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Research on yeast enrichment with iron has become not only
a scientific challenge but also a societal necessity because of the
growing problem of iron-deficiency anemia. Although iron is
widely available, it is poorly absorbed by the body. However,
when yeast is enriched with iron, this microelement is converted
into an organic form with high bioavailability, making it easier
to absorb than inorganic iron compounds.

Optimizing yeast cultivation conditions to improve iron ac-
cumulation efficiency is important, as growth conditions sig-
nificantly impact the yeast cell composition and their ability to
absorb and retain metals. The metal absorption process in yeast
cells depends on the type of metal ions, the state of the yeast cells,
the composition of the nutrient medium, and cultivation condi-
tions such as pH, temperature, aeration, and the presence of other
ions in the solution.

Research on yeast iron enrichment has a wide range of di-
rections. A key focus is identifying the optimal source of iron to
ensure maximum accumulation of this microelement in yeast
cells. Concurrently, significant attention is given to the genetic
modification of yeast to create strains with enhanced iron-ac-
cumulation capabilities.

An essential aspect of research is studying the effects of iron-
enriched yeast on living organisms. Specifically, animal studies
were conducted to assess the effectiveness of such yeast in cor-
recting iron-deficiency conditions. Scientists analyze changes in
blood parameters, such as hemoglobin and ferritin levels, as well
as the overall health of animals that have consumed iron-enri-
ched yeast.

Moreover, the impact of iron-enriched yeast on the sensory
and technological properties of food products containing it was
also investigated. This is because excessive iron accumulation
may alter the color, taste, and other characteristics of food pro-
ducts.

The findings have broad potential applications in the food
industry, pharmaceuticals, and agriculture.
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BNJiuB YMOB KYJIbTUBYBAHHA HA HAKONMUAYEHHA
3ANI3A B APDKOKAX POLlY SACCHAROMYCES|
NEPCNEKTUBMU iX BUKOPUCTAHHSA

I'. M. Bonnap, B. O. Kpacinbko
Hayionanvnuti ynigepcumem xapuogux mexHonoziti

Y ceéimni spocmarouoi npobremu 3anizodeiyummnoi anemii docniodicents 30a2aver-
Hs1 OPIDICOICIB 3AI30M CINAE He Julle HAYKOBUM GUKIUKOM, a4 U CYCRIIbHOIO HeoOXio-
Hicmio. Xoua 3ani30 wupoKo po3noscroddicere 8 npupoodi, 60HO NO2AHO 3ACE0I0EMbCSL
opeanizmom. Ilpome npu 30azayuenti OpiscoIicie 3ani30M yeti MIKPOeIeMeHm NePemeo-
PHOEMBCS 8 OP2AHIUHY (POPMY, AKA MAE BUCOKY OI000CYNHICMb I Nle2uie 3aC80I0EMbCS,
HIDIC HEOP2aHIYHI CRONYKU 3A71I34.

Onmumizayis ymMog KyIbmugyeants Opiscoxicie 3 Memoro ni08UUeHHs eqheKmuUHo-
CMi HAKONUYEHHS 3471i3d € AKMY AIbHUM HANPAMKOM OOCTIONCEHb, OCKIbKU YMOBU POC-
ny CYymmeso 8Nausaromy Ha CKIA0 KIMuH OPidHcOXcCis i ix 30amHicmy no2iuHamu ma
Hakonuyysamu memanu. Ilpoyec noenunants memainy KiimuHamu Opiscoici6 € CKIao-
HUM § 3a71edcumbp 8i0 mumny i0Hi8 Memaiy, CIamy KmuH OPiscOxiCis, CKIA0Y NOHCUBHO20
cepedosua, a maKodic YMO8 KyIbmueyeants,, makux sx pH, memnepamypa, aepayist
ma HAA6HICMb [HUWUX IOHIG Y PO3YUHI.

ocnioocenns 6 eanysi 30azauenHst OpisncoHiCia 3a1i30M OXONTIOIOMb WUPOKULL CHEKMp
Hanpsamie. OOHUM 3 KTHOUOBUX € NOULYK ONMUMATLHO20 0dicepend 3ai3a, sike O 3abe3ne-
YY8ANO MAKCUMATHHE HAKONUYEHHSL YbO2O MIKPOETEMEHMA OPIHCONCOBUMU KITMUHAMU.
Hapanenvrho 3 yum, senuxa yeaza npudiIEMbCst 2eHEMUYHUM MOOUDIKAYISIM OPINCONCIS.
Memoio maxux mooughixayiti € cmeopeHHs: WMamise 3 NIOSUUEHOI0 30AMHICMIO 00 Ha-
KONUYeHHs 3a1i3a.

Baoicnusum acnekmom 00cniodicerb € BUGHEHHsL 6NIUBY OPIHCOIICI8, 30a2aueHUx 3ai-
30M, HA HCUBULL OpeaHizm. 30Kpema, NPoBOOSIMbCS OOCTIONCEHHS HA MEAPUHAX 3 MEMOHO
OYIHKU eqheKmMUBHOCME MaKux Opincoicie y Kopekyii 3anizodediyumnux cmanie. Hay-
KO8YI AHAI3YIOMb 3MIHU NOKA3HUKIE KPOBI, MAKUX 5K Pi6eHb 2eMo2nobiny ma ¢hepumu-
HY, @ MAK0JIC 3a2aNbHULL CMAH 300P08 5L MEAPUH, SKI OMPUMYBANU OPidcOICi, 36azaueHi
3Q71I30M.

Kpim moeo, docniosicyemovcs ennug 30azauenus Opiscodicie 3anizom Ha opeanonen-
MUYHI Ul MEeXHONO2IUHI IACTMUBOCIE XAPYOBUX NPOOYKMIB, 00 CKIAOY SKUX 8OHU 6XO0-
Osame. Lle nos’szano 3 mum, wo HAOMIpHe HAKONUYEHHS 3ai3a MOdce Npuzsecmu 00
3MIHU KOTbOPY, CMAKY MA THUUX XAPAKMEPUCTIUK NPOOYKMIS.

Jocniooicenns 6 eanysi 30azauents OPidiCcOHCI8 3ani30M € bazamoepaHHumu i cnpsi-
MOBAHUMU HA PO3POOKY ehekmusHux ma b6esneynux cnocodis bopomvbu 3 3aizo0eqi-
yumnumu cmaramu. Ompumari pe3yismamu MOXCY My 3HAUMU UUPOKe 3ACIMOCY8AHHS
6 XAPUOSIll NPOMUCI080CHI, (hapmayesmuyi ma CilbCbKOMY 20CNOOAPCmE.

Knrouoei cnosa: opisicooici, 3anizo, Kyaivmugysars, OicmuyHi 000asKu, aHemisl.

IHocranoBka mpodJaemu. 3a1i30 — MIKPOEIEMEHT, 32 y4acTIO SKOrO B OpraHiami
CCaBIliB BiJIOYBAOTHCSl HAMOLTBIN BaXKIIMBI O10JIOTIUHI MTPOIECH: TUXAIbHA MisSUTHHICTh
(TpaHCcTIOpT 1 30€piraHHs KUCHIO reMoM), cuHTe3 pepmenTi, JIHK, perurikariii KiniTHH,
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€HepreTUYHII 0OMiH, B SIKOMY 10H 3aJ1i3a BUCTyTHa€e KO(aKTOPOM IS TEMOBHX Ta 3aJTi-
30-CipyaHHX OLIKiB, HeoOXimHUX 1y (yHKUIioHYBaHHs MiToxoHapid (Correnti, Gam-
mella, Cairo, & Recalcati, 2024). biogoctynHicTh 3aii3a B OpraHi3mi JHOIUHA € HU3b-
KO0, 0COOJIMBO SIKIIO B JI€TI MEPeBaKAIOTh MPOAYKTU POCIUHHOTO MOXOKSHHS, 110
MICTSITB 3aJ1i30 y (popMi HEOPraHiIHOTO HETEMOBOT'O 3aI1i3a, SIKE 3aCBOIOETHCS OpraHi3-
MOM TipIlie, HiXK TeMOBE 3al1i30 3 MPOAYKTIB TBAPHHHOIO MOTOMKEHHS (M’sCco, puoa,
nrung) (Dutt, Hamza, & Bartnikas, 2022). Husbkuii BMiCT BOTO MIiKpOEJIEMEHTa B
Oprai3mi Moxxe OyTH 3yMOBJICHHH MOraHUM BCMOKTYBaHHSIM 3 XapuOBHX MPOAYKTIB,
3MeOLIBIIOrO Yepe3 B3aEMOII0 3 XapuoBUMH KOMITOHeHTaMH ((iTatamu, moideHomna-
MH, KaJbI[iEM), 3HIDKEHOIO 010ZI0CTYITHICTIO 3aJTi3a ¥ Xap9YOBHX MPOAYKTaX MPOMHUCIIO-
Boro BupoOHwmTBa (Piskin, Cianciosi, Gulec, Tomas, & Capanoglu, 2022), nopymien-
HSIM PETYISI] TpaHCIIOPTY, MeTadoIi3My Ta pe30pOIIii 3ariza B OpraHi3mi, KpOBOBTpa-
tamu, 3anajaeHHsMu (Roemhild Ta im., 2021).

CkJ1aqHICTh 3aCBOEHHSI 3aJTi3a B OPTaHi3Mi Ta BeNrKa KiTbKIiCTh (DaKTOpiB, 10 BILTH-
Ba€ Ha Iel MPOIIEC, MPU3BOIUTH A0 TOTO, M0 ASDIIMT 3ai3a € OJHAM HaHTIOIIUPEHi-
IIMX BUIB XapuOBOi HEIOCTATHOCTI Y CBITI. 3aiti30Aeil[UTHI CTAHU BBAXKAKOTHCSI TJI0-
OaJIBHOIO MPOOJIEMOIO TPOMAJICHKOTO 3I0POB’ s, OCOOJIMBO CEPE/I NITEH 1 5KIHOK JITOPOJI-
HOT'O BIKY, 1 MOXKYTh CYIIPOBOJPKYBATHCS PO3BUTKOM 3aJ1i301e(DilIUTHOT aHEMIT, 3HIKEH-
HSIM TIPOTYKTHBHOCTI Tpaili, IMyHITETY, BIUDINBOM Ha KOTHITUBHUIA po3BUTOK (Yang, Li,
Feng, & Zeng, 2023). Y 2019 p. rnobaipHa mommpeHicTh aHeMii craHosuna 29,9% ce-
pel KiHOK penpoyKTHBHOTO BiKy Ta 39,8% cepen aiteit Bikom 6—59 micsis (WHO,
enekTpoHHui pecype). CraHom Ha 2021 p. 3a oO1iHKOI0 MDKHAPOIHOTO JOCIIIKSHHS
Tsirapst xBopo0 (Global Burden of Disease, GBD) 3aranbha KibKicTb BUNAAKIB aHeMil
y cBiti — 1,92 mipn (GBD, 2021). [Ipobnema nediuury 3ai3a HabyBae 0cOOIMBOT aK-
TyaJIbHOCTI 1 B YKpaiHi, 0co0MBO B yMOBax BiliHH. BilicbKOBI, siki TprBanmii 4ac nepe-
OyBarOTh B YMOBax ITi/IBHIIIEHOTO CTpECy, 0OMEKEHOro JIOCTYITy JI0 30aJlaHCOBaHOTO
Xap4yBaHHS Ta TIOCTIHHOTO PU3HKY TPaBM, € BPa3JIUBOIO IPYIIOIO WIOJI0 PO3BUTKY 3auti-
3oaedinuTHUX cTaHiB. [TocTiiHI (i3nuHI HABAaHTAKEHH, crpec i HEpEryJIspHE XapHdy-
BaHHSA MOXXYTh NPH3BOJAWTH 10 BHCHAKEHHS 3amaciB 3aiiza B opraHi3mi. Lle, y cBoro
4epry, € IPUYUHO0 3HIKEHHS (i3UYHOI BUTPUBAIIOCTI, OTIPIIEHHS! KOTHITHBHUX
(dYHKIIH, MiABUIICHHS pU3KKY 1H(EKIIH 1 3HMKEHHS 00€31aTHOCTI.

BpaxoBytoun, 110 aediluT 3a1i3a i, Ik HaCJIiI0K, aHEMIsI € OJIHIEI0 3 HANITOIIUPEHI-
IIMX TPOOJIEM 31 3I0POB’SIM Y CBITI, 0COOJIMBO CEpeJl BPA3IMBUX IPYIT HACEICHHS, 1 Ma€e
3HAYHWI BIUTMB HA €KOHOMIUHMH po3BUTOK Kpaid, BOO3 nocraBmia 3a METy 3HU3HUTH
nonmpeHicTs anemii Bagiui 10 2030 p. (WHO, enektpoHHuii pecypce).

