N3b0PHOM BERhY
IHOJbONIPUBPEIHOI' ®AKYJITETA
YHUBEP3UTETA Y BEOI'PALY

VY ckiagy ca 3akoHOM O HaylH U uctpaxuBamuma (“Ciyxoenu rimacauk PC” 6p. 49/2019) u
[IpaBUITHUKOM O CTHIAKy MCTPAXKUBAYKMX W HaydyHUX 3Bama (“Ciyx0enu riacauk PC” op.
159/2020 u 14/2023) u Ha ocHOBY omnyke M36opuor Beha IlossompuBpenHor dakynrera
VYuusepsurera y beorpamy 6p. 300/10-5, 26.9.2024.ronune, numeHoBanu cmo 'y Komucujy 3a
cpoBoheme  MOCTyNKa  CTULAka  3Bama, IMOJHOIICHE  W3BEHITaja U OICHE
Hay4YHOHCTpaXMBaukor pana kauaunata Cpoacoja benomesBuha, wMactep HHXKEHepa
TEXHOJIOTHje, 3a M300p y 3Bame HUCTPaXHBay CapagHUK y O0JIACTH OMOTEXHWYKUX HayKa,
rpaHa — npexpamoeHo UHICerepcmeo, HayuHa TUCHUILUIMHA — npexpambdena mexuorozuja,
y’Ka Hay4Ha JUCIHUILTNHA — OUOXEMUJCKO UHIHCEREPCIBO.

Ha ocHoBy yBuaa y gocraBibeHy AokyMeHTanujy, Komucuja y cacraBy: np Bukrop Henosuh,
penoBuu mpodecop, Ilossonpuspennor dakynrera YHuBepsurera y beorpamy, ap Crepa
JleBuh, Baupenuu mnpodecop [lossonpuspennor dakynrera YHuBepsutera y beorpangy u ap
Bepunia ‘bophesuh, gonent TexHomomko-meranyprmkor Qakynrera y beorpamy, mogHocu
cienehu:

HN3BEILITAJ
buorpadgckn noganmu

benomesuh (Zejan) Cnacoje, pohen 17.02.1995. rogune y Uctoky Ha KocoBy nu Meroxuju,
jyxnoj Cprckoj mokpajuau. OcHOBHO oOpa3oBame kao U Cpenmy MEIUIUHCKY MIKOIY
3aBpimno je y beorpany. OcHoBHe akagemcke ctyauje Ha [losbompuBpenHoM (akyiTeTy
VYuusepsutera y beorpany, cryamjcku nporpam: IlpexpamOena texHosnoruja - Ympasibame
6e30eaHoIINy M KBAJIUTETOM y MPOU3BOAKU XpaHe 3aBpuino je 2018. roguHe ca mpoceyHOM
orleHoM 9,66 uymMe je 3aciaykuo Harpany (axkynrera 3a jeIHOT O] HAjOOJHHX CTyjAeHaTa
4YeTBpTE roAuHe. [IUMmIoMcKUM paja mojJ Ha3uBoM ,IlpuMeHa mHAEKca KBalnuTeTa 3a OLEHY
ManpuKe CylieHe y atMocepu CynepKpUTHYHOT yribeHauokcuaa™ onodpanuo je 27.09.2018.
roguHe ca oneHoM 10. Mcre roamHe ymMcyje M MacTep akaJeMCKe CTyauje cMep
[Ipexpambena Texnonoruja. Mactep pan nmoa HazuBoMm "Ytuna) UV 3pauema Ha omaOpaHa
CBOJCTBA KBAJIMTETa KUKUPHKHja TOKOM BHILIEMECEUHOT MEPHO/Ia CKIaUIITEHa" 010paHuo je
27.09.2019. ronune u TO oueHoMm 10, yume je OCTBApUO YKYNHM IPOCEK OlLl€HAa Ha MacTep
aKajieMcKuM ctyaujama oz 10 u cTekao MmpaBo Ha 3Bamke MacTep HHKEHepa TEXHOJIOTH]e.

JIOOMTHUK je CTUIEHIWje 3a TaJeHTOBAHE CTYyJEHTEe Kojy Jojaesbyje ,,MHHHUCTapCTBO
MPOCBETE, HAyKe M TEXHOJIOIIKOT pa3Boja™ 3a IMOCTUTHYT YCIeX Ha CBUM TOJWHAMa Ha
OCHOBHMM aKaJIeMCKUM cTyaujama. Taxobe, 1oOuMTHUK je ctunenauje "3anyxoune Hukome
Cnacuha" 3a Haj6osser cryneHta Tpehe romunHe Ha IlosrompuBpenHoMm dakynrery
VYuuBep3uteta y beorpamy, kao u Harpaay kojy noxesbyje IlossompuBpeanu ¢axynTter
VYuusep3utera y beorpagy 3a jemnor on 10 HajObospux crynenara IloseompuBpemgHor
¢akynrera. JlobuTHUK je cTunenauje ,,Jlocureja“ kojy noaesbyje MuHHUCTapCTBO OMIIaUHE U
cnopta PenybOnuke CpOuje 3a MOCTUTHYT YCIIeX HAa OCHOBHHUM M MAacTep aKaJIeMCKUM
cryaujamMa. JloOMTHHMK je cTumeHauje MuHHCTapcTBa HayKe, TEXHOJIOIIKOI pa3Boja MU
nHoBanuja Penybnuke CpOuje 3a CTyieHTe Ha JOKTOPCKUM aKaJeMCKHM CTyIHjaMa.

