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PREDGOVOR

Poljoprivreda je primarna i strateSka delatnost koja obezbeduje prehrambenu
sigurnost, stabilnost trzista hrane i Stiti Zivotni standard stanovniStva. Svedoci smo
da je u kriznim situacijama u zemlji poljoprivreda odgovorila svom zadatku i bila
glavni oslonac u snabdevanju trziSta prehrambenim proizvodima. Proizvodnjom
dovoljnih koli¢ina zdravstveno bezbedne hrane omogucava se razvoj radno
sposobnog stanovnistva koje aktivno ucestvuje u ekonomskom razvoju drustva.
Specificni uslovi u kojima se poljoprivreda razvija zahtevaju konkretne ekonomske
mere podrske i subvencije drzave za o¢uvanje domace poljoprivrede. Planiranim
investicijama u poljoprivredi uvodenjem savremene tehnologije i efikasne
organizacije u proizvodnji i prometu smanjuju se ekonomski i trzi$ni rizici, a
samim tim omogucavaju stabilni uslovi poslovanja. Razvoj poljoprivrede se mora
bazirati na multifunkcionalnom povezivanju sa ostalim delatnostima
(prehrambenom industrijom, trgovinom, turizmom i td.)

Poljoprivredna nauka i struka prati i proucava promene koje se deSavaju u
ovoj oblasti ukazuje na aktuelne probleme poljoprivredne prakse i pronalazi
re$enja. Agronomski fakultet u Cacku, pored edukacije studenata, svake godine
tradicionalno ve¢ dvadeset sedmi put, organizuje i Savetovanje o biotehnologiji.
Osnovni cilj Savetovanja je upoznavanje Sire naucne i struCne javnosti sa
rezultatima najnovijih naucnih istrazivanja, domacih i inostranih naucnika iz
oblasti osnovne poljoprivredne proizvodnje i prerade hrane, kao i zastite Zivotne
sredine.

U Zborniku radova XXVII Savetovanja o botehnologiji sa medunarodnim
uceScem, predstavljeno je ukupno 84 rada iz oblasti Ratarstva, povrtarstva i
krmnog bilja, Vocarstva i vinogradarstva, Zootehnike, Zastite bilja, proizvoda i
zivotne sredine i Prehrambene tehnologije.

Ministarstvu prosvete, nauke i tehnoloskog razvoja Republike Srbije i Gradu
Cac¢ku kao glavnim pokroviteljima dugujemo veliku zahvalnost $to su pomogli kao i
svake godine da se ovo Savetovanje odrZzi. Zahvaljujemo privrednicima i svim
dugogodisnjim prijateljima Agronomskog fakulteta Sto su nam pruZili materijalnu i
organizacionu podrsku.

Bavljenje poljoprivredom pored ekonomije i biznisa je i socijalna plemenita
delatnost, s obzirom da zadovoljava osnovnu nasusnu potrebu ljudi za hranom.
Poljoprivredni proizvodaci zasluzuju ugled i poStovanje u drusStvu i treba im
omoguciti da pristojno Zive od svoga rada, a drustvo bi to trebalo da prepozna.

U Cacku, marta 2022. godine

Programski i Organizacioni odbor
XXVII Savetovanja o biotehnologiji






SADRZA]

Sekcija: Ratarstvo, povrtarstvo i krmno bilje

Desimir KneZevié, Aleksandar Paunovié, Vesna Djurovié, Svetlana Roljevi¢ Nikolié, Danica
Miéanovié, Milomirka Madi¢, Mirjana Menkovska, Veselinka Zecevié: POBOLJSANJE
KVALITETA PSENICE ZA ISHRANU LJUDI

Vojin bukié, Jegor Miladinovié, Zlatica Mamlié, Gordana Dozet, Marija Bajagi¢, Dragana
Miljakovié, Jelena Marinkovié: UTICA] GODINE I SORTE SOJE NA BROJ I MASU ZRNA
PO BILJCI

Gorica Cvijanovié, Vojin Dukié, Marija Bajagié, Vesna Stepic, Vojin Cvijanovié, Nenad
Durié, Gordana Dozet: UTICA] INOKULACIJE SEMENA NS NITRAGINOM NA PRINOS
SOJE

Dalibor Tomi¢, Vladeta Stevovié, Dragan Durovié, Milomirka Madié, Milos Marjanovic,
Nenad Pavlovié: ALTERNATIVNI NACINI SNABDEVANJA VISEGODISNJIH KRMNIH
LEGUMINOZA FOSFOROM

Mirjana Jovovic, Verica Prodanovic, Aleksandra Govedarica -Lucic, Zoranka Malesevic:
EFFECT OF APPLAYING OF HUMIC ACID ON SEEDLING GROWTH OF TOMATO
(Lycopersicon esculentum L.)

