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AHHOTANUA

[HorpeOurenbckas TEHIESHIMS K [TOJIE3HBIM MICHBIM U3JENIUSIM C MUHIMaJIbHOHM 00paboTKoil Okazana
OTPOMHOE JaBJICHHE Ha MepepadoT4YMKOB, TpeOys cepTHdUKamuu Oe30MacHOCTH Msca M MSICHBIX
MPOIYKTOB Oe3 ymepda IIa KauecTBa MPOAYKTa M YAOBIECTBOPCHHS MOTPEOHUTEIHCKOTO CIIpoca. ITO
BBI3BAJIO TPYQHOCTH IPH CO3MaHWH W BHEAPEHWH HOBBIX TEXHOJIIOTHYECKUX TOCTHKEHHH, TOCKOIBKY
UCIIOJIb30BaHuEe 00jiee COBPEMECHHBIX MHHOBALMH MOXET TMOBIUSATH HA pEIICHHs MOTpeOUTeNed u HX
OLIGHKYy KayecTBa Msica M MACONPOAYKTOB. HOBBIE TEXHOJNOTHMM NPUTOTOBICHUS B MSCHOM
MIPOMBITIUICHHOCTH TPEOYIOT MHUKPOOHOJIOTHYECKOTO OJOOpCHUS, TPEkKIe YeM OBbITh Ha3BaHHBIMH
MPOMBINIUICHHO TIOAXOMAIIMMH allbTEPHATUBAMH M CAHKI[MOHUPOBATh WH(PPACTPYKTYpPHBIC M3MEHEHUSI.
[Topua npoIyKTOB MUTAHUS NATOT€HHEIMH MUKPOOPTaHU3MaMHt BEI3bIBAET Pa3JIMYHbIC OOJIE3HU IMUIIEBOTO
NPOUCXOXKJICHHS, KOTOPhIe MOTYT JaKe MPUBOJUTH K CMEPTH, YTO BIIEUET 3a COOOH IKOHOMHYECKHE
notepu. B naHHOM cTaThe NPUBEAEHBI JAHHBIE TUTEPATYPHI O BO3IAECHCTBUN MUKPOOPIaHU3MOB Ha CBOWCTBA
Msica, a TaKKe CocoObl MUKPOOHOIOTMUECKOT0 KOHTPOJIS KayecTBa U 0100e30MacHOCTH MsCa M MSCHBIX
MPOJIYKTOB.

KuaiodeBble cjioBa: MUKPOOHOJIOTHYECKasl MOpYa, MACO M MSCHBIE MPOAYKTHI, MOJIOUHOKHUCIIbIE
OaxTepuy, MaTOreHHbIE MUKPOOPTaHU3MEI.

be3omacHOCTh MPOIYKTOB MUTAHUS — 3TO MUPOBasi IpobJieMa, MPUOPUTETHOE HATIPABJICHHE,
KaK HayYHBIX UCCIICIOBAaHUH, TaK U IPAKTHYECKOHN IeATeTHbHOCTH B MHUIIEBOM MPOMBIIICHHOCTH.
Cuctembl 0€30MaCHOCTH TPOJYKTOB MHUTAHUS 3HAYUTEIBHO JIYYIEe JACHCTBYIOT B Pa3BUTHIX
CTpaHax M XYK€ — B Pa3BUBAIOLINXCSA. DTUM OOBACHSAETCS OOJBIIOE YUCIO KPU3UCHBIX CUTYyalluN
C IPOJYKTAaMHU MMUTAHUSI B OTHX PETMOHAX, 0COOCHHO B a3MAaTCKUX CTpaHaX.

MsICO TPOJIOJDKAeT HMIpaTh BaXXHYIO pOJIb B paIllMOHE YEJIOBEKA, SBJISAACH XOPOIIMM
HMCTOYHHKOM BBICOKOKAYECTBEHHOTO O€lKa, a Tak)Ke TOJIC3HBIX JKUPHBIX KHUCIOT U MHOKECTBA
MHUKPO3JEMCHTOB I ONTHMAaJIbHOTO IOAAEpKaHus 310poBbs [1]. Msico comepkur Oelok
BBICOKOM  OMOJIOTMYECKOM IIEHHOCTH CO BCEMH HE3aMEHHUMBIMH  aMHHOKMCIIOTaMH,
HEOOXOIMMBIMH B3pOCIBIM U AeTsAM. B msce comepxkurcs B cpennem 20-24 r 6enka Ha 100 T (B
CBIPOM BHJIE) YTO JI€JACT €ro OJHUM M3 OCHOBHBIX HCTOYHHUKOB Ociika [2]. Takike MsICO COAEPIKUT
IIUPOKHI CIEKTp OMOAOCTYIMHBIX MHKPO3JIEMEHTOB, HAIIPUMEP KEJNe30, KOTOPhIe HEOOXOAMMBI
JUTSL OOTIIErO COCTOSTHUS 37I0POBbBS 1 XOPOIIIEro caMouyBCTBHUS [3,4].

[Topua nuIEeBbIX TPOTYKTOB BOSHUKAET B PE3yJIbTaTe MUKPOOHUOIOTHICCKUX, XUMHUIECKUX
Wi (QU3NYECKNX HW3MEHEHUH, KOTOpBIC JENaloT MUIIEBOW MPOAYKT HEMPUEMIIEMBIM s
noTpedutenss. MukpoOuosornueckass Topya TMHUIIEBBIX MPOJYKTOB BBI3BaHA POCTOM
MHUKPOOPTaHU3MOB, KOTOpBIE BBIPAOATHIBAIOT (EPMEHTHI, NPUBOJAIIMNE K 0Opa30BaHUIO
HEXENAaTeIbHBIX TO0OO0YHBIX TPOJYKTOB B MHIIE. MsCO SBISETCS OJHUM W3 Hambosee
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CKOPOMOPTSAIINXCS THIIEBbIX MPOAYKTOB, KOTOPBIM IIMPOKO aCCOIMHUPYETCs C OOJe3HSIMU
MUIIEBOTO TPOUCXOXKICHHS, TTOCKOJIbKY OOIIMPHBIC BCIBIIIKA CBS3aHBI C TOTPeOJICHHEM
3apakeHHOro msica [5].

[TpoayKTBI ~ KUBOTHOTO  TPOWCXOXICHUS  JOJDKHBI ~ KOHTPOJHMPOBATHCS,  YTOOBI
rapaHTUPOBATh, YTO JIOAM MOTYT IMOJIy4aTh MSCO, IPUTOIHOE NI MOTpebIeHusl. MsIco MOXKeT
NPEICTaBIIATh OHONOTUYECKYI0, (DU3MUECKYI0 M XHUMHYECKYIO OIACHOCTh, KOTOpas MOXET
BO3HUKHYThH Ha JJFOOOM 3Tare mpolecca MoCTaBKu — OT 3a00sl 10 moja4yu Ha cToj. [laToreHHbIe
MHUKPOOPTaHU3MbI OOBIYHO OOHAPYKUBAIOTCS B MUIIEBAPUTEIHEHOM TPAKTE 37J0POBOTO KPYITHOTO
poraToro ckora. ITH MHUKPOOPTaHU3MBI TaK)K€ MOTYT ObITh OOHApPY>KEHBI Ha IIKypax >KHUBBIX
KHUBOTHBIX, 3aTPA3HEHHBIX ()EKATUSIMH, KOTOPBIC 3aT€M MOTYT OBITh TIEPEHECEHBI Ha IOBEPXHOCTh
paHee CTEPWIBHOTO Msca BO BpeMsl 3a00s, OCOOEHHO KOTJa OH IPOBOAHUTCS HA TONY TpH
OTCYTCTBUHM CHCTEMBI TOABCIIMBAHHUS TYII TPH HEOPE)KHOM IOTPOUICHHH, TPU KOTOPOM
COJIEP’)KUMOE KHINEYHHUKA pPACIpPEeeseTcs] 0 MOBEPXHOCTH Msica. TyIIM KPYIMHOTO pOraTtoro
CKOTa MOT'YT OBITh 3arpsi3HEHBI B TIporiecce yOOosl MPH KOHTAKTE C KOXKEH U BOJIOCAMH KUBOTHOTO,
KOHEYHOCTSIMU, KpPOBBIO, COJEPKUMBIM JKENyJIKa, KHIIECYHHUKA, IJKEIYbI0 W APYTUMHU
BBIICIICHUSIMU, TIOMEIIICHUSIMU, 000PY0BaHUEM, a TAK)KE PyKaMHu U oAk 101 padoTHuka [6]. 1o
STUM NPUYMHAM HEOOXOAMMO YAETSAThH 0c000€ BHUMAaHHUE COOIIOICHUIO TUTUEHBI M CAHUTAPUU B
npoiiecce 3a00s ckota [7].

OO0ecrieueHre Ka4eCTBEHHBIM TMPOAYKTOM M YBEIMUYEHUE CPOKOB XPAHEHHsS MPOIYKTOB
MUTAHUS SBISIETCS OJJHUM W3 BRYKHBIX U OCHOBHBIX HAIIPABIICHUH MUIIEBO MPOMBIIUICHHOCTH.
Hcnonb3oBanne pa3IuYHBIX CHHTETHUECKUX KpacUTENel, apoMaTu3aTopoB, KOHCEPBAHTOB IS
NPOJJICHUS CPOKOB XPaHEHHS MsCa W MSCHBIX TPOIYKTOB TPUBOIUT K Yrpo3e 370POBBIO
norpebureneil. J[axxe ¢ MpUMEHEHHEM COBPEMEHHBIX METOJOB KOHCEpBAIllMU IMOpYa OCTAETCS
HEepelIeHHOo! pobiemoit [§].

[Inima, koTopas Mo CBOEH NPUPOJIE ABIIAECTCS CHIPOM, OCTACTCS 3AIUMILEHHON OT HAallaJACHUs
MHUKPOOPTaHU3MOB Oarojapsi crienu(GuIecKuM CTPYKTYpaM, TaKHM KaK KOXHIIA, CKOPIyIa,
OTpYOM U T. 1., KOTOpbIE HE MOJIAIOTCS Pa3NIOKEHHI0. MSCHBIE M PBIOHBIE MPOAYKTHI Oosee
MIOJIBEPXKEHBI TOpYEe B CHIPOM BHJE H3-32 MOIXOSIINX YCIOBUH IS MUKPOOHOH IOpPYH.
3arpsi3HEHHE TIOBEPXHOCTH OOBIYHO MPOMCXOIUT Ha Oojiee paHHEH CTaluu MepepaboTKU CHIPOTro
msica ¥ peIObl. Korjga 3ammTHBIA CIOH WIIM YITaKOBKA YAAJSIFOTCS, MUIIEBBIE MPOIYKTHI, KaK
MPAaBUIIO, CTAHOBATCS OoJiee YSI3BUMBIMH K TIOpYE, YTO TAKKE YCKOPSET pPacrnpoCTpaHEHHE
MHUKPOOPTaHHU3MOB, KaK TOJIbKO HAYMHAETCSI 3Tar 00padoTku [9].

[Topua ceiporo mMsica B OCHOBHOM CBSI3aHa C HEXEIATEIbHBIM Pa3BUTUEM MUKPOOOB B MsICE
BO BpeMst XpaHeHHs. Tuir 6akTepHii U UX KOJIMUYECTBO 3aBUCST OT MCXOHOTO 3arpsI3HEHHS Msica U
OT KOHKPETHBIX YCIIOBHI XpaHEHUs, KOTOPhIE MOTYT BIHUATH HA PA3BUTHE PA3IINYHBIX MUKPOOHBIX
MOMYJISAIIUMA, CBA3aHHBIX C MOPYEH, TAKUM 00pa3oM BO3JCUCTBYS Ha THUIl M CKOPOCTH Mpoliecca
nopuu [10].

[lpy HapylmieHUM pPEXHMOB W CPOKOB XOJOIMJIBHOTO XpPaHEHHsI Msca B pe3yJbTaTe
Pa3MHOXKEHUS MHUKPOOPTaHU3MOB MOXET U3MEHSATHCS €ro KadecTBO, YTO MPUBOAMUT K TOpUE
NPOAYKTa. Pa3nnyaroT HECKOIBKO BHIOB TOPYH OXJIKIACHHOTO, MOPOKEHOTO M Pa3MOPOKEHHOTO
Msica: OCJHM3HEHHE, THHUEHHUE, KHCIoe (KUCIOTHOE) OpoXKeHHe, MUTMEHTAIus (MOsBICHUE
MUTMEHTHBIX TISTCH), CBEYCHUE U TJICCHEBEHHE.

OcHoBHBIE BO30OYIUTEIN OCIU3HEHUS — a’pOOHBIE MICUXPODUITHHBIE TPAMOTPULIATETHHBIC
OakTepuw, yaiie Bcero u3 poaa Pseudomonas, a takxke adpoOHbIC APOXKIKH. B ciiyuae XxpaHeHHs
Mmsica mipu Temmepatype —S5°C pa3sMHOXKAOTCSI MUKPOKOKKH, CTPENTOKOKKH, AKTHHOMHIIETHI,
HEKOTOpPhIE THWJIOCTHBIE OakTepuu W JApyrue Me30(WIbHBIE MHKPOOPTaHU3MBI, HWMEIOIINE
HanboJee HU3KYI0 MHUHHMAIBHYIO TeMIIepaTypy pocra. [ HueHue msica BBI3BIBAIOT PA3IMYHBIC
a’poOHBIe ®  (PaKyIbTAaTHBHO-aHA’POOHBIC HECMOpOOOpazyrmme OaKTepuu, a TakKe
CIopooOpasyromme a’poOHbIe U aHadpoOHbIe OakTepuu, vamie Bcero poaa Pseudomonas. Ilpu
TIOBBIIICHHBIX TEMIIEpaTypax XpaHEHUsS THHUCHHE Msica BBI3BIBAIOT Me30(HIbHBIE THUJIOCTHBIC
MHUKPOOPIraHu3Mbl: HecropooOpasyromie Oaktepun Proteus vulgaris, Serratia marcescens,
Bacillus subtilis, Bacillus. mesentericus, Bacillus mycoides; npyrue a’3poOHBIC OaIILIBI,
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aHaspooOnbie kimoctpuauu Clostridium sporogenes, Clostridium putrificus u Clostridium
perfringens. Bo30yauTensMu  KHCIOTO  OpOKEHHSI Msica  SBISIOTCS  IICHXPOQHIbLHBIC
JTaKTOOAIMIIIBI, MHKOOAKTEPHUH W JIPOXIKH, KOTOpPBIE CIIOCOOHBI pa3BUBAThCS B TIyOWHE
MBILLIEYHON TKaHU, TJ€ CO3JaeTcs HU3Kas KOHIIEHTpaIus K1uciopoaa. Bo3oyaurenu nurmeHTanuu
— Pseudomonas fluorescens, Pseudomonas aeruginosa, Serratia marcescens u apyrue a>poOHbIe
OakTepuu, pa3MYHbIC CaplWHBI, NHUIMEHTHBIC JAPOXOKH, daimle Bcero poaa Torula.
BO36YI[I/ITGJI5IMI/I IUICCHCBCHUA MOPOXKCHOI'0O M:ACAa 4YalC BCCro ABIAIOTCA IINICCCHHU pPOAOB
Thamnidium, Rhizopus u Cladosporium, xoTtopble UMeOT Haubojice HU3KYI0 MHHHUMAIbHYIO
temneparypy pocta [11]. Mukpoopranu3zMel OpYH Msca pacTyT IPHU OMPEIECIIEHHBIX YCIOBHSIX
(Tabmuma 1).

Tabmuuna 1 - 3HaueHus TeMmIeparyphl, OIpPEIEISIOIINE BO3MOXKHOCTh POCTa TUIMYHBIX IS
MSICONIPOIYKTOB MHKPOOPTaHU3MOB U TOCJIEICTBHSI, BBI3HIBAEMBIE UX Pa3BUTHEM
Muxkpoopranusmsl | Temneparypa, °C | Ilocneactsus XapakTepHucTHKa
1 2 3 4
Kpymasre (0,8-1,5 x 4-8 MxMm)
noJaMMOp(HBIE, MATOYKOBUIHBIC
rpamnonoxuTensbabie. Copsl OBaIbHbBIE,
HETIOABWKHBIEC, B OPraHU3Me 4YeJI0BeKa
00pasyroT Kancymy
®DakynbpTaTHBHBIN aHadP00, crtocoOeH K
HUTpaTpeLyKIHU, 00pa3yeT IUIOCKHUE,
MEJIKOOYTPUCTBIE, CIIETKa BOTHYTHIE,
MartoBbie KoJloHUU. Kpail BOJTHUCTBIM.
Knerku kpymasie 1 x 3-4
MKM, 3H/I0CIIOPBI PACIIONI0KEHBI LIEHTPAIbHO,
HE MPEBBIIIAIOT pa3Mep KIETKH.
KryTuku pacnoiokeHsl HEPUTPUXHUATIBHO.
["pammosioKuTENBHBIE, CIIOPOOOpa3yIOLIHe
Tlopua u [[IapoBugHBIE, TPAMIIOIOKUTENBHBIE,
OTpaBIICHUC KpynHbIe 1 X 3-4 MKM
I'pamoTpunaTenbHbIe TaJOYKH pa3sMepoM
o Topya 1 0,4-0,6X2-6 MKM, ITIOABHXKHEIE 3a CUET
Escherichia >7 MEPUTPUXUAITLHO PACTIONIOKEHHBIX
OTpaBiiCHHE
KTYTUKOB, 00pa3yloT KOJIOHUU B R- 11 S-
tdhopmax.
[TogsmxubIe (Oaromapst JKTyTHKaM —
[Topua u HNEPUTPUXH), ACTIOPOTrE€HHbIE
OTpaBlCHHE | TpaMOTpHULATENbHBIE NpsiMble nanouku (0,5-
1x1-3 MKM) ¢ 3aKpYTJIEHHBIMH KOHIIAMH
I'pammnionoxkurenbHble aHAIPOOBI
HecnopooOpasyrolye, UMEOT IIPABUIbHYIO
Lactobacillus >0 [Topua (hopMy ATHHHON «TTAJIOYKW, HHOTJA
KOKKOBH/IHBIE, PACIIOJAratoTcs B KOPOTKUX
LIETNOYKAX WM [0 OJHHOUKE.
I'pamoTpunarensHsie 6akTepuu. Pazmepsr
kineTok 0,5-1x1,5-4 MxMm
Pasmepsr ot 2,5 10 10 MEKpOMETPORB B
monepedHuke u oT 4 10 20 MKM B JITHHY.
Hpoxoxn <-5 ITopua ®opma KJIETOK yAJIMHEHHAs, OBaJIbHA,
AITUIICOBUIHASA, INMOHOOOpa3HAS HITH
LIapOBUAHAS

Ilopua u

Cl.Perfringens >15
OTpaBJIEHUE

Ilopua u
OTpaBJICHHE

Bacillus cereus >12

Staph.aureus >7

Salmonella >5

Pseudomonas >-5 [Mopua
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[Ipogomxenne Tabnumbl 1
1 2 3 4
O0pa3yroT 6apXaTHCTEHIE,
MTOPOIITKOOOpa3HbIC, BOUIOYHEBIE,
MayTHHOOOPA3HbIC, MOXOBHUIHBIC HAICTHI
IInecueBbie Tlopua u 3€JICHOT0, OEII0T0, YEPHOTO, KEITOTO U
TpuObI - OTpaBIICHUE JIPYTUX IIBETOB PA3IUNIHBIX OTTEHKOB. [ M5l

MOTYT OBITh KOPOTKUMHY WJIH JUTHHHBIMHU.
Tonmuua ux xkonediercs ot 1 1o 15 MM,

JqarHa — ot 2065 mo 50 MxM u 6oee.

[Torepu, cBsizaHHBIE C MUKPOOMOJIOTMYECKOH MOpueil Msca, MPENCTaBIIAIOT CEPbE3HYIO
SKOHOMHYECKYI0 TMpobiieMy B MHpPOBOM Macmtabe. Ha cerogusmHuii 1OeHh B MSICHOM
MPOMBINIICHHOCTH MHKPOOHAsl Mopya Msica MPH XPAHEHWHW HAHOCUT OTPACIU 3HAYUTEIHHBIC
¢bunancosbie otepu. [1o orenkam [Tpo10BOIBCTBEHHOM M CETbCKOX03MCTBEHHOW OpTaHU3alliy
(FAO) exxerogHo B MHpe MPOMAJacT TPETh BCEX MPOU3BEACHHBIX MPOIYKTOB MUTAHHUS — OKOJIO
1,3 mupa TorH. O01mKe 00BEeMBI YTPaueHHON TPOIYKITUH IS PAa3BUTHIX U PA3BUBAIONIUXCS CTPaH
COTIOCTaBUMBI, OJIHAKO B PA3BHUTHIX TOCYAAPCTBAX MPeoOIaal0T MOTEPH MSICHON TPOAYKIIHH,
nocturaromiue 67 % MUPOBBIX MOTEPh MsICOEpPePadaTHIBAOIINX MTPOU3BOACTB [12-14].

Msico 1 MACHBIE TPOAYKTHI 00ECIIEUNBAIOT IPEBOCXOAHYIO CPEY Uil pOCTa Pa3HOOOPA3HOM
MUKPO(DITOpHI (0aKTepuid, TPOXKIKEN U TIJIECEHH ), HEKOTOPHIC U3 KOTOPBIX SBJISIOTCS MTATOTCHHBIMU
[15]. JoMUHUPYIOMMMH MHKPOOPTaHU3MaMHU MOPYH SBJISIFOTCS TPaMOTpHUIATENIbHBIE a3pOOHBIe
namouku (Escherichia coli, pox Pseudomonas), kokkossie 6akrepun (Staphylococcus epidermidis,
Staphylococcus aureus), dakynpraTuBHble aHa’poObl (Aeromonas hydrophila), Salmonella spp.
[16]. KauecTBEeHHBI COCTaB MUKPOOPIaHU3MOB U UX HadajlbHas KOHLEHTpALUs HE SBIISIOTCS
BEJIMYMHAMU TOCTOSIHHBIMH, @ 3aBHCST OT CaMblX pa3HbIX (akTOpoB, B TOM YHCIE, OT BUJA U
HAaYaJIbHOW KOHILICHTPALMM MMKPOOPIaHM3MOB, XapaKTepa B3aUMOACUCTBUS IONYJISALIHMN,
TEMIEPATYPHOTO M  BpPEMEHHOro (aKkTOpOB XpaHEHHsI ChIpbs, HAJIM4YUs  YCJIOBHIA,
CIOCOOCTBYIONUX MUKPOOHOH KOHTamMuHANuu [17].

Poct maroreHoB MHINEBOrO MPOMCXOXIEHHsS, Takux Kak Salmonella u TOKCHH-
npoayuupyromux mrammoB Escherichia coli, Listeria monocytogenes, Clostridium perfringens u
Staphylococcus aureus BbI3bIBatOT HaHOOJIBIIIEE OECITOKOWCTBO MPH MPOU3BOJICTBE MPOTYKTOB U3
msica U ntunbl [18-20]. Dtu OakTepuu SABIAIOTCS Hanboyiee PacHpOCTPAHEHHOW MPUUMHOU
0oJIe3HEH MUIIIEBOTO MPOUCXOXKACHHUA. L. monocytogenes sigisieTcst BO3OYAUTENEM JIUCTEPUO3a y
YelloBeKa M )KMBOTHBIX. B HacTosiiee BpeMs TaHHOe 3a00JIeBaHUE CYMTACTCS OJJHUM U3 Hanbosee
3HAYUMBIX THIIEBbIX HHPeKuud B Mupe. OCHOBHBIMU (aKkTOpaMu Iepefayd JUCTepruo3a
SIBJITFOTCSI MOJIOKO W MOJIOYHBIE TIPOAYKTHI, MSICO KHUBOTHBIX U IITHUI], OBOIIH H MOPETPOTYKTHI
[21]..[Haubosnee 3HAYMMBIM TPAMIOIOKUTEIBHBIM MHKPOOPTaHU3MOM, KOTOPBIA TMPHUBIIEK
BHUMaHHUE M3-3a CBSA3aHHBIX C HUM BHYTPUOOILHUYHBIX M BHEOOJIPHUYHBIX HH(DEKIUA, SIBISIETCS
S. aureus [22-24]. [Tomumo Msica MTHILBI, S. AUrEUS, a TaK)Ke YCTOWYHMBBIA K METHUIMILIMHY S.
aureus, oOHapyXHBaeTCs B Msic€ CBUHEH [25] U KpyMmHOTO poraroro ckota [26]. Dra OGakTepus
OBICTPO pa3MHOKAETCs MIPU KOMHATHOW TeMIlepaTrype ¢ 00pa3oBaHHEM TOKCUHOB, BBI3BIBAIOLINX
nuieBoe orpasieHue [27].

B ob6nacti oOIIECTBEHHOTO 3/IpaBOOXpPAaHEHHUS M SKOHOMHUKHU, KaK B Pa3BUTHIX, TaK U B
pasBuBatonuxcs crpanax Salmonella spp. mpomomkarT BBI3BIBATE CEPHE3HBIC MPOOJIEMBI.
Salmonella enteritidis u Salmonella typhimurium sistorcst HauboIee YacTo PErUCTPUPYEMBIMU
CepOTHUIIaMHK, BBI3BIBAIOIIMMHU CajbMOHeIIe3 4yenoBeka kak B EC, tak u B CIIA [28-32]. Oto
MOYEPKUBACT HEOOXOAUMOCTh YiIydilieHHs upoduiaktuku u KoHTpois Salmonella spp. B
OUIIEBBIX  MpoAaykTax. CallbMOHENIBI — TPaMOTPHIATENbHBIE OPraHW3Mbl  CEeMeHCTBa
Enterobacteriaceae, koTopbie MOTYT OBITh HEOTIHYUMBI OT E. COli Mo MUKpOCKOIIOM Wi TIpU
KyJbTUBUPOBAHUM Ha OOBIYHBIX HECEJICKTHBHBIX NHUTATeNbHBIX cpenax [33]. Hecmorps Ha
3HAYUTENIbHbIE U3MEHEHUS, KOTOphle ObUIM BHECEHbI C TEYEHHEM BpPEMEHU B CHUCTEMATUKY U
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HOMeHKIatypy poaa Salmonella, B HacTosiee BpeMsi XOpoIIO yCTaHOBIEHO, YTO POJ COCTOUT
TOJILKO M3 JBYX FeHOMHBIX BHI0B, T.e. Salmonella enterica u Salmonella bongori. [IItammer S.
enterica oTBeTcTBeHHBI 3a 99% caabMOHEIIE3HBIX MH()EKUUH y JIOJAeH U TEIIOKPOBHBIX
KUBOTHBIX U OOBIYHO TMEPEIArOTCS NPU YIOTPEOICHUH 3apakKeHHOW THIM WA BOJIBL, C IPYTOM
CTOPOHBI, IITAMMBI IPYTHX TSTH MOJIBUIOB, a Takke Buaa S. DONQOri 0ObIYHO BBIIENSIOTCS U3
[IATOTEHOB MHUIIEBOTO MPOUCX0XKIACHUS, OTHOCSIIMXCS K Oe30IacHOCTH Msca. S. enterica n3-3a ero
BBICOKOM acCCOIMAIIMKM C THIIEBBIMUA JKUBOTHBIMHM, TaKUMH KaK JOMAIIHSS TNTHIA, KPYITHBIA
poratblii CKOT W CBHHBH, TATOT€H OOBIYHO CBS3BIBAIOT C CBIPHIM MSCOM OSTHX U JIPYTUX
CEIIbCKOX 035 HCTBEHHBIX JKUBOTHBIX [34].

CtaduaoKOKKOBOE 3apa)K€HUE MPEICTaBIIICT cO00M Hanboyee SKOHOMUYECKH 3HAYMMOE
3a0oyieBaHre TUIIEBOro mpoucxoxaeHus [35]. OHO BBI3BIBACT IKEMYJOYHO-KUIICUHBIC
3a00eBaHUsl W3-3a IIUPOKOTO CIIEKTpa TOKCHHOB [36], BKiIO4Yas CTapUIOKOKKOBBIC
SHTEPOTOKCHHBI, BBI3BIBAIOIINE PBOTY M JMAPEI0 B T€UEHHE 2—6 4YaCOB TOCJE YMOTpeOJIeHUs
3apakeHHO# iy [37-39].

IMcuxporpodubie Buabl Pseudomonas SBISIOTCS KIHOYEBBIMH  MHKPOOPTaHU3MaMH,
BBI3BIBAIOIIMMHU TIOPYY OXJIXKICHHOTO Msca NpU a’dpoOHOM XpaHeHHH. [IceBIOMOHAIBI OYECHB
YCTOHYHBBI U CIIOCOOHBI BBIIEPKUBATH CTPECCOBBIC YCIOBHUSI OKPYXKAIOMIEH Cpellbl, KOTOPHIE B
MIPOTUBHOM CJTydae MPENITCTBOBAIA ObI POCTY APYTUX OPTaHU3MOB, BBI3BIBAIOIIKX TTOpuy [40].

Escherichia coli — 6aktepuanbHbIiii BU cemeiicTBa Enterobacteriaceae, xirouarorimii kak
NaTOTeHHBIC, TAK M HEMATOTCHHBIC ITAMMBI, IPHYEM TTOCICAHHE COCTABIISIIOT OOJIBIIYIO YacTh
(baKyaIbTaTUBHOW MUKPO]IIOPHI, TOKATM30BAHHOW B KEITYA0YHO-KHIIIEYHOM TPAKTE OOIBITHHCTBA
no3BoHOUHBIX [41] .Uto Kacaercs maroreHHo# E. Coli, cymecTByeT miects maToTUIIOB, CBSI3aHHBIX
¢ 0OJNIe3HSIMH THINEBOTO MPOUCXOKICHHS OTBETCTBEHHBIX 32 KEIYA0YHO-KHUIIEYHBIE WH(EKIINH,
NIPU3HAHBI ATHOJIOTUIECKAM areHTOM CEPhE3HBIX 3a00JIEBaHUI U CMEPTHOCTH BO BPEMSI BCIIBIIIIEK
00JIe3HEel MUIIIEBOTO MTPOUCX 0K CHUs BO BceM Mupe[42]. B 1982 r. E. coli BriepBbie ObL1a cBsi3aHa
¢ nuaeMuei 0oJie3HeH HIIEBOTO MPOUCXOKIACHNUS, CBSI3aHHBIX C YIOTPEOJICHUEM HETIPABIILHO
NpUroTOBIEHHBIX ramOyprepoB B CoemnmHeHHbix IlltaTax, u ObUT ONMpelnerIeH HOBBIM 300HO3
MIHUINEBOTO MPOoUcXokacHus [43].

BonpmmacTBO Kitoctpuauii (Clostridium) seisitorest canpoduramu, 4eTbipe BHAA OBLIH
UIeHTUHUIIMPOBAHBI KaK MaTOreHbl deigoBeka, a mMenHo Clostridium perfringens, Clostridium
botulinum, Clostridium difficile u Clostridium tetani. Cpenu stux BunoB CL perfringens u CIL
botulinum  sBisfoTcss  XOpomio  3apeKOMEHIOBABIIUMH  ceOsl  MATOr€HAaMH  IMHIIEBOTO
npoucxoxaeHus. [lumeBoe orpaBieHHe OOBIYHO BO3HHKAET B pe3yNbTaTe MpHEMa BHYTPb
BBICOKOH KoHIeHTpamnn (>10°) km3Hecroco6HBIX BeretatmHBIX Kietok Cl. perfringens,
KOTOpBIE OOBIYHO BCTPEYAIOTCS B MPOAYKTAX, MOABEPTIIUXCS TEMIIEPATYPHOMY BO3JIEHCTBUIO.
CuMmnToMbl 0OJI€3HEH MHIEBOrO MPOMCXOXAeHus, Bbi3biBaeMbix Cl. perfringens, BkimogaroT
OCTPYIO 0OJIb B )KHUBOTE U JMAPEIO, B TO BPEMsI KaK MPENOIAraeTcs, 9TO SIHTEPOTOKCUH IMaTOTeHa
TaKX€ UTPaeT poJib B 3THUOJOTMU CUHAPOMA BHE3AIMHOM JETCKOW cMepTH. UTO Kacaercs Msica, TO
OpraHu3M MOXKET JHUO0 M3HAYAIBHO MPHUCYTCTBOBATH B MBIIICYHON TKaHU, JTUOO OBITH 3aHECEH
yepe3 (ekampHOE 3arps3HEHWE B TYIIM NpH y0oe WM B MSCHBIE TPOIYKTHI BO BpeMs
nocjenyoiieit oopadorku [44].

Pox Yersinia cocrout mo MeHblIiei Mmepe u3 12 BHIOB, Cpe KOTOPHIX TPH BUIA CUUTAIOTCS
nmaToreHaMH IS yestoBeka: Yersinia enterocolitica, Yersinia pseudotuberculosis u Yersinia pestis
[45]. 3abosieBaHWE TMHIIEBOIO MPOMCXOKICHHS, BbI3bIBacMoe YErsinia Spp., Ha3bBaeMoe
UepcuHN030M, BbI3biBaeTcs Y. enterocolitica wim Y. pseudotuberculosis. Yersinia spp. sBistotcs
IPaMOTPHIIATEIEHBIMA, HECTIOPOOOPa3yIONIMMUA TATOYKaMU WM KOKKOOAIMJUIAaMH, KOTOpBIE
SBIISIOTCS (DaKyJIbTAaTUBHBIMH aHA3pOOaMU ¥ CIIOCOOHBI PACTH TPU TEMIIEpATypax OXJIaXKICHUS.
Xots onTuMaikHas Temreparypa pocra Y. enterocolitica cocrasnser npubusureasHo 30°C, oHa
MOJKET IMOAJEp)KHUBaTh pocT mnpu Temmeparypax no 0°C. JKuBoTHBIE TpaaWLIMOHHO
paccMaTpHUBaIKCh KaK OCHOBHO# pe3epByap maToreHHou Yersinia spp., mpu 3ToM 3a0UThie CBUHBU
SIBJIIFOTCS. €IMHCTBEHHBIM HanOoJiee BaKHBIM UCTOUHUKOM Y. enterocolitica. bonee koHKpETHO,
ceporun Y. enterocolitica mo-BuarMoMy, pacIipoCTpaHEH MO0 BCEMY MUPY M SABJISETCSA HanOoJjee
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YacTO BBIACHSEMBIM CEPOTHUIIOM I1aTOT€HA, OTHOCSIIErocss K MAaTOreHaM MHIIEBOro
NpOMCXOoXaeHus [46].

I'erepodepmeHTaTHBHBIE MOJOYHOKHCIBIE Oakrepuu, Takue kak Lactobacillus spp., B
ocuoBHoMm Lactobacillus curvatus u Lactobacillus sayi, neiikonocroku Leuconostoc spp.,
Carnobacterium spp. [47] naubosee 4acTo SBISIOTCS NMPUYMHOW Mmopuu Mmsica. B pesynbrare
cBoero Merabonm3Ma reTepoPepMEHTATUBHBIE MOJIOYHOKHUCIBIE OaKTepUW TMPOU3BOJIAT
3HAYUTEIBHOE KOJMYECTBO HEXKEIAaTeNIbHbIX KaTrabonuToB, Takux kak COz, 3TaHON, yKCyCHas
KHUCIIOTa, OyTaHOBasi KHUCJIOTa M AallETOMH C TMOCJIEAYIOIMMH HENPUSITHBIMU 3alaxamMu U
BU3YAJIbHBIMU 3 (deKTamMu, TAKUMU Kak 00Opa3oBaHUE TATy4YeHd CIM3M M OOEClBEUYMBAHHE Msca
[48].

CxoponopTsmuiicst xapakrep Msica TpeOyeT NOCTOSHHON pa3paOOTKH 1 MPUMEHEHUS HOBBIX
Y MHHOBAIIMOHHBIX TEXHOJOTUHN JJII YHUUYTOKEHUS W/WIM MPEAOTBPAILEHUsI POCTa MaTOr€HHbIX
MHUKPOOPTIaHU3MOB U MUKPOOPT'aHW3MOB, BBI3BIBAIOLINX MTOPYY. MHOTOYHMCICHHBIE HCCIIeIOBAHUS
CBUJIETEIHCTBYIOT O HETIPEKPAIaloeMcsl K3MEHEHUH U TOBBIIIEHUH YCTOMYMBOCTH MATOT€HHBIX
MUKPOOPTaHU3MOB K TIPOTHBOMUKPOOHBIM IIperapaTaM U OOBIYHBIM METO/IaM 3aIlUThI MHUIIEBBIX
IPOAYKTOB, TaKUM Kak: HU3kuil pH, TemoBas oOpabOoTka, CyIliKa, MOHUXKEHHE TEeMIIepaTypbl
U/WIIM MUHUMU3AIUs] aKTUBHOCTH BOJIbI, UCTIOJIb30BaHIE XMMUUYECKUX BEIIECTBA, KOHCEPBAHTOB.

[TunieBast TPOMBIIITIEHHOCTH UCIIONIb3YeT MHOKECTBO METOJ0B KOHCEPBUPOBAHMSI MsICa JIJIS
MPEIOTBPAIICHHUS U KOHTPOJIS MMUAIIEBBIX MTATOT€HOB M MUKPOOPTAaHM3MOB, BBI3BIBAIOIINX TTOPUY B
CBEXHX MACHBIX MTPOJYKTAX, TAKUE KaK BAKyyMHas yIIaKOBKa U yIaKOBKa B MOAU(DHUIIMPOBAHHON
ra3oBoii cpene [49], ymakoBOYHbBIE IUIEHKH, WMMOOWJIM30BAaHHBIE MPOTUBOMUKPOOHBIMU
BertecTBamu [50-54], mpoTHBOMHUKPOOHBIE TIpEnapaThl B callle U BIUTHIBAIOIINE MPOKIaaKu [55],
CheJOOHBIE TIOKPBITHS C IPOTUBOMUKPOOHBIMH CBOMCTBaMHU [56].

depMeHTaAIUSl MUILIEBbIX MPOAYKTOB C IMOMOIIBI0 MOJOYHOKHUCIBIX OakTepuil sSBIsSETCS
METOZI0M KOHCEPBHPOBAHUSA MUIIEBBIX MPOAYKTOB, MOJYYHBIIUM H3BECTHOCTh B IIOCIEIHHE
necsaTuiieTus 6aaroaaps BO3MOKHOCTH MOJIOYHOKUCIIBIX OaKTepPHil MPOU3BOIUTH OAKTEPUOLIMHEI,
KOTOpBIE CITOCOOHBI 3aMEHATh XUMHUECKHE KOHCEPBAHTHI B TIMIICBOH MPOMBIIUIEHHOCTH [57,58].
Ha cerogusmuuii neHp ObUIM OXapaKTepU30BaHbl Pa3IUYHbIE I[ITAMMbl MOJOYHOKHCIIBIX
OakTepuii, MpoAyLHpyomue OaKTEPUOIMH, ¢ MHOTOOOCIIAIONIMMU pe3yIbTaTaMH B KaueCTBE
OMOKOHCEPBAHTA B Pa3IMUYHBIX IMOJX0/aX K MPOMBIIIICHHOMY IMPUMeHeHu o [59-61].

[Irammer Lactobacillus casei mokazanu mMOTEHIMATBHYIO aKTHMBHOCTh B OTHOIICHUH
SHTEPOINATOT€HHBIX KHUILIEYHBIX MAJOYEK M BHUAOB calibMOHEUIbI [62]. IIpoBeneH CKpHUHUHT
MOJIOYHOKHUCIIBIX OaKTepuil N3 MOJIOYHBIX, MACHBIX MPOIYKTOB M OTXOJIOB arpONPOMBIIIUIEHHOTO
KOMIUIEKCAa U BBIIEJICH HITAMM MOJIOYHOKHUCIBIX OaKTepui, colepKaluii aHTUMHKPOOHOE
COCMHEHUE IIMPOKOrO CHEeKTpa JeHCTBUS M HMHTHOUPYIOIIMHA JECSATh HHIUKATOPHBIX
TPaMIIOJIOKUTEIBHBIX M TPaMOTPHUIATENBHBIX IITaMMOB. [IpoOuoTuueckue OakTepuw,
BBIJICTICHHBIE W3 PA3IMYHBIX MapoOK TPAJUIMOHHBIX HorypToB B Erunte, mnposBisum
AaHTHMUKPOOHYIO akTHBHOCTH B KoHIeHTpammy 10° KOE/T in vitro B OTHOIIEHHH TECTHPYEMBIX
uHAMKaTopHBIX mnatoreHoB [63]. Ilrammer Lactobacterium sakei, Leuconostoc carnosum,
MPONYIUPYIOMNUE OaKTEPHOLMHBI (COOTBETCTBEHHO, CAKAIMHBI M JICUKOIIMHBI), WHTHOUPYIOT
NeSTeIbHOCTh ~ NMATOTCHHBIX  OakTepuid, B 4YacTHOCTH, Oaktepuii  poma  Salmonella
u L. monocytogenes, B Msce 1 MACHBIX IPOyKTax [64].

Brienennble U3 KHUIKOTO TecTa ((hepMEHTHUPOBAHHBIX MHIMMCKHUX JICTICHIEK U3 MSITKOTO
puca) MoJO4HOKHUCHble Oaktepuu Lactobacillus, Lactobacillus plantarum u Lactobacillus
paraplantarum npogeMOHCTPHPOBANIM AHTarOHHCTHYECKYI0 AaKTHBHOCTh B  OTHOIICHUH
IPaMITIOJIOKUTEIBHBIX U TPaMOTPULIATENbHBIX MTATOT€HOB MUIIEBOTO MPOUCXOXKIEHUS, TAKUX KaK
S. aureus, E. coli, S. enterica subsp. [65]. Kpome Toro, ycToiUUBBIE K KETYTOTHOMY COKY U KEITIH
MOJIOYHOKHCIIBIC OakTepun u oudumobakrepuu Lactobacillus rhamnosus, L. casei, L. plantarum
u Bifodobacterium longum u Bifodobacterium bifidum., xoropsie ObLIM BBIIENEHBI M3 CTYyJa
3I0POBOTO peOCHKa, MPOSBISUIM BBICOKYIO AHTATOHMCTUYECKYIO AKTUBHOCTh B OTHOIICHUU
pa3IMYHBIX MATOT€HOB MUILIEBOTO MPOUCXOKICHHS.
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Baktrepun popaa Propionibacterium Hamwi mUpoKoe NPUMEHEHHE B CHIPOBAPCHHH B
KauecTBE CHIPHOM MHUKpOQUIOpel  (BMECT€ C  MOJIOYHOKHCIBIMH  OaKTepUSIMH), YTO
OJarompusATCTBYET cpeie Ui mrammoB Propionibacterium. ucmonb3yemoii npu mpousBOJICTBE
TBEPAOTO CBIYY)KHOTO Chipa. Poib 3THUX OakTepuii B MPOM3BOJACTBE ChIpa OCHOBaHAa Ha
COpaKMBaHUM JIAKTATOB JI0 MPONHOHOBOH M YKCYCHOH KHCIOT, NPHUAAIONIMX KOHECYHOMY
NPOAYKTY CHEHU(PUUSCKUI apoMaT; OHH TaKkKe CIY)KaT ECTCCTBEHHBIMU KOHCEPBAaHTaMH
[66]. 3akBacouHbIC KYIbTYPbI, COCTOSIINE M3 TPOMUOHOBOKUCIIBIX U MOJIOYHOKHUCIIBIX OaKTepHid
(Lactobacillus  plantarum, Lactobacillus acidophilus, Penicillium  jensenii u Penicillium
acidipropionici), UCTONb3yIOTCS B IPOU3BOJICTBE (EPMEHTUPOBAHHBIX IPOIYKTOB. X coueTanue
YBEJIMYMBAET CKOPOCTh TpoIecca OPOKEHUS W 3alIMIIACT KOHCUHBIH MPOAYKT OT IUIECCHH U
THWJIH, KPOME TOTO, COJICHBS, MOJYYCHHBIC TaKUM CIIOCOOOM, OOOraimieHbl BUTaMUHOM Bio,
00JIaIal0T JIYYIIMMH BKYCOBBIMH M JHETHYECKHMMH CBOWCTBAMH. bBbUIM OMyOIHMKOBAHBI
UCCIIeIOBaHMs, Kacaromuecss ucnosnb3oBanus P. freudenreichii subsp. shermanii B xadectse
03/I0pOBHUTEILHOM 100aBKH B chip Tua ®era B 2017 r. [67].

Pe3ynbraThl MHOTOYHMCIICHHBIX HCCIIEIOBAHHUIA MMO3BOJISAIOT MPEINOIO0KHUTh, YTO H30JISITHI
MOJIOYHOKHCIIBIX M TPOIMTHOHOBOKHCIIBIX OAKTEPHIl SBISIOTCS BO3MOKHBIMU KaHIAMIATAMH JIJISI
NPUTOTOBJICHHUSI TPOMBIIUICHHBIX 3aKBACOK, IOJIC3HBIX JIJISI MPOU3BOJICTBA OC30MACHBIX U
0m00e30MacHBIX TMPOAYKTOB, KOTOPhIE, B CBOIO OYE€PEIb, MOTYT OBITh MOIXOIAIIAMU
MOCTABIIUKAMHU POOUOTHICCKUX KYJIBTYP.

3akiloueHue

be3zonacHocTh Msica sSBSETCS OJHOM M3 HanboJiee BaXKHBIX TEKYIUX U OyIylIuX mpodiem
obmecrBa. Jlnsg cHUXeHHsT OpeMeHH OOJie3HEeH WHIIEBOr0 MPOUCXOXKICHUS MUIICBOU
MPOMBIIIUICHHOCTH W OpraHaM OOIIECTBEHHOTO 3JIpaBOOXpaHEHUs HEOOXOAMMO pa3paboTarh U
BHEJIPUTH KOMIUIEKCHBIE TIOJIXO/IbI, OXBATHIBAIOIIHNE BCIO LIETIOYKY MTOCTABOK MPOIOBOILCTBUS, OT
3a00s1 10 peanuzanuu rotoBoil mpoaykuuu. Ilockonbky OakTepuaslbHbIE MATOreHbI, BKIIOYas
MOSIBJISIFOIIMECS WJIM JBOJIONUOHUPYIONINE TATOTCHHBIE OPraHU3MBI, MPEICTaBISIOT CcOOOU
HanboJiee cepbe3HbIe MPOOIEeMbI 0€30MMaCHOCTH Msica, HEOOXOIMMO MOJydeHHue 0oJiee MOTHON 1
JIOCTOBEPHON MH(POPMAIIMU O COCTaBe MUKPOOHBIX COOOIIECTB U JUHAMHUYECKUX MPOIECCaX MX
MeTtabonu3ma. BeisiBUB crnienuduueckre B3aUMOJCHCTBUS MEXIY pazIUYHbIMU (EHOTUIIaMU
MOpYM TPU MHUKPOOHOIOTHYECKOM 3arps3HEHHH, BO3MOXKHO JIOOUTHCS KOHTPOIHPYEMOTO
KayecTBa NMPOAYKLIUHU IIPU IPOU3BOJICTBE, TPAHCIIOPTUPOBKE, peaIn3allui U XpaHEHUU Msica.
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ET KOHE ET OHIMJIEPIHIH KAYIIICI3AII'T MEH CAKTAY MEP3IMIH
Y3APTYAbIH MUKPOBHNOJOI'UAJIBIK 9ICTEPI

Tyiiin

A3 emjenTeH manigaibl €T OHIMIEpiIHE NEreH TYTHIHYIIBUIBIK TEHICHIHUS OHIIPYIIiIepre YJIKeH
KbICBIM KOpCETIIl, OHIMHIH callachblHa HYKCaH KEJITIPMECTEH >OHE TYTHIHYIIBIIAPAbIH CYPAaHBICHIH
KaHaFaTTaHAPY YIIiH, €T MEeH €T OHIMAEPiHIH Kayilci3airiH cepTudukaTTayapl Tajam etedi. byn xaHa
TEXHOJOTHSUIBIK JKETICTIKTEpAl KYpy MEH EHTi3y/Ae KUBIHABIKTAp TYFBI3BI, OWTKEHI Ka3ipri 3aMaHfbl
VMHHOBALMSIAp/Abl KOJAAaHY TYTHIHYIIBUIAPIBIH IICHIIMIEpPIHE >KOHE OJIapAbIH €T IIeH €T OHIMJICpiH
OaranmayblHa ocep eTyi MyMKiH. ET eHepkociOiHzeri »aHa TEXHOJOTHIAP ©OHEPKOCINTIK KOJIaWiIbI
Oanamanapra >KoHe HWH(PaKYpBUIBIMIBIK ©3repicTepre pykcaT Oepmec OypblH MHKPOOHOIOTHSUIIBIK
MaKyJiaayasl KaxeT eresi. [laToreHaik MUKpoOpraHu3MIepAiH TaFaMFa 3USH KETipyl 9pTypIli TaFaMabIK
aypyJapra,TiliTi eJiMre d9Kelyi MyMKiH, OYJ1 5KOHOMHUKAIIBIK IIBIFBIHIAPFa OKEIiN coFajbl. by makanana
MHUKPOOPraHU3MEPAiH €T TeH €T eHIMAEpiHiH camacklHa dcepi, MUKPOOHOIOTHAJIBIK OaKblIay 9aicTepi
TypaJibl 9/Ie0H MAIIIMETTEDP KENTIPiIITeH.

KiarTi ce3mep: MUKpOOHOIOTHSIIBIK OYIIiHY, €T JKOHE €T OHIMAEPI, CYTKBIIIKbUIAL OaKTepusiap,
NaTOTreH/i MUKPOOPTaHU3MIEP.
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Abstract

The consumer trend towards wholesome, minimally processed meat products has put enormous
pressure on processors to certify the safety of meat and meat products without sacrificing product quality
and meeting consumer demand. This has caused difficulties in the creation and implementation of new
technological advances, since the use of more modern innovations can influence consumer decisions and
their assessment of the quality of meat and meat products. New cooking technologies in the meat industry
require microbiological approval before being named industrially viable alternatives and authorizing
infrastructural changes. Food spoilage by pathogens causes a variety of foodborne illnesses that can even
lead to death, resulting in economic losses. This article presents literature data on the impact of
microorganisms on the quality of meat and meat products, methods of microbiological control.

Keywords: Microbiological spoilage, meat and meat products, lactic acid bacteria, pathogenic
microorganisms.

Food safety is a global problem, a priority for both research and practical activities in the
food industry. Food safety systems are much better in developed countries and worse in developing
ones. This explains the large number of food crises in these countries, especially in Asian
countries.

Meat continues to play an important role in the human diet as a good source of high quality
protein as well as healthy fatty acids and a variety of micronutrients for optimal health. [1]. Meat
contains a protein of high biological value with all the essential amino acids needed by adults and
children. Meat contains an average of 20-24 g of protein per 100 g (raw), making it one of the
main sources of protein[2] . Meat also contains a wide range of bioavailable micronutrients, such
as iron, which are essential for overall health and well-being[3-4] .

Food spoilage occurs as a result of microbiological, chemical, or physical changes that
render a food product unacceptable to the consumer. Microbiological spoilage of food is caused
by the growth of microorganisms that produce enzymes that produce unwanted by-products in
food. Meat is one of the most perishable foodstuffs and is widely associated with foodborne illness,
as extensive outbreaks have been associated with the consumption of contaminated meat [5].

Animal products must be controlled to ensure that people can obtain meat suitable for
consumption. Meat can pose biological, physical and chemical hazards that can occur at any stage
of the supply chain, from slaughter to serving. Pathogenic microorganisms are commonly found
in the digestive tract of healthy cattle. These microorganisms can also be found on the skins of live
animals contaminated with faeces, which can then be transferred to the surface of previously sterile
meat during slaughter, especially when it is carried out on the floor in the absence of a carcass
suspension system in sloppy evisceration, in which intestinal contents are distributed over the
surface. meat. Carcasses of cattle can be contaminated during the slaughter process by contact with
the skin and hair of the animal, limbs, blood, stomach contents, intestines, bile and other secretions,
premises, equipment, as well as the hands and clothing of the worker [6]. For these reasons, it is
necessary to pay special attention to hygiene and sanitation in the process of slaughtering livestock
[7].
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Providing a quality product and increasing the shelf life of food is one of the important and
main directions of the food industry. The use of various synthetic dyes, flavors, preservatives to
extend the shelf life of meat and meat products, leads to a threat to the health of consumers. Even
with the use of modern conservation methods, spoilage remains an unresolved problem(8].

Food, which by its nature is raw, remains protected from attack by microorganisms due to
specific structures such as skins, shells, bran, etc., which are not degradable. Meat and fish
products are more susceptible to spoilage when raw due to the favorable conditions for microbial
spoilage. Surface contamination usually occurs at an earlier stage in the processing of raw meat
and fish. When the protective layer or packaging is removed, food products tend to be more
vulnerable to spoilage, which also accelerates the spread of microorganisms once the processing
step begins[9].

The spoilage of raw meat is mainly due to the undesirable development of microbes in the
meat during storage. The type of bacteria and their number depend on the initial contamination of
the meat and on the specific storage conditions, which can influence the development of various
microbial populations associated with spoilage, thus affecting the type and speed of the spoilage
process [10].

If the regimes and terms of refrigeration storage of meat are violated, as a result of the
multiplication of microorganisms, its quality may change, which leads to product spoilage. There
are several types of spoilage of chilled, frozen and thawed meat: mucus, rotting, sour (acidic)
fermentation, pigmentation (appearance of age spots), glow and mold.

The main causative agents of mucus are aerobic psychrophilic gram-negative bacteria, most
often of the genus Pseudomonas, as well as aerobic yeasts. When meat is stored at -5°C,
micrococci, streptococci, actinomycetes, some putrefactive bacteria and other mesophilic
microorganisms multiply, having the lowest minimum growth temperature. Rotten meat is caused
by various aerobic and facultative anaerobic non-spore-forming bacteria, as well as spore-forming
aerobic and anaerobic bacteria, most often of the genus Pseudomonas. At elevated storage
temperatures, meat rotting is caused by mesophilic putrefactive microorganisms: non-spore-
forming bacteria Proteus vulgaris, Serratia marcescens, Bacillus subtilis, Bacillus. mesentericus,
Bacillus mycoides; other aerobic bacilli; anaerobic Clostridium sporogenes, Clostridium putrificus
and Clostridium perfringens. The causative agents of acid fermentation of meat are psychrophilic
lactobacilli, micobacteria and yeast, which are able to develop in the depths of muscle tissue, where
a low oxygen concentration is created. The causative agents of pigmentation are Pseudomonas
fluorescens, Pseudomonas aeruginosa, Serratia marcescens and other aerobic bacteria, various
sarcins, pigment yeasts, most often of the genus Torula. Frozen meat molds are most often caused
by molds of the genera Thamnidium, Rhizopus, and Cladosporium, which have the lowest
minimum growth temperature [11]. Meat spoilage microorganisms grow under certain conditions
(Table 1).

Table 1 - Temperature values that determine the possibility of growth of microorganisms typical for meat
products and the consequences caused by their development
Microorganisms Temperature, °C Effects Characteristic
1 2 3 4
Large (0.8-1.5 x 4-8 microns)
Spoilage and | polymorphic, rod-shaped gram-positive.

Cl.Perfringens =15 poisoning | The spores are oval, immobile, and form a
capsule in the human body
_ Spoilage and Facultz_ative anaerobe, capable of n_itrate
Bacillus cereus >12 poisoning reduction, forms flat, capable of nitrate

reduction,
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Table 1 continued
1 2 3 4
slightly concave, matte colonies. The edge
is wavy. The cells are large 1 x 3-4
microns, the endospores are centrally
located, do not exceed the cell size. The
flagella are arranged peritrichially. gram-
positive, spore-forming
Spoilage and Spherical, gram-positive,
poisoning large 1 x 3-4 microns
Gram-negative rods measuring 0.4-0.6-2.6
Spoilage and microns, mobile due to peritrichially
poisoning arranged flagella, form colonies in R- and
S-forms.
Movable (thanks to flagella — peritrichs),
asporogenic gram—negative straight rods
(0.5-1x1-3 microns) with rounded ends
gram-positive anaerobes are non-spore-
forming, have the correct shape of a long
"stick", sometimes coccoid, are arranged
in short chains or singly.
rpaMoTpHIaTeNIbHBIEC OakTepun. Pa3mepsl
kierok 0,5-1x1,5-4 MM
sizes from 2.5 to 10 micrometers across
and from 4 to 20 microns in length. The
shape of the cells is elongated, oval,
ellipsoid, lemon-shaped or spherical
they form velvety, powdery, felt, spider-
like, mossy deposits of green, white,
black, yellow and other colors of various
shades. Gifs can be short or long. Their
thickness ranges from 1 to 15 microns,
length — from 2065 to 50 microns or
more.

Staph.aureus >

Escherichia >7

Spoilage and

Salmonella >5 . 9
poisoning

Lactobacillus >0 Spoilage

Pseudomonas >-5 Spoilage

Yeasts <-5 Spoilage

Spoilage and

Mold fungi <5 L 9
poisoning

Losses associated with microbiological spoilage of meat represent a serious economic
problem on a global scale. Today, in the meat industry, microbial spoilage of meat during storage
causes significant financial losses to the industry. According to the Food and Agriculture
Organization (FAO), a third of all food produced in the world is wasted every year - about 1.3
billion tons. The total volume of lost products for developed and developing countries is
comparable, however, in developed countries, losses of meat products predominate, reaching 67%
of the global losses of meat processing industries [12-14].

Meat and meat products provide an excellent environment for the growth of a variety of
microflora (bacteria, yeasts and molds), some of which are pathogenic [15]. The dominant spoilage
microorganisms are gram-negative aerobic bacilli (Escherichia coli, genus Pseudomonas), coccal
bacteria (Staphylococcus epidermidis, Staphylococcus aureus), facultative anaerobes (Aeromonas
hydrophila), Salmonella spp. [16]. The qualitative composition of microorganisms and their initial
concentration are not constant values, but depend on a variety of factors, including the type and
initial concentration of microorganisms, the nature of the interaction of populations, temperature
and time factors of storage of raw materials, the presence of conditions conducive to microbial
contamination [17] .

The growth of foodborne pathogens such as Salmonella and toxin-producing strains of E.
coli, Listeria monocytogenes, Clostridium perfringens, and S. aureus are of greatest concern in the
production of meat and poultry products [18-20]. These bacteria are the most common cause of
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foodborne illness. Listeria monocytogenes is the causative agent of listeriosis in humans and
animals. Currently, this disease is considered one of the most significant foodborne infections in
the world. The main transmission factors for listeriosis are milk and dairy products, animal and
poultry meat, vegetables and seafood [21].

The most significant Gram-positive microorganism that has received attention due to
associated nosocomial and community-acquired infections is S. aureus [22-24]. In addition to
poultry meat, S. aureus, as well as methicillin-resistant S. aureus, is found in the meat of pigs [25]
and cattle [26]. This bacterium multiplies rapidly at room temperature, producing toxins that cause
food poisoning [27].

In public health and economics, in both developed and developing countries, Salmonella
spp. continue to cause serious problems Salmonella enteritidis and Salmonella typhimurium are
the most frequently reported serotypes causing human salmonellosis in both the EU and the USA
[28-32]. This highlights the need to improve the prevention and control of Salmonella spp. in food
products. Salmonella are Gram-negative organisms of the Enterobacteriaceae family, which may
be indistinguishable from E. coli under a microscope or when cultured on conventional non-
selective nutrient[33]. Despite significant changes that have been made over time to the taxonomy
and nomenclature of the genus Salmonella, it is now well established that the genus consists of
only two genomic species, i.e. Salmonella enterica and Salmonella bongori. Salmonella enterica
strains are responsible for 99% of Salmonella infections in humans and warm-blooded animals
and are usually transmitted through ingestion of contaminated food or water; on the other hand,
strains of the other five subspecies, as well as S. bongori, are commonly isolated from foodborne
pathogens related to meat safety. S. enterica, due to its high association with food animals such as
poultry, cattle and pigs, the pathogen is commonly associated with the raw meat of these and other
farm animals [34].

Staphylococcal infection is the most economically important foodborne disease [35]. It
causes gastrointestinal illness due to a wide range of toxins [36], including staphylococcal
enterotoxins that cause vomiting and diarrhea within 2—6 hours of ingestion of contaminated food
[37-39].

Psychrotrophic Pseudomonas species are the key microorganisms causing spoilage of
chilled meat during aerobic storage. Pseudomonas are highly resilient and able to withstand
stressful environmental conditions that would otherwise inhibit the growth of other spoilage
organisms [40].

E.coli is a bacterial species of the Enterobacteriaceae family that includes both pathogenic
and non-pathogenic strains, the latter being the majority of the facultative microflora found in the
gastrointestinal tract of most vertebrates [41]. With respect to pathogenic E. coli, there are six
foodborne disease-associated pathotypes responsible for gastrointestinal infections recognized as
the causative agent of serious illness and death during foodborne disease outbreaks worldwide[42].
In 1982, E. coli was first associated with an epidemic of foodborne illness associated with the
consumption of improperly cooked hamburgers in the United States, and a new foodborne
zoonosis was identified [43].

Most Clostridium are saprophytes, four species have been identified as human pathogens,
namely CI. perfringens, Clostridium botulinum, Clostridium difficile and Clostridium tetani.
Among these species, Cl. perfringens and ClI. botulinum are well-established foodborne pathogens.
Food poisoning usually results from ingestion of high concentrations (>10°) of viable Cl vegetative
cells. perfringens, which are commonly found in processed foods. Symptoms of foodborne illness
caused by CI. perfringens include acute abdominal pain and diarrhea, while the pathogen's
enterotoxin is also thought to play a role in the etiology of SIDS . For meat, the organism may
either be initially present in muscle tissue or be introduced via faecal contamination into carcasses
at slaughter or into meat products during subsequent processing [44].

The genus Yersinia consists of at least 12 species, among which three species are considered
pathogens for humans: Yersinia enterocolitica, Yersinia pseudotuberculosis, and Yersinia pestis
[45]. A foodborne illness caused by Yersinia spp. called yersiniosis is caused by Y. enterocolitica
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or Y. pseudotuberculosis Yersinia spp. are gram-negative, non-spore-forming rods or coccobacilli
that are facultative anaerobes and are able to grow at refrigeration temperatures. Although the
optimum growth temperature for Y. enterocolitica is approximately 30°C, it can support growth at
temperatures as low as 0°C. Animals have traditionally been considered the main reservoir of
pathogenic Yersinia spp., with slaughtered pigs being the single most important source of Y.
enterocolitica. More specifically, the Y. enterocolitica serotype appears to be distributed
worldwide and is the most commonly isolated foodborne pathogen serotype. [46].

Heterofermentative lactic acid bacteria like Lactobacillus spp., mainly L. curvatus and L.
sayi, Leuconostoc spp., Carnobacterium spp. [47] most involved in meat spoilage. As a result of
their metabolism, heterofermentative lactic acid bacteria produce significant amounts of
undesirable catabolites such as CO., ethanol, acetic acid, butanoic acid, and acetoin, with
subsequent unpleasant odors and visual effects, such as the formation of stringy mucus and
discoloration of meat [48].

The perishable nature of meat requires the constant development and application of new and
innovative technologies to Kkill and/or prevent the growth of pathogens and spoilage
microorganisms. Numerous studies show the ongoing change and increase in resistance of
pathogenic microorganisms to antimicrobials and conventional food protection methods such as:
low pH, heat treatment, drying, temperature reduction and/or minimization of water activity, use
of chemicals, preservatives.

The food industry uses many meat preservation methods to prevent and control foodborne
pathogens and spoilage microorganisms in fresh meat products, such as vacuum packaging and
modified atmosphere packaging [49], packaging films immobilized with antimicrobial agents [50-
54], antimicrobial sachets and absorbent pads [55], edible coatings with inherent antimicrobial
properties [56].

Fermentation of foods with lactic acid bacteria is a food preservation method that has gained
prominence in recent decades due to the ability of lactic acid bacteria to produce bacteriocins that
can replace chemical preservatives in the food industry. [57,58] To date, various strains of lactic
acid bacteria producing bacteriocin have been characterized with promising results as a
biopreservative in various industrial applications [59-61].

Strains of Lactobacillus casei showed potential activity against enteropathogenic
Escherichia coli and Salmonella species [62] screened lactic acid from dairy, meat products and
agro-industrial waste and isolated a strain of lactic acid bacteria containing a broad-spectrum
antimicrobial compound and inhibiting ten indicator gram-positive and gram-negative strains .
Probiotic bacteria isolated from various brands of traditional yoghurts in Egypt exhibited
antimicrobial activity at a concentration of 10° CFU/g in vitro against test indicator pathogens
[63]. Strains of Lactobacterium sakei, Leuconostoc carnosum, producing bacteriocins (sacacins
and leukocins, respectively), inhibit the activity of pathogenic bacteria, in particular bacteria of the
genus Salmonella and L. monocytogenes, in meat and meat products.[64]

The lactic acid bacteria Lactobacillus, Lactobacillus plantarum and Lactobacillus
paraplantarum isolated from batter (fermented Indian soft rice cakes) have demonstrated
antagonistic activity against gram-positive and gram-negative foodborne pathogens such as S.
aureus, E. coli, S. enterica subsp. [65]. Typhi, In addition, gastro- and bile-resistant lactic acid
bacteria and bifidobacteria Lactobacillus rhamnosus, L. caaseli, L. plantarum and Bifodobacterium
longum and B. bifidum, which have been isolated from stool healthy child showed high
antagonistic activity against various foodborne pathogens.

Bacteria of the genus Propionibacterium have found wide use in cheese making as a cheese
microflora (together with lactic acid bacteria, which favors the environment for Propionibacterium
strains) used in the production of hard rennet cheese. The role of these bacteria in the production
of cheese is based on the fermentation of lactates to propionic and acetic acids, which give the
final product a specific flavor; they also serve as natural preservatives [66]. Starter cultures
consisting of propionic acid bacteria and lactic acid bacteria (Lactobacillus plantarum,
Lactobacillus acidophilus, Penicillium jensenii and Penicillium acidipropionici) are used in the
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production of fermented products. Their combination increases the speed of the fermentation
process and protects the final product from mold and rot, in addition to the fact that pickles
obtained in this way are enriched with vitamin B12 and have better taste and dietary properties.
Studies have been published regarding the use of P. freudenreichii subsp. shermani as a health
supplement in feta type cheese in 2017[67].

The results of numerous studies suggest that isolates of lactic acid and propionic acid
bacteria are possible candidates for the preparation of industrial starters useful for the production
of safe and bioprotective products, which, in turn, can be suitable suppliers of probiotic cultures.

Conclusion

Meat safety is one of the most important current and future societal issues, and in order to
reduce the burden of foodborne disease, the food industry and public health authorities need to
successfully address various challenges. To achieve this goal, it is essential to develop and
implement integrated approaches that cover the entire food supply chain, from slaughter to finished
products. Since bacterial pathogens, including emerging or evolving pathogens, represent the most
serious meat safety problems, more complete and reliable information about the composition of
microbial communities and the dynamic processes of their metabolism is needed. By identifying
specific interactions between different spoilage phenotypes in microbiological contamination, we
could achieve controlled product quality in the production, transportation, marketing and storage
of meat.
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Tyiiin

Makanazna Tyite cyTi TabuFH GyHKIHMOHAIABI OHIM PETIHAE CUIIATTANabl, OHBIH XUMUSUIIBIK KYPaMBl,
¢usnkanblKk KacueTi Oacka jkaHyapinap cyTiHeH epekmenedai. CyT KypamblHIA aJaM ar3achblHIa
CHHTE3JICIMCHUTIH MaHBI3Ibl MOJMKAHBIKIIAFAaH Mal KBIIIKBULAAPBIHBIH, TPUALMITIIHIEPUATEPIH,
OUALWINIMOEPUATEpAiH,  KenTereH  QocomununarepAin  OMONOTHMSIIBIK  KYHIBUIBIFBI  JKOHE
AHTHKaHLEPOTeH i, aHTUMHKPOOTHIK, KAOBIHYFa KapChl )KoHE MMMYHOCYIPECCHBTI KaCHETTEPi pacTallbl.
byrinri Tanga nHOEKIUSIIBIK aypyJIapIablH OpINyi )KOHE aHTHOMOTHKTEPre KapChl MUKPOOPTaHU3MICPIiH
TO3IMIUIITIHIH apTybIlHA 0aHIaHBICTEI, Mal KBIIIKBLUIIAPEIHBIH AHTHUMHKPOOTHIK OSICEHIUTITIH aypyIapsl
emzeyqe KoHe Mpo(QWIaKTHKaAa KOJIJaHylda TanThpMac 6HIM pETiHIE YCBIHBUIAIbl. Byl >KYMBICTHI
3epTTeyiH MakcaThl — TYHe CYTiH eMIiK MakcaTTa KOJIJaHy MYMKiHAIKTEpi >KoHe Mail KBIIIKBUIIBIK
KYPaMBIHBIH €pPEKIIENIKTEPi TyPalbl 9/IEOUET JepeKTepiH Taay.

KiarTi ce3nep: cyT Maiibl, CYT Mali KbIIIKBUIIAPbL, aHTUMUKPOOTHIK O€ICEHALTIK, TYHe CYTi.

Byriari TaHma cyT MaWbIHBIH Kypamaac OemiKTepi, IYphIC TaMaKTaHY »OHE JIEHCAYJBIK
apachIH/Iarbl OAMIAHBICTHI TYCIHY JKOHE OMip CAJIThIH KaKCapTy, aypyAblH aJlbIH aly >KOHE oJl-
ayKaTThl )KaKCapTYbIH HET13T1 TYKbIpbIMIamMaiapbIHbIH Oipi ekeHi 6enrisi. Cublp cyTiHeH O6acka
OapibIK CYT JKOHE CYT OHIMAEpIH TYThIHYBI COHFBI 50 kbuina O6apislk enaepae 17% ecken [1].
CyT amaMpap MeH »KaHyapyiap YIUIiH €H MaHBI3[bl TaramJIapAblH Oipi OOJBIN CaHATAIBl KOHE
KeMipcynap, OenokTap, Maijap, BUTaMUHIEpP OHE MHHEpaiabl 3aTTap CHUAKTHI MaHBI3IbI
KOMITOHEHTTEpiHE OaiIaHBICTHI TOJBIKKAHIBl TaMakKTaHy peTiHae oapekeT ereni. CyT Kypambl
KemnTereH QakTopiiapra TOYeINIi, MBICAJbI, XaHyapJblH EHCAYJBIFBI, ocipece CyT Oe3iHIH
XKaraanbl, (HOTONEPUONTHIH KbUI ME3TUIIepiHe acepi, KaHyapblH TaMaKTaHYbl, TeHETUKAJIBIK
dakTopiap xoHe CYyT caKTay TeMIIepaTypachl.

CyT MaiibIHBIH KYpaMbIHJIa aJIaM aFr3achlHJa CHHTE3eIMEHTIH MaHbI3Ibl TOJTUKAHBIKIIAFaH
Mai KBIIIKBUIIAPhI, KBICKA TI30€KTI Mail KBIIKbIIAAPHI, KenTereH GochoUmuaATep KoHe Maiaa
epuTiH BUTamuHIep Oap. MyHBIH 09pi CyT MaibIHBIH Oipereil OMONOTHSIIBIK KYHIBUIBIFBIH
AHBIKTAWUIbL.

Cyrre TabburFaH crHeuu(UKaIbIK €eMeC CEeKPeTOPIJBIK KOPFaHbIC (haKTOpiapbl TeK
OMBIPTKAJIbI JKaHyapiapa Ke3[eceTiH aHTUACHEJep CHUSKThl aJanTHBTI UMMYHIABIK XYyHeaeH
(rtoreHeTUKAIBIK TYpAe OypbIH Maiifna OosnraH Tya OITKeH KOpFaHbIC XKYyHeciHiH Oemiri 6obIn
TaObutanel. by crnenudukanblk emMec KopraHbIC (hakTopiapblHA JUMHUATEP, JaKTO(EppHH,
JAKTOMEPOKCHIa3a, JU30LMM JKOHE pELENTOPIBIK OJIMrocaxapuarep xkaraiasl. MyHnai
cnenuduKaiblK eMec (GakTopiap BUPYCTapIblH, OaKTepUsIapIblH, KapanailbIMIbLIapIbIH KOHE
0acka MMKpOOPTraHM3MJAEPIIH JKYKMAJbUIBIFBIH ~ MHAKTHBALMSATAYy HEMece TOMEHJETYl
KOPCETIITEH.

Tyiie cyTiHIH Mail KypaMbl >KOHE CHBIP CYTI Malibl KYpaMbIHaH €pPEKIIeIiri

CoHFbl Ke3/1epi TYHe CYTi eM/IIK JKOHE TaFaMJIbIK KacueTTepiHe OaillaHbICTHI ICHCAYIIBIKTHI
HBIFAUTYy/Ia €pEeKIle OPBIH aJbIl OTHIP. Tyle CyTiHIH MalfHBIH aJre3usFa )KoHe OaKTepHsIFa KapChl
KacuerTepi aHbIKTaFaH. Tyie cyTi Maiibl TyHipiIikTepi ycak O0IFaHIbIKTaH CIHIMIUIIT )KOFapHlI.
Kypambinaa xonectepyuH MeH KaHBIKKaH Mail KbIMIKBUIAAPHI MOJIIepi TOMEH, MaHbI3/Ibl Mail
KbIIIKbUIAPBIHBIH JCHIeH1 CUBIP CYTIHE KaparaHa KOFaphl.
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Maii - Tyiie CyTiHIH MaHbBI3/bl Kypamaac 0eJiri, OHbIH ilIiHAe TaOuFu MaiapabIH Kypaeni
KOCIIachl, SFHU KypaMblHIA TpUTIHLEpUATEP, GochOoIUMUATEp, XOJIECTEPUH >KOoHE Oacka
anemeHtTepaeH Typanel [2, 3]. Ty#e cyrimgeri Tarel Oip TOH JMOUATI  KAacHeTI
TIOJIMKAHBIKIIAFAHHBIH Mal KBIIIKBUIAAPHI, SFHH aib(a-JIMHOJIEH KBIIKBUIBI, 3WKO3aleHTacH
KBIIIKBLIBI JKOHE apaxWJIOH KBIKBUTBI [ 4, 5] , CyTKOpeKTuiepaiH 0acka TYpJiepiHiH CYyTiMeH
CAITBICTBIPFaH/Ia, JIMIUAIATEPMEH OaiJIaHBICTBl JKYPEK-KaH TaMbIpjapbel aypyjapbl Kaymi Oap
ajaMmJap YIIiH MalIbIH €H KaKChl K31 peTiHae OaiikanraH [6].

4.49%0.79 %

® Cy%
AKyb13%
® Mai1%
Jlaxrosa %
® K%

Cyper 1 — Tyiie cyTiHiH XUMUSIBIK KypaMbl [41]

CoHFBI KBUTIAPHI KYPaMBIHA OUOJIOTUSIIBIK OEJICEeH/II KOMIIOHEHTTEP1 )KOFaphl KaHBIKKAH
a3 JKOHE KOFaphl KaHBIKIIaFaH CYT OHIMJIEPIH JaMBITyFa Ken KeH11 Oeminyne. COHbBIMEH Kartap,
CYT MaiibIH/1a K€3/IeCEeTIH KOMIIOHEHTTEP IIH KeH ayKbIMBIH aHBIKTAy/1a alTapIBIKTal MPOTrpeccKe
KOJI KeTKi3unai. Ochutaiiia, Tyle CYTiHIH Malbl )KOHE OHBIH aJlaM JICHCAYJIbIFbIHA dCepi TypaIbl
KOINTEereH 3epTreyiep Kyprizingi. Tyle cyTi MeH agaM JAeHCayIbIFBIHBIH apachklHaa OH OailiaHbic
TaOBUIIBI, OYJI TYHE CYTIHIH MaiJIbl KOMITOHEHTTEPIH TaHY/IbIH KOHE OFaH Ial/1ajIbl TaFaM PETiHJIe
KO3KapacThIH KYpT e3repyiHe okemni. Tyie cyTiHiH Maifbl 0acka CYTKOPEKTUIep CYTiHIH
MaiapblHaH epEKIIeNiri, OYJI OHBIH a/laM aF3achblH/a OHAW KOPBITHUTYBIH/IA.

KanplkkaH Maii  KBIIKBUIZAPBI, TYHE CYTIHAE CHBIP CYTIMEH CalbICTBIPFaHA
MOHOKAHBIKIIaFaH Mail KbIIIKBUIAAPHl MEH TOJMKAHBIKIAFaH Mai KBIIIKBLUIAPBIHBIH JICHTeHi
JKOFapbl. ¥3bIH Ti30€KTi Maif KbIIIKBIIAAPHI )KoHE KaHBIKKAH Mail KbIIIKbUIIAPHI TYHE CYTIHIE KHi
Ke3zeceni, Oyl ojapra JUMHITEPMEH OalIaHBICTHI JKYPEK-KaH TaMbIpiiapbl aypyJIapblHBIH
xuimirin 35-50% Temenneryre epekiie MyMKiHik 6epeni [7]. Tyiie cyTinmeri Mail KbIIIKbUIIAPHI
aHa CYTIMEH CaJIbICTBIPFaH/Aa KOHBIOTAIMSsIIAHFAH JIMHOJ KBIIIKbUIBIHA Oail. JIMHOJ KBIIIKBLIBI
KaHJIaFbl TJIFOKO3aHbl TOMEHJIETY/IET1 apTHIKIIBUTBIKTAPBI YIIIH TAHBUIIBI KOHE OCTEOTIOPO3IBIH
aIJIBIH ajajibl, Mal aJiMacyblH »aKcapTaJbl >KOHE WMMYHIBIK KyiWeHl Oencenmipeni [8, 9].
ConbIMeH KaTap, OyJ1 acKa3aH, TOK 1IIeK, CYT 0e31 koHe Tepi KaTep:i iciriniy naiia 60ybiHa sxoHe
epiryiHe xoJ 6epmeiiai. CoHbIMEH KaTap, JMHOJ KBIITKBUIBIHBIH U30MepJIepl CEMI3TIKTIH alablH
alyga MaHBI3ABl POl aTKapaThlHbl Oenrimi. Tylie CyTiHIH Maibl ONeTTe KOITEreH eMIiK
KacueTTepre ue, ce0e0l OHBIH KaHT nuadeTiHe, OakTepusFa, BUPYCKa, KaObIHYFa, THIIEPTCH3USFA
KapChl ’KOHE TUMO0AJUICPTeH/II KaCUETTePl aHBIKTAIIFaH.
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Kecte 1- Op Typti CYTTiH CalBICTHIPMAJIbI TYPJEC XUMHSUIIBIK Kypamsbl [42]

Typi Cy% Axkys13 % Maii % Kyn % JlakTo3a %
Tyite 86-88 3.0-3.9 2.9-54 0.6-0.9 3.3
Cublp 85-87 3.2-3.8 3.7-4.4 0.7-0.8 4.8-4.9
Bydanno 82-84 3.3-3.6 7.0-11.5 0.8-0.9 4.5-5.0
Koit 79-82 5.6-6.7 6.9-8.6 0.9-0.1 4.3-4.2
Emki 87-88 2.9-3.7 4.0-45 0.8-0.9 3.6-4.2
Anam 88-89 1.1-1.3 3.3-4.7 0.2-0.3 6.8-7.0

Tyiie cyTi MalibIHBIH Mail KbIIIKBUIIBIK KYPaMbI

Tyiie cytinin maiibl 1,2-5,4%, xanmsl Tyite cyTiHiH 3,29% Kypaiiasl [10] xoHe HeriziHeH
TPUAITWITIUIIEPUHICP ICH, COH/Taii-aK X0JIeCTepUH MeH (pochomunuarepaeH Typaibl.

CyT MaiiblHBIH Mai KBIIIKBUIIBIK KYpambl KypJelli JKOHE KaHBIKTBUIBIK JICHreiiHe
0allTaHBICTHI YIII TOTKA JKIKTEJE/].

KanbpIkkaH Maii KBIIIIKBUTAAPHI €H KO TapaJiFaH Mail KbIIIKbUTIAPEI OOJIBIT Ta0bLIAIbI JKOHE
Tylle cyTiHAE CHUBIp CYTIMEH canblcThipranaa (46-66%) TemeH mailbi30eH >Kaiumbel Mait
KBIIKbLIAAPBIHBIH 78,33% kypaiiast [11]. EH 6ackiM KaHbIKKaH Mail Kekeiaapel C16:0, oman
keitin C18:0 xone C14:0. lueranbik Typroiaan anranaa, C18 KaHBIKKAH Mald KBIIIKbUITAPBIHBIH
JeHCcayIbIKKa OeiiTapan ocep eteTini aubIKTamabl, at C14 sxoHe C16 KaHBIKKAH Maii KbIIIKbLIIAPhI
3USHABI JIeN CaHajaabl, OWTKEHI ojlap aaaMJapAarbl CapbICyJarbl TOMEH ThIFbI3IbIKTAFbI
JUTIONPOTENH XOJECTEPUHIHIH KOFaphl KOHIIEHTPALUACHIMEH OaitnanbIcThI [12]. Kanbikkan Mait
KBIITKBUIIAPBIH  KOII KaObUIAay JCHCAyJIbIKKa Tepic ocep eTeli, OWTKeHI oy n-6 wmai
KBIIKBUTAPBIHBIH METa00IM3MIH TEXKEW I KOHE TMOJUKAHBIKIAFaH MaWIapblH TaMIIbLIIBIFBIH
tyasipaasl [13]. CoHbIMeH KaTap, KaHBIKKAH Mai KBIIIKbUIIAPBIHBIH KOT TYTHIHBLTYHI JKYPEKTIH
UIIEMUSUIBIK aypybl KaymiHIH KorapbuiaybiMeH OaiinmanbicThl [14]. Anbikranran (C10-C14)
KaHBIKKAH Mail KBIIIKbUIIAPBIHBIH 1ITiHE opTalia Ti30eKTi Mail KbIIIKbIIAAPBIHBIH alTapIIbIKTal
KOHIIEHTpAIUsCH Oap. by maiinansl acmekT, eTKeH1 opramia Ti30eKTi Mail KhIIIKBUIIAPHI Y3aK
Ti30€KTI Mail KBIIIKbUIIaphIHA KapaFaH/aa OHAal KOPBITBUIA I jKoHe MeTabom3aeHeAl [15]. Tyite
- 1enono3a ameity apkeUibl (C4-C8) Mail KbIIKBUIIAPBIH TY3€ alaThlH KYHIC KalbIpaThIH
kanyap. Amaiina tyie cytingeri (C4-C8) KaHBIKKaH Mai KbIIIKbUIIAPBIHBIH KOHIICHTPAIMSCHI
KOl MEH eIIKi CHUSKTBI KYHiC KalbIpaTbIH KaHyapiapAblH Oacka TypJjepiMeH CajbICTBIpFaH/Ia
ToOMEH. byJl TOMEH KOHIIEHTpAIlUSHBIH BIKTUMaJ TYCIHIIPMECI HE CYTKE IIbIFapbUIFaHFa JeHiH
Ty#ie TiHAEpiHAETI >XbUIgaM MeTabonu3MMeH OaimaHbIcThl Oonybl MyMKiH [16], Hemece
TyhenepaiH 0acka KOpeKTeHy ofeTTepi. by Tyiie cyTiHe Kellip epekie TaraMIbIK KacHEeTTep
Oepeni, eiTkeHi (C4-C8) KaHBIKKaH Mail KBIIIKBUIIAPBIHBIH MeJIIIepi aHa CYTiHE >KOFapbl
TOpEeKe e yKeac.

MoHOKaHbIKIIaFaH Mai KBIIIKBUIAAPHl TYyWe CYTiHIH MaiblHAa Ke3JIeceTiH Mai
KBIIIKBUTIAPBIHBIH EKiHII TYpi OOJBIT TaObLIaabl, HETi3iHEH OJenH KbIKbIIbIMEH (18:1 n-9)
YCBIHBUIFAH, OJ1 Mail KbIIIKBUIIAPBIHBIH KaIbl KYPaMbIHBIH 5,15-32,88% Kypaiiapl, o1aH KeliHn
MagIbMUTOJN KBITIKBUTH (16 :1). Tyiie cyTiHIH MailbIHIaFbI O1p KaHBIKIAFaH Mal KBIIITKbUIIAPBIHBIH
MeJepi 0acka CYTKOPEKTUIEpiH CYT MaiinapblHa Kaparanjga Oipmama »xorapsl [17]. Tyiie
CYTIHAECTI MOHOKAHBIKIaFaH Mail KBIIKbUIAAPBIHBIH JKOFAphl JEHICHl apTKbl 1IIEKTe
(depMeHTaUAHBIH OasyiaybIMEeH HeMece Tyile CYTiHAeri MOHOKAHBIKIAaFaH Mai KBIIIKbLIIAPhI
MEH TOJIMKAHBIKIIaFaH Mail KBIIIKBUIAAPBIHBIH OMOCHHTE31HE KAyanThl Mall KbIIIKbUIIAPBIHBIH
necatypasa OelceHAUTITiHIH XKoFapblaybIMeH Tycinaipineni [18].

[TonukaHbIKITaFaH Mal KBIIIKBUIIAPHI TYHE CYTIHJET1 JKaJIbl Mail KbIIIKbUIAAPBIHBIH 2,7—
8,46% Kypaiiasl, Oy cublp cyTiHeH xorapsl (1,89%) [19], 6ipak ana cytinen (10-20%) ami ge a3.
Kyiiic xaWpIpaThlH >KaHyapiapaa OaKTEepHsUIBIK OHOTHIPOTEHU3ANMsIFa OalJIaHBICTBI OJIETTE
MOJIMKAHBIKIIAaFAaH Mail KBIKBUAApEl a3 Oonaabl. AlTa KeTy Kepek, IMOJIMKAHBIKIaraH Mai
KBIIITKBUIIAPHl KaHA TYFaH HOPECTENEepAiH MUBIHBIH OCYyiHe, COHJal-aK TOp KaOBIFbI MEH
TaHBIMJIBIK (DYHKITUSITApBIHA MAHBI3BI pOJ aTKapaabl. [lodKaHbIKIaFaH Mail KbIITKBUTIAPbIHBIH
imriage uHON KBIKBUTEI (C18:2 n-6) jkKoHE -TMHOJICH KBIIMIKBLIIBI COMKECIHIE Herisri N-6
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MOJIMKAHBIKIIAaFAaH Mai KBIIIKBUIIAPH! JKOHE N-3 TMOJIMKAHBIKIIAFaH Mail KIIIKbUIIAPHl OOJIBITT
Tabbu1aael. JInnoneH Kpimkbuibl 0,17-3,31% apanbiFbiaaa, ajl o-TMHOJICH KBIIIKBUIBI Kbl Mai
KbIIKbUAApeIHBIH 0,05-2,16% apansirbiana Oonansl. Tyile cyTiHAeri Mail KBIIKbUTAAPBIHBIH
nmalbI3bl aHa CyTiHe KaparaHaa 4-16 ece Temen [20], AereHMeH TyiHe CYTIHAETI JHMHOI
KBIIIKBUTBIHBIH MTaWbI3bI CUBIP CYTiHE KaparaHsa skorapser 1,12% [21].

Kecre 2- Tyiie cyTi MaiibIHBIH Maii KbIIIKBULIBIK Kypamsl [43]

Maii KpIIIKBUIBIHBIH TYpJIepi Menepi %
JIunon 3,1558+0,4472
JInHonen 0,9187+0,2139
ApaxuioH 0,0299+0,0127
Kanblknaran Mail KbIIIKBUIIAPBIHBIH CYMMAChI 61,7018+2,5735
MOoHOKaHBIKIIaraH Mail KbIIIKbUIIAPbIHBIH CyMMAChI 32,9150+2,6181
IonuKaHbIKIAFaH Mai KbIIIKBLIIAPBIHBIH CYMMAChI 5,1262+0,2700
Owmera-3 0,6067+0,0072
Owmera-6 4,5195+0,2637

0-JTMHOJICH KBIIMIKBUIBI CYTTEr1 HEri3ri omera-3 mail KbIIIKbUIBI OOJbin TaObutambl. Tyiie
CYTiHZET1 O-TMHOJICH KBIIIKBUIBIHBIH YJleci aHa CyTiHe KaparaHna | ece >KoHEe CHUBIp CYTiHE
kKaparanaa 10-13 ece »korapbl €KeHi aHBIKTAIBI [22, 23], OYJ1 OHBIH aHTHAPUTMUSIIBIK dCEPIMEH,
HEBPOJIOTUSUIBIK O€JICEHAUTIKKE OH 9cepiMeH (OpTaJbIK KYHKe KYHECiHIH 3aKbIMIaHybIH a3aiiTy
apKBUIBI) KOHE XYPEKTIH HUIIEMUSIIBIK aypyblHAaH KOPFAaWThIH ocepiiepiMeH OaiyaHbICThI. Tyle
CYTiHIH MaWbIHJa KYHiC KalbIpaThIH KaHyapiapAblH OMOTHApIIEHYI Ke3iHae Ty3iJ1eTiH OipHere
TYPJTi ©30MepIiepi 6ap KOHbIOTAIUSIIAHFaH JIMHOJ KBIIIKBUIBI fa 6ap [24]. PyMeH KbIIIKBUTBI )KOHE
C12 Tyiie cyTiHIe Ke3[eceTiH €Ki HEeri3ri pyMeH KbIIKBUIBIHBIH H30Mepiepl Oobi TaOblIaibl,
CoMKecCiHIIe >Kalmbl Mal KeIKeUaapsiHby 0,80 £ 0,15 xone 0,06 + 0,02 xypaitnsr [25]. Ana
CYTIMEH CabICTBIpFaHNa TYHe CYTIHIEri Maiijlap KOHBIOTAIUSUIAHFAH JIMHON KBIIIKBUTBIHBIH
KypaMbIH7a >KOFapbl 00mibl. KoHBIOTanusIaHFaH JIMHON KBIIKBUIBIHBIH ICIK JKacylIajgapbiHa
IIUTOTOKCUKAIIBIK ocepi 0ap exeHi xabapianisl [26], OyJ1 OHBIH aJaM JIEHCAYJIbIFbIHA Al JaIbl
€KCHIH KOpCeTeIi.