VY4ecTBOBaO je y M3BOhEmY HAcTaBe M MPAKTUYHMX BEXKOM KAO CTYJEHT JIEMOHCTPATOp Y
Buie npeamera Ha [losbonpuBpenHom ¢akynrery YHusepsurera y beorpany, ykipydyjyhu:
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Cen3zopHa aHanuza, YNOpaB/barb€ KBAIUTETOM Yy TMPOU3BOAMBU XpaHE U YIpaBibame
6e30ennomhy y mpousBoamu xpane. [lkoncke 2019/2020. roguHe ymmcao je JOKTOPCKE
aKaJieMcKe cryauje, cryaujcku nporpam Ilpexpambena texnosoruja Ha [losponpuBpennom
¢dakynrery YuuBepsutera y beorpagy. Hakon m3bopa y 3Bame HCTpakMBau NPHUIIPABHUK
3amounme paa Ha lloskompuBpenHom dakyntery YHuBep3utera y beorpany. JaBHo je
M3JIarao pe3yjiTare CBOT HAyYHO MCTPAKUBAUKOI paja Ha Mel)yHapoaHHM CHUMIIOH3UjyMHMA.
Takohe, OMO je yYECHHMK y BHWIIE OJIp)KaHUX MehyHapoIHUX KOH(EpEHIHja y 3eMJbH H
MHOCTPAHCTBY. bHO je MEHTOp CTy/ieHTHMa Ha TAKMHUYEHY 32 €eKOMHOBATUBHU MIPOU3BOJI IO/
nMeHoM ,,ExoTtpodenuja“. PenoBan je cTymeHT Tpehe roamHe, MOJIOKHO j€ CBE HCIIHTE
npeaBuleHe TUIaHOM M MPOrPaMOM JIOKTOPCKUX akaJeMcKux cryauja. IlpujaBuo je temy
JOKTOPCKE JUCEpTAIMje T0J] HACIOBOM: ,,/[obujarbe u uHKancyiayuja coka o0 Mukpoou/bd
odabpanux bumnux espcma’, Ha Karenpu 3a xemujy u buoxemujy, koja je ojurykom HacraBHo-
HayyHor Beha mpuxBahena (IIpumor 1). YuecTBoBao je Kao pereH3eHT y Bojaehum
MehyHapoaauM dacomucuma, kao mto cy: Food Bioscience u Food Chemistry (ITpuior 2).
TpeHyTHO je aHra)koBaH Ha HCTPaXHBAakLUMa y OKBUPY YyroBopa O pead3aldju u
¢buHaHCHpawky Hay4YHO-HCTpaKUBadukor pamga y 2024. rommnum m3mely IlossompuBpemnor
dakynrera y beorpanmy u MwuHucTapcTBa Hayke, TEXHOJOIIKOT pa3Boja W HHOBAIlHja
Peny6nuke CpOuje, eBuacHIIMOHH Opoj yroBopa: 451-03-65/2024-03/200116.

3Hame CTPaHUX je3UKa: EHITIECKU je3UK (HaIllpeIHU HUBO).

Hay‘lHOI/ICTpa)KI/IBa‘lKI/I pan

Kangunat Cnacoje bemomeBuh je 1o caga moka3ao BETMKO WHTEPECOBAIE M CKIIOHOCT Ka
HAYYHOHCTPA)KMBAUYKOM pajay, ca CHENWjaIHUM HArJlaCkoM Ha OWOaKTUBHE KOMIIOHEHTE
XpaHe, MHKpOOWJbE, WHKANCyJanyjy OHWOAKTUBHUX KOMIIOHEHTH XpaHe, pa3Bojy
(byHKIMOHATIHE XpaHe, y KOME AaKTHBHO YYecTBYjeM ca KoyleramMma Hu Ipodecoprma.
AnraxoBan je y llenTpaninoj mnaGopatopuju Karenpe 3a KOH3epBHCAmE U BpEHE,
[TossonpuBpenHor ¢akynrera YHuBep3uTeTa y beorpaay, rne paam Ha H3paiu CBoOje
JIOKTOPCKE JMCepTaInje.

AyTop je jenHe HayuHe myOnukaiuje y kareropuju Mozi, 13 caommrema Ha MelhyHapoIHUM
koHpepenimjama (Mass). O6jaBern pan (Oubimorpaduja) u caommTema ca Mel)yHapoIHUX
KoH(epeH1Mja cy HaBeneHu y Ipunory 3 oor M3Bemiraja.

3ak/by4ak M nmpeaior

Ha ocHoBy mnojHeTe MOKyMEHTallMje M aHAJIM3€ HAayYHOMCTPAXKMBAUYKOI U CTPYYHOI paja
uctpaxxupada npunpaBHuka Cracoja benomesuha, MacTtep HHXemepa TEXHOJOTH]E,
KomMmucuja 3akspydyje na je kKaHauaT MOCTUrao 3ala)eH yclex y HaydyHoM pany. Pesynraru,
yCBaja€ METO0Jla HayYHOMCTPAXMBAUKOT Paja, Kao M 3ajarambe M €HTy3Hja3aM y MOTJIedy
Hay4yHOT Hampe[oBama KBaMU(UKY]y ra 3a n300p y BUIIE UCTPAKUBAUYKO 3Bame. OBaKBUM
MPUCTYIIOM OH C€ pa3BHja y MEPCHEKTUBHOI HAYYHOI pajJHUKa M3 obimacTu mpexpamOeHa
TEXHOJIOTH]a.

