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Pedepar:

1. Bucoupkuit O.O. O6rpyHTYBaHHS 3aCTOCYBaHHSI HAHOYACTUHOK SiOn Ta ZnO B TEXHOJIOTISIX Xap4OBUX NPOAYKTIB Ha
OCHOBI cupoBaTku MoJI04HOi. KBasigikaliiina HaykoBa npalisi Ha IipaBax pykonucy. JlucepTaliist Ha 3500y TTsI
HAyKOBOTO CTyIEHs oKTopa ¢inocodii 3a crienianbHicTio 181 «Xap4yoBi TexHoorii» — HallioHasIbHUI YHIBEPCUTET
Xap4yoBUX TEXHOJIOTi1 MiHicTepcTBa ocBity i Hayku Ykpainu, Kuis, 2025. [lucepraniiiny po60Ty MpUCBSIYEHO
HAYKOBOMY OOI'PYHTYBaHHIO MOKJIMBOCTEH 3aCTOCYBaHHSI HAHOYACTUHOK IIIPOr€HHOTO KDEMHE3€MY Ta OKCULY
LIMHKY B TEXHOJIOTIi XapyOBUX NPOAYKTIB HA OCHOBi CUPOBATKU MOJIOYHOI /17151 MiBUILEHHS SIKOCTi, 6€3[1€YHOCTI Ta

e(peKTUBHOCTI BUPOOHHUIITBA XapUOBUX IIPOAYKTIB. Y OUCEPTALliliHiil po6OTi MPOBEEHO aHali3 Cy4aCHOTO CBITOBOTO