Cepen HaWOLIBII MOIIMPEHUX CIIOCOOIB MOJONAHHS 3aTi30e(illUTy MOXKHA BHII-
JIATH: TIEPOPATLHUM MPUIOM JIIKAPCHKHX 3aC001B, TIETHYHMX JJOOABOK 1 BXKUBAHHS ITPO-
IyKTiB, 30arayeHux 3anizom (Man 1a iH., 2022). [IpoTe 3acTocyBaHHA JiKapChKHX 3aCO-
0iB 1 JieTMYHMX JJOOABOK 13 3aJ1i30M 4aCTO BHKJIMKAE TIOOIYHI peakilii, a Oe3nocepeHe
JI0O/IaBaHHS 3aii3a 0 Xap4yoBMX IMPOJYKTIB MOXKE HEraTMBHO BIUIMBATH Ha iX OpraHo-
JITITUYHI BIAcTUBOCTI. Lle 3yMOBITIOE MONIyK HOBUX TEXHOJIOTIH 1 CIIOCO0IB BBEICHHS
3a1i3a JI0 Xap4oBUX MPOAYKTIB JIJIsI T IBUIIICHHS HOTO 010I0CTYITHOCTI 31 30epeKeHHIM
OPTaHOJICTITUYHHX BJIACTUBOCTEH 1 MiHIMI3aIlI€r0 TOOTYHUX PEaKIIii.

CydacHi HayKOBi JOCHIIKEHHS IPUALISIOTH Jieaji OlIblie yBard BAKOPHCTAHHIO B
XapayBaHHI IPUKIDKIB, 30aradeHnx 3amizoM. JpixmkoBa 6iomMaca BiloMa SIK IPHPOTHE
JoKeperio OiIka, aMiHOKHUCIIOT, ByTJIeBoiB 1 BitaMiHiB rpymm B (Jach, Serefko, Ziaja, &
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Kieliszek, 2022). 3okpema, IpiXpKi, 30aradeHi 3ai1i30M, BUPI3HSIOTHCS BUCOKOIO 3aCBO-
IOBaHICTIO, HU3BKOIO MOJPA3HIOBAIBLHOIO €0 Ta OaraTuM BMICTOM IMOKUBHHX peyO-
BUH. Y TIpOILIeCi pO3MHOXKEHHS JPK/DKIB HEOPraHiuHE 321130 IEPETBOPIOETHCS HA Opra-
HiuHYy (OpMy, IO MiABHUILYE Horo OiogocTynHicTs s opranismy (Chen Ta iH., 2024).

3naTHicTh ):[pi)KI[)KiB Saccharomyces cerevisiae HaKONIMYyBaTH Pi3Hi MeTanH (30Kpe-
Ma 1 3aI1i30) BprnBae LIMPOKI MEPCTIEKTUBH IS 1X 3aCTOCYBAHHS Y BI/IpO6HI/IHTB1 xap-
YOBHX MPOAYKTIB 1 JI€THYHHUX 100aBOK. 30aradeHHs IPKIKIB METAIOM 3I1ICHIOETHCS
LUISIXOM J0JIaBaHHs 1X COJIel Y cepeloBHILE IS KyIbTUBYBaHHs. OJHAK TOTIMHAHHS
METaliB APLKIHKOBUMH KIITHHAMHU — L€ CKIITHUN TPOIIEC, IO 3aIeKUTh BiJ] THITY
10HIB MeTary, BUIOCTICII(IIHOCTI APLKIKIB, (hi3i0NOTIYHOTO CTaHy KIIITHH, a TaKOXK
(hi3UKO-XIMIYHAX YMOB KyJIBTHBYBaHHS Ta €KCIIEPUMEHTAIBLHUX (DaKTOpiB, SK-O0T pH,
TeMIlepaTypa i HasiBHICTb 1HIINX 10HIB 1 PO3YMHEHNX OPTaHIYHUX CIIOIYK Y CePEIOBHUIII
(Machado, Soares, & Soares, 2010). YMOBU pocTy APiXKIKIB MOXKYTh iCTOTHO BIDIHHY-
TH Ha CKJIaJ[ iX KIITHH 1 IXHIO 3[]aTHICTh 3B’SI3yBaTH METAIN, IPUCYTHI B TIO)KUBHOMY
CepeIOBHIIIL.

3Bakaroun Ha BUKJIaJCHE BHIIE, BAHUKAE aKTyalbHa OTpeda y po3podlli eeKTHB-
HHMX TEXHOJIOTIH JUIsl KyJIbTUBYBaHHS APDKIDKIB poay Saccharomyces 3 MeToro oTpu-
MaHHs 6iomacH, 30aradeHoi 6iogocTymHuM 3amizoM. Lle macth 3Mory CTBOPHUTH HOBI
(hyHKITIOHAJIBHI IPOTYKTH Xap4dyBaHHS, SIKi TOTIOMOXKYTh BUPILIMTH po0JieMy aedirm-
Ty 3aJ1i3a y BPa3JIMBUX IPYI HACEICHHSI.

MerTo1o orJsiy € aHaITi3 HAyKOBHX ITyOJTKaIIii 1010 BIUTUBY YMOB KYJIETHBYBaHHS
Ta pi3HMX JDKEpEIT 3ajTi3a Ha HAKOMWYEHHS 3aj1i3a ApDhKmKaMu poay Saccharomyces,
AHATITHYHUX METOJIIB TS KUTBKICHOT OIIHKY MOTJIMHYTOTO 3a1i3a Ta IEPCIIEKTHB IPaK-
THYHOTO 3aCTOCYBaHHsI 30aradeHux JPLKIKIB poay Saccharomyces y xapuoBHX Ipo-
JYKTax Tl JIETHIHNX T00aBKaXx.

Marepianu i MeToau. Y xoai NpoBeAEHHS JIITEPaTypHOTO OIJISILY 3aCTOCOBaHI Me-
TOJIM aHAITI3Y Ta CHHTE3Y, TIOIIYKY iHpopMarlii Ta ii 00poOKH.

BukjiageHHs1 0CHOBHUX Pe3yJIbTATIB JOCIIIKEHHSI.

1. Bnaue ymoe Kynbmu@yeanHs HA HOTUHAHHA MEmAnié Opixncoycamu pooy
Saccharomyces. KittouoBy posib y mpolieci MoriMHaHHS METaliB APLKIKAMHU BiJirpae
ix kituHHA cTiHka. [Ipoirec 6iocopOIIil METaliB KIITHHAMH JPDKIKIB CKIIAJAETHCS 3
JIBOX €TaIliB: MacHBHOI 0iocopOIii Ta akTUBHOI OiocopOIii (OioakymyJsii). [laciBHa
0iocopOLIist XapaKTEepU3y€EThCS TUM, 110 10HK METaiB acOPOYIOThCS Ha MOBEPXHI KITi-
THH 32 PaXyHOK B3a€MOJIii 3 HEraTHBHO 3aps/PKCHUMH MTOBEPXHEBUMU (DYHKIIIOHATBHH-
MH IpyIIaMH, TAKUMH SIK KapOOKCcHIiTbHa, GocarHa, TiIpOKCUITbHA, aMiHOTPYIIA, CYJTb-
¢inna ta inmi (Fadel ta iH., 2017; Huang Ta in., 2020). [TacuBaa GiocopOiiist € TuHA-
MIYHOO PIBHOBAror 000pOTHOI aicopOiiii Ta necopOitii ioniB MetaniB (Siddique Ta iH.,
2015), mio He 3aNeKUTh Bi MeTaboMi3My 1 BiIOYBAa€ThCsI IIBUIKO 3a KiJIbKa XBHIIHH,
BUKOPHCTOBYIOUHM Pi3HI MEXaHI3MU 3B’A3yBaHHS MeTaly, HalpUKIIa[, iOHHUH OOMIiH,
KOMIDIEKCOYTBOPEHHS, (i3nuHy a1copOIlifo, oca/pkeHHs ado kpucrtarizaiito (Bahafid
Ta iH., 2017). 3B’5130K MeTaiB 3 APLKIKAMHU € HEKOBAJICHTHHUM 1 3aJI€KUTH BiJl CTPYKTY-
P KJIITHHHOT CTIHKU JPpDKIDKIB 1 THITy Metaity (Salavatifar, & Khosravi-Darani, 2024).

[epma cranis Gioakymymswii mojisrae B mpoueci 6iocopOuii, TOOTO 3B’A3yBaHHI
10HIB MeTalIiB 3 (DYHKIIOHATBHUMY TPYIIaMH Ha TIOBEPXHI KITITHHH, OOMiHi 10HiB, KOMII-
JIEKCOYTBOPEHHI Ta 0capkeHHi. Jlpyra cTamis, TpaHCIIOPT METATIB Yepe3 KIIITHHHY MEM-
OpaHy, 3aJIe)KUTH BiJl MeTa0O0JIi3MY KIIITHH, ITOB’S3aHOTO 3 aKTHBHOIO 3aXHUCHOIO CHCTE-
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Moro Mikpoopranizmis (Hansda, Kumar, & Anshumali, 2016). Y gocmimkersi 6iocop0-
uii ioniB Cr® Ta Fe** kmitunamu Streptococcus equisimilis, Saccharomyces cerevisiae
ta Aspergillus niger 6yno miaTBepIKEHO, IO MOMIMHAHHS 10HIB METAIIB MiKpoopra-
Hi3MaMH BiJOyBa€ThCs y IBa €TaNK: MIBUIKE TACKBHE TIOTIMHAHHS 1 TOBLTbHE aKTHBHE
nornuHaHHs. [lepmii etan BBaxkaeThesl Pi3MUHOIO afcopOLier0, TOOTO 0OMIHOM i0HIB
Ha TIOBEPXHI KIIITHH, pIBHOBAra B KiHIli IIBHU/IKOI (i3YHOT aICOPOIIii TOCATaETHCS TIPO-
rom 30—40 xB (Goyal, 2003; Ferraz, 2004; De Rossi, 2018).

Pe3ynpraTi yucIeHHUX HAYKOBHX Mpallb AEMOHCTPYIOTh, 10 OiocopOuiiiHa 31at-
HICTh IPDKIDKIB Saccharomyces cerevisiae 3a1exuTh Bii KOMIUIEKCY B3a€MOIIOB’si3a-
Hux ¢axropiB. Lle cran kiriTvH (BIK, )KATTE3IATHICTD), BIACTHBOCTI 10HIB METAIB Y BOA-
HOMY CepeIOBHIIIi (pajiiyc i0HIB, BAJIGHTHICTh), YMOBH KYJIBTUBYBaHHS (CKJIAI MOXKHB-
HOTO CEpeOBHINa, IKepera BYTJIeIio, a30Ty) Ta YMOBH CaMOro mpotiecy 6iocopOrrii
(pH, TemmepaTypa, 4ac KOHTaKTy, BUXiTHA KOHIICHTPAIIiS METAJIIB, TOIIIO).

3uauenns pH. 3nauenns pH cepenoBuIna He JIHIIIEe CYTTEBO BILTMBAE HA IUCOIIAIIIIO
i0oHIB (CTIONyK) Ha TOBEPXHI KIITHH, alle i Ha XIMIYHI MPOIIECH B PO3YMHAX METAIIIB:
T1IpoIi3, yTBOPEHHS KOMIUIEKCIB 3 OpraHiuHUMH Ta/a00 HeOpraHiYHUMH JIiTaHAaMH,
OKHCHO-BIJIHOBHI peaKilii, 0Ca/PKeHHS, Ha JOCTYITHICTh ITIOBEPXHI s 6i0copOIIii MeTa-
JB.

[IpoBoauiocs nociimkeHHs ePEeKTUBHOCTI APLKIDKIB Saccharomyces cerevisiae
00 BUJATICHHS BAYKKMX METaJIiB 3 BOAHUX po3unHiB. BuBueno BB pH Ha Giocop0-
LiiHY 371aTHICTB. Pe3ynbTaTy ekcriepuMeHTy NMOKa3ald, IO MOTTIMHAHHS MeTaly Big0y-
BaJIOCsI IIBUKO NpH 3HayeHHAX pH 5,0—6,0, a mopsiok HAKOIMMYEHUX 10HIB METaTy
cranoBuB Pb>Zn>Cr>Co>Cd>Cu. Ilpu 3nauenni pH meHie 2,0 cioctepiranocs 3MeH-
IIEHHS 3IATHOCTI IPIKIKIB MOTIIMHATH MeTad. Lle OB’ 13aH0 3 KOHKYPEHIIIEr0 i0HIB
BozHiO (HY) 3 ioHaMu MeTastiB 3a aKTHBHI LIEHTPU Ha MOBEepXHi KiitHHUA. OTXKe, TIpU
HU3bKUX 3HaueHHsX pH (MeHme 2,0) 6iocopOitist paKTHIHO TNPUITHHAEThCH, JIOCITiTHU-
KM [I¢ TIOSCHI/IA NIPOTOHYBAHHAM (DYHKILIOHATBHHX TPYIl HA TOBEPXHi KILITHH JApPixk-
JUKIB, 110 IPH3BEIIO JIO BIPATH TIOBEPXHEBOIO HEraTHBHOTO 3apsily i, BiATOBIIHO, 3MCH-
IICHHS 3[aTHOCTI 3B’ 13yBaTH IMIO3UTUBHO 3apspkeHi ionn metaniB (Farhan, & Khadom,
2015).

Pe3ysnbraty ekcriepMMEHTIB 111010 BUBYEHHS BIUMBY pH po3umHy Ha mporec 0io-
copOuii apixmpramu Saccharomyces cerevisiae ionis Cr®* 3 BogHOro po3umHy 3 KOH-
HEeHTpaliero Metary 50 Mr/i, mokasanw, 1o HalBHIa eeKTHBHICTh OiocopOIlii criocTe-
piranacst ipu pH 3, i cranoBuna 77,84%. Lle Moxke OyTn mosicieHo TuM, o rpu pH 3
KJTITHHHA CTiHKa Saccharomyces cerevisiae Oyia aKTHBHOIO Ta HETATHBHO 3apsiKe-
HOIO, BHACIIIOK LOTO BigOyBanach afcopOlLis IO3MTUBHO 3apskeHnx ioHiB Crd* i
3MEHIeHHs KOHIEHTpatii ionis. Toxi sk pu pH 7 edextusricTs Giocopouii Cr®* cra-
HoBwa e 16,78%, ockineku yepe3 HelTpanbHuii pH 7 mounHaBces npoliec ocaKeH-
us ioni Cr®*, a kriTurHi cTinku Saccharomyces cerevisiae Gisbiue He MOIJIH ONITHMAITb-
HO 3B’s13yBatH Baxki Metaiu (Ibrahim, Djide, & Lapik, 2020).

