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MIKPOBIOJIOTTYHI 3AXBOPIOBAHHS 3EPHOBUX KYJIBTYP
TA IX POJIb Y ®OPMYBAHHI SKOCTI ¥ BE3IIEYHOCTI
3EPHA

T.B. I'appum, H.O. Boposikosa, I.M. ®omina

YV cmammi  ysacanvheno cyuacui Hayko6i nioxoou 00 O0CHIONCEHHS
MIKPOOIONIOZIYHUX 3AX60PIOBAHb 3EPHOBUX KYJIbIMYP Mda iX GNAUSy HA (POpMYSaHHSH
akocmi Ui 6esneynocmi 3epua. Ilpoananizoéano porv  DiMONamoceHHux i
canpoQimuux MiKpoOpeaHizMié y npoyecax yparceHHs 3epHa Ha pisHUX emanax — 6io
secemayii 0o 30epicanna. Po32iaHymo OCHOBHI epynu MIKpOOp2aHizmie, 30Kpema
epubu pooie Fusarium, Aspergillus, Penicillium, wo 30amui npooyxkysamu
MIKOMOKCUHU. Buceimieno cyuacui memoou GusiglieHHs MIKpO@Iopu 3epHa,
BKIIOHAIOYU KILACUYHI MIKPOOIONIO2IUHI, MONEKYIAPHO-2CHEMUYHI, IMYHONOSIUHI ma
Mmemazenomui nioxoou. Ocobaugy yeazy npudiieHo Hebe3neuHocmi MIKOMOKCUHIG, IX
CmIiKoCmi 00 MeXHON02IUHOI 06POOKU Ma 6NAU8y HA 300P06 s TOOUHU | MEAPUH.
Ilpoananizoeano cyuachi mexnonozii KOHMpOO MIKpoOHOI KoHmaminayii 3epHa,
30KpemMa CYWiHHA, 030HY8AHHS, IOHI3VIOUe BUNPOMIHIOBAHHA, XOAOOHY HWAA3MY Md
suUKopucmanHsa opeaniunux Kuciom. OOIPYHMOBAHO OOYINbHICMbL 3ACMOCYB8AHHA
iHmMe2po8anozo nioxody 0o 3abe3neueHHss MIKpOOIOI0SIUHOT be3neyHoCmi 3epHO60T
CUPOBUHLU.

Knrwuosi cnosa: 3epnosi Kynbmypu, MIKpOOGIONO2iUHI  3aX80PIOGANHS,
MIKpopopa 3epHa, MIKOMOKCUHU, Qy3apio3, Oesneunicmv 3epHa, sKiCmb 3epHd,
MIKPOBOIOM, MEMOOU KOHMPOIIO.

MICROBIOLOGICAL DISEASES OF CEREAL CROPS
AND THEIR ROLE IN THE FORMATION
OF GRAIN QUALITY AND SAFETY

T. Gavrish, N. Borovikova, |. Fomina

The article summarizes current scientific approaches to the study of
microbiological diseases of cereal crops and their role in the formation of grain
quality and safety. Grain crops represent a fundamental component of global food
security, and their quality is significantly influenced by microbiological factors
throughout the entire production chain. The study focuses on the complex interaction
between phytopathogenic and saprophytic microorganisms, which determine both the
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biological condition of plants during vegetation and the preservation of grain during
storage.

Special attention is given to fungal pathogens belonging to the genera
Fusarium, Aspergillus, and Penicillium, which are among the most significant agents
of grain contamination. These microorganisms not only cause plant diseases such as
Fusarium head blight but also produce mycotoxins—highly toxic secondary
metabolites that pose serious risks to human and animal health. The most common
mycotoxins found in cereals include deoxynivalenol (DON), zearalenone, aflatoxins,
ochratoxin A, and fumonisins. These compounds are characterized by high thermal
stability and resistance to conventional technological processing, making them
particularly dangerous contaminants in food and feed chains.

