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Pedepar:

1. Y 6araTpox perioHax cBiTy, 30KpemMa i y €Bporii, crioctepiraetscs nediluT cejeHy B palioHi HaceJIeHHs], 0
MIPU3BOIUTE [0 [NOPYLUIEHHS aHTUOKCUIAHTHOTO 3aXKUCTy OPraHi3amy Ta IiBUIIEHHS PU3UKY PO3BUTKY HU3KU
3aXBOPIOBaHb. [CHyI0Ui (OPMU CEJIEHY XapaKTePU3YyIOThCS 200 0OMEKEHOI0 6i0JOCTYIHICTIO, 260 MOTEHLIN-HOIO
TOKCUYHICTIO IPU Nlepefo3yBaHHi. HaHOYaCTHUHKY cesleHy PO3IJIsfaloThCA SIK aIbTEPHATHUBHE PKEPEJIO
MiKpoesieMeHTa 3aBMsIKY BUCOKiil 6i0/I0TiYHil epeKTUBHOCTI Ta HUKYill TOKCUYHOCTI. [IepCreKTHBHUM MigX0q0M [0
iX CMHTE3y € BUKOPUCTAHHSI CEeJIEHCUHTE3YI0UNX MOJIOYHOKUCIMX 6aKTepill, 31aTHUX 10 6ioTpaHchopmaliii
CEJIEHITY HaTpilo0 B HAHO(POPMY CEJIEHY 3 MiIBUILEHOIO €(PEKTUBHICTIO Ta O6€3MEYHICTIO. MOJIOYHOKUCIIi 6aKTepii
MaroThb ctaTyCc GRAS, a CMHTE30BaHi HUMU HAaHOYACTHUHKM XapaKT€PU-3YIOTbCS ONITUMAJILHUMU PO3Mipamu Ta
HasIBHICTIO IPUPOAHUX CTabili3yl0unx areHTiB 6i0J10TiYHOro noxo->xeHHs. Jlucepraliiina poboTa npucBsiieHa
IOCJiIKEHHIO (PaKTOPIB, 110 BIJIMBAIOTh HA CUHTE3 HAHOYACTUHOK CEJIEHY MOJIOYHOKUCIMMY OAKTEPisiMHY,
onTuMizatii npouecy 6ioTpancdopmariii cesneHiTy HaTPilo Ta OLiHIi MOKJIMBOCTI BUKOPUCTAHHS OTPUMAHUX