VY nocnimpkeHHi BBy pH Ha HakOMMYeHHs 3aiTi3a Apixmkamu Saccharomyces ce-
revisiae HaiOLTBIIMI TpHpIiCT Oiomacu criocTepirascs B aianasoni pH Bix 4,0 mo 7,0;
3Ha4YeHHs pH Takox BIUTMBAJIO HA BMICT 3aJ1i3a, MaKCUMaJlbHa KOHIEHTPALIiS aKyMYJTIO-
BanH BinOysanacs npu pH 6,0 (Wang, Zhang, Su, Guan, & Ji, 2011).

Excrpemanbhi 3HaueHHs pH, 3a3BU9aid, 3HWKYIOTh IIBUAKICTD 1 CTYIIHD MTOTJIMHAH-
Hs MeTainy. biocopOrriitHa 3MaTHICTh KaTiOHIB METAJIiB 3pOCTAE PAa30M i3 MiIBUIICHHIM
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piBast pH y copOriiiniit crcTeMi, 1 1151 3aIeXKHICTB He € JiHiiHo0. [Ipn BUCOKMX 3Ha4eH-
uax pH (Ginbme 10) Moske BiZOyBaTHCh OCAHKEHHS! KOMILIEKCIB, T1JPOKCHIIB METAJIiB
Yepe3 301IbIIeHHS KUTbKOCTI i0HiB OH', TOMy Ba)KJIMBO YHHMKATH HOTO B €KCIIEPHMEH-
TapHUX yMoBax (Jena, 2022; Kulkarni, 2019).

Omxe, pH B Mexax Bin 3,5 10 8,0 BBOXKAETHCS ONTHMAILHUM JIJIS TIOTJIMHAHHS Me-
tany (Brady, & Duncan, 1994a; Fourest, & Roux, 1992; Sieber, 2024) maiixe ai1st BCix
THUMIB GioMacH.

Temnepamypa. Temnepatypa 0OMeXEHO BIDIMBAE Ha 0i0COPOLIiI0 10HIB METAIIIB Y
TIEBHOMY JIiaria30Hi, 1110 BKa3ye Ha Te, 10 TIEBHOO Miporo B GiocopOilii icHye 10H000-
MiHHIH MexaHi3M. [Iporiec 6Giocop0itii, 3a3B14aii, He MPOBOISATH IIPH BUCOKHUX TEMITEpa-
Typax, OCKUTBKH 1€ 301IBIIY€E eKCIDTyaTaliiHi BUTPATH.

Peaxii agcopOrii € eK30TepMiTHIMH, TOMY 3AaTHICTB /IO Oi0cOpOIIii 3pocTac 31 3HH-
JKeHHsIM Temnepatypu. B miamazoni 15—40 °C makcuManbHa piBHOBaXkHA 610cOpOIIiii-
Ha emHuicTh g ioniB Pb?*, Ni?* ta Cr®* S, cerevisiae mocsaranacs npu temmeparypi
25 °C. 3MeHIIIeHHs eMHOCTI TIPH BHIIIIH TeMITepaTypi Imokasaso, o mporiecu 6iocopoii
IMX 10HIB METANIIB Ha MOBEPXHI KIITHH S. CErevisiae € ek30TepMidHIMH 1 MOXKYTb OyTH
HACJIJTKOM TIOIIKOJKCHHsI aKTUBHUX IICHTPIB 3B’S3yBaHHS B Oiomaci (C")zer, & Ozer,
2003).

Hocnimxennst BBy pizHux temrepatyp 10 °C, 23 °C Tta 40 °C Ha eeKTUBHICTh
6iocopouii Co?*, Zn?* Ta Cu?* 3 BogHHX cepeIoBMII Ha TOBEpXHi Ki1iTHH Saccharomyces
cerevisiae mpoaeMOHCTPYBAJIO, IO MiABHILCHHS TEMIIEPATYPH BUKITUKAIO 3HIDKCHHS
6iocopOmiitHoi 3matHoCcTi Saccharomyces cerevisiae y Beix Bumaakax. Kpim Toro, 1ie
3HIKEHHS HabaraTo OiIbII OYEBHIIHE Y BUNIQJIKY 10HIB Zn*, HiX y Bunaaky ionis Cu®*
i Co?*. ONTUMAILHOK TEMIIEPATYPOIO TS COPOLIiT 10HIB METANIB OyJI0 BU3HAYEHO 3HA-
yennst 23 °C (Savastru, Bulgariu, Zamfir, & Bulgariu, 2022).

3 TOYKHM 30py 3arajlbHOr0 BMICTY 3aJli3a ONTUMAIILHOIO TEMIIEPATYPOIO KYJIBTUBY-
BaHHs S. cerevisiae Oyna obpana temmneparypa 30 °C (Wang, Zhang, Su, Guan, & Ji,
2011).

Konxypyroui ionu/koionu. 3a3zsudail 6iocopOLiiiHa 31aTHICTH OJJHOTO 10HA METaLy
MOK€ 3HH3HUTHCH 32 HAasBHOCTI B PO3YHHI KOIOHIB, BKJIFOYAIOUW 10HH W aHIOHM THIINX
METaJliB, OJIHAK 3arajbHa 3IaTHICTh JI0 MOTJIMHAHHS BCIX METAIIB y PO3UMHAX 3aJIMIIIa-
€THCS Maike HE3MIHHOIO.

Hanpukaz, 6yJ10 BUSBIIEHO, 10 31aTHICTE S. cerevisiae copbysartu ionn Cr* 3nau-
HO 3HIKYBAJIACh BIIPOJIOBXK 24 roJ| Yepe3 HasBHICTH ioHiB Fe®*, Tomi sk 14 s KOHIEH-
tpauis Fe®* maibke He BrumBana Ha normmnansas Cr®* apixmkamu S. equisimilis a mi-
nemanbHO Macoro A. niger (Goyal ta in., 2003). TIpucyTHICTh aHIOHIB TAKOX MOXE
BIUIMBATH Ha 010COPOIIi0 10HIB MeTalliB. AHIOHH, HAasBHI Y PO3YHHI, MOXKYTh YTBOPIO-
BaTW KOMIUIEKCH 3 i0OHAMH METaly i 3HIKYBAaTH 30aTHICTH A0 OiocopOuii mertaiy.
3okpema, 6iocopOuiiiHa 31aTHiCTh 10/10 ioHiB Ni?" i Cd?" 3MeHuTyBanack 3a MPUCYTHO-
cTi aHioHiB eTwiieHaiaminTeTpaauerary (EDTA), cynbdary, xnopuay, pocdary, kapoo-
Hary, TayTamary, IuTpary Ta mipogocdaTy 3a paxyHOK yTBOpeHHs! komiuiekciB (Ka-
poor, & Viraraghavan, 1997).

BusiBneno, 1o npotiec 6iocopOLii Maprasifo IpiKHKaMuy € Iy TJIMBUAM JI0 IPUCYTHO-
CTi IHIIMX i0HIB METAJIB y PO34MHI. Y KOHTPOJIBHOMY EKCIIEpUMEHTI 0e3 1ofaBaHHs iH-
IIMX METaIB 0YyJI0 TOCATHYTO MaKCUMaJIbHOI 010cOpOLIil MapraHiito Ha piBHi 41,3 mMr/r
Oiomacn. OTHAK TOTATKOBE BHECEHHS 1HIMMX BAKKHX METAIIB IIPU3BENIO JI0 3HIKCHHS
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IIFOTO MTOKa3HUKA A0 33 MI/T, IO CBITYHTH PO KOHKYPEHTHUH XapakKTep mporecy 0io-
cop6ii. KoHKypeHIIist Mk pi3HIMH i0HAMH METaJIIB 32 0OMEKEHY KUTbKICTh aKTUBHUX
LEHTPIiB HA MOBEPXHi JPLKIPKOBUX KIITHH NPU3BOJUTH A0 3MEHILICHHS e(heKTUBHOCTI
MOTJIMHAHHS KoxkHOTO 3 HUX (Fadel Ta in., 2017).

V xoxi nocipkenn 6iocop6uii ioni Ni2* Ta Cd?* 3 6iHapHUX PO3YMHIB METATIB KIli-
tuHamu Saccharomyces carlsbergensis edextuBHicTs 6i0copOIii MOpiBHIOBATIACK 3 010-
copOlIiero OKpeMHX 10HIB MeTaltiB. Byiio BcTaHOBNEHO, 1110 ApbKmKi Saccharomyces carls-
bergensis remoHcTpyIOTH BULLy criopinHeHicTh 10 ioniB Cd?* mopisusHo 3 Ni** y mpo-
1ieci 6iocopOii K 3 IHAWBIMyanbHIX, Tak 1 3 OiHApHUX po3unHiB. KOHKYpeHTHa B3ae-
MOJIisI MiXK I0HAMH METaJTiB 32 0OMe)KeHy KUTbKICTh aKTHBHUX LIEHTPIB HA TIOBEPXHI KJTi-
THH TIPU3BOJFIIA JIO0 3HIDKEHHS €(DEKTUBHOCTI MOTIIMHAHHS KOXKHOTO 3 METalliB 3a iX
CHiJIbHOI HastBHOCTI. MopdoIroriuHi 3MiHU TTOBEPXHI P HKOBUX KIIITHH TICIIS COpO-
1111, TaKi SIK yTBOPEHHSI arperaTiB, CBiT9aTh PO YTBOPEHHS KOMILIEKCIB MiXK i0HAMH Me-
TaiiB Ta pyakmionansHIME rpynamu Oiomacu (Kulkarni, Vidya Shetty, & Srinikethan,
2019).

Touamrosa konyenmpayis ionie memanie i 6iomacu. 3a CTanol KUIbKOCTI OioMacu
LIBUJIKICTB TOTJIHAHHS 10HIB METAITy 3pOCTaTHME 31 30UIBIICHHSM [TOYaTKOBOI KOHIICH-
Tpaii MeTany. Y BUMAJAKy HU3bKOI KOHIIEHTpAIlii 6ioMacy, i0HH MeTajly 3 pO3UHHYy HE
TUTBKH aJICOPOYIOThCSl HA TOBEPXHI OioMacH, ane i MOTPaIUISIOTh Y BHYTPIIIHBOKITI-
TUHHHH TIPOCTIp Yepe3 TpaieHT KOHIEHTpAIlii 10HIB METaiB. [3 ImiABUIIIEHHAM KOHIICH-
Tparii 6iomacu S. cerevisiae 6iocopOilist 30UTBLTYETHCS 32 PAXyHOK OLTBIIOT KiTbKOCTI
JOCTYITHUX MICIIb 3B’sI3yBaHHS JUIs I0HIB METAJIIB 1, OTKe, OUTBIIO KUTBKOCTI 3B’ SI3Y10-
ypx koM6Ginamiit (Massoud, Khosravi-Darani, Sharifan, Asadi, &Younesi, 2020).

IornuaanHs ioHiB Pb%* 3pocio 3 0,38 mr/r 10 2,34 Mr/r pu 30iTbIIEHHI KOHIIEH-
Tparlii 0iocopOeHTY Ha OCHOBI HAIJIMIIIKOBOI OioMacy MUBHUX APLKIKIB 3 0,5% 10 2%.
ToriMHaHHS CBUHITIO JICTIO 3HWKYBAJIOCS, KOJIM KOHIICHTpAITist 010COPOCHTY JocsTaia
4% (2 mr/r) (Parvathi, Nagendran, & Nareshkumar, 2007).

AHaJIOTiYHa CUTYaIIis CIIOCTepiraiach y IOCTiPKeHH] BIUIMBY KOHIIEHTpAIlii Oioma-
cu (Bix 4,0 /1 no 40,0 1/11) Ha eheKTUBHICTH G10COPOIIIi JOCITIHKYBaHIX 10HIB METAIIIB
(Co?, Zn* ta Cu?") kiritunamu Saccharomyces cerevisiae. Byo BcranoBieHo, mo 6io-
copOlIiifHa 3/1aTHICTh Majia HalOIbIIe 3HAYSHHS MPU J03yBaHHI OGiocopOenty 4,0 /1
(76,05% mys Cu?*, 79,01% mys Co?* ta 83,37% mist Zn?*) y Beix Bunagkax. 301IbIICHHS
11031 010COPOEHTY MPU3BOIUIIO JI0 3HMKSHHS 010COPOLIHHOT 3aTHOCTI, 1 1IEi THITOBUI
JUTSL TIpOIIeciB OiocopO1Iii BapianT OyB 00YMOBIICHHI 3MEHIIICHHSM CITIBBIJHOILIICHHS MiXK
KUJIBKICTIO 10HIB METAITY 1 YMCJIOM MiCIIb 3B’s13yBaHHs OiocopOenTy (Savastru, Bulgariu,
Zamfir, & Bulgariu, 2022).