NataSa Bezarevi¢, Biljana Veljkovi¢, Goran Dugali¢, Ranko Koprivica, Milos§ Marjanovic,
Bratislav Mijailovié: KALKULACIJA PROIZVODNJE KROMPIRA NA GAZDINSTVU U
USLOVIMA DRAGACEVA

Vesna Mili¢, Igor Purdié, Branka Govedarica, Tatjana Krajisnik, Slavica SamardZi¢
Gordana Radovanovi¢: KARAKTERIZACIJA STARIH RATARSKIH SORTI TREBINJSKOG
KRAJA

Milena Simié, Vesna Dragicevié, Milan Brankov, Miodrag Tolimir, Zivota Jovanovic:
KOMBINOVANA PRIMENA PLODOREDA 1 HERBICIDA ZA UNAPREDENJE
SUZBIJANJA KOROVA U KUKURUZU

Milo$ Marjanovié, Dalibor Tomié, Mirjana Radovanovié, Vesna Durovié, Vladeta Stevovié,
Aleksandar Paunovi¢, Nenad Paviovic: KOMPONENTE PRINOSA SEMENA
GENOTIPOVA OBICNE TIKVE

Ranko Koprivica, Biljana Veljkovié, Marija Gavrilovié, Almir Muhovié, Dragan Terzi¢,
Dragoslav Dokié: PRIMENA OPTIMALNE METODE ZA OBRACUN AMORTIZACIJE
TRAKTORA I KOMBAJNA

Branka Govedarica: PRINOS ODABRANIH SORTI KROMPIRA GAJENIH U RAZLICITIM
AGROEKOLOSKIM USLOVIMA

Milomirka Madié, Dragan Durovié, Aleksandar Paunovié, Vladeta Stevovié, Dalibor Tomic:
PRINOS ZRNA, VISINA BILJKE I OTPORNOST NA POLEGANJE LINIJA PSENICE...............

Markola Saulié, lvica Dalovié, Dragana BoZi¢, Sava Vrbnicanin: PROCENA AKTIVNE
REZERVE SEMENA KOROVSKIH BILJAKA U ZEMLJISTU

11

21

27

33

39

45

51

59

67

73

79

87

93



Marina Crnkovié, Jovana Sucur, Porde Malen¢ié, Suzana Jovanovié-Santa: PROCENA
OKSIDATIVNOG STRESA KUKURUZA 1 SUNCOKRETA TRETIRANIH HOLNOM
KISELINOM U RAZLICITIM MEDIJUMIMA - SKRINING TEST 99

Valentina Nikoli¢, Marijana Simi¢, Sladana Zilié, Natalija Kravié, Vojka Babié, Milomir
Filipovic, Jelena Srdi¢: SUITABILITY OF THE SELECTED LOCAL MAIZE HYBRIDS FOR
SILAGE PRODUCTION 105

Gordana Dozet, Vojin Duki¢, Jegor Miladinovic, Zlatica Mamlié, Gorica Cvijanovié, SneZana
Jaksi¢, Olga Kandelinskaja: UTICA] FOLIJARNE PRIMENE NPK DUBRIVA SA

MIKROELEMENTIMA I EFEKTIVNIH MIKROORGANIZAMA NA PRINOS SOJE.......cccoomsne. 111
Violeta Mickovski Stefanovié, Dragana Stanisavljevi¢, Jasmina Bacié¢: UTICA] GENOTIPA 1
LOKALITETA NA SADRZAJ OLOVA U STABLU PSENICE U FAZI PUNE ZRELOSTL........... 117

Dorde Lazarevi¢, Vladeta Stevovié, Jasmina Radovié, Dalibor Tomic, Jordan Markovié,
Mladen Prijovié, Vladimir Zorni¢: UTICA] INOKULACIJE NA KVALITET
FERMENTACIJE I HEMIJSKI SASTAV SILAZE LUCERKE 123

Dusan Markovié, Uro$ Pesovi¢, Sladana DurasSevi¢, Mihailo KneZevi¢, Dalibor Tomic,
Vladeta  Stevovi¢: LORA  (LONG-RANGE) TEHNOLOGIJA U PRECIZNOJ
POLJOPRIVREDI 129

Vladimir Zornié, Mirjana Petrovié, SneZana Andelkovié, SneZana Babié, Dejan Sokolovié,
Zoran Lugié, Jordan Markovi¢: UTICA] MINERALNIH DUBRIVA NA FLORISTICKI
SASTAV 1 PRINOS TRAVNE ZAJEDNICE FESTUCO-NARDETUM STRICTAE
SUBALPINUM. 137

Alma Memié, Aleksandra Govedarica-Lulié¢, Vedrana Komlen, Aida Sukalié: UTICA]
NACINA DPUBREN]JA NA LJEKOVITA SVOJSTVA PERSUNA 143

Pasi¢ Sanid , Lavi¢ DZevad: PRINOS SALATE ,SHANGORE“ UZ UPOTREBU RAZLICITIH
NACINA ISHRANE I NASTIRANJA ZEMLJISTA 149

Sekcija: Voéarstvo i vinogradarstvo

Nebojsa Novkovié, Natasa Vukeli¢, Beba MutavdZié, Tihomir Novakovié, Dragana Teki¢,
Veljko Sarac: ANALIZA 1 PREDVIDANJE PROIZVODNIH OBELEZJA SLJIVE U SRBIJL....... 155

Nebojsa Milosevié, Ivana Glisi¢, Milena Dordevié, Sanja Radicevié, Sladana Mari¢: UTICA]
NOVIH VEGETATIVNIH PODLOGA NA BUJNOST, PRINOS I POMOLOSKE OSOBINE

SORTI SLJIVE ‘CACANSKA LEPOTICA’ I ‘JOJO’ 161
Mladan Garié, Vera Vukosavljevié, Zoran Bosioci¢: PRINOS I KVALITET GROZDA SORTE
KABERNE SOVINJON U OPLENACKOM VINOGORJU 173