DWKO3aneHTaeH KhIIIKBUTBI, TOK03areKCaeH KhIIIKbUTBI )KOHE apaXHI0H KBIITKBLUTHI [ITAMAJTbI
Meuiepae OalKaiFaH TOJWKAHBIKIAFAaH Mai KBIIIKBUIAAPBIHBIH KaTapblHa jkataabl. Tyie
CYTiIHIEri SHKO3aleHTaeH KBIIIKBUIBIHBIH, JOKO3areKCaeH KhIIIKBUIBIHBIH KOHE apaxuioH
KBIIIKBUIBIHBIH MaibI3bl aHa cyTiHe Kaparanna (1%) temen ekenniri xabapianel. Kepicinie, 6ip
3epTTey Tyie cyTinae emmiek cyriHeH (tuicinme 0,03 sxome 0,67 1/100 1) diiko3ameHTacH
KBIIITKBUTBI J)KOHE apaxu0oH KbIIKbUTH (THiciHime 0,14 sxone 1,35 /100 r) 6ap exkeHi aHBIKTaIbl
[27]. JerenmeH, OyJ1 HOTHXKeNEpl TylHe MEH aHa CYyTiHE KOCBIMIIIA 3epTTeyJIep JKYPri3y apKbUIbl
OJIaH 9pl pacTay Kaxer.

CyTreri Mail KbIIIKbUIIAPBIHBIH aHTUOAKTEPUSITBIK KACHETTEP1

Cyrreri Mail KbIIIKBUIAAPBIHBIH AHTUMHUKPOOTHIK KACHETI JKAKChl OCNTuIl JKoHEe Oy
KOCBUIBICTap OipHellIe jkacyaablK MaKcaTTapFa, COHBIH 1IIiHe jKacylla MeMOpaHachl MEH OHBIH
KOMITOHEHTTEPIHE dcep €Ty apKbUIbl OaKTepHsUIapAblH, CaHbIpAyKYJIaKTapAblH >KoHE Oacka
MHUKpPOOTapAbIH ©CyiH OoJabIpMaibl HeMece TIKEJIEeW TIPIIUINTiH KOoFa ocep eremi. Mai
KbIIIKbUIAPBIHBIH MUKPOOKa Kapchl KaCHETTepl OHAAFaH Kbulgap OOIbI 3epTein Kelel. xKoHe
OWI KOCBUIBICTAp ajJaM MEH KaHyapJjaplIblH Tya OITKEH WMMYHHUTETIHJE, O9CIPECe HIBIPHIIITHI
Kabarrap MeEH Tepijie MHUKpPOOTBHIK KaybIMIACTBIKTaH KOpFay YIIiH Kbi3meT etemi [28-34].
JlereHMEH, MUKPOOpPTraHU3MIepre Kapchl KaHa KOCBUIBICTApABI 13[IECTIPY JKOHE IaMBITYIBIH
TYpPaKThl KKETTLTITr Ka3ipri Ke3le MHUKpPOOTapIblH 3aMaHayd areHTTepre, dcipece agaMHBIH
Jopire Te3iMIi MHGEKIUSIApbIH €MJeyre apHaJFaH JBOJIIOIUSACHIHA OalIaHBICTBI KEHIHCH
TaHBUIIBL.

Mail KbIIIKbUIIAPBIHBIH CYTTIH KYpaMbIH/Ia O0TYbl MUKPOOPTaHU3MI€ KapChl KACUETTEPiHE
OaliaHbICTBl KOINTEreH apTHIKIIBUIBIKTapFra Hue. ['pamM-oH JkoHe rpamM-Tepic OakTepusiapra,
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MUKOOAKTEpUsIIapFa, apxeiepre, caHbIpayKyJIaKTapFa >KOHE allbITKbUIAPFa, KaOBIKIIAIBI
BUpYCTapra, KaparnalbIMAbUIApFa KOHE dYKAapHOTTHIK OajibIpiapFa Kapchl aHTarOHHMCTIK dcep
ereni [35, 36]. Hormwxecinae Mail KbILIKbUITAphl OPTYPJi OMOTEXHOJOTHSIIBIK —cajanapia
MUKpPOOPTraHU3MIe Kapchbl areHTTep Oonbln TaOblmaabl. ATanm alTKaHAa, KaHbIKKAaH Mai
KBIIKbLUTAAphl KanpuH KeIIKbUIEI (C10:0) sxoHe nmaypuH Keimkbutbl (C12:0) MukpoOKa Kapchl
OeJICEeHIUTIKTIH €H KeH creKkTpiH kepcereni [37]. Kenreren skarnaiiinapa 60¢ Mail KbIIKbUIIAPHI
MUKPO- KOHE MILTUMOJISPIIBIK KOHIICHTpAIHsUIapaa MUKPOOKa Kapchl OCICEHAUTITIH KopceTe Il
[38].

Mail KbIIIKbUIIAPBIHBIH MHUKPOOKA KapcChl ocep €Ty MEXaHHM3Mi MHTHOMTOPIBIK HeMece
IUATIK OOJybl MYMKIH JKoHE OyJI KemnTereH (akTopiapra, COHBIH INIHAE 3€pTTENCTIH Mai
KBIIIKBIIBIHA JKOHE OHBIH KOHIICHTPAIMSChIHA, MaKCAaTThl MHUKPOOPTaHU3MIe J>KOHE OHBIH
(U3HOOTHSITBIK KYHIHE J)KOHE ©3apa opeKeTTecyre OanmaHbICThl ocep ereni [39].

Maii KpIIIKbIIAAphl aHTUOMO(MMIIBIIIK KacueTTepieH 0acka BUPYCKa Kapchl OMOIOTHSIIBIK
oencennunikTi e kepcerenmi. ComapnblH imIiHIE Mal KBIIIKBUIIAPBIHBIH KaOBIHYFa KapChl
KacHeTTepiH Tepi HHEEKIUsuIapbl eMaey YLIiH KoiaaHaael. bipHeme 3eprreymrinep Mait
KBIIITKBUIIAPBIH JKBIHBICTBIK JKOJIMEH OEpUICTIH aypyiapabl eMey >KOHE alJblH ally YIIiH
arentTep perinzae [40], conmai-aK KbI3blI UEKTIH aypylapblHbIH, TIC KAPUECIHIH >OHE acKa3aH-
1mex MHQPEKIUSUTAPBIHBIH aJJIBIH Ty YIIiH KOJITaHbUTFaH.

KopbITbIHABI

KopsIThiHIBLIAN KeTe, CYT MalbIHBIH KypambiHaa 500-Te *KybIK Mail KBIIIKBUIIAphI 0ap aemn
ecenTenal  JkoHe OyriHri kyHre geiin  150-re  kywiFbl  aHbIKTaTFaH. CyT MalbIHBIH
tpuanmnraunepunaepi 400-gen acram Typiai Mail KbIIKBUIAAPBIHAH CUHTE3JENEIl, Oyl CYT
MalbIH OapJIbIK TaOMFHW MaljaapIblH imiHAeri eH Kypaemici erefi. CyT Mal KbIIIKbUIIAPHI TEK
KOPEKTIK 3aTTap peTiHlIe FaHa eMeC, COHBIMEH KaTap IIBIPHIINITH Kabarrapnaa maiina 0onaThiH
MHUKPOOTHIK MH(MEKIUsIApIaH KOpray )KYHeCiH KYpalThIH MUKPOOKa KapChl areHTTEp PETIHJE JIe
Kbi3MeT erefi. CyTTiH JUMUATI (QPaKIUsIChl CYT TPUTIUIEPUIATEPIH MUKpPOOKA Kapchl Mait
KBIIIKBUIIAPl MEH MOHOIVIMIIEPUATEPTe AaWHAIIBIPATHIH  JIUTIOJIMTHKAIBIK  OCJICEHIUTIK
HOTIKECIH/IE )KaHa TyFaH HOpeCTeNep/IiH acKa3aH-11IeK KOJbIHa MUKPOOKa Kapchl OENCEHIITIKTI
KOpCETEeIi.

COHFBI JKBUTIAPHI KYPaMBIHA OUOJIOTUSIIBIK OEJICEeH I KOMIIOHEHTTEPI )KOFaphl KAHBIKKAH
a3 JKOHE KOFaphl KaHBIKIIaFaH CYT OHIMJIEPiH JaMbITyFa Kem KeH11 Oeminyne. CoHbIMEH Kartap,
CYT MaifblH/a KE€3AEeCEeTiH KOMIIOHEHTTEP/IIH KEH ayKbIMBIH aHBIKTAy/la alTapJbIKTall MpOrpecKe
KOJ KeTKi3unai. Ocbutaiiia, Tyle CYTiHIH Maibl )KOHE OHBIH aJiaM JICHCAYJIbIFbIHA 9Cepl Typaibl
KOINTEereH 3epTreyiep Kyprizingi. Tyle cyTi MeH agaM AeHCAyIbIFBIHBIH apachlHaa OH OailiaHbIC
TaOBUIIBI, OYJI TYHE CYTIHIH MaiJIbl KOMITOHEHTTEPIH TaHY/IBIH J)KOHE OFaH IMai/1ajTbl TaFaM PETIH/IE
KO3KapacThlH KYpT e3repyiHe okenni. Tyile cyTiHIH Maiibl 0acka CYTKOpPEKTiJiep CYTiHiH
MaiapblHaH €pPEKIIeNiTi, OHbIH a/IaM aF3achblHa OHAW KOPBITBUTYBIH 1A OOJIBIT TaObLTA IbI.
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JKUPHOKHWCJIOTHBI COCTAB 1 CBOMCTBA MACJIA
BEPBJIIOKBEI'O MOJIOKA

AHHOTANUA

B crarse BepOIItOXKBE MOJIOKO ONHMCAHO KaK HATYPajbHbIM (DYHKIMOHAJIBHBIN HPOLYKT, €ro
XMUMUYECKHUH COCTaB U (PU3NUECKUE CBOMCTBA OTIIMYAIOTCS OT MOJIOKA JIPYTUX XKHUBOTHBIX. B Mooke
MOATBEP)KICHAa OMOJIOTHYECKasi LEHHOCTh HE3aMEHMUMBIX MOJMHEHACHIICHHBIX >KUPHBIX KHCIIOT,
TPUALMITIULEPUIOB, JUALMITIUICPUIOB, MHOTHUX (oconunmuuoB W aHTUKAaHIECPOTCHHBIE,
IPOTUBOMUKPOOHBIE, IPOTUBOBOCHAIMTENIBHBIE U MMMYHOJIEIIPECCUBHBIE CBOICTBA, KOTOPbHIE HE
MOTYT OBITh CHHTE3UPOBAHBI B OpraHu3Me yenoBeka. CeronHs B CBS3H C pa3BUTHEM HH(EKINOHHBIX
3a00JIeBaHUH 1 TIOBBILICHUEM PE3UCTEHTHOCTH MUKPOOPTaHU3MOB K aHTUOMOTHKAM aHTHMHUKPOOHAs
AKTUBHOCTb JKMPHBIX KHCJIOT PEKOMEHAYETCS KaK HEe3aMEHUMbBIH IPOJYKT IpU JIEYEHUU WU
npodunakTrke 3a0oneBanuii. Llenbio HACTOSIIET0 MCCIIEAOBAHMS SBISICTCS aHAIM3 JIUTEPaTypHBIX
JaHHBIX O BO3MOXXKHOCTSIX UCIIOJIb30BAHMUS BEPOIIOKBEr0 MOJIOKA B JIEYEOHBIX LIEIAX U 0COOEHHOCTSIX
€ro KUPHOKHCIIOTHOTO COCTaBA.

KarwueBble c10Ba: MOJOYHBIN )KHUP, MOJIOYHBIEC KUPHBIE KHCIOTHI, aHTUMUKPOOHAs! aKTHBHOCTb,
BEpOIIIOKBE MOJIOKO.
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FATTY ACID COMPOSITION AND PROPERTIES OF
CAMEL MILK OIL
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Abstract

The article describes camel milk as a natural functional product, it is chemical composition
and physical properties differ from the milk of other animals. Milk has confirmed the biological
value of essential polyunsaturated fatty acids, triacylglycerides, diacylglycerides, many
phospholipids and anti-carcinogenic, antimicrobial, anti-inflammatory and immunosuppressive
properties that cannot be synthesized in the human body. Today, due to the development of infectious
diseases and increased resistance of microorganisms to antibiotics, antimicrobial activity of fatty
acids is recommended as an indispensable product in the treatment and prevention of diseases. The
purpose of this study is to analyze the literature data on the possibilities of using camel milk for
medicinal purposes and the features of its fatty acid composition.

Keywords: milk fat, milk fatty acids, antimicrobial activity, camel milk.

Today it is known that understanding the relationship between the components of milk fat,
proper nutrition and health, lifestyle improvement is one of the main concepts of disease
prevention and well-being. Milk consumption by all mammals except cows has increased by 17%
in all countries over the past 50 years [1]. Milk is considered one of the most important foods for
humans and animals and acts as a complete food thanks to important components such as
carbohydrates, proteins, fats, vitamins and minerals. The composition of the milk depends on many
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factors, for example, the health of the animal, especially the condition of the mammary gland, the
influence of the photoperiod on the seasons, the nutrition of the animal, genetic factors and the
storage temperature of the milk.

Milk fat contains essential polyunsaturated fatty acids, short chain fatty acids, many
phospholipids, and fat-soluble vitamins that cannot be synthesized by the human body. All this
determines the unique biological value of milk fat.

Nonspecific secretory defense factors found in milk are part of an innate defense system that
phylogenetically predates the adaptive immune system, such as antibodies found only in
vertebrates. Such nonspecific protective factors include lipids, lactoferrin, lactoperoxidase,
lysozyme, and receptor oligosaccharides. Such non-specific factors have been shown to inactivate
or reduce the infectivity of viruses, bacteria, protozoa and other microorganisms.

Fat content of camel milk and its difference from fat content of cow's milk

Recently, camel milk has taken a special place in health promotion due to its medicinal and
nutritional properties. The adhesive and antibacterial properties of camel milk oil have been
determined. Camel milk oil is well absorbed because of its tiny granules. Low in cholesterol and
saturated fatty acids, the level of essential fatty acids is higher than in cow's milk.

Fat is an important component of camel milk, including a complex mixture of natural fats,
that is, it contains triglycerides, phospholipids, cholesterol and other elements [2, 3]. Another
characteristic lipid property of camel milk are polyunsaturated fatty acids, that is, alpha-linolenic
acid, eicosapentaenoic acid and arachidonic acid [4, 5], which in comparison with the milk of other
mammalian species are considered the best sources of fat for people at risk of cardiovascular
diseases associated with lipids [6].

449079 %

® Water%
Protein %o
® Fat Y%

Lactose %
® Ash%

86%

Figure 1 — Chemical composition of camel milk [41]

In recent years, much attention has been paid to the development of low-saturated and high-
saturated dairy products with a high content of biologically active components. In addition,
significant progress has been made in identifying a wide range of components contained in dairy
oil. Thus, many studies have been conducted on camel milk oil and its effect on human health. A
positive relationship was found between camel milk and human health, which led to a dramatic
change in the recognition of the fatty components of camel milk and the attitude towards it as a
healthy food. Camel milk oil differs from the fats of other dairy mammals in that it is easily
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digested in the human body.

Saturated fatty acids, camel milk has a higher level of monounsaturated fatty acids and
polyunsaturated fatty acids compared to cow's milk. Long-chain fatty acids and saturated fatty
acids are often found in camel milk, which gives them a unique opportunity to reduce the incidence
of lipid-related cardiovascular diseases by 35-50% [7]. The fatty acids in camel milk are rich in
conjugated linoleic acid compared to breast milk. Linoleic acid is recognized for its benefits in
lowering blood glucose levels and preventing osteoporosis, improving fat metabolism and
activating the immune system [8, 9]. In addition, it prevents the occurrence and progression of
cancer of the stomach, colon, breast and skin. In addition, linoleic acid isomers are known to play
an important role in the prevention of obesity. Camel milk oil usually has many medicinal
properties, as it has been found to have antidiabetic, antibacterial, antiviral, anti-inflammatory,
hypotensive and hypoallergenic properties.

Table 1- Chemical composition of milk of different species [42]

Proximate Water % Protein % Fat % Ash % Lactose %
Camel 86-88 3.0-3.9 2.9-5.4 0.6-0.9 3.3
Cow 85-87 3.2-3.8 3.7-44 0.7-0.8 48-49
Bufallo 82-84 3.3-3.6 7.0-11.5 0.8-0.9 45-5.0
Sheep 79-82 5.6-6.7 6.9-8.6 0.9-0.1 43-4.2
Goat 87-88 2.9-3.7 4.0-4.5 0.8-0.9 3.6-4.2
Human 88-89 1.1-1.3 3.3-4.7 0.2-0.3 6.8-7.0

Fatty acid composition of camel milk oil

Camel milk oil is 1.2-5.4%, and the total amount of camel milk is 3.29% [10] and consists
mainly of triacylglycerols, as well as cholesterol and phospholipids.

The fatty acid composition of milk fat is complex and, depending on the saturation level, is
divided into three groups.

Saturated fatty acids are the most common fatty acids and account for 78.33% of the total
amount of fatty acids in camel milk with a lower percentage compared to cow's milk (46-66%)
[11]. The most dominant saturated fatty acids are C16:0, followed by C18:0 and C14:0. From a
dietary point of view, it has been found that saturated fatty acids C18 have a neutral effect on
health, while saturated fatty acids C14 and C16 are considered harmful because they are associated
with higher concentrations of low-density lipoprotein cholesterol in human serum [12]. High
consumption of saturated fatty acids has a negative effect on health, since it suppresses the
metabolism of n-6 fatty acids and causes a deficiency of polyunsaturated fats [13]. In addition,
high intake of saturated fatty acids is associated with an increased risk of coronary heart disease
[14]. Among the detected (C10-C14) saturated fatty acids, there is a significant concentration of
fatty acids with an average chain length. This is a useful aspect, since fatty acids with an average
chain length are easier to digest and metabolize than fatty acids with a long chain [15]. Camel is a
ruminant animal that can produce fatty acids by fermentation of cellulose (C4-C8). However, the
concentration of saturated fatty acids in camel milk (C4-C8) is lower compared to other types of
ruminants, such as sheep and goats. A possible explanation for this low concentration may be due
either to rapid metabolism in camel tissues before they are excreted into milk [16], or to other
feeding habits of camels. This gives camel milk some special nutritional properties, since (C4-C8)
the content of saturated fatty acids is largely similar to mother's milk.

Monounsaturated fatty acids are the second type of fatty acids contained in camel milk fat,
mainly represented by oleic acid (18:1 n-9), which is 5.15-32.88% of the total fatty acid content,
followed by palmitolic acid (16 :1). The content of monounsaturated fatty acids in camel milk fats
is slightly higher than in milk fats of other mammals [17]. The high level of monounsaturated fatty
acids in camel milk is explained either by the slowing down of fermentation in the posterior
intestine, or by the increased activity of desaturase of fatty acids responsible for the biosynthesis
of monounsaturated fatty acids and polyunsaturated fatty acids in camel milk [18].
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Polyunsaturated fatty acids constitute 2.7-8.46% of total fatty acids in camel milk, which is
higher than cow's milk (1.89%) [19] but still less than human milk (10-20%). Ruminants are
generally low in polyunsaturated fatty acids due to bacterial biohydrogenation. It should be noted
that polyunsaturated fatty acids play an important role in the growth of the brain of newborns, as
well as in the retina and cognitive functions. Among polyunsaturated fatty acids, linoleic acid
(C18:2 n-6) and a-linolenic acid are the major n-6 polyunsaturated fatty acids and n-3
polyunsaturated fatty acids, respectively. Linolenic acid ranges from 0.17 to 3.31%, and o-
linolenic acid ranges from 0.05 to 2.16% of total fatty acids. The percentage of fatty acids in camel
milk is 4-16 [20] times lower than that of human milk, although the percentage of linoleic acid in
camel milk is 1.12% higher than that of cow's milk [21].

Table 2 - Fatty acid composition of camel milk oil [43]

Types of fatty acids Amount %
Linoleic 3,1558+0,4472
Linolenic 0,9187+0,2139
Arachidonic 0,0299+0,0127
Amount of unsaturated fatty acids 61,7018+2,5735
Amount of monounsaturated fatty acids 32,9150+2,6181
The amount of polyunsaturated fatty acids 5,1262+0,2700
Omega-3 0,6067+0,0072
Omega-6 4,5195+0,2637

a-linolenic acid is the main omega-3 fatty acid in milk. It was found that the proportion of
a-linolenic acid in camel milk is 1 times higher than in breast milk and 10-13 times higher than in
cow's milk [22, 23], which is due to its antiarrhythmic effect, positive effect on neurological
activity (by reducing damage to the central nervous system) and protective the effect of coronary
heart disease. Camel milk oil also contains conjugated linoleic acid with several different isomers
formed during the biohydrogenation of ruminants [24]. Rumic acid and C12 are the two main
isomers of rumic acid found in camel milk, which is 0.80 + 0.15 and 0.06 + 0.02 total fatty acids,
respectively [25]. Compared with breast milk, the fats in camel milk contained a higher content of
conjugated linoleic acid. Conjugated linoleic acid has been reported to have a cytotoxic effect on
tumor cells [26], indicating that it is beneficial to human health.

Eicosapentaenoic acid, docosahexaenoic acid and arachidonic acid are among the
polyunsaturated fatty acids observed in small amounts. It is reported that the percentage of
eicosapentaenoic acid, docosahexaenoic acid and arachidonic acid in camel milk is lower than in
breast milk (1%). On the contrary, one study showed that camel milk contains eicosapentaenoic
acid and arachidonic acid (0.14 and 1.35 g/100 g, respectively) from breast milk (0.03 and 0.67
0/100 g, respectively) [27]. However, these results need to be further confirmed by conducting
additional studies of camel and breast milk.

Antibacterial properties of fatty acids in milk

The antimicrobial properties of fatty acids in milk are well known, and these compounds
prevent the growth of bacteria, fungi and other microbes by acting on several cellular targets,
including the cell membrane and its components, or act directly on the destruction of life.
Antimicrobial properties of fatty acids have been studied for decades, and these compounds serve
to protect against microbial community in the innate immunity of humans and animals, especially
mucous membranes and skin [28-34]. However, the constant need to search for and develop new
compounds against microorganisms is now widely recognized due to the evolution of microbes
into modern agents, especially for the treatment of drug-resistant human infections.

The presence of fatty acids in milk has many advantages due to its antimicrobial properties.
It has an antagonistic effect against gram-positive and Gram-negative bacteria, mycobacteria,
archaea, fungi and yeast, shell viruses, protozoa and eukaryotic algae [35, 36]. As a result, fatty
acids are antifungal agents in various biotechnological industries. In particular, saturated fatty
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acids capric acid (C10:0) and lauric acid (C12:0) exhibit the widest spectrum of antimicrobial
activity [37]. In many cases, free fatty acids exhibit antimicrobial activity in micro- and millimolar
concentrations [38].

The mechanism of antimicrobial action of fatty acids can be inhibitory or acidic, and it
depends on many factors, including the fatty acid under study and its concentration, the target
microorganism and its physiological state, as well as interactions [39].

In addition to antibacterial properties, fatty acids also exhibit biological antiviral activity.
Among them, the anti-inflammatory properties of fatty acids are used to treat skin infections.
Several researchers have used fatty acids as agents for the treatment and prevention of sexually
transmitted diseases [40], as well as for the prevention of gum disease, caries and gastrointestinal
infections.

Conclusion

Thus, it has been estimated that milk fat contains about 500 fatty acids, and about 150 have
been identified to date. Milk fat triacylglycerols are synthesized from more than 400 different fatty
acids, which makes milk fat the most complex of all natural oils. Lactic fatty acids serve not only
as nutrients, but also as antimicrobial agents that form a system of protection against microbial
infections that occur on the mucous membranes. The lipid fraction of milk exhibits antimicrobial
activity in the gastrointestinal tract of newborns as a result of lipolytic activity, which converts
milk triglycerides into antimicrobial fatty acids and monoglycerides.

In recent years, much attention has been paid to the development of low-saturated and high-
saturated dairy products with a high content of biologically active components. In addition,
significant progress has been made in identifying a wide range of components contained in dairy
oil. Thus, many studies have been conducted on camel milk oil and its effect on human health. A
positive relationship was found between camel milk and human health, which led to a dramatic
change in the recognition of the fatty components of camel milk and the attitude towards it as a
healthy food. Camel milk oil differs from the fats of other dairy mammals in that it is easily
digested in the human body.
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AHHOTANUA

OpHOM W3 OCHOBHBIX IPOOJIEM COBPEMEHHOIO 3JPABOOXPAHEHUS SBIACTCA IIOBCEMECTHOE
pacnpocTpaHeHHE MHOKECTBEHHOH JIEKapCTBEHHOH YCTONUMBOCTH Y MaTOTEHHBIX MUKpOOpraHnn3MoB. [1o
onieakam BO3 k 2050 rogy cMepTHOCTh OT MH()EKIMOHHBIX 3a00JieBaHMN JOCTUTHET 10 MUILUTHOHOB
YeJIOBEK B I'OJ, YTO COIIOCTABUMO C ITOKa3aTelsiMu Hauyasa XX BeKa, 0 BHEIPEHHUs aHTUOMOTHKOB B
MEIUIMHCKYIO NPaKTUKy. B co3nmaBiielics cuTyaluy IOUCK, pa3paboTKa U BHEIPEHHUE albTEePHATUBHBIX
croco00B 0OprObI ¢ OaKTepUATbHBIMU HHPEKIUIMU UMEIOT IIEPBOCTENIEHHOE 3HAUEHHUE JAJISI COXPAaHECHUS
JKU3HU U 310pOBbsI YEJIOBEKA.

Oco0Blit HHTEpEC MpEeCTaBIsAeT CO00M (aroTepanus — NCTIOIL30BAaHUE BUPYCOB KaK €CTECTBEHHBIX
BparoB Oakrtepuii ans O0opbObl ¢ HuMH. baktepuodarm MoryT ObITh 3(QQEKTUBHON anbTEpPHATHBON
AHTHOMOTHKAM WM UX JOIOJHEHUEM IIPH JICYEHUH YCTOWMYMBBIX OaKTEPHUATbHBIX HHPEKIHH.

B naHHOI cTaThe aBTOpaMy NPEICTABIECH KPaTKUN UCTOPUYECKUI OYEPK, ITOKA3bIBAOIIMMI CTaIUN
pasBuTHsl (aroTeparuu, ONMMCAHBI HMCCIEAOBAaHHUS PAaHHEro MpHMEHeHus OakrepuodaroB B OophOe ¢
OakTepuaibHBIMU HHQEKIMSIMH, el A0 OTKPHITUS W BHEAPEHHS aHTUOMOTHKOB. Tarke NPHUBEICHBI
npUMepbl  UcCIIeIOBaHUN OakTeprodaroB ¥ YCHEITHOTO WX KIWHHYECKOTO MPUMEHEHHUS YKE B
COBPEMEHHBIH MEPHOJT — BIIOXY TII00ANLHOTO PacTIPOCTPAaHEHUSI aHTHOMOTUKOYCTOMYMBOCTH.

[IpencraBneHHslii 0030p MO3BOJSIET COCTaBUTH ILIEJIOCTHYIO KAapTHHY CTaHOBJIEHHS METOJOB
(arotepanuu, nmokaspiBaeT ¢€ 3PHEKTUBHOCTh U AKTYaJIIHOCTh B OOpb0E C aHTHOMOTHKOYCTOMYMBBHIMU
OakTepHaIbHBIMA HHOEKIMSIMA U TTOAYEPKUBACT BAXKHOCTh JATBHEHUIIIMX UCCIIEIOBAHUH, HATPABICHHBIX
KaKk Ha TOHUCK Ooiiee 3((EKTUBHBIX IUTHYECKUX MITAMMOB OakTepHoQaroB, TaKk W Ha pa3padOTKy
COBPEMEHHBIX METO/I0B (paroTepanuy 1 X MHUPOKOMACIITAOHOTO BHEIPEHUS B MEAULIUHCKYIO IPAKTHKY.

KnawueBbie cioBa: aHTHOMOTHKOPE3UCTEHTHOCTh, OakTepuodaru, ¢aropas Tepanus, JIH3HC,
OakTepuaibHbIe HHPEKIIHH.

C kaxIpIM T0O0M aHTHOMOTHMKOPE3UCTEHTHOCTh OaKTEepUi BO3pacTaeT 0 YrpoKaroule
BBICOKUX ypoBHeil. Celiuac ypoBEHb CMEPTHOCTH H3-3a CHUKEHUS 3P (PEKTUBHOCTH AHTUONOTHKOB
coctraisier 700 Teicsu yenmoBek B roi. BO3 mpenckasbiBaer, uro k 2050 romy sta mudpa
yBenuuutes 10 10 muinoHoB [1]. YenoBedecTBO BCTYIAET B MOCT-aHTHOMOTHYECKYIO 3Py, KOTaa
MHQEKIMOHHBIE 3a00JI€BaHNs MOTYT OISITh CTaTh OCHOBHOW NMPUYMHONW CMEPTHOCTHU YEJIOBEKA, a
HE3HAYUTENIbHbIE TPAaBMbI IPUBOIUTH K JIETAIBHBIM UCX0/aM. XOTS B HACTOSIILIEE BPEMs BEACTCS
pa3paboTKa HEKOTOPBIX aHTHOMOTUKOB, HM OJIUH M3 HUX, KaK OXKHUAAeTCs, HE OyneT ahdexkTuBeH
IpOTHUB HanboJiee OMacHbIX GOpM OaKTEpHil ¢ YCTOHYMBOCTHIO K aHTUOMOTUKAM. B cBsI3U € 3THM,
0COOEHHO aKTyalbHa pa3paboTKa MpenapaToB, NPEACTaBICHHBIX HETPAJUIIMOHHBIMU areHTaMH.
[Ipumepamu ux moryr ObITh OakTepuodaru — BuUpychl Oakrepuii. bakrepuodaru OTKpHIBaIOT
HOBBIE BO3MOXHOCTH /17151 00pbOBI ¢ MH(EKIMAMHU, BEI3BAHHBIMU PE3UCTEHTHBIMU OaKTEPUAMU, UX
MOYKHO HCIIOJIb30BaTh Kak JIOMOJHEHUE K aHTHOMOTUKOTEpAlUy MM B KAUYeCTBE AJIbTEPHATHBBI
AHTHUOUOTHKAM.

AHTHOMOTHKH OBLIH OTKPBITHL Ajekcanapom @uemunrom B 1928 roxy, B TO BpeMs Kak
MepBbIC MPEANOCHUIKA OTKPBITHS OakTeprodaros mosBuiKch emeé B 1896 romy. [lepBbim siBneHne
MaccoBoW rubenu OakTepuil 3ameTws aHriaMiickuil Oakrepuosior 3.X. X9HKUH, MPOBOIMBIIMN
SKCTIEPUMEHT 10 TOJCYETy XoJiepHOTO BUOpHoHa B peke [anr. Ilpm momcuere X3 HKUH
0OHapy>KuJI, 4T0 00pa3Ibl BOJIBL, B3AThIC IPU BXOJIE B Topoa Arpa, coaepxat B 1111 pa3 Gomnbiie
MHQEKIMOHHOIO areHTa, 4eM o0paslbl, B3sTble NpH BbIXOJEe M3 ropona. O3anadeHHBIN
NOJYYEHHBIMU pe3yJibTaTaMU, XOHKUH PEIIs M3yYUTh CBOWCTBA BOJBI M BBIICHMI, YTO BOJA
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COXpaHsJIa CBOM JIM3UPYIOIIME CBOMCTBAa Ja)ke IMOCIE MPOXOXKIACHUS depe3 OakTephallbHBINA
¢bunbTp, HO Tepsla UX mocie KunsyeHus. Torga XoHKUH HE CMOT OOBSICHUTh JAHHOE SIBJICHUE
CaMOOYMIIEHUS, U OHO TOJYUYUJIO Ha3BaHUE «mapajnokca X3HkuHa» [2]. B 1898 romy pycckum
Mukpoouosiorom Hukomaem [Mamaness Obuta omyONMKOBaHa CTaThs, MOCBAIICHHas OoOphOe ¢
Oammyio  cuOuMpckoit si3BEl. B cBoeM oskcmepuMmente [amaness WMCHOIB30Bal pPacTBOP
JUCTUJITMPOBAHHOM BOJbI C HEU3BECTHBIM areéHTOM, KOTOPBI MPUBOAMI K JIM3HUCY Oaluul U
MOJTHOCTBIO YHUYTOXKAJ CBEXHE KylbTypbl Bo30yautens [3]. Crnemyrommii 3HaUMMBINA BKJIAJ] B
OTKphITHE OakTeprodaroB BHec aHTiuiickuii mukpoounosor ®penepux TyopT. B cBoeli crarbe,
ony0iukoBaHHOM B 1915 roxy, oH onucan pa3pyiieHre THOHHOTO cTapUIOKOKKA ITEPEBUBAEMBIM
bunpTpyrommM areHroM. OgHaKo, OH HE CMOT OOBSCHUTH NMPUYUHY JTAaHHOTO sIBICHHS [4].
OOBsicHUTD U JT0Ka3aTh ero B 1917 rony cMmor ¢paHko-kaHaACKui yuyeHblid denukc 1'dperb,
KOTOPBIN CTaJIKUBAJICS C TTOXOKUM siBIeHHeM M pasbliie. B 1910 romy, Haxoasice B Mekcuke u
TyHuce BO BpeMs HAIIECTBUS CapaH4YW, OH HHOKYIHPOBAI (eKaauu OOJBHBIX U MEPTBBIX
HAaCEKOMBIX, UYTOObI HAWTH KOKKOOAIMJUIbI, MUKPOOPIaHM3MbI, BbI3bIBAIOIIME CMEPTEIbHYIO
uHpekuuo capanun. OcmorpeB vamku [letpu ¢ cemeHamu, OH OOHAPYXKHII aHOMAIUU POCTa
MUKpPOOHOM KYyJIbTYpbl — OKPYIJIbIE MPO3PAYHbIE YYACTKU AUAMETPOM 2-3 MM Ha MOBEPXHOCTHU
nuTaTenbHOro arapa. OH cockpeban 3T Ipo3pavHble OJSIIKK ¢ TTOBEPXHOCTH arapa U TOTOBHII
Ma3ku. OJHaKO, OH HUYEro He BHJEN MOJ MHUKpockornoMm. Ha OCHOBaHHMM 3TOro M JIPYyrux
OKCIIEPUMEHTOB OH MPUIIET K BBIBOJY, YTO arcHT, BBI3BIBAIOIIMI OOpa30BaHHME MPO3PAUHBIX
YY4aCTKOB Ha MHUKPOOHOW KYJIbTYpe, JOKEH OBITh HACTOJBKO MEJIKHM, YTOOBI CBOOOJHO
IPOXOJAUTH Yepe3 3aaepkuBatonire 6akrepun ¢GuibTpsl. [locie nybnukanuu Tyopra oH pent
CHOBa OOpaTUTh CBOE€ BHHUMaHUWE Ha OSTU areHThl. OTKpBITUE WU TOBTOPHOE OTKPHITHE
6akrepuoparoB ®denukcom na'Opemwnem mnocie Dpenepuka Tyopra YacTo CBS3BIBAIOT CO
BCIIBIIIIKOM ~ TSDKEJIOM  TeMOpparuvyecKkodl  MU3eHTEpUuH  cpear  (paHIy3CKHMX  BOMCK,
packBapTupoBaHHBIX Ha okpauHe Ilapmxka B 1915 rony. B xozxe uccnenoBanus 3ab6oneBaHusi OH
cheman cBOOOAHBIE OT OakTepuil (UIBTpaThl 00pa3oB (eKaTuid MalMEeHTOB, CMEIal H
UHKYOUpoOBaJ uX co mrtammamu Shigella sp., BeiaeieHHBIMU OT MarMeHToB. YacTh cMecH Oblia
INPUBUTA HKCIIEPUMEHTAJIbHBIM KMBOTHBIM (B paMKax HccieloBaHUM 1'Dpeiie 1mo pa3paboTke
BaKIIMHBI IPOTUB OaKTEPUATHLHOM JU3EHTEPUH ), & YaCTh ObllIa TOMEIICHA Ha arapoBYIO Cpey AJis
HaOMroZIeHUsT 32 pocToM OakTtepwii. Ha »TuX arapoBbIX KyJdbTypax A'Dpeiib CHOBa HaOJromal
MOSIBJICHHE HEOOJBIINX MPO3PAYHBIX YYACTKOB, KOTOPhIE OH CHayalia Ha3Ball MATHAMH, 3aTEM
OeNpIMU TISITHAMU, a Mo3ke — Onsmkamu [5,6]. Pesymbrarel nccnegoBanuii n'Dpesuist ObUTH
IpeCTaBICHbl Ha CEHTAOPHbCKOM 3acefaHnu AkagemMuu Hayk B 1917 rogy u BHOCIEICTBUU
onyOIMKOBaHbl B COOpHHMKE MaTepuaiioB 3acefanus [7]. B ormnmmume or XsukmHa u Tyopra,
J'Dperib IOYTH HE COMHEBAJICS B IPUPO/IE SABJICHUS U ITPEAIOTI0KHII, YTO OHO BEI3BAHO BUPYCOM,
CIIOCOOHBIM Tapa3uTHpOBaTh Ha Oaktepusx. Hazpanme "OGakrepmodar" (ot "Oakrepus" u
IPEUYECKOro Qily®m - CIOKUPAI0») TAKKE OBLIO peanoxkeHo a1 Jpemie [8]. Takum 06pa3zoM, meppas
CTaThs, OMyOJNWMKOBaHHAs I'DpesuieM, Ipou3Bena OoJblioi (Gypop B HaAydyHOM COOOIIECTBE,
BBI3BaB BOJIHY MCCIIEJJOBAHUI BCE OOJBIIETO YMCIAa YUEHBIX, JIOKA3bIBAIOIIUX €ro npasoTy. Ho
caMbIM BaxHBIM JocTikeHueM @enukca a'Dpenie sBIsieTcs TO, YTO OH BBIABUHYJI HJCIO
UCTOJIb30BaHUsl OakTepruodaroB Juisl JiedeHHsT OaKTepUalbHbIX 3a00JIeBaHHMI YeNOBEKa U
JKUBOTHBIX. 3a 3Ty UJIEI0 OH 3aciykui1 HoOeneBckyro mpemMuio, XOTsl OH TakK U He ObLT YIOCTOEH
ee [9].

OcHoBonoyio)HUKOM (harotepanuu B COBETCKOM CO03€ OB TPY3MHCKHM MHUKPOOHOJIOT
leopruii DnuaBa. DnuaBa 3aHUMANICS M3yYEHUEM KOJOHUW PA3NUYHBIX OaKTepUil U METOJaMu
060pb0BI ¢ HUMH. Tak, B X0/1€ CBOUX pabOT DnuaBa 0OHAPYKIIT OAaKTEPUIIUIHOE ICHCTBUE BOJIBI B
peke Kype. D10 Ob1J10 B TOM e TO/1y, KOr/aa 1'Dpesuib 00HApOA0BaI CBOE OTKPBITHE, U CTAJIO SICHO,
YTO 3TO SBJICHHE MOXXHO OOBSICHUTh IEUCTBHEM XosiepHOTO OakTeprodara. B 1919 rony, paboras
B Nucturyre Ilactepa B Ilapmxe, DnuaBa nozHakommica ¢ @enukcom a'OpemieM. Bo Bpems
cBoel paboThl [.21maBa ObUT 0UapoBaH UAEIMHU 1 DPEIis 00 NCIIOIB30BaHUH OaKTeprodaros ajs
tepanuu. 1M1 B 1923 rony I'.OnmaBa wuuummuponan co3nanue HHCTUTyTa OaKTEpUOIOTHH
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(upiHemHMA MHCTUTYT OakTeprodaroB, MUKpOOMOJIOTHH U BUpPYCOJIOrMHM UMeHH [.DnuaBbl B
Towmcu, ['py3ust) [10].

[lepBbIe MOMBITKH TEPANEBTUUYECKOTO UCIOIB30BaHUS OaKTepro(haron

Bckope nmocie cBoero oTKpbITHs, ' Dpeillb Hadasl IPOKIabIBaTh IYTh K TEPANIEBTUYECKOMY
ucnonb3oBanuio (aros. IlepBeie nccnenoBanus npoBoawiInch B 1919 romy Bo Bpems JiedeHus
IU3eHTepuH 12-neTHero Majibuuka. JledeHne nmpoBOAMIIOCH MO/ KIMHMYECKUM HAONIOIEHHEM
npodeccopa Bukropa-AHpu XyTuHens, 3aBeayromiero neauarpuei OompHunbl [8]. s
YBEPEHHOCTH B 0€30IIaCHOCTH IIperapara, CHayaja ero MpUHsUI cam a'Dpeiib, npodeccop u
HECKOJIbKO MHTEPHOB OonbHUIBI. [locie oqHOKpaTHOTO BBEACHMS aHTUIM3CHTEPUUHBIX (haro
CHUMIITOMBl Yy MAalMeHTa IPEeKpPaTUINCh, W MaJb4YMK IOJHOCTBIO BBI3JOPOBEI B TEUYECHHE
HECKOJIbKUX THEH. DPdekTuBHOCTD paroBoro npenapata Oblia "moaTBEpxkA€HA" KOTIA eIe Tpu
nalnyMeHTa ¢ OaKTepHadbHOM JU3EHTEpHUEd, NOJIY4YMBIIME OJHY J03Yy Ipernapara, Haydalu
BBI3/IOPABJIMBATh B T€UEHUE MEPBBIX 24 yacoB. OAHAKO PE3yNbTaThl ATUX HCCIEIOBAHUN ObLIH
ONnyOJIMKOBaHbl HE Cpa3y, U MO3TOMY IEepBOE COOOIIEHHE O MPUMEHEHUH (aroB Uld JICUEHUs
UHQEKIIMOHHBIX 3a00JIeBaHUI yesoBeKa MOsSBUIOCH No3xke. B 1921 rony Oakrepuonor Puuapn
bpronox wu Bpau-ucciaemoBarens JIkozed Maiicun omyOnukoBaauM paboTy, B KOTOpPOH
paccka3bplBaIOCh 00 HCHOJB30BaHMM OakTepuodaroB Juis JIeYEHHUS CTa(QUIOKOKKOBOTO
3a0oseBaHus KOKH. bakreprodaru BBOJUINCH B XUPYPTHUECKU OTKPHITHIE PAHBI U BOKPYT HUX, U
aBTOPBI COOOIIMIIN O perpecce nHpekmu B TeueHne 24—48 gacos [10-12].

[TyTh K KOMMEpUYECKOMY TTPOU3BOACTBY OakTepruodaron

BoonymieBneHHble 3TUMH TEPBBIMU pe3ylbTaTaMu, A'Dpeilb U JPYrue IMPOJO0IDKaIH
WCCJICIOBAHMS TEPANeBTUYECKOTO HCmoiab30Banus ¢aroB. B 1931 rony a'Opemrem n DnmaBa
ObUIM TPENUpPUHATHl TEpPBblEe TONBITKA TEPANEBTHUYECKOTO HCIOJIB30BAHUSA  XOJEPHOTO
6axTeprogara. ITH McCIeI0BaHUS IPOIOKUIIH MyTh K IEPBOMY KOMMEPUECKOMY MPOU3BOJCTBY
6akreprogaros. Tak, MHCTUTYTOM BaKIMH U CHIBOPOTOK B TOMIMCH ObLT MpOU3BENEH MEPBBIN
KOMMEpUYECKUI IpenapaT aHTUXOJEPHOro (hara, KOTOPBII Hallea MaccoBOE NMPUMEHEHHE JUIs
O0pbOBI C AMUIEMHSIMH, YTPOXKABIIUMH 0ro-BocTouHbIM Tepputopusim CCCP [13]. CormnacHo
OnyOJMKOBAaHHBIM B TO BpeMs OIICHKaM, OJjaromapsi MpUMEHEHHIO OakTepuodaroB ymanock
CHU3UTH CMEPTHOCTH OT xoJyiepsl B Uuamu 10 10% [13]. DTOT dakrt ommcan camum 1'Dpeiie B
kaure "bakreprodar u GpeHomen o3m0poBieHH", U3TaHHOW HAa PYCCKOM si3bike B 1935 rony B
Tounucu, I'py3us. Ho Ob1n 11 Heynauu, Tak, mpu snuaeMuu xoneps! 1927 roxa B mrare [lenmkad,
Nunnsa u3 14 450 dgenoBek, (aramu ObUTM BBIJICYEHBI TOJIBKO 73 demoBeka. Cam a'dpenib
OOBSICHAN JAHHBIM Cydail HEXelaHHeM W IPOTUBOJIEHCTBHEM MECTHBIX XKHUTeJed mnpuémy
¢daroBsix penapartos [ 14].

B cBoeii kHure a'Dpenib YIOMHHAET O CO3JAaHUM JBYX MPOMBIIUICHHBIX LEHTPOB IO
pou3BOACTBY OakTepuodaroB npotuB xoiepsl B 1931 rogy B Unmuu [13,14]. Kommepueckas
naboparopus n'Opemie B [lapmwke mpousBena Mo MeHbIIEH Mepe MATh (DaroBbIX IMpenaparoB
MIPOTHB Pa3IMYHBIX OakTepuanbHbIX nHbeknwii [13,14]. B 1924 rony unctutyt OcBanbao Kpysa
B Puo-zne-XXanelipo Hauan mpou3BoACTBO aHTHIN3EHTEPUIHBIX OakTepruo(daroB ¢ 1eabio 60pbObI
MPOTUB AW3EHTEpUU B cTpaHax JlatmHckoi Amepuku [14, 15]. B TedyeHue roma MHCTUTYT
npoussen 10 000 ¢rakoHoB (aroB, KOTOpble ObLIM OTHIpaBieHBl B OonbHUIBI bpaszuwmuu [9].
TepaneBtuueckue ¢aru nmpousBomunch U B CoequHenubix [lltaTtax. B 1940-x rogax xkommnaHus
Eli Lilly Beimyctuna cemb (aroBbIX NpenapaToB, HANpaBICHHBIX MPOTHB CTa(QHIOKOKKOB,
CTPENTOKOKKOB, KHUIIIEYHOW MMAJIOYKH W JIPYyrux OakTepHaNbHBIX MaTroreHoB [5]. B cocras
IpenapaToB BXOMWIN (aroJu3upOBaHHBIE, OaKTEPUOJOTHYECKH CTEpUIIbHBbIE OyJIbOHHBIC
KYJbTYpBl LIEJIEBbIX OakTepui, TaKKe ITH K€ Ipenaparhl BHITYCKAIMCh B BOJOPACTBOPUMOMN
xKeneoOpazHoil ocHoBe. OHU HUCIONB30BATHUCH Ul JICUCHUS PA3TUYHBIX WHQEKIHMHA, BKIIIOYas
abcuecchl, THOIHBIE paHbl, BATUHUTBI, OCTPbIE U XPOHUYECKHE MHPEKIIMN BEPXHUX JbIXaTeIbHbBIX
nyTeidl, a Takke HHQPEKIHH COCLEBUIHOTO OTpocTKa. OnHako 3(QQeKTHUBHOCTH (ParoBbIX
npenaparoB Obl1a criopHOM [16, 17]. DTO MOTI0 OBITH BBI3BAHO OTCYTCTBHEM YKH3HECTIOCOOHBIX
¢aroB, HM3KUM THTPOM (aroB WM HMX Y3KUM CIHEKTPOM XO035€B, Kak, Hampumep, ObUIO
00Hapy’KEHO B Cllydyae HEKOTOPBIX KOMMEPUYECKMX aHTUCTa(HIOKOKKOBBIX (DaroBbIX MpenapaToB
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[18]. Kpome TOro, mocie OTKpHITHS M KOMMEpLUMAIM3ALMUA AHTHOMOTHKOB, IPOU3BOCTBO
TepaneBTUYeCKUX (haroB B OOIBIIMHCTBE 3aMlaIHbIX CTPaH MOTEPSUIO CBOIO aKTyallbHOCTh. OTHAaKO
Ha TeppuTopuH ObIBIIET0 COBETCKOTO COI03a HA MPOTSHKEHUH BCEro XX CTOJICTHS IPOI0JIKAIOCH
AaKTHBHOE M3y4YeHUSs, pa3paboTKa U BHEAPEHUSI HOBBIX METO/I0B (haroTeparnuu.

B nacrosmee Bpems, Korga MHQEKIUH, BBI3BAHHBIC MOJUPE3UCTEHTHBIMU OaKTEpUsSMHU,
CTalyu BCEeMUPHON yrpo3od [19], maumeHThl cO BCEro Mupa NPOXOIAT JE€YEHHUE METOJaMH
¢arorepanuu B UncTuTyTE OaKkTeprodaroB, MUKpOOHOIOTUN U BUPYCOJIOTMHA UMEHU DJIMABhI B
I'py3un [20]; a Takke B oTmeleHUW Teparnuu Oaktepuodaramu MHCTUTYTa MMMYHOJIOTHH W
IKCIIEPUMEHTANBbHON Tepanuu uMeHu Jlroneuka Xupmdensaa B [Tonsme [21].

Hekortopsie kommanuu B CoenuHennbix [lltatax, Takue kak OmnilLytics Inc. u Intralytix
Inc., paszpabotanu pas3inyHble TPOAYKTHl OakTepuodaroB s NPUMEHEHUS B KayecTBE
NEe3UH(DULIMPYIONUX CPEICTB B MUIIEBOM NPOMBIIUIEHHOCTH, KOTOPbIE MOKHO HCIOJIb30BaTh
npotus Salmonella, E.coli u Listeria monocytogenes. B EBpone romnanackas komnanusi Micreos
BV rtaxxe nponasana 6akrepuodaru nmpotus Salmonella, E.coli , a nemerkas kommanus Fink Tec
— npotuB E.coli [22]. Oxxunaercs Oosee mipokoe MpuUMEHEHHE OakTepuo(aroB B MHUIIEBOM
LENOYKe, BKII0Yasi CEIbCKOE X034UCTBO U aKBaKYJIbTYpY, I/l€ IIUPOKHUI CIEKTP pa3sHOOOpa3HbIX
[aTOr€HOB PacTEHUI U PbI0 HAHOCUT 3HAYMTEIBHBIN SKOHOMUYECKUH yiepo [23, 24].

bbulo mpennpuHATO HECKONbKO MOMBITOK CO3JaTh HAAEKHBIE METOJAbl IMPOU3BOJCTBA
6akteprogaros. HekoTopsle nccienoBaTeny HCHOIb30BATIN TEOPETUUECKHUH MOIX0]] C TOMOILBIO
MMUTAIMOHHBIX MOJIeNIeH, B TO BpeMs KakK Apyrue MPUMEHSIIH IPAKTHUECKUN MOXO0/ C TOMOIIBIO
IKCHEPUMEHTOB. VI XOTs HEKOTOpBIE MPOAYKTHI OakTepuodaroB yke MOCTYNHUIH B MPOJAXKY,
3(PEKTUBHBIN, TOCTOSHHBIA M KOHTPOJIHPYEMBIH MPOIIECC MPOU3BOICTBA OaKTepruodaros eiie He
cosnas. [IpousBoacTBo (aroB B 1abOpaTOpPUsIX MOXKHO CUYMTATh PYTHHHBIM IPOIECCOM, U
MPOTOKOJIBI YETKO oTpezieNieHbl; OJHAKO 3TH MPOLIECCHI HEJIETKO
MacmTabupoBarth. [IpoMBbIIITICHHBIE MPEInpUATHS B MEPBYIO OdYepelb 3auHTEPECOBAaHBI B
MOJIyUEHUU HAJEKHBIX METOAOB IMPOU3BOJCTBA (haroB, MO3BOJAIOIIMX CTAaHAAPTU3UPOBATH U
MacmTabupoBarh mporecc. OMHAKO peleHHe JaHHOM 3aJadyd  TPYIHOBBIMOJIHHMO H3-32
Ounonoruueckor MmpupoAb! (HaroB, YTo BeAET K HEKOHTPOJIUPYEMBIM M3MEHEHHUSM IpPH HOBBIX
TeHepalusax ¥ MaJlo TMPEeICKa3yeMbIM B3aWMOJCHCTBHIM, MPOUCXOAALIMX MEXIy (aramu u
OaKTepHUsSIMH.

MaccoBoe npuMeHeHHe (aroB npu 00padboTKe paH

Kak panee Obuto cka3zaHo, Ha TeppuTopuu ObiBiIero COBETCKOro CO03a MPOBOAMIUCH
aKTUBHBIC MCCJIEIOBAaHUS B 00NacTd (parorepanuu, BCIUIECK KOTOPBIX MPHUXOIUTCS Ha TOJBI
Benukoii oreuecTBeHHON BOWHBI. Tak, OOJIBIIMHCTBO MCHBITAHWHA (paroBOW TEepanmuu MPHUIILIHCH
Ha 1930-1940 roasi.

[TepBbIM (haroBoro Tepanuio B XUPypruu Havajl UCIOJIb30BaTh podeccop meaunuHbl A. 1.
Hynykunze. DKcnepuMeHTalbHas cepusi (ParoBbIX MpenaparoB, COACPIKAIIUX KOMIIOHEHTHI
NpPOTHB OaKTepui, OTHOCAIMUXCA K BuUnmaM Staphylococcus, Streptococcus, Escherichia coli u
Proteus, 6pi1a ncnipiTana B KoHIE 1930-X roJjoB B XUPYypruueCKUX U THHEKOIOTUYECKUX KIIMHUKAX
Mockssl [25]. OH moapOOHO OMHUCHIBAI CUMIITOMBI, COCTOSIHUE PaHbI, TOKa3aTeIH OOJLHOTO U
QITOPUTM JICUeHUs. BOJIBIIMHCTBO MAlMEHTOB, MPUOBIBIINX C MEPEAOBON C paHEHUSAMH, ObUIH
MIPUKOBAHBI K ITOCTENH U HAXOJAUIINCH B TSAYKEIIOM COCTOSHUU: 38,3% MMeny MOBPEXICHUS MATKUX
TKaHei u 61,7% - kocreil. B GonbInHCTBE ciyyaeB (aru BBOAMINCH B TEUCHHE MEPBBIX 6 THEH
nociie MepBUYHOro 3apakeHus. [lepBonavansHo (parosas Tepanusi IPUMEHSIIACH TOJIBKO B CAMbIX
TSDKETIBIX CITYYasix, KOTrla OXKHAAJCS JIeTalbHbIH ncxo. I1o3xke B ncciegoBanue Obljia BOBICYECHA
OoJiee MMpOKasl TpyIIa ManueHToB. B OOIbIIMHCTBE CiiydaeB OaKTEPUOJIOTMYECKUN aHATU3
yKa3bIBaJl Ha HAJIMYKME CMEIIAHHBIX OaKTepHadbHBIX HH(eKuuid [26]. JIume B peakux ciaydasx y
MAalMeHTOB, TMPUOBIBIINX HETMOCPEACTBEHHO C TMods 0o0s, HaOIoganach MOHOWH(EKIHS.
[TonkoxHbIE MHBEKIMH (PAroB MPOBOAMIIMCH TPU-UYETHIPE paza KaXAblil BTOPOM JEHBb, YTOOBI
n30exarh pa3BUTHs aHTU(AroBbIX aHTuTeNl. Kpome Toro, haru pacnbpuUisiiiCh Ha BEPXHIOKO 4acTh
paHbI IpU KaXx/10i cMeHe MOoBsA30K. COriacHo MpsMBIM OTYETaM TOTO BPEMEHH, JieueHue aramu

43



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X No2 (41) 2023  www. imv-journal.kz

NPUBOAMIIO K Oosiee OBICTPOMY CHATHIO OOJIM, YJIYYLICHHIO OOILIEr0 COCTOSIHUS MAIlMEHTOB U
SBHBIM CUMIITOMaM 3a)KUBJICHUSI paHbl yepe3 2—3 JHS.

Boiina 1 HeoO6X0IUMOCTh B JICUEOHBIX Ipernaparax BIOXHOBWIJIM COBETCKHMX Bpaueil Ha
IIPOBEJICHNE HOBBIX OMBITOB C (paraMu U pa3pabOTKy HOBBIX METOJIOB BBeJCHHS (aroB. DTOT
nepuosl OblT OJHUM H3 CaMbIX IUIOJOTBOPHBIX B Pa3BUTHM (HaroBod Teparnuu B OBIBIIEM
Coserckom Coroze [25, 27, 28]. OcobeHHO MHTEpEeCHA Il BOGHHBIX XHUpyproB kumra A. II.
Hynykunze "OnbIT npuMeHeHus: 6akTepruodaroB B yCIOBHSIX BOCHHOM TpaBMbl" [29], B KOTOpOI
0000111IeHBI pe3yabTaThl, Moy4eHHbIe TTociie DuHckol kammnanuu. [ynykunaze [29] omucan 20
TOCHUTAJIBHBIX CIIy4aeB, Korja 0akTepuodaru mpoTUB aHAIPOOHBIX OAKTEPHI HCIOIB30BAUCH B
COYETaHMUH CO CTPENTO- U cTaduno-6akrepuodaramu. 17 u3 20 paHEHBIX CONIAT MOJIYIHIIA CMECh
(aroB HemocpeCTBEHHO Ha 1oJie 0051, a Tpoe JeUMINUCh araMmu 1Mo NpuObITUN B TOCTIMTaNb. Bee
20 mauMeHToB OBUTM B TSKEJIOM COCTOSHMHM, KOIJIa OHHM MNpUOBUIM B TOCHHUTaNb, U
0aKTEepHOJIOrMYCCKIE UCCICIOBaHMS TTOKa3alli, YTO Bce OHU ObLM mHOuimposansl Clostridium
perfringens. B kax oM ciy4ae paHbl ObLIM CEPhE3HBIMH, BKITIOUast 19 cirydaeB paHeHUI HIKHUX
koHeuyHocTel. [lo manneiM A. II. Llynykunze [29], cymecTBoBanu 3HAYUTENIBHBIE PA3INuus B
pa3BUTUU MH(DEKIINH MEXIY COJJaTaMM, MOJYYUBIIMMHU (hard BCKOpPE MOCIEe PAHEHHUS, U TEMH,
KTO MOJIy4m1 (haru mozxe. Y coiaar, HOJTyYUBIINX JICUCHHE PaHbIIe, PaHbl ObICTPEE OYHILAINCH
oT uH(pEKIH, OBICTPO MOSBISUIMCH TPaHYJSAIMHU, TeMIlepaTypa HOpMalu3oBajach B Ooiee
KOPOTKHE CpPOKHM, a HENpPHUATHBIA 3amax HE MOSABSUICS WM ObLT He3HauuTesnbHbIM. A. II.
ynykumze [29] cooOmmwt, 9To y conaaT, moTyduBIIuX (aru Ha mose 6051, He pa3BUIOCh HUKAKHX
ocioxHeHn. OIHaKO y IBYX MAIIMEHTOB, KOTOPBIE HE MOTy4au (aru 10 NpUObITHS B TOCIIUTAIb,
pa3BUWIICS TEHEPaTM30BaHHBIA Cercuc, U OHU yMmepiu. OCHOBBIBAsSCh Ha BBIIICYTIOMSHYTHIX
HaOmonenusix, A. I1. Lynykunze u ap. [29] npennosnoxunu, uro uadekuus C. perfringens
OOBIYHO CONPOBOXKJAETCSI CTPENTOKOKKOBOM U CTa(pUIOKOKKOBOM HHMEKIHUSAMH, MOCKOJIBKY
NOCJIC/IHUE CO3/MAIOT YCIOBHUs, OmaronpusitHeie ais pocta BugoB Clostridia. Tlostomy
HCIOJIb30BaHUE cMecH (paros, HaMpaBJIEHHON MPOTHUB BCEX TPEX OAKTEPHil, CUNTANIOCH ITOJIE3HBIM.
A. TI. Hynykuaze [29] npenaokui cTpaTeruio JeueHus: aHa’dpoOHBIX HH(EKINH, OCHOBAaHHYIO Ha
KOMOMHHPOBAaHHOM HCIOJIb30BaHUU (AroBoil Tepaluyd M aHTUTAHTPEHO3HOH CHIBOPOTKH. OH
IPEINONI0XKUI, YTO (haru OyAyT IM3UPOBATh OAKTEPUH, BBI3BIBAIOIINE WH(EKIUIO, a CHIBOPOTKA
HEUTPAIU3YET TOKCUHBI.

Ha xoHdepeHIusax, COCTOSBIINXCSA B MapTe, UioHe U aekadbpe 1940 roga ObuTH JOTOKEHBI
METOJbl W HWHCTPYKLUHUU IO BHYTPUMBIIIEUHOMY W BHYTPUBEHHOMY TpPUMEHEHHIO (haros,
pa3paboranHble KOKMHBIM U ero KojuteraMu. DTH pa3paboTKu ObUTH OCOOCHHO BasKHBI B CIIydasx
reHepain30BaHHbIX HHGeKui. OHU OBLIM pa3paOb0TaHbl B PE3yJIbTaTe HAOIIOACHUS 3a CITydasiMH,
CBSI3aHHBIMU C JIOPO’KHO-TPAHCIOPTHBIMU IPOUCIIECTBUAMU U CENTUYECKHMMU HHQEKIUIMH,
npoBeaeHHbIe B OcTpoyMOBCcKol OonbHUIIE B MockBe [25]. DTH METOIbI M MHCTPYKIIUU OBbLIN
yTBEpXkAcHbl BoeHHo-caHuTapHbIM ymnpaBieHueM BepxoBHoro Cosera KpachHoit Apmun un
NPUMEHSIIUCh I JedeHus coigat KpacHoit Apmuu Bo Bpemsi BTopol MHpOBOU BOMHBI U
IPOI0JDKAIIUCH TTOCIIE HEe.

B 1941 u 1946 ronax I'.A. KokuHbIM OBLITH OITyOJMKOBaHBI 0030PHI 110 IEPBOMY MAaCCOBOMY
IpUMEHEeHHIO (HaroBoi Tepamuu Ui XUPYPTrUUecKoro U paneBoro jeueHus. OHO ObUIO CBA3aHO C
®unckoir kammanuen 1939-1940 romom [27, 28]. B cBoux paborax I'.A. Kokun ommcan
npUMEHeHHe cMecu OaktepuodaroB, HMHPUUUPYIOIIKUX aHA’poOOB, CTA(QUIOKOKKOB U
CTPENTOKOKKOB, IPOU3BeIeHHBIX B IHCTUTYTE GakTeprodaroB, MUKpOOHOIOTHH U BUPYCOJIOTUN
umenu [.OnuaBel B ['py3un, 1y edeHus: ra3oBoil ranrpensl. CMech ObUTa MpUMeHeHa K 767
uHumpoBaHHbIM coiatram. B 1947 romy Obuta omyOimkoBaHa paboTa, aBTOPHI KOTOPOU
HCIIONIE30BAJIH Ty ke cMech (aros [25]. [Tomrmo TepaneBTHYECKOT0 TPUMEHEHHUS, 3TOT (ParoBbIi
npenapaTr HMCHOJIb30BalCS MOOWIBHBIMU CaHUTApHBIMM OpUrajaMd B KaueCTBE HKCTPEHHOIO
JeYeHHs paH, TPOPHUIAKTHKU ra30BOM TaHTPeHsbI [25].

Jleuenue xkumeunsix nudeknuit Salmonella u Shigella

B 1920-x u 1940-x rogax kuiie4Hbie HHGEKINH, BhI3BaHHBIC OakTepusimu pona Salmonella
u Shigella 6puH OrpoMHOi#t TpoOIEMOi Bo Bcem mupe [16, 25, 30-34]. OHH MOCTYXKHUITH TOJTIKOM

44



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X No2 (41) 2023  www. imv-journal.kz

JUTSE. MHOKECTBA HCCJEOBaHUN B oOnactu ¢aroBoil Tepamnuu. Tak, B HUCCIEIOBAaHUHU MPOTUB
undeknuii Salmonella typhi u S. paratyphi, omucannom B 1938 romy, pe3ynbTaThl OKa3aaKCh
6e3ycnemrHpIMU. Paru BBOJMINCH NepopaibHo 60 manueHTaMm oJuH pa3 B JeHb B o3¢ 10 mi B
teueHue 10 mueilt. bbuto oTmedeHo, yTo (paroBasi Tepanus HE CHH3WJIA YPOBEHb CMEPTHOCTH,
KOTOpBI ocTtasicss Ha ypoBHE 12% B 1936 rogy u ObLI COMOCTaBUM C YPOBHEM CMEPTHOCTH B
ciydae MPUMEHEHUS IPYTUX BUOB JieueHus [34].

Hecmotpss Ha 3TO, MCcnenoBaHus MO pa3pabOTKE TeparneBTUYECKHX (aroB B OBIBIIEM
Coserckom Coro3e MpoaoKaIUCh. Tak, HaIpUMep, MHTEPECHOE UCCIIEIOBAaHNE OBIIIO TTPOBEACHO
J.I.MaHosIOBBIM U ero kosuieramu [35], KOTOpble COOOLIMIN O BHYTPUBEHHOM NPHUMEHEHUH
OaktepuodaroB sl jedeHus OpromHoro Tuda. ABTOpHI BBOAWIM BHYTpUBEHHO 20-25 mi
COOTBETCTBYIOIIEH CyCIeH3uH OakTeprodaroB, OE30MaCHOCTh KOTOPHIX ObLIa JIOKa3aHa B
SKCTIEPUMEHTaX Ha KPOoJIMKax v Mblmax. Yepes 15-20 MuH mocie BHYTPUBEHHOTO BBEJICHUS (paros
narueHTam, 0oJbHbIe oTMedanu 03H00. Yepes 2—3 yaca 0TMeHanoch MOBBIIICHUE TEMIIEPATYPHI,
KOTOPOE B HEKOTOPBIX CITydasiX COMPOBOKIAIOCH TOIMTHOTOM U pBOTOM. Uepes 12—14 yacoB nocnie
BBeJIeHUs (hara TemrepaTypa HOpMaIH30Ballach, OJTHAKO Yepe3 24 yaca OHA CHOBA MOJHUMAIIACh
JI0 TIPEKHEr0 YPOBHs. DTO 3aCTaBUJIO aBTOPOB MPUMEHSITh HECKOJIBKO MHBEKINN (hara KaXkKIbli
JIeHb WK Yepe3 JeHb. K coxkajaeHuto, B 3TOM UCCIEIOBaHUU He OBbUIO ONpEIeNIeHO KOJIUYECTBO
narueHToB. OJTHAKO CPaBHEHHME PE3YNbTATOB BBHIINICYNOMSHYTHIX HCCIEIOBAaHUI MOKa3ajao, YToO
JU3aThl COAEpKAIM KHUBbIe OakTeprodaru, TBEpAble KIETOYHBIE OCTAaTKU U PACTBOPUMBIC
KJIETOYHBbIE KOMITOHEHTHI, BKJItoUasi OakTepuaiabHble aHTUreHbl. [locrieaHue MoryT okas3blBaTh
BIIMSTHUE Ha KOHEUHBIN pe3ynbTaT Tepanuy HE3aBUCUMO OT OakTepro(aroB 3a CYET CTUMYIISAILIAN
MMMYHHOHN CHCTEMBI OpTaHH3Ma, KaKk 3TO HaOJI01aeTcs B Cllydyae BaKIMHaUUU. B 0CHOBHOM 3TO
OCNIKH | MOJIMCAaXapuibl, TO €CTh BEIIECTBA, KOTOPHIE MOTYT BHI3bIBATh AJJICPIHUECKHUE PEAKIIUU.
Pe3synbrarhl uccienoBaHuil Mo HCHOIB30BaHUIO OakTeprodaroB A JiedeHUs TH(a MPHUBENIN
aBTOPOB K clenyromuM BbiBogaM: 1. Huskue mo3el (2-10 mi) Tudo3HBIX OakTepuodaros,
BBOJIMMBIX TIepopanbHO, HedPdekTuBHE. Kpome Toro, mepopanbHoe BBeneHHUE OakTeprodaros
HeIleJIeco00pa3Ho M3-3a Crenu(UYHOCTH TMaToreHe3a OpiomHoro Ttuda. 2. BHyTpuBeHHOE
BBeneHue 20—25 mut Trdo3Horo 6akTeprodara, MpUroTOBICHHOTO B (PH3UOIIOTHTIECKOM PacTBOPE,
©KEIHEBHO B TEUYEHHE 3 THEH HE CONMPOBOXKIAIOCH KAKMMH-ITHOO CEphe3HBIMU MOOOYHBIMU
s¢pdexramu. OAHAKO ITO JIEYEHHE NPHUBEIIO K CHUKEHHIO TEMIIEpaTypbl M COKPAILIECHHUIO
JMXOPAJ0YHOrO MEPUO/A, YIYUIICHUIO OOLIEro COCTOSHHS OOJBHOTO W TOJHOMY H3JICYCHHIO
[35]. Kak yacTo HaOmMOqaIuCh CITydan MOJTHOTO M3JICYCHHS, HEU3BECTHO.

Camoe mupokoe KIMHUYECKOE UCCIIEI0BAaHUE TEPAIEBTHUECKOTO 3(pPeKTa TU3eHTEepUHHBIX
¢daroB ObuI0 MpoBeneHo W omucaHo B 1939 romy Camupom [36]. ABTOp ommcan B oOmiei
cinoxkHoctu 1064 cinydas OU3EHTEPHH, B KOTOPBIX HCIOJNB30BaIM (paroTrepanuio B JBYX
pa3IMYHBIX KIMHUKAaX MockBbl. ['pynna manueHToB BKIoUaia 767 MyK4uMH U 297 KEHIIUMH B
BO3pacTe OT HOBOPOXAEHHBIX 110 79 ner. CranmapTHas (paroBasi Tepamus ¢ HCIOJIb30BaHUEM
mpenapara AM3eHTepHiiHOTO  OakTepuodara, paspaboranHoro B HMHcTUTyre UMEHU
N.N.MeunukoBa B MOCKBe, IPUMEHIACH B KaXKJOW BO3PACTHOM IpYIIIIE, KaK OMMCAHO HUXKE.
TouHoe conmepkanue 3TOro mnpemnapara He ykazaHo. CyrouHas go03a Qara A B3pOCIIOTrO
cocrasnsina 20 M, a imst pebenka - 10 mut. J{o3a nenunack Ha JBE MOPIUN U BBOJUIIACH MTAIIHEHTAM
B MOJHOYG B JeHb nmoctymieHus u B 4:00 yrpa, yToObl MUHUMH3UPOBATH MHAKTUBAIUIO (ara
ocraTkamu nuiy. ConoctaBUMOE BpeMsi BBEJCHHs (hara BCeM MalMeHTaM OO0JIerdano OICHKY
pe3yapTaToB (haroBoit Tepanuu. [1arMeHTHI OyJYan MarHMeBO-COAOBBIA pacTBOP CHavasia 3a 6
4acoB 710 (aroBoi Teparuy, a 3aTeM Kaxaple 2 yaca IIecTh pa3 B TeueHue 12 gacos. B3pocibie
noydasin 100 M1 pacTBopa mpu KaxaoM BBeaeHud, a aetu - 10-50 Mia B 3aBUCHMOCTH OT
BO3pacTa. PacTBOp BBOIMIICS C IENIbIO CO3AHMS ONTUMAIIBHBIX YCIOBHIA A pa3MHOXKEHUS ara,
a TakKe JJIsl OYUIICHUs KUIeYHHKa. B TeueHne nepBbix 48 4acoB MallMEHTHI MPUACPKUBAINUCH
CTpOTroi AMEThl. ABTOp MpHIIET K BBIBOJY, YTO MPUMEHEHUE 3TOU 103kl (ara, pa3feleHHON Ha
JIB€ TIOPIMH M BBEIEHHOM B TEYEHHE OJHOIO JHS, OBUIO JOCTaTOYHBIM U HE TpedoBajio
noBTopeHus. HekoTopple M3 TalMEHTOB MOJABEPrajiuch JHUOO cepoTepanuu, JHUOO
Hecrienuduieckoi Tepanuu. MHOTIa MpuMeHsiIach 1ake KoMOuHaIus (paroBoit U cepoTeparnuu.
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B caywasx  TskenoW — MHTOKCHMKALIMM — NPUMEHSUIOCh  BHYTPUBEHHOE  MEpPETUMBAHUE
(U3HOIOTHYECKOTO PACTBOPA C aIpEHATMHOM WJIH TII0K030M. B 15 Hanbomee TsHKenbIX ciaydasx
B JIOTIONTHEHHE K (aroBoMy IMpenapary NpUMEHsIIaCh aHTUIU3EHTEPUIHAS CHIBOPOTKA, OJHAKO
JETaNbHOTO HMCcX0/a M30exaTh He ynaiaoch. ABTOp cAeNal BBIBOJA, YTO B TeX clydyasX, Korjaa
ceporepanusi Obla Oe3ycrmemrHow, ¢aroBas Tepamusl TakXke Okaszajach Hed(p¢dextuBHOU [36].
CpenHssi MpOAOKUTENBHOCTh 3a0oneBanus coctaBuia 43,3 OoabHMYHBIX 1HA. [lo MHEHHIO
aBTopa, mNpuMeHeHHe (aroBol Tepanmuu 3HAYUTETBHO COKPATUIIO MPOJOKHTEIHLHOCTh
npeObIBaHMs B CTAallMOHApE O CPaBHEHHUIO C JIPYTMMH METOJaMH, OCHOBAaHHBIMHM TOJBKO Ha
CUMITOMATUYECKOM JICYCHUU WJIM Jaxe crenu(uueckoM (CeposIoTHYecKOM) JedeHUU. ABTOP
MOMYEPKHYJ KIIIOYEBYIO POJIb paHHEro Havaja (aroBod Tepamuu AJid COKpAIleHUsS BPEMEHU
rocoutanuzanuu. Kpome Toro, o cooduiu, 4yto o0braHO mocie 1-2 nHelt (aroBoil Tepanuu
Ha0JI0/1aeTCs pe3Koe yaydllleHHe COCTOSHUS MalleHTa, O YeM CBUJIETENIbCTBYET MEHEe YacThIi 1
MEHee BOASHUCTBINA CTYJ, HE conaepkaliuii kpoBu u/mim cinusu. Ilo cioBam aBTopa, Hambosee
3aMeTHBIN 3¢ dekT Habmogancs B Cllydasx, KOraa NaTOJOTHYECKUEe U3MEHEHHs He pa3BUBAINCH
ryoke, yeM KaTap W BOCHalieHHWEe. ABTOp MOMYEPKHYJ, 4TO WHorAa (arm w3 mpemnapara
OKa3bIBAIMCh HECITIOCOOHBIMU JIM3UPOBATH KOHKPETHBIN IITAMM, HJIM TOKCHUECKUNA CUHAPOM ObLI
CJIMIIIKOM CUJIBHBIM, WJIH Pa3BUBAIUCH BTOPUYHBIC WH(EKINH, U, BO3MOXKHO, OTCIO/Ia OYEBH THAS
HenocTatouHas 3 (PEeKTUBHOCTD (ParoBoi Tepamuu B 3TUX cirydasx [36]. ABTOp TakyKe COOOITHT,
yTo mocie 1 qHs nedeHus garamu YUCIIO MAMEHTOB ¢ KPOBABBIM CTYJIOM yMEHbLIHIIOCH co 100
o 74; Ha 5-i AE€Hb JICUEHUS 3TOT CUMIITOM OCTaJICs TOJbKO y 4 manueHToB. [locne 1 Hepenun
daroBoii Tepanuu y 95% nanueHToB He HAOI01aI0Ch MATOIOTUYECKUX CUMIITOMOB, U OHU MOTJIU
OBITH BBINKMCAHBI U3 O0NbHULIBL. JleTanbHbIN Hcxo ObuT 3apeructpupoBat B 47 ciaydasx (4,4%).
OnHako aBTOp MOJYEPKHYJ, YTO 3TH MALMEHTHI CTPajalid OT AU3EHTEPUIHOrO MaHKOJIUTA U
TSKEINBIX JETEHEPAaTUBHBIX U3MEHEHUH MapeHXUMBbl Pa3JIMYHBIX OPTraHOB, SI3B TOJCTOW KUIIKU U
T. M., XapakTepHbIX M JJIATEIbHOM M TSOKEJIOW MHTOKCUKAIIMM, YTO TOATBEPKICHO
MOCMEPTHBIMHU [TaATOAHATOMUYECKUMH HCCIIEI0BaHUAMU. ABTOp MpHILET K BEIBONY, uTo: 1. Paru
cienyeT JaBaTh KaXIOMYy MallMEHTy, Y KOTOPOIro TMPOSIBISIOTCS CUMIITOMBI JTU3EHTEPHH,
HE3aBHCHMO OT TOTO, IIOCTYIAET JIM MalueHT B OOJIbHHUILY, TPHE3KAET HA CKOPOM MOMOIIU WK
oOparmaercs 32 MEIUIIMHCKON MOMOIIBI0 Ha IOMY. JTa Mepa OyAeT UMeTh Kak JIedeOHbIH, TaK U
npodunaktudeckui 3¢ dext. 2. KomOunnpoBannyro ¢aro- u cepoTepanuro ciaeayeT IPUMEHSITh
B OCOOBIX CITydasix, HapuMep, IPpU TUIEPTOKCUKO3€ Y B3POCIBIX U IS JICUCHUS TOKCUIECKOTO U
CyOTOKCHMYECKOI0 CHHIpOMA y MaJIeHbKUX JeTell. Bo BceX BbIIIENepEUnCICHHBIX CIIydasx aBTOp
TaK)K€ PEKOMEH/10BaJl IPUMEHEHUE COOTBETCTBYIOLIUX /103 CBIBOPOTKU U €€ BBEJICHUE HE MEHEE
yeM 3a 6 yacoB 10 Havana ¢aroBoit Tepanuu [36]. UTO MIMEHHO MOCITYXHUJIO OCHOBAaHHUEM IS
NOCJIEAHEN PEKOMEHIALlUH, OCTAETCS HESCHBIM.

Tekyree cocTosiHUE UCCaeA0BaHUM B 00J1acTH (haroBoi Tepanuu

Ucropust darorepanuu yBieKaTellbHa U B HEW MOXKHO YBUJETH OTPOMHBIM MOTEHIIMAT B
nedyeHun OakTepuanbHbIX MHOekuuid. Ho B HacTosmee Bpemsi Qarorepanusi OTHOCHTEIHHO
HIMPOKO UCTIOIB3YETCs UL Ha TeppuTopuu Boctounoit EBporibl u Bee emie He Oblia 0100peHa
Epomneiickum Corozom uiiu FDA CIIA. OcHOBHBIE TPYAHOCTH C IPUEMOM CBSI3aHBI C:

- pa3nMuYUAMH B OMOJIOTUYECKHX, PU3HUECKUX U (PapMaKOJOTHUECKUX CBOMCTBaX (paros mo
CPaBHEHHIO C OOBIYHBIMU MPOTUBOMHUKPOOHBIMU TIperiapaTaMu;

- HEBO3MOKHOCTBIO CTaHAapTU3HPOBATH (ParoBbie MPenapaThl, Tak Kak OakTeprodaru — 31To
OMOJIOTUYECKHE, CaMOBOCIIPOU3BOMASAIIUECS OOBEKTHI M TPH KAXKIOH TEHEpaIMH MPOUCXOJST
€CTECTBEHHbIC U3MEHEHUS JOUEPHUX KOMHUM OT MAaTEPUHCKUX;

- HEOOXOMMOCTBIO HCIIONB30BAHUSI HECKOJIBKUX (DaroBbIX HM3OJSATOB (KOKTEHel) m3-3a
BBICOKOH crieru(uIHOCTH (aros, 4To HeoOXoauMo ajst 6osee 3PPEKTUBHOTO MPEANOIAraeMOro
JICYEHUs, T. €. JICYCHHsI, KOTOPOEe HAYMHACTCS IO TOYHOTO JAMAarH03a MUKPOOHON ITHOJIOTHH;

- YCTQaHOBJIEHHBIMH ~ TPABWJIAMH  yTBEPKICHUS  MPOTUBOMHUKPOOHBIX  MPENaparos,
OCHOBaHHBIX Ha IMpenaparax XHWMHUYECKOTO0 TMPOUCXOXKIEHUS U, CJIEJA0BAaTEIbHO, MEHee
noaxoaammx A ¢aros [37].
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B cBs13u ¢ yIIOMSHYTBIMU BBIIIE IPOOIEMaMK, B COBPEMEHHOM METUITMHE U3BECTHBI CITydan
JUIIb cocTpajgaTenbHoro jeueHus. CoctpagaTesibHas MEIUIMHA IPUMEHUMA JIMIIb B CIyYasx,
KOTJla MCUEpHaHbl BCE OJOOPEHHBIE TEPareBTHUYECKHE BO3MOXXHOCTH. B Takux ciydasx ais
JIeUeHUs MalMeHTa pa3padaTbiBalOTCA MHIMBUTyalIbHBIE JIEKAPCTBA BHE KIIMHUYECKUX UCTIBITAHUN
[38]. Ilpeamochuika WCHOIB30BAaHUS W3 COOOpPAKEHHMI COCTpaJaHUsl W3JIOKEHA B cTarbe 37
«XeNbCUHKCKON JeKIapaluy 3THUYECKUX MPUHLUIIOB MEAMIIMHCKUX MCCIEIOBAaHUM C ydacTHeM
JIOJIeH», MEXIYHApOJAHOTO PYKOBOJICTBA IO HCCASAOBaHMAM Ha Moaax [39]. OduimanbHbIi
HAJ30p 3a IMporpaMMaMH COCTPaJaTebHOTO MCIIOIb30BaHUS BapbUPYETCS OT CTPaHBI K CTpaHe,
HO OCYILIECTBIIsIETCA perynupyromumu opraHamu, takumMu kak FDA B CIIA unu EMA B
Espomneiickom Coroze [40-43].

HekoTopsie cTpaHbl MPHHSUIIA 3aKOHOIATENBCTBO 71 (paroBoii Tepanuu 0e3 pa3penieHus Ha
nponaxy (aroBbix MNpoaAyKTOB, Hampumep, WHctuTyT OakteprodaroB, MUKpPOOHOIOTHH U
Bupycojorun umeHu [.OnmaBel B ['py3um [44], ocHoBanHbli B 1923 romy. MucTuUTyTOM
pa3paboTaHsbl Takue npenaparsl kKak: CtaduiokokkoBeii Oaktepuodar, bakrepuodar depcucw,
COC-6akrepuodar, Wutectu-6akrepuodar, IHKo-OakTepuodar u Ilmo-6akrepuodar. B
OOJIPIIMHCTBE CJy4aeB, OHU PEKOMEHAYIOTCS Ui MECTHOTO MPHUMEHEHHUs y MalHeHTOB C
MUOTEHHBIMUA HH(EKITUAMU, TAKUMHU KaK HH(DEKINH KOXKH U MATKUX TKAHEH, TbIXaTeIbHBIX yTEeH,
J1a3, MOYEBBIBOIAIINX MyTeH M HOCOBOM mojiocT. MHTeCTH-0akTeprodar u IuKo-0akTepruodar
B OCHOBHOM HaIIpaBJICHBI Ha JICUCHHE XKEITyI0UHO-KUIICUHbIX nHpekuii [45-50].

B Yemickoit 1 CnoBarkoi pecrmyOnnke O(QHUIIMaTbHO 3apeTUCTPUPOBAH W TOKa3aH IS
MECTHOTO MPUMEHEHHS aHTUCTa(UITOKOKKOBBIN Tipenapat — Stafal [51].

NHCTUTYT MMMYHOJIOTHH M JKCIEpUMEHTAIbHOW Teparmuu JltogBuka Xwupmidenbaa BO
BpomiaBe [52], KOTOpBIM SKCIEPUMEHTAILHO JICYHT MAlMEHTOB (aramMu B amOyIaTOPHBIX
ycioBusix ¢ 1970-x romos. B 2005 r. B [Tonbiie ObUTI0 OTKPBITO OT/ACTICHUE (haroTepanuu, KOTOpoe
3aHMMAETCs JiedueHneM (paraMu B COOTBETCTBHH C HAIMOHAIBLHOW CXEMOW pEeryJIupOBaHUs, U C
2000 r. uccneaoBaTeNy OMy0IMKOBAIM CBOJKH U 0TYeThI 0 moutd 1500 manuenTax [53-57].

B Poccun cymiecTByeT HECKOIBKO MPEANpUATHi 10 pa3paboTke npenaparoB ¢aros. Tak,
HIIIl «MukpoMup» [58] pa3pabotan neueOHO-TIpoduIakTuueckue mnpenaparsl «DarogeHT,
«Otodary, «@aronun», «@arogepm» u «Mckpadary 11t npoUIaKTUKY U JIEYSHNUS THHTUBUTA U
MapoJOHTUTA, THOMHO-BOCMIAJIUTENbHBIX 3a00JIeBaHUN OaKTepuaibHOW ATHOJOTHH yXa, ropia u
HOCa, KOXKHBIX MOKPOBOB. [Ipenapatsl comepxar ¢aru mpoTHB HauOOJIee YacTO BCTPEUAIOIIIXCS
narorenoB Staphylococcus aureus, Streptococcus pyogenes, Wolinella sp., Actinobacilus
actinomycetemcomitans u ap. B nagane 2013 roga ®6YH MHUNDM uwm. I'.H. 'abpuyeBckoro
PocnotpeOHan3opa  mojlyueHO  CBUJAETEIBCTBO O  TOCYJApCTBEHHOW  PEruCTpaluu
CHEIUAIM3UPOBAHHOTO MHUIIIEBOTO MPOAYKTa ISl mpoduiakTuueckoro nutanus «Dyadar». B
TUTUCHUYECKON  XapakTEepUCTHKEe  ykazaHo, uto bBAJ[ obmamaer  cmenuduieckoit
JUTHYECKON aKTMBHOCThIO B orTHomeHun Staphylococcus aureus, Salmonella enteritidis,
typhimurium wu infantis, Escherichia coli O157:H7 u O104:H4, Listeria monocytogenes wu
MOKa3aHa sl NPOoPUIAKTHYECKOTO IPUMEHEHUS IEKPETUPOBAHHOMY KOHTHHTCHTY, 3aHATOMY Ha
MUIIEBBIX TPOU3BOJACTBAX M MPEANPUATHIX oOImecTBeHHOro nutanus [59]. AO «Mwukporen»
3aHMMaeTcs pa3paboTkoi (aroBbIX KOKTeWined, Takux Kak «Crtpenrodary, «Cradumiodary,
«Cekcradary, «lluodar», «Knebcudar» u apyrue [60]. JlanHple mnpenapaTsl 00JaAAIOT
CHOCOOHOCTBIO  CHEUU(UYECKH JH3UPOBATh OakTepUH CTAPUIOKOKKOB, CTPENTOKOKKOB,
SHTEPOKOKKOB, IIPOTEs], CHHETHONHON U KUIIEYHOU MaJIoueK, KJieOCHeIl THEBMOHUH U OKCUTOKA.
[Tpou3BOCTBO JIEKAPCTBEHHBIX CPEICTB OCYIIECTBISETCS MO KOHTPOJEM TOCYIapCTBEHHBIX
OpraHOB, 4YTO TapaHTUPYET KadyecTBO, 0e30MacHOCTh U 3(P(HEKTUBHOCTH IPENapaToB
6akreprogaros. Kpome TOro, KOMIeKIUs MPOU3BOJACTBEHHBIX IITaAMMOB OaKTEpUH €XKETOTHO
OOHOBIISIETCS, T.e. Mpenaparbl OakTepuo(aroB peryasipHO aJanTHUPYIOTCS K aKTyalbHBIM
UPKYJIUPYIOIIMM OaKTepHaATbHBIM BO30YIUTEIISIM.

B Kazaxcrane m3yuenuem Oaktepuodaro 3anumarorcs HUU mpobGiem Omomormdeckoi
6e3onacaoctn HUUIIBB) u TOO «HIIL mMukpo6uonorun u Bupyconorun». B HUUIIBb na
OCHOBE (paroBOro KOKTEWJIs ObLT pa3paboTaH mpernapar, NpeaHa3HauYeHHBIN i Ae3uH(eKInn
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pa3IMYHBIX TOBEPXHOCTEW W MpUOOPOB, KOTOPHIM TMPOTHUBOMNOKA3aHA CTEPHWIM3ALUU C
MIPUMEHEHHUEM arpeCCUBHBIX XMMUYECKUX areHTOB WiK BhICOKHX Temrieparyp [61]. B TOO «HIIL]
MHUKPOOHMOJIOTUM W BHUPYCOJIOTHHM» Ha MPOTSHKEHUHU IOCIEAHUX S5 JIET HENpephIBHO BBEIYTCS
UCCJIEIOBAHMSI 110 BBIJCICHUIO W OINHCAaHUIO CBOMCTB HOBBIX IITaMMOB OakTepuodaron
HalpaBJICHHBIX Ha OOprOy € aHTHOMOTHKOYCTOWYMBBIMH BO30YIUTENSIMH OaKTEpHAIBHBIX
WH(]EKIMH KaK YesToBeKa Tak M )KUBOTHBIX. B HacTosmmit MomeHT, B TOO «HIIL Mmukpobuomorun
U BHPYCOJOTMM» COOpaHa KOJIJICKIHs C MOJHBIM ONMHCaHHeM M3 32 mramMMmoB OakTepuodaros,
KOTOpbIC aKTHBHBI MPOTHB KIMHMYCCKHX ImTamMmoB Pseudomonas aeruginosa, Staphylococcus
aureus u E.coli [62-65].

EnavHCTBEHHBIN COBPEMEHHBIN IICHTP MHHOBAIIMOHHBIX MPUMEHEHHH (aroB M TEparuu
(IPATH) [66] B CeBepnoii Amepuxe orkpbuics B 2018 romy B MemWIMHCKOW IIKOJE
Kamudopuuiickoro yauBepcutera B Can-/[uero. OnbIT HECKOJBKHX BHUIOB COCTPaAaTEIbHON
daroBoii Tepanmuu B benbruM mpuBen K HEJABHO OPTraHW30BAHHOMY pa3pelIeHUI0 Ha
UCIIOJIb30BaHuEe (haroB B KayeCTBE AKTUBHBIX HHIPEIMEHTOB SKCTEMIIOpPATIbHBIX IpPErnapaTroB
[67]. Onnako daru mo-npexkHEMY CUMTAIOTCS «HEPa3pEHICHHBIMU» KOMIIOHEHTAMH TIperapara, a
JOCTYMTHOCTh TPENapaToB HKCTEMIOpANbHBIX (haroB MO-NPEXKHEMY OrpaHHYeHa [daxe B
benbrun. XoTs 3Ta MOJICIb OTIMYASTCS OT MCIIOJIL30BAHMS M3 COOOpPaKCHHI COCTpadaHus, OHA
MOKAa3bIBAaeT, KaK WCIOJb30BaHWE M3 COCTpaJaHusl MOXXET TMPUBECTH K pa3zpaboTke
QIbTEPHATUBHBIX ITyTEH YTBEP)KIEHHUS C YETKO OIpPEICIICHHBIMU PEKOMEHIAIUAMHE, aXe eClu
OHHM BpsIZ iU OyayT BOCIIPOU3BEJCHBI B TaKuX cTpaHax, kak CIIIA, rae coctaBHbIE KOMIIOHEHTHI
TpeOyIoT pazpemreHuid. [IOMMMO TaKuX IEHTPOB KOMIIETEHTHOCTH B 00JjlacTH (DaroB, BpauM, HE
CBsI3aHHbIE C HUMH, HHOT]a HE3aBUCUMO BBOJWIIN (parv U3 akaJIeMUIeCKIX, OMOTEXHOIOTHYECKIX
U KOMMEPUYECKUX MCTOYHUKOB JJIs JIeueHUs! MH(EKUni, yCTOHUMBBIX K aHTHOHOTHKaM [38, 68-
72]. OnHako, B CBSA3M C TEM, YTO COCTpaJaTebHas MeIMLIMHA HalpaBjeHa Ha yCIEeNTHOE JIeYeHUE
NAallMeHTOB, a HE Ha I[OJlydeHHe J0Ka3aTeJIbCTB TEpaneBTUYECKOH 3(QekTuBHOCTH
OakTeprodaroB, 4aCTO B METO/IbI JICUEHUS TOMUMO (haroB BKIFOUATUCH AaHTHOMOTHKH.