BukoprctanHst HU3bKOT KOHIICHTpAIIiT METaTy HE JIa€ 3MOTH BHSIBUTH CIIPABKHIO MaK-
cUMaJbHy COpOLiiiHy eMHICTh 0610COPOEHTY, OCKUJIbKM 0araTo Micllb 3B’ sI3yBaHHS METa-
JIy MOXKYTb OyTH He 3aiiHTi. 301IbIICHHS KOHLIEHTpALil METaTy IO TOBHOT'O HACHYEHHS
Miclib 3B’ s13yBaHHs 010cOpOEHTY BUSIBIISE TOBHUH MOTEHITia OrTMHAHHS MeTairy. [lic-
J1s1 HacH4eHHs1 0i0cOpOeHTy MmoAablie 301IbIIEHHS TOYaTKOBOT KOHIIEHTpALlii MeTalty
He Oyne edekTBHUM. Y OUTBIIOCTI OIMyONiKOBAHUX JTOCHTIPKEHb MOYaTKOBA KOHIICH-
Tpalisi MeTaly, BUKOPHCTaHa B EKCTIEPUMEHTATIBHUX YMOBaX, cranoBmia 5S—200 mr/n
(Redha, 2020).

[TouaTKOBa KOHIIEHTpAITIS 10HIB METATY MOKE 3HAYHO BILTMHYTH Ha COPOIIHHY €M-
HICTh OiomMacH. 31 301IBIICHASM KOHIIEHTpAIIii 10HIB METaTy COpOIIilfiHa EMHICTh TaKOX
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3pocTajia, JOCATaloYr HaCHIeHHS Ha piBHI 30 MI/T 1 22 MI/T BiIIIOBIIHO JUTS IHAKTHBO-
BaHOT Ta )KMBOI 6IOMAcH TIPK KOHLEHTpallii i0HiB Pb?" 300 Mr/n1. 36iIbIIEHHS TTOYATKO-
BOi KOHIICHTpaAIlii 10HiB MeTay 10 350 MI/1 IPpU3BOAWIO J0 3HWKEHHS 3IaTHOCTI 10
nornmHanas (El-Sayed, 2013).

Bik knimun, cman kiimun (dcusi wu inakmueogani). YKvusa Giomaca 3aBJITKU aKTUB-
HUM MeTaOOJIIYHUM MpoliecaM JAEMOHCTPY€E BHCOKY €(pEKTHBHICTD 1 CENEKTHUBHICTB IO~
IIMHaHHA MeTaniB. OHaK BOHA BHMAarae CHeLiajJbHUX YMOB KyJbTHBYBaHHS i MOXKe
OyTH YyTJIMBOIO IO TOKCUYHOTO BILIMBY BUCOKMX KOHIIEHTpaliil MeTasiB. [HakTHBOBa-
Ha 6iomaca € OLTBII CTabLTBHUM 1 TPOCTHM Y 3aCTOCYBaHHI COpOEHTOM, ane ii copOrtiii-
Ha 3/IaTHICTb € MeHII ceneKTuBHOO (Ayele, Haile, Alemu, & Kamaraj, 2021). IraxTu-
BOBaHa OioMaca Mae 0araTo mepeBar, BKIFOYar09d BUCOKY CTIHKICTh 0 YMOB HaBKO-
JIUIITHBOTO CEPEIOBHUIIA, OLTBIITY TOJIEPAHTHICTh A0 TOKCHYHOCTI, TOCHUTh IIIBUIIKY pere-
HEpAIIilo Ta MOTTMHAHHS TOBTOPHOTO BUKOPHCTaHHSI, BUCOKE BiTHOBJICHHS COPOOBAaHMX
metaniB (Dhankhar, Rajesh, Hooda, & Anju, 2011).

JpXIpKOBI KITITHHY, iHAKTHBOBAHI 11T BIUTBOM €KCTPEMAITbHUX XiMIUHHX 1 (pi3nd-
HHUX YMOB, MOXKYTh TMPOSIBIISITA JyX€ Pi3Hi BIACTUBOCTI IIOAO HAKOIMHMYEHHS METalTy
TOPIBHSHO 3 YKUBUMH JAPIKIKAMH.

Mertou nonepeiHp01 00pOOKH APLKIPKOBUX KIIITHH S. cerevisiae MOXYTh OyTH (i-
3UYHUMH 1 XiMiuHUMH. Di3UYHI METOTU BKITFOYAIOTh BaKyyM, CyOJIiMallito, KU SITIHHS,
HarpiBaHHsI, aBTOKJIaBYBaHHS Ta MEXaHIYHE PyHHYBaHHS. XiMi4HI METOM BKIIFOUAIOTh
00pOOKY Pi3HUMHM OPraHIYHMMH Ta HEOPTaHIYHUMHU PearcHTaMH, TAKUMH SIK KUCJIOTH Ta
JIYTH, METaHOII, (POpMaJIbJerij] Tomo. BcTaHOBIEHO, 1110 11i METOIM IEBHOIO MipOIO I10-
KpanryoTh 6iocopOrtiro MetauiB. JIy>kHa 00poOKa GioMacy 3HAYHO 30LTBIIYE 3aATHICTh
TIOTJIMHATH METAJ, TOJIi SIK KHCIIOTHAa 00poOKa OioMacy Maiike He BIUIMBAE Ha e(DEKTHB-
HicTh niporiecy 6iocopOrii (Mirmahdi, Mofid, Zoghi, Khosravi Darani, & Mortazavian,
2022).

[okazaHo, o iHakTHBOBaHA Giomaca IPiXKKiB BUSBHIACS eeKTUBHIIINM COPOESH-
TOM Ba)KKUX METaJIiB IMOPIBHSHO 3 )KUBUMH KJIiTHHAMH. Lle Moyke OyTH MOSICHEHO THM,
0 BiICYTHICTh KIIITHHHOT MEMOpaH! B HEaKTUBHUX (Di310JIOTTYHO KIIITHH 3a0e3reuye
HeoOMeKeHHH JOCTYIN 10HIB METAIIB JI0 BHYTPIIIHIX CTPYKTYP, IO 3HAYHO 30UIBIIYE
copOriitHy emHicTb. KpiM Toro, iHAKTUBOBaHI KIIITHHH MIKPOOPTaHi3MiB HE MOTpeOy-
FOTh TIOYKUBHHMX PEUYOBHH 1 CTIHKI 0 TOKCHYHUX MeTaiB. Di3uko-XiMiuHa MoaudiKaiiis
Oiomacw, HarpuKia, hochOPUITIOBAHHS, A€ 3MOT'Y JJOAATKOBO I IBUIIIUTH il COPOILiii-
HY 3/IaTHICTh 32 paXyHOK CTBOPEHHS] HOBUX aKTUBHUX IIEHTPIB JUIS 3B’ A3yBaHHS METa-
niB. Tak, pe3ynbTaTH JOCIKEHHS TIOKa3au, 10 (HOCPOpUITbOBaHI JPIKIKOBI KITITH-
HU 3/1aTHI e(h)eKTUBHO a7copOyBaTH 10HU KaMit0, MiJli, CBUHIIIO Ta IUHKY JI0 JIOCATHEH-
HsI BUIIOT a/1copOIiitHOT eMHOCTI (1 MMOJIB/T CyXO0i KIITHHHOT MacH), Hixk OyJI0 BUsIBIIe-
HO paHille I iHaKTHBOBaHOI OloMacH OpimkiB 0e3 gonarkoBoi 00podku (Ojima ta
iH., 2019).

I[erpaI[OBam KJTITHHHU TaKOX MarOTh OUIBIIY JIOCTYTIHY TLIOIILY TMOBEPXHi Ta OibIIe
LIEHTPIB 3B’s13yBaHH: 10HIB METAJIiB Ha TIOBEPXHI Yepe3 pyHHYBaHHS KIITHHHUX MEM-
OpaH.

Cxnao noxcusHozo cepedosuwya. JlogaBaHHs TIIOKO3U Ta 1HIIMX MOXXUBHUX Pedo-
BUH (LMCTEIH, aMOHIN cybdar, aMoHill (ocdat) y cepenoBHIIe KyIbTUBYBaHHS AJIS
GiocopOITii MeTaJTiB YKHBUMH KITITHHAMH TIOCHITIOE PICT KUBUX KJIITHH 1 MMOJIertnye 0io-
cop0itiro.
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[Ipote pornb To1FOKO3M Y GiocopOIIii 3aMeXXuTh Bix MexaHi3My copoiii metany. [Ipu
nocmimpkenni copouii Cu?*, Cré*, Cd?*, Ni?* sxusumu kiitunamu S. cerevisiae nonepeiue
BHECEHHS IIIFOKO3H Y CEPEIOBUILE KyJIbTUBYBAHHS KIIITHH JIPIKIDKIB JI03BOJIUIIO 3011b-
IIATH KUTBKICTh COPOOBAHOTO METANTY, TOJI SIK MPSME J0IaBAHHS TJIFOKO3H TiJ] 9ac 3Mi-
LIyBaHHS CYCIICH311 APIKIDKIB Ta i0HIB METAaJiB HE BIUIMBAJIO HA KUIbKICTh HAKOITMYEHO-
ro metany (Stoll, & Dunkan, 1996). JlonaBaHHsI TIFOKO3U JIO CYCIICH3Ii JKUBUX JPiK-
JDKOBHX KJTITHH 33 5 XB 10 BBeIeHHS Sr CIPUSUIO CTHMYJISALIT Horo noriuHaHHs. [le
sIBUIIIE OYJI0 MOSCHEHO META0OIYHO 3AJISKHUM MEXaHI3MOM BHYTPIIIHLOKIITHHHOTO
HaKOIMYEHHS Sr’*, TOIOBHUM YHHOM y Bakyossix (Avery, & Tobin, 1992).

Bymno nocnimkeHo BIUIHB pi3HUX CONeH 3aii3a, IXHIX KOHIICHTpAIlii, a TAKOX CKJ1a-
Iy TIOKUBHHX CepeIoBHII (Ha CTYITiHb 30arayeHHs METaJIOM IPLKIDKIB S. cerevisiae
(LN-17). Cxiaz moKMBHHX CEPEIOBHIIL T YMOBH KyJIbTHBYBaHHS HaBe/IeHi B Ta0OI. 1.

Tabnuysa 1. Konnentpauis 3a1i3a, B MI/r cyxoi pe4oBUHH, B 6ioMaci Ipi:KIKiB 3a/1e5KHO Bij
JKepesia 3a1i3a Ta ioro konuenrtpaumii (Pas, Piskur, Sustaric, & Raspor, 2007)

. IMouarkoBa koHIeHTpallis Fe y cepeloBHIIl, MKMOJIB/JT
Cromyxa samisa |y o 10 50 70 100
)?1?321\; (I 0.081£0,019 | 0,449:0,028 | 137120249 | 1,649£0,032 | 1.979+0,147
iigf (I 0.090£0,003 | 0,573£0,056 | 140740,055 | 1,64040,070 | 2.345£0,068
®depyM eTUJICH-
giavinmerpa- | 0,0072£0,018 | 0,152+0,015 | 0,095:0,007 — 0,0950,003
arerar
Pepym (I 0,031£0,003 | 2,290+0,171 | 1,084+0,058 — 0,547+0,037
LUTpaT

Ha noxxuBHOMY cepenoBuIIli, sIKE MICTHIIO TIFOKO3Y, IPIK/PKOBUI €KCTPaKT 1 et -
ToH (cepemonutiie Ne 1), Bmanocst ToCSATTH KOHIIEHTpallii cyxoi 6iomacu 2,864+0,037 r/n
i BmicTy 3amiza 7,650+0,145 mr/t cyxoi 6iomacu. Ha cepemoBwiti 3 ApixKIKOBUM €KC-
TPaKToM, IIENTOHOM 1 caxapo3oto (cepenouiiie Ne 2) KOHIEHTpaLlis CyXxoi Oiomacu cTa-
HoBwmia 2,414+0,042 r/n, a Bmict 3amiza — 7,604+0,044 mr/r cyxoi 6iomacu. [Tpu Buko-
PHUCTaHHI JPLKIPKOBOTO €KCTPAKTY, IENTOHY Ta MajibTo3H (cepemopuiiie Ne 3) Oyiio oT-
pumano 2,627+0,036 r/n cyxoi 6iomacu 3 BMicTOM 3anmiza 7,622+0,277 mr/t cyxoi
Oiomacu. Ha cycii koHieHTpaiiist cyxoi 0iomacu cknaia 2,976+0,071 1/1 i3 BMicTOM
3amiza 7,592+0,079 mr/r cyxoi 6iomacu. BukoprcTaHHs TaTOKH JIAJI0 3MOTY OTPUMATH
2,364+0,024 r/n Giomacu 3 BMicToM 3aii3a 7,281+0,336 Mr/r cyxoi OGiomacu (Wang,
Zhang, Su, Guan, & Ji, 2011).

Omxe, BapTO BiJJ3HAYMTH, 1110 KOHIIEHTparlis 3aiiza y S. cerevisiae (LN-17) ne3nau-
HO 3MiHIOBaJIach 3aJIEKHO BiJI CKJIa[ly CepelioBHILA. BpaxoByioun BapTiCTh CEPEAOBHII,
JUTsl TIOJIAJIBIMX IOCHIKEHb OyJI0 00paHo CycIIo SIK CepeJOBHIIE IS KyJIbTHBYBaHHSI.