The paper analyzes modern methods for detecting grain microflora, including
classical microbiological techniques based on culturing on selective media, as well as
advanced approaches such as polymerase chain reaction (PCR), real-time PCR,
enzyme-linked immunosorbent assay (ELISA), and next-generation sequencing (NGS).
These methods enable accurate identification, quantification, and characterization of
microbial communities and toxigenic strains, thus providing a comprehensive
understanding of the grain microbiome as a dynamic ecological system.

In addition, the study examines the hazardous effects of microbial
development in grain mass, emphasizing the toxicological impact of mycotoxins,
including their immunosuppressive, carcinogenic, mutagenic, and hepatotoxic
properties. The synergistic effects of multiple mycotoxins are also highlighted as a
critical factor that increases overall toxicity and complicates risk assessment.

The article further reviews contemporary and nepcnexmugui methods for
controlling microbial contamination in grain. These include traditional approaches
such as chemical pesticides and drying, as well as innovative technologies like
ozonation, ionizing irradiation, cold plasma treatment, pulsed ultraviolet light, and
the application of organic acids. Each method is evaluated in terms of its
effectiveness, advantages, and limitations, particularly regarding its impact on grain
quality and environmental safety.

The findings demonstrate that no single method can ensure complete
microbial safety of grain. Therefore, the implementation of an integrated control
system that combines physical, chemical, and biotechnological approaches is
considered the most effective strategy. Such an approach allows minimizing microbial
risks while maintaining high quality and safety standards of grain products. The
results of this study can be used to improve monitoring systems and develop advanced
technologies for grain preservation and processing.

Keywords: cereal crops, microbiological diseases, grain microflora,
mycotoxins, fusarium, grain safety, grain quality, microbiome, control methods.

IMocranoBka npo6JieMu y 3arajJbHOMY BHIJIsIIi. 36pHOBI KyJIBTYpH
€ CTpaTeriyHoI0 OCHOBOIO TPOJOBOJBYOI Oe3MeKkn OLIBIIOCTI KpaiH CBiTY,
30KpeMa YKpaiHW, sIka HaJle)KUThb 1O IPOBIIHUX EKCIOPTEpiB 3epHa. Y
CyJyaCHHX yMOBax iHTeHcH(Qikalii arpoBUpOOHHUITBA, TIO0ATBHHUX
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KIIMAaTHYHUX 3MIiH Ta 3POCTaHHS BUMOT JIO SIKOCTI MPOIYKINI 0COOIHUBOT
aKTyairbHOCTI HaOyBae mpo0aeMa MiKpoOioIOTIYHOTO ypaXKeHHS 3epHa.

DopMyBaHHS BPOXKAIO Ta HOTO AKICHUX MOKA3HUKIB BiOYBA€THCS i
BIUIMBOM KOMIUIEKCY OiOTHYHHX (DaKTOpiB, cepen SKMX IPOBimHE Micle
3aiMalOTh MIKPOOpPTaHi3MH — SK (ITOMATOTeHHI, TaK 1 campoiTHi.
diTomaToreHHi MiKpOOpPTaHi3MH BHKIUKAIOTh 1H(EKIiiHI 3aXBOPIOBAHHS
POCTHH IIe Ha eTami BereTarii, Toxi Ak camnpogiTHa MiKpodiopa aKTHBHO
PO3BHBAETHCA MiJ Yac 30epiraHHs, CIPUYNHSIIOYH NICYBaHHS 3epHa.

OcoOnuBy HeOe3NeKy CTaHOBIISITH MIKPOCKOIIYHI TIpuOu poaiB
Fusarium, Aspergillus, Penicillium, sixi 3natHi npoayKkyBaTi MiKOTOKCHHU —
BTOPHMHHI MeTa0OJITH 3 BUCOKOI TOKCHYHICTIO. HasBHICTh MIKOTOKCHHIB y
3epHI 3HAYHO 3HWXKYE HOT0O MPOAOBOJIBYY Ta KOPMOBY I[IHHICTH, 8 TaKOX
CTBOPIOE PU3HMKH JIJISL 37J0POB’s1 JIIOAWHU 1 TBApHH.