Tem He MeHee, OCHOBBIBAsICH Ha OOJIBIIIOM KOJMUYECTBE JaHHBIX, MIOJYYEHHBIX HEKOTOPBIMU
HeHTpaMu (aroBoi Tepanuy, MOXHO CYAMTh O TOM, 4YTO HPUILIO BpeMs PacCMOTPETh
npeumyniecTBa (parorepanuu BO BCEM HMX IOJHOTE, B TOM YHCIE HAIEJICHHOE Ha TPYIIIbI
NAIMEHTOB, Ui KOTOPBIX B HACTOAIIEE BpEMs HET albTePHATHUBHOTO JedeHUs. DPQeKTs
¢arorepanuu, BO3ACHCTBYIOUICH Ha WH(QEKIMOHHBIE areHThI, TAKXKe CIIOCOOHBI OKa3bIBAaTh
BJIMSHUE HAa MMMYHHYIO CHCTEMY MAallMeHTOB, YTO HAIlOMUHAIOT JEHCTBHE aHTHOMOTHKOB,
KOTOpBIC IOMUMO aHTHOAKTEPUATHLHOW aKTHBHOCTH MOTYT TMPOSIBISTH U JIPYTHE PEryISTOPHBIC
CBOICTBa Ha OpraHu3M uejoBeka. TakuM oOpa3om, BiMsHHE (aroB 3a MpeaeaMu
IperoIaraeMoil aHTHOAKTEpUaIbHONM aKTHUBHOCTH CIIEAYyeT TIIATEIbHO OLIEHUBATh B CBSA3H C
OoJsiee CcTaHIAPTHBIMH MeETOoAaMH pa3paboTku (arorepammu. CTaTUCTUKA ITOKA3bIBAET, YTO
UH(EKIIMOHHBIE 3a00J1€BaHUs 3HAUUTEIBHO MOPAXAIOT Pa3BUBAIOLIMECS CTPaHbl, (arorepanus,
VUUTHIBasi €€ OTHOCUTEIbHYIO TEXHHYECKYI0 MpPOCTOTY, a TakKe JETrKOCTh BbIIEICHHUS,
XapaKTEPUCTUKHU U IPOU3BOJICTBA (DaroB, MOXKET OBITH OCOOCHHO MOJIE3HOH B ATHX YCIOBUSIX.

3akiaro4eHue

OrneHKa MCTOPUYECKOTO OIbITa MPUMEHEHHs (paroTepanmuyl MOKa3bIBaeT, YTO B CIIydasx
HAyYHO OOOCHOBAaHHOTO METOJIMWYECKOr0 MOIXoja, OakTepuodaru SBISIOTCS OE30MacHBIM U
3 PEeKTUBHBIM CPEICTBOM OOpbObI ¢ OakTepuaTbHBIMH WH(EKIUAMH. TOJBKO OTKPBITHE
AHTUOMOTUKOB TIOMEIIAJ0 pa3padOTKe CHUCTEMATUYECKUX, CTaHJApTH30BAHHBIX METOOB
¢arorepanuy u UX MOBCEMECTHOMY BHEAPEHHUIO B MEAMIIMHCKYIO MPAKTHKY.

OpHako B 3MHOXY MIIOOATBHOTO PacHpOCTpaHEHUs OaKTEpUANbHBIX IaTOTEHOB C
MHOXECTBEHHOM JICKAPCTBECHHOW YCTOMYMBOCTHIO M KPUTHYECKUM CHIDKCHHEM 3(PPEKTHBHOCTH
aHTHUOMOTUKOB OakTepuodar u Qarorepanusi BHOBb BBIXOIAT Ha mepBblii 1iaH. OG630p
NPOBENEHHBIX BBIIIC HCCICAOBAHUI TI0Ka3aj, YTO COBPEMEHHBIC pa3pabOTKH B 00JacTH
¢arorepanuu 0051a1a0T BBICOKOH 3(PEeKTUBHOCTBIO B O0pbOE € aHTHOMOTHKOYCTOWYMBBIMHU
OakTepraTbHBIMU WHQEKIusIMA. Ha maHHBIA MOMEHT, yXe CYIIECTBYEeT OOIIMpHAs MpaKTUKa
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TEpaneBTHUECKOTO0 TpUMEHEHUs (aroBeix mnpenapatoB, B ['py3um wu Ilonbmie co3gassl
MEAMIIMHCKUE LIEHTPHI, B KOTOPBIX KaK amMOyJIaTOpPHO, TaK M CTAlMOHAPHO MPOXOJAT JICUEHUE
HaIMEHThI, KOTOPHIM aHTHOMOTHKHU YK€ He CIOCOOHBI MoMoYb. Hauanuce nepBble H3MEHEHHS B
3aKOHOJAATEIbHBIX aKTaxX, MO3BOJISIONINE O0Jiee IIMPOKO BHEAPATH (haroTeparnuio B KIMHHYECKYIO
npakTuky. Ho Bcé-Taku, U1t mpe1oTBpaIleHus BO3BpATa B 3MOXY «I0 aHTUOMOTHKOBY» C MaCCOBOU
CMEPTHOCTBbIO OT OaKTepuadbHBIX HWHOEKINI, HEOOXOAUMO MPOJOJKATh HCCIEIOBaHUS Kak
npupozsl 6akTepruodaros, Tak U CIocoOOB MX MPUMEHEHHS B TEPANTNH, HEMPEPHIBHO MONOIHSITh
KOJUICKIIMA HOBBIMHU, HamOosiee S()PEKTUBHBIMH JIMTHUYECKUMHU ITammamu (aros. Taxoke
HEOO0X0AMMO TpujaraTb Bce YCHIUS Ui (OpPMUPOBAaHHMS KaK METOJUYECKOM, TaK u
3aKOHOJATEIbHOW 0a3 ¢ IeNbI0 MOBCEMECTHOIO BHEApEHUs ¢arorepanud B MEIULIUHCKYIO
NPaKTUKY 110 BCEMY MUDY.
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BAKTEPHO®ATITAP: BIP FACBIPJAH KEMIH OJIAP KAUTAJAH HA3APJA

Tyiiin

Kaszipri 3amaHFBI JeHCAYIIBIK CaKTayabIH HET13ri mpobiieMaIapblHbIH Oipi-maToreHaepae KonTereH
Jopinepre Te3iMainikTiH KeH Tapamysl. JACY¥ 2050 xpuiFa Kapaid )KyKNanbsl aypyiapaad O0JaThH e1iM-
KITIM KpUTbiHA 10 MWJUITMOH ajamFa JKETedl JAeN ecenTelii, Oyl aHTHOMOTHKTEPAl MEIUIIMHAIBIK
ToXKipubere eHrisrenre geiin XX FachIpABIH OachIHIAFBl KOPCETKIIITEPMEH CalbICTHIPBIIAIEI.
Kanbinrackan >xarnaiina OakTepusiblK MH(EKIMsIIApMEH KYpecydiH Oajgama oicTepiH i3zey, a3ipiey
JKOHE SHT13y aaMHBIH eMipi MEH JACHCAYJbIFbIH CAKTay YIIiH 6T¢ MaHbI3/bL.

Qdarorepanusi  €peKlle  KbI3BIFYIIBUIBIK  TYAbIPAAbl-BUPYCTaplpl OJapMEeH Kypecy  YIIiH
OakTepusUTapIBIH TaOWFH JKaybl peTiHIe Malinanany. bakrepuodarrtap aHTHOMOTHKTEpre THIMII Oanmama
Hemece Te3iM1i OaKTepHsIIbIK HH(EKIUIIapapl emMIeyAe KOChIMILA 00Tybl MYMKIH.

Byn makanana aBropnap ¢aroTepanusiHbIH 1aMy Ke3eHIEpiH KOPCETEeTiH KBICKAIIA TAPUXU CXEMaHbI
YCBIHAJBI, OaKTepUsUILIK HHQEKIIsIIapMeH Kypecyle OakTepuodartapibl epre KOJJIaHy Typajibl
3epTTeyJepAl  CUIATTalpl, TIOTI AHTUOMOTHKTED  alllbIFAHFA JKOHE  CHTI3UITGHIe  JCHiH.
Bakrepuodartapapl 3epTTey MbICalaapbl jKOHE ONapIblH Kas3ipri 3aMaHfbl Ke3eHJe, aHTHOMOTHKTEepre
TO3IMIUTIKTIH XKahaHABIK Tapany AoyipiHIEC COTTI KIIMHUKAJIBIK KOJIIAHBLIYbI J1a KEITIPIIreH.

¥YchiHbUFaH 1m0y (haroTepamnus 9MICTEPiHIH JAaMYBIHBIH TOJBIK OCHHECIH »kacayFa MYMKIHJIK
Oepeni, OHBIH AHTHOMOTHKTEpre Te3iMIi OaKTepHsUIBIK WH(pEKIUAIapMEeH Kypecyaeri THIMITri MeH
©3CKTUIITH KepceTel )KoHe aHaFYPIbIM THIM/I JIUTHUKANIBIK [ITaMMIapAbl Ta0yFa OarbITTaIFaH opi Kapai
3epTTEYJIEep/AiH MaHBI3IBUIBIFBIH aTall KepceTeli. OakTeprodartap KoHE (aroTepanusHbIH 3aMaHayd
SmicTepiH Jkacay ’oHe oJlap/Ibl MEAWIIMHAIA KeHIHEeH eHT13Y.

KinrTi ce3nep: anTnOHOTHKKE TO3IMALTIK, OakTepruodartap, ¢ar Tepanuschl, TU3UC, OaKTEPHSITHIK
UHeKIusap.
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Abstract

One of the major problems of modern public health is the widespread spread of multidrug resistance
in pathogenic microorganisms. According to WHO estimates, by 2050 mortality from infectious diseases
will reach 10 million people per year, which is comparable with the figures from the beginning of the 20th
century, before the introduction of antibiotics into medical practice. In this situation, the search,
development and introduction of alternative ways to combat bacterial infections is of paramount importance
for the preservation of human life and health.

Of particular interest is phage therapy - the use of viruses as natural enemies of bacteria to fight them.
Bacteriophages can be an effective alternative to antibiotics or a complement to them in the treatment of
resistant bacterial infections.

In this article the authors present a brief historical sketch showing the stages of development of phage
therapy, describing research into the early use of bacteriophages in the control of bacterial infections, even
before the discovery and introduction of antibiotics. There are also examples of bacteriophage research and
successful clinical use in the modern period, the era of global spread of antibiotic resistance.

This review provides a holistic picture of the development of phage therapy methods, shows its
effectiveness and relevance in the fight against antibiotic-resistant bacterial infections and emphasizes the
importance of further research, aimed both at finding more effective lytic strains of bacteriophages and at
developing modern phage therapy methods and their widespread introduction into medical practice.

Keywords: antibiotic resistance, bacteriophages, phage therapy, lysis, bacterial infections.

Every year, antibiotic resistance in bacteria increases to alarmingly high levels. The current
death rate due to declining antibiotic efficacy is 700,000 per year. The WHO predicts that this
figure will rise to 10 million by 2050 [1]. Mankind is entering a post-antibiotic era where infectious
diseases can again become the main cause of human mortality and minor injuries can lead to death.
Although some antibiotics are being developed, none are expected to be effective against the most
dangerous forms of antibiotic-resistant bacteria. In this regard, the development of drugs presented
by non-traditional agents is particularly relevant. Examples of these are bacteriophages - viruses
of bacteria. Bacteriophages open up new possibilities of fighting infections caused by resistant
bacteria, they can be used as an adjunct to antibiotic therapy or as an alternative to antibiotics.

Antibiotics were discovered by Alexander Fleming in 1928. Whereas, the first prerequisites
for the discovery of bacteriophages appeared as early as 1896. The phenomenon of mass death of
bacteria was first noticed by English bacteriologist E.H. Hankin, who conducted an experiment on
counting cholera vibriones in the Ganges River. While counting, Hankin found that the water
samples taken at the entrance of the city of Agra contained 1111 times more infectious agent than
the samples taken at the exit of the city. Puzzled by the results, Hankin decided to study the
properties of the water and found that the water retained its lysing properties even after passing
through a bacterial filter, but lost them after boiling. Hankin was then unable to explain this
phenomenon of self-purification, and it became known as the "Hankin paradox" [2]. [2]. In 1898,
a Russian microbiologist, Nikolai Gamaleya, published an article devoted to the control of anthrax
bacillus. In his experiment, Gamaleya used a solution of distilled water with an unknown agent
that led to lysis of the bacillus and completely destroyed fresh cultures of the pathogen [3]. The
next significant contribution to the discovery of bacteriophages was made by the English
microbiologist Frederick Tuort. In his paper published in 1915, he described the destruction of
purulent staphylococcus aureus by a grafted filter agent. However, he was unable to explain the
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cause of this phenomenon (4). The French-Canadian scientist Félix d'Erelle, who had encountered
a similar phenomenon before, was able to explain and prove it in 1917. In 1910, when he was in
Mexico and Tunisia during a locust invasion, he inoculated the faeces of sick and dead insects to
find coccobacilli, the microorganisms that cause deadly locust infections. After examining the
Petri dishes with the seeds, he found anomalies in the microbial culture growth - rounded,
transparent patches 2-3 mm in diameter on the surface of the nutrient agar. He scraped these
transparent plaques off the surface of the agar and prepared smears. However, he did not see
anything under the microscope. Based on this and other experiments, he concluded that the agent
causing the formation of transparent patches on the microbial culture must be small enough to pass
freely through bacteria-holding filters. After Tuort's publication he decided to turn his attention to
these agents again. The discovery or rediscovery of bacteriophages by Felix d'Erelle after Frédéric
Tuort is often associated with the outbreak of severe haemorrhagic dysentery among French troops
stationed on the outskirts of Paris in 1915. In a study of the disease, he made bacteria-free filtrates
of patient faecal samples, mixed and incubated them with strains of Shigella sp. isolated from the
patients. Part of the mixture was inoculated into experimental animals (as part of d'Erelle’s research
to develop a vaccine against bacterial dysentery), and part was placed on agar medium to monitor
bacterial growth. On these agar cultures, d'Erelle again observed the appearance of small
transparent patches, which he first called spots, then white patches and later plaques [5,6]. The
results of d'Erell's research were presented at the September 1917 meeting of the Academy of
Sciences and subsequently published in the Proceedings of the meeting [7]. Unlike Hankin and
Tuort, d'Erell had little doubt about the nature of the phenomenon and suggested that it was caused
by a virus capable of parasitizing on bacteria. The name "bacteriophage™ (from "bacteria” and the
Greek @ayo - "devour") was also suggested by d'Erelle [8]. Thus, the first article published by
d'Erelle caused a great furore in the scientific community, triggering a wave of research by a
growing number of scientists proving him right. But Felix d'Erelle's most important achievement
is that he advanced the idea of using bacteriophages to treat bacterial diseases in humans and
animals. He earned the Nobel Prize for this idea, although he was never awarded it [9].

The founder of phage therapy in the Soviet Union was the Georgian microbiologist George
Eliava. Eliava was engaged in the study of colonies of various bacteria and methods of controlling
them. For example, in the course of his work, Eliava discovered the bactericidal effect of water in
the Kura River. It was the same year that d'Erelle made his discovery public, and it became clear
that this phenomenon could be explained by the action of the cholera bacteriophage. In 1919, while
working at the Pasteur Institute in Paris, Eliava met Felix d'Erelle. During his work, G.Eliava was
fascinated by d'Erelle's ideas about using bacteriophages for therapy. And in 1923, G. Eliava
initiated the establishment of the Institute of Bacteriology (current G. Eliava Institute of
Bacteriophages, Microbiology and Virology in Thilisi, Georgia) [10].

The first attempts at the therapeutic use of bacteriophages

Soon after his discovery, d'Erell began to pave the way for the therapeutic use of phages.
The first studies were carried out in 1919 during the treatment of dysentery in a 12-year-old boy.
The treatment was carried out under the clinical supervision of Professor Victor-Henri Hutinel,
head of paediatrics at the hospital [8]. To assure the safety of the drug, it was first administered to
d'Erelle himself, the professor and several hospital interns. After a single administration of
antidysentery phage, the patient's symptoms ceased and the boy recovered completely within a
few days. The efficacy of the phage drug was “confirmed" when three other patients with bacterial
dysentery who received a single dose of the drug began to recover within the first 24 hours.
However, the results of these studies were not published immediately, so the first report on the use
of phages for the treatment of human infectious diseases appeared later. In 1921 bacteriologist
Richard Brunoch and medical researcher Joseph Mysin published a paper describing the use of
bacteriophages to treat staphylococcal skin disease. Bacteriophages were injected into and around
surgically opened wounds and the authors reported regression of the infection within 24-48 hours
[10-12].
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The road to commercial production of bacteriophages

Encouraged by these initial results, d'Erelle and others continued research into the
therapeutic use of phages. In 1931, d'Erelle and Eliava made their first attempts at the therapeutic
use of cholera bacteriophage. This research paved the way for the first commercial production of
bacteriophages. Thus, the Institute of Vaccines and Sera in Thilisi produced the first commercial
preparation of anti-cholera phage, which found mass use to combat epidemics that threatened the
south-eastern territories of the USSR [13]. According to estimates published at the time, the use
of bacteriophages reduced cholera mortality in India by up to 10 per cent [13]. This fact was
described by d'Erelle himself in his book "Bacteriophage and the recovery phenomenon”,
published in Russian in 1935 in Thilisi, Georgia. But there were failures, for example, in the 1927
cholera epidemic in the state of Punjab, India, out of 14,450 people, only 73 were cured by phages.
D'Erelle himself explained this case by the reluctance and resistance of local residents to the use
of phage preparations [14].

In his book, d'Erell mentions the establishment of two industrial centres for the production
of bacteriophages against cholera in 1931 in India [13,14]. D'Erelle's commercial laboratory in
Paris produced at least five phage preparations against various bacterial infections [13,14]. In
1924, the Oswaldo Cruz Institute in Rio de Janeiro began production of antidysentery
bacteriophages to combat dysentery in Latin America [14,15]. Within a year, the institute produced
10,000 vials of phages, which were sent to hospitals in Brazil [9]. Therapeutic phages were also
produced in the United States. In the 1940s, Eli Lilly produced seven phage preparations against
staphylococci, streptococci, E. coli and other bacterial pathogens [5]. The preparations included
phagolyzed, bacteriologically sterile broth cultures of the target bacteria, and the same preparations
were also available in a water-soluble jelly base. They were used to treat a variety of infections,
including abscesses, septic wounds, vaginitis, acute and chronic upper respiratory tract infections,
and mastoid infections. However, the efficacy of phage preparations has been controversial (16,
17). This could be due to a lack of viable phages, a low titer of phages or their narrow host
spectrum, as, for example, was found in the case of some commercial anti-staphylococcal phage
preparations [18]. In addition, after the discovery and commercialisation of antibiotics, the
production of therapeutic phages in most Western countries became irrelevant. However, in the
former Soviet Union, active research, development and implementation of new phage therapy
methods continued throughout the twentieth century.

Nowadays, when infections caused by multidrug-resistant bacteria have become a
worldwide threat [19], patients from all over the world are treated with phage therapy at the Eliava
Institute of Bacteriophage, Microbiology and Virology in Georgia [20]; and in the Bacteriophage
Therapy Department of the Ludwik Hirschfeld Institute of Immunology and Experimental Therapy
in Poland [21].

Some companies in the United States, such as OmniLytics Inc. and Intralytix Inc., have
developed various bacteriophage products for use as food disinfectants that can be used against
Salmonella, E. coli and Listeria monocytogenes. In Europe, the Dutch company Micreos BV also
marketed bacteriophages against Salmonella, E.coli and the German company Fink Tec against
E.coli [22]. Greater use of bacteriophages in the food chain, including agriculture and aquaculture,
where a wide variety of plant and fish pathogens cause significant economic damage, is expected
[23, 24].

Several attempts have been made to establish reliable methods for bacteriophage production.
Some researchers have used a theoretical approach with simulation models, while others have
taken a practical approach with experiments. Although some bacteriophage products are
commercially available, an efficient, permanent and controlled process for producing
bacteriophages has yet to be established. Phage production in laboratories can be considered a
routine process and protocols are clearly defined; however, these processes are not easily scalable.
Industry is primarily interested in obtaining reliable methods for phage production that allow
standardisation and scaling of the process. However, this task is difficult to achieve due to the
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biological nature of phages, which leads to uncontrollable changes in new generations and little
predictable interactions occurring between phages and bacteria.

Mass application of phages in wound care

As previously mentioned, there was active research in the field of phage therapy in the
former Soviet Union, with a surge during the years of the Great Patriotic War. Thus, most of the
phage therapy trials took place in the 1930s and 1940s.

The first to use phage therapy in surgery was Professor of Medicine A. P. Tsulukidze. An
experimental series of phage preparations containing components against bacteria belonging to
Staphylococcus, Streptococcus, Escherichia coli and Proteus species was tested in the late 1930s
in surgical and gynaecological clinics in Moscow [25]. It described in detail the symptoms, wound
condition, patient performance and treatment algorithm. The majority of patients arriving from
the front line with wounds were bedridden and in serious condition: 38.3% had soft tissue injuries
and 61.7% had bone damage. In most cases, phages were administered within the first 6 days of
initial infection. Initially, phage therapy was used only in the most severe cases where a lethal
outcome was expected. Later, a wider group of patients was included in the study. In most cases,
the bacteriological analysis indicated the presence of mixed bacterial infections [26]. Only in rare
cases was mono-infection observed in patients arriving directly from the battlefield. Subcutaneous
phage injections were administered three or four times every other day to avoid the development
of antiphage antibodies. In addition, phages were sprayed on top of the wound at every dressing
change. According to direct reports at the time, phage treatment resulted in faster pain relief,
improvement in the general condition of patients and clear symptoms of wound healing after 2-3
days.

The war and the need for therapeutic preparations inspired Soviet physicians to conduct new
experiments with phages and develop new methods of phage administration. This period was one
of the most fruitful in the development of phage therapy in the former Soviet Union [25, 27, 28].
Of particular interest to military surgeons is A.P.Tsulukidze's book "Experience with
Bacteriophages in Military Trauma" [29], which summarizes the results obtained after the Finnish
campaign. A.P.Tsulukidze [29] described 20 hospital cases in which bacteriophages against
anaerobic bacteria were used in combination with strepto- and staphylobacteriophages. Seventeen
of the 20 wounded soldiers received the phage mixture directly on the battlefield, while three were
treated with phages on arrival at the hospital. All 20 patients were in serious condition when they
arrived at the hospital, and bacteriological tests showed that they were all infected with
Clostridium perfringens. In each case the wounds were serious, including 19 cases of wounds to
the lower extremities. According to A.P.Tsulukidze [29], there were significant differences in the
development of infection between soldiers who received phages soon after wounding and those
who received phages later. Soldiers treated earlier had wounds cleared of infection more quickly,
granulation appeared quickly, temperature normalized in a shorter time, and there was little or no
unpleasant odour. A.P.Tsulukidze [29] reported that soldiers who received phages on the
battlefield did not develop any complications. However, two patients who had not received phages
before arriving at the hospital developed generalised sepsis and died. Based on the above
observations, A.P.Tsulukidze et al. [29] suggested that C. perfringens infection usually
accompanies streptococcal and staphylococcal infections, as the latter create conditions favourable
for the growth of Clostridia species. Therefore, the use of a phage mixture directed against all
three bacteria was considered useful. A.P.Tsulukidze [29] proposed a treatment strategy for
anaerobic infections based on the combined use of phage therapy and anti-gangrene serum. He
suggested that phages would lyse the bacteria causing the infection, while the serum would
neutralise the toxins.

At conferences held in March, June and December 1940, the methods and instructions for
the intramuscular and intravenous administration of phages developed by G.A.Cockin and his
colleagues were reported. These developments were particularly important in cases of generalised
infections. They were developed as a result of the observation of cases involving road traffic
accidents and septic infections carried out at the Ostroumovskaya Hospital in Moscow [25]. These
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methods and instructions were approved by the Military Sanitary Directorate of the Red Army
Supreme Soviet and were used to treat Red Army soldiers during World War 11 and continued
thereafter.

In 1941 and 1946, G.A.Kokin published reviews of the first mass application of phage
therapy for surgical and wound care. It was associated with the Finnish campaign of 1939-1940.
G.A.Kokin [27, 28]. In his papers, Kokin described the use of a mixture of bacteriophage infecting
anaerobes, staphylococci and streptococci produced at the G.Eliava Institute of Bacteriophage,
Microbiology and Virology in Georgia for the treatment of gas gangrene. The mixture was applied
to 767 infected soldiers. In 1947, a paper was published in which the authors used the same mixture
of phages [25]. In addition to its therapeutic use, this phage preparation was used by mobile
ambulance crews as an emergency treatment for wounds, prevention of gas gangrene [25].

Treatment of Salmonella and Shigella intestinal infections

In the 1920s and 1940s, intestinal infections caused by bacteria of the genus Salmonella and
Shigella were a major problem throughout the world [16, 25, 30-34]. They gave rise to a great deal
of research into phage therapy. For example, in a study against Salmonella typhi and S. paratyphi
infections described in 1938, the results were unsuccessful. Phages were administered orally to 60
patients once a day in a dose of 10 ml for 10 days. It was noted that phage therapy did not reduce
the mortality rate, which remained at 12% in 1936 and was comparable to that of other treatments
[34].

Despite this, research into the development of therapeutic phages continued in the former
Soviet Union. For example, an interesting study was conducted by D.G.Manolov and colleagues
[35], who reported the intravenous use of bacteriophages to treat typhoid fever. The authors
administered intravenously 20-25 ml of an appropriate bacteriophage suspension, the safety of
which has been proved in experiments on rabbits and mice. In 15-20 min after intravenous
administration of phages to the patients, patients noted chills. In 2-3 hours there was increase of
temperature, which in some cases was accompanied by nausea and vomiting. In 12 to 14 hours
after phage administration, the temperature normalized, but rose again to the same level 24 hours
later. This led the authors to apply several phage injections every day or every other day.
Unfortunately, the number of patients was not determined in this study. However, a comparison
of the results of the aforementioned studies showed that the lysates contained live bacteriophages,
solid cellular residues and soluble cellular components, including bacterial antigens. The latter
may influence the final outcome of therapy independently of the bacteriophages by stimulating the
body's immune system, as observed in the case of vaccination. These are mainly proteins and
polysaccharides, i.e. substances that can cause allergic reactions. The results of studies on the use
of bacteriophages for the treatment of typhus have led the authors to the following conclusions: 1.
Low doses (2-10 ml) of typhoid bacteriophages administered orally are ineffective. In addition,
oral administration of bacteriophages is inexpedient because of the specific pathogenesis of
typhoid fever. 2. Intravenous administration of 20-25 ml of typhoid bacteriophage prepared in
physiological solution daily for 3 days was not accompanied by any serious side effects. However,
this treatment resulted in a lower fever and a shorter febrile period, an improvement in the general
condition of the patient and a complete cure [35]. How often complete cure was observed is not
known.

The most extensive clinical study of the therapeutic effect of dysentery phages was carried
out and described by Sapir in 1939 [36]. The author described a total of 1,064 cases of dysentery
(Fig. 2) in which phage therapy was used in two different clinics in Moscow. The patient group
included 767 males and 297 females, ranging in age from newborn to 79 years. Standard phage
therapy using a preparation of dysentery bacteriophage developed at the I.1.Mechnikov Institute in
Moscow was used in each age group as described below. The exact content of this preparation is
not specified. The daily dose of phage was 20 ml for an adult and 10 ml for a child. The dose was
divided into two portions and administered to patients at midnight on the day of admission and at
4:00 am to minimize inactivation of the phage by food residues. The comparable timing of phage
administration to all patients facilitated the evaluation of the results of phage therapy. Patients
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received a magnesium-soda solution first 6 hours before phage therapy and then every 2 hours six
times for 12 hours. Adults received 100 ml of the solution at each administration, and children
received 10-50 ml, depending on their age. The solution was administered to create optimal
conditions for phage multiplication as well as to cleanse the intestine. For the first 48 hours, the
patients were kept on a strict diet. The author concluded that the application of this dose of phage,
divided into two portions and administered for one day, was sufficient and did not require
repetition. Some of the patients were subjected to either serotherapy or non-specific therapy.
Sometimes even a combination of phage and serotherapy was used. In cases of severe intoxication,
intravenous transfusion of saline with adrenaline or glucose was used. In 15 of the most severe
cases, an antidysentery serum was used in addition to phage medication, but death was not avoided.
The author concluded that in those cases where serotherapy was unsuccessful, phage therapy was
also ineffective [36]. The average duration of illness was 43.3 sick days. In the author's opinion,
the use of phage therapy significantly reduced the length of hospital stay compared to other
methods based only on symptomatic treatment or even specific (serological) treatment. The author
emphasised the key role of early initiation of phage therapy in reducing hospitalisation time. In
addition, he reported that there is usually a dramatic improvement in the patient's condition after
1-2 days of phage therapy, as evidenced by less frequent and less watery stools that do not contain
blood and/or mucus. According to the author, the most marked effect was observed in cases where
pathological changes did not develop deeper than catarrh and inflammation. The author stressed
that sometimes phages from the preparation proved unable to lyse a particular strain, or the toxic
syndrome was too severe, or secondary infections developed, and perhaps hence the apparent lack
of efficacy of phage therapy in these cases [36]. The author also reported that after 1 day of phage
treatment, the number of patients with bloody stools decreased from 100 to 74; on day 5, only 4
patients had this symptom. After 1 week of phage therapy, 95% of patients had no pathological
symptoms and could be discharged from hospital. Fatal outcome was reported in 47 cases (4.4%).
However, the author emphasised that these patients suffered from dysentery pancolitis and severe
degenerative changes of the parenchyma of various organs, colonic ulcers, etc., characteristic of
prolonged and severe intoxication, as confirmed by postmortem pathoanatomical investigations.
The author concluded that: 1. Phages should be given to every patient who presents with symptoms
of dysentery, whether the patient is admitted to hospital, comes by ambulance or seeks medical
attention at home. This measure will have both curative and preventive effects. 2. Combined
phago- and serotherapy should be used in special cases, e.g. hypertoxicosis in adults and to treat
toxic and sub-toxic syndrome in small children. In all the above cases, the author also
recommended the use of appropriate doses of serum and its administration at least 6 hours before
phage therapy [36]. The basis for the latter recommendation is unclear.

Current state of research into phage therapy

The history of phage therapy is fascinating and shows great potential in the treatment of
bacterial infections. But currently, phage therapy is relatively widely used only in Eastern Europe
and has still not been approved by the European Union or the US FDA. The main difficulties with
admission are related to:

- differences in the biological, physical and pharmacological properties of phages compared
to conventional antimicrobials;

- the inability to standardise phage preparations since bacteriophages are biological, self-
replicating entities and each generation naturally changes the daughter copies from the mother
copies;

- the need to use several phage isolates (cocktails) because of the high specificity of phages,
which is necessary for more effective presumptive treatment, i.e. treatment that begins before a
precise diagnosis of microbial etiology

- established regulations for the approval of antimicrobials based on preparations of chemical
origin and therefore less suitable for phages. [37]

Because of the problems mentioned above, only compassionate treatment is known in
modern medicine. Compassionate medicine is applicable only in cases where all approved

58



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X No2 (41) 2023  www. imv-journal.kz

therapeutic options have been exhausted. In such cases, individual drugs are developed to treat the
patient outside of clinical trials [38]. The premise of compassionate use is set out in Article 37 of
the Helsinki Declaration of Ethical Principles for Medical Research Involving Human Subjects,
an international guide to human research [39]. Formal oversight of compassionate use programmes
varies from country to country, but is undertaken by regulatory bodies such as the FDA in the US
or the EMA in the European Union [40-43].

Some countries have passed legislation for phage therapy without authorisation to sell phage
products, such as the Eliava Institute of Bacteriophage, Microbiology and Virology in Georgia
[44], founded in 1923. The Institute developed such preparations as: Staphylococcus
bacteriophage, Bacteriophage Fersi, SES bacteriophage, Intesti bacteriophage, Enco
bacteriophage and Pio bacteriophage. In most cases, they are recommended for topical use in
patients with pyogenic infections, such as skin and soft tissue infections, respiratory tract, eye,
urinary tract and nasal cavity. Intesti-Bacteriophage and Enco-Bacteriophage are mainly aimed at
the treatment of gastrointestinal infections (45-50).

In the Czech and Slovak Republic, an anti-staphylococcal drug, Stafal, is officially registered
and indicated for topical use [51].

The Ludwik Hirschfeld Institute of Immunology and Experimental Therapy in Wroclaw [52]
has been experimentally treating patients with phages in outpatient settings since the 1970s. In
2005, a phage therapy unit was opened in Poland to treat phages according to a national regulatory
scheme, and since 2000, researchers have published summaries and reports on nearly 1,500
patients [53-57].

In Russia, there are several companies developing phage preparations. For example, NPC
MicroMir [58] has developed the therapeutic and prophylactic preparations Fagodent, Otofag,
Fagonin, Fagoderm and Iskrafag for the prevention and treatment of gingivitis and periodontitis,
purulent inflammatory diseases of bacterial etiology of the ear, throat and nose, skin. The
preparations contain phages against the most common pathogens Staphylococcus aureus,
Streptococcus pyogenes, Wolinella sp., Actinobacilus actinomycetemcomitans, etc. In early 2013,
Rospotrebnadzor's G.N. Gabrichevsky Russian Research Institute of EMPI obtained a certificate
of state registration for Foodfag, a specialised food product for preventive nutrition. The hygienic
characteristic states that the food supplement has specific Staphylococcus aureus, Salmonella
enteritidis, typhimurium and infantis, Escherichia coli O157:H7 and O104:H4, Listeria
monocytogenes, and is indicated for preventive application to decreed contingent employed at food
productions and public catering enterprises [59]. Microgen JSC is developing phage cocktails,
such as Streptophage, Staphylophage, Sextaphage, Piofag, Klebsiphage and others [60]. These
drugs have the ability to specifically lyse Staphylococcus, Streptococcus, Enterococcus, Proteus,
Pseudomonas aeruginosa, E. coli, Klebsiella pneumoniae and Oxytocin bacteria. The production
of the drugs is controlled by state authorities, which guarantees the quality, safety and efficacy of
the bacteriophage preparations. In addition, the collection of production bacterial strains is updated
annually, i.e. bacteriophage preparations are regularly adapted to current circulating bacterial
pathogens.

In Kazakhstan, bacteriophages are studied by the Research Institute for Biological Safety
Problems (NIIPB) and the Scientific and Technical Centre for Microbiology and Virology LLP.
In NIIPB on the basis of phage cocktail was developed a preparation intended for disinfection of
various surfaces and devices, which are contraindicated for sterilization with the use of aggressive
chemical agents or high temperatures [61]. During the last 5 years LLP "RPC microbiology and
virology" continuously introduces research on isolation and description of properties of new
strains of bacteriophages aimed at combating antibiotic-resistant pathogens of bacterial infections
of both humans and animals. At the moment in LLP "NPC microbiology and virology" collected
a collection with a full description of 32 strains of bacteriophages, which are active against clinical
strains of Pseudomonas aeruginosa, Staphylococcus aureus and E.coli [62-65].

The Centre for Innovative Applications of Phages and Therapeutics (IPATH) at the
University of California San Diego School of Medicine, which opened in mid-2018 as the only
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state-of-the-art phage centre in North America for the use of phage therapy in compassionate
medicine [66]. The experience of several types of compassionate phage therapy in Belgium has
led to a recently organised authorisation for the use of phages as active ingredients in
extemporaneous medicines [67]. However, phages are still considered to be "unauthorised” drug
components and the availability of extemporaneous phage preparations is still limited, even in
Belgium. Although this model differs from compassionate use, it shows how compassionate use
can lead to the development of alternative approval pathways with well-defined guidelines, even
if they are unlikely to be replicated in countries such as the USA, where constituent components
require approvals. In addition to such phage competence centres, non-related physicians have
sometimes independently introduced phages from academic, biotechnological and commercial
sources to treat antibiotic-resistant infections [38, 68-72]. However, because compassionate
medicine aims to successfully treat patients rather than to obtain evidence of the therapeutic
efficacy of bacteriophages, antibiotics have often been included in treatment methods other than
phages.

Nevertheless, based on the large amount of data from some phage therapy centres, it is clear
that the time has come to consider the benefits of phage therapy in its entirety, including targeting
patient groups for whom no alternative treatment is currently available. The effects of phage
therapy on infectious agents are also capable of influencing the immune system of patients, which
is reminiscent of the effects of antibiotics, which in addition to their antibacterial activity may also
have other regulatory properties on the human body. Thus, the impact of phages beyond their
presumed antibacterial activity should be carefully evaluated in connection with more standard
methods for developing phage therapy. Statistics show that infectious diseases significantly affect
developing countries, phage therapy, given its relative technical simplicity and the ease of
isolating, characterising and producing phages, may be particularly useful in these circumstances.

Conclusion

An assessment of historical experience with phage therapy shows that, when based on a
scientifically sound methodological approach, bacteriophages are a safe and effective means of
combating bacterial infections. Only the discovery of antibiotics prevented the development of
systematic, standardised phage therapy methods and their widespread introduction into medical
practice.

However, in the era of the global spread of multidrug-resistant bacterial pathogens and the
critical decline in antibiotic efficacy, bacteriophages and phage therapy are once again coming to
the fore. A review of the research carried out above has shown that current developments in phage
therapy are highly effective against antibiotic-resistant bacterial infections. At the moment, there
is already an extensive practice of therapeutic use of phage preparations, in Georgia and Poland
medical centres have been established where both outpatients and inpatients are treated for patients
who are no longer able to benefit from antibiotics. The first changes in legislation are beginning
to allow for the wider introduction of phage therapy into clinical practice. Nevertheless, to prevent
a return to the era of "before antibiotics™ with mass mortality from bacterial infections, it is
necessary to continue research on both the nature of bacteriophages and the ways they can be used
in therapy, to continually add new, most effective lytic phage strains to the collections. It is also
necessary to make every effort to form both methodological and legislative bases for the
widespread introduction of phage therapy into medical practice throughout the world.
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AHHOTANUA

[TokcBUpYCBI IIMPOKO HCHONB3YIOTCSI B KayecTBE BEKTOPOB IPH pa3pabOTKE BaKLUH IPOTHUB
MH(EKIIMOHHBIX 3a00JIeBaHNil YesloBeKa U )KUBOTHBIX. OrpaHNYEHHBIH KPYT BOCIIPUMMYHBBIX JKUBOTHBIX
U HENaTOreHHOCTh JUIsl YEeJIOBEKAa KAaNpUIIOKCBHUPYCOB OMNPEAENAIOT OTPOMHBIM MOTEHIMAT HX
UCIIOJIb30BaHMUsl B KayecTBE BAKIUHHBIX BEKTOPOB. TEXHOJIOTHS TMOJNyYeHHS PEKOMOMHAHTHBIX
KaIlPUIIOKCBUPYCOB MOKET OBITh 3HAUUTEIbHO YJIYYILIEHA IIyTeM COYETaHUS BPEMEHHOH JOMHHAHTHOM
cenekuuu 1o reny gpt Escherichia coli (ocHoBan Ha ycroiftumBoCcTH K MHUKO(EHOIOBOI KHCIOTE) C
IuddepeHInansHON 3KeIpeccrert GuryopeceHTHOro Oernka.

PekoMOWHAHTHBIN BHPYC T'eHEpHpyeTcs IMyTeM 3aMeHBI 3elieHOTo (iyopecuupyromero oenka (B
aKIeNTOPHOM BHPYCE) IEJIEBEIM T€HOM B PE3yJIbTAaTe IBYX IOCiIeN0BaTeIbHBIX pexomounammii [JHK. B
MIpOLIECCE MEPBOrO KPOCCHHIOBEpa Mia3MUAA MHTErPAllMU C IIEJIEBBIM I'€HOM BCTPAMBAETCS B I'E€HOM
akKIenTopHOro Bupyca. B pesynbpTare oOpasyercss HecTabuibHasl reHeTHdYecKash KOHCTPYKIUS, KOTopas
MOYET CYyIIECTBOBATH TOJBKO ITOJI CENICKTHBHBIM JlaBIeHHEM MUKO(EHOI0BOM KucHoThl. [locie cHATHS
CEJICKTUBHOTO JIABJICHUSI MPOHCXOAUT BHYTPUMOJIEKYJISIpHAs PEKOMOMHALMS BHPYCHOI'O TE€HOMAa B
y4acTKax TOMOJIOTUH, U 00pa3yloTcs [1Ba THIIA BUPYCOB: PEKOMOMHAHT C LIEJIEBBIM T€HOM M MCXOAHBIN
AKLENTOPHBIA BUPYC.

Bosneuennsie BUpychl (3€J€HBIA UCXOHBIHN, 3€JICHbIM MPOMEKYTOYHBIN 1 OECLIBETHBIM KOHEUHBIH)
BU3YaJH3UPYIOTCS I0-PasHOMY C IOMOIIBIO  (IIyOpPECHEHTHOW MHKPOCKOINHMH, 4YTO MO3BOJISAET
UCIIOJIB30BaTh MPOCTOH U 3P PEKTUBHBIN MPOTOKOI 0TOOPA [IEIEBBIX PEKOMOWHAHTOB. DTOT METO/I (3aMeHa
TeHOB «OT 3€JICHOro K OeCIIBETHOMY») 3HAUUTEIHHO COKpaIlaeT BpeMs, HEOOXOMUMOe ISl MOyYSHHUs
0e3MapKepHOro PeKOMOMHAHTHOTO KalPpUIIOKCBUPYCA.

KaroueBble ci1oBa: BUpYC HOAYISPHOTO JepMaTUTa, pEKOMOUHALINS TeHOMa, BUPYCHBIN BEKTOD.

Baknunanus siBisieTcss OCHOBHBIM METOJI0M PO(MUIAKTUKN UH(EKIIMOHHBIX 3a00JIeBaHUH.
HecmoTpss Ha Oo0nblIoe KOJWYECTBO AOCTYIHBIX MPENaparoB, cCO3MaHHE >(PQPEKTHBHBIX H
0e30macHbIX BAaKIMH BCE €IIIE OCTACTCS aKTyalbHOH 3amaveil. OJHUM U3 PEIICHUH MOXKET CTaTh
reHeTHYeCKass HMMMYHM3allUs, B pe3yJbTaTeé KOTOPOM B OPraHU3M JOCTABIISIIOTCA TEHBI,
KOJIMPYIOIIHE 1EJIEBbI€ AHTUTEHBI MATOTEHHBIX MUKPOOPTaHU3MOB [ 1]. DKcnpeccus Takux reHOB
B OpraHU3Me UMUTUPYET BUPYCHYIO HH(EKIINIO, BEI3bIBASI UMMYHHBIN O0TBeT. JlocTaBKa 1ETEBBIX
T€HOB MOXET OCYIIECTBIATHCS Pa3IMYHBIMU MYTAMH [2], cpeiad KOTOPBIX HCIOJIb30BaHUE
BUPYCHBIX BEKTOPOB. BHpyCHBbIE BEKTOPBI, SKCIPECCUPYIOLIUE Te€TEPOJOTUYHBIE AHTUTEHBI,
CXOJIHBI C aTTEHYHPOBAaHHBIMHU >KUBBIMU BUPYCHBIMH BaKLIMHAMU, U B Ujeaje JOKHbBI 00Ia1aTh
CIIOCOOHOCTBIO BKJIIOYATh B CBOM I'€HOM UY)KEPOJIHBIE T€HBI IEJIEBBIX aHTHTEHOB, IIPOMOTOPOB U
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a/IbIOBAHTOB U CTAOMJILHO MX KCIIpeCcCUpoBaTh. Pa3paboTka BUPYCHBIX BEKTOPOB HalpaBieHa Ha
CO3/1aHHE MOJMBAJICHTHBIX BAKIIMH, a TAK)K€ BAaKLMH NPOTUB OCHOBHBIX OOJIE3HEH uesoBeKa U
KHUBOTHBIX, JJII KOTOPHIX N0 CUX TOop 3¢G(deKTuBHbIE NPOPHUIAKTHUECKUE Tperaparsl
OTCYTCTBYIOT.

[lokcBUpyCHI,  CKOHCTPYHUPOBaHHbIE Ul OKCIPECCMM  YYXEPOAHBIX  I'€HOB,
3apeKOMEH/10BaJIN €05l KaK Ype3BbIUaiHO LIEHHbIE MHCTPYMEHTHI B COBPEMEHHON OMOTEXHOIOT MU
npu pa3zpaboTKe KaKk MEAMIMHCKUX, TaK ¥ BETEPUHAPHBIX BAaKIUH. | €HOM € BBHICOKOI €MKOCTBIO
s pekomobuHanTHo JIHK [3], TounbIi BUpyc-cnenuduueckuii KOHTPOIb AKCIPECCUU T'eHa-
MHUIIIEHH, OTCYTCTBUE IEPCUCTEHTHOCTH WJIM UHTETPALIMY B TEHOM X0351HA [4], BBICOKUI YPOBEHb
WMMYHOT€HHOCTH [5, 6], HCKIIFOUMTENIbHAST TEPMOCTAOMIHLHOCTD, a TAKXKE MPOCTOTA MOTYUCHUS
BEKTOpa M BAaKLMHBI SBIISIOTCS BXKHBIMH XapaKTEPUCTUKAMU, OJ1aroiapst KOTOPhIM MOKCBUPYCHI
HAIlUTM HIMPOKOE MPUMEHEHHUE B KAUECTBE BaKLIUHHBIX BEKTOPOB.

Bupyc HOmynsipHOTO IepMaTuTa OTHOCUTCS K poy Capripoxvirus cemeiicra Poxviridae. K
pomy Capripoxvirus oTHOCSTCS TaKKe BUPYCHI OCIIBI OBEII M OCIIBI K03. KarnpHIiokcBUpyCh UMEIOT
BBICOKYIO T'€HETHUYECKYI0 TIoMosIorTHio [7, 8].  ATTEHyHpOBAaHHbIE BaKLHMHHBIE IITaMMBbI
KaIllpUIIOKCBUPYCOB OBUIM YCHEIIHO HCIOJb30BaHBI B KAaYeCTBE BEKTOPOB IpH pa3paboTke
OouBaneHTHbIXx BakiuH [9, 10, 11]. KampumokcBuUpychl HMEIOT OrpaHHYEHHBIH Kpyr
BOCIIPMMMYMBBIX )KUBOTHBIX U BBI3bIBAIOT A0OPTUBHBIE HH(EKIINU B OPTraHU3ME HEIEPMUCCUBHBIX
KHUBOTHBIX. OJHAKO Jake B OTCYTCTBHE DEIUIMKAIMA PEKOMOWHAHTHBIE KaIpPUIIOKCBUPYCHI
KOPPEKTHO KCIIPECCUPYIOT UYXKEPOJHBIE I€Hbl M BBI3BIBAIOT JJIUTEIbHBIE HMMYHHBIE OTBETHI Y
MMMYHU3UPOBAHHBIX  X03sieB [12, 13]. DTu cBoiicTBa JA€NalOT  KampHUIOKCBUPYCHI
NEPCHEKTUBHBIMU JJIs1 pa3paOOTKH BEKTOPHBIX BAKIMH MPOTHB MH(EKIMOHHBIX 3a00JeBaHUN
Pa3IMYHBIX BUJOB KHBOTHBIX.

CriocoObl MOTy4eHUs: PEKOMOMHAHTHBIX ITOKCBHPYCOB JAETalbHO PAaCCMOTPEHBI B psjie
0030poB [14, 15]. dns cenekuuu U 0T60pa peKOMOMHAHTOB UCIIOJIB3YIOT MapKepHbIE TeHbL. DTO
MOTYT OBITh TEHBI, OOECIEYMBAIOIINE YCTOWYMBOCTh K aHTHOMOTHMKam [16, 17, 18] wmm
BU3yalibHbIe Mapkepbl. Cpeam HUX TeH OeTa-TajlaKTO3WJas3bl, SKCIPECCHUS KOTOPOTro
COIPOBOXIAETCS OKpAIIMBaHHEM OJIAIIEK BUpyca B CHHHH IBET B IPHCYTCTBUH S5-Dromo-4-
chloro-3-indolyl-B-D-galactopyranoside  (X-gal) [19, 20]; reH Oera-TJIIOKypOHHIA3bl B
3aBUCUMOCTH OT MCIIOJIb3yEMOT0 cyOcTpaTa 00pa3yeT BETHbBIE MU (PIIyOPECLIEHTHbIE TPOAYKTHI
[21]. Bonee mo3qHKE HCCIEI0BAHNUS CBA3AaHbI C UCTIOIB30BaHUEM (IIyOpPECHUPYIOMNX OeNKOB [22,
23].

Haunbosiee mepcrieKTUBHBIM HaNpaBICHUEM B CENEKIUU U OTOOpe PEeKOMOMHAHTHBIX
IIOKCBUPYCOB SIBJISICTCSI MCIOJB30BAHUE B KaueCcTBE MapKepoB Quiyopecuupyromux Oenkos. B
1abopaTopun MOJIEKYJISIpHON Ouosioruu u renHoi nxxenepun HUU mpobinem Ononoruueckoit
0€30I1aCHOCTH CKOHCTPYHPOBaHbI BeKTopHbIe Iu1a3mMuHble JIHK n otpaboTan cioco6 nomaydeHus
PEKOMOMHAHTHBIX KaIPUIIOKCBUPYCOB METOJIOM TOMOJOIMYHONH PEKOMOMHALIMM B YCIOBHUSX
BPEMEHHON JOMUHAHTHOMN CEJICKIIUH C UCIOIb30BAaHUEM B KAaUECTBE CEJIEKTUBHOIO MapKepa reHa
Escherichia coli, komupyromero ¢epment kcantun-ryanuHdochopudosmnTpanchepasy (gpt)
[24]. Llenpto MaHHBIX WCCIEIOBAHUN SBISUIACH ONTUMM3AIUS OTOOpPAa PEKOMOMHAHTHIX BHPYCOB
HOJYJISIPHOTO JiepMaTUTa MpHU pa3paboTKe BEKTOPHBIX BAKIIHH.

Matepuajabl M METOABI HCCJIETOBAHUS

KneTounsle KynbTyphl, UCHOJIb30BaHHBIE B 3TOM HCCIEAOBAHUU, OBUIM IMPEIOCTABICHbI
Jlaboparopueli kierounoit OworexHonorurn HUWU mpobiiem Ouonornyeckoil 0€30MacHOCTH.
[lepBuunbie kietku Ttectukyn sirHeHka (TS) kynpruBupoBanu npu 37°C B 5% CO2 B
nonycuHTernueckoil mpucrenounoit cpene (I1ICII, HUUIIBD, PK) ¢ no6asnenunem 10% (06./06.)
sMOpHroHaNTbHON Obrubelt chiBopoTKH (DBC, Sigma, CIIIA).

B pabore ucnonbp3oBanu pEeKOMOMHAHTHBIM BHPYC HOAYISIPHOTO jaepMmaTuTa Atyrau-B,
MOJYyYECHHBIM B pe3yibTare HokayTta reHa LSDVO008 B reHoMe BHUpYJIEHTHOIrO IITaMMa BHpYyca
Dermatitis nodulares/2016/Atyrau/KZ. Bupycsl HOIyASpHOrO JepMaTUTa pa3MHOXalud Ha
kietkax TS ¢ ucnons3oBanuem cpenbl [ICII, conepxkamei 2% ObC, B Teuenue 7-10 guel npu
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37°C B 5% CO2. AKTUBHOCTb BUpYCa ONPEIEIIAIN METOJAOM MUKPOTUTPOBAHUS B 96-IyHOUHBIX
miaHmerax. THTp paccuuThIBaH 110 MeToy Puia m Menua u Beipaxanu B lg TI/Iso/cM®.

[Mna3muner uarerpamuu pIN-LSDVO066-EGFP u pIN-LSDVO066-IL18 mist BcTpauBaHus
reHa 3emeHoro Quyopecuupytomero Oenka (EGFP) wnmm Oplubero wHTEpieilikuHa-18,
COOTBETCTBEHHO, B JIOKYC THMHJIWHKHHA3bl BUPYCHOTO T€HOMa OBLTM CKOHCTPYHMPOBAHBI Kak
ONKMCAHO Hamu paHee [25].

PexoMOMHAHTHBIE BUPYCHI MOJIYYald ITyTEM TOMOJIOTUYHOW PEKOMOWHAIIMU B YCIOBHSIX
BPEMEHHON JOMUHAHTHOW CEJICKLIMH, KaK omucaHo paHee [24]. Bkpatue, MmoHocnoi kinetok T
WHQUIIUPOBAIN BUPYCOM HOIYIISIPHOTO AepMaTuTa Atyrau-B wnum ero nmpousBonusivu B go3e 0,1
TI/150/knerka B TeueHue 2 4, a 3aTeM TPaHCHUIIMPOBATIN COOTBETCTBYIOIICH WHTETPAIIMIOHHON
Ia3MUI0N ¢ ucmnoibp3oBanueM nunodekramuna 2000. Korna muronatuaeckuii s dext (LUI1D)
nocturan 80% (3-5 mHeit), KIETKH JM3UPOBAIU TPEMS HUKIAMH 3aMOPaKHBAaHHUSI-OTTaHBAHUSL.
Jns oborameHuss TpaHCHEKIMOHHOTO Mylda PEKOMOMHAHTHBIM BHpPYCaMH IPOBOAMIH 2-3
nocJyenoBaTeIbHbIX naccaxa B cenektuBHoU cpene [ICII, comepkameii 2% OBC, 2,5 Mkr/min
MUKO(EHOJIOBOW KHCIOTHI, 25 MKI/MI KcaHTuHa © 1,5 wMkr/min runokcantuna. Otbop
PEKOMOMHAHTOB MPOBOAMIN KJIOHUPOBAHMEM METOJAaMHU MpPENeIbHOr0 pa3BelleHUs U OJIsIIeK.
PexoMOWHAHTHBIE BUPYCHI UACHTU(PUIIMPOBATH METOIOM JIFOMHHECIIEHTHOW MUKPOCKOIHH U
[TLP. TTI[P-ananu3 npoBOAMIIN JIJIsl ONPEICICHUS TOMOTEHHOCTH PEKOMOMHAHTHOTO BUpYca, T.€.
IIOJIHOTO OTCYTCTBMSI POJUTENIBCKOIO BHpYycCa, C UCHoJb30BaHueM mpaiimepoB RCR-TK-F 5'-
aattataggacctatgttttctggc-3° m RCR-TK-R 5’-cagcgtctttataacattccat-3°. Pasmep mpomykra mms
UCXO/IHOTO BUpYyca cocTaBisieT 413 1.0., co BCTpoeHHbIM TeHoM egfp — 1225 1.0., o BCTPOCHHBIM
reHoM bIL-18 — 1085 m.o.

[LIP mpoBoaniu B 25 wi, cogepkammx S5 wi 5% peakiuonHoro O0ydepa OneTaqStandard,
0,5 wr 10 MM dNTP, mo 1 pa xaxxmgoro npaiimepa (10 mmomns/pr) u 0,125 pin JIHK-monmumepass
OneTaq (0,625 exn.), 1 pi marpuunoit JIHK (100 HI/ui) u cTepUIbHON TUCTHILTUPOBAHHOM BOJIBI
JI0 KOHEYHOT'O peaknnoHHOTO o0bema. Marpuunyio JIHK nenarypupoBanu B Teuenue 30 ¢ npu
94°C, omxur npaiimepos npooauau npu 50°C B Teduenue 30 ¢, yJuIMHEHNE LIENU TPOBOAWIN IIPU
72°C B Teuenue 90 c (30 ukIOB).

Jnist orGopa OIsIIek BUpyca M OLIEHKH SKCIPECCHH 3€JICHOTO (UIyopecupyromero oeinka
PEKOMOMHAHTHBIM BHPYCOM HOIYJSPHOIO JepMaTUTa HCIOJNb30BAIN JIIOMUHECIIEHTHBIH
MHUKpockomn Anbramu JIIOM-2,

DKCIPECCUI0 MHTEpJIeKMHA 18 pEeKOMOWHAHTHBIM BHPYCOM HOAYJSPHOTO JACpMAaTHUTA
MOATBEPXKIATH METOJOM BECTEpH-0JI0Ta, KaK OMHCAaHO paHee [24], ¢ UCHOIb30BaHUEM
MOJIMKJIOHAJIBHBIX MBIITUHBIX aHTH-bIL18 CBIBOPOTOK.

Pe3yabTaThl M 00Cy:KIeHHE

PexomOuHaIyst BHPYCHOTO Te€HOMa B YCJIOBUSX BpPEMEHHOH JOMHMHAHTHOM CENEKIUH
MPOUCXOIUT cleAylouM obpa3oM. B mpoiecce mepBoro KpocCHHroBepa BCsl ILIa3MUA
UHTETpallii BCTpaMBaeTCs B BUPYCHBIH TeHOM (pucyHOK 1A). B pesynerate obpasyercs
HecTaOuJIbHAs KOHCTPYKLHUS, KOTOpass MOKET CYIIECTBOBATh TOJBKO TOJ| CEJIIEKTUBHBIM
JaBJIeHUEM MUKO(PEHOIOBOW KHUCIOTHL. Ilocie CHATHS CENeKTHBHOTO JABJICHUS MPOHCXOIHUT
BHYTPUMOJIEKYJIsIpHAs peKOMOMHAIIMS BUPYCHOTO T€HOMA B y4acTKaxX TOMOJIOTUU U 00pa3yloTcs
JIBa THIIAa BHPYCOB; PEKOMOMHAHT C IIEJIEBBIM I'€HOM M MCXOAHBIM BapuaHT AWKOro Tuma. B
HEKOTOPBIX CIydasx IJs BBIIEICHUS pekomMOuHaHTa Tpedyercs 10 m Oojee payHIOB
KJIOHUPOBAHMSI METOJIOM MPEAETHHOT0 Pa3BeACHHS U OJISAIKOOOPa30BaHUsL.

st moBeImeHus 3 (HEKTUBHOCTH 0TOOpPA PEKOMOMHAHTOB MBI pa3padO0Tali aKIENTOPHBII
BUPYC, B TE€HOM KOTOpOTO BCTPOEH MapKepHblii reH QuyopecrenTHoro Oenka. Ilpu
UCIIOJIb30BAaHUU aKIIETITOPHOTO BHpYyca JUIsi TOMOJIOTUYHOW pEKOMOMHALIMM B YCJIOBHSIX
BPEMEHHOU TOMUHAHTHOM CEJEeKIMH O0TOOp peKOMOMHAHTOB BO3MOXEH YK€ uepe3 2-3 payHnaa
KJIIOHUpOBaHUs MeTogoM Omsmiek. Ecnum  Onsiiiku  aknenTopHOro BHpyca M BUPYCOB C
HECTaOMJIbHBIM T€HETHYECKUM FeHOMOM (DIyOpEeCIMPYIOT 3a CUET SKCIIPECCUU MAPKEPHOTO IeHa,
OJISIIKKM ~ PEKOMOWMHAHTHOTO BHUpPYCa OCTAlOTCA OECHBETHHIMU TPU  JIFOMHUHECIICHTHOU
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mukpockoruu. Kak BugHO U3 pucyHka 1b, B pe3ynabpTare BHYyTpUMOIEKYISIPHON pEKOMOMHAIINN
TeHOMa TIOCJE€ CHSTHS CEJIEKTUBHOTO JaBlieHWs 0Opa3yloTcsi [Ba THIIa BHpyca -
dryopectupyronuii 1 He (IyopecuupyOnui («OT 3eJIEHOTO K OECIIBETHOMY»).
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Pucynok 1 — Cxema roM0o10ru4HOM peKOMOUHAIIMY BUPYCHOT'O T'€HOMA B YCJIOBUSIX BPEMEHHOI
JOMHUHAHTHOH CENEKUUH: MPSIMOE BCTPAauBaHKE Ty>KEPOTHOIrO reHa (A) U BCTpauBaHHUE y>KEPOIHOTO
reHa IMyTeM 3aMeHbl MApPKEPHOTO I'eHa - cTpaTerus "3eneHsiii-oecuBeTHblil" (b)

Ha nmepBoM sTane uiccnenoBanuii HaMu ObUT pa3paboTaH BUpYC-akIenTop. B renom Bupyca
HOAYJSIpHOTO JAepMatuTa Atyrau-B ObuT BCTpoeH reH 3eneHoro duiyopeciupyromero oenka. Jis
oTOOpa pPEKOMOMHAHTHBIX BHPYCOB HCIIOJIb30BAM JTIOMUHECIEHTHYI0O MHUKPOCKOIHUIO B
komriuiekce ¢ [1I[P. B pe3ynbrare Ob110 MOTyYeHO TpU KJIIOHA peKOMOMHAHTHBIX BUPYCOB Atyrau-
BJ(EGFP), conmepxammx B CBOEM TEHOME Te€H 3eleHOro (iyopecuupyromero oOenka.
['enernyeckass cTaOMJIBHOCTH ObLIa MOJATBEPKIEHA IyTEM IOCIIENOBATENbHOTO MAaCCUPOBAHUS
pexombOunHanTta B TeueHue 10 maccaxeil (pucyHok 2A). Kak BuaHO W3 pucyHka 2A, JOKyc
tumuauHKuHA3pl (LSDV066) ocraercs craOunbHbIM B TedeHue 10 maccaxei, coxpaHss
BCTPOCHHBIN 4yKEPOJHBIA I'€H B CBOEM COCTABE.

M1 2 3 4 5 6PC1 2 3 4 5 6 PC M1 2 3 4 5 6 PC
Size, bp. egfo oee size, by 0084
=

3000 2000 :

2000 2000 L—J

1500  —' 1500

i ------. -

850 850 —

i;; 333 — d Sl el e -

300 300 — 3 H

= . - - - - * -

A b

A: ananm3 kJ10HOB pekoMOnHaHTHOTO BUpyca Atyrau-BJ(EGFP) na nanmane rena EGFP, ctpykTypbt
nokyca LSDV066; 1-3 — IHK xnoHOB Bupyca mocie mstoro naccaxa, 4-6 — JJHK kioHoB Bupyca mocie
necsaroro maccaxa, PC — mnonoxurenbHeld KoHTponb (mmasmuznas [IHK). b: anmanmu3 xmoHoB
pekoMOuHaHTHOTO BUpyca Atyrau-BJ(IL18) na mammuwne rena IL18, cTtpykrypsl mokyca LSDV066; 1 —
JHK Bupyca mocie nsaroro naccaxa, 2 — JIHK Bupyca mocie aecstoro naccaxka, PC — moJIOXHTETHHBIHA
KoHTpoIb (asmugHas JHK).

Pucynox 2 — I[P anann3 pekoMOMHAHTHBIX BHPYCOB mocie 5 u 10 maccaxka

DKCHpPeccuIo BCTPOSHHOIO T'eHa 3eJIEHOT0 (piryopecuupyroiiero 6eaka oleHuBaIl METOI0M
JIOMHHECHEHTHON MUKPOCKONHHU. Y CTAHOBJICHO, UTO yXe Yepe3 TPH yaca Mocie HHPUIUPOBAHUS
KJIETOK  PEKOMOMHAHTHBIM  BHPYCOM B MOHOCIO€  PErHCTPUPYIOTCS  OTHEIbHbIE
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¢ayopecuupyromue kietku (pucyHok 3A). Co BpeMeHeM X 4uciIo yBenuduBaercs (pucyHok 3 b
u B) u depes 24 4 dayopecupyroT NPaKTUYECKH BCE KIETKH HMHOUIIUPOBAHHOTO MOHOCIIOS
(pucynoxk 3I'). IIpu 3TOM HUTONIATHYECKOE JACHCTBUE BUPYCa MOYXKHO HAOIIOAATh TOJIBKO K KOHITY
TPEThUX — HAa4aJly YE€TBEPTHIX CYTOK KyJIbTUBUPOBAHMSL.

A b B r
Pucynoxk 3 — JltomuHECIEHTHAasE MUKPOCKOITUS MOHOCIOA Ki1eTok TS uepes tpu (A), mects (b),

nBeHanath (B) u mBamnats yerpipe gaca (1) mocie napuImpoBanus peKOMOMHAHTHBIM BHPYCOM
Atyrau-BJ(EGFP) (100x%)

Taxum o6pa3om, HamMu OBLT MOJTyYeH akienTopHbii Bupyc Atyrau-BJ(EGFP), koTopsiii Mbl
UCTOJIb30BAM B JaJbHEUIIEM JJIs BCTPaMBaHUS IIEJICBOIO T'€HA, MCMOJIb3Yys CTPATETHIO «OT
3eJIeHOro K OecliBeTHOMY». B kauecTBe 11€/1eBOro reHa Mbl UCIOJIb30BaIM MOCIEA0BATEIHLHOCTh
MPHK, xomupyromyro Obrauii uHTEpaeKkuH-18.

Momnocnoit knerok TS wHbummMpoBanm akmentopHbiM BupycoMm Atyrau-BJ(EGFP) u
TpancumpoBanu 1azMuaoi uHTerpanuu pIN-LSDVO066-IL18. Krerounstit nmsar mocie
TpaHCQEKIUU KIOHMPOBAIM METOJOM OJISIIEK IMOJ CIOeM arapo3bl. Bisiiiku aHamuzupoBaiiv
CBETOBOH U JIIOMHUHECIIEHTHOW MUKPOCKOMHEH (PUCYHOK 4).

A b

A — cBeToBas MUKPOCKOIHA, b- OIHOBPCMCHHAA JIIOMUHCCHCHTHAA U CBETOBAsA MUKPOCKOITUA

Pucynok 4 — Mukpockormust Oisiiek, 00pa3oBaHHBIX B KYJIBTYPE KIETOK TECTHKYI SITHEHKA
PEKOMOMHAHTHBIMU BUPYCAMHU HOJTYJISIPHOTO JIepMaThUTa

He dayopectupyromnue OJNSIIKKM HaKalIMBaIM U aHanu3upoBaiu Meromom [ILP. Jlns
MOJIHOTO YJaJeHHs aKIENTOPHOTO BHUpPYCAa IMOJyYCHHbIE BUPYCHBIE KIIOHBI OBUIM TIOBTOPHO
KJIOHUpPOBaHbL. B pesynbrare ObLT moaydeH kiaoH Bupyca Atyrau-BJ(bIL18) skcrpeccupyrormmii
Obrumii uHTepnekuH-18. B Teuenme 10 mocrmemoBaTeNbHBIX IMACCaXei BHUPYC OCTaBaJCs
T€HETUYECKH CTaOMIbHBIM (pucyHOK 2b). OO0 3TOM Takke CBHACTEIBCTBOBAJIA HKCIPECCHUS
UHTEpIIeHiKnHAa- 18, moaATBepKIeHHAass METOJIOM BecTepH-O10Ta (pucyHok 5). Takum obpazom, ¢
UCIIOJIb30BAHUEM CTPATETHH «OT 3€JIEHOTO K OECIIBETHOMY» OTOOP PEKOMOMHAHTHBIX BHPYCOB
CTaJl BO3MOXKEH 3a 2 payH/1a KIOHHPOBAHUS.
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1 — OakTepuasbHO SKCIPECCUPOBAHHBIN MHTEpIEUKHH 18 (MOJIIOKUTENBHBIM KOHTPOJb), 2, 4 —
HenH(uEpoBanusie kiaetku T, 3 — kineTku, uauuposannsie Bupycom Atyrau-BJ(IL18), maccax 5, 5 —
KJIEeTKH, MHGUIEpoBanuse Bupycom Atyrau-BJ(IL18), maccax 10

Pucynok 5 — UMmMmyHoneTeKkIis mHTEpIEHKHA 18, S3KCIpeccHpoOBaHHOTO PEKOMOMHAHTHBIM BUPYCOM
HoyJsipHOTO nepmaturta Atyrau-BJ(IL18)

[TonoOHBIe cTpaTeruy OBUIM MCMOJNB30BAaHBI NMPU TMOIYYEHUH PEKOMOMHAHTHBIX BHPYCOB
ocroBakiuael. Di Lillo et al. [26] paspaboranu cmocod MmonydeHUus PEKOMOMHAHTOB
MOJIU(HUIMPOBAHHOTO BHPYCa OCIOBAKIMHBI IYTEM COYETAaHUS BPEMEHHOW CEJIEKIHU IO
JMara3oHy Xo03sieB (OCHOBAaHHOW Ha BOCCTaHOBIeHMH B MVA 1eneTHpoBaHHOTO TEHA
ocnoBakiHbl K1L) ¢ nuddepenumanshoii skcrpeccueit guyopecueHTHbIX OenkoB. [Tpu sTom
WCIIONIB3YIOT JIBa BHAA KynbTyp KiaeTok - RK13 u BHK-21. Tpu Tuma BOBIE€YEHHBIX BHPYCOB
(KpacHBIN MCXOJHBIN, 3€JCHBIH MPOMEXYTOUHbBIM M OECIBETHBI KOHEUHBIH peKOMOWHAHTHBIN)
BU3YAJIM3UPYIOT C TMOMOIIBI0 (IIYOPECIIEHTHOW MHKPOCKOTHMH, YTO TMO3BOJSET 3 ()EKTUBHO U
OBICTPO BBIJICNATH PEKOMOWHAHTHbIE BUpPYCH. [lo3aHee aBTOpbI MOAMDUIIMPOBAIN METOJ
OYHUCTKH HCIIOJIB3YS MPOTOYHYIO [IMTOMETPHIO JJIsi COPTHPOBKH KiieTok [27]. Barbieri et al. [28]
WCTIONIb30BAIM JIAHHBIM TOJXOJ JJisi MOJIyYE€HUSI MHOXKECTBEHHBIX BCTaBOK B T€HOM BHUpYca
OCTIOBaKIIMHBI.

3akiaro4enue

PazpaboTka BEKTOPHBIX BaKIMH Ui NPOQMIAKTUKA WHQPEKIHMOHHBIX 3a00JIeBaHUIM
KMBOTHBIX ¥ YEJIOBEKA SBISICTCS IEPCIEKTUBHBIM HANpPABICHHEM B BAaKIMHOJIOTHH. Bupyc
HOAYJSIPHOTO JIepMaTHTa, Kak M Jpyrue mpeactaButennd poxaa Capripoxvirus, wuMeroT
OTPaHUYEHHBIA KPYr XO035€B M HE MATOT€HHBI JJIs YEJOBEKa, YTO JAENaeT MX YHHKAJIbHBIMU
BeKTOpaMu. HecMOTpsl Ha MPOCTOTY BCTpauBaHUS YYKEPOIHBIX MMOCIECIOBATEILHOCTEH B TEHOM
IIOKCBHPYCOB, TpobiemMa oTOopa pEeKOMOMHAHTOB OCTAaeTCsl aKTyalnbHOW. Paspaborka
aKIETITOPHOTO BHPYCa, OSKCHPECCHPYIOMMX (ayopecupyomuii MapKepHbIH OeloK, W ero
UCTOJIb30BaHUE TPU PEKOMOMHALMU B YCIOBHSX BPEMEHHOW JIOMMHAHTHOH CENIEKIUU IO
YCTOWYHMBOCTH K MHUKO()EHOIIOBOM KHCIIOTE TO3BOIMIIO 3HAYUTEIHFHO COKPATHTh YUCIIO PAayH/IOB
KJIOHUPOBAHMS IIPU 0TOOpPE PEKOMOMHAHTOB.

Takum oOpazoM, 115 oBbIIICHHS () (PEKTUBHOCTH 0TOOpPA PEKOMOMHAHTHBIX BUPYCOB ObLTa
pa3paboTaHa cTpaTerus «oT 3eJIEHOro K OeciBeTHOMY». JlaHHas cTpaTerus OCHOBaHA Ha 3aMEHe
MapKEpHOTO T€Ha 3eJIEHOT0 (PIIyopeciupyroniero OeKa eJIeBBIM TeHOM.

DUHAHCUPOBAHME

Pabora BbIONHEHa B paMmKax MpoekTa TIpaHToBoro (uuancupoBanusi AP08856376
«CoBepIIeHCTBOBAHNE BAaKIMHHOTO BEKTOpPa Ha OCHOBE KalpHUIIOKCBHpYyca» MMHHCTEpCTBa
HayKH U BbIcIIero oopaszosanus Pecnyonuku Kazaxcran.
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BEKTOPJIBIK BAKIIMHAJIAPJBI 93IPJIEY YIIITH PEKOMBUHAHTTEHI
HOJYJISIPJIBI JEPMATHUT BUPYCTAPBIH AJTYIBIH THIM/ILIITTH APTTBIPY
QJIICI

Tyidin

[TokcBupycTap ajaM MeH jKaHyapiapiblH XKYKIAIbl aypyJiapblHa Kapchl BaKI[MHAJIAP/IBI JKacaya
BEKTOD PETiHJIe KeHIHCH Koanbliaabl. Ce3iMTall )kaHyapiiapAblH IEKTSYi AUara3oHbl KoHE afaM YIIliH
KaIllpUMIOKCBUPYCTAP/IBIH TATOTEHI 0OOJMaybl oJlap/pl BaKIMHA BEKTOPJIAPHI PETiHZIC MainanaHyIbIH
YJIKEH MYMKIHJIKTEpiH aHBIKTai/Ibl. PEeKOMOMHAHTTHI KallPUIIOKCBUPYCTAP/bI Ty TEXHOJOTHICHIH gpt
Escherichia coli reni apkpiibl (MHKOGEHON KBIKBUIBIHA TO3IMAUTIKKE HETI3NENITCH) YaKbITIIA
JIOMHHAHTTBI CEJIEKIUAHBI (HIYOPECUCHTTI aKybI3AbIH TU(PGEpPEHIHAIIb IKCIPECCUACBIMEH OIpIKTIPY
apKBUTBI aliTapIIBIKTal JKaKcapTyFa 00JIasbI.

PexomOunantTel Bupyc JIHK-HBIH eki [oiieKTI pPEKOMOMHANMSACHI HOTWXKECIHIE SKaChLI
(bmyopecteHTTI aKybI3bl (aKIENTOPJIBIK BUPYCTa) MAaKCaTThl T€HMEH aybICTHIPY apKbUIbI JKacallajpl.
Bipinmi kpoccHHTOBEp Ke3iHJe MaKCaTThl TeH MEH MHTETPAIUSUIBIK TUIA3MUJIA aKIETTOPIIBIK BUPYCTHIH
TeHOMBIHA eHTi3ineni. HoTtmkeciHae Tek MUKO(GEHON KBIIIKBUIBIHBIH CEJIEKTHBTI KbICBIMBIH/IA OMIp CYpe
aNaThlH TYPAKChI3 TEHETUKANBIK KYPBUIBIM Kaibilitacaabl. CeIeKTHBTI KBICBIM JKOHBUIFAHHAH KEWiH
TOMOJIOTHSIJIBIK aiiMaKTapJa BUPYCTHIK T€HOMHBIH MOJIEKYJAIMIUIK PEeKOMOWHAIMACHL JKYpedi KOHE
BUPYCTap/IbIH €Ki TYpi TY31JIe/i: MaKcaTThI TeHi 0ap peKOMOWHAHTTHI KoHE 0acTaIKbl aKIIETITOPIIBIK BUPYC.

Konpanpuiran Bupycrap (0acTamkbl >Kachbll, apajiblK >KacbUl >KOHE COHFBI TycCi3) (yopecueHTTi
MUKPOCKOITUS apKBUIBI op TYp:i KepiHenmi. byl MakcaTThl peKOMOMHAHTTApABl TAaHJAY/BIH KaparaibiM
JKOHE THIMII OAICTEMECiH KOJIJaHyFa MYMKIHIIK Oepermi. byi omic (reHaepial «okachUlIaH TyCCi3re»
aybICTBIPY) MapKepci3 peKOMOWHAHTTHI KAMPUIIOKCBUPYCTHI ally YIIIH KKETTI YaKbITThl alTapibIKTail
KbICKapTaIbl.

KiaTTi ce3nep: HOQYSAPIBI AEPMATUT BUPYCHI, TEHOM PEKOMOHMHAIIHMSCHI, BAPYCTHIK BEKTOP.

IRSTI: 62.37.35

A.U. ISSABEK?, A K. BOPI}, R.A. AKHMET?, K.T. SULTANKULOVA!,
A.K. NAKHANOV?, 0.V. CHERVYAKOVA!*
!Research Institute for Biological Safety Problems, Gvardeiskiy, Kazakhstan
2Kazakh National University named after Al-Farabi, Almaty, Kazakhstan
*e-mail: ovch@mail.ru

METHOD OF INCREASING THE EFFICIENCY OF OBTAINING RECOMBINANT
NODULAR DERMATITIS VIRUSES FOR THE DEVELOPMENT OF VECTOR
VACCINES

doi:10.53729/MV-AS.2023. 02.04

Abstract
Poxviruses are widely used as vectors in the development of vaccines against infectious diseases in
humans and animals. The limited range of susceptible animals and the non-pathogenicity of capripoxviruses
to humans determine the great potential for their use as vaccine vectors. The technology for producing
recombinant capripoxviruses can be greatly improved by combining transient dominant selection for the
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gpt gene of Escherichia coli (based on resistance to mycophenolic acid) with differential expression of
green fluorescent protein.

The recombinant virus is generated by replacing the green fluorescent protein (in the acceptor virus)
with the target gene by two consecutive DNA recombinations. During the first crossover, the integration
plasmid with the target gene is inserted into the genome of the acceptor virus. As a result, an unstable
genetic construct is formed, which can only exist under the selective pressure of mycophenolic acid. After
the selective pressure is removed, intramolecular recombination of the viral genome occurs in homology
regions, and two types of viruses are formed: a recombinant with a target gene and an initial acceptor virus.

The viruses involved (green parent, green intermediate, and colorless final) are visualized differently
by fluorescence microscopy, allowing for a simple and efficient protocol for selecting target recombinants.
This method (replacement of genes "from green to colorless™) significantly reduces the time required to
obtain a marker-free recombinant capripoxvirus.

Keywords: lumpy skin disease virus, genome recombination, viral vector.

Vaccination is the main method of preventing infectious diseases. Despite the large number
of available drugs, the development of effective and safe vaccines is still an urgent task. One of
the decisions may be genetic immunization, as a result of which genes encoding target antigens of
pathogenic microorganisms are delivered to the body [1]. The expression of such genes in the body
mimics a viral infection by triggering an immune response. Delivery of target genes can be carried
out in various ways [2], including the use of viral vectors. Viral vectors expressing heterologous
antigens are similar to attenuated live viral vaccines and should ideally be able to incorporate
foreign genes of target antigens, promoters and adjuvants into their genome and express them
stably. The development of viral vectors is aimed at creating polyvalent vaccines, as well as
vaccines against major human and animal diseases, for which there are still no effective preventive
drugs.

Poxviruses engineered to express foreign genes have proven to be extremely valuable tools
in modern biotechnology for the development of both medical and veterinary vaccines. Genome
with high capacity for recombinant DNA [3], precise virus-specific control of target gene
expression, lack of persistence or integration into the host genome [4], high level of
immunogenicity [5, 6], exceptional thermostability, as well as ease of obtaining a vector and
vaccine are important features that have made poxviruses widely used as vaccine vectors.

Lumpy skin disease virus belongs to the genus Capripoxvirus of the Poxviridae family. The
genus Capripoxvirus also includes sheep pox and goat pox viruses. Capripoxviruses have high
genetic homology [7, 8]. Attenuated vaccine strains of capripoxviruses have been successfully
used as vectors in the development of bivalent vaccines [9, 10, 11]. Capripoxviruses have a limited
range of susceptible animals and cause abortive infections in non-permissive animals. However,
even in the absence of replication, recombinant capripoxviruses correctly express foreign genes
and elicit sustained immune responses in immunized hosts [12, 13]. These properties make
capripoxviruses promising for the development of vector vaccines against infectious diseases in
various animal species.

Methods for obtaining recombinant poxviruses are considered in detail in a number of
reviews [14, 15]. For selection and selection of recombinants, marker genes are used. These can
be genes providing resistance to antibiotics [16, 17, 18] or visual markers. Among them, the beta-
galactosidase gene, the expression of which is accompanied by blue staining of virus plagues in
the presence of 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside (X-gal) [19, 20]; the beta-
glucuronidase gene produces colored or fluorescent products depending on the substrate used [21].
More recent studies are associated with the use of fluorescent proteins [22, 23].

The most promising direction in the selection and isolation of recombinant poxviruses is the
use of fluorescent proteins as markers. In the Laboratory of Molecular Biology and Genetic
Engineering of the Research Institute of Biological Safety Problems, vector plasmid DNAs were
constructed and a method for obtaining recombinant capripoxviruses by homologous
recombination under conditions of temporary dominant selection using the Escherichia coli gene
encoding the enzyme xanthine-guanine phosphoribosyl transferase (gpt) as a selective marker was
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developed [24]. The purpose of these studies was to optimize the selection of recombinant nodular
dermatitis viruses in the development of vector vaccines.

Materials and methods of research

Cell cultures used in this study were provided by the Cell Biotechnology Laboratory of the
Research Institute for Biological Safety Problems. Primary lamb testicular cells (LT) were cultured
at 37°C in 5% CO2 in a semi-synthetic near-wall medium (SNM, RIBSP, RK) supplemented with
10% (v/v) fetal bovine serum (FBS, Sigma, USA).

We used the recombinant Lumpy skin disease virus Atyrau-B obtained as a result of
knockout of the LSDVO008 gene in the genome of the virulent strain Dermatitis
nodulares/2016/Atyrau/KZ. Lumpy skin disease viruses were propagated on LT cells using SNM
containing 2% FBS for 7-10 days at 37°C in 5% CO,. Virus activity was determined by
microtitering in 96-well plates. The titer was calculated according to the method of Reed and
Mench and expressed in Ig TCIDso/cm?®.

Integration plasmids pIN-LSDV066-EGFP and pIN-LSDV066-1L18 for inserting the green
fluorescent protein (EGFP) gene or bovine interleukin-18 (bIL-18), respectively, into the
thymidine kinase locus of the viral genome were constructed as described by us previously [25].

Recombinant viruses were obtained by homologous recombination under transient dominant
selection conditions, as described previously [24]. Briefly, a monolayer of LT cells was infected
with Lumpy skin disease virus Atyrau-B or its derivatives at a dose of 0.1 TCIDso/cell for 2 h, and
then transfected with the appropriate integration plasmid using Lipofectamine 2000. When the
cytopathic effect (CPE) reached 80% (3 -5 days), cells were lysed by three freeze-thaw cycles. To
enrich the transfection pool with recombinant viruses, 2—3 successive passages were performed in
selective SNM containing 2% FBS, 2.5 pg/ml mycophenolic acid, 25 pg/ml xanthine, and
1.5 pg/ml hypoxanthine. The selection of recombinants was performed by cloning methods of
limiting dilution and plaques. Recombinant viruses were identified by fluorescence microscopy
and PCR. PCR analysis was performed to determine the homogeneity of the recombinant virus,
i.e. complete absence of the parental virus, using primers RCR-TK-F 5'-aattataggacctatgttttctggc-
3" and RCR-TK-R 5'-cagcgtcttttaataacattccat-3'. The size of the product for the parental virus is
413 bp, with the inserted EGFP gene - 1225 bp, with the inserted bIL-18 gene - 1085 bp.

PCR was performed in 25 pl containing 5 pl 5x OneTaqgStandard reaction buffer, 0.5 pl
10 mM dNTP, 1 ul each primer (10 pmol/ul) and 0.125 pl OneTaq DNA polymerase (0.625 U),
1 pl template DNA (100 ng/pl) and sterile distilled water to the final reaction volume. Template
DNA was denatured for 30 s at 94°C, primers were annealed at 50°C for 30 s, and the chain was
extended at 72°C for 90 s (30 cycles).

To select virus plagues and evaluate the expression of green fluorescent protein by the
recombinant lumpy skin disease virus, an Altami LUM-2 luminescent microscope was used.

Expression of interleukin 18 by recombinant lumpy skin disease virus was confirmed by
Western blotting as described previously [24] using polyclonal mouse anti-bIL18 sera.

Results and discussion

Recombination of the viral genome under conditions of temporary dominant selection occurs
as follows. During the first crossing over, the entire integration plasmid is inserted into the viral
genome (Figure 1A). The result is an unstable construct that can only exist under the selective
pressure of mycophenolic acid. After the selective pressure is removed, intramolecular
recombination of the viral genome occurs in the regions of homology, and two types of viruses are
formed: recombinant with the target gene and the original wild-type variant. In some cases, ten or
more rounds of cloning by limiting dilution and plaque formation are required to isolate a
recombinant virus.

To increase the efficiency of selection of recombinants, we have developed an acceptor virus
with a fluorescent protein marker gene inserted into its genome. When using an acceptor virus for
homologous recombination under conditions of temporary dominant selection, the selection of
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recombinants is possible after 2-3 rounds of plaque cloning. If the plaques of the acceptor virus
and viruses with an unstable genetic genome fluoresce due to the expression of the marker gene,
the plaques of the recombinant virus remain colorless under fluorescence microscopy. As can be
seen from Figure 1B, as a result of intramolecular recombination of the genome after the removal
of selective pressure, two types of virus are formed - fluorescent and non-fluorescent (“from green

"
to colorless™).
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Figure 1 - Scheme of homologous recombination of the viral genome under conditions of
temporary dominant selection: direct insertion of a foreign gene (A) and insertion of a foreign gene by
replacing the marker gene - the "green to colorless" strategy (B)

At the first stage of research, we developed an acceptor virus. The green fluorescent protein
gene has been inserted into the genome of the Atyrau-B lumpy skin disease virus. For the selection
of recombinant viruses, fluorescent microscopy was used in combination with PCR. As a result,
three clones of recombinant Atyrau-BJ(EGFP) viruses containing the green fluorescent protein
gene in their genome were obtained. Genetic stability was confirmed by serial passaging of the
recombinant for 10 passages (Figure 2A). As can be seen from Figure 2A, the thymidine kinase
locus (LSDV066) remains stable for 10 passages, retaining the inserted foreign gene in its
composition.
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A: analysis of clones of the recombinant Atyrau-BJ(EGFP) virus for the presence of the EGFP gene,
the structure of the LSDV066 locus; 1-3 - DNA of virus clones after the fifth passage, 4-6 - DNA of virus
clones after the tenth passage, PC - positive control (plasmid DNA). B: analysis of clones of the
recombinant Atyrau-BJ(IL18) virus for the presence of the IL18 gene, the structure of the LSDV066 locus;
1 - virus DNA after the fifth passage, 2 - virus DNA after the tenth passage, PC - positive control (plasmid
DNA)

Figure 2 — PCR analysis of recombinant viruses after 5 and 10 passages
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Expression of the inserted green fluorescent protein gene was assessed by fluorescent
microscopy. It was found that individual fluorescent cells were registered in the monolayer as early
as three hours after the cells were infected with the recombinant virus (Figure 3A). Over time,
their number increases (Figures 3B and 3C), and after 24 h, almost all cells of the infected
monolayer fluoresce (Figure 3D). In this case, the cytopathic effect of the virus can be observed
only by the end of the third - the beginning of the fourth day of cultivation.

A B C D
Figure 3 — Fluorescence microscopy of a monolayer of LT cells three (A), six (B), twelve (C) and twenty-
four hours (D) after infection with the recombinant Atyrau-BJ(EGFP) virus (100x)

Thus, we obtained the Atyrau-BJ(EGFP) acceptor virus, which we further used to insert the
target gene using the “green to colorless” strategy. We used the mRNA sequence encoding bovine
interleukin-18 as the target gene.

A monolayer of LT cells was infected with the Atyrau-BJ(EGFP) acceptor virus and
transfected with the integration plasmid pIN-LSDV066-1L18. The cell lysate after transfection was
cloned by the plaque method under a layer of agarose. The plaques were analyzed by light and
fluorescent microscopy (Figure 4).

A

A - light microscopy, B - simultaneous fluorescent and light microscopy

Figure 4 — Microscopy of plaques formed in cell culture of lamb testicles by recombinant Lumpy skin
disease viruses

Non-fluorescent plaques were expanded and analyzed by PCR. To completely remove the
acceptor virus, the resulting viral clones were re-cloned. As a result, an Atyrau-BJ(bIL18) virus
clone expressing bovine interlekin-18 was obtained. During 10 consecutive passages, the virus
remained genetically stable (Figure 2B). This was also evidenced by the expression of interleukin-
18, confirmed by Western blot (Figure 5). Thus, using the "green to colorless™ strategy, the
selection of recombinant viruses became possible in two rounds of cloning.
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1 - bacterially expressed interleukin 18 (positive control), 2, 4 - uninfected LT cells, 3 - cells infected
with Atyrau-BJ(1L18) virus, after the fifth passage, 5 - cells infected with Atyrau-BJ(1L18) virus, after tenth
passage

Figure 5 — Immunodetection of interleukin 18 expressed by the recombinant Lumpy skin disease
virus Atyrau-BJ(1L18)

Similar strategies have been used in the production of recombinant vaccinia viruses. Di Lillo
et al. [26] developed a method for obtaining modified vaccinia virus recombinants by combining
transient selection for host range (based on the restoration of the deleted vaccinia K1L gene in
MVA) with differential expression of fluorescent proteins. In this case, two types of cell cultures
RK13 and BHK-21 are used. The three types of viruses involved (red parent, green intermediate,
and colorless final recombinant) are visualized using fluorescence microscopy, allowing efficient
and rapid isolation of recombinant viruses. Later, the authors modified the purification method
using flow cytometry for cell sorting [27]. Barbieri et al. [28] used this approach to obtain multiple
inserts into the vaccinia virus genome.

