N3b0PHOM BERY
INOJbOITPUBPEJHOI' ®PAKYJTETA
YHUBEP3UTETA Y BEOI'PALLY

VY cknagy ca 3akoHOM O Haylu W ucTpaxkuBamuma (“CioyxOenn rimacHuk PC” 0p.
49/2019) u [lpaBUIHHKOM O CTUIakby MCTPAKMBAUYKMX M HaydyHuX 3Bama (“CiyxOeHH
rmacauk PC” Op. 159/2020 wm 14/2023) m Ha ocHOBYy omiyke W30opHor Beha
[MosonpuBpenHor ¢akynarera YHusep3urera y beorpany 6p. 400/5-8, 27.02.2025. rogune
uMeHoBaHu cMo y Kowmmcujy 3a crnpoBoleme MOCTyINKa CTUIAmba 3Bama, MOJAHOIICHE
U3BEIITaja U OIICHE HAyYHOUCTPAXHUBAYKOT pasa Kanaunatkume Ane Tomoposuh, mactep
UHXKemhepa TEeXHOoJoruje, 3a u300p y 3Bambe HUCTpaXKUBA4 CapaJHUK Yy obiactu
OMOTEeXHMUYKHUX HayKa, TpaHa — NpexpamMOEHO HHXKEHEPCTBO, HAay4HA TUCIHHIUIMHA —
npexpamOeHa OMOTEXHOJIOTH]a, yKa HayyHa TUCIUIUIMHA — OMOXEMHU]CKO HHKEHEPCTBO.
Ha ocHoBy yBuaa y nocTaBjbeHY HOKyMeHTauujy, Komucuja y cacraBy: ap Bukrtop
Henosuh, pegoau npodecop, [lossonpuspennor dakynrera Yuusep3utera y beorpany,
np Cresa M. JleBuh, Banpeauu npogecop Ilossonpuspeanor dakynrera YHUBEp3UTETA Y
beorpany u np Bepuna bopheBuh, nomnent Texnomomko-meramypmkor (akyiarera y
beorpany, mognocu cienehu:

MN3BEIITAJ
Bbuorpadgcku nogauu

Ana (bopuca) Tomoposuh, pohena je 04.04.1998. romune y beorpamy, PenyOnuka
Cpbuja. OcnoBHy u cpeawy Mmkony (IIpBa Oeorpancka ruMHa3uja, HPUPOTHO-
marematuuku cmep, 1 CMIII , Jp BojucnaB ByukoBuh®, oacex kmaBup) 3aBpiiuia je y
beorpany. OcHoBHe akageMcke cryauje Ha [lossonpuBpenHoM ¢dakynTeTy YHuUBEp3UTETa
y beorpany, cmep Ilpexpambena TexHosoruja, moayil TexHOJorvMja KOH3EpBUCAKHA U
Bpema, ynucana je 2016. roguse, a 3aspurmia 2020. roJuHe ca IpOCEYHOM OLeHOM 9,75 u
onieHoM 10 Ha nunimoMckoM ucnuty. Mactep akagemcke ctyauje ynucana je 2020. ronuse
Ha uctoM dakynrery, cmep llpexpamOena TexHoioruja, Moaya Xemuja U OHOXeMHja
xpane, a 3aBpmmia 2021. roguae ca mpocedrnoM oreHoMm 10,00 u oxbOpameHHM MacTep
parom Ha Temy ,Kapakrepuszaluja HHKamcylaTa €KCTpakTa eBpOICKE OOpOBHHIE
(Vaccinium myrtillus L.)“, Takohe ca ormexHom 10. JIoKTOpcke akaaeMcKe CTyadje Ha
[TossonpuBpenHoM daxynrery, cmep IIpexpambena TtexHomoruja, ymnucana je 2021.
TOJIIHE.

