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1. YoockoHaneHHs 6i0T€XHOJIOTii BUTOTOBJIEHHS CTa0i1i30BaHOI 3aKBACKM i BUKOPUCTAHHY ii 32 BUPDOOHMLTBA M'SIKMX
CUpIB

2. Improvement of the biotechnology for producing stabilized starter culture and its use in the production of soft
cheeses

Pedepar:

1. Y nuceprauiiiHiil pob0Ti BUKJIAJI€Hi €KCIIEPUMEHTAJIbHI IaHi YJOCKOHAJIEHHS 6i0TE€XHOJIOTII eKCTpaKIii i3 chu4yris
€H3UMIB, iX iMM06ini3aliii, BUBUEHHS HEIIKiJJINBOCTi, TOCTPOi TOKCUYHOCTi iMMOGiTi30BaHMX CUIYy>KHUX €H3UMIB Ha
6inux 1mypax i Mumax, BCTaHOBJIEHHS €(PeKTUBHOCTI BUKOPUCTaHHS iMMOOiIi30BaHMX CUUYY>)KHUX €H3UMIB 32
BMPOOHULITBA OpUH3M. [lucepTallis BUKOHAaHa B yMOBaX I[HCTUTYTy TBAPMHHULITBA Ta XapuOBUX TEXHOJIOTIN
BinouepkiBChKOro HALiOHAJIBHOTO arpapHOTroO YHIBEPCUTETY, sIKa € PO31iJIOM HayKOBOi TeMaTUKU «P0o3po6ieHHs
6i0TeXHOJIOTIN ofiep>KaHHS CTabiIbHUX €H3UMHUX Ta 6aKTepiajbHUX IIPEeNapaTiB [J1s BUPOOHULITBA KUCJIOMOJIOYHUX
nponykTiB» (N2 nepsxpeectpatii 0119U005434). 36isb11eHHS YMCEIbHOCTI HaceJIeHHs IJIaHEeTH N0Tpebye 3pOCTaHHs
BMPOOHHULITBA MOJIOKA Ta ITPOAYKTIB MOro nepepobku. Taka AuHaMiKa CyNIpOBOKYEThCS 301IbIIEHHIM
BUPOOHUIITBA M'SIKMX CUPiB, 30KpeMa OPUH3H, 5Ki peai3yloTbCsl Ha pUHKY YKpaiHu. BaxinBUM e1eMEeHTOM

TEXHOJIOTii OPUH3Y € SIKICHI CUYY>KHi €H3MMU. BOHM € TBAPUHHOTO, POCJIMHHOTO i MiKPO06i0JIOTiYHOTO IIOXOPKEHHS.