Nedim BadZak, Mirjana Radovié, Jasmina Aliman, Mirko Kulina, Jasna Hasanbegovi¢
Sejfié, Aleksandra Supljeglav Juki¢: FIZICKE OSOBINE PLODA SORTI TRESNJE NA
PODLOZI GISELA 6 179

Tatjana Jovanovié-Cvetkovié, Dragutin Mijatovié, Ivana Radojevié, Danijela Starcevié:
RODNOST STONIH SORTI INTERSPECIES HIBRIDA U USLOVIMA BANJALUCKE
REGIJE 187




Sekcija: Zootehnika

Alexandr D. Lukyanov, Danila Yu. Donskoy, Miroslav A. Vernezi, Maria S. Mazanko, Svetlana G.
Studennikova: ~EXPERIENCE IN DEVELOPING MODELS OF ARTIFICIAL
GASTROINTESTINAL TRACTS OF ANIMALS 193

Nikolija Gligovi¢, Vladan Bogdanovi¢, Radica Dedovi¢, Dragan Stanojevic, Krstina Zelji¢:
UTICA] ODGAJIVACKIH USLOVA NA VARIJABILNOST MIKROKLIMATSKIH
PARAMETARA U OBJEKTIMA ZA DRZANJE MLECNIH KRAVA U REPUBLICI SRBIJL...... 199

Goran Mirjanié, Nebojsa Nedié, Lejla Biber: UTICA] SEZONE I RAZLICITE PRIHRANE
ZIMSKIH PCELA NA POVRSINU SAKUPLJENOG POLENA 207

Simeon Rakonjac, SneZana Bogosavljevié-Boskovié, Viladimir Doskovié, Milo$ Lukic,
Zdenka Skrbic¢, Veselin Petricevié, Milun D. Petrovié: UTICA] SISTEMA GAJENJA I
GENOTIPA KOKOSI NOSILJA NA SADRZA] HOLESTEROLA U JAJIMA....covosevvmsesssmsessssssseens 213

Radojica Dokovi¢, Marko Cincovié, Milun Petrovié, Milos Petrovié, Boban Jasovié, Biljana
Andeli¢ Miroslav Lalovié: DIJAGNOZA KETOZE KOD MLECNIH KRAVA.......couemmmesssssssens 219

Vladimir Doskovié, SneZana Bogosavljevié-Boskovi¢, Zdenka Skrbié, BoZidar Milosevid,
Milos Lukié, Simeon Rakonjac, Veselin Petric¢evié: ENZIMI U ISHRANI BROJLERA............. 229

Boban Jasovié, Radojica Dokovié, Bisa Radovié, Jovan Stojkovié, BoZidar MiloSevié, Milos
Petrovié: KOMPARACIJA PORODNE MASE JAGNJADI SJENICKE PRAMENKE SA
RAZLICITIH LOKALITETA RASKE OBLASTI 237

Milo$ Petrovié, Radojica Dokovié, Milun D. Petrovié, Branislava Belic, JoZe Stari¢, Miodrag
Radinovié, Jasovi¢ Boban, Miroslav Lalovié, Marko Cincovié: METABOLICKI STRES
KOD MLECNIH KRAVA U RANOJ LAKTACIJI - OPSTE KARAKTERISTIKE.....ooovossssecccerrreeen 243

Radojica Dokovié, Marko Cincovié, Milun Petrovié, Milos Petrovié, Boban Jasovié, Biljana
Andelié, Miroslav Lalovié: SEPAVOST MLECNIH KRAVA - UZROCI, OBLICI, TRETMAN.. 249

Milun Petrovié, SneZana Bogosavljevi¢-Boskovié, Vladan Bogdanovié, Radojica Pokovié,
Simeon Rakonjac, Milos Petrovi¢: SISTEM GAJENJA I PROIZVODNJE U ORGANSKOM
SVINJARSTVU 257

Talija Hristovska, Kosta Petrovié, Marko Cincovié, Branislava Beli¢, Maja DosSenovic¢
Marinkovié, Radojica Pokovié, Milo§ Petrovié, DraZen Kovacevié: UTICA] APLIKACIJE
NIACINA NA VREDNOST NJEGOVIH VITAMERA U KRVI KRAVA U RANOJ LAKTACIJL.. 263

Nenad Dordevié, Bojan Stojanovié, Aleksa BoZi¢kovicé, Blagoje Stojkovié, Dusica Radonjic:
UTICAJ LIPOLITICKIH PROMENA U SILAZI NA SADRZA] POLINEZASICENIH MASNIH
KISELINA U MLECNOJ] MASTI PREZIVARA 269

Milun Petrovié, SneZana Bogosavljevié-Boskovié, Radojica Dokovié, Simeon Rakonjac,
Milo$ Petrovié, Halid Zigi¢: UTICA] NEGENETSKIH FAKTORA NA MASU JAGNJADI PRI
RODEN]U, SA 30 1 90 DANA STAROSTI KOD SJENICKE PRAMENKE 277

Sekcija: Zastita bilja, proizvoda i Zivotne sredine

Gorica Deli¢, Aleksandra Mitrovié, Dusko Brkovié¢, Goran Markovié,Milica Pavlovic:
ETNOBOBANICKI PREGLED TRADICIONALNOG KORISCENJA BILJAKA BANATSKOG,
SUMADIJSKOG I ZLATIBORSKOG OKRUGA 285




