juveniles, applied feed amount 
should match to the length of fish growing in the fish tanks, stocking density and capacity 
of the system for efficient water purification. 
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Abstract 
The aim of this preliminary study was to assess the immune response of rabbits triggered 
by vaccination against myxomatosis. In experiments, 14 New Zealand White rabbits (7 
does – D and 7 bucks – B at the age of 1 to 3 years) were used. Samples of rabbit 
peripheral blood (PB) were collected from a. auricularis centralis to heparinised tubes 2 
weeks before and 4 days after the subcutaneous injection (0.5 mL) of vaccine against 
myxomatosis (Pharmavac MXT). Mononuclear cells from peripheral blood (PBMCs) were 
isolated using Ficoll centrifugation. Isolated PBMCs were then frozen and stored at -192 
°C. For phenotyping, the frozen cells were thawed and stained with the following anti-
rabbit monoclonal antibodies (mAbs): anti-IgM (NRBM, IgG1), anti-CD4 (RTH1A, 
IgG1), anti-CD8 (ISC27A, IgG2a), anti-pan T2 (RTH21A, IgG1) and anti-CD45 (L12/201, 
IgG1). As the secondary immunoreagent, fluorescein isothiocyanate (FITC) or R-
phycoerythrin (R-PE) labelled anti-mouse conjugates of appropriate subisotypes were 
used. We found significantly (P<0.05) increased percentage of either T-cells (does D5 and 
D7, and bucks B5, B6 and B7), or B-cells (bucks B2 and B7) in the rabbit peripheral 
blood. In conclusion, fast and adequate immune response to antigen (vaccine against 
myxomatosis) was indicated by the increase in T lymphocyte subsets 4 days after 
immunization. Thus, rabbit does (D5 and D7) and bucks (B5, B6 and B7) might be 
selected to create F1 generation for the future experiments. 

Key words: immune response, lymphocyte subsets, rabbit 

Introduction 
Rabbit (Oryctolagus cuniculus) is one of the animal species often used as an experimental 
model in human and veterinary research. The rabbit model served for the study of 
infectious diseases such as syphilis (Gamboa and Miller, 1984), tuberculosis (Dannenberg, 
1991), human T lymphotropic virus-I (Sawasdikosol et al., 1993) and human 
immunodeficiency virus (Filice et al., 1988). Rabbit is also useful for studies of various 
non-infectious diseases such as atherosclerosis (Jayo et al., 1994) or eye disorders (Peiffer 
et al., 1994) and is still the animal of choice for production of many polyclonal antibodies 
(Mage, 1998). These antibodies are typically produced by inoculation of a suitable 
mammal, such as a mouse, rabbit or goat. An antigen injected into the mammal triggers an 
immune response. 
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The three key interacting elements in immune responses are antigen-presenting cells 
(APCs), thymus-derived lymphocytes (T cells), and bone-marrow derived lymphocytes (B 
cells). T cells emerge from the thymus as CD4+ or CD8+ cells. The former are involved in 
a helper function to B cells, in cell-mediated immune responses in lymphokine secretion. 
The latter are specialised for cytotoxic killing of other cells, particularly virus-infected 
cells or, at least in experimental circumstances, tumour cells (Nossal, 1997). B cells are 
responsible for antibody formation (Nossal et al., 1968). The early IgM response of B cells 
may be triggered directly by antigen in a T-cell-independent manner, but most long-lasting 
immune responses, involving IgG, IgA, or IgE antibodies, need the help of activated T 
cells (Miller, 1972). 

Determination of lymphocyte subset distribution in the peripheral blood is a routine part of 
laboratory tests in human patients suspected on immunodeficiency. At present, flow 
cytometry is also becoming a useful tool in veterinary medicine, particularly in small 
animal practice. The knowledge of physiological values is necessary for recognition of 
changes in lymphocyte subset distribution (Faldyna et al., 2001). 

Objective of this preliminary study was to assess the immune response of rabbits triggered 
by vaccination against myxomatosis. 

 

Materials and methods 
Adult (1 - 3 years old) and clinically healthy rabbits of New Zealand White (NZW) line (n 
= 14; 7 does – D and 7 bucks – B) reared in a partially air-conditioned hall of a local rabbit 
farm at RIAP Nitra were used in the experiments. The animals were housed in individual 
cages, under a constant photoperiod of 14 h of day light. Temperature and humidity in the 
building were recorded continuously by means of a thermograph positioned at the same 
level as the cages (average relative humidity and temperature during the year was 
maintained at 60 ± 5% and 17 ± 3°C). The rabbits were fed ad libitum with a commercial 
diet (KV; TEKRO Nitra, s.r.o.) and water was provided ad libitum with nipple drinkers. 
The treatment of the animals was approved by the Ministry of Agriculture and Rural 
Development of the Slovak Republic, no. SK P 28004 and Ro 1488/06-221/3a. 

Samples of rabbit peripheral blood (PB) were collected from a. auricularis centralis to 
heparinised tubes 2 weeks before and 4 days after the subcutaneous injection (0.5 mL) of 
vaccine against myxomatosis (Pharmavac MXT; Pharmagal Bio, Slovak Republic). One 
dose of vaccine contained live attenuated virus of myxomatosis min. 103 TCID50. 
Mononuclear cells from peripheral blood (PBMCs) were isolated using Ficoll 
centrifugation according to the original protocol: Isolation of mononuclear cells from 
human peripheral blood by density gradient centrifugation (Miltenyi Biotec, 2008). 
Isolated PBMCs were then frozen as follows. Cells were resuspended in 1.5 mL of the 
appropriate 4 °C cooled RPMI 1640 medium (Gibco, Life Technologies, Grand Island NY, 
USA) containing L-glutamine, 10% FCS and 10% dimethyl sulfoxide (DMSO). Once 
aliquoted, cryovials were placed on ice and then transferred into a “Mr. Frosty” freezing 
container (Thermo Scientific Nalgene, Rochester, NY, USA), and stored at -80 °C for 24h. 
Cryovials were then transferred into liquid nitrogen for long-term storage at -192 °C. For 
phenotyping, the frozen cells were then thawed as follows. Five mL of RPMI 1640 
medium containing 10% FCS, warmed to temperature at 37 °C, was aliquoted into 50 mL 
centrifuge tubes. No more than 2 cryovials were thawed at the same time. The cryovials 
were thawed in a 37 °C water bath until the cell suspension was almost completely melted. 
Two mL of the appropriate medium was slowly added to thawed cells and then slowly 
transferred drop by drop to the tubes containing corresponding medium with simultaneous 
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mixing of the cell suspension. Then another 20 mL of appropriate medium was added to 
the tubes. The tubes were two times centrifuged at 488x g for 10 min in order to remove 
DMSO from the cell suspension and then the cells were resuspended in 2 mL of the 
Dulbecco’s PBS without Ca and Mg (PAA Laboratories GmbH, Pasching, Austria). Cell 
count was evaluated using the Bürker-Türk counting chamber (Brand, Germany). 

Frozen-thawed cells were divided into prepared tubes and stained with different clones of 
anti-rabbit monoclonal antibodies: anti-IgM (NRBM; Bio-Rad AbD SerotecGmbH, 
Germany), anti-CD4 (RTH1A; WSU, Pullman, WA), anti-CD8 (ISC27A; WSU, Pullman, 
WA), anti-pan T2 (pT2; RTH21A; WSU, Pullman, WA) and anti-CD45 (L12/201; Bio-
Rad AbD SerotecGmbH, Germany) according to the producer’s manual. As the secondary 
immunoreagent, FITC or R-PE labelled anti-mouse conjugates of appropriate subisotypes 
(eBioscience, Austria) were used. To assess contamination of the lymphocyte gate by other 
cell types, the cross-reactive FITC labelled mAb against human CD14 antigen (TUK4; 
Bio-Rad AbD SerotecGmbH, Germany) was used. In each sample, 10000 - 50000 cells 
were measured using flow cytometer FACS Calibur (Becton Dickinson, Mountain View, 
CA). 7-AAD Staining Solution (BD Biosciences, USA) was used to exclude dead cells 
from analysis. The common leukocyte antigen CD45 and CD14 expression was used for 
the ‘‘lymphogate’’ set up and lymphocyte purity determination as described by Jeklova et 
al. (2007). Results obtained for the other surface markers were recalculated to 100 % of 
CD45+and CD14- cells in the‘‘lymphogate’’. 

Observed results were evaluated statistically using 2-test in SigmaPlot software (Systat 
Software Inc., Germany) and expressed as the means ± standard error of means (SEM). P-
values at P<0.05 were considered as statistically signi cant. 

 

Results and discussion 
In this study, we evaluated the changes in lymphocyte subsets of rabbit peripheral blood 
collected from seven does (D1-7) and seven bucks (B1-7) before and after immunization 
with vaccine against myxomatosis. After immunization, significant decrease (P<0.05) in 
the percentage of B lymphocytes (IgM+ cells) was observed in almost all rabbit does 
(except in D1; Table 1). On the other hand, the percentage of T lymphocytes subsets 
increased significantly (P<0.05) in does D5 (pT2+, CD4+ and CD8+ cells) and D7 (pT2+ 
and CD8+ cells), what was reflected in higher pT2/IgM ratio value for doe D5 (Table 1). 
Higher percentage of CD8+ cells (P<0.05) was also found in doe D6 after immunization 
(Table 1). We noticed significantly decreased (P<0.05) value of CD4/CD8 ratio only in 
doe D3 (Table 1). There were no changes in the percentage of double positive lymphocytes 
(CD4+CD8+) in any doe. 

On the contrary, inconsistent values in the percentage of B lymphocytes were obtained in 
rabbit bucks after immunization. Significant increase (P<0.05) of IgM+ cells were found in 
bucks B2 and B7, whereas decreased (P<0.05) percentage of IgM+ cells had bucks B3 and 
B4 (Table 2). The percentage of T lymphocytes subsets increased significantly (P<0.05) in 
bucks B5 (pT2+, CD4+ and CD8+ cells), B6 (pT2+ and CD4+ cells) and B7 (CD4+ and 
CD8+ cells) after immunization (Table 2). On the other hand, buck B1 had lower (P<0.05) 
percentage of pT2+ cells (Table 2). We observed higher (P<0.05) pT2/IgM ratio value only 
in buck B4 (Table 2). Similarly, no changes in the percentage of double positive 
lymphocytes (CD4+CD8+) or CD4/CD8 ratio values were found in any buck after 
immunization. 
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Table 1. Lymphocytes subsets in peripheral blood of rabbit does before and after immunization 

Sample Blood 
collection 

pT2 
(%)

CD4
(%) 

CD8 
(%) 

CD4+CD8+

(%) 
IgM
(%) 

pT2/IgM 
(ratio) 

CD4/CD8 
(ratio) 

D1
Before IM 26.96 22.33 4.20 0.60 25.73 1.05 5.32 
After IM 21.66 15.38 4.40 0.71 17.74 1.22 3.49 

D2
Before IM 40.19 36.52 4.57 0.89 28.50a 1.41 8.00 
After IM 33.68 27.08 4.59 0.58 15.01b 2.24 5.90 

D3
Before IM 34.57 29.15 2.50 0.21 30.51a 1.13 11.66a 
After IM 25.58 19.01 3.94 0.21 15.23b 1.68 4.83b 

D4
Before IM 56.53 22.85 27.22 2.05 24.17a 2.34 0.84 
After IM 57.26 22.51 30.33 1.83 14.05b 4.08 0.74 

D5
Before IM 32.67a 27.14a 6.08a 0.79 41.16a 0.79a 4.46 
After IM 55.38b 37.53b 14.48b 0.81 14.43b 3.84b 2.59 

D6
Before IM 47.07 30.13 11.51a 1.73 31.48a 1.50 2.62 
After IM 38.51 24.10 40.39b 1.36 16.01b 2.41 0.60 

D7
Before IM 29.67a 31.07 2.61a 0.87 35.72a 0.83 11.90 
After IM 43.29b 40.57 5.88b 1.17 15.16b 2.86 6.90 

Average 
values 

Before IM 38.24 28.45 8.38 1.02 31.04 1.29 6.40 
After IM 39.33 26.59 14.86 0.95 15.37 2.62 3.58 

IM – immunization; Results are expressed as means ± SEM; a vs b within the same column and sample were 
statistically significant at P<0.05. 

 
Table 2. Lymphocytes subsets in peripheral blood of rabbit bucks before and after immunization 

Sample Blood
collection 

pT2 
(%) 

CD4
(%) 

CD8 
(%) 

CD4+CD8+

(%) 
IgM 
(%) 

pT2/IgM
(ratio) 

CD4/CD8 
(ratio) 

B1
Before IM 46.45a 34.11 5.48 0.93 21.37 2.17 6.22 
After IM 30.5b 23.35 5.28 0.53 17.35 1.76 4.43 

B2
Before IM 31.98 29.28 5.75 0.44 21.62a 1.48 5.10 
After IM 27.87 21.58 7.25 0.38 31.55b 0.88 2.98 

B3
Before IM 39.58 28.42 4.91 0.53 28.27a 1.40 5.79 
After IM 30.04 23.51 8.27 0.25 14.68b 2.05 2.84 

B4
Before IM 42.85 32.82 5.39 1.45 28.23a 1.52a 6.09 
After IM 45.89 39.73 6.80 1.51 2.11b 21.75b 5.85 

B5
Before IM 29.43a 27.51a 4.07a 1.05 29.38 1.00 6.76 
After IM 60.77b 49.80b 8.51b 1.44 27.59 2.20 5.85 

B6
Before IM 43.72a 32.98a 5.23 0.95 38.53 1.13 6.31 
After IM 64.74b 53.75b 8.60 2.26 30.29 2.14 6.25 

B7
Before IM 38.43 31.91a 3.40a 1.09 13.18a 2.92 9.40 
After IM 49.65 48.18b 8.62b 2.25 27.18b 1.83 5.59 

Average 
values 

Before IM 38.92 31.00 4.89 0.92 25.79 1.66 6.52 
After IM 44.21 37.13 7.61 1.23 21.53 4.66 4.83 

IM – immunization; Results are expressed as means ± SEM; a vs b within the same column and sample were 
statistically significant at P<0.05. 
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The average percentages of specific lymphocyte subsets (pT+, CD4+, CD8+, CD4+CD8+ 
and IgM+) in peripheral blood of rabbits before immunization (Table 1 and 2) are similar to 
those observed by Jeklova et al. (2007) (40.1%, 29.4%, 10.4%, 2.0% and 41.9%, 
respectively), thus confirming the normal health status of rabbits used for experiment. 
Although these authors found more than 10% higher value of B-cells in comparison to our 
results (Tables 1 and 2) this could be due to the use of CD79  antibody for enumeration of 
B-cells. However, the anti-rabbit IgM mAb has been already successfully used as B-cell 
marker also in other studies (Vajdy et al., 1998; Lanning et al., 2000; Tokarz-Deptula and 
Deptula, 2005). 

According to observed results after immunization, we found significantly (P<0.05) 
increased percentage of either T-cells (does D5 and D7, and bucks B5, B6 and B7), or B-
cells (bucks B2 and B7) in the rabbit peripheral blood (Tables 1 and 2). An increase in 
lymphocyte concentration is usually a sign of a viral infection, in this case caused by the 
attenuated virus of myxomatosis. Adequate immune response in observed rabbits might be 
indicated by the increased percentage of CD4+ (D5, B5, B6 and B7) or CD8+ (D5, D7, B5 
and B7) cells. Although, both CD4+ and CD8+ lymphocytes are very important in the 
reaction cascade of immune response, they differ in their function. The most important 
distinction is that CD4+ cells see antigenic peptides in association with MHC class II 
molecules whereas CD8+ cells react with peptide plus MHC class I (Nossal, 1997). CD4+ T 
cells, when activated, develop into T cells secreting a large variety of cytokines (Kelso et 
al., 1991). However, as the immune response matures, there are many instances where 
either a T helper (Th)-1 response or a (Th)-2 responses become dominant (Mosmann and 
Coffman, 1989). The Th-1 response leads to inflammatory phenomena and the Th-2 
response to antibody formation, including IgG1 and IgE formation (Finkelman et al., 
1990). 

 

Conclusion 
In conclusion, fast and adequate immune response to antigen (vaccine against 
myxomatosis) was indicated by the increase in T lymphocyte subsets 4 days after 
immunization. Thus, rabbit does (D5 and D7) and bucks (B5, B6 and B7) might be 
selected to create F1 generation for the future experiments. 
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Abstract
The aim of the present study was to investigate the effect of acute heat stress on some 
hematological parameters, trace elements and meat quality traits in rabbits. Twelve male 
rabbits at the age of 4 months were allocated into 2 groups: control and experimental. The 
experimental rabbits were exposed to intermittent solar radiation for 4 hours at 36 °C. The 
following parameters were determined: white blood cells (WBC) count, red blood cells (RBC) 
count, hematocrit, neutrophil and lymphocyte percentages, liver and meat content of 
chromium (Cr) and selenium (Se), pH of meat at 60 min and 24 h post mortem, meat color, 
myoglobin and water holding capacity (WHC). Exposure to heat increased neutrophil to 
lymphocyte ratio (P<0.01) and liver content of Cr (P<0.01), while  WBC count, RBC count, 
hematocrit, liver Se, muscle Cr and Se, pH of meat at 24 h, meat color, myoglobin and WHC 
were not affected by the applied heat load. The experimental rabbits had significantly lower 
meat pH at 60 min after slaughter relative to the control rabbits (P<0.05). 

It was suggested that experimental rabbits had sufficient muscle glycogen at the time of 
slaughter needed to produce the lactic acid that reduced the ultimate pH of post-mortem 
muscle within the range observed in the control rabbits. 

Key words: chromium, heat, hematocrit, lymphocytes, neutrophils, selenium

Introduction 
Rabbits are more susceptible to high than to low ambient temperatures. Recent studies on 
chickens and pigs have presented controversial results concerning metabolic effects of high 
ambient temperatures (Lin et al., 2006; Hicks et al., 1998). The research papers about the 
effect of acute thermal stress in rabbits are scarce and incomplete (Amici et al., 2000). Heat is 
known to cause oxidative stress, which leads to generation of free radicals. Reactive oxygen 
species can initiate lipid peroxidation and cause cellular damage to tissues (Aitken et al., 
1989). 

The effect of thermal stress on the quality of rabbit meat has been studied less intensively as 
compared with transportation stress, feed ratios and other biological and zootechnical factors 
(Zotte, 2002). 

The available literature provides little data about the content of Cr and Se in tissues and blood. 
Cromium is known to increase liver glycogen and glycogen synthetase (Samanta et al., 2008) 
and acts as an antagonist to the glycolitic effect of stress hormones. Selenium is an essential 
component of the body’s antioxidant system. 
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The aim of this study was to investigate the effect of heat stress on some hematological 
parameters, liver and muscle content of Cr and Se and meat quality in farm rabbits. 

Materials and methods 
The experiment comprised 12 New Zealand White male rabbits (Oryctolagus cuniculus) at 
the age of 4 months and average weight of 3 kg, divided in two groups (control and 
experimental), consisting of 6 rabbits each. Rabbits were reared in an enclosed building under 
summer conditions with variable natural temperatures within the range of 24 to 27 °C. They 
were housed individually in wire-floor cages, provided with feeders and automated drinkers – 
feed and drinking water were supplied ad libitum.

The experimental group was exposed to direct sunlight for 4 hours at ambient temperature of 
36 °C without any access to food and water. Blood samples were collected by ear 
venepuncture before exposure to heat (basal level) and 2 hr later, when heat exposure was 
interrupted for 15 min for the second blood sampling. The following hematological 
parameters were determined: white blood cell (WBC) count, hematocrit, neutrophil to 
lymphocite ratio (N:L), and red blood cell (RBC) count. Total erythrocyte and leukocyte 
counts were determined by manual haemacytometer chamber count. Haematocrit was 
measured by the microhaematocrit method. Peripheral blood leukocytes were counted on 
smears. The smears were stained using May-Grunvald and Gisma stains (Lucas and Jamros, 
1961). At the end of the stress period the animals of both groups were slaughtered. Liver and 
muscle (m. biceps femoris) samples were taken and analyzed for trace elements – Cr 
(Chromium) and Se (Selenium). Trace elements were measured by Inductively coupled 
plasma mass spectroscopy method – ICP-MS, using Agilent 7500 cx. 

The following physicochemical characteristics of m. longisimus dorsi were determined: pH 
measured at 60 min and 24 h post mortem by pH-meter, color-measured by Specol 11 at 525 
nm, water holding capacity (Grau and Hamm, 1952), and myoglobin (Hornsey et al., 1956). 

The results of one factor statistical analysis are expressed as means ±S.E.M. and were 
analyzed by ANOVA. 

Results and discussion 
White blood cells (WBC) count in the experimental rabbits remained unchanged after 
exposure to heat (Table 1). Exposure to heat has been reported to decrease WBC count in 
laying hens (Mashaly et al., 2004), cocks (Nathan et al., 1976) and growing female rabbits 
(Ondruska et al., 2011). Glucocorticoids seem to play a certain role in the maintenance of 
leukocyte counts (Deutsch et al., 2007). Exposure to acute heat stress, unlike other stressors, 
results in a quick decline of glucocorticoids level following an initial nonspecific increase in 
the adrenal response (Gudev et al., 2004). The unaffected WBC count in our study is in 
agreement with the reported lack of change in WBC of growing and adult male rabbits 
exposed to 36 °C for 4 weeks (Ondruska et al., 2011). 

The experimental rabbits in our study had higher neutrophil to lymphocyte ratio (N: L) after 
exposure to heat relative to that in the control rabbits (Table 1). 

It has long been known that the increase in neutrophil to lymphocyte ratio is due to 
glucocorticoids-induced release of polymorphonuclear leukocytes from bone marrow, delayed 
apoptosis, and reduced egress of polymorphonuclear leukocytes into tissue (Nakagawa et al., 
1997). Neutrophil to lymphocyte ratio is widely used as an indirect marker of stress-elicited 
increase in adrenal activity. 
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Table 1. Effects of acute heat stress on the hematology of New Zealand rabbit

HEMATOLOGICAL INDEX n CONTROL EXPERIMENTAL 
Erythrocyte no. (X106/mm3) 6 5.94 ± 0.046 5.980 ± 0.058 
Hematocrit (vol %) 6 39.74 ± 2.913 39.791 ± 3.648 
Leukocyte no. (X103mm3) 6 6507 ± 113.389 6475 ± 147.478 
Neutrophil percentages 6 20.535 ± 4.753 37.541 ± 9.315** 

Lymphocyte percentages 6 74.464 ± 4.753 55.791 ± 8.263*** 

Data are presented as means±standard deviation. 
Statistically significant differences are indicated: ** P< 0.01; ***P<0.001  significantly different from the 
corresponding control value 

Heat-induced increase in N:L ratio (from 0.276 in the control to 0.673 in the experimental 
rabbits) in the present study is not consistent with the reported lack of change in N:L ratio in 
growing female rabbits exposed to heat (36 °C) for 4 weeks (Ondruska et al., 2011). 

This discrepancy could be explained with the different patterns of cortisol dynamics during 
acute and chronic exposure to heat and its effect on N:L ratio. 

Red blood cells count in the experimental rabbits was not influenced by the applied heat load. 
This data is consistent with the reported slight fluctuation of erythrocyte count in rabbits 
exposed to heat for 4 weeks (Ondruska et al., 2011). In addition, exposure to heat had no 
effect on hematocrit value (Table 1). On the contrary, exposure of growing rabbits to 36 °C 
for 4 weeks was reported to induce a decrease in hematocrit value (Ondruska et al., 2011). 
The reported decline in hematocrit value was attributed to reduction of cellular oxygen as a 
requirement for reducing endogenous heat production in order to compensate for the elevated 
environmental heat. Heat has been reported to decrease corticosterone and ACTH levels in 
rats (Wang et al., 2009). 

Consequently, the observed discrepancy in hematocrit values between our study and that 
reported by Ondruska et al. (2011) was probably due to the fact that hematocrit value in our 
study was measured under acute heat exposure, while in their experiment it was registered at 
the end of 4 weeks long exposure to heat.  

Liver content of chromium was significantly higher (P<0.01) in the experimental rabbits 
relative to that in the control rabbits (Figure 1).  

Figure 1. Effect of heat exposure on selenium and chromium concentration (mg/kg) in rabbit’s muscle 
and liver tissue 
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Chromium is known to potentiate the effect of insulin by facilitating insulin binding to 
receptors at the cell surface (Pechova and Pavlata, 2007). The demand of chromium is 
growing as a result of stress factors. High blood glucose concentration stimulates mobilization 
of tissue Cr and its irreversible loss through urine. 

Supplemental chromium increased liver glycogen level and yielded less glucose in the blood 
under the influence of the catabolic effects of cortisol in broiler chickens kept at 35-36 °C 
(Samanta et al., 2008). Basal urinary excretion of Cr is related to maximum O2 consumption 
(Anderson et al., 1988). Consequently, we expected higher rate of chromium excretion and a 
decline in liver and muscle Cr stores in the heat stressed rabbits, because of the increased N:L 
ratio. Contrary to our expectation liver content of Cr was twofold higher in the experimental 
than in the control rabbits (Figure 1). Muscle content of Cr showed a trend towards lower 
level in the experimental relative to the control rabbits (P>0.05). The lack of significant 
change in muscle concentration of Cr supports the view that muscle stores of Cr were 
sufficient to potentiate the effect of insulin thus reverting, at least partly, stress-induced 
glycogen decomposition during the heat stress episode. Our view is supported by the reported 
improvement of performance and water holding capacity of meat in pig given supplemental 
chromium picolinate (Chang Xui, 2009). 

Exposure to heat had no effect on both muscle and liver content of selenium (Figure 1). Heat 
stress is known to increase the level of free radicals (Al-Zahrani et al., 2011). Selenium yeast 
supplementation improved resistance to oxidative stress in chickens subjected to heat stress 
(Mahmoud and Edens, 2005). 

The unchanged muscle and liver content of Se under the conditions of our study suggests that 
the experimental rabbits were not Se deficient. It is worth to note that the liver Se was almost 
5 times higher than in the muscle.  

Muscle pH at 60 min post-mortem was significantly lower in the experimental rabbits in 
relation to the control rabbits (Table 2). This finding is consistent with the reported 
acceleration of post-mortem pH decrease in heat-stressed broilers due to the initial high 
muscle temperature (Wang et al., 2009). The increased post-mortem rate of pH decline in the 
experimental rabbits in comparison with control rabbits at 60 min was probably due either to 
pre-mortem increase of glucocorticoid-induced glycogenolysis and build up of lactic acid or 
to heat-induced alteration in glycolytic activity (Sandercock et al., 2001). On the other hand, it 
is widely accepted that the ultimate pH of meat (at 24h) is closely related with muscle 
glycogen concentration at the time of slaughter (Warriss et al., 1989). 

Table 2. Effects of heat exposure on meat quality traits in rabbits

ITEMS n CONTROL EXPERIMENTAL (EXPOSED 
TO HEAT) 

pH, 60 min 6 7.218 ± 0.080 6.592 ± 0.382 * 
pH 24 h 6 5.635 ± 0.079 5.754 ± 0.122 
Color, 525 nm/R 6 30.804 ± 1.286 32.362 ± 1.150 
Water-holding capacity 6 36.512 ± 1.9 35.588 ± 0.952 
Data are presented as means± standard deviation 
* P<0.05, significantly different from corresponding control level 

Muscle pH values at 24 h were similar in both groups although the pH value in the 
experimental rabbits tended to be higher (Table 2). Our data suggest that experimental rabbits 
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lactic acid and ensure satisfactory pH at 24 h post-mortem. The control rabbits showed a trend 
toward better meat quality (P>0.05) as judged by the other meat quality parameters: color, 
water holding capacity and myoglobin (Table 2). 

Conclusion 
Exposure of rabbits to intermittent heat stress for 4 h resulted in an increase in N:L ratio and 
liver content of Cr. It caused higher rate of meat pH decline at 60 min after slaughter. There 
were no changes in RBC count, WBC count, hematocrit, liver Se, muscle Cr and Se, meat pH 
at 24h, meat color, myoglobin and water holding capacity. 
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Abstract  
Intensive animal breeding and production is based on farm breeding of animals which 
represents a major source of raw material for food production. Preserving health of animals 
requires a good practice during breeding, appropriate feeding and watering, adequate 
control of pests and wild animals. Animal breeding and production of food of animal 
origin requires significant engagement of veterinary services within the frame of 
epizootiological, epidemiological, veterinary and sanitary surveillance. Farm manner of 
cattle breeding can represent a danger of air, water and ground contamination. In the farms 
situated in a small space, overcrowded with animals there are ideal conditions for the 
appearance and spreading of causative agent of infectious diseases (prions, viruses, 
rickettsiae, chlamydia, bacteria, parasites and fungi), which can be transmitted also to 
humans and wild animals. From the aspect of public health, special attention should be 
given to the farms with large number of animals and farms with intensive breeding 
conditions. This is especially important in pig and poultry breeding, where moderate or 
high prevalence of infections such as salmonellosis and campylobacteriosis are often 
present, regardless of the fact that the level of clinical illness caused by these infections is 
relatively low. Intensive production in animal husbandry leads to increased animal waste, 
and the richest source of infectious agents represents animal feces.  

Key words: biohazard, epidemiology, farms, zoonoses  

Introduction 
    Food animal production methods have undergone substantial changes over the past fifty 

years. Herd health and production management programs are examples of this 
development. The main focus of these programs is on-farm economics and especially 
operational management through the application of veterinary and zoo technical skills and 
a wider knowledge of the commercial and societal consequences of disease in the food-
producing animal (Noordhuizen and Collins, 2002; WTO, 1995). Key elements in such a 
program include risk assessment and priority setting at the start, followed by farm 
inspections and clinical examination of animals, data monitoring and herd/flock problem 
analysis and prevention. The approach has to be adapted depending on the species of 
animal involved and the intensity of the farming enterprise (Brand et al., 1996).  

  Primary producers must take all reasonable measures to prevent the entry of pathogenic 
agents onto his/her holding. They are responsible for the health of their stock and must 
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adopt a positive approach to animal health on the farm with the objective of eliminating or 
minimizing exposure of food-producing animals to zoonotic agents (Noordhuizen and 
Collins, 2002). This is an essential component of the longitudinal integrated safety 
assurance (LISA) schemes now being adopted in many developed countries.  

Control of zoonoses on farms 
As a starting point, maintenance of the integrity of the herd or flock as a distinct and self-
contained entity, if possible, remains a key objective of health control in food animal 
production. It is essential to ensure the origin of such stock so as to define as far as 
possible the health status of the herd of origin. Also, it is very important to ensure the 
traceability of the animals and their production as they move through the food chain. 
Traceability of all inputs to the farming enterprise, both goods and stock, is important 
because if a farm manager is unaware of the origin of inputs, he/she cannot be assured that 
best practices were applied to the production (Noordhuizen and Collins, 2002).   

Selective pressure associated with the inappropriate use of antimicrobials can generate 
multidrug-resistant organisms which can become a public health problem (Abury-Damon 
et al., 2004). Vaccination can raise herd immunity and reduce the risk of disease and the 
consequent application of antibiotics. Husbandry practices such as segregating age cohorts, 
feeding with colostrum’s, isolation of sick animals and adequate disinfection can prevent 
the spread of disease and contribute to maintaining the health of the herd or flock (CEC, 
2000). Appropriate ecto and endo-parasites prevent animals from becoming debilitated and 
more susceptible to other diseases. Policies for the use of animal remedies should be 
science-based and all usage should be documented and continuously reviewed (Abury-
Damon et al., 2004). 

In larger enterprises, system of quality management can be established easy, since there are 
documented procedures and a regimented approach is adopted. Confirmation of the 
disease-free status of recently purchased animals is best achieved through pre-purchase 
testing and segregation before such animals are allowed to join the flock/herd 
(Noordhuizen and Collins, 2002). This concept of quarantine is best continued throughout 
the production system, with persons other than farm personnel directly engaged on the 
farm being allowed only limited access to animals or feed (CEC, 2000). 

The enforcement of sanitation rules including the use of disinfectants at key points and the 
wearing of protective clothing and footwear, together with effective controls on the 
hygienic quality of feedstuffs and water sources, including rodent and pest control, are 
standard biosecurity practices which are necessary if the integrity of the production unit 
wants to be maintained. The practice of an "all in/all out" policy of stock movement 
together with the early segregation of all clinically ill animals offer a direct means of 
enforcing disease control and prevention at the herd or flock level (Noordhuizen and 
Welpelo, 1996).  

In farm breeding of animals several hazards can be identified: biological, chemical and 
physical. Biohazard includes biological agents and/or threatening diseases which can be 
transferred to humans by food or water. Special problem represent zoonoses which are 
identified as infectious diseases that can be spread by natural way among people, wild and 
domestic animals. Today, over 1415 different species of infectious organisms are known, 
which are pathogenic for humans, including 217 viruses and prions, 538 bacteria and 
rikettsiae, 307 fungi, 66 protozoa and 287 helmints. Out of the total, 868 or 61% are 
classified as zoonoses and 175 as pathogenic species which can be connected to the 
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appearance of the disease. From the group of 175 pathogens, 132 species or 75% have a 
zoonotic potential. There are several factors which can influence the breakout of new 
zoonotic diseases and also diseases that were under control and reappear again. These 
factors are: growing number of people in the world, ecological changes, intensive 
agricultural production, travels, need for more funding, new strains of causative agents, 
exotic traveling, etc. Actions which are taken for the reduction of risk from zoonoses have 
to be practical, economically acceptable and flexible.   

Many biosecurity measures are general and not specific to particular zoonosis and should 
be part of good farming practice (Brand et al., 1996; Noordhuizen and Welpelo, 1996). The 
control of Campylobacter spp, but elements of campylobacter control can be applied in 
principle to the prevention of exposure to other zoonotic agents in a variety of animals, 
particularly those reared under intensive conditions (Noordhuizen and Schukken, 1996). 

Important zoonozes 
Tuberculosis in cattle and its importance as a disease in some human populations 
represents one of the principal reasons for the introduction of direct inspection methods for 
meat control and the pasteurization of dairy products. As a clinical entity in cattle, this 
disease has now been almost completely eradicated in most developed countries. Isolated 
incidences in which there is direct involvement of infected cattle as the source of 
Mycobacterium bovis infection in humans still occur (Hensel and Neubauer, 2002). One of 
the beneficial effects of national bovine tuberculosis eradication programs has been the 
effective removal of most infected cattle before they reach the clinical stages of the disease 
and before the major organs show overt signs of involvement. Animals which show a high 
responsiveness to bovine tuberculin are the animals most likely to display gross lesions at 
slaughter. This demonstrates that the tuberculin test is an effective screening test and it 
may, therefore, provide a basis for the strategic removal of reactors at local or regional 
level in countries in which financial constraints prevent the implementation of a national 
eradication program for this disease. Meanwhile, every effort should be made to prevent 
the entry of such infection into herds of cattle and, in some regions, sheep flocks and herds 
of goats and deer as well, through the unwitting purchase of infected stock or contact with 
neighboring infected herds or flocks and wildlife affected with tuberculosis. Segregation of 
stock of differing ages, effective composting of manure, attention to sanitary issues, 
including disinfection and a prudent culling program have significant importance in 
maintaining a tuberculosis-free herd or flock, particularly in regions in which the 
prevalence of tuberculosis in the animal population is a concern. 

Mycobacterium avium paratuberculosis (MAP) is the causative agent of paratuberculosis 
(Johne's disease), a production disease in ruminants, and a hypothesis exists that MAP may 
be involved in the etiology to Crohn's disease, a chronic inflammatory bowel disease in 
humans. The hypothesis is not proven, but the general principle that diseased animals 
should not be used as a source of food for humans should be accepted. However, control to 
John’s disease in dairy herds is difficult and based on two principles, namely, the 
identification and elimination of infected animals and the prevention of new infections. 
Essential to this process is a clear understanding of above mentioned principals from the 
herd owner. These include next measures:  determining the prevalence of the disease in the 
herd; culling clinical and subclinical cases identified by the available diagnostic tests; 
reducing the contact between newborn calves and their dams, where the status of the dam 
is unknown; managing the farm and its environment to ensure that stock do not graze on 
contaminated pasture; strictly assessing the status of bought-in stock based on serological 
testing. 
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Verocytotoxogenic Escherichia coli (VTEC) is present in the gut and faces of healthy 
cattle and sheep and these animals therefore act as reservoirs from which humans can 
become infected. Livestock is a reservoir for most VTEC, with cattle being the principal 
source of E. coli O157:H7 and other VTEC. Studies from the United Kingdom (UK) and 
the USA have shown that VTEC is, at least occasionally, present on most farms. The 
organism can survive in soil for several months (Hensel and Neubauer, 2002). The effects 
of animal husbandry practices on the prevalence of VTEC in animals are to a considerable 
extent unknown. Moreover, no defined carrier has been identified which can be targeted 
for an intervention program. Therefore, eradication of VTEC from the farm livestock or 
farm environment does not seem to be a reasonable goal.  

 Brucellosis is an infectious disease of man and animals, mainly cattle, caused by the 
bacteria, Brucella spp. Infection is acquired from infected females during or after abortion, 
from contaminated milk, sexually transmitted or acquired from a contaminated 
environment. Infected animals harbor the bacterium in their lymph nodes, udder and 
uterus, and in the case of bulls, in the male genitalia and related lymph nodes. The 
bacterium survives for upwards of six months in contaminated slurry and can be spread 
from farm to farm, and can infect people, during spreading.  

Above mentioned disease is or has been the subject of an eradication program in many 
countries. Control programs can use two principal methods, namely, vaccination and the 
removal for slaughter of infected and exposed animals based on serological testing. These 
measures are supported by movement controls and quarantine on infected farms 
(Noordhuizen and Collins, 2002).   

If infected the cows are not identified early, and are not removed immediately, they are a 
source of infection for other animals and people, either through direct or indirect exposure. 
Furthermore, farmers and their families, and farm workers, can be exposed to infection by 
drinking raw milk. Pasteurization makes dairy products safe, but does not deal with the 
issue of the direct or indirect contact routes of transmission to humans. 

 

Conclusion 
Zoonotic hazards that are associated with food animal production and food processing may 
arise on the farm, in the food plant and in the distribution chain. Awareness on the part of 
food animal producers and the members of the food industry that such hazards may exist in 
foods is the first step towards their control. Good hygiene practice throughout processing 
and, finally, cooking, provides further safeguards for the consumer. The measures 
currently applied to prevent or control the transmission of zoonotic agents via the food 
chain in the post-harvest phases are unlikely to be successful in isolation. Effective control 
relies upon the implementation of a consistently high level of production hygiene at all 
stages of production both on the farm and in the processing plant, and throughout the 
remainder of the food chain. In respect to this the role of education remains paramount for 
all stakeholders at every level of the food industry.  
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Abstract 
Brown hare in Serbia lives in various habitats although the best brown hare habitats are 
lowland areas and river valleys. Brown hare has successfully adapted to agroecosystems in 
agricultural areas. In the last two decades in Serbia a number of studies was conducted 
associated with the analysis of themanagement measures in brown hare population, which 
recorded some cyclic oscillations in population abundance, density,age structure and 
exploitationrate. These measures are key elements in management of wildlife population so 
their implementation should be enforced. Problems related to brown hare population 
management in Serbia arise because there are neither proper guidelines to determine hare 
hunting productive areas nor how to define the solvency and capacities of hunting grounds 
that are not adapted to newly created habitat conditions in certain hunting grounds. 
Methodology of conducting and defining the number of hare population in various types of 
hunting grounds does not match given habitat conditions. Taking into account various 
habitat conditions in hunting grounds of Vojvodina and central Serbia it is very important 
to define in a correct manner population spring abundance, population density, age 
structure and exploitation rate for the purpose of sustainable management in hare 
population. 

Key words: brown hare, management, Serbia 
 

Introduction 
Brown hare (Lepuseuropaeus Pall.) is one of the most widespread and most hunted game 
species in Europe. It inhabits many various habitats but lowland regions suit him the best 
(Jennings, 2006; Beukovi et al., 2007). As an original game of open steppe grasslands hare 
has, during a long time period and due to intensive development of agriculture adapted to 
agroecosystem. The most abundant hare population can be found in agricultural areas. In 
Serbia the best hare habitats are lowland areas, primarily in Vojvodina. By intensifying the 
agriculture typical hare habitats have changed, primarily due to drastic increase of crop 
farming and intensive use of pesticides and simultaneous reduction in the areas covered 
with green fodder (Beukovi andMarinkovi , 1997.).  

Despite expressed fertility, in a previous period a significant decline in hare population in 
Europe and Serbia was recorded what can be explained by drastically changed living   
conditions (Beukovi et al., 2009a; Popovi  et al., 1996). Intensive agriculture changed 
typical hare habitats particularly due to increased crop farming and intensive use of 
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pesticides as well as decline in areas covered with green fodder (Beukovi et al., 2011a; 
or evi et al., 2008, 2009, 2010; Laslo, 1996; Popovi  and or evi , 2010). For that 

reason the abundance of hare population depends mostly on its possibility to adapt to such 
changes (Katonaet al., 2010). In such changed conditions it is possible to act in two ways -
first to protect the hare population by complete prohibition or reduction of hunting, and the 
second way would be to conduct the process of reintroduction of animals from other 
hunting grounds or in other words to reintroduce artificially raised animals. 

With the intensification of agriculture, predation is the most mentioned cause for hare 
declines (Schmidt et al., 2004; Panek et al., 2006). In Slovakia in the last 40 years the 
number of foxes has doubled. In 1970 there were 9900 shot foxes and since 2000 there 
have been on average 18688 individuals shot annually. In comparison with hare shooting, 
the fox shooting has been stable since 2002 but the hare shooting has gradually declined so 
that since 2010 more foxes have been shot compared to hares (Slame ka et al., 2013). 

In order to improve management and protect hare population it is necessary to increase 
their number in hunting grounds. Therefore all factors that can affect hare population 
should be identified and the possibility to remove or reduce the impact of those factors 
considered (Popovi et al., 2008; Andraši , 1971; Vasovi , 1971). The effect of climate 
factors in reproduction period affects the juvenile hare ratio in hare population (Popovi  et 
al., 1997; Beukovi  et al., 2009c; Beukovi  et al., 2013c). Since we cannot influence 
certain factors the engagement should be directed to those factors which can be directly or 
indirectly influenced upon by farmers. Improved results regarding hare population 
management can be achieved also by improved way of management, or by shifting 
corresponding parameters (growth rate, losses) within acceptable biological limits 
(Periši et al., 2009). 

The biggest impact on the number of wildlife population in hunting grounds is exerted by 
the users of hunting grounds through utilization of populations of game species-i.e. 
hunting. Population exploitation rate has to correspond to the size of registered game fund 
and has to follow its oscillations (Popovi  et al., 2006, 2008, 2011, and 2012). Rational use 
of hare populations and micropopulations is one of the most important modes of hare 
protection in impaired ecological conditions and it is completely and exclusively in the 
hands of the hunting grounds users (Beukovi et al., 2009b, 2011b, 2013b, Popovi  et al., 
1996), while the exploitation rate should be completely controlledby hunting ground users 
(Beukovi et al., 2000). There is no unique rate of game utilization in different regions or 
hunting grounds since it varies from one year to another and should depend upon hare 
population registered fund, growth rate, losses during reproduction, as well as planned 
winter losses which may vary within certain regions (Popovi  et al.,  2013). 

 

Management measures in thehunting groundsof Serbia 
Management in the hunting grounds of Serbia is carried out in accordance with the Law on 
Game and Hunting (2010), which obliges the users of hunting grounds to develop a 10-
year hunting management plan, adopt it, and obtain the approval of the competent Ministry 
of Agriculture, Forestry and Environmental Protection for it. Apart from the hunting 
management plan for the current hunting year a hunting ground user must develop an 
annual hunting management plan. Programme for the development of hunting areas has not 
been passed yet by the competent ministry and the draft hunting development strategy in 
the Republic of Serbia (2014) is being compiled. 
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For conducting the hare population management, the hunting ground user in his hunting 
management plan must specify the following: hare hunting productive area within the 
hunting ground, site class of hunting ground for hare hunting and optimal stock of hare in 
the hunting ground. 

According to the Law on Game and Hunting (2010), hare hunting productive areas within 
the hunting ground are determined by persons licensed for the preparation of planning 
documents. There are no more specific guidelines for the participants in the project, but 
there is great difference in % of hare hunting productive area even between similar hunting 
grounds.  

Site class of hunting ground for hare hunting, as an indicator of the necessary complex 
living conditions for certain game species in Serbia, is determined according to the 
guidelines of Tomaševi  et al. (1997).  

Optimal stock of game, as optimum population size for certain species of game which 
should be present in the hunting ground,which is established on the basis of the assessment 
of the hunting grounds in Serbia, is also determined according to Tomaševi  et al. (1997). 
Recommended norms for number of individuals per unit of hunting productive area from 
these guidelines of Tomaševi  et al. (1997) are now questionable in the altered habitat 
conditions.  

Determination of the population abundance is carried out in the lowland hunting grounds 
using method of sample plots. Selected plots are representative of a hunting ground, and 
the counting is done at 3-4 plots accounting for at least 10-12% of the total hunting ground. 
In the hilly hunting grounds method of "transects" or lines is applied, with rectangular 
sample plots 100-300 meters wide and 2000 to 5000 meters long. Counting of game by this 
method is incomplete as part of the game remains undetected because of the vegetation and 
terrain configuration. Abundance of hare population in mountain hunting grounds is 
usually established by identifying tracks and scats of hares, which is quite unreliable 
method.  

Density is the most important element of a population. The number of individuals of a 
species living per unit of an area (habitat) at certain period of time is the result of various 
internal and external relationships of species and influence of many abiotic and biotic 
factors. Therefore the density is an indicator of the overall state of the population. 
Determination of the density (abundance) of hare populations and their parts at certain 
periods of the year is of great importance for the planning of harvest. There are two types 
of density: spring density – at the end of winter and before the start of the breeding season 
and autumn density – after completion of the breeding season and before the hunting 
season. Both types of density are important for monitoring population dynamics. Spring 
density shows how the game survived over winter and the reproductive potential while 
autumn density shows the reproductive success and what portion of the population may be 
used. The density of the breeding stock of hare in the Republic of Serbia without provinces 
in 2012 was 50.76 animals, while in the autonomous province of Vojvodina it was 142.24 
per 1000 ha (Hunting Development Strategy of the Republic of Serbia – Draft 2014).  

Exploitation rate of a hare population is the most important factor in hunting, as the proper 
setting of the annual catch limits for hareis significant for the rational exploitation and 
conservation of the hare population. The utilization rate is under the direct influence of 
man, and if not applied properly it can cause major damage under all habitat conditions. 
Determination of the utilization rate was carried out in hunting managementmost often 
based on the density (abundance) and the actualgrowthrate taken for the purpose of 
assessing the site class of habitat, which was pre-assessed and graded. Recent research has 
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shown that the actual growth rate is not positivelycorrelated with the density and that the 
statistical norms of exploitation based on the site class of habitat are unviable. Actual 
growth rate varies from year to year and is different for the two neighbouring populations 
of similar environmental conditions. Realisedhare game bag recordsin hunting year 
2012/2013 in relation to breeding stock in the Republic of Serbia without provinces was 
11.43 animals, while in the autonomous province of Vojvodinait was 9.43 per 1000ha 
(Hunting Development Strategy of the Republic of Serbia – Draft 2014).  

Determining the age structure of the hare population at the end of the reproductive period 
is an important indicator of the growth rate and as such it is used in planning the hare 
exploitation rateona hunting ground. In nature, only 3% of hares survive the age limit of 4 
years. Majority of hares do not survive until the hunting season. Yet the leveretsaccount for 
50-75% of the autumn population, while theadultsaccount for 25-50%, mainly 1-2 year-old 
animals. The most reliable method for determining the age of hares is based on the weight 
of the eye lens. The method is based on the fact that the eye lens grows throughout life 
(Lord, 1959; and Rieck, 1962). In Vojvodina, this method has been applied for more than 
40 years, where the eyes of hunted animals (one eye of each animal) are collected from all 
hunting grounds users in Vojvodina during the hunting season, followed by treatment of 
the samplesaccording to a pre-established procedure. Determination of the age structure is 
not used in Central Serbia or they use it in some hunting grounds on their own initiative 
used, but without organized collection by hunting organizations. However, recent attempts 
by Popovi  et al. (2013) suggest the importance of this measure in the hare management in 
the hunting grounds of Central Serbia.  

Reintroduction of hares into the hunting grounds is carried out in order to increase their 
breeding stock. Apart from increasing the abundance,thehunting ground users have the 
view that "bloodrefreshing" will influencethe abundance and quality of the population. 
Consideringthe fact that a number of environmental factors influence the population and 
reduction in its abundance and the overall decline, it is necessary to determine the causes 
and assess the effect of "bloodrefreshing", because otherwise this measure will not give the 
desired effect.  

In Serbia in 2008, 2.20% of the total hare population exploitation was realisedby catching 
and selling (Popovi  et al., 2012). During 2011,hares were reintroduced into seven hunting 
grounds in central Serbia, bringing 709 animals from hunting grounds in Vojvodina. In 
relation to the total hare abundance in Vojvodina in 2011 amounting to 272,760 animals 
(Beukovi  et al., 2012), only 0.26% of the total stock, or 1.94% of the total game bag 
record, was caught.  

Hare population management in lowland habitats of the Autonomous Province of 
Vojvodina 
Observing the period 1989-2008, an average spring hareabundance in Vojvodina amounted 
to 258,454 animals, the average population density was 13.02 individuals per 100 ha, and 
the average annual hare game bag record was 41,850 animals. Exploitation rate of the hare 
population in the above period was 16.23% on the average (Beukovi  et al., 2009b). 
Number of hare eyes submitted for examination to the Hunting Association of Vojvodina 
during the said period amounted to 159,040, i.e., an average of 7,952 per year. The average 
percentage of young hares in the observed period was 60%, which is very good, and during 
the observed twelve years (1989-2008) the hunting ground userswere proposed hunting 
prohibitionin 6.30% of hunting districts each year onaverage, and correction of game bag 
record plan towards its reduction in 23.72% of hunting districts, while in 54.49% cases 
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they hunted according to the plan (Beukovi  et al., 2009b). Based on the SerbianHunting 
Development Programme for 2000 - 2010 (Group of authors, 2001), in 2009 it was planned 
to achieve the hare abundance in Vojvodinaof 324,518 animals, and the realization of the 
plan was 85.02%.  

Harebreeding stock in the Autonomous Province of Vojvodinain 2012 was 285,200 
animals, with realized game bag record of 27,740 which accounted for 9.73% of the 
breedingstock (Hunting Development Strategy of the Republic of Serbia - Draft 2014).  

Observing certain areas in Vojvodinasuch as Tisa part of Ba ka, Beukovi  et al. (2009a) in 
his study of the hare population dynamics and exploitationrate pointed out that the 
abundance of hare population in the hunting grounds of Tisa part of Ba ka in the period 
2002-2007 increased from 39,371 to 47,398 animals, which is an increase of 20.38%. 
Population density substantially followed the abundance and increased from 20:09 to 24.23 
animalsper 100 ha (Beukovi  et al., 2009a). Density of haresin Vojvodinain the period 
2000-2009 ranged from 12.62 to 15.16 animals per 100 ha (Popovi  et al., 2012). In Tisa 
part of Ba ka, depending on the year, density of hares ranged from 20.09 to 25.6 animals 
per 100 ha. In some hunting grounds the attained density was close to 30 animals, and in 
Ba koPetrovoSeloit was 41.6 animals per 100 ha (Beukovi  et al., 2007, 2009a, 2011b). 
When it comes to the exploitation rate of hare populations in the observed period in this 
region, the same authors suggest that it increased from 0.10 to 0.15. In 2012, the density of 
the harebreeding stock was 142.24 individuals per 1000ha (Hunting Development Strategy 
of the Republic of Serbia - Draft 2014).  

Based on the research of hare population management in Vojvodina for the period 2003-
2012 Beukovi  et al. (2013) noted that in 2012 the highest percentage of leverets was 
reported in the area of Srem with 51.75%, followed by Banat with 42.07%, while the 
lowest percentage of young hares was recorded in Ba kawith 39.76%. Ten-year average 
(2003-2012) for the percentage of young hares was 53%, which can be assessed as "good". 
Year with the lowest average percentage of young hares in Vojvodinain the observed ten-
year average is 2010 with only 38%, which is rated as "weak", while the highest 
percentage of leverets was recorded in 2005 with 62% and it is rated as "very good" 
(Beukovi  et al., 2013). When it comes to spring hare population abundance in Vojvodina 
in the period 2003-2012, it was recorded as cyclicwith the average abundance of 278,379 
individuals, andthe average annual game bag record of 42,501 animals (Beukovi  et al., 
2013). Also, the same authors pointed out that game bag record in the observed year did 
nothave statistically significant effect on the population abundance in the next year. 

 

Hare population management in hilly-mountainous habitats of the Republic of Serbia 
without provinces 
Hare abundance in the Republic of Serbia without provinces in 1991 amounted to 311,210, 
with hare bag record of 25.31% (Popovi  et al., 1996). In 1998, the hare abundancewas 
322,538, while in 2005, the hareabundance increased by 5.4% compared to 1998. The 
percentage of game bag record in 2000 was 16.64%, while in 2005 it was 20.34% (Popovi  
et al., 2008). In Serbia,hareharvest record in the period 1980-2000 showed a linear 
declining trend by 1.7% annually, from 8 to 29.4% (average 24.5%) of the breeding stock 
harvest rate (Rankovi  and Popovi , 2002). In the period from 2000 to 2009,the 
exploitation rate of hare population in Serbia ranged from 14.26% to 18.02%. Exploitation 
rate of the hare population in 2008 in Serbia by game bags amounted to 97.80% of the total 
population use. Tourist hunters participated in this with only 3.95% and domestic hunters 
with 93.85% (Popovi  et al., 2012), which is significantly smaller exploitation rate of the 
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hare population than in the period 1991-1993 when in Serbia this percentage ranged from 
21.23% to 25.61 (Popovi et al., 1996).  

Hare density in central Serbia in the period 2000-2009 ranged from 6.16 to 6.97 animals 
per 100 ha, while the average hare density in the Republic of Serbia ranged from 8.17 to 
9.10 animals per 100 ha (Popovi  et al., 2012). Population density in northwest Croatia in 
hunting season 2004/2005 ranged between 13 and 20.3 animals per 100 hectares of hunting 
grounds (Pintur et al., 2006), while in Bulgaria, in habitats at up to 600 m above sea level, 
the density was 1.8 individuals, and only in 5% of the hunting grounds the density was 5 to 
8 individuals (Zhelev et al., 2013).  

Based on the Hunting Development Strategy of the Republic of Serbia - Draft (2014),hare 
breeding stock in the Republic of Serbia without provinces in 2012 amounted to 283 760 
individuals, which is 79.56% of the optimal fund, with the density of the breedingstock of 
50.76 animals per 1000ha and realized game bag record of 11.43% of the breeding stock.  

In the research during 2011-2012 in 34 hunting grounds of central Serbia on 862.579 ha, 
Popovi  et al., (2013) suggested that the optimal stock of hare is 9.48 animals per 100 ha. 
Depending on the area, the optimal stock ranges from 8.05 to 13.95 animals per 100 ha of 
hunting grounds, and breeding stock varies from 6.16 to 12.01 per 100 ha.  

Hare breeding stock in the investigated hunting grounds in 2011 was 82.81% compared to 
the optimal stock that wasprovided for in the hunting management plan for thehunting 
ground. Haregame bag record varied depending on the area, from 0.76 inDrina-Kolubara 
area to 1.67 animals per 100 ha in Šumadija area. Haregame bag record in the investigated 
hunting grounds was 15.54% compared to the breedingstock in 2011. By observing the 
hareabundance and game bag record in Serbia in different periods it was found that there 
was a mismatch, i.e. that the increase in population abundance or its reduction was not 
accompanied by coordinated game bag record (Popovi  et al., 1996, 2012). Comparing the 
exploitation rate of hare population in our country with the research on the exploitation rate 
of hare population in Hungary (Laszlo, 1996; Katona, 2010) amounting to an average of 
27.4%, this is a very low exploitation rate. 

Based on the analysis of the age structure of the population,there has been established that 
the exploitation rate of the hare population on the basis of the annual hunting management 
plan would lead to the reduction of the breeding stock in 66.66% hunting grounds. 
Forestation of hunting areas did not show statistical significance for the proportion of 
leverets in the population in the hunting grounds of Central Serbia (Popovi  et al., 2013).  

In 2011, hares were reintroduced into seven hunting grounds in central Serbia, with 709 
animals. However, 44 to 249 individuals were introduced into the hunting grounds, or 
1.1% to 15.56% compared to the optimal stock of hare for the given hunting ground, which 
is not enough. The reasons for the reduced introduction of haresinto hunting grounds were 
the prices of live hares, weakened economic power of hunting ground users, as well as the 
long period forobtaining approval for the introduction of hares in the hunting ground by the 
competent ministry, unless it was envisaged in the long term plan at adopting the hunting 
management plan (Popovi  et al. 2013).  

Since 2011 the campaign of oral vaccination of foxes against rabies in Serbia was initiated. 
Increasing the abundance of this predator of hareas well as other species of beasts in 
hunting grounds will affect the abundance of hare in the forthcoming period. A particular 
problem in the regulation of abundance of foxes and jackals is also the obligatory marking 
of the shot game, their delivery to specific places in the hunting ground, processing and 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

434

evaluation of their trophies, which will affect the indifference of hunters to hunt these 
predators and their further expansion.   

 

Conclusion 
In 2012, hare breeding stock in the Republic of Serbia without provinces amounted to 
283,760 individuals, with density of breeding stock of 50.76 animals per 1,000 ha and 
realized game bag record of 11.43% of the breeding stock.  

Harebreeding stock in the Autonomous Province of Vojvodina for 2012 was 285,200 
individuals, with realized game bag record of 27,740 which is 9.73% of the breeding stock, 
while the density of the harebreeding stock per 1000ha was 142.24 animals.  

Compared to the year 2000, hare abundance in the Republic of Serbia was reduced; 
particularly hareabundance and density in Serbia without provinces.  

In order to prevent further hare population decline in the Republic of Serbia certain 
measures must be taken in accordance with relevant habitat conditions in certain hunting 
grounds: 

Establish hare hunting productive areas, determination of site class and capacity of the 
hunting ground for this type of game must be carried out by new, established and 
prescribed criteria and in accordance with the new changes in the habitat conditions in 
the hunting grounds of Serbia. 
Exercise determinationand control of population abundance: 

Implementation of adequate methods for determining the abundance. 
Proper identification of the experimental plots, which were selected according to the 
site classes of the hunting ground and surface structure of a given hunting ground. 
Counting control. 
Transition to other counting methods that would be carried out by hunting 
professionals. 

It is necessary to regularly conductcontrol of investigation of the age structure of the 
hare population based on the weight of dried eye lenses from early autumn hunts and 
provide recommendations on population exploitation as not to jeopardize the hare 
breedingstock in the given hunting ground. In the hunting grounds in the area of 
Vojvodina this investigation is carried out regularly, while it is not practiced in other 
hunting grounds. 
Percentage of introduction of hares in hunting grounds in Serbia is low and it is 
necessary to introduce hare into hunting grounds with hareabundance below 50% of the 
optimal stock, but with the previous analysis of the reasons forthe decline and 
elimination of the causes.  
Reducing losses in the hare population by control of predator abundancein hunting 
grounds, as well as the prevention of poisoning hares by pesticideuse control. 
Education of hunting staff regarding the hare population management in hunting 
grounds, with particular stressing the importance of sampling of eyes in the first days of 
autumn hare hunting as well as education of hunters and population in order to reduce 
losses in this type of game. 
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Abstract  
In every society, initiators and promoters of the development are individuals, teams or 
institutions with a vision, good ideas, seriousness, but above enthusiasm to work hard. They trace 
the road and drive activities related to research and/or economy. In the Serbian aquaculture 
sector such institutions is the Faculty of Agriculture and its Center for Fishery and Applied 
Hydrobiology (CEFAH) (or the “Little Danube”), which operates within the Experimental school 
estate “Radmilovac”. The Center started to be established in 2007. Unlike other similar Centers 
built by state resources intended for research and scientific work, the “Little Danube” was 
created much more as a result of enthusiasm of a group of researchers and their readiness to 
cooperate with national and international institutions, but also by enthusiasm of individuals ready 
to financially or materially help some of the Center’s programs. The Center’s activities are 
directed towards improving and developing the research and economy in aquaculture. Today the 
Center in “Radmilovac” and its laboratories located in the building of the Faculty of Agriculture 
represent an education and research polygon for aquaculture development. The education part is 
aimed at all levels: from pre-school and elementary school level by educational visits to the 
“Little Danube”, where they get to know different fish species and other aquatic organisms, their 
culture, fishing, fishing tools; to PhD level students and researchers that increase their 
knowledge and skills in the Center. CEFAH is a scientific polygon: in its aquaria, tanks, RAS 
systems, as well as in a number of earthen ponds a range of various experiments in different 
areas of aquaculture are carried out and knowledge is transferred directly in aquaculture 
economy. The development of Serbian aquaculture is directly affected by the connection of the 
Center with the economy through realization of biotechnology projects, fish selective breeding 
programs, and experiments. 

Key words: aquaculture, CEFAH, economy, research, Serbia

Introduction 
Besides teaching and research, a duty of teachers and teaching assistants working in applied 
sciences is to contribute to the development of the corresponding economic sector. By linking 
research and economy a way is paved from faculties and institutes towards reinforced economy.  

On the other hand, prerequisite as material basis for research are made: fruitful interaction 
between research and economy leads to the improvement of both research and economy by 
creating symbiotic relation between the two. 
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Bearing this in mind teachers and researchers of the Fishery research group from the University 
of Belgrade, Faculty of Agriculture, in 2006 started with the creation of the Center for Fishery 
and Applied Hydrobiology (CEFAH) in order to establish a research and education polygon for 
aquaculture development, and thus contributing to this agricultural branch reinforcement. 

Unlike other similar Centers built by state resources intended for research and scientific 
institutions, the “Little Danube” was created much more as a result of enthusiasm of a group of 
researchers and their readiness to cooperate with national and international institutions, but also 
enthusiasm of individuals ready to financially or materially help some of the Center’s programs 
(Table 1). From the very beginning of its establishment as integral part of research capacities of 
the Faculty of Agriculture in the area of fishery, CEFAH became a Center  for research, 
dissemination of results , education, and professional activities in the area of fishery and applied 
hydrobiology, contributing to development of this sector in Serbian economy. 

Although in Serbia aquaculture is not one of the main agricultural activities, it is one of the rare 
animal (cultured and domestic) production type that doubled production in the past 10 years 
(Markovi  et al., 2011; Markovi  and Poleksi , 2011). It should be mentioned that on the global 
level aquaculture production has been increasing in the past decades (Subasinghe et al., 2009), 
and aquaculture growth is 8.8% greater than any other food production sector. This is an 
additional stimulant for efforts to improve Serbian aquaculture. 

About the Center 
CEFAH occupies a surface area of 13 ha. It consists of upper, middle and lower part linked by 
the riverbed of the “Little Danube”. 

The upper Center’s part occupies 6 – 7 ha. It was established by creation of 3 wetlands for 
natural purification of wastewater that arrive on the territory of Radmilovac from the illegal 
settlement. The built pipeline directs the partly purified water downstream of the school estate. 
The upper part of the riverbed of the “Little Danube” was created by cleaning and natural setup 
of the polluted creak “ Šugavac“ in the area covered by woody and bushy vegetation. Because of 
the lack of resources and other difficulties this part of the Center is not fully operational; it 
functions mainly for investigation of the natural process of water purification through wetlands.  

Middle part of the “Little Danube” connects the upper and the lower part made from the riverbed 
of the river Danube model. It is still out of use for the same reasons similar to the upper part. 

The main part of the CEFAH is its lower part that occupies approximately 5.5 ha. In this area are 
located: central building with 2 halls, aquarium building, summer classroom, fisherman’s home – 
fishery museum, a pile-dwelling, a small zoo with aquatic birds, 26 ponds, lower part of the 
Little Danube with accumulation lake, a peninsula, and the island. The central building consists 
of: rooms for spawning preparation and spawning, a laboratory, an area with computers for 
equipment operations monitoring and video surveillance, a room for water preparation (chemical 
and biological purification), warehouse, washroom, and changing room. 

In Hall 1 (surface area of about 90 m2) there are 60 tanks, and a Zuger egg incubation system 
with water supply and outlet; in Hall 2 (surface area of about 90 m2) there are 9 tanks (8 with 
small RAS, Recirculating Aquaculture System), and 72 experimental aquaria, as well as a system 
for water supply and water drainage. The aquarium building (surface area 78 m2) is equipped 
with a holding construction with 32 aquaria (500L volume each) with filters for water 
purification and aeration, a cold chamber for cold water fish, a decorative pool and equipment 
for film projection. CEFAH equipment is modern and includes a robot system for fry feeding, 
computer system for dissolved oxygen monitoring in the tanks and in experimental fish basins, 
tagging equipment, RAS systems, video surveillance etc. The water supply for the tanks, aquaria, 
experimental fish ponds, as well as for the “Little Danube” stream is from springs of 120 – 136m 
depth. Three deep wells and a system of pumps and pipelines distribute water to each segment of 
the Center. 
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Project or activity Types of work Funds from Period of 
realization 

Scientific cooperation between Serbia 
and Norway concerning planning and 
establishing a genetic improvement 
program for carp in Serbia, and to 

transfer knowledge within genetics and 
selective breeding – a project between 

Faculty of Agriculture, UB, and 
AKVAFORSK, Institute of 

Aquaculture Research, As, Norway 

Work on experimental fish 
farm building, terrain 

drainage, reconstruction of 
the central building and Hall 

1, equipment purchase 

Government of 
the Kingdom of 

Norway
2006 – 2007 

Building of the summer classroom Building of the summer 
classroom 

CEFAH team, 
funds from 
different 
sources 

2007 

Project  FP7 “Reinforcement of 
Sustainable Aquaculture“ (ROSA) 

Equipment purchase European
Commission 2008 

Reconstruction of Hall 2 and 
infrastructure building; well 
drilling and equipment for 

water supply of the fish farm 

Ministry of 
Science 

Education and 
Technological 

Development of 
the Republic of 

Serbia 

2008 – 2010 

Project “From Šugavac to the Little 
Danube” 

Cleansing of the terrain of 
the Šugavac creek, 

installation of pipeline for 
drainage of the partly 

purified waste water from 
the upstream located 

settlement, naturally shaped 
riverbed, drilling of 2 wells, 
and mounting of equipment 
for pumping and distribution 

of water for the new 
riverbed of the Little 

Danube 

Fund for 
environmental 
protection of 

the Republic of 
Serbia 

2011 

Building and equipment of 
the wooden cabin – public 
aquarium; building of the 

fisherman’s cabin, purchase 
and mounting of the plastic 

pipeline 300 m long, 
building of two small 

bridges 

Secretariat for 
environmental 
protection of 

the city of 
Belgrade 

2011 

Provision of 765 m concrete 
tubes Ø 1200 mm, with 

shipping to “Radmilovac” 

Grocka 
municipality 2010 – 2011 

Upgrading of the experimental fish 
farm 

Building of 16 experimental 
ponds 

Donation of 
particulars 2011 

Building of the stone basin in the 
upper part of the riverbed 

Building of the stone basin 
(surface area 60 m2)

Donation of 
particulars 2011 

CEFAH vision: to use the space of the legacy that will, therefore, always be the property of 
younger generations, to establish a modern equipped Center for education and research in which 
new knowledge and skills will be generated and acquired, and to give contribution to 
development of knowledge, science, economy, better and healthier human society, humanely 
relationship between people and mankind, and the environment.  

Table 1. List of international and national projects and programs that contributed to establishment and 
maintenance of the CEFAH
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Project “Improvement of production 
capacities of the carp (Cyprinus 
carpio)  by feeding and selective 
breeding programs“ - TR 31075 

Equipment purchase for 
maintenance of the land area 

of the farm 

Ministry of 
Science 

Education and 
Technological 

Development of 
the RS 

2012 

Project: Final regulation of the 
educational area “Little Danube” 

Building of the outside WC, 
repair of the summer 
classroom, classroom 

equipment 

Ministry of 
Science 

Education and 
Technological 

Development of 
the RS 

2012 

Work on upgrading and on 
arrangement of the Center’s area 

Building of the small Zoo 
for aquatic birds, building of 

the path, fencing of the 
Center’s area, equipment 

purchase

CEFAH team, 
funds from 
different 
sources 

2013 

Work on upgrading and on 
arrangement of the Center’s area

Building of a pile-dwelling 
on the accumulation lake, 

building and arrangement of 
small decorative spaces of 

the Center, building of 
manholes in the water 

supply system 

CEFAH team, 
funds from 
different 
sources 

2014 

Education and research programs of the CEFAH are important for the aquaculture 
economy in Serbia  
The Center is an education polygon where new knowledge about fishery waters, plants and 
animals inhabiting aquatic environment, aquatic organisms’ culture, fishery, etc. is acquired. It is 
intended for all generations: from pre-school and primary school children learning through visit 
to the Center about different fish species and other aquatic organisms, their culture, fishing 
methods, fishing gear; to PhD students and scientists generating new knowledge and skills. 
Particularly important significance of the Center is in the field of practical teaching for students 
of bachelor, master, specialisation and PhD level. They have a possibility to exercise theoretical 
lessons learnt and gain practical experience and skills in nearly all fishery activities (spawning, 
selective breeding, stocking, fish harvesting, feeding, recreational and professional fishery...). By 
gaining new knowledge and skills students are trained to enter fishery economy sector after 
completion of studies. 