EH31MM MiKpOOGHOTO Ta POCIMHHOTO MOXO/>)KEHHS MalOTh HEBUCOKY BapTiCThb. 10 HELOJIKIB TaKUX €H3UMIB CJIif
BiJHECTY — HU3bKUII BUXiJ CUPIB, Oi7bII KOPOTKUI TEPMIH ix 30€piraHHs i 3HIKEHHS SIKOCTi BUPOOJIEHUX IPOJYKTIB.
3acTocyBaHHS HaTypaJIbHUX CUUYKHUX €H3MMIB 33 TEXHOJIOTII OpMH3M Mae HU3KY repesar. Jlo HeZoJliKiB TaKux
€H3UMIB MO>XHA BiJHECTU ITPOGJIEMY HM3bKOT'O BUXOJly €H3MMIB i3 OJIMHHUILII Macy CAYYTiB Ta 4yac ix 36epiranHs. [
IIPOJIOHTYBaHHS 30€piraHHs Ta 30iJIbIIEHHS CTIMKOCTI CUYYy>KHUX €H3UMIiB 10 I€HATypYy4nX (PAKTOPIiB e(PeKTUBHUM
MEeTOJOM € iX iMMOOii3alist Ha IPUPOAHUX OpraHiyHUX HOCisX. HaykoBuil iHTepec CTaHOBJIATh AOCIIPKEHHS I0A0
YIOCKOHAJIEHHS €KCTPaKLii CU4y>KHUX €H3UMIiB i3 CUUYTiB TEJISIT 32 BUKOPUCTAHHS ONITUMAIbHUX €KCTPAreHTiB.
HeBrBYeHMM 3aMIIAETHCS MUTAHHS MO0 BUKOPUCTAHHS Xap4YOBUX J00ABOK SIK HATypaJIbHUX OPraHiuHMX HOCIIB
17151 iMMOGini3anii cnuy>kHMX €H3UMIB Ta BCTAaHOBJIEHHS e(EeKTUBHOCTI iX 3aCTOCYyBaHHS 3a TEXHOJIOTII Op1H3H.
Merolo fucepTaliiiHoi po60TH € BiAnpalloBaHHS TEXHOJIOTIH ofep>KaHHsl, cTabinizallii CU4y>)KHUX €H3MMiB Ta
BCTAHOBJIEHHS €(DEKTUBHOCTI iX BUKOPUCTAHH 32 TEXHOJIOTii 6puH3U. 711 JOCSATHEHHS] META HAayKOBUX JIOCTIiIKEHD
BUPIilLIEHO 3aBIaHHS: — BCTAHOBJIEHO ONTUMAJbHUI €KCTPAreHT /s eJliMiHalii eH3UMiB i3 NogpiGHeHUX CUYYTiB
TEeJIAT; — PO3POOJIEHO CIOCi6 cTabinizalii CHYy>)KHUX €H3UMIB Ha OpPraHiuHUX HOCISIX; — BUBYEHO 30€pesKeHHs
aKTUBHOCTI HATUBHUX Ta iIMMOGi/1i30BaHMX CUYY>KHUX €H3MMIB 32 Pi3HUX YMOB i yacy 36epiraHHs; — JOCiIKEeHO
HEUIKiIJIMBIiCTh iIMMOOGII30BaHNX CUYY>KHUX €H3UMiB; — BCTAHOBJIEHO TOCTPY TOKCUYHICTb iIMMOOi/1i30BaHUX
CHYY>XHUX €H3UMIB; — BUBUEHO BIIJINB BUKOPUCTAHHS CTabi/1i30BaHUX CUUYKHUX €H3UMIB Ha TEXHOJIOTiYHi
MMOKAa3HUKY OPUH3BY; — OCIiIKEeHO MiKpOO6ioJIoriyHi MoOKa3HUKYU OpHH3Y, 6i0XiMiuHi TOKa3HUKM MOJIOKA, OpUH3U Ta
CHAPOBATKHU 32 BUKOPUCTAHHS CTabili30BaHUX CUYY>KHUX €H3UMIB; — PO3PaXxOBaHO €EKOHOMIUHY €(pEeKTUBHICTb
BUKOPUCTAHHS CTabili30BaHMUX CUYYKHUX €H3MMIB 3a T€XHOJIOTii 6puH3K. JlociiKeHHs IPOBOUIIN 3aCTOCOBYIOUU