IIOCBily BUKOPMCTAaHHA HAHOMATEPiasliB Y Xap4yOBill IIPOMICIJIOBOCTI 3a/J151 OLIiHKY MTEPCIIEKTUBY 3aCTOCYBAHHS
MiPOT€HHOT0 KPEMHE3€eMY i OKCUIY LMHKY B TEXHOJIOTISIX XapYOBUX IIPOAYKTIiB HA OCHOBI CUPOBATKU MOJIOYHOI.
BcTaHOB/IEHO KOHKPETHI 3aKOHOMIPHOCTI BIIJIMBY HAHOYACTMHOK SiOn Ta ZnO Ha CUPOBATKY MOJIOYHY Ta Xap4yOBi
IIPOAYKTH Ha ii 0CcHOBI. [I0Ka3aHo, 1[0 HAHOYACTUHKU MiPOT€HHOT0 KpEMHE3eMy €(PEKTUBHO aiCOPOYIOTh
CHPOBATKOBI 6iJIKM 3 CUPOBAaTKM MOJIOYHOI. ONTHMasbHi yMOBU aficop6Lii 6i/IKiB CUPOBAaTKM BCTAHOBJIEHO NP1
BHMKOPHMCTaHHI riipodisbHOro niporeHHOro KpeMHe3eMy B KOHLeHTpallii 61u3bKo 1,5 % 3a Temrneparypu ~450°C. 3a
TaKyX I1apaMeTpiB MacoBa yacTKa 6ijika y CUpOBaTLli 3HMXKY€ETbCS 6ibll HDXK yaBivi - 3 1,10 % mo 0,5 %. [JocaigskeHo
SIKiCHUH CKJIaJ, IPOTEiHiB CUPOBATKM MOJIOYHOI. Ha OCHOBI MPOBEIEHOT0 aHasli3y, MJISIXOM eJ1eKTPOPOPETUIHOTO
MeTo[y 0yJIO IOBe[IeHO BiICYTHICTh BUPa)KEHOI CeJIEKTUBHOCTI HAHOYaCTUHOK I1ipOT€HHOI0 KpeMHe3eMy 1010
KOHKPETHOT'O MOJIEKYJISIPHOTO KJlacy 6ijKiB. OL[iHEHO MOKJIMBOCTI 3aCTOCYBAaHHS KpeMHe3eMy IJ1s1 cTabiizalii
BJIACTUBOCTEN CYXOi MOJIOYHOI cMpoBaTKu. JlogaBanHs ~1 % niporeHHoro SiOn 0 NOPOLIKY CUPOBATKY IiABUIINIIO
TeMIIepaTypy CKJIyBaHHS poAyKTy Ha ~10 °C, mo nokpairye Horo CTifKicTh mif 9ac 30epiranHs (3a 3BUYaliHUX YMOB
36epiranHs 0...20 °C ta BigHOCHOi BostorocTi <80 % NOpoILOK i3 nifsuineHo0 Tg 3auIIaeThCsl y CKIONOAI6HOMY
CTaHi). BcTaHOBJIEHO, 110 KPEMHE3EM € JieBUM aHTU3J/IEKYyBaJIbHUM areHTOM: MiCJIsl IPUCKOPEHOro TECTY Ha
3J1€XKyBaHHSI CTYIIiHb 371€KYBaHHA 3pa3Ka 3 SiO0 cTaHOBUB JnLIe ~8 %, 10 [03BOJII€ KIACU(DIKyBaTU NIPOLYKT SIK
TaKUM, 0 He 371eXKy€eThCs. [JoBeeHO 3MaTHICTh HAHOKpeMHe3eMy ancopOyBaTu pafioHykiiny, 3okpema *oCs i3
CHAPOBATKU MOJIOYHO]. JIOCIiI>KEHO BIIJIMB HAHOAUCIIEPCHOTO OKCUAY LIMHKY Ha Npolecu ¢pepMeHTallii cupoBaTKu
MoJs104Hoi.IToKa3zaHo, Mo NPUCYTHICTh HAHOYACTMHOK ZNO MO3UTUBHO BIIJIMBA€ HA PO3BUTOK MOJIOYHOKUCIIMX
OakTepiil: 36i7bLUIyETCS €1EKTPONPOBIIHICTh CEpeloBUILA Ta MiBUILY€ETbCSI OKMCHO-BiIHOBHUI MOTEHILial, 10
CBiZJYMTb IIPO 3pOCTaHHS KOHLIEHTPAllii iOHiB i 3MiHYy peloKC-yMOB Ha 6ijblll CIPUSTIMBI 117151 6i0XiMiUHUX MIPOLIECiB.
Y pesysbTari, HApOCTaHHS KUCJIOTHOCTI Bifi0yBa€ThCsl iHTEHCUBHIlIIE — TPUBAJiCTh (PEPMEHTALLil 10 OCSATHEHHS
3aaHoi KucsaoTHOCTi (15045 °T) ckopodyeThcs Maiike BABiUi NOPiBHAHO 3 KOHTpoJsieM (3 32+0,5 rop, mo 17+0,5 rog).
JoBeneHo epeKTHBHICTh 3aCTOCYBaHHS CHPOBATKM MOJIOYHOI Y XJ1i60IIeKapCbKOMY BUPOOHULITBI. BHECeHHs
KOHIIEHTPOBAHOI CUPOBATKU MOJIOYHOI, OTPUMAHOI 3 BUKOPUCTAHHSIM HAHOYACTUHOK ZnO, 10 pELENTypy XUTHbO-
MIIEHUYHOTO TiCTa CIpUSE MigBUIIEHHIO TUTPOBAHOI KUCJIOTHOCTI TiCTa Ta aKTUBi3ye OpoAuibHi mpouecu. OKpemy
yBary IpUAiJieHo OLiHIi 6€3MeYHOCT] 3aIpPOIIOHOBAHNX HAHOTEXHOJIOTIYHYX pilleHb. [IpoaHani3oBaHO HOPMATUBHI
BMMOIHY 110JJ0 BUKOPUCTaHHS Aiokcuay KpemHito (E551) i crosyk LIMHKY y XxapuoBUX IIPOLyKTax. B po6oTi poBenieHo
TOKCHUKOJIOTIYHY OLIiHKY HAaHOYaCTUHOK ZnO mMeTogamu in vitro. [lokasaHo, 1110 BUCOKi KOHIJ€HTpaLii
HAHOJHUCIIEPCHOTO ZnO MOXKYTb CIIPUYMHSITU LUTOTOKCUYHI €(PEKTU: €KCIO3MLLis I1JIa3MOBHUX OLJIKiB JIIOJUHY 10
ZnO BUKJIMKAaE CTPYKTYPHI 3MiHU OiJIKiB Ta yTBOPEHHS aKTUBHUX (POPM KHUCHIO. Y KyJIbTYpax KJIITUH BiMiueHO
3HIDKEHHSI MeTab0J1iYHOi aKTUBHOCTI Ta )KUTTE3IATHOCTI IIPY I1€PEBULIEHH] IEBHOTO [10POTY KOHIJEHTpallii
HAaHOYAaCTUHOK. ColiasibHUM eeKT Bif BIIPOBAIPKEHHSI HAYKOBOI pO3POOKU MoJIsirae y 3abe3nedyeHHi palioHaIbHO]
Ta 6e3nevyHoi yTusisarnii MOJIOYHOI CUPOBATKHU SIK IIOGIYHOTO ITPOAYKTY MOJIOKOIIEpEepPOOHO] rasysi, o J03BoJIsie
3MEHIUIMTHY €KOJIOTiYHE HAaBAHTAXKEHHS HA IOBKiJIJIS, CKODOTUTU BTPATHU LIIHHMUX XapYOBUX PEYOBUH i CTBOPUTU HOBI
IIPOAYKTU (PYHKIIOHAJIBHOTO NPpHU3HAYEeHHS. JJOCTOBIPHICTh OTPUMaHUX PE3YJIbTATIB MiTBEPIKEHO 32 PaxXyHOK
BMKOPHMCTAHHS CTaHAAPTU30BAaHUX METOLIB JOCiIKEHHS, Cy4aCHOTO aHAIITUYHOTO OOJIafiHAHHS, a TAKOX
3aCTOCYBaHHSI MaTEMATUYHOI CTaTUCTUKH, BKIIIOYHO 3 METOJAMU MOJIEJIIOBAHHS Ta KOPEJISALIIHOTO aHali3y.
[ToBTOpIOBaHICTh EKCIIEPUMEHTIB 3aCBiunIa CTabiNMbHICTh BUSIBIAEHUX 3aKOHOMIpHOCTE!. [IpoBeieHHs LOCTiIKeHb
y s1abopaTopisx HalioHanbHOro YHiBEpCUTETY XapuOBUX TEXHOJIOTIH i NApTHEPCHKUX HAYKOBUX YCTAHOB

NiATBEPAMIIO HALIMHICTL PE3YJIbTATIB y PI3HUX €KCIIEPUMEHTAJIbHUX 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 SiOn 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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