Particular value of the CEFAH is its modern equipment that enables a wide range of research: 
abiotic and biotic environmental factors in the ponds, in the lower part of the “Little Danube”, as 
well as in experimental, controlled conditions in aquaria and tanks. In the Center, a research is 
carried out resulting in master, specialization and PhD theses (Poleksi  et al., 2013, Markovi  et 
al., 2014). It is important to emphasis that due to Center’s modern equipment students of 
different study levels learn the experiment planning, set-up, realization, and results 
interpretation. This is of upmost importance for their future training for research and in fishery 
economy.  

An important activity of the Center is the realization of experiments in the frame of national and 
international research projects with the objective of improving the fishery science, and thus the 
fishery economy. Since inclusion of producers in research projects is increasing in both 
international and national calls for projects, the results of the CEFAH research projects are 
quickly transmitted and applied in the economy (Todor evi  et al., 2014).  

Production doubled in the area where Carp were fed with extruded added (Markovi  et al., 
2012). This is primarily a result obtained by researchers of the CEFAH of the Faculty of 
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Agriculture. One of the important programs of the Center, developed together with the Center, is 
the program of selective breeding (Spasi  et al., 2010). Its full application in Serbian aquaculture 
is expected in 4 to 5 years. Besides the carp selection, 3 years ago selective breeding of the 
rainbow trout started and the results are expected to be applied in 3 to 4 years. An important 
Activity of the Center is bringing the new knowledge to professionals in the fishery sector 
through organization of workshops and seminars for fish producers and other users of fishery 
waters, as well as through individual education visits of producers to the Center. It is worthwhile 
to mention that the Faculty of Agriculture and the scientists of the CEFAH organize from 2003, 
every second year, an International Conference that became regionally important and hosted the 
most important world aquaculture scientists and professionals. That way there is a direct impact 
on technology improvement on fish farms and on the contribution to aquaculture development in 
Serbia. 

Conclusions
Building, equipping and establishing the Center for Fishery and Applied Hydrobiology (CEFAH) 
(“Little Danube”) on the Experimental School estate “Radmilovac” of the Faculty of Agriculture 
in Belgrade has created a material basis for improvement of knowledge in the aquaculture sector 
for all generations, primarily students. This will contribute to development of the fishery 
economy in the coming future. The Center’s particular importance is the fact that a range of 
research activities have already contributed to the development of Serbia’s aquaculture sector, 
primarily in the area of carp breeding technology enhancement by the use of extruded feed, one 
of the main factors that contributed to the twofold increase of fish production in the last decade 
in Serbia. Another important program realized in CEFAH is the selective breeding of carp and 
rainbow trout that will provide a foundation for quality fry production for stocking in Serbian 
farms. Networking of the Center with companies, primarily fish farms and feed production 
companies through research projects and expert collaboration, education, and dissemination 
activities, represents a solid basis and prerequisite for a symbiotic relations and thus 
sustainability of the CEFAH and its further valuable influence on aquaculture development in 
Serbia. 
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Abstract
The influence of volume of the hive on wintering, colony strength and food supply was observed 
during the three-year period. Standard LR hives were used for the experiment. Colonies were 
tested based on the number of hive bodies and the number of frames in the brood hive bodies. 
The colonies were divided into two groups based on the number of frames: group I had eight 
frames in the brood bodies, the second group included 10 frames in the brood bodies. Based on 
the number of hive bodies, colonies were also divided into two groups: colonies with a single 
hive body and colonies with two hive bodies. The inspections were carried out in the autumn in 
late August and early September, and in the spring in late March and early April. Colony strength 
was determined by the amount of brood and food supplies through the amount of honey and 
pollen. It was found that the number of frames in the brood bodies had almost no impact on the 
colony strength and the amount of food in the autumn and spring inspections. Percentage ratio in 
spring and autumn inspections was more favourable in ten-frame hives considering the amount of 
bees and pollen. The ratio for the amount of brood between the two inspections was higher in 
eight-frame hives. The colonies replenished bees more rapidly and foraged pollen more 
efficiently in ten-frame hives while the colonies in eight-frame hives replenished brood quicker. 
It was found that, during the three-year period, the hive volume had impact on strength and food 
supply of colonies. Colonies that have wintered in two hive bodies had favourable ratio of spring 
and autumn inspections for the amount of bees, brood and pollen, while the ratio for the amount 
of honey was more favourable in the colonies with a single hive body. The colonies with two 
hive bodies quicker restored strength and pollen supply, while the colonies with a single hive 
body consumed honey supply more rationally. 

Key words: colony strength, food supply, hive volume, Langstroth hives 
 

Introduction 
A large number of factors affect the successful wintering of honey bees. These factors can be 
divided into internal and external (Avetisijan, 1982). The external factors include climate, nectar 
pasture and presence of beneficial or harmful organisms in environment. External conditions 
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have a decisive impact on the vitality and productivity of honey bee colonies, but beekeepers 
themselves can not significantly alter most of those conditions.  

The internal factors include colony strength, queen bee quality, food supply, honeycomb quality, 
microclimate and the hive volume. This group of factors is present within the hive and is the 
result of the life of the very colony. Rinderer and Baxter (1978, 1980), by testing the bees in the 
laboratory and in field conditions, found that the volume of the honeycomb affects foraging 
activity of honey bees. Colonies that had more space (empty combs) have processed sugar syrup 
significantly more and significantly quicker than colonies that had less space. 

The aim of this paper is to determine the influence of volume of the hive on overwintering of 
honey bee colonies in standard Langstroth hives and on the colony strength and food supply 
during the main inspections.   

Materials and methods 
The observation of colonies was conducted during the period from 2010 to 2012. Colonies were 
in standard LR-hives with ten and eight combs. In each group were 5 colonies. In addition to the 
number of combs, hives had the different number of main bodies. Colonies were prepared for 
winter in hives with one and two bodies. Autumn inspection was carried out in late August and 
early September, and spring inspection in late March and early April. 

Colony strength (the amount of bees and brood size) and volume of food (honey and pollen 
surface) were determined on inspections. The amount of bees per hive was determined visually 
by the amount of bees that occupy combs. It is expressed in parts of the comb that are possessed 
by the bees (1/10) or as a percentage. Total quantity of bees per hive can be calculated by 
addition of the amount of bees on combs. 

The brood surface is also evaluated in the spring and autumn, by detailed observation of each 
frame with open and closed brood in the hive. Results are also expressed in parts of the frame 
(1/10) or as a percentage. Surfaces under honey and pollen were also determined in the same way 
and at the same time as the two previous traits. The relationships for all observed traits were 
calculated between spring and autumn inspections, to establish their increase or decrease. At the 
beginning of the experiment, one year old queens produced in 2009 were in all colonies. 

 

Results and discussion 

Hives with eight and ten combs 
The amount of bees per hive was more affected by the years of observation than by the number of 
combs in the hives. In the second year of observation, colonies in ten-comb hives have wintered 
much better. Although the colonies in eight-comb hives had slightly more bees in autumn survey 
they wintered worse, and were much weaker in spring with lower number of bees (Table 1). The 
relationship between wintered and bees after last winter was, in ten-comb hives, increased by 
20%. In the next year, the situation has turned around and, in eight-comb hives, the ratio was 
higher by 10%. Overall, the amount of bees was very similar but colonies in ten-comb hives 
wintered better (4%). 
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Table 1. Inspections of eight- and ten-comb hives (1/10 of combs) 

Year Hive Inspection Bees Brood Honey Pollen 

I  

Eight-comb 
Autumn 6.12 1.98 3.82 0.28 
Spring 3.38 1.50 2.98 0.52 
Relation 0.55 0.76 0.78 1.86 

Ten-comb 
Autumn 6.44 1.94 3.80 0.16 
Spring 3.36 1.18 2.78 0.36 
Relation 0.52 0.60 0.73 2.25 

II  

Eight-comb 
Autumn 7.14 1.74 4.96 0.18 
Spring 2.20 0.96 3.30 0.34 
Relation 0.31 0.55 0.66 1.89 

Ten-comb 
Autumn 6.56 1.88 4.38 0.34 
Spring 3.50 1.48 3.78 0.38 
Relation 0.53 0.79 0.86 1.12 

III 

Eight-comb 
Autumn 7.42 1.50 5.48 0.12 
Spring 5.24 2.20 3.90 0.46 
Relation 0.71 1.47 0.71 3.83 

Ten-comb 
Autumn 7.80 1.44 4.88 0.08 
Spring 4.74 1.82 2.66 0.74 
Relation 0.61 1.25 0.54 9.25 

 
 
Average 

Eight-comb 
Autumn 6.89 1.74 4.75 0.19 
Spring 3.61 1.55 3.39 0.44 
Relation 0.52 0.89 0.71 2.32 

Ten-comb 
Autumn 6.93 1.75 4.35 0.19 
Spring 3.87 1.49 3.07 0.49 
Relation 0.56 0.85 0.71 2.60 

 

A similar situation has been also established for the amount of brood, better results were found in 
eight-comb hives (4%). Variations are expressed per year. Higher amount of brood in the first 
and third year was determined in eight-comb hives and in the second year in ten-comb hives. 
Colonies in eight-comb hives had more honey on both inspections. The relationship between 
spring and autumn inspections was identical in both groups of hives. Colonies in ten-comb hives 
had slightly more pollen in the spring. Especially, ten-comb colonies foraged large amounts of 
pollen in spring in the third year of observation (0.74 combs), considering that they were 
wintered with almost no pollen (Table 1). 
Table 2. Variations of parameters in hives with different number of combs per inspection 

Autumn inspection 
 Number of bees Brood Honey Pollen 
CV (%) - 8 combs 28.88 30.23 48.23 60.15 
CV (%) - 10 combs 28.39 40.55 35.15 84.011 

Spring inspection 
 Number of bees Brood Honey Pollen 
CV (%) - 8 combs 55.49 52.63 25.94 53.55 
CV (%) - 10 combs 47.11 55.89 48.82 60.97 

The number of bees showed very little variation in autumn inspections, and somewhat higher 
variation in autumn, considering the number of combs per hive (Table 2).  
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Colonies with one and two bodies 
In addition to the fact that colonies with the two bodies had more bees on both fall and spring 
inspections they had a better relationship between the two examinations (7% more). Colonies 
with one body wintered badly in the first year of observation. A large area of the brood during the 
autumn might have had influence on this. Colonies with one body had significantly more brood 
during this period, which led to the depletion of bees due to its nurturing. These colonies were 
much more weakened during winter and in spring they very slow rebuild strength and badly 
fostered brood. In average, colonies with two bodies had almost the same amount of brood in the 
spring inspections, while companies with one body had almost half as many brood when 
compared to the autumn inspections. It is interesting to point out that colonies with one body 
have had larger food supplies in the spring than in the autumn inspection. In colonies with two 
bodies there was less honey in the spring compared to the autumn inspection. Naturally, greater 
food supply is determined in colonies with two bodies on each inspection. Wintering of honey 
bee colonies is very dependent on the amount of food that the bees store before winter 
(Kulin evi , 1997). 

Table 3. Inspections of hives with one or two bodies 

Year Hive Inspection Bees Brood Honey Pollen 
 
 
I 

 
One body 

Autumn 5.30 2.50 2.44 0.30 
Spring 1.96 0.74 2.68 0.12 
Relation 0.37 0.29 1.10 0.40 

 
Two bodies 

Autumn 5.72 1.38 3.40 0.22 
Spring 3.70 1.42 3.24 0.62 
Relation 0.65 1.03 0.95 2.82 

 
 

II 

 
One body 

Autumn 5.80 2.26 3.28 0.30 
Spring 3.08 1.52 3.80 0.42 
Relation 0.53 0.67 1.19 1.40 

 
Two bodies 

Autumn 6.92 1.94 4.34 0.34 
Spring 3.76 1.82 3.64 0.46 
Relation 0.54 0.94 0.84 1.35 

 
 

III 

 
One body 

Autumn 5.20 1.84 3.02 0.14 
Spring 3.42 1.52 2.66 0.60 
Relation 0.66 0.83 0.88 4.29 

 
Two bodies 

Autumn 7.14 1.52 5.00 0.16 
Spring 4.30 1.60 3.08 0.66 
Relation 0.60 1.05 0.62 4.13 

 
 

Average 

 
One body 

Autumn 5.43 2.20 2.91 0.27 
Spring 2.82 1.26 3.05 0.38 
Relation 0.52 0.57 1.05 1.41 

 
Two bodies 

Autumn 6.59 1.61 4.27 0.24 
Spring 3.92 1.61 3.32 0.58 
Relation 0.59 1.00 0.78 2.41 

 
Medium-strong and strong colonies survive winter much better than poorer colonies (Jevti  et al., 
2005). Wintering of the colonies can be influenced by the quantity of solid food fed to the bees 
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(Jevti  et al., 2004). In addition, the colony strength depends on the genetic potential of the parent 
and it depends on the quality and quantity of food that is stored over winter (Mladenovi  et al., 
2002). The presence of a sufficient amount of food affects the amount of royal jelly secreted in 
the hypopharingeal glands of nursing bees (Taranov, 1986). 

Variations between studied traits were higher in spring than in autumn inspections (Table 4).    

 
Table 4. Variations of parameters in hives with different number of bodies per inspection 

Autumn inspection 
 Number of bees Brood Honey Pollen 
CV (%) - one body 14.02 21.70 30.01 74.21 
CV (%) - two 
bodies 20.12 33.85 30.95 97.58 

Spring inspection 
 Number of bees Brood Honey Pollen 
CV (%) - one body 41.99 51.68 24.67 56.89 
CV (%) - two 
bodies 25.64 38.91 30.08 30.00 

 
After three years of research, it was concluded that the number of combs in the brood (8 and 10) 
has almost no effect on the colony strength and on the food supply. Colonies quickly replenished 
bees and foraged larger amounts of pollen in ten-comb hives, while brood was quicker 
replenished in eight-comb hives. Volume of hives (one or two bodies) has had an impact on 
colony strength and food supplies. Colonies that have wintered in two bodies had been in more 
favourable relation between spring and autumn inspections considering the amount of bees, brood 
and pollen. Colonies with two bodies quickly replenished strength and a pollen supply, while 
companies with one body consumed stored food more rationally. 

Conclusion
After three years of research, it can be concluded that the number of frames in brood box (8 or 
10) has almost no influence on the colony strength and the food supply. Honey bees gathered 
pollen in greater supply in ten-comb hives, while the brood was quicker replenished in eight-
comb hives. Volume of the hives (one and two bodies) had impact on colony strength and food 
supply per. Colonies that have wintered in two bodies had more favorable relation of the spring 
and autumn inspections for the amount of bees, brood and pollen. Colonies with two bodies 
quickly renewed strength and a supply of pollen while colonies with one body consumed stored 
honey more rationally. 
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Abstract 
Pollen is the only source of protein that honey bees collect from nature. It is very important 
for the development of brood, and consequently, for the development of the colony. Honey 
bee bread is the pollen which the bees collect from flowers and store in honeycomb cells. 
Honey bee bread has a modified structure due to the fermentation process under the 
influence of enzymes it passes through. For this study, ten honey bee colonies were 
selected. Honey bee bread was sampled from the combs. The quality of pollen and honey 
bee bread was determined by the chemical composition, using standard methods used in 
food analysis. Total nitrogen was determined by Kjeldahl method. Micro- and 
macroelements were determined by spectrophotometric method. The pollen collected from 
two sites had rich protein content (29.93 % and 27.63 % on average).  

Key words: chemical composition, honey bee bread, pollen  

 
 

Introduction 
The development of strong and healthy colonies depends on the rearing of strong brood, 
which itself requires quality nutrients. Regarding honey bee diet, they require similar 
nutrients as humans. The need for carbohydrates is fully met by the consumption of honey, 
but other nutrients (primarily proteins, minerals, vitamins, etc.) are far less present in 
honey, and the need for these is met by the consumption of the pollen (Adekanmbi and 
Ogundipe, 2009). 

Collecting of the pollen is done by forager honey bees, which take pollen from anthers, 
pack it together with saliva and nectar to their hind legs and bring it to the hive. In the hive, 
that pollen is, then, stored into the cells of honeycombs and such a stored pollen is called 
honey bee bread. Pollen is fine to coarse powder that is the microgametophytes of seed 
plants. Pollen grains have a hard membrane that protects the sperm cells during their 
movement between the stamens to the pistil of flowering plants or from the male cone to 
the female cone of coniferous plants. Various plants are pollinated by various ways (wind, 
insects, etc.). When pollen lands on a compatible pistil of flowering plants, it germinates 
and produces a pollen tube that transfers the sperm to the ovule of a receptive ovary 
(Taranov, 2006). Pollen is very rich in protein, which serves as material for tissue growth 
and tissue regeneration (Kulin evi , 2006).  
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Pollen and bee bread differ biochemically, due to changes bees afflict upon foraged pollen 
in the process. Pollen is mixed with saliva and honey and then stored. For example, bee 
bread contains more reducing sugars than pollen from the same plant species (Casteel, 
1912). Also, bee bread contains vitamin K (Haydak and Vivino, 1950) and a milk-
digesting enzyme (Hitchcock, 1956); pollen collected from the legs of foraging bees does 
not. Avetisian (1935) found that bee bread made from birch pollen contained six times as 
much lactic acid as hand-collected birch pollen. The conversion of pollen to bee bread and 
the accompanying biochemical changes have often been postulated to be the result of 
microbial action, principally a lactic acid fermentation caused by bacteria and yeasts 
(Foote 1957; Haydak, 1958). 

The amount of protein in pollen ranges greatly, depending of the plant species. 
Considering chemical composition, besides protein, pollen also includes free amino-acids, 
lipids, carbohydrates (sugars, starch and cellulose), minerals (Ca, Mg, P, Fe, Na, K, Al, 
Mn, S, Cu, etc.), vitamins (pantothenic and ascorbic acid, vitamins of B complex, etc.), 
various enzymes and coenzymes, etc. 

For the honey bees, it is the best if they have access to pollen derived from different plants, 
because balanced nutrition is of key significance for the development of honey bee colony 
(Kulin evi , 2006). Pollen, which is the main source of dietary protein and contains 
essential amino acids for their development (De Groot, 1953), can influence longevity, the 
development of hypopharyngeal glands (HPG) and ovaries (Pernal and Currie, 2000) and 
the susceptibility to pathogens (Rinderer and Elliott 1977); but to what extent pollen can 
affect IC is not known. Finally, honeybee populations have been declining over the last 
years and a current idea suggests that honeybee colonies may suffer from a compromised 
immune system, which could be related to poor nutrition commonly associated with colony 
losses (van Engelsdorp et al. 2008). 

According to Hrassnigg and Crailsheim (2005), rearing one larva requires 25-37.5 mg of 
protein, equivalent to 125-187.5 mg pollen. Somerville, (2000), states that the protein 
levels vary from 6% to 40%. The minimum protein level required for honey bees is 20%. If 
the aim is rapid breeding and expansion of the hive population to work a heavy honey 
flow, crude protein levels of 25–30% are required (Somerville, 2000). The period of larval 
development lasts for about 8 to 9 days. 

   

Material and methods 
The aim of this paper was to determine the chemical composition of honey bee bread 
collected in spring. The experiment was conducted in the months of April and May. 

Honey bee bread was sampled from the honey bee colonies of the Institute for Forage 
Crops Kruševac, directly from the honeycomb. Colonies were stationed at two sites, 
Makrešane and Vrbnica. 

The proximate composition of the bee bread was determined by using standard methods of 
food analysis (Roma R. B. et al, 1983). According to these authors, ash content was 
measured in samples that were heated in a muffle furnace at 600°C until a uniform gray-
white ash remained. The samples were then used for the subsequent determination of 
macro- and microelements by using atomic absorption spectrophotometry (AAS-Perkin 
Elmer 1100 B USA) and total nitrogen in the samples was determined by micro-Kjeldahl 
method. 
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Results and discussion 
The chemical composition of honey bee bread collected from two sites was somewhat 
similar when compared (tables 1 and 2). This is due to similar vegetation composition 
found on these two sites. The analysis of phytocenological composition of plants on two 
sites showed that the most common plants were dandelion and deadnettle. 

When a colony is actively breeding, or during periods of heavy wax production (such as 
during a heavy honey flow), the demand for pollen is high. Wax glands use a lot of protein 
and a lack of pollen or pollen with low nutritional values will have significant management 
implications (Somerville, 2000). During the periods of high bee activity and lower pollen 
influx (autumn and early spring), honey bees must rely on their store of honey bee bread. 

 
Table 1. Chemical composition of honey bee bread from Makrešane 

Parameters Average SD CV 
Crude ash (%) 3.05 0.2329 7.64 
Crude protein (%) 29.93 8.5807 28.67 
Crude cellulose (%) 2.64 0.8701 32.95 
Crude fat (%) 4.92 0.6975 14.18 
NEM (%) 65.26 3.0353 4.65 
Ca (%) 0.65 0.1774 27.29 
P (%) 0.65 0.0332 5.11 
K (%) 0.74 0.0492 6.65 
Mg (%) 0.27 0.0250 9.26 
Fe (mg/kg) 121.99 31.8625 26.12 
Zn (mg/kg) 44.09 3.8639 8.77 
Mn (mg/kg) 29.92 0.6006 2.01 

 
Table 2. Chemical composition of honey bee bread from Vrbnica 

Parameters Average SD CV (%) 
Crude ash (%) 2.67 0.2421 9.07 
Crude protein (%) 27.63 9.1542 33.13 
Crude cellulose (%) 3.23 0.7831 24.24 
Crude fat (%) 4.51 0.5873 13.02 
NEM (%) 68.28 3.0502 4.47 
Ca (%) 0.55 0.0984 17.89 
P (%) 0.72 0.0367 5.09 
K (%) 0.77 0.0531 6.89 
Mg (%) 0.21 0.1012 48.19 
Fe (mg/kg) 115.76 29.8394 25.78 
Zn (mg/kg) 32.15 2.6571 8.26 
Mn (mg/kg) 33.05 0.5975 1.80 

 

In the samples collected in Makrešane, average amount of protein was 0.015 mg for 50g of 
bee bread sample, while in samples from Vrbnica average was 0.014 mg for 50g of bee 
bread.  

No complete study has been conducted into the role that fats, vitamins and minerals play in 
honey bee nutrition. Deficiencies or imbalances may well exist (Somerville, 2000). 
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Honey bees obtain lipids exclusively from pollen, and the lipid content of pollen from 
various species ranges between 0.8% and 18.9% (Roulston and Cane, 2000). Considering 
that honey bee bread is derived from pollen, it contains considerable amount of fat. 

Honey bees obtain inorganic elements mainly from pollen, and according to Imdorf et al. 
(1998), bees can obtain minerals from other important sources of minerals like nectar and 
water or the existence of endogenous mineral pools in adults. During the shortage of fresh 
pollen, bees will use their stores of honey bee bread to replenish required nutrients. 

The authors recommended a diet containing 1000 mg/kg potassium, 500 mg/kg calcium, 
300 mg/kg magnesium and 50 mg/kg each of zinc, manganese and iron. Considering data 
obtained in samples from Vrbnica and Makrešane, honey bee bread do contain relatively 
large amounts of these elements, and depending on the state of colony (colony strength, 
brood rearing), this honey bee bread can be used as additional nutrition if there is a 
shortage of fresh pollen. 

The highest variation in samples from Makrešane was determined for the amount of crude 
cellulose, while in samples from Vrbnica it was for the content of Fe. The variation in the 
amount of protein was somewhat similar in both sites (tables 1 and 2). 

However, the availability of pollen, and subsequently honey bee bread, must be taken into 
account, and further researches have to be done. Considering obtained results, honey bee 
bread collected from these sites can be taken from colonies, stored and then used as 
additional feed for periods of either shortage of natural pollen or in cases of rapid colony 
development, such is in spring. 

 

Conclusion
Considering that the proteins are among the most vital nutrients required for the 
development of honey bees, it is important to study the quality of sources of proteins. 
There were no significant researches considering honey bee bread. 

Honey bee bread collected from sites Vrbnica and Makrešane can be considered of good 
quality, and can be used directly by bees which made it or it can be taken from colonies 
and used as additional nutrient in spring during the highest activity of brood rearing in 
colonies. Samples from both sites had relatively high amount of protein (29.93 % and 
27.63 % on average), which is the most important nutrient for honey bees. There were no 
significant researches in the role of other nutrients, so their importance is yet to be 
determined through future studies.  
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Abstract 
 Residues of veterinary drugs represent a significant risk to the health of honey consumers. 
Antibiotics can get into honey by using the antibiotics for treatment and prevention of bees 
diseases but also through the plant nectar and pollen. In Serbia, the use of antibiotics in 
beekeeping for bacterial diseases treatment is prohibited and accordingly there is no 
prescribed maximum permissible concentration for them in honey. The aim of this paper is 
to monitor the presence of antibiotic residues in honey which necessarily indicate their 
illegal and uncontrolled use. The presence of antibiotic residues in honey was screened for 
microbiological method "Modified method 4 plates" (EUR 15127-EN). The total of 135 
samples of different honey types has been examined. Five of them (3.7%) were positive to 
antibiotic residues. The presence of antibiotic residues was found in the acacia honey 
(0.31%), linden honey (0.33%), sunflower honey (0.19%), mixed honey (0.17%) and 
honeydew honey (0.10%). Such unprofessional, unconscionable and unlawful use of 
antibiotics leads to their presence in honey and other bee products, as well as in the highly 
desirable and valuable products making them unusable.  

Key words: antibiotics, honey, quality, residue  
 

Introduction 
Within the healthy food that nature gives to man, on the list of quality and value, bee 
products undoubtedly take special place. Honey and other bee products are a real treasure 
of natural medicinal-prophylactic ingredients (Babic, 2012). Honey is generally considered 
as a natural and healthy product (Reybroeck, 2003). It has long been known that honey has 
an antimicrobial activity. Recently the presence of antimicrobial peptide-defensin in honey 
has been proven which could someday be used for the treatment of antibiotic-resistant 
infections (Kwakmann et al., 2010). Risks to consumers of honey are highly dependent on 
the degree of control exercised by the producers, buyers, processors, retailers and 
authorized bodies for control of honey which prevent or minimize the risk to an acceptable 
level. The last few decades, which are characterized by a significant increase in industrial 
production, increased and uncontrolled use of pesticides and antibiotics in agriculture and 
intense international traffic have increased environmental contamination caused by various 
pollutants and toxic substances such as heavy metals, pesticides, radionuclides, and 
antibiotics (Bariši et et al., 1999; Muji  et al., 2011; Roman et al., 2011). Antibiotics can 
get into honey by using the antibiotics for treatment and prevention of bee diseases, but 
also through the plant nectar and pollen (Roman, 2005; Roman et al., 2007). Because of 
that, content of these substances in honey and bee organism is a very good bioindicator of 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

456

the use of antibiotics in beekeeping and of their presence in the environment (Celli and 
Maccagnani, 2003; Porini et al., 2003). Antibiotics, such as streptomycin, tetracyclines and 
sulfonamides are often used in beekeeping as preventive or therapeutic treatment to protect 
apiary (Iancu et al., 2012). Other antibiotics such as erythromycin, lincomycin, monensin, 
enrofloxacin and alike are also used in beekeeping (Johnson et al., 2010). In the EU the use 
of antibiotics for bacterial infections has been banned, except for the European foulbrood 
via the “cascade“ system, but taking honey from those hives is banned. So there is no MRL 
(Maximum Residue Limits) for the presence of antibiotics in honey (EEC Regulation 
2377/90 and amendments). Codex Alimentarius Standard for Honey (12-1981) in section 
4.2. with the defined MRL for pesticides and veterinary drugs does not define the MRL for 
antibiotics (Johanson et al., 2010). In Serbia, the use of antibiotics in beekeeping for 
combating bacterial diseases is prohibited and accordingly there is no prescribed maximum 
permissible concentration of them in honey (Regulation of concentration of pesticides, 
metals and metalloids and other toxic substances, chemotherapeutics, anabolics and other 
substances that can be found in food (FRY Official Register, 5/92, 11/92, 32/2002). 
Although our beekeeping public knows about this the beekeepers still reach for antibiotics 
in the process of "saving" the American and European foulbrood what results in 
uncontrolled presence of antibiotic residues in honey and spread of disease. Some 
countries outside Europe have legalized the use of tetracyclines, sulfonamides and other 
antibiotics for the treatment of American foulbrood. Systematic use of tetracycline in 
Canada and the United States has led to resistance strains of Paenibacillus larvae subsp. 
larvae to tetracycline. Sulfonamides in some countries are used in the prevention of 
Nosemosis. Chloramphenicol is used in beekeeping in China, and the positive tested 
samples for chloramphenicol indicate that the honey is of Chinese origin or honey mixed 
with the Chinese honey (Reybroeck, 2003). Low concentrations of streptomycin can also 
be found in fruit honey obtained from the nectar collected from the pear orchards treated 
during flowering with preparations of streptomycin against fire blight (Reybroeck, 2003). 
Antibiotic residue exhibits a relatively long half–life and can have direct toxic effects on 
the consumers, such as allergic response and the induction of drug-resistant strains of 
bacteria (Gunes et al., 2009; Johnson et al., 2010). 

In order to organize beekeeping in a way that would reduce the risks of contamination of 
bee products by harmful substances to a minimum it is necessary to implement a system of 
self-control in chain "from farm to fork." According to the chain, beekeepers should be 
included in the introduction of guidelines "good beekeeping practices" that promote 
technological development and productivity of beekeeping. The best result of this is 
getting consumer confidence which is the most important on the global market today. 
Considering the clinical findings and the epizootic situation, the assumption is that the 
beegarden still uses the  antibiotics. The aim of this paper is to monitor the presence of 
antibiotic residues in honey which necessarily indicate their illegal and uncontrolled use. 

 

Material and methods 
In the last 2013,135 samples of different honey types were collected and examined at the 
Institute of Veterinary Medicine "Novi Sad" in Novi Sad ("NIV NS") Serbia. Honey 
samples were collected from two sources: honey samples that were brought by the owners 
at the "NIV NS" and honey samples collected by experts from "NIV NS" on-site 
production. All the samples were properly packaged in glass or plastic jars and properly 
labeled. The presence of antibiotic residues in honey was screened for microbiological 
method "Modified method 4 plates" (EUR 15127-EN). The total of 135 samples of 
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different honey types has been examined. If the sample contains active antimicrobial 
residues there will not be growth of the test microorganism in the diffusion zone, ie. it will 
be a zone of inhibition. The width of the zone of inhibition is measured from the edge of 
the hole in the agar to the limits of growth of test microorganisms. The results have been 
statistically analyzed and presented by means of descriptive statistics. 

Results and discussion 
The total of 135 samples of different honey types has been examined. Five of them (3.7%) 
were positive to the presence of residues of antibiotics with inhibition of growth of more 
than 4 mm. The presence of antibiotic residues was found in the acacia honey (0.31%), 
linden honey (0.33%), sunflower honey (0.19%), mixed honey (0.17%) and honeydew 
honey (0.10%). Analysis of differences in the frequency of the number of positive samples 
of different types of honey indicates that there is no statistically significant difference in 
the frequency of positive samples between different types of honey (p>0.05). 

The results of our research correspond to the references and indicate that the use of 
antibiotics is still present in beekeeping. Such unprofessional, unconscionable and 
unlawful use of antibiotics leads to their presence in honey and other bee products and 
make highly desirable and valuable products unusable (Plavša et al., 2005).The antibiotics, 
such as gentamycin, erythromycin, penicillin, tetracycline, streptomycin, ofloxacin and 
sulphonimides are also reportedly used in beekeeping residues. These antibiotic residues 
have toxic acute and chronic effects on human health and reduce the efficacy and quality 
of honey (Zai et al., 2013). "Modified method 4 plates" is a screening method. This method 
cannot be used for the detection of the types and amounts of antibiotics in honey. Different 
techniques were used for the detection and quantification of these antibiotics in honey, 
mostly Biochip array Technology and Thin Layer Chromatography (TLC) were used for 
the detection, like  Elisa method. The latest research has developed valid, simple and rapid 
method for antibiotics by HPLC method, mass spectrometry and LC/MS (Liquid 
chromatography–mass spectrometry). These techniques were found sensitive, reproducible 
and very useful for antibiotics and others drugs detection because by means of these 
techniques we are able to quantify the presence of a very low amount of drugs in sample. 
The type detection of antibiotics in honey by using HPLC is fast, valid and specific (Zai et 
al., 2013). LC / MS method is simple, rapid, reliable and sensitive enough for routine use 
in laboratory work (Krivoklavek et al., 2005). ELISA technique is simple, sensitive and 
represents a specific powerful tool for selective detection of a very low amount of 
substances in physiological, biological and environmental samples (Jeon et al., 2008). 
Therefore, this method enables the efficient determination of target molecules in a complex 
sample without extraction of the sample (Jeon et al., 2008). 

Conclusion 
Considering the facts stated in the introduction of this paper to ban the use of antibiotics in 
beekeeping, the results indicate that there is still insufficiently controlled use of products in 
beekeeping and insufficiently developed awareness among beekeepers. The presence of 
antibiotics residues is a limiting factor in the quality of honey and makes it unfit for human 
consumption. Food safety is the top priority both in research and in the legislative field. 
Natural conditions, moderate continental climate and the wealth of flora and fauna are 
virtually ideal conditions for beekeeping and for getting quality and safe bee products. The 
potential for obtaining such high valued products is necessary in order to use and store 
brand quality honey both on the Serbian and foreign market. 
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Abstract 
Intensive aquaculture production has required the development of an individual’s 
resistance to disease rather than depending upon antibiotics or chemotherapeutics. The role 
of gastrointestinal microflora in disease resistance has been established in many fish 
species, which has led to the concept of manipulating gastrointestinal microflora for better 
health management. A number of studies has been conducted in different fish species with 
various useful microorganisms called ‘probiotics’ to amplify gastrointestinal microflora to 
fight against various infectious diseases. Probiotics are beneficial microorganisms which 
protect the host from diseases. Probiotic protection can be achieved by various 
mechanisms. Most probiotics used in aquaculture belong to the lactic acid bacteria, the 
genus Bacillus, the photosynthetic bacteria, the yeast, notwithstanding other genera and 
species have also been used. The immunostimulatory effect of probiotics has been 
established in many fish species, but their direct involvement in the immune response is 
not well established. It has also been proven that the application of probiotics in 
aquaculture has beneficial effects on growth of fish as well as on the environment. At 
present, data about the efficacy of probiotics in commercial aquaculture of Serbia is still 
lacking. This review discusses mainly the studies and applications about effects, problems 
and perspectives of probiotics used in fingerlings of cyprinid fish species, and highlights 
immunostimulatory effects and growth promotion effects of commercial probiotic 
products. In the present paper the results that show positive influence of probiotics in 
cyprinides nutrition on production performance and immune system are summarized. 
Special accent is given to criteria for proper selection of probiotics in cyprinides 
production. 

Key words: cyprinids, growth promoters, immune system, probiotics 

Introduction 
In the several past years, the usage of some antibiotics has been forbidden by several 
countries due to serious environmental hazards and various adverse effects in many fish 
species (Gatesoupe, 2007). Furthermore, resistence of pathogen could increase which often 
leads to spreading of disease, especially under some stressful culture conditions or if 
antibiotics are used in lower doses for economical reasons (Suzer et al., 2008). Functional 
additives, like probiotics, represent a new concept on aquaculture. Probiotics have been 
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increasingly used in aquaculture after their first admission (Kozasa, 1986). Food and 
Agriculture Organization (FAO) and World Health Organization (WHO) defined 
probiotics as live micro-organisms that when administered in appropriate amount confer a 
health benefit on the host (FAO/WHO, 2001). Probiotics supplemented in fish feed 
resulted in growth performances and feed utilization better than that of the control basal 
feed, suggesting that the addition of probiotics reduced the culture cost of cyprinid fish 
species (Jovanovi  et al., 2011; Miš evi  et al., 2011 and 2012). In addition, the 
application of probiotics in aquaculture as the environment friendly treatments was also 
increasing rapidly (Gatesoupe, 1999). The immunostimulatory effect of probiotics has been 
also observed in many studies on different fish species (Salinas et al., 2008). Probiotics 
should also be considered as potentially useful for the control of fish diseases.  

At present, data about the efficacy of probiotics in commercial aquaculture of Serbia are 
still lacking. This review discusses mainly the studies about applications, effects, problems 
and perspectives of probiotics used in fingerlings of cyprinid fish species, and highlights 
immunostimulatory effects and growth promotion effects of commercial probiotic 
products. In the present paper the results that show positive influence of probiotics in 
cyprinides nutrition on production performance and immunological system are 
summarized. Special accent is given to criteria for proper selection of probiotics in 
cyprinides production. 

 

Probiotics
Probiotics represent components of a micro-organism that is beneficial to the health of the 
host, so they include certain bacteria strains and yeasts that are not adverse on continued 
use for a longer period of time (Irianto and Austin, 2002). The mode of action is that good 
and useful microbes multiply in order to compete with the harmful ones, thus suppressing 
their growth (Sahu et al., 2008). Wang et al. (2008) suggested that the definition of a 
probiotic in aquaculture should include the addition of live naturally occurring bacteria to 
ponds in which fish live. Most probiotics used in aquaculture belong to the genus Bacillus, 
Lactobacillus sp., Bifidobacterium sp., Vibrio sp., Saccharomyces sp., Enterococcus sp., 
the photosynthetic bacteria, the yeast, (Kumar et al., 2006) notwithstanding other genera 
and species that have also been used. Fuller (1987) noted that a probiotic should provide 
actual benefit to the host, be capable to survive in the digestive tract, be suitable for 
commercialization and be stable and viable for long-term storage conditions. 

Probiotics as growth promoters in fingerlings of cyprinid fish species 
Growth process in fish depends on numerous factors (Azaza et al., 2008; Deane and Woo, 
2009). One of the most important factors on growth and health of fish is feed supply (Lall 
and Lewis-McCrea, 2007). According to DeVrese and Marteau (2007), mechanism and 
function of probiotics effect depend principally on the interactions between probiotic 
species and microbiota of the host or with immuno competent cell of the intestinal mucous. 
The growth of fish might have occurred by probiotics interaction that increased minerals 
absorption (Tewe et al., 1999). Jovanovi  et al. (2011), Miš evi  et al. (2011 and 2012) 
observed that the adding commercial probiotics in the diets for common carp fingerlings 
improve weight of fish. Results obtained by Faramarzi et al. (2011) indicate that the 
fingerlings of common carp fed with diets with probiotics supplemented exhibited greater 
growth than those fed with the control diet. Of the four probiotics treatments in the 
mentioned trial, the 40% protein diet supplemented with yeast showed the best growth 



461

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

performance and feed efficiency, suggesting that yeast is an appropriate growth stimulating 
additive in common carp cultivation. Sahandi et al. (2012) also reported the similar results 
that demonstrate the effect of Bacillus spp on length of silver carp and increased fish 
growth. Effect of probiotics for common carp (Cyprinus carpio L.) and some other warm-
water fish species based on growth performance and feed utilization (feed conversion ratio, 
FCR) were investigated also by Wang and Xu, 2006; Wang et al., 2008; Lara-Flores et al., 
2010). The above mentioned authors established that the use of probiotics improve growth 
performance and show the growth promoting effect. All the probiotics supplemented diets 
resulted in growth performance and feed utilization better than that of the control diets, 
suggesting that the addition of probiotics reduced the culture cost of common carp 
(Cyprinus carpio). The use of probiotics was suggested as a tool for improving the growth 
performance and increasing feed digestibility (Sahandi et al., 2012; Ljubojevi  et al., 
2013). Increase of the weight of fish under the probiotics consumption is not completely 
understood, but according to Lilly and Stillwell (1965) probiotics improve the 
gastrointestinal microbial populations and then increase enzyme secretion (Suzer et al., 
2008) and consequently increase utilization of nutrients and protein anabolism as the 
length and weight gain occurs in fish. 

Probiotics as immunostimulators in fingerlings of cyprinid fish species 

Probiotics are used as dietary supplementations in aquaculture and their role in intestinal 
microbial balance, growth, nutrition, health status and resistance against infectious agents 
are already established (Gatesoupe, 1999; Ljubojevi  et al., 2013). Although, some reports 
are available on the activation of the immune response by dietary supplementation with 
probiotics in fish (Aly et al., 2008) their direct involvement in the immune response is not 
well established (Geijtenbeek and Gringhuis, 2009). Nayak et al. (2007) determined the 
effect of dietary supplementation with the probiotics bacterium, Bacillus subtilis, vitamin 
C in the form of ascorbyl polyphosphate and their combination on the immune response 
and disease resistance of Indian major carps. The non-specific immune system can be 
stimulated by probiotics (Balcázar et al., 2006). In the study conducted by Kumar et al. 
(2006), an increased growth rate was observed in L. rohita (Indian carp) fed diet containing 
B. subtilis compared with control. Furthermore, the survival rate after challenge with A. 
hydrophila was significantly higher in the treatment group compared with the control. 
Administration of probiotics enhances the survival of carp infected with A. hydrophila 
(Selvaraj et al., 2005). The high rates of establishment of bacterium in the gastro-intestinal 
tract of fish treated with B. subtilis have suppressed the A. hydrophila infection, which 
ultimately resulted in the higher survival (Kumar et al., 2006).  

Beneficial effects of probiotics on the environment 
Probiotics could help in improvement of the water quality in fish ponds (Panigrahi and 
Azad, 2007). This is due to the capability of the probiotic bacteria to participate in the 
turnover of organic nutrients in the ponds, to reduce ammonia, nitrite and total nitrogen 
levels in water and thus improve the chemical quality of water (Zhang et al., 2013). 

Proper selection of probiotics in cyprinides production 
For proper selection of probiotics it is essential to understand the mechanisms of their 
action and to define selection criteria for potential probiotics (Klaenhammer and Kullen, 
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1999). According to Sahu et al. (2008) methods to select probiotic bacteria for use in the 
aquaculture should include the following steps: collection of background information, 
acquisition of putative probiotics, screening of putative probiotics, evaluation of 
pathogenicity and survival test, in vivo evaluation, and evaluation of their effects in rearing 
conditions.  

 

Future perspectives 
Generally, the study of probiotics in fish production of Serbia is still in its early stage, and 
there have been no commercial probiotics products produced in Serbia so far. In the future, 
probiotics will gain more popularity in aquaculture of the Republic of Serbia, and the 
application areas will be expanded. Thus, quality control of probiotics in aquaculture of the 
Republic of Serbia will become an important issue. The need for the development of 
adequate technology for the evaluation of the efficiency of microbial agents as probiotics 
in aquaculture will be also increased. 
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Abstract 
The quality of fish feed and its nutritional value are important for fish production. From an 
economic point of view it is vital to ensure a cheaper final product while from the 
nutritional aspects it is essential to fulfill the requirements of fish. The aim of this study 
was to investigate the digestibility and effect of feed mixtures with different protein 
content on growth of carp fry. The experiment was carried out at the Laboratory for fish 
nutrition of the Faculty of Agriculture, University of Belgrade, for 90 days. Fish were fed 
with concentrate mixtures having 38% (A), 41% (B) and 44% (C) of proteins. The bigger 
share of the protein part in A were plant proteins (PP), in C fish meal (FM), while in B the 
share of FM and PP was approximately the same. Results showed significant differences 
between digestibility of different feed mixture. The digestibility of protein and fat were 
higher in fish fed diets with higher protein content. Digestibility of nitrogen-free extracts 
(NFE), energy and digestible energy was not statistically significant (p> 0.05) regardless of 
the level of protein in the diet. The results indicate that the increase in the digestibility of 
proteins is in accordance with the increase in protein content in the diet e.g. diets with 
higher content of FM. 

Key words: carp, digestibility, fish meal, plant proteins, protein levels  

Introduction 
In fish, as in other domesticated animals, digestibility of feed is one of the most essential 
attributes in evaluating the efficiency of foodstuffs (Forster, 1999). Determination of 
apparent digestibility coefficient (ADC) of nutrients in fish feed is important for proper 
diet formulation (Salim et al., 2004). At the same time, analysis of this parameter helps in 
estimating the potential pollution of water by wastes produced by fish. 
Digestibility of nutrients is variable and depends on a range of factors, where the level and 
origin of proteins in the diet is one of the most important. Since proteins are the most 
expensive part of feed mixtures (Wilson, 2003), by decreasing their content or by 
increasing the digestibility, the price of the final product, fish, can be decreased. 

As the aquaculture is in continuous development, expanding and intensifying (Bostock et 
al., 2009), it is essential to involve different components in fish feed (Tacon, 2005) and 
provide their maximal utilization. Fishmeal (FM) is a major protein source in compound 
feeds for intensive fish farming. In an effort to reduce reliance on FM as the primary 
protein source, most aquaculture diets now use some plant protein ingredients (SOFIA, 
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2007). From the nutritional aspect, the best potential show components of animal origin, 
but are the most expensive, while components of plant origin have a lower nutritive value, 
but have moderate prices and are more available on the market (Storebakken et al., 2000). 
In order to create better production results, due to high prices of certain components (Aas 
et al., 2009), it is essential to know requirements of different fish species. In this sense the 
nutrition and preparation of fish feed is highly important.  

Nutrient requirements for growth, reproduction and normal physiological functions are 
similar to other animals, but fish have much higher requirements in proteins, thus feed 
mixtures with 25 to 45% of raw proteins are mainly used (Davies and Gouveia, 2010; Firas 
and Ramadan, 2012). The various studies concluded that digestibility of nutrients and 
energy from various feedstuffs varies in different fish species (Salim et al., 2004).   

From the economical, but also ecological point of view it is important to supply feed that 
will result in low feed conversion coefficient, high growth rate, good health condition, high 
quality of the final product – fish meat, and as low as possible load of the aquatic 
environment with organic matter, phosphorus, and nitrogen (Jahan et al., 2003).  

The aim of this study was to determine the apparent digestibility coefficient of concentrate 
mixtures with different content and origin of proteins for carp yearlings. 

Materials and methods 

Experimental fish and culture system 
Fingerlings of common carp (Cyprinus carpio) were obtained from the fish farm 
“Farmakom” from Dobri , around Šabac, Serbia. The culture system was developed in the 
Laboratory for fish nutrition of the Faculty of Agriculture, University of Belgrade, Serbia. 
Prior to the experiment fingerlings were acclimatized for four weeks in plastics tanks. 
After acclimation, each tank was stocked with 24 yearlings, average weight 95.6 g. 

We used a circulating system consisting of 9 independent tanks (three replicates per 
treatment), with 120 L of usable water volume and flow rate of 0.34 Lmin1 .Water quality 
and environmental conditions (dissolved oxygen, water temperature, electroconductivity, 
and pH) were measured in each tank daily using MULTI 340i/SET (WTW, Weilheim, 
Germany). Air was supplied constantly by a blower to maintain the O2 concentration 
around 6 mg/L. The water temperature (23±1°C) was controlled by a thermostat. 

Feed ingredients and diet preparation  
Fish were fed with concentrate mixtures having different amount of animal protein and 
plant origin. The bigger share of the protein part in A were plant proteins (PP), in C fish 
meal (FM), while in B the share of PP and FM was approximately the same (Table 1). 

Fish were fed with same percentage of feed depending on the total fish biomass in each 
tank, i.e. 3.5% of the ichthyomass, using semiautomatic feeders with pendulum. For daily 
measurements of feed quantity, as well as for control measurements every 30 days, a 
digital balance CASBEE, model MW 120; Casbee, Samsungm Korea, accuracy 0.01 g was 
used, while an ichthyometer was employed for length and height measurements. 
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Table 1. Composition of experimental diets (% dry matter) 

Feed A B C 
Fish meal 26.0 30.0 32.0 

Soybean meal 29.0 30.0 31.0 
Yeast 2.0 6.0 8.0 

Wheat gluten 5.0 5.0 5.0 
Wheat 11.5 11.5 11.5 
Corn 24.0 15.0 10.0 
DCP 1.2 1.2 1.2 

Calcium 0.3 0.3 0.3 
Min. Vit. premix 1.0 1.0 1.0 

Total 100.00 100.00 100.00 
 

Growth and nutrient utilization parameters 
Growth performance and diet nutrient utilization were assessed in terms of: 

Body weight gain (BWG, g) = final weight (g) - initial weight (g), Buyukcapar and 
Kamalak, 2006; 

Metabolic growth rate (MGR, gkg0.8day-1) = BWGg / (((initial weight / 1000)0,8 + (final 
weight / 1000)0,8 ) / 2) / feeding days, Dabrowski et al., 1986; 

Feed Intake (FI, %) = (daily feed intake (g) x 100) / biomass (g), Diler et al., 2007; 

 

Digestibility  
Samples of feces were taken daily from the plastic collectors located at the bottom of every 
fish tank. Protein, carbohydrate, fat, and total energy digestibility were measured using a 
natural indicator; the Acid-insoluble ash (AIA) method. 

ADCs in experimental diets were calculated according to the formula from Maynard and 
Loosli (1969): 

Digestibility (%) = 100 – ((F / D) * (Dm / Fm) * 100) 
Where: F= % nutrient in faeces, D= % nutrient in diet, Dm= % marker in diet, and Fm= % 
marker in faeces.  

Chemical and Statistical analysis 
The basal diet was analyzed for dry matter, nitrogen, crude lipid, crude fiber, and ash and 
the feces for dry matter, nitrogen and ash, using standard methods (AOAC - Association of 
Official Analytical Chemists, 1990). 
Statistical analysis was done using one-factorial analysis of variance with factor type of 
feed. Individual comparison of average values was carried out using Tukey test. 

 

Results and discussion 
Levene’s test of experimental data showed that variation in tanks was not significantly 
different for measured parameters pointing out that the experimental setup was correct and 
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that differences in growth and nutrient utilization parameters were the result of different 
feed quality. 

During the experiment water temperature was 22.75±0.02°C, with minimal differences in 
measured values between tanks during the day. Electroconductivity was 524.35±0.48 

S/cm; dissolved oxygen was on average 6.41±0.04 mg/L, and pH value was 7.48±0.01. 
According to Markovi  (2010), Flajšhans and Hulata (2007), Hover (1976), all the values 
monitored were within the optimal range for carp growth. 

Proximate composition of feed ingredients is shown in Table 2. Experimental diets 
contained from 38.10 (A) to 43.72% (C) crude protein and from 19.60 to 19.98 kJ/g of 
gross energy. Dry matter, crude lipid and ash were in the range of 89.20–93.70%, 8.54–
9.64% and 9.50–10.76%, respectively.

Table 2. Chemical composition of experimental diets (% dry matter) 

Feed A B C 
DM gkg¯¹ 937 937 892 

Protein 38.10 41.52 43.72 
Lipid 8.54 9.07 9.64 
Ash 9.50 9.61 10.76 
Fiber 2.03 2.45 2.02 
1NFE 41.83 37.35 33.86 
Total 100.00 100.00 100.00 

2Gross energy 19.60 19.84 19.98 
3P/E 19.44 20.93 21.88 

1NFE= 100 –proteins (g) –fat (g) –ash (g) –cellulose (g) 
2Gross energy = protein (g) * 23.6 + fat (g) * 39.5 + NFE (g) *17.3 
3P/E = Protein-energy ratio (g proteins (kJ)–1gross energy 
 

Based on the visual observation during of the experiment, palatability or acceptability of 
feed was good and the behavior of fish was normal. Daily feed intake was not significantly 
different between treatments (F=0.812; p=0.497), and was around 1.55-1.65%. After 90 
days of feeding, final weight and body weight gain was significantly higher in the fish 
group fed with C (Table 3).  

Fish fed with feed mixture C had a significantly higher (p<0.001) final weight (200.18 ± 
6.19 g), BWG (104.60 ± 3.84) and MGR (11.04 ± 0.38) compared to fish fed mixture A 
and B (Table 3).  

 
Table 3. - Initial weight (IW), final weight (FW), body weight gain (BWG), metabolic growth rate 
(MGR), feed intake (FI) in common carp fed experimental diets 

Parameter A (mean±SE) B (mean±SE) C (mean±SE) ANOVA
F p 

IW 95.59 ± 3.80NS 95.33 ± 3.44NS 95.23 ± 2.95NS 0.016 1.000NS 
FW 149.79 ± 5.50a 173.56 ± 6.78b 200.18 ± 6.19c 24.031 <0.001** 
BWG 54.64 ± 2.62a 78.07 ± 1.20b 104.60 ± 3.84c 61.027 <0.001** 
MGR 6.29 ± 0.24a 8.52 ± 0.12b  11.04 ± 0.38c 32.893 <0.001** 
FI 1.55 ± 0.05NS 1.57 ± 0.03NS  1.65 ± 0.13NS   0.812   0.497NS

Small letters indicate significant differences (p<0.05) across rows 
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Table 4. - Apparent digestibility coefficient of experimental diets 

Ingredients A (mean±SE) B (mean±SE) C (mean±SE) ANOVA
F p 

Protein 60.02 ± 0.89a 69.31 ± 4.20ab 74.66 ± 3.18b 5.856 0.020* 
Lipid 74.86 ± 2.86a 80.26 ± 1.07ab 84.76 ± 2.27b 4.854 0.033* 
NFE 66.22 ± 1.70NS 74.74 ± 5.14NS 67.50 ± 9.07NS 0.903 0.481NS 

Gross energy 64.86 ± 1.33NS 73.22 ± 3.81NS 74.50 ± 4.44NS 2.929 0.100NS 
DE 14.37 ± 0.42NS 14.82 ± 0.58NS 13.30 ± 1.09NS 0.934 0.468NS 

Small letters indicate significant differences (p<0.05) across rows 

 

The results of feces analysis (Table 4) showed significantly higher (p 0.020) values of 
apparent digestibility coefficient of proteins (74.66%) and lipids (84.76%) in fish fed with 
mixture C compared to fish fed with A. The digestibility of NFE-nitrogen free extracts 
(from 66.22% to 67.50%), energy (from 64.86% to 74.50%) and digested energy (from 
14.37% to 13.30%), did not differ significantly (p>0.05) in fish fed mixtures with different 
protein content.  

The average values of ADC of proteins from different mixtures increased with the increase 
of the protein content 60.02% (A), 69.31% (B) and 74.66% (C). This resulted in a 
significant difference (p<0.01) between protein ADC in feed C and A. The analysis of 
ADC of fat (74.86% in feed A, 80.26% in feed B and 84.76% in feed C) resulted in 
significant difference between feed A and C. The average value for ADC BEM was 
66.22% (A), 74.74% (B) and 67.50% in feed C. ADC energy was on average 64.86% in 
feed A, 73.22% in feed B and 74.50% in feed C.  Digestibility DE was 14.37% (A), 
14.82% (B) to 13.30% (C). Analysis of variance for average values of ADC BEM, energy 
and DE showed no significant differences regardless of the level of proteins in different 
feed mixtures.   

Salim et al. (2004) confirmed that the digestibility coefficient in feed of animal origin is 
higher that feed of plant origin. Additionally, Kumar et al. (2010) pointed out that higher 
utilization of proteins is provided by their higher availability. Having in mind that feed C 
had the highest level of proteins and highest content of FM, the best protein source with 
good palatability, the highest digestibility was achieved with this feed mixture. Hossain 
and Jauncey (2003) emphasize that the results of ADC of proteins are actually the effect of 
amino acid digestibility, thus the results of this study show the precision in feed 
formulation.  

 

Conclusion 
The results suggest that with the increase of proteins in mixtures, their digestibility 
increases. A higher content of fish meal in C mixture provided significantly higher 
digestibility of proteins compared to mixture A with higher content of plant proteins. It is 
known that the utilization, digestibility and availability of plant proteins are lower than in 
proteins of animal origin.  
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Abstract 
The need to find alternative systems of the fight against Varroa mite without application of 
chemicals and provide healthy bee products resulted in investigation of application of 
different plant essences to arthropod control. In order to perceive the sage essential oil 
(Salvia officinalis) bioactivity, contact residual toxicity of mites and bees was examined in 
the laboratory conditions. The chemical composition of essential oil was determined by 
standard GC and GC/MS methods. Different doses of the sage essential oil dissolved in 
acetone (0.1–10 l/Petri dish) were applied in Petri dishes and left to dry for 20 minute at a 
room temperature. Following this period of time, ten honey bees and five adult female 
mites were added in each Petri dish and they were all maintained in controlled conditions 
(T = 30°C, Relative humidity = 60%). Survival of examined honey bees and Varroa mites 
was recorded two times, after 24 h and 48 h. The most prominent toxic effect on the 
examined Varroa mites was observed after 24 h and 48 h, with application of 10 l of sage 
oil (the average values for dead mite individuals were 3.25 and 3.50, respectively). 
Recorded biological activities of the oil tested in different doses on both honey bee and 
Varroa mite revealed opportunity to proceed with further investigation by selecting the 
most appropriate variants and combinations of the most prominent individual components 
of the examined sage oil.  

Key words: Apis mellifera, essential oil, Varroa mite  
 

Introduction 
In modern agriculture presence of harmful residues in food as a result of use of pesticides 
in control of harmful organisms appeared as a great problem. Beekeeping suffers damages 
caused mainly by ectoparasite Varroa destructor, but also due to application of acaricides 
used to protect honey bees from this mite. Following use of synthetic chemical agents 
against mites, harmful metabolites use to be cumulatively deposited in wax, and from there 
they migrate to the honey and other bee products (Kochansky et al., 2001; Anne-Claire et 
al., 2007; Karazafiris et al., 2008). Solution to the problem is to be found in application of 
so-called "green pesticides", since their basis should be of plant origin, and they have to be 
“environmental friendly” (Gashout HA and Guzmán-Novoa E 2009; Umpiérrez et al., 
2011). Preparations composed of plant essential oils seem to be promising for replacement 
of the synthetic substances used in combating Varroa mites. This way, it can also lower the 
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risk of harmful residues in bee products and their appearance in the food chain. So far, over 
150 different essential oils have been tested, but only few of them have showed acceptable 
tolerability by bees and good efficacy in controlling Varroa mites (Lindberg et al., 2000; 
Imdorf et al., 2006). The complex composition of essential oils and a very low tolerability 
of honey bees in laboratory studies make difficult discovering the oil that would be safe for 
the bees and effective against the mites (Nedi  et al., 2012). 

The objective of this work was to examine in laboratory conditions the miticidal effect of 
the commercial Salvia officinalis essential oil against Varroa destructor and tolerance of 
bees to contact residual toxicity of the oil. 

 

Materials and methods 
The sage oil (Salvia officinalis) used in experiment, was purchased as commercial samples 
from “Elmar d.o.o.”, Trebinje, the Republic of Srpska. Analytical gas chromatography 
(GC-FID) was performed on the GC HP-5890 Series II apparatus, equipped with 
autosampler (ALS), split-splitless injector, attached to HP-5 fused silica capillary column 
(25 mm × 0.32 mm, 0.52 m film thickness) and fitted to flame-ionization detector (FID). 
Identification of individual essential oils constituents were accomplished by comparison of 
their mass spectra with those from available MS libraries (NIST/Wiley) and by comparison 
of their experimentally determined retention indices (calibrated AMDIS) with data from 
the literature (Adams, 2001).  

Testing of bees tolerance to contact residual toxicity of essential oils, was conducted in 
Petri dishes, in four replications, under controlled laboratory conditions (T = 30° C; 
Relative humidity = 60%). Different essential oils doses dissolved in acetone (0.1–10 

L/Petri dish) were applied in Petri dishes (11 cm in diameter) and left to dry for 20 minute 
at a room temperature, and then the dishes were supplemented with 10 newly emerged 
adult bees (0 to 3 days old) and five adult female mites. The bees were fed with 3 g of 
candy and watered with water from a plastic micro tube (1.5 mL). Acetone was used as 
control. Survival of bees and mites in each Petri dish was recorded after 24 h and 48 h. The 
obtained results were processed by analysis of variance (LSD test at the significance level 
of 5 and 1%). Means were separated by the Duncan test at P < 0.05. Probit analysis (E in 
%) was used to calculate the contact residual toxicity of the essential oil for adult bee and 
Varroa mites.  

Results and discussion 
Chemical composition of Salvia officinalis essential oil used in our experiment is presented 
in Table 1.  
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Table 1. Chemical composition of the commercial Salvia officinalis essential oil used in the 
laboratory studies  

No. Compounds %
1. Salvene<cis-> 0.22
2. Tricyclene 0.16
3. Thujene<alpha-> 0.18
4. Pinene<alpha-> 2.74
5. Camphene 5.46
6. Pinene<beta-> 1.67
7. Myrcene 0.84
8. Terpinene<alpha-> 0.15
9. Cymene<para-> 0.99
10. Limonene 2.00
11. Cineole<1,8-> 5.88
12. Terpinene<gamma-> 0.22
13. Mentha-2,8-dien-1-ol<trans-para-> 0.30
14. Thujone<cis-> 27.91
15. Thujone<trans-> 3.91
16. Camphor 19.84
17. Pinocamphone<trans-> 0.15
18. Borneol 3.14
19. Terpinen-4-ol 0.40
20. Terpineol<alpha-> 0.11
21. Myrtenol 0.29
22. Bornyl acetate 2.43
23. Sabinyl acetate<trans-> 0.25
24. Myrtenyl acetate 0.21
25. Copaene<alpha-> 0.11
26. Caryophyllene<trans-beta-> 4.05
27. Aromadendrene 0.36
28. Humulene<alpha-> 7.85
29. Caryophyllene<9-epi-trans-> 0.16
30. Dauca-5,8-diene 0.14
31. Viridiflorene 0.26
32. Cadinene<delta-> 0.20
33. Caryophyllene oxide 0.63
34. Viridiflorol 3.94
35. Humulene epoxide II 1.46
36. Manool<13-epi-> 1.07
 Total compounds identified (%) 99.67
 
Total of 36 compounds was identified in the oil and the most dominant components were 
as follows: cis-thujone, camphor and 1.8-cineol (oxygenated monoterpenes), -humulene 
(sesquiterpene hydrocarbon), and camphene (monoterpene hydrocarbon), all together 
covering 66.94% of the oil. 

Results on impact of different doses of S. officinalis oil on honeybee (A. mellifera) and 
Varroa mite (V. destructor) are presented in tables 2 and 3.  
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Table 2. Tolerability of A. mellifera to toxic effect of the commercial Salvia officinalis essential oil 

 
No of 

variants 

 
Doses assayed 
(μL/Petri dish) 

After 24h After 48h 
Mean 

A. mellifera 
E in % 
(K=0) 

Mean 
A. mellifera 

E in % 
(K=0) 

1. 0.1 0.00a 0.00 0.00a 0.00 
2. 0.5 0.00a 0.00 0.00a 0.00 
3. 1.0 0.00a 0.00 0.50a 5.00 
4. 2.5 0.00a 0.00 0.25a 2.50 
5. 5.0 0.50a 5.00 1.75b 17.50
6. 10.0 2.50b 25.00 3.25c 32.50 
7. 0.0 (Control) 0.00a 0.00 0.0a 0.00 

  LSD0.05=0.49 
LSD0.01=0.68 

 LSD0.05=0.77 
LSD0.01=1.06 

 

 
Following 24 h application, doses ranging from 0.1 to 5.0 μL S. officinalis oil per Petri 
dish had no statistically significant influence on bees mortality (Table 2). The highest 
tested oil dose (10 μL/Petri dish) caused bees mortality of 25%, significantly differing 
(P<0.05) from all the other doses assayed.  In the same observing period (24h), between 
the oil doses ranging from 0.1 to 5.0 μL/Petri dish (Table 3) there were no significant 
differences in mortality of Varroa mites, and their efficacy amounted to 15.79 % of dead 
mites. Similarly to honeybees, the mortality of mites following application of the highest S. 
officinalis essential oil dose (10 μL/Petri dish) significantly differed from all the other oil 
doses tested and amounted 63.16 % of dead mites. 

 
Table 3. Toxic effect of the commercial Salvia officinalis essential oil on Varroa destructor 

 
No of 

variants 

 
Doses assayed 
(μL/Petri dish) 

After 24h After 48h 
Mean 

V. destructor 
E in % 
(K=0) 

Mean 
V. destructor 

E in % 
(K=0) 

1. 0.1 1.00b 15.79 1.79b 31.58 
2. 0.5 1.00b 15.79 1.75b 31.58 
3. 1.0 1.00b 15.79 2.75ab 52.63 
4. 2.5 1.00b 15.79 2.25ab 42.11 
5. 5.0 1.50b 26.39 2.25ab 42.11
6. 10.0 3.25a 63.16 3.50a 68.42 
7. 0.0  

(Control) 
0.25b 0.00 0.25c 0.00 

  LSD0.05=1.19 
LSD0.01=1.64 

 LSD0.05=1.21 
LSD0.01=1.66 

 

 
Following 48 h of application, there were no statistically significant differences in residual 
toxicity on bees in applied S. officinalis oil doses ranging from 0.1 to 2.5 μL per Petri dish. 
The applied oil doses of 5 and 10 μL/Petri dish resulted in significantly and very 
significantly different toxicity from all other tested doses, respectively, causing 17.50 % 
and 32.50% of dead bees, respectively. Toxic effect of S. officinalis oil used in our 
experiment following 48 h of application proved to be the most prominent when 10 
μL/Petri dish was applied, which caused death of 68.42 % mites, significantly differing 
from all the other doses, while for doses ranging from 1 to 5 μL/Petri dish, mites mortality 
ranged from 42.11  to 52.63%.   

The obtained results showed that the lower oil dose of 1 ml / Petri dish caused more dead 
mites in comparison to application of oil doses of 2.5 and 5 μL/Petri dish. This may be 
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explained by the fact that for the toxic activity of an essential oil, in addition to the age of 
the plant and the part of the plant used for oil extraction and method of oil extraction used, 
the age of the relevant harmful organism, in our case Varroa destructor, also plays an 
important role (Sampson et al., 2005). The complex composition of an essential oil, effect 
of its constituents, synergistic effects and variation of the content of even minor 
constituents can all lead to significant differences in residual toxic effect of tested essential 
oil. 

If we stick to the criterion for selection of appropriate chemical for control of Varroa mite, 
as proposed by Lindberg et al., 2000 (i.e. it has to kill more than 70% of mites and less 
than 30% of bees), doses of our S. officinalis essential oil, ranging from 5 to 10 μL/Petri 
dish seem to be appropriate for further investigation on honeybees in the field conditions.  

Lethal and sublethal effects of essential oils and their individual components on honeybees 
and Varroa mites have been already presented in several previous studies. Colin (1990) 
proved good efficacy of Thymus vulgaris essential oil (major oil constituents: p-cymene 
and thymol) and Salvia officinalis oil (major oil constituents: -thujone, camphor and 
eucalyptol) on suppression of Varroa mites. Good bee tolerance to the sage oil (major oil 
contents: -thujone, camphor, -humulene, eucalyptol, caryophylene and -thujone) in 
laboratory experiment of Imdorf et al. (2006) where the bees and Varroa mites were placed 
in Liebefeld cages and treated by the air enriched with sage oil (300-500 mg/L) what 
induced 100% mortality of the mites and 10-20% of the honey bees. In the same 
investigation the authors also proved that individual oil component, camphene, influenced 
an increase in mites mortality (from 60 to 100%) but also an increase in bees mortality 
(from 20 to 40%). Ruffinengo et al., (2007) presented great bees mortality due to activity 
of individual oil component, 1.8 cineol, while Imdorf et al. (1995) used the flow of air 
through the desiccator with bees and mites which contained 50-150 g / L of individual oil 
component, camphor, succeeded to achieve Varroa mites mortality without significant 
toxicity to the bees. 

In our investigation, we have observed that following the initial toxicity of the S. officinalis 
essential oil applied in doses of 5 and 10 μL/ Petri dish, in the first 24 h the oil toxicity was 
pronounced and it was prolonged in the next 24 hours. Furhtermore, the oil activity was 
more pronounced on Varroa mites comparing to honeybees, which could the most 
probably attributed to specific composition of the S. officinalis essential oil used in our 
experiment (Table 1), particularly the monoterpene oil portion (oxigenated monoterpenes 
and monoterpene hydrocarbons).  