Conclusion

The development of vector vaccines for the prevention of infectious diseases in animals and
humans is a promising direction in vaccinology. Lumpy skin disease virus, like other members of
the Capripoxvirus genus, has a limited host range and is not pathogenic to humans, which makes
them unique vectors. Despite the ease of insertion of foreign sequences into the genome of
poxviruses, the problem of selection of recombinants remains relevant. The development of an
acceptor virus expressing a fluorescent marker protein and its use in recombination under
conditions of temporary dominant selection for resistance to mycophenolic acid made it possible
to significantly reduce the number of cloning rounds in the selection of recombinants.

Thus, in order to increase the efficiency of selection of recombinant viruses, a “green to
colorless” strategy was developed. This strategy is based on the replacement of the green
fluorescent protein marker gene with the target gene.
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AHHOTANUA

Poct Hacesnenuss Mupa U mpoOiieMa HEXBATKH IMPOJOBOJBCTBHS M KOPMOB TPEOYIOT pPa3BUTHS
TEXHOJIOTHH B 00JaCTH MHIIEBOW MPOMBIIUICHHOCTH W  KOPMOIPOHU3BOJACTBA, MMOBBIIIAIOIINX
9 PEKTUBHOCT  HUCIOJB30BAHUS  BTOPHUYHBIX  BO30OHOBISIEMBIX  PECYpcoOB, a  HMEHHO
[EJUTFOI030COICPIKAIIIMX  OTXOOB CEIBCKOTO XO3SICTBA U MepepabaThIBAIONICH MPOMBIIUICHHOCTH.
KynbTuBHpOBaHHE BBHICHIMX TPUOOB [UIsS MOJYYCHHUS MHIIEBOIO M KOPMOBOIO Oejka W OHOJOTHYECKU
AKTHBHBIX COCIMHEHHI SBIISICTCS HaKnOOJIee palliOHAIBHBIM CIIOCOOOM MepepabOTKU JIMTHOIEIUTIONIO3HBIX
OTXOJIOB PACTCHHUEBOCTBA. MCNOIh30BaHHE TUIOMOBBIX TEN BBICIIUX MPHOOB CTOCOOHO B 3HAYUTEILHOMN
Mepe COKPAaTUTh MOTPEOHOCTh B MPOMU3BOICTBE MsCA M 00ECIIEYNTh HACEIEHHE BBICOKOKAYECTBEHHBIM U
[IEHHBIM TTPOAYKTOM TuTanus. OJHAKO MPHUCYTCTBHE B LEJUIFOIO30COMEPIKAIIEM CHIPhE Pa3HOOOPa3HBIX
IUICCHEBBIX TPUOOB TOPMO3HWT Pa3BUTHE BBICHIMX TpUOOB, TpeOyeT SHEPrOEMKON IMpeBapUTEILHON
MIOJITOTOBKH CyOCTpara M CAEPXKHBAET Pa3BUTHE MaHHOW OTpaciu. VICIonb30BaHHE MHKPOOPTaHHU3MOB,
00TagaroNMX MEUTIONOINTHYECKON aKTHBHOCTRIO M aHTAarOHW3MOM B OTHOIIEHHH IUIECHEBBIX TPHOOB,
SIBJISICTCS TIEPCIICKTUBHBIM PEIIeHHEM Mpo0ieMbl. B 1aHHOM HcciiefoBaHuu ObLIO BBIIEIECHO 49 H30JITOB
EJUTIOJIOIMTHYCCKUX OaKTEepUil U3 MIICHUYHON, OBCSHON M SYMEHHOW COJIOMBI, a TAKKe Pa3pylICHHON
npeBecuHbl. [TokazaHa HanOobIast 3 GEKTHBHOCTE BBIACICHHS HEUTIONOIUTHYSCKIX MUKPOOPTaHI3MOB
U3 JUIMTEIBHO XPAHSAIIUXCS OOpas3IoB MIIEHUYHOW COooMbl. Cpeld H30JSTOB C HamboJee BBHICOKON
[EJUTIOJIOJIMTHYECKON  aKTMBHOCTPIO W KOJUIEKIIHOHHBIX ~ KYJIBTYp MHKPOOPTaHH3MOB OTOOPaHbBI
AQHTAarOHUCTBI BBIZEJICHHBIX PaHEE W3 COJIOMBI MHKPOMHIIETOB, OTHOCSIIMXCS K pomam Penicillium,
Aspergillus, Fusarium. Takxke ompefeieHa aHTArOHUCTHYECKAas  AKTHBHOCTH  BBIACIIEHHBIX
MHKPOOPTaHU3MOB K OJIHOMY M3 OCHOBHBIX BO30yIMTENeH 3€JIeHOH TUIeceHH BhIcImX rpubos Trichoderma
longibrachiatum. Oto6pato 8 u30TOB ¢ HarbosIee BHIPAKEHHON HEITIOIOIUTHIECKON aKTHBHOCTBIO H
AQHTarOHU3MOM B OTHOIICHUH MHKPOMHMIIETOB - 3aCOPHUTENIEH BTOPHYUHOTO TEJUTIO030COAEPIKAIIETO CHIPhSI.
OtobpaHHbIe MHKPOOPTaHU3MbI OYIyT HCIIOJIb30BaHBI B MalbHEMIICH paboTe mo pa3paboTke crocoda
KOMIUIEKCHOTO HMCIIOJIb30BaHMS JIMTHOICIUTIOIO3HBIX OTXOI0B B KYJIbTHBUPOBAHUH BBICIIHX TPHOOB IS
MHUIIEBOH TPOMBIIIIEHHOCTH, CEBCKOTO X03IHCTBA, METUIIMHBI U (DapMaIleBTHKH.

KioueBblie ¢10Ba: [E/UTIOIOIUTHYECKHEC OAKTEPUH, AHTATOHK3M, TPOTHBOTPUOKOBAsT AKTUBHOCTD,
IEJUTIOJI030COAEPKAIIME OTXO/IbI PACTEHHEBO/ICTBA, IICCHEBBIC TPHOBI.

HexBaTka npo/10BOJILCTBUS B CBSI3U C POCTOM HAceJICHUS MJIaHEeThl — aKTyallbHast TpodiieMa,
KOTOpasi CTAaHOBHUTCS Bce Oojiee BBIPAXKEHHOH co BpemeHeM. Pacrymiee HaceneHue 3emid
03HA4aeT, 4YTo Bce OoJbIe Moaei HyxnarTcs B ene. CormacHo otueram OOH, nHacenenue 3emiu
npeBbiciiio 8,02 muwuidapaa udenoBek u gocturuer k 2050 romy 9,7 mMuumapnoB, mpuueM
OoJibIiasi YacTh pocTa OyJIeT MPUXOIUTHCI Ha MEHEE pa3BUThIC cTpaHbl [1]. DTo 03Ha4aer, 4TO
NOTPEOHOCTH B IPOJOBOIBCTBHH MPOAOKUT PACTH, U B HEKOTOPBIX PETHOHAX YK€ CYIIECTBYET
nedunuT npoaykToB nutaHus. C Ipyrod CTOpOHBI, HEXBAaTKa MPOJOBOJICTBUS MOXKET OBITh
BbI3BaHa psIoM (AKTOPOB, TAKUX KaK HM3MEHEHUE KJIMMAaTa, YyXYyIIICHHE IOYBBI, YOBLIb
MPUPOJHBIX PECYPCOB, HApACTAIOLIME 3aTPaThl HA IPOU3BOJICTBO U PACIPOCTPAHEHUE MPOAYKTOB
MUTaHUS, & TAKKE OrPAHUYECHHBbIE BO3MOXHOCTH JIJISl Pa3BUTHS KUBOTHOBOJICTBA U CEIBCKOIO
XO0341CTBA.
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Pemenne mpoOneMbl HEXBATKU MPOJOBOJBCTBHS MOXKET OBITh JIOCTHTHYTO Yepe3
yIydlIeHUE TEXHOJIOT U )KUBOTHOBOCTBA U CEJIbCKOT0 X035ICTBA ¥ MOBBIIIEHHE (P PEeKTUBHOCTH
UCIIOJIb30BAaHUSI BTOPUUYHBIX pecypcoB. BakHyi0 posib 3/1€Ch UTpaAIOT pa3BUTHE MHHOBAIUN U
HAyYHBIX UCCJIEJOBAHHM, KOTOPbIE MOTYT TOMOYb YBEIUYUTH IPOU3BOJUTENLHOCTD U YITYYIIUTh
KaueCTBO MPOAYKTOB MuTaHUs. Vcmonb3oBaHWEe Oelka BBICIINX TPUOOB SIBISETCS XOPOIIEH
aJbTEPHATUBOM MOBBIIICHUIO MPOAYKIIUK Msca [2]. B HacTosIiiee BpeMs MpOr3BOJCTBO BBICIIUX
rpuOOB CYUTACTCS OJJHUM U3 HauboJee pa3yMHBIX PEIICHUH, KOTOPhIE MOTYT yIyUYIIHTh KA4ECTBO
YKU3HU YesioBeka. B TeueHne MHOTMX BEKOB IPUObI HCIIOIBH30BAIMCH B MUILIEBOM, METUITUHCKON 1
KOCMETUYECKOW MPOMBIIUIEHHOCTH, @ TAKXKE B HAPOJAHOW MEIUIMHE IS JICUCHUS Pa3IUYHBIX
3a0oneBaHuil. boraTcTBO mNHUTAaTeNbHBIMU BEIIECTBAMU U OHOJIOTUYECKH AKTHUBHBIMU
COCIMHEHUSIMU JIETIAeT BBICIIME TPHUObI I[IEHHBIM HMCTOYHMKOM TMHUIIEBOW W MEIMIIMHCKOU
nponykuuu [3,4]. OTpaboTaHHbIi TPUOHOM CYOCTpaT, COAEPKAIINI MUTIETHH U OTXO/IbI BBICIIIHX
IpuOOB MOXKET OBITh LIEHHOW KOPMOBOW 100ABKOH /Js1 >KMBOTHOBOJCTBa Ojarojaps CBOEi
MUIIEBON W OMOJIOTHYECKOM IeHHOCTH [5-7]. Bomee Toro, mpous3BOACTBO TpUOOB MOXKET OBITH
IKOJIOTMYECKH 0€30macHbIM M 3(PQPEKTUBHBIM C TOYKH 3PEHHSI HCIIOJIB30BAHUS 3EMENbHBIX
pecypcoB. BrelpammuBaHue TpuUOOB MOXKET OCYILECTBISATHCS HA  LIMPOKOM  CIEKTpe
JUTHOIICILTIONO3HBIX OTXOJIOB CEIbCKOTO XO03SHUCTBA [8], YTO MOKET CIIOCOOCTBOBATH CHIKEHUIO
KOJIMYECTBA OTXO/I0B U YMEHBIICHUIO HETaTUBHOT'O BIUSHUS Ha OKPYXKAIOUIyI0 cpeny. B nenowm,
MIPOU3BOJICTBO BBICIINX T'PUOOB SBISIETCS MEPCIIEKTUBHBIM HAMPABICHUEM Pa3BUTHs HE TOJBKO
CEJIbCKOTO XO34MCTBA, HO U MEIUIMHBI, TUIIEBON U KOCMETHYECKON MPOMBIIIIIEHHOCTH, a TaKKe
HKOJIOTHUHU.

st obGecriedeHnss yCTOMYUBOTO POCTa BBICIIUX T'pUOOB HEOOXOIMMa COOTBETCTBYIOIIAS
MPEIOATOTOBKA CyOCTpara, HallpaBJICHHAs Ha MOJABIIEHUE POCTa 3aCOPSIOIINX MUKPOMHIIETOB
[8,9]. OnarM u3 HambOoJee MEPCIEKTUBHBIX PEIICHUN 3TOW MPOOJIEMBI SBISIETCS NMPUMECHCHHE
MUKPOOPTaHU3MOB, MPOSBIISIONINX OJHOBPEMEHHO LEIUTIOIOIUTUYECKYIO U AHTAarOHUCTUYECKYIO
aKTUBHOCTh. Hamuume y Takux MUKPOOPTraHU3MOB LEJUIIOJOIUTUYECKON aKTUBHOCTH Oyner
CrocoOCTBOBATh TMPENANOATOTOBKE cyOcTpaTa M KyJbTUBUPOBAHMS BBICIIMX TpuOOB, a
AQHTaroHW3M B OTHOLICHUHM 3aCOpPSIOMIMX M KOHKYPUPYIOIIUX MHUKPOMHIIETOB OOECHEeUUT
KOHTPOJIMPYEMOCTh Tpollecca KyJIbTUBUPOBaHUA. Llenblo NaHHOTO WCCIeIO0BaHUs OBLIO
BbIJIEJICHHE LIEJUTIOJIOIUTUYECKUX OaKTepHil U3 MPUPOAHBIX CYOCTPATOB U MOTYYEHHE U30JISTOB C
BBICOKOM IIEJUTIOJIA3HOM M aHTAarOHUCTUUECKOM aKTUBHOCTBIO JJISL JaJbHENUIIIETO UCIIOJIL30BAHUS B
Ipolecce KyJIbTUBUPOBAHUS BBICIIUX TPUOOB.

Marepuaibl M1 METOABI HCCJICAOBAHUSA

Jnis BBIACTICHUS EIUTIOJIOIMTHYECKUX OaKTepHil HMCMONb30BAIMCH COJIOMa 3JIAKOBBIX
KYJBTYp TakKMX KakK SYMEHb, OBEC M IIIICHHIA, a TAKXE IPEBECHHA, pa3pylICHHAas >KyKaMH-
npeBotouniaMu. CO0p LEUTI0I030CoIePHKAIUX PACTUTEIBHBIX OCTaTKOB IPOBOIMIIN CTEPUIIBHBIM
NUHIETOM M NOMEIIAJIM B CTepUbHYIO Tapy. Llemmononuruyeckue OakTepuu BBIAEISUIM Ha
3JIEKTUBHOW TUIOTHOM murtaTensHOU cpene I'erunHcona ¢ Na-kapOokcumeTuiienirono3oi (Na-
KMII) B xavyecTBe €IMHCTBEHHOTO MCTOYHMKA yriepoja u sHepruu. [l momaBieHus pocta
I'pUOKOBBIX MUKPOOPTaHU3MOB B CpeAy J00aBIsUIM aHTUOMOTUK HUCTATUH. [ BbIIENeHus Ha
arapu30BaHHOM Cpelie MEJIKOHAPE3EHHBIE KyCOYKM COJIOMBI pacKiaablBaau Ha yamku lletpum ¢
NUTATEIBHON Ccpefol M KynbTHpoBasM B Tepmocrate npu 37°C B TeueHue 3 cytok. Jlus
IIOJIyYEHUSI HAKOIUTENBHBIX KYJIbTYP UCIOJIb30BAIH XKHUAKYIO cpeny ['eT4nHCOHa ¢ MIIEHUYHOU
cojoMoii, uHKyOupoBanu 14 cyrok mpu Temmeparype 37°C. BeineneHue YHCTBIX KYJIbTYp
LEJUTFOJIONINTUYECKUX OaKkTepuil MPOBOAMIN IyTEM BBICEBA M3 IIOCIECIOBATEIbHBIX Pa3BEICHUN
HAKOIUTEJIbHBIX KYJIbTYp Ha arapu30BaHHYIO MUTATEIbHYIO cpeay I eTunHCcOHa ¢ qo0aBieHHEM
Na-KMII. YucToTy BBIACICHHBIX KYJIbTYP MHKPOOPTAaHMU3MOB MPOBEPSUIM BH3YAJIbHO U IyTEM
MUKPOCKOIIPOBAHHSI.

Jlnis onpeneneHust NEeUTIOI0IUTUYECKOW aKTUBHOCTH KOJIOHUHM OaKTepUH KyJIbTHBHUPOBAIU
Ha Okuakod cpene I'erunmHcona ¢ QuibTpoBanbHOM Oymaroil. 3acesHHBIE NPOOHPKU
nHkyoupoBasim B Tepmocrare mpu 30°C mo 40 cyrok. CrTeneHb pa3IoKEHHS IEIUTIOIO03BI
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OMpCACIIAITIN BU3YAJIbHO B MPOLCHTAX U BbIPpAXKAJIN CUMBOJIMYCCKU B COOTBECTCTBUU C Ta6JII/ILIeI>'I 1.

Tabmuua 1 — YpoBeHb LEIUTIOIONUTHYECKON aKTUBHOCTH 1EIJUTIOI030pa3pyIIAIOMINX OaKTepHid

Hemnnromno- CreneHp paziaoKeHus
JIUTHYECKas O06o3HaueHue GUIBTPOBATILHOM
Onucanue
AKTUBHOCTD Oymaru, %
Pacnanenue ¢punbTpoBaibHOM Oymaru Ha
Bricokast +++ 50-70 MEJIKHE KyCOUKH, 00pa3oBaHue TyCTOR
MYTH.
3HaYNUTEIEHOE PA3I0KEHHUE C
Cpennsas ++ 30-40 COXpaHEHUEM ILIETIOCTHOCTU YacTH
Oymaru.
CraGas + 10-20 OO6pa3oBaHue MYyTH, PA3IOKEHUE JaCTH
Oymaru.
Ouensb cnabas + <10 OO6pa3zoBaHue MyTH.

Jlyist onipeienieHusl aHTarOHUCTUYECKOW aKTUBHOCTHA OTOOPaHHBIX M30JISITOB MCIIOIH30BAIN
3acopsrorire MuKpoMuIieTsl pogos Penicillium sp. ITur 2-2, Aspergillus niger ITur 1-1 u Fusarium
Sp. Su-1, BeIAENIEHHBIC U3 PA3TUYHBIX BUIOB COJIOMEI, @ TAKXKE JIBA IITaMMa BO30YTUTEINS 3€JICHON
wieceHn uLIAno4YHbix rpubos Trichoderma longibrachiatum V u T. longibrachiatum VG,
W30JIMPOBAaHHBIE PaHEE U3 BEIICHKH W HEWJACHTU(UIIMPOBAHHOTO IUIACTUHYATOTO Tpuba [9].
Onpenensyii aHTarOHUCTHYECKYI0 aKTUBHOCTh KaK y HOBBIX H3OJISTOB LEUTIOJOIUTUYECKUX
OakTepuii, TaK U y MUKPOOPTaHW3MOB M3 KOJUIJICKIMHM AHTArOHHUCTOB JTA0OPATOpPHH MUIIEBOU
MHUKPOOHOJIOTHH.

OnpeneneHne aHTarOHUCTHMYECKONM AaKTUBHOCTH acCOLMALUN  MPOBOAUIM  METOAO0M
nuddy3un B arap W COBMECTHOTO KyJabTHBHpOBaHMs Ha damke [lerpu. s razona rpuba
UCTIONB30BAIM TMUTATENbHYIO cpeny Yameka 7. MunenuanbHble TpuOBl TpPEIBApUTEIBHO
KyJbTHUBHUPOBAJIU B )XKUAKOU cpene Yamneka 7 Ha Kycouke xjionkoBoi BaTel pu 30°C B Teuenue 7
cyTok. [ToceB TecTOBBIX TpUOOB AJIsl MOJIYUYCHHUS ra30HA MPOU3BOAMIN HA TIOBEPXHOCTH YAIIKU
ITerpu. /lanee B ra3oHe rOTOBUJIM JYHKU auamMeTpoMm 10MM, B KOTOpbIE BHOCHIH KYJIbTypaJIbHbIE
KHUJIKOCTH U3y4aeMbIX IeJUTIOJIONUTHYECKUX OakTepuid. Yamku HHKyOUpOBaiIu 10 5—7 CyTOK MpH
30°C. DKcriepuMeHThI TOBTOPSUIN B 3-X MOBTOPHOCTAX. Pe3ybTaThl BeIpakaliy B BUJIE CPEAHETO
3HAUEHUS U OIIHOKH CPETHETO.

Jlns BBIABICHHMS aHTaroHM3Ma H30JATOB B OTHomieHud Tpubo T. longibrachiatum
HCIIOJIB30BAJIM TAK)KE€ METOJI COBMECTHOI'O KYJIbTHUBUPOBaHUS. B KauecTBe mUTAaTEeNbHON Cpeibl
ucnonb3oBaiau cMeck Wort Agar (cycio arap) u I'eranacona ¢ Na-KMI] (1:1). B cepenune vamku
[Terpu 3aceBanu TpuxoAepMy METOAOM IUTPUXA, a MO KpasM YalIKH Ha PACCTOSHUH 2-3 CM OT
HITpUXa TPUXOJEPMBI 3aceBalid  LIEJUTIOJIOIUTUYECKUE OaKTepUH-aHTaroHUCThl.  Yamku
KyJIbTUBHpOoBauCch pu 30°C B TeueHue 7 CyTOK.

Pe3yabTaThl U 00Cy:KIeHUE

W3 HakonmuTENbHBIX KYJIbTYP C HMCIHOJIB30BAHUEM Pa3IUYHBIX LEUIIOJIO30COAECPKALINX
CyOCTpaToOB M C MOBEPXHOCTU COJOMBI H30JMPOBAHBI IEJUTIOJIONUTHYECKUE OakTepun. Bcero
nosrydeHo 49 nu3onsatoB. M3 00pa3oB NIIIEHUYHON COJIOMBI BBIJIEICHO 17 W30JI4TOB, ¢ SUMEHHON
- 9, c oBcsiHOI — 10, ¢ pa3pylIeHHOW APEBECUHBI U BBIIETIEHUN KYKOB-IPEBOTOUILIEB - 13 U30JI4TOB.

[To sddexTuBHOCTH pa3IOKEHHUS LEIUTIONO3bI H30JIATHl C Pa3IMYHBIX HCTOYHUKOB
3HAYUTEIBHO pa3nuyaignch. VM3 17 HM307MTOB ¢ MIIEHWYHOH COJOMBI 6 0O0Najganu BBICOKOM
LEJUTIOJIOUTAYECKON aKTUBHOCTBIO, 6 — cpeaHerd. M3 9 W305TOB, BBIACIEHHBIX C SYMEHHOMN
COJIOMBI, TOJBKO 2 TPOSBHIN CPETHIOI aKTHBHOCTh, OCTaJbHBIC e cIabo M O4YeHb Clabo
pasnarany meiToio3y ¢GuiabTpoBaibHOW Oymaru (tabmumna 2). Tombko 1 u3 10 m30m4TOB C
OBCSIHOM COJIOMBI MOKa3aJl BBICOKYIO LIEJUTIOJIOJUTHYECKYI0 AKTUBHOCTb. M3 paspylieHHOMN
JPEBECHUHBI ObLIO MOJTYYeHO 3 U30JI5Ta C BHICOKOW LEUTIONOIUTHYECKON aKTUBHOCTBIO.

B nenom 20,4% n3075TOB XOPOILIO PACILEIIISIIN LEJUTI0N03Y.
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Ta6JII/ILIa 2-— HCHHIOJIOJ'II/ITI/I‘-ICCKS.H AKTUBHOCTH U30JIMPOBAHHBIX MUKPOOPTraHU3MOB

u YpoBeHb YpoBeHb
CTOYHUK . .
Wzomsr HEJUTIONOTHTUYECKON Wzonar HEJUTIONOTATUYIECKON
BRUACICHHA AKTUBHOCTH AKTUBHOCTHU
[Mmennynas I 1-1 + Mm 11 +
COJIOMa, ypoxkai I 1-2 ++ M 111 +
2020 r. I 1-3 ++
[Mmennynas I 2-1 s [T 2 ] s
COJIOMa CO clieiaMu [T 2-2 L [T 2 11 ki
Hopn It 2-3 +++ I 2 11 +++
I 2-4 +++
[MieHnvHast IMTm 3-1 +++ I 3 11 *
coJioMa, yporkai T 3-2 +++ I 3 11 ++
2015 T. T 3 | +
Sul ++ qu Il +
SamMenHas conoma a2 s A 1 =
yposxaii 2020 r. ’ A 3 * a3 | =
Sua 4 + Aa 3 11 +
Sy | +
OB 1 + OB 6 +
OgBcsiHast coaoma Os 2 s Os 7 *
yposaii 2019 1. O 3 * Os 3 *
OB 4 + OB 9 +
OB 5 + OB 10 +
JB 11 + I 31 +++
Paznuunsie s 111 + I8 31l +
o0pasisl B | + I 3111 *
pa3pyuieHHOI JB 21 + Iz Il +++
JIPEBECHHBI s 21l + B 41 +++
[z 1 + s 41l +
Brinenenus xxyka s 1 ++ KoHTposth i
JIpeBOTOYIIA

HawnGoiee BbICOKas EITIONOIMTHYECKAs aKTUBHOCTh OTMeueHa Y u30JtsitoB [ 2-2, Tl 2-
3, ITmx 2-4, ITm 2 I, ITmx 3-1 u ITmr 3-2 u3 nmeHuYHoM colIoMbl, u30iaTa OB 2 - U3 OBCSIHOU
cosiomsl, /1B 3 1, /I 11l u /1B 4 | - u3 pa3pymienHoit npeBecusbl. V3075 ThI ¢ SYIMEHHOW U OBCSHOU
COJIOMBI XapaKTEePU30BAIUCH HamOoJiee cnabod IEJUTIONOIUTHYECKON AaKTUBHOCTBIO, a C
MIIEHUYHOM — CaMOW BBICOKOW. YKa3aHHbIE pa3iuyusg B aKTUBHOCTU M30JATOB, IO BCEH
BUJIUMOCTH, CBSI3aHBI HE C Pa3HBIM COCTABOM MIIIEHUYHON U SIAMEHHOM COJIOMBI, a C OTOOPOM st
UCCJIEIOBAaHMSI HECKOJBKUX OO0pa3lloB MIIEHUYHOW COJIOMBI, YacTh U3 KOTOPBIX XpaHWJIACh
JUTUTETILHOE BpPEMs, YTO IO3BOJHIIO IEJUTIOJIOIUTHYECKUM OaKTepusiM Pa3BUTHCS B JIaHHBIX
obpasmax. Tak, naHHbple, MpeACTaBICHHBIC B TaOIUIlE 2, TTOKA3BIBAIOT, YTO BCE 7 M3OJIATOB W3
o0pa3iia MIICHUIIBI CO CIIeIaMU TOPYH MPOSIBUIIH BHICOKYIO HIIA CPEIHIONO IEIUTIOIOIUTHYECKYIO
aKTHBHOCTb. /[Ba M3 MATH U30JIATOB ¢ COJIOMBI yporkast 2015 r o0aganu BEICOKOH CIIOCOOHOCTHIO
K Ppa3lIOKeHHUIO TEJUTION03bl, a B oOpasme comombl 2020 roma cOopa HE BBISBICHBI
MUKpPOOPTaHU3MbI C BBICOKOHM ILIEJUTIOJIONUTUYECKON aKTUBHOCTBIO. 3075 Thl BRICOKOAKTUBHBIX
LEJUTIOJIONIMTHUECKUX OaKTepuil U3 pa3pyLICHHOM APEBECHHBbI Takke ObLIM MOJY4eHBI ¢ Ooiee
CTapbIx 00pa3IoB JIPEBECHUHBI C BHICOKOM CTEMEHBIO pa3pymieHus. V30T U3 BBIACICHUN KyKa
JIPEBOTOYIIA TPOSBUI CPEAHUN YPOBEHb aKTUBHOCTH.

B pesynbTaTe mpoBeneHHOTO UCCIeA0BaHUS 0TOOPaHO 19 M30ATOB IEUTIOIOMUTHIECCKUX
OaKkTepuii C BBICOKOW W CpeJHEH LEeUTIOJIOIMTUYECKOH aKTUBHOCTHIO: 12 - u3 00pasios
MIIEHUYHOU COJIOMBI, 2 - U3 STYUMEHHOM, | - U3 OBCSIHOM COJIOMBI U 4 - U3 pa3pylIeHHON IPEBECUHBI.
JlanHbIe W30JATHI OBLIM MPOBEPEHBI Ha CIIOCOOHOCTh K TOJABICHHIO POCTa MHKPOMHIIETOB-
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3acopuTeneil KyITbTUBUPOBAHUS BBICIIUX TPHUOOB.

Pe3ynbrartel uccienoBaHuss NPOTUBOIPUOKOBOM aKTUBHOCTH OTOOPAaHHBIX H30JIATOB
HEJUTIONIONUTHYECKIX OaKTepHil M KOJUIEKITMOHHBIX OaKTepuil aHTarOHUCTOB TIOKa3aHbI B TA0JIHIIE
3. Kak BUIHO U3 MpeNCTaBICHHBIX B TaOMUIE Pe3yIbTaTOB, aHTarOHUCTHUYECKAs aKTUBHOCTH B
OTHOIICHHUH BCEX YETHIPEX TECTOBBIX MUIIEIHATBHBIX TPHOOB BhIsiBIICHA Y 10 H307159TOB, 4-X HOBBIX
1 6 KOJUIEKIIMOHHBIX. TpH 13 Y4eThIpeX TECTOB MOAABJISIIIN HOBBIX 6 M30JIATOB U | KOJIIIEKIIMOHHBIH.
Haubosee Belpas)keHHBIH aHTarOHW3M MPOSBUIIM Cpely HOBBIX M30JATOB [T 2-2, T 2-3, Il 2
I, T 3-1, T 3-2, B1 2, J1s 1, 1B 1l u [IB 4 |, cemb 13 KOTOpBIX 00J1a1aal HanboIee BBICOKOM
LEJUTIOJIOJUTUYECKON aKTUBHOCTBIO, HECMOTPS Ha TO, YTO HaJIM4YME€ LEIII0JI03bl B KIETOYHOU
CTEHKE HE XapaKTEPHO MJIsi aCKOMUIIETHBIX TpruOoB [10]. BeposTHOWM npudmHOI sBIsETCS OoJiee
MIMPOKasg  CHEHU(PHUYHOCTH  pAga  IJIMKO3WAasHeIXx  ¢epmentoB  [11], a  Taxxke
CJI0’KHOKOMITOHEHTHBIN COCTaB KJIETOYHBIX CTEHOK MUIIETUATbHBIX IPUOOB, BKIIOYAIOUINX KPOME
XUTHHA TaKKe TIUIIOKaHbl U Apyrue noaumeps! [10]. B To ke Bpems Haiuuue JIUTUYECKOU
AKTUBHOCTH HE BCETJIA SIBJISIETCSA MPU3HAKOM MPUCYTCTBUS aHTArOHUCTUYECKON aKTUBHOCTH [12].

Tabmuma 3 - [IpoTHBOrprOKOBas aKTUBHOCTh W3OJSTOB  IEIUTFOJNIONUTHYECKAX —OakTepuit U
KOJUIEKIIMOHHBIX OaKTepUI aHTarOHUCTOB

JmaMeTp 30H 3a1ep’KKU pocTa/criopoodbpazoBaHus™®, MM
No Wsomsit Penicillium | Fusarium sp. Aspergillus T. longibrachiatum

B sp. I 2-2 Su-1 niger ITm 1-1 V
1 2 3 4 5 6

1 Il 1-2 0 0 14,0*£1,0 15,0*£1,0
2 ITm 1-3 13,0*£1,0 0 0 0
3 T 2-1 0 0 23,0*+1,0 0

4 T 2-2 12,0*+0,0 0 15,0*+0,0 28,0*+1,5

* * 20,0+£3,0

5 M 2-3 22,0*+1,0 1241,0 30,0%+0,5 30.0%5.0
6 I 2-4 0 0 12,0*+1,0 0

7 M 2 | 0 0 34,0%+4,0 11,0*+1,0

N 32,08,0

8 I 2 44,0+6,5 0 41,5*+15 37.0%3.0

N 11,0+1,0

9 I 2 11 0 0 15,0*%0,0 12.5%+2 5

10 ITm 3-1 18,0+£1,0 12,0*%0,0 19,0*£1,0 23,0*+1,5
12,0+0,0 N N N

11 M 3-2 17.0%+1.0 15,0*+0,0 23,0*+3,0 30,0%+1,0
12 T 3 111 0 0 0 0

13 S 1 20,0+0,0 0 0 28,0*+1,0

14 STu2 17,0430 | 18,0+30 0 3107,60*1-101’?0
15 OB 2 0 0 0 0

16 JiB 1 25,045,0 12,0+£1,0 21,0*45,7 33,046,5
17 Js31 0 0 0 0

18 s 11 20,0£5,0 0 30,0*+2,5 29,5*+2 5

19 B4l 12,5+25 0 15,0*+1,0 35,0+10,0

20 IT" 1 cB. 0 22,0435 13,0*+1,0 18,5+1,5

21 Bacillus sp. 98 275430 | 356427 28,5¢1,5 26,0430

T T 40,0%£4,5 T
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[Ipomomxenue Tadbauupl 3

1 2 3 4 5 6

22 Bacillus coagulans 17 0 0 0 0

23 PG 1-2 30,2+4,5 27,515 35,0+3,0 25,0425
24 PG 3 11,0*+1,0 23,5+0,5 15,0+1,0 16,2+2,1
25 PG 6 20,6+0,6 22,0£1,0 10,5*+0,5 22,0+1,0
26 PG 0 20,5+1,5 11,0*+1,0 15,0+1,5
27 Bacillus sp. CB 1-2 32,0£1,0 35,3+4,7 30,5+1,2 38,0+3,5
28 BI 2 16,0+0,5 20,0+1,0 38,4+2,7 19,5+1,5

[Ipu wccaeqoBaHUM aHTaroHW3Ma B OTHOHmICHHH Trichoderma, sBiasSIOIIMXCS OCHOBHBIMH
BO30ymuTenssMu Oosie3Her rpuba BemieHka [13,14], mokasaHa HanOobIIas aHTArOHUCTHYECKAs
aKTUBHOCTh HOBBIX u30JsATOB [lmr 2-3, IIm 2 [, ITm 3-2. Cpeaum KOJIEKIMOHHBIX
MHUKPOOPTaHU3MOB BBIPDAKCHHBIA aHTaroHu3M B oTHommeHuu 1. longibrachiatum mnpossuim
Bacillus sp CB 1-2, Bacillus sp. 98, u uzomnsrei Bl 2, PG 1-2 u PG 6. Biausiare nu301upoBaHHBIX U
KOJUIGKIIMOHHBIX OakTepuit Ha poct T. longibrachiatum npu coBMecTHOM KynbTHBHPOBaHHHU Ha
oaHoil yamke Ilerpu npencrasieHo Ha pucyHke 1. [TonmydeHHbIE pe3ynbTaThl JEMOHCTPUPYIOT
3aBUCHMOCTh TIOJIYYCHHBIX pe3yJIbTaTOB MO YPOBHIO AHTAarOHUCTHYECKOW aKTUBHOCTH
MHUKPOOPTaHU3MOB OT TPUMEHSIEMOT0 METOJa WCCICAOBaHUs. Tak, TPH COBMECTHOM
KynbTuBupoBaHuu n3onatel PG 3, Bl 2 u JIB 4 | He mposIBIsUIM aHTaroHW3Ma B OTHOIICHUU T.
longibrachiatum V, xots mpu wcciaeqoBaHUU BIAMSHHAS METOIOM OTCPOYEHHOTO aHTaroHW3Ma
OBLTH MOJTyYEHBI TIOJIOXKUTEIbHBIC PE3YJIbTATHI

Pucynok 1 — ITpoTrBOrprHOKOBast aKTHBHOCTb IEJUTFOJIOIUTHICCKAX OAKTEPHI B OTHOIICHUN
T. longibrachiatum V (cBepxy) u T. longibrachiatum VG (cuu3y)
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3akiiloueHue

[To pe3ynbraTaMm MpPOBEIECHHBIX HCCIEIOBAaHHNA OTOOpaHO 3 M30J5Ta BHOBH BBIICICHHBIX
HEJUTIONIONUTUYECKUX OaKTepuil M 5 M30IATOB U3 KoJuleKmuu. OTOOpaHHBIE MUKPOOPTAHU3MBI
00TaJaf0T Kak BBIPAKCHHOW IEJUTIONIONUTHYECKON aKTHBHOCTHIO, TaK W aHTarOHW3MOM B
OTHONICHUH HAanboJIee PacIpOCTPAHEHHBIX B IEJUTIOI030COACPIKAIINX OTX0/IaX PACTCHHUEBOICTBA
TJIeCHEBBIX TpruOOB. JlanpHeinmas padota OyneT HalelneHa Ha UCCIIeJOBaHNE B3aUMOOTHOIIICHUH
O0TOOpaHHBIX MMKpPOOPTaHM3MOB C BBICIIMM T'pUOOM BelICHKa OOBIKHOBEHHAas W MOAOOpOM
MHUKPOOPTaHU3MOB ~ CITyTHUKOB  JUIS  TPEIBAPUTEILHOW  MOArOTOBKH  CyOcTpara TIpu
KynbTuBHpOBaHUM rpuba. [lomydeHHbIE TaHHBIE BHECYT BKJIAJ B Pa3pabOTKy KOMIUIEKCHOTO
MeTola MepepaboTKU IEJUTF0JIO30COIePKAIINX OTXOJ0B PACTEHUEBOJCTBA C HCIIOJIL30BAaHHEM
BBICIIIUX TPHOOB.
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KYPAMBIHJIA HEJIJIFOJIO3A BAP CYBCTPATTAPJAH JIACTAYIIBI
MHUKPOMULETTEPT'E KAPCbBI HEJJIIOJIOJIUTUKAJIBIK BAKTEPUAJIAP MEH
AHTAT'OHUCTEPII OKIIIAYJIAY )KOHE TAHIAY

Tyiiin

OJemze XallblK CaHBIHBIH 6CYyl MoHE a3bIK-TYJIIK IeH KeMIIeIl TaIIIBUIBIFEI Macesieci KaiiTamama
JKAHAPTBUIATBIH PecypcTap/bl, atan aWTKaH/a, KYpaMbIHIa HEIUTI0N03a 0ap ayblul MapyanibUIbIFbl MEH
KaliTa eHJICY OHEPKICIOIHIH KalIbIKTAphIH MailalaHy THIMIUITIH apTTHIPAThIH TaMaK ©HEpKaCcidli MeH
JKEMIIION OHJIPICI CalachIHIAFbl TEXHOJOTHSIIAP/bI JAMBITYABI Tajam eTe/li. TaraMJIbIK XKOHE SKeMIIeI
aKybI3apbl MEH OMOJIOTHSIIBIK OCIICeH/TI KOCBUIBICTAP YIIIiH KOFaphI CaThIIaFbl CAaHBIPAYKYIIAKTAPIBI 6CIpy
OCIMJIIK IapyallbUTBLIFBIHBIH JTUTHOIEIUTION03a KAJIBIKTAPBIH OHJEYIH ©H YTBIMABI 9Jici OOMbBII
Tabbutaabl. JKorapsl caThlAarbl CaHBIPAYKYJIaKTapAbIH )KEMICT1 JICHeNepiH naiganany eT eHAipiciHe AereH
KOKETTUIIKTI alTapibIKTail TOMEHIETII, XaJbIKThI )KOFaphl Camajbl KoHEe Oaraiibl a3bIK-TYJIK ©HIMIMEH
KaMTaMachl3 eTefli. bipak KypaMbiHIa 1eUT0n03a 0ap MIMKi3aTTa opTYpJii 3¢H CaHbIPAyKYJIaKTaPhIHBIH
0OMYBI JKOFaphl CaThIAAFbl CAHBIPAYKYJIAKTAP/IBIH JAMYBIH TEXKEH i, CyOCTpaTThl SHEPTHSHBI KO KaKeT
€TeTIH aj/IbIH aja JadbIHAayJbl KaKET eTeil jKoHe OyJI CaylaHblH JaMyblHa Kelepri Kenrtipeai. 3eH
CaHbIpayKYJIaKTapblHA KapChl LEJUTIOJOIUTHKANIBIK OCJCEeHAUIri 0ap JKOHE aHTaroHu3Mi Oap
MHUKPOOPraHM3MICPAl KOJNJaHy MOCeNeHIH MepCHeKTUBaIbl mienriMi Oombin TaObmianel. byn 3eprreyne
Ommaii, CyJTBI J)KOHE apria cabaHbIHAH, COHAAN-aK OY3bUTFaH aFallTaH EeJUTFOJIOMTHKAIBIK OaKTepUsIap IbIH
49 u30J1AThI O6JTIHIIT aJIBIHBL. brumali cabaHBIHBIH Y3aK YAaKbIT CAKTaJIFaH YITUICPIHEH HEeJUTFOJIOINTHKABIK
MHUKPOOpraHu3MIepAl Oemin amyablH eH >KOoraphl TUIMILTIT KepceTiai. EH xKoFapbl HEeUTIOIOIUTUKAIBIK
OelceHIUTIKKEe e M30JATTAPIABIH KOHE MHKPOOPTaHU3MIIEP/IiH KOJUICKIMSIIBIK JaKbUIIAPBIHBIH 1ITiHEH
Penicillium, Aspergillus, Fusarium TyKpIMIacTapbiHa jKaTaThlH cabaHHAH OypbIH OOIIHIN aJbIHFAH
MUKPOMHULIETTEPAIH ~ aHTarOHUCTEpl TaHAaIAbl. besiHreH Mukpoopranmsmuepiain Trichoderma
longibrachiatum >xorapbl caHBIpayKYJIAaKTapBIHBIH KAaChUI 3€HIHIH HETi3Ti KO3IBIPFHIITAPBIHBIH OipiHe
AHTArOHMCTIK OEJICCHILIIr Je aHbIKTAIAbl. KypambIHaa eKiHINI peTTi HEeUIojo3a 0ap NIMKI3aTThIH
MHUKPOMHIIETTED apaMIlenTepiHe Kapchl HEFYPJIbIM alKbIH LEIUTFOJIONUTUKANBIK OeICeHAIIIr JKoHe
aHTaroHusmi Oap 8 wu3omAT TaHgANABL. TaHJAFaH MUKPOOPraHU3MIEP TaraM ©HEepPKACiOi, aybil
HIAPYaIIbUIBIFBI, METUIIMHA XOHE ()apMaleBTHKA YIIiH YKOFaphl CaThIIaFbl CaHBIPAYKYJIaKTap bl ocipy/ie
JIUTHOIICJUTIOJIO3 Bl KAJJIBIKTApAbl KEIIeH Al MaijanaHy 9MiCiH a3ipiiey OOWBIHINA OJaH opi KYMBICTA
naianaHbpUTaThIH 0OJa b

KinTTi ce3mep: UCIUTIONONUTUKANBIK OaKTepusuiap, aHTArOHH3M, CaHBIPAYKYJIaKKa Kapchl
OenceHIiiK, KypaMbIHa EJIT0NI03a 0ap eCiMIiK KalabIKTaphl, 3¢H CaHbIPayKYIaKTaphl.
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Abstract

The growth of the world's population and the problem of food and feed shortages require the
development of technologies in the field of food and feed production, which increase the efficiency of the
use of secondary renewable resources, namely cellulose-containing waste from agriculture and the
processing industry. The cultivation of mushrooms to obtain food and feed protein and biologically active
compounds is the most rational way to process lignocellulosic crop waste. The use of mushroom fruiting
bodies can significantly reduce the need for meat production and provide the population with a high-quality
and valuable food product. However, the presence of various mold fungi in cellulose-containing raw
materials inhibits the development of higher fungi, requires energy-intensive preliminary preparation of the
substrate, and hinders the development of this industry. The use of microorganisms with cellulolytic activity
and antagonism against molds is a promising solution to the problem. In this study, 49 isolates of cellulolytic
bacteria were isolated from wheat, oat and barley straw, as well as degraded wood. The highest efficiency
of isolation of cellulolytic microorganisms from long-term stored samples of wheat straw has been shown.
Among isolates with the highest cellulolytic activity and collection cultures of microorganisms, antagonists
of micromycetes previously isolated from straw belonging to the genera Penicillium, Aspergillus, and
Fusarium were selected. The antagonistic activity of the isolated microorganisms to one of the main
mushroom pathogens Trichoderma longibrachiatum was also determined. Eight isolates with the most
pronounced cellulolytic activity and antagonism against micromycetes spoiling secondary cellulose-
containing raw materials were selected. The selected microorganisms will be used in further work on the
development of a method for the integrated use of lignocellulosic waste in the cultivation of higher fungi
for the food industry, agriculture, medicine and pharmaceuticals.

Keywords: cellulolytic bacteria, antagonism, antifungal activity, cellulose-containing crop waste,
mold fungi.

The lack of food due to the growth of the world's population is an urgent problem that is
becoming more pronounced over time. The growing population of the Earth means that more and
more people need food. According to UN reports, the world's population has exceeded 8.02 billion
people and will reach 9.7 billion by 2050, with most of the growth coming from less developed
countries [1]. This means that the need for food will continue to grow, and there are already food
shortages in some regions. On the other hand, food shortages can be caused by a number of factors,
such as climate change, soil degradation, depletion of natural resources, rising costs of food
production and distribution, and limited opportunities for livestock and agriculture development.

The solution to the problem of food shortage can be achieved through the improvement of
livestock and agricultural technologies and the efficiency of the use of secondary resources. An
important role here is played by the development of innovations and scientific research, which can
help increase productivity and improve the quality of food. The use of protein from higher fungi
Is a good alternative to increasing meat production [2]. At present, the production of mushrooms
is considered one of the most intelligent solutions that can improve the quality of human life. For
centuries, mushrooms have been used in the food, medical and cosmetic industries, as well as in

89



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X No2 (41) 2023  www. imv-journal.kz

folk medicine to treat various diseases. The richness in nutrients and biologically active
compounds makes mushrooms a valuable source of food and medical products [3,4]. The spent
mushroom substrate containing mycelium and waste of mushrooms can be a valuable feed additive
for animal husbandry due to its nutritional and biological value [5-7]. Moreover, mushroom
production can be environmentally friendly and efficient in terms of land use. Mushroom
cultivation can be carried out on a wide range of lignocellulosic agricultural waste [8], which can
help reduce the amount of waste and the negative impact on the environment. In general,
mushroom production is a promising direction for the development of not only agriculture, but
also medicine, food and cosmetic industries, as well as ecology.

To ensure the stable growth of mushrooms, appropriate pretreatment of the substrate is
required, aimed at suppressing the growth of contaminating micromycetes [8, 9]. One of the most
promising solutions to this problem is the use of microorganisms that exhibit both cellulolytic and
antagonistic activity. The presence of cellulolytic activity in such microorganisms will contribute
to the pretreatment of the substrate for the cultivation of higher fungi, and the antagonism against
contaminating and competing micromycetes will ensure the controllability of the cultivation
process. The aim of this study was to isolate cellulolytic bacteria from natural substrates and obtain
isolates with high cellulase and antagonistic activity for further use in the cultivation of higher
fungi.

Materials and methods of research

For the isolation of cellulolytic bacteria, straw of cereal crops such as barley, oats and wheat,
as well as wood destroyed by carpenter beetles, were used. The collection of cellulose-containing
plant residues was carried out with sterile tweezers and placed in a sterile container. Cellulolytic
bacteria were isolated on Getchinson's elective dense nutrient medium with Na-
carboxymethylcellulose (Na-CMC) as the sole source of carbon and energy. To suppress the
growth of fungal microorganisms, the antibiotic nystatin was added to the medium. For isolation
on an agar medium, finely chopped pieces of straw were laid out on plates with a nutrient medium
and cultivated in a thermostat at 37°C for 3 days. To obtain enrichment cultures, Getchinson's
liquid medium with wheat straw was used and incubated for 14 days at a temperature of 37°C.
Isolation of pure cultures of cellulolytic bacteria was carried out by seeding from serial dilutions
of enrichment cultures on Getchinson's agar nutrient medium with the addition of Na-CMC. The
purity of isolated cultures of microorganisms was checked visually and by microscopy.

For defining the cellulolytic activity, bacteria were cultivated in liquid Getchinson's medium
with filter paper. The inoculated tubes were incubated in a thermostat at 30°C for up to 40 days.
The degree of cellulose decomposition was determined visually as a percentage and expressed
symbolically in accordance with table 1.

Table 1 - The level of cellulolytic activity of cellulose-destroying bacteria

Cellulolytic Degree of
. Designation | decomposition of filter L
activity Description
paper, %
. i The disintegration of the filter paper into
High T 50-70 small pieces, the formation of thick mud.
Medium et 30-40 Slgr_1|f|c_ar_1t decor_nposrt_lon while partly
maintaining the integrity of the paper.
Weak 4 10-20 The formation of turbidity, the
decomposition of part of the paper.
Very weak + <10 The formation of turbidity.

To determine the antagonistic activity of the selected isolates, contaminating micromycetes
of the genera Penicillium sp. Psh 2-2, Aspergillus niger Psh 1-1 and Fusarium sp. Yach-1, isolated
from various types of straw, as well as two strains of the green mold pathogen Trichoderma
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longibrachiatum V and T. longibrachiatum VG, previously isolated from oyster mushrooms and
an unidentified agaric fungus were used [9]. Antagonistic activity was determined both in new
isolates of cellulolytic bacteria and in myoorganisms from the collection of antagonists of the
laboratory of food microbiology.

Determination of the antagonistic activity of associations was carried out by agar well
diffusion assay and by co-cultivation on a surface of nutrient medium. For the lawn of the fungus,
Czapek 7 medium was used. Mycelial fungi were preliminarily cultivated in Czapek 7 liquid
medium on a piece of cotton wool at 30°C for 7 days. Sowing of test molds to obtain a lawn was
carried out on the surface of a Petri dish. Further, wells 10 mm in diameter were prepared in the
lawn, into which the culture liquids of the studied cellulolytic bacteria were introduced. The plates
were incubated up to 5-7 days at 30°C. The experiments were repeated in 3 replications. The results
were expressed as mean and error of the mean.

Co-cultivation was also used to detect antagonism of the isolates against T. longibrachiatum.
A mixture of Wort Agar and Getchinson medium with Na-CMC (1:1) was used as a nutrient
medium. Trichoderma was seeded in the middle of the plate by the stroke method, and cellulolytic
bacteria antagonists were seeded along the edges of the cup at a distance of 2-3 cm from the
Trichoderma streak. The plates were cultivated at 30°C for 7 days.

Results and discussion

Cellulolytic bacteria were isolated from enrichment cultures using various cellulose-
containing substrates and from the surface of straw. A total of 49 isolates were obtained. 17 isolates
were isolated from samples of wheat straw, 9 from barley straw, 10 from oat straw, and 13 isolates
from destroyed wood and excretions of carpenter beetles.

The isolates from various sources differed significantly in the efficiency of cellulose
decomposition. Of the 17 isolates from wheat straw, 6 had high cellulolytic activity, 6 - medium.
Of the 9 isolates isolated from barley straw, only 2 showed moderate activity, while the rest weakly
and very weakly decomposed filter paper cellulose (Table 2).

Only 1 out of 10 isolates from oat straw showed high cellulolytic activity. From the destroyed
wood, 3 isolates with high cellulolytic activity were obtained. Overall, 20.4% of the isolates
digested cellulose well.

The highest cellulolytic activity was noted in isolates Psh 2-2, Psh 2-3, Psh 2-4, Psh 2 11,
Psh 3-1 and Psh 3-2 from wheat straw, isolate Ov 2 from oat straw, Dv 3 I, Dv 1l and Dv 4 | from
destroyed wood. Isolates from barley and oat straw were characterized by the weakest cellulolytic
activity, and from wheat — by the highest. These differences in the activity of isolates, apparently,
are associated not with the different composition of wheat and barley straw, but with taking several
samples of wheat straw for research, some of which were stored for a long time, which allowed
cellulolytic bacteria to develop in these samples. Thus, the data presented in Table 2 show that all
7 isolates from a wheat sample with traces of spoilage showed high or medium cellulolytic activity.
Two out of five isolates from the 2015 harvest straw had a high ability to decompose cellulose,
and microorganisms with high cellulolytic activity were not detected in the 2020 straw sample.
Isolates of highly active cellulolytic bacteria from degraded wood were also obtained from older
samples of highly degraded wood. The isolate from the secretions of the carpenter beetle showed
an average level of activity.

As a result of the study, 19 isolates of cellulolytic bacteria with high and medium cellulolytic
activity were selected: 12 ones from the samples of wheat straw, 2 from barley straw, 1 from oat
straw, and 4 from destroyed wood. These isolates were tested for the ability to suppress the growth
of micromycetes spoiling substrates for mushroom cultivation.

The data on the investigation of the antifungal activity of selected isolates of cellulolytic
bacteria and collection bacteria antagonists is shown in table 3.
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Table 2 - Cellulolytic activity of isolated microorganisms
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Selection source Isolate Level of ge!lulolytic Isolate Level of (_:e!lulolytic
activity activity
Psh 1-1 + Psh 11 +
\r’]\;?\‘jz‘;tsgg‘z’g Psh 1-2 + Psh 1 1i T
Psh 1-3 ++
Psh 2-1 ++ Psh 2 | ++
Wheat straw with Psh 2-2 +++ Psh 2 11 ++
traces of spoilage Psh 2-3 +++ Psh 2 111 +++
Psh 2-4 +++
Psh 3-1 +++ Psh 3 11 +
Whealt straw, Psh 3-2 +++ Psh 3 111 ++
harvest 2015
Psh 3 | +
Yach 1 ++ Yach Il +
Barl Yach 2 ++ Yach Il +
h:rrv?éts%% Yach 3 + Yach 31 +
Yach 4 + Yach 311 +
Yach | +
Ov1i + Ov 6 +
Ov?2 +++ Ov7 +
Oat strg\évl,gharvest oV 3 : ov8 :
Ov4 + Ov9 +
Ov5 + Ov 10 +
Dv1l + Dv 3l +++
Dv1ll + Dv3ll +
Various samples of Dv I + Dv 3 Il +
destroyed wood Dv2lI + Dv Il +++
Dv 2l + Dv4 | +++
Dv Il + Dv4ll +
Excretions of the Dv 1 -t Control i
carpenter beetle

As can be seen from the results presented in the table, antagonistic activity against all four
test filamentous fungi was detected in 10 isolates, of which 4 are new and 6 are collection ones.
Six new and one collection isolates suppressed three of the four fungal tests. The most pronounced
antagonism was shown among the new isolates Psh 2-2, Psh 2-3, Psh 2 11, Psh 3-1, Psh 3-2, Bl 2,
Dv 1, Dv Il and Dv 4 I, seven of which had the highest cellulolytic activity, despite the fact that
the presence of cellulose in the cell wall is not characteristic of ascomycete fungi [10]. The likely
reason is the broader specificity of a number of glycosidase enzymes [11], as well as the complex
composition of the cell walls of filamentous fungi, which include, in addition to chitin, also glucans
and other polymers [10]. At the same time, the presence of lytic activity is not always a sign of the
presence of antagonistic activity [12].

In the study of antagonism against Trichoderma, which are the main pathogens of the oyster
mushroom [13,14], the highest antagonistic activity of new isolates Psh 2-3, Psh 2 111, Psh 3-2 was
shown. Among the collection microorganisms, Bacillus sp CB 1-2, Bacillus sp. 98, and isolates Bl
2, PG 1-2 and PG 6 were the best. The effect of isolated and collection bacteria on the growth of
T. longibrachiatum during co-cultivation on one Petri dish is shown in Figure 1. The results
obtained demonstrate the dependence of the obtained results concerning the level of antagonistic
activity of microorganisms on the research method used. Thus, when co-cultivated, isolates PG 3,
Bl 2, and Dv 4 | did not show antagonism against T. longibrachiatum V, although positive results
were obtained in the study of the effect by the method of delayed antagonism.
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Table 3 - Antifungal activity of isolates of cellulolytic bacteria and collection antagonistic bacteria

Diameter of growth/sporulation stunting zones*, mm
No Isolate Penicillium | Fusariumsp. | Aspergillus | T. longibrachiatum
. sp. Psh 2-2 Yach-1 niger Psh 1-1 \%
1 Psh 1-2 0 0 14,0%+1,0 15,0%+1,0
2 Psh 1-3 13,0%+1,0 0 0 0
3 Psh 2-1 0 0 23,0*+1,0 0
4 Psh 2-2 12,0*+0,0 0 15,0*+0,0 28,0*+1,5
- - 20,0+3,0
5 Psh 2-3 22,0*+1,0 12+1,0 30,0*+0,5 30,0%45,0
6 Psh 2-4 0 0 12,0*+1,0 0
7 Psh 21 0 0 34,0*+4,0 11,0*+1,0
- 32,0+8,0
8 Psh 2 111 44,0+6,5 0 41,5*+1,5 37.0%43,0
- 11,0+1,0
9 Psh 2 11 0 0 15,0*+0,0 125542 5
10 Psh 3-1 18,0+1,0 12,0*+0,0 19,0*+1,0 23,0*+1,5
12,0+0,0 - - -
11 Psh 3-2 17.0%+1.0 15,0*+0,0 23,0%£3,0 30,0*£1,0
12 Psh 3 111 0 0 0 0
13 Yach 1 20,0+0,0 0 0 28,0*+1,0
17,0+0,0
14 Yach 2 17,0£3,0 18,0+3,0 0 30,0%+1,0
15 Ov 2 0 0 0 0
16 Dv1 25,0+5,0 12,0£1,0 21,0%+5,7 33,0+6,5
17 Dv3l 0 0 0 0
18 Dv Il 20,0+5,0 0 30,0*+2,5 29,5%+2 5
19 Dv 4l 12,5425 0 15,0%+1,0 35,0+10,0
20 PG 1cv. 0 22,0+3,5 13,0%+1,0 18,5+1,5
21 Bacillus sp. 98 275430 356427 | 289%L5 26,0+3,0
T T 40,0*+4,5 T
22 Bacillus coagulans 17 0 0 0 0
23 PG 1-2 30,2+4,5 27,515 35,0+3,0 25,0+2,5
24 PG 3 11,0*+1,0 23,5+0,5 15,0£1,0 16,2+2,1
25 PG 6 20,6+0,6 22,0+1,0 10,5*%+0,5 22,0+1,0
26 PG 0 20,5+1,5 11,0%+1,0 15,0+1,5
27 Bacillus sp. CB 1-2 32,0+1,0 35,3+4,7 30,5+1,2 38,0+3,5
28 Bl 2 16,0+0,5 20,0+1,0 38,4+2,7 19,5+1,5
Conclusion

Based on the results of the studies, 3 isolates of newly selected cellulolytic bacteria and 5
isolates from the collection were picked out. The selected microorganisms had both a pronounced
cellulolytic activity and antagonism against the most common molds of cellulose-containing crop
wastes. Further work will be aimed at studying the relationship of selected microorganisms with
the higher fungus oyster mushroom and the selection of satellite microorganisms for preliminary
preparation of the substrate during the cultivation of the mushroom. The data obtained will
contribute to the development of an integrated method for processing cellulose-containing crop
waste using higher fungi.
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Figure 1 - Antifungal activity of cellulolytic bacteria against
T. longibrachiatum V (top) and T. longibrachiatum VG (bottom)
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MOJYYEHUE MOTYPTA HA OCHOBE CYXOI'0O KOBBLIBET'O MOJIOKA,
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AHHOTALUSA

Ha ceropnsmiauii neHs npoOiema pa3pabOTKH KHCIOMOJIOYHBIX MPOAYKTOB M3 KOOBUTLETO MOJIOKA C
TIOBBIIIICHHON THINEBOW M OMOJOTMYECKON IICHHOCTBIO, MaKCHMaJbHOW YCBOSEMOCTHIO M MaKCHMAaIbHO
aJaNTHPOBAHHBIX TI0 CBOEMY XHMHYECKOMY COCTaBy HEIOCTAaTOYHO HcciemoBaHa. OcTaioTcs [0 KOHIA
HEM3Y4YEHHBIMH BOTIPOCHI BIUSHUS PA3TUYHBIX MUKPOOPTaHU3MOB Ha COPaXKUBAIOIIYIO CHOCOOHOCTH MOJIOKA,
OIICHKA BHECCHMs Pa3IMYHBIX MUINEBBIX J00aBOK (3aryCTHUTENCH, HAMOJHUTEICH, apoMaTH3aTOpPOB) Ha
CTeleHb 00pa30BaHUs CI'YCTKa, PEONOTHYecKre U (DU3UKO-XMUMHUUECKUE TIOKa3aTelld MpoayKTa. I3ydenue
OCHOBHBIX MOJIXOJOB K pa3paO0TKe HOBBIX (PYHKIMOHAIHHBIX MPOAYKTOB HAa OCHOBE CyXOT0 KOOBLIBErO
MOJIOKA MTO3BOJISIET PACIIMPUTH U JOMOTHUTH UMEIOIIUECS TEXHOJIOTHIECKUE TIPUEMBI UCITOJL30BAHUS JaHHBIX
CBIPBEBBIX MCTOYHHMKOB JIJISI IPABUIBHOTO MUTAHUS. AKTYaJIbHOCTh MPOBOJUMON pabOTHI CBsA3aHA TaKKe C
oTcyTcTBHEM 3P PEKTUBHBIX (HYHKIIMOHAIBHBIX MPOJIYKTOB HA OCHOBE CyXOTr0 KOOBUTHETO MOJIOKa. BriepBrie
HA OCHOBE U3YyYCHUS TMHAMUKN OMOXUMUYECKHX, MUKPOOUOJIOTHYECKUX U OPTaHOJIENTHUECKUX MTOKa3aTeNen
00OCHOBaHBI TMapaMeTphl TEXHOJOTMYECKHX PEXHMOB NEepepabOTKH CyXOro KOOBLIBEIO MOJIOKAa B
KHCIIOMOJIOYHBIH MPOAYKT C BBICOKOM MacCOBOM JOJeH Cyxoro BemecTtBa - #orypr. OOoramieHue
BOCCTAHOBJICHHOT'O CYXOT'0 KOOBLIbEro MoJjioka 7,5% cyXuM 00e3)KUPEHHBIM KOPOBBUM MOJIOKOM ITO3BOJIMJIO
MOJTYYUTh MOJIOYHYIO OCHOBY C MacCOBOH Joyel cyxux BemecTB: 15,7%, 6enkoB - 3,9% u xwupa - 2,8% npu
kucinoTHocTH 20°T. OnpeeneH ONTHMAIBHBIN PeKUM (epMEHTAIUH MOJIOYHOM OCHOBBI - 38-39°C B TeueHue
6 gacoB. [y cTabuin3amiy U yaydlIeHds TEKCTYphl HOTypTa BIepBble HCIIONIb30BaH mysutynaH. [logobpana
ONTUMAaNbHAS KOHIIEHTpAIWs cTabuim3aropa paBHas 1% ot Macchl ceipbs. [[poOnoTHYecKue MUKPOKATICYIIBI
nyJUTyJlaH-OaKTepHaibHas eJUIo03a, coaepxamue Lactobacillus rhamnosus GG, BniepBbie ucmonbp30BaHbI
B TE€XHOJIOTHH CO3/IaHUSI OOOTAIIEHHOTO MPOOHOTHKAMU (DEPMEHTHPOBAHHOTO MPOAYKTa HA OCHOBE CYXOTO
KOOBLTHETO MOJIOKA.

KaoueBble cioBa: cyxoe KOOBUIbE MOJOKO, MYJUIyJaH, HOTypT, OakTepuaibHas LEIUTI0N03a,
MHUKPOKATCYJIUPOBAHUE.

OyHKIMOHATBHBIE MPOIYKTHl MUTAHUS — O3TO TPEHJ OYAYIIEero, MOCKOIbKY COBpEMEHHAs
OMOTEXHOJIOTHS TO3BOJISET NepepadaThiBaTh HCTOYHHUKH MTUIIEBOTO ChIPhs B MOJE3HBIE TS 310POBbS
MPOIYKTHI, 9TO OTBEUYaeT TpeboBaHusiM moTpeduteneid. K QyHKIMOHATHHBIM MPOAYKTaM MHTAHUS
MO>KHO OTHECTH KHCJIOMOJIOUHBIE MPOAYKTHI, IPOU3BOICTBO KOTOPBHIX OCHOBAHO Ha MCIOJIb30BAHUU
CHEIHMANILHO MOA00PaHHBIX MUKPOOPTaHU3MOB, 00ECTICYMBAIONINX B TPOIYKTAX 3aJaHHBIC CBOKWCTBA
[1].

[IpousBoncTBO W TOTpeOIeHHE KHCIOMOJIOYHBIX MPOAYKTOB HEYKJIOHHO PaCIIUPSIETCS.
OpHako, WX AacCCOPTUMEHT TMPEACTAaBIEH B OCHOBHOM (DEpMEHTHPOBAHHBIMU MPOIYKTAMH,
MIPOU3BEJICHHBIMU U3 KOPOBbETO MOJIOKA. [IpakTuyuecku He UCTIOIb3YyeTCsl Takasi MUIIeBasi MaTpUIIa,
KaK KOOBLTIbE MOJIOKO, KOTOPOE MMEET MAacCCy MOJIe3HBIX CBOMCTB. OHO 00J1a1a€T BHICOKOM MHUIIIECBOM
¥ OMOJIOTHYECKON IEHHOCTHIO, & TAK)KE MaKCUMAIbHOU yCBOsieMOCThI0. CrieyeT 0co00 OTMETHTb,
YTO 110 COCTaBY O€JIKa OHO CXOJIHO C KEHCKUM MOJIOKOM, 00J1a/1a€T TUII0aJUIEPreHHBIMU CBOICTBaMH,
uMeeT Oorarblii  aMHHOKHCIOTHBIM  coctaB. KoObutbe  MONOKO — oOnamaer  jedeOHo-
npodurakTudeckuMu cBoiictBamu [2-5]. IlpencramnsieTcsi, 4To KOOBUIbE MOJIOKO, BCIICJICTBHE
YHUKAITBHOCTH XMMHYECKOTO COCTaBa M CBOMCTB, SBISETCS 0OJIee MPEANOUYTUTEIBHBIM ChIPhEM IS
MPOU3BOJICTBA TMPOAYKTOB MaccoBOro mnorpedseHus. TpaaulMOHHBIA W TOKa €IWHCTBEHHBIN
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IPOJAYKT, BBITYCKAEMbIil MPOMBIIUIEHHOCTHIO U3 KOOBLILEro MoJjioka B Kazaxcrane — 3TO KyMBIC.
OnHako OH COACPKUT CHOUPT, YTO OTPAHUUYMBACT KPYyr ero morpeduteneit. HecMoTps Ha TO, 4TO
KOOBUTbE MOJIOKO TIO CYTH SBJISIETCS Ka3aXCKUM HAlMOHAJIBHBIM «OpPEHIOM», MPOHU3BOJCTBY
KHCJIOMOJIOYHBIX MPOTYKTOB U3 HETO YAENSAETCS Malo BHUMAHUSI.

KacaTenbHO MOJIE3HBIX CBOWCTB KOOBUIbE MOJIOKO JI0 CETOIHSIIHUX THEW HE OLIEHEHO II0
JOCTOMHCTBY. Mcnonb3oBaHue KOOBLILETO MOJIOKA JIJISl IPOU3BOACTBA YHKIIMOHATIBHBIX MIPOTYKTOB
NUTAaHUS Ha €ro OCHOBE OrpPaHWYMBAETCS C€Ja0OW W3YYECHHOCTHIO BOIPOCOB TEXHOJIOTHU
nepepaboTKU MOJIOUHOTO ChIPhs, CTAOMIM3AIMH XMMUYECKOT'0 COCTAaBa U TEXHOJIOTHUYECKUX CBOKUCTB
Mosioka [6]. KpoMe Toro, 3To CBsI3aHO ¢ C€30HHOCTBIO Y105 U TPYIHOM JTOCTYNMHOCThIO. B CBsi3M C
3TUM aKTyaJbHBIM BOIIPOCOM SIBJISIETCS UCIIOJIB30BAHHE CYXOT0 KOOBUIHETO MOJIOKA B IPOU3BOJICTBE
KHCIIOMOJIOYHBIX ()YHKIIMOHATBHBIX MMPOTYKTOB IMATAHUSI.

B nmanHOl paboTe akTyanbHOW 3amadeil uisi TOJYYeHHS HOTypTa M3 CyXOTO KOOBUIBETO U
CYXOro KOpPOBBET'O MOJIOKa B KaYeCTBE OCHOBBI SIBJISICTCSI MOBBIIIEHUE 3((EKTUBHOCTH Ipolecca
BOCCTAHOBJIEHHSI CYXOT0 MOJIOKA. DTOT MPOIecC MPEACTaBISIET COO0M TeTepOreHHYI0 XUMHUECKYIO
PEaKIfio, MPOTEKAIOIIYI0 MEXIy TBEPIbIM BEIIECTBOM U JKUAKOCTBIO, U COIPOBOKIAIOIIYIOCS
nepexosoM BemiectBa B pacTBop. CyIIHOCTh IMpoliecca pPacTBOPEHMs 3aKIIOYaeTcs BO
B3aUMOJICHICTBUM CYXHX MOJIOYHBIX MPOAYKTOB C BOJOH M BKJIIOYAET HECKOJIBKO JTalloB:
pacTBOpEHHE JIaKTO3bl M MHUHEpalbHBIX BEIIECTB, pacmpeneneHue Oeiaka U Khpa B pacTBOpeE,
THIpaTanys AucnepcHor (asbl, BhIZIENCHHE U3 MPOAYKTa W30BITOUHOTO BO3ayXa. IHTEHCUBHOCTD
nporuecca 1 ero 3p(HeKTUBHOCTh OMPEENIAIOTCSI CBOWCTBAMHU BOJbI U CYXOTI'O MOJIOYHOT'O MPOIYKTA.
[7]. B cBs13u ¢ 3TUM ObLIHM H3YYESHBI METOBI BOCCTAHOBIICHHS CYX0r0o KOObLIbero Mosioka (CKM) mst
JMAIbHEWIIEr0 €ro HCIOJIb30BaHMsSI B KAaueCTBE MOJIOYHOM OCHOBBI UIS  (YHKIIMOHAIBHBIX
KHCJIIOMOJIOYHBIX IPOTYKTOB.

Ha MoyiouHOM pBIHKE CaMblM JUHAMUYHBIM IO POCTY MOTpeOieHHs SBISETCS HOTypT -
KHCIIOMOJIOYHBIM TMPOAYKT C BBICOKOW MaccoBOM joJiell cyxoro BemiecTBa. CyllecTBYIOIINE
TEXHOJIOTHH MOJIy4eHUsI HOTYpPTOB M3 KOOBUTHEr0 MOJIOKA MPEyCMaTPUBAIOT UCIIOIb30BAHUE TOIBKO
3aKBaCOYHBIX KYJIbTYp, OCYIIECTBIAIOMUX (epMeHTanui0. BBeneHne B penentypy Takoro norypra
CIENUAIbHO TOJO0PAHHBIX IITAMMOB OaKTEpUH-TIPOOMOTHKOB ITO3BOJUT OTHECTH €ro K
(YHKIMOHATIBHBIM TPOMYKTaM, IOCKOJIBKY OH Oyner o0iagarb HE TOJBKO BBICOKMMHU
MUTATENbHBIMH, HO U JICUeOHBIMU CBOMCTBAMH.

[TpumeneHne npoOUOTHYECKUX OAKTEPHIA B KaUeCTBE HYTPHUIIEBTUKOB — 3TO 00JIaCTh, KOTOpast
OBICTPO paclIMpHiIach B MOCIEAHNUE ro/bl. bolbllioe 3HaueHne UMEET KU3HECTIOCOOHOCTD KJIETOK U
UX JIOCTAaTOYHOE KOJIMYECTBO B KMIIEUHOM TpakTe. [lepopanbHoe BBeAeHNE OOIBIIMHCTBA OaKTepuit
MPUBOJIUT K OOJBIION MMOTepe )KU3HECTIOCOOHOCTH, CBA3aHHON C UX MPOXO0XKIEHUEM Yepe3 KeNMyI0K,
YTO OOBSACHSACTCS HAJIMYUEM BBICOKOM KOHLEHTPAIMM KUCIOTHI M HKETYHBIX COJIEH, 3TO CHMXKAET
3¢ pexTUBHOCTH BBEAEHHOHN N00aBKHU. JKU3HECTIOCOOHOCTh TPOOUOTHIECKUX MUKPOOPTAaHU3MOB, TO
€CTh KOJMYECTBO KMBBIX M AKTHBHBIX KJIETOK B ONPENEICHHOM O0bEME B MOMEHT IMOTpEeOICHHUs
ABJISIETCS. KJIIOUYEBOI XapaKTepUCTUKOW KauyecTBa ATHX MPOAYKTOB, IMOCKOJIBKY OMNpPENENseT HuX
s dexTuBHOCTS [8]. [ToaTOMY Ba’kHO 00ECIICUUTH BBICOKYIO BBKHMBAEMOCTh OAKTEpUIA-TIPOONOTHKOB
KakK BO BpeMs ITPOM3BOACTBA U XpaHEHHs MPOJYKTa, TaK U B Ipoliecce ero norpednenus. BinBanue
ATHX MPOOUOTHKOB B MATPUILy, TO €CTh UMMOOWIN3AIINS, SIBISICTCS HOBBIM METOJIOM, CHUYKAFOIIIUM
rudesnb KJIETOK BO BpeMs MPOXOXKACHHS uepe3 xkemynouHo-kumeddbsid Tpakt (OKKT) [9].
[Ipennaraemasi TEXHOJIOTHsSI OCHOBaHAa HAa MMMOOWIM3AIMHM OakTepwuii B TOJUMEPHYIO MAaTpHILY,
KOTOpasi COXPaHSET CBOIO CTPYKTYPY B XKENYAKE 10 Pa3sIOKEHUSI U pacTBOPSAETCS B KUIICYHUKE, B
OTIIMYHE OT BHICBOOOXKICHUS HA OCHOBE MU Py3um.

Muxkpoopranusmbl, HarboJiee YaCTo UCIOIb3yeMbIE B MPOONOTHYECKUX MTPOYKTaX, OTHOCATCS
k poxny Lactobacillus u Bifidobacterium, mockonbky SBIASIOTCS TMOCTOSHHBIMA KOMIIOHEHTaMHU
MHUKpPOOMOTHI KuIIeuHHKa yenoBeka u uMetoT craryc GRAS (Generally recognized as safe), nanubrit
CTaTyC Tak)Ke MPHCBOCH MYJUTyJIaHy, KOTOPBIA OyJIeT MPUMEHSThCS B KauecTBe 3aryctutens. Kak
MPaBUJIO, JIAKTOOAIMIIJIBl TEXHOJOTHYECKH Oojiee MNPUrOAHBI Jid NPUMEHEHHS B IMHILEBBIX
NpOAyKTax, Hexxkenu Oudumodakrepun. OHM yCTOWYMBBI K HU3KMM pH M ApyruM CTpeccoBBIM
YCIOBUSIM TMPOM3BOACTBA, TPAJUIIMOHHO HCIOJIB3YIOTCA B (EPMEHTUPOBAHHBIX MPOAYKTaX,
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aJaNTUPOBAHBl K MOJIOKY U JPYTMM MHUIIEBBIM CyOcTpataMm, HE OO0pa3ylT YKCYCHYIO KHCIOTY B
npouecce (GpepMeHTaluu, KOTopas 4acTo YXY/IIIaeT CEHCOpPHbIE M OPraHOJIENTUYECKHE CBOWCTBA
npoaykToB ¢ Oudpunodaxrepusimu [10].

VYcenemHsld ONBIT MUKPOKANCYIUPOBAHUS B 00JIaCTH NMPOOMOTHYECKONH OMOTEXHOJIOTHU
MOCTYXKWJ OCHOBAaHHWEM JUIsl TPOBEIACHUS HACTOSIIETO WCCIEIOBAHUS, HAMPAaBICHHOTO Ha
CO3/laHMEe MUKPOKAINCYIHUPOBAHHBIX MPOOMOTUKOB JJis TMOBBIIMIEHUS HMX YCTOMYHMBOCTH,
KU3HECTIOCOOHOCTH ¥ J(P(EKTUBHON JOCTaBKM B KHIICYHUK. Pa3paboranHnbie Ha OCHOBE
MyJTyJlaHa TIOMCaXapuIHbIX MATpPUIl W TOKPBITUA u3 OaktepuanbHOW 1eutono3sl (BIl) B
MPOOMOTUYECKUE MUKPOKAICYIbl OyIyT BIEPBBIC HCIIONB30BAHBI ISl CO3/IaHUS OOOTAIIEHHBIX
npoOuoTHKaMK (ePMEHTHPOBAHHBIX MIPOYKTOB HA OCHOBE CYXOT'0 KOOBUTHETO MOJIOKA.

[Tone3HocTs (EPMEHTUPOBAHHBIX NPOAYKTOB K3 KOOBUIBETO MOJIOKA, Ja €me Hu C
MPOOMOTHKAMH B MUKPOKAIICYJTUPOBAHHOM BU/JIE OMPEEIISET aKTYalbHOCTh IaHHOTO UCCIIEIOBAHMUSL.

MaTtepuanbl M1 MeTOABI HCCJIETOBAHUS

Marepuanom it UCCIEIOBaHUN CIIYKWIH cyxoe KoObuibe Mojoko (CKM) «Saumal», TOO
«EBpasusluBectLtdy», Pecniyonuka Kasaxcran; cyxoe o6e3xupentHoe koposbe Mojoko (COM) AO
«Mouokoy, Poccust, TOCT 33629-2015; numieBas no6aska [lymtymnan (IT), Hayashibara Biochemical
Laboratories, Okasma, SInonus; THOpUIHBIC MUKPOKAIICYIIBI, TOKPBITHIE 000JIOYKOH U3 MyJuTyJIaHa |
OaKTepHaJbHON IEJUIION03bI; (DYHKIIMOHAIBHBIA MOJOYHBIM TPOAYKT WOTYpT Ha OCHOBE
BOCCTAHOBJIEHHOTO CYXOTrO KOOBLIBEro MOJIOKa, OOOTalIeHHBIH MHUKpOKAICyjJaMu IpOoOHOTHKA
Lactobacillus rhamnosus GG (mramm ATCC® 53103TM 0Obut mpuoOpeTeH B AMEpUKAaHCKOM
KOJUIEKIIUU TUIIOBBIX KYJIBTYP).

OrnpezenieHre XUMUYECKOTO0 COCTaBa BOCCTAHOBJIEHHOTO CYXOT'0 MOJIOKA.

Hna onpeneneHus coaepaHus MacCOBOM JOJIM CYXOIrO0 BEIIECTBA, U3MEPEHHUS MacCOBOU
JONU JKupa, Oenka W TIOTHOCTH BoccTaHoBieHHOro CKM, ucCmosib30Baics aHAIU3aTOP MOJIOKA
JJAKTAH 1-4 MHWHU (OOO BIIK «Cubarponpubop», paiioHHbi TyHKT KpacHOOOCK,
Hosocubupckas o6macts, Poccuiickas denepanus).

OrnpeneneHne XUMAYECKOTO COCTaBa MOJIOYHOM OCHOBBI.

Jist onpeneneHus coAepKaHWsT MacCOBOM JIOJIM CYXOro BEIIECTBA MOJIOUHONW OCHOBBI
UCIIOJIB30BAJICS METOJI, OCHOBaHHBIM Ha BBHICYIIMBAHUU aHAIU3UPYEMOM MPOOKI MPU MOCTOSIHHON
temneparype (102+2) °C B coorBercTBuu ¢ TpeboBanusimMu ['OCT P 54668 [11] u BbuucicHUH
MacCOBOH J10JI1 CyX0ro BemecTBa (Xc s, %) 0 MOTEPE MaCcChl aHANU3UPYEMO TPOOBI B MPOILIEHTAX C
MOMOIIBIO (POPMYITBI:

Xc. B, = w, (1)

m-—-mg

rae Mp — Macca OIOKCHI ¢ aHAIM3UPYEeMOH MpoOo¥ mMmocie BBICYNIMBAHUA, T; Mo — Macca
OIOKCHI, T; M — Macca OIOKCHI C aHATM3UPYEMOM MPOOOI 10 BHICYIITUBAHUS, T.

Omnpenenenue 6emka MPOU3BOIUIOCH KOJOpUMETpUIecKuM MeTo1oM cornacHo 'OCT 25179-
90 [12]. Metoa OCYIIECTBIISICS MPH MOMOIIH CIEKTPO(GOTOMETpa C BBIACIIEMON UIMHON BOJIHBI
590 uM. MaccoByto nomto 6enka Xs, %, BBIUACTUIN 1O (popmyte:

X5 =7.78D - 1.34, ()

rae D — uzMmepennast ontudeckasi MIOTHOCTh, €. ONT. IUIOTHOCTH; 7.78 — sMIUpUUYECKUN
ko3 unuent, % /en. ont. mnotHocTH; 1.34 — smnupudeckuit kordduunenr, %.

CopnepxkaHue *XUpa B MOJIOYHOW OCHOBE OMpPENENSIN MPU TMOMOIIM KUCIOTHOTO METOJa
cormacio I'OCT 5867-90 [13] mox aelCTBHEM KOHIICHTPHPOBAHHOW CEPHOM KHCIOTHI U
M30aMUJIOBOTO CIIUPTA C MOCIEAYIOIINM EHTPU(PYTHPOBAHUEM B TCUCHHUE 5 MHHYT U H3MEpPEHUEM
00beMa BBIIEIUBIIETOCS KUPa B TPaAyHPOBAaHHON YacTH KUPOMepa.
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OmnpezneneHue MIOTHOCTH MOJIOYHOW OCHOBBI IMPOBOJMIIOCH apEOMETPUYECKHM METOI0M IO
I'OCT 3625-84 [14] npu temnepatype 2012 °C.

Turpyemass KHUCIOTHOCTb OIpenensigach IO METOAY, KOTOpBIi OCHOBBIBAJICA Ha
HEUTpaIu3auu KUCIOT, COEPKALIUXCS B MPOAYKTE, PACTBOPOM THAPOOKUCH HaTpus. CyTo4HbIE
KYJBTYpHl JTAKTOOAKTEpUH LEHTPU(YTUPOBAIM U TIO CTAaHAAPTY MYTHOCTHU TOTOBWIJIM CYCIICH3HIO,
conepxantyto 10%° knerok B 1 mit. ITo 1 M1 Takoii B3BeCH BHOCHIHN B TIPOOHPKH ¢ 9 M cpersl MRS
U KynbTuBupoBasd rpu 37°C B aHa3pOOHBIX yCIOBUAX. 3aTeM oTOMpanu mo 10 M KyabTypaabHOU
KUJIKOCTH U noOaBmsum 20 M AUCTHIMPOBAHHOW BOJbI, 1-2 kammu denondranenna. [TpoObr
tutpoBanu 0,11 NaOH npu noctosHHOM B30aNThIBAHUU /10 TOSBJICHUS! YCTOWYMBOM cl1ab0-pO30BOi
okpacku. KonnuecTBo 1menoyu, nomeAmneil Ha TATPOBaHKUE, COOTBETCTBYET KOJIMYECTBY 00pa3zyemMoi
KHUCIOTHI B 10 MJT KyJIbTypajbHOU XKUAKOCTH.

N3 monydeHHBIX 3HAYEHUW BBIUMCISUIM CPEIHIOI BelWYMHY. OKOHYATEIbHBIA PE3yJbTaT
BbIpaxasu B rpagycax Tepnepa (°T):

°T=A-K-20 3)

rae A — BennuuHa, Beipaxaromias konudectBo 0,11 NaOH, momenimee Ha TutpoBanue 10 mi
ucciemxyeMoro oopasma; K — monpaska k Tutpy, onpenensiemas npu tutpoBanuu 0,11 NaOH 0,1x
ssHTapHoi kucinotoit (0,009 r); °T — BenuuuHa, Beipaxkaroas konuuectso 0,1H menouu, nomeaiiee
Ha TuTpoBanue 100 mi ucciemxyemoro oopasia.

BoccTranoBieHnue cyxoro MoJoka.

JI71s1 BOCCTaHOBJICHHS CyXOTO KOOBITLETO MOJIOKa Opanu HaBeckKy oT 5 10 30 T (¢ marom 5 1) u
pactBopsiii B 100 Mi1 BO/IBI, € IOCTENIEHHBIM HAIPEBOM 10 TeMIiepaTypsl 65-75°C npu OCTOSHHOM
MepeMENIMBAaHNN C TIOMOIIBI0 MarHUTHOW Memanku C mogorpeBoM C-MAG HS 7 IKA, I'epmanus.
[Tocne aToro Mmosioko BelaepkuBaiu B TeueHue 30-90 MUHYT, C 0XJIaKIEHUEM 32 CUET ECTECTBEHHOTO
TEIJIOOOMEHA C OKpYXaromehl cpemoil 10 xkomHaTHOM Temmeparypsl 20-24°C. Cyxoe KOpPOBBE
MOJIOKO PaCTBOPSIIM COTJIACHO MHCTPYKIIUU TPOU3BOTUTEIIS.

[IpuroroBnenue orypra.

T'oTOBMIIM HECKOJILKO BAPHAHTOB COCTaBa MOJIOYHOMN OCHOBHI (Tabuia 1).

Tabnuua 1 - BapuanTtsl cocTaBa MOJIOYHON OCHOBBI

Bapwuant Boccranosnennoe CKM, % COM, %
1 96,5 3,5
2 94,5 55
3 92,5 7,5
4 90 10
IIpumeuanue: CKM — cyxoe k06bu1he MOTI0KO, COM — cyx0e 00€3KUPEHHOE KOPOBHE MOJIOKO

depMeHTAIIIO BCEX BAPHAHTOB MOJIOYHON OCHOBBI TPOU3BOIWIIN ITPH PA3HBIX TEMIIEPATypPHBIX
pexumax: 38-39°C; 42-43°C. Ilpu dhepMeHTAIMM MOJIOYHONH OCHOBBI MOJIOKO MMACTEPU30BAIU MPHU
63°C nHa BoasgHOW OaHe, TOMOTCHHM3WPOBAIM JJIS TOBBIMICHUS TPOYHOCTH U YIyUIICHUS
KOHCHCTEHIIUU OEJIKOBBIX CI'YCTKOB M UCKITIOUECHHUSI 00pa30BaHMsI )KHUPOBOH MPOOKH HAa MOBEPXHOCTH
TOTOBOTO MPOAYKTa, OXJaXIaau 10 Temreparypbl 3akBammBaHus (38-39°C), 3aTtem BHOCHIH
3aKBaCKy, CKBAIlIMBAJH, MEPEMEITUBAIA U OXJaXIanu oOpa3oBaBIIHiics CTyCTOK. CTaOMIN3aIuio
HoTypTa IPOBOJIUIIN TTOCPEICTBOM BHeceHUs nuieBor nodasku [1YJI B Bapuantax BHeceHus - 0,5;
1; 1,5% npu Temnepatype 45°C, cMech noaBepraiy MHTEHCUBHOMY IEPEMEIIMBAHUIO U OCTaBIISLIN
s HaOyxanust B TedyeHue 30 munyr. B rortoBwni worypr BHocwiu ITYJI-BI] mpoOuornueckue
MHKpokarncyisl ¢ L. rhamnosus GG B coorHoriennn 10:1.

Omnpenenenne opraHoJENTHUECKUX MOKa3aTeNlel KHCIOMOJIOYHOTO IPOAYKTA.
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OpraHojenTU4YecKyl0o OIEHKY TOTOBOTO MPOJYKTa MPOBOJIUIUM METOJAOM  3aKPBITOM
JIeryCcTalnm, KOTopblii Obu1 paspaboran B cootBercTBuM co CT PK 1732-2007 [15]. KonTpoas
OCYIIECTBIISJICS MO CIEAYIONINM MOKa3aTelsAM: 3amax, BKYC, KOHCUCTEHIIMs, BHEILIHUM, BUJT U [BET.

CrarucTuyecKkuil aHaIus3.

Bce ananmuspl mpoBeneHBI B TPEX MOBTOPHOCTSX, M PE3yIbTaThl OBUTH IMPEACTABICHBI KaK
cpelHee 3HaueHue + CTaHAApTHOE OTKIIOHEHHE, €clii He yKa3aHo MHoe. JIaHHbIe aHaIU3uPOBAIIH C
UCTIONIb30BaHeM oaHodakTopHoro mucrepcuoHHoro anHammza (ANOVA) c rtectom Thioku.
CratucTHYeCcKui aHaIu3 TPOBOIUIIN C UCIIOJIB30BaHUEM ITporpaMMHOTo ooectieuenust SPSS (Bepcust
28.0, IBM Corp., ApMOHK, mTaT HbIO-ﬁOpK, CIIA). 3nauumocts ompexaensiiu kak p <0,05.
BbImonHeHNe CTaTHUCTUYECKUX pacyeToB, IOCTPOEHHE TpauKOB U CXEM IPOU3BOJWIOCH B
noJlyaBTOMaTHuecKoM pexxume cpenctBamu Microsoft Office Excel.

Pe3yabTaTsl U 00Cy:KIeHUE

Cy1iecTBYIOT pa3jMyYHble METOJbl BOCCTAHOBIIEHUS CYXOrO KOPOBBETO MOJIOKA, OJIHAKO
JaHHele 1m0 BocctaHoBieHHI0O CKM ortcyTcTByloT. B MONOYHON NPOMBINIIEHHOCTH IHPOKO
HCITOJIB3YETCS CIOCO0, MPEeayCMaTPUBAIOIITUN PACTBOPEHUE CYXOTO MOJIOKA MpHU Temreparype 38-
42°C, ¢ moclenyronMM MIHOBEHHBIM OXJIaxkaeHueM 10 6-8°C, BbaepKKoi He MeHee 3—4 4acoB ¢
1eJIbI0 HauOOoJIbIIIero Ha0yxaHus OEIKOB, yCTPAaHEHUSI BOJIIHUCTOTO BKYCa, a TAKXKE JJIs TOCTHKEHUS
HOPMaTBHOU IIOTHOCTH U Bsi3kocTH [ 16]. HemocraTkom 3TOro crioco6a sSiBASIOTCS OOJIBIITNE 3aTPaTh
BPEMEHH U HHEPTUU Ha OXJIAXKJICHUE.

Ha motpebutensckoM ypoBHE ISl MOJIYYEHUS MOJIOKA CYIIECTBYET CIOCO0, MPU KOTOPOM
0epyT 8-9 cTonmoBkIX JIoXkKeEK (125 T) Cyxoro MosIoKa U pa3MenIuBaloT B HEOOIBIIIOM KOJTUYECTBE BOJIBI
¢ Temneparypoil 35-40°C, 3areM NOCTENEHHO AOIMBAIOT BOAY, JOBOJSA 10 1 J, MpU 3TOM HAET
HETPEpPHIBHOE TMEpeMelIMBaHue W HarpeB a0 kunenus [17]. Hemoctarkom paHHOro MeTonaa
3aKJTFOYAETCS TO, YTO TMPU KUTICHUH MOJIOKO TepsieT HATHBHBIC CBOWCTBA CHIBOPOTOYHBIX OEJKOB,
CHUKAeTCs cojiep KaHne BUTAMHHOB (Hampumep, notepu Butamuna C nocruratot 10 70%), 4To BeeT
K CHIDKEHMIO TUTATEIbHOU LIEHHOCTHU MOJIYYeHHOTO MOJIOKA.