SneZana Brankovié, Radmila Glisi¢, Dusko Brkovié, Gorica Peli¢, Filip Grbovié, Vera
Raji¢ié, Maija Marin, Marijana Vasié, Jelena Bogosavljevié: BIOAKUMULACIONI I
TRANSLOKACIONI POTENCIJAL VRSTE HOLCUS LANATUS L. NA JALOVISTU RUDNIK
DOO ,RUDNIK“ 291

Dusko Brkovic, SneZzana Brankovic, Gorica Peli¢, Goran Markovic, Filip Grbovi¢: ANALIZA
ZIVOTNIH FORMI FLORE BRDSKO-PLANINSKOG PODRUCJA SEVEROZAPADNE
SRBIJE I SUMADIJE 297

Jelena Popovié¢-Djordjevié, Goran Markovié, Vibor Roje, Beka Sarié, Jelena Mutic:
EVALUATION OF IRON AND MANGANESE IN WATER FROM DELIBLATO SANDS
AREA 303

Filip Grbovié, Gordana Gajié, SneZana Brankovié¢ Zoran Simié, Andrija Cirié, Danijela Misié,
Marina Topuzovié: MOGUCNOSTI 1 RIZICI PRIMENE INVAZIVNIH DRVENASTIH
VRSTA U OBNOVI VEGETACIJE NA DEGRADIRANIM STANISTIMA 309

Ivana Pajcin, Vanja Vlajkov, Selena Dmitrovi¢, Aleksandar Joki¢, Mila Grahovac, Jelena
Dodié, Jovana Grahovac: DISTILLERY FRUIT WASTE AS A SUBSTRATE FOR
BIOCONTROL AGENTS PRODUCTION 315

Ziko Milanovié, Marko Antonijevi¢, Svetlana Jeremié, Jelena Porovié Jovanovié, Dejan
Milenkovié: NAPREDNI PROCESI OKSIDACIJE HLORFENOLNIH JEDINJENJA IZ
OTPADNIH VODA-KINETICKA DFT STUDIJA 321

Gorica Deli¢, Zoran Simié, Milan Stankov¢, SneZana Brankovi¢, Tatjana Jaksic, Predrag
Vasié, Milica Pavilovié, Andelka Popadi¢: POTENCIJAL BIOAKUMULACIJE I

TRANSLOKACIJE Pb i Cr U BILJNIM VRSTAMA KOJE RASTU NA JALOVISTU..crvsserrrrenn 327
Avdul Adrovié, Edina Hajdarevi¢, Alen Bajri¢, Ernad Kucalovié: BIODIVERZITET
VODOZEMACA (KLASA: AMPHIBIA) SJEVEROISTOCNE BOSNE 333

Milica Mackié, Vojislava Bursié, Gorica Vukovié, Tijana Stojanovié, Dusan Marinkovié,
Aleksandra Petrovi¢, Nikola Puvaca, SneZana Tanaskovi¢: DEVELOPMENT AND
VALIDATION OF A RELIABLE LC-MS/MS METHOD FOR THE QUANTITATIVE
ANALYSIS OF PESTICIDE RESIDUES IN SOII 339

Branka Uzelac, Dragana Stoji¢i¢, SneZana Budimir, Svetlana To$i¢, Bojan Zlatkovié, Sasa
Blagojevi¢, Branislav Manié, Mirjana Janjanin, Violeta Slavkovska: ESSENTIAL OILS AS
POTENTIAL BIOCONTROL PRODUCTS AGAINST PLANT PATHOGENS AND WEEDS:

IN VITRO CULTURE APPROACH 345
Dejana Stanié: FENOLOGIJA I MONITORING INSEKATA U ZASADIMA KRUSKE NA
PODRUCJU ISTOCNOG SARAJEVA 351

Bogdan Garaleji¢, Helena Majstorovié, Maja Sudimac, Milos Pavlovié¢, Vladimir Colovié:
FIZICKE OSOBINE ZEML{ISTA U FUNKCIJI TIPA ZEMLJISTA NA TERITORIJI GRADA
PANCEVA 359

Jelena M. Maskovié, Nenad Ku¢, Goran Markovié, Vladimir Kuréubi¢: HEMIJSKE ANALIZE
OTPADNE VODE MLEKARE , KUC KOMPANI"“ 365

Milica VraneSevié, Atila Bezdan, Bosko Blagojevié, Gordana Sekularac, Radovan Savié,
Miroljub Aksi¢: HIDROHEMIJSKA OCENA KVALITETA VODE ZA NAVODNJAVANJE U
BANATU, SRBIJA 371




Zorana Pekanovié, Duska Delié, Vojo Radi¢, Aleksandra Smitran, Nevena Jokié, Relja
Surucié, Ranko Skrbi¢: IN VITRO TRIAL FOR ANTIMICROBIAL ACTIVITY OF
INDUSTRIAL HEMP EXTRACTS 377

Dragutin Duki¢, Leka Mandié, Monika Stojanova, Vesna Durovié Bojana Trifunovic:
INFICIRANJE HIDROBIONATA SA POTENCIJALNO PATOGENIM MIKROORGANIZMIMA 383

Milan Miti¢, Pavle Maskovié, Jelena Mitic: MATHEMATICAL MODELING OF TOTAL
FLAVONOID COMPOUNDS EXTRACTION FROM DILL (Anethum graveolens L.) LEAVES ~ 389