Biological control is a very sensitive tool to combat harmful organisms and is considered 
as a safe alternative to chemical control (Onstad and McManus, 1996). However, it also 
carries the risk and possibility to cause adverse effects to non target organisms, thus 
imposing necessity to take in consideration interactions of a number of different factors 
and to try to quantify the final outcome. Until recently, there was little or no evidence that 
biological control has adverse effects on non-target species. As a result, it was considered 
that these measures are generally safe, and not likely to have significant effects on non-
target organisms. However, as pointed out by Hovarth (1991) "the absence of proof is not a 
proof of the absence" of such effects. No-target effects can be direct (introduced biological 
agent attacks non target organisms) or indirect (through the effects on goal which is 
successfully controlled, the impact on the ecosystem, food changes, etc.). Fans of 
biological control have to accept that there are dangers and risks associated with the use of 
biological measures due to control of harmful agents and is therefore necessary to pay 
attention to the consequences of its non target impact and risk possibilities. The "impact" is 
what is actually happening when implementing biological measures, while the "risk" is a 
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priori evaluation of the possible impact of events. Therefore, the impact may be as follows: 
a high risk of minimal impact, or a low risk of enormous influence, or any combination of 
the two. In many cases, it is very difficult to evaluate a potential non-target impact or the 
risk of it. The combination of the overall risk and various potential impacts needs to be 
balanced in terms of benefits and likelihood of providing them (Cock, 2002). Therefore, 
our research conducted with the S. officinalis essential oil has been done in parallel to A. 
mellifera and V. destructor. 

 

Conclusion 
In order to overcome the consequences of using the synthetic preparations to protect 
honeybees from Varroa mites, such as the mite resistance and residues in honey and honey 
products, in the present study we have examined an alternative method with the use of 
essential oil of plant origin. In order to examine the oil toxic effects on the bees, we have 
applied the oil of S. officinalis at doses ranging from 0.1 to 10 L per Petri dish. 

The oil, applied at doses ranging from 1 to 5 L, had an acceptable toxic efficacy to A. 
mellifera (from 2.50 to 17.50 %), and a somewhat satisfactory efficacy to Varroa 
destructor (from 31.58 to 52.63%). When applied at a dose of 10 L per Petri dish, the oil 
caused toxicity to bees slightly above the eligibility threshold (32.50%), the same toxicity 
of the oil dose being more pronounced to V. destructor (68.42%). 

The results indicate that the Salvia officinalis essential oil may be promising for the 
application against V. destructor which we set for our future research goals.  
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Abstract 
Problem statement: There are many species of Helix snails, each with its own unique 
exoskeleton shape, or shell shape. Principal analysis of measurement data from snail shells 
occupied by Helix points out the importance of the description and quantification of the 
snail shells. The present paper is aimed to compare some of the formulas in the literature 
used to determine the volume of snail shape. 
Hypothesis: The methods and formulae which exist do not reflect the real shell volume (at 
least not precisely enough) but rather use the external measurement and on that basis they 
draw conclusions for the biomass and the development stage. 
Organisms: 142 species of the Turkish snail (Helix lucorum).
Approach: The purpose of this study is to improve and to offer a much better and accurate 
formula for calculations of the shell volume. 
Conclusion: Our results support the usage of the formulae, and confirm some of these 
formulas while disproving others. As a result we developed a formula which takes into 
consideration the varying shape and thickness of the shell and reflects the real shell volume 
in most of the cases. 

 Keywords: Helix lucorum, mathematical formula, snail shell  
 

Introduction  
Scientific interest in land snails may have been caused by the fact that they are quite 
numerous species which inhabit different ecological niches and occupy different levels in 
food chains on land (Dedov, 2002). The growing interest in the technology of growing 
snails, the consumption of meat and their products cause massive interest in different types 
and their sizes (Georgiev and Atanasov, 2011). The research of specific types of features of 
the snail shells is essential for morphological characteristics and the relationship between 
volume and quantity of edible part of the snail meat. A number of models have been 
developed to describe the logarithmic form of coiled snail shells, some of which were also 
used to calculate the internal volume of the hull, surface area and material of shells (Graus 
and Raup, 1972; Stone, 1997; Williams and Price, 2008). Volume of the shells is rarely 
used in research, probably because it is not easy to use linear measurements. For the first 
time Moseley (1838) developed a series of equations to calculate volume, surface area and 
center of gravity of the spiral coiled shell. He intended these formulae to be applied in 
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functional morphological studies, but the difficulty in measuring the necessary parameters 
made their use impossible. Trueman (1941) developed another set of equations based on 
simplifying assumptions. Raup and Chamberlain (1967) recognized and converted the 
more accurate inadequacies of Trueman`s equations. When used in research, capacity is 
often determined based on linear dimensions of the shell (Solem and Climo, 1985; 
McClain and Nekola, 2008), but rarely measured directly (Kemp and Bertness, 1984; 
Örstan, 2011). Internal volume of the snail shell is an important indicator because it defines 
the space available for vital activity of the snail (Örstan, 2006). Besides this the shell 
volume of the shell is related to quantity of gametes produced (Heath, 1985), as well as a 
meat quantity. 

 

Materials and methods 
To fulfill the purpose of the study 142 shell snails of the genus Helix lucorum were 
examined. The used specimens were collected in the region of Stara Zagora, Bulgaria, 
during May and June 2011. Collected snails were treated initially with 20% solution of 
NaCl by the method described by Özogul et al. (2005). Afterwards, the internal organs 
were removed, and the shells were dried (Sarma, 2006). 
To measure the volume [V (cm3)] of the shell, the method with calibrated sand (3 mm) of 
Sarma (2006) and Yamaguchi et al. (2009) was modified, according to the snail type. 
When filled with water, the shell was tightly closed with foil, ensuring the formation of a 
vacuum and was weighed on an analytical balance. The difference between the value of 
this empty shell and shell filled with distilled water presents values for the volume of the 
cavity. 
For the greatest length [GL (mm)] the distance from the dorsal part - sutures to the caudal 
part - outer lip of the shell was measured. 
For the greatest width [GW (mm)] longest distance between the two sides of the shell was 
measured. 
Height [H (mm)] distance was measured from the top - sutures to the deep pit in the center 
of the shell – umbilicus (the entire length of solumella). The width [W-mm] distance was 
measured between the two vertical sides of the shell, just above the operculum. 
Short length [SL (mm)] and width [SW (mm)] are perpendicular lines which represent the 
distance between the outer lip and inner lip of the shell. All the measurements were 
performed using a digital caliper with the accuracy of 0.1 mm (Mihaylov and Dimitrov, 
2010). 
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In theory, a different 3D objects can be generated by simply rotating plane curves. But the 
forms and shapes that occur in nature are much more complex and intrinsic which make 
them extremely unsuitable for simulation. In such a way one can think of generating the 
snail shell by rotating the logarithmic curve (spiral) around one of the coordinate axis. 
Some researches on different snail shapes point out sections which are almost spirally 
arranged. Logarithmic spiral is a plane curve and in polar coordinates ),(r  it can be 
written as 

baer   or  
a
r

b
ln1  

e = base of natural logarithms; a, b = arbitrary positive real constants. 
If )(xfy is a continuous non-negative function in the interval ],[ ba  and consider the 3D 
object V which one can get by rotating )(xfy  around Ox in the points ax and bx  
perpendicular to the Ox then the volume of V can be found by well-known formula in 
analysis:

Figure 2.  Generation of a 3D object by rotating around the axis 
 

.)()( 2 dxxfV
b

a

 

This classical approach, anyway, is quite inefficient for our purposes due to the irregularity 
of the snail shapes and the cavities inside the shells. Our approach is based on computation 
of the shell volumes using very basic measurements. 
We measure four parameters of the snail shell, namely we measure GL, GW, SL, and SW 
(in mm) (see Figure 1), and we set the volume zV  of the snail shell as: 

xSLSWxGLGWVZ

22

223
1)(  

Our mathematical model is based on calculating the volumes of two cones.  
Statistical methods. Data is reported as means ± Std.Dv. (N = number of snails), unless 
otherwise stated, and all statistical analyses were performed using STATISTICA version 
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6.0 (StatSoft Inc., 2002). Significant effects (p<0.05) were determined after applying t-test 
for dependent samples.  
 
 
Results and discussion 
 
V  indicate the results of calculations by the formula: 

 

)(
23

1 2

heightShellxwidthShellVA  

 
V  are the results of calculations of the second formula for land snails (McClain and 
Nekola, 2008):  

3
))1(((

2
2 thrhtrVB . 

The results of the calculations in both formulae are substantially different from actually 
determined volume of the shell with distiled water V (control group). Most probably these 
deviations are due to the various geometric shapes of the shell of this kind of land snail. 
To determine whether the proposed formula provides similar results with practical 
application various parameters and their replacement in the formula have to be taken in 
consideration.  

 
Table 1. Statistical parameters for the groups 

 Mean Std.Dv. N Diff. Std.Dv. t df p 
VA -4.07308 1.803816       
VZ 1.29597 1.528375 142 -5.36904 1.522663 -22.5780 40 < 0.05 
VB -4.70156 1.582109       
VZ 1.29597 1.528375 142 -5.99752 1.200752 -31.9824 40 < 0.05

 
At the end a Cluster analysis is presented (Dendogram 1). The results show that grouping a 
set of objects in such a way that objects in the VZ group (called a cluster) are more similar 
V (0.17) comparing groups VA and VB (0.13). Correlation effects can be also seen in the 
dendogram. 
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Tree Diagram for 4   Variables
Single Linkage
1-Pearson r
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VZ
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VA

 

Dendogram 1. Correlation effect 
 

When comparing the results obtained from both formulae, very close values or minor 
deviations are present.  

Conclusion 
This investigation provides practical and useful information for calculation of snail shell 
volume. This study contributes to a description of the new mathematical formula of a cone 
model which could be used to extend existing information and improve calculation of the 
internal space of the shell available for vital activity. These results could be important for 
the snail producers and researchers for improving process of cultivation of land snails.
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Abstract
The global growing tendency of lamb and mutton meat production has been emphasized. The 
fastest growing meat production industry on a global level is lamb and mutton meat 
production. Lamb meat production increase is primarily based on genetic improvement of 
sheep breeds, reproduction management and disease reduction. The new Strategy for 
Agriculture and Rural Development in Serbia from 2014 to 2024 defines goals and priorities 
for further development of agriculture. One of priority topics is the promotion of organic 
production. Organic lamb production is a great opportunity for rural regions development.  
Botanical composition analyses, as well as plants nutrition value, have shown that natural 
resources of regions in Serbia have great potentials for organic lamb production.  

Basic principles of organic production promote well adapted, autochthonous breeds. Various 
types of Zackel sheep are important genetic resources, evolutionary adapted on specific 
conditions and extreme climate. The study evaluated the value of various types of Zackel 
sheep populations in the regions where they are traditionally reared with special emphasis on 
some traits such as health status and robustness, important for organic production. Disease 
frequency analysis in different Zackel type populations has shown that gastrointestinal 
parasitic infections represent the main health problem in sheep farming. The introduction of 
veterinary medicine standards in organic sheep production is a great challenge. Considering 
that conventional prevention and medication are forbidden in organic production, veterinary 
control of parasitic infections is not satisfying. Our investigations are focused on preventive 
measure and genetic resistance/tolerance to parasitic infections of various types of Zackel 
sheep as very important for organic lamb production. 

Key words: organic sheep production, veterinary control, Zackel breed 
 

Introduction 
The global growing tendency of lamb and mutton meat production has been evidenced. Lamb 
meat production increase is primarily based on genetic improvement of sheep breeds, 
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reproduction management and disease reduction (Deblitz, 2013). Increasing interest for lamb 
meat production has positive effect on development of organic sheep production. The organic 
ovine production is dominated by three Member States: the United Kingdom (1 161 717 
heads), Italy (705 785 heads) and Spain (614 413 heads), representing together 62.7% of the 
entire EU organic herd (3.9 million heads), (EC 2013). The support to this production system 
provides scientific information that highlight differences between conventional and organic 
systems. Organic products are considered to be safer for human consumption, since organic 
production must adhere to strict regulatory measures, regarding acceptable levels of 
compounds harmful to human health such as synthetic fertilizers, pesticides, pharmaceutical 
products, or other medications. The majority of studies indicate that, in various management 
systems, feeding regimens have the greatest impact on the composition of nutritionally 
relevant components in milk and meat (Schmid et al., 2006). Animal products with a high 
content of polyunsaturated fatty acids, conjugated linolenic acid (CLA) and antioxidants, such 
as carotenoids and vitamin E, are more preferable from a nutritional standpoint. The particular 
consideration was given to examining fatty acid composition and CLA content in milk and 
meat from organic and conventional systems (Nudda et al., 2011). In many ways, these fatty 
acids are beneficial to human health, since they play an important role in protecting the 
organism from cardiovascular diseases, as well as from certain types of malignant and 
autoimmune diseases, such as lupus, rheumatoid arthritis, etc. (Connor, 2009). In recent years, 
the demand for organically produced meat has been increasing. Current studies report higher 
levels of nutritionally desirable compounds in meat from organic production systems 
compared to meat from conventional systems. Other studies have either reported no significant 
difference in composition between organic and conventional meat, or the results have been 
inconsistent. Considering that lamb is one of the most sought after animal products in the 
marketplace today, an extensive study was undertaken in Great Britain to determine if there 
were any differences in the quality of meat raised under either organic or conventional 
production systems (Angood et al., 2008). Results from this study recorded the nutritional 
quality, fatty acid composition and a sensory panel; data indicated that organic lamb had better 
eating quality than conventional lamb in terms of juiciness, flavor and overall liking, thus 
providing some evidence for the perception among consumers that organic products “taste 
better”. Differences in flavor were attributed to differences in fatty acid composition, in 
particular, the higher level of linolenic acid and total n-3 PUFA in organic meat. Bearing in 
mind that suckling lamb, raised exclusively on maternal milk from birth to slaughter, is an 
important commodity raised typically in Mediterranean areas and that it yields a high-quality 
product of great economic significance for this region, a comparison of the sensory 
characteristics of suckling lamb meat from organic and conventional production systems has 
been conducted and the data evaluated (Revilla et al., 2009). Results obtained show that the 
appearance of organic meat was more fibrous, darker, and with a lower aroma intensity than 
the conventional counterpart, but with no differences in homogeneity or juiciness. In grilled 
meat, the organic samples had less subcutaneous fat, were less marbleized, had a less fibrous 
texture and less aroma intensity, and were less juicy as well. When ranking overall consumer 
satisfaction, higher scores were given to the organically produced samples.  

The new Strategy for Agriculture and Rural Development in Serbia from 2014 to 2024 defines 
goals and priorities for further development of agriculture. One of the priority topics is the 
promotion of organic production. Organic lamb production is a great opportunity for rural 
regions development.  
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Botanical composition analyses, as well as plants nutrition value, have shown that natural 
resources of hilly-mountainous regions in Serbia have great potentials for organic lamb 
production. Grasslands in Serbia represent natural resource and great production potential in 
development and improvement of livestock production, especially in hilly-mountainous 
regions which have not been exploited to the full extent so far (Lazarevi  et al., 2010; 
Vu kovi  et al., 2010; Simi  et al., 2011).

In the field of organic farming the knowledge transfer is particularly important since this type 
of farming is an example of an innovation system (Niggli et al., 2008). The specific 
characteristics of organic production models based on the use of local resources can have a 
significant impact on promoting development of individual regions themselves. 

 

Materials and methods 
The study was performed on a total of 100 sheep (aged 12 to 18 months), on strains of 
autochthonous Zackel sheep breed (Sjenica and Lipe sheep) in regions where they are 
traditionally reared (Sjenica-Pešter plateau and in the region of Lipe village in lower Morava 
valley). Investigations were performed on the farms included in the program of conversion 
from conventional to organic meat production, according to the standards regulated by the 
Law on organic production (the Official Gazette of the Republic of Serbia 30/10). 

Health status and robustness, important for organic production, were examined by clinical and 
laboratory investigations. Body condition score (BCS) has proved to be an important practical 
tool in assessing sheep body condition. Scoring was performed in sheep using a BCS ranging 
from 1.0 to 5.0. 

Sampling of feces for parasitological tests was performed during the course of three days, in 
the morning and in the evening. The distribution of parasites in sheep was evaluated using the 
native smear coprological technique, by sedimentation and flotation methods. The degree of 
infection intensity per sheep was quantitatively established by the method of McMaster 
(modified by Zaji ek). The results were statistically processed using the program GraphPad 
Prism. 

 

Results and discussion 
Basic principles of organic production promote well adapted, autochthonous breeds. They are 
evolutionary adapted to specific conditions and have a higher tolerance to bacterial pathogens 
and viral and parasitic infections, which is very important for organic production (Karrow et 
al., 2014). Various types of Zackel sheep are valuable genetic resources (Savi  et al., 2011, 
and 2012; Savi  et al., 2013a and 2013b). Most of them are included in the process of 
conservation of animal genetic resources (Food and Agriculture Organization, FAO 2010).  

According to the preliminary results, opportunities for organic lamb production are in the 
favorable fatty acid profile and sensory characteristics obtained in some types of Zakel sheep, 
included in the process of conversion from conventional to organic meat production in 
traditional habitat.  
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Body condition score (BCS) is a simple indicator of available fat reserves used by animals in 
periods of high energy demands, stress, or suboptimal nutrition. In tested populations of 
Sjenica and Lipe sheep the average BSC was determined.  

Health control in Sjenica sheep population has shown a contagious bacterial footrot disease 
and infectious keratoconjunctivitis in summer period.  

Parasitic infections are of great significance for animal welfare and for economics. 
Economical harms due to parasitic infections in sheep include emaciation, reduced fertility 
and low milk and meat yield.  

Coprological examinations revealed various extensities and intensities of parasitic infections 
in strains of autochthonous Zackel sheep in the studied farms. Parasitic infections in the 
Sjenica sheep population were detected as follows: Trichostongylidae, Nematodirinae, 
Protostrongylidae, Trichuris spp, Anoplocephalidae and Eimeria spp. A high percent of sheep 
(60%) was simultaneously infected by three parasitic infections Trichostongylidae, 
Protostrongylidae and Anoplocephalidae, while 15% of sheep were simultaneously infected 
by four parasitic infections Trichostongylidae, Protostrongylidae, Trichuris spp and 
Anoplocephalidae. In the examined population 20% percent of sheep were simultaneously 
infected by two parasitic infections Trichostongylidae, Protostrongylidae. 

The results of testing the intensity of parasitic infection have shown the mild intensity of 
Trichostongylidae (438±304) and Trichuris spp (28±9), moderate intensity of 
Protostrongylidae (101±34), moderate (81±19) and high intensity (156±25) of 
Anoplocephalida and mild (67±32), moderate (432±154) and high intensity (640±33) of 
Nematodirinae. 

Parasitic infections in the Lipe sheep population were detected as follows: Trichostongylidae, 
Trichuris spp and Strongyloides papillosus. Analyses of extensivity of parasitic infections in 
the Lipe sheep population have shown that 70% of sheep were negative for the presence of 
parasitic infections. The results of testing the intensivity of parasitic infections have shown a 
mild intensivity of Trichostongylidae (55±46), Trichuris spp (11±3) and Strongyloides 
papillosus (41±2) infections. 

The disease frequency analysis in autochthonous Zackel types (Sjenica and Lipe sheep) has 
shown the presence of infections by parasites Trichostongylidae, Nematodirinae, 
Protostrongylidae, Trichuris spp, Anoplocephalidae and Eimeria spp., the fact that requires 
intensive treatment (Dimitrijevi  et al., 2013).  

Conclusion
From the veterinary aspect of animal health there are many problems in organizing organic 
sheep production. Considering that conventional prevention and medication are forbidden in 
organic production, veterinary control of parasitic infections is not satisfying. New methods of 
nematode control include several methods, such as biological agents, biological antihelminths 
and strategic grazing management, the methods that have not yet been efficient enough. Our 
investigations showed that, in our conditions, preventive measures and strategic grazing 
management must be focused on in the process of conversion. The selection of breed of choice 
for organic production is a very important decision. The attention in organic breeding must be 
based on BCS-traits, considering that sheep with fat score 3 are less susceptible to worm 
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infections. Genetic improvement based on genetic resistance/tolerance to parasitic infections is 
of great importance for animal health and organic lamb production. Therefore, our 
investigations are directed towards using SOD 1 as a biomarker of parasitic infections 
intensity in sheep (Dimitrijevi  et al., 2013). 
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Abstract
Serbia has favorable natural conditions for the development of livestock despite the third 
decade of recording negative trends. Autochthonous breeds are closely connected to 
geographical and cultural diversity in Serbian rural areas. Unfortunately, number of 
autochthonous breeds significantly decreased during the last 5 - 6 decades. This is the 
potential threat for further decrease in production and loss of agro-biodiversity in Serbia. 
There are 400 - 500 companies in Serbia which are involved in the breeding of rare, 
autochthonous, domestic animal breeds. According to the 2012 Agricultural Census, total 
number of cattle in the Republic of Serbia on the family farms had a share of 91.7%. In the 
last ten years, poultry and pig production is 20% of total number of pigs and 37% of poultry is 
grown on the farms of legal entities. The paper aims to point out the need for defining 
measures that should be adopted in the near future (special programs and developing legal, 
administrative and technical instruments) for preservation and support of the animal resources 
of Serbia. 

Key words: livestock, measure, rural areas  

Introduction 
There is almost no official symposium where it is not underlined that livestock production in 
Serbia is facing with obstacles, which are mainly results of insufficient attention (on all levels) 
paid to this agricultural sector (Tomi  et al., 2011; Bogdanov and Petronijevi , 2009; Subi  et 
al., 2009). In globalisation era, development and industrial growth in many countries, as well 
as prevention and control of biological catastrophes, depend on agricultural and food policy 
and economy. Responsible ministry must become ally with livestock breeders, by precise 
agricultural support measures aiming to preserve diversity of animal breeds in accordance to 
geographical diversity.  

In the last decades local animal breeds are in disappearance, which makes threat for 
decreasing or even loss of some bio-diversity in Serbia. The main reasons for this are: 

1. Loss of important genetic characteristics (general resistance, resistance to illness), which is 
caused by loss of genetic heterogeneity (specific for domestic- indigenous breeds). These 
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characteristics can be very important in genetic selection between animal breeds and 
improve quality of other breeds;   

2. Local-indigenous animal breeds (cattle, sheep, and goats) are highly adapted to the 
breeding in poor/mountainous conditions and very important for general agro-eco system 
biodiversity maintenance, by traditional pasturing in high value pastures (in hilly and 
mountainous regions).  

Rural areas description   
The Republic of Serbia has no officially defined rural areas, since harmonization with EU geo-
codes has not been done yet (NUTS1 regionalisation; Bogdanov and Stojanovi , 2006). 
OECD2 defines rural areas-regions where 15 - 50% of population and more than 50% live in 
rural areas. By the Law on Territorial Organization of the Republic of Serbia the status of the 
city is defined for 24 towns, so that all of the rest of the territory can be considered as rural 
areas in Serbia. In accordance to abovementioned classification (OECD) some municipalities 
of city of Belgrade and Niš are classified as rural, where agricultural production is performed3. 
Apart from restructuring processes in agricultural sector, EU rural development policy defines 
ecological legal acts and very diverse rural population needs (Pejanovi , 2009).  

Based on the 2012 Agricultural Census data can be distracted objective pictures on regional 
development, what will be the starting point for eligibility for implementing the regional EU 
policy support as well as defining a rural development program activities in Serbia. Based on 
the 2012 Agricultural Census in Serbia animal farming takes place in the territory of Serbia 
with a higher share in Southern Serbia - region Šumadija and Western Serbia, and Southern 
and Eastern Serbia (Chart 1. - Share of livestock production by regions, based on the 2012 
Agricultural Census in Serbia). 
 

Livestock production by regions in Serbia  
According to the 2012 Agricultural Census about 77% of total agricultural holdings are 
registered for livestock production. Livestock breeding is most dominant in the region of  
Šumadija and West Serbia and Ma va region. Leskovac municipality is the richest in the 
animal herd number. Regarding the herd size (in charts 2 - 4) the largest number of cattle, pigs 
and sheep is registered in households with 3 - 9 animals. Poultry is a dominant breed in 
Vojvodina region (45%). 

1 NUTS – Statistic nomenclature on territorial units is set of developing and harmonized statistical data on EU 
region level, which is used for socio-economical analyses.  
2 According to OECD definition there are two levels of territorial units: local and regional. OECD defines rural 
areas by the population density below and above 150 citizens/km2.  On regional level OECD reports functional 
and administrative units, depending on ratio of population living in rural area in total population in particular 
region: 

1. Regions with more than 50% of population living in rural areas - dominant rural regions;  
2. Regions with 15-50% population living in rural areas – mainly rural regions/transition regions; 
3. Regions with less than 15% population living in rural communities - predominantly urban. 

 
3 Rural areas are municipalities Barajevo, Sopot and Sur in of thecity of Belgrade and Niška Banja municipality 
of the city of Niš. 
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Chart 1. Share of livestock production by regions, based on the 2012 Agricultural Census of Serbia 
                 Source: Statistical Office of the Republic of Serbia 

 
Chart 2.  Share of milk production and fattening in total cattle population  
                 Source: Statistical Office of the Republic of Serbia 
 

Cattle breeding is the most important livestock sector in Serbia. According to the Report 
(PO12) of the Statistical Office of the Republic of Serbia, on 1/12/2013 balance, total number 
of cattle is 912,147 (Chart 2). According to 2012 Agricultural Census the biggest share of milk 
production (72.5% approx.) is organized on small households with 1 - 2 heads, while cattle 
fattening is predominant in households with 200 heads, i.e. 500 - 1000 heads. In the last 30 
years a decreasing trend in number of cattle and calf heifers was recorded. Number of 
breeding cows in Serbia, in 2012 was 155,356 (MAEP, source). Total number of cows in 
Serbia is 445,365. Observing cow’s breeding and milk production chain it can be assumed that 
88% of total number of households owns 1 - 9 heads, and that structure makes 75.8% of 
households in the north of Serbia, but almost 90% (89.9%) in the south of Serbia. Generally 
speaking households with less than 3ha, breeds one cow, but this number makes almost 25% 
of total number of cows. According to the 2012 Agricultural Census, 9.5% of animals are 
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breed on pastures. Average pasture size is about 1.1ha (little more in central and south Serbia 
than in Vojvodina). Based on Veterinary Department data in 2012 it was registered 1,414 
holdings for cattle fattening, from which 80 farms are of 500 heads capacities. Middle sized 
farms breed 100 - 499 heads and their number is 204 in Serbia (Table 1). 

Sheep breeding in Serbia has a long tradition and very significant regional component. 
According to the Report (PO12) of the Statistical Office of the Republic of Serbia, on 
1/12/2013 balance, total number of sheep is 1,616,220. Sheep breeding is organized on 
extensive pastures which are not suitable for other agricultural activities. Based on the 2012 
Agricultural Census about 24.3% of sheep is on pasturing. Sheep production is organized on 
small holdings (with 3-9 heads) and their share is 51% in total sheep number in Serbia (Chart 
3). From the total sheep number in Serbia, 79.8% is bred in the south of Serbia, while only 20-
2% is on the holdings in the north of Serbia. Sheep production is dominant in Šumadija and 
west Serbia region. Total number registered holdings for sheep fattening is 190 (Veterinary 
Department, 2012; MAEP). There are 10 farms with the capacities of 2,000-4,000 heads 
recorded, followed by 9 farms with 500 – 1,999 heads (Table 1).  

Table 1. – Number of registered facilities for livestock breeding (for fattening) 

 

Total 
registered 

facilities for 
fattening 

Capacities for fattening 

 
Other/unidentified 

for fattening 
capacities 

Cattle (number of heads)  100-499 500  
Number of registered 

facilities 1,414 204 80 1,130 

Pigs (number of heads)  10,000-19,999 20,000-50,000  
Number of registered 

facilities 959 13 17 929 

Sheep (number of heads)  500-1,999 2,000- 4,000  
Number of registered 

facilities 190 9 10 171 

Goats (number of heads)  200-500 600-1,500  
Number of registered 

facilities 24 7 5 12 

Poultry (number)  20,000-
100,000 >100,000  

Number of registered 
facilities 1,081 70 28 983 

Source: Veterinary Department (2012)

According to the Report (PO12) of the Statistical Office of the Republic of Serbia, on 
1/12/2013 balance, total number of goats in Serbia is 225,077. Goat breeding is mainly 
extensive in hilly and mountainous areas, although there are some tendencies for intensive 
production. The 2012 Agricultural Census reports about 24.8% goats on pastures. Total 
number of registered farms for goat fattening is 24 (Veterinary Department, MAEP; 2012). 
There are 5 farms with the capacity of 600 – 1,500 heads and 7 farms with the capacity of 200 
- 500 goats (Table 1).  
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Chart 3.  Structure of deployment of sheep, by herd size  
                  Source: Statistical Office of the Republic of Serbia 
 

Pig number reported in the Report (PO12) of the Statistical Office of the Republic of Serbia 
on 1/12/2013 is 3,144,207. Southern Serbia is the region where more than 53% of pigs are 
bred (Šumadija region - 34%, South and East Serbia - 19%). In Vojvodina 41% of total pig 
number is recorded and 6% are bred in Belgrade region. The most important area for pig 
production is Ma va region. Total number of breeding pigs in Serbia, in 2012, was 33,000 
(27,000 in Vojvodina and 6,000 in central and south Serbia - MAEP source). On a 01/12/2013 
date total number of fattening pigs was 2,339 thousand, which makes share of 74% in total pig 
number in Serbia. Share of sows and gilts in 2013 was 12% of total pig number. Veterinary 
Department (MAEP) registered in 2012, 959 farms for pig fattening (Table 1). There are 17 
farms with the capacities of 20,000 – 50,000 pigs in one turn. There are 13 middle sized farms 
with 10,000 – 19,999 pigs. From the total number of registered agricultural holdings in Serbia, 
90% are registered for pig production (2012 Agricultural Census). Agricultural holdings with 
less than 10ha share 92% of total pig number, with the average pig number of 3.8 (Table 2). 

Table 2. Agricultural holdings and number of animals according to agricultural land use in  2012 

 total no land 0-2 ha 2-5 ha 5-10 ha 10-20
ha

20-50
ha

50-100
ha > 100ha 

Agricultural 
holdings, No 632,062 10,763 294,421 184,936 89,930 32,675 13,102 4,382 1,853 

used 
agricultural 

land, ha 
3,360,346 - 265,026 594,681 617,060 436,843 388,858 310,255 747,623 

Cattle, No 908,990 10,95 75,565 184,844 233,318 184,070 108,824 32,409 78,965 
Pigs, No 3,403,288 200,048 585,158 755,724 677,162 387,431 229,457 122,131 446,177 

Sheep, No 1,729,278 15,334 293,104 524,355 485,729 249,87 108,674 27,524 24,971 
Poultry, No 26,27,315 7,182,671 5,957,274 4,489,861 3,106,968 1,560,153 1,230,741 822,258 2,277,389

Source: Statistical Office of the Republic of Serbia 
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According to the Report (PO12) of the Serbian Statistics Office, with the 1/12/2013 balance, 
total number of poultry in Serbia is 23,450,387. Number of farms registered for broilers 
breeding is 1,081 (Vet. Dept., 2012 - Table 1) and there are 28 farms with capacity of over 
100,000 heads. There are 70 middle capacity farms with 20,000 – 100,000 heads. Poultry 
production is characterized by the fast technology transfer. Broiler production is concentrated 
in few big installments, with modern slaughterhouses, and numerous small farms, which 
makes significant share in total production. This production, by its organization and high level 
of industrialization increase share in total production and consumation. Many small farms 
produce poultry for individual use and for selling through non registered trade chains.  

The 2012 Agricultural Census reports 673,000 beehives, in Serbia, mainly in the south part of 
Serbia (South and East Serbia - 41%, Šumadija and Central Serbia - 35%). Potentials for bee 
pastures are used only 5%, but in this sector of livestock production, increase in number of 
registered holdings, as well as in number of beehives is recorded. Total number of bee flocks 
in Serbia is 665,022.  

In total livestock production in Serbia, a cattle breeding is on the first place, which with the 
milk and meat production in 2012 shared about 43% of total value of livestock production, 
followed by the pig production (33%), poultry production (15%), goat production (7%) and 
beekeeping (1%). The data in Table 3 on the number of animals and poultry, which are 
reported on the slaughter line, observed in the total number of slaughtered animals, are 
important in terms of the level of compliance with international standards set by the slaughter 
line (Table 3).

Table 3. Number of slaughtered animals/birds and the number reported on the slaughter 

Year

Cattle Pigs Sheep Poultry 
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2011 368 153 5795 1819 1172 56 51,026 34,333 
2012 387 143 5453 1714 1108 42 46,229 35,174 
2013 318 147 5684 1483 1537 52 64,552 35,424 

 Source: Statistical Office of the Republic of Serbia 

Organic livestock production in Serbia is organized dominantly for “small” and “big” animals 
with the share of 68% of total production, beehives shares 18% and poultry 14% (Chart 5). 
Serbia has a great natural potentials and favorable climatic conditions for organic livestock 
production. This production method can assure significant profit on small farms, specific for 
Serbia (with the 2 - 4ha sizes). Table 4 shows the number of animals in the organic production 
in Serbia. 
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Table 4. Number of animals in the organic production in Serbia (January - December 2013) 

Category 
Conversion Period- 

number of livestock, poultry 
birds, beehives 

Organic status- 
number of livestock, poultry 

birds, beehives 
Total 

Large throat 
(cattle, buffaloes, 
horses, donkeys) 

481 2,972 3,453 

Small animals  
(sheep, goats, pigs) 3,473 708 4,181 

Poultry 
(chickens, geese, ducks, 
turkeys, guinea fowls) 

1,432 183 1,615 

Beehives 764 1,273 2,037 
Source: MAEP and SCCI  

Livestock production in rural areas 
Encouraging the sustainable systems of livestock production in Serbia was always a challenge 
for the representatives of science. (Jovanovi  et al., 2009; Jovanovi  et al., 2011; Savi  et al., 
2009; Todorovi  et al., 2009). In the cattle meat production in Serbia, Simmental breed is 
dominant, which had dual characteristics. Low share of fattening, of 31%-34%, which is 
organized on households of legal entities and entrepreneurs, shows dominant fragmented 
production. Rural characteristics of this production (70%) are additionally supported by the 
self-sufficiency on the farms. Genetic potentials and breeds composition, as a basis for 
livestock production, have been on the decrease for many years. Furthermore, a producer’s 
economical motivation is not on a satisfactory level as well as the meat-input prices parities. 
Low purchase price cannot cover production costs. Livestock sector is directly influenced by 
products which are consumed in the household (farm) or placed on the market through illegal 
trade channels (in 2013 about 54% of total production). Quantities of beef and veal meat in 
Serbian market are neither sufficient to cover domestic consumption nor for export. Table 3 
reports small increasing of number of cattle on slaughter line (5%) in relation to total number 
of slaughtered animals for period 2011 - 2013. Although, small increasing, it is important 
parameter for adjusting the market flows and international standards for slaughter line. 

Milk production is strategically the most important livestock sector and it is considered as an 
axle of agricultural and rural development in Serbia. This sector reports the highest value of 
primary production (300 million euro/year, 7.6% of total agricultural GDP and with its 
regional structure can significantly contribute to the increasing of rural development in the 
Republic of Serbia. Annual milk production is stable at about 1.5 billion litres (Jovanovi , S. 
et al., 2009). Milk production in Serbia implies production of raw milk in 98% of total 
production. In some quantities and some season’s parts goat and sheep milk is present on the 
market, as well as its products. Of total milk production in Serbia, 98% is the share of cow 
milk and 1.6% goes on goat milk. Goat milk production in 2012 was 24 million litres (15 
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million litres in 2011). The highest milk production is in Central Serbia (42%) and Vojvodina 
(36%). In southern parts of Serbia, despite big number of households and milking cows, 
production share is only 22% of the total milk production.  

Sheep production is important from the point of herd renewal, i.e. production of young 
animals, as a base for fattening and reproduction, revitalisation of traditional breeding systems 
in hilly-mountainous areas and biodiversity preservation. Self-sufficiency, which includes 
trade and food in sheep production was almost 97% in 2013.  

Pig production in Serbia is mainly organized on small and middle farms (41% of total number 
of farms) in breeding herd (Chart 4). In the ‘90s in pig production in Serbia a period of 
intensive breeding started and the farms were the leaders in production and supplying of 
market with the surpluses of pig meat. In the recent years about 20% of total pig number is 
bred in the households of legal entities and entrepreneurs. The number of sows and gilts is 
biggest on the farms with 3 - 19 heads (share of 22% - 27%). Typical traditional pig breeding 
is dominant in Serbia and deviates from the most EU standards (bio safety measures, animal 
welfare on farms). Pig production sector expects important reforms in the near future.  

 
Chart 4.  Structure of deployment of pigs, by herd size  
                 Source: Statistical Office of the Republic of Serbia 
 

Organic livestock is becoming more and more important although there are not official data 
on animal number with the “organic” status. Share of these animals in the total livestock 
production is still low but potentials for organic animal breeding are big, particularly in hilly-
mountainous areas (Chart 5). Specific (economic) importance in the organic livestock 
production is cattle and sheep breeding. The results of numerous studies show the big potential 
of Sjeni ko-Pester plateau natural resources in organization of sheep organic production. 
Some studies were performed speciality in organization of sustainable production of organic 
growth of lambs as a support of rural development (Savi  et al., 2013). 
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Chart 5. Share of organic livestock production in Serbia in 2012 
                 Source: Statistical Office of the Republic of Serbia 

Possibilities for development  
In the beef meat production there is recorded decreasing in the number of breeding animals, 
which leads to smaller number of fattening cows as well. Further facing with these problems 
may be expected in the near future, because increasing of the milking per cow and decreasing 
number of animals for milk production is expected. Therefore, it is necessary to establish 
specialized systems aimed for beef meat production. Beef meat export quota (under 
preferential status) for EU market is 8,880 tons/year, but only about 5% is used. There are 
potentials for beef and veal meat export on the Russian Federation market and Asian countries 
as well. Low percentage of cattle on pastures (9.5%) is the result of introduction of new 
technological solutions where milking heads are in closed systems during whole year, with 
silage-concentrated feeding and easier milk collection (milking). Previously arranged pastures 
are excluded from technological turnover and stay unused what brings bigger economical 
problem because grass is much cheaper (2 - 3 times) than any other feed for milking animals 
(ruminants in general). Pastures offer important advantages in a livestock production because 
of the possibilities of decreasing the milk production price and, for a high productive pastures, 
can reach 9,000 – 12,000 kg/ha of green mass for feed (1kg of dry matter has more than 100gr 
of digestible proteins, 3 - 70gr of sugar and 10 - 12 MJ of energy).  

Sheep meat production can be improved by increasing the herd number and improvement of 
genetic characteristics, particularly by the feed and welfare conditions which can lead to better 
fattening and higher lamb meat production. 

As goats are resistant to certain diseases the experts are pointing to a high value of goat 
cheeses. Serbia was not an important producer of goat cheeses which are well known as high 
value food, particularly for dietetic human consumption. Importance of goat breeding is 
closely connected to touristic potentials of development of national industry in the EU 
countries (France, Swiss, Italy, Belgium, Holland), so it can be important resource for rural 
development in Serbia as well. 
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Goat cheeses are prepared in the same way as bovine milk cheeses. Specificity of milk drops 
of goat milk is that they are smaller, casein crud is softer than from cow milk (or sheep). Soft 
white or hard goat cheeses are mostly present on the market today. During the recent several 
years goat cheeses imported from France, Swiss or Greece have been very popular on a 
domestic market.  

Serbian farmers are not burdened by the legal request for quality assuring, i.e. domestic 
market is for them completely opened. However, EU market puts some additional demands for 
them, so apart from harmonisation with animal welfare regulation it must be accomplished 
traceability and “from farm to fork” control system too. Currently in Serbia there is not present 
classification of carcasses in the slaughter line, therefore the payment to the farmers is not 
based on the quality of carcasses. In many cases payment is based on a net mass of the animal 
and/or on the animal's age at the time of selling (trade). Carcass classification on the slaughter 
line must be introduced in the near future. Pig meat production can be improved by the 
increasing of number of piglets per sow, and decreasing share of piglets in slaughtered 
animals. In order to achieve this goal, it is necessary to change farmer’s awareness on 
importance of fulfilling the animal welfare standards, improvement of genetic characteristics, 
animal housing and appropriate feed. This can accomplish domestic market needs with an 
export increase (particularly of traditional products such as ham, “kulen”, etc.). 

Conclusions
Agricultural policy measures do not include animal feeding nor direct producers to the 
possibility of significant use of pastures and production based on the combined animal 
feeding. For this reason significant Serbian territory under the meadows and pastures should 
be used for feed production, which is more economical and typical for local breeding areas 
(cattle, sheep, and goat breeding). Serbian farmers must be informed about animal conditions 
in stable, so it is important to educate farmers on capability to perform individual animal’s 
body conditions. If the animal’s health and body condition is not stable on a daily basis it 
could reflect on a productivity and production on the farm. One of the most important 
segments of the assessment of body condition is animal nutrition and daily feed intake. 

Traditional products, which are connected to the cultural heritage of Serbia, are typical for old 
rural population (pig breeding, beekeeping, dairy cows, sheep and goat breeding). It will be 
very important to define by the national standards and with the legal background, those 
traditional products and place them on a world market as “made in Serbia” products.  

Republic of Serbia has many regions with favourable conditions for organic livestock 
production, but it is not supported by the legal background, so the conditions and advantages 
therein are not well known. All natural, economical, cultural and other elements of 
geographical units can be considered as characteristic for rural development in Serbia. 

For the final conclusions it could be pointed out that un-competitiveness of small production 
units, unfavourable industrial structure and specialization of livestock production is followed 
by farmer’s level of education about livestock production and running business in rural areas. 
Taking into account the reduction in natural resources worldwide, the goal is to preserve 
territorial diversity and quality of the environment in the Republic of Serbia.  
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Abstract 
The Instrument of Pre-Accession Assistance – IPA was offered as an aid to the Republic of 
Croatia for implementation of required reforms within its preparation for full membership 
in the European Union. The assistance is aimed to support the set-up of a system for 
efficient management of European Union funds. The IPA program was established by the 
EU Council Regulation no. 1085/2006, which defines general principles and assistance 
framework. Detailed provisions are defined in the Regulation no. 718/2007, made up of 
five components: IPA-TAIB, IPA-CBC, IPA-RD, IPA-HRD and IPARD. Financial 
framework of the Program is determined by the Multiannual Financial Framework of the 
European Commission - MFF for each participating country in the IPA components. The 
main objective of the IPARD program is to improve the agricultural sector and its market 
efficiency according to the EU standards, to implement preparatory activities for 
incorporation of agricultural and environmental measures and the LEADER, as well as to 
develop rural economy. The IPARD program in the Republic of Croatia is carried out 
through the Measure 101 “Investments in agricultural holdings to restructure and upgrade 
to the EU standards”, Measure 103 “Investments in processing and marketing of 
agriculture and fishery products to restructure and upgrade to the EU standards”, Measure 
301 “Improvement and development of rural infrastructure”, Measure 302 “Development 
and diversification of rural economic activities” and Measure 202 “Preparation and 
implementation of local rural development strategies”. The objective of presented paper is 
to overview the usage of IPARD funds in the Republic of Croatia in the period 2010-2013. 

Key words: European Union, funds, IPARD program, Republic of Croatia  

 

Introduction 

The Republic of Croatia was officially granted a status of a candidate country for 
membership in the European Union on June 18, 2004, and thus gained the possibility to 
use pre-accession assistance in order to facilitate adjustment to EU standards and to 
prepare itself for EU membership. Pre-accession aid is a part of the European Union 
strategy, which is focused on specific needs of each candidate country within its process of 
preparing for membership in the European Union. The Republic of Croatia, as a candidate 
country for accession to the European Union, was approved the pre-accession funds for the 
PHARE, ISPA and SAPARD programs in the period of 2005-2006, as well as the IPA 
program, which was available from 2007-2013. 
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The Instrument for Pre-accession Assistance – IPA is a program of preparatory measures 
for Croatian joining to the EU in the period 2007-2013. The IPA program was established 
by the EU Council Regulation no. 1085/2006. Financial value in the stated period 2007-
2013 was 11.468 bill. €. Indicative financial framework for IPA in 2007-2012 is presented 
in theTable 1. 

 
Table 1. Indicative financial framework for IPA 2007-2012 (in mil. €) 

Multi-annual indicative 
financial framework for 

IPA in Croatia 2007 2008 2009 2010 2011 2012 Total

I. Transition Assistance 
and Institution Building 49.61 45.37 45.60 39.48 39.96 40.87 260,89 

II. Cross-border 
Cooperation 9.69 14.73 15.90 16.22 16.54 16.87 89,95 

III. Regional Development 45.05 47.60 49.70 56.80 58.20 59.35 316,70

IV. Human Resources 
Development 11.38 12.70 14.20 15.70 16.00 16.04 86,02 

V. Rural Development 25.50 25.60 25.80 26.00 26.50 27.27 156,67 
Total 141.23 146.00 151.20 154.20 157.20 160.40 910.23 

Source: European funds for Croatian projects (2009), SDURF 

The Croatian Parliament passed the Law on Ratification of the Framework Agreement 
between the Croatian Government and the European Commission on rules for cooperation 
concerning the European financial assistance for the Republic of Croatia and the 
implementation of assistance under the Instrument for Pre-Accession Assistance-IPA 
(Official Journal – OJ 10/07). The main components of the IPA program are Transition 
Assistance and Institution Building (35%), Cross-border Cooperation (7%), Regional 
Development (32%), Human Resources Development (8%) and Rural Development 
(18%). 

In the period 2007-2012, the Component 5 through IPA –IPARD program provided a total 
of 156.67 million € (Table 1). Based on the Strategy of Agriculture and Fisheries of the 
Republic of Croatia (OJ 89/02), the Ministry of Agriculture, Forestry and Water 
Management defined long-term strategic objectives, such as follows: improved 
competitiveness and efficiency of primary agricultural, forestry and fishery production, 
improved competitiveness and efficiency of processing and marketing of agricultural, 
forestry and fishery production, improved quality and hygiene standards, as well as 
standards related to environment and animal welfare, additional employment opportunities 
and income for farmers and all who live in rural areas, which shall lead to improved living 
and working conditions, achievement of sustainable rural development through optimized 
and balanced economic development, environmental protection and social cohesion. As a 
continuation of the SAPARD program and in order to fulfill all objectives within the 
national strategy, the European Commission prepared the new IPARD program - 
Agriculture and Rural Development Plan 2007-2013. The program was evaluated 
positively by the Committee for Rural Development in Brussels on December 19, 2007, 
and on February 25, 2008 it was accepted by the European Commission. The program was 
implemented through three strategic priorities with specific technical assistance. Within 
Priority 1 beneficiaries are agricultural farms (family farms, small entrepreneurs and legal 
entities) as defined by the Law on Agriculture (OJ66/01, 83/02) and registered in the 
Registry of agricultural farms that are subject toVAT. 
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Within Priority 2 there are investments for landscaping and environment (Measure 1), as 
well as preparatory activities for implementation of rural development strategies (Measure 
2). Beneficiaries within the Measure 1 are craftsmen and companies that are 100% 
privately owned and those that are up to 25% owned by the state and are in the VAT 
system. They classify as micro, small and medium enterprises as referring to the Act on 
subsidizing small enterprises (OJ29/02). Beneficiaries within the Measure 2 are local 
authorities, agricultural farms and farmers united in the Local Action Group (LAG). 
Within the Priority 3, there are investments planned for development of rural economy 
through the following measures: development of local infrastructure (unclassified roads, 
sewer systems, etc.) and support for rural tourism, construction of processing plants for 
dairy products and meat, traditional crafts, the use of renewable energy sources. 
Beneficiaries are local self-government units, municipalities and cities with population of 
up to 10.000 (Census 2001). The IPARD program funds are aimed to increase the 
competitiveness of sustainable producers by improving market efficiency and by meeting 
EU standards. This financial assistance is focused on development of rural economy, on 
increase of income and on increased employment in rural areas, by reducing at the same 
time gap between rural and urban areas”. The objective of presented paper is to overview 
the usage of IPARD funds in the Republic of Croatia in the period 2010-2013. 
 

Materials and methods 
The most of performed analyses in the paper were made on the basis of the data published 
in the statistical publications of the Croatian Bureau of Statistics, Eurostat Bruxelles, 
annual reports on agriculture published by the European Commission, as well as 
publications of the Croatian Government and the Ministry of Agriculture, Forestry and 
Water Management of the Republic of Croatia. The data were processed and analyzed by 
the methods of descriptive statistics, and presented in tables and figures. The analysis 
results were processed with the MS Office - Excel 2010. 

 

Results and discussion 
According to the Regulations on the scope and content of responsibilities and 
authorizations of entities responsible for management of the Instrument of Pre-Accession 
Assistance – IPA (OJ 34/08), the IPARD program is managed by the Directorate for Rural 
Development-Managing Authority for SAPARD /IPARD program, and carried out by the 
Paying Agency for Agriculture, Fisheries and Rural Development in Croatia. The IPARD 
Program in Croatia has been carried since beginning of 2010, for measures 101 
“Investments in agricultural holdings to restructure and upgrade to the EU standards” and 
103 “Investments in processing and marketing of agriculture and fishery products to 
restructure and upgrade to the EU standards”. Since 2011, the measures 301“Improvement 
and development of rural infrastructure” and 302 “Development and diversification of 
rural economic activities” have been implemented. Certain amount of funds (25.3 mil. €) 
from 2007 and 2008 is irreversibly lost due to the n+3rule1. Since the beginning of IPARD 
program implementation, there has been a total of 18 calls announced for measures 101, 
103, 301, 302 and 202. The overview of calls is presented in the Figure 1. 

1financial means within European Union structural funds for certain beneficiary country have limited time for 
utilization, and after that time limit, funds are returned to the European Union budget  
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Figure 1.  Number of calls announced for specific measures 
                  Source: Report on the use of pre-accession assistance programs of the European Union 
 

By the end of the reporting period, the Paying Agency for Agriculture, Fisheries and Rural 
Development in Croatia received 1.143applications in total, which requested a total of 
285.54 mil. € (Report on the use of pre-accession assistance programs of the European 
Union). Number of applications according to specific measure is shown in Figure 2. 

 

 
Figure 2. Number of applications to specific measures 
                   Source: Report on the use of pre-accession assistance programs of the European Union 
 
In reference to the Report on the use of pre-accession assistance programs of the European 
Union, the most project contracts within the Measure 101 were signed in the fruit and 
vegetables sector (85 contracts), then meat sector (27 contracts), followed by investments 
in the milk production (20 contracts) and egg production (9 contracts), and sector of 
cereals and oil seeds (6 contracts). Within the Measure 103, the most project contracts 
were signed in the fruit and vegetable sector (18 contracts), the fishery sector (13 
contracts), the meat sector (11 contracts), winemaking (7 contracts) and dairy (4 contracts). 
As of the Measure 302, the most contracted projects were referring to rural tourism sector 
(46 projects), traditional crafts and processing at agricultural farms (3 projects, 
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respectively) and one project for the sector of freshwater fishery and renewable energy 
sources, respectively. 

For the Measure 301, there were 34 contracted projects. The highest number of contracts 
was signed in the sector of sewerage and wastewater management (18 contracts), local 
unclassified roads (16 contracts). Referring to the Report on the use of pre-accession 
assistance programs of the European Union, out of the total number of contracted projects 
since the beginning of the Program period (292), the most of them were contracted for the 
County of Istria (44 projects, 15.07%) and the Osijek-Baranja County (42 projects; 
14.38%), while the least projects were contracted for the Šibenik-Knin County (1; 0.003%) 
and Krapina-Zagorje County and the City of Zagreb (3 projects, 0.01%, respectively). 

Since the beginning of IPARD implementation, Croatia has been allocated financial funds 
in the amount of 129.4mil. €. A total of 292projects were contracted in the value of 65.06 
mil. €. In the reporting period, Croatia has used 50.28% of funds from the IPARD program 
(Table 2). 

 
Table 2. Financial indicators of IPARD program implementation from 2007- 30th June 2013 (in 

mil. €) 

 101 103 301 302 501 Total 
Total allocated funds 129.4 129.4 

Total contracted funds 24.49 26.45 11.11 2.99 0.02 65.06 
Total contracted / Total 

allocated  50.28% 

Total funds received from 
EC 7.83 7.80 0.25 0.42 0 39.79* 

Total paid to beneficiaries 7.89 9.13 1.05 0.42 0 18.48 
Total paid/ Total contracted 

funds 32.22% 34.50% 9.41% 14.07% 0.00% 28.40% 

Total paid / Total allocated 
funds  14.28%

Total paid / Total allocated  30.75%
Total validated 7.83 7.80 0.25 0.42 0 39.79* 

Total validated / Total 
contracted 31.97% 29.49% 2.25% 14.07% 0.00% 25.06% 

Total validated /Total 
allocated  12.60% 

*advance payment of 23.49 mil. € included 
Source: Report on the use of pre-accession assistance programs of the European Union 
 

Presentation of the IPARD Program according to the production sectors 
If considering their objectives, the Measure 101 and Measure 103 were mostly recognized 
by potential beneficiaries of IPARD, whose primary business activity refers to animal 
husbandry. The relative portions of representation per production sectors and years for the 
Measure 101 are shown in Figure 3. 
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Figure 3. Relative portions of representation per production sectors and years for the Measure 

101, Source: Annual Report on the implementation of IPARD in Croatia
 

The figure showing a three-year representation per production sectors and years for the 
Measure 101 indicates that there were 126 applications within the sector of fruit and 
vegetables, 32 applications for dairy sector, 20 applications within the pig breeding sector, 
18 within cattle breeding sector, 11 for the poultry breeding sector and sector of cereals 
and oilseeds and 9 applications within the egg production sector (Annual Report on the 
implementation of IPARD in Croatia). The analysis by sectors for the year 2010 indicates 
that there was a greater portion of applications within the sector of animal husbandry 
(54%) if compared to 2011 and 2012 (36% and 37%, respectively). In Croatia, the sector of 
animal husbandry takes up about 36% of the total value of agricultural production, which 
reflects in a balanced trend of applications in 2011 and 2012 compared to the total value of 
livestock production in the Republic of Croatia (the ratio of the number of applications 
within the sector of animal husbandry and total value of livestock production is 1:1). 

Referring to the Annual Report on the implementation of IPARD in Croatia for the 
Measure 103, the largest portion of applications (31%) was marked in the sector of fruit 
and vegetable processing, followed by the fishery sector and meat and viticulture sector 
(Figure 4.). There were significantly less received applications in the meat processing 
sector than in the fruit and vegetable sector, but it took up larger portion in the total amount 
of grants received. The largest amount of requested grants in 2012 was in the meat sector 
(~ 45%) and in the sector of fruit and vegetables (30%). In 2010, relative portions in 
number of applications to the Measure 103 in sectors of animal husbandry were within 
milk and dairy 15%, meat 12%, and fishery 44%. In the first year of implementing the 
Measure 103, there were no applications for the fruit and vegetable sector. In 2011 and 
2012, relative portion of applications in the meat sector amounted to 24% and 27%, 
respectively, while portions in the number of applications in the milk and dairy sector 
reduced to 5% and 7%, respectively. 
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Figure 4. Relative portions of representation per production sectors and years for the Measure 103 
                  Source: Annual Report on the implementation of IPARD in Croatia 

 
IPARD program achieved much better results in its implementation than the SAPARD 
program. For example, in one call within the Measures 101and 103, there were more grants 
awarded than in the entire SAPARD program. Portion of small–scale projects within the 
Measure 101 was significantly increased, so that there was 2.75 times more contracted 
projects within the Measure 101 in comparison with the Measure 103, while within the 
SAPARD program number of contracted projects in these two measures was equal. 
Referring to the grant support, the ratio increased from 0.35:1 to 0.88:1. The project 
success rate rose from 42% in the SAPARD program to 58% in the IPARD program, and if 
excluding the Measure 301, the average project success rate is70%. 

 

Conclusion 
If considering previous experiences with the implementation of the SAPARD program, the 
Republic of Croatia was better prepared to use funds from the IPARD program. In the 
reported period the group of potential beneficiaries of the European Union funds has 
developed, project calls within specific measures were more often announced, project 
success rate within individual calls increased, and amounts of awarded grants also 
increased. Since the Republic of Croatia was awarded full membership status in the EU on 
July 1, 2013, it has become eligible to apply for grants from much wealthier European 
Union structural funds for agriculture, food industry, fishery and rural development, such 
as the European Agricultural Fund for Rural Development – EAFRD, as well as the 
European Maritime and Fisheries Fund - EMF. Within these structural funds there are 
grants awarded for development projects that contribute to promotion of European society 
and economy competitiveness and help to reduce gaps between developed and less 
developed parts of the EU. 
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Abstract  
The paper presents the analysis of dynamics and structure of the sheep systems in Bosnia 
and Herzegovina assuming that they suffered a decrease of animal and farms consistency 
in the last 6 decades. Since 1991 neither a general nor agricultural censuses were made to 
provide information about the present state of sheep farming in the country. An analysis of 
the available statistical records of agricultural trends related to the sheep sector was 
performed. In addition, a depth questionnaire by consulting national experts was performed 
in order to obtain relevant information on the spatial distribution, consistency, feeding 
management, production and environmental impact on the present structure of sheep 
production systems. A decrease in sheep number was observed over the last six decades, 
but less than in other species. Six main sheep systems in three biogeographical regions 
were identified. Differences in animal spatial distribution, production purpose and other 
characteristics of the systems indicate that the environmental and socio-economic factors 
throughout the country strongly influence the choice of breeding methods and 
management. All consulted experts indicated the lack of support for sheep systems in 
relation to agro environmental management, landscape conservation and biodiversity 
preservation. 

Key words: Bosnia and Herzegovina, sheep systems, system characteristics, trends 

Introduction 
With a centuries-long tradition sheep breeding has played a very important role in the 
livestock production in Bosnia and Herzegovina (B&H). According to official statistical 
data from the Agency of Statistics of B&H it is estimated that the total number of sheep in 
the country is around 1,005,000 heads. More detailed information on the number of sheep 
and sheep farms is unknown, especially for small private farms, because neither a general 
nor agricultural censuses have been made since 1991, which could provide a real picture of 
post-war farm structures (Karlogan-Todorovi , 2012). Before the First World War there 
were round 2,000,000 sheep; thereafter their number decreased especially during the recent 
war (1992-1995) (Alibegovi -Grbi , 2009). It is believed that overall sheep population has 
decreased by 30% after 1991 (Erbez and Rogi , 2010). 
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The lack of farm animals, especially small ruminants, led to the abandonment of grassland 
and scrubland utilised by pastoral activities. This decrease negatively affected the 
biodiversity and open surfaces became overgrown and non-usable for agricultural purposes 
(Sedi  et al., 2014). The decrease of farm animals, on the other hand, allowed the existing 
farmers to extend over more fertile land which was abandoned, losing the need to depend 
on less favoured areas. In the past all wars led to a temporary hold of transhumance 
throughout the Balkan area. Excluding the wars, a key role in the reduction of farm 
animals was the reform of agriculture law denying the use and ownership of mountain 
pastures by peasants and farmers (Kazakova and Stefanova, 2010). 

This study aims to analyse the dynamics of sheep production systems and the present state 
of sheep farming through biogeographical regions. The obtained results are expected to be 
used as starting point for assessing the relationship of sheep farming with biodiversity, 
landscape conservation and improvement of site conditions. 

 

Materials and methods 
For the purpose of this study two types of information were used. The quantitative data 
used for the trend analysis were obtained from statistical records listed in Table 1. General 
changes that occurred in the agricultural trends related to sheep production systems were 
analysed with a paired t-test (Garcia-Martinez et al., 2009) to compare differences between 
decades. Statistical analysis was performed in SAS 9.1. 

 
Table 1. Source of data for statistical analysis 

Source Reference period 
National First Release and annual reports for agriculture and livestock of 
Bosnia and Herzegovina  2005 to 2013 

Statistical Yearbook of Yugoslavia 1950 to 1991 
FAO stat online database 1950 to 2012
World Bank online database 1950 to 2012 
 

A collaborative effort was requested to a group of 8 experts for collecting information for 
the sheep systems analysis according to their representative biogeographical region (2 
Alpine; 4 Continental; 3 Mediterranean). The survey tools including a depth questionnaire 
(fact sheet), a detailed survey guideline and a geophysical map of the study area provided 
information on the sheep systems which remained after the Independence Declaration in 
1992. The questionnaire was structured in six main sections (Caballero et al., 2009). The 
first section (expert’s identification, biophysical conditions and organisation of agriculture 
land) was aimed at obtaining an overview of the analysed study area according to its 
environmental features. The second section (breeds used, breeding purpose and method, 
number of farms, number of animals, specific products, animals and land ownership) 
provided information about the scale and relevance of the addressed systems. The third 
section (annual feeding regime including feeding resources used and their yield, annual 
grazing cycle, grazing method, stocking density, herding, mobility, ownership of animals 
and facilities, grassland management) provided information about the resource base for 
feeding and management details during the grazing period. The fourth section (housing, 
technology, labour) was aimed at obtaining information about the level of innovations and 
technological advances applied in the system. The fifth section (consulting, co-operative 
aspect) provided information about the dependency of the farmers on other stakeholders. 
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The sixth section (management comparison, large scale and biodiversity aspect) was aimed 
at obtaining information about competitiveness, environmental and biodiversity impacts 
related to the management practices. The sections contained from 4 to 25 questions being 
either qualitative with multiple choice answers, or quantitative, requesting a single answer. 
Section one contained 2 qualitative and 8 quantitative variables; section two, 7 qualitative 
and 5 quantitative variables; section three, 7 quantitative and 3 qualitative variables, 
section four, 5 qualitative and 1 quantitative variable; section five, 3 qualitative and 1 
quantitative variable; section six, 24 qualitative and 1 quantitative variable. 

The systems identified by the experts have been analysed according to their location in the 
main biogeographical regions of B&H (EEA 2002a,b,c): Alpine, Continental and 
Mediterranean. 

 

Results and discussion 
The analysis of agricultural and livestock trends related to sheep production systems 
resulted in values with statistically significant differences between the averages of the 
observed decades (Table 2). 

 
Table 2. Agricultural trends in Bosnia and Herzegovina 

Variable 50s % difference between decades Total 
50-60s 60-70s 70-80s 80-90s 90-2000s 50-2000s

Sheep 1,882,585 13.6** -26.8** -11.9* -31.6** 4.5 -52.3** 
Ewes 1,216,030 18.4** -21.8** -9.4* -8.6 20.4** -41.8** 
% LU sheep/LU 
total 20.5 11.0** -16.3** -1.4 3.2 40.9** 37.4** 

TAA 2,575,344 1.7 -1.3 -1.2 -12.1 -4.7 -17.6** 
Arable land 1,692,610 -0.8 -3.8 -0.6 -27.9** -1.8 -34.9** 
Grassland 1,321,873 1.7 3.0 2.4 -17.4** -13.0** -23.3** 
% Grassland/TAA 51.3 0.1 4.2** 3.5** -2.9 -10.9** -6.2** 
% Forage 
Crops/Grassland 2.7 3.5** 4.8** 2.7** -0.1 -0.2 10.8** 

LU 
sheep/Grassland 0.26 11.0* -26.8** -12.1* -20.4** 13.6* 34.8** 

LU total/TAA 0.62 0.3 -7.9 -9.1* -43.5** 9.0* -51.1** 
Population 2,847,790 24.1** 12.7** 15.1** -16.6** 0.5 35.7** 
Agricultural 
Population 2,721,2161 NA -8.0 -6.4 -3.6 -4.9 -22.9** 

LU-Livestock unit; TAA-Total agriculture area; *P<0.05; **P<0.001 
1Average value for 60s used as base 
 
A decrease of most observed variables occurred over the last six decades. Four of the 
twelve chosen variables showed increasing trends, with increases up to 35%. An increase 
of sheep LU in proportion to LU from other farm animals (cattle, sheep, goats, horses) is 
present, yet the decrease of the total number of sheep and ewes hints to an even bigger 
decrease of LU from other farm animal species, resulting in the proportional increase of 
sheep LU in the total LU. The relationship of forage crops and LU of sheep in relation to 
available grassland increased as well (10.8 and 34.8%, respectively).The total population 
increased by 35.7%, leading to a bigger need for food supply. Agricultural population did 
not decrease significantly per decade, but the total difference has significant importance 
comparing the present state to the 60s. Various authors indicate that the socio-economic 
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changes during the past led to emigration towards central Europe and other neighbouring 
countries and partly related to this is de-ruralisation which occurred during economic crisis 
in the 90s. 

After consulting the available statistical records and literature, present sheep production 
system was analysed according to Caballero et al. (2009). Experts were able to locate the 
present sheep production systems in the corresponding biogeographical regions (Figure 2). 
Even if potential and actual area affected by sheep production systems may differ greatly, 
hot spots in the corresponding national map indicate locations where identified sheep 
systems are most concentrated. 

The Alpine biogeographical region of B&H makes 5% of Europe Alpine biogeographical 
region (EAA 2002a, b, c), and according to engi  and Cabaravdic (2005), 51% of the 
country is mountainous. In this region 70% of the total surface is cowered by forests, only 
25% is agriculture area, and up to 75% of the agriculture area is grassland. Around two 
thirds of the available agricultural area in the region is being utilised. 

Two main sheep systems were identified by the consulted experts in the Alpine region: a 
dairy (1a) and a meat (1b) dominant oriented system (Fig. 1 and Table 3). 

 

 
Figure 1. Distribution of sheep production systems in the biogeographical regions of Bosnia and     

Herzegovina (arrows highlight mobility areas of the flocks). 
 

1a - The Alpine dairy sheep system involves approximately 350,000 out of the 750,000 
animals expected to be present in this region (Table 3). Both sedentary and transhumant 
flocks are spread over various altitudes over the region. From the movements performed in 
the past, just few remained, partly because of the decreased animal number, partly due to 
the banning of transhumance starting from the ’40s to prevent diseases spreading and 
damages on winter cereals in plain areas. Remaining movements are local and the 
distances are reduced to few kilometres from the farmstead. Present movements include 
migrations from the Kupres area towards Livno County and from Vlaši  Mountain towards 
the continental area in the north of B&H. Grazing periods and the use of forage crops 
through farms in this system are provided in Figure 2. Milking of animals is performed 
after weaning of lambs, and the most common way of utilising obtained milk is conversion 
into various types of cheese labelled according to the place of origin (e.g. Vlaši ki cheese). 

1b - The Alpine meat system is rather dispersed and spatial distribution is nearly 
impossible to define, but about 40% of the sheep of the region are located in this system 
(Table 3). The feeding is adapted to the available local resources, while the low stocking 
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densities of the region allow for a large source of feedstuff during the year (Fig. 2). Flock 
sizes and breeding methods are adapted mostly to the capacities of the farmers themselves, 
with lambs being the main production output. Young animals are sold mostly during April 
and May and during the tourist season with desirable live weights of around 25 kg. Adult 
animals are mostly sold and slaughtered during the Kurban Bajram holiday whose date 
varies by year.

The Continental biogeographical region, including Prijedorsko field, Semberija, 
Posavina and Lijev e field covers around 30% of the national surface. More than 75% of 
the total surface is an agricultural area, 40% of the TAA is utilised and 25% is grassland. 

An intensive (2a) and extensive (2b), mainly meat-oriented systems, were identified by the 
consulting experts in this region (Fig. 1 and Table 3). 

2a – The Continental intensive meat system is located in the north-eastern part of B&H, 
with 100 farms, being one of the smaller systems inside the country (Table 3). A particular 
feature of this system is the breed structure which includes, except Pramenka strains, high 
productive meat breeds and crosses. The grazing period is shortened compared to other 
systems, at the same time including silage during the feeding period (Fig. 2). 

2b – The Continental extensive meat system (Table 3) is located in three main plain areas 
of the continental area of north B&H (Prijedorsko field, Semberija and Lijev e field). Due 
to being an area suitable for cereal and forage production this system has a short grazing 
period (Fig. 2), with rare to none movements either vertical or horizontal. Single farms 
extend the grazing period throughout the whole year if the climate conditions allow it. The
area in which this system is present is being used as destination for flocks from the Alpine 
region during winter (1a dairy systems). 
The Mediterranean biogeographical region in Bosnia and Herzegovina covers an area of 
approximately 10,000 km², which corresponds to 20% of total country surface. The region 
is mostly located in Herzegovina and south-west Bosnia. Less than 75% of the TAA is 
covered by agricultural area. Of the total agricultural area, less than 25% is utilized, and up 
to 75% of the TAA is cowered by grassland. 

Two main sheep systems were identified by the consulting experts in the Mediterranean 
region: a dairy (3a) and a meat (3b) dominant oriented system (Fig. 1 and Table 3). 