JIst BOCCTaHOBJICHUSI CYXOro KOOBUIBETO W KOPOBBETO MOJIOKa OBUT BBIOpaH CIOC00, mpu
KOTOPOM PacTBOPEHHE CYyXOr0 MOJIOKA B BOJIE, BKJIIFOYAET IMOCTOSHHOE MIEPEMEIINBAHUE C TTOMOIIbIO
MarHUTHOW MENIaJIKH, ¢ TOCTENIEHHBIM HarpeBoM A0 temmnepatypbl 65-75°C. Tlocie 3Toro MoJjioko
BBIJICPKHUBAIOT B TeueHue 30-90 MUHYT ¢ OXJIaXkJIEHHEM 3a CYET €CTECTBEHHOT'O TEIUIOOOMEHa C
OKpYKaIoIIe Cpeoi Uiu MyTeM MPUHYAUTEILHOTO OXJIAXIECHUS 10 KOMHATHON Temneparypsl 20-
24°C. 3a 3T0 Bpems OenkoBasi ¢ppakuus HabyXaeT 1 MOJIOKO MTPUOOPETAET TaKHE CBOMCTBA KaK BKYC
W 3amax HauOoJiee OM3KKe K HaTypaiabHOMY [ 18].

Cornacuo uHCTpyKIiuu npousBoautensi, CKM «Saumaly, mis ynotpebiieHus: B MAaKCUMalIbHO
NpUOIMKEHHOM K LIETbHOMY KOOBLILEMY MOJIOKY PEKOMEHIyeTCsl pa30aBUTh MOPOIIOK B KOJTUYECTBE
3 cronosble T0xkKH (20-22r) ¢ 200 Mn Ternoit Boaw! (36-40°C). OxHaKo NpU CKBAITMBAHMU TAKOTO
MOJIOKa 00pa3yeTcsl TOCTAaTOYHO KUIKUN MOJOYHBIA MpoaykT. [losTomy Obla mpoBeneHa cepus
HKCIIEPUMEHTOB 10 moAbopy ontuManbHoi Maccel CKM i ee ganbHEHIIero BOCCTAHOBIICHUS U
UCIIOJIb30BaHUs B KAYECTBE MOJIOYHON OCHOBBI.

Hunst storo B 100 mut Boasl pactBopsuin CKM B nuanazone mace 5-30 r (¢ mwarom 5 1), cMeCh
MOCTENEHHO HarpeBaiv a0 Temneparypbl 65-75°C u oxmaxnganu B TeueHwe 30-60 MHHYT npu
KOMHATHOW Temreparype. 3areM ao0aBimsuin 3akBacky YO-MIX-601 xommanuu «Danisco» B
konudecTBe 1 /100 MJT ¥ OCTaBIISITA CKBAIIMBATHCS B TEUCHHE 6-8 yacoB. Pe3ynbTarsl SKCiepuMeHTa
MPUBENICHBI B TA0IHIIE 2.

100



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA

ISSN 2304-585X

Ne2 (41) 2023  www. imv-journal.kz

Ta6n1/1ua 2-— OpFaHOJ’IeHTI/I‘leCKI/IC MMOKAa3aTeId BOCCTAHOBIIEHHOTO KOOBUILETO MOJIOKA

Macca
CyXOro .
Buemruuii Bug u
BapuanTt | koOBLIBErO et 3amax Bkyc
KOHCHCTEHLIUS
MOJIOKA T Ha
100MmI1 BOZIBI
Benslii ¢ Henpusthelii, CrnankoBartsli, ¢
OpnHoponHas, N 2
5 KUIRASE roiry0oBaThIM CBOMCTBEHHBIH MIPUBKYCOM
OTTEHKOM CBIPOMY MOJIOKY | KOOBUTBEro MOJIOKa
benprii ¢ HenpustHeiii, CrnaakoBaTbli, C
Heonnopoanas, o %
10 ¢ OCATKOM KPEMOBBIM CBOMCTBEHHBIN MIPUBKYCOM
OTTEHKOM CBIPOMY MOJIOKY | KOOBUTBEro MOJIOKa
Benwrii ¢ Ny N Kucawi, ¢
HeonunoponHas, CBOUCTBEHHBII
15 KPEMOBBIM MIPUBKYCOM
C OCaJIKOM CBIPOMY MOJIOKY
OTTEHKOM KOOBLTHETO MOJIOKA
Heongnoponnas N
P ’ Kucisli, ¢
C HaJTM9HEeM N .
4 20 Kpemossrit Kucnomonounsrit MIPUBKYCOM
e AMHUYIHBIX
KOOBUTBETO MOJIOKA
XJIOIIHEB
Heongnoponnas N
P ’ Kucsli, ¢
C HaJTM9HEeM N .
5 25 Kpemossrit Kucnomonounsrit MIPUBKYCOM
e AMHUYIHBIX
KOOBLTHETO MOJIOKA
XJIOIbEB
Heopgnoponnas .
JAHOPOAHAA, Kuceri, ¢
C HaJTM9HEM N .
6 30 Kpemossrit Kucnomonounsrit MIPUBKYCOM
CIMHUYIHBIX
KOOBLTHETO MOJIOKA
XJIOIbEB

[To pe3ynpTaTaM uccien0BaHUs, IPU BOCCTAHOBIEHUHU U JaibHelem ckBamuBanun CKM B
OOJIBIITMHCTBE CIIy4acB IMOJYyYarOTCs 00pa3Ilbl KUAKONH KOHCHUCTCHIIMU. B BapuanTax 2, 3 BbImagaeT
ocaJiok Oeroro 1BeTa, UIeT pasznencHue (a3 u oOpazoBaHUe CHIBOPOTKU. [Ipu yBeTMYEHUN MacChI
CKM no 15 T KOHCHCTEHIIMSI MPUOOpETaeT HEOMHOPOIHBIN XapaKTep C HaJUYHEM CIMHHYHBIX
XJIonbeB. BapuanTst 4-6 okazanuch Hanboee moIXOSIIMMH MO0 OPTaHOJENTHYESCKUM TTOKA3aTEsIM.
B cBsi3u ¢ atum nist BocctanoBnenuss CKM 0wt BeIOpaH BapuaHT 4, JaHHBIN BapuaHT Haubolee
BBITOJICH C 3KOHOMHYecKoM Touku 3penus (20 r Ha 100 mi1 BofsI).

[Tockonbky mpu ckammBanu CKM monydaercsi HOBOJIBHO >KUJIKUKA W HEOJHOPOIHBIN
MOJIOUHBI TPOAYKT CO crenu(pUuecKkuM BKYCOM M 3amaxoM, ObUIO PEHICHO JOMOJTHHUTEIHHOE
BHECEHHE OIPEACIEHHBIX KOJUYECTB CYXOro O00€3KHPEHHOT0 KOPOBbEro Mojoka. JlanHas
npolie1ypa NpOBOJUTCS JUIsl TOBBIIIEHUS] MACCOBOM JIOJIM CyXOT'0 BEIIECTBA B MPOAYKTE, YIIYUILICHUS
KOHCUCTEHIIMH, a TaK)K€ BKYCOBBIX KauyeCTB Mojiydaemoil npoaykuuu [19]. bonee Toro, mannas
poueaypa no3BojsieT ONTUMU3UPOBATh KUpHOCTH CKM.

[Ipumenenue B onpeneneHHbIX KoHueHTpamusax COM 1npu  Opou3BOICTBE HOrypTa
NPEAYCMOTPEHO HOPMATHUBHOM JOKYMEHTAlME M UIIMPOKO HCIONb3YETCS B MPOMBIIUICHHBIX
ycioBusx [20]. [ToaTomy ObUTO MpOBEIEHO N3yYEHHE BO3MOKHOCTH 000TaIeHHsI BOCCTAHOBJICHHOTO
KoOBLTheT0 MOJIOKa COM ¢ XUMHUYECKUM COCTaBOM: MaccoBast 10Js Oenka - 34,0; xwupa - 1,5; cyxoro
BemecTa - 95,0 u yrieBoioB - 50%.

Pesynbrarhl uccnenoBanus creneHu BiusHUs kKonumdectBa COM Ha XMMHUYECKUM COCTaB U
WHTEHCUBHOCTh CKBAIIMBaHUS (BpeMsl TOCTHKCHHS KUCIOTHOCTH 30°T) MOJIOYHON OCHOBBI ISt
forypra mpuBeneHsl B Tabnuie 3. Bce ombITHBIE W KOHTPOJBHBIE OOpa3llbl MOJIOYHOW OCHOBBI,
noJBepragu QepMeHTauu (CKBAIIMBAHUIO) MPHU CTAaHAAPTHBIX IS TPAJAULMOHHOW TEXHOJOTMU
Horypra ycnoBusx: Ttemneparypa 42-43°C, 3akBacka MNpsSMOIO BHECEHHUS CO CTaHAAPTHOU
Mukpodopoit s orypra YO-MIX-601.
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Tabnuna 3 - Binuguue konmmuectsa COM Ha XMMHYECKHUI COCTAB U [OKAa3aTEIM MOJIOYHOI OCHOB

Maccosas nois, %
Jlo3a BHECEHHOTO IInoTHOCTS, KucaotHOCTS,
COM, % CyXOro Kr/m3 °T
KHpa Oenka
BEILIECTBA
3,5 14,11+1,23 2,13+0,15 2,9+0,18 1040,1+11,3 11+1,23
55 14,87+1,31 2,12+0,16 3,2+0,3 1045,2+10,5 19+0,2
7,5 16,25+1,77 2,11+0,2 4,15+0,39 1054,2+11,2 20+0,21
10 18,12+1,59 20,19 4,99+0,47 1066,9+11,3 31,2940,2
[Tpumeuanne: COM — cyxoe 00e3:KUPEeHHOE MOJIOKO

OOoraiieHrue BOCCTAHOBIEHHOTO KOOBLIbET0 MoJIoka COM 1o3BOJISIET 3HAYUTEIBLHO IIOBLICUTh
MaccoBBbI€ JIOJM CYXOro BemiecTBa W Oenka. MakcUMalbHBIE 3HAYCHHUS OJTHX IapaMeTPOB
HaOmronatorcst mpu BHeceHHH 10% COM, oHaKO 3TO COMPOBOXAAETCS HApACTaHUEM TUTPYEMOMH
kuciotHOCTH 10 30°T m Bhime. [loaTomy Hambosiee MOAXOAAIMIUMHA MOKHO CUYHTATh BapUAHTHI C
nobasnennem 5,5% u 7,5% COM, obecrneunBaronye 0OOTalIEHUE CMECH CYXHM BEIIECTBOM
cooTBeTCTBeHHO Ha 35,4 u 48,7% u 6enkoMm - Ha 89,7 n 122,0 % npu KUCIOTHOCTH CMECH He Ooiiee
20°T.

Ha crnemyromem »stame ObUT MPOM3BEACH MOA0OP 3aKBACOK, OOJIAMAIONIMX HaWITydIeH
cOpaXMBaroOIIe aKTHBHOCTHIO. THUIIBI 3aKBACOK, UCIIOJIb3yEeMbIE TSI CKBAIIIMBAHHS:

1) YO-MIX 601 10 DCU, DANISCO (Streptococcus thermophilus « Lactobacillus delbruckii
noosuo bulgaricus)

2) YOGURT IMMUNITY, YOLACTIS (Caxaposa; Streptococcus thermophilus;
Lactobacillus (delbrueckii ssp. bulgaricus, acidophilus, casei, rhamnosus, paracasei, plantarum);
Bifidobacterium (lactis, longum)

3) 3akBacka YOGURT, VIVO (Streptococcus thermophilus, Lactobacillus delbrueckii ssp.
bulgaricus, Lactobacillus acidophilus, Bifidobacterium lactis)

Bce BblmenepedncieHHble 3aKBaCKM — MPSIMOIO BHECEHHUs, ONTHMAalbHAas TeMIlepaTypa
ckBammBanus 38-42°C. JlaHHbIe 3aKBacKH SIBJIAIOTCS OOLIETOCTYITHBIMU U ITMPOKO U3BECTHBIMU. B
HUX COZEP>KaTCsl MPOOMOTUYECKUE ITAMMbI MOJIOUHOKHCIIBIX OaKTepuil, COpa)KMBaIOLINX YIIIEBObI
¢ o0pa3oBaHUEM MOJOYHOH KUCIOTHL. biaromaps 3ToMy, OHM HIMPOKO HMCIOJB3YETCS B MHILEBOU
IPOMBIIIJICHHOCTH TPU NPUTOTOBIEHUHM PA3JIMYHBIX MOJIOYHBIX MPOAYKTOB, BKIIIOYAsl PSKEHKY,
Horyptel u apyrue. Streptococcus thermophilus morsoraer u nepepabaTbiBacT JaKTO3y (MOJIOYHBIN
caxap) M MOITOMY NPUMEHSETCA NPHU JAKTa3HOW HEJOCTAaTOYHOCTH, OKAa3bIBAET MOAKHUCIAIOLIEE
neiictBue, odecrieunBasi OakTepUIMIHBINA 3()()EKT B OTHOIIEHUH MaTOT€HHBIX MUKPOOPTaHU3MOB, a
TakXe Croco0eH CHHTE3WPOBaTh W BBIACIATH monucaxapuabl. Lactobacillus delbrueckii o6mamaror
HaOopoM mpoTeas, HanpuMmep, cnenuduueckas nentugasa Lactobacillus delbrueckii — nponunasa
THJIPOIHU3YEeT OCJIKM C BBICOKMM COZEp>KaHUEM IPOJIMHA U MMEET YHUKAIbHbBIE IYTH PETYJISALUU
ounocunTe3a [21, 22]. B coctaB Bcex Tpex 3aKBaCOK BXOIAT ATH MPOOMOTHKHU, KPOME TOTO, BHIOOD
9THX 3aKBaCOK 0OOCHOBBIBAETCS UX HU3KOHW CTOMMOCTBIO.

Ha pucynke 1 mpencrtaBieHbl JaHHBIE IO CKBAIIMBAHWIO KOMOMHHPOBAHHOW MOJOYHOM
OCHOBBI C HCIIOJIb30BAHUEM TPEX BUIOB 3aKBACOK.
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PI/IcyHOK 1 - Bausaue Pa3JIMYHBIX 3aKBACOK U UX KOHI_IGHTpaLII/Iﬁ Ha NOBBIIICHUC KUCIIOTHOCTHU ITPpU
CKBaIllMBaHWH MOJIOKA B Te€UEHHE 6 YacoB

Kak BuIHO U3 JaHHBIX, IPEJCTABICHHBIX HA PUCYHKE |, TpU BHECEHUH 3aKBACKU B KOJTMYECTBE
3% u BbIIlIe KUCIOTHOCTh MPOIYKTa MOBBIIIAETCs. MakcuMaabHasi KUCIOTHOCTh YCTaHOBJICHA TIPU
ckBammBanuu 3akBackoil YOGURT kommanuu VIVO u BHeceHuu 5% 3aKBacOYHOTO MaTepuana.
[Ipu ucnonwszoBannu 3akBacku YOGURT IMMUNITY naGmomaercs Gosiee MEmICeHHBIH HaOOP
TUTPYEMOW KHCIOTHOCTH, CKBAIIUBA€MOE MOJOKO HE 00pa3yeT HYKHOM KOHCHUCTEHIMH H
MOJTyYEHHBIH MPOIYKT XapaKTEpU3yeTcsl KUCIBIM BKYCOM.

Takum o0pazoMm, B TMpoiecce OTPaOOTKH TEXHOJOTUM TMPUTOTOBICHUS HOTypTa OBLIN
onpoOoBaHbl 3 BHJA 3aKBacCOK. 3aKBacka IS WOTYPTOB BKIIOYAIM pa3Hble KOMOWHAIMH
npoduoTHyYecKknx MHKpoopranu3zmMoB. Hanbonee nmpuemiemo BHecenue 3akBacku YO-MIX 601 10
DCU, coxepsxarueii S. thermophilus u L. delbruckii B konmentpamnuu 1%. Vcrnonp3oBanue qaHHOM
KOMOWHAIIMM IITAMMOB TO3BOJISIET MOJIYYUTh HOTYpPT € JOCTaTOYHO TYCTOM KOHCHUCTEHLUEH,
IJIOTHBIM CTYCTKOM M CTOMKMM apOMaTOM, a TakKe€ C FOMOT€HHOM OJIHOPOJHON CTPYKTYpOl U
MSITKAM BKYCOM.

[Ipu paspaborke TexHoysoruu TmonydeHuss #orypra w3 CKM ciemgoBasio yd4ecTb TO
00CTOSITENECTBO, 4YTO IOMUMO TIOBBIIIICHHOW OWOJIOTMYECKOW W THTATENhbHOW IIEHHOCTH,
O0OyCIIOBIICHHON YHHKaJIbHBIMH KaueCTBaMHU ChHIPbsl, OH JIOJDKEH 00JaJaTh MPUBBIYHON JUId
noTpeduTenss KOHCUCTCHIHMEH. J[eno B TOM, YTO CYIIECTBEHHBIM HEIOCTATKOM, YXYIIIAIOIIAM
KauecTBO roroBoro mnpoaykra u3 CKM, sBusercs X uuakas, HEOIHOPOAHAS, XJIOMbEBUIAHAS
KOHCHUCTEHIIUSI C OTCTOEM CBHIBOPOTKU Tpu XpaHeHnH. COBpeMEHHbIE TPEOOBaHUS K YBEIMUCHUIO
CpOKa TOJHOCTH TMPOJYKTa BBIIBUTalOT MPOOJEMY COXpaHEHHs TOBApHOIO BHJA B Ipoliecce
JUTUTENIBHOTO XpaHeHus [23].

OmauM  #W3  BO3MOXHBIX  CIOCOOOB  JOCTHIKEHUS  YCTOMYMBOW  OJHOPOIHOM, HE
pacclianBaroIIEecs, BSI3KOH KOHCHUCTEHIIMHM KHUCIOMOJIOYHBIX HANHWTKOB, HapsIy C obOorameHuem
OCJIKOBOTO COCTaBa HCXOAHOTO CBIPhS, IOJOOPOM 3aKBAaCOK, OOJaMarONIMX 3arylialoliMH
CBOMCTBaMH, SBJISICTCSI HCIOJB30BaHHWE CTAOWIM3HPYIONIMX IHIIEBBIX J100aBOK Ha OCHOBE
HaTypaJbHbIX KOMIIOHEHTOB [24].

OmnpeneneHre OCOOCHHOCTEW NPUMEHEHHUS CTAOMIM3UPYIOIMX J00aBOK, MX BIHMSIHUA Ha
dbopmupoBanne koHcucteHuu orypra n3 CKM, mon0op 10361 BHECEHUS, YTOUHEHHUE TTapaMETPOB
TEXHOJIOTHYECKOT0 MPOLECCca - aKTyalIbHbIE 33/1a4M CJIEAYIOIIEro 3Tana ucCiae0BaHusl.

B kauecTBe crabunn3zaTopa KOHCUCTEHIIMN HOTYpTa U3 BOCCTAHOBJIECHHOT'O KOOBUIHETO MOJIOKA
Obl1a BeIOpana mumieBast go6aBka [lymnynan (Pullulan). Buemne mymmynan mpencraBisier co0oi
OC3BKYCHBIM TIOPOIIOK O€loro I[BeTa, KOTOPBIM Xopomio pactBopuM B Bozae. I[IYJI mmpoko
UCTIONIB3YETCSI B MUIIEBOU MPOMBIIUICHHOCTH, B TOM YHCIIE B KAYECTBE CBS3YIOIIETO KOMIIOHEHTA U
crabunmsaropa [25]. HemaBHo ObLI0 OOHApY)KEHO, YTO MYJUTYJIaH OKa3bIBaE€T CTHMYJIHPYIOIIEE
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neiictBue Ha npoOuotuku [26]. [Ipeanonaraercs, 4To MyJuTyaH, 3a CYET EPEUNCICHHBIX CBONCTB,
MOXET MPUJATh HOTYPTY TTaJKUHA BUA U YITYYIIUTh €r0 BA3KOCTb.

Jnist mpeiBapUTENbHOM aKTHBALIMH, CTA0MIIN3AaTOP BHOCKWIIH B 1/5 9acTh MOJTIOYHON OCHOBBI IIPH
temneparype 45°C, cMech MNOABEPrajii WHTCHCUBHOMY MEPEMEUIMBAHUIO W OCTAaBISINA JJIsSt
HaOyxaHust B TeueHue 30 MuHYT. 3aTeM TNOJIYYEHHYIO CMECh BHOCHJIM B OCHOBHYIO MAaccCy
HOpMasin30BaHHOTO oboramenHoro 7,5% COM BOCCTaHOBIIGHHOTO KOOBLIBETO MOJIOKA,
3aKBalIMBaIM 3akBackod mpsmoro BHeceHus YO-MIX 601 10 DCU, nepememmBanu 15 MUHYT 1
OCTABJISUTH JIJIsl CKBaIIMBaHUs. VIcTibITaHBI BApUaHTHl BHECeHMsI cTabunm3atopa - 0,5; 1; 1,5%.

[lo oxoHYaHNN CKBalIMBaHUS MPOLYKT oxJaxaanu Ao 25 °C, nepeMelunBail U pa3inBajii B
HOJMCTUPOJIOBBIE CTAKaHYMKH, 3aKpBIThle METAIIM3UPOBAHHON (HOJBroif, HampaBsUId Ha
OXJIAKJIEHUE W XpaHEHHE B XOJOJWIBHYIO KaMepy [0 Temieparypsl B mnpoaykre 442 °C.
OnTumanbHON OKa3aack KOHIEHTpalus crabunusaropa 1% ot maccsl cbipbs. [lonyuennsiii Horypt
o0J1a1al y10BJIETBOPSIONIMMY ITOTPEOUTEIS OPraHONIENTHYECKUMH TIOKA3aTENSIMU: KUCIIOMOJIOUHBIM
3a11axoM, PUBKYCOM KOOBUIBEr0 MOJIOKA; OJTHOPOJHOM, B MEPY BA3KOW KOHCUCTEHIIUEH C KPEMOBBIM
OTTEHKOM.

Kucnomonouynsie NpoAyKThl ¢ MPOOMOTHKAMHU COCTABISIIOT OT 60 10 70% ot o01ero pbiHKa
(YHKUIMOHATIBHBIX MPOAYKTOB MUTAaHUS. B CBA3M ¢ 3TUM MX MPOMU3BOJCTBO MOXHO BBIICIUTH B
CaMOCTOATCIIbHYIO  OTpacib muimeBoi OuorexHomoruun [10]. OpHako, MHOTOYHCICHHBIC
UCCIICIOBAaHUS TOKa3bIBAIOT, YTO 3HAYUTENbHAs 4YacTb MPOOMOTHYECKUX KIETOK TEpPSET CBOIO
aKTUBHOCTb BCJIEJCTBHE MOBPEXKAECHUS U TMOENM MUKPOOPraHU3MOB IPHU MPOU3BOACTBE 3aKBACOK
IpSIMOIO BHECEHHs, B MMILEBOM Marpulle, NPU XPAaHEHUM NPOAYKTOB, a TaKXKe B IIpolecce
IPOXOXKACHHS Yepe3 IKETyIOYHO-KUIIeYHbIH TpakT [8]. Mukpokamncysasiuuss MHUKPOOHBIX KJIETOK
o0ecreynBaeT 3alIUTy 0T HeOJIaronpHUsATHBIX YCIOBHUI, YTO OBIJIO MIOKAa3aHO HE TOJIBKO B LIEJIOM Psijie
pabotr [27-29], HO W DSKCIEPUMEHTAJIHLHO YCTAHOBJICHO B XOJIC€ BBITIOJIHCHHS HCCIICIOBAHUS.
[TockonbKy 11eIbI0 JAHHOM pabOTHI SBISETCS CO3aHNE TEXHOJIOTUH NoJy4eHus npoaykToB u3 CKM,
00OraleHHbIX MHUKPOKAIICYJIMPOBAHHBIMU IPOOMOTHMYECKUMH MHUKPOOpPraHU3MaMH, TO JUis
MOJIyYEeHHUs TPOOMOTHYECKOTO HOorypTa ObUIH HCIIONB30BaHbl MUKpOKancyibsl [TYJI-BL, morxydyeHnHsie
METO/IOM DKCTPY3HH 10 TexHosoruu layer-by-layer, cogepskarme mramm Lactobacillus rhamnosus
GG. DTOT mWTAaMM 0 COBOKYMTHOCTH HCCIIEOBAaHHBIX CBOMCTB: aKTUBHOCTH KHCIOTOOOpa30BaHU,
CHEKTPY U YPOBHIO aHTarOHUCTHYECKOW aKTUBHOCTH M PE3UCTEHTHOCTH K CTPECCOBBIM (pakTopam
ObuT BhIOpaH ais BKiIroueHHss B Mukpokancynsl [30]. B roroseii iorypr BHocwmim [1VJI-BI]
MPOOUOTHYECKUE MUKPOKAICYIbl B cooTHomeHuu 1:10. TTomydeHHBINH MPOIYKT MOTYyYUII HA3BaHHE
«MHUKpOJIAKT».

3akiloueHue

[IpogykTsl U3  KOOBUIBETO MOJIOKA C  MHKPOKAICYJIaMH  COXPAHSIOT  BBICOKYIO
KU3HECIIOCOOHOCTh  MPOOMOTUYECKMX MHUKPOOPTraHU3MOB B  TIPOIlECCe MPOU3BOJICTBA, W
00€ecIeunBaOT TOBBIMICHHYIO TEPANeBTUUYECKYI0 M MPOPUIAKTHUECKYIO 3(PGEeKTHBHOCTh, UYTO
CIOCOOCTBYET 03/I0POBIICHUIO HACEIICHUSI.

B pesynbrare nccienoBaTebckoil pabOThI MOI00paH ONTUMATIBHBIN COCTaB MOJIOYHOM CMECH
JUIsL TIPOW3BOJICTBA HOTypTa Ha OCHOBE CYXOTO BOCCTAHOBJICHHOTO KOOBUIBETO MOJOKa C
MOBBIIICHHOW MAacCOBOM JoJiel cyxux BemiecTB. OOorameHne BOCCTAHOBJICHHOTO KOOBLIBETO
Mosoka 7,5% COM 1no3BOJIMIIO MOJYYUTh MOJIOYHYIO OCHOBY C MAacCOBOM J0JIEM CyXHX BEILECTB:
15,7%, 6enkoB - 3,9% u xwupa - 2,8% npu kucnotHoctu 20°T. OnpezneneH onTUMaIbHBIA PEXUM
dbepmeHTanuu MoJIOUHOH OCHOBHI - 38-39°C B TeueHue 6 wacoB. CKBalIMBaHHWE MPU JAHHOM
TEMIEPATypHOM peXHMe U BHeceHue crabunmzaropa Il B koHuentpamuu 1% mnpuBoguT K
00pa3oBaHUIO PAaBHOMEPHOTO CrYCTKa, a MOJNYyYEHHBIH NPOAYKT HMEET YIOBJICTBOPHUTEIHHBIC
OpraHOJIENTUYECKUE  XapaKTePUCTHKU.  Pe3ynpTaThl  AKCIEPUMEHTAJIBHBIX  HCCIIEOBAHUM
UCIIONIb30BaHbl  MPU  pa3paboOTKe  TEXHOJOTHMH  HOBOTO  Horypra  «MHKpOTakT» ¢
MUKPOKAIICYTMPOBaHHBIM IPOOUOTUKOM.
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MPOBUOTUKAJBIK MUKPOKATICYJIAJIAPMEH BAUBITBLIFAH KYPFAK
BUE CYTI HETIBIHJAEI'T UOT'YPT AJTY

Tyiiin

Byrinri tapma TaraMIbIK JKOHE OWMOJIOTHSIIBIK KYHIBUIBIFBI, CIHIMIIIITI KOFaphl JKOHE XUMUSIIBIK
KypaMmbl OofibIHIIIa OaphIHITa OeiiMaenTreH Oue CyTiHEH KBIIIBLI CYT OHIMIEPIH 931piIey Maceeci JKeTKUTIKTI
3epTTEIAMETCH. Op TYPAl MHKPOOPTaHU3MICPAIH CYTTIH aIibpITy KaOuTleTiHe ocepi, op TYPJ TaFaMIIbIK
KOoCTajapAblH (KOIOJIAHIBIPFBIIITAP, TOJTBHIPFBIIITAP, XOII MICTEHIIPTiIITep) CYTTIH YIOBIHA 9cep €Ty
JIopexeciHe, OHIMHIH PEOJIOTHSUIBIK KoHe (PH3HKA-XUMISUTBIK KOPCETKIITepiHe ocepiH Oaranay macerenepi
TOJIBIK 3ePTTEIMETeH KYWiH/E Kalblll OThIp. YHTaKTalraH Oue CYTiHe HEri3JIeNreH jkaHa (YHKIMOHAIIBI
OHIMIEP/Ii 931pJeyiH Heri3ri TOCULAEPiH 3epTTey Heri3iHeH AyphIC TaMaKTaHy YIIiH OChI IIHKI3aT Ke3JepiH
naiganaHyplH Koija 0ap TEXHOJNOTHSUIBIK OMiCTEPiH KEHEUTYre JKOHE TOJBIKTHIPYFa MYMKIHIIK Oepeji.
JKyprizigin skaTKaH XYMBICTBIH ©3CKTUIIr OWEHIH KYpPFaK CYTIHE HETI3ACNTeH THIMII (YHKIMOHAJIIBI
eHIMIEpIiH OonMaybIMEH J¢ OaimaHBICTBL. AJFaml peT OWOXUMUSUIBIK, MHUKPOOHOJOTHSIIBIK SKOHE
OPraHOJICITUKAIBIK KOPCETKIIITEPAiH JUHAMHUKACBHIH 3€pPTTEy KOHE TEXHOJIOTUSUIBIK PEKUMACPiHIH
napaMeTpIiepiH OHJIey apKbUIbI KYpPaMbIHAAFbl KYPFaK 3aTTap.IbIH )KOFaphl MacCalbIK YieciHe ne Oue cyTiHeH
JafBIHIAIFaH allbITBIIFAH CYT OHIMI peTiHAe HOTYpTKa Heriszaenzi. KaumbsiHa KeATipiireH YHTaKTalraH Oue
CYTiH 7,5% KypFax MaiChI3 CUBIP CYTIMEH OailbITy apKblJIbl KYPFAK 3aTTap/IbIH MacCallbIK yieci 0ap CyT Heri3iH
anyra MyMKiHzik Oepai: 15,7%, akywimap - 3,9% xone mait - 2,8% xpimkbuiasirel 20°T. CyT Herisin
AUIBITY/IBIH OHTANIIBI PEXUMI - 6 CaFaT XoHe TeMIepaTypaiblK kepcerkim 38-39°C. Morypr KyphUIbIMBIH
TYpaKTaHABIPY XKOHE JKaKcapTy YIIiH ajfall peT MyJUTyJIaH KOJIAaHBULABI. TYpaKTaHIBIPFBINTHH OHTAMIIBI
KOHILIEHTpALMACH IIHKi3aT MaccachiHbIH 1% - Ha TeH. Kypambinaa Lactobacillus thamnosus gg 6akTepusicbt
0ap 6aKTePHSLIBIK LEIUTION03a-TYJLTYJIaH MPOONOTHKAIBIK MUKPOKATICYJIANaphl allFall peT Oue CYTiHIH YHTaFbI
HET131H/1e TPOOMOTUKTEpMEH OalBIThUIFAH AlIBITHUIFAH OHIM/IL JKacay TEXHOJOTUAICHIHIA KOJIIaHbLIFaH.

Tyiinai ce3nep: Oue CyTi YHTaFbI, MyJUTyJIaH, HOTYPT, OaKTEPUSIIBIK, IIEJUTI0N03a, MUKPOKATICYIISITUS.
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Abstract

Currently, there is a lack of sufficient research on developing fermented milk products from mare's
milk with increased nutritional and biological value, maximum digestibility, and optimal chemical
composition. Important aspects such as the influence of microorganisms on milk fermentation, the effect
of food additives (such as thickeners, fillers, and flavorings) on clot formation and the rheological and
physico-chemical properties of the product are still unexplored. Studying new approaches to the
development of functional products based on mare's milk powder can expand and complement existing
technological methods for using this raw material in proper nutrition.

This work is also relevant due to the absence of effective functional products based on dry mare's
milk. For the first time, in this study, the parameters of technological regimes for processing dried mare's
milk into a fermented milk product - yogurt with a high mass fraction of dry matter, were substantiated.
Enrichment of reconstituted dry mare's milk with 7.5% dry skimmed cow's milk allowed us to obtain a milk
base with a mass fraction of solids: 15.7%, proteins - 3.9%, and fat - 2.8%, with an acidity of 20°T. The
optimal fermentation mode of the milk base was determined - 38-39 °C for 6 hours.

Pullulan was used for the first time to stabilize and improve the texture of yogurt. The optimal
concentration of the stabilizer was found to be 1% by weight of the raw material. Pullulan-bacterial
cellulose probiotic microcapsules containing Lactobacillus rhamnosus GG were used for the first time in
the technology of creating a fermented product enriched with probiotics based on dry mare's milk.

Keywords: mare's milk powder, pullulan, yogurt, bacterial cellulose, microencapsulation.

Functional foods are the trend of the future, as modern biotechnology makes it possible to
process raw food sources into healthy products that meet the requirements of consumers. The
functional foods include fermented milk products, the production of which is based on the use of
specially selected microorganisms that provide the desired properties in the products [1].

The production and consumption of fermented milk products are steadily expanding.
However, their range is mainly represented by fermented products made from cow's milk. Such a
food matrix as mare's milk, which has a lot of useful properties, is practically not used. It has a
high nutritional and biological value, as well as maximum digestibility. It should be specially noted
that in terms of protein composition, it is similar to human milk, has hypoallergenic properties,
and has a rich amino acid composition. Mare's milk has therapeutic and prophylactic properties
[2-5]. It seems that mare's milk, due to the uniqueness of its chemical composition and properties,
is the preferred raw material for the production of consumer products. Traditional and yet the only
product produced by the industry from mare's milk in Kazakhstan is koumiss. However, it contains
alcohol, which limits the range of its consumers. Even though mare's milk is essentially the Kazakh
national "brand", little attention is paid to the production of fermented milk products from it.

Regarding the beneficial properties, mare's milk has not been appreciated to this day. The
use of mare's milk for the production of functional food products based on it is limited by the poor
knowledge of the technology of processing raw milk, stabilization of the chemical composition,
and technological properties of milk [6]. In addition, this is due to the seasonality of milk yield
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and difficult accessibility. In this regard, the topical issue is the use of mare's milk powder in the
production of sour-milk functional food products.

In this paper, an urgent task for obtaining yogurt from dried mare's and cow's milk as a base
is to increase the efficiency of the process of restoring milk powder. This process is a
heterogeneous chemical reaction that occurs between a solid and a liquid and is accompanied by
the transition of the substance into a solution. The essence of the dissolution process is the
interaction of dry dairy products with water and includes several stages: the dissolution of lactose
and minerals, the distribution of protein and fat in the solution, the hydration of the dispersed
phase, and the release of excess air from the product. The intensity of the process and its efficiency
is determined by the properties of water and dry milk product. [7]. In this regard, methods of MMP
restoration were studied for its further use as a dairy base for functional fermented milk products.

In the dairy market, the most dynamic in terms of consumption growth is yogurt - a
fermented milk product with a high mass fraction of dry matter. Existing technologies for
producing yogurts from mare's milk provide for the use of only starter cultures that carry out
fermentation. The introduction of specially selected strains of probiotic bacteria into the recipe of
such yogurt will make it possible to classify it as a functional product since it will have not only
high nutritional but also medicinal properties.

The use of probiotic bacteria as nutraceuticals is an area that has expanded rapidly in recent
years. Of great importance is the fact that the cells are viable and whether there are enough of them
in the intestinal tract. Oral administration of most bacteria leads to a large loss of viability
associated with their passage through the stomach, due to the presence of a high concentration of
acid and bile salts, this reduces the effectiveness of the introduced supplement. The viability of
probiotic microorganisms, that is, the number of living and active cells in a certain volume at the
time of consumption, is a key characteristic of the quality of these products, since it determines
their effectiveness [8]. Therefore, it is important to ensure the high survival of probiotic bacteria
both during the production and storage of the product and during its consumption. Sewing these
probiotics into a matrix, i.e., immobilization, is a new method to reduce cell death during passage
through the gastrointestinal tract. The proposed technology is based on the immobilization of the
bacterium in a polymeric matrix, which retains its structure in the stomach until degraded and
dissolves in the intestine, as opposed to diffusion-based release.

The microorganisms most commonly used in probiotic products belong to the genus
Lactobacillus and Bifidobacterium, since they are permanent components of the human gut
microbiota and have the status of GRAS (Generally recognized as safe), this status is also assigned
to pullulan, which will be used as a thickener. As a rule, lactobacilli are technologically more
suitable for use in food products than bifidobacteria. They are resistant to low pH and other
stressful production conditions, are traditionally used in fermented products, adapted to milk and
other food substrates, do not form acetic acid during fermentation, which often worsens the sensory
and organoleptic properties of products with bifidobacteria [10].

Successful experience with microencapsulation in the field of probiotic biotechnology
served as the basis for conducting this study aimed at creating microencapsulated probiotics to
increase their stability, viability, and efficient delivery to the intestine. Polysaccharide matrices
developed based on pullulan (PUL) and bacterial cellulose (BC) coatings into probiotic
microcapsules will be used for the first time to create probiotic-enriched fermented products based
on dry mare's milk.

The usefulness of fermented products made from mare's milk, and even more so with
probiotics in microencapsulated form, determines the relevance of this research.

Materials and methods

The material for the research was mare's milk powder (MMP) "Saumal™, Eurasialnvest Ltd,
the Republic of Kazakhstan; skimmed milk powder (SMP) JSC "Moloko", Russia, GOST 33629-
2015; food additive Pullulan (P), Hayashibara Biochemical Laboratories, Okayama, Japan; hybrid
microcapsules coated with P and BC; functional dairy product yogurt based on reconstituted dry
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mare's milk, enriched with microcapsules of the probiotic Lactobacillus rhamnosus GG (strain
ATCC® 53103TM was purchased from the American Type Culture Collection).

Determination of the chemical composition of reconstituted milk powder

To determine the content of the mass fraction of dry matter, measurements of the mass
fraction of fat, protein, and density restored MMP, we used a milk analyzer LACTAN 1-4 MINI
(VPK "Sibagropribor* LLC, Krasnoobsk district settlement, Novosibirsk region, Russian
Federation).

Determination of the chemical composition of the milk base

To determine the content of the mass fraction of dry matter of the milk base, a method was
used based on drying the analyzed sample at a constant temperature (102 + 2) °C following the
requirements of GOST R 54668 [11] and calculation of the mass fraction of dry matter (X d.m.,
%) by the mass loss of the analyzed sample in percent using the formula:

Xd.m, = Ma=me) 100 (1)

m-—-my

where my is the weight of the bottle with the analyzed sample after drying, g; mo is the weight
of the bottle, g; m is the weight of the weighing bottle with the analyzed sample before drying, g.

Protein determination was carried out by colorimetric method according to GOST 25179-
90 [12]. The method was carried out using a spectrophotometer with a wavelength of 590 nm.
The mass fraction of protein Xp, %, was calculated by the formula:

Xp =7.78D - 1.34, )

where D is the measured optical density, units. opt. density; 7.78 — empirical coefficient,
%/unit. opt. density; 1.34 — empirical coefficient, %.

The fat content in the milk base was determined using the acid method according to GOST
5867-90 [13] under the action of concentrated sulfuric acid and isoamyl alcohol, followed by
centrifugation for 5 minutes and measurement of the volume of released fat in the graduated part
of the butyrometer.

Density determination of milk base was carried out by the hydrometric method according
to GOST 3625-84 [14] at a temperature of 20+2°C.

Titratable acidity was determined by a method that was based on the neutralization of the
acids contained in the product with a solution of sodium hydroxide. Daily cultures of lactobacilli
were centrifuged, and a suspension containing 10 cells per 1 ml was prepared according to the
turbidity standard. 1 ml of this suspension was added to test tubes with 9 ml of MRS medium
and cultivated at 37°C under anaerobic conditions. Then, 10 mL of culture liquid was taken, and
20 mL of distilled water was added. 1-2 drops of phenolphthalein were then added. The samples
were titrated with 0.1n NaOH with constant shaking until a stable slightly pink color appeared.
The amount of alkali used for titration corresponds to the amount of acid formed in 10 ml of
culture liquid.

The average value was calculated from the obtained values. The final result was expressed
in Turner degrees (°T):

°T=A-K-20 3)
where A is a value expressing the amount of 0.1n NaOH used for titration of 10 ml of the
test sample; K - correction to the titer, determined by titration of 0.1n NaOH with 0.1n succinic

acid (0.009 g); °T is a value expressing the amount of 0.1 n alkali used for titration of 100 ml of
the test sample.
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Powdered milk recovery

To reconstitute dry mare's milk, a sample of 5 to 30 g was taken (in 5 g increments) and
dissolved in 100 ml of water, with gradual heating to a temperature of 65-75°C with constant
stirring using a heated magnetic stirrer C-MAG HS 7 IKA, Germany. After that, the milk was kept
for 30-90 minutes, with cooling due to natural heat exchange with the environment to room
temperature 20-24°C. The powdered cow's milk was dissolved according to the manufacturer's
instructions.

Producing yogurt

Prepared several variants for the composition of the milk base, which are shown in Table 1.

Table 1- Variants for the composition of the milk base

Variant Recovered MMP, % SMP, %
1 96,5 35
2 94,5 55
3 92,5 7,5
4 90 10

Note: MMP- mare's milk powder, SMP- skimmed milk powder

Fermentation of all variants of the milk base was carried out at different temperature
conditions: 38-39°C; 42-43°C. During the fermentation of the milk base, milk was pasteurized at
63°C in a water bath, homogenized to increase strength and improve the consistency of protein
clots and prevent the formation of a fatty plug on the surface of the finished product, cooled to the
fermentation temperature (38-39°C), then the starter was added, fermented, mixed and cooled clot
formed. Stabilization of yogurt was carried out by adding the food additive PUL in the variants of
adding 0.5; 1; 1.5% at 45°C, the mixture was vigorously agitated and allowed to swell for 30
minutes. PUL-BC probiotic microcapsules with L. rhamnosus GG in a ratio of 10:1.

Determination of organoleptic indicators of a fermented milk product

The organoleptic evaluation of the finished product was carried out by the closed-tasting
method, which was developed following ST RK 1732-2007 [15]. The control was carried out
according to the following indicators: smell, taste, consistency, appearance, and color.

Statistical analysis

All analyzes were performed in triplicate and results were presented as mean + standard
deviation unless otherwise indicated. Data were analyzed using one-way analysis of variance
(ANOVA) with Tukey's test. Statistical analysis was performed using SPSS software (version
28.0, IBM Corp., Armonk, NY, USA). Significance was defined as p < 0.05. Statistical
calculations and plotting of graphs and diagrams were performed in a semi-automatic mode using
Microsoft Office Excel.

Results and discussion

There are various methods of reconstitution of cow's milk powder, however, data on the
reconstitution of MMP are not available. In the dairy industry, a method is widely used that
involves dissolving milk powder at a temperature of 38-42°C, followed by instant cooling to 6-8
° C, with an exposure of at least 3-4 hours in order to maximize the swelling of proteins, eliminate
watery taste, and also to achieve normal density and viscosity [16]. The disadvantage of this
method is the large expenditure of time and energy for cooling.

At the consumer level, there is a method for obtaining milk, in which 8-9 tablespoons (125
g) of powdered milk are taken and stirred in a small amount of water with a temperature of 35-
40°C, then water is gradually added, bringing to 1 liter, while continuous stirring and heating to
boiling [17]. The disadvantage of this method is that when boiling milk loses the native properties
of whey proteins, the content of vitamins decreases (for example, vitamin C losses reach up to
70%), which leads to a decrease in the nutritional value of the resulting milk.

110



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X No2 (41) 2023  www. imv-journal.kz

To restore dry mare's and cow's milk, a method was chosen in which the dissolution of milk
powder in water includes constant stirring with a magnetic stirrer, with gradual heating to a
temperature of 65-75°C. After that, the milk is kept for 30-90 minutes, with cooling due to natural
heat exchange with the environment or by forced cooling to a room temperature of 20-24°C.
During this time, the protein fraction swells and milk acquires such properties as taste and smell
closest to natural [18].

According to the manufacturer's instructions, MMP "Saumal" for use in as close as possible
to whole mare's milk is recommended to dilute the powder, in the amount of 3 tablespoons (20-22
g) with 200 ml of warm water (36-40°C). However, when fermenting such milk, a rather liquid
dairy product is formed. Therefore, a series of experiments was carried out to select the optimal
mass of MMP for its further recovery and use as a milk base.

To do this, MMP was dissolved in 100 ml of water in the mass range of 5-30 g (in increments
of 5 g), the mixture was gradually heated to a temperature of 65-75°C and cooled for 30-60
minutes at room temperature. Then YO-MIX-601 starter from Danisco was added in the amount
of 1 g/100 ml and left to ferment for 6-8 hours (Table 2).

Table 2— Organoleptic characteristics of reconstituted mare's milk

Mass of dry
Variant | Mares milk g | Appearance and Color Smell Taste
per 100 ml of texture
water
Homogeneous, White with a Unp_leasant, Sweetish, with a
1 5 S A peculiar to raw e mi
liquid bluish tint milk taste of mare's milk
Heterogeneous, Creamy Unp_leasant, Sweetish, with a
2 10 : . . peculiar to raw o
with sediment white milk taste of mare's milk
3 15 Heterogeneous, Creamy Peculiar to raw Sour, with a taste
with sediment white milk of mare's milk
Heterogeneous, .
4 20 with single Cream Sour milk sSour, W't,h ataste
of mare's milk
flakes
Heterogeneous, .
5 25 with single Cream Sour milk Sour, W't,h a t_aste
of mare's milk
flakes
Heterogeneous, .
6 30 with single Cream Sour milk SO?r’ W't,h a t_allskte
flakes of mare's mi

According to the results of the study, during the restoration and further fermentation of
MMP, in most cases, samples of a liquid consistency are obtained. In 2 and 3 variants, a white
precipitate is formed, phases are separated and whey is formed. With an increase in the mass of
MMP up to 15 g, the consistency becomes heterogeneous with the presence of single flakes.
Variants 4-6 turned out to be the most optimal in terms of organoleptic parameters. In this regard,
option 4 was chosen for the restoration of MMP; this option is the most profitable from an
economic point of view (20 g per 100 ml of water).

Since mowing MMP produces a rather liquid and heterogeneous dairy product with a
specific taste and smell, it was decided to additionally add certain amounts of skimmed cow's milk
powder. This procedure is carried out to increase the mass fraction of dry matter in the product,
and improve the consistency, as well as the taste of the resulting product [19]. Moreover, this
procedure allows you to optimize the fat content of the MMP.

The use of SMP in certain concentrations in the production of yogurt is provided for by
regulatory documentation and is widely used in industrial conditions [20]. Therefore, a study was
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made on the possibility of enriching reconstituted mare's milk with the chemical composition:
mass fraction of protein - 34.0; fat - 1.5; dry matter - 95.0, and carbohydrates - 50%.

The results of the study of the degree of influence of the amount of SMP on the chemical
composition and intensity of fermentation (time to reach an acidity of 30°T) of the milk base for
yogurt are shown in Table 3. All experimental and control samples of the milk base were fermented
(fermented) under standard conditions for traditional yogurt technology: temperature 42-43°C,
direct introduction starter with standard microflora for yogurt YO-MIX-601.

Table 3- Influence of the amount of SMP on the chemical composition and indicators of the milk base

Dose of anplied Mass fraction, %
pp Density, kg/m3 Acidity, °T
SMP, % i
dry matter fat squirrel

35 14112123 | 5135015 | 29:018 | 10401113 |  11%123
55 14872131 1 5121016 | 32603 | 10452+105 190.2
75 10255177 | 511202 | 415:030 | 10542112 | 204021
10 18125159 | 24019 | 4994047 | 10669¢113 | 3120402

Note: SMP- skimmed milk powder

Enrichment of reconstituted mare's milk with SMP can significantly increase the mass
fractions of dry matter and protein. The maximum values of these parameters are observed when
adding 10% SMP, however, this is accompanied by an increase in titratable acidity up to 30°T and
above. Therefore, options with the addition of 5.5% and 7.5% SMP can be considered the most
suitable, ensuring the enrichment of the mixture with the dry matter by 35.4 and 48.7%,
respectively, and with protein by 89.7 and 122.0% with the acidity of the mixture not more than
20°T.

At the next stage, the selection of starter cultures with the best fermenting activity was
carried out. Types of starter cultures used for fermentation:

1) YO-MIX 601 10 DCU, DANISCO (Streptococcus thermophilus u Lactobacillus
delbruckii noosuo bulgaricus)

2) YOGURT [IMMUNITY, YOLACTIS (Sucrose; Streptococcus thermophilus;
Lactobacillus (delbrueckii ssp. bulgaricus, acidophilus, casei, rhamnosus, paracasei, plantarum);
Bifidobacterium (lactis, longum)

3) Sourdough YOGURT, VIVO (Streptococcus thermophilus, Lactobacillus delbrueckii
ssp. bulgaricus, Lactobacillus acidophilus, Bifidobacterium lactis)

All of the above starter cultures are directly introduced, and the optimum fermentation
temperature is 38-42°C. These starter cultures are publicly available and widely known. They
contain probiotic strains of lactic acid bacteria that ferment carbohydrates with the formation of
lactic acid. Due to this, they are widely used in the food industry in the preparation of various dairy
products, including fermented baked milk, yogurts, and others. Streptococcus thermophilus
absorbs and processes lactose (milk sugar) and is therefore used for lactase deficiency, has an
acidifying effect, providing a bactericidal effect against pathogenic microorganisms, and is also
able to synthesize and release polysaccharides. Lactobacillus delbrueckii has a set of proteases,
for example, a specific peptidase Lactobacillus delbrueckii - prolidase hydrolyzes proteins with a
high content of proline and has unique ways of regulation of biosynthesis [21; 22]. All three starter
cultures include these probiotics, in addition, the choice of these starter cultures is justified by their
low cost.

Figure 1 shows data on the fermentation of a combined milk base using three types of starter
cultures.
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Figure 1- Influence of various starter cultures and their concentrations on the acidity raising when
fermenting milk for 6 hours.

As can be seen from the data presented in Figure 1, when the starter is introduced in an
amount of 3% or more, the acidity of the product increases. The maximum acidity was established
when fermenting with YOGURT starter, VIVO company, and adding 5% starter material. When
using a YOGURT IMMUNITY starter, a slower increase in titratable acidity is observed, the
fermented milk does not form the desired consistency, and the resulting product is characterized
by a sour taste.

Thus, in the process of developing the technology for preparing yogurt, 3 types of starter
cultures were tested. Yogurt starter cultures included different combinations of probiotic
microorganisms. The most optimal introduction of YO-MIX 601 10 DCU starter culture
containing Streptococcus thermophilus and Lactobacillus delbruckii at a concentration of 1%. The
use of this combination of strains makes it possible to obtain a yogurt with a sufficiently thick
consistency, a dense clot, and a persistent aroma, as well as a homogeneous, uniform structure and
a mild taste.

When developing a technology for obtaining yogurt from MMP, it was necessary to take
into account the fact that in addition to the increased biological and nutritional value due to the
unique qualities of raw materials, it should have a consistency familiar to the consumer. The fact
is that a significant drawback that worsens the quality of the finished product from MMP is a
liquid, heterogeneous, flaky consistency with whey sludge during storage. Modern requirements
for increasing the shelf life of the product put forward the problem of preserving the presentation
during long-term storage [23].

One of the possible ways to achieve a stable homogeneous, non-separating, viscous
consistency of fermented milk drinks, along with the enrichment of the protein composition of the
feedstock, the selection of starter cultures with thickening properties, is the use of stabilizing food
additives based on natural components [24].

Determination of the features of the use of stabilizing additives, their influence on the
formation of the consistency of yogurt from MMP, the selection of the dose of application, the
refinement of the parameters of the technological process are the urgent tasks of the next stage of
the study.

PUL was chosen as a consistency stabilizer for reconstituted mare's milk yogurt. Externally,
PUL is a tasteless white powder, which is highly soluble in water. PUL is widely used in the food
industry, including as a binder and stabilizer [25]. Recently, PUL has been found to have a
stimulating effect on probiotics [26]. It was hypothesized that PUL, due to these properties, can
give yogurt a smooth appearance and improve its viscosity.
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For pre-activation, the stabilizer was added to 1/5 of the milk base at a temperature of 45°C,
and the mixture was subjected to vigorous stirring and left to swell for 30 minutes. Then the
resulting mixture was added to the main mass of normalized reconstituted mare's milk enriched
with 7.5% SMP, fermented with direct ferment YO-MIX 601 10 DCU, mixed for 15 minutes and
left for fermentation. Options for adding a stabilizer 0.5 were tested; 1; 1.5%.

Upon completion of fermentation, the product was cooled to 25°C, mixed and poured into
polystyrene cups covered with metalized foil, and sent for cooling and storage in a refrigerator to
a temperature of 4 £ 2°C in the product. The optimal concentration of the stabilizer was 1% by
weight of the raw material. The resulting yogurt had organoleptic characteristics satisfying the
consumer: a sour-milk smell, with a taste of mare's milk; homogeneous, moderately viscous
consistency with a creamy tint.

Fermented milk products with probiotics account for 60 to 70% of the total functional food
market. For this reason, their production can be identified as an independent branch of food
biotechnology [10]. However, numerous studies show that a significant part of probiotic cells lose
their activity due to damage and death of microorganisms during the production of direct starter
cultures, in the food matrix, during storage of products, and also during the passage through the
gastrointestinal tract [8]. Microencapsulation of microbial cells protects from unfavorable
conditions, which was shown not only in SMP works [27-29], but also experimentally established
in the course of the study. Since the purpose of this work was to create a technology for obtaining
products from MMP enriched with microencapsulated probiotic microorganisms, then to obtain
probiotic yogurt, P-BC microcapsules were used, obtained by extrusion according to the
technology layer-by-layer containing strain Lactobacillus rhamnosus GG. This strain, according
to the totality of the studied properties: the activity of acid formation, the spectrum and level of
antagonistic activity, and resistance to stress factors was chosen for inclusion in microcapsules
[30]. PUL-BC probiotic microcapsules were added to the finished yogurt in a ratio of 1:10. The
resulting product was named "Microlact”

Conclusion

Products made from mare's milk with microcapsules retain the high viability of probiotic
microorganisms during the production process and provide increased therapeutic and prophylactic
efficacy, which contributes to the improvement of the population.

As a result of the research work, the optimal composition of the milk mixture for the
production of yogurt based on dried reconstituted mare's milk with an increased mass fraction of
solids was selected. Enrichment of reconstituted mare's milk with 7.5% SMP made it possible to
obtain a milk base with a mass fraction of solids: 15.7%, proteins - 3.9%, and fat - 2.8% at an
acidity of 20°T. The optimal mode of fermentation of the milk base was determined - 38-39°C for
6 hours. Fermentation at a given temperature regime and the introduction of a stabilizer PUL at a
concentration of 1% leads to the formation of a uniform clot, and the resulting product has
satisfactory organoleptic characteristics. The results of experimental studies were used in the
development of technology for a new yoghurt "Microlact” with microencapsulated probiotics.
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IITAMM KJIYBEHBKOBBIX BAKTEPHI 17151 CO3IAHMSI BHOY1OBPEHMS
JUISI KYJBTYPBI COU (GLYCINE MAX (L.) Merr.)
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AHHOTALUSA

Cos (Glycine max (L.) Merr.) sBiusercs Bemylled KyibTypoil cpemd OOOOBBIX U ee
BOCTPEOOBaHHOCTh B MUpE ekeroqHo pactaet. s Kasaxcrana cos sIBISIETCS CTpaTETHYECKOM KYJIbTYPOH,
TaK Kak MO3BOJISIET CHU3HUTh NE(PUITUT OelKa B MUTAHHUH JIFOICH U )KUBOTHBIX. OTHAKO yPOXKAHHOCTH COH B
PecnyGnuke 110 cpaBHEHHUIO ¢ IPYTHUMH CTpaHaMU HHU3Kas. V3-3a HU3KOHM ypOsKaifHOCTH €€ MPOM3BOACTBO
CTaHOBUTCS HEPCHTA0CIbHBIM. [1J1s1 MOBBIICHHS IPOYKTHBHOCTH COY PUMEHSIOT MUHEPAIbHBIC a30THBIC
yI0OpeHus, YTO CO3[MaeT OMACHOCTh ISl OKPYXKAaloled cpenpl. PemieHrueM MpoOJieMbl MOBBIIICHHS
YPOXKAHHOCTH COM SIBJISICTCS MPUMEHEHHE OMOYI0OpeHniT Ha OCHOBE KITyOCHBKOBBIX OaKkTepHil, KOTOpbIC
(GUKCHPYIOT a30T aTMOCc(ephl 1 CHAOXAIOT UM pacTeHust. L{esbio JaHHOT0 HCClieIoBaHMs OBLIO BBIICICHHE
HOBOTO IITaMMa KIIYOCHBKOBBIX OaKTEpHil ¢ BBICOKOW a30T(QHKCUPYIOLICH aKTUBHOCTBIO, CHOCOOHOTO
YBEJIMYHUBATh BCXOKECTh CeMsiH, 3P (PEeKTHBHO 00Pa30BhIBATH KITyOCHBKH Ha KOPHSX COH, CTUMYJIMPOBATH
POCT ¥ TOBBIIIATH YPOXKAWHOCTh COM. V3 KiIyOCHBKOB Ha KOPHSAX PAacTCHUIl cOoM, COOpaHHBIX Ha MOJIAX
AnmartuHckoit obnactu Kasaxcrana, BbiiesieH Bbicokod(dexTuBHBIN mTamm Oakrepuit Bradyrhizobium
japonicum H7, crmocoOHsIii 00pa30BBIBATE OOJNBIIOE KOJHUYECTBO KIyOEHBKOB, aKTHBHO (PHKCHPOBATH
MOJIEKYJISIPHBIH a30T aTMOC(EpbI, YAy4IIaTh a30THOE MIUTAHUE PACTCHHUI U TOBBIIIATH YPOXKAHHOCTH COU.
B moneBbIX yCIOBHSAX YCTaHOBIICHO, YTO MHOKYJIALMS TaMMOM H7 yBenmnuuBaeT BCXOXKECTh CEMSIH COU
10 90%, noBkIIIaeT rycToTy noceBoB Ha 26—30%, BhIcOTY pacTeHui - Ha 25%, a ypoxkaiiHOCTh - Ha 9-11
w/ra. Takum oOpasom, mTaMM KiIyOeHBKOBHIX Oakrepmii Bradyrhizobium japonicum H7 wmoxHO
UCIIOJIb30BATh JUIS CO3AaHMs OaKTepHAIBHOTO YIOOPEHHUS IS KYJIbTYPhI COU.

KaioueBble ciioBa: Ki1yOCHbKOBBIC OAKTEPUH, COSI, HHOKYJISIINS, a30THUKCALHS, YPOIKAHNHOCTB.

Cos (Glycine max (L.) Merr.) sBisercs Beaylied KyabTypodl cpenu OOOOBBIX, OHa
BO3/IeNbIBaeTCs Oonee yeM B 60 cTpaHax W ee BOCTPEOOBAHHOCTh B MHUPE €KErOJHO PAacTeT.
[Ipon3BoacTBO CcOM 3aHUMaET 4YETBEPTOE MECTO TMOCHE MIIEHUIIbI, pUCAa U KYKYpY3bl HU
paccMaTpuBaeTcs B KauecTBE JIEMIEBOTO perieHus mpobiembl 6enkoBoro neduiura [1]. Kpome
TOT0, BEICOKOE COZICpKaHUE B 3epHE coM Oellka, Maclia ¥ BUTAaMUHOB Ipynibl B ompenenstor eé
mupokoe npumeHenue [5]. Ilo nanHbiM [IpOIOBOIBCTBEHHOW M CEIBCKOXO3SMCTBEHHOMN
opranu3zaiuu npu OOH (FAO) B 2018 romy npou3BoACTBO COM BO BceM Mupe cocTaBuiio 334,89
MJIH T, 10 nporHo3am K 2050 romy oHo yBenuuutcs BaBoe [2]. JluaepamMu mpou3BOACTBA COU
sBisaroTest bpasunus, CIIA u AprenTrHa, Ha KoTopble mpuxoauTcs 81% MuUpoBOro Npon3BoACTBa
[3,4].

Jlna Ka3zaxcrana cost IBJISIETCSI CTpaTETM4eCKON KyJIbTYypOil, €€ UCII0JIb30BAaHUE TI03BOJISET
CHHM3UTH NeUIUT OeiKa B MUTAHUU JHOJCH W KUBOTHBIX [6]. B Hacrosiiee BpeMs MUIONIA M
BbIpamuBaHusi cou B KazaxcraHe yBenMUYMBAIOTCS, OJHAKO YPOXKANHOCTH IO CPaBHEHUIO C
JIpYTUMHU CTpaHamMu Hu3Kas. Tak, eciau cpeaHsas ypoxalHocTh cou B bpaswmum u CIIA
cocranusieT 3,3 1/ra, B Kanaze - 2,6 1/ra, To B Kazaxcrane B cpejHeM oHa He mpesbimaet 1,1-1,2
1/ra. [Ipu 5TOM 3epHO COM XapaKTEPU3yeTCs] HU3KUMU TTOKa3aTe siMu KadecTBa [7]. M3-3a HU3KOM
YpO’KaHOCTH €€ Mmpou3BoACcTBO B KazaxcraHe cTaHOBUTCS HepeHTaOenbHBIM. [ mosrydeHus
BBICOKOH YpO>KaiflHOCTH COSl HY>K/Ia€TCsl B OCHOBHBIX AJIEMEHTaX MUTaHUs, TAKUX Kak a30T, (pocop
U KaJuii, TO3TOMY IIPH MPOU3BOJICTBE COU MPUMEHSIOT MHHEPAIbHBIE XUMUYECKUE YIOOPEHUS.

117


https://www.azmbi.az/index.php/az/ana-s-hif/elanlar/557-amea-mikrobiolozhiyainstitutu-doktorantura-v-dissertanturaya-zh-bul-elan-edilir
https://ru.wikipedia.org/wiki/L.
https://ru.wikipedia.org/wiki/Merr.
https://ru.wikipedia.org/wiki/L.
https://ru.wikipedia.org/wiki/Merr.
https://ru.wikipedia.org/wiki/L.
https://ru.wikipedia.org/wiki/Merr.

MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X No2 (41) 2023  www. imv-journal.kz

OpHako B HACTOSINEE BpeMs 3eMJIe/ielNe CTPEMHUTCS K MPUMEHEHHIO 3€JIEHBIX TEXHOIOTHUH,
M03TOMY YJIydlIEeHHE a30THOTO U ocHOpHOro NUTaHus pacTeHUI 0€3 MPUMEHEHUS] XUMHUYECKIX
yInoOpeHult SIBISIETCS OJHOW WX OCHOBHBIX 3a7a4 opranmueckoro 3emutenenus [8]. Mcxons u3
3TOT0, MOUCK MYTEH MOBBIIICHUS MPOTYKTUBHOCTU COU SBIIETCS BEChbMa aKTyallbHBIM.

Pemennem mpoOsieMbl  TIOBBIIICHHS]  yPOXKAWHOCTH COM  SIBIISIETCS  MPUMCHEHHE
Omoyno0peHnii Ha OCHOBE KIIYOCHBKOBBIX OaKTepuid, CTOCOOHBIX (PUKCHUPOBATH a30T aTMOC(eEphl
U cHaOXaTh UM pacTeHus. HOKyISAIUs COM KITyOCHBKOBBIMU OakTepHsiMH JaéT BO3MOXHOCTH
COKPAaTUTh NPUMEHEHHWE MHHEPAIbHBIX a30THBIX YAOOPEHHMH U CYIIECTBEHHO MOBBICUTH €€
ypoxaiinocts [9,10]. Ciieqyer oTMETHTB, 4TO B mo4yBax Ka3zaxcrana abOpHreHHbIX KITyOCHbKOBBIX
OaxkTepuil AN KyJAbTYpbl COM HET, MOCKOJIbKY JIMKas COsl B €CTECTBEHHBIX (DUTOIIEHO3aX HE
BcTpeuaeTcs. [loaToMy Tpu BBIpAIlMBaHUU COM B FOTO-BOCTOYHOM KaszaxcraHe - OCHOBHOM
peruoHe Npou3BOJICTBA COU, B IOYBAX KOTOPOI'O OTCYTCTBYIOT CIIOHTaHHBIE MOMYJISALIUN PU300HIA,
MPUMEHEHUE WHOKYJSIIUU CEMSH COU KIyOCHBKOBBIMHU OaKTEpUSMU, SBISETCS 00S3aTeTbHBIM
[11].

B mupe mpou3BOIUTCS OTPOMHOE KOJMYECTBO OMOIPEnapaToB Ha OCHOBE KITyOEHBKOBBIX
Oaktepuii s cou [12]. OcHOBHBIME TIpou3BoAMTENsIME OnornpenapaTtoB siBisitoTess CIIA - 20
MJIH Ta/mopuuii exxeroano, bpasuwnmus - 4-6 muH ra/mopuunit, Uamus - 2-4 muH ra/mopuwmii [13].
Tonbko B Poccun mpousBoauTtcs 6osee 20 HaMMEHOBAaHMI MpeENapaToB HA OCHOBE KITyOSHBKOBBIX
Oakrtepuii («Hutparmn», «Puszobakrepun», «Puszoropbun» u np.) [14,15]. B Kazaxcrane
UCIIOJIB3YIOT OHOMpenapaTsl Mol KyJIbTypy COH, HO B OCHOBHOM, UMIIOPTHOT'O TIPOUCXOXKICHUS
(«Hutporuny», «Pusotopdpun», Poccus; «HiStick Soy», I'epmanms; «Nitrazon», Yexwus),
OTEYECTBEHHBIX MpernaparoB kpaiine Mano (Pusosut AKC) [16-18].

OpHako TMpU UCHONIB30BAHUU WMIIOPTHBIX OHOYIOOpEHUI CYIECTBYIOT OMpPECICHHBIE
npoOJeMbl, OCHOBHBIMH M3 KOTOPBIX SBJISIOTCS HECIIOCOOHOCTHh INTaMMOB OHOYI0OpeHUM
MPeoAoeBaTh KOHKYPEHIIMIO C KOPEHHBIMH MOMYJSIIUSAMH OakTepuili pu3ocdephl, HX
HECOBMECTUMOCTH C MECTHBIMHU COPTaMHU COU M HEMPHUCIIOCOOJIEHHOCTh OaKTEepPHil K TOYBEHHBIM U
kmuMaTudeckuMm  ycioBusM Kaszaxcrana [20,21]. 3amadeil naHHOTO HCCIENOBaHUS OBLIO
BBIZICJICHWE HOBOTO INTaMMa KIyOCHBKOBBIX OaKTepUil C BBICOKOM a30THUKCHUPYIOUIEH
AKTUBHOCTBIO, CIIOCOOHOTO YBEIMYMBATH BCXOXKECTb CEMsH, 3(PQEeKTHBHO 00pa30BLIBATH
KITyOEHBKH Ha KOPHSIX COU, CTUMYJIMPOBATh POCT U MOBBIIIATH YPOKAHMHOCTh COU.

Matepuanbl M1 MeTOABI HCCJIEOBAHUS

OOBEKTOM HCCIIEOBAHUS SIBISETCS MITAMM KIYOCHBKOBBIX OaKTEpHii, BBIICICHHBINA W3
KIyOeHBKOB Ha KopHsx pactenuii cou (Glycine max (L.) Merr.) copra «DBpuka», COOpaHHBIX B
AnmaruHckoi obnactu Kazaxcrana, ¢ mocneayromnie cenekiyed akTHBHOT0 BApHaHTa Ha )KUIKOM
W TBEPAOU NMUTaTeabHOM cpene Mase. J1Jis BeiieeHUsT KITyOCHBKOBBIX OaKTepuid ObLITH OTOOpaHbBI
3JI0POBBIC U KPYITHBIE PACTEHUSI COU C XOPOIIIO PA3BUTON KOPHEBOW CHCTEMOU U OOJBIIIIM YHCIIOM
KJIyOCHBKOB Ha KOpH:IX. KopHU pacTeHnii ObUH TIIATETEHO MPOMBITHI IO TPOTOYHOM BO0M. OT
KOpHEH OTHeNsuIM KpYyIHbIe, pO30Bble KIyOEHBKM M IepeHocunu B yamku [letpu, roe ux
paspesanu ckaiplieneMm Ha yacTd. J{Jis BeiaeneHus pu300uil UCTIONb30BaAI MMUTATEIbHYIO CPELyY
Mase cnenyromero cocrana, r/in: KoHPO4 - 1,0; MgSOs4 - 0,3; caxaposa - 10,0; otBap u3z 100 r
ropoxa, BojornpoBogHas Boaa - 1000 mu. [lng KyJdbTHBUPOBAHUS IITaMMa HMCIOJIb30BAIN
nutaTenbHyro cpeny Vcsapana. CocraB cpeasl MceBapana (r/m): caxaposa - 4,0; KeHPO4 - 0,5;
MgSO4sx7H20 - 0,2; rmokonat kanbims - 1,5; FeClz - 0,01; ZnSO4x5H,0 - 0,005; npoxkeBoit
akeTpakT - 2,0; pH 6,8-7,0. Boxa BogompoBoaHas - 1000 mut.

Jlnst u3yueHust cnocoOHOCTH OaKkTepHii K 00pa30BaHUIO KIyOSHBKOB (HOAYJISIINS ) OaKTepUH
BhIpaluBaiy Ha xuakou cpene Mcsapana mpu 180 o6/mun, 28°C B Teuenue 5 cytok. Ilepen
TI0CEBOM CeMEHa HHOKYIIMPOBAIH CyclieH3neil 6akTepuii ¢ THTpoM Kietok 1x10% ki/mn B Teuenne
JIBYX 4acoB Mpu Temnepatype 23°C 1 BbIceBaIM B BereTallOHHbIE cocyabl o0beMoM 500 mit (Tpu
cems Ha cocyn). B xadectBe cyOcTpara i1l pocTa pacTeHMM MCIOIB30BAIM BEPMUKYIUT, AJIS
HUTaHUs TPOPOCTKOB puMeHsi pacTBop Knoma (r/m): Ca(NO3z)2x4H20 - 1,00, MgSO4x7H-0 -
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0,25, KH2PO4 - 0,25, KCI - 0,12, FeClzx6 H20 - 0,004 r, crepmibHoii Boabl - 1000 mut [22].
KonTponem ciyxuiu cemeHa cou 6€3 HHOKYISIIIHH.

HutporeHasHyio akTUBHOCTh OaKTepuil ONMpeeNsuld aleTUIeHOBBIM MeronoM [23]. Jlns
3TOr0 HCCleqyeMble OakTepuH BbIpaliMBalii Ha cpene lcBapaHa B yCHOBHSIX a’panuul 0
kounenTpamuu 1x10® k1. /Mn. AneTusen BBOAWIN B COCYBI C KyJIbTYpaMH 0 KOHIIEHTpAIIHH
10% (o o6wvemy). [locne nukyOanuu KyabTyp B TeueHue 1,5 u B aTMocdepe aneTuneHa npoobl
raza otOupanu mmpurem no 1,0 Ma U3 cocyna M ONpeAessUId HaJU4ue STHIIEHA Ha Ta30BOM
xpomarorpade “Agilent Technology 7890 B” (CIIIA) ¢ miaMeHHO-HOHH3AIHOHHBIM JETEKTOPOM
[24].

KynbsTypansHo-mopdonornyeckue u OMOXMMHUYECKHE CBOMCTBAa OaKTEpUl H3ydaau IO
CTaHJApTHBIM MeToauKaM [25].

baktepun uaeHTHGUUIMPOBATH MOJEKYIApHO-TeHeTHUYeCKUM MeTogoM CeHrepa MmyTem
cexBeHupoBanus resa 16S pPHK. I'enomuyro JIHK Bbiensiiu U3 CyToYHOM KyabTypbl OakTepuii
¢ momompio HabopoB PureLink® Genomic DNA Kits (Invitrogen, CIIIA). bakrepun
UJACHTUPUIMPOBATIM IyTEM U3y4YeHHsl MOCJIeIoBaTeNbHOCTH YywacTka reHa 16S pPHK c¢
YHUBEpPCAIbHBIMU TpaiMepamu [26,27].

Jlis1 IOCTAaHOBKM OIBITOB IO BIUSHHUIO OakTepuil Ha pa3BUTHE PACTEHUIl coM OakTepuH
BRIpaluBanu Ha cpene Mcpapana npu 28°C 180 06/Mun 10 konuentparuu 1x108kn/mn. Cemena
conm «DBpHKa» TIepes ITOCEeBOM oOpadaThiBamm cycrensuen Oakrepumii (T=1x10%kn/mm), B
konuyectBe 5,0 mi Ha 1,0 T cemMsiH B TeueHHe 2 4 IMpH KOMHATHON Temriiepatype. B koHTpoie
CEMEHa 3aMayrBajy B BOJONPOBOAHON Boje. OOpaboTaHHbIE CEMEHA pacKiIaJblBAIA HA YalIK{
[Terpu c arapuzoBanHo# cpenoii KoBposiesa Cenemytromiero coctana (1/1): MgSO4x7H20 - 1,0,
K2HPOs - 1,0, Ca(HPO4)2 - 0,2, FeSO4x7H20 - cnenpl, arap - 6,0, Boga BogonpoBoanas - 1000
ml.Uepe3 20 cyTOK MpOBOJMIM TOACYET W B3BEUIMBAHHE MPOPOCTKOB PACTCHUI, M3MEpEHHE
HaJI3¢MHOW YaCTH, KOPHEH U JTUCTHEB.

[TosieBo¥i OMBIT MO BIMAHUIO KIYOCHBKOBBIX OAKTEpHil HA Pa3BUTHE U YPOXKAHHOCTH COM
ObLT TIPOBEJCH B KPECThIHCKOM Xo3siiicTBe «OKanmko» Wnumiickoro paiioHa AJIMaTHHCKOW
obmactu. KiyGenbkoBble OakTepuu BbIpaniuBaiu Ha cpeae VicBapana npu 28°C, 180 o6/muH B
teueHue S5 npHeu. Ilepen moceBOM ceMeHa COM HMHOKYJIMPOBAIM CYCICH3WEW OakTepuil B
koruenTparmu 1x108 xor./mn, u3 pacuera 800 mn cycmemsum Ha 100 kr ceMsH. B ombItax
UCTIONIBb30BaIH copTa cou «XKaHcas» u «IBpuka». MHOKYIMPOBaHHBIE CEMEHA BHICEBAIIU CESITKON
CK-2 (mpenmiecTBEHHHK - MIINEHHIIA) B PsAIbl mupuHOU 70 CM, TTOCEB IBYXCTPOYHBIA ¢ 15 cMm
Mexay crpokamu. Hopma BwiceBa cemsiH coctaBisuia 120-125 kr/ra, rmyObuna moceBa 6-9 cwm.
KonTponem cnyxwmin HeoOpaOoTaHHbIE ceMeHa. B TeueHue BCero BEreTallMOHHOIO IMepuoia
OCYIIECTBIISIIM HEOOXOJUMBIE arpOHOMHYECKHE MEPONPUATHS (IIOJIUB, MIPOTIONKA U JIP.).

Bce skcmepuMeHTh TPOBOIWINCH B 3—5-TH KpAaTHOW MOBTOpPHOCTH. CTaTHCTHYECKas
00paboTKa pe3yNbTaTOB MPOBOAWIIACH C HCHOJb30BaHMEM mnakera nporpamm «STATISTICA

10.0» [28].

Pe3yabTaThl U 00Cy:KIeHUE

Jnst BBIIETIeHUST KITyOCHBKOBBIX OakTepuii ObLTH OTOOPAHBI PACTEHUS COM COPTa «IBPUKAY»
C XOpOIIO Pa3BUTOM KOPHEBOW CUCTEMOW U OONBIIMM YHCIOM KIYOCHBKOB Ha KOpHsX. U3
KJIyOCHBKOB MPOBEIHU BBIJIEIICHUE OaKkTepuii Ha cpene Mase. B o011eit ci105)KHOCTH ObLIO BBIJEICHO
24 w3omnsara. B 1abopaTOpHBIX YCIOBUSX MPOBEACH UX CKPUHHHT IO CIIOCOOHOCTH K aKTUBHOMY
POCTY M30JIATOB Ha 0€3a30THCTHIX Cpeniax M oToOpaH n3oiat H7 kak Hanbosee 3¢ heKTUBHBIN.

N3ydeHbl OCHOBHBIE KYyJIBTYpalbHO-MOP(OJIOTHYECKHE UM OHOXMMHYECKHE CBONCTBA
n3zonsata H7. YcraHoBineHO, 4TO KJIETKHM OakTepuil MMEIT (PopMy MajodeKk C 3aKpyTrJeHHBIMHU
KOHI[aMU, moaBwxkHbIe. Pazmep kierok 0,5-0,7%4,5-5,0 mMxM, cnop He 00pa3yior, OakTepuu
rpaMOTpULIATENbHbIE, C TEUEHHEM BPEMEHH KJIETKHU MPUHUMAIOT OKpPYTIIyIo opmy (pucyHok 1a).
Ha mnnotHolt mnwuratensHOW cpene Mase oOpa3yeT CIM3HCTBIC, BBIIYKIBIC, KpYIJIbIE,
MOJIYTIPO3paYHbIe KOJIOHUU C POBHBIMH KpasMU, UyTh KPEMOBBIE, TuaMeTpoM 3—4 MM, TUTMEHT B
cpeny He Bbinensercs (pucyHok 10). IlItamm ne pacrer Ha MIIA, MIIbB, xenatuHe U APyrux
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cpenax, CoJepKaIIUX )KUBOTHBIE OSJIKH, CIa00 pacTeT Ha JKUIKOHN U arapu30BaHHOH cpeie Diou.
[Iramm H7 siBnsercst a3poOHBIM U TpeOOBaTEIBHBIM K KHcTOopoAy. OnTuManbHas TeMIiepaTypa
pocra mramma 28-30°C, ontumanbHoe 3Hauenue pH cpensr - 6,8-7,2.

a - KJIIeTKU ABYXCyTo4uHO# KynbTypsl (1x300); 6 - poct Oakrepuii Ha cpee Mase

Pucynok 1 - KitybenbkoBblie 6akrepun H7

B xauectBe ncrounuka yriepona mramMmMm H7 ucnons3yeT apaOUHO3Y, KCHIIO3Y, TIIOKO3Y,
rajakTo3y u (ppykro3y ¢ o0pa3oBaHHEM KHUCIOTHI, HE YTHIM3UPYET MAHHUT, CaXapo3y U JIaKTO3y.
XKenatuHy He pazKIKaeT, KpaxMmall He THAPOIU3YET, MOJIOKO HE TENTOHU3UPYeT, H2S n nHmon
He 0o0pa3yeT, HHTpPaThl BOCCTAHABIMBAET 0 HHUTPUTOB. JlaeT MOJIOKHUTEIHHYIO PEaKIMI0 Ha
Karanasy.

st uzydenus BiaustHES U30isTa H7 Ha BCXOKECTh, POCT M Pa3BUTUE PACTCHUN COU ObLIN
npoBeJeHbI uccienoanus. [lonydeHHble pe3ynbTaThl NpeAcTaBieHbl B Tabuuie 1.

Tabmura 1 - Baustaus nzonsta H7 Ha BCX0XKeCTh, pOCT ¥ pA3BUTHE PACTCHHIA COH

i —— chog;;ecn:, I[Jn/IHa:: :dTe6JI}I, I[J'II/IHi ;I(OpHSI, KOH-B(LI J'FIFITICTBGB,
Kontpois 51,6+1,0 10,3+0,1 7,0£0,1 1,2+0,03
Wzonsat H7 98,7+2,1 22,3+0,2 12,7+0,1 4,4+0,1
[Tpumeuanue: p <0,05

Pesynbrarel, mpuBeneHHble B Tabnuie 1, MOKa3bIBAlOT, YTO MHOKYJSAIWS H30isToM H7
CYILIECTBEHHO TMOBBIIIAET BCXOXECTh CEMsIH COM. Tak, €clii B KOHTPOJIE 3TOT MOKa3aTelb
coctaBmsut 51,6%, TO B BapWaHTe C HWHOKYJAIMEH BCXokecTh coctaBisiia 98,7%. Taxke
YCTaHOBJICHO, YTO MHOKYJISILIUSL CTUMYJIMPYET POCT U pa3BUTHE pacTeHuit cou. [lpu stom, amna
cTelJIst yBeu4miIach B 2,2 pasa, KopHeil - B 1,8 pa3a, a ynucio JUCTheB - B 3,7 pasa 1o CpaBHEHHUIO
¢ KOHTpoJieM (Tabmuma 1).

OmHuM W3 BaXHBIX CBOMCTB KIyOCHBKOBBIX OaKTEpUH SBISETCA WX CIOCOOHOCTH
00pa30BBIBaTh KIIYOGHBKM HAa KOPHSIX COM W (UKCHPOBATh a30T armocdepbl. B 3Toit cBs3u
M3YYUIIU CIIOCOOHOCTH IITaMMa K HOAYJISIIMH U €ro a30T(QUKCHPYIOIIYI0 aKTUBHOCTb. B ombiTax
UCIIONIE30BAIM COI0 cOpTOB «IBpukay u «XKancas». [lepen moceBoM cemeHa oOpabaThiBav
cycnieHsue Oaktepuii H7, KOHTponem CIyXWIH CEMEHa, 3aMOYCHHBIE B CTEPHJIbHOU
BozonpoBoaHoi Boze. Ilocne 30 gHel BelpamiMBaHMs PACTEHUS BBIHUMAJIM, KOPHU OTMBIBAJIH,
B3BEIIHUBAJIH, TOJCYUTHIBAIIN KOJMYECTBO KIIYOCHHKOB Ha pacTeHUsIX. Pe3ynbrarhl pencraBieHbl
B Tabmuie 2.
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Tabnuna 2 - O0pa3oBanue KI1yOSHBKOB U a30TGHUKCHPYIONIAs ciocOOHOCTh u3osita H7

. Hutporenasnas
Koun-Bo xi1ybenskoB | Cyxoii Bec KiTyOEHBKOB,
BapuanTs! onbiTa AKTUBHOCTD, LLMOJIb
Ha pacTeHue, IIT. Mr/pacTeHue
CoHa/mn/a
copt «Kancasa»
KonTpons 0 0 -
Wzonsat H7 18,4+0,1 158,5+2,2 7,79+0,02
COpPT «DBpPHUKa»
KonTpons 0 0 -
Wzonsat H7 19,3+0,1 164,8+2,3 8,42+0,01
[Mpumeuanwue: p <0,05

Nx npanapix Tabmuiel 2 ciuemyeT, 4ro u3oiaT H7 cmocobeH o0pa3oBBIBaTH OOIBIIOE
KOJIMYECTBO KIIYOCHBKOB Ha KOPHSX PACTCHHH coH, B cpeaHeM 18—19 mTyk Ha 0JHO pacTeHue.
N3BecTHO, uTO 6000BBIE KYIbTYpPhl OU€Hb TPEOOBATEIbHBI K a30THOMY NMUTaHHI0. KiryOeHbKOBbIE
OakTepuu crocoOHBI (PMKCHUPOBATH MOJEKYIISIPHBIA a30T aTMOc(hephl U MPeoOpa3oBLIBaTh €T0 B
COCIMHEHUSI JIOCTYIHBIC pACTEHUSM. YCTaHOBICHO, 4TO wu30iAT H7 o0namaer BBICOKOU
azordukcupyromet aktuBHOCTBIO (8,0-8,4 umons CoHa/Mi/4), d9TO sABISIETCS BaKHOU
XapaKTEPUCTUKON OaKTepHil IIsi IPUMEHEHUS B CETbCKOM XO35IICTBE, TaK KaK JOMOJTHUTEIbHBIN
010a30T OKa3bIBAET CYIIECTBEHHOE BIUSHUE HA POCT U YPOKAHHOCTh COM, MIOCKOJIBbKY YIy4IlIaeT
A30THOE IIUTAaHUE PACTCHUM.

[TpoBenena nnentudukanus nzonsata H7 monekynsapHo-reneTnyeckum Merogom CeHrepa u
YCTAHOBJICHO €0 TAKCOHOMMYECKOE ToJioskeHue. [l BUoBOM naeHTU(UKAIUN OakTepuil ObLT
npoBeJieH (UIOTeHETUYECKU aHaIU3 MYTEM CPaBHEHUS HYKJICOTHUIHOW IOCIIEN0BATEIbHOCTU
mraMMoB (603 bp) ¢ mocnenoBatenbHOCTIMU 16S rRNA mTaMMOB POJACTBEHHBIX OaKTepUil U3
6a3sl manabix GenBank NCBI. B nporpamme MET'A 6.0 moctpoeHo GuitoreHeTHIecKoe IepeBo ¢
ucnonb3oBanueM Neiighbor-Joining KiacTepHOro MeToJa pacdera T'€HETHYECKUX PacCTOSIHUN
(pucyHOK 2).

_: NR_174293 Bradyrhizobium niftali CNPS
NR_178575 Bradyrhizobium nanningense
AB601 663 Bradyrhizobium yuanmingense

L o _[ Bradyrhizobium RH-8.seq
KY794771 Bradyrhizobium japonicum S12

""""""""""" Bradyrhizobium RH-7.seq

- - TTTTtTTTTTTTTTTTTTT Bradyrhizobium RH-6.seq
[ AB231916 Bradyrhizobium elkanii USDAG.

NR_14586 2 Bradyrhizobium tropiciagri SE

(0]

1.7

Nucleotide Substitutions (x100)

Pucynok 2 - ®uiioreHeTHIECKOE AepeBO KIyOeHbKoBbIX OakTepuii mrramm H7 (Bradyrhizobium RH-7.

seq)

Pucynok 2 mokasbiBaeT, 4To B (DMIOTCHETHYECKOM OTHOIIEHWUU m30iaT H7 (ykasam kak
Bradyrhizobium RH-7. seq) nHanbosiee 6sin3ok k mrammam poaa Bradyrhizobium u maxonmutcst Ha
ONIHOW BETBU C pedepeHcHbIM mTamMMoM u3 0a3el gaHHbIX GenBank NCBI KY794771
Bradyrhizobium japonicum S12. IIpotieHT HACHTUYHOCTH C 3TUM IITAMMOM cocTaBuil 99,98%.

TectupoBaHue mrTamMma B MOJIEBBIX YCIOBHUSX MOKA3ajlo €ro BHICOKYIO 3¢ (heKTUBHOCTh. B
OIIBITaX MCIIOJIb30BANH JiBa copTa cou «OKaHcas» u «OBpuka» (tadiuua 3).
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Tabmuua 3 - Biusaue mramma Bradyrhizobium japonicum H7 Ha arpoOuosiornyeckue mokasarend U
YPOKaHOCTb COU B IIOJICBBIX YCIOBHSX

BcexoxecTs, I'ycToTta BCXo/10B, Bricora YpoxaltHOCTb,
BapwuaHTs! ombiTa ) .
% IT./M pacTeHui, cM 1/ra
copt «XKancas»
KoHnTpoib 54,127 48,3+1,5 73,2+2,7 24,0+1,2
Bradyrhizobium 89,612,7 63,442,3 92,0+1,8 33,1414

japonicum H-7

COPT «DBPHUKa»
KoHTponb 53,2+2,7 51,1+1,5 72,2127 23,841,3

Bradyrhizobium
japonicum H-7
[Tpumeuanue: p <0,05

90,7£2,7 64,5+2,3 90,0£2,8 35,2+1,5

W3 maHHBIX TaOMUIBI 3 CIEAyeT, YTO WHOKYIAIHMsS ceMsH mmrammom Bradyrhizobium
japonicum H7 moBbIaeT BCXOXKECTh, TYCTOTY IIOCEBOB U YBEIHMUYMBACT YPOXKAMHOCTH cou. Tak,
BCXOXKECTh CEMsIH B BapHaHTax C HMHOKYJsIHMed mnoBbimaiach a0 90%, B kouTposne (6e3
MHOKYIISALIMHI ) BCX0KECTh COCTABIIsIA TONBKO 53—-54%, rycToTa moceBoB yBennumiack Ha 26-30%,
BbICOTa pacTeHUd - Ha 25% 1o cpaBHEHHIO C KOHTpojeMm Oe3 HHOKymsuuu. [Ipu 3ToM,
YPOXKalHOCTH COM MOBbICHIIAch A0 33-35 11/ra, B KOHTPOJIE 3TOT MOKa3aTesb COCTABIISI TOJIBKO 24
/ra.

Takum 00pa3oM, U3 KIyOCHBKOB pacTeHUHl COHM, COOpaHHBIX Ha MOJIAX AJMATHHCKOM
obmactn Kazaxcrana, BeiencH mramm Oaktepuii Bradyrhizobium japonicum H7, criocoGubIit
00pa30BbIBaTh OOJIBIIOE KOJIUYECTBO KIIYOEHBKOB HAa KOPHSAX PAacCTCHUH, aKTUBHO (PUKCHPOBATH
MOJICKYJISIPHBIA  a30T aTtMoc(epbl, yIydliaTh a30THOE MUTAaHWE PACTCHUHW U IOBBIIIATH
YPOXKaWHOCTh COH. B MOJNIEBBIX OMBITaX YCTaHOBJICHO, YTO HHOKYIIAIMS mTaMmoM Bradyrhizobium
japonicum H7 moBblImaeT BCX0XECTh ceMsiH cou 10 90%, rycToTy moceBoB - Ha 26-30%, BbICOTY
pacteHuii - Ha 25%, a ypoxkaiiHOCTh KyJAbTyphI - Ha 9-11 1/ra. IlItamm Bradyrhizobium japonicum
H7 siBnsieTcst HE TOKCUYHBIM M HE IMaTOTEHHBIM, €T0 UCIOJIB30BAHNE YKOJIOTUIECKH O€3011acHO U
COOTBETCTBYET TPEOOBAaHUSM OXPaHBI OKpYKaromIei cpeabl. [[puMeHeHne mraMmma He TPHBOIHT
K 3arpsI3HEHHIO TOYBBI M HAPYIICHUIO OMOIOrnyeckoro paBHoBecus. LlITamm sBiIsieTCsl aKTUBHBIM
a30T(HUKCATOPOM, KOTOPBIH CIOCOOCTBYIOT OOOTAIICHHIO MOYBBI OMOJIOTMYECKHUM a30TOM, TEM
caMbIM TIOBBIIIAET ee ruiogopoaue. Mcmonb3oBanue mramma H7 B kauecTBe OaKTepUaTbHOTO
yIOoOpeHHUst JaeT BO3MOXKHOCTh CHU3UTh WJIM TIOJHOCTHIO M30€KaTh MPUMEHEHUS MHUHEPATHHBIX
XUMHUYECKHX a30THBIX yJOOPEHUH, OTPULIATENILHO BIUSAIONIMX HA 3KOJIOTMYECKOE COCTOSIHHUE TT0YB
¥ HapyIIAIONINX CHCTEMY: MOYBa-PaCTEHHE-TIOTPEOUTENh U yXYIIIAIONIMX KaueCTBO MPOTYKTOB
MUTAHUS.