HaHOYaCTUHOK Y CKJIaJli Xap4OBUX NPOAYKTiB. [lifTBEpI’KEHO 30ATHICTb IO CUHTE3y HAHOYACTUHOK IITAaMaMU POLiB



Lactobacillus, Lactococcus, Streptococcus, Bifidobacterium ta Leuconostoc. CuHTe3 po311o4rnHaBcs B
eKCIIOHeHLiHy-cTalioHapHy ¢asy pocTy (24-48 ron) i TpuBaB 1o 72 rof, 110 BUSHAYEHO SIK ONTUMAJIbHUIN Yac
3aBepILEHHs IPoLieCcy. BUKOpM-CTaHHS TifpoJi30BaHOr0 MOJIOKA SIK IIOKMBHOT'O CEpPeIOBuILA 3a6e3I1e4yBajlo
MIBUAKICTh HaKONIMYeHHS 6iomacu Bif, 0,07 go 0,42 rxroan?, 0 CBiAYUTD PO CTIMKICTh MITAMIB 10 TOKCUYHOI Aii
ceJIeHITy HaTpilo. 3a KOHLeHTpalii ceseHiTy HaTpito 50 MKT/MJI ONITUMAaJbHA KiIbKiCTb iHOKYJIATY cTaHoBuUIIA 10 %,
110 3a6e3mne-yyBasno 6iorpaHcopmariio 87,20-99,40 % criostyku 3aj1exKHO Bif mTamy. 3MeHILIeHHs 6iomacu
IIOPiBHSIHO 3 KOHTPOJIEM cKiagano 37,81-75,97 %, a yacTka ¢paxiiii HAHOYaCTUHOK cepe] yCiX 6i0CMHTe30BaHUX
¢dopm ceneny — 17,61-33,16 %. Buecenns 1-5 % iHOKy14Ty 3HMXKYBaslo €(EeKTUBHICTb, TOJ] K MiaBuIeHHs 10 15 %
He J1aBaJio CyTTEBUX IlepeBar. 36i/blIeHHs] KOHLeHTpallil cesieHiTy HaTpito 10 150 MKT/MJ1 CIIPUSITIO MiABUILEHHIO
KOHILIeHTpallii HAHOYaCTU-HOK 710 15-29 MKr/mi (41-64 % cepef, ycix cniosyk cesneny). [Ipu koHueHnTpauii 250
MKT/MJ1 6ioTpaHcopmalist 3HrxKyBasacs 1o 11-33 %, a Hakonu4yeHHs 6ioMacu 3MeHIyBasocs 10 47-82 %
BiZIHOCHO KOHTpOJ0. ONTUMIi3alis Yacy BHECEHHS cesleHiTy HaTpito (0—-6 rof 3aj1e5KHO Bifl ITamy) Ta WBUAKOCTI
nepemimyBaHHs (110 06 /XB) 103BoJINIa NiABULMTH KOHIEHTPAL[il0 HAHOYACTUHOK 10 27-32 MKT/MJI i iX BMICT 1o
45-63 % ce-pep yCix CUHTE30BaHUX CIIOJIyK. BUKOpUCTaHHS ABOIITAMOBUX KOMITO3UILiH MiIBULILYBaJIO
eeKTuBHICTh cH-Te3y. Halikpammi pe3dynbraty oTpuMaHo 1 komnosuuii L. delbrueckii subsp. bulgaricus 3511 ta
L. lactis subsp. cremoris 1220 (LBLC), ne KOHLIeHTpaLlis HAHOYaCTUHOK focsrana 38,92+0,23 MKr/ma, a iX 4acTka —
78,27 %. TlokazaHO MOXJIUBICTb BUKOPUCTAHHS 6i0[1006aBKH, 1110 MiCTUTh HAHOYACTUHKY CeJIeHy Ta 6iomacy
6aKrepiii, y BUpOOHMLTBI MUTHOTO MOTYPTY. IHaKTHBaLlisg KJIITHH NIacTepU3ali€lo repes 3aKBallyBaHHIM
3abe3rnevyBasa CTabiIbHill TOKa3HUKU SIKOCTI MPOAYyKTy. [JonaBaHHs 6iogo6asku LBLC+SeNPs y kinbkocti 10-50 %
BiJl, peKOMeHJ0BaHOi J060BOi HOPMU CeJIeHy IIOKPAlllyBajlo PEeOJIOTiuHi BJIaCTUBOCTI MOTypTY Ta MiJlBULIYBaJIO
CHHTe3 eK3ornoJicaxapuiB. CTyliHb BiJHOBJI€HHS CTPYKTYpH reJito 36ibl1yBaBcs 0o 32-43 % nopiBHSAHO 3 26 % y
KOHTPOJIi, ITPY [[bOMY ONITUMAJIbHi TOKa3HUKY CHHEPE3NCYy Ta KUCJIOTHOCTI CIIocTepiranucs npyu BHeCeHHi 25 %
I060BOi HOpMU ceJieHy. HasBHICTh HAHOYACTUHOK Y CcKJlai 6i0106aBKy MiTBEPIKEHO METOLIOM
€HeproJucnepciiiHoi peHTreHiBChbKOi CrieKTpocKomii (xapakTepHuil mik 6;113bK0 1,4 keB). [Jani SEM nokazanu
cepenHiii po3aMip yacTrHOK 260,95 + 70,88 HM (76-458 HM), 3 ocHOBHUMU (Pppakuismu 150-175 HM Ta 225-250 HM.
3navenHs d10, d50 ta d90 cta-HoBuM BinnosigHo 232 HM, 313 HM i 400 HM. [Tactepusanis npu 87°C npoTarom 3 xB
He CIIPUYMHSIA KPUTUY-HUX 3MiH po3mipy Ta GpopMU HaHOYACTUHOK. Po3paxyHOK c0o6iBapTOCTi 1a60paTOPHOroO
BUPOOHMIITBA 110Ka3aB ii HU3bkUii piBeHb — 0,23-1,17 rpH Ha 103y (10-50 % mo60BOi HOpMU), 1110 CTAaHOBUTH 0,5-4,9

% BapTOCTi TOTOBOTO MPOIYKTY.