3a - The Mediterranean dairy system involves approximately 50% of the total 80,000 
animals expected to be present in this region (Table 3). It includes both sedentary farms 
with vertical and horizontal movements on a daily base, and transhumant farms with 
various flock sizes; during transhumance around 10% of total farms mobilize 30-40% of 
the total sheep population present in the system. Flocks during transhumance extend from 
300 up to 1,000 animals. Trans-border movements from Dalmatia towards Herzegovina 
ceased to exist after the recent independence of the former Yugoslavia countries; the 
remaining transhumant movements involve migrations from lower areas (lower 
Herzegovina) to Blidinje Park, flocks from Livno towards Cincar Mountain and flocks 
from Stolac, apljina, Ravne and Rudine are migrating towards Treskavica Mountain.

Transhumant movements in this region are a result of environmental constrains, the 
drought period forces farmers to migrate towards higher altitude levels to satisfy the 
demand of the animals for feed (Fig. 2). The production of traditional sheep cheese 
(Kupreški cheese, Livanjski cheese, ‘sir iz mješine‘) is commonly present inside this 
system. 

3b - The Mediterranean meat system (Table 3) is similar to the Alpine meat system 
dispersed throughout the region, having an epicentre in the area of Ljubinje and Stolac. 
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The harsh environmental conditions and karst topographic features resulted in smaller 
animals being better adapted to the poor feeding supply and drought period. The feeding is 
fully adapted to the environment, and grazing on scrublands and grasslands serves as the 
main source of feedstuffs for the animals (Fig. 2). In this system the smallest Pramenka 
strain is present. 

Alpine biogeographical region 

Continental Biogeographical region 

Mediterranean biogeographical region 

 
Figure 2. Feeding resources used in different sheep systems (between parenthesis the system 
identification code is indicated) according to the climate of the biogeographical regions (Walter-
Lieth climate diagrams were derived by the data of the Federal and Republic Metrological 
Institutes of B&H). 

 

Common features of the whole sheep sector, including all systems, are dominant presence 
of Pramenka breed strains, dominant adoption of continuous stocking and absence of 
rotational stocking. Regardless the biogeographical or administrative region they belong to, 
all systems receive two main types of support, namely financial, through subsidies per 
head of registered adult animal, and consulting, from various administrative bodies. 
Marketing and organisation types of support are absent in the sheep sector, on which all 
consulted experts agreed. Unions of farmers exist mainly to influence strategic planning 
and measures to be applied in the agriculture sector. Marketing, selling and distribution of 

Figure 2. Feeding resources used in different sheep systems (between parenthesis the system 
identification code is indicated) according to the climate of the biogeographical regions 
(Walter-Lieth climate diagrams were derived by the data of the Federal and Republic 
Metrological Institutes of B&H). 
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sheep products is pulverised; dairies and small household processing plants convert milk to 
various types of cheese and sell it either from the doorstep (household made) or in the 
shops and supermarket chains. Market for adult animals is secured through processing by 
traditional drying and smoking of sheep carcasses, resulting in a nationally recognised 
product whose name varies from ‘sheep stelja’, ‘sheep pastrma’ to ‘sheep dried meat’. 
Sheep systems depends heavily on labour in terms of herding during the grazing season, 
especially in cases in which the sheep breeding is a part time activity rather than the full 
time occupation of the farmer. 

The sixth section of the survey tool revealed that sheep production systems are not 
properly considered as a tool for maintaining the landscape and biodiversity. Despite the 
present rules which allow transhumance and mobility of farm animals by meeting 
particular conditions (e.g., use of lorries, renting grazing land, etc.), expectations are that 
the remaining transhumant flocks are not sufficient to prevent landscape changes and 
biodiversity loss in areas which were a common destination for pastoralists. 

 

Conclusion 
Because of the decrease in sheep number over the last six decades and the increase of 
population, an increasing demand of sheep products is present. Considering the features of 
the biogeographical regions present in the study area all collaborators pointed out that a big 
potential for the development of sheep systems exists. 

Differences in animal spatial distribution, production purpose and other characteristics of 
the present state of sheep systems indicate that the environmental and socio-economic 
factors throughout the country strongly influence the choice of breeding methods and 
management. 

The lack of support for sheep systems in relation to environment, landscape and 
biodiversity conservation, as indicated by all the consulted experts, underlines the need of 
policies to address these gaps. 
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Abstract 
Žagubica Municipality, in Eastern Serbia, is one of the most undeveloped municipalities in 
Serbia. It accounts for only 0.067% of the total GDP (Gross Domestic Product) of the 
Republic of Serbia. A large number of people migrated from this area to big cities or 
countries of the EU, mainly because of the economic underdevelopment and the lack of 
production and processing capacities. Nowadays agriculture has a major role in the 
economy of Žagubica, contributing to the total value created with 59.33%, which clearly 
speaks of its dominance, while far behind it is the manufacturing industry with 8.23% and 
commerce with 6.93%. Geographical position of the Žagubica Municipality, the Homolje 
territory, is an important natural resource of great potential, with specific characteristics of 
HNV (High Nature Value) region. Region of Homolje has a long tradition of sheep 
breeding and the quality of products has become well-known. However, depopulation of 
villages caused a decline in the production and closure of a number of processing facilities. 
The development of organic farming is one of the possible ways to revitalize the village 
and the development of this region rich in natural resources. This paper analyzes the 
strengths, weaknesses, opportunities, and threats (SWOT analysis) in the organization of 
organic sheep production in order to apply the necessary measures on the field for the 
organization of a new production system. The significant "advantages" of Žagubica 
Municipality are its herbal resources and the fact that the arable agricultural land makes 
48.5% of the municipality area (42.9% of meadows and 26% of pastures) which is a good 
basis for the organization of the production. The issue of animal genetic resources is 
particularly analyzed and discussed. Under the "possibility" the attention is focused on 
various aspects of education in this field and its significance.  

Key words: Homolje region, organic production, rural development  

Introduction  
Livestock in the Žagubica Municipality has drastically decreased with the collapse of 
cooperatives in Serbia during the nineties. This is primarily due to the loss of opportunities 
for organized purchase of animals provided by the cooperatives. Another problem was an 
unstable market and sanctions which the community faced in the years after the collapse of 
the state.  
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The problems that the country faces today regarding the employment of people force the
community to find alternative opportunities to make money. The independent production is
emphasized in all fields of economy, including agriculture and animal husbandry. Special
emphasis is placed on the production of healthy and organic food of plant and animal
origin. The Access Fund of the Republic of Serbia in the field of agriculture facilitates an
easier commencement of such production. In addition, the possibility of eventual export
and sale of products to the European Union provides a secure economic benefit to
producers and the state. 

Serbia is faced with many challenges when it comes to marketing of products. The possible
entry of Serbia into the EU would lead to reorganization of the existing production and
adjustment to the criteria required by the EU for the selected production. This is certainly
possible to achieve with a planned and systematic analysis of all steps in the production
cycle. One of the goals is to create branded products with protected geographical origin
and to encourage rural development. 

 

Materials and methods  
Analysis was done regarding all opportunities that Žagubica Municipality provides and the
threats which could hamper the organization of organic sheep production in Homolje
region. Furthermore, all resources (strengths) and weaknesses that could make the
production unprofitable were overviewed.  

SWOT analysis was performed based on the results of work in the field of organization of
organic production and data related to natural and economic potential of Žagubica
Municipality. 

 

Results and discussion 
The strength for developing sheep organic production are natural and human resources of
Žagubica Municipality. Agriculture has the major role in the economy of Žagubica
Municipality and it participates with 59.33%, which clearly speaks of its dominance.
Economic underdevelopment of Homolje resulted in the preservation of a healthy
environment and non-infringement of the natural beauty of this area. Water of Homolje
region is a versatile potential, which is of great importance for the development of organic
farming.

Flora and fauna of Homolje is particularly rich and abundant in many plant and animal
species, some of them being relict. Agricultural land covers 36,880 ha or 48.5% of the
municipality area. The agriculture land consists of 42.9% meadows, 26% pasture and
31.1% arable land. Large pastures and climatic conditions in the region of Homolje are
favorable for efficient sheep production.  

The interaction of environmental factors and genotypes of autochthonous Zackel sheep in
this region came to the forefront in the evolutionary adaptation of strains of sheep which
constitutes one of the pillars in the selection of suitable breeds for organic production
(Trailovi  R. et al., 2006; Savi  M. et al., 2011 and 2013). Svrljig type of Zackel sheep is
the most common indigenous sheep breed in the territory of Municipality of Žagubica,
based on the data registry office. Besides this sheep the Sjenica strain gradually appears, as
well as cross-breds by crossing with Merino breeds. The process of crossing with Merino,
Wuerttemberg and Ile de France breeds is in progress now in order to improve meatiness
characteristics and Romanowski breed and to increase the fertility of indigenous breed.  
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Well organized selection service provides the ability to monitor, preserve and improve the 
livestock as well as giving direct access to the manufacturer's fund of the Ministry of 
Agriculture for farming of animals and improvement of livestock. Producers have 
expressed willingness to work in sheep breeding and for continuous education about 
breeding animals and monitoring of new technologies, such as the introduction of organic 
production standards. A well-organized work of the veterinary service in the field is of 
great importance for the successful organization of organic production and implementation 
of veterinary supervision in accordance with the law of organic production.  

The number of sheep did not differ significantly in the Municipality of Žagubica in the past 
three years, based on data from the central database for flagging domestic animals, which 
are based on the commission of the programme of animal health protection measures. 
Based on these data, the number of sheep was 10228 (2011); 10279 (2012) and 10275 
(2013). This number refers only to the animals in the reproduction cycle. Homolje region 
has a long tradition in the production of sheep and dairy products, which are well known 
for quality what makes them highly competitive on the market.  

Weaknesses in organizing the organic farming, despite the availability of significant 
natural resources, still exist. The climate of this area is characterized by a variability of 
weather conditions, the summers are rather stable, with occasional drought and uneven 
rainfall, while winters are quite long and cold. There is also improper use of pastures and 
meadows, which resulted in weed growth and soil degradation.  

The Municipality of Žagubica is one of the lowest developed municipalities in Serbia. It 
accounts for only 0.067% of the total GDP (Gross Domestic Product) of the Republic of 
Serbia. Municipality of Žagubica, with other municipalities of Eastern Serbia, is 
demographically an old municipality, with an average age of population 45 years, 
indicating an unfavorable age structure of farmers. A large number of people migrated 
from the area to big cities or countries of the EU, mainly because of the poor economic 
development and lack of production and processing capacities. There is a quite small 
number of young, working-age population in the Žagubica Municipality.  

This municipality is far behind in the development of transportation infrastructure 
compared to the national average. All villages are connected by the local road network that 
is in rather poor condition. Significant processing facilities, slaughterhouses, dairies are not 
functional since the time of collapse of cooperatives in Serbia during the nineties of the last 
century.  

Long-term stagnation in technological development and the lack of farmer motivation 
joined into functional associations in cooperatives also hamper the proper product 
placement. Small possessions, as well as non updated machinery for preparing animal food 
and for milking, further complicate production. Sales of products such as milk, meat and 
wool are not organized. Nonetheless, purchasing power, low standard and poor purchasing 
habits play an important role (Živkovi , 2012) therein. 

Opportunities for sheep organic development are based on better management of natural 
resources and on farmers’ education. Geographical position of the Žagubica Municipality 
is between 44° 05'and 44° 22' north latitude and between 21° 31' and 21° 50' east 
longitude. Homolje territory looks like a rectangle, with east-southeast-west-northwest 
position, length of 35 km and width of 26 km. The border with neighbouring areas 
generally extends over the highest peaks of the mountain ranges. The length of 
Municipality of Žagubica boundaries is 136 km, of which 129 km is terrestrial and 7 km 
aquatic border (Miljkovi , 1992). The Homolje territory is an important natural resource of 
great potential, with specific characteristics of HNV (High Nature Value) region (Cooper et 
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al., 2010). The region of Homolje has a long tradition of sheep breeding and quality of
product has become well-known.  

Providing high quality, healthy and safe products of animal origin is an imperative in
favoring methods of organic production with the aim of protecting specifics and taste of
the indigenous animal products and diversification of products of animal origin. The
introduction of standardized measures in sheep breeding, preparation and processing of
animal products, the improvement of veterinary-sanitary protection in order to reduce the
risk for the hygiene of product, can contribute significantly to the turnover of standardized
and controlled animal products. 

Special emphasis should be given to the creation of distinctive regional products and their
organized participation and promotion on the market. Increasing the competitiveness can
be achieved by improving the quality of agricultural products with value added products,
such as organic products.  

Development of the organic livestock production through continuous education of farmers,
modernization of livestock production through involvement in trade of high-quality
breeding animals would increase employment of young people in the animal husbandry
and foster the sustainable rural development in the Žagubica Municipality. Timely
applications and applying for funding, scholarships and training of staff is a planned
approach to the organization and management of long-term good livestock production.
Joining of the producers would allow easier access to the development funds, the
implementation of rural development programs, strengthening regional connectivity and
cooperation.  

The threats for organizing the organic sheep production are mainly based on insufficient
and inadequate exploitation of natural resources. There is a great need for the
modernization of technology, effective production and greater market orientation, in the
Municipality of Žagubica. The current process of depopulation of rural areas leads to
insufficient exploitation of natural resources, reducing the population of sheep and leaving
pastures and meadows unused. In regard to the quality of the pastures, the major problem
is their degradation, the presence of shrub that can eventually lead to the reduction in the
area for grazing animals when their growth and spread is not controlled.  

Current production systems of livestock production in the Municipality of Žagubica
generally do not provide a cost-effective production, so it is necessary to approach their
rapid change. Solving property issues and fragmentation of possession pose a significant
threat to the organization of organic production.  

Conclusion  
Organic production provides an opportunity to foster the proper protection of animal health
and welfare and to promote maximum environmental protection.  

Education of producers, association of manufacturers and credit for production are the
engine of development of livestock production in the region. Enlarging the possessions
with the gradual construction of animal food processing facilities would lead to the
implementation of sustainable livestock production.  

Education of farmers and encouraging family farms engaged in sheep breeding to begin
with process of conversion to organic production system is one way to revitalize the
region. Production of organic products can lead to contribution of rural development and to
the promotion of a whole region.  
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Abstract
The estimation of GHG emission from domestic livestock in the Republic of Macedonia 
during the period from 2007-2012 is performed according to the IPCC Good Practice 
Guidance and Uncertainty Management in National Greenhouse Gas Inventories applying the 
Tier 1 method for calculation of emissions. This article has accepted the following gasses: 
Methane (CH4), Nitrous oxide and CO2-eq from the domestic livestock sub sector using data 
sources from the official Statistical Yearbooks of the Republic of Macedonia. According to 
available data for livestock species, distribution of total annual methane emission and 
nitrogen excretion was calculated in each planning region for the period 2007-2012. In the 
analyzed period two regions showed continuously highest (Southeast region) and lowest 
(Vardar region) CH4 emission and nitrogen excretion. In the period 2007-2012 CH4 emission 
ranged between 26.43 Gg (2007) and 23.78 Gg (2012), with the lowest value in 2012 (23.78 
Gg). Depending on the animal waste management system the highest value for nitrogen 
excretion (solid storage and drylot) was observed in 2010 (kt/N/yr). Almost similar value for 
nitrogen excretion from pasture and paddock was observed in 2007 and 2008, 9.54 and 9.53 
kt/N/yr respectively, with the lowest value for analyzed period noted in 2009 (8.82 kt/N/yr). 
In this period the highest value (3.32 kt/N/yr) for other type of AWMS was recorded in 2007. 
Separation of certain regions in the country regarding GHG emission can be clearly noted. 
Data for the period 2007-2012 show a downward trend in GHG emission. Applications of 
modern breeding technology, balanced feed as well as better feed quality in the future are the 
main objectives in order to reduce GHGs emission from this subsector. 

Key words: livestock, methane, nitrous oxide and CO2-eq

Introduction 
Livestock production can be noted as a major contributor to the environmental pollution, 
because this sector is contributing in emission of GHG in the form of CH4 from enteric 
fermentation, and CH4 and N2O from manure management and deposition of animal manures 
on pastures. According to FAO (2006) livestock contributes 18% of global GHG emissions 
although emission is highly variable in different regions. The global dairy sector contributes 
from 3.0% to 5.1% of the total anthropogenic GHG emissions (FAO, 2010). Livestock GHG 
emissions by IPCC inventory system equals to 10.8% of global emissions according to FAO 
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(2006) and this sector constitute nearly 80% of agricultural emissions. Denman et al. (2007) 
and EPA (2006) calculate values of 8 and 9.6%, respectively, of livestock’s contribution to 
global agriculture emissions. Comparing data mentioned above livestock’s contribution to 
global GHG emissions is in the range of 8 up to 10.8%. 

Greenhouse gas emissions from livestock are closely related to the number of each animal 
species and different categories inside the species. Main impact on GHG emission is from 
ruminants, especially cattle. Besides the number of animals, general factors that have their 
influence on emission levels are: size of animals, productivity level of animals, system of 
manure management, type of diet, type of production system and the climate conditions in the 
region. 

Methane emissions in the period 2003–2009 account for 12.38% of total GHG emissions in 
Macedonia. One third of emissions is generated by enteric fermentation and manure 
management, and as a consequence these emissions are directly proportional to livestock 
numbers. High amount of CH4 emissions (89%) are generated by enteric fermentation from 
domestic livestock, and these emissions have been continuously decreasing as a result of 
reduction of livestock populations. Manure management emissions account for 8% of GHGs, 
while the remaining emissions come from rice fields and the burning of residues. N2O 
emissions from the management of agricultural soils are 89%, including the use of fertilizers, 
the amount and type of manure applied, leaching, nitrogen-fixing crops and atmospheric 
deposition, while remaining emissions are generated by manure management and to a less 
significant extent, from the burning of crop residues (Zdraveva et al., 2013). 

This paper shows the greenhouse gas emissions from the livestock production sector in the 
Republic of Macedonia during the period 2007-2012. To obtain more precise information on 
GHG, emissions were calculated for each state statistical region separately in order to 
determine the influence of each region in the total annual emission.  

 

Materials and methods 
Official data from the State Statistical Office (SSO 2007, SSO 2008, SSO 2009, SSO 2010, 
SSO 2011 and SSO 2012) were used as entrance data in order to calculate GHGs emission. 
Data were processed according to the Tier 1 method (IPCC, 1997), which is actually a 
simplified method of calculation of greenhouse gas emissions. Tier 1 method includes the 
following data: number of each animal species regarding breeding category and data for 
climate conditions in the analyzed region which in turn define emission factors/coefficients. 
The application of the sophisticated Tier 2 method requires detailed information about the 
livestock sector. The study covers the main animal species in the country: cattle (dairy and 
non dairy), small ruminants (sheep and goats), pigs, poultry and horses. 

Results and discussion 

If we compare total annual CH4 emissions from enteric fermentation (Figure 1) during the 
analyzed period (2007-2012), highest emission values are present in the Southwest region. 
From total CH4 emission in the country 21% of total CH4 emissions from enteric 
fermentation in 2011 and up to 24% in 2009 belong to this region. Second region in the 
country, regarding GH4 emission is the Pelagonia region. Contribution of this region to total 
annual emissions ranges between 16% and 22% of total CH4 emissions from enteric 
fermentation. Same values (22%) were noted in both regions in 2009 and 2012. Emissions 
from other regions in the country were lower compared with Southwest and Pelagonia 
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Integral component of the whole process of digestion of plant material in ruminants is the 
formation of methane. High proportion of CH4 emission (87%) during the enteric 
fermentation is a result of the activity of the rumen and the lower part of small intestine 
(13%) (Murray et al., 1976). Animal type, age, size, quantity of feed, fodder and fodder 
intake and the lactation period have a significant impact on methane emission in animals 
(Jungbluth et al., 2001). During the manure management CH4 emissions are also present, 
although still significantly lower than emissions from enteric fermentation. Main component 
of the manure is the organic matter which under the influence of methanogenic bacteria is 
digested to methane. Methane emission calculation between different manure management 
systems is primarily based on the amount of manure (depending on the type, category and 
number of animals) as well as the fraction of manure that is anaerobically decomposed 
(connected to the climate conditions in the region) (Džabirski et al., 2008). 

Regarding CH4 emissions from enteric fermentation from different regions in the country it is 
obvious that all regions do not have an equal contribution in the overall CH4 emission from 
enteric fermentation. Differences in emission levels are connected with the climate conditions 
in each region and the level of development of agriculture. These factors are connected and 
they have influence on the development of the livestock sector and the presence of certain 
domestic animal species in the region. In Southwest and Pelagonia regions that have a higher 
contribution in CH4 the emissions from enteric fermentation come from different breeding 
categories of the same species (cattle). In the Southwest region non – dairy cattle is more 
dominant, while in the Pelagonia region the dairy cattle is dominant. There are also 
differences in species distribution throughout the country, with the number of sheep during 
the analyzed period continuously increasing in the Pelagonia region, while the number of 
animals  in the other regions only slightly increasing (East region). Poultry from the 
Southeast region is transferred to Polog and Pelagonia region and swine breeding is 
dominantly present in the East and Vardar regions.  
Variations in the number of domestic animals, unchanged breeding technology but also 
composition of the diet of animals directly affect the volume of CH4 emissions from enteric 
fermentation. CH4 emission had a decreasing tendency during the analyzed period with the 
lowest value in 2012 (23.78 Gg). Slight increasing of CH4 emission in 2011 compared to 
2010 is a result of light increase in the number of cattle in the country.   

More factors (management system, composition of manure, the type of bacteria responsible 
for manure decomposition, presence of oxygen and fluid in the manure management systems) 
significantly affect N2O production during the manure management process. High levels of 
nitrogen excretion in the Southeast region are connected with the highest number of bovine in 
this region. 

The Pelagonia region is the leading region in nitrogen excretion from dairy cattle followed by 
Southeast region. Continuously low contribution was present in the Vardar region (less than 5 
%). 

Due to highest concentration of poultry breeding in the Pelagonia and Polog regions, nitrogen 
excretion is higher in those two regions compared to other regions in the country. The East 
and Vardar regions are the leading regions in nitrogen excretion from swine AWMS. In the 
first three years of the analyzed period more than 29 % of the overall nitrogen excretion from 
horses AWMS was present in the Southeast region of the country, with the highest value 
recorded in 2009 when this region was responsible for the excretion of 44% of the overall 
nitrogen excretion from horse AWMS.  
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Highest amount of annual emission of N2O in the analyzed period was recorded in Southeast 
and Pelagonia regions. Annual emission of N2O from solid storage and drylot is mainly 
connected to number of animals and the presence of any variation has a direct influence on 
emission levels. Bovine breeding in these two regions in the country is responsible for more 
than 40% of total annual emission of N2O, with lowest values for the analyzed period 
recorded in the Vardar region.   

More than one third of total annual emission of N2O from other type of AWMS was present 
in East and Vardar regions. Main reason for the predominant emission of N2O in these two 
regions is the high concentration of poultry and swine. The dominance of the Pelagonia 
region in the total annual emission of N2O over the other regions is connected with the 
number of sheep in this region.  

Different gases have different global warming capacity, and their capacity can be defined as 
the effect of a gas on climate change. Universal standard unit of measurement by which the 
various gases can be assessed is CO2-eq.  That enables converting greenhouse gases into a 
common unit of measurement. 

Cattle, at a global level, are the largest contributor to total sector emissions covering 
approximately 65 % of total livestock sector emissions or 4.6 gigatonnes of CO2-eq. 
Depending on type of cattle production, average emissions can be between: 2.8 kg CO2-eq 
per kg of fat and protein corrected milk in dairy production and 46.2 kg CO2-eq per kg of 
carcass weight for meat production. Globally, pork production is estimated to emit 9 % of the 
livestock sector emissions or approximately about 668 million tonnes of CO2-eq. Chicken 
supply chains emit GHG emissions of 606 million tonnes of CO2-eq (Gerber, et al., 2013). 

Southeast region was the leading region in CO2-eq emission from enteric fermentation in the 
first three years of the analyzed period due to the highest number of breeding cattle in all 
categories. In the next three years the leading region in annual emission of CO2-eq from 
enteric fermentation was the Pelagonia region as a result of increased sheep number in the 
region. These two regions are responsible for more than one third of the total annual emission 
of CO2-eq from enteric fermentation in the country.  

Small ruminants at a global level represent close to 6.5% of the sector’s global emissions, or 
475 million tonnes of CO2-eq, of which 62.94% are allocated to meat production, 27.36% to 
milk production and 9.68% to other goods and services. Average emission intensity for small 
ruminant meat is 23.8 kg CO2-eq/kg, with no large differences between sheep and goat meat 
(Gerber et al., 2013). Due to highest concentration of ruminants in the Pelagonia region, as 
well as others species present in this region, first of all poultry, annual emissions of CO2-eq 
from AWMS in this region are in the range of 15% of the total annual emission of CO2-eq 
from AWMS in 2008 up to 23% in 2009.  

At country level in the analyzed period emission of CO2-eq form enteric fermentation and 
AWMS are decreasing as a result of overall reduction of livestock. 

Reduction in the formation of CH4 during the enteric fermentation can be achieved through 
the use of granular foods while improperly balanced feed and the appearance of a lack of 
protein or minerals would also result in an increased level of CH4 production. Breeding 
technology and animal waste management directly affects the amount of produced CH4 and it 
has particular impact on cattle breeding, where the formation and emission of CH4 is lower at 
fixed breeding system (using balanced diet and a higher level of grains) in respect to pasture 
breeding (Ominski and Wittenberg, 2006). 
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Conclusion 
Main influence of GHGs emission levels from livestock has the annual livestock number, 
breeding categories in each species as well as breeding technology. Separation of certain 
regions in the country regarding GHG emission can be clearly noted. Pelagonia and Southeast 
regions are connected to cattle breeding and the highest emission of GHG emission (CH4) 
from enteric fermentation is present in those two regions. Main sheep breeding regions in the 
country are East and Pelagonia regions, therefore CH4 and nitrogen excretion from this 
specific AWMS are mainly located in these regions. The Eastern and Vardar region of the 
country are main regions of nitrogen excretion from swine breeding.   

Overall GHG emission presented as CO2-eq emphasize two main regions in the country, 
Pelagonia and Southeast regions, responsible for emission of more than one third of overall 
CO2-eq emission in the country. 

Data for the period 2007-2012 show a downward trend in greenhouse gas emissions. 
Applications of modern breeding technology, balanced feed as well as better feed quality in 
the future are the main objectives in order to reduce GHGs emission from this subsector. 
Application of further more sophisticated methods for estimation of GHGs is tightly 
connected with the application of a system for integrated administration as well as with 
possession and application of sophisticated equipment. 
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Abstract
Morphological characteristics of skeletal muscles of autochthonous breeds of chickens are 
very important for meat quality and comparison with current hybrids for intensive production.  
The autochthonous breeds used in the experiment were Sombor crested and Banat naked neck, 
both sexes. For the purposes of morphological examination, tissue samples were taken from 
the thigh muscle (m. biceps femoris) and muscles of the breast (m. pectoralis profundus) of 5 
male and female animals of each breed. After a standard histological procedure for 
conventional light microscopy, samples were stained with hematoxylin - eosin. After the 
processing of the samples for the histochemical analysis, samples were stained with the 
enzyme succinate - dehydrogenase (SDH) with the aim of determining the presence of 
different muscle cell types (red, white and intermediate). Morphological parameters, in this 
study, were diameter of muscle cells, nucleocytoplasmic ratio of muscle cells, volume density 
of connective tissue within the muscle and the presence of red, white and intermediate muscle 
cell types. Comparison of diameters of muscle cells thigh and breast muscles between Sombor 
crested and Banat naked neck have showed that kind of muscle, race or gender have no 
significant effect on the differences in this parameter. There were no statistically significant 
differences in the nucleo-cytoplasmic ratio of the volume density of the connective tissue of 
muscles. Red muscle cells were, in both autochthonous breeds, significantly more represented 
in m. biceps femoris than m. pectoralis profundus. The results of this study indicate that no 
differences were observed between autochthonous breeds in morphological parameters for 
examined breast and thigh muscle. 

Key words: autochthonous breeds, morphological parameters, muscle  
 

 

Introduction 
The interest of consumers in products from alternative systems (organic, free-range) is 
increasing mainly because these systems can be environmentally friendly, sustaining animals 
in good health with high welfare standards and resulting in higher quality products (Sundrum, 
2001).  
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Alternative systems for poultry meat production could be organized by using commercial fast-
growing broiler hybrids or middle and slow-growing genotypes.  Bogosavljevi -Boškovi  et 
al. (2007) showed that there are differences in production parameters of commercial broiler 
hybrids reared in poultry house or free-range. The appropriate choice of genotype for meat 
production in free-range system is very important because final body weights are different 
according to genotype (Blagojevi  et al., 2009). In addition, different broiler genetic potential 
for growth has significant influence on production results as well as on carcass quality (Škrbi  
et al., 2013). In the process of changing commercial rearing system with a traditional one 
different autochthonous breeds have very important role for poultry meat production 
(Pavlovski et al., 2009).  Franco et al. (2013) point out that meat quality was significantly 
different between autochthonous breeds and commercial broiler hybrids. 

The aim of this study was to evaluate the morphological parameters of breast and thigh 
muscles of autochthonous breeds of chickens in free-range rearing system. 

Material and methods 
Morphological characteristics of breast and thigh muscles of autochthonous breeds of chickens 
were examined on 10 chickens (5 males and 5 females) of Banat naked neck and 10 chickens 
(5 males and 5 females) of Sombor crested housed in free-range system. Chickens were 
sacrificed at the age of 12 week. Samples of tissue were removed from the m. biceps femoris 
of the leg and the m. pectoralis profundus of the breast. The muscle tissues were initially fixed 
in a 10% buffered formalin solution, followed by a sequence of dehydration and clearing. The 
samples were then embedded in paraffin then cut into serial 5 m thick sections using a 
microtome. Histological preparations for determining diameter and nucleocytoplasmic ratio of 
muscle cells were stained with hematoxylin-eosin (H&E), while the Mallory method was used 
for showing connective tissue (Disbrey and Rack, 1970). For hystochemical analysis the 
samples of muscles, size of 1 cm 3, were taken from each bird, and after that, the samples were 
frozen by liquid nitrogen at temperature of -196 C. In laboratory, they were cut on Cryo-cut (-
20 C, sections of 10 m). These sections were fixed on microscopic plates and stained with 
standard methods for succinate-dehydrogenase (SDH) (Gerebtzoff, 1970). 

The following parameters were observed in the analysis of histological preparations of the 
muscle samples: the diameter of muscle cells, the volume density of connective tissue of 
muscle, the nucleocytoplasmic ratio of muscle cells and identification of different muscle cells 
type (red, white and intermediate). Microscopy analysis was performed using a light 
microscope Leica DMLS with a Leica DC 300 digital camera, and the software package IM 
1000 (Leica Imaging Systems Ltd, Cambridge, UK). The diameter of muscle cells was 
measured as the average of the longest lines drawn across the length and width of their cross-
sections. For stereological analyses of the volume density of connective tissue, the 
nucleocytoplasmic ratio of muscle cells and percentage of certain types of muscle fibers, 
measurements were performed using the M42 testing system described elsewhere (Weibel, 
1979; Pissinatti et al., 2003; Burity et al., 2004;  Drabekova et al., 2005).  

The statistical significance of differences obtained in measurements was determined using 
factorial ANOVA and the post hoc Tukey test for each of the parameters measured. The 
statistical significance of differences was expressed as significant at P < 0.05. Statistical 
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processing of data was carried out using the software package Statistica for Windows ver. 12.0 
(Statsoft, 2012). 

Results and discussion 
The results of our trial show that the diameter of the muscle cells in the thigh was ranged from 
48.83 m to 53.38 m (Table 1). Diameters of muscle cells in the breast observed in our 
experiment were from 50.63 m to 55.39 m. Statistical analysis showed that there was no 
statistically significant difference in the diameter of muscle cells between genotype, muscles 
and sex. 

 
Table 1. Effect of genotype, sex and muscle on the diameter of muscle cells (μm), values are means ± 

SEM 

 Banat naked neck Sombor crested 
Male Female Male Female

Breast muscle 50.63±5.04 52.32±5.80 55.39±3.63 54.88±6.29 
Thigh muscle 48.83±5.76 53.38±4.25 53.37±4.85 53.04±7.67 
Source P value 
Genotype (G) n.s. 
Sex (S) n.s 
Muscle (M) n.s 
GxSxM n.s
 
In accordance with our results of the impact of sex Mobini and Khoshoii Asadi (2013) and 
Mobini (2013a) suggests that sex did not significantly affect the difference in diameter of 
muscle fibers. But some papers show a statistically significant effect of sex on the diameter of 
muscle cells, m. pectoralis profundus, in domestic poultry (Mobini, 2013b). The results of this 
study indicate that the diameters of deep pectoral muscle in male individuals were 
significantly higher than in female ones. The comparison of our and Mobini (2013b) results 
show the difference in diameter and muscle cells. Comparing the results of these two studies 
could not be complete because in the paper of Mobini (2013b) they could not determine the 
age, genotype and poultry breeding system as the factors which have significant influence on 
muscle fiber characteristics. Branciari et al. (2009) investigated the effect of different 
genotypes and poultry rearing systems on characteristics of muscle cells. They observed three 
genotypes, slow-growing chickens (Leghorn), medium-growing (Kabir) and fast-growing 
chickens (ROSS) and found that genotype significantly affects the surface of the muscle fibers 
in m. pectoralis superficialis, m. ileotibialis lateralis and m. semimembranosus. Furthermore, 
they found that the rearing system (with respect to the conventional organic) significantly 
affects characteristics of muscle cells only at Leghorn genotype which is adapted for growing 
in organic rearing systems. 

In order to determine the dynamics of development and activity of skeletal muscle cells of 
Sombor crested and Banat naked neck chickens, in the experiment was compared nucleo-
cytoplasmic ratio of muscle cells (Table 2).  
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Table 2. Effect of genotype, sex and muscle on the nucleocytoplasmic ratio of muscle cells, values are 
means ± SEM. 

 Banat naked neck Sombor crested 
Male Female Male Female 

Breast muscle 0.015±0.002 0.016±0.003 0.014±0.005 0.014±0.002 
Thigh muscle 0.015±0.004 0.017±0.002 0.018±0.002 0.017±0.003 
Source P value 
Genotype (G) n.s 
Sex (S) n.s
Muscle (M) <0.05
GxSxM n.s 
 
The results of this study indicate that nucleocytoplasmic ratio ranged from 0.014 to 0.018 and 
that only muscle type hads significant influence on this parameter. However, Stojanovi  et al. 
(2013) show that the value of the nucleocytoplasmic ratio in ROSS broiler chicken hybrids, at 
the age of 42 days was 0.15. In the same study, it was shown that the age has a significant 
influence on this parameter. Comparing the age of individuals in our experiment we can 
conclude that the difference is a consequence of age, but we should not ignore the possibility 
that the difference is a consequence of hybrids relative to autochthonous breeds. 

The trial results of the volume density of the connective tissue in the muscle directly indicate 
the degree and the speed of development of the skeletal muscle tissue as well as the 
organization and arrangement of muscle cells in muscle bundles. Stereological analysis used 
in our study shows the percentage between the connection tissue and muscle cells. 

 
Table 3. Effect of genotype, sex and muscle on the volume density of connective tissue of muscle (%), 

values are means ± SEM 

 Banat naked neck Sombor crested 
Male Female Male Female 

Breast muscle 21.62±6.82 25.82±1.19 23.52±8.05 29.66±5.94 
Thigh muscle 27.67±4.84 20.62±4.13 19.80±6.18 22.57±5.53 
Source P value 
Genotype (G) n.s 
Sex (S) n.s
Muscle (M) n.s 
GxSxM n.s 

 

The results of our study indicate that neither the types of muscles or sex, nor genotype can 
affect the volume density of the connective tissue within muscle. Mobini (2013c), comparing 
the amount of intramuscular connective tissue of m. pectoralis profundus, found no 
differences between domestic poultry and ROSS broilers hybrids. The same author also points 
out that sex did not affect the percentage of intramuscular connective tissue. However, Mobini 
(2013c) observed significant histological differences in epimysium. The number of collagen 
connective fibers was higher in epimysium in broiler chickens compared to domestic poultry. 
The softness of the meat depends on the amount of collagen in the connective fibers 
epimysium and perimysium and in accordance with the results of the authors we can conclude 
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that the autochthonous breeds have better meat quality than commercial hybrids. In order to 
compare the volume density of connective tissue within the muscle of broiler and 
autochthonous breeds, we compared the results of our studies and the results from earlier 
research done on broiler chickens (Stojanovi  et al., 2013). The results of the study on 
autochthonous breeds show that the volume density of connective tissue was from 19.80 to 
29% while in broiler chickens average value was 17.97 % in the pectoral muscle of ROSS 308 
broiler chickens at 42 days (Stojanovi  et al., 2013). The same paper points out that with the 
increase of age of broilers there occurs reduction in volume density of the connective tissue. 
Due to the volume density in autochthonous breeds in our study it was measured in the 12th 
week of life, while the dynamics changes depending on the age were not determined, therefore 
a complete comparison is not possible. 

Examination of the percentage of different types of muscle cells which were determined on the 
basis of the activity of the succinate - dehydrogenase (SDH) enzyme, in our study, suggests 
that the type of muscle significantly affects the observed parameter. The results show that in 
the thigh muscle of both genotype the intermediate muscle cells are dominant type, followed 
by red and white muscle cells, whereas in the breast muscle in all groups dominant are the 
intermediate muscle cells, followed by white muscle cells, whereas the red-muscle cells are 
extremely minor.  

 
Table 4. Effect of genotype, sex and muscle on the muscle fiber type percentage (%), values are means 

± SEM 

  Banat naked neck Sombor crested 
  Male Female Male Female 
 
Breast muscle 

Red 0.82±0.27 1.19±1.09 0.49±0.26 1.36±0.73
White 27.05±4.46 28.35±1.42 29.88±3.25 29.75±1.37 

Intermediate 71.67±4.67 70.58±1.87 69.62±3.35 68.88±1.30 
 
Thigh muscle 

Red 23.93±2.70 20.65±2.24 24.29±1.21 24.56±4.15 
White 15.78±8.75 17.36±3.82 14.97±4.32 17.12±3.53 

Intermediate 60.24±10.11 61.98±2.11 60.74±4.27 58.32±2.20 
Source P value 
Genotype (G) n.s
Sex (S) n.s 
Muscle (M) <0.01 
GxSxM n.s 

 

Our results of the activities of the succinate - dehydrogenase enzyme are consistent with the 
results obtained in the experiments of other authors. Šija ki et al. (1986) studied the 
percentage of red, white and intermediate muscle cells in two breeds of poultry in the post-
natal period and also concluded that the skeletal muscles have all three types of cells, and that 
the red muscle cells are much more present in the leg muscle than in the breast. Uš ebrka et al. 
(1999) examined the percentage in the red, white and intermediate muscle cells in skeletal 
muscle of the partridges. It has been shown the existence of three types of muscle cells in the 
muscles of the breast and the legs. It is noted the dominance of intermediate muscle cells and 
in the breast and leg muscles, while red muscle cells were significantly more presented in the 
leg muscles compared with breast muscle. 
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Conclusion
The results from this study indicate that there are no significant differences in morphometric 
parameters of breast and thigh muscles of autochthonous breeds reared under the same 
environmental conditions. Because the morphometric characteristics significantly affect the 
quality of meat, studies like this are important to provide answers about usage of 
autochthonous breeds in alternative rearing systems. 
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Abstract 
Selenium is an important trace element in the nutrition of dairy cows because it prevents 
oxidative damages of tissue and in that way protects the animals from the incidence of 
various disorders. Addition of various levels of selenium in food leads to its increase in the 
milk what is important for postnatal calves development in which in the first weeks of life 
the milk is the only source of selenium. Into the food for dairy cows the inorganic selenium 
is added in the forms of – sodium selenite or sodium selenate (SS) or organic selenium – 
seleniium-enriched yeast (SY). Numerous studies have shown that organic selenium (SY) 
added into food for dairy cows provides better bioavailability than inorganic selenium 
(SS), hence the content of selenium in blood and milk of cows fed organic form of 
selenium is higher than in the inorganic selenium. The opinions about the effect of organic 
selenium on the activity of  seleno-enzyme glutathione peroxidase  (GPx) have not been 
reconciled yet. Adding selenium into food for dairy cows has no effect on the quantity of 
produced milk nor on the milk composition (proteins, fats and lactose). Selenium reduces 
the number of somatic cells in milk and in that way prevents the occurrence of the disease 
of mammary gland.

Key words: blood, dairy cows, milk, selenium 
 

Introduction 
Selenium is an essential element in the nutrition of diary cows. It reduces oxidative and 
metabolic stress, has immunostimulative effect, affects the muscular and neuromuscular 
functions and it is also important for physiological reproductive processes most notably it 
significantly reduces the incidence of retained placenta in dairy cows after the parturition 
(Jovanovi  et al., 2013). Colostrum and milk are good sources of selenium for calves in the 
first weeks of life.  

Numerous regions in Europe, including Serbia, are poor or very poor in selenium (Thorn et 
al., 1978; Froslie et al., 1980; Maksimovi  et al., 1991; Mihailovi  et al. 1996; Jovanovi  et 
al., 1998). Concentration of selenium in cereals and forage feeds from these regions is low 
or very low. In order to ensure adequate levels of selenium for dairy cows the National 
Research Council (NRC, 2001) has recommended that the food for dairy cows should 
contain from 0.1-0.3 mg Se/kg DM, depending on the physiological state and the age of 
animal. However, the form of selenium supplement is not determined – whether it shoul be 
the organic or inorganic. Many authors (Weiss and Hogan, 2005; Slavik et al., 2008; Ran 
et al., 2010) established that adding the organic selenium into food for dairy cows leads to 
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higher increase of selenium in blood and milk in relation to the same levels of inorganic 
selenium. However, the same levels of  different forms of selenium lead to no significant 
differences in the activity of serum selenoenzyme glutathione peroxidase (GPx3) (Enjalbert 
et al., 1999; Ran et al., 2010).  

Concentration of selenium in serum and whole blood can be used as an indicator of the 
selenium status so that the increase of its concentration in these body fluids leads to the 
enhanced function of neutrophiles, decrease in the number of somatic cells and the 
occurrence of mastitis (Weiss et al., 1990; Cebra et al., 2003; Ibeagha et al., 2009).  

The content of selenium in colostrum on the first day postpartum is considerably higher in 
cows which received selenium supplemented food in relation to the individuals that 
received no such food. However, the content of selenium in colostrum on the third day is 
considerably lower both in treated and untreated animals taking into account that in cows 
that received SY the concentration of selenium was 37% lower, in animals treated with SS 
by 67%, and in cows that received no selenium by 32%. The fall in the concentration of 
selenium in all trial animals in colostrum on the third day is associated with the transition 
of colostrum into milk and greater binding of selenium into compounds with the milk 
proteins (Debski et al., 1987). Adding the selenium into food for dairy cows (SS or SY) 
leads to no significant increase of the quantity of milk, content of proteins and lactose, but 
the percent of milk fat was higher in the individuals that received SY than SS (Carlos et al., 
2014). 

 

Biological availability of selenium 
Selenium is used for different physiological and metabolical processes in the organism in 
which the part of selenium is being transformed in various metabolic forms necessary for 
developing many physiological processes. One part of dietary selenium is being lost by 
respiratory, urinary and faecal path. A remaining part of selenium can be incorporated 
specific proteins and numerous other proteins of small molecular mass. The mostly of 
selenium in Se-yeast products is in the form of selenomethionine. No evidence exists that 
mammalian cells can differentiate selenomethionine from methionine during protein 
synthesis. However, absorption of selenomethionine from the intestine can result in 
incorporation of Se during protein synthesis into any protein that contains methionine. 
When inorganic selenium is fed, the Se is more likely to be associated with seleno-specific 
proteins (Weiss and Hogan, 2005). Resorption of selenium from food, organic or inorganic 
is about 70%, but it can vary considerably depending on the source of selenium. However, 
total quantity of resorbed selenium is not physiologicaly available because one part is 
being lost through lungs whilst the remaining part is transformed into selenium compounds 
– polypeptide and  proteins of which only selenoenzyme GPx has certain physiological 
function.  

Biological availability of selenium depends on numerous physiological and metabolic 
processes.There are many different  procedures for determination of biological availability 
of selenium, however different values have been obtained for the same selenium source, 
using different methods. It is assumed that the established differences are consequences of 
different efficacy and utilisation of selenium for certain physiological processes in 
different kinds of animals and animal species. However, it was determined in many studies 
that seleno-aminoacids and selenium in plants have good bioavailability while inorganic 
forms of selenium have lower bioavailability (Mihailovi , 1996). 
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Absorption of different sources of selenium 
Mechanisms of digestive absorption of inorganic and organic selenium are completely 
separate, therefore the factors which reduce the absorption of inorganic selenium little 
affect the organic form (Weiss, 2005). Intestinal resorption of selenium is considerably 
higher in monogastric animals than in ruminants (Cousins and Cairney, 1961). Selenite 
(SeO3) and selenomethionine cannot be resorbed from the sheep rumen and pig stomach 
(Wright and Bell, 1966). 

Ruminal metabolism and intestinal absorption of inorganic and organic selenium is 
different. In ruminants the selenates (SeO4) are being reduced to selenites (SeO3) in rumen, 
although certain quantity of selenates passes through rumen and is being resorbed in small 
intestines. A part of intaken selenites in rumen is transformed into small insoluble 
molecules of selenium which cannot be used by the animal. A part of selenites in rumen is 
used for the synthesis of seleno-aminoacids, mostly selenocysteines, which are being 
incorporated into microbial proteins. Because it is very difficult to determine the quantity 
of various selenium components, their distribution from ruminal contents is limited (Weiss, 
2005).  

Of total quantity of selenites added into food, 30 to 40% is being transformed into 
insoluble forms, 10 to 15% is incorporated into microbial proteins and 40 to 60% remains 
in the form of selenites (Serra et al., 1994). When the animals are fed diets containing the 
organic selenium a considerably higher percent of selenium in the form of seleno-
aminoacids (mostly seleno-methionine) reaches the intestinal tract in comparison to the 
animals fed inorganic selenium. 

 

Concentration of selenium in blood and serum 
Concentration of selenium in blood depends on the level, form (organic or inorganic 
selenium) and on the time of consuming the food supplemented by selenium. Ran et al. 
(2010) determined a considerably higher levels of selenium in blood of cows fed organic or 
inorganic selenium, than in the individuals that received no selenium in their food (control 
group). The authors also report that in cows fed organic selenium (SY), on 60th, 75th and 
90th day after calving the concentration of selenium in blood was higher 10, 11 and 14% in 
comparison to the individuals fed inorganic selenium (SS). Similarly to previous reports, 
Slavik et al. (2008) determined the highest concentration of selenium in the blood of cows 
fed diets supplemented by organic selenium (SY group 93.0 μg/L; SS group 68.0 μg/L; 
group that received no selenium in food 35,1 μg/L). Ortman and Pehrson (1999) report that 
dairy cows fed diets containing 0.1-0.12 mg Se/kg food (organic or inorganic) had 65%, 
that is, 35% higher levels of selenium in blood than individuals that received no selenium. 
Research conducted by Weiss and Hogan (2005) also suggest that in dairy cows fed the 
same levels of organic and inorganic selenium (0.3 mg/kg food) on the 28th day after 
calving the concentration of selenium in blood serum differed significantly. In the 
individuals fed organic selenium the concentration of selenium in blood serum was 0.074 
mg/L, and in the individuals fed inorganic selenium 0.054 mg/L. In addition, higher levels 
of selenium in blood serum were determined on the third day after birth in calves whose 
dams were fed organic selenium in relation to calves whose dams received inorganic 
selenium. The values of selenium concentration in calves serum were 0.062, that is, 0.042 
mg/L. Gunter et al. (2003) also determined 1.85 times higher concentration of selenium in 
blood of calves whose dams were fed organic selenium in relation to calves whose dams 
were fed with inorganic selenium. The limit of selenium deficiency in cows is 0.056 mg/L 
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selenium concentration in whole blood and 0.02 mg/L selenium concentration in blood 
plasma (Mihailovi , 1996).  

 

The activity of glutathione peroxidase (GPx) in blood and plasma  
Its biological role selenium performs through enzyme of glutathione peroxidase (GPx), 
which in its active place contains selenium in the form of selenocysteine. The activity of 
this enzyme increases in plasma with the increase of its level in food what indicates its 
biological availability (Mihailovi  et al., 1991), although only at low levels of selenium. 
Becuase of that the determination of GPx3 in plasma is used as an appropriate method to 
determine the nutritive status of selenium. The activity of GPx3 in blood plasma is 
numerically higher during feeding the dairy cows with organic selenium what has been 
confirmed in many studies, although only in two studies the statistically significant 
differences were established (Weiss, 2005). The research by Knowles et al. (1999) 
suggests that there are no differences in the activity of GPx in cows whose ration was 
supplemented by 4 mg daily organic or inorganic selenium. However, the author reports 
that by administering 2 mg selenium daily the activity of selenoenzyme was 50% higher 
when the organic selenium was added into food. The research regarding the activity of 
GPx in calves plasma whose dams were fed organic or inorganic selenium are also not 
reconciled. Gunter et al. (2003) state that the activity of GPx in the plasma of calves whose 
dams were fed organic selenium was 75% higher than the activity of enzyme of calves 
delivered by the dams treated by inorganic selenium. However, Awadeh et al. (1998) found 
out that administration of organic selenium to dairy cows did not have any additional effect 
on increased activity of GPx in their calves, compared to those fed inorganic selenium. Ran 
et al. (2010) found out that both inorganic and organic selenium can lead to significant 
increase of  erythrocyte GPx1 in dairy cows in relation to the individuals receiving no 
selenium (control group). However,  the same authors did not determine significant 
differences in the activity of erythrocyte GPx between treated groups what is in harmony 
with the research of Weiss (2003). Moreover, Ortman and Pehrson (1999) report the 
increase of the activity of GPx1 erythrocytes in all treated groups and that the activity of 
this enzyme reached plateau on 75th day after the beginning of administration. Awadeh et 
al. (1998) report that only small quantities of administered selenium are associated with the 
activity of GPx serum. The lack of the effect of administering the selenium on GPx3 serum 
suggests that maximal activity of enzyme is obtained at adequate status of selenium 
(Todorovi  et al., 1999).  

 

Content of selenium in colostrum and milk 
 Dairy cows fed organic selenium have higher concentrations of selenium in all tissues in 
relation to the cows fed inorganic selenium, the greatest portion of it being incorporated 
into the proteins as selenomethionine. The increase of selenium body reserves is very 
important for calves as well. Calves generating from dams fed organic selenium have 
higher concentration of selenium in tissues and higher GPx activity than calves produced 
by cows which received inorganic selenium in their food. Moreover, the colostrum of cows 
fed SY contains higher levels of selenium than the colostrum of cows fed SS (Weiss, 
2005). Weiss and Hogan (2005) determined that in both groups of cows fed 0.3 mg Se/kg 
feed SY or SS, the concentration of selenium in colostrum was 3.8 times higher than in 
milk. The authors also state that the concentration of selenium in colostrum is considerably 
higher in cows fed SY than in cows fed SS. Ran et al. (2010) established that the cows fed 
diets supplemented by organic selenium (5 mg daily) had on 60th, 70th and 90th day after 
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calving 43, 39 and 53% higher concentration of selenium in milk than cows fed with SS. 
Organic selenium is much more efficient than inorganic one at increasing the selenium 
concentrations in milk what is the result of its better bioavailability (Ortman and Pehrson, 
1999; Ceballos et al., 2009). In line with previous reports Phipps et al. (2008) established 
that when supplementing food for dairy cows with 0.16 mg/kg SS and 0.30 mg/kg SY and 
0.45 mg/kg SY, the highest values of selenium in milk were found in the milk of cows 
which received the highest levels of organic selenium. 

Better transfer of selenium of organic origin into milk can be explained by higher level of 
methionine in milk which is about two times higher than in blood plasma. Hence the 
selenomethionine from SY is being easily incorporated into the milk proteins (Weiss, 
2005). Concentration of selenium in milk increases lineary at adding SY into cows ration. 
However, at adding SS its concentration does not change significantly. Nutrition of dairy 
cows fed rations supplemented by SY for the last 60 days of gestation has a positive effect 
on the calves health (Weiss, 2005). Addition of organic or inorganic selenium into the 
dairy cows ration leads to no increased production of milk, increased level of lactose and 
proteins but it leads to the increase in the percent of milk fat (Wang et al., 2009). The 
individuals into whose food was added  organic or inorganic selenium had 4.15, that is, 
3.96% milk fat. This increase can be associated with reduced number of somatic cells 
(SCC) and lower percent of the incidence of mastitis what can affect the milk quality as 
well (Carlos et al., 2014). The influence of selenium on the composition of fatty acids in 
milk was studied by Ran et al. (2010). These authors report that in cows treated with SY 
and SS there occurred the increase only in C16:1 fatty acid which is formed under the 
influence of enzyme delta-9 desaturase in mammary gland. C18:1 fatty acid is produced 
also under the influence of the same enzyme but its higher concentration has not been 
determined. The opinion that the activity of mentioned enzyme can be increased at adding 
selenium into cows rations is not fully justified. The same authors established a significant 
increase of polyunsaturated fatty acids (PUFA) and linoleic acid (cis-9, cis-12) in milk fats 
during the treatment of cows with organic selenium. However, saturated fatty acids (SFA) 
had a tendency to decrease. Cabré et al. (1992) reported that there existed a positive 
correlation between the selenium concentration in serum and the percent of essential fatty 
acids and PUFA what is combined with antioxidative action of selenium. However, the 
authors Ran et al. (2010) report that their result are not complete and that it is necessary to 
continue the research. 

The concentration of selenium in milk depends also on a physiological state of the animal. 
In early lactation the concentration of selenium is lower than in later stages of lactation 
what can be explained by the effect of dilution (Wichtel et al., 2004). The studies on 
distribution of selenium into different milk fractions showed that the highest concentration 
of selenium is in whey and the lowest in milk fats (Mu iz-Naveiro et al., 2005a). However, 
in their subsequent researh these authors (Mu iz-Naveiro et al., 2005b) report that adding 
of organic or inorganic selenium into food for dairy cows results in its increase in milk but 
the quantity in separate milk fractions (whey, casein and fat) does not differ.   

 

Conclusion 
Decades long research on physiological role of selenium has not given any complete 
explanations yet. Besides the fact that it is difficult to define bioavailability of inorganic 
and organic selenium in dairy cows many authors state that it is more profitable to use 
organic selenium in cows nutrition than the inorganic selenium. There are several reasons 
for that: 20-30% higher bioavailability and reduced toxicity, higher body reserves of 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

548

selenium, considerably increased concentration of selenium in milk what is good for 
human health, increased concentration of selenium in colostrum what is important for the 
calf health state, antagonists do not significantly decrease the absorption of organic 
selenium.  
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Abstract  
Caseins, lacto-albumin, and lacto-globulin are major milk proteins. These globular proteins 
could be significant indicators of the milk and dairy products origin. Knowing that caseins, 
lacto-albumins and lacto-globulins vary in molecular weight and concentration in different 
types of milk, this fluctuation can be used for determination of milk origin. The aim of this 
study was to develop an appropriate method for distinction of milk proteins from different 
origin. Twelve samples of milk, white cheese, yellow cheese and whey cheese from cow, 
sheep and goat were obtained and studied. The protein separation was made using SDS-
PAGE. SDS is an anionic detergent that breaks all inter and intramolecular bonds and leaves 
the polypeptide subunits of proteins in forms that can be separated on the basis of their 
molecular weight. Polyacrylamide gels, used as support medium, restrain larger molecules 
from migrating as fast as smaller molecules. In order to optimize the conditions of the 
experiment, some of the parameters were modified (polyacrilamide concentration from 10-
15% according to the molecules size, duration of electrophoresis, quantity of applied material, 
sonification treatment of the different samples). Bovine milk proteins standards were used for 
the determination of the proteins. The results have shown differences, as well as other 
fractions that can be used for identification of the origin. In yellow and white cheese the 
differences among the samples from different origins appear in lacto-albumin fractions and 
some digested fractions below the caseins. The main differences in whey cheese samples were 
identified in casein fractions. The milk samples showed differences in upper fractions, 
probably serum albumins that remained in the milk samples.  

Key words: dairy products, milk proteins, origin, SDS-PAGE 
 

Introduction 
The detection of milk species is important in cheese producing branch, especially in those 
made from one pure species and with protected designation of origin (PDO) (Bottero at al., 
2002). Different analytical approaches have been applied for identification purposes, such as: 
immunological, chromatographic, PCR mass spectrometry and electrophoresis (Zachar at al., 
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2011). Usually, capillary electrophoresis and isoelectric focusing were used as reference 
methods according to the Commission Regulation EC No 273/2008). On the other hand, zonal 
electrophoresis could be a good choice because of the low expenses and availability of the 
technique for wider range of laboratories, especially for internal control. Furthermore, the 
results from SDS PAGE can serve as a basis for 2D electrophoresis and eventual development 
of antibodies for ELISA testing of adulteration.  

Electrophoresis is a commonly used technique in many scientific fields, where charged 
molecules are separated by using an electrical field. Molecules have different migration rates 
depending on their total charge, size and conformation. The separation of particles during 
electrophoresis depends on the following factors: the sample, the electric field, medium and 
buffer (Palashevski and al., 2001).  

The mobility or rate of migration, of a molecule increases by increased applied voltage and 
increased net molecule charge. Conversely, the mobility of a molecule decreases with 
increased molecular friction, or resistance to flow through the viscous medium, caused by 
molecular size and shape, total actual movement of the molecules increases with increased 
time (AES, 2003).

Most electrophoretic systems use an equal and constant voltage on all of the cross-sectional 
areas of different matrices employed in the electrophoretic separation. These electric fields are 
best defined in terms of volts per linear centimeter. However, according to the Ohm’s law 
voltage is function of current and resistance. The resistance of the system is important because 
it will determine the amount of heat generated during electrophoresis. The “smiling” pattern 
often seen on slab gel electrophoresis is the result of non-uniform heating of the gel ((Bottero 
at al., 2002). 

Because many biological compounds have charges and ionisable groups, electrophoresis is 
frequently utilized in biochemical research, as a tool for separation of the complex biological 
molecules such as proteins, nucleic acids, peptides (Gersten, 1996). 

For separation of proteins, polyacrylamide electrophoresis (PAGE) is commonly used.  
Sodium dodecyl sulfate (SDS) - an anionic detergent is applied to protein sample to linearize 
proteins and to impart a negative charge to linearized proteins, and proteins are separated only 
by length of their polypeptide chains (Palashevski at al., 2001).  

Gels are formed as acrylamide monomer polymerizes into long chains that are linked together 
by big molecules (N,N’-methylenebisacrylamide). In order that polymerization can start, 
ammonium persulfate (APS) and N,N,N’,N’- tetramethylethylenediamine (TEMED) are added 
to form the free radicals. TEMED accelerates the decomposition of persulfate molecules into 
sulfate free radicals and these, in turn, initiate the polymerization. This study reports 
optimization of the conditions for identification of the origin of milk and dairy products with 
SDS-PAGE (AES, 2003). 

Milk is a complex biological emulsion produced by the mammals whose composition makes it 
an important source of nutrients and a protector of the immune system. The major milk 
components are water, lactose, fats, proteins, minerals, vitamins, etc. (Barlowska at al., 2007). 
The total protein content of milk is composed of different specific proteins. The primary group 
of milk proteins are the caseins (distinct molecules but similar in structure) which are highly 
digestible in the intestine and represent high quality source of amino acids (Jensen, 1995). All 
other proteins found in milk are grouped together under the name of whey molecules. The 
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major whey proteins are -lactoglobulin and -lactoalbumin. Other whey proteins are the 
immunoglobulins and serum albumin (Hurley at al., 2010).   

Authentication of milk and milk derived products is important because fraudulent 
incorporation of non-declared kind of milk during technological processing can later cause 
problems for reasons related to intolerance or allergy, ethical objections and legal 
requirements (Zuchar at al., 2011). 

Materials and methods 
As an initial material we used cow, sheep and goat milk, and derived whey cheese, white 
cheese and yellow cheese. Bovine -casein,  casein, -casein and -lactoalbumin were used 
as standards.  

Sample preparation. The samples were prepared using 200 mg of each dairy product 
separately, immersed in 0.4 mL of distilled water. Then, the samples were homogenized using  
vortex for 10 min at 2500 min-1. Afterwards, the samples were treated with ultrasonic 
homogenizer 3 minutes at 4 watts, and finally centrifuged for 15 minutes at 5000g. The 
separated supernatant in amount of 100 μL was further mixed with 200 μL reducing buffer 2x. 
Then these mixtures were heated 3 min, at 99 , for denaturing of the proteins. The milk was 
prepared using 10 μL 2x reducing buffer which is added to 10 μL milk. Then the mixture was 
heated for 3 min, at 99  and the samples stored in a freezer. 

Gel preparation. The gel used for electrophoresis was divided into an upper stacking gel with 
lower concentration and lower resolving gel with smaller pores. The stacking gel has a role to 
deposit the proteins at the top of the resolving gel as a narrow band. In the electrophoretic set 
the two gels can be cast. For preparation of two resolving gels, the needed reagents are listed 
in Table 1 (Macdonald, 2011).  

For preparation of 3% stacking gel we used 4.8 mL dH2O, 1.8 mL 4X Upper TRIS, 0.9 mL 
protogel, 15 μL TEMED, and 60 μL APS, and for preparation of SDS- PAGE reagents, the 
needed components are given in Table 2 (Jensen, 1995). 

The electrophoresis was done under the following conditions: voltage of 100 -150 V, duration 
of 1h – 2 h, staining of 1.5 hour, and overnight distaining. The analysis of the gels was done 
with Gene Tools software using G-box device. 

 
Table 1. SDS-PAGE Gel Formulae for resolving gel 

Reagents(mL) 12.5% gel 15% gel 
dH2O 6.6 4.8 

4X Lower TRIS 5.1 5.1 
Protogel 8.7 10 
TEMED 30μL 30μL 
10% APS 80μL 80μL 
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Table 2. SDS-PAGE reagents 

4x Lower TRIS pH 8.8 4x Upper TRIS pH 6.8 Running buffer(10X) 
Tris BASE  18.17 g Tris BASE 6.06 g Tris BASE 60 g
10% SDS 4.0 mL 10% SDS 4.0 mL Glycine 288 g

q.s. with H2O to 100 mL q.s. with H2O to 100 mL SDS (add last) 20 g

pH to 8.8 before adding SDS pH to 6.8 before adding SDS q.s. with H2O to 2.0 L
Reducing buffer (2X) Coomassie Brilliant Blue R-250 gel stain 

10% SDS 3.0 mL Coomassie Brilliant Blue R-250 400 mg
Upper Tris(4x) 1.25 mL Methanol 400 mL
b-mercaptoetanol 500μ L Glacial acetic acid 400 mL
Glycerol 1.0 mL q.s. with dH2O to 1L 
Bromphenol Blue Pinch Destain Protogel 
q.s. with H2O to 10.0 mL 10% acetic acid 30% acrylamide 0.8% bis

 

Results and discussion  
The analysis that can be used for identification of the milk and dairy products origin is based 
on the electrophoretic determination of protein profile. Milk, white cheese, yellow cheese and 
whey cheese samples from cow, sheep and goat were studied in order to determine the optimal 
conditions and factors that affect this method and to prove the distinction between different 
samples. 

During the experiment, some of the parameters were adjusted, in order to acquire proper 
conditions for good resolution of protein fractions from milk and dairy products samples. The 
protein standards fractions together with milk samples are shown in Figure 1, where the 
electrophoresis lasted 50 minutes on 150 V, 1.5 hour staining and overnight distaining. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. 12.5% SDS-PAGE: 1. -casein, 2. -casein, 3. -casein, 4. -lactoalbumin, 5. Sheep milk, 6. 

Cow milk, 7. Goat milk, 8. Sheep milk (5x), 9.Cow milk (5x), 10. Goat milk (5x)  
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The current technique related to control of the milk origin is isoelectric focusing of g caseins 
after plasminolysis knowing that whey proteins are thermally unstable, especially during the 
processing and cheese producing (10). In order to avoid complicate preparation procedures, 
we tried to distinguish different milk and diary product samples using common homogenizing 
approach.    

The casein fractions are well resoluted in the samples from lanes 5, 6 and 7 and applied in the 
amount of 1.5 μL. In the lanes 8, 9 and 10, because of a higher quantity of the applied material 
(10 μL), the separation of casein fractions is not very clear. However, good separation is 
acquired in the upper fractions what was the intention when applying 10 μL. There is a 
possibility that these upper fractions are the remains of serum albumins in milk. Furthermore, 
these fractions distinguish from one another in band that is present in the milk from sheep, but 
not in the other milk samples, and it is with higher molecular weight. There is also another 
specific band that appears only in the cow milk sample. Every lane on the gel ends nearly at 
the half of the gel length, so it can be concluded that the duration of the electrophoresis was 
short in this case and should be extended. 

In order to obtain better protein profile, the concentration of the gel was increased up to 15% 
(Figure 2), and the conditions were also modified: 130V for 1hour and 50 minutes, 1.5 h 
staining and overnight distaining. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. 15% SDS-PAGE: 1. Milk standards-mix, 2. Cow yellow cheese, 3. Goat yellow cheese, 4. 

Sheep yellow cheese, 5./6. Cow white cheese, 7. Goat white cheese, 8. Sheep white cheese 
 
Because of the increased concentration of the acrylamide in the gel and lower voltage applied, 
more protein fractions are visible. Differences among the yellow cheese samples are identified 
in lacto-albumin fractions. Every lacto-albumin fraction from lanes 2, 3 and 4 differs in the 
rate of migration, which means that they all have different molecular weight. There is another 
fraction that appears only in the yellow cheese sample from goat and it is located under the 
casein fractions. As for the white cheese, the distinction can be made by some digested 
fractions below the caseins. There is a band located under the casein fraction, present only in 
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the sheep white cheese sample, and another band from the cow white cheese sample, also 
specific only for this kind of white cheese. 

Figure 3 shows also 15% SDS PAGE, where the differences among protein fractions from 
yellow cheese are even more visible. The electrophoresis was run 2 hours on 100V. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. 15% SDS-PAGE: 1. Cow white cheese, 2. Goat white cheese, 3. Sheep white cheese, 4. Milk 

standards - mix, 5. Cow yellow cheese, 6. Goat yellow cheese, 7. Sheep yellow cheese 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. 15% SDS-PAGE: 1. Milk standard - mix, 2. Cow milk, 3. Goat milk, 4. Sheep milk, 5. Cow 
whey cheese,  6. Goat whey cheese, 7. Sheep whey cheese 
Differences among the yellow cheese samples are more visible in Figure 3. Three different 
bands, each in one sample can be clearly noticed (marked with arrows in the figure). 

Figure 4. 15% SDS-PAGE: 1. Milk standard - mix, 2. Cow milk, 3. Goat milk, 4. Sheep milk, 5. Cow 
whey cheese,  6. Goat whey cheese, 7. Sheep whey cheese
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Moreover, below the casein fractions of cow yellow cheese sample a band does not appear, 
unlike the other two samples in lanes 6 and 7. 

The whey cheese samples were analyzed (Figure 4) using less quantity on 15% gel, under the 
following conditions: 130V, 1 hour and 50 min. 

Figure 4 again shows the whey cheese samples. The same differences can be identified as in 
the first figure, only here, because of the lower amount applied, they are more visible. The 
samples in lanes 5 and 7 appear to be smeared, probably due to a lipoprotein complex that was 
not disrupted during the homogenization. With another analysis of the milk samples, the 
differences in the upper fractions were confirmed.

Conclusion
Using SDS PAGE as a technique for distinguishing the origin in different dairy products and 
milk samples is suitable. Best results are obtained with 15% concentration polyacrylamide gel. 
Longer duration of electrophoresis (that comes with lower applied voltage) aids in better 
resolution. The samples should not undergo centrifugation, neither filtration, because some of 
the proteins stay in the precipitate. 

This approach allows its use as an internal checking of milk and dairy products and can 
eventually result in finding some specific protein fraction in different samples which can be 
used for development of appropriate antibodies for ELISA testing.  
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Abstract 
Rising interest for probiotics in the recent years was caused by the possibility of their use 
in prevention and cure of different types of human and animal intestinal disorders. During 
20th century many research studies were concentrated on finding new types of probiotic 
cultures. In this work, for the production of probiotic yogurt, we used commercially 
available, new generation probiotic lactic yeast “Turval B0399”, produced by Italian 
company Turval Laboratories. Turval B0399 is the culture of yeast species Kluyveromyces 
marxianus fragilis B0399. This yeast is characterized by the unique ability of fermenting 
with the enzyme -galactosidase and by production of lactic acid, a fundamental substance 
in cell metabolic reactions. This probiotic yeast, naturally resistant to antibiotics, mitigate 
negative effects of antibiotics - by competitive colonisation of intestine it regulates 
intestinal dismicrobism by preventing the growth of pathogens, such as Candida albicans, 
while increasing the number of residential bifidobacterias. It keeps intestinal homeostasis, 
improves immunity (in in vitro studies it was shown to decrease the production of 
proinflammatory cytokines, while in studies on patients with atopic dermatitis it decreased 
the IgE level). It improves the general metabolism and is very successful in prevention and 
treatment of different intestinal disorders (Crohn's disease and Irritable Bowel syndrome). 