3a BpeMe OCHOBHHMX M MacTep CTyAMja Owia je CTUMEeHAuCTa MUHHCTapCcTBa Hayke,
TEXHOJIOIIKOT pa3Boja M uWHoBauuja, a oxa 2022. roauHe aHrakoBaHa je Ha
[TossonpuBpenHoM (akynreTy YHUBep3uTeTa y beorpamy xao mcTpakuBad IMpPUIIPABHUK
Ha Katenpu 3a xemujy 1 OMOXeMH]y y OKBUPY YroBOpa O peanu3auuju U GUHAHCUDPABY
HayYHO-HCTpaxuBaukor pana usMmely IloseompuBpennor ¢axynrera y beorpaxy u
MuHucTapcTBa Hayke, TEXHOJOWIKOT pa3Boja u uHOBanuja PenyOiuke CpOuje
(eBuneHnMOHM Opoj yrosopa 3a 2025. roguny: 451-03-137/2025-03/200116).

Behe nayuynux oOmacTu OMOTEXHMYKHX HayKa je OJUIyKoM Opoj 61206-67/2-25 nano
caracHocT Ha oIyky HacraBHo-nayunor Beha IloseompuBpenHor —¢axynrera
VYHuBepsutera y beorpaay o mpuxBaTamy TeMe JOKTOPCKE AUCEpTaIMje KaHIUJATKUIbE,
moJ HasMBOM: ,,EKcTpakmuja aHTOIMjaHa M3 Tpoma JauBJbe OopoBHuie (Vaccinium



myrtillus L.) npumeHOM 1yOOKMX €YTEKTHYKHX pacTBapada M WHKaICyJaluja J0OUjeHuX
eKCcTpakara y nmonuMepHre dectuie u puamoe” (IIpwor 1).

TokoM nocamamimer pana Ha (akylITeTy ca CBOJUM KojieraMma je 00jaBuiia jeJJaH HAYIHH
pan u ocTBapwia yuemhe Ha pa3induTuM MehyHaponHuM KOoH(pepeHIrjaMa U CTPYYHUM
ycaBpmaBambuma. Y 2022, roguHU je ca CBOjJUM THMOM OCBOjWJIa MPBO MECTO Ha
takmudewy ,,Challenge Labs 2022 ycmepeHOM Ka peliaBamy M3a30Ba U3 Pa3IMUUTHX
oOact npuBpesie, a puHaHCHPAHOM OJ1 CTpaHe KomraHuje Jlenra Arpap u opranuzaiyje
EIT food. ¥V Buire naBpara je momarana Ha CB€YaHOCTHMA M y MPOMOLHjU (DaKyITeTa U
Owia je 4jgaH OpraHW3aIlMOHOT O00pa HAIMOHATHOT TakMudewma Exorpodenuja CpOuja
2023.

Kao yuecuuk CEEPUS mnporpama moOmiHocT crynenara (dponmanmja Tempus) 2021.
roguHe obOaBuiia je jeIHOMECEYHHU CTyIujcKu OopaBak Ha buoTexHHMYKOM QakynTeTy
Yuusepsuteta y JbyOipaHu, y OKBUPY KOjer je paauiia HCTPaKHUBaKka 32 CBOj MacTep pal.
Crymujcku OopaBak y JbyOspaHu y OKBUpPY HCTOr Iporpama peanusoBaia je u 2024.
roJMHe, Kaja je y IMepuojay OJ ampuia 0 jyjia W3BOJWIA EKCIEPUMEHTE 3a CBOjY
JHcepTanyjy Ha HarpuoHaaHOM XeMHjCKOM MHCTUTYTY, MIHCTHUTYTY 3a IIeTylio3y M Mamnup,
u buorexuudkom (akynrery.

ITopen enrmeckor (uuBo C1 — APTIS General Test), cnyxu ce W HUTaIHjaHCKUM |
HemaukuM je3urkom (HuBo B1 — Deutsches Sprachdiplom — DSD).