Ha nactynaomy etari Oyi10 OL[iHEHO KiJIbKICTh Oi0MacH Ta BMICT 3aJ1i3a 3aJIeKHO Bil
coJti 3aJ1i3a, 10AaHol 10 Cyclia, 0 JUKTYBAJIOCh BAKIMBICTIO MiI00PY ONTUMAIBHOTO
JOKEpeIia 3aiti3a Ui i IBUIIeHHS e(heKTUBHOCTI 30aradyeHHs KIIITHH MeTaioM. Haloiib-
it BMICT 3ami3a B Apixkmkax — 7,854 Fe Mr/r cyxux KJIiTHH criocTepiraBcs i3 3acTo-
cysanuaM ¢epym (1) cynbdary, HatimeHmit BMicT — 4,564 Fe Mr/r cyxux KIIiTHH i3
depym (I1) xmopumom. [Ipu mocmimKeHH] BIUTMBY pi3HUX KOHIICHTpAITii coel 3ami3a Ha
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MpUpicT 6i0MacH Ta KOHIIEHTPAIFO TIOTIIMHYTOr0 METAITy BCTAHOBIICHO, IO 32 KOHIICH-
Tparii 3amiza 80—120 mr/n i mpupicT 6ioMacH, i HAKOTTUYCHHS 3aii3a OYJIM BHIIIUMHU.
OntumanbHa KoHUEeHTpawis Fe y cepenoBumii Oyna Bu3HayeHa sk 100 mr/m (Wang,
Zhang, Su, Guan, & Ji, 2011).

Aepobuicmy. Pe3ynbraTu IpOBEJCHOIO MOHITOPHHTY KIHETHKH POCTY APIXKIHKOBOL
OioMacu B HamiBacpOOHHMX Ta aHAEPOOHHX YMOBaX CBi4aTh MPO MOMITHE 3POCTaHHS
LIBUJIKOCTI POCTY OPLKIKOBHUX KIITHH MPHW JOJaBaHHI 10HIB 3aii3a BXKE 3 CaMOoro Mo-
YaTKy rporiecy. [lormHaHHs i0HIB 3ai3a APLKIKOBOI 0i0MACcOK BHSBUIIOCS 3HAYHO
e(pEeKTUBHIIINM B aHaepOOHHIX YMOBaX, TIOPIBHIHO 3 HaIliBaepoOHMMHU. AHaepOOHi yMO-
BU JIAJIA 3MOTY IOCATTH MaKCUMAaJIbHOTO TIOTJTMHAHHS 3aiti3a (10 Mr/T cyxoi IpimKoBoOi
Giomacw) 3a 12 roauH OpOMiHHSA, TOAI SIK YV HAITiBAepPOOHNX YMOBaX IOTJIMHAHHS OYII0 B
YOTHUPH pa3u MEHIIUM (2,5 MI/T cyXoi ApiKIKOBOI 010MacH) i BUSBHIIOCS JOCSITHY TAM
mime depe3 16 rox kynstuByBaHHA (Stehlik-Tomas, Grba, Stanzer, Vahci¢, & Gulan
Zetic, 2003).

Tpupooa osxcepena 3aniza. Pi3Hi comi 3amiza, 107aHi 10 CepeIOBUIIA Ky TFTHBYBAaHHS
JPIKIKIB, BIUTMBAIOTH HA iX PIiCT i HAKOMMYEHHS 3ali3a MO-Pi3HOMY.

OtpumaHi pe3ynbTaTd AOCTIPKEHHS MPOLIeCy TOTJIMHAHHS 3aJ1i3a PLKIKaMH 13 ce-
peIOBHINA, IO MICTUTh COJI 3ali3a Pi3HOI KOHIICHTpAIlii, JEMOHCTPYIOTb, 1110 BCI BUB-
YEHI CIIOJIYKH 3aJli3a, He3aJIS)KHO BiJl KOHIICHTpAIlii, CTUMYJIIOBAJIU PICT JPIXKIDKIB M0-
PIBHSIHO 3 KOHTPOJIBHUM BapiaHTOM — KyJIBTHBYBaHHSM IpDKIDKIB Oe3 3aiiza (Tad. 1).
I3 36imbmennsm xoHneHTparii ¢pepym (I1I) xmopumy ta dpepym (III) Hitpary y cepeno-
Buii 10 100 MKMOJIB/JT BMICT 3aJTi3a B 0ioMaci APLKIDKIB S. cerevisiae 3pOCcTaB JI0 MaK-
cuMatkHOT KoHIeHTpatlii 2 mr Fe/r cyxoi macu. JlomaBanns comi 3amiza Fe-EDTA no
CepelIoBHINA KYJIFTUBYBAaHHS PAKTHYHO HE BIUIMHYJIO Ha 3[aTHICTH APLKIKIB S. cere-
visiae akyMyJITioBaTH 3aj1i30, 1110, HMOBIpHO, OB’ S13aHO 3 BUCOKOIO CTIHKICTIO I[HOTO
KomIniekcy. Haitoinbim edexTrBHIM JDKepernom 3aimiza BusiBuBcs (epym (11I) mutpar.
OnTrMarnbHa KOHLIEHTPALsl LUTpaTy 3ai3a, sSika He MPU3BOAMIIA IO YTBOPEHHS Ocaly,
craHoBuia 100 MkoITw/11. 3a 1i€1 KOHIIEHTpaIlil MaKCUMaJIbHE HAKOTIMIESHHS 3aTi3a B KJTi-
THHAX APDKIDKIB gocsarano Omm3bko 13 mr/r cyxoi macu. OTpumaHi pe3ysbTaTd CBij-
YaTh Mpo Te, IO ICHYE ONTUMAITbHA KOHIIEHTPAITIS COIi 3aJ1i3a /yisl 3a0e3medeHHs edek-
TUBHOT'O HAKOIMYEHHS IIbOT0 €JIEMEHTA B KIIITUHAX APLKIKIB. [lepeBuiiieHHs uie'l' KOH-
HEHTPALIi] MPU3BOAUTD J0 3HWKEHHS eeKTHBHOCTI IIPOLIECY, 1[0 MOJKE Oy TH OB’ S13aHO
3 TOKCUYHHMM BIUTUBOM BHICOKMX KOHIICHTpAIIii 10HIB 3aii3a Ha kiituau (Pas, Piskur,
Sustaric, & Raspor, 2007).

PesynbraTi ekcriepruMeHTIB 3 KyJIbTUBYBaHHS JIPDKIKIB Y TIPUCYTHOCTI Pi3HUX (POpM
3aJ1i3a Ta iX BIUIMBY HA 3POCTaHHsI Ta 30araueHHs1 0ioMacH JIpLKKIB, TIPE/ICTABIICH] B Ji-
Teparypi, He 3aBXK/H 30iratoThCsl B OI[IHIOBAHHI BIUTUBY KOHKPETHHX CITOJYK 3ai1i3a Ha
TIOKA3HUKH KYJIbTHBYBAHHS. Tax, micis KyJIbTHBYBaHHS ,Z[pi)KI[}KiB Ha cepeZoBuILi 13 (e-
pym (1) xsmopumom i (bepyM 1D cynL(paTOM (KOHueHTpaum 15 1 25 mr Fe/n), 6yno ot-
PUMAHO 3HaYECHHS BHyTle.IHBOKJ'IlTI/IHHOFO 3aniza— 2,832 mr Fe/r cyxoi peuoBuHwy, 1110
B 27 pa3iB nepeBHIIye KiIbKICTh 3a1i3a, CIIOCTEPEKYBaHy B KOHTPOJIBHMX YMOBax. [Ipote
Ha BIOMiHY BiJi MOINEPEIHBOTO AOCHIKEHHS JoaaBaHHA B cepenosuiie (epym (I1I)
LUTpaTy He MPU3BOAMIIO 0 POcTy GiomMach. ABTOPH MOSICHUIIH 11 THM, 1110 IPUTHIYeH-
HS1 POCTY JP1K/DKIB, 1HIIIIHOBaHE JIMMOHHOKO KHUCIIOTORO, 3aJIeXHTh Bil pH cepenopwia.
Ipu migeuieHnx piBHAX pH aMMOHHA KUCTOTa IIepeOyBa€e B OUIBII AUCOLIHOBaHIH hop-
Mi, IO MiIBHIIy€ HMOBIpPHICTh XeIaTyBaHHs i0HiB, ocobmiBo Ca*? i Mg*2, 3 moskMBHOTO
cepemoBHIa. MeHII 3HaYeHHS BHY TPIITHHOKIITHHHOTO 3ati3a (mopiBHIHO 3 FeSOs Ta
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FeCly) morimu 6ytu o6ymosiieri pH 4,4 cepenoBuia, e GpepyMm IUTPAT HE MOBHICTIO
muconitoBa (Gaensly, Picheth, Brand, & Bonfim, 2014).

BHYTpIIIHFOKTITHHHAI BMICT 3a1i3a B KITITHHAX APDKDKIB Y MPOLECi KyIbTHBYBaH-
Hsl 13 MoJaBaHHAM (epyM eTuneHniaminTerpaanerary (Fe-EDTA) craHOBUB 0aM3bKO
0,207 mr Fe/r cyxoi pedoBunu. Lli 3HaueHHS €KBiBaJIEHTHI BMICTY BHYTPIIIHBOKITITHH-
HOTO 3ai1i3a Y KIITHHAX IPiK/DKIB, BUPOILCHUX Y BapiaHTi KyJbTUBYBaHHS Oe3 J01aT-
KOBOT'0 BHECCHHSI 3aitiza (koHTpoub), 0,103 mr Fe/r cyxoi pedoBrHY, 1 BiIIIOBI AN 3HA-
YeHHSIM, OTPUMaHIM Y J0CHipKeHHi Pas Ta iH.

Bukopucranns pisHuX opM 3aiiza 1a€ 3MOry BimiOpaTH it oxapakTepru3yBaTH IITa-
MU JPLKIDKIB K 9y TIIMBI 0 3aJ1i3a, TaK 1 CTiHKi O FOTO eleMeHTa. Y JIOCHiKeHH]
Martinez-Garay 6ysm BukopucTai 8i pizHi hopmu 3amiza (FeCls ta Fe(NHa)2(SO4)2),
M0 JTAJI0 3MOTY BHIUTUTH IITAMH JIPLKIDKIB, IKi Iy TIIHBI J0 3aii3a, a TAKOX Ti, IO JIe-
MOHCTPYIOTB CTiiiKicTh. UyTIHBI 10 3aJTi3a IITaMu IIPH ITiABUIIICHHI KOHIIEHTpPAIIii 3aTi-
3a y CepeIOBHII HAKOMUYIYBAJIM HOTrO MIBHIIIE, HIX CTIHKI mTaMu. YyTIUBI mTamy,
BiZliOpaHi B IIbOMY JOCITiKEHHI, HAKOTIMTYBaJIH OLIbIIE EHIOT€HHOTO 3ai3a (OJIM3bK0
5 mr Fe/r cyxoi Macu), Hixk J1abopaTopHi Ta Manasiiiceki mtamu (3 mr Fe/r cyxoi Macn)
NPH BUPOLIyBaHHI Ha cepenoBHiii 3 gonaBanHsIM 7 MMoiib/T Fe(NH4)2(SOs),. Uytnusi
JI0 3aJ1i3a IIITaAMH HAKOTTMYYBaJIM HAaBITh OLIIBIIIE 3a/Ti3a Y CEPEIOBHIIL 13 KOHIICHTPALIIEI0
7 mmonb Fe(NH4)2(SO4)2, Hixk cTifiki 1o 3ami3a mramu npu 8 MMonb Fe(NH4)2(SOs)2
(Bix 3 mo 4 mr Fe/r cyxoi macu) (Martinez-Garay, de Llanos, Romero, Martinez-Pastor,
& Puig, 2016).

OTxe, IHTCHCUBHICTh HAKOIIMYEHHS 3aJTi3a JPDKPKOBUMH KIITUHAMH 3aJICKUTh Bijl
Oaratbox (haKTOpiB, cepell IKUX BXIMBHMH € YMOBH KYJIbTUBYBAHHS, TaKi sSIK CKJIaJ
cepeIoBHIIl Ta piBeHb pH, IHTEHCUBHICTH aepallii Ta MmoYaTkoBa KOHIIGHTpALlis 3ai3a.
Oco0mBo Baromuii BIUUB Mae (hopma, B sIKiil 3aJ1i30 BBOAUTHCS JI0 CEpeIoBHUIIa. Y3a-
raJIbHEHI JIaHi 010 YMOB KYJIbTUBYBaHHS IPIXKIDKiB, 30araueHrx 3aJ1i30M Ta MOKa3HH-
KU HaKOIIMYESHHSI IILOT'O €IEMEHTY HaBeJIeHi B TaOI. 2.