Y 3B’3ky 3 mUM TpoOieMa MIiKpOOiONIOTIYHHX 3aXBOPIOBAaHBb
3€pHOBHX KyJbTYp Ma€ KOMIUIEKCHHH XapakTep 1 moTpedye IHTerpoBaHOTO
miaxomy no ii JOCHIIPKEHHS 3 ypaxyBaHHAM SK OIONOTIYHHMX, TakK 1
TEXHOJIOTIYHUX MIPUHOMIB.

AHagi3 ocTaHHIiX gocaimxkeHpb i myOJikamid. YpomoBX oCTaHHIX
JNECATUIITh 3HAYHA YyBara MPHUIUILETbCS JOCHIPKCHHIO eTiojorii Ta
MaToreHe3y  MIKpoOiOJIOTIYHMX  3aXBOPIOBAaHb  3E€PHOBHX  KYIBTYP.
BcraHoBneHO, 1IO OJHMM i3 HAWMOMIMPEHIIIMX 1 HaliHeOe3neyHIiIInx
3axBOpIOBaHb € (py3apio3 Kosocy, 30yJHHKAMU SIKOTO BHUCTYIAIOTh IPHOU
pomy Fusarium [1].

3riqHo 3  JaHUMH ~ MDKHApOJHUX  JOCTIKEeHb,  (y3apios3
CYIPOBOIKYETHCSI HAKOIMUEHHAM Ae30kcuHiBanenony (DON), seapaneHony
Ta IHIIUX MIKOTOKCHHIB, SIKi € CTIHKUMH J0 TEXHOJOTIYHOI 00poOku [2].
Bcranosneno, mo DON BUKOHYe He NHIe TOKCHYHY (QYHKIIIO, ame Oepe
y4acTh y M€XaHi3Max NaTOr€HHOCTI, 1110 NPU3BOJUTH 10 IPOHUKHEHHS rprubda
B TKaHWHU POCIHHH [3].

IMopstn i3 1UM 3HAUYHUKA IHTEPEC BHUKJIMKAIOTH JOCIIKCHHS
canpoditHoi Mikpoduiopu 3epHa. [TokaszaHo, 1o mij yac 30epiranHs 3epHa 3a
MIBHUINCHOT BOJIOTOCTI BiOYBA€ThCSI IHTCHCHUBHHI PO3BUTOK ILTICHSIBHX
rpubiB, 0 MPU3BOAMTE 10 CAMO3IrpiBaHHS 36pHOBOI MacH Ta MOTipIICHHS 11
gkocri [4].

CyuacHi po60TH TakoX (OKYCYIOTh yBary Ha poili MikpoOiomy 3epHa
SK CKIIAJHOI €KOJIOTiYHOi CHUCTEMH, B SIKIH BiZOYBa€ThCS B3AEMOIiS MiX
pi3HMMH TpynamH MikpoopranizmiB [5]. Bcranosneno, mo canpogiTHi
MIKpPOOpraHi3MH MOXYTh SIK NPHUTHIYYBaTH PO3BHTOK MAaTOTeHIB, TaK 1
CTBOPIOBAaTH YMOBH JUIS 1X aKTHBI3alii.
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AKTHBHO PO3BHMBAIOThCS OIOTEXHOJIOTIUHI MiAXOAW IO KOHTPOIIIO
MIKpOOHHUX 3aXBOPIOBaHb, 30KpeMa BUKOPUCTAHHS aHTAarOHICTHYHUX OaKTepin
(Bacillus, Pseudomonas) Ta MOJIEKyISIpHAX METO/IIB JIarHOCTHKH [6].

PazoM 3 TuM, HEIOCTaTHHO BHBUCHHMH 3alHIIAIOTHCS ITUTAHHS
KOMIUIEKCHOTO BIUIMBY MiKpOOHMX KOHCOPIIiyMiB Ha (OPMYBaHHS SKOCTI
3epHa, a TAKO’K MEXaHI3MH B3a€MOIii caripodiTHOI i MaTOreHHo1 MiKpodIopn
i 9ac 30epiranHs.