Komucuja je jenuHCTBEHa y OLIEHHM W 3aKJbY4Ky Jla HCTpakuBauy mnpurpaBHUK Crnacoje
BenomeBuh, Mactep MHXEHEp TEXHOJIOTH]E, UCITYHaBa CBE MOTPEOHE yClIOBE JNepUHUCAHE
3akoHOM O Haynmu u wuctpaxuBamuma (“CmoyxOenu riaacauk PC” 6p. 49/2019) u
[IpaBHWIIHUKOM O CTHIaky UCTPaXMBAUKUX M HaydHHX 3Bama (“CiyxOenu rimacauk PC” Op.
159/2020 u 14/2023) u y ckmagy ca TuM npemiaxe M306opnom Behy u [lexany
[TomsonpuBpennor ¢akynrera YHusepsurera y beorpaay na Cnacoja benomesuha, mactep



HHAKEHEepa TEXHONOTH]je, H3adepe y 3Bame HCTPAKUBAY CAPAIHUK ¥ 001acTH OHOTEXHUYKHX
HAyKa, TIpaHa — HpexpaMOeHo UHMCeepcmeo, HaydyHa [UCIHMIUIMHA — #HpexpambeHa
MeXHOR02Ujd, YA HAYUHA JUCHHATINHA — OUOXeMUJCKO UHNCETBePCMAO.

VY Beorpaxy, 30. 09. 2024. ron.
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IpuJor 1.

YHUBEP3UTET Y BEOI'PAJLY

Aspeca: Cryaenrexs 1pr 1, 11000 Beorpaa, Peny6auxa Cpouja
Ten.: 011 3207400; Daxc: 011 2638818; E~-mail: kabinet@rect.bg.acrs

BERE HAYYHUX OBJIACTH  Beorpan, 10. okrobap 2023. roause
BUOTEXHWYKHUX HAYKA 02-08 Bpoj: 61206-3518/2-23
ML

Ha ocnosy wiana 48 cras 5 tauxa 3 Craryra Yuuepsurera y
Beorpany (,Inacuuk Vumsepsutera y beorpamy”, op. 201/18, 207/19,
213/20, 214/20, 217/20, 230/21, 232/22, 233/22, 236/22, 241/22, 243/22,
244/23 245/23 u 247/23) w unana 32 [TpaBuiHHKa O JOKTOPCKHM CTyAHjaMa
na Yuusepsutery y Beorpany (,[nacHuk YHHBEp3HTETa Y beorpany“, 6p.
191/2016, 212/2019, 215/2020, 217/2020, 228/21, 230/21 u 241/22), a Ha
saxres [ossonpuspesor pakynrera, 6p. 32/20-4.2. on 27. cenrembpa 2023.
rojmHe, Behe Hayunux o6nacTi OHOTEXHHYKHX HAYKa, HA CIAHMUA O/IPIKAHO]
10, oxToOpa 2023. roause, J10HENO je

ONNYKY

JIAJE CE CAIJIACHOCT na oanyky Hacrasno-Hay4HOr seha
INossonpuspeaHor GaKy/ITeTa 0 NPUXBATAlLY TEME JIOKTOPCKE Jucepraumje
CITACOJA BEJIOILIEBURA, ron Hasusom: ,,JlobHjare i HHKaICy1aimja
coKa 0ff MHKpoOUba oabpanux OubHHX BpCTa™ H onpehuBamy npod. ap
Buxropa Hesnosnha 3a MerTOpa.

goc'ranm:
- @axyarery
- apxusH YHHBep3HTeTa
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Abstract: The aim of this study was to analyze in detail the phytochemical composition of amaranth
(AM]), red beet (RBJ), and broccoli (BC]) microgreens and cold-pressed juices and to evaluate the
antioxidant and sensory properties of the juices. The results showed the presence of various phenolic
compounds in all sampies, namely betalains in amaranth and red beet microgreens, while glucosi-
nolates were only detected in broccoli microgreens. Phenolic acids and derivatives dominated in
amaranth and broccoli microgreens, while apigenin C-glycosides were most abundant in red beet
microgreens, Cold-pressing of microgreens into juice significantly altered the profiles of bioactive
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comp Various isothiocyanates were detected in BCJ, while more phenolic acid aglycones and
their derivatives with organic acids (quinic acid and malic acid) were identified in all juices. Micro-
green juices exhibited good antioxidant properties, especially ABTS** scavenging activity and ferric
reducing antioxidant power, Microgreen juices had mild acidity, low sugar content, and good sensory
acceptability and quality with the typical flavors of the respective microgreen species. Cold-pressed
microgreen juices from AM], RBJ, and BCJ represent a rich source of bioactive compounds and can be
characterized as novel functional products.

Keywords: broccoli microgreens; amaranth microgreens; red beet microgreens; microgreen juices;
antioxidant aclivity; apigenin C-glvcosides

1. Introduction

Microgreens are recognized as new crops and potential foods of the future [1]. They
represent a novel and promising source of highly valuable bioactive compounds with
health-promoting effects [2-6]. The most commonly grown and studied microgreens are
from the Brassicaceae and Amaranthaceae families with crops such as broccoli, cabbage,
kale, argula, red beet, chard, amaranth, etc. [1]. So far, the aforementioned microgreen
species have been mostly consumed in raw form or as culinary ingredients in dishes due to
their high content of bivactive compounds and specific flavor [7], Previous studies have
shown that broecoli, amaranth and red beet microgreens are high in bioactive compounds

Foods 2024, 13, 757. IWtps:/ /doiorg/10.33%0/ foods13050757

https:/ /www.mdpi.com/journal /foods
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TOTAL PHENOLIC AND FLAVONOIDS CONTENT AND
ANTIOXIDANT ACTIVITY OF COLD PRESSED
AMARANTH MICROGREENS JUICE