In this work we studied the growth of the yeast Kluyveromyces fragilis B0399 and its 
influence on the growth of the probiotic bacteria Lactobacillus acidofilus LA5 and 
Bifidobacterium lactis BB12 with the final aim of achieving the maximal number of live 
cells during the production of probiotic yogurt (>106 cfu/g). The experimental production 
of the probiotic yogurt with Turval B0399 was done in the Dairy Laboratory of the 
Department of Animal Science, Faculty of Agriculture, University of Novi Sad, while all 
microbiological analyses were done in JPS Dairy Institute, Novi Beograd. During the 
production of probiotic yogurt we followed the activity of the yeast Kluyveromyces fragilis 
B0399 in different concentrations – 0.5%; 1%; and 3% and under different fermentation 
temperatures - 39 C; 23,5 C and 4 C (in the cooled probiotic yogurt). 

Among all studied conditions we managed to obtain the sufficient number of live yeast 
cells in the final product when adding 1% of Turval product during the fermentation phase 
on 23,5 C, when the number of live cells is 3.5x107cfu/g probiotic bacteria and 3.6x105 
cfu/g Kluyveromyces fragilis B0399. Clinical studies have shown that in order to exhibit its 
probiotic functions the daily uptake of the yeast Kluyveromyces fragilis has to be 10 
millions of live cells (certified by the Italian Ministry of Health). 



559

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

Sensor properties of this probiotic yogurt, odour, taste and colour, are preserved up to 
expiry date of 30 days. Final product is safe for use and has beneficial properties for good 
intestinal performance and general health of its consumers.  

Key words: Kluyveromyces marxianus, probiotic culture, Turval-B0399, yogurt 

 

Introduction 
Food industry companies have rather high expectations in food products that meet the 
consumers’ demand for a healthy life style. This especially addresses foods that are not 
intended only to satisfy hunger and provide humans with necessary nutrients, but also to 
prevent nutrition-related diseases and increase physical and mental wellbeing of 
consumers, so called “functional food” (Granato et al., 2010; Jankovic et al., 2010; Kaplan 
et al., 2014). One of the most promising areas for the development of functional foods lies 
in the modification of gastrointestinal tract activity by the utilization of beneficial microbes 
(probiotics) in diary products or other dietary supplements, which, when administrated in 
adequate amounts are aimed at promoting human health (Food and Agriculture 
Organization/World Health Organization (FAO/WHO), 2001; Jankovic et al., 2010). 
According to a new market report published by Transparency Market Research, 
“Probiotics Market: Global Industry Analysis, Market Size, Share, Trends, Analysis, 
Growth and Forecast”, the global probiotic market has been in constant growth, of 7.6% 
over the previous 5-year period, and is expected to reach  22 billion euros by 2015 
(Saxelin, 2008; Pedretti, 2012).  

Probiotics have a documented therapeutic role in reducing certain human illnesses, 
particularly gastrointestinal diseases, caused by deficient or compromised gut microflora 
(Allen et al., 2004; Canani et al., 2007; Enck et al., 2011); anti-cholesterol activity and 
anti-high blood pressure effect (Lye et al., 2009; Jahreis, 2002); alleviation of lactose 
intolerance symptoms by active lactose hydrolysis (Yoshida et al., 2010), promotion of 
beneficial immune responses (Leyer GJ et al., 2009); beneficial skin effects and reduction 
of allergies’ symptoms (Krutmann, 2009);  antimicrobial, anticarcinogenic and anti-
mutagenic activities (Orrhage et al., 1994; Rea et al., 2007). There are several proposed 
molecular mechanisms underlying these functions, including short-chain fatty acid (SCFA) 
production, the enhancement of the barrier function of the intestinal epithelium, the 
suppression of the growth and binding of pathogenic bacteria, and alterations of the 
immune activity of the host (Tuomola et al., 1999; Ventura et al., 2009; Aragon et al., 
2010). Furthermore, probiotics can alter colonic fermentation and stabilize symbiotic 
microbiota (Spiller, 2008), improving the dynamic interplay between the resident bacterial 
community and the host. 

Increasing evidence about the therapeutic potential of probiotics is substantiating constant 
research and selection of novel microbial species and strains with greater probiotic 
potential and better properties according to selection criteria (Havenaar et al., 1992), such 
as: total safety for the host, resistance to gastric acidity and pancreatic secretions, adhesion 
to epithelial cells, antimicrobial activity, inhibition of adhesion of pathogenic bacteria, 
evaluation of resistance to antibiotics, tolerance to food additives and stability in the food 
matrix. The probiotics used today have not been selected on the basis of all these criteria, 
but the most commonly used probiotics are specific strains of lactic acid bacteria (LAB), 
belonging mainly to the genus Bifidobacterium or Lactobacillus. Less frequently used 
organisms are strains of Propionibacterium freudenreichii, bacilli, or yeasts (Wassenaar 
and Klein, 2008). Kluyveromyces marxianus fragilis (found also as Kluyveromyces fragilis 
or Kluyveromyces marxianus) is lactic yeast isolated from different dairy products, mainly 
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kefir (Zhou et al., 2009; Bolla et al., 2011). The importance of this species in food 
development and fermentation is well documented, while its probiotic activities have been 
recently well recognized for one strain, named K. marxianus B0399, isolated from whey 
and curds of cow’s milk and deposited at the Belgian Coordinated Collection of 
Microorganisms (BCCM) (accession number MUCL 41579) by Turval Laboratories Italy. 
Well characterized, health-promoting, probiotic properties of this strain include: strong 
adhesion to mucosal surfaces and persistence in the intestine; capacity to finely tune the 
immune response by decreasing the production of the proinflammatory cytokines TNF- , 
IFN- , IL-6 and the chemokines IP-10 and IL-8 (known to play a crucial role in host 
defense mechanisms) in PBMCs and Caco-2 cells in the presence of inflammatory stimuli 
such as LPS, IL-1 , or enteropathogenic bacteria (Maccaferri et al., 2012a and 2012b ). 
Furthermore, two studies have independently proved that this yeast can improve the 
growth and survival of bifidobacteria in complex food matrices and proximal and 
transverse colon (Rada, 1997; Maccaferri et al., 2012). It is capable of survival during 
gastric transit, maintaining its vitality and fermentation capacity (Mustacchi et al., 2010). 
These scientific evidences are supporting the valuable therapeutic effects of this strain, 
seen in multiple clinical studies such as: Irritable Bowel Syndrome (Andreoli and 
Lovrovich 2009; Roda and Cornia 2009), Irritable Colon (Andreoli, 2006), candidiasis 
(Cettolo and Riul, 2006; Mustacchi et al., 2009), antibiotic-associated diarrhea (Vaughan, 
2002) etc. For all these reasons, K. marxianus B0399 is the active ingredient in different 
functional foods currently marketed in several countries worldwide and it is included in the 
European Food Safety Authority (European Food and Safety Authority (EFSA), 2010) list 
of qualified presumption of safety (QPS) biological agents added to food and feed (EFSA, 
2010). As such, this strain is of particular interest for the global functional food industry. 

Since the highest consumption of probiotic products in Europe is associated with probiotic 
yogurt (Wassenaar and Klein, 2008), our aim in this work was to optimize the production 
conditions of the new generation, yogurt-like, probiotic dairy beverage, containing mixed 
probiotic population: yeast Kluyveromyces fragilis B0399 and probiotic bacteria 
Lactobacillus acidofilus LA5 and Bifidobacterium lactis BB12. We studied the 
Kluyveromyces growth and its influence on the growth of the probiotic bacteria. The final 
aim was to achieve the maximal number of live cells upon the production of probiotic 
yogurt (>106 cfu/g) and after a desired, 30 day, storage period. Production process was 
further optimized to reach both the ‘therapeutic minimum’ of live Kluyveromyces B0399 
cells in the final product (> 8x104 cfu/g of 125g yogurt package or > 1x107 cfu/diem, 
indicated by the Italian Ministry of Health (Bottona et al., 2008)) as well as the lower cost 
of the production process, acceptable for the Serbian market. 

 

Materials and methods 
Milk 
Pasteurized and homogenized milk with 1.6% of milk fat was used for the production of 
fermented dairy beverages. Milk was taken from “Mlekara Dana”, Vrbas, and the quality 
of milk was in accordance with “The regulations on the quality of raw milk” (the Official 
Gazette of the RS 21/2009) and “The regulations on the quality of dairy products and 
starter cultures” (the Official Gazette of the RS, 33/2010 and 69/2010). 

Starter cultures 
Two different types of starter cultures were used for the production of the fermented, 
probiotic, dairy beverages. A classic probiotic yoghurt (commercial name) was produced 
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with mixed, ABY-6 starter culture (Chemibiotech s.r.l, Italy), which contains classical 
yogurt strains: containing Lactobacillus delbreukii subsp.bulgaricus and Streptococcus 
salivarius subsp.thermophiles, as well as two probiotic strains, Lactobacillus acidofilus 
LA5 and Bifidobacterium lactis BB12. In addition, the new generation probiotic product 
was produced using bacterial ABY-6 starter together with a non-conventional, semi-
processed, liquid yeast starter, TURVAL B0399® (Turval Laboratories, Udine, Italy). 
Turval B0399 starter contains probiotic lactic yeast strain K. marxianus B0399 in the 
concentration 1,4x107 yeast cells/ml. 

 Production of fermented dairy beverages 
Milk used for the production of probiotic beverages is low fat milk, standardized to 1.6% 
milk fat, homogenized and pasteurized initially at 72° for 20s, subjected to bio-chemical 
analysis of the milk quality, then additionally pasteurized at 92-96°C for 10 and cooled to 
the inoculation temperature. During the production of the new generation probiotic yogurt, 
yeast K. marxianus B0399 was inoculated in three different concentrations – 0.5%, 1% and 
3%, and under different fermentation temperatures – 39°C, 23.5°C and 4°C (in the cooled 
fermented product). Precisely, in 1000 ml of milk, cooled to a certain inoculation 
temperature, bacterial and yeast inoculum were added in three different ways as follows: 
A) alongside, both cultures were added to heated milk, at a temperature of 39°C; or B) 
alongside, both cultures were added to milk at room temperature (23.5°C); and C) 
separately, bacterial inoculum was added to heated milk, at a temperature of 39°C while 
yeast inoculum was added at the end of the fermentation process, in the cooled product 
(4°C), before mixer homogenization. 

In all cases fermentation was interrupted when the fermented product reached 4.75-4.65 
pH level and 32-36°SH, which means 4h for 39°C fermentation and about 24h for 23.5°C 
fermentation.  

Fruit containing, yogurt-like fermented milk products with probiotic properties were made 
in two ways: a) a classical ‘fruit containing probiotic yogurt’ was made by inoculating 
ABY-6 probiotic starter culture and 39°C while the new generation ‘fruit containing 
probiotic yogurt’ was made as previously described for B). In all cases, according to the 
manufacturer’s suggestion, 10% of fruit paste was added to the cold product (4°C) before 
mixer homogenization. Apart from 52% of blended strawberries, fruit paste contained 
small amount of sucrose, water, citric acid, colors and aromas.  

All previously mentioned products, containing K. marxianus B0399, were further 
optimized in order to achieve both the ‘therapeutic minimum’ of live yeast cells in the final 
product (  8x104 cfu/g for 125g yogurt package) and the lowest production cost. This 
optimization was done by varying the size of yeast inoculum form 3% to 0.5%.  

ABY-6 probiotic starter culture was added to achieve a concentration of 0.005% in 
manufacturing yogurt samples. 

Products were stored for 30 days in a fridge, at the temperature of 4-8ºC. 

Analysis of milk and fermented dairy products 
Chemical composition of milk was analyzed right before the yogurt production: 

-  dry matter was measured with direct method at the temperature of 102±1 ºC;  

-  milk fat was measured by the Gerber method; - total proteins by Kjeldahl method. 

Organoleptic (taste, smell, colour, consistency) and physicochemical analysis of all 
products were performed on the day 1 after production, and on the day 30 after production. 
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For this purpose standard methods of analysis were used: active acidity was measured with 
pH meter and titratable acidity was measured by Soxhlet-Henkel method.  

Microbiological analysis (probiotic bacteria and yeast count) was also performed at two 
previously mentioned time points (day 1 and day 30 after production). Sample suspensions 
and serial dilutions were prepared in accordance with the standards defined by ISO 6887-
5:2010 (Microbiology of food and animal feeding stuffs -- Preparation of test samples, 
initial suspension and decimal dilutions for microbiological examination -- Part 5: Specific 
rules for the preparation of milk and milk products). The number of live K. marxianus 
B0399 cells was determined by the colony count method according to the standards 
defined by ISO 21527-1:2008 (Microbiology of food and animal feeding stuffs -- 
Horizontal method for the enumeration of yeasts and moulds -- Part 1: Colony count 
technique in products with water activity greater than 0.95). Similarly, the number of 
probiotic bacteria, L. acidofilus LA5 and B. lactis BB12, was determined by colony-count 
technique described in ISO 20128:2006 and ISO 29981:2010 standards respectively (Milk 
products -- Enumeration of presumptive Lactobacillus acidophilus on a selective medium/ 
Enumeration of presumptive bifidobacteria -- Colony-count technique at 37 degrees C).  

 

Results and discussion 

Production of the innovative, plane, dairy probiotic beverage containing K. marxianus 
B0399 
Table 1 shows the ‘chemical composition of milk used for the production of probiotic 
beverages’.  

 

Table 1.  Chemical composition of milk used for the production of probiotic beverages 

Milk fat 
(g/100g) 

Total proteins 
(g/100g) 

Total lactose 
(g/100g) 

Dry matter without 
fats 

(g/100g) 

Dry 
matter 

(g/100g) 

Somatic Cells 
(*1000/ml) 

1.59 3.32 4.53 8.61 10.185 149 

 

Probiotic species in a specific probiotic food carrier should be alive to an adequate number 
in order to exert their positive effects on the health of the host. This attribute is known as 
‘viability’ or ‘therapeutic minimum’ in literature, defined by the adequate number of live 
probiotic cells in a food product at the time of consumption (Korbekandi, 2011). Various 
factors have been recognized to affect the viability of probiotic species during storage of 
fermented dairy products such as interaction between species present, culture, fermentation 
time and temperature, level of inoculation, carbohydrate source in the fermentation 
medium, final acidity, dissolved oxygen, and storage time and temperature (Korbekandi et 
al., 2011; Mohammadi and Mortazavian, 2011). While synergic growth-promoting effects 
between L.acidophilus and Bifidobacterium species are well documented (Kneifel et al., 
1993) there is no data in the literature about the co-inoculation effect of kefir-derived yeast 
K. marxianus on the survival of these two probiotic bacteria. We tested this effect by 
comparing the number of probiotic bacteria between two products: i) fermented product 
made by co-inoculation of ‘ABY6’ bacterial culture and ‘Turval’ yeast culture and ii) 
yogurt fermented with ABY6 only, where yeast culture was added at the end of the 
production process, in the cooled coagulum. While in the first product the milk is used as 
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the growth medium for both probiotic bacteria and yeast, in the later product it is the 
classical ‘probiotic yogurt’ that is used as a carrier for the innovative probiotic lactic yeast.  

Data in Table 2A (‘Maximising number of probiotic species by varying fermentation 
temperature’) show that the presence of the yeast strain K. marxianus B0399, when added 
post-fermentation, (in the cooled coagulum) does not significantly influence the final count 
of probiotic bacteria. The results in Table 2A also suggest that it is rather a long 
fermentation time (24h) at low temperature (23°C±1°C), which is beneficial for both 
bacterial, and yeast growth during the production process. This result is supported by the 
literature data that lower incubation temperature favours the growth of bifidobacteria 
(Kneifel et al., 1993), and it also shows that the room T was better choice for K. marxianus 
growth, while typical fermentation T of 39°C seemed to even negatively effect the number 
of K. marxianus cells in the final product. This result is in agreement with the multi year 
fermentation practice of kefir products containing K. marxianus strain (Nambou et al., 
2014). 

 
Table 2A. Maximising number of probiotic species by varying fermentation temperature 

Probiotic culture 
added to the milk at 

the fermentation 
temp. 

Fermentation 
Temperature 

Fermentation 
Time 

Probiotic 
culture added 
to the cooled 

coagulum 

Acidof.+ 
Bifidus 
(cfu/ml) 

Yeast 
cells 

(cfu/ml) 

ABY-6 culture 39°C 7h / 8.1 x106 / 
ABY-6 culture + 3% 

Turval 39°C 7h / 7x106 2x105

ABY-6 culture 39°C 7h 3% Turval 7.5 x106 3.75 x105

ABY-6 culture + 3% 
Turval 23.5°C 24h / 9.4x106 9.5 x105

 

Table 2B. Maximising number of yeast cells by varying inoculum size of Turval B0399 

Probiotic culture 
added to the milk at 

the fermentation 
temp.

Fermentation 
Temp.

Fermentation 
Time

Probiotic culture 
added to the 

cooled 
coagulum

Acidof.+ 
Bifidus 
(cfu/ml)

Yeast 
cells 

(cfu/ml)

ABY-6 culture + 1% 
Turval 39°C 7h / 7.5x106 4.8x104

ABY-6 culture 39°C 7h 1% Turval 7.1x106 9x104

ABY-6 culture + 
1% Turval 23.5°C 24h / 3.5x107 3.6x105

ABY-6 culture + 
0.5% Turval 23.5°C 24h / 1.9x107 2.8x105

 

After we identified the ideal fermentation conditions for our mixed microbial population 
we tested whether it was possible to decrease the yeast inoculum size with respect to the 
initial 3% concentration and thus decrease the production cost of the new probiotic 
product. The 3% inoculum size is the Turval concentration that should be applied when the 
product is made by adding Turval in the cooled coagulum (4°C) in order to satisfy the 
‘therapeutic minimum’ at the time of the consumption (  1x107 live yeast cells/diem) 
(Bottona et al., 2008). We hypothesized that by co-inoculating 1% or even 0.5% of yeast 
culture under favourable fermentation conditions (24h at room temperature) we could still 
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obtain the Kluyveromyces ‘therapeutic minimum’ in the final product because of the yeast 
cell proliferation under these conditions. The results presented in Table 2B (‘Maximising 
number of yeast cells by varying inoculum size of Turval B0399’) confirm this hypothesis. 
Even though 0.5% of inoculum gave the satisfactory number of yeast cells in the final 
product (2.8x105 /ml) we recommend 1% yeast inoculum as the best compromise between 
the high cell number and acceptable production cost (to compensate for the possible 
decline in the concentration of the probiotic organisms during storage of a probiotic). To 
question whether the number of probiotic bacteria declines below the proposed 
‘therapeutic minimum’ during refrigerated storage, we investigated the viability of 
probiotic species (yeast and bacteria) in yogurts stored in cold, 30 days after production.  

 
Table 3.  Microbiological analysis of the new generation fruit probiotic dairy beverage 

Probiotic culture 
added to the milk at 

the fermentation temp.

Fermentation 
Temp.

Fermentation 
Time

Fruit paste 
added to the 

cooled 
coagulum

Acidof.+ 
Bifidus 
(cfu/ml)

Yeast 
cells 

(cfu/m) 

ABY-6 culture 39°C 7h 10% 8.1x106 - 
ABY-6 culture + 1% 

Turval 23.5°C 24h 10% 2.9x107 3.3x105

 

Table 4. Stability of physico-chemical characteristics of the new generation probiotic dairy 
beverages during long term (30 days), refrigerated storage

Sample type: Probiotic 
cultures

Fermentation 
Temp, Time

pH 
value 

Titratable 
acidity 
(°SH)

pH 
value 

Titratable 
acidity 
(°SH) 

1st day after 
production 

30th day after 
production 

ABY-6 culture 39°C, 7h 4.77 32.0 4.58 35.0
ABY-6 culture + 1% 

Turval 23.5°C, 24h 4.72 33.0 4.60 35.0 

ABY-6 culture + 
0.5% Turval 23.5°C, 24h 4.73 32.0 4.60 35.0 

ABY-6 culture + 10% 
fruit paste 23.5°C, 24h 4.79 32.0 4.18 39.0 

ABY-6 culture + 1% 
Turval + 

10% fruit paste 
23.5°C, 24h 4.68 34.0 4.20 39.0 

 

The results are shown in Table 5 (‘Microbiological analysis of the new generation 
probiotic dairy beverages after 30 days of refrigerated storage’), showing 1 log decrease in 
the number of live probiotic bacteria after long-term storage and a lesser increase in the 
yeast count. Likewise, the viability of probiotic bacteria in products over a long shelf life at 
refrigeration temperature has been reported before to be unsatisfactory (Rybka and 
Kailasapathy, 1995, Lourens-Hattingh and Viljoen, 2001b). This is mainly due to a certain 
level of the ‘over-acidification’ during storage, which if it reaches pH values under 4.6 
may be harmful for probiotic species, particularly for bifidobacteria (Kailasapathy and 
Chin, 2000, Lourens-Hattingh and Viljoen, 2001b). As shown in Table 4 (‘Stability of 
physico-chemical characteristics of the new generation probiotic dairy beverages during 
long term (30 days), refrigerated storage’) the acidity of both classical probiotic yogurt 
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(ABY-6 species) and innovative, lactic yeast-based probiotic product (ABY-6 culture + 
Turval) decreased to pH 4.6 over the storage period. This could explain the slight decrease 
in the viability of probiotic bacteria, shown in Table 5, although the final count remained 
acceptable (above the therapeutic minimum). On the other hand, the ability to hydrolyse 
the residual lactose, utilisation of glucose and galactose produced by LAB and resistance 
to the low pH of Kluyveromyces cells are all plausible explanations for a minor increase in 
the yeast cell number over a long storage period (Table 5). However, this did not interfere 
with the sensorial characteristics of the product, which remained the same during the 
whole storage period.  
Table 5. Microbiological analysis of the new generation probiotic dairy beverages after 30 days of 
refrigerated storage 

Probiotic culture 
added to the milk at 

the fermentation 
temp. 

Fermentation 
Temp.

Fermentation 
Time

Probiotic culture 
or Fruit paste 
added to the 

cooled coagulum 

Acidof.+ 
Bifidus 
(cfu/ml)

Yeast 
cells 

(cfu/ml)

ABY-6 39°C 7h / 1.3x106 /
ABY-6 + 1% Turval 23.5°C 24h / 1.3x106 6 x105

ABY-6 39°C 7h 10% fruit paste 2.7x106 /
ABY-6 + 1% Turval 23.5°C 24h 10% fruit paste 1.5x106 2.5x106

 

Production of the innovative fruit dairy probiotic beverage containing K.marxianus
B0399 
The 1% Turval B0399 inoculum was further used to produce an alternative, fruit-
containing, diary probiotic product by its co-inoculation with ABY-6 culture under optimal 
fermentation conditions (RT, 24h). As shown in Table 3 (‘Microbiological analysis of the 
new generation fruit probiotic dairy beverage’) the number of yeast cells in the product 
was satisfactory and similar to its concentration in the plane yogurt (>3x105/ml). Sensorial 
characteristics of this product were similar to the classical ‘fruit probiotic yogurt’ (ABY-6 
culture, 39°C fermentation temp.), while the number of probiotic bacteria in the Turval-
based product is slightly bigger than in the classical one, similarly to the plane probiotic 
products described previously (probably the result of the preferable fermentation 
conditions). In addition, we investigated the effect of commercial strawberry preparations 
on the viability of probiotic bacteria and probiotic yeast during storage (30 days) at 
refrigerated temperature. Again, we could observe the correlation between the post-storage 
over-acidification of fruit beverages (Table 4) and slightly decreased viability of probiotic 
bacteria (Table 5). While the number of probiotic bacteria in the fruit products slightly 
decreased over time but still remained satisfactory until the expiry date (30 days), the yeast 
cell viability showed exactly the opposite, increasing trend (Table 5). This 1 log increase in 
the yeast count is mainly due to the presence of proportions of sucrose and fructose derived 
from the fruit (Kailasapathy et al., 2008). Still, this did not interfere with the sensorial 
characteristics of the product, which remained the same in terms of taste and odour while a 
fairly recognisable decrease in acidity could be noticed, just like for the classical ‘fruit 
probiotic yogurt’ without lactic yeast.    

 

Conclusion  
The results obtained in this study demonstrated that fermented dairy products are great 
choice as food-carriers for the new generation probiotic yeast strain, K. marxianus B0399. 
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The sensory properties such as: appearance, texture, flavour and overall quality of 
probiotic dairy beverages containing Turval B0399 probiotic lactic yeast were comparable 
with standard 1.6% fat probiotic yogurt and they remained stable during the 30 day storage 
period. The pH values in all samples decreased during storage, where a bit higher 
dynamics could be observed for the fruit-containing yogurt and was not attributable to the 
presence of yeast. These innovative products are lacking yeasty flavour typical for dairy 
products containing Saccharomyces species (Lourens-Hattingh and Viljoen, 2001a), which 
may be explained by a distinct diapason of aroma compounds produced by K.marxianus 
strain (Fonseca, 2008). Even though it was not directly measured in this study, it is 
important to mention that K. marxianus B0399 produces very small amount of CO2 and 
ethanol at the end of 35-day shelf life of the commercially available, Italian branded, fruit 
based bio-yogurt EUFYR (Coop Italia, personal communication). This can be explained by 
strictly anaerobic metabolism of ethanol production of this yeast strain (Fonseca et al., 
2008), eliminating what was known to be the major constraints for incorporating another 
probiotic yeast strain, Saccharomyces boulardii into bio-yogurt (Lourens-Hattingh and 
Viljoen, 2001a).  
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Abstract 
In this study, determination of some mineral levels of mohair samples obtained from 
Angora goats (Capra hircus ancyrensis) bred in villages of Basayas (1st farm, n=28 goats) 
and Yagmurdede (2nd farm, n=30 goats) in Ankara province of Turkey was aimed. Totally 
58 goats (2-4 years old) in two farms kept under similar managemental conditions and 
based on pasture were chosen as research materials. Mohair samples from mid-side of the 
goats were collected to determine the levels of magnesium (Mg), iron (Fe), copper (Cu) 
and zinc (Zn) by atomic absorption spectrophotometer (AAS) (M series V1, 23). The 
mohair mineral levels in the 1st and the 2nd farm of Angoras were found as 22.234 ± 1.030 

g/g and 20.952 ± 1.462 g/g for Mg; 37.716 ± 1.573 g/g and 32.271 ± 1.397 g/g for Fe 
(P<0.05); 4.248 ± 0.293 g/g and 7.169 ± 0.285 g/g for Cu (P<0.001); 60.673 ± 2.395 

g/g and 62.802 ± 3.172 g/g for Zn, respectively. In the 1st and the 2nd farm, non-
significant positive and negative correlations between minerals were discovered. The 
estimated correlation coefficient between Fe and Cu was negative (r = � 0.291) significant 
in total population (P<0.05).  

Key words: Angora goat, atomic absorption spectroscopy, mineral level, mohair  

Introduction 
Turkey has about 8.2 million heads Hair goat (Turkish: K l keçisi) and 0.16 million heads 
Angora goat (Turkish: Ankara keçisi). 39.495 head of goats and 118.607 head of young-
adults offspring were recorded of them in Angora goats (Anonymous, 2013). Goats are 
kept for their milk, meat, skin, hair, cashmere (down fibers) and mohair for several 
centuries in Anatolia (Koyuncu et al., 2005). Angora goats were raised in Ankara province 
of Turkey, at 39° 52  30  N, 2° 49  59.88  E, at an altitude of 938 m (3.077 ft). 

There are some minerals that are necessary for feeding of goats. While macro minerals are 
needed to increase purchase, micro minerals are required in very small quantities. On the 
other hand mineral intakes in goats as well as sheep are very important for health. For 
instance, high Mg deficiency causes grass tetany in both. Similar to Fe level in blood it is 
important for interfering with the uptake of some other minerals that are in very small 
quantities, such as Zn. Zn and Cu minerals are required by goat for mohair growth and 
health for keratinisation. Investigations by Reis et al. (1989) proved that both Zn and Cu 
are indispensable micro nutrients for quite fast growing tissues such as follicles of fiber-
producing. Additionally, balanced mineral intake of goats is effective on not only health 
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but also on productivity. Especially goat mohair quality is directly related to the mineral 
levels in the body.  

Mineral deficiencies are common in small ruminants grazing poor quality pastures and 
reared under traditional system (Kawas et al., 2010, Xin et al., 2011). Fleece-eating is an 
important health problem for some animals such as sheep and goats. This event can be 
observed from lower concentrations of S and Mo. Yet, in this case, Ca, P, Fe, Mn, Zn, Cu, 
Co and Se are present in lower concentrations (Patkowska-Sokola et al., 2009).  

Mohair is a soft, luxurious fiber with a rich luster used in fine clothing, carpets, blankets 
and upholstery and the main source of income for Angora goat producers. On the other 
hand mohair is a beautiful, lustrous, strong fiber with unique characteristics, making it as 
popular today. It is extremely durable with a soft luxurious texture and unique appearance 
(Anderson, 2014). The natural colours of mohair fiber are usually white and different 
shades of white. However, the colored (brownish, grey and silver) goats are frequently 
encountered in Turkey’s east.

Typical Angora goats are fairly smaller than average sheep that are reared for wool but 
they produce twice as much fiber compared with sheep produce (Gallagher and Shelton, 
1972). Besides, mohair is pure protein that is homologous to wool protein content (Parris 
and Swart, 1975) and a kind of admirable natural animal fiber. 

The quality of mohair is classified based on following properties. It is also important to 
consider issues such as fine and long mohair fiber. It deepens on the quality drops. More 
numbers of crimps of the mohair are expected. Additionally bright fiber and more 
elegnation are desirable. However stiff bristles called �dog hairs� are not inconvenient. In 
this manner, mohair quality is determined by considering these conditions. 

Angora goats have received less research attention than meat or dairy goats, particularly in 
the last 10 to 20 years since animal numbers have declined in response to change in 
production profitability (Sahlu et al., 2009). Structural characteristics (Salehi, 2009; Syed 
Momen et al., 2009; McGregor and Butler, 2010) and mineral compositions (Eryavuz et 
al., 2002; Shamsaddini-Bafti et al., 2012) of goat natural fibers are highly investigated in 
the literature. Sufficient number of studies on wool mineral analyses of sheep (Aydin, 
2008; Patkowska-Sokola et al., 2009) was presented, however, mohair mineral studies 
(Ehsani et al., 2005; Shamsaddini-Bafti et al., 2012) were relatively few.  

The aim of the present study is the assessment of chemical mineral composition in 1st and 
2nd quality mohair samples from Angora goats (Fig. 1 and Fig. 2) of similar performance 
types in capital of Turkey. In this way, the difference of the mineral content can be 
introduced between different quality (the 1st and the 2nd) and colour mohair. 
 

Materials and methods 
Before starting the research, we obtained some information concerning mohair quality on 
farms. This study was held in the 2 different villages (Basayas and Yagmurdede) of 
Ankara. The mohair from the 1st farm has 1st and the 2nd farm has 2nd quality mohair based 
on ''Tiftik Birlik'' that number of SS 459 in Ayas, Ankara. In February before shearing, in 
total 58 Angora goats (n1=28; n2=30) that appeared clinically healthy two private farms 
belonging to Angora goat were used. 2-4 year old goats were randomly selected from each 
farm. 
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          Figure 1. Angora goats in the 1st farm             Figure 2. Angora goats in the 2nd farm

Mohair samples from the selected goats were collected according to standard methods. 
Specimens of mohair (approximately 5 g) were taken from right side of goat rib with 
scissors. Firstly, wet incineration method was applied to the mohair before the 
determination of Mg (macro mineral) and Fe, Cu, Zn (micro minerals). Analyses were 
performed as reported in the literature (Kumaresan and Kapioh, 1984; Salehi, 2009).  

Sample Preparation 
The 0.5 g mohair samples were used in experimental work. Each sample in a polyethylene 
bottle containing 150 ml of a 1% solution of non-ionic detergent was washed by agitating 
on a mixer for 30 minutes at standard room temperature. After that, it was transferred to a 
polyethylene filter crucible and rinsed with a total of one liter of deionized water. Dry 
weight has been expected of about 0.5 g. At a temperature of 110 ºC, samples were 
weighted and transferred into 50 ml flasks. 6 ml of HNO3 was added and allowed to react 
at normal room temperature. The digest was warmed and 1 ml of HClO4 was added. When 
the process was completed, the temperature was increased to 200 ºC. Solution was 
transferred to a 5 ml volumetric flask and diluted to volume with deionized water. This 
solution was used for the determination of Mg, Fe and Cu. A further dilution was required 
for Zn.  

Levels of Mg, Fe, Cu and Zn in mohair were determined by atomic absorption 
spectrophotometer (AAS) (Salvin, 1968; Field, 1988) after wet incineration method. The 
amounts of mineral concentrations were determined by measuring with 
absorption/emission amount of AAS device. Concentrations of the mineral to be 
determined could be made by subtracting the measurement curve after calibrating the 
device using standard concentration values. Standard solutions are used for calibration 
procedures (Demir et al., 2011). Results were measured as ppm. The final results were 
converted to g/g according to express literature.  

Statistical Analyses 
The obtained data were statistically analyzed with SAS software package (SAS, 2002). The 
relationship between farms was analyzed to put forward for revealing with Pearson 
Correlation Coefficient at the significance level of P<0.05. 

 

Results and discussion 
Analyzed results of mohair mineral were presented in Table 1. Mg, Fe, Cu and Zn 
concentrations of mohair were published with reference ranges for 58 Angora goats in total 
population. Mineral contents were determined at the ranges of 10.16-39.64 μg/g for Mg, 
21.28-58.52 μg/g for Fe, 2.01-8.98 μg/g for Cu and 38.32-96.40 μg/g for Zn, respectively.  
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Shamsaddini-Bafti et al. (2012) reported that Cu and Zn content of cashmere in Raeini 
goats averaged 0.00065 % and 0.01276 %, respectively. In a different study conducted on 
Angora goats (Imik et al., 1998), the levels of Fe, Cu and Zn of mohair were found as 
41.83 μg/g, 3.93 μg/g and 83.24 μg/g in (-) control group. The levels of Fe and Zn 
determined in this study were lower than the values reported by Imik et al. (1998) while Cu 
level was higher.  

Table 1. Mineral levels of Angora goats (μg/g) 

Farm 

Mg Fe Cu Zn 

N
X + Sx 

Min-Max P N
X + S x 

Min-Max P N
X + S x 

Min - Max P N
X + S x 

Min - Max P

1 28 22.23±1.03 
14.21-35.81  

 
>0.05 

28 37.72±1.57 
21.28-58.52  

 
<0.05 

26 4.24± 0.29 
2.01-7.99  

 
<0.0001 

28 60.67±2.40 
43.36-96.40  

 
>0.05 2 30 20.95±1.46 

10.16-39.64 30 32.27±1.40 
22.29-56.56 24 7.17± 0.29 

4.06-8.98 30 62.80± 3.17 
38.32-96.36 

Total 58 21.57±0.90 
10.16-39.64  58 34.90±1.10 

21.28-58.52  50 5.65± 0.29 
2.01-8.98  58 59.71±2.00 

38.32-96.40  

 

An average value of 4 ppm for Cu in goat mohair and hair has been reported by George 
and Haenlein (2009). Cu levels of the 2nd farm were higher than the result found in this 
study. In addition, relative high level differences of Cu may be due to different types of 
fresh water supply. The 2nd farm had darker-colored mohairs than the 1st. This case might 
result from copper colour, a metallic tone of red. Moreover,  Cu is thought to result from 
the influence of the color enhancer. The high amount of copper, being darker than the 
lower is natural. Williams (2004) have also reported the genetic variation between the 
breeds suggesting that different responses arise from a variation in the efficiency of 
absorption of Cu.  

As known, farms had different qualities of mohair at baseline. We have received some 
information prior to conducting the research from the Association of Agricultural Sale 
Cooperative of Angora (mohair) and wool, Ayas/Ankara. Accordingly, the 1st farm had  
the best (1st) quality mohair and used mains water. For all that the 2nd farm had 2nd quality 
mohair and used pond water (40°7'37"N 32°20'57"E). Mineral levels in drinking water of 
goats might be the reflection of mohair mineral levels.  

Considering Mg and Zn contents, there were no statistical differences (P>0.05) between 
the farms of Basayas and Yagmurdede. On the other hand, the differences in Fe and Cu 
contents between the farms were statistically significant at the significance levels of P 
values (P <0.05, P<0.0001, respectively) (Table 1).  

 
Table 2. Correlation coefficients among mohair mineral levels in the 1st farm  

N:28 Mg Fe Cu Zn 
Mg 1.000 - 0.176 NS 0.001 NS 0.150 NS 

Fe  1.000 0.065 NS -0.032 NS

Cu   1.000 0.032 NS 

Zn  1.000 
NS: Non significant 

The estimates of correlations between mohair mineral levels are shown in Table 2 for the 
1st farm and Table 3 for the 2nd farm. In the 1st and 2nd farm, positive and negative 
correlations between minerals were discovered. The correlation between Fe and Cu was 
negatively significant (P<0.05) in total population (Table 4). Nevertheless, Shamsaddini-
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Bafti et al. (2012) reported that there was a positive correlation between Zn and Cu content 
in fiber (P<0.05). 

Table 3. Correlation coefficients among mohair mineral levels in the 2nd farm 

N:30 Mg Fe Cu Zn 
Mg 1.000 0.101NS 0.313 NS -0.035 NS

Fe  1.000 -0.141NS -0.124NS 

Cu   1.000 0.093 NS 

Zn    1.000 
NS: Non significant 

Table 4. Correlation of mohair mineral levels in total population 

N:58 Mg Fe Cu Zn 
Mg 1.000 0.020NS -0.018NS 0.017 NS

Fe  1.000 -0.291* -0.102 NS

Cu   1.000 0.001 NS

Zn    1.000 
NS: Non significant, *P<0.05 

There are so many studies about Merino sheep but not about Angora goats yet. In a study 
performed on sheep, Purser (1979) reported the importance of adequate vitamins and 
mineral for wool growth. Folic acid and pyridoxine are especially essential for the wool 
growth. Zn and Cu are required for the process of fiber growth. Reduction of these 
minerals can reduce the wool and mohair growth. There is a limited number of studies on 
the mineral composition of Angora goats. Concentration of minerals of goats fleece 
reflects feed and nutrition quality as well as environmental states, sex, age and breed’s 
physiological condition that can also affect the quality of hair and mohair. The pigment of 
sheep or goat coats affects the accumulation of some minerals such as Fe, Cu, Mn, K, Na 
and Mg (Patkowska-Sokola et al., 2009). The richness of minerals depends on the soil and 
plant concentration. Gallo et al. (1996) studied the relationship of minerals in soil, plant 
and animal tissue. Environmental status can also affect the mineral content of wool. High 
concentration of some toxic metals (Cd, Cu, Pb, Zn) could be the result of industrial 
emission from the air. Angora goats in this study were chosen from the ecologically clean 
regions. On the other hand, in Turkey Angora goat farming in areas with continental 
climate is based on pasture. Vegetation in areas with a continental climate with plenty of 
rainfall is rich only in the months of March and April. For this reason, depending on 
pasture conditions it is seen that the mineral and vitamin needs of animals are not met. In 
order to succeed in producing high quality Angoras, the fact that mineral and vitamin 
needs of animals should be met is crucial and will have a positive impact.  

Difference between water resources might be effective on mohair quality and mineral 
content.  It is necessary to say that Angora goat mohair quality and color are possibly 
associated with the mineral content. Large amounts of copper might probably be darker 
than mohair. Needless to say that genetic factors could not be neglected in such cases. 

 

Conclusion 
Ponds water with unknown content and fresh water of unknown origin might especially 
cause the accumulated minerals in the body. Investigation of water resources mineral 
levels with genetic factors can be effective in determining the quality and color of mohair 
as well as the genetic relationships between different flocks of the Angora goats 
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concerning the quality of mohair. The further analyses of great number of mohair minerals 
among blood minerals of animals and fresh water supply would be useful.  
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Abstract 
The study was conducted on 700 fattening pigs, three breed half blood with Duroc as a 
terminal breed ((Large White x Landrace) x Duroc). The pigs were divided into the  two 
groups according to diet: dry and liquid nutrition. Each group consisted of 350 fattening 
pigs and used the same feed mixtures in prefattening (CP-3) and fattening (ST). During the 
period from 24.8 to 60kg they were fed with a CP-3, a crude protein content of 16.37%. 
During the period from 60kg until the end they were fed with ST, a crude protein content of 
15.3%. Muscle tissue processed half-carcasses in slaughterhouses were determined by a 
device that determines the value of S (fat thickness) and M (muscle thickness) using 
"method one point." Fat thickness skin in mm, measured 7 cm lateral to the central 
(median) cutting, in the amount between the second and third ribs of the tail. The thickness 
of the muscle in mm was measured at the same place as the thickness of the bacon. The 
results show that the fatling fed dry food had significantly higher carcass weight (80.41: 
78.51 kg, p<0.05), backfat thickness (16.55: 15.31 mm, p<0.05), weight (muscle 55.80: 
53.82, p<0.05), but a lower percentage of meat (56.6: 57.3, p<0.05) as compared to pigs fed 
liquid food. In finishing pigs fed dry food, between carcass weight and backfat thickness 
and muscle thickness a positive and significant correlation (0.4267 and 0.4290, p<0.05) 
was found and between carcass weight and lean meat a significant negative correlation (-0. 
4236 and p<0.05). Between backfat thickness and lean meat in the carcass a negative and 
significant correlation (-0.8534, p<0.05) was found and between muscle thickness and lean 
meat a positive and significant correlation (0.2857, p<0.05). In finishing pigs fed liquid 
food, between carcass weight and backfat thickness and muscle thickness a positive and 
significant correlation (0.1800 and 0.3705, p<0.05) was found and between carcass weight 
and lean meat a significant negative correlation (-0. 2178; p <0.05). Between backfat 
thickness and percentage of meat in the carcass negative and significant correlation (-
0.8692, p<0.05) was found and between muscle thickness and lean meat a positive and 
significant correlation (0.3168, p<0.05). 

Keywords: carcass quality, dry diet, fattened, fat thickness, liquid diet, meat percentage  
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Introduction
The importance of pig production in the Republic of Serbia is reflected in the possibility of 
utilization the existing capacities to produce pigs that in the previous period, due to 
fluctuations in market prices have remained empty. The potential is reflected in a shorter 
time period for renewal of livestock (Radovi , 2010), using high-quality genetic material, 
breeding for leanness, modern technology and nutrition (Radovi  et al., 2012).  

In the past, customer requirements were much more different than today's demands. 
Sometimes, great importance was given to lard and fatty parts of pork, unlike today, when 
more and more people look for the pure meat of superior quality. Of the total amount of 
meat produced in Serbia, the share of pork amounted to 57% or 269,000 tones (Statistical 
Yearbook of the Republic of Serbia, 2011), or 36.9 kg of pork per capita. According to 
Christensen et al. (2012), carcass leanness directly affects the market value of the meat, as 
well as NaSkO cost of fattening pigs (Flutura et al., 2010). Carcass quality traits vary 
influenced by genetic factors, the impact of race (Petrovi  et al., 2004; Pusic and Petrovi , 
2004; Petrovi  et al., 2006), the influence of fathers (Radovi  et al., 2007) and paragenetic 
environment factors (Kosovac et al., 2008), methods of breeding, age and weight of 
fattening pigs at slaughter (Radovi  et al., 2007; Kušec et al., 2008; Kuželov et al., 2011) 
castration, diet, season, EUA before, during or after slaughter (Karabasil et al., 2013).  

Given that in recent years the cost of food has been constantly increasing and that for many 
years, preparing a meal for pigs was mainly guided towards meeting the needs of animals 
for energy and protein to improve daily gain of fattening pigs, there is an increasing interest 
in improving the quality of pork in recent years and growing need for harmonization of 
food technology, which would have a positive impact on the quality traits of carcass and 
meat (Kušec et al., 2010). The aim of this study was to assess the phenotypic variability of 
traits of carcass quality compared to dry and liquid feeding. 

 

Materials and method  
The study was conducted on 700 fattening pigs, genotype with Duroc as a terminal breed 
((Large White x Landrace) x Duroc). The pigs were divided into two groups according to 
diet: dry and liquid nutrition. Each group consisted of 350 fattening pigs and used the same 
feed mixtures in pre-fattening (CP-3) and in fattening (ST). During the period from 24.8 to 
60kg they were fed with a CP-3, a crude protein content of 16.37%. During the period from 
60kg until the end they were fed with a ST, a crude protein content of 15.3%. The group 
liquid diet consumed CP-3 and ST mixed with water in 1:3.5. The average initial weight of 
fattening pigs was 24.8 kg and 100.5 kg of final. The average age at the beginning of 
fattening was 69 days. Total duration of fattening was 86 days. The average weight of 
finishing pigs fed dry food in the end was 100.5 kg and those fed with liquid food 99.9 kg.  

The study included following traits: carcass weight, backfat thickness, thickness of muscle 
and meat content in carcass.  

Share of muscles of the carcass processed in slaughterhouse was found by means of a 
device that determines the value of S (fat thickness) and M (muscle thickness) using "one 
point method". Fat thickness skin in mm was measured 7 cm lateral to the central (median) 



579

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

plane cutting, in the amount between the second and third ribs of the tail. The thickness of 
the muscle in mm was measured at the same place as the thickness of the bacon. 
Descriptive statistics, analysis of variance and the association of these characteristics were 
performed in the statistical program Statistics 12 (StatSoft, Inc. 2005). 

 

Results and discussion  
Average values and variability in quality of carcass traits are shown in Table 1, where we 
can see that the fatteners fed dry food had higher carcass weight at the end of trial 
compared to pigs fed liquid food (80.4:78.5 kg). Analysis of variance was statistically 
significant at P<0.05. According to Sencic et al., 2005, final body weight in fattening is a 
genetically determined trait which in certain genotypes exists at a lower final weight, 
increasing the share of adipose tissue as a result of less efficient use of food. The same 
authors state that with very fleshy fatling, the limiting factor shifted to higher final body 
weight. In the same table we can see that the fatteners fed dry feed had a greater thickness 
of back fat (16.5: 15.3 mm) and the thickness of the muscle (55.8: 53.8 mm) as compared 
to the pigs fed liquid diet. Analysis of variance was statistically significant at P<0.05. 
According to Flutura et al. (2010), a difference that occurs in the thickness of the back fat 
and muscle is in a different efficiency of the use of food, which is prepared and distributed 
according to the application of certain diet technologies. Vincek et al. (2008) in their results 
highlight that the impact of the food treatment of fattening pigs greatly affects fat thickness 
and muscle. Kušec (2008) points out that feeding regimen represents a major biotic factor 
that directly affects the increase in appropriate circumstances which can fully exhibit 
genetic potential. The same author Kušec et al. (2010) states that a restrictive diet and 
installments positively increase carcass leanness.  

In the same table it can be seen that the fattening swine fed liquid diet had a higher 
percentage of meat than fattening pigs fed dry diet, although they had a lower final weight 
and less thickness of the muscle (56.6: 57.3%). Analysis of variance was statistically 
significant at P<0.05. This research partly corresponds with the study of M. Petrovi  et al. 
(2006) in which a very weak negative correlation between the total mass and share of 
"France" processing of carcasses was considered, as well as research by Doeschl-Wilson et 
al. (2005) that highlights the impact of the final mass of the content of some parts of the 
hemisphere.  

 
Table 1. Average values and variability characteristics of carcass weight, backfat thickness, 

muscle thickness and carcass leanness 

 
Performance 

 

Mean Std.Dev. Var.Coef. Standard 
dry 
food 

liquid 
food 

dry 
food 

liquid 
food 

dry 
food 

liquid 
food 

dry 
food 

liquid 
food 

Mass carcass, kg 80.4 78.5 8.44 7.49 10.50 9.54 0.451 0.400 
Backfat thickness,  mm 16.5 15.3 2.53 3.22 15.29 21.06 0.135 0.172 
Muscle thickness, mm 55.8 53.8 6.66 6.96 11.94 12.93 0.356 0.372 

Meatiness, % 56.6 57.3 2.56 2.78 4.52 4.85 0.137 0.149 
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The phenomenon of growth in pigs was intensively studied for a long time as the material 
basis of pig production. Given the complexity of the problem of growth the research was 
carried out with different approaches. According to Vincek et al. (2008) the most common 
is a temporal increase in the size which implies an increase in the body per time unit and 
the algometric approach which involves an increase in carcass parts (tissues or organs) in 
relation to the increase in weight of mercury. Therefore, according to the same authors, in 
this case, we often speak of the differential or relative growth. 

 
Table 2. Phenotypic correlation carcass weight, backfat thickness, muscle thickness and carcass 

leanness in finishing pigs fed dry food 

Performance Mass carcass, 
kg 

Mass carcass, 
kg 

Muscle 
thickness, mm 

Meatiness, 
% 

Mass carcass, kg 1.0000    
Backfat thickness, mm 0.4627* 1.0000   
Muscle thickness, mm 0.4290* 0.0983 1.0000  

Meatiness, % -0.4236* -0.8534** 0.2857* 1.0000 
*correlations are significant at p<0.05 
**correlations are significant at p<0.01 
 

Phenotypic correlation of carcass traits were different strengths (from very weak to 
complete) and signs (tables 2 and 3). In both groups of fattening pigs the positive 
correlation was demonstrated between carcass weight and backfat thickness and muscle 
(0.4627 and 0.4290, 0.1800 and 0.3705) at a significance level of p<0.05. This is consistent 
with the research of M. Petrovi  et al. (2006) which states that between net daily gain and 
hot carcass fat thickness a positive, weak to very weak correlation was determined. 
Between the thickness of the muscle and leanness, in both groups of fattening pigs positive 
correlation at a significance level of p<0.05 (0.2857 and 0.3168) is manifested. 
 

Table 3. Phenotypic correlation carcass weight, backfat thickness, muscle thickness and carcass 
leanness in finishing pigs fed liquid food 

Performance Mass carcass, 
kg Mass carcass, kg Muscle 

thickness, mm 
Meatiness, 

% 

Mass carcass, kg 1.0000    
Backfat thickness, mm 0.1800* 1.0000   
Muscle thickness, mm 0.3705* 0.0672 1.0000  

Meatiness, % -0.2178* -0.8692** 0.3168* 1.0000 
*correlations are significant at p<0.05 
**correlations are significant at p< 0.01 
 

The research of Petrovi  et al. (2006) states that the phenotypic correlation between fat 
thickness and meat content in carcass was complete, the negative and statistically 
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significant (-0.904 and -0.911) which is consistent with our results, where we found a 
negative phenotypic correlation, a complete and highly statistically significant (-0.8534 and 
-0.8692). The author also expressed phenotypic negative and significant correlation 
between carcass weight and leanness, in both groups of fattening pigs (-0.4236 and -0.2178, 
p<0.05). These results suggest that the application of certain diet technologies can influence 
the expression of genetic predisposition and finishing pigs as stated in the research by 
Kušec et al. (2010). Wrong diet technologies can cause greater deposition of fat rather than 
muscle tissue deposition. Vincek et al. (2012) states that according to the results obtained 
by monitoring the biological maximum and coefficient of asymmetry, during this period in 
dissected fatteners, they represent the basis for the definition of efficient mathematical 
model for predicting the growth of live weight and muscle tissue. This is why tests are 
aimed at testing the temporal and differential growth in order to obtain mathematical 
models for testing the impact on growth and development of carcass, where special 
emphasis is placed on the impact of technology of the diet (Vincek et al., 2008; Kušec et 
al., 2008).  

 

Conclusion
The use of appropriate diet technology for fattening pigs, using the dry or liquid diet greatly 
affects achievement of greater leanness and thus of more effective expression of genetic 
predisposition in porkers by which the efficiency of production can be achieved. 
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Abstract
Aflatoxin M1 is a major metabolite of aflatoxin B1 which is formed when animals ingest 
contaminated feed. Aflatoxin B1, when ingested by an animal, is rapidly absorbed in the 
gastrointestinal tract and transformed into a metabolite aflatoxin M1, appearing in the blood 
after 15 minutes and then secreted in the milk from the mammary gland. Aflatoxin B1 shows 
hepatotoxic and carcinogenic effects and aflatoxin M1 has a distinct genotoxicity, 
carcinogenicity and cytotoxicity. The resistance to heat treatment and mild acidic conditions 
used in the production of cheese or other dairy products (such as, for example, yogurt, cream, 
butter, and ice cream) has been accounted for the contamination of such products. It is known 
that aflatoxin M1 is bound to milk proteins, mainly casein, and therefore the toxin is more 
concentrated in the cheese than in the milk used in cheese production. In practice, aflatoxin 
M1 can be found in dairy products at levels that are 2-5 times higher than in milk. As a result 
of the binding of aflatoxin M1 to milk proteins the toxin is distributed more in curd than in 
whey. 

Control of samples of milk from the Vojvodina market was conducted during March and April 
of 2014, in the Dairy Laboratory and Laboratory for the Analysis of Animal Feed and Animal 
Products, the Department of Animal Science, Faculty of Agriculture, Novi Sad. The method 
used was HPLC with fluorescence detection with pre-treatment of milk on immunoaffinity 
columns. The analysis of milk was performed on milk of 12 dairies whose products can be 
found on the Vojvodina market. The manufacturer with the highest levels of aflatoxin M1 in 
milk was chosen and a semi-hard cheese was made of such milk. 

The results showed the expected increase of concentration of aflatoxin M1 in cheese and 
whey. Since Serbia has no regulation that determines the minimum allowable level of 
aflatoxin M1 in cheese and other dairy products, the results were compared with acceptable 
values for cheese in some European countries. 

Keywords: aflatoxin M1, cheese, HPLC, milk, whey 
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Introduction 
Aflatoxins (AFS) are highly toxic secondary metabolites produced by Aspergillus, Penicillium 
and Rhizopus strains in cultures of herbal products, of which aflatoxin B1 (AFB1) is the most 
representative (Goldblatt, 1969; Rubio et al., 2011). If AFB1 is present in animal feed during 
lactation the animals excrete aflatoxin M1 (AFM1) in their milk (Allcroft and Carnaghan, 
1963; Cupid et al., 2004; Battacone et al., 2005). It is a toxin classified by the International 
Agency for Research on Cancer as a possible cause of cancer (IARC, 2002).  

Given AFM1 has an impact on the health of consumers through insertion of milk, according to 
the Codex Alimentarius Commission, the maximum determined recommended concentration 
is 500 ng kg-1 (Codex Alimentarius Commission, 2001) although the limit (50 ng kg-1) for 
raw milk, milk products and heat-treated milk is given by regulations in the European Union 
(EU Commission Regulation, 2003). As for the cheese, only in a few countries (Netherlands, 
Switzerland, Austria, Turkey and Italy) there are prescribed boundaries within the range of 
200-450 ng kg-1 for the presence of AFM1. In Serbia, there are no regulations to control the 
presence of AFM1 in dairy products.  

When the cheese is produced from AFM1-contaminated milk, this toxin will probably be 
present in the cheese made from that milk. This could be explained by the fact that AFM1 is 
bound to casein (Applebaum et al., 1982; Battacone et al., 2005) and increase dry matter 
content (Deveci, 2007).  

The affinity of AFM1 was tested not only for this protein, but also for others, such as whey 
proteins (Mendoca and Venancio, 2005). Therefore, it is necessary to note whether AFM1 is 
present in the final products such as cheese, and its concentration therein is approximately 2.1 
to 4.5 times higher than in the original milk used for cheese production, depending on the 
cheese type (Van Egmond, 1983; Viseman and Marth, 1983; Blanco et al., 1988; Deveci, 
2007; Manetta et al., 2009). Yet in a variety of products, such as yogurt, level of AFM1 is 
stable and does not affect the production of yogurt (Blanko et al., 1993). Accordingly, AFM1 
may also be present in other dairy products such as whey and products obtained from whey.  

AFM1 transfer in the amount of 40-60% was recorded in the whey in relation to the AFM1 
which is present in milk (Govaris et al., 2001; Oruc et al., 2006; Deveci, 2007; Kamkar et al., 
2008; Manetta et al., 2009). However, this scope can be higher, between 70% and 74% 
(Battacone et al., 2005), or much lower, between 17% and 27% (Lopez et al., 2001). This wide 
range of AFM1 distribution in cheese production could be due to different factors; for 
example, techniques used prior to HPLC analysis (Battacone et al., 2005; Kamkar et al., 
2008), which is associated with the size of the sample or solvent extraction. Characteristics of 
the production process, depending on the type of cheese, whether it is hard (Brackett and 
Marth, 1982; Blanco et al., 1988; Manetta et al., 2009) or soft cheese (Viseman and Marth, 
1983; Govaris et al.,  2001; Oruc et al., 2006) also may affect the distribution of AFM1. In 
addition, the type of contamination of milk should also be taken into account, because when 
milk is naturally contaminated (Virdiset et al., 2008), AFM1 values are usually lower than in 
the artificially contaminated milk (Deveci, 2007).  

This paper aims to investigate the presence of AFM1 in milk and its distribution in milk 
products that can be found on the market of AP Vojvodina. 
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Materials and methods 
The analysis of chemical composition (fat, protein, lactose and total solids and somatic cells) 
was done for all samples of milk from the market on the CombiFoss FT + machine 
(FossElectric, Hillerød, Denmark) calibrated using the certified standards which combine 
MilkoScanTM FT + (infrared spectrometric analysis), previously calibrated for cow's milk, 
with FossomaticTM FT + (counting somatic cells based on flow cytometry), in Dairy 
Laboratory at the Department of Animal Science, Faculty of Agriculture in Novi Sad.  

Detection of presence of AFM1 in the milk samples was performed by standard HPLC high 
performance liquid chromatography in the Laboratory for the Analysis of Animal Feed and 
Animal Products to the Department of Animal Science, Faculty of Agriculture in Novi Sad.  

Milk samples, in which the highest level of AFM1 was detected, were used for production of 
semi-hard cheese. Cheese production took place using the standard recipe for the production 
of semi-hard cheese in Dairy Laboratory at the Faculty of Agriculture in Novi Sad. Cheese 
was made from milk from 6 diaries where AFM1 levels were the highest and where three 
cheeses per diary were made. Process for the production of cheese was carried out as follows: 
contaminated milk heated at a temperature of 35 °C, CaCl2, cultures and rennet are added. The 
renneting of milk is followed by further course of standard technological operations and 
manipulations such as coagulation, curd draining and pressing to obtain the product. In the 
production of cheese the whey is separated from the curd.  

The obtained cheese and whey were further analyzed for the presence of AFM1, using 
standard high performance liquid chromatography - HPLC, Agilent Technologies 1260 
Infinity LC system, a Hypersil ODS column, with FLD detector and a mobile phase of 
acetonitrile-water (v/v, 25:75).  

Testing: Cuvette for centrifuge with volume of 50 cm3 was filled with a sample of milk to the 
top and heated up to a temperature between 37-40 °C, about 30 minutes. Then the milk sample 
is shaken for fat to disperse, and cuvettes with the samples are centrifuged at 3000 
rotations/min for 10 minutes. The layer of fat was removed, and the sample is filtered through 
a quantitative filter paper (black belt). After that, 50 cm3 of the filtrate is heated at 37 °C for 
about 10 minutes. The sample was passed through immunoaffinity column by free fall. The 
column is washed with 20 cm3 of deionized water and eluted with approximately 4 cm3 of 
acetonitrile. The contents of the tube are evaporated in the thermoblock at 60 °C in a stream of 
nitrogen. Then, add 200 l of n-hexane and 200 l trifluoroacetic acid and stir the vortex for 
about 1 minute. The contents of the tubes were then incubated in the thermoblock 40 °C 
exactly 10 minutes, after which a stream of nitrogen at the same temperature evaporate it to 
dryness. The residue was then dissolved in 300 l mobile phase by vortex mixing for about 1 
minute and transferred to an HPLC vial.  

Chromatography was performed on a C-18 column size 4.6 x 100 mm, 5 mm, at a flow rate of 
the mobile phase (acetonitrile-water (v/v, 25:75)) of 1 ml/min and a column temperature of 40 
°C. Injection volume is 20 l. The detection is performed using FLD detector at the following 
wavelengths: 365 nm excitation, 440 nm emission.  

For a proper interpretation of the results, analysis of variance (ANOVA) and Tukey’s post-hoc 
test were used for significance between the observed characteristics, while the coefficient of 
correlation was determined using the Pearson test, in the Statistica 12 software. 
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Results and discussion 
Table 1 shows the results of the analysis of the samples of milk and dairy products that were 
monitored on the market of AP Vojvodina for the presence of AFM1.  

  

Table 1. Results of analysis of milk and milk products from AP Vojvodina market on AFM1 

Dairy
No. Product Fat% Aflatoxin M1 (ppb) μg/kg 

1. Pasteurized milk  2.8 0.048 
1. Yoghurt 2.8 0.000 
2. Yoghurt 2.8 0.209* 
2. Pasteurized milk 2.8 0.150* 
2. Trapist cheese min 45% 0.478* 
2. Pasteurized milk 2.8 0.124* 
2. Pasteurized milk 2.8 0.124* 
3. Pasteurized milk 2.8 0.075* 
3. Yoghurt 2.8 0.035 
3. Yoghurt 2.8 0.000 
4. Pasteurized milk 2.8 0.021 
4. Yoghurt 2.8 0.039 
4. Cheese made using ultrafiltration min 45% 0.145* 
5. Pasteurized milk 2.8 0.127* 
5. Yoghurt 2.8 0.094* 
5. Cheese made using ultrafiltration min 45% 0.281* 
6. Sour milk 2.8 0.028 
6. Pasteurized milk 2.8 0.070* 
6. Trapist cheese min 45% 0.233* 
7. Sour milk 2.8 0.074* 
8. Pasteurized milk 2.8 0.019 
9 Pasteurized milk 2.8 0.113* 

10 Pasteurized milk 2.8 0.046 
11 Pasteurized milk 2.8 0.070* 
12 Pasteurized milk 2.8 0.000 

* Levels of AM1 exceeding maximum allowed concentration 
 

Numbers from 1-12 represent dairies that sell milk and milk products on the market of AP 
Vojvodina and whose products are analyzed.  

Based on the results of analysis of samples of pasteurized milk, milk with a high concentration 
of AFM1 from the dairies: 2, 3, 5, 9, 10, 11, fermented cheese and whey, which are further 
analyzed for the presence of AMF1 and thereby analyzed for the transfer of toxins from milk 
into milk products.  
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Table 2. Results of analysis of cheese and whey from dairies No. 2, 3, 5, 9, 10, 11 

Dairy
No. Product Fat% Aflatoxin M1 (ppb) μg/kg 

2. Pasteurized milk 2.8% 0.124* 
2. Cheese from pasteurized milk, dairy No. 2  0.296 
2. Whey separated from curd of cheese made 

from pasteurized milk, dairy No. 2 
 0.047 

3. Pasteurized milk 2.8% 0.075* 
3. Cheese from pasteurized milk, dairy No. 3  0.160 
3. Whey separated from curd of cheese made 

from pasteurized milk, dairy No. 3 
 0.019 

5. Pasteurized milk 2.8% 0.127* 
5. Cheese from pasteurized milk, dairy No. 5  0.303 
5. Whey separated from curd of cheese made 

from pasteurized milk, dairy No. 5 
 0.030 

9. Pasteurized milk 2.8% 0.113* 
9. Cheese from pasteurized milk, dairy No. 9  0.339 
9. Whey separated from curd of cheese made 

from pasteurized milk, dairy No. 9 
 0.035 

10. Pasteurized milk 2.8% 0.046 
10. Cheese from pasteurized milk, dairy No. 10  0.181 
10. Whey separated from curd of cheese made 

from pasteurized milk, dairy No. 10 
 0.018 

11. Pasteurized milk 2.8% 0.070* 
11. Cheese from pasteurized milk, dairy No. 11  0.281 
11. Whey separated from curd of cheese made 

from pasteurized milk, dairy No. 11 
 0.027 

* Levels of AM1 exceeding maximum allowed concentration 

 

Based on the obtained results, we can perceive that out of 25 analyzed samples of milk and 
milk products from 12 manufacturers placing their products on the market in the territory of 
AP Vojvodina the AFM1 was detected in 23 samples. Of the total number of 14 samples of 
pasteurized milk samples 10 samples have been contaminated with AMF1 in concentration 
above 0.05 mg/kg, which is specified as the maximum permissible concentration according to 
the current Regulation on amendments to the Regulation on the maximum level of residues for 
protection found in food products and feed and the animal food and feed which are determined 
as the maximum allowable amount of residues found in plant nutrition (Official Gazette of RS, 
2014). Seven fermented milk products were analyzed, and in six samples the presence of 
aflatoxin M1 is evident, while three samples have levels of aflatoxin M1 above 0.05 mg/kg. 
Further, in the four analyzed samples of cheese, all four had high levels of aflatoxin M1, 
although in Serbia there are no legal regulations that restrict the presence of toxins in the 
cheese and in other milk products where their presence is evident and sometimes have several 
times higher concentration than in milk from which it has been produced.  
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At the global level, the maximum allowed level of aflatoxin M1 in cheese differs as it is 
presented in Table 3. 

 
Table 3. The maximum permitted level of aflatoxin AFM1 in cheese in different countries (Anfossi et 

al., 2011) 

Country Maximum permitted level (ng/kg) 
Argentina 500 

Austria 250 
Switzerland 250 

Egypt 0 
Honduras 250 

Italy 250 (450*) 
Romania 0 

Netherlands 200 
Turkey 250 

* Level of AFM1 in hard cheeses  

 

Most countries have set a limit and decided for the maximum permissible level of 250 ng/kg, 
which corresponds to the assumption that the cheese is made from milk which is in accordance 
with the regulations (ie. contaminated at levels below 50 ng/kg) and the concentration of 
AFM1 can grow up to 5-times due to dehydration. However, some countries have opted for a 
strategy of zero tolerance (Romania and Egypt) to ensure maximum protection of the health of 
consumers at the expense of producers of milk and cheese. By contrast, in 2004, Italy raised 
the limit of AFM1 in hard cheese to 450 ng/kg to protect the production of Parmesan cheese 
which in that year had big problems due to a high contamination of animal feed with AFB1.  

In all six of the analyzed samples of cheese made in the Laboratory of contaminated milk with 
a high concentration of AFM, there were detected two to three times higher levels than the 
concentration of AFM1 in milk.  

In the samples of cheese made from milk of dairy No. 2, the concentration of AFM1 doubled 
and was 0.296 mg/kg compared to the concentration of AFM1 in milk of 0.124 mg/kg ppb. 
The whey, which is obtained during the production of cheese from contaminated milk, was 
also analyzed and the presence of AFM1 was detected at the concentration of 0.047 mg/kg.  

In the samples of cheese made from milk produced in dairies No. 3 and 5, the concentration of 
AFM1 detected was 2.13 and 2.3 times higher in relation to the milk from which they were 
made and amounts to 0.160 mg/kg and 0.303 mg/kg. In the sample of cheese made from milk 
of dairy No. 9, AFM1 concentration was three times higher than in milk from which it was 
made and amounts to 0.339 mg/kg.  

In the cheese sample from milk of dairy No. 10, the increase of AFM1 concentration was 
0.181 mg/kg compared to the concentration found in milk which was used for manufacturing 
the same cheese being 0.046 mg/kg. Whey, which is obtained during the production of the 
cheese samples from contaminated milk had AFM1 at the concentration of 0.018 mg/kg. It has 
been noted that the concentration in sample cheese from 11th dairy is three times higher than 
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in milk from which it was made - AFM1 concentration was 0.07 mg/kg, and in cheese from 
that milk was 0.281 mg/kg.  

Based on the results of analysis of whey samples it can be seen the transfer of AFM1 from 
milk to whey in the amount of 23.6% to 38.5% and ranges from 0.018 mg/kg to 0.046 mg/kg 
in the analyzed samples of whey.  

Software for statistical analysis of the data Statistica 12 shows the correlation between milk 
and cheese as well as the correlation between milk and whey and based on the results observed 
in both cases there is a high correlation between the studied parameters (r = 0.76 and r = 0.80) 
with statistically significant difference p  0.01. 

Conclusion
Based on the results obtained in this study it is evident that 2-3 times increase in the 
concentration of AFM1 in cheese is in relation to contaminated milk from which it is 
produced. The above facts should be the guidelines to initiate the establishment of regulations 
concerning the allowable limit of aflatoxin M1 in cheese and other dairy products in the 
Republic of Serbia.  

The results of research in this paper also point to failures and lack of control of animal feed, 
which is indirectly reflected in the distortion - in this case the quality of milk and milk 
products that are used in human nutrition. These results are worrying because we must take 
into account that the effect of AFM1 is toxic and carcinogenic to human health.  