Hay4ynoucrpaxuBauku paj

Kangunatkumwa Ana TomopoBuh je 40 caga Mokaszana BeNMKY CKJIOHOCT —Ka
HAYYHOMCTPOKMBAYKOM paay, ca HarlackoM Ha eKCTPaKi{jy W WHKaICylanujy
NOJIU(EHONHUX JeUbEHa, Pa3Boj (PYHKIIMOHATHUX MaTepHjalia 3a MaKoBambe U JETEeKLU]y
KBapewma XpaHe, Kao M WCKOpHUIINeme HYCIPOU3BOJA IMpexXpaMOeHe HHIYCTpH]e.
Anraxosana je y Llentpannoj naGopatopuju Katenpe 3a KOH3epBHCAame U BpEHE
[TossonpuBpennor dakynrera YHuBep3utera y beorpany, rae paau Ha W3paaud CBOje
JIOKTOpCKE JUcepTalMje M ca CBOJUM KOJIeraMa CIPOBOJM HCTPaXKHUBama U3
TOpEHaBEICHNX 00JIaCTH.

Ca cBojum konerama u3 Cpbuje u CnoBeHuje 00jaBUia je jelaH HAyyHH y KaTeropuju
M22 u net caomniuTtema Ha Mel)yHapoaHuM KoHpepennujama (M34) (TTpusor 2).

3ak/by4yak M npeasior

Ha ocHOBY mojHeTe JOKyMEHTallljé W aHAIW3€ HAayYHOUCTPAXXMBAYKOT U CTPYUHOr paja
ucTpaxkuBadya mnpunpaBHuka AHe TomopoBuh, MacTep MHKemwepa TexHoioruje, Komucuja
3aKJbydyje Ja je KaHIUJaTKWIa MOCTUIJIA 3alaXeH YCHeX Yy HayyHoM panay. Pesynrarw,
yCBajamke METO/a HAayYHOHCTPA)KMBAUKOI pajia, Kao W 3ajarame U €HTy3Hja3zaM y IMOrjeay
HAy4YHOI HarpeloBama KBAIM(UKY]Y je 3a U300p y BHILIE UCTPAXKUBAYKO 3Bame. OBAaKBUM
MPUCTYIIOM OHA C€ pa3BHja y MEPCIEKTHMBHOI HAy4YHOT paJHUKa U3 o0jacTu mpexpamOeHe
TEXHOJIOTH]E.



Komucuja je jenMHCTBEHAa y OLEHH M 3aKJby4Ky Ja HMCTpPaXHUBad IPUIIPABHUK AHA
TomopoBuh, Mactep MHXEHEp TEXHOJIOTH]E, UCIIyHhaBa CBE MOTpeOHE yClIOBe JepUHUCAHE
3akoHoM O Haynu u wuctpaxuBamuma (“Cioyxbenn rmacauk PC” 6p. 49/2019) u
[IpaBUITHUKOM O CTHIIAKY HUCTPAXKUBAUYKUX W HaydyHUX 3Bama (“CiyxOenu rimacauk PC” Op.
159/2020 u 14/2023) u y ckimany ca tum npemtaxe M3z6opHom Behy u  ekany
[TossonpuBpennor dakynrera YuuBepsutera y beorpany na Any Tomoposuh, mactep
WHXKEHhEepa TEXHOJIOTH]e, n3adepe y 3Bambe HCTPAKMBAY CAPATHUK Y 00J1aCTH OMOTEXHUYKHUX
HayKa, TpaHa — TMpexpamMOeHO WHXXEHEPCTBO, HAy4yHa AMCUUIUIMHA — [pexpaMOeHa
OMOTEXHOJIOTH]a, Y)Ka HAyYHA JUCIUTUTMHA — OMOXEMH]CKO MHKEHEPCTBRO.

beorpan — 3emyn
Jana 28.02.2025. rogn.