Belogevié D. Spasoje!”, Milinéié D. Danijel®. Salevié-Jeli¢ S. Ana', Levié Steval, Pefié B.
Mirjana', Dordevié B. Verica®. Nedovi¢ A. Viktor!
! University of Belgrade, Faculty of Agriculture, Belgrade-Zenmn, Serbia
# University of Belgrade- Faculty of Technology and Metallurgy. Belgrade, Serbia

*Conespondning author: sbelosevicOagrif.bg ac.s

Abstract: Microgreens are recognized ns new crops and potentinl foods of the future, be-
canse they are o rich source of highly valuable bionctive compounds with health-beneficial effects.
Besgides fresh consumption, microgreens can be successfully used for the production of some
novel food products, Most often cultivated and analysed microgreens species are from Amaran-
thacene families, primarily beet. chard and amaranth. Previous characterization of amaranth
microgreens has showed o high content of different biocompounds such as vitamins, phenolic
compounds and betalains, However, functional products from amaranth microgreens have only
become attractive in recent years and have not been widely investigated until now, So, the aim
of this study was production of cold pressed juice of amaranth microgreens and determination
of its total phenolic (TPC) and Aavonoid (TFC) content, as well as evaluation of antioxidant
aetivity, Amaranth (Amamnthus tricolor L.) microgreens juice was obtained by pressing in a
super slow cold juicer and further analyzed by well-known gpectrophotometric methods such as
Folin-Ciocalteu’s assay for TPC and colorimetric assay with aluminum chloride for TFC. An-
tioxidant activity was evaluated using the following assays: ABTS ™ radical seavenging activity
(ABTS ™), DPPH' radical scavenging activity (DPPH') and Ferric reducing antioxidant power
nssay (FRAP), which are based on different mechanisms of activity, Results were expressed in
mg equivalents (gallic acid, quercetin and trolox) per 100mL of the juice, Determined TPC and
TFC were 50.86 4 0.26 mg GAE/100 mL and 45.94 £ 0.63 mg QE/ 100 mL, respectively. Results
for the antioxidant activity were 101.61 4 2.55 mg TE/100 mL for ABTS*, 14.98 & 0.06 mg
TE/100 mL for DPPH and 99.93 4 1.32 mg TE/100 mL for FRAP. As can be seen, the an-
tioxidant activity of the amaranth juice high depends on the nature of amaranth biocompounds
and their affinity nccording to ABTS™ and DPPH radicals, i, the tendency to reduce the
[Fe**-(TPTZ)a]*" complex. Finally, the cold pressed amaranth microgreens juice showed the
high content of phenolic compounds and good antioxidant activity using some in vitro sereening
assays, so it can be potentially defined as a novel functional product. however further research
is necessary.

Keywords: microgreens, amaranth, juice, total phenolic content, total flavonoid content,
antioxidant activity.
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BROCCOLI MICROGREENS-APPLE JUICE AS NOVEL BEVERAGES:
TOTAL PHENOLIC, FLAVONOIDS AND ANTIOXIDANT ACTIVITY

Spasoje BeloSevi¢'*, Danijel Milin¢i¢', Ana Salevié¢-Jeli¢', Jovana Markovi¢', Steva
Levié¢', Mirjana Pesi¢!, Stefan Marjanovi¢!, Verica Dordevié® and Viktor Nedovié!

! University of Belgrade, Faculty of Agriculture, Belgrade, Serbia
* University of Belgrade, Faculty of Technology and Metallurgy. Belgrade, Serbia

Recently, microgreens have been recognized as a potential food of the future, and
their application in the formulation of new products has been scarcely investigated. Only a
few studies promote the use of microgreens and sprouts in the formulation of novel products,
primarily beverages. The most often cultivated, analyzed and used microgreens are from the
Brassicaceae family, because they present a good source of bioactive compounds, primarily
glucosinolates, isothiocyanates and phenolic compounds. However, products from these
microgreens species have a typical flavor, with herbaceous, grassy and sulphurous notes,
often repulsive to consumers. Therefore, this study aims to examine total phenolic (TPC) and
flavonoids (TFC) content, as well as antioxidant properties (ABTS™ and FRAP) of novel
sensorially acceptable broccoli microgreens-apple juice (BC-Al). Previously produced cold-
pressed broccoli microgreens and apple juices were mixed in the ratios 51% and 49%
respectively, and further analyzed by well-known spectrophotometric methods such as Folin-
Ciocalteu's (TPC) and aluminum chloride (TFC) methods, as well as methods based on
radical scavenging (ABTS"") and ion reducing (FRAP) activities for evaluation of antioxidant
properties. Results for the TPC and TFC of BC-AJ were 109.78 + 1.08 mg GAE/100 mL and
64.68 = 2.25 mg QE/100 mL, respectively. Furthermore, novel BC-AJ had a good ability to
scavenge ABTS" radicals (162.90 + 4.42 mg TE/100 mL) and a tendency to reduce [Fe''-
(TPTZ):]*" complexes (258.50 = 3.26 mg TE/100 mL), probably due to the most diverse of
phenolic compounds originated from broccoli and apple, Finally, broccoli microgreens-apple
juice has a high content of phenolic compounds and good antioxidant properties, so it can be
considered as a potentially functional beverage, but future research that includes additional in
vitro and in vive studies is necessary.