This is the reason why we should systematically take all measures for the production of 
healthy food for the animals which would provide production of milk and milk products 
within the permissible values for the member states of the European Union. 
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Abstract
The quality and quantity of milk is significantly influenced by housing conditions, care and 
feeding of dairy animals. Hygienic correct milk can be obtained if the cows or other dairy 
cattle are kept in hygienic conditions. The aim of this study was to investigate the effect of 
housing conditions and milking of cows on the microbiological and chemical quality of milk. 
We examined six samples of bulk tank milk cows from 6 different farms from the 
Municipality of Podgorica, where cow milking is done by machines. Chemical parameters of 
milk - fat, protein, lactose, free fat dry matter and somatic cells were investigated on the 
device Combi-Foss (Foss Electric, Denmark), and the total number of bacteria on the 
appliance BactoScan. All obtained data were processed using modern variation statistics. 
Statistical parameters: mean value, standard deviation, maximum and minimum values, are 
calculated.  In order to assess the hygienic conditions of keeping and milking of cows at these 
farms a certain building, microclimate and hygienic parameters were studied - by modified 
method of Hristov and Relji  (2009). Based on the established state, each test parameter is 
rated from 0 to 5 points. Average value of the fat content in bulk tank milk was 3.39 % - 
ranged from 2.92 % to 3.94 %, protein content 3.13% - ranged from 2.78 % to 3.65 %, lactose 
4.27% - ranged from 4.14 % to 4.47%, the fat free dry substance 8.13 % - ranged from 7.75 % 
to 8.77 %. The value of the number of somatic cells in bulk tank milk at the first farm was 
52000/mL, second 85000/mL, third 63000/mL, fourth 1920000/mL, fifth 1373000/mL and 
sixth 200000/mL. The total bacteria count in the bulk tank milk at the first farm amounted to 
5000/mL, second 41000/mL, third 124000/mL, fourth 1002000/mL, fifth 467000/mL and 
sixth 31000/mL. Physical, microclimate and hygienic parameters of dairy cows housing are 
rated with good rating on farms 1, 2, 3, 4 and 6 and on the farm 5 with a sufficient rating. The 
fourth and fifth farms did not use disinfection of teats after milking and disinfection of milking 
machines. The fourth and fifth farm had significantly higher number of somatic cells in bulk 
tank milk. The fifth farm had significantly higher total number of bacteria/mL in bulk tank 
milk - compared to the number that is permitted under applicable regulations. This can be 
linked with inadequate building, microclimate and hygiene of cows and failing disinfection of  
the udder and milking machine after milking. 

Key words: hygiene, milk, milking, somatic cells, total bacteria count  

 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

592

 2

Introduction 
Milk is a food of high nutritional value only if it is obtained from healthy animals. Proper 
breeding, keeping and exploitation of dairy animals provide a healthy product and production 
of hygienic proper milk. The main sources of milk contamination by microorganisms are 
diseased udders, udder skin, air, equipment  for milking and storage of milk, and man. When 
leaving the mammary glands of healthy animals the milk contains a small number of non-
pathogenic microorganisms - to 300/mL originating from teat canal. Postsecretory  level of 
contamination of milk depends on the way and milking hygiene and procedure with milk after 
milking. The number of somatic cells in milk of cows directly indicates the state of health of 
the mammary gland. The number of somatic cells in milk is influenced by numerous factors, 
such as factors that cause mastitis (pathogen microorganisms, toxins), physiological and 
pharmacological factors (stage of lactation, breed), stressful factors (changes in food, 
transportation, housing conditions, method of milking). Healthy mammary glands of milk 
contain polymorphonuclear leucocytes, macrophages, lymphocytes, erythrocytes and 
epithelial cells. In the case of mastitis, the number of polymorphonuclear leukocytes is 
increased  and may be up to 100 % of the total cells in milk. The average number of somatic 
cells in milk from healthy udders is 50 000/mL and in most cases it is less than 150 000/mL 
(Kati  et al., 2003.).  Changes in the composition of milk caused by mastitis affect its 
suitability for technological processing. Milk of cows with mastitis has a reduced percentage 
of free fat dry matter, casein, lactose, sodium, calcium, magnesium and an increased amount 
of chloride, serumalbumines, serumglobulines, and increased pH. In the production of cheese 
from milk with high somatic cell count a coagulation time is prolonged while the yield and 
sustainability of cheese is reduced. 

Given the importance of production proper hygienic milk in human nutrition, the aim of our 
study was to investigate the effect of keeping and milking hygiene of cows on the 
microbiological, chemical quality and the number of somatic cells in milk. 

Materials and methods 
We have examined six bulk tanks milk samples of cows from six farms of the Municipality of 
Podgorica, where milking cows is done by machines. Milk samples were collected in sterile 
plastic containers with an added preservative. Immediately after taking, the samples were 
placed in the hand refrigerator at a temperature of 4-50C and transported to the laboratory in 
12 hours maximally. Milk samples were tested for the following parameters: fat content, 
protein content, lactose content, free fat dry matter content, number of somatic cells and the 
total number of bacteria. Determination of chemical parameters and the number of somatic 
cells in bulk tank milk of cows was done on the machine Combi - Foss (Foss Electric, 
Denmark) and the total number of bacteria on the appliance BactoScan. All data were 
analyzed using modern variation statistics. The following statistical parameters were 
calculated: mean value, standard deviation, maximum value and minimum values.  

In order to assess the hygienic conditions of keeping and milking the cows were determined 
visually by some space, microclimate and hygienic parameters, using modified method of  
Hristov and Relji  (2009).  

Rating  of spatial conditions was performed by measuring the dimensions of stables,  bearings, 
windows, doors and outlets. We have taken into account the position of the stables, the type 
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and condition of ventilation, as well as the characteristics of the material for the construction 
of walls, ceilings and floors, their current status of functionality and possible damage, and the 
type and amount of litter. Evaluation of sanitation was carried out on the basis of visual 
assessment of hygiene litter, bearings, floors, walls, ceilings, windows, outlets, feeders, 
drinkers, channels and manure corridors and ventilation ducts. Assessment of microclimate 
conditions was performed using the following parameters: dust, noise, ventilation, air 
circulation, harmful gases and illumination. Based on the established state of each test 
parameter was evaluated with a minimum of 0 to a maximum 5 points ( 5 - excellent, 4 - very 
good, 3 - good, 2 - satisfactory, 1 – insufficient -  there are resources to improve, 0 – 
insufficient - no resources to improve). Dividing the total number of points with the number of 
estimated parameters  we obtained final rating of a minimum 0 to a maximum 5 (evaluation is 
done as follows: 0 - 1.99  insufficient, 2.00 - 2.49 sufficient, 2.5 - 3.49 good,  3.5 - 4.49 very 
good and  4.5-5.00 excellent). 

 

Results and discussion  
Results of chemical composition of bovine bulk tank milk are shown in Table 1. 

 
 Table 1. The results of  examination of chemical and microbiological parameters and the number of 

somatic cells in bovine bulk tank milk samples   

Farm Fat 
content 
(%) 

Protein 
content (%) 

Lactose 
content  
(%) 

Free fat 
dry 
matter  
(%) 

Freezing 
point 

Somatic 
cells 
number 

Total 
bacteria 
number 

1 3.32 3.18 4.47 8.38 0.534 52000 5000 

2 2.92 2.91 4.14 7.79 0.517 85000 41000 

3 3.32 2.96 4.17 7.86 0.525 63000 124000 

4 3.65 3.65 4.39 8.77 0.531 1920000 1002000 

5 3.19 3.28 4.24 8.25 0.524 1373000 467000 

6 3.94 2.78 4.24 7.75 0.514 200000 31000 

Average 3.39 3.13 4.27 8.13 0.524 615500 18000 

Max 3.94 3.65 4.47 8.77 0.534 1920000 1002000 

Min 2.92 2.78 4.14 7.75 0.514 52000 5000 

Sd 0.357 0.314 0.128 0.404 0.007 818826.7 18.385 

 

The results in Table 1 show that in the bulk tank milk samples fat content varied from 2.92 %  
to 3.94 %,  protein content from 2.78 % to 3.65 %, and the content of lactose from 4.14 % to 
4.47%. The content of free fat dry matter varied from 7.75 % to 8.77 %. Freezing point varied 
from 0.514 to 0.534  and the number of somatic cells from 52000 to 1920000/mL. The number 
of bacteria varied from 5000 to 1002000/mL of  milk. 
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The results of  evaluation  of the stable spatial parameters of cows keeping are shown in Table 
2. 

Table  2. Results of evaluation of the stable spatial parameters of cows keeping  

Farm 1 2 3 4 5 6 
Stable 4 4 5 3 3 5 
Bearing 3 3 4 2 2 4 
Hallway 
nutrition 2 3 3 1 2 4 

Feeding 
equipment 3 4 4 3 3 4 

Equipment for 
drinking 4 4 4 3 4 4 

Hallway 
manure 3 4 3 2 1 3 

Channel 
manure 3 2 3 3 2 3 

Outlet 4 3 3 3 4 2 
Ventilation 2 3 2 1 0 4 
Windows 3 4 3 1 1 3 
Doors 3 4 2 1 1 3 
Walls 4 3 4 2 2 4 
Roof 1 2 2 0 1 2 
The total 
number of 
points 

39 43 42 25 26 45 

Evaluation 3.00 3.30 3.23 1.92 2.00 3.46 
Descriptive 
rating good good good insufficient sufficient good 

Results in Table 2 show that the evaluation of the spatial parameters were insufficient on farm 4, 
sufficient  on farm 5 and good on other farms: 1, 2 , 3 and 6.  

The assessment results of microclimate conditions in the stables for keeping the cows are shown 
in Table 3. 

Table 3. Results of evaluation of microclimate conditions in the stables for cows

Farm 1 2 3 4 5 6 
Dust particles 3 2 3 3 3 3 
Noise 4 3 2 4 3 4 
The air flow 2 4 3 2 1 3 
Hazardous gases 2 2 4 2 2 2 
Illumination 2 3 2 3 2 4 
The total number of 
points 13 14 14 14 11 16 

Evaluation 2.6 2.8 2.8 2.8 2.2 3.2 
Descriptive rating good good good good sufficient good 
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Rating  of microclimate conditions was sufficient on the farm number 5  and good on the other 
farms. 

The assessment results of hygienic parameters in the stables for keeping cows are shown in 
Table 4. 

Table 4. Results of evaluation of hygiene in stables for cows 

Farm  1 2 3 4 5 6 
Hygiene 
bearings 5 4 4 2 2 4 

Hygiene 
litter 4 3 4 2 1 5 

Hygiene 
drinkers 5 4 5 3 3 4 

Hygiene 
hall for food 3 3 4 3 2 3 

Hygiene 
discharge 3 4 4 4 3 4 

Hygiene 
window 4 3 3 3 2 3 

Hygiene 
walls 3 4 3 3 2 3 

Hygiene 
roof 4 5 3 3 2 4 

Total 
number of 
points 

31 30 30 23 17 30 

Evaluation  3.87 3.75 3.75 2.87 2.12 3.75 
Descriptive 
rating very good very good very good good sufficient sufficient 

 

The results presented in Table 4 show that the evaluation of the hygienic conditions in the 
stables was sufficient on the fifth farm, good on the fourth farm and very good on the other 
farms. The lowest rating (rating 2) on the fourth farm had parameters for hygiene of bearings 
and litter.  On the fifth farm a litter hygiene was evaluated the lowest rating (rating 1). 

The results of total evaluation of accommodation conditions on the farms are shown in Table 
5: 
 
Table  5. Total rating  of accommodation conditions on tested farms 

Evaluated parameters Farm  
1 2 3 4 5 6 

Spatial 3.00 3.30 3.23 1.92 2.00 3.46 
Microclimatic 2.60 2.80 2.80 2.80 2.20 3.20 
Hygienic 3.87 3.75 3.75 2.87 2.12 3.75 
Rating 3.15 3.28 3.26 2.53 2.10 3.47 
Descriptive rating good good good good sufficient good 
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The results presented in Table 5 show that the rating of the accommodation conditions for 
cows on farms 1, 2, 3, 4 and 6 was good and on the farm 5 insufficient.  

The results of  implementation of washing and disinfection of udder and milking machines are 
shown in Table 6: 

 
Table  6. Test results of implementation of washing and disinfection  of udder  and milking machines 

 
The results in Table 2 show that washing the udder with lukewarm water before milking is 
enforced on all farms. Washing the milking machines on all six farms was conducted using 
detergent and lukewarm water. Teat disinfection after milking and disinfection of milking 
machines  is not implemented on the fourth and fifth farm.  

The modes of keeping and feeding the dairy animals significantly affect the quality and 
quantity of obtained milk. Hygienically correct milk can be obtained only if the cows are kept 
in hygienic conditions. The proper treatment of animals is closely related to their welfare, and 
to technological, hygienic and other requirements that provide the necessary comfort and 
hygiene to dairy farm. Raw milk is usually contaminated as a result of mistakes in the 
implementation of hygiene during milking and storage of milk. Cows suffering from mastitis 
secrete a large number of bacteria through milk, which is significant source of contamination. 
Streptococci and staphylococci, as the most common causes of mastitis, are transmitted from 
animal to animal through milking. Reduction of new infections can be achieved by milking 
teat disinfection after milking, proper handling of the milking machine, disinfection of teat 
cups, washing the udder with lukewarm running water and other hygienic – sanitary measures. 
Teat cup, if the milking technology is poor, may be an important factor in the transmission of 
mastitis pathogens. Mastitis increases the number of somatic cells, in particular those caused 
by Streptococcus agalactiae and Staphylococcus aureus (Kati  et al., 2003).  

Stable climate, as zoohygienic significant factor, is determined by the characteristics of the 
roof, walls and floors of the stable. Regular ventilation and outdoor air significantly affect the 
indoor climate. Construction materials used to build the stable, should be adapted to the 
geographical area (Stojanovi  and Kati , 2004). Appropriate microclimate in the stable and 
cleanliness of floors provides a constant dry and clean udder, which is an important 
prerequisite for mammary gland health and hygienic quality of milk.  

For the preparation of dairy animals for milking, washing teats and udder, which requires 
lukewarm water and clean cloths for cleaning, must be regularly performed. Improved hygiene 

Farm Washing the udder  
by  lukewarm water 

before milking 

Teat 
disinfection 
after milking 

Washing of milking 
machines  by detergent 

and lukewarm water 

Disinfection of 
milking 

machines 
       1 Yes Yes Yes Yes 

2 Yes Yes Yes Yes 
3 Yes Yes Yes Yes 
4 Yes No Yes No 
5 Yes No Yes No 
6 Yes Yes Yes Yes 
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of milking and milking machines can reduce the number of somatic cells in milk. Control of 
milking machines has great importance in the prevention of new infections in the herd 
(Hristov et al., 2005). Stable air contains particles of dust, which during hand milking 
contaminate milk by microorganisms (Kati  and Stojanovi , 2004). According to Article 87 
of the Rule Book on the specific hygiene requirements for food of animal origin, Gazette of  
Montenegro, no. 14/2009, the allowed number of bacteria in bovine raw milk is 100000/mL 
and of somatic cells 400000/mL. If the raw milk is used for the manufacture of products from 
milk, the maximum number of bacteria is 300000/mL milk. With these criteria in mind,  bulk 
tank raw milk originating from farms 3, 4 and 5 does not correspond to the criteria for the total 
number of  bacteria.  On the  fourth and fifth farm significantly higher number of somatic cells 
in bovine bulk tank milk was found compared to the number permitted under the Rule Book of 
the specific hygiene requirements for food of animal origin, Gazette of Montenegro 14/2009 
(Table 1). 

Kati  et al. (1994) determined the mean number of somatic cells in cow milk to be  93361/mL, 
in the milk of cows with subclinical mastitis challenged with S. aureus 182163/mL, in the 
milk of cows with subclinical mastitis caused by S. uberis  2214000/mL and the in milk of 
cows with nonspecific mastitis 980750/mL. In the bulk tank milk of healthy cows they found 
the mean fat content of 3.39%, protein 3.37%, lactose 4.81% and free fat dry matter 8.71%. 
According to the Regulations on the quality and other requirements for milk and milk products 
and starter cultures (Gazette SRJ  26/2002, 56/2003, 4/2004 and 5/2004) fat content should not 
be less than 3.3%, protein content 2.9%  and free fat dry matter 8.5%. The value of the free fat 
dry matter content  in milk obtained in our tests (8.13 0.404) is below the minimum value of 
the dry matter prescribed by the regulations. Lactose content obtained in our study  on  bovine 
bulk tank milk is 4.27% 0.128 which is lower value compared to the lactose content in milk 
of healthy cows (4.7%) (Table 1).  

Rating of spatial parameters was insufficient on farm 4, sufficient on farm 5 and good on other 
farms: 1, 2, 3 and 6. On the fourth farm, with minimum rating, the following parameters were 
evaluated: the hall for food, ventilation, windows, doors, roof, air flow, harmful gases, hygiene 
bearings and hygiene litter (Table 2). On the fifth farm the lowest rating had the parameters:  
hallway manure, ventilation, windows, doors, roof, air flow and hygiene litter (Table 2). 
Rating of microclimate conditions was sufficient on farm 5 and good on other farms (Table 3). 
Rating of hygiene in stables was sufficient on the fifth, good on the fourth and very good on 
the other farms. The lowest rating (rating 2) on the fourth farm obtained parameters:  hygiene 
of  bearings and litter. On the fifth farm the lowest rating was for hygiene of litter (rating 1) 
(Table 4). Total rating of conditions for accomodation of cows on farms 1, 2, 3, 4 and 6 was 
good, while the rating on the farm 5 was sufficient (Table 5).  

Washing and sanitizing the milking equipment is a critical point in the process of milking, 
because it affects the level of bacterial contamination of bovine bulk tank milk. Proper 
cleaning of milking machine provides better milk quality. The residual milk or water after 
washing the milking machine promote the growth of various microorganisms (Bava et al., 
2009). Poor hygiene during milking, with failures in disinfection, particularly of the teats and 
hand milker, facilitate milk contamination from the environment (Hristov et al., 2005.). If 
hygiene is not maintained,  milking machines are always  the source of  milk contamination.  
The main sources of contamination from the milking machine are: teat cups, hoses, main 
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sewer and dairy milk container. Milk is usually contaminated by psychrotrophic gram negative 
organisms from equipment for milking,  

From the equipment the milk can also become contaminated by the sporogenic aerobic 
bacteria of genus Bacillus and the sporogenic anaerobic bacteria of genus Clostridium. A 
common source of  bacterial contamination of equipment is unfit water. Proper sanitation of 
milking machines and their proper application produces milk with a small number of 
microorganisms (Stojanovi  and Kati , 2004). Irregular, rough  machining or hand-milking  
has a significant role in the incidence of mastitis.  

Improper preparation of the udder for milking leads to transfering the causes of mastitis from 
cow to cow. In our tests, washing the udder with warm water before milking was enforced on 
all farms. Washing the milking machine on all six farms was conducted using detergent and 
warm water. However, teat desinfection after milking and disinfection of milking machine was 
not conducted on the fourth and fifth farm (Table  6). In view of these results, the high number 
of somatic cells and microorganisms in bulk tank milk of cows on farms 4 and 5 can be related 
to inadequate space, microclimate and sanitation of accomodation conditions for cows, non-
implementation of disinfection of the udder after milking and non-implementation of 
disinfection  of milking machine. 

                                       

Conclusion
In bulk tank cow milk samples fat content ranged from 2.92%  to 3.94%,  protein content from  
2.78%  to 3.65 % and content of lactose from 4.14% to 4.47%. The content of free fat dry 
matter varied from 7.75%  to 8.77%. Somatic cells count ranged from 52000 to 1920000/mL 
and number of bacteria from 5000 to 1002000/mL milk. Total rating of conditions for 
accomodation of cows on farms 1, 2, 3, 4 and 6 was good, and on the farm 5 was sufficient 
(Table 5). The high number of somatic cells and microorganisms in bulk tank milk of cows on 
farms 4 and 5 may be associated with inadequate space, microclimate and hygiene conditions 
of accomodation, as well as by failed teat disinfection after milking and failed disinfection of 
milking machine. 

 

Acknowledgements 

This work was supported by the Ministry of  Science of Montenegro, through national project:  
”Isolation and characterization of autochthonous lactic acid bacteria to be used for the  
production of specific cheeses in Montenegro” (No 49/2008), and the Ministry of Education, 
Science and Technological Development of the Republic of Serbia through the Technological 
Development Project (Projects number TR 31086: Optimisation of technological procedure 
and zootechnical resources on farms with the aim of improving the sustainability of milk 
production). 

 

References 
1. Bava L, Zucali M, Brasca M, Zanini L and Sandrucci  A 2009. Efficiency of cleaning procedure 

of milking equipment and bacterial quality of milk. Ital. J. Anim. Sci.  8 (Suppl. 2), 387-389. 



599

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

 9

2. Hristov S, Stankovi  B and Reli  R 2005. Klini ki i subklini ki mastitis u krava.  Biotechnology 
in Animal Husbandry 21, 1-2, 29-39.   

3. Hristov S and Reli  R 2009. Ocena uslova smeštaja sa osvrtom na dobrobit krava. Zbornik 
nau nih radova  15,  3-4,  79-88.      

4. Kati  V, Babi  Lj, Popovi  J and Tayeb H. 1994. Uticaj mastitisa na kvalitet mleka, Veterinarski 
glasnik 48, 3-4, 271-276. 

5. Kati  V, Stojanovi  L and Bojani  M 2003. Uticaj nespecifi nih uzro nika mastitisa na broj 
somatskih elija u mlijeku. Peto savjetovanje iz klini ke patologije i terapije, Budva, 9-13. jun. 
Clinica veterinaria, 177-182 pp. 

6. Regulations on the quality and other requirements for milk and milk products and starter cultures 
(Gazette   SRJ  26/2002, 56/2003, 4/2004 and 5/2004). 

7. Rule book of the specific hygiene requirements for food of animal origin, Gazette of  
Montenegro, 14/2009. 

8. Stojanovi  L and Kati  V 2004. Higijena mleka, Aran elovac. 

                                 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

600

Original paper 

THE EFFECT OF  SUPPLEMENTATION ON SELENIUM AND ZINC CONTENT 
IN BLOOD AND MILK OF DAIRY COWS 

 
Davidovi  V.*1, Joksimovi  Todorovi  M.1, Bojani  Rašovi  M.2, Reli  R.1 

 
1 University of Belgrade, Faculty of Agriculture, Nemanjina 6, 11080 Zemun-Belgrade, Serbia 
2 University of Montenegro, Biotechnical faculty, Mihaila Lali a 1, 81000, Podgorica, Montenegro 

*Corresponding author: vesnadv@agrif.bg.ac.rs  
 

Abstract 
Milk is an important source of microelements for calves during the suckling period as well 
as in human nutrition. Concentration of trace elements in blood and their secretion via milk 
can significantly change depending on food intake and composition. Proper control of 
selenium and zinc content in blood and in milk can improve the status of these 
microelements, so that the occurrence of deficiency or excessive quantity due to their 
increased intake can be prevented. This paper presents the results of the study on the 
concentration of selenium and zinc in the blood and milk of diary cows whose rations have 
been supplemented by organic forms of selenium (0.2 mg/kg DM)  and zinc (40 mg/kg 
DM) during the last ten days of dry period and early lactation. Supplemented cows in trial 
groups A and B achieved significatly higher concentrations of these microelements in 
blood (Se 186.70±8.50 μg/L vs. 118.80±7.05 μg/L), blood serum (Zn 1204.70±109.5 μg/L 
vs. 1095.40±130.2 μg/L) and milk (Se 57.30±8.05 vs. 21.30±4.60 μg/L; Zn 2893.90±120.15 
μg/L vs. 1952.10±130.50 μg/L) on 60th day postpartum compared to non-supplemented 
control.  

Key words: blood, dairy cows, milk, selenium, zinc, supplementation 
 

Introduction 
Microelements (selenium, zinc, copper, manganese and iodine) have an important role in 
preserving dairy cows health, immune system functions and optimal reproductive and 
production characteristics (Joksimovi  and Davidovi , 2006 and 2007; Siciliano-Jones et 
al., 2008; Spears and Weiss, 2008). The concentration of microelements in milk varies 
depending on the content of these elements in soil and in dairy cow feeds (Malbe et al., 
2010). Supplementation of animal feeds with critical microelements has become a common 
practice in order to prevent defficiency disorders and secure maximum productivity. 
However, the range of increase of their concentration in milk is limited by biochemical 
homeostatic mechanisms (Pechová et al., 2008). 

Selenium (Se) is an essential microelement for human and animal health. 
Selenomethionine (Se-Met) is the most important nutritional form of organic selenium in 
different cereals (Weiss and Hogan, 2005). The main advantage of organic selenium is its 
improved retention in tissues which thereby increases  the selenium body reserves. These 
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reserves are particularly important in stress conditions, during disease and gestation when 
the need for selenium increases and food supply is usually decreased due to lower food 
consumption (Gunter et al., 2003). In stress conditions, Se-Met is being released through 
protein catabolism and used as selenium source for newly synthesized selenoproteins such 
as GSH-Px, thioredoxin reductase and methionine sulphoxide reductase. These enzymes 
extinguish a variety of free radicals contributing to maintaining animals health and high 
productive and reproductive in stress conditions (Joksimovi  Todorovi  et al., 2012). 

 Recommendations of the National Research Council (2001) are that inorganic Se be added 
into the dairy cow rations in the quantity from 0.1 to 0.3 mg/kg dry matter (DM); however 
FDA (2003) ammended the regulation by approving the use of up to 0.3 ppm daily 
selenized yeast in the nutrition of dairy and fattening animals. Maximum tolerant level can 
amount to 0.5 ppm (Steven and Elliott, 2007). Concentration of selenium in milk increases 
linearly with the intake of Se in the form of selenized yeast (SY) or other high-Se food, but 
only to a certain level.  Bioactivity of selenium from selenized yeast is estimated to be 20% 
higher than in inorganic selenium (Weiss, 2005).  

It is confirmed that addition of organic forms of Se increases the Se concentration in milk 
(Juniper et al., 2006; Knowles et al., 2006; Mu iz-Naveiro et al., 2006). Small Se anions 
are rapid transported through digestive tract membrane (Pechová et al., 2008). Ran et al. 
(2010) proved that on day 60, 75 and 90 of lactation the selenium concentration in blood of 
cows supplemented by selenized yeast was 10, 11 and 14% higher in comparison to the 
cows supplemented inorganic selenium. Many authors indicate that the concentration of 
microelements is generally higher in colostrum than in ripe milk (Pavlata et al., 2004). 
After the colostral period, selenium concentration decreases (Hosnedlová et al., 2005). 
Negative correlation of Se content in relation to lactation days, can be caused by emptying 
the Se body reserves because of its gradual loss via milk. Weiss and Hogan (2005) 
determined that Se concentration in colostrum was about 3.8 times higher than in milk 
(P<0.01) in dairy cows supplemented by 0.3 mg/kg DM selenized yeast or sodium selenate 
during the dry period and first 28 days of lactation. Selenium concentration in colostrum 
and milk were 1.5 to 2 times higher (P<0.01) in cows fed SY compared to those 
supplemented with selenate.  

Zinc (Zn) is an essential microlement and represents an integral component of over 300 
enzymes. It influences reproductive functions, secretion of gonadotropin, androgen, 
prostaglandin and prolactin (Suchý et al., 1998) and plays a role of antioxidant (Arthur, 
2001). Natural sources of zinc for farm animals can be found in brans, cereals and animal 
yeast (Suchý et al., 1998). verage concentration of zinc in food is 36 mg/kg DM. The 
dairy cow requirement for zinc is 50 mg/kg DM (min 45, max 250 mg/kg DM), for 
lactating dairy cows 850-1200 mg zinc daily (per consumption of 17-24 kg dry matter 
daily), and for cows in dry period 600 mg daily (per consumption of 12 kg dry matter) 
(Kruczy ska, 2004). The addition of chelate forms of zinc increases its utilisation by 
microorganisms in rumen and increases its transport to the blood or tissues (Strusi ska et 
al., 2003). The National Research Council (2001) recommends that dairy cow feeds should 
be zinc supplemented in the quantity from 40 to 60 mg/kg DM. 

Zinc cations are accumulated in blood, tissues and in a great degree in milk independently 
on the intake what is associated with regulation of intestinal absorption and change of 
metabolic demands (Windisch, 2002). Zinc absorption is an active process, in which zinc is 
partly retained in intestine mucosa from where it is slowly released (Pechová et al., 2008). 
Absorbed zinc can link with albumin and be transported through liver towards tissues. The 
greatest part of zinc in the organism is situated in muscular tissue, liver, bones and 
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mammary gland (Suchý et al., 1998). In blood, zinc in plasma is 75% linked primarily to 
proteins, 33% to erythrocytes and 3% to leukocytes (Bencko et al., 1995). Zinc 
concentration in plasma is about 15 μmol/L, out of which 84% is linked to albumin, 15% 
to 2-macroglobulin and 1% to amino acids (Tapiero and Tew, 2003). Zinc content in 
blood can be reduced by 50% in the states of high stress, traumas or inflammatory 
processes (Zadák, 2002). After the colostral period, zinc concentration does not change 
significantly (Hosnedlová et al., 2005).   

Kellogg et al. (2004) suggest that zinc methionine significantly increases lactation 
performances, milk quantity and milk fat, and improves health state of mammary gland 
since it reduces the somatic cell count (SSC) by 33.3% improving the structure of keratin 
in teat ducts. Cope et al. (2009) observed that addition of recommended levels of zinc 
chelate form in the feeds for dairy cows significantly increases the milk quantity (37.6 
kg/day) in relation to inorganic zinc (35.2 kg/day) or lower levels of organic chelate zinc 
(35.2 kg/day). Yang et al. (2011) report that exchanging 30% inorganic copper, zinc and 
manganese by chelate forms of these nutrients 6 weeks prepartum up to 305 days of 
lactation in dairy cows leads to increase of milk production by 6.5%  and reduces SCC by 
34%.  

Dairy cow milk contains 2-6 mg/L zinc and this value is higher than Se concentration 
which is 2-60 μg/L (Illek et al., 2000; Knowles et al., 2006). Zinc in milk is primarily 
bound to colloid calcium phosphate in casein micelles (Silva et al., 2001). Almost 90% 
zinc is bound to casein in ripe milk, while 60% zinc is bound to casein in colostrum 
(Kincaid and Cronrath, 1992). Rodriguez et al. (2001) determined that concentrations of 
selenium and zinc in milk vary significantly throughout the season decreasing from March 
to September and being significantly higher during winter and spring than during summer 
and autumn. These seasonal differences are probably caused by various contents of 
microelements in food.  

The aim of this paper was to determine the effect of supplementation of organic selenium  
(selenized yeast, SY) and organic zinc (zinc methionine, ZnMet) into bovine rations on the 
concentration of these microelements in blood and milk of Holstein-Friesian cows.     

 

Material and methods 
The trial was conducted on 30 cows of Holstein-Friesian breed (13 secundipara and 17 
third calving), in the intensive keeping system and on 10th day before expected calving 
randomly divided into three equal groups consisting of ten cows each. Control group was 
fed basic ration with no supplements of selenium and zinc in food. Trial groups were fed 
rations supplemented by microelements starting from 10th day before expected calving (-10 
d) up to 60th day of lactation (60 d). Trial group A was supplemented by 0.2 mg/kg DM 
organic selenium in the form of selenized yeast (Sel-Plex 50, Alltech, Inc), and trial group 
B received 40 mg/kg DM organically bound zinc in the form of zinc methionine (Bioplex 
Zn, Alltech, Inc). Average consumption of  DM was about 20 kg. Cows were fed 
individually and water was available ad libitum. Blood for analysis (20 mL) was taken 
from each animal in heparinized test tubes by punctioning the v. jugularis on 10th day 
prepartum and 60th day postpartum, in the morning before feeding. Milking was performed 
twice daily and milk samples were taken on 60th day of lactation during the morning 
milking. Determination of selenium concentrations in blood, zinc in milk serum, selenium 
and zinc in milk was performed by hydrid procedure of atomic absorption 
spectrophotometry (AAS). Results were statistically processed by means of software 
package SPSS 8.0. Intergroup comparisons were analyzed using Student t-test.   
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Results and discussion 
Table 1 presents the results of the study on average concentration of selenium in whole 
blood and milk on 10th day prepartum and 60th day of lactation.  

 
Table 1. Selenium concentration (Mean±SD) in whole blood and in milk on 10th day prepartum 

and 60th day of lactation 

Period 

Concentration of selenium in blood (μg/L) Concentration  of selenium in milk (μg/L) 

Control  
group 

 (n=10) 

Trial   
group A 
(n=10) 

Statistical 
significance 
between the 
groups in the 
same period 

Control 
group 
(n=10) 

Trial  
 group A 
(n=10) 

Statistical 
significance 
between the 

groups in 
the same 
period 

-10 d 120.10±10.02 119.10±8.40 NS 20.10±4.12 25.50±6.62 NS
60 d 118.80±7.05 186.70±8.50 ** 21.30±4.60 57.30±8.05 ** 

Statistical 
significance 
within each 

group in 
different 
periods 

NS ** - NS ** - 

NS  non-significant, P>0.05; **P<0.01 
 
Blood and milk selenium concentration in cows from Trial A and Control did not differ on 
the tenth day prepartum. On the sixtieth day of lactation selenium concentration in whole 
blood (186.70±8,50 μg/L) and milk (57.30±8.05 μg/L) of supplemented cows was 
significantly higher (P<0.01) compared to control. In Trial group A the addition of 
selenised yeast into dairy cow ration increased selenium concentration in blood and milk 
by  50% and 100%, respectively.   

The results obtained correspond to the results of Ortman and Pehrson (1999), Knowles et 
al. (2006), Slavik et al. (2008) and Ran et al. (2010), who determined that addition of 
different forms of selenium in dairy cow rations can increase the concentration of selenium 
in milk. Ran et al. (2010) proved that addition of selenized yeast in the nutrition of dairy 
cows in prepartum period and period of early lactation significantly increases the 
concentration of selenium in milk within first three months of lactation. The results of our 
research corroborate the results of Ceballos et al. (2009) who determined that addition of 6 
mg selenium into bovine rations on a dialy basis within the period of 75 days satisfies the 
needs of individual and enables the increase of intake of selenium in consuming dairy 
products.  Ortman and Pehrson (1999) added 3 mg selenium daily, nd Gunter et al. (2003) 
added 2.8 mg selenium in feed daily and found that selenized yeast more efficiently 
increases the concentrations of selenium in the blood of dairy cows in relation to inorganic 
selenium.   

In the trial carried out by Pavlata et al. (2000) the content of selenium in bovine blood 
serum was not lower than 100 μg/L. Weiss and Hogan (2005) reported that in cows whose 
ration was supplemented by 0.3 mg/kg DM selenized yeast from the 60th day prepartum up 
to the 28th lactation day the blood serum selenium concentration at calving (0.059 mg/L) 
and on the 28th lactation day (0.074 mg/L) was about 1.4 times higher compared to cows 
supplemented by the same quantity of sodium selenat (0.043 mg/L and 0.054 mg/L). The 
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results obtained by Maus et al. (1980) and Weiss et al. (1990) show that the concentration 
of selenium in dairy cows plasma ranges from 1016-1397 nmol/L (or 0.08-0.11 μg/mL) 
after addition of 0.25 - 0.3 mg/kg DM dietary selenium. Jukola et al. (1996) state that the 
optimal preventative action against mastitis can be obtained when the whole blood 
selenium concentration is higher than 0.18 μg/mL and in blood plasma 0.08 μg/mL.  
Similar values were obtained in our trial by adding selenized yeast to cows ration. 

Table 2 displays the results of the research on average concentration of selenium in whole 
blood and milk on 10th day prepartum and on 60th day of lactation.  

 
Table 2. Zinc concentration (Mean±SD) in blood serum and in milk on 10th day prepartum and on  

60th day of lactation  

Period 

Concentration of zinc in blood serum (μg/L) Concentration  of zinc in milk (μg/L) 

Control  
group  
(n=10) 

Trial   
group B 
(n=10) 

Statistical 
significanc
e between 
the groups 
in the same 

period 

Control  
group  
(n=10) 

Trial   
group B 
(n=10) 

Statistical 
significance 
between the 

groups in 
the same 
period 

-10 d 1070.50± 
150.2 

1055.50± 
112.1 NS 1970.20± 

140.8 
1962.30± 

135.1 NS 

60 d 1095.40± 
130.2 

1204.70± 
109.5 * 1952.10± 

130.5 
2893.90± 

120.1 * 

Statistical 
significance 
within each 

group in 
different 
periods 

NS * - NS * - 

NS  non-significant, P>0.05; *P<0.05 
 
There was no significant difference in the concentration of zinc in blood serum and milk 
between Control and Trial group B on the tenth day prepartum. Supplementation of 
organically bound zinc resulted in significant increase (P<0.05) of zinc concentration in 
blood serum (1204.70±109.5 μg/L) and milk (2893.90±120.1 μg/L) compared to control on 
the sixieth day of lactation. Statistically significant increase of zinc concentration in blood 
serum and milk was confirmed also in Trial B group on the 60th day postpartum.  

Our results correspond with the research of Pechová et al. (2008), who during the first half 
of lactation supplemented their rations with 0.4 mg/kg DM selenium and 105 mg/kg DM 
zinc, the average consumption of DM being 20.5 kg. Authors determined that the 
concentration of selenium in whole blood (183.75±29.63 μg/L) was higher than in milk 
(28.59±7.12 μg/L), while the content of zinc in blood serum (1063.92±181.13 μg/L) was 
lower than in milk (3855.2±814.7 μg/L). In this respect, Pechová et al. (2008) did not 
determine significant correlation between the concentrations of these microelements in 
milk and blood nor between milk production and concentration of these microelements in 
milk. Zinc content in milk in our trial was within usual values for consumable milk 2-6 
mg/L (Knowles et al., 2006).  

Transport of zinc into milk is an active process (Kelleher and Lonnerdal, 2003), and in the 
milk of dairy cows zinc is linked primarily to casein (Kincaid and Cronrath, 1992). 
Dobrza si et al. (2005) determined an average zinc content of 2.575±644 μg/L in full 
blood of clinically healthy cows in full lactation and in the age of 4-12 years. Kruczy ská 
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(1992) confirmed that the level of zinc in blood serum of cows has an average value of 
13.0-48.7 μmol/L, and in calves 10.7-39.0 μmol/L. Average value of zinc in dairy cows 
plasma is 10.5-17 μmol/L (Masoero et al., 1998), while Strusi ska and Iwa ska (1994) 
established the value of 15.7 μmol/L zinc in blood plasma in cows 60 days postpartum. 

Campillo et al. (1998) determined that the concentration of zinc in fresh cows milk is 
3±0.2 μg/mL and in dried milk 23.5±0.3 μg/g.  

Hosnedlová et al. (2005) analysed 50 samples of milk of dairy cows collected in the period 
between May and June and determined an average value of zinc to be 4.67±0.64 mg/L 
milk. These authors, on all examined farms, obtained higher values than those obtained in 
our research. The concentration of zinc in milk was highest on the farms with milk 
production of over 7000l daily (4.96±0.21 mg/L) and lowest on the farms with the 
production of up to 1000l daily (4.18±1.30 mg/L).  

 

Conclusion 
Supplementation of dairy cow rations with organic selenium (selenized yeast, SY) and 
organic zinc (zinc methionine, ZnMet) from the tenth day before expected calving up to 
the sithieth day of lactation has a positive effect on the concentrations of these nutrients in 
cow blood and milk. 

Compared to the control group receiving no such supplementation the cows in trial groups 
on the sixtieth day postpartum had: 

Significantly higher blood selenium concentration (186.70±8.50 μg/L vs 
118.80±7.05 μg/L); 

Significantly higher blood serum zinc concentration (1204.70±109.5 μg/L vs 
1095.40 μg/L ± 130.2); 

Significantly higher selenium (57.30±8.05 vs 21.30±4.60 μg/L) and zinc 
concentrations in milk (2893.90±120.15 μg/L vs 1952.10±130.50 μg/L); 

Established differences were at the level of significant (P<0.05) for zinc and very 
significant (P<0.01) for selenium. 

Within the trial groups the addition of microelements into dairy cow rations resulted in: 

The increase of selenium blood and milk concentrations in Trial group A cows  by 
approximately 50% and over 100%, respectively, the established differences at the 
beginning and at the end of trial being at the level of very significant (P<0.01);  

Statistically significant increase of zinc concentrations in Trial group B cows blood 
serum and milk on the sixtieth day postpartum compared to the tenth day 
prepartum (P<0.05).  
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Abstract  
In order to determine the impact of different fattening system (I - milk, pasture; II - 
indoors, milk, grains, III - milk, pasture, concentrate) on slaughter value and carcass 
quality of the lambs of Dalmatian Pramenka, 18 lambs (100 ± 5 days old), 6 in each group, 
were slaughtered. Lambs of one group were from the same flock and selected by birth 
weight (2.00 ± 0.20 kg). After slaughtering and cutting the carcasses into halves, in order 
to determine the share of legs and shoulders as well as certain tissues in the halves, the legs 
and shoulders were separated from the halves and total dissection was made. The 
significant differences (P<0.05) of slaughter weight (I - 21.17 kg, II - 23.25 kg, III - 26.25 
kg) and hot carcass weight (I - 9.98 kg, II - 11.92 kg, III - 12.92 kg) among three groups 
were found. The legs II (1.65 kg) and III (1.71 kg) were significantly heavier (P<0.001) 
than legs I (1.32 kg), as well as shoulders (I - 0.52 kg, II - 0.65 kg, III - 0.69 kg; P<0.01). 
Total dissection of the halves established these tissues ratio: muscle 51.25 %, fat 10.18 %, 
connective 13.93%, bone 23.04% and other tissues 2.32%. The biggest quantity of muscle 
tissue was found in halves III (3.27 kg) what was more (P<0.05) than in halves II (2.83 kg) 
and I (2.50 kg). However, the biggest quantity of fat was found in halves II (0.85 kg) what 
was more (P<0.01) than in halves I (0.33 kg) and III (0.52 kg). Therefore, the addition of 
concentrate in pasture fattening system (III) increased the muscularity, without 
significantly increasing the amount of fat in the lamb carcass. 

Key words: carcass dissection, carcass quality, carcass tissue ratio, Dalmatian lamb 

 

Introduction 
Across the Mediterranean region of Croatia, as well as the other Mediterranean countries, 
sheep are mainly farmed under extensive or semi-extensive systems based on natural 
pastures.The main features of those systems are minimum investment in facilities, 
equipment and nutrition. Throughout the year the animals are kept outside, staying on 
natural pastures and mountain slopes but during bad weather and cold days in winter they 
are mainly kept in stables and fed with hay (Mio  et al., 2013). With approximately 
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230,000 heads, native Dalmatian Pramenka is the most numerous sheep breed in Croatia 
(HPA, 2013). Although this sheep is characterized by combined production characteristics, 
they are mainly used for meat production, especially famous young Dalmatian lamb (Mio  
et al., 2008 and 2012). The production of Dalmatian lamb is traditionally based on 
slaughtering of light lambs at 18 to 25kg of body weight at slaughter, and at the age of 90 
and 120 days, and consequently the average carcass weight (with head) is between 8 and 
14 kg. Considering the carcass weight, as well as colour of the meat, and fat covering 
score, according to the Croatian Regulation (NN 30/2010) the carcass of Dalmatian lamb 
belongs to the category of light lamb (L), class/grade B/1 or C/1 or C/2 (Krvavica et al., 
2013). Lamb carcasses of these characteristics are also preferred by the Croatian market, 
and they are especially suitable for preparation of the traditional Dalmatian lamb roast on a 
spit. Consequently, carcass of the Dalmatian lamb always comes on the market with head, 
kidneys and kidney fat. 

Although the sheep farming systems in Dalmatia are mostly extensive, especially if sheep 
are used just for lamb production, at the sheep farms which besides lambs also produce  
cheese, the farming system becomes more or less intensive. Besides the extensive system 
of the lamb fattening, where the nutrition of the lambs and ewes is based on milk and 
pasture, there are two more semi-extensive fattening systems which are also commonly 
used in the traditional sheep farming in Dalmatia. One of them implies raising the lambs 
exclusively indoors until the end of fattening. During the time that ewes and lambs stay 
together indoors, besides the milk available ad libitum, at the age of four weeks the lamb 
diet is supplemented with grains (oats, barley, corn). This way of lamb farming is applied 
until the slaughtering of the lambs (the lambs never go out on pasture and besides the salt 
and water ad libitum they do not get any other feed supplements). The other version of 
semi-extensive farming system is more intensive and includes separating the lambs from 
their mothers and controlled suckling several times a day, and lamb grazing on separate 
pasture, and adding the feed in daily meal after weaning at age of 60 days, as well. 

Numerous studies referred that intensification of the farming system increased carcass 
weight and dressing percentage in lambs, as well as fatness degree (Diaz et al., 2002; 
Priolo et al., 2002; Borton et al., 2005; Joy et al., 2008) and affects carcass tissue 
composition (Carrasco et al., 2009 and 2009a; Majdoub-Mathlouthi et al., 2013). 

With respect to the three different fattening systems commonly used in the traditional 
sheep farming in Dalmatia, the aim of this study was to determine how these differences 
affect the quality of carcass and meat of the Dalmatian Pramenka lambs.   

Materials and methods 
A total of 18 lambs from Dalmatian Pramenka breed (birth weight 2 ± 0.2 kg; age 100 ± 5 
days) originated from three different extensive and semi-extensive fattening systems (each 
group was composed of 6 lambs : 3 males and 3 females) which are all commonly used in 
traditional sheep farming in Dalmatia, were used in the research. All the lambs originate 
from three different farms (6 lambs per farm) selected according to the three types of 
fattening system. At the first farm (group I) lambs were raised outdoors in extensive 
system based on milk and pasture. First 15 days after birth, lambs were kept indoors and 
fed only by suckling. After that time, the lambs were grazed, but since lambs were raised 
together with ewes they were sucked ad libitum during the whole fattening period. At the 
second farm (group II) lambs were raised indoors under the semi-extensive system. During 
the day when the ewes were on pasture, the lambs were in stable and at the age of four 
weeks their daily diet was supplemented with grains (oats, barley and corn), ad libitum. 
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While the ewes were in stable (from late afternoon to early morning) the lambs were with 
them and they were sucked ad libitum. The lambs have never been out to pasture with 
ewes. At the third farm (group III) lambs were raised outdoors under the semi-extensive 
fattening system. First 15 days after birth the lambs were with their mothers all the time 
and they were sucked ad libitum. After that, the lambs were separated from the ewes and 
able to suck only few times a day, whereby the number of suckling was gradually reduced 
up to 2 times a day after 45 days. Also, at this time grazing on separate pasture, as well as 
small amounts of high quality hay, were introduced in the lamb meal. At the age of 60 days 
the lambs were weaned, after which they consumed pasture and hay ad libitum, as well as 
approximately 150 g of concentrate per day, distributed in two to three daily meals. 
Common characteristics of all three fattening systems were: first 4-5 days after birth ewes 
stayed indoors together with lambs; good quality hay was available to the lambs while they 
were indoors with or without ewes (commonly they start to nibble the hay at the age of 15-
20 days); salt and water were available to lambs and ewes ad libitum all the times. 

At the age of 100 ± 5 days lambs were slaughtered and cold carcasses were dissected 
according to the procedure described by Krvavica et al. (2013), including the methods of 
slaughter measurements (live body weight at slaughtering, hot and cold carcass weight, 
warm and cold dressing percentage). The measurements of the primal cuts and total 
dissection were conducted only on the right halves of lamb carcasses. Precise total 
dissection of the previously semi frozen halves was made manually, using a professional 
butcher knives, in such a way that different tissues, such as muscle, visible fat (external 
and internal surface fat, kidney fat, intermuscular fat) and connective tissue, and bones 
with cartilages were separated from each other. The tissues obtained by total dissection of 
leg shank portion, and shoulders and the rest part of the half carcass were measured 
separately. 

Data were analysed using the SAS/STAT software (SAS, 2008). Effect of lamb fattening 
system on researched traits was analysed using the GLM procedure according to the 
ANOVA model that includes also the effect of fattening system and the weight of the hot 
carcass as a covariate.  

 

Results and discussion 
As it is presented in Table 1, the significant differences of some slaughter traits and weight 
of primal cuts and tissue composition of the lamb halves among the three different 
fattening groups were found. The heaviest lambs at slaughter were of group III (26.25 kg), 
which were significantly heavier than group I (21.17 kg; P<0,001) and group II (23.25 kg; 
P<0.001). Differences between the groups I and II were also significant (P<0.05). 
Consequently, the hot carcass weight among the groups was also significantly different 
(P<0.01), but not between the groups II and III, while the differences of cold carcass 
weight were similar as of live body weight. However, the significant differences of 
dressing percentages among the groups were not found. These specified differences 
confirmed the assumption that differences in lamb fattening system such as supplementing 
the lamb diet by grains or concentrate significantly affect the slaughter traits which is 
similar to the results observed by several authors (Borton et al., 2005; Carrasco et al., 
2009; Ekiz et al., 2012). However, in contrast to this research these authors found the 
differences of dressing percentage affected by fattening system.  

Weight of leg shank portion and shoulder of lambs from group I fattened on milk and 
pasture (1.32 kg and 0.52 kg, respectively) were significantly lower (P<0.001 and P<0.01, 
respectively) than in the other two groups, but the same differences were not found 
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between the groups II and III. According to Ekiz et al., 2013, lambs grazed on pasture and 
stubble had significantly lighter pelvic limb in comparison to those grazed just on pasture 
or fed concentrate. However, concentrate supplement in lamb diet did not affect weight of 
the pelvic limb of Comisana (Maiorano et al., 2009) and Tensina light lambs (Carrasco et 
al., 2009 and 2009a) as well as weight of leg and shoulder of Barbarine lambs fed with two 
level of concentrate (Majdoub-Mathlouthi et al., 2013).  

 
Table 1. Effect of lamb fattening system on some slaughter traits and weight of individual primal 
cuts and tissue composition of the lamb halves of Dalmatian Pramenka 

 Fattening system   
Slaughter traits I II III SEM Effect 

Live body weight, kg 21.17a 23.25b 26.25c 0.46 * 
Hot carcass, kg 9.98a 11.63b 12.92b 0.35 ** 

Warm dressing percentage, % 47.22 49.99 49.16 0.98 NS 
Cold carcass, kg 9.75a 11.37b 12.65c 0.34 * 

Cold dressing percentage, % 46.12 48.85 48.14 0.97 NS 
Half, kg 4.85a 5.65b 6.31c 0.17 * 

Carcass primal cuts, kg      
Leg shank portion 1.32a 1.65b 1.71b 0.52 *** 

Shoulder 0.52a 0.65b 0.69b 0.23 ** 
Rest of the half 2.99a 3.32a 3.88b 0.15 * 

Tissue composition of the half, kg      
Muscle tissue 2.50a 2.83b 3.27c 0.09 * 

Surface fat 0.21a 0.48b 0.24a 0.04 ** 
Kidney fat 0.05a 0.19b 0.18b 0.02 ** 
Total fat 0.33a 0.85b 0.52a 0.06 ** 

Connective tissue 0.76ab 0.65a 0.92b 0.06 ** 
Bones 1.20a 1.25a 1.42b 0.05 * 

Other tissues 0.08a 0.11a 0.19b 0.02 * 
SEM: standard error of mean; NS: not significant; a, b, c: means at the same row with different letters are 
significantly different; *P 0.05; **P 0.01; ***P 0.001 

 

Half carcass tissue composition was significantly different among the groups. The most of 
the quantity of muscle tissue was found in group III (3.27 kg) fed with concentrate what 
was significantly more than in group I (2.50 kg; P<0.001) and group II (2.83; P<0.001), 
while the difference between groups I and II were on P<0.05 level of significance.  

The fattening system had clear influence on the total fat quantity despite the variation 
according to the fat depots. The treatment of group III (concentrate supplement in grazing 
pasture) had less effect on internal fat depots (kidney fat) which is similar to Carrasco et 
al., 2009.  Quantity of total fat was the highest in group II (0.85 kg) fattened indoors based 
on milk and grains, while it was similar in group III (0.52 kg) grazed on pasture with 
concentrate and group I (0.33 kg) grazed on pasture without feed supplement but 
significantly lower in comparison to group II (P<0.01). Similar to this study, numerous 
authors also found highest level of muscle tissue and less fatness level in pasture grazed 
lambs compared to the lams raised indoors (Diaz et al., 2002; Carrasco et al., 2009 and 
2009a; Ekiz et al., 2012) and some of them reported that the reason thereof might be 
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related with the changes in the metabolism of grazing lambs due to physical activities 
which cause mobilization of lipids from depots in order to build muscles what 
subsequently reduce the carcass fat (Diaz et al., 2002; Ekiz et al., 2012). Quantity of 
connective tissue and bones was highest in group III.   

  

 
Figure 1. Percentage of leg and shoulder in the lamb carcass 

 

The half lamb carcass of Dalmatian pramenka was made approximately from 27.86 % of 
leg shank portion and 11.07 % of shoulder (Figure 1). Tissue composition of the half 
carcass was as follows: 51.25 % of muscle tissue, 10.18 % of fat, 13.93 % of connective 
tissue, 23.04 % bones and 2.32 % other tissues (Figure 2).   

 

 
Figure 2. Proportion of certain tissues in the lamb carcass, % 

 
Conclusion 
Different lamb fattening systems, such as supplementing the lamb diet by grains or 
concentrate, significantly affect the slaughter traits and weight of primal cuts and tissue 
composition of the lamb carcass of Dalmatian Pramenka. Moreover, the addition of 
concentrates in pasture fattening system (group III) has positive effect, increasing the 
muscularity, without excessively significantly increasing the amount of fat in the lamb 
carcass. Although the addition of grains also has positive effect on muscle tissue the 
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indoors rearing system of group II probably has negative impact on increasing the fatness, 
especially on internal and external surfaces fat depots.  
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Abstract 
Constant increase of meat quantity along with ensuring its high quality are nowadays being 
the priority requirements of the market towards modern meat production. With selection 
and animal nutrition as the basic mechanisms regulating the quantity and quality of meat, 
in recent years more attention has been devoted to investigations of the effects of different 
chemical compounds on muscle tissue, while monitoring their potential negative effects on 
both animals and humans as the end consumers. A group of compounds that is being 
increasingly studied in the last years are phytoestrogens – substances of plant origin with 
chemical structure very similar to estrogen, capable of causing either estrogenic or anti-
estrogenic reactions in the organism. The most studied phytoestrogens are daidzein and 
genistein, and due to their ability to mimic estrogen in the body, they are thought to be able 
of influencing growth and carcass composition in farm animals. This paper gives an 
overview of the newer results on the effects of phytoestrogens genistein and daidzein on 
skeletal muscle tissue in farm animals. 

Key words: daidzein, muscle growth, muscle structure, phytoestrogens 

 

Introduction 
Modern meat production, as one of the most important branches within animal production 
is facing very difficult tasks – at the same time it has to settle often opposite demands of 
the market: to increase the production so it could meet the needs of end customers, not to 
undermine basic biological and physiological possibilities of animals by selection, to keep 
the quality of meat at high level both for end consumers and meat industry, to speed up the 
process od meat production, while the costs of production should not exceed the limit of 
profitability. Having in mind that regulation of muscle growth and differentiation of 
muscle cells includes a number of factors: environmental, genetical, and intrinsic factors 
such as hormones and growth factors, the results of scientific research within these fields 
need to be an integral part of the meat production process. 

 

The influence of estrogen on muscles 
Ruminants are the only animal species in which an unambiguous positive effects of 
estrogen on muscle growth, daily gain increasment, feed utilization with minimal increase 
in food consumption and decrease of fat deposition are observed. After diethylstilbestrol, 
DES, was synthesized in late 30ies of the twentieth Century, the effects of this chemical on 
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production characteristics in domestic animals have been investigated, and hence increased 
daily gain in heifers, sheep and poultry were determined, DES was patented as stilbestrol. 
It was used until 1979., when it was forbidden as potentially carcinogenic. However, in 
some countries, similar compounds (17  estradiol, estradiol benzoate, zeranol, dienestrol) 
are still being used as growth promoters in cattle production.  

Estrogens have less effects in non-ruminants. The mechanism of action of estrogen on the 
growth of pigs is not fully understood. In intact males - boars, administration of estrogen 
increases food intake and its utilization, thereby increasing growth, reducing the 
undesirable characteristic smell of the meat, but to a smaller extent, increases the amount 
of adipose tissue (Hancock et al., 1991). Rempel and Clapper (2002), and Hilleson-Gayne 
and Clapper (2005) found the dependence of IGF concentrations and 17 -estradiol, where 
the application of estradiol led to an increase in the concentration of IGF in serum (Rempel 
and Clapper, 2002), and reduction of estradiol concentration in serum led to a reduction of 
the IGF concentration (Hilleson-Gayne and Clapper, 2005). According to these authors, 
therefore, estradiol might indirectly, through IGF axis, have an impact on the growth of 
pigs. These authors observed the most pronounced effects of estradiol on changes in the 
IGF concentration in boars. 

On the other hand, by examining the effect of estrogens in vitro - in pig muscle cell 
cultures, Mau et al. (2008) have observed almost no effect on the proliferation of muscle 
cells at physiological concentrations, but the inhibitory effect of estrogen on proliferation 
of muscle cells, if the estrogen was administered in supraphysiological concentrations, was 
determined. Tsai et al. (2007) came to similar conclusions, and confirmed the in vivo 
reduction of body weight and the level of IGF in muscles of ovariectomized female rats 
with implants containing 17  estradiol. Enns and Tiidus (2010), observed the stimulatory 
effect of estrogen to rebuild muscle tissue in humans after injury through the activation and 
proliferation of satellite cells. It is possible that different results with respect to the effects 
of estrogen are a consequence of different gender used in the different experiments, or use 
of estrogen in combination with anabolic agents. 

 

Plant hormones – phytoestrogens 
Phytoestrogens are a group of chemical compounds of plant origin, which have either 
estrogenic or antiestrogenic effects in the organism. These compounds have been identified 
in more than 300 different plants (Tham et al., 1998), such as garlic, parsley, soybean, 
clover, alfalfa, wheat, barley, rice, carrot, potato, apple, pear, grape, etc. In the food 
standardly used both for human consumption and for animal nutrition, the most 
represented two categories of phytoestrogens are isoflavones and lignans. In addition to 
these two groups, there is a third group of phytoestrogens - coumestanes. In contrast to a 
widely present lignans, isoflavones are found almost exclusively in legumes. Especially 
rich source of these compounds is soy - plant species inevitable in animal nutrition (Tham 
et al., 1998; Reinli and Block, 1996). 

Two compounds from the group of isoflavones which are now studied the most are 
daidzein and genistein. A huge attention was directed towards investigation of these 
isoflavones effects after the discovery of Akyame et al. (1987), who have observed that 
genistein is a potent inhibitor of protein tyrosine kinases - a group of enzymes which play a 
key role in the formation and uncontrolled growth of cancer cells. At the same time, the 
increase of awareness of more and more frequent occurrence of various diseases especially 
hormone-dependent tumors in Western countries compared to the eastern countries, 
especially Japan and China. It led the scientific population towards extensive research of 
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soy, a plant which dominates in the diet of humans in the Far East, and consequently 
phytoestrogens which are found in soy, and potentially could be used in the prevention and 
treatment of tumors. Total isoflavone content, and the amount of genistein and daidzein in 
particular soy products are shown in Table 1. 

 
Table 1. The amount of isoflavones in different soy products, mg isoflavones/kg feed 

Product Total isoflavones Daidzein Genistein Reference 
Soybean 1 1176 365 640 

Tham et al, 1998 

Soybean 2 4215 1355 2676 
Roasted soybean 2661 941 1426 

Soy flour 2014 412 1453 
Tofu 532 238 245 

Tempeh 865 405 422 
Miso 647 272 281 

Soybean meal / 395-488 506-695 Fritsche i Steinhart, 
1999 Soybean hulls / < 0,1 18,4 

Soybean flakes / 363-475 1275-1547 
 

Common characteristics of all phytoestrogens, are that their chemical structure is very 
similar to that of estrogen (Figure 1), and that in organism they have the ability to cause 
either estrogen, or anti-estrogenic response, depending on the concentration, the 
concentration of endogenous estrogen and individual characteristics of an individual, 
particularly gender and hormonal status (Tham et al., 1998).  

 

 
Figure 1. The similarity of the chemical structure of estrogens and isoflavones 

 

These functions phytoestrogens exhibit binding to estrogen receptors ER in tissues: 
originally known, "classical" estrogen receptors ER  and newly found ERß, possibly have 
different roles in gene regulation, and also the presence of these receptors in various tissues 
differs. Thus, in rats the presence of ER  in the uterus, testis, ovary, kidney, epididymis, 
thyroid gland was observed, and Erß were the most present in the prostate, lung, bladder, 
brain (Kuiper et al., 1996. a, b, Setchell and Cassidy, 1999). In humans, ER  were 
determined in the testes, kidneys, and adrenal glands, both ER  and ERß were determined 
in blood vessels, mammary gland, uterus, ovaries, wnile the presence of only ERß was 
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found in the brain, lungs, thyroid gland, prostate, bladder, bones (Setchell and Cassidy, 
1999). It is very important to stress the fact that the affinity of different estrogenic 
compounds towards two types of estrogen receptors varies, and specifically phytoestrogens 
have significantly higher affinity for ERß than to ER  (Kuiper et al. 1998). 

Investigations of the presence and role of estrogen receptors in muscle tissue are of recent 
date. Wiik et al. (2009) reported the existence of both types of receptors in the muscles of 
humans, of both sexes and various ages. Their research showed the presence of ER in the 
nuclei of muscle fibers, and in the capillaries surrounding the fibers. The same results are 
shown by Kalbe et al. (2007), confirming for the first time the presence of ER  and ERß in 
several muscles of pigs. This means that the muscle tissue is a target tissue for the estrogen 
action, both endogenous, as well as those compounds that mimic estrogen, including 
isoflavones. Two compounds from the group of isoflavones whose effects on muscles are 
now studied intensively are daidzein and genistein. 

 

The influence of isoflavones on muscle tissue 
Due to the ability to mimic estrogen, it is possible that isoflavones could affect growth and 
carcass composition in farm animals. However, the results of authors who have examined 
the impact of isoflavones on muscle tissue in different animal species, the growth and 
carcass quality in general, are very different. 

According to Lee et al. (2005) and Bidner et al. (1972), the use of different estrogenic 
compounds in the pig production leads to reduction in carcass fat and increase of 
muscularity. Payne et al. (2001) examined the effect of three levels of isoflavones in food 
in castrates and gilts fattening. Castrates received: 1. group: soybean meal (1.14 mg/g total 
isoflavones); 2.group: soy protein (0.06 mg/g total isoflavones); 3. group: soy protein with 
addition of isoflavones to the level as in the first group. Gilts received: 1. group: soybean 
meal (1.14 mg/g total isoflavones); 2. group: soybean meal plus supplement of isoflavones 
in concentrations twice higher than soybean meal; 3. group: soybean meal plus supplement 
of isoflavones in concentrations five times higher than in soybean meal. Authors monitored 
daily gain and food consumption, the cross section of MLD, fat thickness, percentage of 
muscle in the carcass and technological properties of meat (pH24, meat temperature, meat 
color, hardness, etc.). Looking at the whole fattening period, isoflavones did not affect 
daily gain and daily food consumption in castrates, but in the final phase of fattening, the 
average daily weight gain and food consumption were significantly higher (p<0.10) in 
animals fed soy protein concentrate. Hull length, weight and percentage of lean meat, and 
lean meat daily gain were increased, while fat thickness decreased in castrates who 
received additional isoflavones in the diet. However, between barrows fed soybean meal, 
and barrows fed soy protein with added isoflavones there were no significant differences. 
Technological properties of meat did not differ (p>0.10) in barrows from different 
experimental groups. In gilts from three experimental groups there were no differences in 
any of the observed characteristics. Based on the results, Payne et al. (2001) concluded that 
isoflavones reduce fat and increase the amount of lean meat in fattening barrows but not in 
gilts, and that the addition of isoflavones above the amount normally found in soybean 
meal has no effect on the improvement of the carcass characteristics and meat quality. 

Jiang et al. (2007) investigated the effects of different doses of isoflavones (0, 10, 20, 40, 
80 mg/kg) in male broilers fed the same basal diet without soybean meal. The results 
showed that the addition of the isoflavones of 10 and 20 mg/kg increased the average daily 
weight gain and food consumption. Addition of 40 mg/kg isoflavones increased the water 
holding capacity of meat, and the pH value of the meat. Based on these results, Jiang et al. 
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(2007) concluded that the addition of isoflavones in the diet of male broilers had a positive 
impact on growth and meat quality. 

Rehfeldt et al. (2007) investigated the effects of adding isoflavones daidzein to sows diet 
during late gestation on the properties of the muscle tissue in the offspring. Results of this 
study did not showed statistically significant differences in litter size, piglet birth weight 
and percentage of muscle, depending on the daidzein addition in sows diet. The interaction 
treatment x litter size showed a tendency of reducing muscle tissue in favor of the skin in 
piglets whose mothers received daidzein. The percentage of body fat in piglets originating 
from mothers treated with daidzein was higher (p = 0.04). Addition of daidzein had no 
effect neither on the weight of m. semitendinosus in piglets, nor on the number of fibers in 
the muscle cross section. Body weight at the end of fattening did not differ in slaughter 
pigs whose mothers were treated with daidzein compared to progeny of untreated sows, 
and also there was no difference in the amount of lean meat, backfat thickness and 
percentage of meat in the carcass. As to the histological features of m. semitendinosus, 
there was no difference in the size of the muscle cross section, the total number of muscle 
fibers, and the number of nuclei per fiber, but a difference was observed in the presence of 
different fiber types within the muscle. The offspring of treated sows had a higher number 
of fast twitch glycolytic (FTG) fibers and a lower number of fast twitch oxidative (FTO) 
fibers compared to the offspring of untreated sows. Also, a significant difference was 
observed depending on the gender: barrows had a significantly higher number of muscle 
fibers (p=0,04), smaller diameter (p=0.03) and a higher proportions of STO (p=0.06) and 
FTG (p=0.03) fibers compared to females. Based on these results authors pointed at a 
marginal effect of daidzein addition to sows diet during late pregnancy on characteristics 
of muscle tissue in the offspring. 

According to Adamovic (2013) addition of different doses of daidzein in diet of pregnant 
sows from day 85 of gestation until the end of pregnancy, had no effect on the 
morphological characteristics of muscle: weight, length, volume and cross-section of the 
muscle in newborn piglets and slaughter pigs at the end of fattening. In this study, 
treatment of pregnant sows with daidzein during the late stages of pregnancy did not have 
statistically significant effects on the histological characteristics of m. semitendinosus 
neither in newborn piglets, nor in slaughter pigs at the end of fattening. 

However, in experiments with cultures of muscle cells (in vitro), it was shown that 
isoflavones inhibit the growth and development of muscle cells. Jones et al. (2005) found 
that phytoestrogens, genistein in particular, at a concentration of  1 mmol / l, inhibits 
proliferation of rat muscle cells in vitro, but does not affect protein degradation. Similar 
results were obtained by Ji et al. (1999), who found that genistein strongly inhibits 
proliferation and fusion of myoblasts in rats, that the inhibition strength is dependent on 
the dose of genistein, and that the effective doses are already from 1 μmol/l. Authors have 
not observed adverse effects of genistein on protein degradation. Also, it was noticed that 
the negative effect of genistein on myoblast fusion is present only when genistein was 
added during the first 24 hours of initiation of miotubules forming. If genistein was added 
later, after the first 24 hours of initiation, it had no effect on the fusion of myoblasts. 
Regarding the synthesis of myosin, authors observed a detrimental effect of genistein at 
high doses and long exposure. At low doses (1 μmol/l), which correspond to a 
concentration in the serum of humans and rats in which soy is present in the diet, genistein 
increased the volume of myosin synthesis. 

Mau et al. (2008) studied the direct effects of genistein and daidzein on proliferation of 
muscle cell cultures derived from newborn piglets. In this research doses of isoflavones 



621

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

0.1, 1, 10 and 100 μM were applied, which could normally be measured in the serum after 
consuming infant feeding soy based formula, or plant feeds usually used in the pig diet. 
The results of this study showed that the effects of isoflavones depend on the dose of 
isoflavones used, and much stronger inhibitory effect of genistein, compared to daidzein, 
on the proliferation of muscle cells. Such an effect of genistein has been shown already at a 
dosage of 1 μM. On the other hand, daidzein, even at considerably higher doses - up to 10 

M, did not have a detrimental effect on the growth of pig muscle cells. 