Tabnuys 2. YMOBH KyJIHLTHBYBAHHS Ta IXKepeJia 3a1i3a, 1110 BHUKOPUCTOBYBAJIMCH IS
30arayeHHs APiZKIKIB

VOB MakcumainsHa
Jlkepena 3amiza Taix | KUIbKICTh HAKO-
KYJIGTHBYBAHHS X
MikpoopraHizmM | JIpiKIKIB (JKeperno KOHLICHTpAI, IO TIHCHOTO 3am- Jlxeperno
BYIIIEITO T4 2301y, BHOCSTBCS JIO 3a IPDKDKAMH,
napameTpn npouec;f) cepeIoBHIIa MI/T CyXol
PEYOBHUHH
Mersica GypsikoBa,
JiamoHiro rigpodoc- | Depym (1) xmoprm — Stehlik-
gsga;?emﬁ& dar, giamorito cyme- | 0,1, 0,2, 0,3, 0,4, 0,5, 0,6, — Tomas Ta
(at; pH cepenopuia 0,7,0,8,0,9 /i im., 2003
5,0, 30 °C, 24 rox
Pozunnu coreii 3ammiza
JIOJaBAIH IS OTPH-
MaHH$ Y Cepe/IOBHIII
I'moxo3a, cynbdar MIOYaTKOBHX KOHLIEH-
ngg\zg?emgr ,\e/ls amoHito, pH cepeno- | Tpawiii 0,1, 1, 10, 50, 100 139 Pas tain.,
2155 (5288C) Buia 4,0, 28 °C, mmodte/1 Fe (IIT) iurpary ' 2007
200 06/xB, 24 rox, a6o 10, 50, 70, 100
MEMOIB/J pepyM (I1I)
xsopuzy, dpepym (I1I)
Hitpary Ta Fe—EDTA
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IIpoooeoicenns mabauyi 2

Tlo:xuBHE cepenouie
1: ToIROKO3a, APLKIKO-
BH €KCTPAKT, TIETITOH,
JTIOKO3a.
[NoxxuBHE cepenoBuIe
2: IPIKDKOBUI EKCT-
PaKT, TIeTITOH, caxa-
Saccharomyces posa. Depym (IT) cynbdar — Wang ta
cerevisiae LN-17 lg(.”KH,BHe CCPHIOBHIIIC 100 M/ 78 in., 2011
: IPOKIHKOBHIT €KCT-
AKT, TIETITOH,
MaJIbTOo3a.
TloxuBHe cepenoBuie
4: caxaposa,
(NH4)2SO., 30 °C
200 00/xB, 60 rox,
pH cepenosu 6,0
15125 mr Fe/n
JleKcTpo3a, TIETITOH, (%) oy (IIIII) cynb(%l))ary,
S JIPIKDKOBHUI €KCT- cpym (ILI) cymmpary,
accharomyces DAKT, CONOIOBHE depym (II) xmopuny, 28 Gaensly Ta
cerevisiae ’ dbepym (III) xnopuy, ’ in., 2014
eKcTpakT, 150 00/xB, X
28 oC 20 rof (;’PepyM (IH) HITparty,
’ ¢epym (III) nurpar ta
Fe—EDTA
200 mxr/m Fe?
tepym (II) xnopmzy,
depym (I) cysbary,
S. cerevisiae 11 CKJ;;;Z?&?%B&I }}g‘ He ¢depym (1IT) xnopuy, o Nowosad Ta
Bl 20 r(’) ’ depym (III) HiTpary Ta iH., 2021
A ¢depym (1IT) tutpar B
koHueHTpaii 100 Mxr
Fe/mn
Mersica, JiaMOHIIO .
Saccharomyces ’ Depym (IT) cyapdar — Chen ta in.
cerevisiae cy%(()b?é’zi)é) 506;‘3’ 5 MMOJIB/T 16 2024
gactlzhe:jr_c_) mXE:I'e(S‘:C Jexcrposa, nenToH, ® I 18 Tafazzoli Ta
) ( 37°C, 150 o6/ epym (ID) cympar : it 2024
Saccharomyces Mersica, 37 °C Tafazzoli Ta
?Zglf%r)dll (ATCC 150 06/x5 Depym (I1) cymsdar 27 it 2024

2. Memoou Kinvkichoi oyinku 3aniza ¢ dionoziunux 00’ckmax. BusnaueHHs BMic-
Ty 3ai3a y 0ioJoriuHMX 3pa3kax € OararoetanmHuM mporiecoM. [lonepeans oOpodka
3pa3KiB, CIIPSIMOBaHa Ha JCHPOTETHI3AIIiI0 Ta BUBLIBHEHHS 3aj1i3a 3 OLIKOBMX KOMILICK-
CiB, 1 € KpUTHYHHUM eTanoM. KitacudHi mijixoau nepenoavyaroTh BAKOPUCTAHHS CyMIIIeH
XJIOPUCTOBOIHEBOI KUCIIOTH Ta nepManraHaty kajito (Fish, 1988), mpore ams 3abe3me-
YEHHsI TIOBHOTO BIJTYYCHHS 3ai1i3a 3 JIPIKIKOBUX KITITHH, [0 MalOTh MIIHY KIITUHHY
CTiHKY OyJIO 3aIpONIOHOBAHO 3aCTOCOBYBATH OULTBII arpeCHBHI PEarcHTH, HATIPUKIIA],
3% azorHy Kucnoty (Tamarit, Irazusta, Moreno-Cermefio, & Ros, 2006), cymimr a30THOT
Ta xyopHoi kucnoT (Chen Ta iH., 2024), 65% a30THOI Ta XJIOPUCTOBOAHEBOI KHCIOTH
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(Tafazzoli, Ghavami, & Khosravi-Darani, 2024). KinpkicHe BU3HaYeHHs 3aj1i3a 3iii-
CHIOETBCS 32 JOMIOMOTOI0 IIMPOKOTO CHEKTPa aHAIITHYHUX METO/IiB, HAIPHUKIIAJ, aTOM-
HO-a0CcOopOLiiTHOT CTIEKTPOMETpii, KOTOPUMETPUIHOTO BU3HAYCHHS, THTPYBaHHS, (IIyO-
PHUMETPHUYHHX, CIIEKTPOMETPHIHHX, MaC-CIIEKTPOMETPHIHIX Y1 PA/Ti0aKTHBHUX METO-
IiB, KOJKEH 3 SIKMX Ma€ CBOi IIepeBary Ta 0OMEKCHHSI.

Onmuuno-emicitina cnekmpomempis 3 IHOYKmueHo 38 sizanoio niasmoro (Inductively
Coupled Plasma Optical Emission Spectrometry, ICP-OES). Ile BucokoTouHwit i uy-
TIMBHUA METOJ| aHAJi3Yy, SIKHI 1a€ 3MOTY KiTbKICHO BU3HAYHUTH BMICT 3alli3a y pi3HOMa-
HITHHX 3pa3Kax y IUPOKOMY Aiarna3oHi KoHueHTpauiit. [1in yac aHanizy npoOy y BUTIs-
Il pO3YMHY BBOZATH y BHCOKOTEMIIEPATYPHY aproHOBY IIIa3My, JIe aTOMH 3aiiza 30y-
JUKYFOTBCS 1 BUIIPOMIHIOIOTh CBITJIO Ha XapaKTepHill JOBKWHI XBIJII. [HTEeHCHBHICTH
IIFOTO BHITPOMIHIOBAHHS TIPOTIOPIIiiiHA KOHIIEHTpAIIii 3ai3a B 3pa3Ky, 10 Ja€ 3MOTy
MPOBOJIMTH TOYHI KUTBKICHI BU3HaYeHHS 3aiiza B Oionoriuanx 06’ekrax (Costo Ta iH.,
2019, Tafazzoli, 2024; Ortowska, 2023). Hefo/1ikoM 1IbOT0 METOTy MO’KHA Ha3BaTH BH-
COKY BapTICTb 1 CKJIaTHICTh anapaTypH AJIsl IPOBECHHS aHAIi3Y.

Amomno-abcopbyiiina cnekmpomempis (AAS). OnuH 3 HAUNOMINPEHIIIX METOIIB
BU3HAYCHHS 3aj1i3a B OiONOTIYHMX 00’€KTaX, 30kpeMa B mpixmkax (Bag, 1998; Shin,
2001; Pas, 2007; Pirman, 2012; Kyyaly, 2015). B ocHOBi METOLy JIE)KUTH SBUIIIE TIOTIIH-
HaHHSI CBITJIa aTOMaMH 3ajli3a. 3pa3oK, MepeBe/IcHNi B aTOMHHIN CTaH 32 JOIIOMOTOI0
BHCOKOI TEMITEpaTypH, B3aEMO/II€ 31 CBITJIOBUM NPOMEHEM, YACTKOBO IOIIMHAIOYH HOTO.
[HTEeHCHBHICTH MOTIMHEHOTO CBITJIa PSMO MPOIOPIIiHHA KOHIICHTPALIIT aTOMIB 3aj1i3a B
aHAJII30BaHOMY 3pasKy, 110 Ja€ 3MOTY MPOBOIUTH TOUHI KiJIbKiCHI BU3HaueHHs. Cepex
TiepeBar MeToIy MOYKHa Ha3BaTH Uy TIHUBICTh, CTIEIM(IYHICTh, MOMIIUBICTH TIPOBOJIUTH
aHai3 y MIMPOKOMY Jliala30Hi KOHIIEHTpaIlii 3aii3a. Bricoka BapTicTh 00NMaHAHHS €
HEJIOJIKOM METOTY.

(szyopecuenmm 30HOu. JIisl BU3HAYEHHS BHYTPILIHBOKIIITHHHUX TIOTOKIB 10HIB Me-
TaJIiB, 30KpeMa i 3aJ1i3a, 3aCTOCOBYIOTh (hIyOPECHEHTHI 30HM. IXHil mpuHImMI po6oTn
3aCHOBaHMI1 Ha SBUIII ()IIyOpecLeHIil, TAKUiA 30H1 a0copOye CBITIIO TIEBHOI JTOBXKUHU
XBHITI, 1 HOTO EIIEKTPOHU TIEPEXOSTh Ha OLTBII BHCOKI eHepreTiyHi piBHi. [licis nepe-
XOJTy €TIEKTPOHIB B OCHOBHUH CTaH, 30H]] BUIIPOMIHIOE CBITJIO B JIOBKHHI XBHJIL, IO Bif-
PI3HSIETBCS BiJI CBITIIA, SIKE BiH MOTIHHYB. DIiyopecieHTHE BUIIPOMIHIOBaHHS MOXe OY-
TH BUMIPSTHO 32 JIOTIOMOT'0F0 (hITyOPECIIEHTHOTO CeKTpodoToMeTpa abo iHIIOTO Bi II0-
BiJIHOTO 00JaTHAHHSA. 3MIHU B ()IIyOPECIIEHTHOMY CUTHAJII MOXKYTh BKa3yBaTH HA 3MiHU
y BJIACTUBOCTSIX CEPETOBHUIIA, B3AEMOIIT 3 HITMMH MOJIEKyJIaMK a0o iH1i nporecu. Ha-
MPUKIIaJ], NepLIni 3 PIyopeclieHTHUX 30H/1iB — KaJIbLIETH, 3apa3 € KOMEPLIHHO 10CTYTI-
HHMM 1 IINPOKO BUKOPHCTOBYETHCS JIsI MOHITOPHUHTY JIA0LIBHOTO 341132 B )KMBUX CHCTE-
Max 3a JIONOMOT0r0 (hJTyOpEeCLIEHTHOT Mikpockorii Ta diyopomerpii (Hirayama, & Na-
gasawa, 2017).

Ha BimMmiHy Bijg BHIlI€3a3HAYCHHUX METOJIB, KOJIOPUMETPUUHI Ta CHEKTPOPOTOME-
TPUYHI METOJIM € EKOHOMIYHO BUTIJHIMIMMH, TpocTiuMu. Lli MeToau rpyHTYIOTECS Ha
BUMIPIOBaHHI 3MiH aOCOpPOIIii 3a JOTOMOTOF0 XPOMOTCHHHX PEarcHTiB (Xenaropis). Y-
BOpPEHI 3 TAKKMH peareHTaMy KOMIIJIEKCH 10HIB METalTy Ta JIiraHay AEMOHCTPYIOTh CIIe-
MGIvHI CTICKTPH TTOTJIMHAHHS 3 XapaKTEePHUMH KOJLOPAMHU Y BUAMMIN 00JIacTi ejek-
TPOMAarHiTHOTO CieKTpa. KoMIutekcr MeTal-i0H! MaroTh BUCOKI KOHCTAHTH CTa01TbHO-
CTi Ta IMTOMUI MOJISIPHUH TTOKa3HHUK TIOTTIMHAHHS, 3MIHH KOJILOPY TPSMO IPOIOPITiiHI
KOHIICHTpAIIii i0HIB METaJly B PO34YMHI, 10 3a0e3Ieuye TOUYHE KUIbKiCHE BU3HAUCHHS
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(Smith Ta in., 2021). Cepen HaHOLIBII TOMMPEHUX XEIATOPIB, SKi 3ACTOCOBYIOTHCS IJIS
BU3HAYCHHS 3aJ1i3a B 0l0JIOTiYHMX 00’ €KTaX, MOkHA BUALHTH: hepo3uH (Riemer, Hoep-
ken, Czerwinska, Robinson, & Dringen, 2004); 6arodenantpoinaucyabhoHOBa Ku-
ciora (Tamarit, 2006; Gaensly, 2014); 1,10-dpenanrpomnin (Herrera, 2007, Chen, 2024);
(epen (Abbasi, Abbina, Gill, Bhagat, & Kizhakkedathu, 2021).

3. Ilepcnekmueu npaKkmuuHo20 3aCMOCY8AHHA OPIXHCOIHCI8, 30azatueHux 3anizom.
OnHuM i3 eheKTUBHMX cIOCOOIB MPOMIAKTUKY Ta JIKYBaHHA AeilUTy 3aj1i3a € mepo-
paJbHHIN MPUIHOM JIIKAPCHKHUX 3ac001B 1 AIETUYHHUX J00ABOK, 110 MIiCTSTH 3aJ1i30.