Keywords: broccoli microgreens-apple juice: cold-pressing: total phenolic content: total
flavonoid content; antioxidant activity
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CHARACTERIZATION OF AMARANTH (AMARANTHUS TRICOLOR L.)
MICROGREENS JUICE ENCAPSULATED WITHIN INULIN AND
MALTODEXTRIN

Spasoje BeloSevi¢'*, Danijel Milin€i¢', Ana Salevié-Jeli¢', Jovana Markovic', Steva
Levi¢', Mirjana Pesi¢', Stefan Marjanovi¢', Verica Dordevié* and Viktor Nedovié!

! University of Belgrade, Faculty of Agriculture, Belgrade, Serbia
* University of Belgrade, Faculty of Technology and Metallurgy. Belgrade. Serbia

Amaranth microgreens represent a rich source of betalains and phenolic compounds,
which show a broad range of positive effects on human health. However, these
biocompounds are very sensitive and easily degraded, which often limits their application and
bioaccessibility. For the above reasons, natural extracts and juices are most often
encapsulated using different carriers, which protect and control the release of bioactive
compounds. The aim of this study was to encapsulate cold-pressed amaranth (Amaranthus
tricolor 1..) microgreens juice using maltodextrin (AMD) and inulin (AIN) as carriers and to
investigate total phenolic content (TPC), total flavonoid content (TFC) and antioxidant
properties (ABTS™ and FRAP) of obtained spray-dried powders. To the best of our
knowledge, this is the first report on the encapsulation of amaranth microgreens juice. Before
analysis, both powders were reconstituted in Milli-Q water (5% solutions) and analyzed using
well-known spectrophotometric methods. The results are expressed in mg equivalents (gallic
acid, quercetin, Trolox) per 100 g encapsulates, The obtained values for TPC and TFC for
AMD were 291.7 = 3.0 mg GAE/100 g and 291.3 + 2.5 mg QE/100 g, while values for AIN
were 356.9 = 1.0 mg GAE/100 g and 289.6 + 3.8 mg QE/100 g. The results of antioxidant
activity were as follows: 546.3 = 12.6 mg TE/100 g (AMD) and 745.2 + 3.1 mg TE/100 g
(AIN) for ABTS" and 713.3 = 8.4 mg TE/100 g (AMD) and 905.1 + 4.5 mg TE/100 g (AIN)
for FRAP. Finally, maltodextrin and inulin can be successfully used for the encapsulation of
bioactive compounds of amaranth microgreens. In addition, both powders show good
antioxidant properties and can be used in the food industry as potentially novel additives or
supplements,

Keywords: amaranth microgreens juice; encapsulation: inulin; maltodextrin; antioxidant
activity
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PHYSICOCHEMICAL CHARACTERIZATION OF SPRAY-DRIED
HORSERADISH ROOT JUICE ENCAPSULATED WITHIN
MALTODEXTRIN/ALGINATE

Jovana Markovi¢', Dragana Mihajlovi¢', Ana Salevi¢-Jeli¢', Steva Levi¢', Verica
Dordevié?, Spasoje BeloSevi¢', Viktor Nedovi¢'

! University of Belgrade, Faculty of Agriculture, Belgrade, Serbia
* University of Belgrade, Faculty of Technology and Metallurgy, Belgrade, Serbia

Spray-drying is one of the widely used techniques to extend the shelf-life and easier
handling of vegetable juices. However, the high temperatures in the spray-drying chamber
may cause the degradation of the bioactive components of the juices. Also, the enzyme
activity and sugar content of fresh juices can lead to difficulties in drying and resulting in
powders with unfavorable physicochemical properties. To overcome these problems, juices
can be encapsulated within various biopolymers. Carbohydrates, maltodextrin, and alginate
were used as carriers for the spray-drying encapsulation of bioactive components of various
plant juices and extracts. To our knowledge, there are no reported studies on the
encapsulation of horseradish root juice within these carriers, Therefore, this study aimed to
investigate the influence of the maltodextrin/alginate carrier mixture on the physicochemical
properties of the horseradish root juice preserved by the spray-drying encapsulation
technique.

Root juice powder without a carrier (C. control sample) and maltodextrin/alginate

encapsulates of root juice (MD/AL) were prepared by spray-drying. The powders were
analyzed using standard analytical methods to determine the moisture content, water activity,
hygroscopicity, oil holding capacity, bulk. and tapped density.
Moisture content, water activity, and hygroscopicity were lower in MD/AL (7.8%, 0.28, 22.9
/100 g) than in C (10.2%, 0.32, 24.4 /100 g). MD/AL had a higher oil holding capacity (1.4
g oil/g) compared to C (1.1 g oil/g). The values for bulk and tapped density were for MD/AL
0.5 and 0.7 g/cm’ and C 0.6 and 0.7 g/cm’, respectively.

Finally, the encapsulation of horseradish root juice in maltodextrin/alginate resulted in
powders with significantly better physicochemical properties than spray-dried horseradish
root juice without carrier. Based on this study, it can be concluded that the encapsulation
process has great potential for the preservation of vegetable juices and provides many
perspectives for further research and application in food products.