Helena Majstorovi¢, Bogdan Garaleji¢, Maja Sudimac, Milo$ Pavlovié, Viadimir Colovié:
PARAMETRI PLODNOST ZEMLJISTA U FUNKCIJI TIPA ZEMLJISTA NA TERITORIJI

GRADA PANCEVA 395
Olga Radulovié, Tatjana Poprzen, Marija Markovi¢: POTENCIJAL RIZOSFERE SOCIVICE
(LEMNA MINOR L.) ZA PRODUKCIJU AUKSINA BAKTERIJSKOG POREKLA.........cccrsusmmrrne 401

Alexandr D. Lukyanov, Maria S. Mazanko, Ksenia I. Boldareva, Tatiana S. Onoiko:
QUALITATIVE MODELING OF THE EFFECT OF PROBIOTICS ON THE DEVELOPMENT
OF MICROFLORA "IN-VITRO" 407

Radijana Pekanovié, Branimir NjeZi¢: REPRODUCTIVE POTENTIAL OF TWO SPECIES OF
ENTOMOPATHOGENIC NEMATODES ON GRATE WAX MOTH LARVAE (GALLERIA

MELLONELLA) 413
Marija Markovié, Biljana Veljkovié, Goran Dugalié, Simeon Rakonjac, Marija Gavrilovi¢:
RURALNO PODRUCJE OPSTINE REKOVAC POTENCIJALI I RIZICI 419
Viadimir Colovi¢ , Bogdan Garaleji¢, Helena Majstorovié, Maja Sudimac, Milos Pavlovic:
TACNOST FORMULACIJE I EKOLOSKI ASPEKT NEKIH MINERALNIH DUBRIVA............. 425
Dragana-Linda Mitié, Milica Zivkovié, Vesna Teofilovi¢: TRAGOVI TESKIH METALA U
VODAMA BELOCRKVANSKIH JEZERA 431

Ljubica Sarcevié-Todosijevié, SneZana Pordevié, Vera Popovié, Ljubisa Zivanovié, Bojana
Petrovié, Nikola Pordevi¢, Jelena Golijan: ZDRAVSTVENI ASPEKTI ZNACA]A HRANE..... 437

Sekcija: Prehrambena tehnologija

Vladimir Kurc¢ubié, Slavisa Staji¢, Nemanja Mileti¢, Vesna Purovié, Marko Petkovic¢, Marko
Dmitrié, Branko Jakovljevi¢: ,CLEAN LABEL“ MEAT PRODUCTS - HOW TO GAIN
CONSUMER CONFIDENCE? 443

Milica Kanjevac, Biljana Bojovi¢, Marija Todorovié, Dragana Jakovljevi¢, Jovana
Mom¢ilovié, Milan Stankovié: EFEKAT HORMOPRAJMINGA NA POBOLJSANJE
OTPORNOSTI KLIJANACA KUKURUZA NA USLOVE SLANOG STRESA.....cruummnreereersesnn 449

Marko Antonijevié, Ziko Milanovié, Edina Avdovié, Dusica Simijonovié, Zoran Markovié:
ANOTHER LOOK AT THE BIOLOGICAL ROLES OF A PLANT ALKALOID-BERBERINE.... 455

Vladimir Kurc¢ubié, Slavisa Staji¢, Nemanja Mileti¢, Vesna Purovié, Marko Petkovic¢, Marko
Dmitrié, Branko Jakovljevi¢: MEAT PRODUCTS WITH REDUCED SODIUM CONTENT -
HOW TO ACHIEVE CONSUMER FAVOR? 461




Milan Stankovi¢, Tatjana Markovié, Nenad Zlati¢, Gorica Delié, Biljana Bojovié:
VARIJABILNOST SASTAVA ETARSKOG ULJA VRSTE COTINUS COGGYGRIA SCOP.
(ANACARDIACEAE) SA TERITORIJE SRBIJE 469

Monika Stojanova, Dragutin Djukic, Marina Todor Stojanova, Aziz Satana, Blazo Lalevic:
DETERMINATION OF ANTIBACTERIAL POTENTIAL OF AGARICUS MACROSPORUS

AND RUSSULA VESCA MUSHROOM EXTRACTS 477
Marijana Kosanié, Aleksandra Vesi¢, Nevena Petrovié: BIOAKTIVNOST ACETONSKIH
EKSTRAKATA VRSTA HERICIUM CLATHROIDES I AURICULARIA MESENTERICA............. 483

Neda Pavlovié, Jelena Mijalkovic, Verica Pordevic, Branko Bugarski, Zorica KneZevi¢ Jugovic:
CHARACTERISTICS OF OCTADECYLAMINE-STABILIZED LIPOSOMES CONTAINING SOY
PROTEIN HYDROLYSATES 489

Milica Lukovié, Sonja Veljovié, Marija Kostié¢: EDIBLE INLAND HALOPHYTES:
POTENTIAL INGREDIENT OF INNOVATIVE GASTRONOMIC PRODUCTS WITH
INCREASED NUTRITION VALUE 497

Jovana Momc¢ilovié, Dragana Jakovljevi¢, Milica Kanjevac, Biljana Bojovié: FIZIOLOSKE
KARAKTERISTIKE RASTENJA PSENICE (Triticum aestivum L) U USLOVIMA IN VITRO.d.... 503