Takum oOpa3zom, mpumeHeHne mramma Bradyrhizobium japonicum H7 mis wHOKyISIHE
CeMsH COM TOBBIIIAET BCXOXECTh CEMsH, CTHUMYJIHPYET POCT W DPa3BUTHE PACTEHHHA COM U
MOBBIIIACT ee yposkaiiHocTh. IlITaMmm kimyOeHbpKOBBIX OakTepuit Bradyrhizobium japonicum H7
MOYKHO UCIIOJIb30BaTh JIJIs CO3AaHUsl OAKTEPHATIBLHOTO YA0OOPEHHS VI KyJIbTYphI COU.

DUHAHCHPOBaHUE
HccenenoBanue BBIOIHEHO U (prHAHCOBOM MoAep)kke MUHHCTEpCTBA HAYKU U BBICIIIETO
oOpazoBanus Pecriyonuku Kazaxcran B pamkax rpantoBoro mnpoekra AP09259080.
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COs1 (GLYCINE MAX (L.) Merr.) JAKbUIZAPBI YIIIH BUOTBIHATKBILL
KYPYFA APHAJIFAH TYWHEK BAKTEPHSIJIAP IITAMMBI

Tyiiin

Cos (Glycine max (L.) Merr.) Oypimiak JakbpULAapbl apachlHIa >KETEKIIi JaKblU1 OOJBINT TaObLIaIbl
YKOHE OHBIH QJIEMJIET1 CYPaHbICHI JKbUI CAalibIH ©CiM OThIp. Ka3zakcTaH yIIiH oSt CTPaTeTUsUTBIK JAKbLUT OOJIBII
TaObUIaEI, ceOebi 01 agamaap MEH >KaHyapiapAblH KOPEKTEHYIHIETl aKybl3 TaIllIbUIBIFBIH a3aiTyFra
MYMKiHZIK Oepeni. Jlerenmen, Kazakctangarel cosl IIBIFBIMIBUIBIFBI 0acKa €IAEPMEH CaBICTBIPFAHA
TOMEH. OHIMIIIIr TOMEH OOJIFaHIBIKTaH, OHBIH OHAIpici THIMCI3 Oosaapl. COSHBIH OHIMALIITIH apTThIPY
YIIiH KOpIIaFaH opTaFra Kayill TOHJIPETiH MUHEpalJbl a30T ThIHAUTKBIIITAPHl KOJIMaHbUIabl. COSHBIH
a30TIEH KOPEKTEHYIH jKaKcapTy MOCEJNeCiHIH miemimMi arMoc]epaiblK a30TThl OEKITETiH JKOHE OHBI
eciMIiKTepre OepeTiH TYHHeK OakTepusiiap Heri3iHaeri OnOTHIHANTKBIITapAb! KOJAaHy OOJIBIN TaObLIa bl
by 3epTreyniH MakcaThl cOS TaMbIpIapblHAa TYWHEKTEpAl THIMJI KaJlbIITACTBIPYFa, TYKBIMHBIH OHYIH
apTTBIPYFa, JAaMyJIbl BIHTAJAHIBIPYFa XOHE COA OHIMIUIINIH apTTBIpyFa KaOUIeTTi, a30TThl OeKiTy
OenceHainiri xorapbl TyWHEK OaKkTepusUIapbIHBIH aHa MTaMMbIH Oemin any. KazakcTaHHBIH AJMaTbl
OOJIBICBIHBIH ~ €TICTIK alIKanTapblHAa >KMHAJIFaH COsA OCIMIITIHIH TaMBIPBIHAAFbl TYWHEKTEPICH
Bradyrhizobium japonicum H7 GakTepusiCbIHBIH >KOFapbl THIM/II IITAMMBI OOiHIM aJbIH/IbI, OJ1 KOIITETeH
TYWHEKTep Ty3yre, aTMoc(epalblk MOJNEKYJaNbIK a30TThl OeyiceHmi OekiTyre, ©cCiMIiKTepAiH
KOPEKTEHYIH/Ie a30TThI XKaKCapTyFa JKOHE COsl OHIMAUTITIH apTThIpyFa KabinerTi. Jlanansik Toxipudenepe
H7 mrraMMbIMeH HHOKYJISIIUASIIAY COSt TYKBIMBIHBIH OHTIIITIriH 90%-Fa NeiiH apTTIPHIT, OHY THIFBI3ABIFbIH
26-30%-ra, ecimaix OwikTiriH 25%-fa, eHiMIuTiKTI 9-11 1/Ta apTTHIpaThIHEI aHBIKTANAEL. OcChIIaia,
TyiiHek OakTtepusutapapiH  Bradyrhizobium japonicum H7 irtamMMbiH COS JaKbUIbIHA —apHAJFaH
OaKTepHsIIBIK THIHAWTKBIII JKacay YIIiH Maiaananyra 0onasl.

KinTri ce3nep: Tyiinek OakTepusiiap, cosi, HHOKYJISLUS, a30T OEKITy, OHIMALTIK.
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Abstract

Soybean (Glycine max (L.) Merr.) is the leading crop among legumes and its demand in the world
will melt away every year. For Kazakhstan, soybean is a strategic crop, as it allows to reduce the protein
deficiency in the nutrition of people and animals. However, soybean productivity in Kazakhstan is low
compared to other countries. Due to low yields, its production becomes unprofitable. To increase the
productivity of soybeans, mineral nitrogen fertilizers are used, which pose a threat to the environment. The
solution to the problem of improving the nitrogen nutrition of soybeans is the use of biofertilizers based on
rhizobia, which fix atmospheric nitrogen and supply it to plants. The goal of this study was to isolate a
novel strain of rhizobia with high nitrogen-fixing activity, effectively forming nodules on soybean roots,
increasing seed germination, promoting growth and increasing soybean productivity. From nodules on the
roots of soybean plants collected in the fields of the Almaty region of Kazakhstan, a highly effective strain
of rhizobia Bradyrhizobium japonicum H7 was isolated. The strain forms a large number of nodules,
actively fixes atmospheric molecular nitrogen, improves nitrogen nutrition of plants and increases soybean
yield. Under field conditions, it was found that inoculation with strain H7 increases the germination of
soybean seeds up to 90%, seeding density by 26-30%, plant length by 25%, and productivity by 9-11 c/ha.
Thus, the rhizobia Bradyrhizobium japonicum H7 can be used to create a bacterial fertilizer for soybean
culture.

Key words: nodule bacteria, soybean, inoculation, nitrogen fixation, productivity.

Soybean (Glycine max (L.) Merr.) is the leading legumes, cultivated in more than 60
countries, and its demand in the world will melt away every year. Soybean production ranks fourth
after wheat, rice and corn and is seen as a cheap solution to the problem of protein deficiency [1].
In addition, the high content of protein, oil and B vitamins in soybean grain determines its
widespread use [5]. According to the Food and Agriculture Organization of the United Nations
(FAO), in 2018 soybean production worldwide amounted to 334.89 million tons, according to
forecasts, by 2050 it will double [2]. The leaders in soybean production are Brazil, the USA and
Argentina, which account for 81% of world production [3,4].

For Kazakhstan, soybean is a strategic crop; its use can reduce the protein deficiency in the
nutrition of people and animals [6]. Currently, soybean cultivation areas in Kazakhstan are
increasing, but productivity is low compared to other countries. So, if the average soybean yield
in Brazil and the USA is 3.3 t/ha, in Canada - 2.6 t/ha, then in Kazakhstan it does not exceed 1.1-
1.2 t/ha on average. At the same time, soybean grain is characterized by low quality [7]. Due to
low yields, its production in Kazakhstan becomes unprofitable. To obtain high yields, soybeans
need basic nutrients such as nitrogen, phosphorus and potassium, so mineral chemical fertilizers
are used in the production of soybeans. However, at present, agriculture is striving for the use of
green technologies and improving the nitrogen and phosphorus nutrition of plants without the use
of chemical fertilizers is one of the main tasks of organic farming [8]. Based on this, the search for
ways to increase soybean productivity is very actual.

The solution to the problem of improving the nitrogen nutrition of soybeans is the use of
biofertilizers based on rhizobia that can fix atmospheric nitrogen and supply plants with biological
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nitrogen. Inoculation soybean seeds with rhizobia makes it possible to reduce the use of mineral
nitrogen fertilizers and significantly increase its productivity [9,10]. It should be noted that there
are no aboriginal rhizobia for soybeans in the soils of Kazakhstan, since wild soybeans do not
occur in natural phytocenoses. Therefore, when growing soybeans in south-east of Kazakhstan,
the main region of growing soybean, in the soils of which there are no spontaneous populations of
rhizobia and inoculation with rhizobia use of soybean seed to increase its productivity is mandatory
[11].

The world produces a huge number of biopreparations based on rhizobia for soybeans [12].
The main producers are the USA - 20 million ha/portions annually, Brazil - 4-6 million ha/portions,
India - 2-4 million ha/portions [13]. More than 20 types of preparations based on rhizobia are
produced in Russia alone (Nitragin, Rizobacterin, Risotorfin, etc.) [14,15]. In Kazakhstan,
biological preparations for soybeans are used, but mostly imported ones (Nitrogin, Rizotorfin,
Russia; HiStick Soy, Germany; Nitrazon, Czech Republic), there are very few domestic
preparations (Rizovit-AKS) [16-18].

However, there are certain problems when using imported biofertilizers. The main ones are
the inability of biofertilizer strains to overcome competition with local populations of bacteria in
the rhizosphere, their incompatibility with local soybean varieties, and the inability of bacteria to
soil and climatic conditions of Kazakhstan [20,21]. The goal of this study was to isolate a novel
strain of rhizobia with high nitrogen-fixing activity, capable of effectively forming nodules on
soybean roots, increasing seed germination, promoting growth and development of plants, and
increasing soybean productivity.

Materials and methods of research

The object of the study is a strain isolated from nodules on the roots of soybean plants
(Glycine max (L.) Merr.) of the “Eureka” variety, collected in the Almaty region of Kazakhstan,
with subsequent selection of the active variant on Maze medium. For the isolation of rhizobia,
healthy and large soybean plants with a well-developed roots and a large number of nodules on
the roots were selected. Plant roots were thoroughly washed with water. Large, pink nodules were
separated from the roots and transferred to a Petri dish, where they were cut into pieces with a
scalpel. To isolate rhizobia, Maze nutrient medium was used, with the following composition, g/l:
K2HPO4 - 1.0; MgSOs4 - 0.3; sucrose - 10.0; decoction of 100 g of peas, table water - 1000 ml. The
Iswaran’s medium was used for cultivation of strains. The composition of the Isvaran’s medium
(g/l): sucrose - 4.0; K2HPOy - 0.5; MgSO4x7H20 - 0.2; calcium gluconate - 1.5; FeCls - 0.01;
ZnSO4x5H>0 - 0.005; yeast extract - 2.0; pH 6.8-7.0. table water - 1000 ml.

To study the nodulation of rhizobia, it’s were grown on liquid Iswaran’s medium at 180 rpm,
28°C for 5 days. Before sowing, the seeds were inoculated with a suspension of rhizobia with a
cell concentration of 1x108 cells/ml for two hours at 23°C and sown in 500 ml vegetative vessels
(three seeds per vessel). Vermiculite was used as a substrate for plant growth, Knop's solution (g/l)
was used to feed seedlings: Ca(NO3)2x4H20 - 1.00, MgSO4x7H20 - 0.25, KH2PO4 - 0.25, KCI -
0.12, FeCl3x6H20 - 0.004 g, sterile water - 1000 ml [22]. Soybean seeds without inoculation used
as control.

The nitrogenase activity of bacteria was determined by the acetylene method [23]. Rhizobia
were grown on Iswaran's medium under aeration conditions to a concentration of 1x10® cells/ml.
Acetylene was introduced into vessels to a concentration of 10% (by volume). After cultures were
incubated for 1.5 h in an acetylene atmosphere, gas samples were taken with a 1.0 ml syringe and
ethylene was determined on an Agilent Technology 7890 B gas chromatograph (USA) with a
flame ionization detector [24].

Morphological and biochemical properties of bacteria were studied according to standard
procedures [25].

Bacteria were identified by the Sanger molecular genetic method by sequencing the 16S
rRNA gene. Genomic DNA was isolated from a daily culture of bacteria using PureLink®
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Genomic DNA Kits (Invitrogen, USA). Bacteria were identified by studying the sequence of the
16S rRNA gene region with universal primers [26, 27].

For experiments on the effect of rhizobia on the growth of soybean plants, bacteria were
grown on Iswaran’s medium at 28°C 180 rpm to a concentration of 1x108 cells/ml. Soybean seeds
"Eureka" variety before sowing are treated with a suspension of bacteria (T=1x108 cells/ml), in
the amount of 5.0 ml per 1.0 g of seeds for 2 hours. In the control, the seeds were soaked in table
water. The inoculated seeds were put on Petri dishes with Kovrovtsev's medium of the following
composition (g/l): MgSO4x7H,0 - 1,0, K2HPO4 - 1,0, Ca(HPO4)2 - 0,2, FeSO4x7H0 very little,
agar - 6,0, table water - 1000 ml. After 20 days, plant seedlings were counted, the aerial part, roots,
and leaves were measured.

A field test on the effect of rhizobia on the growth and productivity of soybeans was carried
out in the farm "Zhaniko™ in the Ili district of the Almaty region. Rhizobia were grown on
Iswaran’s medium at 28°C, 180 rpm for 5 days. Before sowing, soybean seeds were inoculated
with rhizobia at a concentration of 1x108 cells/ml, at the rate of 800 ml of suspension per 100 kg
of seeds. Soybean varieties "Zhansaya" and "Eureka" were used in the experiments. The inoculated
seeds were sown with a seeder SK-2 (precursor wheat) in rows 70 cm wide, two-line sowing with
15 cm between the rows. The seeding rate was 120-125 kg/ha; the sowing depth was 6-9 cm.
Uninoculated seeds used as control. During the entire growing season, the necessary agronomic
measures were carried out (watering, weeding, etc.).

All experiments were carried out in 3-5 replications. Statistical processing of the results was
carried out using the STATISTICA 10.0 software package [28].

Results and discussion

For the isolation of rhizobia, soybean plants of the “Eureka” variety with well-development
roots and a large number of nodules were selected. Rhizobia were isolated from the nodules on
Maze medium. A total of 24 isolates were isolated. Under laboratory conditions, they were
screened for their ability to actively grow on nitrogen-free media, and the H7 isolate was selected
as the most effective.

The main cultural-morphological and biochemical properties of the isolate H7 were studied.
It has been established that the cells are rod-shaped with rounded ends, mobile. The cell size is
0.5-0.7 x 4.5-5.0 pm, does not form spores, the bacteria are gram-negative, over time the cells took
on a rounded shape (Figure 1a). On agar Maze medium forms slimy, convex, round, translucent
colonies with smooth edges, slightly creamy, 3-4 mm in diameter, no pigment is released into the
medium (Figure 1b). The strain does not grow on MPA (Meat-Peptone Agar) MPB (Meat-Peptone
Broth), gelatin and other media containing animal proteins, grows weakly on Ashby's liquid and
agar medium. The strain H7 is aerobic and oxygen demanding. The optimum growth temperature
of the strain is 28-30°C; the optimum pH of the medium is 6.8-7.2.

= A 11 .-} -“’If : .« "‘\“u AV - ;
- cells of two daily culture (1x300); b - growth of bacteria on Maze medium
Figure 1 - Rhizobia isolate H7
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Strain H7 uses arabinose, xylose, glucose, galactose and fructose with acid formation as a
carbon source, does not utilize mannitol, sucrose and lactose. It does not liquefy gelatin, does not
hydrolyze starch, does not peptonize milk, does not form H.S and indole, and reduces of nitrates
to nitrites. The isolate has a catalase positive result.

To study the effect of isolate H7 on the germination, growth and development of soybean
plants, studies were carried out. The results obtained are presented in table 1.

Table 1 - Effects of isolate H7 on germination and growth of soybean plants

Variants Germination, % Shoot length, Root length, sm Number of leaves,
sm pcs.
Control 49,6x1,0 10,3+0,1 7,010,1 1,2+0,03
Isolate H7 98,7+2,1 22,3+0,2 12,740,1 4,4+0,1
Note: p<0,05

The results of Table 1 show that the inoculation with isolate H7 significantly increased
soybean seed germination. So, if in the control germination was 49.6%, then in the variant with
inoculation it was 98.7%. It was also found that inoculation stimulated soybean growth. At the
same time, the shoot length increased by 2.2 times, the roots length by 1.8 times, and the number
of leaves by 3.7 times compared with the control (table 1).

One of the important properties of rhizobia is their ability to form nodules on soybean roots
and fix atmospheric nitrogen. In this regard, nodulation and nitrogen fixation of rhizobia were
studied. In the experiments, soybeans of the “Eureka” and “Zhansaya” varieties were used. Before
sowing, the seeds were inoculated with rhizobia H7; seeds soaked in sterile table water served as
a control. After 30 days of growing, the soybean plants were taken out, the roots were washed,
weighed, and the number of nodules on the plants was counted (Table 2).

Table 2 - Nodulation and nitrogen fixation of isolate H7

vari Number of nodules | Dry weight of nodules, Nitrogenase activity,
ariants
per plant, pcs mg/plant pmoite CoHa/ml/h
variety “Zhansaya”
Control 0 0 -
Isolate H7 18,4+0,1 158,5+2,2 7,79+0,02
variety “Eureka”
Control 0 0 -
Isolate H7 19,3+0,1 164,8+2,3 8,42+0,01
Note: p<0,05

From the data in Table 2, it follows that the isolate H7 formed a large number of nodules on
the roots of soybean plants, on average 18-19 pieces per plant. It is known that legumes are very
demanding on nitrogen nutrition, rhizobia fix atmospheric molecular nitrogen and transform it into
compounds available to plants.. It was found that the isolate H7 had a high nitrogen-fixing activity
(8.0-8.4 umol CoHa4/ml/h), which is an important characteristic of bacteria for agriculture, since
additional biological nitrogen has a significant impact on soybean growth and productivity, since
it improves nitrogen nutrition of plants.

The isolate H7 was identified by the Sanger molecular genetic method and its taxonomic
position was found. For species identification of bacteria, phylogenetic analysis was performed by
comparing the nucleotide sequence of the strains (603 bp) with the sequences of 16S rRNA strains
of related bacteria from the GenBank NCBI database. In the MEGA 6.0 program, a phylogenetic
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tree was built using the Neiighbor-Joining cluster method for calculating genetic distances (Figure
2).

_: NR_174293 Bradyrhizobium niftali CNPS
NR_178575 Bradyrhizobium nanningense
AB601663 Bradyrhizobium yuanmingense

L o _[ Bradyrhizobium RH-8.seq
KY794771 Bradyrhizobium japonicum S12

""""""""""" Bradyrhizobium RH-7.seq

- - TTTTTTTTTTTTTTTTTTT Bradyrhizobium RH-6.seq

[ AB231916 Bradyrhizobium elkanii USDAG:
NR_ 14586 2 Bradyrhizobium tropiciagri SE

(0]

1.7

Nucleotide Substitutions (x100)

Figure 2 - Phylogenetic tree of rhizobia strain H7 (Bradyrhizobium RH-7. seq)

Figure 2 shows that, phylogenetically, the isolate H7 (shown as Bradyrhizobium RH-7. seq) is
belong to strains of the genus Bradyrhizobium and is on the same branch as the reference strain
from the GenBank NCBI KY 794771 Bradyrhizobium japonicum S12 database. The percentage of
identity with this strain was 99.98%.

The study of the effectiveness of the strain H7 under field conditions showed its high
perspective. In the experiments, two varieties of soybean “"Zhansaya" and "Eureka™ were used
(table 3).

Table 3 - Effect of the Bradyrhizobium japonicum H7 on agrobiological indicators and soybean productivity
under field conditions

Variants Germination, Seeding deznsny, Plant length, Productivity,
% pcs/m cm c/ha
variety “Zhansaya”
Control 54,1427 48,3+1,5 73,2427 24,0+1,2
Bradyrhizobium
japonicum H-7 89,642,7 63,4£2,3 92,0+1,8 33,1+1,4
variety “Eureka”
Control 53,2+2,7 51,1+15 72,2427 23,8+1,3
Bradyrhizobium
japonicum H-7 90,742,7 64,5+2,3 90,0£2,8 35,215
Note: p<0,05

From the data of table 3 it follows that the inoculation of seeds with Bradyrhizobium
japonicum H7 increased germination, seeding density and increased soybean productivity. So,
seed germination in variants with inoculation increased up to 90%, in control (without inoculation)
germination was only 53-54%, seeding density increased by 26-30%, plant height by 25%
compared with control without inoculation. At the same time, soybean productivity increased to
33-35 c/ha, in the control this figure was only 24 c/ha.

Conclusion

From the nodules of soybean plants collected in the fields of the Almaty region of
Kazakhstan, the bacterial strain Bradyrhizobium japonicum H7 was isolated, which forms a large
number of nodules on the roots of soybean plants, actively fixes atmospheric molecular nitrogen
and increases productivity of plants. Under field conditions, it was found that inoculation with a
strain of Bradyrhizobium japonicum H7 increased the germination of soybean seeds up to 90%,
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seeding density increased by 26-30%, plant length by 25%, and productivity by 9-11 c/ha. The
strain of Bradyrhizobium japonicum H7 is non-toxic and non-pathogenic, its use is
environmentally friendly and meets the requirements of environmental protection. The use of the
strain H7 does not lead to soil contamination and disruption of biological balance. The strain H7
Is an active nitrogen fixer, which contributes to the enrichment of the soil with biological nitrogen,
thereby increasing its fertility. The application of the strain H7 as a bacterial fertilizer makes it
possible to reduce or completely avoid the use of mineral chemical nitrogen fertilizers, which
negatively affect the ecological state of soils and violate the system: soil-plant-consumer and
worsen the quality of food.

Thus, the application of the rhizobia Bradyrhizobium japonicum H7 for inoculation of seeds
increases germination, promotes the growth and development of soybean plants, and increases its
productivity. The rhizobia strain Bradyrhizobium japonicum H7 can be used to create a bacterial
fertilizer for soybeans.
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CIEKTP JIETYYHUX COEJAHEHUN MPOBUOTUYECKOI' O KOHCOPIIUYMA
JJIA PbIb B AKBAKYJIBTYPE
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AHHOTAIUA

.HCTy'lI/Ie OpraHU4YCCKUC COCAMHCHUA MPCACTABIAIOT MHTECPEC BO MHOIUX 001acTax. Cpe,[[I/I HHUX
AHAJIN3 MNPOAYKTOB IMNUTAHUA M ApOMATU3ATOPOB, HCCJICAOBAHUA oxpyxcaromef/i cpeabl U aTMOC(l)epLI,
IIPOMBITIJICHHOC TIPUMCEHCHUE, 0€e30MacHOCTh WU MECIWIIMHA U HAayKa O XH3HHU. XapaKTepI/ICTI/IKa ITUX
COCIMHEHHI B OCHOBHOM BBIIIOJIHSIIACH ITyTeM cOopa 00pas3iioB U aHalK3a 3a HpeeiiaMu IPEAIPUITHS C
IIOMOIIIBIO ra3oBoOH xpOMaTorpa(bm/I B COUYCTaHUU C MaCC-CHCKTpOMCTpI/Ieﬁ B Ka4€CTBEC 30J0TOIO
craraapTa. C 1ebio Onpeae/ICHUs XUMHUSCKOM IPUPOIbl META0OIUTOB KOHCOPIIMYMa aHTarOHUCTHYECKU
aKTHUBHBEIX MHUKpoopranm3moB Lacticaseibacillus paracasei Wf-2, Limosilactobacillus pontis Wf-6,
Lacticaseibacillus casei Wf-10, Lacticaseibacillus paracasei Wf-20 u Propionibacterium freudenreichii
P-8 Ob1 HUCCJICAOBAH CIICKTp JICTYyUYUX COC}.‘[I/IHCHI/Iﬁ KOHCOpLIMyMa C HPHUMCHCHHUEM ra3oBoit
xpoMarorpaduu ¢ Macc-CIEKTPOMETPUYIECKUM  JeTekTupoBanueM. OOHapy>KeHBI MeTaOOHTHI,
06J'Ia,£[aIOH.[I/Ie aHTI/I6aKTepI/IaJ'II>H0ﬁ n HpOTPIBOFpPI6KOBOﬁ AKTUBHOCTBIO — OPraHU4YCCKUC KUCIIOTHI,
ApOMATUYCCKUC KHUCJIOTHI (Hpe(i)eHOBaﬂ KHCJIOTA, FHI[pOKCI/I(l)eHI/IJIJ'IaKTaT, HprOJ’II/I,Z[OHKap6OHOBa$I
KHCJIOTAa U ITOJIMMOJIOYHAasA KI/ICHOTa), YKCYCHasd KHMCJIOTa U APYTHUE JICTYUUC BCUICCTBA, 4 UMCHHO JUALICTHII,
alleTOMH U JIp.

KiaroueBble cioBa: JICTY4YUC OpPraHUYCCKHUC COCAWHCHMH, MeTa60J’II/ITBI, ra3zoBas XpOMaTOFpa(l)I/IS{,
MacC-CIIEKTPOMETPHH.

B Hacrosimee Bpemsi pa3paboTka W HUCHOIb30BAaHUE MPOOMOTHYECKHX TPOAYKTOB B
AKBAKYyJbType HY)KHO ISl TIOAJEP>KaHUS 30POBbsl U 0Jaromnoiaydusi MHOTUX aKBaKyJIbTYpPHBIX
KUBOTHBIX. [I[poOnoTHYEeCKHE OaKTepuy HETOKCHYHBI, UX MOXKHO HCIOJB30BaTh B KadeCTBE
no0aBKM Il pocTa M pa3BUTUSA PBIO, a Takke B KayecTBE allbTEPHATHUBHOIO HCTOYHUKA
AHTUOMOTUKOB JUIsI YIYYIICHHS HCIOJIb30BaHUS KOpPMA, IMOBBIMICHUS CTPECCOYCTONYHBOCTH,
MMMYHHUTETA U YCTOWYUBOCTH K OO0JIE3HSIM, a TaKXkKe JUIs YIY4IIeHHs KauecTBa BOJIBI.

BonpmmHcTBO OakTepwii KMBYT B aKTHUBHBIX COOOIIECTBAX M MPOU3BOIAT OOJBIIOE
pazHooOpa3ue BTOPUYHBIX META0OIUTOB. DTH META0OIUTHI CIY>KAT CUTHAJIaMH, MOTEHIHATIBHO
YYaCTBYIONIMMH B KOHKYPEHIIMH, YTO TO3BOJISIET MHUKPOOPTaHW3MaM aJalTHPOBAThCS K
pasnmuuHbiM cTpeccam [1,2]. Beigensempie OakTepHsMH MOJEKYJIBl ¢ HU3KOM MOJICKYJISIPHOM
maccoit (<300 [la) u BeicokuMm naBierunem mapoB (0,01 kIla mpu 20°C) MoryT Jierko ucnapsrbes
MW TPOHUKATh YEpe3 TeTepOreHHbIE CMECH >KUIKOCTEHW, razoB W TBepabix BemecTB [3]. Ha
CETOJIHAIIHUN JIeHb u3BecTHBI Oosiee 1000 GakTepHUaabHBIX JICTYYHX COSTUHEHUM, HO 3TO MOXKET
ObITh TpyOOH HEMTOOIEHKOW pa3HOOOpa3us JIETYyYMX OPraHUYeCKHMX W HEOPTraHUYeCKHX
COeIMHEHUH, TpoaylupyemMbix Oakrepusimu [4,5]. OOHapyXeHUE U KOJMYECTBEHHAs OICHKA
netyunx opranuueckux coeauHeHui (JIOC), kak TpHUBICKATEIbHBIX WA OTTAJIKUBAIOITUX
3amaxoB W apoOMaroB, MPEICTaBISCT OONBINON HWHTEpeC ISl MHUIIEBBIX W KOCMETHYECKUX
ouomnporeccoB. JIOC Takke crocOOCTBYIOT CIIOCOOHOCTH OaKTEepUil B3aMMOJCHUCTBOBATH C HUX
coOCTBEHHOM cpenoii [6].

O6napyxenue JIOC MUKPOOHOTO MPOUCXOKIACHUS SIBISICTCS aTbTEPHATUBHBIM MTOIXO0OM,
KOTOPBI TMOTCHIIMATLHO MOXET CTaTh HAJEKHBIM, OBICTPHIM M OTHOCHTEIHHO HEJOPOTUM
MeTooM quddepeHIani 1 HASHTU(GUKAIIMY MUKPOOPTaHW3MOB. Pa3nuuHble aHaIuTHYeCKHe
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METOJIbI TO3BOJISIOT OOHAPYXKUBATh U UACHTU(DHUIIMPOBATH JIETyUYHUE OPTaHMYECKHE COCTUHEHUS
[7]. Pacter o0OBEM B3HAHWI O HAJIWYUU M COCTABE JIETYYMX METAOOJIMTOB, BBIICISIEMBIX
OaktepusiMu U OpyrumMu MukpoOamu [8]. B coBpemennom mupe s obnapyxenus JIOC
UCIIOJIB3YIOT CIIEKTPOMETPUYECKUE METO/IBI.

B Hactosimee Bpemss MeTaboiwueckue MyTH OakTepuil moapoOHO uccienywrtes [9]. B
ocHoBHOM, mnosiBaeHre JIOC nomkHO OBITh CBSI3aHO C HM3BECTHBIM METAOOIMUYECKUM IYTEM.
Opnnako Ha mpou3BoacTBO Oaktepusimu JIOC Biusior ycnoBus ux pocra [10]. Hamm 3nanus o
nyTsX OakTepHalbHOrO MeTabonu3Ma |, clieoBaTenbHO, mpou3BojcTBa JIOC B pasmuyHBIX
YCIIOBUSAX B OpraHU3Me YeJIOBEKa BCE €Il€ OYEeHb OTPaHUYEHBI.

['azoBass xpomarorpadusi B couetanuun ¢ wmacc-cnektpomerpuein (I'X-MC) sBusercs
30710ThIM cTanaapTom obHapyxkenus JIOC [7]. [ X-MC obnanaer OonbmumMu 6a3aMu JaHHBIX JJIs
UACHTU(DUKAIIMN BEIIECTB U BO3MOXHOCTHIO pa3/ieieHUss M OJHO3HAYHOM HAEHTU(UKALUN
coequHenuil. IlomydyenHsle pe3ynabTaThl B oOnactu ompeneneHus OakrepuanbHbix JIOC ¢
noMouipto ['X-MC mnokazaii €ro OpUMEHHMOCTh i 3Tol 1enu. OIHAKo XHUMHYEeCcKas
uneatudukarms HensBecTHbIX JIOC HeBo3moxHa [11].

MarepuaJjbl 1 METOIBI

OmnpeneneHue coaep)KaHUS JETyYHUX COCIMHEHHH KOHCOpPIMYMa MOJIOYHOKHCIBIX H
IPOMMOHOBOKHUCITBIX OAKTEpUil MPOBOAMUIN METOAOM TBepaodasHoi MukposkcTpakiuuu (SPME)
U TIOCIIEAYIOUIeH Ta30BOil Xpomarorpadueil ¢ Macc-CleKTPOMETPUYECKHM JeTEKTHPOBAaHUEM
(I'X-MC). s mposenennst SPME 10 mut KynbTypallbHON KHUJIKOCTH KOHCOPIIMYMa IMTOMEIIAIH B
20-m11 Buany ¢ 3aBuHUYMBaroeiics kpoikoi (Agilent Technologies, Santa Clara, CA, CIIA) u
BoiiepkuBaM npu 30°C B Teuenue 30 MHUHYT AJIsI JOCTHXKEHUS PAaBHOBECHOTO COCTOSIHUS.
Jleryuue BemiecTBa B CBOOOHOM MPOCTPAHCTBE aacopoupoBan Ha BosiokHe SPME, nokpsiTom
85-mMMm kapOokcenoM/momuaumeTuicmiokcanoM (CAR/PDMS) (Supelco, Bellefonte, PA, CILA).

l"azoxpomarorpaduieckuii aHaIu3 MPOBOAMIIN C UCTIOIB30BAHUEM Ia30BOr0 Xpomarorpada
7890, coemmHenHoro c¢ 5977A MSD wmacc-ciektpomerp (Agilent, Canta-Kmapa, CIIA).
UcnonbzoBanu konmonky DBWAXetr (30 M*0,25 MM, TonmuHa merku 0,25 MM, J&W Scientific
Inc., ®oncom, Kamudopums, CIHIA), a moaswkHON ¢a3zoi (ra3oM-HOCUTEIEM) OBUT TEIUi
(>99,995%, OpenoOypr-Texras, Poccust) co ckopocteio moroka 1,0 miu/mMuH. O0BeM UHBEKIIUU
coctaniisu1 0,5 MKJI pu COOTHOIIEHUH KOMITOHEHTOB 10:1, a 3aiepskka pacTBOPUTENS COCTABIISLIIA
1,5 mun. Temnepatypa neunt GC Obla yBenuueHa ¢ HauanbHOM Temmneparypsl 40°C o 200°C mpu
ckopoct 10 °C/muH. TemnepaTypsl WHXKEKTOpa M TnepeaatouHoil nuauu Owumu 250 u 280°C,
COOTBETCTBEHHO. Brimonneno oonapyxenne MC npu 70 5B ¢ auanazoHom mMacc CKaHHUpPOBAaHUS
m/z 34-550 a.e.m. JIs1 yripaBiieHus IpUOOPOM B 00paObOTKH Pe3yIbTaTOB HCITOIb30Baach Agilent
MSD ChemStation (Bepcust 1701EA). O6paboTka JaHHBIX BKJIIOYaja OINpEAeIIEHHE BPEMEHH
yIep>KUBaHUsI, TUIONIA/IeH MUKOB, a TaKXXe WACHTU(UKAIMIO TUKOB C MCIOIb30BaHUEM UX Macc-
CHEKTPOB. Macc-CreKTpbl HASHTH(PHUIMPOBAHBI C UCTIOIb30BaHNEM Oubinorek Wiley 7-e uznanue
u NIST’02. AHanu3 KyJabTypajdbHbIX CYNIEPHATAHTOB MPOBOAMIIM B TpeX 3k3emiuisapax. [lycTeie
OKCIIEPUMEHTHI MPOBOAWINCH B TPEX Pa3IMYHBIX pPEXKHMaxX: 3aroTOBKa BOJOKHA, 3aroTOBKA
nycToro (hprlakoHa M 3aroToBKa MUTATEIbHON cpeabl 0e3 Oakrepuit (MPC Oyason (TM Media,
Wnnns)). KanubpoBka ans ompeneneHus COJIep)KaHHWs YKCYCHOM KHCIOTHI B MOJIOKE Obuia
nocTpoeHa B auarazone ot 2 mr/mi g0 50 mr/mut. Koadgdunment koppensuun cocrasun 0,93. B
Ka4eCcTBE XO0JIOCTOr0 0Opasiia UCIOIb30BaH KUAKYI0 cpeny MPC.

Bce pesynbTarel ObUIM CPEIHUMH M3 TpPEX HE3aBUCHMBIX JKCIIEPUMEHTOB C TpeMs
napauieTbHBIMH MOBTOPEeHUsIMU (n=9). 11 OIleHKH Pe3yabTaTOB HCIIOIH30BAIUCH CTAaHAAPTHBIC
cratuctuyeckue Meroasl B Excel (Microsoft® Office 2010) ¢ ucmonb30BaHHEM KpUTEPHS
CrerogenTa. Paznuuus cuntanuch 1octoBepHbiMu rpu p<0,05.

Pe3yabTaThl M 00Cy:KIeHHE

HccnenoBanue ciekTpa JIETy4ruX COSTUHEHUHN TPOBOIMUIIHN Y IBYX BAPUAHTOB KOHCOPIIYMa!
1 obpaserr (S1) — KOHCOpIMYM TOJIBKO MOJOYHOKHCIIBIX Oaktepwuii Lacticaseibacillus paracasei
Wf-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus casei Wf-10, Lacticaseibacillus
paracasei Wf-20; 2 o6pazern (S2) - KOHCOPIIMYM MOJOYHOKHCIIBIX W IPOMHOHOBOKHUCIIBIX
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6akrepuii Lacticaseibacillus paracasei Wf-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus
casei Wf-10, Lacticaseibacillus paracasei Wf-20 u Propionibacterium freudenreichii P-8.
OnpeneneHne ColepKaHUs JICTYYUX COCIUHEHUN Yy KOHCOPIHMYMOB OaKTepHil MPOBOIMIN
MeTo0M TBepaodazHoi Mukpo3kcTpakiuu (SPME) u mocnenyromeit ra3oBoit xpomaTtorpaduei
¢ Macc-crekTpoMeTpudeckuM aerekrupoBanueM (I'X—MC).

Pe3ynbrarhl KaueCTBEHHOTO W KOJUYECTBEHHOTO OMPENENCHUS JIETYYHUX COEIMHEHUN
MOKa3aau Hanuuue 22 MPOTHBOMUKPOOHBIX COCAMHEHHN B OOOMX BapHaHTaX KOHCOPIIMYMOB
(Tabmuma 1), cpenu KOTOpBIX OOHAPYIKEHBI OPTAHNYECKUX KUCIOTHI M UX aHTUJIPUIbI, XHHOJIUHBI,
HACBHIILIEHHBIE KOPOTKO- U CPEIHELENOYCUHbIC >KUPHBIC KHUCIOTHI, KUPHBIC CIUPTHI, PHUPHL,
KETOHBI, aJIKaHbl U KapOTHMHOUABI. [Ipu 3TOM YUYHTHIBAINCh BCE COCIUHEHUSI C BEPOSITHOCTHIO
uneatudukanun Beime 60%. KoHTponbHbli o0pazen (cpema MPC) comepkan: AHOKCHI
yrieponaa; 1,4:3,6-muaHruapo-o-0-rIroKonupanos3y; TeNTUIOBIA dGUp OCH30HHONW KHUCIOTHI H
reKCaJIeKaHOBYIO KUCIIOTY.

Tabmuuma 1 — CHekTp JIeTy4uxX coeIWHEHHH, oOpa3yeMbIX KOHCOPHHYMaMH OTOOpaHHBIX OaKTepHH,
00J1a1aoNMX aHTHOAKTEPHATBHBIMU U aHTH(YHTATbHBIMH CBOICTBAMHU

Jletyune coenunenus,% Bpewms Bepo- Obpasen (K;HCOPHHYM)'
Coxparen- yaepIKHUBa- SITHOCTE 2
HUSL, C HJICHTH- S1 S2
HOC XuMHuueckoe Ha3BaHUE rcarpm, % MKE MKBATIKE
Ha3BaHNE
1 2 3 4 5 6
YKCycHas KUCTOTA,
FA AHTUIPH]] C MyPaBbUHOM 71,17£2,15 | 65,08+0,04
N 1,75 81
KHCJI0TOM ((hopMuIanerar)
3,4-TuruIpoON30XUHOIUH, 1-
DHIMBM [3-MeToKCHOEH3MIT]-6- 6,59+0,15 6,8+0,19
METOKCH- 6,55 71
PA IIpornaHoBast KHCJIOTa 11,20 78 nd 1,86+0,03
PAM Hpomanosas kucyora, 2- 11,47 82 nd 1,97+0,09
METHJI-
3,4-Iuruapon30XuHOINH-7
DHIBM 1-6en3mn-6-MeTOKCH- 11,88 61 0,70+0,03 nd

BA byranoBas kucnora 12,23 76 nd 1,61+0,05

BAM byranosas kucnora, 3- 12,44 81 nd 1,68+0,05
METHII-

NN 2-HOHAHOH 13,72 68 0,64+0,04 0,7+0,06
MNE Mem“"“;‘g;;“““"“’m 18,83 70 0,98+0,15 | 1,1%0,11
UDN 2-yHIEKaHOJI 19,18 70 1,34+0,04 0,7+0,04
PDN Ilenranexan 22,53 66 nd 0,3+0,01
CDN Huknonexanon 24,33 73 nd 3,9+0,03
TDN 2-TpUJICKaHOH 24,64 82 1,30+0,08 1,1+0,09

CPDN IluknoneHnTaaeKkaHOH 29,19 70 1,67+0,05 1,0+0,07
TDNA TeTpazekaHoBas KHCIOTa 30,97 66 1,40£0,10 1,2+0,09
PDNA ITeHTaneKaHOBas KUCIIOTA 33,03 62 1,61+0,07 nd
dranesast KHCI0Ta, TenT-4-
PhAHIBE u1 1300y THIIOBBIH 3hup 34,89 72 nd 0,5:0,02
HDNA T'ekcazexaHoBast KMCIIOTa 35,02 90 8,36+0,12 7,6+0,11
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IIpogomkenne Tabnumebl 1

1 2 3 4 5 6
®dranesas KucioTa, 6-
PhABMHE | metumarent-2-un OyTHIOBBIMH 37,00 78 0,62+0,02 nd
a¢up
draseBas KUCIIOTa, TPUICII-

PhABTE 2-uH-1-un OyTHIIOBBIN 3up 37,01 68 nd 0,7+0,03
ODNA OKTazeKkaHoBas KUCII0Ta 38,79 74 2,23+0,06 1,2+0,05
SQ CxkBasien 48,80 72 1,40+0,03 1,0+0,04

BonbmMHCTBO JeTydyux coeauHeHut, 19 w3 22-x, OpoaylupyeTr CO3JaHHbIA HaMU
KOHCOPIIUYM MOJIOYHOKHUCIIBIX M TPOMMOHOBOKUCIBIX OakTepuii (oOpaszen S2), HEMHOTMM
MeHbIIIe, 14 u3 22-X COeTMHEHH 00pa3yeT KOHCOPIIMYM, COCTOSIINN TOJBKO U3 MOJIOYHOKUCITBIX
Oaktepuii (oopasen S1) (pucyHok 1).

Ab
NN

MNE UDN

TDN

S1 S2

CPDN TD PhAHIBE

BA

NA HDNA

PhABMHE

PhABTE

ODNA SQ

DHIMBM

Pucynok 1 — ConmeprkaHue JeTy4YHX BEIIECTB B 00pa3iax KoHcopuuyMmoB S1 u S2. A6OpeBuarypy
coeqMHEHNH cM. B Tabmuue 1

OOHapyXeHHBIC JIETy4YHue COCAMHEHUS MPUCYTCTBOBAIH JIMOO B 3HAYUTENBHBIX, JTUOO B
YMEPEHHBIX, JIN00 B HU3KUX KOHIEHTPALUAX, KaK TOKa3aHO Ha PUCYHKE 2, COOTBETCTBEHHO.

Tpu Hanbosee pacHpOCTPAHEHHBIX COEAMHEHHUS — CMEIIAHHBIA aHTUAPHUA YKCYCHOH H
MYpPaBbHHOMN KHCJIOT; XUHOJHH (2,3-0€H30MUPHINH) ¥ TaTbMUTHHOBAS (PUCYHOK 2) B 06pasie S1
cocraBumu B cymme 86,12%, a B oOpasue S2 — 79,48% oT oO0IIero KoJIM4YecTBa BCEX
0OHapyXEHHBIX MPOTUBOMUKPOOHBIX JETYUUX COCTUHEHHI.

Nx Kxomu4ecTBO BapbHpPOBAIO B 3aBUCHMOCTH OT INTAMMOBOTO COCTaBa HCCIIETyEeMOTO
KOHCOpIIMyMa U Kosiebanock ot 65,08% 10 72,2 % miist ykcycHol kucinoThI (acetic acid, anhydride
with formic acid); or 6,59 a0 6,8% - mis xunonuua 3,4-Dihydroisoquinoline, 1-[3-
methoxybenzyl]-6-methoxy-; or 7,6 no 8,36% - @it CpemHENENOYeyHOW TI'eKcaaeKaHOBOM
KUCTOTHl  (pucyHok 2A). TpuHamuate APYrux OPTaHUYECKUX JIETYYUX COCAMHECHUU
INPUCYTCTBOBAIIM B IMPOMEXYTOYHBIX YMEPEHHBIX KoJMyecTBax M cocrtaBimsiau 1,0-3,9% or
00I11ero KOJIM4ecTBa MPOTUBOMUKPOOHBIX coenuHeHui (pucyHok 2B). Hakonern, 6 coennHeHui
U3 TPYNI aJKaHOB, KETOHOB U 3(UPOB MPHUCYTCTBOBAIM B 0Oosiee HU3KUX KOHIIEHTPAIMIX
(pucynok 2C).

B nienom, kak rmokazaHo Ha pUCyHKeE 2, CpeIHeLIeNIOUYeYHbIE )KUPHBIE HACHIIIIEHHbBIE KUCIOThI
CoJIepKaIch B 00Jiee BRICOKUX KOHIIEHTPALUAX B KYJIbTYpaIbHOM KUIKOCTH KOHCOpImyma S1,
COCTOSIIEM TOJIbKO M3 MOIoUHOKUCTBIX OakTepuit (MKB). [Ipu aToMm, nmeHTamekaHoBasi KUCIOTa
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Obu1a oOHapyskeHa Tosibko B oopasue S1 (1,61%). A BOT KOPOTKOIIETIOUEUHbIE KUPHBIE KUCIOTHI
— npomnuoHOoBas kuciora win nponuoHat (1,8%), mzomacnsnas kucnora (1,97%), macngnas
kucnota win Oyrupar (1,61%), uzoBanepuanonas kuciota (1,68%), IpUCYTCTBOBAIM TOJIBKO B
obpasne S2 (xoncopumym MKDB u mponmoHoBokucibix Oaktepuit). CopepikaHue >XHPHBIX
CIHMPTOB TaKXe pa3Inyajoch B 3aBUCHMOCTH OT paccMaTpuMBacMOro KoHcopuumyma. Tak, 2-
Undecanol Obut ompeneneH B KyJbTYPaJIbHBIX KUIKOCTAX OOOMX KOHCOPIIMYMOB, OJHAKO, €ro
KoJIn4ecTBO B oOpasue Sl Obuio B 2 pasa Beime, yeMm B obpasue S2. Toraa kak, Cyclodecanol
MPUCYTCTBOBAJI TOJIBKO B 00paszie S2, mpuueM B JIOBOJIBHO 3HAYUMOM KojudectBe - 3,9%
(pucynok 1, pucynok 2B). Tonbko B 00pasie S2 Obut HaiijeH U ankal nentaaekad (PDN).

Paznuuarorcst 06pasiel S1, S2 u 1o copepKaHUIO CIOKHBIX 3PUPOB PTATCBON KUCIOTHI: B
oOpasue S1 onpeznenens! (raneBast KUCIOTA, 6-METUIATENT-2-1 OyTHIIOBBIH 2¢up; a B oOpasue S2
- (branmeBas KuCIOTa, renT-4-ui U300yTHUIIOBBIA hup U (ranmeBas KUCIOTa, TPUALI-2-UH-1-1
OyTunoBbIil 3¢up (pucynok 1). Cieqyer OTMETHTD, YTO KOJIMYECTBO 3TUX F(PUPOB OUEHH MAJIO U
IPUMEpPHO OJMHAKOBOE B 00oux KoHcopuuymax — 0,5-0,7% (pucynok 2 C), yTo MOrio 06l ObITH
CBSI3aHO C TIOTPEIIHOCTBIO METOAUKU (3arps3HEHUs OT Kpblmek BHai). OgHAaKo, Y4WThIBas
JIOCTaTOYHO BBICOKYIO BEPOSITHOCTh UX UJeHTUUKauu (68-78%), OTCYTCTBUE UX B KOHTpPOJIE U
HU3KOE CTaH/IapPTHOE OTKJIOHEHUE, 3TH 3(UPHI ObLIO PEIICHO YUYECTh B UCCIICIOBAHUH.
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Pucynok 2 — CpeiHre KOHIICHTPAIIUH OPTaHUYECKUX JICTYIUX COCIMHEHM B %0, 00pa3yeMble
KoHCopIyMaMu S1 1 S2 B BBICOKMX KOHIIEHTPAIUAIX — 00IbIIe 6% M0 MEHBIIICH Mepe AJIs OJTHOTO
coenuHeHUs B 00pasiie (A), B cpenHux — oT 1 10 4 % 1o MeHbIel Mepe s OJHOTO COSAMHCHUS B
obpasie (B), B HU3KkHX - MeHee 1% 1o MeHbIIel Mepe It 0fHOTO coenuHenus B oopasie (C).
CoxpaltieHus IpuBeAcHbBI B Ta0uie 1.

KomriecTeo coeqHBeHHH, %4
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Metun-ketonsl 2-Nonanone (NN), 2-Tridecanone (TDN) u cyclopentadecanone (CPDN), a
takxe ckBayeH (SQ) mpucyTCTBYIOT B 000MX 0Opasiax B ymepeHHoM KonuuectBe — 0,64-1,67%
(pucyHOK 2).

[IpencraBieHHbBIC YKCIICPUMEHTAIBHBIC JAHHBIC CBUICTEIBCTBYIOT O TOM, YTO OTOOPAHHBIH
HAMHU KOHCOPIIMYM MOJIOYHOKHUCIIBIX M MPOMMOHOBOKHUCIBIX OakTepuil mpoaylupyer Oolee
HMIMPOKHUN CIIEKTP aHTHMUKPOOHBIX META0OJIUTOB, IO CPABHEHHIO C KOHCOPIIMYMOM, COCTOSIIIEM
TOJILKO W3 JIAKTOOAIMIUI, W MOXXET OOOCHOBAaHHO CIY’)KUTh OCHOBOW I CO3JIaHUs
IPOOMOTHYECKOTO TIpenapaTa Juis ICHHBIX BUAOB PhIO B aKBaKyJIbTYpE.
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AKBAKYJIbTYPAJIATBI BAJIBIKTAPFA APHAJIFAH ITPOBUOTUKAJIBIK
KOHCOPIHMYMHBIH YHIKbII KOCBIVIBICTAPBIHBIH CITEKTPI

Tyiiin

Y IKBIII OpraHUKAIIBIK KOCBUTBICTAP KONTETSH canaiap/a KbI3bIFYIIbUTBIK Ty AbIpaabl. Oapra Taram
MEH apoMaTHh3aTopiaplbl Tajjay, KOpIIaraH OpTa MEH aTMOC(epaHbl 3epTTEylep, OHEPKICINTIK
KoJimanOamap, Kayirnci3aik HeMece MEeIUITHA KOHE oMip Typaisl FRUIBIMIAp Kipedi. by KockutbIcTapIsIH
cUTIaTTaMachl OIpIHII KE3eKTE alThIH CTAaHAAPT PETIHIEC MacC-CIIEKTPOMETPHUSIMEH OipIKTIpiITeH Ta3
XpomaTorpausChlH MaljaiaHa OTHIPHIN, aJlaHHAH THIC ChIHAMAJNAPABI Ay XOHE Taljiay apKbLIbl
opeiamaiael. Lactaseibacillus paracasei Wf-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus casei
Wf-10, Lacticaseibacillus paracasei Wf-28 »xone Propionibacterium freudenreichii P-8, anraronmcrix
OenceHli MUKPOOPTaHU3MIIEP KOHCOPIIMYMBIHBIH META0ONUTTEPiHIH XUMHSIIBIK TAaOWFATBHIH aHBIKTAY
YIIiH. KOHCOPIIMYMHBIH  VIIKBIII  KOCBUIBICTAPBl ~ MacC-CIEKTPOMETPHUSUIBIK ~ aHBIKTAYMEH  ra3
XpoMaTtorpadusIChH KOJIJIaHy apKbUIBI 3epTTEN/Ii. AHTHOAKTepHAaIbl )KOHE 3eHI'e KapChl OeNICeH I Oap
MEeTa0ONHUTTEp TaOBUIIBI - OPTraHUKAIBIK KBIIIKBUIAAP, XOII HMIiCTi KBIIIKbUIAAp (TIpedeH KBIIKBLIHL,
TUAPOKCU(PECHUIUIAKTAT, TUPPOIUIOHKAPOOH KBIIIKBUIBI JKOHE TMOJHIAKT KBIIIKBIIbI), CIPKE KBIIIKHLIBI
JoHe 0acKka YIIKBIII 3aTTap, aTall alTKaH/a JUaIeTHII, alleTONH XKoHe T.0.

KinTTi ce3aep: yIIKbI opraHUKaIBIK KOCBUIBICTAp, META0OIUTTEp, ra3 XpOMaTOrpadusCchl, Macc-
CIIEKTPOMETPHSI.
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SPECTRUM OF VOLATILE COMPOUNDS OF THE PROBIOTIC CONSORTIUM
FOR FISH IN AQUACULTURE

doi:10.53729/MV-AS.2023.02.08

Abstract

Volatile organic compounds are of interest in many fields. These include food and flavor analysis,
environmental and atmospheric research, industrial applications, safety or medicine, and life sciences. The
characterization of these compounds was primarily performed by off-site sampling and analysis using gas
chromatography combined with mass spectrometry as the gold standard. In order to determine the chemical
nature of the metabolites of the consortium of antagonistically active microorganisms Lacticaseibacillus
paracasei Wf-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus casei Wf-10, Lacticaseibacillus
paracasei Wf-20 and Propionibacterium freudenreichii P-8, the spectrum of volatile compounds of the
consortium was studied using gas chromatography with mass spectrometric detection. Metabolites with
antibacterial and antifungal activity were found - organic acids, aromatic acids (prefenic acid,
hydroxyphenyl lactate, pyrrolidonecarboxylic acid and polylactic acid), acetic acid and other volatile
substances, namely diacetyl, acetoin, etc.

Keywords: volatile organic compounds, metabolites, gas chromatography, mass spectrometry.
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Currently, the development and use of probiotic products in aquaculture is essential to the
health and well-being of many aquaculture animals. Probiotic bacteria are non-toxic and can be
used as a supplement for fish growth and development, and as an alternative source of antibiotics
to improve feed utilization, improve stress tolerance, immunity and disease resistance, and
improve water quality.

Most bacteria live in active communities and produce a wide variety of secondary
metabolites. These metabolites serve as signals potentially involved in competition, which allows
microorganisms to adapt to various stresses [1,2]. Molecules released by bacteria with low
molecular weight (<300 Da) and high vapor pressure (0.01 kPa at 20°C) can easily evaporate and
permeate through heterogeneous mixtures of liquids, gases, and solids [3]. To date, more than
1000 bacterial volatile compounds are known, but this may be a gross underestimation of the
diversity of volatile organic and inorganic compounds produced by bacteria [4,5]. The detection
and quantification of volatile organic compounds (VOC) as attractive or repulsive odors and
flavors is of great interest to food and cosmetic bioprocesses, VOC also contribute to the ability of
bacteria to interact with their own environment [6].

Detection of VOC of microbial origin is an alternative approach that has the potential to
become a reliable, fast and relatively inexpensive method for differentiating and identifying
microorganisms. Various analytical methods make it possible to detect and identify volatile
organic compounds [7]. There is a growing body of knowledge about the presence and
composition of volatile metabolites released by bacteria and other microbes [8]. In the modern
world, spectrometric methods are used to detect VOC.

Currently, the metabolic pathways of bacteria are being studied in detail [9]. Basically, the
appearance of VOCs must be associated with a known metabolic pathway. However, the
production of VOCs by bacteria is affected by their growth conditions [10]. Our knowledge of the
pathways of bacterial metabolism and hence the production of VOCs under various conditions in
the human body is still very limited.

Gas chromatography combined with mass spectrometry (GC-MS) is the gold standard for
VOC detection [7]. GC-MS has large databases for substance identification and the ability to
separate and uniquely identify compounds. The results obtained in the field of determination of
bacterial VOC using GC-MS showed its applicability for this purpose. However, chemical
identification of unknown VOC is impossible [11].

Materials and methods

Determination of the content of volatile compounds of the consortium of lactic acid and
propionic acid bacteria was carried out by the method of solid phase microextraction (SPME) and
subsequent gas chromatography with mass spectrometric detection (GC-MS). For SPME, 10 ml
of consortium culture broth was placed in a 20 ml screw cap vial (Agilent Technologies, Santa
Clara, CA, USA) and kept at 30° C. for 30 minutes to reach equilibrium. Headspace volatiles were
adsorbed onto SPME fiber coated with 85 mm carboxene/polydimethylsiloxane (CAR/PDMS)
(Supelco, Bellefonte, PA, USA).

Gas chromatographic analysis was performed using a 7890 gas chromatograph connected to
a5977A MSD mass spectrometer (Agilent, Santa Clara, USA). A DBWAXetr column (30 mx0.25
mm, film thickness 0.25 um, J&W Scientific Inc., Folsom, CA, USA) was used, and the mobile
phase (carrier gas) was helium (>99.995%, Orenburg-Tekhgaz, Russia) with a flow rate of 1.0
ml/min. The injection volume was 0.5 ul at a 10:1 mixing ratio and the solvent retention was 1.5
minutes. The temperature of the GC oven was increased from an initial temperature of 40°C to
200°C at a rate of 10°C/min. The injector and transfer line temperatures were 250 and 280 °C,
respectively. MS was detected at 70 eV with a scan mass range m/z of 34-550 amu. An Agilent
MSD ChemStation (version 1701EA) was used to control the instrument and process the results.
Data processing included determination of retention times, peak areas, and identification of peaks
using their mass spectra. Mass spectra were identified using the Wiley 7th edition and NIST'02
libraries. Culture supernatants were analyzed in triplicate. Blank experiments were performed in
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three different modes: fiber preparation, empty vial preparation, and culture medium preparation
without bacteria (MRS broth (TM Media, India)). Calibration for determining the content of acetic
acid in milk was built in the range from 2 mg/ml to 50 mg/ml. The correlation coefficient was
0.93. The MRS liquid medium was used as a blank sample.

All results were the average of three independent experiments with three parallel repetitions
(n=9). The results were evaluated using standard statistical methods in Excel (Microsoft® Office
2010) using Student's t-test. Differences were considered significant at p<0.05.

Results and discussion

The study of the spectrum of volatile compounds was carried out in two variants of the
consortium: 1 sample (S1) - a consortium of only lactic acid bacteria Lacticaseibacillus paracasei
Wif-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus casei Wf-10, Lacticaseibacillus
paracasei Wf-20; 2 sample (S2) - a consortium of lactic and propionic acid bacteria
Lacticaseibacillus paracasei Wf-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus casei Wf-
10, Lacticaseibacillus paracasei Wf-20 and Propionibacterium freudenreichii P-8. The content of
volatile compounds in bacterial consortiums was determined by solid phase microextraction
(SPME) and subsequent gas chromatography with mass spectrometric detection (GC-MS).

The results of qualitative and quantitative determination of volatile compounds using
showed the presence of 22 antimicrobial compounds in both variants of consortiums (Table 1),
among which organic acids and their anhydrides, quinolines, saturated short- and medium-chain
fatty acids, fatty alcohols, esters, ketones, alkanes were found and carotenoids. In this case, all
compounds with a probability of identification above 60% were taken into account. The control
sample (MPC medium) contained: carbon dioxide; 1,4:3,6-dianhydro-a-d-glucopyranose, benzoic
acid heptyl ester and hexadecanoic acid.

Table 1 - Spectrum of volatile compounds formed by consortiums of selected bacteria with antibacterial
and antifungal properties
Volatile compounds, %

Probability Sample (consortium), %

— Retention - -
Abbreviatio . . of identi- S1 S2
n Chemical name Ume s 1 fication, % LAB | LAB+PAB
1 2 3 4 5 6
Acetic acid, anhydride with
FA formic acid (Forr)wlwyl acetate) 1,75 81 71,17%2,15 | 65,08+0,04
3,4-Dihydroisoquinoline, 1-
DHIMBM [3-methoxybenzyl]-6- 6,59+0,15 6,8+0,19
methoxy- 6,55 71
PA Propanoic acid 11,20 78 nd 1,86+0,03
PAM Propanoic acid, 2-methyl- 11,47 82 nd 1,97+0,09
3,4-Dihydroisoquinolin-7-ol,
DHIBM 1-benzyl-6-methoxy- 11,88 61 0,70+0,03 nd
BA Butanoic acid 12,23 76 nd 1,61+0,05
BAM Butanoic acid, 3-methyl- 12,44 81 nd 1,68+0,05
NN 2-Nonanone 13,72 68 0,64+0,04 0,7+0,06
MNE Methyl nonyl ether 18,83 70 0,98+0,15 1,1+0,11
UDN 2-Undecanol 19,18 70 1,34+0,04 0,7+0,04
PDN Pentadecane 22,53 66 nd 0,3+0,01
CDN Cyclodecanol 24,33 73 nd 3,9+0,03
TDN 2-Tridecanone 24,64 82 1,30+0,08 1,1+0,09
CPDN Cyclopentadecanone 29,19 70 1,67+0,05 1,0+0,07
TDNA Tetradecanoic acid 30,97 66 1,40+0,10 1,2+0,09
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Table 1 continued

1 2 3 4 5 6
PDNA Pentadecanoic acid 33,03 62 1,61+0,07 Nd
Phthalic acid, hept-4-yl
PhAHIBE isobutyl ester 34,89 72 nd 0,5+0,02
HDNA Hexadecanoic acid 35,02 90 8,36+0,12 7,61£0,11
Phthalic acid, butyl 6-
PhABMHE methylhept-2-yl ester 37,00 78 0,62+0,02 nd
Phthalic acid, butyl tridec-2-
PhABTE yn-1-yl ester 37.01 68 nd 0,7+0,03
ODNA Octadecanoic acid 38,79 74 2,23+0,06 1,2+0,05
SQ Squalene 48,80 72 1,40+0,03 1,0+0,04

Most of the volatile compounds, 19 out of 22, are produced by the consortium of lactic acid
and propionic acid bacteria we created (sample S2), a little less, 14 out of 22 compounds form a
consortium consisting only of lactic acid bacteria (sample S1) (Figure 1).

Ab
NN

MNE UDN

TDN

S1 S2

CPDN TD PhAHIBE

BA

NA  HDNA

PhABMHE

PhABTE

ODNA SQ

DHIMBM

Figure 1 - The content of volatile substances in the samples of consortiums S1 and S2. See table 1 for
compound abbreviation.

The detected volatile compounds were present in either significant or moderate or low
concentrations, as shown in Figure 2, respectively.

The three most common compounds are mixed anhydride of acetic and formic acids;
quinoline (2,3-benzopyridine) and palmitic (Figure 2) in sample S1 amounted to a total of 86.12%,
and in sample S2 - 79.48% of the total amount of all detected antimicrobial volatile compounds.
Their number varied depending on the strain composition of the studied consortium and ranged
from 65.08% to 72.2% for acetic acid (acetic acid, anhydride with formic acid); 6.59 to 6.8% for
quinoline 3,4-Dihydroisoquinoline, 1-[3-methoxybenzyl]-6-methoxy-; 7.6 to 8.36% for medium
chain hexadecanoic acid (Figure 2A).

Thirteen other organic volatile compounds were present in intermediate moderate amounts
and ranged from 1.0-3.9% of the total antimicrobial compounds (Figure 2B). Finally, 6 compounds
from the groups of alkanes, ketones and ethers were present at lower concentrations (Figure 2C).

In general, as shown in Figure 2, medium chain saturated fatty acids were at higher
concentrations in the culture broth of the consortium S1, consisting only of lactic acid
bacteria(LAB). At the same time, pentadecanoic acid was found only in sample S1 (1.61%). But
short-chain fatty acids - propionic acid or propionate (1.8%), isobutyric acid (1.97%), butyric acid
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or butyrate (1.61%), isovaleric acid (1.68%) were present only in the sample S2 (consortium of
LAB and propionic acid bacteria). The content of fatty alcohols also differed depending on the
considered consortium. Thus, 2-Undecanol was determined in the culture liquids of both
consortiums, however, its amount in sample S1 was 2 times higher than in sample S2. Whereas,
Cyclodecanol was present only in sample S2, and in a rather significant amount - 3.9% (Figure 1,
Figure 2B). The alkane pentadecane (PDN) was found only in sample S2.

Samples S1 and S2 also differ in the content of phthalic acid esters phthalic acid, butyl 6-
methylhept-2-yl ester, was determined in sample S1; and in sample S2, phthalic acid, hept-4-yl
isobutyl ester u phthalic acid, butyl tridec-2-yn-1-yl ester (Figure 1). It should be noted that the
amount of these esters is very small and approximately the same in both consortiums - 0.5-0.7%
(Figure 2 C), which could be due to the error of the method (contamination from vial caps).
However, given the rather high probability of their identification (68-78%), their absence in the
control and the low standard deviation, it was decided to take these ethers into account in the study.
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Figure 2 - Average concentrations of organic volatile compounds in%, formed by consortiums S1 and S2
in high concentrations - more than 6% for at least one compound in the sample (A), in average - from 1 to
4% for at least one compound in sample (B), in low - less than 1% for at least one compound in the
sample (C). Abbreviations are given in Table 1.
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The methyl ketones 2-Nonanone (NN), 2-Tridecanone (TDN) and cyclopentadecanone
(CPDN), as well as squalene (SQ) are present in both samples in a moderate amount - 0.64-1.67%
(Figure 2).

The presented experimental data indicate that the consortium of lactic acid and propionic
acid bacteria selected by us produces a wider range of antimicrobial metabolites compared to the
consortium consisting only of lactobacilli, and can reasonably serve as the basis for creating a
probiotic preparation for valuable fish species in aquaculture.
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Tyiiin

byn makamama apamac ampITy HETi3iHIE adbIHFAH CHBIP MEH €Ki CYTTEpiHEH o3ipJieHTeH aipaH
OHIMJICPIHIH OPTaHOJENTHKANBIK, (UIUKA-XUMUSIBIK >KOHE MHUKPOOHOJOTHSIBIK KOPCETKILITEPiHe,
oJNapbIH KYPaMBIHAAFbl Cy/la €pUTIH BUTAMUHAED MOJILEPiH aHbIKTayFa Tajzayiap >Kyprizinai. JaisiH
eHiM yuriepi 1242°C Temmepatypana apbl Kapaii xeTiny 12 carat 0oibl ycranansl. XKetiny mporieci
Ke3iHJeri aiipaH eHimjaepAe TY3UIETIH 3THI CHHUPTIHIH, CYT KBILKBUIBIHBIH >KOHE KOMIPKBIIIKBLI
ra3apbIHbIH MOJIILIEPi aHBIKTaJIbI.

Apanac amibITy HOTIDKECIHJE ajblHFAH allbITBUIFAaH CYT CYCBIHAAphl epeKilne KYHJbI OOJIBII
tabbu1aabl. CYTKBIIIKBULIB )KOHE CIUPTTIK ally Ypici Ke3iH e JaKTo3a MOIIIIepi a3aibIl, CYT KbIIIKBLUIBL,
STHJI CITUPTI JK9HE KOMIPKBIIIKBII ra3bIHBIH MOJLIEP] apTabl.

AnpiHFaH aifipaH eHIMJepl camachl »XarblHaH AOCTYpJi alipaHHaH KeM Tychiedi. OHimuaepreri
KBIIIKBUIBUTBIK, CaKTay MEp3iMi COHBIHIIA aiipaHFa apHaJiFaH CTaHIAPTTAFbl KbIIIKbUIIBIK KOPCETKIIIIHEH
acmagsl. Ocpliaiiina, oneOueT AepeKTepiH KOHE 3epTTey HOTHKENEPiH Tajlay ajlblHFaH aiipaH eHIMAEpi
aF3aHbIH JKaNIIbl ACHCAYJIBIFbIHA BIKIIAJ €TETIH 6T¢ MaHbI3/1bl IPOOMOTHKAIIBIK KACHETTepi Oap TaraM eHiMi
00JIBIIT TaOBLIAABI IETCH KOPBITHIHIBI J)KacayFa MYMKIHJIIK Oepe/i.

KinTTi ce3aep: apanac ambity, aiipaH HiMi, CYT KbILIKBUIbI, 3THWJI CHUPTI, KOMIPKBIIIKbUI Ta3bl,
AIIBITKbI, MTPOOMOTHKAIIBIK MUKPOOPTaHU3MIED.

CoHFBI KBUIIAPBI TYTHIHYIIBUIAP apachlHIa JOCTYPIIi apajiac allbITy OHIMIEPIHE epeKIe
KBI3BIFYIIBUTBIK TYAbl. MUKpPOGIOpaHbIH OPTYPIUIIT] epeKIe oM CUMaTTaMalIaphbl )KOHE eMJIiK-
npodMIaKTUKAIBIK KacuerTepi Oysl eHimaepail TaHbiMan ereai. KypambiHaa nmpoOHOTHKAIBIK
MUKpoopranmsmzaep (Oudumobakrepusiap, anmuaogmibal  TasKmagap JkoHe Oacka Ja
MUKpPOOPTaHu3M/Iep) Oap alIbITBUIFAH CYT CYChIHIApbIHA TYPFRIHIAP apaChIHIA KhI3BIFYIIBLUTBIK
apTyna.

Byxkin anemae QyHKIIMOHANIBI TaMaK ©HIMJIEPIH OHJIPY MEH TYTHIHYIBIH TYPaKThl YpAici
Oaifkanmajpl, OJapbIH KOIIIUIIT CYTKBIIKBUIAL MPOOHMOTUKAIBIK OHIMAECP OOJIBIT TaObLIAIbI.
KypambiHga MUKpoOpraHu3smaep MEH MHUKPOOTHIK 3aTTap Oap Oyi eHIMAep axaM ar3achIHbIH
MHUKPOOHOJIOTHSUTBIK, KaFIalblH OHTAWIAHIABIPY apKbUIbl OHBIH (PU3HOJIOTHUSIIBIK (PYHKIHSIAPHI
MeH OMOXMMUSIIBIK PEaKIUsUIapblHA Taiaansl ocep eTedi. TeXHOIOTHSICHIHAA CYTKBIITKBLUIIbI
OakTepusiyap, CYT allbITKbIIAPHI KOJJIAHBUIATBIH apajlac allbITy YPici KYPETiH OMOJOTHSIIBIK
OHIMJIEp IyPhIC TAMAKTaHYAbl YUBIMIACTHIPY YIIIH OTE KAXKET.

CYTKBIIKBLIABI CYCBIHIAPABIH KahaHABIK HAPBIFBl TAMAK OHEPKICIOIHIH OCIT Kelle dKaTKaH
casiachl 00JIBIN TaOBLIaIbl, OMTKEeHI OYTiHT1 TYTHIHYIIBLUIAP 1-ayKaTThl )KaKCApTaTHIH )KOHE aypy
KayIiH a3alTaThlH OHIMIEpAl OeJCeHal TypHe TYThiHaAbL. ATtanm aWTKaHaa, (YHKIIMOHAJIBI
TaraMmJiap MeH CyChIHIap bIH xahanapik HapbiFrsl 2012 sxone 2018 xpimaap apaceiaga 1,5 ece ecti
xoHe 2018 sxone 2025 xputnap apacbiHga Tarbl 22,8% ecemi aen KyTutyne, 00mpKaMIbl HapbIK
kesieMi 21,7 mwimapa eypoHsl Kypaiasl. CyT eHimMaepi (yHKIMOHAIABIK HAPBIKTHIH IIaMaMeH
43% Kypaiapl KoHE OJ1 HET131HEH CYTKBIIIKBULIBI CyChIHIAPAaH Typaabl [1].

Apanac ambITy HOTHXKECIHJIC aJbIHFAH CYTKBIIIKBUIALI CYCBIHJAPIBIH IIIIHJE AICTYPIIi
TypZe aipaH KemOacHIbUIBIKTE cakTaiabl. CoHFbl yakeiTTa Eypomanma, YKamonusima sxoHe
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Awmepuka Kypama Irtattapeiana KeQUpPIbIH TAHBIMAIIBIFBI apTHIN Keleldi, Oy OHBIH
JIOJICIIICHTEH MPOOMOTUKANIBIK KACHETTEPIHE KoHE alipaHHbBIH aCKa3aH-11IeK YKOJITaPbIHBIH KeHO1p
aypyiapblHa OH dcepiH THUri3yiHe OaillaHbICTBI 0OJYBl MYMKiH. AlMpaH 39p IIbIFapy >KyHeciHiH
JKYMBICBIH KaJbITIKa KENTIpedi: IUype3dl apTThIpaabl, a30T aJMacyblHA ocep €Teli, OHBIH
OHIMJICPIHIH IIBIFAPBLUTYBIHBIH KOFAPhUIAYbIHA BIKITAJ €Te/li, COHBIMEH KaTap ar3a/laH MOYEBHHA,
docdarrap MEH XJIOPUATEP/1 BIFBICTHIPHIT IIBIFApaIbl [2].

Aifipan — Oipereil TaOuFu YWBITKBI — alipaH caHbIpayKyJIaKTapbIH/Ia JalbIHIAIFaH apaiac
CYTKBIIIKBUIIBI MEH CHUPTTIK allbITy YPIICIHIH 6HiMi. AWpaH TeK oMl MEH CepriTeTiH
KacueTiMeH faHa OaranaHOaipl, COHBIMEH Karap OHBIH OYKUI ar3ara maijgacel YUIH e
OaramaHazsl [3,4].

AlipaH caHbIpayKyJIaKTapblHAa TaOUFH CUMOMO3[a SPTYPl MUKPOOPTaHM3MIEpP TYpJiepi
ke3neceni. llIsiH MoHIHAE, alipaH caHBIpayKyJIaKTapbl TeTepodepMEeHTATUBTI MHUKPOQIOpaHbIH
cUMOMO3bI OOJBIN TAOBUIAJBI: CYTKBIIKBUIAB ME30(HIBAI CTPENITOKOKKTAP, XOLI HiC TY3ETiH
CTPENTOKOKKTAp (©31HIH JaMybl HOTHXKECIHJIE OJIap XOIIl MICTI 3aTTap Ty3edi), Me30hUIbIl KIHE
TEpMOQUIBAl TasKIIadap, CipKe KBIIIKBUIbI OakTepusaapbl (TYTKbIP YHBIHIBIHBIH TY3LTyiHeE
BIKIIAJI €TE/I1) )KOHE allbITKbUIAP (CIIUPTTIK AIIBITY/IbI KAMTAMAachl3 €TeIl).

AUIBITKBI TEK CIHPTTIK amlyabl FaHA €MeC, COHBIMEH Karap B TOOBIHBIH BUTaMUHJEPIH,
TyOepKyJe3 TasKIIAChIHBIH KOHE 0acKa Jia MaTOTEHJII MUKPOOPTaHM3MJICP/IIH JaMybIH Oacyra
KaOl71eTTi aHTUOMOTHUKTIK 3aTTapAbl IIBIFApajbl. ANIBITKBUIAPIABIH KAIIBIKTAPhI CYTKBIITKBLUIIbI
OakTepusIapIblH AaMybIH OenceHaipeni [5].

AlipaH amIBITKBICHIH aly YpHAici ©Te KUBIH JKOHE KOIl YaKbITThl KaxkeT ereqi. COHABIKTaH
KOIITETeH KOCIMOPBhIHAAp TaOWFU allIBITKBIIAaH alipaH OHAIPYACH 0ac TapThIll, 3aMaHayH — TiKeJIen
AlIBITKBUIAPABI TMaiilananaael. byl anplHFaH alibITBUIFAH CYT OHIMIH aifpaH Jem arayra
OosMai b, 0J1 aiipaH eHiM1 Oosabl. AMpaHIbl JOCTYPIIl TEXHOJIOTHSI OOMBIHINA CYTKBIIIKBLIIBI
MUKpPOOPTaHM3MJIEPIIH  Ta3a  JAaKbUIAPBIH  JKOHE  allBITKBUIAPABI  KOCMai,  aiipaH
CaHbIpayKyJIaKTapbIH/Ia JalbIHAAIFaH OHIM JIeT atayFa 0osasl [6].

CyT eHepkociOi HEri3iHeH CHBIp CYTIiH JKOHE OHBIH HETi3iHJe NaiblHIaIFaH eHIMACPIi
mibIFapaabl. ByriHri TaHaa cyT OHIMIEPiHIH 1K1 HAPBIFBI KAPKBIHIBI JaMbIn kenesl. Kazipri ke3me
€peKIIIe 3aT alIMacy >koHe (PU3HONIOTUSIIBIK epeKIIeTiKTepi Oap enIKi CyTi eHIMAEPiH OHIpy ecyie
[7]. ConnpikTan HapbIKTa €Ki CYTiHEH JAalbIHIAIFaH OHIMAEPII KOOCHTY 63eKTi Macele OOJIbII
TaOBLIaIbL.

3epTTey JKYMBICHIHBIH MakcaThl apajac allbITy HeTi31H/A€ aJIbIHFaH CHbIP KOHE EIlKi
CYTTepiHEH JalbIHAaNFaH aiipaH eHIMJEPiHIH canaiblK KOpCEeTKIITEpiH 3epTTey OOJIbII
TaOBLIAIBL.

3epTTey MaTepuaaapbl MeH dicTepi

3epTTey HBICAHBI PETIH/E AIbIHFAH aiipaH eHiMIepiH d3ipiaey yumiH Kamobut obmbicer Uy
aynanbl KekkaifHap aypuiblHIA opHanackaH «KapimbiFay jkeke Imapya KOXKalbIFBIHIA ©CipLTil
KaTKaH CHUBIp KOHE emIKi cyTTepi anbHabl. Kokajbplkra ecipiminm >XaTkaH Majjap YHeMmi
BETCPUHAPHSUIIBIK-300TEXHUKAIBIK OaKbLIay/Ia.

YUWBITKBI peTiHAEC KOMMEPIUSUTBIK YHBITKBI «Vivo Kedup» maligananbuiael, OHBIH
KypaMbIH/a: aiipaH ambITKbICHl, Lactococcus lactis, Streptococcus thermophilus, Leuconostoc
mesenteroides, Lactobacillus acidophilus, Bifidobacterium lactis, Lactobacillus delbrueckii ssp.
Bulgaricus, Lactococcus lactis ssp. Lactis 6ap.

CyTTi ambITy TEXHOJIOTUSIIAPH! OHIIPYIIiHIH YCHIHBICTAphIHA COWKEC KYpri3iiai. 3eprrey
HBICAHBI PETIH/E 2 YT aJbIH/IbL:

Yori Nel — cublp CyTiHEH 93ipJIeHTeH aiipaH eHiMi;

Yari Ne2 — emiki CyTiHEH 931pJICHIeH aiipaH oHiMi.

3eprTeyre anblHFAaH aiipaH eHIMIEpl YITUIepiHE Tainay JKYMBICTaphl AJIMAaThI
TEXHOJIOTHSUTBIK YHUBEPCUTETIHIH «TaraMIbIK OMOTEXHOJIOTHS» koHEe «Tamak Kayirmci3mairi»
FBUIBIMH 3€pPTTEY MHCTUTYTHIHBIH 3€pTXaHaTapbIHAA XKYPTi3ii.
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Afipan eHiMzaepi yiarinepiHiH opraHojentukaiblk kepcerkimrepi «MEMCT 31454-2012
AiipaH. TeXHHUKaIBIK TaJanTapy» OONBIHINA aHBIKTAIIBI [8].

Tutpney kpiuksUabiFrel MEMCT 3624-92 [9] Goiibiama TepHep rpaaycbIMeH KOpCeTireH
denondranenamen 0,1 # NaOH epiTiHaiciMeH TUTpIICY apKbUIBl aHBIKTAJIbI.

Kemipkpimksut ra3siabiH (CO2) 60mysl. CO2 aHbIKTay YHIiH AuaMeTpi 15 MM nmpoOupkara
20 M eHIMII KYWBIT, EHIeHiH OeNrijen, CaJKbplH Cybl 0ap Cy MOHIIAChIHA CaJIbIN, CYIBIH
temneparypacein Oipringen 90 °C neifiH &eTki3in, cogaH KediH MpOOMpKaHBI aJbIMl, YHBIH/IbI
neHreiin oenriney kepek (erep enimae CO; Gosica, OHIA YHUBIHIIBI TYOKa TOpi3i 00JIaIbl )KOHE
capeicynan 6 Mmm-1eH 20-30 MM Hemece OflaH KOFapbl KeTepiiesi).

Orun cnuptidig memmiepi MEMCT 3629-47 OoiiplHIIa THUKHOMETPHSUIBIK OJIICTICH
anbIKkTanasl (Nel esreprynepmen) [10].

Cyna eputid Butamunzep «Kamnens-105» kanmuispiiblk 3aeKTpodopes KyHeciH naigaiana
OTBIPBIT AHBIKTAJIIBI.

AljipaH eHiMJIepiHIH MUKpOOHOIoTUsIIbIK kepceTkimrepine MEMCT GoiibiHIna Tamgayaap
xyprizinmi [11-15].

Toxipubenep 5-7 pet KaiiTaana OTBIPBIN OpbIHAANABL. KecTenep MeH cypeTTep 3epTTereH
aiipaH eHIMI YITUIEpiHIH (U3UKA-XUMUSIIBIK, MUKPOOHOJIOTHIIBIK KOPCETKIIITEPiHIH OpTalia
apudMeTUKAIBIK MOHJIEPIH KOpCETe .

3epTTey HOTHKEJIEPI JKIHE OHbI TAJIIAY
3epTxaHa *KarJalbIH/a alIBITBIIFAH Ke(UP OHIMICPIHIH JKaNIIbl TEXHOJIOTHUACH (CypeT 1).

l‘ InkizaTTel HalibIHAAY Il

‘ [Mactepney (t -90+2 °C. t=2-3 MUHVT) I

AIIBITY TeMIIepaTypachiHa feiin canksiaaary (t -28+2 °C)
AmpITy (t - 2842 °C, ©=10-12 car)

CankpIHIATY KOHE apajacThIPy
‘ Keriny nporeci (t - 1242 °C, =12 carar) \

‘ Cakray (t - 42 °C) \

Cypert 1 — AlipaH eHIMIH aly TEXHOJIOTHSICHI
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AlipaH eHIMI albIHATBIH CYTKe Oenriii TamanTtap Koibuiaibl. OpraHoJeHTHKAIBIK >KOHE
(bu3HKa-XUMUSIIBIK cara KepceTKimTepi O0MbIHIIA 011 cTanaapTka [16,17] coiikec 60Tybl Kepek.
Cana OoifpiHIIa Tanganran cyT yiariiepi 90+2 °C temneparypana, 2-3 MHUHYT NacTepICHEI.
Copnan keitin 28+2 °C Temmneparypara JIeiiH CaTKbIHIATHUIBII YHUBITKBI KOCHUTAIbI. ¥ MBITKBIHBI
KOCKaHHaH KeWiH Kocmanel 10 MuHYT OOHBI MYKHST apanacTeIpbuiafbl koHe 28+2 °C
temriepatypana 10-12 carat ambiTeuianel. ComaH KeiiH anplHFAaH VYHBIHABL 12+£2  °C
TeMIIepaTypaja apbl Kapaii >KeTiTy MpoIeci )Kypyl YILiH ycTanaabl. By yakpITTa alibITKbUIapAbIH
JaMybl OelCeHAIpiIe/l, HOTHXKECIHE OHIMAC CIHUPT, KOMIPKBIIIKBII Ta3bl dKoHE Oacka 3arrap
KUHAJIBIT, CYCBhIHFa epekiie Kacuerrep Oepeni. ConaH KeiliH ©HIM KOJIaHBICTaFbl TEXHUKAJIBIK
mapTTap TajlanTapbiHa CoMKec apanacaisl )koHe 4+2 °C TeMneparypaja cakTaiabl.

OpraHonenTHKaNbIK Tajjay — OHIMHIH KacHeTTepiH aJlaMHBIH Ce31M MyIeiepi apKbUIbI
camnaJsblK JKoHE CaHIbIK Oaranay. KaObuimay kepy, cumar cesy, Hic JKOHE oM ce3y MYIIeIepiHiH
KOMETIMEH Ky3ere acaabl. OpraHoJIeNTHKAIBIK Oaranay apKbUIbl OHIMHIH TaFaMIbIK KYHIBUIBIFBI
JKOHE 1ITiHapa Kayimnci3airi Typajibl aJIFallKbl TYCIHIK ajayFa 0oJjaabl. ANIBIFaH CYT ©HIMICPIHIH
’KaHa TYpIH UIBIFapy YIOIH OJIApJbIH  OPraHOJICITUKANBIK KOHE  (PU3MKa-XUMHUSIIBIK
KOpCETKIMTEpiH Oaramay apKbLIbl TOKIPHOEIIK YJITIIEPAiH CamachlH CaJIbICTHIPMAIIBI 3EPTTEY
apKbUIbI Oaranay >Kyprisiiesi, HOTHKeCl TOMeHer1 1-kecTene KopceTireH.

Kecre 1 — AlipaHn eHimi yarisiepiHiH calnbICTHIPMalIbl KOPCETKIIITEPI

. albIHA OpraHoJIENTUKAIBIK KOPCETKIIITEP] Cakra
OHim A y KbIIKBUIABIFEI, P P P Kray
. YaKBITBI, o . .. KoHcucreHIusACs . YaKBITHI,
TYpl T Jomi MeH mici . Tyci .
carart JKOHE CHIPTKBI TYpi TOYJIIK
¥UBIHIBI
Cusip Oy3bUIMaraH, a3
. CYTKBITIKBUIIBI,
CYTIHEH KAFBIMJIEI MeJIIiepie ras A3znan
aJIbIHFaH 10-12 94 L KeImpIrikTepi 6ap, | caprbI, 7
o OoTeH 1oMi MEH . ;
afipan L KOHCUCTCHIIUACHL | OipKemKi
L HiC1 KOK ) .
OHIMI oiprekti. Capbicy
mamMasl OOIIIHTeH
Asnmaran
Emki KeIpuIikTepl 0a
. A3qar ambITKb P p1oap, .
CYTiHEH oM. etk JKAKCHI Cyrreit
aJBIHFaH 10-12 101 .7 .. Oy3BITMarad ax, )
N CYTiHE TH HiCi N . .
afipan 6a YUBIHIIBL, Oipkernki
oHIMI p KOHCHUCTEHIIUSICEI
OipTeKTI

AlipaH eHIMJEPiHIH YATUIEPi )KaFBIMIBI CEPTiTETIH CYTKBIIIKBUIIbI, COJ AIIBITKBI 19Mi MEH
mici Oap, OIpTeKTi KOHCUCTeHIUsFa wue Oomapl. lom MeH wmicTiH Oynail cesiryl aiipaH
OHIM/JICpPIHACT] CYTKBIIIKBUIABI OaKTepHsIap MEH alllbITKbUIAPIbIH TIPLIUIIK SPEKEeTiHIH OHIMIEepI
OOJIbINT  TaOBUIATHIH CYT KBIKBUIBIHBIH, CIHPTTIH, KOMIPKBIIIKBUI Ta3bIHBIH JKOHE Oacka
3arTapAbH 00TybIHA OAMTAHBICTHI.

A¥ipaHFa TOH OpPTraHOJICNTHKAIBIK KACHETTEep CIUPTTIK ally HOTHXKECIHAE KalbIITacaIbl,
COHJIBIKTAH KeJeci Ke3eH e aiipaH eHIMIepiHiH KeTiTyl Ke31HIeri CIUPTTIK ally JTUHAMUKAChIHA
ocepi 3eprrenmi. DepmeHTanusaH KeHiH adpaH eHIMI yiriaepi skerury ymiiH 1242 °C
Temrneparypazna 12 carat 6oiibl yeranasl. JKeTiry npoueciiie ambITKbUIapAbIH OipTiHaen keberoi
YKOHE MUKPOOPTaHU3MJIEP/IiH 3aT aIMacy OHIMACPIHIH JKMHAKTAITYbI OPBIH ajabl. JKeTiny mporieci
COHbIHIA THTpiey KbIIKeUIABIFEl 110-120 °T Oonmel. AlipaH eHIMAEpIHIH KeTiTy mporeci
Ke31H/IeT1 CIMPTTIH TY311y JHUHAMHUKAChl TOMEH/I€ KOpceTiireH (2-cyper).
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Cypet 2 — Ciupr Ty3iny nuHamukacel (Nel — cubIp CyTiHEH 93ipJICHIeH aiipaH oHiMi;
Ne2 — emrki cyTiHEH 93ipJeHIeH aiipaH ©HiMi)

2-CypeTTe KETULTy MpoIeci Ke31He allbITKbUIAPABIH KOOIl HOTHKECIHE CIUPTTIK amry
KypeTiHi kepcerinreH. CoHbIMEH Oipre JKeTuly mpoleci Ke3iHAe 3epITey YIruIepiHiH
KYpPaMbIHIaFbl CIOUPT MeOJepi OIpTiHAeN apThin, 24 caraTTaH KEWiH CHBIP CYTIHEH ajbIHFaH
aiipaH eHiIMiHIE 3TWJI CHUPTiHIH MaccanblK yineci — 0,08%, emki cyTiHeH anblHFaH alpaH
eniminge — 0,1% xereni.

depmeHTaIUA AMHAMUKACHIH OJIaH 9pi 3epTTEy OHIME CIUPTTIH KUHATYBIMEH Oip Me3rinze
KOMIPKBIIITKBIT Ta3bIHBIH MOJIIIEP1 )KOFAPBUTAMTHIHBIH KOpceTTi (3-cyper).

B Nel
H Ne2

HBIHIBIHBIH KOTePily JeHreiii,
MM

O B, N W b OO N 00 ©

Y

12 16 20 24

Kertiny yakpIThI, caFaT

Cypet 3 — I'a3apig maitna 6oy quHaMukacel (Nel — cHbIp CyTiHEH 93IpJICHIeH alipaH oHIMI;
Ne2 — emki cyTiHEH 93ipJICHIeH aiipaH ©HIMi)

24 caraTTaH KeWiH YUBIHIBIHBIH KoTeplry aeHreii Nel yarige 7 mm, No2 ynrine 8 Mm 0oJifbl,
SFHU (pepMEeHTAIHs TPOLECIH/IE KOMIPKBIIIKBII ra3bIHbIH OOJIIHETIHAITH KOPCETTI.