Keywords:  spray-drying:  encapsulation:  maltodextrin/alginate:  physicochemical
characterization; horseradish root juice
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ANTIOXIDANT POTENTIAL AND PHENOLICS CONTENT OF
HORSERADISH ROOT JUICE ENCAPSULATED WITHIN DIFFERENT
CARBOHYDRATE MATRICES

Jovana Markovi¢'*, Viktor Nedovi¢!, Ana Salevié-Jeli¢!, Steva Levi¢', Verica Pordevié?,
Spasoje BeloSevi¢', Dragana Mihajlovi¢'

!University of Belgrade, Faculty of Agriculture, Belgrade, Serbia
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Horseradish is a plant grown for its succulent and spicy root. which presents a rich
source of antioxidants such as phenolic compounds, vitamin C, and isothiocyanates. Due to
its antioxidant properties, cold-pressed horseradish root juice could be an active ingredient in
functional foods. However, fresh juices undergo enzymatic and microbiological changes, so it
is necessary to preserve them. One of the approaches commonly used for this purpose is
encapsulation by spray-drying, which involves the entrapping of bioactive components within
carrier agents. This ensures the protection of the bioactive component from undesirable
external factors and its controlled release. Many studies have shown that the use of a
combination of maltodextrin and hydrocolloids as encapsulation carriers results in high-
quality encapsulates. So, the aim of this study was the encapsulation of horseradish root juice
and the characterization of the obtained encapsulates as potential antioxidants in food
production.

Maltodextrin/guar gum (MD/GG) and maltodextrin/gum Arabic (MD/GA) were used
as carriers to encapsulate horseradish root juice by spray-drying. Total phenolic, flavonoid,
and phenolic acid contents (TPC, TFC, and TPAC, respectively) and antioxidant activity
(DPPH, ABTS, and FRAP methods) were determined by standard spectrophotometric
methods.

MD/GG and MD/GA with encapsulated horseradish root juice contained 1628 and
1568 mg gallic acid equivalents/100 g, respectively. of TPC: 264 and 253 mg catechin
equivalents/100 g, respectively, of TFC; and 3272 and 3397 mg caffeic acid equivalents/100
g, respectively, of TPAC. Results for the antioxidant activity (expressed as mmol Trolox
equivalents/100 g) of MD/GG and MD/GA were 0.8 and 0.7, respectively (DPPH): 6.9 and
7.6, respectively (ABTS); and 8.8 and 8.6, respectively (FRAP).

In conclusion, horseradish root juice encapsulated within carbohydrate biopolymers
contained significant amounts of phenolic compounds and high antioxidant activity, which
makes it a potential replacer for synthetic antioxidants in the food industry and opens the
possibility for further research on this topic.

Key words: horseradish root juice; encapsulation: carbohydrate biopolymers; phenolics;
antioxidant activity
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THE EFFECT OF USING ALTERNATIVE SOURCES OF PROTEIN FROM
ANIMAL SPECIES ON THE PRODUCTION PARAMETERS OF RAINBOW
TROUT (Oncorhynchus mykiss)

Stefan Marjanovi¢'*, Marko Stankovi¢', Spasoje BeloSevi¢!, Vukosav Golubovié',
Dalibor Vukojevi¢', Aleksandra Dobriié', Vojislav Banjac? and Zoran Markovi¢'

! University of Belgrade, Faculty of Agriculture, Belgrade, Serbia
*University of Novi Sad, Institute of Food Technology, Novi Sad, Serbia

Fishmeal is dominantly used as a protein source in commercial aquafeed for rearing
rainbow trout, due to its favorable amino acid content. However, the use of this component
has become unsustainable because of the small stocks of wild fish species used for its
production, which directly affects the increase in price. Previous studies have shown that
animal protein sources represent a potentially good choice for use in the preduction of feed
for fish due to their high protein and fat content, Worms are used for feeding fish and support
the principles of the circular economy., The aim of this research was to compare the
possibility of completely replacing fishmeal with alternative protein sources and to
investigate their effect on the production parameters of rainbow trout, In this study, four
experimental diets were formulated: a diet control with fishmeal (FM) and three diets where
fishmeal was replaced with mealworm (MW), carthworm (EW), and zooplankton (ZO). The
production parameters were calculated: body weight gain (BWG). feed conversion rate (FCR)
and biometric index, i.e. hepatosomatic index (HSI). The results for BWG were from 45.61 g
for MW to 6.23 g for ZO. The values for the FCR parameter ranged from 1.48 for MW to
1.59 for FM. As can be seen, rainbow trout fed the diet with MW had the best growth, as well
as the best digestibility of the feed, which can be explained by the affinity of rainbow trout to
different protein sources, while the HSI value showed that the diets do not negatively affect
fish health. In conclusion, mealworms and carthworms used in rainbow trout diets showed
high values in production parameters and can be defined as sustainable alternatives for the
replacement of fishmeal. Finally, they could be used as a potential functional ingredient in
aquafeeds.

Keywords: rainbow trout; fishmeal replacement: mealworm; earthworm: zooplankton
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SENSORY EVALUATION OF BAKED RAINBOW TROUT (OQncorhynchus
mykiss) FED DIFFERENT NON-CONVENTIONAL PROTEIN SOURCES

Stefan Marjanovi¢'*, Marko Stankovi¢!, Spasoje Beloevi¢', Vukosav Golubovi¢',
Aleksandra Dobri¢i¢', Petar Ili¢? and Zoran Markovi¢!
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Rainbow trout is one of the most used cold-water fish species in the human diet all
over the world, thanks to its rich source of protein, minerals, and omega-3 fatty acids.
Fishmeal is used in commercial formulation diets for trout, due to its appropriate nutritional
composition. However, due to the high price of fishmeal, there is a tendency to replace it with
different plant or animal protein sources. The use of plant protein sources in fish diets is
limited because of the presence of anti-nutrients and the lack of essential amino acids,
whereas this is not the case with animal protein sources. In addition to a good chemical
composition, mealworms (Zenebrio molitor), earthworms (Lisenia fetida), and zooplankton
have a low environmental impact with well-known functional components that have a
positive effect on fish health. There is no comparative study that investigated the sensory
quality of rainbow trout fed with a dict based on entirely non-conventional protein sources
until now. The aim of this study was to evaluate the sensory quality of baked rainbow trout,
three diets were formulated. in which mealworm, carthworm, and zooplankton substituted
100% of fishmeal, and their effect on the individual sensory properties. The descriptive
sensory analysis and the quality rating method, using a linear and categorical scale, were
used. The mean rating scores were within the range of "very good" quality for baked rainbow
trout fed the diet based on mealworm and earthworm with noticeable positive properties,
except diet based on zooplankton. Negative changes in that sample are associated with a dark
appearance and a hard and sticky texture. According to the sensory evaluation performed, the
application of non-conventional protein sources as a potential functional feed showed
promising results in terms of the overall quality of the baked rainbow trout,