YJIAHOBU KOMUCHUIJE

np Buxrop Henosuh, penosuu npodecop
VYuusepsuret y beorpany — [lossonpuBpeaan gaxyiarer
(yxa nayuna obact: bruoxemuja)

np CreBa M. Jleruh, Baupeaau mpodecop
Yuusepsuret y beorpany — [lossonpuBpenan dakynrer
(yxa Hay4Ha obnacT: buoxemuja)

1p Bepunia Bophesuh, goreHt
Yuusep3uter y beorpany — TexHomomko-MeTanypiku hakyaTeT
(yxa HayuHa obnacT: XeMHjCKO HHKEHEPCTBO)



HpwnJor 1.

]
‘ { YHUBEP3UTET Y BEOI'PAJTY

Axpeca: Ctyaenteku tpr 1, 1 1000 Beorpan, Peny6auka CpGuja
Ten.: 011 3207400; ®akc: 011 2638818; E-mail: kabinet@rect.bg.ac.rs

BERE HAVYHUX OBJIACTU beorpay, 21. janyap 2025. rogune
BUOTEXHUUYKUX HAVKA 02-08 bpoj: 61206-67/2-25
MI]

Ha ocHoBy unana 48 craB 5 Tauka 3 Cratyta YHuBep3uteTa y
beorpany (,[nacauk Yuusepsurera Y beorpamy”, 6p. 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, 247/23, 251/23 n 258/24) u unana 32 IlpaBuiHuKa 0
JOKTOPCKMM CTyadjaMa Ha YHuBEp3uTeTy Yy beorpany (,,[nmacuuk
VHusep3utera y Beorpany®, 6p. 191/2016, 212/2019, 215/2020, 217/2020,
228/21, 230/21 u 241/22), a Ha 3axteB Ilo/monpuBpenHor ¢axynrera, Op.
32/3-5.1. onm 25. pneuembpa 2024. roaune, Behe Hayunux o6nactu
OMOTEXHHMYKUX HayKa, Ha eJEKTPOHCKO] CEJHHUM oApkaHoj 21. janyapa
2025. roauHe, JOHENO je

ONNVYKY

JAJE CE CAIJIACHOCT Ha omnyky HacraBHo-HayyHor Beha
[NosponpuBpegHOr (paKynTeTa O NpUXBaTamky TEME AOKTOPCKE AUCEpTALHje
AHE TOJIOPOBUR, nox HasuBoM: , EKCTpakiija aHTOLMjaHA M3 Tpoma
jqusibe  OopoBHuue (Vaccinium myrtillus L.) npumeHoM JIy6okux
eyTeKTHYKMX pacTBapaya M WHKamncy;iauuja JNOOMjeHHX eKCTpakaTa y
nojuMepHe dectuue M ¢uiaMoBe“ u onpehusamy npod. np Buxropa
Henosuha u npod. ap Crese JleBuha 3a menTope.

MPENCEIHMUIIA BERA
0y é)"&'\/‘“ )

npod. j1p Muqu_Ha QuQKémuh %

JocraButy: Nl bit L8P
- @axkynrery
- apxuBM YHMBep3UTETa




puitor 2. Cnucak caonuTeHUX U 00jaB/beHNX HAYYHUX M CTPYYHHUX PajoBa

KaHINJATKNbE
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Abstract: Anthocyanins are polyphenolic plant pigments associated with antioxidant and health-
promoting properties. However, their application in the food industry is limited due to their poor sta-
bility. The purpose of this study was to encapsulate anthocyanin-rich bilberry (Vaccinium myrtillus L.)
extract by freeze-drying and to investigate the effects of different wall materials and extract contents
on the physicochemical and bioactive properties of the obtained encapsulates. Ethanolic bilberry
extract was encapsulated with the use of maltodextrin (16.5-19.5 DE) (MD), gum Arabic (GA), and
their combination in a 1:1 w/w ratio (MIX). Bilberry solids to wall material ratios were examined
at 20:80, 30:70, and 40:60. All encapsulates showed an attractive red colour and low water activity
values (aw < 0.3) that indicated a low risk of microbial spoilage. In general, the biggest losses of
total phenolic compounds and anthocyanins during three-week storage in the dark and at room
temperature (20 + 2 °C) were detected in the case of encapsulates with a higher content of bilberry
extract (MIX30 and MIX40, and GA30 and GAA40), respectively). The use of maltodextrin provided the
best protection to bilberry anthocyanins during forced storage. Overall, the obtained encapsulates
show suitable potential for the development of food products with added nutritional benefits.