2. In many regions of the world, including Europe, selenium deficiency in the human diet is observed, leading to
impaired antioxidant defense and an increased risk of various diseases. Existing selenium forms are character-ized
either by limited bioavailability or potential toxicity in case of overdose. Selenium nanoparticles are con-sidered an
alternative source of this micronutrient due to their high biological efficiency and lower toxicity. A promising
approach to their synthesis is the use of selenium-transforming lactic acid bacteria capable of biotransforming
sodium selenite into a nanoform of selenium with enhanced efficiency and safety. Lactic acid bacteria have GRAS
(Generally Recognized As Safe) status, while the nanoparticles synthesized by them are characterized by optimal
size and the presence of natural stabilizing agents of biological origin. The dissertation research focuses on
studying the factors influencing selenium nanoparticle synthesis by lactic acid bacteria, optimization of sodium
selenite biotransformation processes, and evaluation of the possibility of using the obtained nanoparticles as
ingredients in food products. The ability to synthesize nanoparticles was confirmed for strains belonging to the
genera Lactobacillus, Lactococcus, Streptococcus, Bifidobacterium, and Leuconostoc. The synthesis began in the
exponential-stationary growth phase (24-48 h) and continued up to 72 h, which was determined as the optimal
time for process completion. The use of hydrolyzed milk as a nutrient medium ensured biomass accumulation
rates ranging from 0.07 to 0.42 geho', indicating strain resistance to the toxic effects of sodium selenite. At a sodium
selenite concentration of 50 pg/mL, the optimal inoculum size was 10%, ensuring biotransfor-mation efficiency of
87.20-99.40% depending on the strain. Biomass reduction compared to the control ranged from 37.81 to 75.97%,
while the fraction of nanoparticles among all selenium forms was 17.61-33.16%. The use of 1-5% inoculum reduced
efficiency, whereas increasing it to 15% did not provide significant advantages. Increasing sodium selenite



concentration to 150 ug/mL resulted in an increase in nanoparticle concentration to 15-29 pg/mL (41-64% of
total selenium compounds). At 250 ug/mL, the biotransformation efficiency de-creased to 11-33%, while biomass
accumulation decreased to 47-82% relative to the control. Optimization of sodium selenite addition time (0-6 h
depending on the strain) and agitation rate (110 rpm) enabled an increase in nanoparticle concentration to 27-32
pg/mL and their proportion to 45-63% among all synthesized selenium compounds. The use of two-strain
compositions further improved synthesis efficiency. The best results were obtained for the combination of L.
delbrueckii subsp. bulgaricus 3511 and L. lactis subsp. cremoris 1220 (LBLC), where nanoparticle concentration
reached 38.92+0.23 ug/mL and their proportion reached 78.27%. The feasibility of using a dietary supplement
containing selenium nanoparticles and bacterial biomass in drink-ing yogurt production was demonstrated.
Inactivation of bacterial cells by pasteurization prior to fermentation ensured more stable product quality
parameters. The addition of LBLC+SeNPs supplement in amounts corre-sponding to 10-50% of the recommended
dietary allowance (RDA) of selenium improved the rheological prop-erties of yogurt and increased
exopolysaccharide synthesis. The gel structure recovery degree increased to 32-43% compared to 26% in the
control, while optimal syneresis and acidity values were observed at 25% of the selenium RDA. The presence of
nanoparticles in the supplement was confirmed using energy-dispersive X-ray spectroscopy (characteristic peak
at approximately 1.4 keV). SEM analysis showed an average particle size of 260.95 + 70.88 nm (range 76-458 nm),
with dominant fractions at 150-175 nm and 225-250 nm. The d10, d50, and d90 values were 232 nm, 313 nm, and
400 nm, respectively. Pasteurization at 87°C for 3 minutes did not cause critical changes in nanoparticle size or
morphology. Cost analysis of laboratory-scale production demonstrated a low production cost of 0.23-1.17 UAH
per dose (corresponding to 10-50% of the recommended intake), accounting for 0.5-4.9% of the final product cost.
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TOJIOBH paju

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
roJIOBYIOYOrO Ha 3aciJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOi

OisIIBHOCTI

Bynenko JlrogpMnia MukosaiBHa

bynenko Jlrogmuna MukosiaiBHa

MenbHuk Hatasig

FOpuenko TetsHa AHaToiiBHA

FOpuenko TetsHa AHaToJiiBHA