Similar research on the cultures of muscle cells of pigs was conducted by Rehfeldt et al. 
(2009). The same doses of genistein and daidzein (0.1, 1, 10, 20, and 100 μmol/l) were 
applied and 17 -estradiol (0.1, 1 nmol/l) during the last 26 hours of cell cultivation. 
Myogenic differentiation was not changed under the action of any of the concentrations of 
isoflavones or estradiol. At first sight this is inconsistent with the findings of Ji et al. 
(1999), but these authors found an inhibitory effect of genistein on the proliferation and 
myoblast fusion when it was administered during the initiation. Therefore Rehfeldt et al. 
(2009) conclude that the inhibitory effect of genistein is dependent on the stage of 
development of cell cultures, and therefore, if it is added later, genistein as well as daidzein 
and estradiol, have no effects on differentiation. However, these authors have confirmed 
the inhibitory effects of genistein, depending on the administered dose, and absence of 
effects of daidzein and 17 -estradiol in the synthesis of proteins. It has been found that low 
doses of genistein, daidzein, and 17 -estradiol decrease the degradation of proteins in 
cultured muscle cells, which could potentially contribute to increased accumulation of 
proteins in the pig skeletal muscles. 

 

Conclusion 
Most authors agree that application of high doses of isoflavones, especially genistein, 
would have a detrimental effects on protein synthesis and, if applied during initiation of 
muscle cells differentiation, it would inhibit normal development of muscle cells. 
However, some authors report positive effects of isoflavones on daily gain, lean meat 
content, fat reduction, muscle fiber types proportion etc., which seem to be dependant on 
the species, gender, dose of isoflavone used, and the moment of application. Since soy, as a 
very rich source of isoflavones, makes the two-thirds of protein requirements in animal 
feed, further investigations of possible positive as well as negative effects of those 
compounds on the muscle tissue should be made, in respect to meat quantity and quality. 
Also, since soy-based formulas are widely used in newborn children nutrition, the results 
from already conducted and some future experiments on animals would be very important 
for evaluation of possible effects of isoflavones in humans.  
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Abstract 
The aim of this research was to determine the quality of eggs laid by Tetra SL hens fed 
standard diet (B) or diet supplemented with 100 mg vitamin E/kg+200 mg/kg lutein+0.5 
mg/kg selenium+5% oil mixture (BK). The effect of treatment was determined for yolk 
color values (P<0.001), which were more intense in the BK group (14.35) than in the B 
group (12.20). Other egg quality indicators (egg mass, portions of albumen, yolk and shell, 
Haugh units, albumen height, egg shell thickness and strength, pH values of albumen and 
yolk) exhibited no statistically significant differences (P>0.05). However, the treatment 
had statistically significant effect (P<0.001) on yolk color values for fresh eggs (B=12.00 
and BK=14.42), as well as for eggs cooked for 7 minutes (B=9.14 and BK=13.00) and for 
10 minutes (B=7.28 and BK=8.42). There was statistically significant effect of treatment, 
cooking length and their interaction on yolk lightness (L*). This value increased in 
dependence on cooking length (treatment B) and consequently, for the same yolks, 
intensity of redness (a*) was decreased, while intensity of yolk lightness (L*) in BK 
treatment was varying. The L* value decreased for eggs cooked for 7 minutes, but 
increased significantly for eggs cooked for 10 minutes, if compared to fresh eggs 
(P<0.001). The values of egg yolk lipid oxidation (TBARS) measured for fresh eggs 
(B=0.735 μg MDA/g and BK 0.745 μg MDA/g) and stored eggs (B=0.778 μg MDA/g and 
BK=0.805 μg MDA/g) were equal for both examined groups (P>0.05).   

Key words: lutein, oil mixture, selenium, vitamin E, yolk color 

  
Introduction   
Lipids are the main ingredients of egg yolks (Ahn et al., 1997). Stability and content of 
lipid fraction affect the quality and sensory traits of eggs (Franchini et al., 2002.). Poultry 
feeds should contain more plant oils and should be supplemented with antioxidants that 
protect poultry and poultry meat and eggs from oxidation (Barroeta, 2007). Many research 
studies proved that higher concentration of PUFA in eggs supported lipid peroxidation and 
negatively influenced sensory traits and quality of eggs (Grashorn, 2005; Mohiti-Asli et al., 
2008). Therefore, poultry feed is supplemented with antioxidants, such as vitamin E, 
selenium and lutein. Enriching eggs with omega-3 fatty acids combined with 
abovementioned antioxidants have several advantages. Vitamin E, lutein and selenium 
protect DHA from oxidation during absorption and metabolism, thus preventing 
occurrence of unfavorable �fishy“ taste. Yolk lipids are necessary for efficient absorption 
of vitamin E and lutein in human digestive system (Van het Ho , 2000). Interaction 
between lutein and vitamin E and phospholipids results in increased yolk antioxidative 
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potential, which has positive effects on preservation of egg freshness during storage. 
Selenium, as a part of antioxidative enzyme glutathione peroxidase, protects intestine 
membrane from lipid oxidation during digestion of DHA (Surai and Sparks, 2001). Besides 
antioxidative effects, lutein is also a natural pigment and different studies indicated that 
yolk color in table eggs was an important trait from a viewpoint of consumers (Hernandez 
et al., 2000; Roberts, 2004). Since it is known that carotenoids cannot be produced by 
animals, their intake into the organism is necessary through feed. They are stored in fatty 
tissue, and in egg yolk, therefore adding of some kind of food colorant to the feed is 
necessary. The aim of this research was to determine the effect of treatment 
(supplementation of various oils in hens’ feed combined with three antioxidants) and the 
cooking length on yolk color and quality of eggs. 

Materials and methods 
The research was carried out on 120 hens of the Tetra SL hybrid that lay eggs of brown 
shell color. Experimental period lasted for 5 weeks, and hens were 40 weeks old at the 
beginning of experiment. The groups B and BK were formed, differing only in the 
treatment. The B group was fed standard diet for laying hens, while the BK group was fed 
diet supplemented with 100 mg/kg vitamin E+200 mg/kg lutein+0.5mg/kg Se+5% oil 
mixture. Each group consisted of 12 cages with 5 hens in each. Analysis of external and 
internal quality of fresh table eggs was determined on 40 eggs of the L class. The 
following external egg quality indicators were analyzed: egg mass, egg shell strength and 
thickness, egg shell mass. Assessed internal egg quality indicators were: mass of albumen 
and yolk, color of yolk, albumen height, Haugh units (HU), pH values of albumen and 
yolk. Portions of main parts in egg were also calculated. Mass of egg and its main parts 
(albumen, yolk and shell) was determined on the scales PB 1502-S. Egg shell strength was 
measured in the Eggshell Force Gauge Model-II device. Thickness of egg shell was 
measured by electronic micrometer providing accuracy of 0.001 mm in the middle of egg 
shell. HU and albumen height were determined by the Egg Multi-Tester EMT-5200. 
Values of pH of albumen and yolk were measured by the pH meter MP 120. Yolk color 
was determined by using DSM Color Fan (values were presented in the table as La Roche; 
DSM Nutritional Products, Basel, Switzerland). Other indicators of yolk color (L*, a* and 
b*) were measured by Minolta CR-300 colorimeter (Minolta, Osaka, Japan). A total of 28 
yolks (14 fresh and 14 stored) was used to determine oxidation of lipids, according to the 
modified methods of McDonald and Hultin (1987) and Botsoglou et al. (1994). Eggs were 
stored for 28 days in a refrigerator at +4°C. Research results were processed by using 
Statistica for Windows, version 12.0 (StatSoft Inc., 2013). Data processing was completed 
by applying GLM procedure for calculation of analysis of variance. Examined factors 
referred to the treatments (B and BK) and the length of cooking (0, 7 and 10 minutes). 
Differences between groups were determined by post-hoc analysis using the Fisher’s LSD 
test. 

 

Results and discussion 
The Table 1 presents the results of fresh egg quality. According to the egg mass of both 
examined groups, and following the Regulations on egg quality (OJ 115/06 and 76/08), all 
eggs belong to the market class L (B=68.28 g and BK=67.13 g; P>0.05). Both examined 
groups of eggs had similar portions of main parts (albumen= 61.92% and 62.30%, yolk 
25.69% and 25.27% and egg shell 12.34% and 12.42%, respectively), meaning that 
treatments did not have any effect on stated indicators. The HU values were higher in the 
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treatment B than in the treatment BK (78.48 and 76.75, respectively), however, obtained 
difference was not statistically significant. Specification for the device Egg multi tester 
used for measuring of HU values above 72 refer to the freshest eggs (extra fresh). 
Referring to freshness, when comparing values of HU obtained in our experiment with 
values from specification, it was noticed that eggs in both groups were above lower level 
for extra fresh eggs, which is also in line with the provisions of the Regulations on egg 
quality (OJ 115/06 and 76/08).  

 
Table 1. Indicators of fresh egg quality 

Characteristics B BK SEM Probability 
Egg weight (g) 68.28 67.13 0.710 NS 

Albumen percentage (%) 61.92 62.30 0.312 NS 
Yolk percentage (%) 25.69 25.27 0.244 NS 
Shell percentage (%) 12.34 12.42 0.188 NS 

Yolk color (La Roche) 12.20b 14.35a 0.134 <0.001 
Haugh units 78.48 76.75 1.927 NS

Height albumen (mm) 6.53 6.52 0.261 NS 
Shell thickness (mm) 0.407 0.404 0.008 NS 

Shell breaking strength (kg/cm2) 3.179 2.917 0.135 NS 
pH albumen 8.65 8.37 0.103 NS 

pH yolk 5.96 5.97 0.015 NS 
*B=standard laying hens’ mixture; BK=100 mg/kg vit. E+200 mg/kg lutein+0.5mg/kg Se+5% oil mixture. 
NS- non-significant. Values in columns marked by different exponents a,b differ statistically. 
 

More stronger and thicker egg shell was observed in the group B then in BK (3.179 kg/cm2 

and 0.407 mm, compared to 2.917 kg/cm2 and 0.404 mm, respectively), however, there 
was no statistically significant influence of the treatment (P> 0.05). The study on effects of 
egg mass on some indicators of egg quality, ekerog lu and Altunta  (2009) stated that 
eggs of medium weight had the thickest shell (0.400 mm), while the thinnest shell was 
determined for eggs classified as extra-large (0.382 mm). The longer hens remain in 
production, the thinner egg shell will become. The optimum thickness of shell of brown 
eggs ranges from 0.330 to 0.340 mm (Kralik et al., 2008). Comparison of our results with 
the above mentioned values led to conclusion that the thickness of egg shell was above the 
optimal values in both examined groups. Statistically significantly (P<0.001) more 
intensive color of fresh yolk was determined in the BK treatment (14.35) than in the B 
treatment (12.20). It was assumed that such differences in egg yolk color were caused 
primarily by lutein, which was supplemented in feed of the BK group. Lutein belongs to 
the group of fat-soluble carotenoids, which are also known as xanthophylls (Yeum and 
Russell, 2002). Lutein is primarily used in chicken feed as a natural pigment to intensify 
yellow color of yolk, but later on, its antioxidant activity was also proven (Lim et al., 
1992). Jang et al. (2014) also stated that supplementation of lutein in hens’ feed 
significantly affected egg yolk color (P<0.05). Since the vitamin E was also added to feed 
of the BK group its influence shall be also considered because it can also intensify the egg 
yolk color (Carrillo-Dominguer et al., 2012). Values of pH in albumen and yolk were 
similar for both groups of eggs (P>0.05). It was determined that the treatment and the 
length of cooking had statistically significant effect on intensity of egg yolk color as 
measured by DSM La Roche Color Fan (Table 2). If compared to the treatment B, more 
intensive yolk color was determined in the experimental group BK (12.00 and 14.42, 
respectively). Egg yolk color intensity was significantly reduced as depending on cooking 
length. Group B with egg yolk color of 12.00 reduced color to 9.14 after 7 minutes of 
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cooking and to 7.28 after 10 minutes of cooking. The decreasing value for yolk color was 
also determined in the group BK (14.42 > 13.00 > 8.42, respectively). Fresh eggs exhibited 
no difference in yolk color, i.e. the L* values were similar (B=61.85 and BK=59.24). 

 
Table 2. Effect of treatment and cooking length and their interaction on yolk color 

Cooking length 
(CL; min) 

Treatment 
(*T) La Roche Lightness 

(L*) 
Redness 

(a*) 
Yellowness 

(b*) 

0 B 
BK 

12.00c

14.42a 
61.85cd

59.24ed 
9.78cb 
8.98cb 

52.17b 
27.33d 

7 B 
BK 

9.14de

13.00b 
73.77b

48.12f 
5.75de 
14.77a 

54.21b 
42.62c 

10 B 
BK 

7.28f

8.42de 
83.28a

63.25c 
4.93e 

10.63b 
55.25b 
66.84a 

SEM  0.265 1.332 0.662 2.128 

 
Probability 

CL 
T 

CL*T 

<0.001 
<0.001 
<0.001 

<0.001 
<0.001 
<0.001 

<0.001 
<0.001 
<0.001 

<0.001 
<0.001 
<0.001 

*B=standard laying hens’ feed; BK=100 mg/kg vit. E+200 mg/kg lutein+0.5mg/kg Se+5% of oil mixture. 
NS- non-significant. Values in columns marked by different exponents a-f differ statistically.  
 

However, by cooking the B group eggs, the L* values statistically significantly increased 
(61.85<73.77<83.28), while L* values of yolk in the BK group varied 
(59.24>48.12<63.25). Similar research results were published by Englmaierova and 
Skrivan (2013). These authors  reported that hen groups fed diets supplemented with lutein 
laid eggs, whose yolk cooked for 5 minutes, decreased the L* values in comparison with 
fresh yolk, while all the values in yolks cooked for 7 minutes were increased. Since yolks 
from treatment B increased the L* value along with length of cooking, a significant 
lowering of value a* (redness) occurred for 10 minutes of cooking eggs, while value b* 
(yellowness) was balanced. On the contrary, the length of cooking in BK treatment had 
statistically significant effect on the increase of a* and b* values. Similar results were 
obtained by Englmaierova and Skrivan (2013). Figure 1 shows values of lipid oxidation in 
fresh eggs and in eggs stored for 28 days at 4°C. It is concluded that values of TBARS in 
fresh eggs of both treatment were similar (B=0.735μg MDA/g and BK=0.745μg MDA/g). 
Slightly intensive lipid oxidation was observed in eggs of BK treatment that were stored 
for 28 days at 4°C if compared to eggs from treatment B (0.805μg MDA/g and B=0.778μg 
MDA/g, respectively). Such occurrence can be explained with the fact that treatment BK, 
unlike treatment B, was given feed supplemented with oil mixture (5%), which could cause 
slightly higher oxidation of egg yolk lipids. However, TBARS values that indicate lipid 
oxidation were not influenced by treatment, length of egg storage and their interaction 
(P>0.05). 
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Figure 1. Values of egg yolk lipid oxidation 

 

Conclusion 
The paper elaborated effects of treatments (B=control group given diets of standard 
composition and BK=diets supplemented with 100 mg/kg vitamin E+200 mg/kg 
lutein+0.5mg/kg Se+5% oil mixture), cooking length (0, 7 and 10 minutes) and their 
interactive influence on yolk color and egg quality. Research results pointed out that 
supplementation of lutein, vitamin E, selenium and oil mixture had statistically significant 
influence on occurrence of more intensive color of fresh yolk, while cooked eggs had 
lighter color of yolks. The B group exhibited less intensive lowering of yolk color when 
depended on cooking length than the treatment BK. Intensity of yolk color increased when 
depending on cooking length (treatment B), and consequently the same yolks exhibited 
decrease of redness intensity (a*), while values for yellowness (b*) were similar. That was 
not the case in the treatment BK, where the intensity of yolk color (L*) varied. Value L* 
decreased in eggs cooked for 7 minutes, but in eggs cooked for 10 minutes it significantly 
increased if compared to fresh eggs. Depending on the cooking length, values a* and b* of 
BK yolks follow the trend of increase. The treatment, length of storage and their 
interaction had no effects on obtained results for egg yolk lipid oxidation. 
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Abstract 
The study was conducted on hens at the age of 49 - 57 weeks to identify opportunities for 
replacing, with raw grain, thermally processed soybean Lana variety with a reduced level 
and Lydia variety with a standard level of trypsin inhibitor. The effect of using different 
levels of participation of both varieties of raw soybean in mixtures for layers on egg 
quality and eggshell quality was examined. The research was conducted according to the 
principle of two-factorial experiment (2 varieties x 4 levels of participation of raw 
soybeans). The average values of properties of the external and internal egg quality were 
under statistically significant influence of the level of participation of raw soybean in the 
mixture. Share of 8 % of raw soybeans of both varieties in diets for layers influenced 
significantly lower eggshape index, albumen height and Haugh's unit in relation to the 
mixture with a lower level of participation of raw soybeans. Yolk color and eggshell 
firmness were not significantly influenced by the studied factors. 

Key words: egg quality, egg shell quality, laying hens, soybean, trypsin inhibitor 
 

Introduction 
Various methods of thermal treatment increase the nutritional value of soybean but result 
in the consumption of large amounts of energy and thus increase the cost of food. Through 
plant breeding, varieties with reduced content of specific anti-nutritive substances have 
been created. As a result of the domestic soybean breeding program focused on a reduced 
trypsin inhibitor (TI) activity, in our conditions, a Lana variety was created with lower TI 
than standard varieties.  

Trypsin inhibitors reduce the utilization of soy protein and are the main antinutritive factor 
in raw soybean that prevents the utilization of nutrients which this feed is rich in (Zhang et 
al., 1993). In addition to the TI, lectins are present in the soybean as important antinutritive 
substances (Douglas et al., 1999). 

Comparing the nutritional value of soy with lower TI in the experiments conducted on 
chickens (Han et al., 1991), layer hens (Zhang et al., 1991) and pigs and chickens (Palacios 
et al., 2004), better product results have been determined when compared with standard 
soybean. Cook et al. (1988), in a study on pigs, have found that the negative effects of the 
use of raw soybeans decreased with the age of the animal. Latshaw and Clayton (1976), 
found that the increase of the share of thermally unprocessed soybeans in diets for laying 
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hens diet gradually reduces egg laying capacity and egg weight. Senkoylu et al. (2005) and 
Koci et al. (1997) established no significant differences in production performance 
between laying hens fed diets with different levels of participation of full-fat soybean. 

The aim of this study was to investigate the effects of replacing a portion of heat-treated 
soybean of Lydia standard variety and Lana variety with reduced TI, with raw grain of 
both varieties in the diet for laying hens, on egg quality and egg shell quality.  

 

Material and methods 
The study was conducted at the experimental farm of the Institute of Animal Husbandry in 
Zemun using light line hybrid hens Isa Brown. The mixtures for laying hens contained two 
local varieties of soybean, heat-treated and untreated, or raw, Lana variety with reduced 
trypsin inhibitor and Lydia standard variety (Table 1). Effect of different levels of raw 
soybeans in diets on egg quality and egg shell quality was determined by two factorial 
experiment 2 x 4 (2 varieties x 4 levels of participation of raw grain in the mixture) with a 
total of 8 treatments (a total of 512 monitored birds).   

 
Table 1. Level of trypsin inhibitor in soybean 

Treatment Raw soybean Heat-treated soybean 
Variety Lana Lydia Lana Lydia 

TI (mg/g) 17.71 36.74 4.38 14.03 
 

The experiment was conducted on hens aged 49 - 57 weeks. In the preparation of the diet 
the recommendations for the studied hybrid were used. Raw material composition of the 
mixture was the same with adjustment for soybean variety and the relationship between 
heat-treated and raw grain to achieve the objective of the research. Participation of heat-
treated soybean of both varieties was 8 % in the mixture and it was included in the two 
control treatments (K). In trial groups, (I) 6 % of 8 % of whole soybeans contained in the 
mixture was heat-treated and 2 % was raw soybean. In the group (II) 4 % of heat treated 
and 4 % of raw soybean was added to the mixture. In the group (III) diet included only 8 % 
of the raw soybeans. Ingredients of mixtures and chemical composition are given in Table 
2.  

Random samples of 15 eggs were taken from each treatment over a period of 7 days during 
the experiment and the quality of eggs and egg shell was investigated. The quality of the 
eggs was studied on fresh eggs, immediately after collection, and thus the resulting score 
on the initial quality of table eggs was obtained.  

Egg quality traits were divided on the properties of the external and internal egg quality. 
Determination of the external quality of eggs included egg mass and egg shape index. The 
following internal properties of egg quality were determined: albumen height, yolk color 
and Haugh's unit obtained as a logarithmic function of egg mass and height of thick egg 
white.  

Eggshell quality included the determination of the following characteristics: egg shell 
mass, shell thickness and shell deformation and breaking force were determined according 
to the method stated by (Pavlovski and Vitorovi , 1996). 
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Table 2. Ingredients and chemical composition of mixtures–diet for layer hens during the 
experiment  (%) 

Feeds 
Groups (Treatments)

Lana Lydia 
K I II III K I II III 

Heat-treated (extruded) 
soybean 8 6 4 0 8 6 4 0 

Raw soybean 0 2 4 8 0 2 4 8 
Corn 59 59 59 59 59 59 59 59 

Soybean meal 15 15 15 15 15 15 15 15 
Sunflower meal 6 6 6 6 6 6 6 6 

Livestock lime granules 8 8 8 8 8 8 8 8 
Livestock lime, powder 2 2 2 2 2 2 2 2 
Monocalcium phosphate 1 1 1 1 1 1 1 1 

Salt 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Mikozel 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Premix 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

 (%) 100 100 100 100 100 100 100 100
Chemical composition         

ME, MJ/kg
Crude protein 

11.84
15.3 

11.78
15.6

11.76
15.8

11.70
15.4

11.84
15.9

11.78 
15.4 

11.76 
15.3 

11.70
15.1

Crude fat 5.12 5.11 5.16 5.14 4.99 4.99 4.93 4.91
Crude fibre 4.87 4.64 4.51 4.40 4.18 4.33 4.25 4.35

Ash 12.40 12.75 12.43 12.9 13.10 12.50 13.04 13.14
Calcium 3.53 3.97 3.72 3.66 3.69 4.01 3.65 3.87

Total phosphorus 0.65 0.58 0.60 0.63 0.62 0.57 0.59 0.60
Sodium 0.19 0.19 0.18 0.16 0.21 0.17 0.16 0.19

 

The software package STATISTICA, version 12 (Stat Soft Inc.) was used for statistical 
analyses. The level of statistical significance of differences between the groups was 
determined by Tukey-test. 

 

Results and discussion 
Average values of egg quality traits obtained during the study are shown in Table 3. In the 
study, no statistical significance for the mass of eggs depending on diet containing 
different soybean varieties was observed. Statistical analysis of the level of participation of 
raw soybeans in mixtures indicated that the differences between the groups were 
statistically significant (p<0.01). With the increase in the share of raw soybeans in 
mixtures the egg mass gradually decreased. The highest average value of egg mass was 
found in layers in Lydia-K group (64.80 g) and the lowest in layers in Lydia-III group 
(62.61 g). The differences in egg mass between the groups were not influenced by the 
interactive effects of the studied factors. Perez-Maldonado et al. (2000), in the diet for 
laying hens from 29-48th weeks of age, which included raw soybeans with a lower TI 
levels, obtained the results showing higher egg mass (63.1 g) compared to the raw standard 
variety of soybean (62.1 g). 

Feeding hens diets containing different soybean varieties during the test did not cause 
significant changes in egg shape index. A significant (p<0.05) influence of the level of raw 
soybean in diet on the egg shape index was observed. The highest average shape index was 
measured in eggs of laying hens fed with 2 % raw soybeans (77.74 %), while the use of 8 
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% of raw soybean influenced the expression of the smallest values of this parameter (77.22 
%). Analysis of the interaction of two tested factors indicated very significant differences 
(p<0.01) between the groups. The lowest average values of the shape index during the 
study form (indicating more oval egg shape) were found in eggs of hens from Lydia-III 
group while the highest mean egg shape index (the most elongated eggs) were determined 
in eggs of hens from Lana-I group. Established values of egg shape index (from 76.61 % to 
77.82 %) showed the value of this indicator in range of desired values for this property and 
in accordance with the data obtained by (Maši  and Pavlovski, 1994). 

 
Table 3. Egg quality properties 
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s Egg quality properties 

Egg Shape Albumen Haugh Yolk 

mass(g) index height(0,1mm) units colour 
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 x 63.30 77.39 81.47 88.20 12.01 
 Sd 5.05 2.15 15.49 9.28 0.72 
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a  x 63.60 77.42 80.71 87.79 12.00 
 Sd 5.30 2.29 14.58 8.78 0.74 

Le
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n,
 %

 

 0% x 64.48x 77.27b 82.50x 88.55x 11.92 
 Sd 4.94 2.32 14.96 8.57 0.73 
 2% x 63.28y 77.74a 81.88x 88.83x 12.09 
 Sd 4.79 2.31 14.68 8.69 0.73 
 4% x 63.13y 77.39ab 81.72x 88.30x 12.03 
 Sd 5.44 2.15 15.27 8.84 0.77 
 8% x 62.89y 77.22b 78.25y 86.29y 11.99 
 Sd 5.39 2.07 14.96 9.81 0.68 

V
ar

ie
ty

 x
 L

ev
el

 

La
na

 

0% (K) x 64.20 77.27xy 83.92 89.36 12.01 
Sd 4.56 2.26 14.71 8.27 0.72 

2% (I) x 63.10 77.88x 81.52 88.44 12.09 
Sd 4.55 2.26 16.10 9.71 0.70 

4% (II) x 62.70 76.98y 80.96 87.97 11.95 
Sd 5.57 2.02 15.01 8.90 0.80 

8%(III) x 63.20 77.47xy 79.48 87.02 12.01 
Sd 5.39 1.98 15.94 10.08 0.64 

Ly
di

a 

0% (K) x 64.80 77.28xy 81.09 87.74 11.84 
Sd 5.29 2.38 15.13 8.81 0.74 

2% (I) x 63.50 77.61xy 82.24 89.23 12.08 
Sd 5.01 2.37 13.17 7.55 0.76

4% (II) x 63.52 77.82x 82.48 88.64 12.10
Sd 5.30 2.21 15.54 8.80 0.73 

8%(III) x 62.61 76.97y 77.01 85.55 11.98 
Sd 5.41 2.14 13.87 9.51 0.72 
Two-factorial variance analysis (p value) 

Variety 0.303 0.836 0.385 0.441 0.755 
Level of raw soybean 0.001 0.026 0.003 0.003 0.056 

Variety x Level 0.422 0.002 0.194 0.201 0.053 
*x-y, The values in each column without common superscript are significantly different at the level of 1% 
*a-b, The values in each column without common superscript are significantly different at the level of 5% 
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The initial quality of the eggs is important for maintaining the qualities for the direct 
consumer. Under the influence of different varieties there were no statistically significant 
differences in the height of egg white. It has been found that the level of 8 % of 
participation of raw soybean in diet affected significantly lower (p<0.01) egg white heights 
as compared to the other groups. Interaction effect of the studied factors showed no 
statistically significant differences between groups. Realized average height ranged from 
(77.01) in the Lydia-III group to (83.92) in the Lydia-K group, which indicated a good 
initial egg quality but also a great variability of these properties both in groups and within 
groups. Maši  and Pavlovski (1994), reported that the height of egg white has the greatest 
variability among internal egg quality traits. Senkoylu et al. (2005), reported that the height 
of egg white among groups of hens fed diets containing different amounts of full-fat soy is 
not significantly different. 

Haugh units featured less variability in relation to the height of egg whites since for an 
objective assessment of the internal quality of eggs the HU are more appropriate indicator. 
There was no significant effect of variety on the value of Haugh unit, but it was determined 
that the level of participation of raw soybean of 8 % in mixtures affect significantly lower 
(p<0.01) values compared to the other groups. In the analysis of the interactive influence of 
both factors no statistical significance was observed. The average value of Haugh units 
during the experiment ranged from (85.55) in the Lydia-III group to (89.36) in the group of 
Lana-K. Senkoylu et al. (2005), reported lower values of the Haugh units (81.8 to 84.2) in 
comparison to the results obtained in our study. 

Soybean varieties and the level of participation of raw soybeans in mixtures, as well as the 
interaction effect of the studied factors had no statistically significant effect on the 
intensity of the color of egg yolks in the present research. The average value of the egg 
yolk color ranged from (11.84) in the Lydia-K group to (12.10) Roshe points in the Lydia-
II group. Considering that the mixtures used did not differ in the share of nutrients that can 
affect the yolk color the average value of this indicator of egg quality was consistent across 
groups. Joki  et al. (2004), reported that the color of egg yolk may be affected by the 
increasing participation of xanthophyll- and pigment-rich nutrients  that control this 
feature.  

In graphs 1, 2, 3 and 4 the characteristics of eggshell quality are shown. Poor quality 
eggshell may have a significant economic impact on lowering the value of eggs. The 
eggshell is the protection of the internal contents of eggs from mechanical damage and 
contamination. The results indicate that there was no significant effect of soybean varieties 
and levels of participation of raw soybeans and their interaction effects on indicators of 
shell strength, deformation, breaking force, mass and shell thickness. 

Eggshell deformation is a parameter which indirectly indicates the strength of eggshell. It 
represents a value that expresses the deflection of eggshell under a pressure of 500 g in the 
equatorial part of the egg. Lower values of this parameter of the eggshell quality indicate 
its greater resistance to pressure, or to a potentially tougher/firmer eggshell. The average 
values of the parameter (Graph 1) in the course of experiment ranged from 20.55 μm in the 
Lana-I group to 21.87μm in the Lydia-K group. The breaking force indicates a minimum 
force necessary (expressed in kg) which leads to the breaking of the eggshell. This is a 
direct indicator of the eggshell strength/firmness. The mean value of this indicator (Graph 
2) of eggshell quality ranged from (4.04 kg) in Lydia-K group to (4.34 kg) in Lana-I group. 
The average value of the eggshell mass (Graph 3) in the study varied from (8.62 g) in 
Lydia-III group to (8.90 g) in the Lydia-K group, and the average value of the thickness of 
the shell (Graph 4) varied from (32.49) in the Lydia-K and Lydia-II groups to (33.02) in 



635

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

Lydia-III group. Senkoylu et al. (2005), observed no significant differences in egg shell 
thickness (0.294 mm to 0.298 mm) with a gradual increase in the share of full-fat soybeans 
in mixtures for laying hens. 
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Graph 1.  Average shell deformation, μm         Graph 2. Average breaking force, kg 
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Graph 3.  Average shell mass, g                      Graph 4.  Average shell thickness, 0.01mm 

Conclusion 

Average property values of external and internal egg quality were under the statistically 
significant influence of the level of participation of raw grain in the mixture. Share of 8% 
of raw soybean of both varieties in diets for laying hens influenced significantly lower egg 
mass value, egg shape index, albumen height and Haugh's unit.  

Indicators of the strength of egg shell: shell deformation, breaking force, mass, and egg 
shell thickness were not significantly influenced by the studied factors or under the 
influence of their interaction effects. 
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Abstract 
Lutein is a plant pigment that belongs to the xantophyll group of carotenoids. In nature it is 
widespread (prevalent) in green leafy vegetables (spinach, kale, collard greens, lettuce) but 
also in peppers, tangerines, corn and egg yolk. Since it cannot be synthesized in the body it 
has to be taken with food. In human body lutein is concentrated in the retina and macula 
lutea and its content in those tissues rises with increased intake through food or 
supplements. It has antioxidant activity, protects eyes from high-energy blue light and 
helps in reducing the risk of developing age-related macular degeneration and cataracts. 
Until now, lutein was used in poultry industry mostly for pigmenting broiler's meat and 
skin and egg yolk and lately there have been more studies whose goal is to increase lutein 
content in yolk and production of enriched, functional food. Although table egg is not the 
best source of lutein, studies have shown that its bioavailability in human body is higher 
from lipid matrix of yolk compared with lutein from vegetable sources or food 
supplements. The egg is highly nutritious food because it contains high-quality proteins 
with balanced amino acid composition, essential fatty acids, minerals and vitamins 
necessary for proper functioning of the body and with increased content of lutein it 
becomes a value-added product. Addition of natural or synthetic sources of lutein in 
mixtures for laying hens enables the transfer of lutein through hen's metabolism into egg 
yolk. The increase of lutein content in yolk is noticeable already after one week of feeding 
the hens with modified mixtures although it takes a longer time for its content to be 
stabilized. Egg with increased content of lutein in yolk represents quality and accessible 
source of lutein in human nutrition. Consumption of enriched eggs contributes to increased 
intake of lutein as well as its accumulation in the human organism.     

Key words: hen's egg, lutein, yolk 
 

Introduction 
Lutein is a plant pigment which together with its stereoisomer zeaxanthin belongs to the 
xantophyll group of carotenoids. Carotenoids include more than 600 compounds which are 
divided into two basic groups: xanthophylls (oxygen-containing molecule) and carotenes 
(pure hydrocarbons, without oxygen in the molecule). Unlike other carotenoids, 
xanthophylls contain two hydroxyl groups, one at each end of the molecule, which results 
in their higher polarity in comparison to other carotenoids (Golzar Adabi et al., 2010). Like 
other carotenoids lutein is soluble in fats and is installed in the intestine in chylomicrons 
that carry it to the liver.  In blood it is transmitted by low (LDL) and high (HDL) density 
lipoproteins in equal proportions (Parker, 1996). 
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Picture 1. Lutein and zeaxanthin

(http://www.rsc.org/ej/CP/2012/c2cp41583f/c2cp41583f-f1.gif) 

 

The human body cannot synthesize carotenoids so they should be taken with food. Lutein 
and zeaxanthin are most abundant in dark green leafy vegetables such as spinach, kale, 
collard greens, lettuce, but also in peppers, tangerines, corn and egg yolk (Sommerburg et 
al., 1998).  

The average content of lutein in egg yolks on the Croatian market is shown in Table 1 
(own research, unpublished results). 

 
Table 1. Lutein content in eggs on the Croatian market 

Lutein 
content Free range eggs Cage eggs 

(producer 1) 
Cage eggs 

(producer 2) 
μg/g yolk 35.1 15.5 12.5 
mg/100 g 
yolk 3.57 1.54 1.7 

mg/60 g egg 0.55 0.24 0.20 
 

What makes lutein and zeaxanthin unique compared to other carotenoids in the human 
organism is their presence in specific eye tissues. They are highly concentrated in yellow 
spot (macula lutea), a small area of the retina responsible for central vision and visual 
acuity and  the only carotenoids present in this tissue (Landrum and Bone, 2001). Together 
they make a pigment of the yellow spot. Due to the specific presence in eye tissues they 
probably have a similar role in humans like in plants, where they act as antioxidants and 
filters of high-energy blue light (Krinsky, 2002). In recent years there has been more 
intense research on the role of lutein in maintaining eye health. Lutein intake through food 
or food supplements increases its content in the serum of humans as well as macular 
pigment density which is inversely related to the risk of eye diseases, like age-related 
macular degeneration (Seddon et al., 1994, Bone et al., 2001; Mares-Perlman et al., 2002), 
a major cause of blindness in people over 65 years, and cataracts (Brown et al., 1999, 
Chasan-Taber et al., 1999, Gale et al., 2001). Advanced age-related macular degeneration 
often leads to irreversible blindness for which there is still no effective treatment (Fine et 
al., 2000). The role of lutein in reducing the risk of developing cardiovascular disease 
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(Iribarren et al., 1997, Dwyer et al., 2001; Alves-Rodrigues and Thomas, 2002), as well as 
its ability to protect the skin from damage caused by UV radiation (Chen et al., 2002, Stahl 
and Sies, 2002) is also being explored. Till now, in poultry industry, lutein was mainly 
used as a coloring agent for skin, meat and egg yolks, but now the emphasis is placed on 
increasing the content of lutein in egg yolk and the production of functional foods. 
Although egg yolk is not the best dietary source of lutein, its bioavailability in the human 
body is higher in egg yolk compared to vegetable sources or dietary supplements (Chung et 
al., 2004). It is assumed that the contents of cholesterol and fatty acid composition of egg 
yolk affect the increase of lutein in human serum (Chung et al., 2004). Therefore, the aim 
of this paper is to present an overview of the possibilities for enriching hen eggs with 
lutein, and production of functional foods which could provide multiple benefits for people 
consuming it. 

 

Enrichment of eggs with lutein  
Eggs can be enriched with lutein by the addition of lutein sources in mixtures for hens. 
Two studies on the effectiveness of the transfer of lutein from hens feeds- into egg 
conducted Leeson and Caston (2004). In the first study hens were fed diet based on corn 
and soybean in which lutein was added in proportions of 0, 125, 250, 375, 500, 625, 750 
and 1000 ppm. In second study hens were fed with three different mixtures. The first 
mixture was based on corn and soybean, comparable with the mixture in the first study. 
The second mixture included corn gluten and alfalfa and added corn oil instead of 
animal/vegetable fats. The third mixture contained ground flaxseed. Lutein was added in 
mixtures in proportions of 0, 125, 250 and 500 ppm. Within the first study, with an 
increase in lutein content in the mixture the content of lutein in eggs was also increased (P 
<0.01), although the efficiency of transfer of lutein from a mixture into eggs decreased 
with increasing amounts of lutein in food. The most notable increase of lutein content in 
eggs occurred already with the initial addition of 125 ppm of lutein in the mixture, while 
the maximum level of enrichment was achieved by the addition of 500 ppm of lutein. The 
content of lutein in egg increased from 0.16 mg/60 g of egg (0 ppm) to 1.17 mg/60 g of 
egg for 125 ppm of lutein in feed, and to 1.49 mg/60 g of egg with the addition of 500 ppm 
of lutein in feed. The results of another study showed that the addition of corn gluten and 
alfalfa favored disposal of lutein in eggs, while the inclusion of flax seed in a mixture 
partially reduced deposition of lutein. Authors believe this is troubling because of the 
increasing emphasis on the production of eggs at the same time enriched with various 
functional ingredients. Analysis of eggs showed an increase in the content of lutein from 
0.18 mg/60 g of egg (0 ppm) to 1.65 mg/60 g of egg with the addition of 500 ppm of lutein 
in the group with a mixture based on soya and corn. The inclusion of corn gluten and 
alfalfa in the mixture increased the lutein levels from 0.29 mg/60 g of egg to 2.04 mg/60 g 
of egg (500 ppm). In the group of hens where flax seed was added to the mixture, an 
increase in the content of lutein from 0.24 mg/60 g of egg (0 ppm) to 1.39 mg/60 g of egg 
(500 ppm) was also observed although the enrichment was lower compared to the two 
previous groups. The authors conclude that it is possible to increase the content of lutein in 
eggs 5-8 times above normal values and that such enriched eggs can contribute 
significantly to the human diet. Leeson et al. (2007) examined the impact of long-term 
addition of lutein in combination with ground flax seed supplementation on disposal of 
lutein in eggs and tissues. Laying hens were fed mixtures with 0 or 10% of ground flax 
seed and three levels of lutein (0, 125 and 250 ppm) for 11 consecutive 28-day period. 
Addition of lutein to the mixtures significantly increased the content of lutein in eggs (P 
<0.01). Lutein content in eggs was linearly increased in the group of hens fed with 10% of 
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linseed (114, 1385 to 1727 μg/egg for 0, 125 and 250 ppm of lutein in feed), whereas in the 
group without linseed the maximum was observed with the addition of 125 ppm of lutein 
in feeds (90, 1671 and 1610 μg/egg for 0, 125 and 250 ppm of lutein in feeds), with no 
further increase in the lutein content in eggs. The authors were able to increase the content 
of lutein in eggs from 0.10 mg to 1.60 mg/60 g of egg, which represented almost two-fold 
increase compared to the current lutein intake in the population of North America. Golzar-
Adabi et al. (2010) also investigated the effect of lutein supplemented to mixtures for 
laying hens on the content of lutein in eggs. To the mixtures based on corn and soybean 0, 
250, 500 and 750 ppm of lutein was added. The content of lutein in egg yolks increased 
significantly after 7 days of feeding (P <0.01). The most significant increase was recorded 
with 250 ppm lutein supplementation, from 0.12 mg/57 g of egg to 1.35 mg/57 g of egg, 
while the highest content of lutein in egg yolks was observed for 750 ppm lutein added 
(1.43 mg/57 g egg) to the feed. Results of all the above authors show that feeding hens 
with lutein enriched mixtures can increase the content of lutein in egg yolk, although the 
enrichment was slowed with the addition of more than 250-375 ppm of lutein in feed, and 
it is also necessary to consider the sources of oils/fats in hens feed. Hammershoj et al. 
(2010) investigated the effect of the addition of three colored (orange, yellow and purple) 
varieties of carrots in the amount of 70 g/day/hen to the standard feed at the disposal of 
carotenoids in egg and some indicators of egg quality. Feeding lasted for 28 days. Lutein 
intake was highest with the addition of purple carrots, reaching a level of 0.8 mg/day/hen. 
The authors concluded that the use of colored carrot varieties as forage material in feeding 
hens increases the concentration of total carotenoids in egg yolks by 25-75% compared to 
eggs layed by hens not fed with carrots. Looking at individual carotenoids in egg yolk it is 
evident that the content of lutein was increased by 54% and that of -carotene 100 times. 
Purple carrot cultivar contained the highest concentration of both lutein and -carotene and 
therefore had the most significant impact on the content of carotenoids in egg yolks. Jeon 
et al. (2012) conducted a trial in which hens were fed mixtures supplemented with green 
algae Chlorella powder in proportions of 0, 0.5, 1 or 2%. Feeding with experimental 
mixtures lasted for 4 weeks. Already after first week of feeding authors have observed an 
increase in the content of lutein in egg yolks in all experimental groups compared to the 
control. After four weeks of feeding in the group with 2% chlorella powder the highest 
content of lutein was recorded and it amounted to 27.04 μg/g of egg yolk compared to 
13.88 μg/g in the control group. The authors concluded that for the production of lutein-
enriched egg it takes at least two to three weeks of feeding with Chlorella powder to ensure 
the highest possible incorporation of lutein in egg yolk. Jang et al. (2014) fed hens during 
five weeks with control mixture and mixtures to which a commercial lutein (40 mg/kg) and 
the crude extract of spinach dissolved in the oils with lecithin, in which the concentration 
of lutein was also 40 mg/kg, were added. The content of lutein increased in both 
experimental groups. In group with commercial lutein there was approximately four times 
more lutein than in the control group. Although there were no statistically significant 
differences between the experimental groups, in the group with commercial lutein higher 
content of lutein and less variability in the average content of lutein in egg yolks than in 
the group with spinach extract was recorded. These results suggest that commercial lutein 
provides a more efficient and more uniform transmission of lutein in egg yolks than 
spinach extract in laying hens. 

 

Conclusion 
Chicken egg is a foodstuff that provides the highest quality proteins, essential amino and 
fatty acids, vitamins and minerals in optimal quantities for the human body. Fatty acid 
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composition of egg yolk as well as the content of vitamins and other fat-soluble substances 
can be altered through hens nutrition. The content of lutein also. Lutein is a pigment that 
protects plant cells from oxidation and the harmful effects of solar radiation. Apart from 
the plant world, lutein shows a protective role in other systems also, such as the human 
body, which is confirmed by various in vitro and in vivo studies. It is significant for 
protection of eyes from developing age-related macular degeneration, and its role in 
protecting the skin and circulatory system is also explored. Because it is soluble in fats its 
content in egg yolk may be affected by the addition of lutein sources in mixtures for laying 
hens. Various authors in their researches showed that it is possible to successfully increase 
the content of lutein in egg by adding various amounts of natural or synthetic sources of 
lutein in hens' feed, wherein for synthetic lutein more uniform and prolonged egg yolk 
enrichment was recorded. Lutein-enriched egg, in addition to the above nutritional quality, 
has added value in terms of functional activity. Consumption of eggs enriched with lutein 
increases the content of lutein in human plasma as well as the density of yellow spot 
pigment, thereby contributing to better protection of the eyes and stronger antioxidant 
protection of the organism. 
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Abstract  
Although regulated by law and other policies knowledge transfer in animal sciences 
(zootechnics) is rather limited after students’ graduation from the Faculty of Agriculture. 
There is a lack of courses for professional development of teachers from agricultural 
middle schools, including those teaching subjects in animal sciences. There is as well a 
need of permanent improvement and upgrading of courses and trainings created for 
advisors in agricultural advisory services. The TEMPUS CaSA project objective is to 
contribute to the improvement of agricultural education to meet the needs of Serbian 
society. CaSA foresees: upgrading quality and availability of vocational agricultural 
education by strengthening professional and pedagogical competences of educators 
(University teachers, secondary school teachers, advisors) and creation of the repository 
for courses and additional contents important for agricultural education. Improvement of 
agricultural education will be achieved by introducing trainings in active teaching learning 
(ATL), communication skills, e-learning, together with newest knowledge emerging from 
research activities incorporated in vocational courses. Creation of the National Repository 
for Agricultural Education (NaRA), will enable networking of all stakeholders in 
agricultural education and assure sustainability. In addition, among 13 project partners, the 
Ministry of education is a compulsory partner for Structural Measures TEMPUS projects. 
This is important for recognition of the National repository by relevant state authorities. 
Online courses and teaching material, live stream trainings, results from the research 
projects, and different data bases will be available in NaRA after project life-time. 

Key words: EU TEMPUS project, agricultural knowledge transfer, innovation, NaRA   

 

Introduction  
Most of the jobs in modern agricultural production permanently need acquiring additional 
knowledge regardless of the period passed from graduation. Besides research carried out in 
scientific institutions (Universities, research institutes) occupations that need constant 
knowledge update are primarily teaching and advising. University teachers, together with 
teachers in middle agricultural schools and advisors employed in extension (advisory) 
services are the fundament of agricultural education in all areas of Serbian agriculture, 
including animal sciences. Knowledge upgrade is compulsory for all the three pillars of 
Serbian agricultural education: university teachers, secondary school teachers, and 
advisors. They are thus part of the lifelong learning (LLL) process. 
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Continuous professional development of agricultural middle school (AMS) teachers is 
defined by the “Law on basis of education system”, article 129 (Official Gazette of the 
Republic of Serbia, no. 55/2013). According to the law, continuous professional education 
of teachers is compulsory. It can be provided by different organizations: NGOs, schools, 
faculties, registered agencies, and Centers for professional development established by 
local authorities; financed by the Ministry of Education and/or projects funded by EU or 
other international organization (Popovic, 2013). However, the choice of programs for 
continuous professional development is made rather inconsistently than according to the 
established education policy; it is based on the offer of courses, not on the need analysis 
(Pesikan et al., 2010a). In addition, there is discrepancy between programs and practices in 
a sense of huge differences between courses in: training type, trainers’ competences, 
training duration, content, and evaluation, as well as monitoring of training effects in 
classes (Pesikan et al., 2010b).  

Knowledge upgrade in advisory service seems better organized: agricultural Farm 
Advisory System (FAS) in Serbia is entrusted to the Institute for Science Application in 
Agriculture, Belgrade. The Institute is a coordinating institution in charge of Education of 
advisors. The legal basis for advisory system is “Law on performing advisory and expert 
operations in agriculture” (Official Gazette of Republic of Serbia No. 30/10 from 
7.5.2010). The Ministry of Agriculture, Forestry and Water Management (MAFWM) issue 
a Decree on Determining Annual Program on Advisory work Development in Agriculture, 
for the current year and announces a Competition for the 31 centers (funded by the 
Government) and 3 private advisory services to apply for the funds provided by the 
Ministry. According to law provisions MAFWM is in charge for FAS organization, work 
and performance. 

When animal sciences are considered, as an example the accredited Zootechnics 
curriculum of the University of Belgrade completely lacks pedagogical courses and has 
only one course for development of some academic skills such as writing and presentation 
of papers. Also, there is an absolute lack of courses for knowledge refreshment of teachers 
of middle agricultural schools teaching subjects linked to animal sciences. Table 1 
represents an overview of accredited courses for AMS teachers since 2006/07. In the newly 
published Catalogue for 2014/2015 and 2015/2016 courses offered to teachers of middle 
agricultural schools are extremely rare: only 3 courses, out of 868 accredited courses could 
be connected with agricultural practice. In the earlier catalogues from the total number of 
1002 courses accredited for professional development of teachers only 12 courses offered 
were somehow linked to agriculture (7/12 for AMS teachers), while not a single one was 
devoted to zootechnics, except “Animal welfare and us” a course given by an NGO for 
animal protection. Among these courses that could be taken by agricultural middle school 
professors, only 1/12 is offered by the Faculty of Agriculture University of Novi Sad 
(http://katalog.zuov.rs/).  

This actual situation clearly indicates that courses for teachers of secondary school level 
are an absolute necessity and that animal science professionals must urgently find a way to 
support people working outside the University, educated by the University, to ensure LLL 
possibilities to our colleagues responsible for the education of agricultural animal 
producers and teachers in secondary education level. 

When it comes to advisors, in Serbia, from 2010, every year all advisors have education in 
three areas: knowledge widening, knowledge upgrade, and knowledge application. In 
addition, specific workshops are organized in all areas of agriculture during the Annual 
seminar. 
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Table 1. Accredited courses for teachers of AMS from 2006/07 to 2014/16 

School 
year 

Number of courses 
available to AMS 

teachers 

Number of courses available to 
teachers of zootechnics courses 

Accredited courses 
offered by faculties of 

Agriculture 
2006/07 0 0 0 
2007/08 0 0 0 
2008/09 15 3 0 
2009/10 4 1 1 
2010/11 7 2 1 
2011/12 6 0 1 
2012/14 7 1* 1 
2014/16 3 0 0 

* part of 1 course 

The aim of this contribution is to describe the obtained TEMPUS project and its role in 
reinforcing knowledge transfers in agricultural, including animal sciences.  

 

Needs of Serbian society - the idea of the TEMPUS project 
Starting from the idea that 3 basic pillars of agricultural education: Universities, secondary 
agricultural schools and advisory services, need mechanisms of LLL implemented, and 
that such mechanisms are not fully established in Serbia, the Faculty of Agriculture 
University of Belgrade and the Faculty of Agriculture University of Novi Sad have decided 
to prepare a TEMPUS project, in the frame of the TEMPUS action HE and society. These 
two faculties together were participants in a number of previous TEMPUS projects; first 
was a project that facilitated the reform process according to the principles of Bologna 
declaration, and their common efforts contributed to reformed agricultural curricula 
(Poleksic et al., 2004; 2006). During project preparations following challenges for the 
Serbian agricultural education were identified: a lack of pedagogical education for students 
of faculties of agriculture during their graduate courses Students that continue their carrier 
in education, as teachers in secondary schools or university teachers, lack any formal 
pedagogical education; there is also a need for young university teachers to learn academic 
skills such as writing project proposals, preparing project budget, presenting project 
results, writing scientific papers, etc; secondary school teachers and agronomy experts 
from advisory services need in-service training. In addition, advisors working directly with 
farmers need some skills development such as modern means of communication and 
preparing project proposals to be able to apply for funds available for Serbian producers 
and companies. In conclusion, all the mentioned holders of agricultural education have an 
obligation to upgrade their professional knowledge, but they also need development of 
skills their profession requires. 

The project idea originated from a general need of the Serbian Society to reinforce 
agricultural practice, to apply newly generated scientific knowledge, and modern 
production and processing practices. In addition, agricultural education has to inform and 
educate the public including raising public awareness about agricultural development, 
issues such as ecological agriculture, organic production, GMO, and other important 
issues. The project proposal fits into the Strategy for Education Development of the 
Republic of Serbia until 2020 (Strategy of Education Development in Serbia to 2020+, 
2012). Teachers’ education and teachers as key factor of education development are 
particularly addressed in the Strategy. These should be achieved by: development of in-
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service teachers training to improve teachers’ competences for encouraging students’ 
creativity, innovation and entrepreneurship; training of all teachers to use ICT in teaching; 
and implementation of methods of ATL.  

Areas of specific interest: development of LLL in the society at large, cooperation with 
other education levels and development of human resources are national priorities defined 
that the CaSA project proposal intended to deal with. 

The proposal was successful, and a project “Building capacity of Serbian Agricultural 
Education to link with Society, CaSA” 544072-TEMPUS-1-2013-1-RS-TEMPUS-SMHES 
officially started in January 2014.  

CaSA outline 
Building capacity of Serbian Agricultural Education to link with Society is a 3 year 
(December 2013 – November 2016) national project. CaSA belongs to the TEMPUS sub-
program Structural measures and the Action Higher education and society. Its objectives 
are: to improve quality and availability of vocational agricultural education; to strengthen 
competences of educators; to create a National Repository for Agricultural Education 
(NaRA). 

Partners contributing to the project are the main national “players” in agricultural 
education. There are 10 Serbian and 3 EU partner institutions: 5 Agricultural faculties 
from: Universities of Belgrade, Novi Sad, Kragujevac, State University of Novi Pazar, and 
private University EDUCONS; Association of Agricultural Middle School in the area of 
agriculture, food processing and food production; Institute for Science Application in 
Agriculture responsible for in-service training of agricultural advisors; two NGO training 
organization (Education Forum and Balkan Security Network); and the Ministry of 
Education, Science and Technological Development of the Republic of Serbia, compulsory 
partner for Structural measures projects. According to TEMPUS rules, three EU partner 
Universities have to be members of the consortium: Banat University of Agricultural 
Sciences and Veterinary Medicine, Timisoara, Romania; University of Maribor, Slovenia 
and University Foggia, Italia. 

 

All CaSA project activities are grouped into 11 work packages:  

1. Creation of the Repository,  
2. Assuring infrastructural support for NaRA functioning /Development of 

resources,  
3. Improvement of competences of university teachers,  
4. Modernization of teaching contents,  
5. Improvement of competences of Agricultural Middle Schools teachers,  
6. Improvement of competences of experts in extension services,  
7. Pilot implementation of vocational courses,  
8. Quality assurance control of project activities,  
9. Dissemination of project results,  
10. Exploitation of project results, and  
11. Project Management.  

 

Creation of NaRA, National Repository for Agricultural Education will be one of the 
principal achievements of the project. NaRA will be available as an electronic platform. It 
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should enable sustainability of the project and association of stakeholders involved in 
agricultural education and training in Serbia. It is planned that the repository will consist of 
the following elements: both online courses and information necessary for teaching 
traditional courses for professional development of agricultural middle schools and experts 
in extension services; databases of results obtained from research; selected and recorded 
classes of interactive teaching; selected parts of courses created and/or developed within 
the project, prepared in the form of online video tutorials and posted together with 
additional teaching contents; and other relevant contents added to the repository based on 
authorized decisions of the NaRA Advisory Board. All project participants have jointly 
prepared and signed the Constituent agreement on project implementation and NaRA 
management (Poleksic et al., 2014). 

 

CaSA project and knowledge transfer in animal sciences  
Similar to other agricultural areas, animal sciences are represented in CaSA primarily by 
an important number of university teachers that are trained in the frame of the project. 
From the total number of 60 teachers foreseen to be trained, 15 belong to the area of 
animal sciences and veterinary medicine, majority of them (12/15) are employed at the 
faculties in Belgrade and Novi Sad. These young teachers together with the others will 
create both online and face-to-face courses that, when accredited, will be available from 
NaRA. These courses will be a valuable addition to the existing selection of courses for in-
service training of advisors in animal sciences, and will represent the first officially 
recognized courses for knowledge improvement in zootechnics for middle school teachers.  

So far in CaSA all university teachers were trained in active teaching learning and 
academic skills. E-learning is foreseen for end 2014, so that in 2015 courses are created, 
and upon accreditation, implemented in 2016 and further available in the national 
repository. A NaRA internet domain has been registered, and the Advisory board of the 
national repository will be established. Parallel with this, a training need analysis (TNA) is 
on-going, and with the help of EU partners the TNA questionnaire is prepared. Tender 
procedure for equipment purchase is still ongoing. Dissemination activities (TV, 
presentations at meetings, discussions, leaflets and posters) are numerous from the 
beginning of the project as well as regular and extraordinary management activities.  

In conclusion, we strongly believe that with the presence of the Ministry of Education and 
Science as project partner, during project lifetime NaRA will be officially recognized by 
the two ministries (of education and of agriculture). This will strengthen the position of 
agriculture and therefore of zootechnics in Serbia and contribute to acknowledgment of 
modern agricultural practices and knowledge available to all professionals, advisers, 
teachers, and students. By efficient means of knowledge and innovation transfer, 
agricultural production and processing, including zootechnics, will be able to play the 
important role agriculture has to play in Serbian future.  
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Abstract
Increasingly, research projects are expected to provide impact, and without a convincing 
impact statement, project proposals are now unlikely to get funding. This impact is not only 
for others in the scientific community, but also a wide range of stakeholders who are 
interested in knowing what a project has achieved. Getting it across to stakeholders can be 
achieved in terms of answers to the questions Why? Who? What? How? When? and Where?  

Why - because researchers are spending other people’s money and need to be accountable for 
this. Who - as well as other scientists, non-scientific stakeholder groups include industry and 
commerce, decision- and policy-makers, consumers and general public, as well as the media. 
What - in addition to traditional scientific presentations, for non-scientist stakeholders, 
emphasis should be on any practical applications of the research findings and relevance to 
perceived societal needs or problems. How - non-scientific stakeholders need a much more 
varied set of measures, beyond just scientific publications and presentations at 
conferences/symposia. Website, multimedia and social networks are now essential 
components of an effective dissemination strategy. When - regular events to describe 
progress with the research, such as press releases and newsletters should be combined with 
irregular meetings such as conferences, symposia, trade fairs and other stakeholder group 
meetings. Where - as well as events held at the researcher’s institution, other locations for 
dissemination activities should be planned locally, nationally and internationally, especially 
trade and industrial fairs.  

The increasing importance of research impact is resulting in many large-scale projects 
including partners with specific expertise in getting it across to stakeholders. 

Key words: dissemination, impact, research results, stakeholders 

Introduction 
Traditionally research results were disseminated mainly through scientific publications and 
poster and oral communications at conferences - to other scientists. Thus, stakeholders 
(anyone with an interest in your research) were generally limited to other scientists. 
Circumstances have now changed and the scientific community needs to change its approach 
to communicating its research, to get it across to its stakeholders to ensure effective transfer 
of knowledge and innovations.  

The fate of submitted research proposals is increasingly dependent on the ability of applicants 
to convince evaluators that their research will have significant impact that goes beyond the 
immediate scientific research community. A key example of this is the EU’s main funding 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

650

source for research and innovation, Horizon 2020 (H2020). The importance of impact has 
been increasing with each new framework programme. Thus “There is a greater emphasis on 
impact, in particular through each call or topic impact statements... Applicants are asked to 
explain how their work will contribute to bringing about the described impacts” (Cross, 
2014). Compared with FP7, the ‘Impact’ section of the application form is now the second 
section of the form instead of the third in FP7, and if two proposals receive the same score for 
quality of science, it is the ‘Impact’ section that will determine which proposal gets the 
higher ranking. Indeed, for ‘Innovation Actions’ the ‘Impact’ score is given a weighting of 
1.5 to emphasise its importance (Cross, 2014). 

Not only is the need for research to have impact on non-research beneficiaries increasing, but 
the impact of research on the research community itself is evolving with developments in 
digital technologies, global access to research data, open access publishing, the growth of 
social media in science and new trends in assessing scientific reputations (such as 
https://impactstory.org/ and http://www.altmetric.com/). The European Commission has 
recently described these new trends in scientific research, called ‘Science 2.0’ (European 
Commission, 2014). In years to come, these trends will influence the way you communicate 
with your research scientist stakeholders. 

Therefore, for your research to have maximum impact on both your research and non-
research stakeholders you need to develop skills in how to get your research output, in its 
many forms, across to all your various stakeholder groups. Getting it across to your 
stakeholders can be achieved in terms of answers to the questions Why? Who? What? How? 
When? and Where? 

Why?
Because researchers are spending other people’s, usually taxpayers’, money to do research. 
Thus, research scientists need to be accountable for how that money is spent, and what the 
sponsor gets for that money. What is the impact that the research has had beyond the 
scientific community? What benefit for industry, policy-makers, the economy and society at 
large has the research achieved? A key factor for success with project proposals, such as 
those for H2020, is the expected impact that the research will achieve. Over 38% of the 
nearly €80 billion to be spent on research and innovation in H2020 (European Commission, 
2013a) will go on solving societal challenges. That means research which will have impact to 
help find answers to practical problems, delivering practical applications and benefit for 
society. Without that impact on project stakeholders, the proposal won’t get funded. Thus, the 
first calls for H2020 resulted in 16000 proposals (Cross, 2014), an oversubscription rate of 
nine times, giving a success rate of only 11%. Only those proposals achieving all the 
expected impacts will be amongst those 11%. 

Who?
Stakeholders for the research can be grouped into several categories. Traditionally, the most 
obvious stakeholders would be other scientists doing similar research. However, the most 
important stakeholder to be kept in touch with how the research is progressing and the money 
is being spent is the sponsor of the research, to be provided with regular project reports. 
Other stakeholder groups could be summarised as a) industry and commerce, b) decision- and 
policy-makers, c) consumers and general public, and finally d) the media. Stakeholder 
dissemination strategy needs to be adjusted appropriately for each of these stakeholder 
groups. Industrial and commercial stakeholders are usually the most important to provide 
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justification for the research, and these stakeholders need to be developed and cultivated to 
ensure they retain interest in the research as it progresses. They will be looking for 
opportunities to convert your research findings and discoveries into new products or services 
for the market. Decision- and policy-makers, such as central and local governments, will 
expect your research to contribute to evidence-based decision-making. Consumers and 
general public will be interested in being informed on the impact of the research in relation to 
societal challenges, problems or concerns. The media is looking for a good story for its 
readership, which may not necessarily be the main story from the research. A good quality 
media reporter will check facts from an interview before any material is broadcast or 
published. Remember to cater for local, national and international stakeholder groups, which 
may require a separate focus or emphasis to the research information to be disseminated. 

What?
For the non-scientist stakeholders the emphasis should be on any practical applications of the 
research findings and relevance to perceived societal needs or problems. The level of 
technical detail should be adjusted for the stakeholder group. Unless the research focuses on 
methodology, the methods are the least important aspect of the research to be described. The 
content should focus on justification for the research, the main research findings and their 
implications in relation to commercial exploitation, policy issues, public 
interest/safety/concern. The content should be written as far as possible in non-technical 
terms that would make the science accessible and understood by each stakeholder group. The 
content should also be presented attractively, and visual images (pictures, diagrams, simple 
graphics) have more impact than just text. 

With ‘Science 2.0’ in mind, dissemination of research to the scientific community is 
increasingly going beyond just research publications and presentations at conferences. H2020 
requires all H2020-funded research output to be published in open access journals (O’Dea, 
2013) to ensure free access of the scientific community to H2020 results. The Commission is 
also introducing a pilot scheme to open up publicly funded research data ‘to make the 
underlying data needed to validate the results presented in scientific publications and other 
scientific information available for use by other researchers, innovative industries and 
citizens’ (European Commission 2013b). Already, the growing use of social media by 
researchers is making a wide range of types of information freely available through the 
internet. Examples are ResearchGate (https://www.researchgate.net) with nearly 3 million 
researchers in 2013, Academia.edu (https://www.academia.edu) with over 10 million 
academics signed up, Figshare (http://figshare.com), a cloud-based data management website 
and Slideshare (http://www.slideshare.net) for sharing presentations. 

How?
This is the most diverse aspect of getting it across to stakeholders. Non-scientific 
stakeholders need a much more varied set of measures, beyond just scientific publications 
and presentations at conferences/symposia. A database of different stakeholder groups should 
be established and a dissemination strategy identified for each stakeholder group. Face-to-
face contact is usually more effective than web sites, newsletters, brochures, email reports, 
provided individuals do not need to travel any distance to attend a dissemination event and 
are not going to be out of pocket regarding any costs. Thus, regular press releases and 
conferences, public debates, and individual meetings with key stakeholders should be 
planned. Dissemination activities requiring the recipient to take the initiative are much less 
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likely to be effective than those where the recipient is sent information to be kept informed. 
Thus, a static, unattractive web site describing the research is less likely to have as much 
impact as an electronic newsletter embedded into the text of an email: email attachments that 
need to be downloaded before opening are less likely to be read, for example.  

A project web site should be designed to be attractive, easy to use, regularly updated and 
ideally with a range of multimedia sources of information available to cater for different 
groups of stakeholders. Multimedia approaches to disseminating research are now well 
developed, such as podcasts, webinars, videos, infographics, blog and discussion boards, 
particularly to cater for non-expert stakeholders, as well as social media (e.g. Facebook, 
Twitter, LinkedIn). Announcement of these could be circulated by email to individuals in the 
stakeholder database, or through the project website with RSS feeds which will ensure that 
stakeholders who want to be kept up-to-date with project progress are automatically informed 
of news and updates.  

Meetings with decision- and policy-makers should take place at their offices rather than the 
scientist’s. The same is true for industrial and commercial stakeholders. Policy briefings are 
effective mechanisms for getting research findings and their implications to decision- and 
policy-maker stakeholders. Information disseminated in English will reach the international 
scientific stakeholder community, though some institutions specializing in dissemination 
activities also publish information in several other languages to ensure that non-specialists in 
other countries can access the research findings. 

When?
Press releases to describe progress with the research should be held at regular intervals rather 
than when there is a particular result to present. A press release or press conference every six 
months or year, depending on the pace of the research, should be planned, to include 
representatives of all the media (newspapers, magazines, radio and TV). Try to plan other 
dissemination activities so that there appears to be always something going on. For example, 
an electronic newsletter could also be every six months, but in between press releases, six-
monthly/yearly policy briefings or annual conferences. The project web site needs to be kept 
updated every one-two weeks, and will soon attract regular viewers if it becomes clear that 
information of one sort or another is constantly changing - projects reports, other relevant 
news items, YouTube video clips, stakeholder group webinars, a regularly updated project 
blog, as well as its Facebook page and Twitter account, etc! That way stakeholders will feel 
more involved in the research and take greater interest in its findings, thereby leading to 
greater impact for the project. 

In addition to these regular dissemination activities, conferences, symposia, trade fairs and 
other irregular meetings of the various stakeholder groups provide opportunities to advertise 
the project and its results through face-to-face contact. 

Where? 
In addition to events, such as conferences, symposia, workshop events, demonstrations, open 
days and press conferences, held at the researcher’s institution, other locations for 
dissemination activities to non-scientific stakeholders should be planned locally, nationally 
and internationally. For example, trade and industrial fairs are excellent opportunities to 
interact with industry and commerce and expand the network of contacts. Local authority 
rooms could be used for consumer stakeholder debates. 
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Conclusion 
As competition for research funds increases, so does the importance of a project’s expected 
impact, not only on others in the scientific community but especially on non-scientist 
stakeholders. With the large majority of European research now being funded through strong 
competition for research funds, only those project proposals that can demonstrate, in addition 
to scientific excellence, an extensive and effective dissemination strategy will get funded.  

Increasingly, this is testing the researchers’ innovation skills in communication to the limit, 
so many large-scale projects now include partners with specific expertise in getting it across 
to stakeholders to increase a proposal’s prospects of being funded - specific expertise in 
answering the questions Why? Who? What? How? When? and Where? After all, research 
should be done for the stakeholders’ benefit. 
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Abstract 
The course in active teaching/learning (ATL) together with the method of lecture 
assessment by sequential analysis was developed by a pioneering group of experts from the 
Institute of Psychology. It was developed further and improved by adding research skills, 
aspects on quality assessment and examination procedures, relevant drama skills and 
techniques for interactive e-learning. The modules which we developed and implemented 
at Faculty of Agriculture several times in last 10 years had an impact on the quality of 
teaching of teachers as well as positive consequences to the student success. 

Key words: ATL, higher education, Faculty of Agriculture, teachers training  
 

Development of ATL course for university teachers 
Reform of higher education, so-called “Bologna process” at European and Serbian 
universities has brought a dramatic demand for change in the position of students in the 
teaching process: students becoming partners and even main actors. New curricula, based 
on achieving a certain number of learning outcomes (both subject-specific and generic) by 
precisely-defined student workload as ECTS cannot be successfully accomplished with the 
old concept of university lecturing. Indeed, the current concept of university lecturing 
results in students lacking many competences important for their professional life such as 
creative and critical thinking, decision making, problem solving etc. In addition to that an 
average time for students to complete their first degrees at Belgrade University is nearly 
eight years, mainly because students do most of their learning on their own after the lecture 
courses have finished. Our faculties, therefore, are not places for learning: learning is 
separated from teaching: both in space and in time! Such model of univerity teaching was 
dominant at our universities according to the EUA experts report on Serbian high 
education. The lack of any training for university teachers on how to work with students 
has been seen as a major weekness in applying Bologna process at our universities. 