Keywords: encapsulation; bilberry; polyphenols; anthocyanins; freeze-drying; maltodextrin; gum
Arabic; food colourants

1. Introduction

Over the past decades, there has been a growing demand for food products that not
only fulfil basic nutritional demands but also provide functional benefits to consumers.
Food that, apart from providing necessary nutrients, prevents or reduces the consequences
of nutrition-related diseases and increases the physical and mental well-being of consumers
is commonly known as functional food [1].

Polyphenols are secondary plant metabolites associated with many health-promoting
benefits, mainly because of their antioxidant, anti-inflammatory, and antimicrobial prop-
erties [2]. In addition to their biological activities, anthocyanins, a class of polyphenols,
are natural pigments responsible for the red, blue, and purple colour of various fruits,
vegetables, and flowers [3]. When consumed at normal dietary intake levels, anthocyanins
have been shown to have no negative effects on consumers” health [4]. This makes them a
promising alternative to artificial food dyes, which have been linked to allergic reactions
and neurobehavioural effects in children [5,6].

European blueberry (Vaccinium myrtillus L.), also known as bilberry, is a deciduous
shrub from the Ericaceae family. It is native to northern and central Europe, but is also
found in some parts of North America and Asia [7]. Bilberries are rich in anthocyanins,
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ENCAPSULATION OF POLYPHENOLS - TECHNIQUES AND
APPLICATIONS IN FOOD PRODUCTS

Ana Todorovié, Ana Salevi¢-Jelié, Danijel Milincié, Steva Levié, Mirjana Pesié, Viktor Nedovié¢

Department of Food Technology and Biochemistry, Faculty of Agriculture, University of Belgrade,
Nemanjina 6, 11080 Belgrade, Serbia, vnedovic@agrif-bg.ac.rs

Over the past decades, polyphenolic compounds have received a lot of attention in both the
scientific community and the food industry. The potential health benefits make these
compounds interesting for food fortification. However, due to low stability and unpleasant
taste at higher concentrations, the use of polyphenols in food products is limited.
Encapsulation, a process based on forming a physical barrier around an active substance, is a
promising way of overcoming these problems. The number of research studies and reviews
focusing on polyphenol encapsulation is on the constant rise. Polyphenol encapsulates tend to
display greater stability during processing and storage compared to non-encapsulated
polyphenols and, therefore, have a high potential for application in foods. However, papers
focusing on the practical application of encapsulated polyphenols are scarce. For that reason,
the aim of this work was to present possible applications of such encapsulates in foods, as
well as to summarize the most popular techniques used for this purpose. Encapsulated
polyphenols can be applied as functional food ingredients and/or food colorants in various
products, such as milk products, bakery products, and confectionery. The most commonly
employed techniques for polyphenol encapsulation include spray drying and freeze-drying, as
well as ionic gelation, complex coacervation, and liposome entrapment. In terms of
limitations, the increased cost of industrial production and the low bioavailability of
polyphenols and their encapsulates should be further investigated.

Keywords: Polyphenols, Encapsulation, Food application, Food fortification, Food colorants

Acknowledgments: This work was financially supported by the Ministry of Education, Science and
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ISKORISCENJE OTPADNOG PIVSKOG KVASCA ZA
INKAPSULACIJU BIOAKTIVNIH KOMPONENATA HRANE
Ana B. Todorovi¢, Steva M. Levi¢, Viktor A. Nedovic

Univerzitet u Beogradu — Poljoprivredni fakultet, Institut za prehrambenu tehnologiju
i biohemiju, Nemanjina 6, 11080 Beograd, Srbija

