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Pedepar:

1. Buconpkuit O.0. O6rpyHTyBaHHS 3aCTOCYBaHHSI HAHOYACTUHOK SiOn Ta ZnO B TEXHOJIOTISIX XapuyOBUX IIPOIYKTiB Ha
OCHOBI cMpOBaTKu MoJI04HOi. KBasigikaliiiHa HayKoBa patis Ha IpaBax pykomnucy. JJucepralis Ha 3000yTTs
HAyKOBOTO CTyIeHs fokTopa ¢inocodii 3a crienianbpHicTio 181 «Xap4osi TexHosorii» — HallioHanbHUM yHiBEpcUTeT
Xap4yoBMX TEXHOJIOTi MiHicTepcTBa ocBiTy i Hayku YKkpainu, Kuis, 2025. [lucepraniiiny po60Ty NpUCBSIYEHO
HayKOBOMY OOI'DYHTYBaHHIO MO>KJIMBOCTE! 3aCTOCYBAaHHSI HAHOYACTUHOK MiPOT€HHOTO KPEMHE3EMY Ta OKCULY
LIMHKY B TEXHOJIOTii Xap4OBUX MPOAYKTIB HA OCHOBi CUPOBATKHU MOJIOYHOI /1715 MiABUILEHHS SIKOCTi, 6€311eYHOCTi Ta
eeKTUBHOCTI BUPOOHULITBA XapUYOBUX IIPOAYKTIB. Y IUcepTalliiiHiil pobOTi IpOBEIEHO aHali3 Cy4acCHOTO CBITOBOTO
IOCBily BUKOPUCTaHHSI HAHOMATepiasiB y Xap4yoBiil TPOMMCIIOBOCTI 33/1JIs1 OLIiHKY NIEPCIEKTUBY 3aCTOCYBaHHS
MiPOr€HHOT0 KPEMHE3EMY i OKCUAY LMHKY B TEXHOJIOTIAX XapYOBUX IIPOAYKTIB HA OCHOBI CUPOBATKM MOJIOYHOI.