CyT KBIIIKBUIBI OaKTePUSUTAPBIHBIH JaMybl JIAKTO3aHBIH OJIaH Opi alllbITYbIHA JKOHE CYT
KBIIIKBUTBIHBIH TYy3UTyiHe okeneni. CyT KBIIKBUIBI KHUHAKTAIFAH CaliblH OHIMACPIIH TUTPICY
KBIIKBLUIBIFBI ©3repei. JKuHaIFaH CyT KBIIIKBIIBI Ta3 TY3€TiH, Mal jkoHe 0acKa Jia KarbIMChI3
OaKTepHsUIapbIH JaMybIH TeXKEUTIHIH aTan eTKeH koH. CyT KbIILIKbUIBI CychIHFa Oenrini O6ip AoM
Oepin KaHa KOWMaiIbl, COHBIMEH KaTap OHBIH JUETAJBIK KOHE MPO(UIAKTHKAIBIK KaCHETTEPIH
AHBIKTA/IbI, 1K YKOJBIHAAFBl aC KOPHITY (epMEHTTEpiHIH OOCaTBUIYBIH O€JICEHMIpeNi KoHe
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onapblH opekeTiH kymenreni. On conpmaii-ak ar3aHblH ¢Gochop, Kamblmid, TeMmip xoHe D
BUTAMHHIHIH CIHYIH KaKcapTapl.

KyMbICTBIH OapbICBIHAA 3€pTTENETIH alpaH eHiMaepl YITUIepiHIH KypaMbIHAAFbl CYT
KBIIITKBUTBIHBIH MACCANIBIK YJIE€CI aHBIKTAJIbI, HOTH)KEC1 TOMEHIET1 4-CypeTTe KeNTIpUIreH.
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Cypet 4 — CyT KbILIKbUIBIHBIH MaccalbIK yieci (Nel — cubIp CyTiHEH 93ipJICHI'eH alipaH OHiMi;
Ne2 — emki cyTiHEH 93ipJIeHIeH aiipaH ©HiMi)

3epTTey HOTWIKEICPIHEH JKETUTY TpoIeci Ke3iHIe YaKbIT OTKEH CalblH OOJIHETIH CYT
KBIIIKbUTBIHBIH MacCalIbIK YJIeci )KOFapIaiThIHBIH KepceTTi, 24 carartal keiin Nel ynrizge 1,39%,
No2 ynarine 1,48 % Gomnmpl.

3epTTey OapbIChIHIA CUBIP OHE CIIKI CYTTEpiHEH J31pJIeHTeH Keup eHiMi YAriaepiHiH
KYpPaMbIH/IAaFbl CyJa €pUTIH BUTAMHHJEpPIre Tajjay >KYPri3uial, HOTHKeJIepl TeMeHneri 5,6-
CypeTTep/ie KoHe 2-KecTee KENTipiareH.
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Cypert 5 — Cublp cyTiHEH a3ipJeHreH Keup eHIMiHIH KYpaMbIHAAFbl CyJa EpUTiH
BUTAaMHHICPAIH THIITIK XpOMATOTPaMMAaChl
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Cypet 6 — Emiki cyTtineH a3ipieHred keup eHiMiHiH KYpaMbIHIAFbl Cyla EpUTIH
BHUTAMHHJICPAIH THIITIK XpOMATOTPaMMacChl

Kecre 2 — Alipan eHiMIepiHAET] cyla €pUTiH BATAMUHIEP MeJepi

Buramunnep Yori Nel Yori Ne2

B; (Tramumn) 0,033+0,007 0,047+0,009

B (pubodaaBun) 0,02+0,008 0,42+0,176

Bs (maHTaTeH KBIIIKBLIHI) 0,200,040 0,330,066
Be (mupuokcun) 0,021+0,001 0,35+0,07

C (ackopOWH KBIIIKBLITHI) 0,16+0,054 0,42+0,143

2-KeCTe/leTl YChIHBUIFaH JEPEeKTepre CYWEHE OTHIPHIN, aipaH eHimuepi yarutepingeri C
*oHe B TOOBI BUTAMUHAEPIHIH MeIIIEpi OHBIH JKOFapbl eMIIK-IPOQHIAKTUKAIBIK KAaCUETTEPIiH
pactaiiipl enm KOPBITBIHIBI jkacayra Oonaipl. OHIMAEPAIH KypamblHIa agaM aF3achIHAFbI
OMOXMMUSUIBIK JKOHE (DU3MOJOTHSUIBIK YPIICTEPAIH KaJbIITHl JKYPYiH KaMmTaMachl3 €TeTiH
ButamuHaep/iH (C, B ToObI1) kom Mesiepi 6ap ekeHl aHbIKTasabl. EIKi CyTIHEeH 931pJICHTeH aiipaH
OHIMIHJIC CHBIp CYTIHEH IalbIHIANFaH aiipaH eHIMiHE KapaFaH/a BUTAMHMHICPIIH MeJjIepi
JKOFaphl 00JIATHIHBIH KOpyTe 00IaIbl.

3eprrey OapbiChiHAa alpaH eHiMmzaepl YiAriiepiHe MHUKpOOMONOTHSUIBIK —TajjayJiap
KYprizinai. ApaH eHIMAEpIHJET] TIPIIIIKKE KaOlIeTTI CYTKBIIKBUIAL OaKTepUsIapIbIH CaHbI
AHBIKTAJIBI, ONap KeMmiuze 1 10" KTB/em®, amsitkbina — keminge 1 10* KTB/em® 00JyBI KepeK.
MuKpoOHOTOTHSUITBIK TalAay HOTHIKEIEPl TOMEHIET1 3-KeCTeIe KeNTIpUITeH.

Kecte 3 — Aiipan eHiMaepiHiH MUKPOOHOIOTHSIIBIK KOPCETKIITEP1
MHKp06HOH.omHHHK HK Ooiipiamma Yari Nel Yori Ne2
KOPCETKIITEp
CYTKBIIKBUIBI
oaxrepusinap, KTB/cm?, 1x10° 3,8x108 2,4x107
KEeM eMec

3

Amsrtksinap, KTB/ cm®, 1x10% 1,2x10° 2.3x10°
KeM eMec

Kecreneri kenripiiren tanjgay HOTH)KEJIEPIHEH CUBIP CYTIHEH d31pJICHTEH alipaH eHIMIiHe
CYTKBIIKBULBI GakTepusiap cansl — 3,8x10% KTB/cm® Gonca, emki cyTiHeH aigHFaH aiipaH
eniminze — 2,4x10” KTB/cm3; an amsiTke! Menmiepi coiikecinmre 1,2x10° xone 2,3x10° KTh/cm®
OOJIFaHBIH KOPCETTI.
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Bykin cakray mep3iMi imIiH[e CYTKBIIIKBUIALI OaKTepUsIap MEH allbITKBUTAPABIH JKAJITHI
CaHbl a3fam e3repefli, al >KapaMIbUIBIK MEP3IMiHIH COHBIHJIA OJI allBITYIBIH apajiac Typi Oap
CYTKBIIIKBUIBI CYCHIHAAPABIH HOPMACHIHA COMKEC KEee/Ii.

KopbIThIHABI

ATNbIHFaH alipaH OHIMJEepl camachl J>KaFblHAaH JOCTYpJl aWpaHHAH KeM TyCHeHi.
OHiMIepaeri KhIIKBULIBUIBIK MEP3iM COHBIHJA alipaHfa apHAJFaH CTAHIAPTTAFbl KBIIIKBUIIBIK
KOPCETKIMIIHEeH acmhaabl. AWpaH eHIMIEPIHIH JKETITyl Ke3iHAe camachlHa TIKeNeH ocep eTeTiH
daxTopnap anbIKTanael. Ocbulaiiia, 9eOUeT NEepeKTEpiH KOHE 3epTTey HOTIKENIEPIH Taljay
albIHFaH alipaH eHIMJEepl aF3aHblH >KajJlbl JEHCAYJbIFbIHA BIKOAJI €TETIH ©T€ MaHbI3/Ibl
MPOOMOTUKAIIBIK TaFaM ©HIMI OOJIBIN TaOBLIAIbI IET€H KOPBITHIH/IBI JKacayFa MYMKIHJIIK Oepeji.
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UCCJEIOBAHHUE MMOKA3ATEJIEH KAUECTBA MTPOJAYKTOB
CMEINAHHOI'O BPOKEHUA

doi: 10.53729/MV-AS.2023.02.09

AHHOTALUSA

B naHHOIl cTaThe TPOBEACH aHANM3  OPraHOJCNTUYCCKUX,  (PU3UKO-XMMHUYECKUX U
MUKPOOHOJIOTUYECKUX —TI0Ka3aTelei, ONpeNeNCHHs] COACP)KAHUS BOJOPACTBOPUMBIX BUTAMHHOB
Ke(DUPHBIX MPOJYKTOB, TOIYYECHHBIX HA OCHOBE CMEIIAHHOTO OPOYXKEHHS U3 KOPOBLETO U KO3HETO MOJIOKA.
OO06pasIrsl TOTOBOTO MPOAYKTA BRIICPKUBAIOT TIPH Temriepatype 12+2 °C mis manbHEHIEro co3peBaHus B
tedeHue 12 gacos. Onpe/eNieHo KOIMYECTBO ATHIOBOTO CIIHPTA, MOJIOYHOM KHCIOTHI U YTIICKHCIIOTO T'a3a,
00pazyromuxcs B KePUPHBIX MPOIYKTaX MPU CO3PCBAHHUH.

Oco0yi0 1LEHHOCTh TMPEACTABISIIOT KHUCIOMOJIOYHBIE HAMWTKH, TIONYY€HHBIE B peE3yJbTaTe
CMEIIaHHOTO OpokeHHUs. B mpoliecce MOJIIOYHOKHUCIIOTO U CITUPTOBOTO OPOMKEHHSI KOJMYECTBO JIAKTO3HI
YMEHBIIIAETCS, @ KOJTMIECTBO MOJIOYHOM KHUCIOTBI, 3TUIIOBOTO CITUPTA M YTIICKUCIIOTO ra3a YBEIIMYUBACTCS.

[ony4yeHnbsle KeupHBIE TPOMYKTHI MO KAadecTBY HE YCTYMAIW TPATUIMOHHBIM KeQupam.
KucnotHOCTh B MpOJIyKTax HE MpEBbIMIANA MMOKA3aTeNlb KUCJIOTHOCTH B CTaHIapTe Ui Kedupa B KOHIE
cpoka xpaHeHWs. Takum o00pa3oM, aHaIW3 JIUTEPATYPHBIX JAHHBIX W PE3YJIbTATOB HCCIEIOBAHUN
IMO3BOJIAACT CACIATh BBIBOJ O TOM, YTO ITOJIYYCHHBIC Ke(bI/IpHLIe IMPOAYKTHI ABJIAKOTCA NUIICBBIM ITPOJYKTOM
C OYCHb BOKHBIMU ITPOOMOTHYSCKUMU CBOWCTBAMH, CITIOCOOCTBYIOIIIMMHU OOIIIEMY 370POBBIO OpraHU3Ma.

KaroueBsle cioBa: cmemanHoe OpoxxeHHe, Ke(hUPHBIH MPOAYKT, MOJOYHAS KUCIIOTa, ITUIOBBII
CITUPT, YTJIEKUCIBIN Ta3, APOXKKH, TPOOHOTHIECKHE MUKPOOPTAHU3MBI.
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INVESTIGATION OF QUALITY INDICATORS OF MIXED
FERMENTATION PRODUCTS

doi: 10.53729/MV-AS.2023.02.09

Abstract
This article analyzes organoleptic, physical-chemical and microbiological indicators, determines the
content of water-soluble vitamins in kefir products obtained on the basis of mixed fermentation from cow's
and goat's milk. Samples of the finished product are kept at a temperature of 12+2 °C for further maturation
for 12 hours. The amount of ethyl alcohol, lactic acid and carbon dioxide formed in kefir products during
maturation was determined.
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Fermented milk drinks obtained as a result of mixed fermentation turns out to be particularly
valuable. In the process of lactic acid and alcoholic fermentation, the amount of lactose decreases, and the
amount of lactic acid, ethyl alcohol and carbon dioxide increases.

The resulting kefir products were not inferior in quality to traditional kefirs. The acidity in the
products did not exceed the acidity standard for kefir at the end of the shelf life. Thus, the analysis of
literature data and research results allows us to conclude that the obtained kefir products are a food product
with very important probiotic properties that contribute to the overall health of the body.

Keywords: mixed fermentation, kefir product, lactic acid, ethyl alcohol, carbon dioxide, yeast,
probiotic microorganisms.

In recent years, there has been a special interest among consumers in traditional mixed
opening products. The variety of microflora, special taste characteristics and therapeutic and
preventive properties make these products popular. Interest in fermented milk drinks containing
probiotic microorganisms (bifidobacteria, acidophilic bacilli and other microorganisms) is
growing among the population.

Worldwide, there is a steady trend in the production and consumption of functional food
products, most of which are lactic acid probiotic products. These products, containing
microorganisms and microbial substances, have a beneficial effect on the physiological functions
and biochemical reactions of the human body by optimizing its microbiological condition.
Biological products with a mixed fermentation process, which use both lactic acid bacteria and
yeast, are essential for proper nutrition.

The global lactic acid beverage market is a growing sector of the food industry as today's
consumers actively consume products that improve well-being and reduce the risk of disease. In
particular, the global market for functional foods and beverages grew 1.5 times between 2012 and
2018 and is expected to grow another 22.8% between 2018 and 2025, with a forecast market size
of €21.7 billion. Dairy products make up about 43% of the functional market and it mainly consists
of lactic acid drinks [1].

Among the lactic acid drinks obtained as a result of mixed fermentation, kefir traditionally
retainsleadership. Recently, the popularity of kefir has been increasing in Europe, Japan and the
United States, which may be due to its proven probiotic properties and the positive effect of kefir
on some diseases of the gastrointestinal tract. Kefir normalizes the work of the urinary system: it
increases diuresis, affects nitrogen metabolism, contributes to an increase in the release of its
products, and also removes urea, phosphates and chlorides from the body [2].

Kefir is a unique natural yeast — a product of the mixed lactic acid and alcoholic fermentation
process prepared in kefir mushrooms. Kefir is valued not only for its taste and refreshing
properties, but also for its benefits for the whole body [3,4].

Different types of microorganisms are found in natural symbiosis in kefir mushrooms. In
fact, kefir mushrooms are a symbiosis of heterofermentative microflora: lactic acid mesophilic
streptococci, aroma-producing streptococci (as a result of their development, they produce
aromatic substances), mesophilic and thermophilic bacilli, acetic acid bacteria (contribute to the
formation of viscous sludge) and yeasts (produce alcoholic fermentation provides).

Yeast produces not only alcohol fermentation, but also vitamins of group B, antibiotic
substances capable of suppressing the development of tuberculosis bacilli and other pathogenic
microorganisms. Yeast residues activate the development of lactic acid bacteria [5].

The process of obtaining kefir yeast is very difficult and takes a lot of time. Therefore, many
enterprises refuse to produce kefir from natural yeast and use modern - live yeast. This resulting
fermented milk product cannot be called kefir, it is a kefir product. Kefir can be called a product
prepared in kefir mushrooms according to traditional technology without adding pure cultures of
lactic acid microorganisms and yeast [6].

The dairy industry mainly produces cow's milk and products based on it. Today, the domestic
market of dairy products is developing rapidly. Currently, the production of goat milk products with
special metabolic and physiological characteristics is increasing [7]. Therefore, it is important to
increase the number of goat milk products on the market.
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The purpose of the research work is to study the quality indicators of kefir products made
from cow's and goat's milk obtained on the basis of mixed fermentation.

Materials and methods

For the development of kefir products obtained as a research object, cow and goat's milk
grownat the private farm «Karshaga» located in the village of Kokkainar, Shu district, Zhambyl
region, was taken. The animals raised in the farm are always under veterinary and zootechnical
control.

Commercial yeast «Vivo Kefir» was used as yeast, which, according to labeling data,
contains: kefir yeast, Lactococcus lactis, Streptococcus thermophilus, Leuconostoc mesenteroides,
Lactobacillus acidophilus, Bifidobacterium lactis, Lactobacillus delbrueckii ssp. Bulgaricus,
Lactococcus lactis ssp. Lactis.

Milk fermentation technologies were carried out according to the manufacturer's
recommendations. 2 samples were taken as research object:

Sample Nel — is a kefir product made from cow's milk;

Sample Ne2 — is a kefir product made from goat's milk.

Analysis of kefir product samples taken for research was carried out by the scientific research
institute «Food Biotechnology» and «Food Safety» of Almaty Technological University.

Organoleptic indicators of samples of kefir products were determined by «<MEMST 31454-
2012 Kefir. Technical requirements» [8].

Titration acidity was determined by titration with 0.1N NaOH solution with phenolphthalein
expressed in degrees Turner according to GOST 3624-92 [9].

Presence of carbon dioxide (CO2). To determine CO2, pour 20 ml of the product into a test
tube with a diameter of 15 mm, mark the level, put it in a water bath with cold water, gradually
bring the temperature of the water to 90°C, then remove the test tube and mark the level of the
sediment (if the product contains COz, then the sediment is spongy and rises from 6 mm of serum
to 20-30 mm or more).

The amount of ethyl alcohol was determined by the pycnometric method according to GOST
3629-47 (with changes Nel) [10].

Water-soluble vitamins were determined using the Capel-105 capillary electrophoresis
system. Microbiological indicators of kefir products were analyzed according to GOST [11-15].

The experiments were repeated 5-7 times. Tables and figures show average arithmetical
values of physico-chemical, microbiological indicators of studied kefir product samples.

Research results and analysis

The general technology of kefir products fermented under laboratory conditions is shown in
Figure 1 below.
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Preparation of raw materials

Pasteurization (t -90£2 °C, 1=2-3 minutes)

Cooling to fermentation temperature (t -28+2 °C)

Adding yeast

Fermentation (t - 28+2 °C, 1=10-12 hours)

Cooling and mixing

Maturation process (t - 12+2 °C, t=12 hours)

Save (t - 4+2 °C)

Figure 1 — Kefir production technology

There are certain requirements for milk from which kefir products are obtained. According
to organoleptic and physico-chemical quality indicators, it should comply with the standard
[16,17]. Milk samples selected by quality are pasteurized at a temperature of 90+2 °C for 2-3
minutes.

Then it is cooled to a temperature of 28+2 °C and yeast is added. After adding the yeast, the
mixture is thoroughly mixed for 10 minutes and fermented for 10-12 hours at a temperature of
28+2 °C. Then the resulting clot is kept at a temperature of 12+2°C so that the process of further
maturation takes place. At this time, yeast development is activated, as a result of which alcohol,
carbon dioxide and othersubstances accumulate in the product, giving the drink special properties.
Then the product is mixed according to the requirements of the current specifications and stored at
a temperature of 42 °C.

Organoleptic analysis is a qualitative and quantitative evaluation of product properties by
human senses. Perception takes place with the help of the senses of sight, touch, smell and taste.
Through organoleptic assessment, you can get a first idea about the nutritional value and partial
safety of the product. In order to produce a new type of fermented milk products, the evaluation
of the quality of experimental samples is carried out by evaluating their organoleptic and physico-
chemical indicators, the results of which are shown in Table 1 below.
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Table 1 — Comparative indicators of kefir product samplesProduct type

Product CE[)i(r)#éng Acidity, Organ(I)<Iept|c indications Storage
type h ' °T Taste and smell OHCHCTCHIMACKT Color time, day
ours JKQHE CBIPTKBI TYPI
The clot is intact, with
Kefir Lactic acid a small amount of gas
product leasant ’ bubbles, the Slightly
from P . consistency is yellowish,
. without foreign )
cow's 10-12 94 homogeneous. The uniform 7
. taste and smell o
milk serum is slightly
separated.
Kefir There is a slight | A good intact clot with
product yeast taste, a a small number of Milky
from characteristic bubbles, the white,
goat 10-12 101 smell of goat consistency is uniform 5
milk milk homogeneous.

Samples of kefir products had a homogeneous consistency with a pleasant refreshing lactic
acid, slightly yeasty taste and smell. This sense of taste and smell is due to the presence of lactic
acid, alcohol, carbon dioxide and other substances, which are the products of the activity of lactic
acid bacteria and yeast in kefir products.

The organoleptic properties of kefir are formed as a result of alcohol fermentation, therefore,
the effect on the dynamics of alcohol fermentation during maturation process of kefir products was
studied at the next stage. After fermentation, kefir product samples were kept for 12 hoursat 12+2
°C for maturation. In the process of maturation, a gradual increase of yeasts and accumulation of
metabolic products of microorganisms took place. At the end of maturation process, titration
acidity was 110-120 °T. The dynamics of alcohol formation during maturation process of kefir
products is shown below (Figure 2).
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Figure 2 — Dynamics of alcohol formation (Nel — kefir product made from cow's milk;
Ne2 — kefir product made from goat's milk)

Figure 2 shows that fermentation takes place as a result of yeast growth during maturation.
Atthe same time, during maturation, the alcohol content of the research samples gradually
increases, and after 24 hours, the mass fraction of ethyl alcohol in the kefir product obtained from
cow's milk reaches 0.08%, and in the kefir product obtained from goat's milk reaches 0.1%.
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Further study of the dynamics of fermentation showed that the amount of carbon dioxide
increases simultaneously with the accumulation of alcohol in the product (Figure 3).

(o2} ~ oo ©
1 1 1 1
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H No2

The level of rise of the clot, mm
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12 16 20 24

Ripening time, hour

Figure 3 — Dynamics of gas formation (Nel — kefir product made from cow's milk;
Ne2 — kefir product made from goat's milk)

After 24 hours, the level of sedimentation was 7 mm in sample Nel and 8 mm in sample Ne2,
thus indicates the release of carbon dioxide during the fermentation process.

The development of lactic acid bacteria leads to further fermentation of lactose and the
formation of lactic acid. As lactic acid accumulates, the titration acidity of the products changes. It
should be noted that the accumulated lactic acid inhibits the development of gas-forming fat and
other unpleasant bacteria. Lactic acid does not only give the drink a certain taste, but also
determines its dietary and preventive properties, activates the release of digestive enzymes in the
intestinal tract and enhances their action. It also improves the body's absorption of phosphorus,
calcium, iron and vitamin D.

During the research, the mass fraction of lactic acid in the studied kefir product samples was
determined, the result is shown in Figure 4 below.
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Figure 4 — Mass fraction of lactic acid (Nel — kefir product made from cow's milk;
Ne2 — kefir product made from goat's milk)
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The results of the study showed that the mass fraction of lactic acid released over time during
maturation increases, after 24 hours it was 1.39% in sample Nel and 1.48% in sample Ne2. In the
course of the research, the analysis of water-soluble vitamins in the samples of kefir products made
from cow and goat milk was carried out, the results are presented in Figures 5, 6 and Table 2
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Figure 5 — Water-soluble content of a kefir product made from cow's milktypical
chromatogram of vitamins
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Figure 6 — Water-soluble content of a kefir product made from goat's milktypical chromatogram of

vitamins

Table 2 — Amount of water-soluble vitamins in kefir

Vitamins Sample Nel Sample Ne2

B1 (thiamine)) 0.033+0.007 0.047+0.009
B> (riboflavin) 0.02+0.008 0.42+£0.176
B3 (panthenic acid) 0.20+0.040 0.33+0.066
Bs (pyridoxine) 0.021+0.001 0.35+0.07
C (ascorbic acid) 0.16£0.054 0.42+0.143
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Based on the data presented in Table 2, it can be concluded that the amount of C and B group
vitamins in kefir product samples confirms its high therapeutic and preventive properties. It was
found that the products contain a large amount of vitamins (group C, B) that ensure the normal
course of biochemical and physiological processes in the human body. It can be seen that the kefir
product made from goat's milk contains more vitamins than the kefir product made from cow's
milk.

In the course of the research, microbiological analyzes of samples of kefir products were
carried out. The number of viable lactic acid bacteria in kefir products was determined, they should
be at least 1x10” CFU/cm?®(g), in yeast — at least 1x10* CFU/cm3(g). The results of microbiological
analysis are presented in Table 3 below.

Table 3 — Microbiological indicators of kefir products

Microbiological According to regulatory . .
indications documents Sample Nel Sample Ne2
Lactic acid bacteria ; o ,
CFU/cm?® (g), not less 1X10 3.8X10 2.4X10
Yeast, CFU/cm?® (g), . : ]
not less 1x10 1.2X10 2.3%10

The results of the analysis presented in the table, shows that the number of lactic acid bacteria
in the kefir product made from cow's milk is 3.8x108 CFU/cm?®(g), and in the kefir product made
from goat's milk — 2.4x107 CFU/cm3(g); and the amount of yeast was 1.2x10° and 2.3x10°
CFU/cm3(g), respectively.

During the entire storage period, the total number of lactic acid bacteria and yeast changes
slightly, and at the end of the shelf life, it corresponds to the norms of lactic acid drinks with a
mixed type of fermentation.

Conclusion

The resulting kefir products are not inferior in quality to traditional kefir. At the end of the
period,the acidity of the products did not exceed the standard acidity index for kefir. Factors that
directly affect the quality of kefir products during maturation have been identified. Thus, the
analysis of literature data and research results allows us to conclude that kefir products are a very
important probiotic food product that contributes to the overall health of the body.
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MHUKPOBHOJIOTMTYECKHWI AHAJIA3 CBIPOI'O BEPBJIIOKBEI'O MOJIOKA,
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AHHOTALUSA

Baxneiimas poib B oOecriedeHHH KadecTBa W 0OE30IaCHOCTH TOTOBOW MOJIOYHOM MPOIYKITUH
OIIpeEIAETCS B IEPBYIO OUEPEIb KAUECTBOM HCXOJHOTO CHIPhs — MOJIOKA. OTPOMHBIN PUCK IS 310POBBS
YeloBeKa MPEACTABISIOT MONAJAONIe B  MOJIOYHOE CHIPhE KCEHOOMOTHKH OHOJIOTHYECKOTO
MIPOUCXOXKIEHUS — OaKTEepHUATbHBIE TOKCHHBI, BEI3BIBAIOIINE HE TOJIBKO OCTPHIE MUIIEBhIE MHTOKCHKAIIN,
HO W XpOHHYECKHE 3a00yieBaHMA, a TaKke 0co00 OMacHble MUKOTOKCHHBI (META0ONUTHI IIECHEBBIX
rpuOOB), OKa3bIBAIOIIME HE TOJBKO TOKCHYECKWI 3P deKT B OYEHb Majod [03€, HO W O0Jajaroline
KaHIICPOTCHHON, MyTarecHHOW ¥ TEpaTOTeHHOW aKTHMBHOCTHIO. MUKpPOOMOIOTHICCKHNH KOHTPOJIb
MpeIHa3HAYEH ISl IPOBEPKH COOTBETCTBHUS CHIPbA M TOTOBOI MPOAYKIIMU TPeOOBaHUAM 0€30MaCHOCTH B
SMHUIEMHOJIOTUIECKOM OTHOLICHUH, a8 TAK)KE CBOEBPEMEHHOT0 0OHAPYKEHHS UCTOUHUKA OaKTEpHUAIEHOTO
3arps3HEHMs], YTO TIO3BOJIHUT CBECTH K MUHIMYMY CBSI3aHHBIE C HUIM PUCKHU. B ChIpoM BepOIII0KBEM MOJIOKE,
CyXoM BepOJII0KbEM MOJIOKE U IIy0aTe B COOTBETCTBHH C THTHEHHYECKUMH HOPMAaTHBaMH OMPEACIICHBI
CIEAYIOMINE TPYIIBl MHKPOOPTaHW3MOB: a) CAHUTAPHO-TIOKAa3aTelbHbIC (KOJUYECTBO ME30(MIBHBIX
a’poOHBIX U (haKyJIbTaTUBHO-aHA’POOHBIX MHUKpoopraHm3sMoB — KMA®DAHM u Oakrtepuil rpynmsl
kurneunoii mamoukd — BI'KII); 6) ycmoBHo-matorennsie (E. cOli); B) maToreHHble, B TOM YHCIIE
calibMOHEJUIBl. B mrybate [MOMONHUTENBHO ONpEACTICHO COJEpXKAaHWE MOJIOYHOKHCIBIX OakTepuit
(makTobakTepHii), Kak IOKa3aTelb OMOJOrMYECKOH LEHHOCTH MpOAyKTa. VcmbITaHUs MPOBOIMINCH
CTaHIApPTHBIMH METOJaMH B HAay4YHO-HCCIEJ0BaTENbCKOW 1TabopaTopui MO OIEHKE KadecTBa U
0e30MmacHOCTH TMPOIOBOIBCTBEHHBIX MPOAYKTOB NMPH AJIMATHHCKOM TEXHOJIOTMYECKOM YHHBEPCHUTETE.
Ycranosneno, uto KMA®AHEM B cyxoMm BepOoxkbeM Mosioke coctasset 2,3-10° KOE/cm? (1), B ceipom
BepOmrokbeM Monoke — 2,4-10° KOE/cMm® (1), 4To He NpeBhINIacT HOPMATUBHBIE JaHHBIC. I1aTOreHHBIE
MHKpPOOPraHH3MEI, B TOM YHCIIe calbMOHEIIBI, Enterococcus u Pseudomonas aeruginosa, s 25 r (cm®) Bcex
UCCIIEIOBAaHHBIX IPOIYKTOB He 00HapyxkeHbl. CoaepkaHue MOJIOYHOKHUCIIBIX MUKPOOPTaHU3MOB B LIyOaTe
nocruraer 4,4-10" KOE/r (cm®), uto Gonee 4eM B 4 pa3sa Bbllle HOPMUPYEMBIX NaHHBIX. [loTydeHHBIE
pe3yabTaThl  CBHJIETENBCTBYIOT O COOTBETCTBHM  BBINIEYKa3aHHBIX IIOKa3arejedl TpeOOBaHUAM
HOPMATHBHBIX JOKYMEHTOB.

KaroueBble cjioBa: chipoe BepONIOKBE MOJIOKO, CyXo€ BepONIOXKbE MOJIOKO, IIy0ar,
MHUKPOOHOJIOTHYECKHEe TIOKa3aTelld, MUKpOQIIopa.

OI[HOﬁ N3 CaMbIX aKTYyaJIbHBIX WU CJIOKHBIX HpO6HeM COBpPCMCHHOTI'O O6H_I€CTBa ABJISACTCA
cHa0KCHUE HacelleHUs] KaYeCTBEHHBIMU M O€30MacHBIMH NPOJYKTaMH THTaHus. Bcé Oombiiee
YUCIIO J'IIO,Z[GI\/'I IMMPOSBJIACT MOBBIIICHHBIN HHTCPCC K MOJIC3HBIM JIA 30POBbA IPOJYKTaM. IIutanue
JIOJDKHO HE TOJBKO YJOBIETBOPSTH (DU3MOIIOTHYECKHE TOTPEOHOCTH OpraHW3Ma 4YeJOBeKa B
6I/IOJIOFI/I‘-IGCKI/IX IIOJIHOLICHHbBIX U 6630HaCHBIX MMpOAYKTaX IIHUTaHUA, HO W pcllaTb
MpoQUITAKTHIECKUE U JIeUeOHBIC 3aa9H.

B nacrosimiee Bpemst Harbosee OCTpO ONIYIIAeTCs HEOOXOAMMOCTh CO3JaHMs M BHEPEHUS
OTEYECTBEHHBIX MOJIOYHBIX MPOIYKTOB, OOOTAIICHHBIX BCEMH HEOOXOAMMBIMHU ISl OpraHU3Ma
YCJIOBCKA MUTATCIIbHBIMU BCIICCTBAMMU 3a CHCT PAlUOHAJIBHOT'O UCITIOJIB30BaAHUA MCCTHOT'O ChIPbA.
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Haubonee BoctpeOoBaHHBIMH B LleHTpaabHOA3MATCKOM pETHMOHE SIBIISIOTCS BEpOIIOKbE H
KOOBLTIbE MOJIOKO M MPOAYKTHI UX MEPEepadOTKH.

Camprii pacmpoctpaHeHHbI THI BepOmoga B Kasaxcrane (okomo 80 %) — Hap,
TUOPH]I TIEPBOTO TTOKOJICHHUS OJTHOTOPOOr0 M IBYropOoro BepOJI0I0B, KOTOPHIH HACIEIyeT OT
0aKTpUAHOB YCTOMUMBOCTD K XOJIOIY, @ OT APOMEAAPOB — CIIOCOOHOCTh MPOU3BOIUTH OOMIIBHOE
KOJIMYECTBO MOJIOKA, U3 KOTOpOro AenaroT nryoar. KommuectBo HapoB B KazaxcraHe pacreT n3-3a
pocTa crpoca Ha mry0at. JlnHamuKa W3MEHEeHHs TOTroJIoBbsl BepOtonoB B Kazaxcrane moka3aHa
Ha pucynke 1. [1].
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Pucynox 1 — IToronosbe BepOromnoB B Kazaxcrane B 1990-2022 rosr

Pucynok 1 nemMOHCTpHpYeT MOCTENIEHHOE, HO CTAaOWIbHOE YBEIHYEHHE YHCICHHOCTU
BEepOJIIOZOB B TIOCIIEHUE TOJIBI ITOCTIE HEKOTOpOTo craaa B Havaie 2000-x.

[lepuon nakranuy BepOIIOIUIIBI O0JIee JIUTETbHBIA B CPABHEHHUH C JIFOOBIM IPYTUM BUIAOM
JoMamrHero ckorta — 12-18 mecse. ExxemneBubIii Hagou kosebmercs ot 3 mo 10 xr moiioka |2,
3].

BepOitokbe MOJIOKO SIBISIETCSl BaXKHOM YacThIO pallMOHA MHUTAHUS FOKHBIX M 3amlaHbIX
obnacreii Kazaxcrana [4]. Ero morpeGiieHue MOXHO CpPaBHHUTH C MOTPEOJIEHHEM KOPOBLETO
MOJIOKa B HEKOTOPBIX JIPYTMX CTpPaHAX.

KauecTBO MOJIOYHOTO CBIpBSI W TPOIYKTOB U3 HETO OMPEACNseTcs KOMILIEKCOM
OpPraHOJENTUYECKUX, (PHUIUKO-XUMUYECKUX U  MHUKPOOMOJIOTMYECKHUX  TIOKa3aTesled B
COOTBETCTBUH C TPEOOBAHUSAMH JICHCTBYIOIIEH HOPMAaTUBHON JOKYMEHTAIIHH.

Haubonee BaxxHbIMU XapaKTepUCTUKaAMH MOJIOYHBIX TPOAYKTOB SIBIISIETCS UX O0€30MaCHOCTh
U MUKPOOHOJIOTUYECKAsT yCTOMYMBOCTh. KoONMYecTBEHHBIE MHKPOOHOIOTHYECKUE TOKa3aTeln
YKa3bIBAIOT HA COZEp)KaHHe OMpeeNeHHbIX MHKPOOPTaHM3MOB B 1 T mam 1 cM® mpomykTa.
KoHTponsr 6e30macHOCTH MPOAYKTOB OCYIIECTBISIETCS IO allbTEPHATUBHOMY METOJY, KOT/a 3a
HOpPMY  TNPUHUMAETCSI  OTCYTCTBUE  CAHUTAPHO-TIOKA3aTEJIbHBIX,  YCIOBHO-IIATOT€HHBIX
Y TIATOT€HHBIX MHUKPOOPTAHU3MOB B OIPEICTICHHON Macce WM OMPEeICHHOM 00heMe MPOIYKTa
[5, 6].

[Ipu caHuTapHOI OLIEHKE MOJOYHBIX MPOJIYKTOB UCIOIB3YIOTCS KOCBEHHBIE METOJBI ISt
omnpezieNieHus] YPOBHS 3arps3HEHHs] MPOJYKTa BBIIEICHHUSIMH dYelloBeKa (ypOBEHb (PeKaabHOIO
3arps3HeHus). Uem BbIIIE 3TOT YPOBEHb, T€M OOJbIIE BEPOSATHOCTH TOTO, YTO MATOTCHBI —
BO30yIUTENIM KUIIEUHbIX HHQEKIUN — Momaayr B HccieayeMblii oObekT. Takue MeToJsl
BKJIIOYAIOT KOJMYECTBEHHBI METOJ| ONpeAeNieHUs] KOIMYeCTBA Me30(UIbHBIX a’pOOHBIX U
(bakyapTaTUBHO-aHAPOOHBIX MHUKpoopraHu3MoB (KMA®AHM) u KadeCTBEHHBIH METO[
OTIpe/ieNIeHUs] CAaHUTAPHO-TIOKA3aTeIbHBIX MHUKPOOPTaHU3MOB — OaKTepUil TpyNIbl KHUIIEYHON
nanouku (BI'KII) [7].

CoBpeMeHHbIE TPeOOBaHMS K O€30MaCHOCTH MOJIOKA M MOJIOUHBIX MPOYKTOB, B TOM YHCJIIE
B OMOJIOTHYECKOM OTHOIIEHUH, OTpakeHbI B TexHuYeckoM periamente TaMokeHHOro coro3a «O
6e3omacHocTH MoJioka U MooyHoi npoaykiuu» (TP TC 033/2013) ot 9 oktsi6ps 2013 roma Ne
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67 [8] m B TexHuueckom periameHte TamoxeHHOro coro3a «O 0e30MacHOCTH TMHINEBOM
npoxykuun» (TP TC 021/2011) ot 9 nexabpst 2011 r. Ne 880 [9].

Lenb uccnenoBanus: OIlEHKa MUKPOOMOIOTHYECKOM 0€301aCHOCTH U MOJIB3bI BEPOIIIOKBETO
MOJIOKa M TMPOAYKTOB U3 HEro uepe3 KOJMYECTBEHHOE OINpeesieHne MOJOYHOKHUCIIBIX
MUKPOOPTaHU3MOB (makTobakTepuit), CaHUTAPHO-TIOKA3aTeIbHBIX MUKPOOPTaHU3MOB
(KMA®AuM, BI'KII), a Takxe maroreHubix 6akrepuii (Enterococcus, Salmonella, Pseudomonas
aeruginosa).

Marepuajibl H METOIbI HCCIETOBAHUS

OOBeKTaMH HCCIIEIOBAHUS SBJSUTUCH CHIpO€ BEPOIOKBE MOJIOKO, CyX0€ BEpOIIOKbE
MOJIOKO M 11y0at, BeIpabaThIBaeMble B (pepMepCKOM X03siicTBE AIMAaTHHCKOM 00JIaCTH.

MuKkpoOroIornYecKre aHaIu3bl TPOBOIMIMCH B HAYYHO-UCCIIEIOBATEIBCKOM TA00PaTOPUH
M0 OIICHKE KauecTBa M OE30MAaCHOCTH MPOJOBOIBCTBEHHBIX MPOAYKTOB AJIMATHHCKOTO
TEXHOJIOTUYECKOTO YHHBEPCHUTETA.

[Moaroroska mpo06 k aHanu3y ocymectsisiiack B cootBercTBru ¢ [OCT 32901-2014 [10].

CraHmapTHBIMH ~ METOJIAMH  ONpPEJCNICHBl  CIEAYyIoNe OWOJIOTHYECKHE TMOKa3aTelH
0€30I1aCHOCTH:

» KOJIMYECTBO Me30(DITBHBIX a’pPOOHBIX u (bakynbTaTHBHO-aHAIPOOHBIX
mukpoopranuzmMoB (KMA®AHM) — moceBOM MOATOTOBIEHHOTO o00pa3la HUCCIeTyeMOTo
NPOJIYKTa B arapi30BaHHBIC TTUTATEIBHBIC CPEbI C MTOCIIESIYIOIINM BHIPAITUBAHUEM H MTOJICYETOM
KOJINYECTBA BHIPOCIIUX KOJOHUH MUKpOOprann3MoB [11];

» koimuecTBO Oaktepwmii Buaa Escherichia coli — meTomoM, ocHOBaHHBIM Ha CITIOCOOHOCTH
OaKkTepwil TpYINIbl KHIIEYHBIX TMAJOYeK COpaKMBaTh B MHUTATEIbHON cCpene JIaKTo3y C
o0pa3oBaHHEeM ra3a v KUCJIOTHI mpHu Temmepatype 37°C B Teuenue 24 u [12];

» koimuecTBO Oaktepmii poma Salmonella — myrem BhIpamnuBaHUS MHUKPOOPTraHH3MOB Ha
IIEPBOM JTalle Ha CTaHIApPTHOM nurarenbHOU cpene BPW ¢ mocnenyromumM nepeceBoM Ha ABe
CEJICKTUBHBIC arapu30BaHHbBIC cpeabl (KCHIIO3a-TM3WH-Ie30KCuXoaTHeii arap (XLD-arap) u
cpena DuHpo). UneHTHDUUIUPYIOT HCKOMBIC OaKTepHH C TIOMOIIBI0 OHOXUMHYCCKHX U
cepoJioruueckux tecton [13];

» konuuecTBO Oakrepuid Buaa Pseudomonas aeruginosa — MeToaoM, OCHOBAaHHOM Ha
BBICEBE OTPEJICIICHHOTO KOJMYECTBA IPOAYKTA (€ro pa3Be[cHNH ) Ha TIOBEPXHOCTh arapu30BaHHON
CCJIEKTHMBHO-AMArHOCTHYCCKOM cpenbl [14];

» KOJHMYECTBO HHTEPOKOKKOB — ATy TPYIITY MHUKPOOPTaHWU3MOB BBISBIISIOT B TIFOKO30-
TPUIITOHHOM OYJIbOHE C APONKIKEBBIM KcTpakToM ¢ pH 7,2 [15];

» KOJIIMYECTBO MOJIOYHOKHUCIIBIX MHKPOOPTaHW3MOB (JTakTOOaKkTepuil) B mrybate —
IyOMHHBIM TIOCEBOM pa3BEJIEHUIN HCCIEAyeMOro MpoayKTa Ha celektuBHyl cpeny MRS ¢
MOCJICYIONUM  BBIPAIIUBAHHEM MHKPOOPTaHM3MOB B TepMOcTare B TedeHHe 48 4 mpu
temmepatype 37°C [16].

Jlnst BBIABICHHUST W KOJMYECTBEHHOTO OMPEICICHHUS] MCKOMBIX MHUKPOOPTaHU3MOB OBLIH
WCIIOJIb30BAHBI CIICIYIOIINE MUTATEIBHBIE CPEIbIL:

» Me30(rIbHbIC a’poOHBIC W (PaKyIbTaTHBHO-aHA3POOHBIC MHUKpPOOPraHu3Mbl — MII1A
(MsICO-TIEITOHHBII arap);

» OakTepuu IrpyIIbl KUIIEYHOU aovYku — cpena Kecciep;

» canbMOHeIUIbI — craHaaptHas cpena BPW (Buffered Peptone Water, arap c
NpeIBapUTEILHO  B3BEIICHHOW  3a0ydepeHHOW  MENTOHHOW  BOJOHM),  KCHJIO3a-JTH3HH-
ne3okcuxonatHbeii arap (XLD-arap) u cpena DH70;

» Oaktepuu Buaa Pseudomonas aeruginosa —  arapu3oBaHHAas ~ CEICKTHBHO-
JTUArHOCTHYECKAs Cpelia;

» SHTEPOKOKKH — CpeJia TIFOK030-TPUIITOHHBIN OYIBEOH C IPOMIKEBBIM IKCTPAKTOM;

» MOJIOYHOKHCIIbIE OakTepuu (J1akToOaKTepun) — cTanaapTHas cpena MRS.
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Pe3yabTaTnbl u 00CY:KIEHHE

B aTOoM acnekte HamMu MpoBEAEH MUKPOOHMOJIOTHYECKUN aHAIN3 BEPOIOKBETO MOJIOKA H
INPOAYKTOB M3 HCIro C TOYKH 3pPCHHA HAJIUYNA CaHHTapHO-HOKaBaTeHBHOﬁ 58 HaTOFGHHOI\/'I
MHUKPO(DIIOPHI, a TaK)Ke MPUCYTCTBUSA B (PEPMEHTUPOBAHHOM MOJIOKE (DHU3HOJOTUUECKH BaXKHBIX
HpO6I/IOTI/I‘-I€CKI/IX MHUKPOOPIraHU3MOB. HOHy‘-IeHHBIe JaHHBIC B CpaBHCHHMHM C HOPMAaTHBHBIMH
MOKa3aTeJsIMU TTPUBEEHBI B Ta0numax 1-3, COOTBETCTBEHHO JIJIsl CHIPOTO BEPOIIOKBETO MOJIOKA,
CyXOoro BepOII0KBET0 MOJIOKA M IIydara — Ka3aXCKOro HAIMOHAIBHOTO (hepMEHTHPOBAHHOTO
BEPOJTIOKBETO MOJIOKA.

Tabmuia 1 — MUKpoOHOIOrHUECKHE TIOKA3aTe I ChIPOro BEPOIIIOKBET0 MOJIOKA

MukpoOHOIOTHYECKUE TIOKa3aTeIn Hopma mo HJT Pe3yJIbTarel A1 ChIporo
BEpOITIOKBETO MOJIOKA
KMA®AuM, KOE/cm? (1), He Gonee 5*10° 2,4*10°
BI'KIT B 0,1 cM(r) npoxykra HE HOPMUPYIOTCS HE 00HapyKEHBI
[MTarorennsie Mukpoopranuzmsl (Pseudomonas
aeruginosa, Enterococcus), B T.4. HE JIOITyCKafOTCs He 00OHAPYKEHBI
calbMOHEIIIEL, B 25 ¢M° (T) mpoyKTa

Ta6Jmua 2-— MI/IKpO6I/IOJ'IOFI/I‘-IeCKI/Ie MOKAa3aTCJIn CyxXoro Bep6J’IIO)KBCFO MOJIOKa

Hopwma mo HJT (ams
PesynpTathr aiis cyxoro
MuKpoOHOTOTHYECKHE TTIOKa3aTeNN CYXOT'0 KOPOBBETO
BepOJIIOKBEr0 MOJIOKA
MOJIOKA)
KMA®AuM, KOE/cMm® (), He 6onee 5*10* 2,3*10*
BI'KII B 0,1 cm® (1) mpoaykTa HE JIOMYCKAITCA He 0OHapy>KEHBI
[MTarorennsie Mukpoopranuzmsl (Pseudomonas
aeruginosa, Enterococcus), B T.4. HE JIOITyCKafOTCs He 00OHAPYKEHBI

calbMOHEIIIEL, B 25 ¢M° (T) mpoyKTa

Tabnuna 3 — MukpoOHOJIOTHYeCKHE MOKa3aTeNt 1ydaTa

MukpoOHOoIOTHIECKHE TTOKA3aTeITH Hopwma no HJJ Pesynbrate! ms nrybaTa
BI'KII B 0,01 cm (1) mponykra HE JOITyCKaIOTCSI HE 00HAPYKECHBI
[MTarorennsie Mukpoopranuzmsl (Pseudomonas
aeruginosa, Enterococcus), B T.4. HE JIOITyCKAalOTCs He 0OHapy>KEHBI
CalbMOHEIIIEL, B 25 ¢M° (T) mpoyKTa
3
MonouHokucisie MUKpoopranusmsl, KOE/cm 1%107 4.4%107

(T), HEe MeHee

[TonydeHHbIE HaMU JAHHBIE COJCPX)AHHUSA ME30(MIBHBIX a’dpOOHBIX M (aKyIbTATUBHO
aHA’POOHBIX MUKPOOPraHM3MOB B 1 cM® chIporo u 1 T cyxoro BepOII0Kbero MoJIoKa (Tabmuis! 1
U 2) J[0Ka3pIBaIOT, 4YTO HCCIEAyeMble OOBEKTHI HE TMPEACTABISAIOT OIMACHOCTH B
MUKpOOUOIOrHYecKoM oTHomeHnd, T.K. KMA®AHM mnpakThuecku B JBa pa3a MEHbIIE
HOPMHUPYEMBIX MOKATEIIEH.

B 2020 . 28 ctpan EC/ED3 coobmnnm 0 4 824 noATBEp>KACHHBIX CIIydasx HHPUIUPOBAHUS
MIUTaTOKCUH-TIpoAynupytonieii  kumeunoir  manmoukod  (STEC). OOmwmii  mokazarenb
3aboneBaemoctu coctaBui 1,6 ciydast Ha 100 000 Hacenenus [17]. [ToaTomy nuieBbie HHGEKINY,
BBI3BIBAEMBIC  IIUTa-TOKCHHOpoaynupyrommmu mrammamu  Escherichia coli (STEC), -
aKTyajbHas MpoOieMa OOLIECTBEHHOrO 3/1pPaBOOXPAHEHUS MHOTHMX CTpaH MUpa, BKIIOYas
Bbicokopa3Buthie: CIIIA, Kanany, ctpansl EBponeiickoro corosa, SAnonuto u ap. [18]. Kazaxcran,
CKOpee BCEro, Takke CTOUT B DALY ITHX CTpaH M yNoOTpeOieHHe BepOII0KbEro MOJOKAa U
MPOJYKTOB U3 HETO MOXKET MPEACTABIATh YTrpo3y 3J0pOBBIO HACEICHUs. B CBsI3M ¢ 3THM, HAMU
MPOBEJICH aHaNu3 uccienyeMbix 00bekToB Ha Hannuue BI'KII. Pesynbrarer ananu3za (Tabmuist 1-
3) moaTBEP MM MUKPOOOJIOTUUECKYIO0 O€30ITaCHOCTH CHIPOT0 BEPOIII0KBETO MOJIOKA U TIPOTYKTOB
3 HETo, T.K. MCKOMBbIe MUKpoopranusMbl B 0,01 cm?® (I) He 0GHAPYKEHBL.
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Jlns BBISBJIICHUST M KOJHUYECTCHHOTO OIpeaesieHus Oaktepuit Buma P. aeruginosa B
BepOJIIOKBEM MOJIOKE W MPUTOTOBICHHBIX W3 HEro MPOJAYKTOB HAaMH MCIOJIb30BaH METOJ,
ocHOBaHHBIH Ha BeiceBe 0,1 T (cM°) mpoaykTa (ero pasBe/ieHUit) Ha TTIOBEPXHOCTh ArapU30BaHHOM
CEJICKTUBHO-AMArHOCTUYECKOM cpefbl (arap Ajisi BBISBJICHHS IICEBJAOMOHA[), MHKYOMPOBaHUU
noceBoB npu Temneparype 37°C B Teuenue 24 4., mojacueTe TUNMHYHBIX KoJoHWM. Ha arape c
TPUKJIO3aHOM TICEBJIOMOHAbl OOBIYHO OOpa3yliOT CHUHUE, CHHE-3EJICHbIE, KENTO-3eJIEHbIe HIIN
3eNeHbIe KoJIOHUH. KoJIoHMI ¢ TakuMu pU3HaKaM# HaMu He 0OHapyskeHo. [IpoBeneHHbIi aHamn3
HA HaIMuMe TICeBIOMOHAA B 25 T (cM®) HCCIENOBaHHBIX MPOAYKTOB CBHAETENHECTBYET 00
OTCYTCTBHUH 3TOT0 maToreHa (tadmurpr 1-3).

Copep:xaHue calbMOHEI B 3TOM BUJI€ MOJIOYHOT'O ChIPbs ¥ IPOAYKTOB U3 HETO OIPEIEICHO
HaMHM BBbIPAIlIMBAaHUEM MHMKPOOPraHM3MOB Ha CTaHAAPTHOM muTarenbHOM cpeae BPW ¢
MOCIIEAYIOLIUM MEPECEBOM Ha JBE MUTATENIbHbIE CEIEKTUBHBIC arapu30BaHHbIE CPEJIbl: KCHUJI03a-
JU3WH-/Ie30KcuxonaTHeiid arap (XLD-arap) u cpeny DHpuo. [loceBbl Ha arapu3oBaHHBIX Cpeaax
nHKyOupoBaymm nipu Temrieparype 37 °C B teuenue 24 4. TunnyHbie KOJOHMH OakTEepui pojaa
Salmonella, Beipacrarormue Ha XLD-arape, UMEIOT YEPHBIH IIEHTP U CJIETKa MPO3PAYHYIO 30HY
KpacHOBATOTO I1BeTa (1BeT MHANKaTopa). Ha cpene DHa0 00pa3yroTcst Kpyriible O€CIBETHBIC WITH
clerka po3oBaThie, MPO3pAayHbIE KOJIOHWUU, XapakTEpHbIE IJs calbMOHE. B  Hamem
MCCJICIOBAaHUH HE 0OHAPYKEHBI IPU3HAKK POCTA CaIMOHEIT (Tabauiibl 1-3), 4TO CBUACTENBCTBYET
0 MHUKPOOHOJIOTHYECKOH 0€30MIaCHOCTH CHIPOTO U CYXOT0 BEpOITIOKBETO MOJIOKA U TIyOara.

UzsectHbiM B Kazaxcrane ¢epMEeHTHUPOBAHHBIM MOJIOYHBIM IPOAYKTOM, IPUTOTOBICHHBIM
U3 BepOJIOKBErO0 MOJIOKa, sBisieTcsa mryoar. dusnonmornueckas (HyHKIIMOHAJIBHOCTh TaKUX
IPOAYKTOB OMpEeNesieTcsl MPUCYTCTBUEM B HHUX JOCTATOYHO BBICOKOTO KOJMYECTBA MKUBBIX
nakToOakTepuil. s nokxazaTenbcTBa MPOOMOTHYECKUX CBOMCTB IIy0aTra HaMHU OIPENEICHO
coJiep)kaHue B HEM MOJIOUHOKHUCIIBIX OaKTepuil TTyOMHHBIM ITOCEBOM Pa3Be/IEHUN UCCIIETyeMOTO
MPOJYyKTa Ha CeNeKTHBHYI0 cpeny MRS ¢ mocnenyromuM BeIpaliBaHUEM MUKPOOPTaHU3MOB B
TepmocTare B TeueHue 48 4 mpu temmeparype 37 °C. Ha pucynke 2 npuBenensl (ororpadun
yamku [leTpu ¢ BRIpOCIIMMH KOJOHUSMU JTAKTOOAKTEPUi 1 MUKPOCKOIIMYECKOTO TIperapaTa dTHX
MUKPOOPTaHU3MOB.

a 0
Pucynoxk 2 — Kosjonuu nakrobaktepuii hepMEHTHPOBAHHOTO BEPOIIOKBETO MOJIOKa (LTy0aTa), BEIPOCILIUE
Ha TBepou nutarenbHol cpene MRS (a), u ux mukpockommueckuit mpemnapat (X100) (6)

[Toacder BBIpOCIIMX KOJOHHWH TOKa3zasl, YTo B 1 T mrybaTta cojaepkaHUE JaKTOOAKTEpHit
Oonee yem B 4 pasza MpEBBINIACT HOPMATUBHEIC JaHHBIE (TabmuIa 3), YTO MO3BOJSET OTHECTU
my0aT K (pyHKITMOHAIBHBIM MTPOIYKTAM IMUTAHUS WIIA MPOOHOTHKAM.

3akioueHue

AHanu3  TONyYEHHBIX  JIAHHBIX  CBHUJCTEIBCTBYIOT O  JIOCTaTOYHO  BBICOKOM
MHUKPOOHOJIOTHYECKON HAJACKHOCTH (O€30MaCHOCTH) BCEX MCCICAOBAHHBIX MPOAYKTOB, TaK Kak
conepxxanne KMA®AHM 1 naroreHHbIX MUKPOOPTaHU3MOB, B T.4. CAJIbMOHEILI, HE MPEBbIIIACT
HOPM, YCTAHOBJICHHBIX B TexHHYecKoM perjiameHTe TamoskeHHOro coroza «O 0e30MmacHOCTH
moinoka u mojouHoi mpoaykuun» (TP TC 033/2013). Conepxkanue naktoOakTepuii, O0IbIIas
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4acTh KOTOPBIX MPOSBISIET BHIPAKEHHBIE MPOOUOTHYECKHE CBONCTBA, OCTUTAET JACCATKOB MITH
KIeToK B 1 cM® my6ata, CBHIETENbCTBYS O (PU3MOTOTHIECKOH (hyHKIMOHATEHOCTH MPOLYKTA.

[IpoBeneHHBI MUKPOOUONOTHUYECKUN aHAIW3 TO3BOJSET TMOMOJHUTH 0a3y JaHHBIX,
JTOKa3bIBAIOIINX 0€30IaCHOCTH U MOJIb3Y BEPOII0KBEro MOJIOKA U MMPOIYKTOB U3 Hero. Pa3Benenue
BepOJII0JIOB MOJIOUHOTO HAMPABICHHUS C COOTBETCTBYIOIIUM YBEIMUYEHUEM MPOU3BOJICTBA ITOTO
BUJA CBIPbS W €ro MPOMBIIIJICHHOW MepepaboTKku B 0Oe30macHble U BbICOKOKAYECTBEHHBIE
MOJIOYHBIE MPOAYKTHl MOXKET CYLIECTBEHHO NOBBICUTH YPOBEHD 30POBbS HACEIICHMUS.
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AJIMATBI OBJIbICBIHJATbI IHAPY AIIBUIBIKTBIH HINKI TYWE CYTI, KYPFAK
TYHUE CYTI )KOHE HIYBAT YINIH MUKPOBHOJIOT'UAJIBIK TAJIJIAY

Tyiiin

JlafibIH CYT eHIMAEpiHIH camackl MEH KAYillCi3IiriH KaMmMTamachl3 €TyIeri €H MaHBI3ABl pesl eH
aJIBIMEH TITUKI3aTTHIH CalaChIMEHCYTIICH aHbIKTanaapl. CyT IMHKI3aThIHA TYCETIH OMONOTHSUIIBIK TEKTi
KCEHOOMOTHKTEP - OTKip TaFaMIbIK MHTOKCHKALIUSHBI FaHA €MEC, CO3BUIMANBI aypyIapAbl Aa TYAbIPATHIH
OaKTepHUsJIBIK TOKCHHJICP, COHAAl-aK epeKile KayilTi MHKOTOKCHHAEP (3€H CcaHbIpayKyJIaKTapbIHBIH
MeTaboIUTTEPl) ajgaM JICHCAYNIBIFBIHA YIKSH Kayill TeHmipeni. OTe a3 mo3aja FaHa YHITTHI oCep eTe,
COHBIMEH KaTap KaHLIEPOTreHAiK, MyTareHIiK )KOHE TepaTOreH ik OesceHaimiKKe ne. MUKpOOHOIOT UsIIBIK
Oakpliay MIMKI3aT IEH JalblH OHIMHIH SIUJISMHUOIOTHSIIBIK KAYIICI3[MIK TajanTapblHa CONKECTITiH
TEeKCcepyre, COHIAH-aKk OHBIMEH OalIaHBICTBI TOyEKeAepHAl OapblHINA a3alTyFa MYMKIHAIK OepeTiH
OaKTepHsIIBbIK JIACTAHY KO3iH YaKThUIbl aHbIKTayra apHanraH. llluki Tylie cyTiHIe, KypraK Tyle CyTiHIe
KOHE 1Iy0aTTa TUTHeHalbIK HOpMalapra COlMKec MUKPOOPTraHU3MIEPAiH KeJleci TONTaphl aHBIKTAJIAAbL: a)
CaHMTAPIIBIK-UHAUKATUBTI (ME30( L1 a9pOO0THI )KoHE (PaKyIbTaTHBTI aHAIPOOTH MUKPOOPTaHU3MIEP/IiH
canbl - KMA®AHM xoHe iek taskuiackl TOObIHIarkl 0aktepusuiap -ITTE); 6) mapTTel Typae martorexi
(E. coli); B) marorenmi, coHsIH immnae canbMoHeses. [llybarrta oeHIMHIH OHOJOTHSIBIK KYHIBLIBIFBIHBIH
KOpPCEeTKIlli peTiHAe CYT KBIMKBUIBI OaKTepHsIapblHBIH —(JaKTOOAKTepUsUIap) MeJiepl KOChIMILA
anbIKTanapl. ChIHAKTAp CTAaHAAPTTHI JJiCTEpMEH AIMATHl TEXHOJIOTHSUIBIK YHUBEPCHTETIHIH TaMak
©HIMJIEPiHIH canachl MEH Kayirci3airin OaranayplH FBUIBIMU-3EPTTEY 3epTXaHachIHAa XYprizinai. Kyprak
tyiie cytinge KMA®ABM 2,3-10° KTh/cm® (1), mmki tyiie cyringe — 2,4-10° KTB/cm® (1) KypaifThiHbI
aHBIKTAJIBI, OYJI HOPMATHBTIK JEpeKTepieH acmaimbl. [laToreHaik MUKpOOpPTaHU3MACD, COHBIH IMTiHIC
Salmonella, Enterococcus xcane Pseudomonas aeruginosa, GapibIK 3epTTeNreH oHiMaepIiH 25 T (cv)
KypaMbIH/Ia TaObUTFaH KOK. [1ly0aTTarsl CyT KbIIIKBUIBI MUKPOOpraHu3Maepinin memmepi 4,4-10” KTh/r
(cm®) skeTeni, Oy1 HOpMaTaHFaH MOJIMETTEP/IEH 4 €CENIEH acTaM KOFaphl. AJIbIHFAH HOTHIKEJIED KOFaphlIa
aTajFaH KOPCETKIMTEP IiH HOPMATHUBTIK Ky KaTTap bIH TaTaNTapblHa COMKECTITIH KyolaHIbIPaIbL.

KinTri ce3mep: mmki Tyie cyTi, Kyprak Tyie cyTi, my0aT, MUKpOOHOIOTHSIIBIK KOPCETKIiITep,
MHUKpodJIopa.
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Abstract
The most important role in ensuring the quality and safety of finished dairy products is determined
primarily by the quality of the feedstock — milk. A huge risk to human health is posed by xenobiotics of
biological origin in raw milk - bacterial toxins that cause not only acute food intoxication, but also chronic
diseases, as well as particularly dangerous mycotoxins (metabolites of mold fungi), which not only have a

167


mailto:ai94ka@mail.ru
mailto:ai94ka@mail.ru

MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X No2 (41) 2023  www. imv-journal.kz

toxic effect in a very small dose, but also have carcinogenic, mutagenic, and teratogenic activity.
Microbiological control is designed to verify that raw materials and finished products meet epidemiological
safety requirements and that the source of bacterial contamination is detected in good time, thus minimizing
the risks associated with it. In raw camel milk, dried camel milk and shubat the following groups of
microorganisms are determined in accordance with hygienic standards: a) indicator (quantity of mesophilic
aerobic and facultative anaerobic microorganisms — QMAFANM and bacteria of E. coli group); b)
opportunistic (E. coli); c) pathogens, including Salmonella. The content of lactic acid bacteria (lactobacilli)
was additionally determined in the shubat as an indicator of the biological value of the product. The tests
were carried out using standard methods at the Research laboratory for assessing the quality and safety of
food products at the Almaty Technological University. It was defined that QMAFANM in dried camel milk
is 2,3-10° CFU/cm3 (g), in raw camel milk is 2,4-10° CFU/cm3 (g), which does not exceed the normative
data. Pathogenic microorganisms, including Salmonella, Enterococcus and Pseudomonas aeruginosa, were
not detected in 25 g (cm?®) of all examined products. The content of lactic acid microorganisms in shubat
reaches 4.4-10" CFU/g (cm?®), which is more than 4 times higher than the normative data. The results
indicate compliance of the above indicators with the requirements of regulatory documents.
Keywords: raw camel milk, camel milk powder, shubat, microbiological indicators, microflora.

One of the most pressing and challenging problems in modern society is the supply of quality
and safe food. More and more people are showing increased interest in healthy foods. Nutrition
should not only meet the physiological needs of the human body in a biologically full and safe
food, but also solve the preventive and therapeutic tasks.

Currently, the most pressing need is to create and introduce domestic dairy products enriched
with all the nutrients required for the human body through the rational use of local raw materials.
Camel and mare's milk and processed products are in the highest demand in the Central Asian
region.

The most common type of camel in Kazakhstan (about 80%) is the nar, a first-generation
hybrid of one-humped and two-humped camels, which inherits from the Bactrian the resistance to
cold, and from the Dromedary the ability to produce abundant milk from which shubat is made.
Kazakhstan is the leader in the world in selective breeding of camels. The number of nar in
Kazakhstan is increasing due to the growing demand for shubat. The dynamics of camel population
in Kazakhstan is shown in figure 1 [1].
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Figure 1 — Camel population in Kazakhstan in 1990-2022

The figure shows a gradual but steady increase in camel numbers in recent years after a slight
decline in the early 2000s.

The lactation period of camel is longer compared to any other livestock species, 12-18
months. Daily milk production varies from 3 to 10 kg of milk [2, 3].

Camel milk is an important part of the diet of the southern and western regions of Kazakhstan
[4]. Its consumption can be compared to that of cow's milk in some other countries.
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The quality of raw milk and dairy products is determined by a set of organoleptic, physico-
chemical, and microbiological indicators in accordance with the requirements of current regulatory
documentation.

The most important characteristics of dairy products are their safety and microbiological
stability. Quantitative microbiological indicators show the content of certain microorganisms in 1
g or 1 cm® of the product. Product safety is controlled by an alternative method, where the absence
of indicator, opportunistic, and pathogenic microorganisms in a certain mass or a certain volume
of the product is taken as a standard [5,6].

In the sanitary evaluation of dairy products, indirect methods are used to determine the level
of contamination of the product by human excreta (fecal contamination level). The higher this
level, the more likely it is that pathogens (intestinal pathogens) will enter the test object. Such
methods include a quantitative method to determine the quantity of mesophilic aerobic and
facultative anaerobic microorganisms (QMAFANM) and a qualitative method to determine
indicator microorganisms — Escherichia coli bacteria (E. coli) [7].

Modern requirements for the safety of milk and dairy products, including biological safety,
are reflected in the Technical Regulation of the Customs Union "On milk and dairy products
safety” (TR CU 033/2013) of 9 October 2013 No 67 [8] and in the Technical Regulation of the
Customs Union "On food safety” (TR CU 021/2011) of 9 December 2011 No 880 [9].

Purpose of the study: evaluation of the microbiological safety and usefulness of camel milk
and products from it through quantitative determination of lactic acid microorganisms
(lactobacilli), indicator microorganisms (QMAFANM, E. coli bacteria group), as well as
pathogenic bacteria (Enterococcus, Salmonella, Pseudomonas aeruginosa).

Materials and methods of research

The objects of research were raw camel milk, dried camel milk and shubat produced in a
farm in Almaty region.

Microbiological analyses were carried out in the Research laboratory for food quality and
safety assessment of the Almaty Technological University.

Preparation of samples for analysis was carried out in accordance with GOST 32901-2014
[10].

The following biological safety indicators were determined by standard methods:

» the quantity of mesophilic aerobic and facultative anaerobic microorganisms
(QMAFANM) - by inoculation of prepared sample of the test product into agarized nutrient media,
followed by growing and counting the number of grown microorganism colonies [11];

» the number of Escherichia coli bacteria — by a method based on the ability of E. coli
bacteria to ferment lactose in a nutrient medium, producing gas and acid at 37°C for 24 hours [12];

» the number of bacteria of the Salmonella genus — by growing the microorganisms on
standard BPW nutrient medium at the first stage, followed by transfer to two selective agarised
media (xylose-lysine-deoxycholate agar (XLD-agar) and Endo medium). The bacteria are
identified by biochemical and serological tests [13];

» the number of bacteria of the Pseudomonas aeruginosa species — by method based on the
inoculation of a certain amount of product (its dilutions) on the surface of an agarised selective
diagnostic medium [14];

» the number of enterococci — this group of microorganisms is detected in glucose triptone
broth with yeast extract at pH 7.2 [15];

» the number of lactic acid microorganisms (lactobacilli) in shubat — by in-depth culture of
the test product on MRS selective medium, followed by cultivation of the microorganisms in a
thermostat for 48 h at 37°C [16].

The following nutrient media were used to identify and quantify the microorganisms:

» mesophilic aerobic and facultative anaerobic microorganisms — MPA (meat-peptone
agar);
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» Escherichia coli bacteria — Kessler medium;

» Salmonella species — standard BPW (Buffered Peptone Water), xylose-lysine-
deoxycholate agar (XLD agar) and Endo medium;

» bacteria of the Pseudomonas aeruginosa species — agarised selective diagnostic medium;

» Enterococci — glucose-tryptone broth medium with yeast extract;

» lactic acid bacteria (lactobacillus) — standard MRS medium.

Results and discussion

In this aspect, we carried out microbiological analysis of camel milk and its products in terms
of the presence of indicator and pathogenic microflora, as well as the presence of physiologically
important probiotic microorganisms in fermented milk. The obtained data in comparison with the
normative values are shown in Tables 1-3 respectively for raw camel milk, dried camel milk and
shubat — Kazakh national fermented camel milk.

Table 1 — Microbiological parameters of raw camel milk

Raw camel milk

Microbiological indicators Norm according to ND results
QMAFANM, CFU/cm?3(g), no more 5*10° 2.4*10°
- - - 3
E. coli bacteria group in 0.1cm®(g) of the not standardized not detected
product
Pathogenic microorganisms (Pseudomonas
aeruginosa, Enterococcus), including not allowed not detected

salmonella, in 25 cm?®(g) of the product

Table 2 — Microbiological parameters of camel milk powder
Norm according to ND (for | Powdered camel milk

Microbiological indicators

powdered cow's milk) results
QMAFANM, CFU/cmd (d), no more 5%10* 2.3*10*
E. coli bacteria group in 0.1cm?(g) of the not allowed not detected
product
Pathogenic microorganisms (Pseudomonas
aeruginosa, Enterococcus), including not allowed not detected
salmonella, in 25 cm?®(g) of the product
Table 3 — Microbiological indicators of shubat
Microbiological indicators Norm according to ND Shubat results
E. coli bacteria group in 0.1cm?(g) of the not allowed not detected
product
Pathogenic microorganisms (Pseudomonas
aeruginosa, Enterococcus), including not allowed not detected
salmonella, in 25 cm?®(g) of the product
Lactic acid bacteria, CFU/cm?3(g), not less 1*107 4.4*107

The data we obtained on the content of mesophilic aerobic and facultatively anaerobic
microorganisms in 1 cm? of raw and 1 g of dried camel milk (Tables 1 and 2) prove that the studied
objects are not dangerous in microbiological respect, as QMAFANM is almost half the normative
indicators.

Three years ago (in 2020) 28 EU/EEA countries reported 4,824 confirmed cases of
shigatoxin-producing E. coli (STEC) infection. The overall incidence rate was 1.6 cases per 100
000 population [17]. Therefore, foodborne infections caused by shigatoxinproducing strains of
Escherichia coli (STEC) are a pressing public health problem in many countries of the world,
including the highly developed countries of the USA, Canada, the European Union, Japan, etc.
[18]. Kazakhstan is also likely to be among these countries, and the use of camel milk and its
products may pose a threat to public health. In this regard, we analyzed the objects under study for
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the presence of E. coli bacteria group. The results of the analysis (Tables 1-3) confirmed the
microbiological safety of raw camel milk and its products, as the specified microorganisms in 0.01
cm?® (g) were not detected.

To detect and quantify Pseudomonas aeruginosa bacteria in camel milk and products
prepared from it, we used a method based on inoculation 0.1 g (cm?®) of product (its dilutions) on
the surface of agarized selective diagnostic medium (agar for detection of pseudomonads),
incubation of inoculum at 37 °C for 24 h, counting typical colonies. Pseudomonads usually form
blue, blue-green, yellow-green, or green colonies on triclosan agar. We did not find any colonies
with such features. An analysis for the presence of pseudomonads in 25 g (cm?) of the examined
products indicated the absence of this pathogen (tables 1-3).

We determined Salmonella content in this type of raw milk and its products by first growing
the microorganisms on standard BPW nutrient media and then transferring them to two selective
agarized media: xylose-lysine-deoxycholate agar (XLD-agar) and Endo medium. The cultures on
the agarized media were incubated at 37 °C for 24 h. Typical colonies of Salmonella bacteria
growing on XLD-agar have a black center and a slightly transparent reddish zone (indicator
colour). Round, colourless or slightly pinkish, transparent colonies characteristic of Salmonella
bacteria are formed on Endo medium. In our study, no signs of Salmonella growth were found
(Tables 1-3), indicating the microbiological safety of raw and dried camel milk and shubat.

Enterococci are also absent in the products we studied (see Tables 1-3).

A well-known fermented dairy product made from camel milk in Kazakhstan is shubat. The
physiological functionality of such products is determined by the presence of a sufficiently high
number of alive lactobacilli in them. To prove probiotic properties of shubat we determined the
content of lactic acid bacteria in it by in-depth inoculation of the studied product on MRS selective
medium, followed by growing of microorganisms in the thermostat for 48 hours at 37 ° C. Figure
2 shows photographs of a Petri dish with grown lactobacillus colonies and a microscopic
preparation of these microorganisms.

b
Figure 2 — Lactobacillus colonies of fermented camel milk (shubat) grown on
solid MRS nutrient medium (a) and their microscopic preparation (x100) (b)

A count of the colonies grown showed that 1 g of shubat had a lactobacillus content more
than 4 times higher than the normative data (Table 3), which allows shubat to be classified as a
functional food or probiotic.

Conclusion

The analysis of obtained data shows rather high microbiological reliability (safety) of all
investigated products, as the content of mesophilic aerobic and facultative anaerobic
microorganisms and pathogenic microorganisms, including Salmonella, does not exceed standards
established in the Technical Regulations of the Customs Union "On safety of milk and dairy
products” (TR CU 033/2013). The content of lactobacilli, most of which exhibit pronounced
probiotic properties, reaches tens of millions of cells in 1 cm® of shubat, indicating the
physiological functionality of the product.

The microbiological analysis carried out adds to the database proving the safety and
usefulness of camel milk and products made from it. Breeding dairy camels with a corresponding
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increase in the production of this type of raw material and its industrial processing into safe and
high-quality dairy products can significantly improve public health.
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AHHOTANUA

B cratbe mnpexacTtaBieHbl pe3yiabTaThl CKPUHUHIA KOJUICKIMOHHBIX KYyJIBTYp APOXOKEH Ha
AQHTarOHUCTUYECKYIO aKTHBHOCTH IPOTHUB BO30OyauTeNst OakTepraipbHOro oxkora Erwinia amylovora. s
36 ucciaenoBaHHBIX IITAMMOB JpPOXOKeH 4 KylbTyphl 00nagany MHIHOUPYIONed akTUBHOCTBI0. K HUM
otHocsites: Torulopsis kefir var kumis Nel14 3, Kluyveromyces marxianus 19, Torulopsis sphaerica Ne117,
Saccharomyces cerevisiae (vini) 2 xommmiekc Ne20. 30HbI TOJaBICHHS POCTA TIATOTEHA Y HUX COCTABIISIIA
22,23,5,22,5 u 26 MM, cooTBeTcTBeHHO. HanboubIas aHTaroOHUCTHYECKash aKTUBHOCTh ObLIa y IITaMMa
npoxokei Saccharomyces cerevisiae  (vini) 2 komruiekc Ne2(. AHanu3 KOMIOHEHTHOTO cocTaBa 4
nposxokeBbix KymsTyp (Torulopsis kefyr var.kumis Nel14 3, Kluyveromyces marxianus 19, Torulopsis
sphaerica Nell7, Saccharomyces cerevisiae (vini) 2 xommiaekc Ne20) mokaszai, 49TO y KYJIBTYp
Saccharomyces cerevisiae (vini) 2 xomruiekc Ne20 wu Torulopsis sphaerica Nell7 BeisiBieno 13
XMMHYECKHX COSIMHEHHH, N3 KOTOPBIX OCHOBHOE COSMHECHNUE - (HeHMIITHIOBBIN crupT. Ero npomnexTHoe
coxepxkanue coctaBisieT 43,1%. Y kymeryper Torulopsis kefyr var.kumis Nell14 3 oGuapyxkeno 12
XUMHUYECKHX BEILECTB, U3 KOTOPBIX OCHOBHOE COEIUHEHNE - H30aMMJIOBBINA crupT - 15,7%. A y KyabTypsl
Kluyveromyces marxianus 19 10 coeanHeHMid, OCHOBHOE M3 KOTOPBIX dTHianeTaT — 12,24%. ITony4yeHHble
JTAHHBIE CBUJETENHCTBYIOT O TOM, YTO HCCIIEJOBAHHBIE IPOKIKEBBIE KYIBTYPHI IIPEICTABISIFOT MHTEPEC AJIS
JabHEUIEero U3YUeHHUsI MX KaK areHTOB OMOKOHTPOIIS BO30yquTesst GakTepransHoro oxora E. amylovora.

KuiroueBble ciioBa: npoxoxu, Erwinia amylovora, antaronuctuueckas ak THBHOCTb, KOMITOHEHTHBIN
COCTaB.

BakTepuanbHBIA OXKOT SIBIISIETCS OJHOW M3 HanbOoliee BPEJOHOCHBIX OOJIE3HEW TLIOHO0BBIX
KYJIBTYp, BO30yAUTEIEM KOTOPOU siBisieTcst bakrepus E. amylovora. B nacrosiiee BpeMst 1anHoe
3a0oneBaHue 3aperucTpupoBano Oosiee yeM B 50 crtpanax. /s Kazaxcrana »To 3aboneBanue
ABJISIETCS KapAaHTUHHBIM, KOTOPOE MOXKET MPHUBECTH K 3HAYUTENIbHOM MOTepe ypoxkas U rudenu
OO0JIBIIOrO KOJIMYECTBA PACTEHUM. YUUTHIBasA, YTO OAKTEPUATbHBIN 0XKOT ABISETCS aKTyaJbHOU
npo0sieMoil AT MHOTHX CTpaH, B KOTOPBIX B TE€UEHHE NECATUIIETUN BeleTcss 60phda ¢ HUM,
HE00XO0/IMMO YYUTHIBATh MEXKIYHAPOJHBIN OMBIT OOPHOBI C 0OJIE3HBIO.

B Hacrosimee BpeMs BO BCeX CTpaHax, Iie BBISIBIEH OaKTepHalIbHBIM OO, BEIETCS
MOCTOSTHHBI MOHUTOPHHT ¥ KOHTPOJIb 32 MPOSBICHUEM U PACTIPOCTPAaHECHHEM

Crparerust 60pb0Obl ¢ OaKTEpHAIBHBIM 0KOTOM BO MHOTHX CTpaHaX MpEeayCMaTpUBACT
WHTETPUPOBAHHYIO CUCTEMY KOHTPOJIS, BKITFOUAIOIIYIO CAHUTAPHO-TUTUEHUYECKIE MEPOTIPUSITHUS,
mpenaparbl Ha OCHOBE MEIU M areHThl Omosiormueckoi 60pwrObI [1-3]. B mMupoBoii mpaktuke
OPOTHB OaKTEPHUATBFHOIO OXOra IIHPOKO HCHOJB3YIOTCS XHWMHUYECKHE METOJbl OOpbObI
(6noyHrUIHIBI, aHTHOMOTHKH, B YACTHOCTH CTPENTOMHIINH, IMMYHOMOIYJIATOPHI) [4, 5].

buonornueckuii Meron ABASETCA OAHUM M3 NYTEH MU CHUKEHUS BPEIOHOCHOCTH
BO30yaHTENs 0AaKTEpUATBHOTO 0KOTa, @ OJJHUM U3 CIIOCOOOB - UCIIOJIB30BAHUE JPOMKIKEH.

Hcnonb30BaHne aHTarOHUCTUYECKUX CBOWCTB OAaKTEpUil [isi MHTUOMPOBAHUS MaTOTEHHBIX
MUKPOOPTaHU3MOB H3y4aIHCh Ha MPOTSHKEHHH MHOTHUX JIET, IPH 3TOM HEJOCTATOYHO BHUMAaHUS
OBLIO YIEJICHO UCCIEAOBAaHUSM TaKMX CBOWCTB Y APOAOKEH [6].
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B ucrouHumkax maMTepaTypbl OINKCBHIBAECTCS HCIIOJNB30BAaHUE JIPOXOKEH B KadecTBe
UHTUOUTOPOB OakTepuil u rpuboB. MMeroTcs Takke CBEIEHUS, YTO APONKH MOTYT SIBIATHCA
MHOTOOOCIIAIONIMMH 3aMEHUTENISIMH XUMHYECKUX (QYHTHLIUIO0B B Ooprbe ¢ BO30yauTeneMm
Erwinia amylovora.

[TpumeneHue IpoxoKeii-aHTarOHUCTOB HE HAHOCHT BpeJia OKpYKarowIei cpeae u 6e30macHo
JUId 4elloBeKa. 3a MOCJIEJHHE HECKOJIBKO AECATHICTHH ObUIN TIATEIbHO M3YyY€Hbl MEXaHU3MBI
OMOKOHTPOJISI KYJIBTYp IPOXKEH - aHTarOHUCTOB, TaKMe KaK KOHKYPEHIMS 3a MUTaHUE U
IPOCTPAHCTBO, MHUKOMAPAa3sUTU3M U MHIYKLIHSA YCTOWYMBOCTH Xxo3siMHa. Kpome Ttoro, mis
NOBbIIIEHUS 3()(HEKTUBHOCTH OMOKOHTPOJIS ObliIa pazpaboTaHa KOMOWHAIMS AaHTATOHUCTHYECKUX
JPOSKIKEH ¢ IPYTrMMHU areHTaMu uin oopadotkamu [7-9].

B T'epmanuu wuccienoBareny MNpeJiaraloT B KAaueCTBE areHTOB OMOKOHTPOJIS JKHUBBIC
KyJIbTyphl apoxcxei [10].

Lenpto Hammx wHCCIEOBAaHUN OBUIO JaTh OICHKY AaHTAarOHUCTUYECKOW aKTHBHOCTH
KOJIJIEKIIMOHHBIX IITAMMOB JIPOKXKEH MIPOTHB BO30YIUTENS OAKTEpPUATBHOIO 0XKOTa.

MarepuaJjbl 1 MeTObI UCCJIEI0BAHUT

OObeKTaMH UCCIICIOBAHMS CIYXHIA 36 KOJJICKIIMOHHBIX KYIBTYp HAPOXIKEH POJOB:
Saccharomyces, Candida, Torulopsis, Schizosaccharomyces, Rhodotorula, Kluyveromyces. B
Ka4eCcTBE TECT-KYJbTYpPhl HCIIOJIB30BAIM BO30yAMTENss OakTepuajibHOro okora Erwinia
amylovora, BBIACIEHHOrO M3 TMOpPaKEeHHBIX IUT0g0B sOmonm copra Golden Delishes,
npouspactaromero B IlandumioBckoMm paiioHe AIMaTHHCKON 0051acTH. AHTarOHUCTHYECKYIO
AKTHUBHOCTB JIPOXKIKEHN ONpeAeIIsId MeTo10M JIYHOK [11, 12]. Iposkku BeIpanuBaig B mpoOupKax
Ha CKOLICHHOM TBepoi nmuTtarenbHol cpeae Cabypo npu temmeparype 28°C B TeueHHe 2 CYTOK.
CocraB cpeasl Cabypo: nentoH — 10 1/, rmroko3a — 40 r/n, arap — 20 r/n. ns dbepmenTtanuu
KyJIbTYyp B Koj00uku oobemom 100 mit ¢ sxuakoii cpenoit Cabypo 50 Mi1 BHOCHIIM BBIPAIIICHHBIE
Ha TBEPJOH CKOIICHHOW Cpele KYJIbTYPHI APOXKEH M CTaBUIW Ha Kadajlky Ha 2 cytok c¢ 180
o0p/mun mpu temmepatrype 30°C. AHTarOHUCTHYECKYIO aKTUBHOCTH OMPEICIISTN CIEAYIOIUM
00pa3oM: Ha MOBEPXHOCTh caxapo3o-nenToHHoro arapa (CITA) 0,1 Mt TecT-KynbTyphl pacceBain
C IOMOIIIbIO ImaTess J{puraibcKoro, 3aTeM Jefalld TyHKU ¢ TIOMOIIbI0 Oi1oKkope3a quamerpoM 10
MM. B nynku BHOCWIM 110 0,3 MJI KyJIbTYypaJIbHOM KUAKOCTU IPOMOKEH M KYJIbTUBUPOBAIN TIPU
28°C B teuenue 1-2 cytok. OO aHTarOHMCTUYECKOM AKTUBHOCTH CYIHJIM 1O JUAMETPY 30H
OTCYTCTBHSI pPOCTa IaTOTe€Ha, OOpPa3yIOIUXCS BOKPYr JyHOK. ONBIT MPOBOAWICS B Tpex
noBTopHOcTsAX. KoHTponem cioyxkuna yucras nuratenbHas cpena CIIA.

s matemaTudeckoi OOpaOOTKH pe3yNbTaTOB MCIOIb30BAIA CTaHAAPTHBIE METObI
HAXO0XJICHUS CPEIHUX 3HAUYCHUH U MX CPETHUX OIIHUOOK.

Pe3yabTaTsl U 00Cy:KIeHUE
UccnenoBaiach aHTarOHUCTUYECKAsT AKTUBHOCTD 36 KOJUIEKIIMOHHBIX KYJIBTYP APOXKKEH B
orHourenun E. amylovora. [TonyueHHble qaHHbBIE TpeCcTaBIeHbBI B TabuIe 1.

Tabmuua 1 — 30HBI MHTHOMPOBaHHS POCTa BO30yauTeNs OakTepuaibHOro oxkora Erwinia amylovora
Q3IMYHBIMH BUJIAMH IPOXKKEN

Ne HaumeHoBaHue KyabTyp JpOXIKEH 30HBI TOJIABIICHUS
pocta, MM

1 2 3

1 Saccharomyces cerevisiae (vini) Amoprt 199 19+1,0

2 Candida krusei Ne 40 0

3 Saccharomyces cerevisiae (vini) Ereps 1 0
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1 2 3

4 Saccharomyces cerevisiae (vini) 2 xkommaexc Ne24 ] 17,66+0,57
5 Torulopsis kefyr var.kumis Ne 114 3 22,33+0,57
6 Saccharomyces lactis 19 19,66+0,57
7 Saccharomyces cerevisiae Paca Coun b 0

8 Schizosaccharomyces pombe 17+1,0

9 Torulopsis candida (ckaguaTtas R-popma) 0

10 Rhodotorula glutinis var glutinis (P) 0

11 Saccharomyces cerevisiae (vini) 2 komrmiexc Nel8 18+1,0
12 Saccharomyces cerevisiae Ne Paca 14 18,33+1,15
13 Torulopsis candida (rmagkas S ¢popma) 0

14 Candida scotti Ne Tyn -1 20+0

15 Kluyveromyces marxianus 4MA 19,66+0,57
16 Saccharomyces cerevisiae (vini) CnuBoas 21 20+0

17 Saccharomyces cerevisiae (vini) [Tpukymckas 123/3 0

18 Kluyveromyces marxianus 19 23,33+0,57
19 Saccharomyces cerevisiae (vini) Myckar (68) 16 18,33+0,57
20 Saccharomyces cerevisiae (vini) Pucmuar Ne23 17,66+0,57
21 Saccharomyces lactis 14c 20,33+1,52
22 Torulopsis sphaerica Nel117 22,33+0,57
23 Saccharomyces cerevisiae Paca Kuprusckas 20,33+1,52
24 Candida tropicalis Ne K — 41 14,66+1,52
25 Kluyveromyces sp. Ne4 AT 0

26 Candida tropicalis Ne36 0

27 Saccharomyces cerevisiae (vini) Ne IT1-7 0

28 Torulopsis sphaerica Ne 109K 0

29 Saccharomyces cerevisiae (vini) 2 kommmrexc No20 25,66+2,08
30 Kluyveromyces sp. Ne16 M 22,33+1,52
31 Candida sp. Ne B-2 17,66+0,57
32 Saccharomyces cerevisiae (vini) Yprox 19,33+1,15
33 Saccharomyces cerevisiae (vini) 2 kommmrexc Ne19 18,66+1,15
34 Torulopsis candida 20,66+1,15
35 Rhodotorula glutinis var glutinis (H) 0

36 Rhodotorula glutinis var glutinis Ne21 0

37 Kontpons (cpema CITA) 0

[TpoBeneHHBIC MCCIIEAOBAHUSI CBUICTEIBCTBYIOT O TOM, YTO HE BCE IPOXIKH MOJABIISIOT
poct TecT-KynbTypbl E. amylovora. M3 36 ucnbiTaHHBIX KyIbTYp ApOXoKed 13 KyapTyp He
o0ajanym MHrHOUpPYIONIe aKTUBHOCTHIO. HamOonpmias akTHBHOCTh OTMEYeHa y 4-X KYJIBTYp
(Torulopsis kefyr var.kumis Nel14 3, Kluyveromyces marxianus 19, Torulopsis sphaerica Nel17,
Saccharomyces cerevisiae (vini) 2 xommiekc Ne20). 30HBI MOAABACHHUS POCTa TECT-KYJIbTYPHI
cocraBunu ot 22,33+0,57 mo 25,66+2,08 MM. Camble HU3KHE TOKA3aTeId aHTUOAKTEPHUATHLHON
AKTUBHOCTH 110 OTHOIICHHIO K TECT-KYJIbTYPE MPOSBUIM KyIbTyphl apoxokeit Candida tropicalis
NeK-41 u Saccharomyces pombe. 30HbI mogaBaCHHS pOCTa TECT-KYIbTYPhI cOCTaBUIM 14,66+1,52
- 1741,0 MM (Tabmuma 1).

AHaJi3 KOMIIOHEHTHOTO cocTaBa 4 nposkeBbix KyabTyp (Torulopsis kefyr var.kumis Nel14
3, Kluyveromyces marxianus 19, Torulopsis sphaerica Nel17, Saccharomyces cerevisiae (vini) 2
komruieke Ne20) mokasan, 4To y KyapTyp Saccharomyces cerevisiae (vini) 2 kommiekc Ne20 u
Torulopsis sphaerica Nel17 BwisiBaeHO 13 XUMHUYECKHUX COCAMHEHUH, M3 KOTOPBIX OCHOBHOEC
COEeIMHEHME (eHTITIIOBEIH ciupT. Ero nponentHoe conepxxanue cocraBisieT 43,1% .Y KynpTypsl
Torulopsis kefyr var.kumis Nel114 3 12 XuMHUYECKHX BEIIECTB, U3 KOTOPHIX OCHOBHOE COCIMHCHUE
uzoammioBeiii cupt - 15,7%. Ay kyaeryper Kluyveromyces marxianus 19 B cocrase 10
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COEIMHEHUI, OCHOBHOE COEIMHEHHUE 3TUJIALETAT, coAepxkaHue kotoporo — 12,24%. Bo3moxHo,
9T XHMMHUYECKHE BEIIECTBA SBISAIOTCA WHTHOUTOpaMU pOcTa BO3OyauTens OaKTepuaibHOIO
oxora E. amylovora. B Oyaymem wuccinemoBanust OyZyT HampaBlieHbI Ha BBISBJICHUEC
MHTHOUPYIOLIETO AeUCTBUS OTAEIBHO B3SITBIX OCHOBHBIX BEILIECTB.