Dragana Stanisavljevié, Dusica Cirkovié, Violeta Mickovski Stefanovié, Dragan Velickovic:
HEMIJSKI SASTAV I SENZORNE KARAKTERISTIKE RAKIJA OD VOCA...ocoooseeeseerssrreesnn 509

Mirjana Radovanovié, Dalibor Tomié, Vesna Purovié, Milos Marjanovié, Radmila Ili¢, Vera
Katanié: HLADNO PRESOVANA ULJA TIKVE I ORAHA 515

Sanja Lj. Mati¢, Nikola Sreckovic, Jelena S. Katani¢ Stankovié, Vladimir Mihailovié: IN
VIVO PROTEKTIVNI EFEKAT EKSTRAKATA BILJKE Lysimachia vulgaris NA DNK
OSTECENJA INDUKOVANA ETIL METANSULFONATOM 523

Antonio Petrov, Fidanka llieva, Sanja Velichkovich Kostadinovska, Violeta Dimovska:
INFLUENCE OF INDIGENOUS AND COMMERCIAL YEASTS ON THE PRODUCTION OF
RED WINE FROM VRANEC, MERLOT AND FRANKOVKA IN VINICA WINE REGION....... 529

Branislav Vlahovié, Kristina Kukolj: STAVOVI POTROSACA U POTROSNJI MEDA................. 535

Danijela Stojkovié, Verica Jevti¢, Maja Dukié, Porde Petrovié, Sandra Jovi¢i¢ Milié,
Marijana Kasalovié: SADRZA] VITAMINA C U EKSTRAKTIMA SIPURKA....oooooocveeeeeeessrree 541

Darko Manjenci¢, Mirjana Antonijevi¢ Nikoli¢, Vladan Micié¢, Anja Manjenci¢: UTICA]
DODATKA RAZLICITIH TIPOVA NANOPUNILA NA FINALNA SVOJSTVA
UMREZAVAJUCIH SISTEMA SILIKONSKIH MATERIJALA TACNO ODREDENOG
SPECIFICNOG ODNOSA NA AKCENTU UMREZIVACA 547

Jasur Safarov, Sunil Verma, Shakhnoza Sultanova, Abhijit Tarawade, Azamat Usenov:
SORPTION AND DESORPTION OF RAW MATERIALS 553




“XXVII SAVETOVANJE O BIOTEHNOLOGIJI” Zbornik radova, 2022.

DOI: 10.46793/SBT27.489P

CHARACTERISTICS OF OCTADECYLAMINE-STABILIZED LIPOSOMES
CONTAINING SOY PROTEIN HYDROLYSATES

Neda Pavlovi¢l, Jelena Mijalkovic?, Verica Dordevic?, Branko Bugarskiz,
Zorica KneZevi¢ Jugovié 2

Abstract: Liposomes have been researched as carriers for encapsulation of
bioactive protein hydrolysate, despite low stability which makes them difficult to
use. Using cholesterol or octadecylamine as lipid membrane stabilizers, soy protein
hydrolysate is effectively encapsulated in liposomes created with phospholipon.
Presence of both stabilizers concurrently resulted the highest efficiency 49.7%, while
increasing the phospholipon mass had no effect. Particle size was raised (265 to 335
nm) as a result of the octadecylamine addition, and zeta potential was positive (36.7
mV), as compared to the cholesterol addition (-25.1 mV). Liposomes enabled
extended hydrolysate release with retained its bioactivity.

Key words: soy protein hydrolysate, liposomes, octadecylamine, antioxidant
activity, controlled release

Introduction

Liposomes are one of the most studied carriers for encapsulating bioactive protein
hydrolysates and peptides. Because of their structure, they can encapsulate both
hydrophilic and hydrophobic molecules, and they also exhibit a number of advantages,
such as biodegradability, low toxicity, and the possibility of surface modification due to
prolonged protein release (Mohan, et al., 2015). Due to their poor stability, liposomes
are not used commercially due to oxidation and hydrolysis of lipids, cleavage and
fusion of colloidal particles, and loss of hydrophilic core. Mentioned drawbacks are
addressed by the addition of stabilizers such as cholesterol, octadecyamine, oleic acid,
and others (Nkanga et al., 2019).

Soy peptides are widely used in the food industry for their antioxidant
properties, and can also be found in creams that improve skin elasticity and help
stimulate collagen production in the pharmaceutical industry (Yoshihiro et al,
2012). Additionally, soy peptides have a number of disadvantages that limit their
use, including: reduced digestibility, potential allergenicity, bitter taste, and
instability and degradation when incorporated into food products (Mohan, et al.,
2015). Bioactive peptides in commercial products are often susceptible to
digestion by digestive enzymes, resulting in their biological inaction. Therefore, the
main goal of this research was to encapsulate the soy protein hydrolysates riched
of the bioactive peptides in liposomes carriers in order to increase stability and

Innovation Center of Faculty of Technology and Metallurgy, d.o.o., Karnegijeva 4, 11000 Belgrade,
Serbia (nedanikolic@tmf.bg.ac.rs)
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bioavailability of hydrolysates. The effect of cholesterol and/or octadecylamine as
membrane stabilizers on the encapsulation parameters and antioxidant activity as
well as on the encapsulated peptide release have been examined.