Otpadni pivski kvasac (OPK) (engl. Spent brewer’s yeast, SBY) drugi je
najvazniji nusproizvod industrije piva nakon pivskog tropa. Premda se neki
kvasci mogu koristiti viSe puta za fermentaciju sladovine, nastala biomasa se
na kraju proizvodnog procesa odbacuje, Sto dalje uzrokuje finansijske 1
ekoloske probleme. U cilju smanjenja otpada ovog nusproizvoda
agroindustrije, OPK se uglavnom koristi kao sto¢na hrana i kao takav ima
nisku komercijalnu vrednost. Medutim, zbog svoje visoke nutritivne vrednosti,
visoke dostupnosti i niske cene, OPK ima potencijal za profitabilnije primene,
izmedu ostalog, i za inkapsulaciju bioaktivnih jedinjenja. Sastav ¢elijskog zida
kvasca omogucava inkapsulaciju 1 hidrofilnih i lipofilnih bioaktivnih
supstanci, dok njegova mehanicka svojstva pruzaju zastitu od spoljnih faktora
tokom obrade, skladiStenja i konzumiranja. Proces inkapsulacije primenom
otpadnog pivskog kvasca je jednostavan 1 rezultuje visokom efikasnoS¢u
inkapsulacije, koja se dodatno moZe poboljsati razli¢itim predtretmanima
kvaSCevog materijala. Jedinjenja do sada uspe$no inkapsulirana u OPK 1
materijale dobijene iz OPK ukljucuju polifenole, vitamine, ulja, pa ¢ak 1
probiotike. U pogledu mogucih primena, OPK inkapsulati imaju veliki
potencijal za upotrebu u prehrambenoj industriji; mogu se koristiti u
formulaciji funkcionalne hrane ili kao zdrava zamena za sintetiCke
konzervanse 1/ili boje. Ipak, poviSeni troS8kovi proizvodnje i, u nekim
slu¢ajevima, gor€ina inkapsulata mogu predstavljati izazov kada je u pitanju
Sira primena ove tehnologije 1 stoga bi trebalo da budu u fokusu bududih
studija.

Kljuéne redi: otpadni pivski kvasac, nusproizvod, inkapsulacija, nosa¢
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UTILIZATION OF SPENT BREWER’S YEAST FOR
ENCAPSULATION OF FOOD BIOACTIVES
Ana B. Todorovi¢, Steva M. Levi¢, Viktor A. Nedovic

University of Belgrade — Faculty of Agriculture, Department of Food Technology and
Biochemistry, Nemanjina 6, 11080 Belgrade, Serbia

Spent brewer’s yeast (SBY) is the second most important by-product in the
brewing industry after spent grain. Although some yeasts can be used multiple
times to ferment wort, the resulting biomass is discarded at the end of the
production process, causing financial and environmental problems. To reduce
the waste of this agro-industrial by-product, SBY is mainly used as animal
feed and, as such, it has low commercial value. However, due to its high
nutritional value, high availability, and low cost, SBY has the potential for
more profitable applications, including the encapsulation of bioactive
compounds. The composition of the yeast cell wall allows for the entrapment
of both hydrophilic and lipophilic bioactives, while its mechanical properties
provide protection from external factors during processing, storage, and
consumption. The process of encapsulation with spent brewer's yeast is simple
and leads to high encapsulation efficiency, which can be further improved by
various pretreatments of the yeast material. Compounds that have been
successfully encapsulated in SBY and SBY-derived materials to date include
polyphenols, vitamins, oils, and even probiotics. In terms of possible
applications, SBY encapsulates have great potential for use in the food
industry; they can be used to develop functional foods or as healthy substitutes
for synthetic preservatives and/or colorants. However, higher production costs
and, in some cases, the bitterness of the encapsulates may pose a challenge to
wider application of this technology and should therefore be the focus of
future studies.