OnHak X BUKOPHUCTAHHS [IOB’sI3aHe 3 PU3UKOM BHHUKHEHHsI OOIYHIX e(eKTiB, ce-
pex AKUX HaiyacTile 3yCTpidaloThCs PO3Iaan ILTyHKOBO-KHIIIKOBOTO TPAKTY: HYAOTa,
0mr0BOTa, OLIIB Y JKMBOTI, 3a1I0p, MeTeopusM, Hiapes. Lli cumntomu BunuKaoTh y 40%
namienTiB (von Haehling, Ebner, Evertz, Ponikowski, & Anker, 2019). ¥V 3B’s13ky 3 ium
30aradueHHs 3aJ1i30M Xap4OBHX MPOIYKTIB 1 HAIOIB 3 BUKOPUCTAHHSAM O10TEXHOJIOTIY-
HUX ITIXOJIIB € TICPCIICKTUBHUM Ta EKOHOMIYHO JIOITEHUM ITiIXO0I0M JUT MacIITaOHO-
ro BipoBapkenHs (Kumar ta in., 2020).

3abe3nedeH st OpraHizMy JOCTaTHBOIO KUTBKICTIO 3ai3a Ta mpodilakThKa Horo ae-
(bimmTy 32 TOMOMOTO0 30aradyeHuX MPOYKTIB XapdyBaHHS Mae Ha MeTi Oe3nedne i
e(eKTUBHE TIONIOBHEHHS IIhOTO BAXKIIMBOTO eneMeHTa. [Ipu BuOopi Xxap4oBoro mpoyk-
Ty 11l 30aradeHHs 3a1i30M y MPOMHUCIIOBOMY BUPOOHUIITBI HEOOXITHO BpaxyBaTH KiJib-
Ka KITFOYOBHX (haKTOPiB:

1) npomykT Mae OyTH JOCTYITHHM Ta IIUPOKO BXKUBATHCH BCIMA COLIIATIbHUMU TPY-
TIaMH;

2) micyIs poIieypy 30aradeHHs 3a1i30M POIYKT Ma€e 30eperti CBOI OpraHoJer-
THYHI BIIACTHBOCTI;

3) mics mporeypH 30aradyeHHs OpraHi3M Mae JIErKO 3aCBOIOBATH 3aJT1i30 3 MPOIyK-
Ty, TOOTO 010/IOCTYTHICTB 3aJ1i3a Ma€ OyTH BHCOKOIO.

[poaykTy, siKi MiCTATH JONATKOBY KUTBKICTB 3271133, MOYKHA PO3IIUUTUTH Ha JBi TPYIIH:
crienianizoBaHi I KOHKPETHHX TPyl HACEICHHS Ta 3araIbHOAOCTYIIHI JUISl ITUPOKOTO
KoJ1a jmoziei. [lepia rpymna BKiO4ae MpoIyKTH, OPIEHTOBAaHI HA KOHKPETHI KaTeropii
JIO/IeH, Taki SIK BariTHI KIHKH, MiJITKA 3 MEHCTPYaJIbHUM IIUKIIOM, YKIHKH B TIEPiOJ
JIAKTAIlii, TITH, HOBOHAPOPKEHI, JIFO M IIOXUIIOTO BIKY, CIIOPTCMEHHU Ta BIHCHKOBI. JIpyra
rpyIa npoayKTiB, sSIKi MICTSTh OlIbIIIE 3aJTi3a, MPU3HAYCHA IS 3arajibHOT MPOQLIAKTUKH
Ta 3MEHIIIEHHS PU3UKY Ae(iluTy 3aj1i3a B HaceIeHHs. 3 Ii€F0 METOIO KiIbKICTh 3alTi3a B
OCHOBHHX IIPOJYKTaX XapuyBaHHS, TAKUX SIK XJIi0, pUC, CiJlb, CHp 1 COEBHH COYC, 30111b-
LIYETHCS LUIIXOM JOJIaBaHHS OpraHiYHUX 1 HEOpPraHiuHMX cosieid 3aimiza (Man Ta iH.,
2022).

B ocTanHi poKr MiKpOOpraHi3Mu, OCOOIMBO JIPiIXKIIKi, BAKOPUCTOBYIOTHCS SIK a0COp-
OEHTH METaIB JUIsl OTPHMAHHSI OPTaHIYHIX KOMIUIEKCIB MiKpOEJIEMEHTIB, sIKi JIETTIIe Tie-
PETPAaBIIIOIOTHLCS 1 3aCBOFOFOTHCS ITPU MOCHJICHIH 010JIOTIUHIM aKTUBHOCTI. TaKkoX BOHH
Hegopori y BupoOHUITBI. KpiM HU3BKOI BapTOCTi, 30araueHi MikpoeJIeMeHTaMH JpixK-
K1 MOXKYTh e()eKTUBHO 3aMiHHTH iHII HEOPraHiuHi i opraHiyHi MiKpoeJleMeHTHi Xap-
4oBi 100aBkH (Sun Ta iH., 2022).

3 MEeTOI0 MIHMPIIOT0 BUKOPHUCTAHHS APLKIDKIB, 30aradueHNX 3aJ1i30M, HAYKOBIII TIpar-

HUX BHPOOiB. [Ipu oMy 0co0mBa yBara mpUIiIIETHCS BHOOPY HAMKPAIIIOTo Kepeia

—— Scientific Works of NUFT 2024. Volume 30, Issue 6 —— 31



BIOTECHNOLOGIES

3aiTi3a ¥ OMIHII BIUIMBY IIHOTO MPOIIECY HA TEXHOJOTIYHI XapaKTEPUCTUKU Ta OpraHO-
JICTITUYHI BJIACTUBOCTI KiHIIEBOTO ITPOYKTY.

Cepen 3¢pHOBHX KyJIBTYp OCHOBHUM MPOAYKTOM JIJISI JIOCTIDKEHHS 010I0CTYITHOCTI
3ami3a in Vitro e mmenmane 6oporao. Haifuacririe 1umst 0oCiKeHs 30aradyeHHs 3epHo-
BuX BUKOpHCTOBYeThCs (hepym (1) cympdar y kombiHariii 3 aCkopOiHOBOIO KHICIOTOIO
Ta HaTpiil eTwieHmiaMinTeTpaarieratoM (Quintaes, Barbera, & Cilla, 2017).

Y nocnijpKeHH] BILIMBY JTOOABOK 3aj1i3a HAa PEOJIOTIYHI BIIACTUBOCTI TiCTa Ta TEXHO-
JIOT1YHY SIKICTh XJ1i02 3 IIJIBHO3EPHOBOTO MIICHIYHOT0 OOPOIIIHA PE3YJILTATH TOKA3aIIH,
110 JTOJIaBaHHS Pi3HUX CIIOJIYK 3aJ1i3a BIUTUBAE HA PEOJIOTIUHI BIACTUBOCTI TiCTa, OTHAK
BHUPOOHHIITBO OYJIOYOK 3aidIranocs MoxIUBAM. Cepen ycix BANPOOYBaHUX CIOITYK
3amiza (pepym—Harpii—ernneHniaminTerpaanetat (NaFeEDTA) BusiBUBCSI HAHOLTBIIT
eeKTUBHAM TSI 30aradyeHHs, OCKUTbKH MaB HaWBHI piBHI pozunHHOCTI — 44,8%.
MikpokarcynsoBanuii Gepym (II) cynbdar i BimHOBIEHE 3a11i30 OKa3aId HAWHIDKYIY
GiomoctynHicTh — 5,4 1 18,3% BiamosigHo (Rebellato ta in., 2017).

AHaJIOTI4HI JOCITIKSHHS TIPOBOIMIUCS 3 TIIICHUYHUM OOPOIITHOM JIsl BUITIKAHHS
(paniy3pkoro xiiba. Bussunocs, mo ¢paniy3skuii xii6, 30araduennii pepym—HaT-
pitt—etmnenniaminTerpaaneratom (NaFeEDTA), 3a0e3medye HaiiBuiy epekTHBHICTD
JOTIOBHEHHSI 3aI1i30M. Y TakoMy xJ1i6i BMicCT 3aiti3a ctaHoBUB 5,08 mr Fe Ha 100 r cyxoi
pedoBHHH, a GiogocTymHICTh gocsrana 50,38%. s nopisusiHHs, noaaBanHs depym (11)
cynb(ary 3a0e3neuyBayio 3araibHuid BMicT 3amiza 4,33 mr Fe va 100 T cyxoi pe4oBrHH
npu OiogoctymnHocti 37,76% (Rebellato, Castro Lima, Silva, Steel, & Lima Pallone,
2017).

Cepen HayKOBIIIB HEMAE €TUHOT TYMKH IIOJI0 TOTO, SIKE [PKEPEIIO 3alTi3a € HalO1IbIIT
OIITHMAITLHAM JJ1s1 30aradeHHsi Xap4oBuX MpoAykTiB. Hampuknan, cepen depym (1)
xnopuny, dpepym (1) xnopuny, pepym (II) cymsdary, depym (I1I) Hitpary Ta depym
UTpaTy HaHOUTbIA aKyMyJISILIis 3aii3a JpiKmKaMu crioctepiranachk it gepym (I11)
xnopuay ta ¢pepym (I1I) HiTpaTy. YMOBHU KyJIbTHBYBaHHS 3a3HaueHi B Ta0IM. 2. 3 METOIO
iHTeHCHiKaIlii HAKOTTMYEHHS 3aJ1i3a JJOCIi THUKaMH1 3aCTOCOBYBAJIOCH IMITYIILCHE €J1eK-
tpuuHe 1iosie (PEF), mo mano 3Mory 30iMbIIATH KUTBKICTh HAKOITMYEHOTO 3aji3a 3
18,68 mr Fe/r cyxoi mMacu (11 KOHTPOJIBHOI KyJIbTypH 3 JOJaBaHHSIM 3aji3a, aje He
06pobiteroi PEF) no 48,01 mr Fe/r cyxoi macu (Nowosad, Sujka, Pankiewicz, Miklav-
Ci¢, & Arczewska, 2021).

Y MpoOBKEHHS TOTEPEAHBOTO TOCHIPKEHHS Oy BUTOTOBJICH] KOPXKi 3 JI0/IaBaH-
HSM JIPDKIKIB, 30araueHUX 10HaMH 3aJ1iza, IBOMa METOIaMHU: IIUIIXOM Oe3I10CepeHbO-
T'O BHECEHHS COJIi 3aJ1i3a B [TOYKMBHE CEPEJIOBUIIIE Ta JOAATKOBUM i ITPUMAHHIM HAKO-
MTUYCSHHS 3aJ1i3a 32 JOIOMOTIOF0 iMITyJIbcHOT0 eniekTprunoro rnojisi (PEF). Bysio BuBueHo
MOTEHLIHHY 61010CTYIHICTH 3ali3a B OTPUMaHOMY XJ1i01, a TAKOXK AOCIIAKEHO HOro no-
JKMBHI i aHTHOKCHJIAHTHI BJIaCTUBOCTI. BinmMiueHa 3HauHa pi3HUILI B MOTEHIIIHHIN 010-
JIOCTYTTHOCTI 3ai1i3a MK 3pa3KaMu: XJIi0, BATOTOBJICHHUI 3 BUKOPHUCTaHHSIM He30arade-
HUX JIPDKIDKIB, MICTUB Jiuiie Oyu3bko 3 mr Fe ma 100 r cyxoi mMacH, Tofi sk X0 i3
30araueHnmu npixmkamu 0e3 PEF ckmanas mpubmmzHo 266 mr Fe va 100 r cyxoi mach.
BukopurcranHs 30aradeHrX 3ami30M IpixkmKiB 32 ymoBH Aii PEF mano 3mory minsumu-
TH BMICT 3aJ1i3a B Kopxax Maibke 10 386 mr Fe Ha 100 r cyxoi macu (Nowosad, & Sujka,
2021).
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Bararo my0nikartiii 30cepekKyioTh yBary Ha paKTUIHOMY 3aCTOCYBaHHI JPIKIXKIB,
30araueHUX 3aJ1i30M Ha JJabopaToOpHUX TBapuHax. L{i JoCIiKeHHS TaF0Th 3MOT'Y OLliHH-
TH BIUTHB TaKuX JPLKDKIB HA PIBEHb TEMOTTI00iHY, (heppUTHHY Ta iHIII TOKa3HUKHU KPO-
Bi, [II0 XapaKTepU3yIOTh 3ali30aKyMyJIIOBaJIbHI cHcTeMH opranizmy. Lle qae 3mory Bu-
3HAYUTH ONTUMAJIBHI 03¢ Ta (hopMH 3aii3a Uit eheKTHBHOI MPOQITAKTUKH 1 JIKyBaH-
HS 3a)1130/1e(pIIIUTHAX aHEMI.