Materials and methods

Enzymatic hydrolysis of a soy protein concentrate (Sojaprotein A.D., Serbia)
was performed as a two-step biotechnological process using Neutrase® and
Flavourzyme® (Sigma Alrdich, USA) in a batch reactor previously described by
Pavlovi¢ et al. (2020). After 3 h, the enzymes were inactivated. Then, the mixture
was centrifuged 10 min at 10000xg. The soy protein hydrolysate was collected and
dried in a spray dryer.

The liposomes were prepared by the thin film method (Pavlovi¢ et al., 2020).
After the complete dissolution of 0.18 or 0.45 g phospholipon (Phospholipon 90G,
Natterman Phospholipids, Germany) in a round bottom flask, cholesterol (Ph:Ch ratio
was 9:1), Tween 80 (0.010 cm?3), and soy protein hydrolysate (20 mg) were added.
Another samples were prepared with octadecylamine addition (Ph:Ch:Oc ratio was
9:1:1). Chloroform was evaporated by vacuum evaporator at a temperature of 50 °C
and pressure of 343 mbar. The created thin film was hydrated with Tris-HCl buffer
(0.01 M; pH 7) preheated at 60 °C. Five cycles of heat and cool treatment are performed
with duration of 2 min per cycle. Then, the liposome suspensions were sonicated
(Sonopuls Ultrasonic Homogenizers, Bandelin, Germany) with frequency of 20 kHz and
amplitude 30%, in the three cycles. Every cycle consists of 20 s sonication and 1 min of
cooling. Liposome suspension was centrifuged at 40000 rpm 30 min at 4 °C (Optima™
L-100 XP ultracentrifuge, Beckman Coulter, California), and the supernatant is
decanted. Encapsulation efficiency was calculated as the ratio of the encapsulated
peptides mass and the mass of the total peptides, which are determined by measuring
the concentration of the non-encapsulated peptides by modified Lowry method
(Hartree, 1972).

The prepared liposome suspension are characterized by average particle
size, particle size distribution, polydisperse index (PdI) and zeta potential
using the apparatus based on principles of photon-correlated spectroscopy
(Zetasizer Nano Series, NanoZS, Malvern Instruments Ltd., UK).

Antioxidant activity of the encapsulated soy protein hydrolysate was
determined by measuring the inhibition rate of ABTS** radical cation. The
reduction capacity of ABTS** radical cation is determined as previously described
(Pavlovi¢ et al., 2020). Briefly, the diluted radical cation ABTS** (1.0 cm3) was
mixed with sample (0.010 cm3) and after 5 min the absorbance was measured.

In vitro digestion catalyzed by pepsin (gastric juice) and pancreatin
(pancreatic juice) is performed by previously described method (Gomaa et al,
2017). The digestion is performed by mixing of liposome suspensions and
corresponding juice (volume ratio was 1:3) at a temperature of 37 °C and 140 rpm.
The controlled release of encapsulated hydrolysate is assessed using Franz cell
consisting of cellulose-acetate membrane. 2 cm3 of the prepared liposome
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suspension is placed in the donor section of the Franz cell, while in the acceptor
section Tris-HCI buffer (0.01 M, pH 7) is placed. In both release studies, the
persentage of diffused/released peptides is determined as a ratio of the peptide
mass during digestion and the mass of the encapsulated peptides.

Results and Discussion

In order to optimize the process parameters, the mass of phospholipon mass
was varied, and the influence of cholesterol and octadecylamine addition on the
encapsulation efficiency was analyzed. The obtained results presented in the Fig.
1A. In the samples with cholesterol a change in efficiency was observed in
correlation with the mass of phospholipon, while in samples with octadecylamine
this difference is negligible. Liposomes created with cholesterol as stabilizer, the
increase of phospholipon mass from 0.18 to 0.45 g, led to the increase of
encapsulation efficiancy from 23.3 to 43.6 %. This can be attributed to the
increase of available surface for encapsulation of soy hydrolysate, by increasing the
phospholipid mass (Mohan, et al, 2015). For the samples contained with
cholesterol and octadecylamine, it can be observed that the increase of
phospholipon mass does not affect the encapsulation efficiency. The values for
encapsulation efficiency of 49.7 and 46.1% for 0.18 and 0.45 g of phospholipon,
respectively, were not statistically significant. This means that the addition of
octadeylamine has a positive effect on the stability of liposome membrane and has
increased the encapsulation efficiency remarkably in coparation with liposome
conssted only with cholesterol.
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Graph. 1. Encapsulation efficiency of soy protein hydrolysate (A) and particle size
distribution of liposome with soy protein hydrolysate (B)
Graf. 1. Efikasnost inkapsulacije proteinskog hidrolizata soje (A) i raspodela velicine
Cestica sa proteinskim hidrolizatom soje

On the Fig. 1B, the distribution of the average particle size of created liposomes
was presented. Average particle size, PdI values, and zeta potential of the obtained
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liposomal suspensions are given in the Table 1. Observing the distribution curves
of liposomes with cholesterol, it can be seen that the samples with low mass of
phospholipon (0.18 g) have the unimodal distribution when compared with the
samples prepared by use 0.45 g of phospholipon with multimodal distribution. The
above is also confirmed by the value of Pdl; 0,514 for multimodal distribution
(Table 1). The wide distribution of liposomes with high phospholipon can be due
to the fact that the more concentrated liposome suspensions are more resistant to
sonication effect (i.e. deformation) used as a method to reduce the size of the
liposome and obtain SUV (small unilameral vesicles) from MLV (multilamelar
vesicles). Besides, it can be emphasized that the addition of octadecylamine
contributed to a more uniform distribution in both cases 0.18 and 0.45 g of
phospholipon, which was resulted in low Pdl index value (0.339 and 0.382,
respectively). In summary, it can be pointed out that the addition of
octadecylamine increased the particle size, which is in correspondance with the
previous letarature data (Mattheolabakis et al., 2012).