MeTto10 cTaTTi € y3araJbHEHHs CyYaCHHMX HAyKOBHX IIiJXOJIB JIO
BUBYEHHS MIKPOOiOJIOTIYHUX 3aXBOPIOBAHb 3€PHOBHX KYJIBTYp, aHaI3 podi
canpo¢iTHUX 1 (iTONATOreHHUX MIKPOOPTaHi3MiB y (OpMyBaHHI SKOCTI Ta
0e3MEeYHOCTI 3epHa, a TAKOXK CUCTEMATH3allisl CYYaCHUX CIOCO0IB KOHTPOIIIO
MIKpOOHOT KOHTaMiHaLlil 3epHOBOi CHPOBHHH.

JociimpkeHHst 0a3yeThCsl HA CHCTEMHOMY aHali3i Cy4acHHX HayKOBUX
JDKEpel, IO BUCBITIIIOIOTH MiKPOO10JIOTidHI OCOOIUBOCTI (POPMYBAHHS SIKOCTI
Ta 0E3MEYHOCTI 3epHOBUX KyIbTyp. OcoONMBY yBary NpHIICHO METoIaM
BUSIBJICHHS, iICHTU]IKALIT Ta KUTHKICHOT OLIHKH MiKpO(IIOpH 3epHa.

Martepianun Ta wMeroau. CydacHI TIIXOAW OO BHABJICHHSA
MIKpOOpPTaHi3MiB y 3€pHI BKIIOYAlOTh KOMIUIEKC KIACHYHHX Ta
IHHOBAaIlIHHUX METO/IB, IO MIO03BOJIAIOTH OTPUMATH SK SKICHY, TakK I
KIUJIbKICHY XapaKTepHCTHKY MiKpOOHOTO KOHTaMiHYBaHHSI.

Kiacuuni Mikpo6iosioriuHi MeToau nepeadadaroTb BUCIB MPoO 3epHa
Ha MOKUBHI cepeouiia (arap Yaneka, Cabypo, KapTOIUISIHO-EKCTPOIHUIA
arap) 3 TMOJANbIIOK IHKyOamiero Ta ineHTU]IKALi€el0 KOJOHIH 3a
MOPQOJIOTIYHIUMH Ta KyJbTypaJlbHUMHU oO3Hakamu [7]. [lanwii mijgxin
JI03BOJISIE BU3HAYUTH JKUTTE3ATHY MIKpO(IIOpy, OJHAK € TPUBAIAM 1 HE
3aBXKAH 3a0€31euye TOUHY BUIOBY iNCHTU(IKAIIIIO.

MiKpOCKOIIiYHI METOAM BKJIFOYAIOTH IPsSME MiKpPOCKOITYBaHHS 3epHA
Ta (papOyBaHHS IpeEnapaTiB, IO TO3BOJSE BUSBUTH CTPYKTYPH TPHOIB (Tidwu,
criopn) 0e3 KymbTHBYBaHHA. Lle 0COONMBO BaXITMBO [UIA iarHOCTHUKH
JMATeHTHHUX 1H(EeKIin.

MorekyIsIpHO-TeHETHYHI METO/IU, 30KpeMa ToJliMepa3Ha JIaHIIoroBa
peakiiist (ITJIP), 3a0e3meuyroTh BHCOKY UYYTIHBICTE 1 chenuigHicTh
imeHTudikamii  MiKpoopraHi3MiB, BKJIIOYAalOYM TOKCHUTECHHI  IITaMHU.
Buxopucranns real-time PCR no3Bosie He nuiie BUSBIATH, ajie i KiTbKICHO
OIIIHIOBATH PiBeHb KOHTaMiHalii [8].