BcTaHOBI€EHO KOHKPETHI 3aKOHOMIPHOCTI BIIJIMBY HAHOYACTMHOK SiOn Ta ZnO Ha CUPOBATKY MOJIOYHY Ta Xap4yOBi



NpOAYKTU Ha ii ocHOBI. [1oka3aHo, 1110 HAHOYACTUHKY MiPOT€HHOTO KpeMHe3eMy e(EeKTUBHO afiCOPOYIOTh
CHPOBATKOBI 61JIKM 3 CUPOBAaTKU MOJIOYHOI. ONITUMAasbHi yMOBU afcopoLii 6i/IKiB CHPOBAaTKY BCTAHOBJIEHO IIPU
BMKOPHMCTaHHI TriipodisbHOro niporeHHOro KpeMHe3eMy B KOHLeHTpallii 6113bKo 1,5 % 3a Temneparypu ~450°C. 3a
TaKuX I1apaMeTpiB MacoBa yacTKa 6ijIka y CUpOBaTLi 3HMXKY€ETbCS 6ibll HDX yaBivi - 3 1,10 % mo 0,5 %. [JocaigskeHo
SIKICHUI CKJIa7, TPOTeiHiB CUPOBATKU MOJIOYHOI. Ha 0CHOBI mpoBeeHoro aHasizy, IUISIXOM eIeKTpOdOpeTUIHOro
MeTozy 6yJI0 OBeNeHO BilCYyTHICTh BUPaKEHOI CeJIeKTUBHOCTI HAHOYACTUHOK IIiPOr€HHOT0 KpEMHe3eMy 110710
KOHKPETHOT'O MOJIEKYJISIPHOTO KJlacy 6ijKiB. OL[iHEHO MOKJIMBOCTI 3aCTOCYBAaHHS KpEMHe3eMy IJ1s1 cTabiizarii
BJIACTUBOCTEN CYXOi MOJIOYHOI cMpoBaTku. JlogaBanHs ~1 % niporeHHoro SiOn 10 NOPOLIKY CUPOBATKY IiABUIINIIO
TeMIIepaTypy CKJIyBaHHS IpoAyKTy Ha ~10 °C, mo nokpaurye Horo CTifKicTh mif yac 30epiranHs (3a 3BUYaliHUX YMOB
36epiranHs 0...20 °C ta BigHOCHOi BostorocTi <80 % NOpOIIOK i3 nifgpuineHo0 Tg 3auIIaeThCsl y CKIONOAI6HOMY
CTaHi). BcTaHOBJIEHO, 110 KPEMHE3€EM € [i€BUM aHTU3JIEKYBAJIbHUM areHTOM: MiCJIsl IPUCKOPEHOr0 TECTY Ha
3J1€5KyBaHHSI CTYIiHb 371€XKyBaHHS 3pa3ka 3 SiOn cTaHOBUB suie ~8 %, 10 J03BOoJIsie€ KIacupiKyBaTH POAYKT SIK
TaKUM, 10 He 371eXXyeThbCsl. [JoBeeHO 30aTHICTh HAHOKpEMHe3eMy afcopOyBaTy pafioHykiiny, 3okpema *oCs i3
CHAPOBATKU MOJIOYHOI. JIOCIiI>KEHO BIIJIMB HAHOAMCIIEPCHOTO OKCUAY LIMHKY Ha Npolecu ¢pepMeHTallii cCMpoBaTKU
MoJ104yHOi.IToKa3aHo, o NPUCYTHICTh HAHOYACTUHOK ZNO MO3UTHUBHO BIJIMBA€E HA PO3BUTOK MOJIOYHOKHUCJINX
GakTepiil: 36iJIbIIy€eTHCS €IeKTPOIPOBITHICTh cEpeoBUILA Ta MiABUILYETHCSI OKUCHO-BiIHOBHUII MTOTEHIia, [0
CBiZJUMTb IIPO 3pOCTaHHS KOHLIEHTPAllii iOHIB i 3MiHy peloKC-yMOB Ha 6iJblll CIPUSTIMBI 117151 6i0XiMiUHUX MIPOLIECIB.
Y pesysbTari, HApOCTaHHS KUCJIOTHOCTI BifI0yBa€ThCSl iHTEHCUBHIIIE — TPUBAJiCTh (PEPMEHTALLi 10 JOCSATHEHHS
3apaHoi KkucsoTHOCTI (150+5 °T) ckopouyeThbesl Maibke BIBiui MOPiBHSAHO 3 KOHTpoJieM (3 32+0,5 rox go 17+0,5 rog).
JoBeneHo epeKTHBHICTb 3aCTOCYBaHHSI CUPOBATKM MOJIOYHOI Y XJ1i60IeKapCcbKOMYy BUPOOHULITBI. BHeCeHHs
KOHLIEHTPOBaHOI CUPOBATKU MOJIOYHOI, OTPUMAHO]I 3 BUKOPUCTAHHSIM HAHOYACTUHOK ZnO, 10 peLenTypyu KUTHbO-
MIIEHUYHOTO TiCTa CIpUsE MiABUIIEHHIO TUTPOBAHOI KUCJIOTHOCTI TiCTa Ta aKTUBi3ye 6poAusbHi npouecu. OKkpemy
yBary NpHuAijieHo OLiHIi 6€3[eYHOCT] 3aIpPOIIOHOBAHNUX HAHOTEXHOJIOTIUHYX pilleHb. [IpoaHani3oBaHO HOPMATHBHI
BMMOIY 110JJ0 BUKOPUCTaHHS Aiokcuay KpemHito (E551) i crosyk IMHKY Y XxapuoBUX IPOLyKTax. B po6oTi poBesieHo
TOKCHUKOJIOTTYHY OLIiHKY HAaHOYaCTUHOK ZnO MeTogamu in vitro. [lokasaHo, 1110 BUCOKiI KOHIJ€HTpaLlii
HaHOAMCIIEPCHOTrO ZnO MOXYTh CIPUYMHSITYA LUTOTOKCHUYHI €(peKTH: eKCIIO3ULIis I11a3MOBUX OiJIKiB JIIOIUHY J0
ZnO BUKJIMKAaE CTPYKTYPHI 3MiHU OiJIKiB Ta YTBOPEHHS aKTUBHUX (POPM KUCHIO. Y KyJIbTypax KJIiTUH BiMiueHO
3HIDKEHHSI MEeTab0JIiYHOi aKTUBHOCTI Ta )KUTTE3IATHOCTI TP NIE€PEBULIEHH] IEBHOTO [10POTY KOHLEHTpalLii
HaHOYAaCTUHOK. ColiasibHU e(EeKT Bif BIPOBAIPKEHHSI HAYKOBOI pO3POOKU NOJIsIrae y 3ab6e3ne4eHHi palioHaIbHO]
Ta 6e3nevyHoi yTuisanii MOJIOYHOI CUPOBATKHU SIK II0GIYHOTO IIPOAYKTY MOJIOKOIIEPEepPOOHO] rasysi, o J03B0Jsie
3MEHIUIUTY €KOJIOTYHE HABAHTAXKEHHS HA IOBKiJIJIS, CKODOTUTU BTPATHU LIIHHMUX XapYOBUX PEYOBUH i CTBOPUTH HOBI
IPOAYKTHU (PYHKLIIOHAJIBHOTO NPU3HAYEeHHS. JJOCTOBIPHICTh OTPUMAaHUX PE3YJIbTATIB MiTBEPIKEHO 32 PAXyHOK
BMKOPHCTaHHS CTAaHAAPTU30BAHUX METOMIB JOCJiIKEeHHSI, Cy4aCHOTO aHAIITUIHOrO 06JIaffHAHHS, a TAKOX
3aCTOCYBaHHS MaTEeMATUYHOI CTaTUCTUKU, BKIIIOYHO 3 METOJAMU MOJIEJIIOBAHHS Ta KOPEJIALIIMHOTO aHali3y.
[ToBTOpIOBaHICTh EKCIIEPUMEHTIB 3aCBiiunIa CTabiNMbHICTh BUSIBIAEHUX 3aKOHOMIpHOCTE!. [IpoBeieHHs AOCTiI>KeHb
y 1abopaTopisix HaljioHasbHOTO YHIBEPCUTETY XapYOBUX TEXHOJIOTIH i MApTHEPCHKUX HAYKOBUX YCTAaHOB