The zeta potential is commonly considered as a measure of liposomal
suspension stability. Because of their low electrostatic repulsion, the particles will
aggregare if its value is close to zero. The liposome vesicles are considered stable
when the zeta potential is higher than 35 mV or lower than -35 mV (Mohan, et al,,
2015). From Table 1, it can be concluded that the liposomes with soy hydrolysate
are very stable, and that the liposomes with cholesterol have negative net surface
charge, but the ones with octadecylamine have positive net surface charge.

Table 1. Characterization of liposomes with soy protein hydrolysate
Tabela 1. Karakterizacija lipozoma sa proteinskim hidrolizatom soje

0.18 g of phopsholipon 0.45 g of phopsholipon
Liposome 0,18 g fosfolipona 0,45 g fosfolipona
Lipozomi Ph:Ch =9:1 | Ph:Ch:0c=9:1:1| Ph:Ch =9:1 | Ph:Ch:0c=9:1:1
Average size (nm) 289.9 331.8 265.8 334.7
Sr. velicina Cestica (nm)
Polydispersity index 0.395 0.339 0514 0.382
Polidisperzni indeks ) ) ) )
ABTS activity (%)
ABTS aktivnost (%) 22.22 43.24 41.81 41.95
Zeta potential (mV) ) )
Zeta potencijal (mV) 25.10 36.70 29.40 40.70

When the influence of phospholipon concentration on ABTS scavenging
activity is examined (Table 1), it can be shown that the conserved ABTS activity is
consistent with the achieved encapsulation efficiency. As the encapsulation
efficiency increases, an increase in ABTS activity is observed. From the results of
ABTS activity, it can be concluded that the antioxidant activity originates from the
encapsulated soy peptides generated in hydrolysate. Presented results are in
agreement with the results reported by Bertolini et al. (2001).
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Finally, the hydrolysate controlled released studies from liposome was
performed. Taking into consideration the determined values of the zeta potential,
the liposome created with cholesterol and octadecylamine are examined in a Franz
diffusion cell (Fig. 3A), which is used as a model system for imitation of skin cells,
and liposome created with cholesterol are analyzed using in vitro gastrointestinal
simulation system (Fig. 3B). From Fig. 34, it can be noted that the liposome
provide extended release of the hydrolysate, i.e. through the membrane were
released 80% of free hydrolysate, while from liposomes almost 47%. Observing
Fig. 3B, it can be pointed out that the total amount of free hydrolysate was diffused,
while from the liposomes the released amount of hydrolysates was 84%.
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Graph. 2. Controlled release of soy protein hydroysate: (A) Franz cell and (B) in
vitro gastrointestinal simulation system
Graf. 2. Kontrolisano otpustanje proteinskog hidrolizata soje: (A) Francova Celija i
(B) in vitro sistem sa simulacijom gastrintestinal uslova

Conclusions

In this study, the liposomes was created by the thin film method using
commercial mixture of phospholipon with addition of stabilizing agents:
cholesterol and octadecylamine. The best satisfactory encapsulation efficiancy and
retained ABTS scavenging activity were obtained for liposome vesicles created
with cholesterol, and concurrently cholesterol and octadecylamine, in both cases
when used 0.45 g of phospholipon. Liposome characterization study confirmed
that they are stable particles, in both cases, suitable for encapsulation of soy
hydrolysate. Created liposomes formulation with antioxidant soy hydrolysate can
be used as: a) dietary functional food supplement (liposome with cholesterol), and
b) cosmetic formulations (liposome with cholesterol and octadecylamine).
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KARAKTERISTIKE LIPOZOMA STABILIZOVANIH
OKTADECILAMINOM SA INKAPSULISANIM HIDROLIZATOM
PROTEINA SOJE

Neda Pavloviél, Jelena Mijalkovié?, Verica Pordevié?, Branko Bugarskiz,
Zorica KneZevi¢ Jugovié 2

Izvod

Lipozomi su dugo proucavani nosaci za inkapsulaciju bioaktivnih proteinskih
hidrolizata, uprkos niskoj stabilnost koja predstavlja problem za Siru primenu.
Koriste¢i stabilizatore holesterol i oktadecilamin, proteinski hidrolizat soje je
uspesno inkapsuliran u lipozome sacinjene od fosfolipona. Prisustvo oba
stabilizatora istovremeno rezultiralo je najve¢om efikasnis¢u 49,7 %, dok povecanje
pocetne mase fosfolipona nije imalo uticaja na efikasnot. Veli¢ina lipozoma je
povecana (sa 265 na 335 nm) kao rezultata dodavanja oktadecilamina, ali je zeta
potencilaj pozitivan (36,7 mV) u poredenju sa dodatkom holesterola (-25,1 mV).
Pripremljeni lipozomi omogucili su produZeno oslobadanje hidrolizata soje uz
ocuvanje njegove bioaktivnosti.

Kljucne reci: proteinski hidrolizat soje, lipozomi, oktadecilamin,
antioksidativna aktivnost, kontrolisano oslobadanje
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