MerareHOMHI IMiAX0au Ta cekBeHyBaHHs HOBoro nokoiinus (NGS)
JIal0Th 3MOTY JOCIIJUKYBaTH CTPYKTYPY MIKpoOioMy 3epHa SIK IiJIiCHOT
€KOCHCTEMH, IO OCOONMBO BaXJIMBO JUIS PO3YMIHHS B3aeMOJIl Mixk
canpo¢iTHUMH Ta TaATOT€HHUMHU MiKpoopraHi3Mamu [5].
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Imynosoriuni  meroqu (ELISA) 1mmpoko 3acTOCOBYIOTBCS IS
IIBUIKOTO CKPUHIHTY MIKOTOKCHHIB Ta OKPEMHX MIKPOOpPTaHi3MiB, IO
MAaIOTh B)KJIMBE 3HAUCHHS I KOHTPOJIIO OE3MeYHOCTI 3epHa.

Bukjag ocHoBHOro Marepiaay jgociaimkeHHsi.  Po3BuTOok
MIKpOOPraHi3MiB y 3epHOBil Maci CTAHOBUTH CEpHO3HY 3arpo3y He JIHIIE s
SIKOCTI TPOAYKIil, ame i1 370poB’s moauHu 1 TBapuH. OcobimmBO
HeOe3IMEeYHNMH € MiKPOCKOIIIYHI TPHOH, 34aTHI MPOAYKYBaTH MiKOTOKCHHHU —
BTOPHHHI META00JIITH 3 BUCOKOIO 010JIOTTYHOIO aKTHBHICTIO.

Haii0inpmr ~ momMpeHUMH  MIKOTOKCHHAMH Y 3€pHI €
ne3okcuHiBasieHon (DON), 3eapajneHoH, adiaaTOKCHHHM, OXPaTOKCHH A,
¢dbymoHnizunu [2].

MIKOTOKCUHU XapaKTepU3YyIOThCS BHCOKOI TEPMOCTIHMKICTIO 1 He
PYHHYIOTBCS TiJ Yac 3BUYAHHOI TEXHOJIOTiYHOI mepepoOKH 3epHa,
BKIIOYAIOYH JIyIIEHHA, IOMENT 1 TepMidHy o00poOky. Bonu 3matHi
HAKOMHMYYBAaTHCS B OPTaHi3Mi JIIOAWMHM 1 TBapWH Ta BUKIMKATH IIHPOKUI
CIICKTp TOKCHYHHX €(eKTiB: IMyHOIENpecifo, TemaTOTOKCHYHICTD,
KaHIIEPOTEHHY Ta MyTareHHy Hi0.

3o0kpema, aIaTOKCHHM, IO NPOAYKYIOTBCS TpHOaMu poxy
Aspergillus, € ogHMMH 3 HAWNOTYXHILIIMX IPUPOIHHUX KaHIEPOTEHIB.
OxpaTokcMH A Mae HepOTOKCHYHY Jit0, a (YyMOHI3MHH IOB’s3aHi 3
PO3BHUTKOM OHKOJIOTIYHUX 3aXBOPIOBaHb [2].

HesokcuniBasienon (DON) He Jyuiie BHKIHUKAE TOKCHYHI e(eKTH
(OxmroBaHHS, 3HMIKEHHS aleTHTY), ajne Bilirpae pojb y nepebiry XBopoOu
(by3apios, CpUsIFOYH MOMIMPEHHIO ITprba B TKAHUHAX POCIHHH [3].

Oco0muBy HeOe3MeKy CTaHOBHTh KOMOIHOBaHa Misl  KUTBKOX
MIKOTOKCHHIB, III0 MOXXE MaTH CHHEPTIYHUN e(PEeKT 1 3HAYHO MOCHITIOBATH
TOKCHYHICTB.

VY cydacHHX yMOBaxX KOHTPOIIb MiKpOOiOJIOTigHOI O€31meYHOCTI 3epHa
0a3yeTbcs Ha TIOENHAHHI TPATUIIMHAX Ta IHHOBAI[IMHUX TEXHOJIOTIH, IO
JI03BOJIsIE 320€3MeYNTH KOMIUIEKCHUH BIUIMB Ha MiKpOOHY KOHTaMiHaIlI0 Ha
pi3HHX eTramax BUPOOHHMITBA, 30epiraHHs Ta mepepoOku. Takuid minxin e
HEOOXITHMM 3 OIJISIIy Ha CKJIaJHICTh MIKDOOHHX yrpyNnoBaHb 3epHa Ta ix
3/IaTHICTh aJIalITyBaTHCS 70 3MiH YMOB CEPEIOBUINA, 1110 3yMOBIIIOE MOTPEOy
Y BHKOPHCTaHHI TiXO0/iB 10 3MEHIIICHHS MiKpOOHOT KOHTaMiHaIli1.