A group of lecturers from the Faculty of Agriculture, Belgrade University recognised the 
need for improving teaching methods that would actively involve students in the teaching 
process and this led to a purpose-designed course on improving their teaching and other 
academic skills. This required a change in their concept of teaching and the role of the 
student: a shift from teaching to learning changing the focus from themselves as lecturers 
to students as beneficiaries, which is practically the area of psychology of learning. The 
original concept of the active teaching/learning (ATL) process was developed at the 
Institute of Psychology, University of Belgrade (Ivi  et al., 2002). Starting from above 
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mentioned idea on shifting focus from teaching to learning this concept is based on 
supporting, promoting, enhancing monitoring student activities. The major objective of any 
ATL teaching unit is to activate as many students in as many relevant activities. In addition 
to the development of techniques of achieving these objectives in planning the class, 
method for assessing the quality of the teaching/learning process was developed. This 
technique, called “sequential analysis” is the unique method of an expert peer reviewing of 
the class and can, also, be a tool for analysing and improving the teaching/learning process.  

The course in ATL together with the method of lecture assessment by sequential analysis 
was, therefore, developed by a pioneering group of experts from the Institute of 
Psychology led by Prof Ivan Ivi . In addition to ATL modules, the course contained a set 
of modules in other academic skills, such as good research practices, curriculum 
development, quality assessment and relevant drama skills. The modules which we 
developed and implemented at the Faculty of Agriculture were described in a course leaflet 
and in the publication “The student at the centre of the teaching process” (Ivi  et al., 2008). 

The course has been held during the whole school year: twice for 50 teachers of the 
Faculty of Agriculture in 2003/4 and 2004/5 (sponsored by the Fund for an Open Society 
and a Tempus Project, respectively), once for 30 teachers of Serbian Faculties of Biology 
in 2007/8 through another Tempus project. During 2009 teaching staff at Faculty of 
Agriculture had 2 types of trainings for improving their teaching skills: a) 45 teachers and 
30 assistants had training in interactive e-learning held by Miloš Baj eti  and b) 20 
teachers had training in principles of writing good textbook given by ATL team. In 2014 
through CaSA Tempus project 60 teachers of Serbian faculties of Agriculture have 
participated all modules of the course. 

 

Present structure of the course 
The course has evolved during several years of giving it at different faculties and analysing 
the results achieved. The major improvement of the course is the introduction of the 
modules on e-learning methods (for presenting the contents, activating students to learn 
and assessing the learning outcomes) and on curriculum development and QA. The current 
version of the course consists of the following group of modules:  

1. Active teaching/learning (ATL) given by Prof. Ivan Ivi , Dr Ana Pešikan, Mr 
Slobodanka Anti  (Institute of Psychology, University of Belgrade) and Prof. Ratko 
Jankov (Faculty of Chemistry, University of Belgrade) 

2. Curriculum development, quality assessment and examination given by Prof. Sofija 
Peki  Quarrie, Prof. Vesna Poleksi  and Prof. Biljana Vuceli  Radovi  (Faculty of 
Agriculture, University of Belgrade)

3. Drama skills given by Prof. Paul Murray (Winchester University, UK, based in 
Belgrade)

4. Research skills developed by Prof. Steve Quarrie (Newcastle University, UK, based in 
Belgrade)

5. Interactive e-learning developed by Dr Miloš Baj eti  (Faculty of Medicine, 
University of Belgrade)
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Picture 1. ATL training (photo S. Quarrie) 

 

 
Pictures 2 and 3. Drama skills training and Research skills training (photo S. Quarrie) 

Results of implementation of ATL 
After several years of implementation of interactive teaching/learning methods at Faculty 
of Agriculture, it was obvious that improved teachers’ competences (Poleksi  et al., 2004) 
resulted in improvement of the student exam performances (Peki  et al., 2005) and student 
professional competences such as decision making (Pešikan et al., 2005 and 2006) as well 
as giving them valuable generic skills, for example: how to learn efficiently, how to 
present knowledge (orally and in writing), how to become critical, how to argue and 
discuss with others on a specific topic and how to evaluate the teaching process (Pešikan, 
2005 and 2006). 
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It was a challenge to explore the possibility of giving students a chance to experience an 
assessment of their own learning outcomes by introducing student self-assessment 
exercises (Peki  Quarrie, 2007). Peer review classes were organised to test their ability to 
evaluate each other’s tests, as well as to evaluate their own tests. Analysis of these 
evaluations showed a very close association between the teacher’s marks and students’ 
marks. After three successful peer review classes we decided to give students a chance to 
“do the real thing”, i.e. to examine each other at the end of the Botany course during the 
first exam occasion in June 2006 when 10 students took part in the “interactive exam”. The 
large majority of student marks (77%) were the same as the professor’s, and the large 
majority of those marks that were not the same were lower than the professor’s. Similar 
results were obtained after the exam in June 2007 with 30 students, indicating a high level 
of student objectiveness and their critical approach to the evaluation. On both occasions 
these exams involved only the best/most motivated students as they were held immediately 
after the course during the first exam occasion and this inevitably required a lot of 
preparative work during the course. After positive experiences in testing the capacity of 
good students for peer-reviewing in previous years, we applied similar methodology to all 
students, especially those with poor knowledge. Three exam exercises, done at the end of 
2007/8, has shown their capacity for evaluation and self-evaluation and to analyse their 
evaluation capacity according to their knowledge, previously evaluated by the professor as 
illustrated on Fig 1 (Peki  Quarrie et al., 2008). 

 
Figure 1. Student self-assessments as means for each score according to the professor’s 

assessment of each student. The best-fitted line is shown. The dotted line shows 
equivalence between professor and student scores (from Pekic et al., 2008) 

Results of several years of implementation of the ATL approach have been presented at 
several conferences on higher education, published in several papers and thus have 
achieved recognition within both scientific and higher education communities. A research 
project in ATL at university has recently been accepted for financing by the Ministry of 
Science and Technological Development, and this will result in further improvement of its 
methodology.  
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Conclusion 
Based upon all this we strongly believe that courses in the ATL approach together with 
other academic skills necessary for the development of young university teachers should 
become a compulsory component of their career development. Such courses will improve 
all their academic skills, which in turn will results in improved student competences and, 
consequently, lead to the improvements in the efficiency of the university as a whole. Such 
lecturer training courses are common place and compulsory in a large number of European 
Universities. For this to become a sustainable concept in Serbia, we propose the creation of 
a CENTRE FOR IMPROVING ACADEMIC SKILLS. Such an institution could provide 
regular training for our academic staff on a long-term basis. 
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Abstract  
Transfer of learned knowledge and skills is considered as a fundamental goal of education; 
without transfer, education would be meaningless. Subject of the study is the analysis of the 16 
textbooks and instructional materials intended for students of Master studies “Environmental 
protection in Agriculture” at the Faculty of Agriculture University of Belgrade. In the study, the 
following analyses have been made: (1) the analysis of the type and number of the structural 
components of the textbooks; (2) the analyses of the questions, tasks and orders (QTO) in the 
textbooks, which comprises following analyses: (2.1) the meaningfulness of the QTO; (2.2) the 
form of the QTO; (2.3) the function of the QTO; and (2.4) the cognitive processes that is required 
by the QTO according to Revised Bloom’s taxonomy of educational objectives. Generally 
speaking, the mechanisms for fostering and facilitating transfer of knowledge and skills in the 
most of analyzed textbooks are neglected or developed in a small degree, and unevenly 
distributed among the analyzed textbooks. The most of the materials enable development of just 
“very near”, specific transfer to the situation of the exam in which the students will be exposed to 
the same type of the QTO like in the initial materials for learning. Except in few of the analyzed 
materials (three of 16), there is no solid ground for the promotion of transfer.  

Key words: animal sciences, questions, tasks and orders, textbooks, transfer of knowledge  

 
Introduction  
Education system is based on the idea of transfer of knowledge and skills: once developed 
knowledge or skill can be used in other similar or dissimilar new situations.  Without transfer, 
education would be meaningless. Therefore, through schooling students will learn the selection 
of important knowledge, skills and abilities by which they would be prepared for their private 
and professional lives in the future. Hence, educational aims and outcomes of learning/teaching 
process are based on transfer and they try to make it clear what is purpose of specific type and 
level of schooling.  

For more than a century the problem of transfer of knowledge has been an important topic of 
research in educational psychology (for review of researches see: Cox, 1997; Singley and 
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Anderson, 1989; Mayer and Wittrock, 1996; Billing, 2007). Throughout its long research history 
transfer has been, and still is, a very controversial issue. There is no definition of transfer that all 
researchers would agree upon. There is a long lasting huge debate on nature of transfer and 
depending on theoretical lens the same set of empirical data is differently interpreted. One 
theoretical viewpoint is that transfer can be explained by similarity of two situations, i.e. existing 
of identical elements in both of them - one situation in which knowledge and skills are acquired 
and new one in which knowledge and skills have to be applied (Thorndike & Woodworth, 1901; 
Singley and Anderson, 1989). Other theoretical viewpoint supports the transfer of general skills,  
that under appropriate conditions students can learn to improve their problem-solving transfer 
(Salomon & Perkins, 1989; Mayer and Wittrock, 1996), or that “there are multiple 
manifestations of transfer, ranging from the understanding of domain-specific concepts through 
the deployment of relatively domain-general reading and argumentation strategies’ (Campione, 
Shapiro and Brown, 1995, p.66). In spite of the conclusion that there is “an obvious need for 
further inquiry aimed at a better and deeper understanding of the processes underlying transfer 
and at finding effective research-based and practically applicable ways to facilitate transfer in 
learners in different educational and training settings” (De Corte, 1999, p.557), the numerous 
research findings support the idea of transferability of learned knowledge and usefulness of 
teaching for transfer.  

Transfer may be specific or ‘near’ transfer of similar elements in the initial and target task (e.g. 
within the same type of problem in the same subject domain); and general or ‘far’ transfer of 
methods, general principles, techniques and attitudes (e.g. between domains).  ‘Near’ or specific 
transfer implies that the initial and target tasks are closely related, having some similar elements, 
and ‘far’ transfer, i.e. general transfer implies transfer of knowledge, skills and attitudes to quite 
different problem context or content depends on more general, structural similarities (Billing, 
2007). These types of transfer are not mutually exclusive, general skills and specific knowledge 
is complementary in transfer. 

The practical significance of transfer of learning is quite obvious in both the cases of formal 
schooling and of ‘knowledge-based economy’. Transfer of learned knowledge and skills is 
considered as a fundamental goal of education (Marini and Genereux, 1995), what is reflected in 
Seneca, Ancient Greek author's sentence: `Non scholae, sed vitae discimus” (we do not learn for 
school but for life). Also, importance of transfer of knowledge between education and workplace 
settings is clear. Today’s business and industry invest enormous amounts of money in in-service 
training and retraining of personnel and they are strongly interested in acquiring transferable 
knowledge and skills by their employees to increase rate of return of investment, as well as 
reduction in spending. Bulk of the literature has been written on training transfer. Training 
transfer refers to the application, generalization and maintenance of trained skills on the job 
(Ford & Weissbein, 1997; Volet, 1999; Eraut, 2009; Grossman & Salas, 2011; Volet, 2013). The 
request of ‘employability’ has influenced on higher education programs significantly to take into 
account the competencies, which employers are said to prize most, so-called transferable or 
generic skills such as higher order thinking processes (problem-solving, critical and creative 
thinking), communication and team work. Perhaps the other reason is related to students paying 
fee for studying and “seeking ‘value for money’ “(Billing, 2007, p. 501).     

The review of the literature on transfer shows that transfer of knowledge and procedures learned 
through instruction unfortunately occur far less often than academics believe (Alexander and 
Murphy, 1999). There are many research findings on transfer, which implications are important 
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for the teaching for transfer (or teaching of key skills) in higher education. The main conclusion 
from the research evidence is that whether transfer occurs is dependent on the conditions. The 
main conditions that can support or hinder the transfer are as follows (Perkins and Salamon, 
1992a,b; Singley and Anderson, 1989; Alexander and Murphy, 1999; Bransford et al., 1999; 
Bransford & Schwartz,1999; Billing, 2007): 

Transfer is more likely when the learning environment is designed to encourage cross-
situation and cross-domain transfer. Showing students how knowledge from different 
subjects or different contents of same subject are mutually connected, or how problems 
resemble each other is very useful; 
Skills and knowledge must be extended beyond the narrow context. To be widely 
applicable learning must be guided by generalized principles. Learning of general 
principles of reasoning together with self-monitoring practices and potential applications 
in varied context supports transfer. Procedures of generalization of higher mental abilities 
should be in-built in teaching/learning process. The specificity of the context in which 
principles are learned reduces their transfer; 
Rote learning of facts discourages transfer of knowledge. Learning of principles and 
concepts facilitates transfer to new situations and dissimilar problems because it creates 
more flexible mental representations; 
Transfer is supported if students have conceptual knowledge, mental representation of 
problems (including how one problem is similar and different from others), and 
understanding of the relationships of the components in the overall structure of the 
problem;  
Teaching in reasoning and critical thinking is only effective for transfer when abstract 
principles and rules are accompanied by examples, that have to be varied; 
Transfer is fostered when learning takes place in social context in which generation of 
principles and explanations are developed through interaction and so called ‘negotiation 
of meanings’;  
Cooperative methods of learning improve transfer; 
Transfer is promoted when the feedback on performance is given to students;  
Transfer and analogical reasoning are related processes and transfer is promoted by 
teaching by analogy and emphasizing structural similarities between analogues and the 
underlying goal structure of comparable problems; 
Transfer is fostered if students are expected to learn to do some performance by 
themselves and if they are aware how to apply skills in different context. The learner must 
understand the conditions of application – when what has been learned can be used;  
Learning to use meta-cognitive strategies is especially important for transfer. Learners 
are most successful if they are self-aware as learners and are able to monitor and evaluate 
their learning and develop strategies which keep learning on target. Meta-cognitive skills 
(e.g. self-monitoring, reflection, self-regulation, executive control strategies, learning-to-
learn) are vital particularly in solving complex problems. Meta-cognitive strategies result 
in more sophisticated conceptions of learning, greater awareness of cognitive strategies, 
more complex and integrated knowledge structures, and more accessible and usable 
knowledge. 

As we have mentioned previously, transfer of knowledge is encompassed by aims and outcomes 
of learning, and it has to be promoted by teaching/learning methods and instruction strategies. In 
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the light of the research evidences on transfer, the effectiveness of instruction and learning 
resources to foster transfer can be analyzed. 

 
Purpose of this study 
In spite of the new technological or ‘ICT era’ many researches clearly show persistent 
importance of the textbook in education (see: Johnsen, 1993; Mikk, 2000; Selander, Tholey & 
Lorentzen, 2002; Pingel, 2010; Ivic, Pesikan, Antic, 2013).  Besides the teacher, textbook is the 
key ‘instrument’ in teaching/learning process. Textbook is not the exposition of information; its 
role is to support independent construction of knowledge. The textbook has to create situations 
for learning and all of its structural components (e.g. core text, illustrations, tasks, questions, 
summaries, additional resources, critical thinking units, etc) have to be aligned in a harmonious 
and coherent manner in order to achieve the learning objectives (Ivic, Pesikan and Antic, 2013). 

The purpose of this study is to see how the teaching of transfer is supported through the 
instructional materials for students of animal sciences. To encourage and facilitate transfer of 
knowledge and skills, the specific measures have to be built-in the textbook. We will take into 
the account the structural components of textbook (which are intended to empower 
understanding and acquiring lasting and applicable knowledge) and particularly questions, tasks 
and orders, which should provoke different mental processes and learning styles, enabling 
students to practice important knowledge and skills and accomplish desirable outcomes of the 
course. (Ivi , Pešikan, Anti , 2013). 

 
Subject of study 
Subject of the study is the analysis of the 16 textbooks and instructional materials intended for 
students of Master studies “Environmental protection in Agriculture” at the Faculty of 
Agriculture University of Belgrade. All textbooks have been written within the frame of the 
WUS Austria MSDP 004/2009 project, with the aim to help learning process of students. In the 
study, the following analyses have been made: (1) the analysis of the type and number of the 
structural components of the textbooks; (2) the analyses of the questions, tasks and orders (QTO) 
in the textbooks, which comprises following analyses: (2.1) the meaningfulness of the QTO; 
(2.2) the form of the QTO (e.g. open-ended questions with short answer, essay, multiple choice, 
matching, etc); (2.3) the function of the QTO: supporting the construction of knowledge or 
evaluation of what has been learnt; and (2.4) the cognitive processes that is required by the QTO 
according to Revised Bloom’s taxonomy of educational objectives (RBT - Anderson and 
Krathwohl, 2001).  

The structural components (SKs) of textbook contribute to better understanding of the content; 
linking content with previous knowledge and students' experience; improving the assimilation of 
presented material; and improving learning efficiency of students (Ivi , Pešikan and Anti , 
2013). Within the textbook there can be different SKs: thematic units or chapters; lessons; 
questions, tasks and problems (at the end of the lesson or thematic unit); boxes with additional 
information;  boxes with definitions of less known words; illustrations accompanied the text (e.g. 
drawings, pictures, graphs, schemes, maps, tables, etc); summaries of the lesson or thematic unit; 
table of content; etc.  
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QTO are the most important structural component of textbook for activating students in the 
process of learning. Consideration of the meaningfulness of QTO is the first step in the evaluation 
of the quality of QTO in the textbook. QTO can be meaningless according to several criteria: 
linguistically incorrect task, unrealistic task (e.g. too difficult or too easy for the student, or there 
is no prerequisite to enable fulfilling the tasks - no time, no experience, no conditions, etc), 
intellectually imprecise task (e.g. when student is confused and not know what is required to do 
in the task), quasi-activating task (e.g. an activity with no purpose or effects for learning is 
required), and task which suggests the answer (e.g. Is it nice hurting others?) (Ivi , Pešikan and 
Anti , 2013). 

There are two distinct functions of the QTO: (a) assessment for learning and assessment as 
learning, where the role of the QTO is to support the construction of knowledge by creating the 
situations for learning for students. What the students are doing, they will learn it. Second 
function of QTO (b) is well-known assessment of learning, i.e. evaluation of what was learnt by 
students. 

 
Methodology  
The method of content analysis has been used in the study. The sample was the convenience 
sample (Marshall, 1996) involving the 16 textbooks and instructional materials for students of 
Animal Sciences at the Agriculture Faculty in Belgrade that have been developed and published 
in the frame of the WUS Austria project and were available for the analyses. In the (1) analysis 
the unit of analysis was the textbook and in the (2) analyses the unit was individual question, 
task, or order in the textbook. 

The full titles of the analyzed textbooks are not given, just abbreviations, because of discretion. 
In this study we are not interested in the analysis of the quality of individual textbook than 
looking for the possibilities for transfer promotion at the wider setting in higher education in 
Serbia.  

 

Results and discussion 
(1) The analysis of the type and number of the structural components of the textbooks 

The Table 1 shows that there are 18 different structural components in the analyzed textbooks: 
Table of contents, Introduction/Foreword, Core text, Important to know, Summary, Illustrations, 
Questions, tasks and orders, Advanced organizer of thematic unit, Advanced organizer of lesson, 
Interesting facts, How to learn, Key words, Additional information: website addresses and 
journals, Goals and outcomes, Dictionary of unknown words and phrases, and Case studies. The 
range of SKs varied from 5 to 11 per textbook and about 70% of the textbooks have just one 
third of them (5-7). The number of SKs is an indicator of learner-centered orientation of textbook 
because the function of the SKs is improving of learning efficacy and fostering transfer.  

What types of the SKs are presented in the textbooks? Only three of them (Introduction and/or 
Foreword, Core text, and Illustrations) are presented in all analyzed materials. But, these 
components are characteristic for any kind of book. The problem is the absence of the SKs that 
are specific for the textbook as a special genre of book which have formative-developmental role 
(Ivi , Pešikan and Anti , 2013).  If the textbook does not contain QTO, then it is not a textbook, 
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and half of the analyzed materials have no QTO at all. The absence of some of the most 
important textbook’s components, and rare appearance of other SKs that are supports to 
understanding and knowledge construction (such as summary of lesson or thematic unit, 
dictionary, index of concepts, how to learn unit, case studies, etc.) is significant (but bad) sign in 
regard of transfer of knowledge.  

  
Table 1. Structural components of the analyzed textbooks 
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1.ZZ + + +   + +            6 
2. EA + + +   + + +           6 
3. EZ + + +     +     + +     6 
4. PE + + +   + + +           6 
5.ZR + + + +  + +            6 
6. ZV + + +   + +            5 
7. ZS + + + + + + +            6 
8. EP + + +   + +  +  +        7 
9. ET + + +   + +            5 
10. 
GS + + +  + + + + +      +    9 

11. 
Em + + +         +    + + + 7 

12.BD + + +   + + + +          7 
13. Zz + + + +  + + +           7 

14. 
ZP + + +   + + +    +  +     8 

15. 
EG + + +   + + +   +        7 

16. 
EM + + +  + + + + + +    +     11 

 16 16 16 3 3 16 16 9 4 1 2 2 1 3 1 1 1 1  
 

Hence, the results of first analysis show that there is very few of the structural components, and 
some of crucial the textbook's components are absent or appear rare and unsystematically, 
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haphazardly in the analyzed textbooks. That means that they are not designed purposefully with 
the clear idea to enable and empower students’ learning. Generally speaking, the analyzed 
materials mainly expose the content of the subjects and missed the opportunities to involve 
students in learning process and support their transfer of knowledge. 
 

(2) The analyses of the questions, tasks and orders (QTO) in the textbooks 
(2.1)  Analyses of the meaningfulness of QTO 

The QTO appears in 9 of 16 textbooks and total number of the QTO is 967 (Table 2). The QTO 
are not evenly distributed among the textbooks. Almost two-thirds of all QTO (653 or 67.5%) 
are found in three textbooks. In 4 of 9 textbooks with the QTO, meaningless QTOs exist 
(unrealistic tasks, quasi-activating, linguistically incorrect and intellectually imprecise tasks). 
There are not many of them (4.5%), but they shouldn't exist at all in textbooks.  The meaningless 
questions are not only unusable but harmful: consume space in textbooks, de-motivate students 
for work and hinder transfer.  

 
Table 2. Number of the meaningful and the meaningless QTO in the textbooks 

Textbooks Meaningful QTO Meaningless QTO  
1.ZZ 0 0 0 
2. EA 48 3 51 
3. EZ 103 0 103 
4. PE 47 0 47 
5.ZR 0 0 0 
6. ZV 0 0 0 
7. ZS 0 0 0 
8. EP 0 0 0 
9. ET 0 0 0 

10. GS 30 5 35 
11. EM 0 0 0 
12.BD 33 29 62 
13. Zz 170 3 173 
14. ZP 85 0 85 
15. EG 374 3 377 
16. EM 34 0 34 

 924 
95.5% 

43 
4.5% 

967 
100% 

 

(2.2) Form of QTO  
One type of the task form dominates in the textbooks: open-ended question with short answer. 
Almost all tasks are of this type - 99.6% (see Table 3). Uniformity of the type of tasks is boring 
for students, is not suitable for different learning styles and cannot stimulate variety of cognitive 
processes. All these cannot support the transfer of knowledge.  
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Table 3. Number of the QTO according to their form 

 Open-ended tasks Closed type of tasks 
Total number of 
the QTO in the 

textbooks* 
Essay Short answer Multiple choice 

Two-choice 
answers (yes-
no, true-false) 

Matching 

924 
(100%) - 920 

(99.6%) 
4 

(0.4%) - - 

* Note: Only meaningful tasks entered into the analysis 
 

 (2.3) Functions of QTO 

 
Table 4. Number of the QTO according to their function  

Total number of the QTO in the 
textbooks* 

Supporting construction of 
knowledge 

Evaluation  

924 
(100%) 

85 
(9.2%) 

839  
(90.8%) 

* Note: Only meaningful tasks entered into the analysis 

Assessment for learning and assessment as learning are not recognized functions of the QTO in 
the analyzed textbook, 90% of the tasks checks how much students have learned from the lessons 
(see Table 4). It indicates that the textbooks are not learner-centered but content-centered what 
cannot support the transfer of knowledge and skills. 

 (2.4) Cognitive processes that QTO activate, according to RBT 

Textbook must have tasks that involve students in the relevant activities with the content, but 
number of QTO by itself is not the guarantee of the textbook quality. Mental activities, types of 
cognitive processes that are initiated by tasks are of crucial importance. Quality of knowledge 
depends on the quality of cognitive processes that are activated in the process of learning from 
textbook.  In this study, the Revision of Bloom’s Taxonomy – RBT (Anderson & Krathwol, 
2001) has been used for the analysis of the cognitive processes initiated by the QTO in the 
textbooks (see Table 5).  

According to the findings, the focus of the textbooks is on factual knowledge (essential facts, 
terminology, details or elements of specific disciplines). The main cognitive processes lying 
behind the factual knowledge in the textbooks are remembering (46% of all the QTO) and 
understanding (25.4% of all the QTO). Applying of procedural knowledge (10% of all the QTO), 
that helps students to do something specific to a discipline or subject of study, is very important 
particularly in applied sciences like agriculture.  However, all the tasks of this type are in one 
textbook (practicum) intended for training of students in implementation of experimental 
procedures. In the textbooks is negligibly small percentage of conceptual knowledge, knowledge 
of classifications, principles, generalizations, theories, models, or structures important for a 
particular discipline. In the QTO the content of the disciplines is given in the narrow context 
without learning of general principles, varying the context and using analogical reasoning.  
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Table 5. Knowledge dimensions and cognitive processes that the QTO activate in the textbooks, 
according to RBT 

Knowledge 
dimensions** 

Cognitive processes* 

Remembering Understanding Applying Analyzing Evaluating Creating
Factual 

Knowledge 
 

425 
(46%) 

235 
(25.4%) 

3 
(0.3%)  1 

(0.1%)  

Conceptual 
knowledge 

40 
(4.3%) 

63 
(6.8%) 

3 
(0.3%) 

1 
(0.1%) 

4 
(0.4%)  

Procedural 
knowledge 

 

33 
(3.6%) 

17 
(1.8%) 

93 
(10.1%) 

2 
(0.2%) 

2 
(0.2%)  

Meta-cognitive 
knowledge 

 
      

Note:  

*The cognitive processes are defined as: 

• Remembering: Retrieving, recognizing, and recalling relevant knowledge from long-term memory. 
• Understanding: Constructing meaning from oral, written, and graphic messages through interpreting, 
exemplifying, classifying, summarizing, inferring, comparing, and explaining. 
• Applying: Carrying out or using a procedure through executing, or implementing. 
• Analyzing: Breaking material into constituent parts, determining how the parts relate to one another and to an 
overall structure or purpose through differentiating, organizing, and attributing. 
• Evaluating: Making judgments based on criteria and standards through checking and critiquing. 
• Creating: Putting elements together to form a coherent or functional whole; reorganizing elements into a new 
pattern or structure through generating, planning, or producing (Anderson and Krathwohl, 2001, pp. 67-68) 
** The knowledge dimensions are defined as: 
Factual knowledge is knowledge that is basic to specific disciplines. This dimension refers to essential facts, 
terminology, details or elements students must know or be familiar with in order to understand a discipline or solve 
a problem in it.  
Conceptual knowledge is knowledge of classifications, principles, generalizations, theories, models, or structures 
pertinent to a particular disciplinary area.    
Procedural knowledge refers to information or knowledge that helps students to do something specific to a 
discipline, subject, or area of study. It also refers to methods of inquiry, very specific or finite skills, algorithms, 
techniques, and particular methodologies.  
Meta-cognitive knowledge is the awareness of one’s own cognition and particular cognitive processes. It is 
strategic or reflective knowledge about how to go about solving problems, cognitive tasks, to include contextual and 
conditional knowledge and knowledge of self.   
 

Besides the practicum, there is in fact no applying of knowledge in the textbooks, and no 
processes of analyzing, evaluating and creating of knowledge. Critical thinking consists of the 
processes of analysis, evaluation and creation; it is contextual, evaluative and meta-cognitive 
thinking by its nature. In the textbooks there is no meta-cognitive knowledge in the QTO at all, 
not even at the level how to learn certain subject. In many European education documents 
learning to learn is emphasized as one of the key competencies in 21st century (European 
Communities, 2007; Gordon et al., 2009). ‘Learning to learn’ is the ability to pursue and persist 
in learning, to organise one’s own learning, including through effective management of time and 
information, both individually and in groups. This competence includes awareness of one’s 
learning process and needs, identifying available opportunities, and the ability to overcome 
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obstacles in order to learn successfully. This competence means gaining, processing and 
assimilating new knowledge and skills as well as seeking and making use of guidance. Learning 
to learn engages learners to build on prior learning and life experiences in order to use and apply 
knowledge and skills in a variety of contexts: at home, at work, in education and training’ 
(Gordon et al., 2009, p.45). Development of meta-cognitive knowledge, critical thinking and 
‘learning to learn’ is the task for all disciplines and all subjects at all education levels. 

The evidences on transfer emphasize that: learning of principles and concepts facilitates transfer 
to new situations and dissimilar problems; skills and knowledge must be extended beyond the 
narrow context; the specificity of the context in which principles are learned reduces their 
transfer; transfer is supported if students have conceptual knowledge; and learning to use meta-
cognitive strategies is especially important for transfer. Bearing in mind this evidences, the 
results of the analysis of the cognitive processes that is required by the QTO in the analyzed 
textbooks are discouraging in regard to the transfer.  

In spite of such general results of the analysis, it has to be noted that there are three textbooks 
that are different in comparison with others.  They did not fully succeed to make good learning-
centered materials, but they have made steps forward to improvement of students' learning. The 
authors of these textbooks had started to implement some of the active learning ideas and were 
starting to improve their teaching methods (Pešikan and Anti , 2009), and then first results have 
appeared. So we come to the issue of the education policy and the system’s care for the quality 
of teaching/learning in higher education and necessity for systematic training of academics about 
modern conception of teaching/learning and their practical implementation. 

 
Conclusion  
Generally speaking, the mechanisms for fostering and facilitating transfer of knowledge and 
skills in the most of analyzed textbooks and instructive materials intended for the students of 
Master studies “Environmental protection in Agriculture” at the Faculty of Agriculture in 
Belgrade are neglected or developed in a small degree, and unevenly distributed among the 
analyzed textbooks. The most of the materials enable development of just “very near”, specific 
transfer to the situation of the exam in which the students will be exposed to the same type of the 
QTO like in the initial materials for learning. Except in few of the analyzed materials (three of 
16), there is no solid ground for: the development and promotion of transferable, generic skills 
(higher cognitive processes: problem-solving, critical thinking, communication and team-work);  
cross-situation and cross-domain transfer; practicing and applying skills and knowledge in wider 
and different contexts;  the development of the conceptual knowledge and the understanding of 
the overall structure of the phenomenon; the development of meta-cognitive strategies; and for 
the cooperation with others on the work on the QTO. Staying predominantly at the level of 
reproducing of the subject’s information with understanding is not the good base for the 
promotion of transfer.  

However, two things should be noted. First, the obtained results are in accordance with the 
results that we have got in the analyses of the textbooks for pre-university education. The main 
problem of the education system in Serbia is the quality of education (see: Strategy for 
development of education in Serbia to 2020+, 2012; Ivi  and Pešikan, 2012) and higher 
education has double task, to cope both with the quality of its teaching/learning and the quality 
of teacher preparation for all education levels. Second, academics in Serbia have no preparation 
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for their teaching role. They see themselves predominantly as scientists and not as teache
promotion is based on their scientific output, and quality of their pedagogical work is ve
taken into account. The exception to the rule is the development of Active Learning Pro
the Faculty of Agriculture in Belgrade (Pešikan, Poleksi , and Anti , 2005; Pešikan, 2005
et al., 2005; Poleksi  et al., 2006; Pešikan et al., 2006; Peki  Quarrie, 2007a; Pekic 
2007b; Anti , Ivi  and Pešikan, 2008; Pešikan, Anti  and Quarrie, 2009) and other agr
faculties in Serbia (CaSA Tempus Project, 2014). These universities are among the firs
recognized the need to improve the quality of teaching/learning. Of course, this requires 
investment of time and effort and result would not be guaranteed if there is no suppor
system to make the changes become viable and compulsory for all higher education inst
in Serbia. The findings show that training of the academics in pedagogic skills and
learning/teaching methods gives visible effects on improving the quality of teaching/learn
transfer of acquired knowledge. 
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Abstract  
One of the problems Serbian HE faces is summing up of knowledge thaught in different 
courses and its application in real life by professional decision making. In order to give an 
example of possibilities of interactive teaching methodology and contribute to the 
transformation of students from knowledge recipients to knowledge co-constructors, a set 
of scenarios for a multidisciplinary approach in teaching/learning is presented. The set 
consists of 4 scenarios for knowledge refreshment followed by a final workshop – a debate 
similar to the real life situation. A multidisciplinary approach to the topic of aquaculture 
development, water and fish quality in aquaculture is presented in this case. By 
participating interactive classes and a debate, 4 year students in animal sciences work in 
groups to exercise solving problems, to make professional decision, and develop other 
professional and generic skills. This paper presents the result of the process of 
development o scenarios for such exercise and results of the exercise will be presented in 
another paper (Part 2). 

Key words: active teaching/learning, case study, knowledge application, 
teaching/learning scenarios, professional decision making  
 

Introduction  
 The primary goal of higher education (HE) is training of professionals able to use acquired 
knowledge and skills to work efficiently, alone and in a team with other experts, to solve 
problems and make qualified decisions (Pešikan, 2005; Pešikan et al, 2005; Fry et al., 
2008). Real-world professional problems are multidimensional, with more than one 
solution. Dealing with them needs various competences. Development of procedural and 
meta-cognitive knowledge (Anderson & Krathwol, 2001) is particularly important when 
students prepare themselves for real life situation. Unfortunately Serbian HE suffers from a 
lack of practical work and training of skills, both professional and generic (Pešikan et al, 
2006; Ivi , 2008). Moreover, according to the Strategy for education development in 
Serbian HE there is also a need for wider application of active teaching/learning (ATL) 
principles, including practical application of the knowledge acquired. Traditional teaching 
methods predominate in HE in our country. Students are mostly passive subjects that have 
to understand the knowledge delivered and demonstrate it on exam (Anon., 2012). In order 
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to prepare students to become competent professionals, independent and responsible, their 
decision - making capacities have to be developed.  

Improvement of the quality of teaching and student activation in classes is possible by 
introducing new teaching strategy, active learning methodology i.e. learner-centered 
approach (Lambert & McCombs, 1998; Bransford, Brown and Cocking, 1999; Ivi , 
Pešikan and Anti , 2001) that contribute to knowledge reinforcement, development of 
critical thinking and problem analysis from different sides. This includes a shift of 
student’s position from recipient of knowledge to knowledge co-constructor in interaction 
with the teacher (Moll, 1992; Ivi  et al, 2002; Pešikan et al, 2005; Pešikan, 2005; Ivi , 
2008; Anti , 2008; Anderson, 2013). Students’ capacity for decision-making, problems 
resolving, argumentation, negotiation, evaluation scientific data and information, critical 
reasonong etc. could be developed throughout different courses. If they learn in such 
learning situation, students also have better education outcomes (Johnes, 2006). Student 
activation obviously demands new approaches for teachers that includes creation of 
scenarios instead of lessons plans, similar to a theatre scene in which a teacher as a theatre 
director and students as actors assume completely different roles than in traditional 
teaching that is primarily delivering of knowledge from teacher to students (Ivi  et al, 
2002, Anti , 2008). Scenarios are task-directed, interactive, student centered, and usually 
planned for longer periods than a simple class (Anderson and Pešikan, 2014).The approach 
in which real-life problems are considered is convenient for student to practice possibilities 
of different tactics to problem solving and decision - making, but without consequences in 
real life. In this paper we present a set of teaching scenarios for a multidisciplinary 
approach to the topics of aquaculture development, water and product (fish) quality in 
aquaculture.  

 

Materials and methods 
In order to place students in a situation of professional decision making, a case was 
created. To prepare students of the final years of studies for a multidisciplinary approach, 
four scenarios were prepared to recall classes in which a problem of aquaculture and water 
and fish quality was tackled from different aspects: ecological, physiological, health and 
welfare, aquatic animal production and quality. All these aspects have been already 
studied/learned during classes in Zoology, Physiology of domestic and farmed animals, 
Aquaculture, and Health protection of domestic and farmed animals. The idea was to 
organise a workshop during courses thought on bachelor level in final semesters when 
students would study an immaginary case, approach it from different aspects, and suggest 
the solution of a problem from the point of view of different stakeholders. A workshop 
should be organized in the frame of different subjects thought in the 6th, 7th or 8th semester 
of bachelor study in Animal Sciences (Zootechnics) such as: Professional practice 
(Internship), Aquaculture, Zoohigiene, Biosafety on farm, and Management of animal 
production. 

The 4 scenarios will be realised during one class each, 45 minutes, in a period of at least 4 
weeks. Scenarios are based on 4 assignements students have to accomplish by working in 
groups and problem solving (by filling a table), as well as reporting results, participating in 
a discussion and preparation of conclusions.  

In addition, students will have about a month to prepare themselves for roles of different 
stakeholders they have to play in a final workshop (90 minutes). Roles were distributed by 
drawing roles of stakeholders “from a hat”. Students should prepare their roles by 
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consulting relevant literature. Parts of this preparation are 4 interactive classes held during 
a semester.  

Material prepared for each ATL class: material for random distribution of students in 
groups, appendices – texts with assignements and tables to be filled in for each class and 
each group. For each student: a text of the case for the final workshop, descriptions of 
stakeholders groups and ballots for voting are prepared.  

Results and discussion 
Table 1 represents a summary of the ATL classes held in this case study. 
Table 1. Summary of scenarios of ATL classes Multidisciplinary approach to aquaculture 

development, water and fish quality, and a case study  

Pr
of

es
so

r 
re

sp
on

sib
le

 
fo

r 
th

e 
A

TL
 c

la
ss

 a
nd

 
sc

en
ar

io
 a

ut
ho

r 

Topic of 
the ATL 

class 
Objectives Assignement and lesson 

flow Appendix/inclosure 

Zo
rk

a 
D

ul
i

,  
En

vi
ro

nm
en

ta
l a

sp
ec

t 

Water 
quality 
parameters 
and needs 
of aquatic 
organisms 

1. to recall abiotic 
environmental factors 
thought in Zoology course 
in the 1st year and to 
understand the notion of 
water quality 
2. to link knowledge on 
abiotic factors in aquatic 
ecosystems with ecological 
needs of aquatic organisms 
(fish and invertebrate)  
3. to find out and 
understand which are the 
most sensitive and the 
most tolerant groups 
according to different 
parameters, to classify 
them into eurivalent or 
stenovalent organisms for 
different parameters    

Students have to read and 
understand the text in the 
appendix in order to fill in 
the table 2 by writing values 
of different water quality 
parameters suitable for each 
fish species and daphnids, as 
well as to align species from 
the most to the least 
sensitive.  
Work in groups to finish the 
table (15 min.). Reporting of 
each group (5 min. each). 
Discussion lead by the 
professor about the level of 
sensitivity, species 
sensitivity, effect of age etc. 
to the classification in steno- 
or eurivalent organisms. 

Text about water 
quality and values of 
parameters: 
temperature, DO, pH, 
electroconductivity, 
hardness, phosphate 
for different fish 
species and Daphnia 
Table 2 to be filled in 
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V
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, P
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sio
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Influence of 
different 
stressors on 
physiolo-
gical and 
immunolo-
gical 
parameters 
of stress 
reactions in 
farmed fish 

1. To remind students what 
is homeostasis and 
neurophysiological 
mechanisms of stress 
reaction in vertebrates. 
2. To remind students the 
most common stressors in 
farmed fish. 
3. To connect knowledge 
about stress with 
physiological and 
immunological indices of 
stress response in fish. 

Students have to select 
terms related to 1. 
Homeostasis, 2. Stressors 
and 3. Stress indicators. 
Work in 3 subgroups to 
separate terms and then 
group conclude whether 
they are properly selected 
(10 min.). They also have to 
determine rearing conditions 
that can affect physiological 
and immunological stress 
indicators values in fish. 
Reporting of group 
representatives (5 min. 
each). Discussion lead by 
the professor about 
generalized neuroendocrine 
response and fish adaptive 
mechanisms in maintaining 
homeostasis during primary 
and secondary stress 
response, as well as 
systemic changes in the 
tertiary response due to an 
inability to adapt to the 
stressors.

Table 3 in which 
different terms given 
in a separate list have 
to be distributed into 
3 columns 
(homeostasis, 
stressors, and stress 
indicators). Among 
the terms there are 
words that refer to 
one of the 3 given 
categories, but also 
words that are not 
connected with any of 
the 3 categories can 
be offered. 

Diagrams and 
drawings showing the 
course of the fish 
stress response via  
hypothalamic-
pituitary-interrenal 
axis.  

Re
na

ta
 R

el
i

, H
ea

lth
 a

nd
 w

el
fa

re
 a

sp
ec

ts 

Influence of 
the environ-
ment 
(water) 
quality on 
fish welfare 

1. To remind the students 
on the concept of farm 
animals’ welfare  
2. According to the given 
model, the students should 
note and set aside fish 
welfare indicators that 
point to inadequate water 
quality 

Students have to read and 
understand the text in the 
appendix in order to fill in 
the table by writing fish 
welfare parameters that refer 
to poor quality water. Work 
in groups and finishing the 
table up to 15 min. 
Reporting of the each group 
representative in the next 10 
min. After the specific list of 
welfare parameters is 
formed, professor and 
students discuss about 
chosen parameters.

Table 4 with the task 
“Comparative review 
in cattle and fish: the 
needs and welfare 
parameters according 
to the farm animals’ 
welfare concept”. 
Cattle welfare 
parameters in the 
table are related to 
the inadequate 
environmental 
conditions. Common 
welfare parameters in 
fish are listed below 
the table. 
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M
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ov
i

, P
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n 
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Production 
systems of 
fish and 
effects on 
water and 
product 
quality 

1. to remember fish 
culture systems and 
understand differences 
between systems  
2. to link knowledge about 
fish culture systems with 
abiotic environmental 
factors for aquatic 
environment  
3. to be able to decide 
which species can be 
cultured in each system 
depending on 
environmental conditions 
4. to conclude about 
product quality in relation 
to water quality and 
production system 

Students, distributed in 
groups, have to read and 
understand the text in the 
appendix in order to fill in 
the table 5 by writing names 
of fish species (carp, trout, 
African catfish, pangasius, 
herbivorous fish) into the 
corresponding table cell, 
depending on culture system 
and range of values of water 
quality parameters (15 
min.). After reporting of 
each group (5 min. each), a 
discussion led by a professor 
about fish meat quality 
compared to water quality. 
Formulation of conclusions. 

Text about fish 
culture systems in 
Serbia and in the 
world. Water quality 
parameters to be 
respected for each 
system and short 
characteristics of 
Serbian aquaculture 
to remind students 
what was thought 
during aquaculture 
classes with special 
emphasize on 
possibilities of further 
development of 
Serbian aquaculture. 
Table 5 to be filled in. 

V
es

na
 P

ol
ek

si
, F

in
al

 w
or

ks
ho

p 

Workshop 
– Case 
study 
Bilateral 
cooperation 
Serbia-
Vietnam: 
gunshot on 
Serbian 
aquaculture 
or chance 
for Serbian 
economy 

1. to develop ability of 
case analysis, problem 
solving, and professional 
decision making, as well 
as presenting results and 
explain professional 
decisions made  
2. to develop skills of intra 
and intergroup 
cooperation, effective 
communication, dialogue, 
discussion and conclusions 
formulation 

After a month of preparation 
a Final workshop - 
parliamentary debate is 
organized. Students play 
their respective roles of 
stakeholders during the final 
workshop. 
After a short introduction by 
a professor (5 min.) each 
stakeholder group prepares a 
10 min. presentation of their 
group recommendation to 
the government (40 min.). 
Follows a “parliamentary” 
debate: questions asked by 
members of the parliament 
and stakeholders, moderated 
by the president. (30 min.). 
Voting and final decisions 
and conclusions of students 
and professors. (5 min.)

Case study 
Details in the text 

 
The 1st ATL class – Teacher Zorka Duli : Water quality parameters and needs of aquatic 
organisms 

ATL method: students distributed randomly in groups (4 - 6) have to fill the table (Tab 2).  

Table 2. Assignement for the 1st ATL class: using the text given in the appendix fill in the table by 
ranges of values for each parameter and aline species according to their sensitivity in 
relation to each environmental factor 

Water quality parameter 

Species of aquatic organism 
Order of 

species from 
the most to 

the least 

Ca
rp

  

Tr
ou

t  

A
fri

ca
n 

ca
tfi

sh
 

H
er

bi
vo

ro
us

 fi
sh

 

Sa
lm

on
  

Pa
ng

as
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s  

D
ap

hn
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Temperature (toC)         
Dissolved oxygen (mg/L)         
pH         
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Ammonia (mg/L)         
Electroconductivity ( S/cm)         
Phosphate (mg/L)         
Hardness  (odH)         

 
The 2nd ATL class – Teacher Vesna Davidovi : Influence of different stressors on 
physiological and immunological parameters of stress reactions in farmed fish 
 
Table 3. Assignement for the 2nd ATL class: Distribute the terms offered in 3 categories: isotonia, 

food quantity, cortisol concentration, isotonic point, hatch density, glucose level, 
isohydria, manipulative fishing operations, total protein level, total immunoglobulin 
level, hypocalcaemia, blood sampling, thyroxin concentration, hypothermia, good quality 
food, parathormone concentration, hypomagnesaemia, control measuring, satisfying 
water quality, hematuria, air temperature, progesterone concentration, calciuria, 
predators presence, adrenaline concentration, acidosis, surrounding noise, insulin 
concentration, isothermia, androsterone concentration. Note that there are some terms 
that do not belong to any of the 3 categories 

Homeostasis Stressors Stress indicators 
  
   
   
   
   
 
The 3rd ATL class – Teacher Renata Reli : Influence of the environment (water) quality 
on the fish welfare 

 

Assignement for the 3rd ATL class: each group fills in the table and explains group 
decision 

 
Table 4. Comparative review in cattle and fish: the needs and welfare parameters according to the 

farm animals’ welfare concept 

No 

CATTLE FISH 

Animal needs Parameters* 
(examples) Animal needs 

Parameters** 
(enter into the 

column) 

1 

Adequate living 
conditions (i.e. 
appropriate microclimate 
and hygiene in the stall, 
protection from bad 
weather and predators, 
comfortable place for 
resting and movement) 

air temperature too 
high 

poor ventilation 
no shelter 
easy access of 

predators  
slippery floors 
wet bedding 

Adequate 
environment  

 

2 

Proper feeding and 
watering (i.e. permanent 
access to the sufficient 
quantity of quality food 
and water, in accordance 
with the needs) 

insufficient width of 
the feeding space 

insufficient number 
of the waterers 

Proper feeding   
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3 

Expression of normal 
behaviour (i.e. animal 
housing in facilities that 
allow sufficient 
movement and expression 
of normal behaviour) 

apathy 
anxiety 
excessive salivation 
reluctant 

movement, rising etc.

Expression of 
normal 
behaviour and 
possibility to 
avoid 
predators 

 

4 

Adequate social 
interactions (i.e. 
placement in the 
appropriate group or 
separately, in accordance 
with the type and 
category) 

aggressive 
behaviour 

submissive 
behaviour 

Adequate 
social 
interactions 

 

5 

Protection from disease 
and injury (i.e. absence 
of pain, suffering, illness 
and injury, the timely 
provision of professional 
help)  

body injuries 
skin diseases 
respiratory diseases 
death 

Maintaining 
good health 

 

* Indicators of welfare may be from the environment (environmental characteristics) and from individuals 
(health, production, biochemical, and behavioural indicators); each indicator consists of measurable 
properties - parameters (e.g., microclimate in object consists of temperature and humidity, the amount of 
dust, brightness and other properties whose values can be measured). 

** Common welfare parameters of fish are: mortality, body injuries (skin, fins, eyes etc.), presence of 
diseases and parasites, feed conversion rate, growth, condition factor, swimming behaviour, eating behaviour, 
fertility, respiration rate, levels of plasma protein, immunoglobulins, glucose, cortisol, enzymes, lysozime 
and other substances from blood and excretions, phagocyte respiratory burst, values of the water temperature, 
pH, dissolved oxygen, nitrogen compounds etc.    

   

The 4th ATL class – Teacher Marko Stankovi : Production systems of fish and effects 
on water and product quality 
Table 5. Assignement for the 4 ATL class: Names of following fish species should be put in the 

table in a corresponding table cell, according to production systems and vales range of 
environmental factors: Carp, Trout,  Salmon, Pangasius, Herbivorous fish, African 
catfish 

Parameters Earthen pond „Riceway“ Cage system 
Temperature 20-26oC 
DO >5 mg/L 
pH 6.5-8.5 
Ammonia <0.5 mg/L 

   

Temperature 12-16oC 
DO 7-11 mg/L 
pH 6.5-8 
Ammonia <0.025 mg/L 

   

Temperature (15-19oC) 
DO (7-9 mg/L) 
pH 6.2-7.8 
Ammonia (<0.02 mg/L) 

   

Temperature (22-30oC) 
DO (2.5-7.5 mg/L) 
pH 6.5-9.5 
Ammonia (0.7-1 mg/L) 
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Temperature (20-30oC) 
DO (>5 mg/L) 
pH 6.5-8.5 
Ammonia (0.2-1 mg/L) 

   

Temperature (23-28oC) 
DO (>4 mg/L) 
pH 6-7 
Ammonia (<0.3-2 mg/L) 

   

 

Final wrkshop  
Approximately 30 students obtain „from a hat“, their respective roles of stakeholders that 
they have to play during the final workshop: Serbian government, importers lobby and 
producers and weapon traders; Association of Serbian fish producers; Professional public 
opinion; Consumers’ association and media; and Members of Serbian parliament. 
Depending on the number of students in the generation each stakeholder group is 
comprised of 4 to 5 students, the 5th stakeholder group of parliament members may be 
larger. All students receive Appendix 5 – the case, and the list of stakeholders. They have 
one month to prepare their roles of stakeholders. 

 

Appendix 5 for the Final workshop: 

Case study: Bilateral cooperation Serbia-Vietnam: gunshot on Serbian aquaculture 
or chance for Serbian economy 
Serbian government concludes an agreement with the government of Vietnam. Important 
incomes are expected from export of weapons and possible engagement of Serbian 
building companies in Vietnam. The government keeps the agreement secret, but part of it 
are published in media: in the next 5 years together with weapon export and possible 
building companies engagement, there is import of 10 000 tonnes of pangasius filets per 
year from Vietnam. Parts of the agreement published are those concerning Serbian export 
of weapons to Vietnam, and still not precised, building Vietnamese infrastructure that will 
bring employment to the Serbian industry, and cheap source of protein in Serbian 
population diet. On the other hand media raise public awareness about the Serbian 
aquaculture industry that is seriously endangered by pangasius import, which is part of the 
agreement. The public opinion demands the agreement to be published and a government 
organizes a public debate in the parliament where all stakeholders will address the 
assembly. Finally a vote will be organized in order to decide the following: will the 
parliament ratify the agreement Serbia-Vietnam? 

 

Roles of stakeholders: 
1. Serbian government, importers lobby and producers and weapon traders. Students 

have to prepare themselves by studying economic relations between Serbia and 
Vietnam and/or the rest of the world: types of agreements in the area of agriculture and 
food production, international regulation, cheap imported fish linked to the large export 
of weapons and possible engagement of building companies i.e. their workers.  

Within this stakeholder group roles can also be divided: prime minister, weapon producers 
and traders, importers etc… 



681

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

2. Association of Serbian fish producers: Serbian producers are gathered in the 
Association. Students have to prepare themselves by remembering and studying 
freshwater aquaculture; carp flesh quality vs. pangasius flesh quality; environmental 
conditions for carp and pangasius rearing, advantages of carp culture; multifunctional 
use of carp ponds, part of the Central European tradition. The interactive class held 
concerning aquaculture will show its importance since its appendix shows the potential 
of Serbian aquaculture. 

3. Professional public opinion: Faculty of Agriculture, Faculty of Biology, Faculty of 
Veterinary Medicine, nutritionists, Chamber of commerce: fish production, water 
quality, ecology, tourism, quality of water for pangasius culture, effects on meat 
quality, panga meat vs carp meat quality, fish diseases, traditional carp production in 
earthen ponds, multifunctional use of carp farms, rural development. 

4. Consumers’ association and media: flesh quality of carp, trout and other species vs. 
panga meat; levels of protein and lipids, fatty acids composition and quality; healthy 
diets; management of consumers’ perception, marketing, freedom of choice, protection 
of Serbian fish producers and Serbian economy. 

5. Members of Serbian parliament: this stakeholder group has to study all aspects 
mentioned for the other groups in order to prepare for the final debate. This group can 
be larger than the others, depending on the number of students in the generation; one of 
them is President of the parliament and moderator of the discussion. 

Active teaching/learning will be practiced on 4 introductory ATL classes, in preparation 
for and during the final workshop. This conception of teaching/learning scenarios gives 
chance to rise following students’ activities: critical reception of information, evaluation of 
information, argumentation, negotiation, usage of professional language (professional 
discourse), reasoning about science information in social context, professional decision 
making, work in a team of professionals, presentation of the decisions taken, answering 
questions based on their professional knowledge, and solving the problem set in a case. 
The 4 introductory ATL classes serve to remind the students on topics they had already 
learnt, together with a 30 days period during which groups of students will prepare 
themselves for the Final workshop. 

Roles of the teachers in such ATL classes and a final workshop will be to: shortly 
introduce the topics and assignments; follow students’ assignment realization; answer the 
questions; help solving dilemmas; monitor students’ inclusion, and stimulate activities in 
the group; encourage students to ask questions; listen the results presented; ask questions; 
conclude if the goals are achieved, and lead discussions at the end of each class. At the 
final workshop when a student plays a role of Parliament president teachers will help 
drawing final conclusions and formulating the decision. 

The final workshop is announced in advance, all the teachers should be present. The case 
imagined as well as the introductory ATL classes meant to recall what has already been 
studied during previous courses, should enable students to reflect about and take 
responsibility for their own learning as suggested by Pešikan (2005), and Fitzmorice 
(2010). Students are placed in situations similar to real life problems. They practice 
application of the acquired knowledge. An increase of student motivation for learning and 
development of their professional and social skills, including transfer of knowledge and its 
application in new situations is also expected (Pešikan et al, 2006). This exercise is 
planned for the next school year and results will be presented in another paper (Part 2: 
Results of the interactive exercise). 
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Teachers of the Faculty of Agriculture defined following competences required for 
agricultural professionals: acquire modern knowledge in agricultural sciences; develop 
agriculture and food technology sector; apply knowledge and professional innovation; 
knowledge presentation and transfer to non-professionals; food risk-communication; and a 
number of generic skills (Pešikan, 2005). These competences will be much efficiently 
attained by creation of a suitable learning environment and the use of active 
teaching/learning methodology. A multidisciplinary approach in ATL implementation 
should enable students to develop skills to achieve a wide range of learning objectives. The 
interactive exercise planned should confirm this consideration. 

 

Conclusions  
A multidisciplinary approach proposed in this paper should contribute to better learning by 
practicing group work, critical reception of information, evaluation of information, 
argumentation, negotiation, usage of professional language (professional discourse), 
reasoning about science information in social context, professional decision making, 
presentation, and defense of the chosen solution as well as training for a democratic debate, 
respect of opposed opinions and other generic skills that are exercised in a debate foreseen 
for the final workshop.  

We believe that a still dominant teacher-centered classical teaching method cannot fully 
achieve learning objectives needed for agriculture professionals unlike a musltidisciplinary 
approach in the implementation of ATL that may enable development of competences 
required for agricultural sciences. 
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Abstract 
Recent developments in market economies have showed that education and human 
resource creation are among the top priorities of national strategies and social, economic, 
and technological progress policies. The common denominator of educational reforms in 
many European countries is an attempt to set up a flexible system for professional 
education and development to respond to changes in labour market demands. In 2012, the 
Serbian Government adopted Serbia’s Education Strategy until 2020. This document 
provides for professional development of teachers and expert assistants at secondary 
specialist schools. Some of the projected actions involve working out various models of 
professional development, primarily teacher practice in their respective professions, carried 
out in companies or institutions. This document focuses on continuing professional 
development through various forms of formal and informal education.  

Success in finding acceptable solutions in food production technology largely depends on 
educated staff in agriculture and their engagement in transferring their knowledge and 
technologies to agricultural practice. Secondary school education is most important as it is 
the education level producing a qualified student who will do a specific job. 
The aim of this paper is to address to the need and weaknesses in continuing professional 
development of teachers at secondary schools of agriculture in Serbia. The weaknesses 
experienced in practice regarding their development are numerous and often hard to 
overcome. How to recognise these weaknesses and resolve them is the subject matter of 
this paper. The paper presents the organizational weaknesses of accredited seminars and 
their evaluation.  

Key words: professional development, secondary school education, transfer of knowledge 
in agriculture 

 
Introduction 
In the territory of the Republic of Serbia there are some 70 schools training students in the 
fields of work in agriculture, and food production and processing. Most often these schools 
are ‘pure’ schools of agriculture (about 30 of them), and sometimes these are institutions 
training students in various fields of work. They are normally combined with the field of 
work in chemistry, non-metals, and graphic art or personal services, but it usually depends 
on the labour market demands in a local community. 
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Within this field of work, students get educated in 20 various occupations, degrees three 
and four. In the course of their schooling they study general subjects and specialist subjects 
acquiring so necessary theoretical and practical knowledge. These specialist subjects are 
normally taught by graduated agronomists, graduated veterinarians, and food technologists. 

The initial education of teachers, in particular those who teach the so-called specialist 
subjects in secondary specialist schools, does not include (apart from some exceptions) 
studying didactics, teaching methodology and pedagogy although such knowledge is 
highly important for planning and conducting the process of teaching adequately. 
However, although it is necessary that the initial education of teachers should be improved, 
it must not be interpreted to exclude the need for continuing (primarily voluntary and 
independent) development of teachers’ performance following their employment.  

Presently, it is generally held that more and more teachers should be included under 
continuing development. Professional development in this field arises, among other, as a 
society’s need, namely a need of educational institutions, and as a personal need of 
teachers themselves. Self-development of teachers should be based on constructivist 
approach to learning. According to constructivism, a teacher who wishes to develop 
professionally should construct their knowledge on their own, as well as structure and 
improve their pattern of thought and change some pattern elements in line with new 
knowledge. 

Rules for professional development and acquiring the vocation of teachers, educators and 
expert associates list the forms of continuing professional development: 

1) continuing professional development programmes conducted through trainings; 

2) accredited programmes conducted by university institutions (faculties) as a form of 
lifelong learning; 

3) specialist conventions (congress; seminar, meetings and special days; conference; 
counselling; symposium; round table; forum; ) 

4) summer and winter schools; 

5) specialist and study tours. 

Continuing professional development programmes are approved by the Education 
Improvement Institute (hereinafter referred to as the Institute). Approved programmes are 
published in the Catalogue of continuing professional development programmes for 
teachers, educators and expert associates (hereinafter referred to as the Catalogue) for a 
period of two school years. The Institute calls for a contest for approving continuing 
professional development programmes every two years. 

A continuing professional development programme is materialised through a training that 
may last at least 8, but no longer than 24 hours. Such training may last no more than eight 
hours a day. A group can include up to 30 people. A training organizer undertakes to report 
the holding of a training no later than 10 days before the training starts and after the 
training they undertake to send via email and in writing all necessary information on the 
seminar participants, as well as questionnaires filled in. Based on this information, the 
Institute delivers a final evaluation of the seminar and publishes it on their website. The 
training organizer then issues a certificate of attendance to all participants who 
subsequently submit it to their respective institutions. 
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An hour of attendance at a professional training is valued as one point. A teacher, educator 
or expert associate undertakes to achieve at least 120 points for five years in various forms 
of professional development. 

 

Materials and methods 
The survey was devised as descriptive science research, using the seminar attendees 
questionnaire1 which we obtained from the Institute and which consisted of a dozen 
questions and a dozen items (a five-level scale evaluation of agreement with specific 
claims).  
The sample was accidental (all participants who attended the entire two-day programme) 
consisting of 151 teachers at schools of agriculture.  

Statistical analysis of the obtained information was done in IBM SPSS Statistics 20. The 
processing included the calculation and presentation of frequency in number and 
percentage (frequency analysis), standard deviation (as measures 
of dispersion i.e. spread of respondent evaluation) and mean. Apart from that, there was a 
test for existing correlations (Pearson correlation coefficient) between the respondents’ 
answers to a set of questions. Finally, Chi-squared test checked for the existence (and 
statistical significance) of potential differences in the evaluation of some questions. All 
results are also presented graphically (histograms) with most graphs given as an 
appendix to the research (so as not to burden the basic content). 

 

Results and discussion 
Starting from the fact that there are few approved programmes in the field of work in 
agriculture, and food production and processing (merely 7 in the 2010-2011 Catalogue) 
and from the topicality of organic food production, NASO applied for the contest 
published by the Institute for approving a professional development programme entitled 
Organic Agriculture. The programme was approved and published in the 2011-2012 
Catalogue under no. 309. 

That school year, 5 trainings were held and 130 teachers of specialist subjects at 33 schools 
of agriculture were educated. Most of the participants were teachers of specialist subjects 
such as graduated agronomists (various courses) and graduated veterinarians. The trainings 
were organized in different parts of Serbia and co-financed by NASO.2 They lasted 2 days 
and were 12 points worth. 

The following year we applied with the same programme upgraded with an organic food 
processing module. This way the training was also intended for food technologists. The 
programme was published in the 2012-2013 Catalogue under no. 753. Only one training 
was held with 21 participants attending who were teachers of specialist subjects in food 
processing. Table 1 attached an average evaluation of all 6 trainings held. 

Starting from the principle of willingness, and based on evaluation lists we were interested 
in whether the trainings were attended by younger or older colleagues. The lists did not 
require that they should state their age, but the number of years in service at the institution. 
We felt that younger colleagues also had fewer years of service (which is not necessarily 

1.Questionnaire filled in by the training participants has been attached as an appendix. 
2 NASO-National Association for Organic Production Development Serbia Organica 
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true because some colleagues might have had some years of service in other companies). 
Graph 1 shows average percentage of years of service for the seminar participants. 

Based on the results obtained we did not confirm our initial belief that the trainings were 
attended mostly by younger colleagues, but the highest percentage went to the colleagues 
with longer years of service. It is proof of the desire and willingness of teachers in 
secondary schools to have continuing trainings and development. 

 

STR   NIH 
SGraph 1. Average percentage of years of service for the seminar participants 

What we also found interesting was the participants’ opinion on applying the knowledge 
acquired at the training, that is, whether this training would help them improve their own 
performance. 

Most respondents (73.2 %) fully agreed that the seminar would help them improve their 
performance. Statistical validation that the seminar attendance will improve the 
respondents’ performance may be obtained by Chi-squared test. By applying Chi-squared 
test we got a p-value less than 0.05, confirming the assumption that the respondents felt 
that the seminar attendance would improve their performance. Graph 2 shows the 
respondent distribution given their attitude towards the effect of the seminar attendance on 
improving their performance. 
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Graph 2. Respondent distributions given their attitude towards the effect of the seminar attendance 
on improving their performance 

 
We were further interested whether there was a correlation between the respondent age and 
the performance improvement after the seminar attendance, that is, whether younger 
respondents after the seminar attendance improved their performance after attending the 
training. In this analysis, years of service were redistributed (the table shows new 
intervals). Analysing the graph (below), it can be observed that growing years of service 
result in a dropping number of respondents who fully agreed that the seminar attendance 
would help them improve their performance. Unfortunately, Chi-squared test of 
independence did not confirm statistical significance of the correlation between the years 
of service and the respondent attitude towards performance improvement after the training 
(p=0.311>0.05). Graph 3 shows the distribution of respondents according to the years of 
service and the attitude towards the effect of the training on improving own performance. 

 
Table 2. Distribution of respondents according to the years of service and the attitude towards the 

effect of the training on improving own performance  

 
 
Years of 
service 

Attendance at this seminar will help me improve my performance   
Total I mostly 

disagree 
I partly agree I mostly agree I fully agree 

0-7 years 0 0 4 19 23 
8-15 years 1 2 8 39 50
16-25 years 0 0 16 36 52 
26 years and 
more 

0 2 7 17 26 

total 1 4 35 111 151 
 

We had most difficulties in organizing these trainings due to financial problems. Namely, 
continuing professional development programmes are supposed to be funded from local 
self-governments’ budgets, which is often an obstacle. Due to such problems, it is not only 
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this training that was never held, but others too. For the trainings in 2012, NASO managed 
to provide funding, so the participants bore the costs of transport to the place of training. 
This way we had a solid response from participants and the maximum number of attendees 
(30) at almost every training. In the 2013-2014 school year, only one training was held and 
it was funded by the local self-government of the host school, and some teachers bore the 
costs too. 
A particular problem was in communication with some schools. We could not even come 
in contact with some of them, so their teachers did not attend (one school from the territory 
of Kosovo and Metohija). Training invitations were sent via email and often were not read, 
so we did not have an adequate or prompt reply. 

Based on the evaluation lists designed at the Institute and their being filled in by 
participants we have observed the following: 

By analysing Table 3 and relevant Graph 4, it can be observed that the respondents in 
Vojvodina got their seminar information from the catalogue, from the school 
administration and otherwise, more often from their colleagues in central Serbia. The 
situation was quite the opposite in other two sources of information. Chi-squared test of 
independence confirmed that these differences were not accidental (p=0.000<0.05). So, 
there was a statistically significant difference between the frequencies of specific sources 
of seminar information for these two regions.  

 

Conclusion 

Most participants felt that the education was interesting and that it achieved most of set 
goals. They felt that the participant needs were honoured at an adequate degree for the 
most part of the education and most participants were active and focused. 

Additional comments on holding the seminar mostly referred to the need for organising 
more training in the field of agriculture. This attitude was confirmed during the trainings 
and during various meetings held by the community of schools of agriculture. Although 
these trainings were mandatory as required by the Rules, most teachers of specialist 
subjects participated willingly. This indicates that there should be more of such trainings in 
future and that it is something to work on. As for the content of potential trainings, they 
should be based on the needs of teachers as much as possible; it would be good if 
educators were willing to be better informed and qualified for the content they present. If at 
the same time training funding is successfully resolved, including good workshops, the 
success is inevitable. Indeed, colleagues should be timely informed about seminar 
itineraries and from our experience trainings should be also promoted because, as we have 
already witnessed, participants use various sources to get information on trainings. 
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APPENDIX 
 
Table 1. Average evaluation of all 6 trainings (max. evaluation is 4) 

Place of trainings Average evaluation 
Požarevac 3.83 
Kraljevo 3.94 
BanjaVrujci 3.79 
Leskovac 3.67 
VelikoGradište 3.56 
Novi Sad 3.72 

 
 
Table 3. Distribution of respondents according to regional affiliation and getting 

information about trainings  

I have got information about trainings  Region Total 
Central Serbia Vojvodina 

From Catalogue 1 7 8 
From school in which I work 74 33 107 
From colleague 10 4 14 
In some other way 2 10 12 
From school administration 4 6 10 
Total 91 60 151 
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Graph 3. Distribution of respondents according to the years of service and the attitude
towards the effect of the training on improving own performance 

 
 

 

Graph 4. Distribution of respondents according to regional affiliation and getting 
information about trainings  

 
 
 
 

 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

692

 

 
      

      
 10, ; www.zuov.gov.rs 

    
 

1.          

2.      
 

0-2  3-7  8-15  16-25  26-35  36  
 

 

            

      
3.    

 
 

 
 

 
 

       

4.    
   (      )     

5.     
     

6.    p  
 

 
     

7.            

     

8.    

) )  -
)     

   
)    

   
)    



693

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

      X           
 

  
      

  
  

  
  

1.     
       

2. /   
        

3. ,        
    

    
     

4.     
       

  
     

5.     
       

6.     
     

 
     

7.     
        

8.    
     
  

     

 
9.    ( ,  

)    
  

     

10.    
a   
 

     

11.     / :  )    )    )        
)      )   

 )      

   : 

 
 
 
 



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

694

. .     

1.     1001 
2.     –   1002 
3.     –  1003 

4.     –     
  

1004 

5.     –      
 

1005 

6.            1006 
7.        1007 
8.      1008 
9.    –  1009 
10.       1010 
11.   a    /   1011 
12.   (     ) 1012 
13.  /   1013 



695

Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

General sponsor of the International Symposium on Animal Science
2014

Milentija Popovi a 7 b

11070 Beograd

Tel: +381 11 201 23 00

Fax: +381 11 201 23 17

Web: www.deltaagrar.rs



Proceedings of the International Symposium on Animal Science 2014, September 2014, Belgrade-Zemun

696

Goldeen spons

Tel

sor of Int

1

lefoni 01

htt

ternation
2

1070 No

Klare

11/319 5

tp://ww

     

nal Symp
2014

ovi Beog

Cetkin 1

55 51; 0

ww.bioch

            

osium on

grad,

1c

11/319

hem.rs

n Animal

59 98

l Science


	Naslovna Zbornik 2014
	Impres Zbornik 2014
	ZBORNIK POLJOPRIVREDNI KONACNO 2014
	Impres Zbornik 2014
	Zbornik 2014 PDF