Keywords: rainbow trout; non-conventional protein sources; worms; quality rating method;
descriptive sensory analysis
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Encapsulation is a process that implies the active compounds are enclosed in a wall material using
various techniques, creating a barrier that protects the active ingredients from unfavorable
environmental conditions. The most commonly encapsulated active compounds derive from plant
extracts and juices, Broccoli microgreen juice as a source of active compounds for encapsulation
has not been used so far, The aim of this study is the encapsulation of broccoli microgreen juice
(BCJ) in maltodextrin as wall material by spray drying technique and the characterization of the
obtained powder in terms of phytochemical composition and antioxidant activity. The
spectrophotometric assays were used to determine the content of total phenolics (TPC), flavonoids
(TFC) and antioxidant activity (AA) (ABTS", DPPH’ and FRAP). The TPC. TFC. and AA were
expressed in mg equivalents (gallic acid, quercetin, and Trolox, respectively) per 100 g of the
encapsulates. The values determined for TPC were higher than those for TFC. Regarding
antioxidant activity, the results followed the order FRAP>ABTS "> DPPH'. It should be noted that
the antioxidant potential expressed by the encapsulated BCJ varied due to different mechanisms of
the employed antioxidant assays. In summary. broccoli microgreen juice encapsulated in
maltodextrin showed a high content of phenolic compounds and good antioxidant activity and can
be defined as a novel food ingredient. In addition, future studies should focus on the addition of
encapsulated broccoli microgreen juice in food products and the characterization of such products.

Kevwords: encapsulation; spray drying; microgreen juice; phytochemical composition; antioxidant activity
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Red beet microgreen juice is considered a novel functional beverage due to its content of bioactive
compounds, including the color pigment betalain and flavonoids, Considering the sensitivity of
these bioactive compounds, it is necessary to protect them by encapsulation within carriers to
extend their shelf life. The aim of this study was to apply the spray drying technique for the
encapsulation of red beet microgreen juice in inulin (RIN) and maltodextrin (RMD) carriers and to
determine the effects of spray drying on the morphology and physical properties of obtained
encapsulates. The morphological properties of the obtained encapsulates were examined by
scanning electron microscopy (SEM), while the moisture content, tapped and bulk density and color
were determined by standard methods. The RMD was characterized by a small particle size with the
presence of typical spherical particles and pseudo-spherical particles with irregular surfaces due to
rapid evaporation at high temperatures in the spray drying chamber. In contrast to RMD, RIN had
larger particles with a high degree of agglomeration as inulin is a larger molecule and more
hygroscopic than maltodextrin. The moisture content of the encapsulates was below 10 %, with the
higher bulk density of RIN compared to RMD. Regarding the color of the encapsulates, those in
maltodextrin showed a higher brightness and saturation than the encapsulates within inulin, In
summary, inulin and maltodextrin provide good morphological and physical properties and can be
used for the encapsulation of red beet microgreen juice. However, further studies should include a
detailed phytochemical characterization of the encapsulates.

Keywords: red beet microgreen juice, inulin, maltodexirin, scanning electron microscopy, moisture content
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Fishmeal is used as one of the main protein sources in intensive common carp production. The use
of this component makes the production of fish food more expensive. due to the decline of the
population of wild fish used for its production, so there is an urgent need to find new sources of
protein. Worms and other invertebrates are casy to grow and have minimal negative impact on the
environment and as such they are candidates for replacing fishmeal in the fish diet. The experiment
was carried out under controlled conditions in the fish nutrition laboratory at the Faculty of
Agriculture, University of Belgrade. This study aimed to investigate the effects of a complete
fishmeal based diet (IFM) replacement with total inclusion of earthworm diet (IEF), mealworm diet
(ITM) and zooplankton diet (IZO). At the beginning and end of the feeding period, fish were
weighed to calculate growth performance such as specific growth rate (SGR), body weight gain
(BWG) and condition factor (CF), while the liver was weighed to determine hepatosomatic (HSI)
index. Values for SGR and BWG had the same trend for all four experimental groups. with the
highest values achicved in the group whose diet included mealworms, while the lowest value was
achieved in the group in which the diet included fishmeal. Common carp fed I'TM achieved similar
CF values to the control diet, suggesting that Tenebrio molitor based diets can replace fishmeal
(IFM) based diets. Also, values for HSI range from 1 to 2%. Finally, based on the results obtained,
it can be concluded that alternative protein sources can be used in the common carp diet instead of
fishmeal without a potentially negative impact on fish growth and health.