OpHuM 13 HaWOIIBII MOIMPEHMX MiAXOIB 3aJTUINAIOTHCS XiMidyHI
METOJH, 30KpeMa 3aCTOCYBAaHHS INECTHIHIIB, Cepel SIKUX BaXKJIUBE Micle
3aiiMaloTh  QyHrinuaM. BoHM e(eKkTHBHO NPHUTHIYYIOTH  PO3BUTOK
(iTOMaTOreHHUX MIKpOOPIaHi3MiB y MOJIbOBUX YMOBaX, IO MPU3BOANUTD /10
MiABUINCHHS BPOKaWHOCTI Ta IOKPALICHHS SKICHUX ITOKA3HUKIB 3€pHA.
BonmHowac iHTEHCHBHE BHUKOPHCTAHHS TIECTHLHJIIB CYIPOBOMIKYETHCS
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HHU3KOIO HETaTHBHUX HACJIIKIB, Cepesl SKUX 3a0pyJHEHHs IPYHTIB i BOJHHUX
pecypciB, 3HIKCHHS 010pi3HOMAaHITTSI arPOEKOCHUCTEM, a TaKOK (hOpMyBaHHS
CTIMKMX [0 Iii mpemapaTiB momyIriliit Mikpooprasismis [11-13]. ¥V 3B’s3ky
3 OUM OCOONMBOrO 3HA4eHHS Ha0yBa€ BIPOBA/PKEHHS TPHHIUIIB
IHTETPOBAHOTO 3aXWCTy POCIHH, IO Tepeadadae pamioHaJNbHE MO€THAHHS
XIMIYHUX, O10JIOTIYHMX Ta arpPOTEXHIYHHUX 3aXOIiB.

BaxmBuMm  ertammom  3a0esmedeHHs — Oe3medHOCTI  3epHA €
nicns30upanbHa 00poOKa, 30KpeMa CyIIiHHS, SIKE CIIPSIMOBAHE HA 3HUKEHHS
BOJIOTOCTi 3¢pHOBO{ MacH JI0 piBHsI, 0€3MEYHOTO ISl TPUBAJIOTO 30epiraHHs.
3MEHILIEHHS BOJIOTOCTI 10 NOKA3HHUKIB HIKYE KPUTHYHOI CYTTEBO OOMEKYE
PO3BUTOK MIKPOOpPraHi3MiB, Hacamiepe] IUICHABUX rpubiB. OnHak
e(CKTHBHICTh I[OTO IIPOILIECY 3HAYHOI MIPOI0 3aJIC)KHUTh BiJl HOTO
PIBHOMIPHOCTI, OCKIUIbKM HAasBHICTb JIOKaJbHUX 30H 13 MiJABUIICHOIO
BOJIOTICTIO MOXCE TPHU3BOIUTH 10 (OPMYBAaHHI OCEpEAKiB MiKpOOHOTO
PO3BHTKY, IO CYNPOBODKYETbCS CaMO3IrpiBaHHAM 3€pHOBOI Mach Ta
iHTeHcudikaiie 6ioxiMidHuX Tporecis [4, 14].