MigTBEPANIIO HANIMHICTh PE3YJIbTATIB y Pi3HUX €KCIIEPUMEHTAJIBHAX YMOBAX.

2. Vysotskyi O.0. Justification for the use of SiOo and ZnO Nanoparticles in the Technology of Dairy Whey-Based
Food Products. Qualifying scientific work on manuscript rights. Dissertation for the degree of Doctor of
Philosophy in specialty 181 “Food Technologies” - National University of Food Technologies, Ministry of Education
and Science of Ukraine, Kyiv, 2025. This dissertation is devoted to the scientific justification of the potential use of
pyrogenic silica and zinc oxide nanoparticles in the technology of dairy whey-based food products, with the aim of
improving their quality, safety, and production efficiency. The dissertation analyzes current global experience in
the use of nanomaterials in the food industry to assess the prospects of applying pyrogenic silica and zinc oxide in
food product technologies based on dairy whey. Specific patterns of the influence of SiOn and ZnO nanoparticles on
dairy whey and whey-based food products have been established. It has been shown that pyrogenic silica
nanoparticles effectively adsorb whey proteins from dairy whey. The optimal conditions for whey protein
adsorption were determined when using hydrophilic pyrogenic silica at a concentration of approximately 1.5% and



a temperature of ~450°C. Under these conditions, the protein content in whey decreases by more than half — from
1.10 % to 0.5 %. The qualitative composition of whey proteins was investigated. Electrophoretic analysis
demonstrated the absence of pronounced selectivity of pyrogenic silica nanoparticles toward any specific
molecular class of proteins. The potential of silica to stabilize the properties of dry whey was also evaluated. The
addition of approximately 1 % pyrogenic SiOn to whey powder increased the glass transition temperature (Tg) by
about 100°C, thereby improving the product’s stability during storage. Under standard conditions (0-200°C and
relative humidity <80 %), the powder with elevated Tg remains in a glassy state. It was established that silica is an
effective anti-caking agent: after accelerated caking tests, the caking degree of the sample with SiOo was only ~8%,
which qualifies the product as non-caking. The ability of nanosilica to adsorb radionuclides, particularly *oCs from
dairy whey, was also demonstrated. The influence of nanosized zinc oxide on the fermentation processes of dairy
whey was investigated. It was shown that the presence of ZnO nanoparticles positively affects the development of
lactic acid bacteria: the electrical conductivity of the medium increases, and the redox potential rises, indicating a
higher concentration of ions and more favorable redox conditions for biochemical processes. As a result, the
acidification process accelerates significantly — the time required to reach the target acidity level (150+5 °T) is
nearly halved compared to the control (reduced from 32+0.5 hours to 17+0.5 hours). The efficiency of using dairy
whey in bakery production has also been confirmed. The incorporation of concentrated whey, obtained using ZnO
nanoparticles, into the formulation of rye-wheat dough enhances the titratable acidity and activates fermentation
processes. Particular attention was paid to the safety assessment of the proposed nanotechnological solutions.
Regulatory requirements concerning the use of silicon dioxide (E551) and zinc compounds in food products were
analyzed. The study included a toxicological evaluation of ZnO nanoparticles using in vitro methods. It was shown
that high concentrations of nanosized ZnO can induce cytotoxic effects: exposure of human plasma proteins to
ZnO leads to structural alterations of proteins and the formation of reactive oxygen species. In cell cultures,
reduced metabolic activity and viability were observed when nanoparticle concentrations exceeded a certain
threshold. The social impact of the developed solution lies in enabling the rational and safe utilization of dairy
whey as a by-product of the dairy industry, thereby reducing environmental burden, minimizing the loss of
valuable nutrients, and enabling the creation of new functional food products. The reliability of the obtained
results was ensured through the use of standardized research methods, advanced analytical equipment, and the
application of mathematical statistics, including modeling and correlation analysis techniques. The reproducibility
of experiments confirmed the consistency of the observed patterns. The studies conducted in the laboratories of
the National University of Food Technologies and partner research institutions validated the reliability of the
results under various experimental conditions.
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