arpoOOoBaHi Ta CyyacHi MeTOAU NOCIiIKEeHHsI: TEXHOJIOTIUHI, 6i0TeXHOJIOTuHi, XiMiuHi, 6i0XiMivHi, MikpOb6ioJOTiuHi,
TOKCHKOJIOTi4Hi, ClIEKTPOOTOMETPUYHI, MATEMATUYHO-CTAaTUCTUYHI. 34,00yBay OpraHi3yBaB i BUKOHAB
€KCIIEPMMEHTH LI0JI0 BCTAHOBJIEHHS ONITUMAaJIbHOTO €KCTPAreHTa /J18 eKCTPaKLil CUYy>KHUX €H3UMIB i3
No/IpiGHEHNX CUYYTiB, pO3POOKU Cr1ocoby iMMOOGiizallii CUYy>KHUX €H3MMIB Ha OPraHiYHUX HOCISIX, BUBUYEHHS
HEIIKiJJIMBOCTi Ta TOCTPOi TOKCUYHOCTI iMMOO6iTi30BaHUX €H3UMIB Ha J1ab0paTOPHUX TBaPUHAX, BCTAHOBJIEHHS
€(EeKTUBHOCTI BUKOPUCTAaHHS iIMMOO1/1i30BaHUX CUUYKHUX €H3MMIB 33 TEXHOJIOTii OprH3U. BogHouac npoBiB aHai3
Ta CTAaTUCTUYHUI OOPAXyHOK LM(POBOro MaTepiajy, OTPMMAHOTO IiJl 4ac eKCllepuMeHTiB. [1ilr0TOBKY 3arajibHoi
CXEMU JTOCJIIKEHD, X METY, IHTEPIIPETallil0 OTPUMAHUX €KCIIEPUMEHTAILHUX JAHUX Ta iX y3araJbHEHHS BUKOHAHO
3a JOIIOMOTH HAayKOBOTO KepiBHMKA, Tpodecopa Cepris MEP3JIOBA. [JociiKyo4u BIJIUB BiKy TEJISAT Ha aKTUBHICTb
CUYY>KHUX €H3UMIB 6yJI0 BCTAHOBJIEHO, 110 32 BUKOPUCTAHHS CUYY>KHUX €H3MMIB, EKCTPArOBaHUX i3 CUYYTiB TEJISAT
BIKOM 2 TW>KHI, BAAJIOCh HAHIMIBUAIIE OTPMMATH CKBAIyBaHHS MOJIOKA. 3a BHECEHHS €H3MMIB i3 CUYYTiB TEJAT 4- Ta
8-TUKHEBOTO BiKy CYTTEBUMX BiXUJIEHD 1[0/I0 NIOKA3HUKA CKBALIyBaHHS MOJIOKA HE CIIOCTEPIraau. I3 miaBuieHHsIm
BiKy TEJISIT, Bif IKUX BiiOMpaay CUUyTrH, IOYaTOK 3rOPTAaHHS MOJIOKA 30iIbIyBaBCs. BUBYalouy sIK eKCTpareHT pisHi
PO3YMHHU COJISIHOI KUCJIOTH OyJI0 BCTAHOJIEHO, 110 Y KOHTPOJI (OMCTU/IbOBaHA BOJIA) BMICT €KCTparoBaHux 6iJKiB
cTaHoBUB 28,0 Mr/am3. HaiiBuuuii BMiCT eKcTparoBaHux 6iikiB (38,4 Mr/nm3) 30KpeMa CUYYKHUX €H3UMIB, 0yJ10
oTpumano 3a cniesigHomeHHs 0,2 r: 10,0 cM3 : 0,8 cM3 (roMOreHaT CUYYTiB : 00’€eM JUCTUIIbOBAHOI BOAU : 00'eM
COJISIHOI KUCJI0THU). JOCTIiIKYI04YM Pi3Hi €KCTPAreHTH AJ1s1 eKCTPaKLii CUU4yKHMUX €H3UMIB (DO3UMH COJISIHOI KUCJIOTH +
MOJIOYHA KUCJIOTA; PO3YMH COJISIHOI KUCJIOTH + IMMOHHA KMCJIOTA; PO3YUH COJISIHOI KUCJIOTH + HATPill XJIOpU)