[opsix i3 dizmuarME crioco0aMy BaXXIIMBY POJIb Biirpae MexaHiuHe
OUMIIECHHS 3€pHa, 30KpeMa BHUJIAJICHHA [OBEPXHEBUX  OOOJIOHOK.
BpaxoBytouu Te, 1110 OCHOBHA YaCTHHA MIKpPOOPIaHi3MiB JIOKaJII3yEThCS caMme
Ha TOBEPXHI 3€pHIBKH, 3aCTOCYBaHHS a0Opa3sMBHUX TEXHOJIOTIH JI03BOJISIE
CYTTEBO 3HU3UTH PiBEHb MIKPOOHOTO 3a0pyTHCHHS. 3a TAHUMH TOCTIIKCHb,
BUJIQJICHHS HAaBITh HE3HAYHOI YaCTWHM 30BHILIHIX IIApiB 3epHa MOXeE
3MEHIIIUTH MIKpOOHe HaBaHTaxeHHs Ha 80—90%, 1110 € Ba)JIUBUM (HaKTOPOM
MIABHUINCHHS SAKOCTI KiHIIEBOT MPOAYKITii [15].

Cepen cydacHUX ()i3HKO-XIMIYHHX CIIOCOOIB KOHTPOIIO MIKpOOHOT
KOHTaMiHalii 3Ha4YHOI yBaruW 3aciyroBye€ O30HYBaHHs, SKe 0a3yeTbcsi Ha
BUKOPHCTaHHI CHJIBHUX OKHCIIOBAJbHUX BIACTHBOCTEH 030Hy. llei ras
3IATHUU PYHHYBATH KIITHHHI MeMOpaHU Ta BHYTPIITHEOKTITUHHI CTPYKTYpH
MIKpOOPTaHi3MiB, III0 IPU3BOAMTE 10 IX iHAKTHBAIii. Ba)KIMBOIO IepeBaroio
030HY € HOTO0 3/1aTHICTh IMIBHJKO PO3KIAAATHCS JI0 MOJIEKYJSPHOTO KHCHIO
0e3 yTBOPEHHS TOKCHYHHMX 3aJHIIKIB, 10 POOHWTh WOT0 EKOJOTIYHO
OesneyHuM 3acobom nesindexuii 3epHa [16]. BoaHowac edekTHUBHICTH
O030HYBAaHHS 3aJeXKHUTh BiA TakuX (QaKTOpiB, SK KOHIEHTpaWis Tazy,
TeMIIepaTypa Ta BOJIOTICTh CepeIOBHIIIA.

IammM  eekTHBHUM CHOCOOOM € 3aCTOCYBaHHS 10HI3yIHOUOTO
BHITPOMIHIOBAaHHS, SIKe 3a0e3leduye iHaKTHBAIII0 MiKPOOPTaHi3MiB MUITXOM
MOMIKO/DKEHHsT 1X TeHeTHMYHOro Marepiany. ['aMMa-BHUIIPOMIHIOBaHHS,
SJIKTPOHHI MYYKHM Ta PEHTIEeHIBCHKE ONPOMIHEHHs 37aTHI NPOHUKATH B
rMOMHY 3epHOBOi MacH, 3a0e3Nedyylour BHUCOKY e(EeKTHBHICTH OOpOOKH.
Pa3oM i3 THM BUKOPHCTaHHS [ILOT'0 METOTY 0OMEXKY€EThCSI BHCOKOIO BapTiCTIO
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oOnajHaHHS, HEOOXIJHICTIO CYBOPOTrO JOTPUMAaHHS HOpPM O3INeKH Ta
peryasTopHAX BUMOr [17].

[lepciekTHBHUM HampsIMOM Yy TEXHOJIOTISIX 3HE3apaKCHHS Ta
KOHTPOJIO MIKpOOHOI KOHTaMiHAaIii 3epHAa € BHKOPHCTAHHS XOJOIHOI
IUIa3MH, SIKa SBJsI€ COO0I0 YaCTKOBO 10HI30BAaHUI ra3, [0 MICTHTh aKTHBHI
(dopmH KHCHIO Ta a30Ty. Lli KOMIOHEHTH MarOTh BUPaXECHY aHTUMIKPOOHY
Jif0, 10 CTIPUYMHSIOTH OKHCITIOBAIBHE MOIIKOPKCHHS KIIITHHHUX CTPYKTYP
MikpoopranizMmiB. [lepeBaroro nporo MeToay € Horo HeTepMiUYHHUI XapakTep,
IO [03BOJIsiE 30epiraTv TEXHOJOTIYHI BJIACTUBOCTI 3€pHA, a TaKOXK
BiJICYTHICTb IIKIIJIMBHUX 3aJIUIIKIB Micyst 00pooku [18].