Bymu poBeneni nociipKeHHs! BIDIMBY Pi3HUX KOHIIEHTPAIIiH 3aiTi3a y APLKIKOBI
Oiomaci Ha GI0IOCTYITHICTh 1 PiBEHB 3aTi3a B MEiHII HIypiB. CaMIIiB IIypiB PO3IUTHIN
Ha TPU TPYITH 3aJIeXKHO BiA mieTw. Jlo paiioHy XapdyBaHHS IEPIIOi TPYIH T0JaBaITH
JPLKIKOBY OioMacy, 30arauery 3aiizom (20, 35 i 50 mr Fe), apyroi rpynu — depym (11)
cynbdar (50 mr Fe), 1o xap4ayBaHHS TPeTHOi KOHTPOIBHOT TPYIIX 341130 HE I0JaBaIOCh.
PesynpraTn nokazanu 3Ha4HO Kpaily 010JJOCTYIHICTB 3alli3a 3 APLKHKOBOI OioMacy (Ha
36%), HIX IOCTYITHICTb 3aJli3a 3 PaLlioHy, 30araueHoro HEOPraHiuHO CULTI0. AKyMY-
JIFOBAHHS 3a1i3a B MCUiHIII 3aJIC)KaJIO BiJl KOHIICHTPALIIT €JIEMEHTA B IPIXKIHKOBIN OioMa-
ci. Bymo BusiBIIEHO, 10 B TeUiHIII APYTOi TPyNH aKyMYJTFOBaJIach 3HAYHO MEHINA KiJlb-
KICTb 3aITi3a, HiX y nepiuiit rpymi (147,9 1 200,4 mxr/t BianosinHo) (Pirman, & Oresnik,
2012).

Bucoka GiomocTynHicTh 3aii3a i3 30aradeHoi IpikIpKoBoi Oiomacu, aje 3 BHKOPH-
CTaHHSIM IHILIOTO JuKeperta 3aisa, Hl,Z[TBep,Z[)Ky€TI>C5{ B HACTYTTHOMY JociimkenHi. Bu-
BYAIOYH BIUIMB OPTaHIYHUX 1 HEOPTaHiYHHX CIIOIYK 3aJliza Ha 3z[op013 s aHEMIYHHX -
piB, OYJI0 BCTAHOBIICHO, 10 MAKCMMAJIbHE HAKOTIMYCHHS 3ai3a B KIITHHAX JPIXIDKIB
nocsirano 15 mr/kr 3a ymosu Bukopuctants 32 MM depym (11I) murpaty. Y rpynu mry-
PiB, SIKMX TOMYBaJIH APDHKIKAME, 30aradeHIMH 3aJ1i30M, CIIocTepiranics HaiBuIa 0io-
JOCTYIHICTB IIOTO MikpoenemeHTa (36,35% y mopiBHAHHI 3 KOHTPOJILHOIO TPYIIOI0) Ta
ITiIBUIIIEHa KOHIIEHTpAITisl 3aJTi3a B TKaHuHaxX nedinkd (1,29 mkr/r mpotu 0,93 MKT/T ¥
KOHTPOJIBHIH Tpymi). ['icTonoriuamii aHasi3 nediHKy, HUPOK, CEPIIs Ta CENE3iHKH IypiB
3 IIi€i TPYMU TI0Ka3aB MOBHE YCYHEHHS TSHKKUX aHEMIYHUX YIIKOJDKEHb 3aBIISKH BXKH-
BaHHIO JIPLKIKIB, 30araueHux 3aiizoM (Kyyaly, Powell, & Ramadan, 2015).

B iHmomy gocmimkenHi Muytiiei i3 3amizo/1eiluTHOIO aHEMi€I0 TOPiBHIOBAIH eek-
THBHICTb pi3HUX (popM 3aiti3a: opraniunoi (pepym (II) rinmnar), Heopraniunoi (pepym (1)
cynbdar) Ta GionoriyHoi (apixkmki Saccharomyces cerevisiae, 30aradeHi 3amizoM —
Fe-F8). PesynbraTi mokasainy, 1o oionoriuxa gopma 3aiiza Fe-F8 3nauHo nepesepiiye
iHIT1 QOPMU 3a 30ATHICTIO BiTHOBITIOBATH PiBEHb F'eMOTII00iHY, TIOKpALTyBaTH CTaH CJIH-
30BO1 000JIOHKH KHIIICUHHKA Ta MeuiHKy. KoHIeHTpalris 3ai3a B CHpOBaTiii KpoBi OyJia
HaWBHILIOI y TBapHH, siKi orpuMyBanu Fe-F8, mo cBiguuts npo #oro BUCOKY 0iono-
crynnicth (Chen Ta iH., 2024).

IIpomucnoBuii npouec 30aradyeHHsT APIKIKIB 3a1i30M BUMarae BIPOBAIKEHHS pe-
Cypco30epirarouux TEXHOJIOTIH Il MiHIMI3aIli HEraTHBHOTO BILIMBY Ha JOBKLLIS Ta
MiIBHUIIEHHS epEeKTUBHOCTI BUPOOHUIITBA. OHUM i3 IEPCHEKTUBHHUX HANPAMIB TaKUX
TEXHOJIOTIH € TeHeTUYHA MOIUMIKALS IPIXKIXKIB.

I[MpencraBneni xap4oBi Ipixki S. cerevisiae, moaudikosani st excnpecii H-pepu-
TrHy. L Moaudikaris CyTTEBO T ABAIIIIA 3MATHICTD APLKHKIB HAKOITMYYBATH 3a1i30.
EdextuBHicTh apixmxoBo-peputrHoBoro komiuekcy (YFC) Oyna nepeBipeHa Ha Mo-
JIeJISIX Iy PiB Ta MaBil i3 AedinuToM 3aii3a. Bxxkusanus YFC y 11ypiB HOKpAIIMIIO PiBEHb
remorio0iny (Hgb), remarokpury (Hct) Ta miIBUIIIO KOHIIEHTPAITIFO 3a1i3a Y TICUiHII
Ta cenesinii. YFC nokaszae Buily eekTHBHICTD y 30ubieHHi Hgb ta Het mopisHsiHO 3
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cynb(aToM 3aii3a, HaBiTh 32 YMOBH MEHIIOTO CIIOXKHMBAHH 3aJli3a MPOTSTOM TOTO K
nepiony. Y maBn gonasanus YFC 1o pamioHy 3Ha4HO ITiABUILMIIO PiBEHb FeMOTII00IHY
BCHOTO 3a OIMH MicsIlh (James Ta iH., 2021).

BaxxnuBy posib y TpaHCIOPTI Ta MOTJIMHAHHI 3aJ1i3a, KpiM (DepUTHHY, BIIIrParoTh Ta-
KO cuzepodopu. Zhang Ta iH. OCHTIFIH poib CHAEPOPOPIB Y TPAHCHIOPTYBAHHI 3aJTi-
3a B YMOBax BHCOKOI'O BMICTy 3ajli3a Ta 3aCTOCYBaHHS cHAepodopiB ajs 30arauycHHs
eneMenTaMu. Pe3ymbraTn mokazanu, cunepodop TZT-12 3 TomepanTHOTO 70 3aiTi3a ImTa-
Ma (LK1110) cnpusiB pocTy IpixIDKiB 1 301IbIIyBaB BMICT 3aJli3a BCEPEAMHI KITITHH.
MakcuMabHII BHYTPIIHBOKITITHHHM BMICT 3aii3a 14,44 mr/t (Ginbiie va 74,65% mo-
PIBHSIHO 3 KOHTPOJIBHUM JOCIiIOM) OyB NOCSATHYTUH nipy goAaBaHHi 24 Mkr/mia TZT-12
JI0 CepeIOBUINA KyIbTUBYBaHHS. J{piX/Ki, 30aradeHi cuaepoopoM-3aiizoM (S-hepym
30araveHi IpiKIKi), TOKa3ald MaKCUMAaJIbHy KOHIIGHTPALil0 BHYTPIITHBOKIITHHHOTO
3amiza 59,40 mr/r Ta Oynu BUKOpHCTaHi sl TI€TH XBOPHUX Ha aHeMiro mrypis. [lopis-
HSUJTbHA OLIIHKA XapaKTEePHCTHK POCTY, MMOKa3HHUKIB TeMaTOJIOTYHUX TECTIiB 1 BMICTY 3a-
JIi3a B OpraHax MmpoJeMOHCTPYBalIa, M0 JAPDKMIKI, 30araderi S-3amizom, JOCSTIIN Kpa-
moro edekTy y moJermeHHi CHMITOMIB 3a1i304e(ilIuTHOI aHeMii y IIypiB, HiX HEOp-
raniune 3amizo (pepym (II) cynpdar) (Zhang Ta in., 2021).

BucHoBKu

HayxoBi myOmikariii, B sIKUX pO3TISIIal0ThCS pe3yNbTaTy 30araueHHs IPpiKKIB 3a1i-
30M, IEMOHCTPYIOTb, IO TIPOLIEC € JOCUTH CKJIAJHUM 1 3aJIeKHUTh BiJ Oaratbox (akrTo-
piB. OnTuMi3altist yMOB KyJIbTUBYBaHHS JAPKIKIB 1 BHOIP BiIMOBIIHUX CIIONYK 3aii3a
HalyBae 0COOJIMBOT aKTyanbHOCTI 14 3a0€31eYeHHs! MAKCUMaJIbHOIO HAKOITMUCHHS 3a-
J1i3a B KJITHHAX Ta HOro e()eKTUBHOT'O BUKOPHCTAHHS OPTaHi3MOM. AKTHUBHO JIOCIIIJDKY-
FOThCS PI3HOMaHITHI (hopMH 3alti3a Ta IXHS MOMIIMBICTb TTOTJIMHAHHS AP1KIHKOBUMHE KJTi-
TUHAMH JIJIS1 IOCSATHEHHS. MAKCUMAJIBHO e(pekTiBHOTrO 30araueHHs. CiIij] BIIMITUTH, 1110
cepesl HayKOBHUX MyOJIiKaIliil JOCUTh MaJlo JJOCHIPKEHb BILTMBY BapiabeIbHOCTI yMOB
KYJIbTUBYBaHHS Ha KUIbKICTh HAKOITHUSHOTO 3aJTi3a B IPIKIKAX.

Binpmricts HaykoBHX Tpallb 30cepe/KeHa Ha BUBYECHHI BIUIUBY APKIDKIB, 30arade-
HUX 3aJ1130M, Ha KHBUI OpPraHi3m. 30erMa TPOBOJIATECS JIOCTIDKEHHSI Ha TBAPUHAX 3
METOIO OLIHKU e(i)eKTI/IBHOCTl TaKuX ,Z[pl)K,Z[)KlB y KOpeKLlll 3a1i307e(pilMTHUX CTaHIB.
AHaNI3YIOThCS 3MIHU ITOKA3HHUKIB KPOBI, TAKHX SIK PIBEHb reMorno61Hy Ta (i)epI/ITI/IHy,
TaKOX 3araJIbHUH CTaH 310pOB’s TBAPHH, SIKI OTPUMYBAITH APLKIIKI, 30aradeHi 3ai30M.

[porte, He3BaXkarouw Ha MOTEHIIHHI ITEpeBary, BUKOPUCTAHHS JIPIXKIDKIB, 30arade-
HHUX MiKpOeJIeMEHTaMH, BUKJIMKAE P/l TUTaHb 1010 Oe3meku. BincyTHicTh 4iTKuX pe-
TYJISTOPHUX HOPM HIOJIO TAKUX MPOJYKTIB CTUMYITIOE TIPOBEICHHSI JIOJIATKOBUX JIOCITi-
JDKeHb JJIS1 OLIHKY 1X 01010CTYNMHOCTI i TOKCHYHOCTI. Ba)knMBUM HaIpsMKOM J0CITi-
JDKeHb € BUBUECHHS ()OpM, B SIKMX 3aJ1i30 3B’s3aHE B JPDKIKOBHUX KIIITHHAX, 8 TAKOXK
PpO3poOKa METO/IiB BUIIICHHS Ta JETOKCUKAIIIT IIUX CIIONYK.

Bapro 3a3Ha4nTH, 1110, HE3BAXKAKOYN HA 3HAYHI JIOCATHEHHS B rajly3i aHATITHYHOT Xi-
Mii, BU3HAYEHHS BMICTY 3ai3a B 010JIONYHMX 3pa3Kax BCE L€ 3THIIAETHCS CKIIaJHUM
3aBnaHHsaM. OCHOBHI BUKJIMKH TOB’s13aHi1 3 TETEPOTCHHICTIO 3pa3KiB, OCKLIBKH 010710T14-
Hi 3pa3KH € CKJIaAHUMHU MaTPHULISIMH, 1[0 MICTSTh BEIMKY KUIbKICTB 1HIIMX PEUYOBHH, SIK1
MOXXYTh iHTep(hepyBaTH 13 BU3HAUYECHHSIM 3aJ1i3a; HU3HKUMHU KOHIICHTPAITISIME aHAITY,
1110 BUMAra€ BUKOPHCTAHHSI BUCOKOYY TJIMBUX METO/IiB aHAJIi3y Ta PI3HOMAHITHICTIO (JOopM
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3aiiza (BUIbHE, 3B’3aHE 3 OUIKaMU, BKITFOUCHE JIO0 CKJIay CKIaHUX KOMILICKCIB), IO
YCKJIaJIHIOE IOr0 BU3HAYECHHS.

MaiiOyTHI JOCITiKEHHS TIOBHHHI OyTH CIIPSIMOBaHi Ha pO3p0O0KY HOBHX, OLTBIII TOY-
HUX 1 IIBUIKUX METOJIiB BU3HAYCHHS 3aJ1i3a, @ TAKOXK HA CTBOPEHHS CTaHJIAPTHUX TPO-
TOKOJTIB JUTS aHAJII3y PI3HUX THIIB O10JOTIYHUX 3pa3KiB.
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