Keywords: spent brewer's yeast, by-product, encapsulation, carrier material

Acknowledgments: This work was financially supported by the Ministry of Science,
Technological Development and Innovation of the Republic of Serbia (Grant number:
451-03-47/2023-01/200116).
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International Conference on Biochemical Engineering and Biotechnology for Young Scientists, Belgrade, Serbia

PLASMOLYZED YEAST CELLS AS A POTENTIAL WALL MATERIAL FOR
PROBIOTIC BACTERIA

Ana B. Todorovi¢, Nikola D. Bajleti¢, Jovana R. Bundalo, Steva M. Levi¢, Milica M.
Mirkovié, Viktor A. Nedovi¢'!

University of Belgrade, Faculty of Agriculture, Belgrade, Serbia

The beneficial effects of probiotics are severely limited due to their low stability during production and
storage. Encapsulation of probiotic cells remains the main strategy to overcome this problem, and in this
regard, the use of yeast cells may have potential. Viable, sonicated and thermally treated yeast cells as
well as yeast cell wall polymers have been shown to promote the growth and survival of probiotic
bacteria; however, the effects of plasmolyzed yeast have not yet been investigated. Therefore, the aim of
this work was to evaluate the potential of plasmolyzed yeast cells for maintaining the viability of
probiotic bacteria. Plasmolysis of Saccharomyces uvarum yeast cells was performed using a 10% NaCl
solution (55 °C, 48 h). The cells were then washed, spray-dried and mixed with a previously prepared
Lactiplantibacillus plantarum 299v culture (DSM 9843) in two ratios (1:1 and 2:1, w/w). Finally, the
mixtures were freeze-dried. The viability of the probiotic cells was assessed after encapsulation and every
two weeks during three months of storage under refrigerated conditions using the plate count method. In
addition, water activity and morphology analyses were performed and the auto/coaggregation properties
of the cells were investigated. After storage, the number of viable cells in both formulations remained
above 7 log CFU/g, i.e. above the minimum required for probiotic benefits. The obtained powders
showed satisfactory water activity, while optical microscopy and aggregation assays indicate that the
protective effect of the yeast may be due to direct cell-to-cell contact. The results suggest that
plasmolyzed yeast cells have the potential to serve as wall material for probiotic bacteria by maintaining
their viability during freezing and storage. Further studies are needed to gain a better insight into the
properties of the encapsulates under gastrointestinal conditions and in food matrices.

Key words: yeast cells; plasmolysis; probiotic bacteria; encapsulation; wall material.

Acknowledgments: This study was supported by the Ministry of Science, Technological
Development and Innovation of the Republic of Serbia (Contract number: 451-03-47/2023-
01/200116).
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BILBERRY POMACE POWDER AND ETHANOLIC EXTRACT AS ACTIVE PAPER
COLOURANTS: PROPERTIES AND COLOUR STABILITY

Ana Todorovi¢'™, Mija Sezun’, Tea KapunQ, Filipa Vicente®, llja Gasan Osojnik Crnivec® Steva Levié',
Ana Salevi¢-Jelic', Viktor Nedovié¢ *

1Faacully of Agriculture, University of Belgrade, Nemanjina 6, 11080 Zemun, Serbia
2Pulp and Paper Institute, Bogigiéeva 8, 1000 Ljubljana, Slovenia
*National Institute of Chemistry, Hajdrihova 19, 1000 Ljubljana, Slovenia

*Corresponding authors:

E-mail addresses: vnedovic@agrif.bg.ac.rs; ana.todorovic@agrif.bg.ac.rs

Bilberry pomace is a fruit processing by-product that is rich in lignocellulosic fibres and polyphenols,
especially anthocyanins. Anthocyanins are natural pigments whose colour changes with the pH of the
environment, making them a promising pH-responsive colourant. Our study investigated bilberry
pomace powder and its ethanolic extract as potential paper colourants/pH indicators by evaluating
their mechanical, optical, and colour-changing properties. For paper production, the bilberry pomace
powder and the acidified ethanolic extract were added to pulp mixtures in three different
concentrations. The mechanical and optical properties of the produced papers were measured
according to ISO standards. Colour stability was evaluated during a 6-week storage period under
daylight and dark conditions, and colour change was tested using a range of buffers (pH 3.0-10.0). All
formulations with pomace extract showed better mechanical properties than those with pomace
powder; however, both additions resulted in poorer performance compared to the commercial paper.
The samples with added powder had a darker and more intense colour, but were also more
susceptible to change during storage. For all samples, the overall colour changes (AE) were more
pronounced in daylight than in the dark. The pH response was only recognisable in an acidic
environment, which is probablydue to the basic nature of the paper. Nevertheless, the colour change
in the acidified samples was reversible, so that alkaline conditions could also be detected. Overall, all
prepared materials are suitable for use as specialty papers, and their appealing colour and reactivity
to different pH values enable rapid monitoring of various liquid products. To improve the mechanical
and colour stability, optimisation of the colourant ratio and the addition of stabilising additives/coatings
will be investigated.

Keywords: bilberry pomace, anthocyanins, paper colourants, pH indicators, by-product utilisation
Acknowledgements: This study was financially supported by the Ministry of Science, Technological
Development and Innovation of the Republic of Serbia (Grant No. 451-03- 65/2024-03/200116) and

the national research program Chemical Reaction Engineering (P2-1052, Slovenian Research and
Innovation Agency).
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AQUAPONIC SYSTEM IN THE CULTIVATION OF
MICROGREENS AND SPROUTS: A REVIEW

Spasoje Belosevi¢, Stefan Marjanovi¢, Jovana Markovi¢, Ana Todorovi¢,
Steva Levié, Ana Salevié¢-Jeli¢, Marko Stankovié¢, Zoran Markovi¢ and
Viktor Nedovié¢

Abstract: Aquaponics is a novel system for the simultaneous cultivation of
plants and fish, developed in response to the uncontrolled use of chemical
fertilizers in plant production and the waste generated by aquaculture. In this
closed-loop system, ammonia-rich fish waste is converted into nutrients by
nitrifying bacteria, serving as fertilizer for plants, while the plants help purify
water for the fish by removing waste products and excess nutrients. Through
waste reduction and maximized resource efficiency, aquaponics exemplifies
the circular economy in agriculture and food production. Microgreens and
sprouts are young seedlings that only need a few weeks to grow in different
substrates and systems. They are appreciated for their appearance, flavor,
and higher concentrations of bioactive compounds compared to mature
plants. Their short growing time and low nutrient requirements make them
ideal for cultivation in all modern agricultural practises, including
aquaponics. This review focuses on the application of aquaponics for
cultivating microgreens and sprouts. So far, only one study has investigated
the cultivation of microgreens in aquaponics, compared to more extensive
research on hydroponics and sprouts. Growing arugula microgreens in an
aquaponics system with goldfish positively impacted microgreens' growth
rates, while sprout production exhibited higher levels of vitamin C, protein,
and soluble sugars, as well as improved germination rates, weight, and
height. Lettuce and rocket were successfully grown using trout wastewater
as a nutrient source, enhancing yield and quality while promoting water
efficiency and fertilizer savings compared to conventional production. The
main limitation of the aquaponics system for growing small plants such as
microgreens, sprouts, and baby leaves is the potential microbial
contamination from the recirculating nutrient water. Overall, the aquaponics
system is an emerging technology for growing microgreens with reduced use
of natural resources while positively influencing growth parameters and
phytochemical content.

Keywords: Aquaponics, Circular economy, Microgreens, Plant and fish cultivation,
Sprouts.
CA: Viktor A. Nedovi¢, e-mail: vnedovic@agrif.bg.ac.rs

Page | 52

25



@ Food - European U e STARTIT

Certificate

This certificate proves that

CAna @Jdo/wudo’

has successfully completed programme

Challenge Labs 2022 in Serbia

Challenge Labs are designed to tackle the big problems facing the food sector by bringing together diverse groups of people. Participants learned to
apply design thinking methodology, how to conduct customer interviews and how to pitch their ideas with the aim to find innovative solutions to
big, tangible problems faced by the food sector.

I Pusendo

Director of entrepreneurship
development

26