He wMeHm  edekTMHBHMM €  3aCTOCYBaHHS  IMIYJICHOTO
yIbTpaioicTOBOTO  BHUIIPOMIHIOBAHHs, sKe  3a0e3ledye  MBUAKY
IHAKTHBAIII0 MIKpOOPraHi3MiB LLIIXOM HOpymeHHs cTpykrypu ix JHK.
OcobmuBo edextnBHIM € Y®-C gmiama3oH, 0 Mae MaKCHUMAaJIbHY
OaKkTepUIUAHY aKTHBHICT. IIpoTe BHKOPHUCTAaHHA I[bOTO METOHY JUIA
3€pHOBHX KYJIBTYP 0OMEKY€ETHCSI HEPIBHOIO Ta IIOPCTKOIO TIOBEPXHEIO 3€PHA,
sIKa YCKJIAZHIOE PiIBHOMIpHE MPOHUKHEHHS BUIIPOMiHIOBaHHS [19].

JonatkoBo m0 (i3MIHHX 1 XIMIYHHAX CIIOCOOIB KOHTPOJIIO MIKpOOHOT
KOHTaMiHallii ITMPOKO 3aCTOCOBYIOThCS OpTraHiuHi KHCIOTH, SIKi BUKOHYIOTb
(GyHKIII0 KOHCepBaHTIB. 3HWXeHHs pH cepenoBuINa MPUTHIYYE PO3BUTOK
OLIBLIOCTI MIKpOOpPraHi3MiB, 30KpeMa IUTiCHABUX TpubiB. Haiiyacrime
BUKOPHCTOBYIOTBCS MPOIIOHOBA, COPOIHOBA, OITOBA T4 MOJIOYHA KUCIIOTH
abo ix coui. OiHAK JIsl JOCSITHEHHSI BUP@)KEHOTO aHTUMIKPOOHOTO e(eKTy
HEOOXIiJIHI IOCUTh BUCOKI KOHIIEHTpAlii IIMX PEYOBHH, IO MOXE BIUIMBATH
Ha OpraHOJICNITHYHI Ta TEXHOJIOTIYHI BIacTHBOCTI 3epHa [20].

BucHoBkn. Mikpo0ioJloTiuHI 3aXBOPIOBAHHS 3€PHOBHUX KYIBTYp €
0aratoakTOpHAM SBHIIEM, IO BH3HAYA€ SK SKICTh, TaK 1 OE3MEUHICTH
3epHOBOI MPOAYKIIl. BCTaHOBIEHO, IO TONOBHY POJb BiAirpae B3aeMOIis
¢iTOmaTOreHHNX i campoiTHUX MIKpPOOpTaHi3MiB, ska (QOPMYyeThCS SK Y
MTOJTLOBHUX YMOBAX, TaK 1 i 4ac 30epiraHHs.

Oco0nuBy HeOe3MeKy CTAHOBIATh MiKOTOKCHHH, IO MAalOTh BUCOKY
TOKCHYHICTb, CTIHKICTh 70 OOPOOKM Ta 3/aTHICTh 0 GioaKyMymsmii. Ix
HasBHICTh € KpUTHYHUM (HaKTOPOM PHU3HKY JUISI XapuoBOi OE3MeKH.

CyugacHi crtocobn KOHTPOJIO MiKpoOiomoridHoi KOHTamiHamii 3epHa
JIO3BOJITIOTH €(PEKTHBHO 3HMKYBATH MiKpOOHE HaBaHTAKEHHSI, OJJHAK )KOJCH
i3 HUX He € yHiBepcaspHUM. HaiibinpIl mepCHeKTHBHHUM € iHTErpoBaHUI
MiAX1, W0 MoeaHye (Pi3uuHi, XIMIUHI Ta 010TEXHOJIOT19HI METO/IH.
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