BCTaHOBJIEHO, 1110 HallePeKTUBHILIMM eKCTPareHToM OyJia CyMilll COJISIHOI i MOJIOYHOI KACJIOT.

2. The dissertation presents experimental data on the improvement of the biotechnology for enzyme extraction
from rennets, their immobilization, the study of the safety and acute toxicity of immobilized rennet enzymes in
white rats and mice, and the determination of the effectiveness of using immobilized rennet enzymes in the
production of bryndza cheese. The dissertation was carried out at the Institute of Livestock and Food
Technologies of Bila Tserkva National Agrarian University as part of the research project “Development of
Biotechnologies for Obtaining Stable Enzyme and Bacterial Preparations for the Production of Fermented Milk
Products” (State Registration N2. 0119U005434). The growing world population requires an increase in the
production of milk and dairy products. This trend is accompanied by a rise in the production of soft cheeses,
including bryndza, which is sold on the Ukrainian market. An important element in the production technology of
bryndza cheese is the use of high-quality rennet enzymes. These enzymes can be of animal, plant, or microbial



origin. Enzymes of microbial and plant origin are relatively inexpensive. However, their disadvantages include low
cheese yield, shorter shelf life, and reduced quality of the final products. The use of natural rennet enzymes in
bryndza production technology offers several advantages. However, these enzymes also have drawbacks, such as
low extraction yield per unit mass of rennet and limited storage stability. To prolong the shelf life and increase the
resistance of rennet enzymes to denaturing factors, an effective method is their immobilization on natural organic
carriers. Scientific interest is focused on improving the extraction of rennet enzymes from calf rennets using
optimal extractants. One underexplored issue remains the use of food additives as natural organic carriers for the
immobilization of rennet enzymes and the assessment of their effectiveness in bryndza production technology.
The aim of the dissertation is to develop technologies for obtaining and stabilizing rennet enzymes and to
determine their effectiveness in the production of bryndza cheese. To achieve this goal, the following research
tasks were addressed: o determination of the optimal extractant for enzyme elimination from minced calf rennets; -
development of a method for stabilizing rennet enzymes on organic carriers; - study of the activity retention of
native and immobilized rennet enzymes under various storage conditions and durations; - assessment of the
safety of immobilized rennet enzymes; o determination of the acute toxicity of immobilized rennet enzymes; -
study of the impact of stabilized rennet enzymes on the technological parameters of bryndza cheese; -
investigation of microbiological indicators of bryndza, as well as the biochemical parameters of milk, bryndza, and
whey during the use of stabilized rennet enzymes; - calculation of the economic efficiency of using stabilized
rennet enzymes in bryndza production. The research was conducted using approved and modern methods:
technological, biotechnological, chemical, biochemical, microbiological, toxicological, spectrophotometric, and
mathematical-statistical. The applicant organized and carried out experiments to determine the optimal
extractant for extracting rennet enzymes from minced rennets, developed a method for immobilizing rennet
enzymes on organic carriers, studied the safety and acute toxicity of immobilized enzymes on laboratory animals,
and assessed the effectiveness of using immobilized rennet enzymes in bryndza production technology. Statistical
analysis and evaluation of the experimental data were performed. The overall research design, formulation of
objectives, interpretation, and generalization of experimental results were completed under the supervision of
Professor Serhii Merzlov. In studying the effect of calf age on rennet enzyme activity, it was found that the fastest
milk coagulation occurred when using enzymes extracted from rennets of 2-week-old calves. No significant
differences in coagulation time were observed when using enzymes from calves aged 4 and 8 weeks. However, as
the age of the calves increased, the milk coagulation time became longer. When investigating different
concentrations of hydrochloric acid as extractants, it was determined that the control sample (distilled water)
yielded 28.0 mg/dm? of extracted proteins. The highest protein content (38.4 mg/dm?), including rennet enzymes,
was achieved with the ratio of 0.2 g:10.0 cm?®: 0.8 cm? (rennet homogenate : volume of distilled water : volume of
hydrochloric acid). In studying various extractants for the extraction of rennet enzymes (hydrochloric acid
solution + lactic acid; hydrochloric acid solution + citric acid; hydrochloric acid solution + sodium chloride), it was
found that the most effective extractant was the mixture of hydrochloric and lactic acids.
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KBasmigikanis: 1. c.-r. 1., gou,, 06.02.04

Inentudikarop ORCID ID: 0000-0002-8450-2109

JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0COOH: BinonepKiBChKUil HalliOHA/IbHUIA arpapHUii yHiBEpCUTET

Kopg 3a €IPIIOY: 00493712

Micqesﬂaxon)KeHHﬂ: 1. CobopHa, bina Llepksa, Binouepkiscekuii p-H., 09100, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Biacue IlpizBuuie Im's I1o-6aThKOBI:
1. bykanosa Hartasnbs BiragumupoBHa

2. Nataliia V. Bukalova

KBasigikamnis: . ser. 1., go1., 16.00.06

InenTudikarop ORCID ID: 0000-0003-4856-3040

JoparkoBa indpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: BinonepKiBChKMiA HAL[OHAJIBHUI arpapHUii YHiBEPCUTET

Kop 3a €IPIIOY: 00493712

Micue3HaxoaKeHHS: 1. CobopHa, Bina llepksa, binonepkiBcbkuit p-H., 09100, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

roJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOrO Ha 3acigaHHi

Borarko Hazis MuxariniBHa

Boratko Hazis MuxaiiniBHa



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

AprimonoBa IpuHa BikTopiBHa

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