Keywords: fishmeal replacement; hepatosomatic index, condition factor
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Feeding in aquaculture plays a pivotal role in the successful rearing of fish, with particular emphasis
on diets that have a positive effect on the chemical composition of fish fillets. This study aimed to
assess the effect of the total replacement of fishmeal with alternative animal protein sources on the
fatty acid composition of rainbow trout fillets. The fishmeal diet (FD) was substituted with diets
based on earthworms (ED), mealworms (MD), and zooplankton (ZD). The gas chromatography
technique with a flame ionization detector was used to determine the fatty acid composition of
rainbow trout fillets. The lipids from the fillets were extracted with a mixture of chloroform and
methanol (2:1) and prepared for GC analysis according to the EN ISO method. The results of the
fatty acid composition of rainbow trout fillets fed with ZD showed a higher content of saturated
fatty acids (SFA) compared to the control fillets. However, replacing fishmeal in the rainbow trout
diet with mealworm and zooplankton resulted in the increase of monounsaturated farty acids
(MUFA) compared to rainbow trout fed with FD, with the risec in MUFA attributed to elevated oleic
acid levels. Fish fillets fed with ED and MD exhibited higher levels of n-6 polyunsaturated fatty
acids (PUFA), due to higher linoleic acid (LA) content, but lower levels of n-3 PUFA, which was
reflected in the lower n3/n6 ratio compared to the control fillet. In contrast, the replacement of
fishmeal with zooplankton had lower n-6 PUFA and n-3 PUFA, but a higher n3/n6 ratio. Despite the
change in fatty acid profile, the ratio of n-3 to n-6 PUFA in all fillets remained within the optimal
range recommended for human health. In conclusion, rainbow trout fillets fed with alternative
protein sources had favorable nutritional characteristics in terms of fatty acids.

Keywords: rainbow trou, polyunsatwrated farty acids, mealworm, earthworm, zooplankton
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Horseradish leaf is an under-rescarched source of phenolics with pronounced antioxidant potential,
Duc to the high biological activity of fresh horseradish juices, it is desirable to encapsulate them by
spray-drying. a cost-cffective one-step process suitable for scaling up production. The potentially
harmful effects of synthetic antioxidants have led to an increasing demand for antioxidants from
natural sources to maintain the oxidative stability of lipid-rich products. Therefore, this study aimed
to compare the effect of encapsulated, spray-dried horseradish leaf juice within
maltodextrin/alginate (MD/AL) and maltodextrin/gum Arabic (MD/GA) with the effect of a
conventionally used synthetic antioxidant ethylenediaminetetraacetic acid (EDTA) on the
mayonnaise oxidative stability, quality, and sensory properties.

Sunflower oil (75%), egg volk (3%), vinegar (3%), sugar (3%), and salt (1%) were used for
mayonnaise production. The water content (15%) was reduced by adding encapsulates (in an
amount to achieve a total phenolic content of 400 mg gallic acid equivalents’kg mayonnaise). The
mayonnaise containing EDTA was used as a positive control. Based on an accelerated oxidative
stability test, MD/AL and MD/GA were found to be more effective than EDTA in delaying the
mayonnaise oxidation, by prolonging the induction period (by 39 and 32%, respectively). The
mayonnaise quality during the eight-week storage period was determined by measuring the pH and
acid values, The horseradish encapsulates also improved the product quality with a higher pH (by
0.5-1.5%) and lower acidity (by 21.4%) after storage compared to the positive control. A nine-point
hedonic scale was used for the sensory analysis of the mayonnaises. The overall acceptability of the
mayonnaises followed the order: MD/AL=EDTA>MD/GA, with scores above 7 ("like
moderately").

Finally. horseradish leaf juice encapsulates positively affected the oxidative stability, quality, and
sensory properties of the mayonnaise, indicating the great potential of these natural antioxidants as
a substitute for synthetic ones in the food industry,

Kevwords: horseradish leaf juice, encapsulation, antioxidant activity, mayonnaise, oxtdative stability
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Horseradish is mainly used in the food industry for its succulent and spicy roots, while the
horseradish leaves are usually disposed of with the above-ground biomass. The cold pressing of
horseradish leaves produces a juice that is rich in bioactive compounds with pronounced
antioxidant potential. However, due to its high water content and biochemical reactivity, it is prone
to degradation. The bioactive compounds of horseradish leaf could be protected from undesirable
external factors by spray drying encapsulation within maltodextrin/alginate (MD/AL) and
maltodextrin/gum Arabic (MD/GA) carriers. Therefore, the aim of this study was to encapsulate
horseradish  leaf juice within these carriers and to evaluate the physicochemical,
spectrophotometric, and chromatographic properties of the obtained encapsulates. Using standard
analytical methods, lower values for moisture content, water activity, solubility, oil holding
capacity, and encapsulation yield were obtained for MD/AL than for MD/GA encapsulates.
Standard spectrophotometric methods were used to characterize MD/AL and MD/GA encapsulates
in terms of total phenolic content (5241.25 and 4849.00 mg gallic acid equivalents/100 g), total
flavonoid content (4640.67 and 4159.99 mg catechin equivalents/100 g), total phenolic acid content
(5008.34 and 7013.20 mg caffeic acid equivalents/100 g), and antioxidant activity (mmol Trolox
equivalents/100 g: 0.88 and 0.44 (DPPH); 58.67 and 63.20 (ABTS); and 15.78 and 13.71 (FRAP),
respectively). Using an ultra-high-performance liquid chromatography system, coupled with a
quadrupole time-of-flight mass spectrometry, a total of fourtecen phenolic compounds were
quantified after extraction from the encapsulates. The chromatographic analysis also confirmed the
higher total content of all identified phenolic compounds in MD/AL (1896.87 mg/kg) than in
MD/GA (1761.27 mg/kg). The obtained results highlight encapsulated horseradish leaf juice as an
underestimated and underexplored source of phenolic compounds with high antioxidant potential,
whose application in the food industry could valorize crop side streams and reduce synthetic
antioxidant usage.
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