JanpHeiime vccaeIoBaHus MPOBEICHBI C KyabTypoi Saccharomyces cerevisiae (vini) 2
komruiekc Ne20, BBIEIECHHONW W3 APOXKIKEBOrO OCaJKka BUHHOTO MaTepuasa, IOKa3aBIIe
Haubosee BBICOKME 30HBI MOJABICHUS pocta 25,66+2,08 mMMm. M3yuanu ero (eHoTHNHUECKHE
MPU3HAKU U MOJIEKYJISPHO-TEHETUYECKYIO XapaKTEPUCTUKY (PUCYHOK 1).

1 Da [ L] q '!
a) pOCT KOJIOHH Ha MUTATEILHOU cpee 0) BU MO MHKPOCKOIIOM

Pucynok 1 — Makpo- nu MuKpocheMKa mramma Saccharomyces cerevisiae (vini)
2 xomiuiekc Ne20

MonekynspHO-TeHeTUYEeCKUH aHalu3, MPOBEACHHBIH B J1a00OpaTOpUM MOJIEKYISPHO-
reHetudeckux uccieaoBanuii TOO «HIIL MUKpoOHONIOTHU U BHPYCOJIOTHIY MOATBEPAMII, YTO
KynpTypa Saccharomyces cerevisiae (vini) 2 komruiekc Ne20, wuaeHTU(DUIUPOBAHHAS IO
MopdoI0ro-KyIbTYpalbHBIM TPU3HAKaM, siBisseTcss Saccharomyces cerevisiae (vini). Cremens
romouorun - 100% (pucyHok 2).

GGAGAGTCCAGCCGGGCCTGCGCTTAAGTGCGCGGTCGTGCTAGGCTTGTAAGTTTCTTTCTTGCTATT
CCAAACGGTGAGAGATTTCTGTGCTTTTGTTATAGGACAATTAAAACCGTTTCAATACAACACACTGT
GGAGTTTTCATATCTTTGCAACTTTTTCTTTGGGCATTCGAGCAATCGGGGCCCAGAGGTAACAAACAC
AAACAATTTTATCTATTCATTAAATTTTTGTCAAAAACAAGAATTTTCGTAACTGGAAATTTTAAAATA
TTAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATACGT
AATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCAGG
GGGCATGCCTGTTTGAGCGTCATTTCCTTCTCAAACATTCTGTTTGGTAGTGAGTGATACTCTTTGGAG
TTAACTTGAAATTGCTGGCCTTTTCATTGGATGTTTTTTTTCCAAAGAGAGGTTTCTCTGCGTGCTTGAG
GTATAATGCAAGTACGGTCGTTTTAGGTTTTACCAACTGCGGCTAATCTTTTTTATACTGAGCGTATTG
GAACGTTATCGATAAGAAGAGAGCGTCTAGGCGAACAATGTTCTTAAAGTTTGACCTC

1 MT641217.1:54-731 Saccharomyces cerewvisiae strain CNMN-Y-36

1 MF375632.1:107-784 Saccharomyces cerevsiae isolate 10-1357

MF150088.1:102-779 Saccharomyces cerevisiae isolate 10-1344
KY816913.1:68-745 Saccharomyces cerevisiae strain PDA M1 7
MK672872.1:124-802 Saccharomyces boulardii (nom. inval.)
MH001970.1:88-766 Saccharomycotina sp. isolate ACBL-14

GU373657.1 Candida parapsilosis isolate CPTN2-KITS
{ 0OP899944.1:98-775 Saccharomyces paradoxus strain HBUAS72374
0OK135369.1:94-771 Saccharomyces paradoxus strain HBUAS61203
PucyHok 2 - Pe3ynbpTaTbl MOJICKYIISIPHO-TEHETHYECKUX HCCIICIOBaHMI KYIbTYphl Saccharomyces
cerevisiae (vini) 2 xkommmiexc No20
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[lo pe3ynpTaTaM wuCCIEIOBAHUN MOKHO CHAENATh BBIBOJBI, YTO AHTAarOHUCTUYECKOMN
aKTUBHOCTHIO mpoTHB E.amylovora o6mamanu 4 aposxokeBsie KynbTypsl (Torulopsis kefyr
var.kumis Nel14 3, Kluyveromyces marxianus 19, Torulopsis sphaerica Nell7). Hauboiee
BeICOKHI 3 deKT BhIsABICH y Saccharomyces cerevisiae (vini) 2 xommiekc Ne20. TTonyueHHbie
JTAHHBIC CBUJCTEIBCTBYIOT O TOM, YTO HCCIICAOBAHHbBIC IPOXIKEBBIC KYJIbTYPHI MPEACTABISIOT
UHTEpEeC Ui JAIBHEHIIEro WX W3YyYeHHs] KaK NEepPCHEKTHBHBIX areHTOB OWOKOHTpOIS B
OTHOUICHUH BO30yauTeNns OakrepuaibHOro oxora E. amylovora.
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ERWINIA AMYLOVORA BAKTEPUSJIBIK KYHIK KO3JIBIPFBIIIIBIHA KAPCBI
AMIBITKbI KOJUIEKIUAJIBIK JAKBIJIIAPBIHBIH UHI'MTBUTOPJIBIK
BEJCEHALIIT'TH BATAJIAY

Tyidin

Makanana koyutekwinia amylovora GakTepHsiIbIK KYHiK KO3ABIPFBINIBIHA KApChl aHTarOHHMCTIK
OesICeH IUTIKKE apHaJIFaH alllbITKbI )KHHANTHIH JaKbUIIAP/Ibl CKPUHUHT HOTHKENEpi OepinreH. 3epTrenreH
36 amIBITKBI IITAMMBIHBIH TeK 4 TaKbUIBIHIa HHTHOUTOPIIBIK Oeacenmiaik 6ommsl. Bym Torulopsis kefir var
kumis Nel14 3, Kluyveromyces marxianus 19, Torulopsis sphaerica Nel17, Saccharomyces cerevisiae
(vini) 2 xemreni Ne2(. Onapna naToreHHiH OCyiH TeXEUTIH aiiMakTap caiikecinme (22, 23,5, 22,5 xone 26
MM) 6onael. EH yIIKeH aHTaroHuCTiK OeICEHIUTIK allbITKbI IITaMMBIHIA 6oi1abl Saccharomyces cerevisiae
(vini) 2 xemreni No20. 4 ambITKBI JaKbUIZAPBIHBIH KOMITIOHEHTTIK KypambiH Tammay (Torulopsis kefyr
var.kumis Nel114 3, Kluyveromyces marxianus 19, Torulopsis sphaerica Nel17, Saccharomyces cerevisiae
(vini) 2 kemmeni Ne20) Saccharomyces cerevisiae (vini) 2 xermeni Ne20 >xome Torulopsis sphaerica Nel17
aHBIKTAIFAHBIH KOPCETTi 13 XMMUSIIBIK KOCBIIBIC, OHBIH Herisri Kockuisicsl Phenylethyl alcohol. Onapaeix
nab3IbIK Memmepi coiikecinme 43,1% kypaiiner. Torulopsis kefyr var monenueri 6ap.kumis Nel114 3 12
XMMUSUIBIK KOCBUTBIC, OHBIH Heri3ri Kocwutbickl 1-Butanol, 3-methyl - 15,7%.Kluyveromyces marxianus
monenuetinge 19 10 kocwutsic 6ap, Ethyl Acetate verisri Kocsuasics! — 12,24%.

Hotwmskernep 3epTTelred ambITKbl AaKbligapsl onapasl E. amylovor ept kyifiriHiH KO3AbIPFBIIILIHA
KaTBICThI OMO0AKbLIAY areHTTEPl PETIH/IE O/1aH dPi 3ePTTEYre KbI3bIFYIIbIIBIK TAHBITATHIHBIH KOPCETETI.

Kiarri cesmep: ammsiTker, Erwinia amylovora, antaronucTtik 6eIceH ik, KOMIIOHEHTTIK KyPaMBl.
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Abstract

The article presents the results of screening of collection yeast cultures for antagonistic activity
against the causative agent of bacterial burn Erwinia amylovora. Of the 36 yeast strains studied, only 4
cultures had inhibitory activity. These are Torulopsis kefir var kumis Nel14 3, Kluyveromyces marxianus
19, Torulopsis sphaerica Nel17, Saccharomyces cerevisiae (vini) 2 complex Ne20. Their pathogen growth
suppression zones were (22, 23.5, 22.5 and 26 mm), respectively. The greatest antagonistic activity was in
the yeast strain Saccharomyces cerevisiae (vini) 2 complex Ne20. The analysis of the component
composition of 4 yeast cultures (Torulopsis kefyr var.kumis Mel14 3, Kluyveromyces marxianus 19,
Torulopsis sphaerica Nel17, Saccharomyces cerevisiae (vini) 2 complex Ne20) showed that 13 chemical
compounds were detected in cultures of Saccharomyces cerevisiae (vini) 2 complex Ne20 and Torulopsis
sphaerica Nell7, of which the main compound is Phenylethyl alcohol. Their percentage is 43.1%,
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respectively. The culture of Torulopsis kefyr var.kumis Nel14 has 12 chemical compounds, of which the
main compound is 1-Butanol, 3-methyl - 15.7%.And the Kluyveromyces marxianus culture has 19 10
compounds, the main compound Ethyl Acetate is 12.24%.

The data obtained indicate that the studied yeast cultures are of interest for further study of them as
agents of biocontrol against the causative agent of bacterial burn E. amylovora.

Keywords: yeast, Erwinia amylovora, antagonistic activity, component composition.

Bacterial burn is one of the most harmful diseases of fruit crops, the causative agent of which
is the bacterium E. amylovora. Currently, this disease has been registered in more than 50
countries. For Kazakhstan, this disease is quarantine, which can lead to a significant loss of harvest
and the death of a large number of plants. Given that bacterial burn is an urgent problem for many
countries that have been fighting it for decades, it is necessary to take into account the international
experience of fighting the disease. Currently, in all countries where bacterial burn has been
detected, constant monitoring and control of the manifestation and spread of bacterial burn is
carried out.

The strategy of combating bacterial burn in many countries provides for an integrated control
system, including sanitary and hygienic measures, copper-based preparations and biological
control agents [1-3]. In world practice, chemical methods of control (biofungicides, antibiotics, in
particular streptomycin, immunomodulators) are widely used against bacterial burns [4,5]. The
biological method is one of the ways to reduce the harmfulness of the pathogen of the LHC. Burns.
One of the methods may be the use of yeast. The use of antagonistic properties of some bacteria
to inhibit others has been studied for many years, while little attention has been paid to the study
of such properties in yeast [6].

Literary sources often describe the use of yeast as inhibitors of bacteria and fungi.. Yeast
(also known as biocontrol yeast) are promising substitutes for chemical fungicides in the fight
against the pathogen Erwinia amylovora. The use of yeast antagonists is harmless to the
environment and safe for humans. Over the past few decades, the mechanisms of biocontrol of
antagonistic yeasts, such as competition for nutrition and space, mycoparasitism and induction of
host resistance, have been thoroughly studied. In addition, a combination of antagonistic yeast
with other agents or treatments has been developed to increase the effectiveness of biocontrol [7-
9]. In Germany, researchers offer live cultures as biocontrol agents [10].

The aim of our research was to evaluate the antagonistic activity of collectible yeast strains
against the causative agent of bacterial burn.

Materials and methods of research

The objects of the study were 36 collection cultures of yeast genera: Saccharomyces,
Candida, Torulopsis, Schizosaccharomyces, Rhodotorula, Kluyveromyces. As a test culture, the
causative agent of bacterial burn Erwinia amylovora was used, isolated from the affected fruits of
the Golden Delishes apple tree growing in the Panfilovsky district of the Almaty region. The
antagonistic activity of yeast was determined by the method of wells [11,12].Yeast was grown in
test tubes on oblique media of Saburo solid nutrient medium at a temperature of 28°C for 2 days.
The composition of the Saburo medium: peptone — 10 g/ |, glucose — 40 g / |, agar — 20 g /I. For
fermentation of cultures, yeast cultures grown on jambs were introduced into cones with a volume
of 100 ml. with a liquid Saburo medium of 50 ml and placed on a rocking chair for 2 days with
180 rpm, at a temperature of 30°C. Antagonistic activity was determined as follows on the surface
of the nutrient medium sucrose-peptone agar (SPA) 0.1 ml of the test culture was sifted with a
Drygalsky spatula, then wells were made using a block cutter with a diameter of 10 mm. 0.3 ml of
yeast culture fluid was introduced into the wells and cultured at 28°C for 1-2 days. Antagonistic
activity was judged by the diameter of the pathogen growth-free zones formed around the wells.
The experiment was carried out in three repetitions. The control was the clean environment of the
SPA. Standard methods of finding average values and their average errors were used for
mathematical processing of the results.
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Results and discussion
The antagonistic activity of 36 collection yeast cultures against E. amylovora was studied.

The data obtained are presented in Table 1.

Table 1 — Zones of inhibition of the growth of the causative agent of bacterial burn Erwinia amylovora by
various types of yeast.

Ne Name of yeast cultures Growth suppression
zones, mm

1 | Saccharomyces cerevisiae (vini) Aport199 19+1,0

2 | Candida krusei Ne40 0

3 | Saccharomyces cerevisiae (vini) Jaeger 1 0

4 | Saccharomyces cerevisiae (vini) 2 complex Ne24 ] 17,66+0,57

5 | Torulopsis kefyr var.kumis Ne114 3 22,33+0,57

6 | Saccharomyces lactis 19 19,66+0,57

7 | Saccharomyces cerevisiae Race Sochi b 0

8 | Schizosaccharomyces pombe 17+1,0

9 | Torulopsis candida (folded R-shape) 0

10 | Rhodotorula glutinis var glutinis (P) 0

11 | Saccharomyces cerevisiae (vini) 2 complex Nel18 18+1,0

12 | Saccharomyces cerevisiae Nel4 18,33+1,15

13 | Torulopsis candida (smooth S- shape) 0

14 | Candida scotti NeTym — 1 20+0

15 | Kluyveromyces marxianus 4MA 19,66+0,57

16 | Saccharomyces cerevisiae (vini) Plum 21 20+0

17 | Saccharomyces cerevisiae (vini) Prikum 123/3 0

18 | Kluyveromyces marxianus 19 23,33+0,57

19 | Saccharomyces cerevisiae (vini) Muscat (68) 16 18,33+0,57

20 | Saccharomyces cerevisiae (vini) Riesling Ne23 17,66+0,57

21 | Saccharomyces lactis 14c 20,33+1,52

22 | Torulopsis sphaerica Nel117 22,33+0,57

23 | Saccharomyces cerevisiae Kyrgyz Race 20,33+1,52

24 | Candida tropicalis NeK -41 14,66+1,52

25 | Kluyveromyces sp. Ne4 AT 0

26 | Candida tropicalis Ne36 0

27 | Saccharomyces cerevisiae (vini) NellI-7 0

28 | Torulopsis sphaerica Ne109K 0

29 | Saccharomyces cerevisiae (vini) 2 complex No20 25,66+2,08

30 | Kluyveromyces sp. Nel6 M 22,33+1,52

31 | Candida sp. NeB-2 17,66+0,57

32 | Saccharomyces cerevisiae (vini) Apricot 19,33+1,15

33 | Saccharomyces cerevisiae (vini) 2 complex Nel9 18,66+1,15

34 | Torulopsis candida 20,66+1,15

35 | Rhodotorula glutinis var glutinis (H) 0

36 | Rhodotorula glutinis var glutinis Ne21 0

37 | Control (medium SPA) 0

The conducted studies indicate that not all yeasts inhibit the growth of the E. amylovora test

culture. Of the 36 yeast cultures tested, 13 cultures did not have inhibitory activity, only 4 cultures
(Torulopsis kefyr var.kumis Nel14 3, Kluyveromyces marxianus 19, Torulopsis sphaerica Nel117,
Saccharomyces cerevisiae (vini) 2 complex Ne20). The growth suppression zones of the test culture
were - 22.33+0.57-25.66+2.08 mm. The lowest indicators of antibacterial activity in relation to
the test culture were shown by yeast cultures Candida tropicalis NeK-41 and Saccharomyces
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pombe. The growth suppression zones of the test culture were - 14.66+1.52 - 17+1.0 mm (Table
1). We stopped at the culture of Saccharomyces cerevisiae (vini) 2 complex Ne20, isolated from
the yeast sediment of wine material, which showed the highest growth suppression zones. Its
phenotypic features and molecular genetic characteristics were studied (Figure 1).

a) colony growth on nutrient medium; b) yeast microscopy
Figure 1 — Macro and micrography of Saccharomyces cerevisiae strain (vini) 2 complex Ne20

In order to clarify the specific identity of the selected antagonist, which was identified by
morphological and cultural characteristics, we conducted a molecular genetic analysis in the
laboratory of molecular genetic research of LLP "SPC Microbiology and Virology". Only the
strain Saccharomyces cerevisiae (vini) 2 complex Ne20), which had the greatest antagonistic
activity, was analyzed.

The results of molecular genetic examination confirmed that the culture of Saccharomyces
cerevisiae (vini) 2 complex Ne20 identified by morphological and cultural characteristics is
Saccharomyces cerevisiae (vini). The degree of homology is 100% (Figure. 2).

GGAGAGTCCAGCCGGGCCTGCGCTTAAGTGCGCGGTCGTGCTAGGCTTGTAAGTTTCTTTCTTGCTATT
CCAAACGGTGAGAGATTTCTGTGCTTTTGTTATAGGACAATTAAAACCGTTTCAATACAACACACTGT
GGAGTTTTCATATCTTTGCAACTTTTTCTTTGGGCATTCGAGCAATCGGGGCCCAGAGGTAACAAACAC
AAACAATTTTATCTATTCATTAAATTTTTGTCAAAAACAAGAATTTTCGTAACTGGAAATTTTAAAATA
TTAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATACGT
AATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCAGG
GGGCATGCCTGTTTGAGCGTCATTTCCTTCTCAAACATTCTGTTTGGTAGTGAGTGATACTCTTTGGAG
TTAACTTGAAATTGCTGGCCTTTTCATTGGATGTTTTTTTTCCAAAGAGAGGTTTCTCTGCGTGCTTGAG
GTATAATGCAAGTACGGTCGTTTTAGGTTTTACCAACTGCGGCTAATCTTTTTTATACTGAGCGTATTG
GAACGTTATCGATAAGAAGAGAGCGTCTAGGCGAACAATGTTCTTAAAGTTTGACCTC

{‘ S. Cer 20
1 MT641217.1:54-731 Saccharomyces cerevisiae strain CNMN-Y-36

1 L MF375632.1:107-784 Saccharomyces cerevisiae isolate 10-1357

MF150088.1:102-779 Saccharomyces cerevisiae isolate 10-1344

KY816913.1:68-745 Saccharomyces cerevisiae strain PDA M1 7

MK672872.1:124-802 Saccharomyces boulardii (nom. inval.)
MH001970.1:88-766 Saccharomycotina sp. isolate ACBL-14

GU373657.1 Candida parapsilosis isolate CPTN2-KITS
{ 0OP899944.1:98-775 Saccharomyces paradoxus strain HBUAS72374
OK135369.1:94-771 Saccharomyces paradoxus strain HBUAS61203
Figure 2- Results of molecular genetic studies of Saccharomyces cerevisiae (vini) culture 2 complex Ne20
The analysis of the component composition of 4 yeast cultures (Torulopsis kefyr var.kumis

Nel14 3, Kluyveromyces marxianus 19, Torulopsis sphaerica Nel17, Saccharomyces cerevisiae
(vini) 2 complex Ne20) showed that 13 chemical compounds were detected in cultures of
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Saccharomyces cerevisiae (vini) 2 complex Ne20 and Torulopsis sphaerica Ne117 of which the
main compound is Phenylethyl alcohol. Their percentage is 43.1%, respectively. The culture of
Torulopsis kefyr var.kumis Nel14 has 12 chemical compounds, of which the main compound is 1-
Butanol, 3-methyl - 15.7%. And the Kluyveromyces marxianus culture has 19 10 compounds, the
main compound Ethyl Acetate is 12.24%. It is possible that these chemicals are inhibitors of the
growth of the causative agent of bacterial burn E. amylovora. The purpose of further research will
be to test the inhibitory effect of individual basic substances.

According to the research results, it can be concluded that 4 yeast cultures had antagonistic
activity against E. amylovora (Torulopsis kefyr var.kumis Nel14 3, Kluyveromyces marxianus 19,
Torulopsis sphaerica Nel17, the highest effect was found in Saccharomyces cerevisiae (vini) 2
complex Ne20).The data obtained indicate that the studied yeast cultures are of interest for further
study of them as agents of biocontrol against the causative agent of bacterial burn E. amylovora.
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JANATHOCTHUKA ITACTEPEJIJIE3A KPYIIHOI'O POI'ATOTI'O CKOTA
CEPOJIOI'MYECKUM METOJOM
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AHHOTALUSA

B nanHO# cTaThe MpeACcTaBICHBI PE3yNbTaThl MCCIECAOBAaHUN NMPOO CHIBOPOTOK KPOBU KPYIHOTO
poratoro ckota (KPC) B peakuuun HenpsiMol reMarriroTHHanuu Ha nactepeinie3 KPC, a takxke JaHHBIX
BETEpPUHAPHON oT4eTHOCTH KommTera BeTepMHApHOTO KOHTPOJIA M Haa30pa MHHHCTEPCTBA CENbCKOTO
xo3siictBa PecyOmmkn Kazaxcram 3a 2021 r. Onpenenena snu3ooTudeckas cutyanus 3a 2021 r. mo
JaHHOW uWH(ekuuu. YcrtaHosieHo 6 ouaroB mnacrepeimiesa KPC B 4-x obnactsax pecmyOinku
(AxTroOMHCKAs, AKMOJHHCKas1, AMaTHHCKas ¥ BocTouno-KazaxcraHckast), B KOTOPBIX OIpeaeieHo oT 1-
ro 70 2-x snm3ootndeckux ouaros (mamee D0). M3 1435 uccremoBaHHbIX Mpob CHIBOPTOK KpoBu KPC
MOJIOKHUTENIBHBIN pe3yabTaT Obl1 oTMEUeH B 192 cinyuvasx, uro coctaBuio 13,38%.

Kawuesnbie ciaosa: Pasteurella multocida, macrepemnes KPC, ceponormueckas JUarHOCTHKA,
PHT'A, tuTp.

[Tactepenies - Kak 300aHTPOMIOHO3HAs! OOJIE3HB MPENICTABISAET OONBIIYIO TPOOIEMY, KaK JUIs
BETCPUHAPHUH, TaK U I MEAWIUHBL B CBS3M ¢ 3THM, HEOOXOAUMO CTPOTOEe COONIOCHUE MEp
npo(UIAKTUKH, a B CITydae BCIBIIIKY - ObICTpeiiIas ee aukBuaanus [1,6,9].

Pasteurella multocida — 300HO3HBIII MaTOreH, CIIOCOOHBINH BBI3BIBATH PECITUPATOPHBIC
paccTpoiCTBa y pa3HbIX )KHUBOTHBIX. Y KPYIHOTO poraroro ckora P. multocida sisisiercst omaum
U3 OCHOBHBIX MHKPOOPTaHMU3MOB, BBI3BIBAIOIINX KOMIUIEKC pPECHHPATOPHBIX 3a00JieBaHHN
KPYITHOT'O POTaTOro CKOTa C OTPOMHBIMU 3KOHOMHYECKHMHU ToTepsimu [2,3].

PecimpatopHass ~ 0one3Hb ~ KPYHMHOTO  pOraroro  CKOTa  HPEACTaBIsieT  CcOOOM
MyJIbTH()AKTOpUATBHBI KOMIUIEKC OOsie3Hel KpymHoro poraroro ckorta [4,5]. P. multocida
SIBIISICTCS. OJTHUM M3 HamOoJiee BaKHBIX OAKTEPUAIBHBIX MAaTOTEHOB, CBA3aHHBIX C OOJE3HSIMHU
JBIXaTENbHBIX IYyTEH KpyHHOro poraroro ckora [6,7,8]. Bonpmoll Kpyr BOCHPUHMYHUBBIX
KHUBOTHBIX, HMCKIIIOUUTEIbHAS MPUCTIOCOOIIEMOCTh BO30yIUTENsT K OOMTAaHHIO B OpraHH3Me
pPa3HOOOpa3HBIX BUIOB JKUBBIX CYIIECTB B 3HAYUTEIHLHOW CTEIEHU CIMOCOOCTBYIOT HIUPOKOMY
pacmpocTtpaneHuio macrepemiesa [3,10].

bonesnr Moxker comnpoBoxaarbest Bbicokoil (10 100%) JeTanbHOCTBIO, CHHXKEHHEM
NPOAYKTHBHOCTH, JJTUTEIBHBIM HOCHTEIBCTBOM MATOTCHHBIX (opMm Mukpoba. Kpome Toro,
MACTEPEIOHOCUTENBCTBO Y 3TUX JKUBOTHBIX MOXKET O0YCIIOBJIMBATH MOSIBIICHUE OOJE3HU Cpeln
JIPYTUX BUOB MJIEKOITMTAIONIMX M BOSHUKHOBCHHE HOBBIX 3MHU300THYECKHUX ouaros [8,11,12].

MarepuaJjbl 1 MeTOAbI HCCI€I0BAHUS

N3yuenue 3mu300TOIOTMYECKON XapaKTEPUCTUKH TEPPUTOPUU CTPaAHBbI IO MacTepesuie3y
KPC ocymecTBisiy myTeM aHanu3a T1aHHBIX BeTepruHapHoit oTueTHOocT KBKH MCX PK 32 2021
rO/I.

Hns  ompeneneHus TeKylled SNH300THYECKOM cutyanuu no mnacrepemiesy KPC B
pecnyonuke, B 2021 romy Obu1 ocymiecTBieH Beie3n cotpyaHukoB KasHUBMU u ero ¢unmanos B
snu3ooronornueckue equauibl (D) (x/x, ¢/x, TOO, CIIX, mocenku u T.a.) 12 obmacreit PK
(Anmarunckasi, Boctouno-Kaszaxcranckas, Keisutopaunckas, [TaBinomapckas, TypkecraHckasi,
KamObuickas, AkTioOmHCKast, 3amamHo-Kaszaxcranckas, AkMonuHCKas, KaparanmuHckas,
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Cesepo-Kazaxcranckas, Kocranaiickast 00:1acTH) € pa3IMYHBIM SIIH300TOJIOTHUYECKHUM CTAaTYCOM C
1enp0 oTOopa OmomMarepuasia (CHIBOPOTKH KPOBH, MCTCUCHHUS M3 HOCA) UJIST MCCICAOBAHUS B
naboparopHbix ycinoBusx Kazaxckoro HBU u oreHKH 3MH300THYECKOTO COCTOSHHS STHX
X03SUCTBYIOIMX CyObeKkTOB 10 macteperniedy KPC. Beero 6b110 0T06pano 1435 npo6 chIBOPOTKH
KpOBH JIJIsl c€poJiornyeckoro uccienoBanus B PHIA.

Hannune B CBHIBOPOTKE KpPOBH >KMBOTHBIX AaHTUTEN K BO30OYIUTENIO Macrepesuiesa
onpexnensau B PHI'A ncnonb3ys s3puTpoLuTapHbI aHTUT€HHBIN TaCTEPEIIE3HBIN JUAarHOCTUKYM.

B pabGore ObL1 WCHOJNB30BaH TOTOBBIM JHMArHOCTHYECKHH Habop «JluarHocTukym
SPUTPOLUMTAPHBIA TACTEPEIUIE3HbI AHTUT€HHBIM, Cyxoi», mnpousBogutens PITI wa IIXB
«HarmoHabHBIA HAyYHBIN EHTP 0c000 omacHBIX MHGeKIMi nmeHn M. AlikumbaeBa», M3 PK
(cepust 010422 B/K Ne210, ronen g0 20.04.2024 r.). lnarnoctudeckuii Tutp antuten 1:100.

KoMmmoneHTs! AuarHoctuyeckoro Habopa:

1. TBun-80 B pa3Benenuu 1:100000

2. Uccnenyemas cbIBOpOTKA

3. ChIBOpoTKa mnacTepeyie3Hasl arrmoTUHupyomas >kuakas 1:10 (monoxuTenbHbIM
KOHTPOJIb)

4. InarHOCTUKYM SpUTPOLIUTAPHBIN NTaCTEPEIIE3HbIN aHTUTEHHBIHN, CyXoH 2,5%

PesynabTaTsl U 00CyKIeHHE

3a 2021 rox Ha Tepputopuu PK Bcero 3apeructpupoBano 6 odaroB macrepeie3Hoi nHGEKIuu B
4 obnactax (AkTioOOWMHCKas, AKMONWHCKas, AnmaruHckas u Bocrouno-Kazaxcranckas), B
KOTOPBIX ycTaHoBIIeHO OT 1 10 2 D0. JlanHbie 0071aCTH OBLUTH OTHECEHBI K 30HE CPETHEH CTETICHH
pacnpoctpanenuss nHekuu. K OmaromonydnsiM 30HaM oTHeceHbl 10 obmacteil pecmyOnuku
(Kaparanauuckas, JKamoObuickas, HOsxHo-Kasaxcranckas, KemsuiopauHckas, KocraHaiickas,
Cesepo-Kazaxcranckasi, [TaBnomapckas, 3anagHo-Kazaxcranckas, ATbIpayckas,
Mamnrucrayckas). Tepputopust PK ¢ BeicOko# cTenenpio pacnpoctpanenus nactepeiieza KPC B
2021 r. He ycraHoBieHa. Pesynbrarsl pailonnpoBanus tepputopun PK mo pacnpoctpanenuto
nacreperie3a KPC npuBenensl Ha pucyHke 1.
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Pucynoxk 1 — PaitonnpoBanue tepputopun PK Ha 30HBI 110 cTENeHN pacipoCcTpaHEeHUs acTepeIe3HON
nadekmu cpeau KPC (o qanaeiv KBKH 3a 2021 1)
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s uccnenoBanus Ha macreperie3 KPC namu ObLT B3ST OHOMarepuall, COrIacHO pacyeTy
BBIOOPKHU JKMBOTHBIX M3 3mu300TOoNornueckux enuuuil (DE), momiexamux uccieloBaHUIO, B
Konu4ecTBe 1435 ChIBOPOTOK KPOBH ISl CEPOJIOTUUECKUX UCCIIEN0BAHUIA.

Becp marepuan, nocraBiaeHHbIi B 1aboparoputo 6akrepuosiorun TOO «KazsHUBWy, 6wt
MOJIBEPTHYT UCCIIETOBAHUIO CEPOJIOTHIECKIM TeCTOM (ChIBOPOTKA KpoBu o PHI'A).

CepoJIort4ecKkyt0 JAMAarHOCTUKY TMPOBOJIWINA PpPEaKIUEeW HENmpsMOW TreMarritoTHHALUNA
(PHI'A), ocHOBaHHOW Ha BBISBIICHHM KOMIUJIEKCA AHTUTCH-aHTUTENo. [l ee mpoBeneHUs
WCITOJTH30BAJIH CIICIYIOIINE KOMIIOHEHTHBI: HCCeayeMas ChIBOpoTKa, TBUH-80, pu3nonornyeckuit
pacTBop, macTepelyie3Hasl arrJlOTUHUPYIOUIAs ChIBOPOTKA, MACTEPEIIC3HBbIA 3PUTPOLMTAPHBIN
JUAarHOCTUKYM.

[Ipn cnunaHuy ¥ pPaBHOMEPHOM TIOKPHITHM JHA JYHKH CEHCHOWIM3UPOBAHHBIMU
SPUTPOLUTAMH PEAKLMIO CUUTAIN TOJIOKUTEIBHOU. [IpM HECOOTBETCTBMM AHTHUTENI AHTUTEHY
KOMIUIEKC He 00pa30BBIBAJICS, BU3YallbHO SPUTPOIMTHI PACHONIAralOTCsl HA JHE JYHKH B BUIE
IIYTOBKHU- PEAKIUs OTPULIATEIbHAS.

Pesynbrarsl nuccnenoBaHuii IpeaCcTaBIeHb B Ta0mie 1.

Tabmuua 1 - Pesynsrars! nccienoBanus ceiBopoTkr kKpoBu KPC Ha mactepemes merogom PHIA (3a 2021
TOx)

No Ob6mactu Bakuunanmst Kon-Bo 0Opasiion PHI'A (%)
1 AJMaTUHCKast He BakiHMpoBaHbI 146 13 (8,9%)
2 Typkecranckas He BakiyHmMpoBaHs! 120 22 (18,3%)
3 Kaparannunckas He BakimHMpoBaHs! 119 24 (20,1%)
4 Ke3siopauHckast He BakIHUpPOBaHBI 118 27 (22,8%)
5 Bocrouno -Kazaxcranckas He BakIHUpPOBaHBI 120 12 (10%)
6 “KamObinckas He BakiHMpoBaHbI 102 10 (9,8%)
7 3amagHo -Ka3zaxcraHcKkas He BakumHMpOBaHbI 116 22 (18,9%)
8 Cesepo-Kazaxcranckas He BakIHUpPOBaHBI 116 8 (6,9%)
9 ITaBnomapckas He BakIHUpPOBaHBI 120 19 (15,8%)
10 Kocranaiickas He BakIHUpOBaHBI 118 5 (4,2%)
11 AKTIOOMHCKAs He BakiHMpoBaHbI 120 15 (12,5%)
12 AKMOJIMHCKAs He BakimHupoBaHs! 120 15 (12,5%)

[TonydeHHble NaHHBIE COOCTBEHHBIX HCCJICIOBAaHHM, B CpPaBHEHUU C O(UIIMATHLHBIMH,
MOKa3ajiu, 9YTo (PaKkTUUEeCKH 3a00JIeBa€MOCTh KPYITHOTO POraToro CKOTa MacTepelyie3oM ropaszio
BhIIIIE. Apea macrepesuie3a Cper KPyImHOTO pOraToro CKOTa 0XBaThIBAET BCE MCCIENOBaHHBIC 12
obnacteit Kazaxcrana, HO cTeleHb HEOIArOnoMydnsi BApbUPYET B 00JIee NTUPOKUX Mpeenax.

Haubonee HeOGmaromoqydHbIMH TIO 3a00JE€BAEMOCTH IACTEPEIUIC30M CpPEAr KPYITHOTO
poratoro ckorta sBigtoTcs Ke3buiopaunckas, Kaparanaunckas, 3amagHo-KazaxcraHckas,
Typkectanckas obnacTu, T[e T[OKa3aTelyd TMPEBBIMIAIOT AHAJIOTUYHBIE TOKa3aTeNd TI0
octaibHbIM pernoHaMm PK. 3a ananusupyemsriii mepuon u3 1435 nccnenoBanusix mpod mo PHI'A
HOJIOKUTENBbHBINA pe3yabTaT Obl1 oTMeUeH B 192 ciyyasx, uro coctaBuio 13,38%.

3akiaouenne

B 2021 rony na tepputopusx PK Obuto BBISIBICHO 6 04aroB macrepeiuie3sHo HH(GEKIUU B
4-x obmactsax (AkTioOWHCKast, AKMONMHCKas, AnmaruHckas U Bocrtouno-Kasaxcranckas), B
KaKJI0M U3 KOTOPBIX ycTaHoBJIeHO oT 1 10 2 D0. JlanHbie 061acTy OBUTH OTHECEHBI K 30HAM CO
cpemHel  cremeHbl0  pacmpoctpaHeHuss uHGpeknwn. [lo  pesyapTatam  cOOCTBEHHBIX
CEPOJIOTMUECKUX HCCIIEOBaHUN K HEOJIaromnoly4YHbIM IO 3a00JI€BaHMIO OOJACTSIM OTHOCATCS
Ke3pmopaunckas, Kaparannuuckast, 3anagno-Kazaxcranckas, Typkecranckast 001acTu.

N3ydenne naHHBIX O MacTepeyie3e KPymHOro poratoro ckora 3a 2021 r. mo3BosisieT
yTBEpXkKAaTh, YTO 3Ta OOJE3Hb MOMYYWIIa IIUPOKOE PACIPOCTPAHCHUE U SIBIISETCS CEPbE3HBIM
NPEMSITCTBUEM DPa3BUTHUIO CKOTOBOJCTBA. bosblioe 3HaueHHe B pacHpOCTpaHEHUH OOJe3HU
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UMEIOT XHBOTHBIE — ITaCTEPEJIOHOCHTENH, OCOOCHHO B XO3SICTBaX, I€ PETHCTPUPYIOTCS
MOBTOPHbIE BCHBINKK HH(ekuu. [l nacrtepemsie3a XapakTepHbl CTAllMOHAPHOCTH, YTO
0OYCIIOBIIEHO TAacTEPEJUIOHOCUTEILCTBOM CpeIu HEOMaromoiyyHbIX TpYIN JKUBOTHBIX U
MOBTOPHBIMM  BCIBIIIKaMU  3a00JieBaHUS MpPH  CMELIAHHOM  COJIEP)KaHWU  YKUBOTHBIX
[IaCTEPEIIIOHOCUTENIEH CO 30POBBIMU I'PYIIIIAMHU.

DuHAHCHPOBaHUE

Pa6ota Beimonaena B pamkax [IIId MCX PK (2021-2023 rr.) mo npoekty «M3yduthb
AMU300TOJIOTHYECKYIO XapaKTePUCTHKY Tepputopun crpaHbl no mnacrepemwiesy KPC wu
pa3paboTaTh BETEpUHAPHO-CAHUTAPHBIE MEPONPUATHUS IO MOBBIIIEHUIO UX 3D (HEKTUBHOCTI Y.
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IPI KAPA MAJIJIBIH MACTEPEJLJIE3IH CEPOJIOTUSLIIBIK OIC
BOMBIHIIIA BAJIAY

Tyiiin

Byn makanana ipi Kapa Mas nmactepeiuie3iHe Tikeleill eMec reMarrfJloTHHALMS PeakIuIAChIHIA 1pi
Kapa MaJbIHBIH KaH capbICyJaphl YITiICpiH 3epTTey HOTHXKeNepi, connaii-ak Kazakcran Pecrybmukach
Aybll MIApyalIblIbIFel MUHUCTPJIIrT BeTepuHapusulblK Oakpliay jkoHE Kajgaraiay koMmureTiHiH 2021
JKBUTFa apHaJIFaH BeTePUHAPHUIIBIK eceOiHiH AepexTepi OepinreH. Artanran mHbekius 6oibprama 2021
JKBLTFa AMU300TUSIIBIK KaFal aHbIKTanbl. PeciyOnukanbiy 4 oOnbickiHaa (AKTe0e, AKMoIa, ATMaThI
skone LIsFeic KazakcTan) ipi Kapa Mal mactepesuie3iniy 6 omrarsl aHBIKTAIARL, oyapaa 1-men 2-re neiin
SMMU300TUKAJBIK OIIAaK (apbl Kapai 90) aHBIKTAIABL. [pi Kapa MalIbIH KaH CaphICyBIHBIH 3epTTenreH 1435
ceiHaMmachliHaH 192 xarmaiina oH HoTIKe Oaiikansi, 13,38% kypanasl.

KinTri ce3nep: Pasteurella multocida, IKM mnacrepemnnesi, ceposnorusuibik 6anay, TEL AP, tutp.
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DIAGNOSIS OF PATEURELLOSIS IN CATTLE BY SEROLOGICAL METHOD
doi:10.53729/MV-AS.2023. 02.12

Abstract

This article presents the results of studies of blood serum samples of cattle in the reaction of indirect
hemagglutination to pasteurellosis of cattle and reporting of the Veterinary Control and Supervision
Committee of the Ministry of Agriculture of the Republic of Kazakhstan for 2021 and based on our own
research. The epizootic situation for 2021 for this infection has been determined. 6 foci of pasteurellosis of
cattle were established in 4 regions of the republic (Aktobe, Akmola, Almaty and East Kazakhstan), in
which from 1 to 2 epizootic foci (further in EU) were determined. Of the 1435 studied samples of blood
serum of cattle, a positive result was noted in 192 cases, which amounted to 13.38%.

Keywords: Pasteurella multocida, pasteurellosis of cattle, serological diagnosis, indirect
haemagglutination reaction, titer.

Pasteurellosis is a zooanthroponotic disease is a big problem for both veterinary medicine
and medicine. Due to this, strict adherence to preventive measures is necessary, and in the event
of an outbreak, its fastest elimination [1,6,9].

Pasteurella multocida is a zoonotic pathogen that can cause respiratory distress in a variety
of animals. In cattle P. multocida is one of the main microorganisms causing a complex of
respiratory diseases in cattle with huge economic losses [2,3].

Respiratory disease of cattle is a multifactorial complex of diseases in cattle [4,5].
Pasteurella multocida is one of the most important bacterial pathogens associated with respiratory
diseases in cattle [6,7,8]. A large range of susceptible animals, the exceptional adaptability of the
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pathogen to living in the body of various species of living beings largely contribute to the
widespread spread of pasteurellosis [3,10].

The disease can be accompanied by high (up to 100%) mortality, decreased productivity,
and long-term carriage of pathogenic forms of the microbe. In addition, pasteurellosis in these
animals can cause the appearance of the disease among other mammalian species and the
emergence of new epizootic foci [8,11,12].

Materials and methods of research

The study of the epizootological characteristics of the country's territory for pasteurellosis
of cattle was carried out by analyzing the data of the veterinary reporting of the Veterinary Control
and Supervision Committee of the Ministry of Agriculture of the Republic of Kazakhstan for 2021.

To determine the current epizootic situation for cattle pasteurellosis in the republic, in 2021,
employees of KazSRVI and its branches were sent to the EU (farm, LLP, own farm, villages, etc.)
of 12 regions of the Republic of Kazakhstan (Almaty, East Kazakhstan, Kyzylorda, Pavlodar,
Turkestan, Zhambyl, Aktobe, West Kazakhstan, Akmola, Karaganda, North Kazakhstan, Kostanay
region) with different epizootological status in order to select biomaterial (blood serum, nasal
discharge) for research in the laboratory of the Kazakh NIV and assess the epizootic state of these
economic entities for cattle pasteurellosis.A total of 1435 blood serum samples were taken for
serological testing at the indirect haemagglutination reaction.

The presence in the blood serum of animal antibodies to the causative agent of pasteurellosis
was determined in the indirect haemagglutination reaction using an erythrocyte antigenic
pasteurellosis diagnosticum.

We used a ready-made diagnostic kit "Diagnosticum erythrocyte pasteurellous antigenic,
dry”, manufacturer of RSE on REM "National Scientific Center for Especially Dangerous
Infections named after M. Aikimbaev", Ministry of Health of the Republic of Kazakhstan (series
010422 B / C No. 210, valid until 04/20/2024 ). Diagnostic antibody titer 1:100.

Diagnostic kit components:

1. Twin-80 in breeding 1:100000

2. Test serum

3. Serum Pasteurella agglutinating liquid 1:10 (positive control)

4. Diagnosticum erythrocyte pasteurellous antigenic, dry 2.5%.

Results and discussion

In 2021, a total of 6 foci of pasteurellosis infection were registered on the territory of the
Republic of Kazakhstan in 4 regions (Aktobe, Akmola, Almaty and East Kazakhstan), in which
from 1 to 2 EU’s were found. These areas were classified as a zone of medium spread of infection.
10 regions of the republic are classified as safe zones (Karaganda, Zhambyl, South Kazakhstan,
Kyzylorda, Kostanay, North Kazakhstan, Pavlodar, West Kazakhstan, Atyrau, Mangystau). The
territory of the Republic of Kazakhstan with a high degree of spread of cattle pasteurellosis in
2021 has not been established. The results of the zoning of the territory of the Republic of
Kazakhstan on the spread of pasteurellosis of cattle are shown in figure 1.
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Figure 1 - Zoning of the territory of the Republic of Kazakhstan into zones according to the degree of
spread of pasteurellosis infection among cattle.
(According to the Veterinary Control and Supervision Committee of the Ministry of Agriculture of the
Republic of Kazakhstan for 2021 year)

For the study of cattle pasteurellosis, we took a biomaterial, according to the calculation of
a sample of animals from epizootological units (EU) to be studied, in the amount of 1435 blood
sera for serological studies.

All material delivered to the bacteriology laboratory of LLP KazSRVI was subjected to a
serological test (blood serum according to indirect haemagglutination reaction).

Serological diagnostics was carried out by the indirect hemagglutination reaction (IHAR),
based on the detection of an antigen-antibody complex.

For its implementation, the following components were used: the test serum, TWEEN-80,
physiological saline, pasteurellous agglutinating serum, pasteurellous erythrocyte diagnosticum.

When sticking and evenly covering the bottom of the well with sensitized erythrocytes, the
reaction was considered positive. If the antibodies did not correspond to the antigen, the complex
was not formed, visually, the erythrocytes are located at the bottom of the well in the form of a
button - the reaction is negative.

Results studies are presented in table 1.

Table 1 - The results of the study of cattle blood serum for pasteurellosis by the IHAR method (for 2021
ear)

Ne Areas Vaccination Number of IHAR (%)
samples
1 2 3 4 5
1 Almaty not vaccinated 146 13 (8.9%)
2 Turkestan not vaccinated 120 22 (18.3%)
3 Karaganda not vaccinated 119 24 (20.1%)
4 Kyzylorda not vaccinated 118 27 (22.8%)
5 East Kazakhstan not vaccinated 120 12 (10%)
6 Zhambyl not vaccinated 102 10 (9.8%)
7 West Kazakhstan not vaccinated 116 22 (18.9%)
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Table 1 continued

1 2 3 4 5

8 North Kazakhstan not vaccinated 116 8 (6.9%)
9 Pavlodar not vaccinated 120 19 (15.8%)
10 Kostanay not vaccinated 118 5 (4.2%)
11 Aktobe not vaccinated 120 15 (12.5%)
12 Akmola not vaccinated 120 15 (12.5%)

The data obtained from our own studies, in comparison with the official ones, showed that
the actual incidence of pasteurellosis in cattle is much higher. The range of pasteurellosis among
cattle covers all the studied 12 regions of Kazakhstan, but the degree of trouble varies widely.

The most unfavorable in terms of the incidence of pasteurellosis among cattle are Kyzylorda,
Karaganda, West Kazakhstan, Turkestan regions, where the figures exceed those in other regions
of the Republic of Kazakhstan.

During the analyzed period, out of 1435 samples studied by IHAR, a positive result was
noted in 192 cases, which amounted to 13.38%.

The study of data on cattle pasteurellosis over the past 2021 year suggests that this disease
has become widespread and is a serious obstacle to the development of cattle breeding.

Conclusion

In 2021, 6 foci of pasteurellosis infection were identified in the territories of the Republic of
Kazakhstan in 4 regions (Aktobe, Akmola, Almaty and East Kazakhstan), in each of which from
1 to 2 EOs were established. These areas were classified as zones with an average degree of
infection. According to the results of our own serological studies, the Kyzylorda, Karaganda, West
Kazakhstan, Turkestan regions are classified as unfavorable for the disease.

The study of data on cattle pasteurellosis for 2021 suggests that this disease is widespread
and is a serious obstacle to the development of livestock. Animals carrying Pasteurella are of great
importance in the spread of the disease, especially in farms where repeated outbreaks of infection
are recorded. Pasteurellosis is characterized by stationarity, which is due to Pasteurellosis among
disadvantaged groups of animals and repeated outbreaks of the disease when the content of
pasteurell-bearing animals is mixed with healthy groups.
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AHHOTANUA

[Mmennyno-pkaHON THOpPUA - TpuUTHKaie, oOmagas OOraThIM AMHHOKHCIIOTHBIM COCTaBOM H
HOHIKECHHBIM COJICp)KaHHEM TIIIOTEHA B COCTaBE MYKH, HAa CETOJHAIIHUN JCHB SBISCTCS NEPCIIEKTHBHOMN
3€pPHOBOM KYJIBTYPOH IS MCHOJIB30BaHUS B XJEOONMEKapHOM Mpou3BoAcTBe. OIHAKO TPaJUIMOHHBIC
peLenTypbl, KOTOpbIE MPUMEHSIOTCS JUIS BBIICYKH MIICHUYHOTO M PXKAHOTO XJieOa, HE MOJAXOJST IS
TPUTHKAJIEBOTO, TPeOYsI HOBOTO IOAX0/a K TEXHOJIOTMU PUTOTOBIEHH. [l yIIydIIeHus: CBOMCTB TecTa
Y TOTOBOW BBINEYKH HCIIOJb30BaHA 3aKBacKa Ha OCHOBE KOHCOPIIMYMa MOJIOYHOKHCIBIX Oaktepuii. B
COCTaB KOHCOpIIMYMa BOLUIM TpH InTamma saktodakrepuid: Limosilactobacillus fermentum 311,
Limosilactobacillus pontis 9K3, Lacticaseibacillus paracasei 126. Ha ocHoBe KoHCOpHHyMa OBLIH
pa3paboTaHbl HECKOIBKO BHJOB 3aKBACKH, COJEPXKAIIMX TPUTHKAIEBYIO M MIIEHHYHYIO MYKY, BOIY U
KOHCOpUMYM. BbUTH ompeneneHsl KUCIOTHOCTh, aHTarOHUCTHYECKas W ()EPMEHTATHBHAS aKTUBHOCTh
3akBacku. OcyiecTiieHa poOHas BBINEUKa xjiebda ¢ pa3HbIM COJIEpP)KaHHEM 3aKBACKH, B XOJIe KOTOpOU
OBLIO ompeneneHo, 4To AoOaBieHHe 3akBacku B KonmdecTBe 10% B TEXHOIOTHMYECKOM Tpoliecce
BBIPA0OTKH TPUTUKAIEBOTO XJieOa MO3BOJISET COKPATUTH MPOIOIDKUTEIBHOCTh PACCTOMKM Ha 12 MUHYT,
yIy4IIaeT Ka4eCTBO FOTOBOTO MPOIYKTa U YBEIHMYMBACT CPOKU XPAaHEHUsI TOTOBBIX U3ICTHHI 10 5-6 CYTOK,
a TaKKe TOBBIIIAET YCTOMYMBOCTD XJieba K «KapToQerbHON 00Ie3HM» U TUIECHEBEHHUIO 332 CUET BBICOKOH
AQHTarOHUCTUYECKOI aKTHBHOCTH MPOOHOTHYECKHX MUKPOOPTaHH3MOB 3aKBACKH.

KiioueBble cjioBa: TpUTHKAJIE, MOJIOYHOKHCIIBIE OaKTepHH, MPOOHOTHYECKasl 3aKBaCKa.

H3BecTHO, 4TO NMEIOIas IPUOPUTET B UCIIOIb30BAHUH NIIICHUIA HEJOCTATOYHO YCTOWYUBA
K psly 3a00J1€BaHUM, CTPAZAET OT SKCTPEMAIbHBIX SKOJOIMUECKUX YCIOBUI, UMEET OHUKEHHOE
COZlepKaHUe psifla HE3aMEHUMBIX aMUHOKHUCIIOT, B IIEPBYIO Odepelb, au3nHa. lIpenmymectsom
P’KH SABIISIOTCS BBICOKHME MPOJYKTUBHOCTh U YCTOMUMBOCTh K HEOJAronpUsATHBIM YCIOBUSM, B TO
e BpeMsS OHa OTIMYaeTCs HHU3KUMH XJIeOONEKapHBIMH CBOMCTBaMU. B cB3M C 3TuM,
NpPEACTaBIsIeT MHTEPEC 3€pHOBas KylbTypa TpPUTHKale, NpeAcTaBistomas co0oi rudbpun
nieHunsl 1 pxkd. [upokoe u ObICTpoe pacnpocTpaHeHUE TPUTHUKAJIE MPOU30ILIO Ojaronaps
BBICOKOW YpO>KaWHOCTH, HENPUXOTIUBOCTU B BO3JENbIBAHMM (YCTOMUMBOCTU K OOJE3HSM,
MO3BOJIAIOIIEN MCKIIIOUUThH MPEANIOCEBHOE MPOTPABIMBAHUE CEMSH, BBICOKOW 3MMOCTOMKOCTH),
HOBBIIICHHOMY COJICP)KaHHIO JIN3MHA U YHHBEPCAJIbHOCTH B HCIIOJIb30BaHuH [ 1-5].

BwMmecte ¢ Tem, OTCyTCTBHE NPAKTUYECKON peain3allii TEXHOJIOTHU XJieba U3 TpUTHKAIIE,
HU3Kas YAOBJIETBOPEHHOCTh IOTPEOUTENIEH aCCOPTUMEHTOM  XJIEOOOYIOYHBIX — M3AEIHH,
BBIABIISIEMAasi B IPOIIECCE COIMOJIOTMYECKHX OINPOCOB, a TAK)KE HEOOXOIUMMOCTh aKTyalH3alluu
IOJXO/M0B K OLEHKE MOTPEOUTENbCKMX CBOMCTB OOOTrallleHHBIX H3AEINi, OOOCHOBBIBAIOT
11e51ec000pa3HOCTh MPOBEACHUS UCCIIEIOBAaHUN B 3TOM HAIPABICHUH.

bonpmioil mHTEpeC NpEACTaBIAET NPUMEHEHUE B TEXHOJIOTMH MYYHBIX KOHIUTEPCKHX
U3JIeJIMA BMECTO MYKHU IMIIEHUYHOU BBICIIErO COPTa TPUTUKAIEBOW MYKH, KOTOpasi, BO-IIEPBBIX,
oTanyaerca 0ojee BBICOKMM COJEPKaHMEM *XMU3HEHHO Ba)KHOM aMHUHOKMCIOTHI JM3MHA B 1 T
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6emnka, 60IBIINM coaepxKaHueM pudodIaBuHa, THAMUHA, HEKOTOPHIX MaKpO- U MUKPO3JIEMEHTOB,
BO-BTOPBIX, 00JIQ/IaeT JIyYIIMMH TEXHOJOTHYECKUMH CBOMCTBAMH JIsl JAHHBIX BUJIOB W3ICIIHIA,
TaK KaK COJICPKHUT MEHbIIIE KICHKOBUHBI Cl1a0o0ii 1o kauecTBy [6-10].

Ha ocHOBaHWY KOMIUIEKCHBIX HCCIIEAOBAaHUM MTOKa3aTese 0€30macHOCTH, XJI1e00meKapHbIX
CBOWMCTB W COCTaBa 3epHA TPHUTHKAIE TEOPETUYECKH OOOCHOBaHA M HAyYHO MOJTBEPKICHA
11eJIECO00PAa3HOCTh €ro TMPUMEHEHUsS B TEXHOJOTHH MPOM3BOACTBA Xiseba. PaspaGoranHas
3aKBacKa Ha OCHOBE KOHcopimyma MosodHokucibix Oakrepuit (MKB) Limosilactobacillus
fermentum 3111, Limosilactobacillus pontis 9K3, Lacticaseibacillus paracasei 126,
AHTAarOHUCTHYECKH AaKTHUBHOTO B OTHOUIeHWH Oaktepuit Bacillus subtilis, MoxeT OBITh
UCTIOJIb30BaHA B TMPHUTOTOBIICHHWH  TPUTHKAIEBOTO  xyeba JUIs  3aIIUTBI  €ro  OT
MHKpoOHoorndeckoi mopuu [11-13].

Hay4nast HOBU3HA TaK)Ke 3aKIII0YaeTCsl B HAYYHOM 0OOCHOBAaHUH PEIETITYPhl H TEXHOJIOTHH
MPOU3BOJICTBA KOMOMKOPMOB C TMPUMEHEHHEM TIPOPOIICHHOTO 3€pHAa TpPUTUKAlE U
UCTIOJIb30BAaHUEM SKCTPY3MOHHOH TEXHOJOTHWU C IIETbI0 TIOBBIIICHHUS KAa4eCTBA M YBEIWYCHUS
CpOKa XpaHEHHUSI.

Martepuajabl 1 METObI HCCJIEIOBAHNS

OcHOBHBIMU 00BEKTaMU pa3pabOTKH CITY>KUJIN 3aKBacKa M XJieo.

OKCIEpUMEHTAIbHbIE HCCIEJOBAHUS MPOBOAMWIM C TOMOIIBI0O HUXE MPUBEICHHBIX
COBPEMEHHBIX METOJOB, MO3BOJSIIOIIMX HAa OCHOBE KOMIUIEKCAa TIOKa3aTelied IOIyYuTh
XapaKTEPUCTUKY ChIPbS U MPOTYKIIHH.

Jlns mosmydeHus 3aKBaCKM MCIOJIb30BAIM MYKY TPUTHKAJIE M MIIEHUYHYI0 MYKY BBICILIETO
copta. B kauectBe 3akBacku Ha ocHoBe MKbB ncnonbs3oBanu oToOpanHblil panee «KoHcoprmym
2», coctosmmii u3 Limosilactobacillus fermentum 3III1, Limosilactobacillus pontis 9K3 u
Lacticaseibacillus paracasei 126 B coorHomenun 1:1:1. Koncopuuym MKB BHOcHm B
NUTaTeIbHYI0 cpeny B Konnuectse 10%, kyapTuBHpOBanu npu temneparype 35+2°C B TeueHue
48 gacos.

O1eHKy OMOTEXHOJIOTHYECKUX CBOMCTB KOHcopumyMmMa (pH KyJnbTypaJlbHOW >KHIKOCTH,
KHCIOTOOOpa3yoIeld  aKTHBHOCTH, aHTaroHW3Ma) TPOBOAWUIM TIPU  KyJbTUBHPOBAHUU
MHUKpOOpranu3MoB Ha cpene MPC.

Jis  wWccnenoBaHWs —AHTarOHUCTUYECKOW aKTHMBHOCTH — MOJIOYHOKUCIBIX — OakTepuid
UCIoNb30BaIu MeTo 1 nudy3uu B arap. Ha moBepxHoCTh mmoTHoro arapa MITA B wamkax [letpu
3aceBan Ta3oHOM 0,1 MJI TeCT-KyIbTyphI ISl OINpENeTCHHs] aHTHOMOTHYECKON aKTUBHOCTU
Bacillus subtilis ATCC 6633 (1x10° KOE/mn). Ilocie 3aceBa TecT-KYIbTYpHl CTEPHILHBIM
OJI0KOPE30M BBIpE3JIN B Cpejie JIYHKH, JruaMeTpoM 10 MM, 1o 2 TyHKH Ha KaXKAbIH HCCIeyeMbIi
mraMM MKB. B kaxayto TyHKY BHOCHIJIM UCCIIEAYyEMBIN IITaMM B xkuakon cpeae MPC.

Tutpyemyro KUCIOTHOCTh ompenensanun metogoMm TepHepa. s storo ormepsuin 10 M
obpasna u mobGaBmsum 20 M IUCTWUTMPOBAHHOW Bombl W 3 kamum 1%-oro pactBopa
denondranenna. [lomydyeHHyl0 cMeCh mepeMemuBalId W TUTpoBaidu pactBopoM 0,1H egxoro
HaTpa [0 MOSBJICHHS cIa00-po30BOTO OKpAIIMBAaHUS, HE HMCUE3aIOIIero B TeueHue | MuH.
Pe3ynbrar ananusa mnodyyanau MyTeM pacdeTa KOJIMYecTBa IIEIOYH, YIIEAIEH Ha TUTPOBAHHE,
YMHO@€HHOro Ha 10.

PacnipocTpaneHHbIM MeTOAOM KOCBEHHOro ompeneneHuss aktuBHocth MKD  saBnsiercs
MPUMEHEHHE WHAMKATOPOB-KpacuTellel, BOCCTAHOBJIEHHbIE (POPMBI KOTOPBIX TMOJ JIEHCTBUEM
(GEepMEHTOB MHKPOOPTaHU3MOB HM3MEHSIOT OKpacky. Mbl ompenensiu (epMEeHTaTUBHYIO
aktuBHOCTh MKDB 1o ckopoctu nepexoaa romy6oit okpacku metuinenoBoit cunu (0,01% p-p) B
OecuBeTHyI0. B oHOCYTOUHBIX YnCTHIX KynbTypax MKB Hauano obecriBeunBaHusi METUIICHOBOU
CHHHU OTMEeYaoch uepe3 23-27 MuH, OJIHOE oOecIiBeunBaHne HacTymnano yepe3 50-70 muH. D10
CBUJICTEILCTBYET O BBICOKOH ()epMEHTATUBHOM aKTUBHOCTHU KYIBTYP.

Ha ocHOBe TpuTHKaneBOW M TMIIEHWYHOM MYKH CO3[ajyd TPU BapUaHTAa 3aKBACKU JJIA
CpaBHEHUS:
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Tputukanesas Mmyka + Boga + KOHCOPLIMLYM

TputukaneBas Myka u mieHnyHas Myk (1:1) + Boza + KoHCOpIIUYM

[Tiennynas Mmyka + Boja + KOHCOpUAYM

CootHomenne myku ¢ Bojoit 1:2 u 10% 3aceB koHCcOpImyMa

JlaboparopHble 00pa3mbl Xjieba TOTOBHIU CO CIEAYIOIIMM KOJUYECTBOM BHOCHMOM
3aKBACKH:

Oobpaszert 1 — KOHTPOJIb MO penenType 6e3 3aKBaCKU;

O6pa3er 2 — ¢ 3aKBackoi B komuecTse 5%;

Oo6pasern 3 — ¢ 3akBackoi B KonmuecTBe 8%;

O6pa3err 4 — ¢ 3akBackoii B konmmuectse 10%;

Obpaser 5 - ¢ 3akBackoii B konuuectse 12%.

B KkadecTBe KOHTPOJII HCIOJIB30BAIA OO0pa3lpl Xxjaeba W3 TPUTHKAICBOM MYyKH 0e3

3aKBackM. AHanM3 KayecTBa xuyeba mpoBoawiau uepe3 14-16 4 mocne BBIIEYKH 110

06H1€HpI/IH$ITBIM METOJHUKaM.

Pe3yabTaThl M 00Cy:KIeHHE

B mensx oTpaboOTKM ONTHMANbHBIX OMOTEXHOJOTMYECKUX PEKHMOB MOIyUCHUs
KOHCOpIMYyMa ObUIN MPOBEIEHBI HCCIEA0BAHUS 110 MOA00PY MUTATEIBLHOM Cpe/ibl, OTIPEAEIICHUIO
ONTUMAJFHOTO BPEMEHU KyIbTUBHUPOBAHUS, O0ECIEUYMBAIOIINX BBICOKUN THTp KieTok MKbB u
MaKCHMaJbHOE MPOSBICHUE UMH aHTarOHUCTUYECKUX CBOMCTB.

B npouecce 48 4acoB KyIbTUBUPOBAHHMS KOHCOPLIMYMa IMPOBOJAMJIACH  OIIEHKA
OMOTEXHOJIOTHYECKUX CBOMCTB - pH KymbTypanbHOM JKHIKOCTH, KHCJIOTOOOpa3yromen
aktuBHOCTH, antaronn3mMa MKbB B otHomenun B. subtilis ATCC 6633 u tutpa kietok (Tabmiuia

1).

Tabmmma 1 - XapakTepucTHKa TPOMBIIIIEHHO-TTEHHBIX CBOMCTB KOHCOPIIYMa

pH 4,05
Tutpyemas kucnotHocTb 1o TepHepy, °T 125 °T
Tutp kierok, KOE/mi 10 10
AHTaroHMCTUYECKAasi aKTUBHOCTb, MM 20,3 £0,3

Onpenensiu Bee moka3atenu uepes 24 u 48 yacos (Tabmuma 2).

Tabmma 2 - XapakTepuCTHKA TPOMBIIIIIEHHO-TIEHHBIX CBONCTB 3aKBACKH

Bapuantel
[Toxazarenu UYepes 24 gaca UYepes 48 yacos
T juinil T/TI1 T juinil T/TI1
pH 3,75 3,73 3,67 3,68 3,51 3,57
TuTpyemas KueioTHocTs 235 111 155 250 119 175
no Teprepy, °T
Tutp knerox, KOE/mn 101 101 10 1 1010 10 10 1010
AHTaroHucTUYeCKast
aKTUBHOCTH B oTHomeHuu | 17,0+0,1 14,0+0,2 19,0+0,1 17,0+0,1 13,0+0,1 15,0+0,1
Bacillus subtilis, mm
depMeHTaTUBHAS 42 65 56 43 72 57
aKTUBHOCTH, MUH
[Tpumeuanue — TpUTHKaJICBask MyKa, MIIICHUYHAs] MyKa, TPUTHKAJICBAs/ TIIIICHUYHAS MyKa
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HaunGonpmmii antaronnsMm MKB k 24 yacaM KyJbTUBUPOBAHMS MPOSBISIICS IPH
WCIIOJIb30BAHUU 3aKBACKM U3 MYKH TPUTHKAJE B CMECHU C MIIEHUYHOH MYKOH (AMaMeTp 30HBI
nonasnenuss pocra Bacillus subtilis 19 mm) n u3 tputukanesoir myku (17 mm). K 48 yacam
KyJIbTUBHUPOBAHUSI KOHCOPLIMYMa Ha CpeJie, C UCIOJIb30BAHUEM TOJIBKO TPUTUKAIEBOW MYKHU, €T0
AQHTarOHUCTHYECKAsi aKTMBHOCTh COXPAHAETCS, a HAa CMECH IUICHWYHOH MYKH W TpPUTHKaie
cHmkaercss a0 15 mm (pucyHok 1A). Haumbonee HWHTEHCHBHOMY KHCJIOTOHAKOIUICHHIO
CIOCOOCTBYeT 3aKBacKa Ha TpPUTUKaleBOM Myke. lcmonb3oBaHME  3aKBacKM — IpU
KYJIbTUBUPOBAHHH B TeueHHe 24 yacoB mo3BossieT goctiub tutpa 101 KOE/Mit. Uepes 48 gacos
tutp camsuics 1o 10° KOE/mn (pucysok 1B).

A

A - aHTaroHMCTHYECKash aKTHBHOCTh 3aKBAaCOK B OTHOIIIEHHH TecT-KynbTypbl Bacillus subtilis ATCC 6633
(1-myka TpuTHKaJE; 2-MyKa TPUTHKAJICHIIICHUYHAs MyKa; 3- MIIICHHYHAs MyKa)

I
| 1l

48 g

B - Tutp MKB, 244 - 10"KOE/Mmi; 484 - 101" KOE/mu;
Pucynok 1 - ®usnonoruyeckas akTHBHOCTh KOHCOPLIMYMa MOJIOYHOKHUCIIBIX OaKTepuii
XapakTeprCTHKa IPOMBIIUICHHO-IEHHBIX CBOMCTB BapHaHTOB 3aKBACKH W JUHAMHKA

(hepmeHTaTHBHOM akTUBHOCTH KOHcopimyma MKDB B mpoliecce KynTbTHBUPOBAHUS HA Pa3IHUHBIX
BapHUAHTAaX 3aKBACKH IMOKa3aHbl HA PUCYHKaxX 2 U 3.
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MyEA TMUSHIFHAA ~— TPHTHEALES
MyER

Pucynok 2 - XapakTepuCTHKa TPOMBIIIICHHO-TIEHHBIX CBOWCTB BApHAHTOB 3aKBACKH
(A- gepe3 24 qaca; b- uepe3 48 qacos;)

60
30
40
30
20
10

[Mmerwaras Myka  [pHIHEANsOmeRrgsas Mysa  Myea TpaTHREATS

2o
miiyg

Pucynoxk 3 — lunamuka hepMeHTAaTUBHOM akTHBHOCTH KoHCopimyma MKDB B mpomecce
KyJIbTHBHPOBAHHUS Ha PA3IMYHBIX BapUaHTaX 3aKBAcKH (OCh aOCIFICC — BAPUAHTHI 3aKBACKH;
0OCh OpJIMHAT — epMEHTATUBHAS aKTUBHOCTh, MIH)

Hamu nokazano, uro k 24 yacam u nocie 48 yacoB KynbTuBupoBanusi MKb munumanbHoe
BpeMs Hadajia 00eclIBeYMBaHHUS METUIICHOBOM CHHHM OTMEYAETCs Ha CPEZIe C TPUTHKAICBOW MYKOH,
MOJTHOE 00ECIIBEUMBAHKE B JAHHOM BapUaHTE HACTynayo uepes 42-43 MUH. ITO CBHIETEITLCTBYET
0 BBICOKOH (hepMEHTAaTUBHOI aKTUBHOCTH KOHCOPIIUYMa.
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TakuM 00pazoMm, ONTUMAIBHBIMH PEKHMaMU KYIbTHBHPOBAHUS KOHCOPIIMYMA IS
coxpaHeHus: Bbicokoro TtuTpa KiIetok MKDB # MakcuManbHOro TPOSIBICHUS HUMH
AQHTarOHUCTHYECKUX CBOMCTB SABISETCS 3aKBAaCKa Ha TPUTHKAJIEBOM MYyKE, MPOJIOJIKUTEIBHOCTD
KyapTHBHpoBaHuS 48 uacoB, TTp MKB — 10 KOE/Mi1, aHTaroHHCTHYeCKas aKTHBHOCTH B
otHowmeHuu B. subtilis — 17 mwm, ipu pH -3,68 u TuTpyemoii kucnornoctu - 250 °T.

[lonyyen mnareHT Ha mnoyie3Hy0o wmozaelb Ne7146 ot 27.05.2022 r. «KoHcopuuym
mukpoopranu3zmoB Limosilactobacillus fermentum 31111, Limosilactobacillus pontis 9K3,
Lacticaseibacillus paracasei 126, npeaHa3Ha4eHHBIH /15 IPUTOTOBJICHHUS 3aKBACOK JIJISl PAKAHOTO
U MIIEHUYHOTO XJ1e0a, aHTarOHUCTUYECKU aKTHBHBIN B OTHOIIEHUH OakTepuil Bacillus subtilis».

3akBacka Ha OCHOBE KOHCOPIIMYMa MOJIOUHOKHCIBIX OakTepwmii L. fermentum 31111, L. pontis
9K3, L. paracasei 126, aHTaroHUCTUYECKH aKTUBHOTO B OTHOILICHUM OakTepuil B. subtilis MOxeT
ObITh HCMOJb30BAaHA B MPUTOTOBJIEHUH TPUTHKAIEBOrO XJjebda Juis 3alluThl €ro OoT
MHUKpoOHonornyeckoit nopuu. [lomyden mareHT Ha Moie3HYI0 Mojienb «Crocod MpUroTOBICHUS
MPOOMOTHUYECKON 3aKBACKU ISl IPUTOTOBIICHUS XJ1e0a».

TexHoOMOrMYeCcKas CXxemMa aKTHBAIIMKA W UCTIOJIb30BaHUS 3aKBACKU COCTOUT U3 CIEIYIOIINX
JTaroB:

1. IlpuroToBnenue NpoOMOTUYECKOM 3aKBACKU M3 YUCTHIX KYJIbTYp (Pa3BOJOYHBIHN IIUKIT)

2. [TpurotoBiieHUE MTUTATEIBHON CPEIbI.

3. BeiOpaxkxuBaHue 3aKBaCKH.

4. OcBexeHre 3aKBACKU U Pacxo/i Ha IPOU3BOJICTBO.

Ha ocHOoBaHMM TmpOBENEHHBIX WCCIEAOBaHWNW Obula pa3paboTaHa  TEXHOJOTHS
xJ1€000yIOUHBIX U3/IETUH U3 3€pHA TPUTHKAJIE C HUCIIOJIb30BAHUEM MTPOOUOTUYECKOM 3aKBACKH.

B penentype B onbITHBIX 00pa3iax xyieba OyneT BHECEHA B pa3HBIX KOJIMUYECTBAX 3aKBACKA,
MOJIyueHHasi Ha OCHOBE KOHCOpLUMYyMa U3 3-X IITaMMOB MOJOYHOKHUCIBIX OakTepuil asis

npefoTBpalieHus  «kaprodenbHoit  Oomeznm»  xieba. Jlns  BbIOOpa  ONTHUMAaIBHOTO
KOJIMYECTBEHHOTO BHECEHMS 3aKBACKM IPUTOTOBIEHBI OOpaslbpl xyeba ¢ pasIudHBIM ee
CofiepKaHUEM.

B mpuroroBieHHBIX 00pa3nax ONpenessuid OpraHOJeNTUYeCKHe, (U3NKO-XUMHUYECKUE
[oKa3aTear KayecTBa U MHUKpPOOMOJOTHYECKYI0 YCTOMUMBOCTH K KapTodenbHoi Oone3nu. B
Tabnuiie 3 TpUBEIACHBI IOKa3aTeNW KadecTBa moiydadbpukaToB u xjieba ¢ goOaBieHHEM
Pa3IMYHBIX KOJIMYECTB 3aKBACKH.

Tabmuua 3 — 3aBHCHMOCTh KadecTBa 1moay(hadpuKaToB U xjieda, MOTyYeHHBIX 0€30MapHbIM CIIOCOOOM, OT
KOJINYECTBA BHOCUMOH 3aKBaCKH

HaumenoBanue KonTposs (6e3 C 3aKBacKoil B KOJIMYECTBE, %o
nokazarerst 3aKBACKH) 5 8 10 12
KauectBo TecTa:
TponoskureLHOCTE 150 150 150 150 150
OpOKCHMS, MUH
Temnepatypa, °C 30£2 30£2 30x2 30£2 30£2
Brnaxxnocts, % 47,5 47,3 474 47,4 47,5
Kucnornocts, rpan 3,8 4,8 6,8 7,2 10,4
Hpo;[onxclv/ITeanOCTL 60 55 52 48 46
paccToiku, MUH
KauecTBo roroBoro xieba:
Obsem x1cba, 2305 240 250,4 260,4 265,83
cm®/100r
BraaxsocTs, % 46,2 46,0 46,4 46,5 46,4
[opucrocts, % 66,8 67,3 67,9 68,2 68,6
Kucnornocts, rpan 3,6 4,0 5,2 5,8 8,0
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OpranojenTrudeckas oleHKa xjaeda

dopma [IpaBunbHas, 6e3 TPEIIUH U TOPEIBOB
KopuuneBslii CBeT0-KOpUIHEBBI
Kopka
PaBHOMepHas, | PaBHoMepHn | PaBHomepHa | PaBHoMepHas, | PaBHOMepH
TopreTocTs MeJKas as, MenKas, | s, MeJKas, Ooree mMenkasi, | asi, MeJuKas,
p TOJICTOCTEHHA | TOJICTOCTEH | TOJCTOCTEHH | TOJCTOCTEHHA | TOJICTOCTEH
o Hasl ast o Hasl
He nunxui,
CocTosiHNE MSKHUIIIA XOpOIIO He nunkuii, XopoImo nponeyeHHbli, 3aCTUYHBIA
MIPOTICUCHHBIHN
N CBoilicTBeH N SApxo
CBOICTBEHHBI . CBoiicTBeHH N
i Ges HEIH, 0e3 o CBOMCTBCHHBI | BBIPKCHH
’ TTOCTOPOHH > U TIPUATHBIA | BIH KHCITBIHA
Bkyc u 3amax MTOCTOPOHHETO MIPHUATHBIMN,
ero . MIPUBKYC U apomar u
TIpUBKYCa, XJIEOHBIN N
N MIPHUBKYcCa, apomar KHUCIIBIN
MIPECHBIH o MIPHUBKYC
MTPECHBIN BKYC
MuxkpoOuonoruieckas
YCTOHYHMBOCTB K 3abomnen He 3a06o0nenu B Teuenue 120 yacos
3200JIeBaHUIO gepe3 48
«KapTodeTbHOM 4acoB
001e3HM

B cooTtBercTBUM ¢ pe3ynbTaTaMmy, NPEACTaBICHHBIMM B Tabmuie 3, NMpU BHECEHUU
MOJIOUHOKHUCJION 3aKBAaCKU B KOJMYECTBE OT 5 10 12 % K Macce MyKH HaOIIOAaIOCh COKpAIICHUE
MPOJIOJDKUTEIIBHOCTH  PAcCTOMKM 10 14 MUHYT, yBeIWYeHHE YAEIbHOTO o0bema XJjeba,
MOPUCTOCTU Ha 2,2 % W MOBBIIIEHUE TUTPYEMON KHCIOTHOCTH Ha 6,4 °T. OnHako yBenndeHue
JIO3UPOBKHM MOJIOYHOKHCIION 3aKBacku A0 12% oTpuuaTeNnbHO BIMAIO HA BKYCOBBIE KA4eCTBA U
apomaT uzaenuil. OTCyTCTBHE B TPUTHUKAJIEBOM TECTE KJICHMKOBMHHOIO KapKaca M IMENTU3alus
3HAYUTEIbHOM YacTh O€JIKOB O0OYCIOBIMBAIOT CHEHU(UUECKUE PEOJOTHYECKUe CBOMCTBa
TpuTHKaneBoro tecta. OHO He MPWIMINAET K pyKaM, KOHCUCTEHIMsS TimHooOpaszHas. [lpu
pa3KeBbIBAaHUM MSKHUIIA OLIYIIAETCS KUCIBIA MPUBKYC U 3amax xjeba ¢ ucronb3oBanuem 12 %
3aKBacKu. Takke OKpacka KOpPOK H3JeIHil mojiydaercs OoJiee OJICMHOW W3-3a TMOBBIIICHUS
KHCIIOTHOCTH.

[IpoBeneHHbIE HCCIEAOBAHUS CBUIETEILCTBYIOT O MOJOKUTEIBHOM BIHUSHUUA BHECCHUS
MOJIOYHOKHCIJIOHN 3aKBAaCKM Ha Ka4yecTBO Xjie0a U3 TPUTUKAIEBOH MYKH.

3akiaro4eHue

Ha ocHoBaHuU NpOBENEHHBIX HCCIENOBaHUN OblIa pa3paboTaHbl TEXHOJIOTHUS U PEXKUM
NPUTOTOBIICHUS TPUTUKAIEBOTO Xje0a ¢ 100aBICHHWEM 3aKBAaCKM Ha OCHOBE MOJOYHOKHCIIBIX
OakTepuil.

Hcnonp3oBaHne 3aKkBacKM MOJOYHOKUCIBIX Oakrtepuii B  komumuectBe 10% B
TEXHOJIOTMYECKOM TIpOIlecCe  BBIPAOOTKH TPUTHKAJIEBOrO XJieba IMO3BOJSIET COKPATUTh
IPOIOJDKUTEIBHOCTh PACCTOMKM Ha 12 MUHYT, yJaydIIaeT KadecTBO (B TOTOBOM IPOJYKTE
YBEJIMYUBAIOTCA YAETbHBIM 00bEeM, Macca M IMOPHUCTOCTb, YIYYIIAeTCsl apoMaTr U BKYC) U
YBEIMYHBACT CPOKU XPAHEHHSI TOTOBBIX M3JIEIHI 10 5-6 CYTOK, a TaK)Ke MOBBIIIAET YCTOHYNBOCTD
xneba Kk «kaptodenbHONH OO0JE3HW» W TUIECHEBEHHIO 3a CUET BBICOKOW aHTAarOHMCTHYECKOM
AKTUBHOCTH NMPOOHOTHYECKUX MUKPOOPTaHU3MOB 3aKBACKH.
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DUHAHCHPOBaHUE

HccnenoBanusi mMpoBeJeHbl B PAMKax BBINOJHEHHUS NpoekTa «Pa3paboTka TEXHOJIOTHH
XJIEOOOYJIOUHBIX, MYYHBIX KOHIMUTEPCKUX H3JEIUNA M KOMOMKOPMOB Ha OCHOBE HOBBIX
OTEYECTBEHHBIX COPTOB TPUTHKAJIE» B paMKax Hay4HO-TEXHUYECKOW nporpammbel BR10764977
«Pa3paboTka COBpeMEHHBIX TexHOJOruid mpousBojacTBa bAJloB, ¢(epmeHTOB, 3aKBacok,
KpaxMaya, Macel M Jp. B LEIIX 00eCHedeHHs pa3BUTUS IHUILEBOM INPOMBIIUIEHHOCTH
OroxeTHO mporpamMmel 267 «lloBblieHHE AOCTYMHOCTH 3HAHMM M HAYYHBIX HCCIEIOBAHUII
noanporpamma 101  «IIporpamMmmHO-TIeieBOe (PUHAHCHPOBAHWUE HAYYHBIX MCCIICIOBAaHUM U
MeponpusaTHii» MuHHCTEpCTBa CenbcKoro xo3siictBa PecrnyOnmuku Kazaxcran na 2021-2023
TOJIBI.
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CYT KbIIKBbIJIAbI BAKTEPUAJIAPBIHA HET'T3JIEJI'EH AILIBITKBIHBI
KOJIJAHA OTBIPBIIT TPUTUKAJIE YHBIHAH )KACAJIFAH HAH OHIMJIEPIH
OHPIY TEXHOJIOTHUACHI

Tyiiin

bunaii-kapa 6mmait ruOpuIi — TPUTHKAJE, AMIUHKBIIIKBIIIBIK KYpaMbl 0aii ’KoHe YHHBIH KypaMbIHIa
TJIOTEHI a3, OYTiHTI KYHI HaH OHIMIEPiH OHIIPyAe KOJIAHBUIATHIH MEPCICKTUBAIBI JOH/I JAKbII OOJIBITT
Tabbutazapl. Jlerenmen, Oumail MeH Kapa Oupail HAaHBIH MICipy YIUiH KOJJAHBUIATBHIH JOCTYPIIi pelentTep
TPUTHKAJIE YIIiH >KapaMChI3, MiCipy TEXHOJOTHACHIHA KaHA KO3KapacThl Tajam ereai. KaMbIpasiH KoHEe
JMalbIH OHIMHIH KacHeTTEpiH JaKcapTy YINH CYT KBIIIKBUIBI OaKTepUsIIaphIHBIH KOHCOPIIMYMBIHA
HETi3/Ie/ITeH allbITKBIHBI Al janany Typajibl eniM Kaobsuraanasl. Koncopiuymra nakroOakTepusiiap by
ym mrammel - kipai:  Limosilactobacillus  fermentum 31101, Limosilactobacillus pontis  9KS3,
Lacticaseibacillus paracasei 126. Koncopiiuym HeTi3iHOe TpUTHKAje KoHE Onmail YHBIHAH, Cy JKOHE
KOHCOPIIMYM  KOCBUIFaH  aIBITKBIHBIH OipHEme Typi o3ipJieH[Ii. AMIBITKBIHBIH  KBIIKBUIIBIFEI,
AHTaroOHUCTIK >KoHE pepMeHTaTUBTI Oercenaiir enmenai. KypaMbeinaa spTypai Meniepaeri aibITKbIMEH
TOXIpUOEIiK HaH Micipy KYPri3uULii, OHBIH OapBICHIHIA TPUTHKAJIEC HAHBIHBIH TEXHOJIOTHSIIBIK MPOIIeCiH/Ie
ambITKBIHBIH 10% Menmiepinie KOChUTYbl HAHHBIH KOTEPLTY YaKbIThIH 12 MUHYTKA KbICKAPTYFa MYMKIHIIK
OepeTiHi, HAaHHBIH CanachlH XaKCapTAaThIHBI JAlbIH OHIMII OHE NaiblH OHIMHIH cakTay Mep3iMiH 5-6
KYHT€ JeHiH apTThIpaTbIHBI, COHBIMEH KAaTap AambITKBIHBIH NPOOHOTHUKAJIBIK MHUKPOOPTaHU3MAEPiHIH
JKOFaphl aHTarOHHUCTIK OeJICeHAUTITiHE OalIaHBICTHI HAHHBIH «KapTOIl aypybIHA» )KOHE 3€HIe TOIIMALIITIH
apTTHIPATHIBI AHBIKTAIIBI.

Kiarri ce3nep: Tputukane, nakTodakTepusiiap, MpoOHOTHKAIBIK AIIBITKBI.
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TECHNOLOGY OF PRODUCTION OF BAKERY PRODUCTS MADE OF TRITICALE
FLOUR USINGA STARTER CULTURE BASED ON LACTIC ACID BACTERIA

doi:10.53729/MV-AS.2023.02.13

Abstract

Wheat-rye hybrid triticale, having a rich amino acid composition and a reduced gluten content in
flour, is currently a promising grain crop for use in bakery production. However, traditional recipes that are
used for baking wheat and rye bread are not suitable for triticale, requiring a new approach to cooking
technology. To improve the properties of the dough and the finished baking, a starter culture based on a
consortium of lactic acid bacteria was used. The consortium includes three strains of lactobacilli:
Limosilactobacillus fermentum 3H1, Limosilactobacillus pontis 9K3, Lacticaseibacillus paracasei 126.
Based on the consortium, several types of starter cultures containing triticale and wheat flour, water, and
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the consortium were developed. The acidity, antagonistic and enzymatic activity of the starter were
measured. A trial baking of bread with different sourdough content was carried out, during which it was
determined that the addition of sourdough in an amount of 10% in the technological process of producing
triticale bread reduces the duration of proofing by 12 minutes, improves the quality of the finished product
and increases the shelf life of finished products up to 5-6 days, and also increases the resistance of bread to
"potato disease" and mold formation due to the high antagonistic activity of probiotic microorganisms of
the starter culture.
Keywords: triticale, lactobacilli, probiotic starter culture.

It is known that wheat, which has priority in use, is insufficiently resistant to a number of
diseases, suffers from extreme environmental conditions, has a reduced content of a number of
essential amino acids, primarily lysine. The advantage of rye is high productivity and resistance to
adverse conditions, at the same time it has low baking properties. In this regard, the triticale grain
crop, which is a hybrid of wheat and rye, is of interest. The wide and rapid spread of triticale
occurred due to high yields, unpretentiousness in cultivation (resistance to diseases, allowing to
exclude pre-sowing seed treatment, high winter hardiness), increased lysine content and versatility
in use. [1-5].

At the same time, the lack of practical implementation of triticale bread technology, low
consumer satisfaction with the assortment of bakery products revealed in the process of
sociological surveys, as well as the need to update approaches to assessing the consumer properties
of enriched products, justify the expediency of conducting research in this direction.

Of great interest is the use in the technology of flour confectionery products instead of wheat
flour of the highest grade tritical flour, which, firstly, has a higher content of the vital amino acid
lysine in 1 g of protein, a high content of riboflavin, thiamine, some macro- and microelements,
and secondly, has better technological properties for these types of products, since it contains less
gluten of weak quality [6-10].

Based on comprehensive studies of safety indicators, baking properties and composition of
triticale grain, the feasibility of its use in bread technology has been theoretically substantiated and
scientifically confirmed. The developed starter culture based on the consortium of lactic acid
bacteria Limosilactobacillus fermentum 3H1, Limosilactobacillus pontis 9K3, Lacticaseibacillus
paracasei 126, intended antagonistically active against bacteria Bacillus subtilis can be used in the
preparation of triticale bread to protect it from microbiological spoilage [11-13].

The scientific novelty also lies in the scientific substantiation of the formula and technology
for the production of compound feeds using sprouted triticale grain and the use of extrusion
technology in order to improve quality and increase shelf life.

Materials and methods of research

The main objects of development were sourdough and bread.

Experimental studies were carried out using the following modern methods, which make it
possible to obtain characteristics of raw materials and products based on a set of indicators.

Triticale flour and wheat flour of the highest grade were used to obtain the starter culture.
The selected "Consortium 2", which includes Limosilactobacillus fermentum 3H1,
Limosilactobacillus pontis 9K3, Lacticaseibacillus paracasei 126 in a culture ratio of 1:1:1. The
consortium of lactic acid bacteria was introduced into the nutrient medium in an amount of 10%,
cultured at a temperature of 35 £ 2°C within 48 hours.

To study the antagonistic activity of cultures of lactic acid bacteria, the method of diffusion
into agar was used. 0.1 ml of a test culture was sown on the surface of a dense MPA agar in Petri
dishes to determine the antibiotic activity of Bacillus subtilis ATCC 6633 (1x106 CFU/ml). After
seeding the test culture with a sterile spout, wells with a diameter of 10 mm were cut out in the
medium, 2 wells for each studied strain of lactic acid bacteria. The studied strain was introduced
into each well on the MRC medium.
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Titrated acidity was determined by the Turner method. To do this, measure 10 ml of the
sample and add 20 ml of distilled water and 3 drops of 1% phenolphthalein solution. The resulting
mixture is mixed and titrated with a solution of 0.1 n caustic soda until a faint pink staining appears,
which does not disappear for 1 min. The result of the analysis is obtained by calculating the amount
of alkali used for titration multiplied by 10.

A common method for indirectly determining the activity of lactic acid bacteria is the use of
dye indicators, the reduced forms of which change color under the action of microorganisms'
enzymes. We determined the enzymatic activity of lactic acid bacteria by the rate of transition of
the blue color of methylene blue (0.01% p-r) to colorless. In single-day pure cultures of lactic acid
bacteria, the beginning of discoloration of methylene blue was noted after 23-27 minutes, complete
discoloration occurred after 50-70 minutes. This indicates a high enzymatic activity of cultures.

On the basis of triticalic and wheat flour, three variants of sourdough were created for
comparison:

Tritical flour + water + sourdough

Tritical flour and wheat flour (1:1) + water + starter culture

Wheat flour + water + sourdough

The ratio of flour to water is 1:2 and 10% sowing of starter culture

Laboratory samples of bread were prepared with the following amount of starter culture:

Sample 1 — control according to the recipe without leaven;

Sample 2 — with sourdough in the amount of 5%;

Sample 3 — with starter culture in the amount of 8%;

Sample 4 — with starter culture in the amount of 10%;

Sample 5 - with a starter culture in the amount of 12%.

As a control, samples of triticale flour bread without sourdough were used. The analysis of
the quality of bread was carried out 14-16 hours after baking according to generally accepted
methods.

Results and discussion

In order to work out the optimal technological modes of obtaining the consortium, studies
were conducted on the selection of a nutrient medium, determining the optimal cultivation time,
ensuring a high titer of lactic acid bacteria cells and the maximum manifestation of antagonistic
properties by them.

During 48 hours of consortium cultivation, the biotechnological properties (on the medium
of MRC) were evaluated - the pH of the culture fluid, acid-forming activity, antagonism of ICD to
B. subtilis ATCC 6633 and the titer of cells (Table 1).

Table 1 - Characteristics of the consortium's industrially valuable properties

pH 4,05
Titrated acidity according to Turner, °T 125 °T
Cell titer, CFU/ml 1010
Antagonistic activity, mm 20,3 £0,3

All indicators were determined after 24 and 48 hours (Table 2).

Table 2 - Characteristics of the industrially valuable properties of the starter

Variants
Indicators After 24 hours After 48 hours
t wh t/wh t wh t/wh
1 2 3 4 5 6 7
pH 3,75 3,73 3,67 3,68 3,51 3,57
Titrated Turner acidity, °T 235 111 155 250 119 175
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Table 2 countinued
1 2 3 4 5 6 7
Cell titer, CFU/mI 101 101 101 10 10 10 10 1010
A”tggo'.“s“c activity against | 47,91 | 14402 | 19401 | 17+0.1 | 13%0,1 | 15#0,1
acillus subtilis, mm
Enzymatic activity, min 42 65 56 43 72 57
Note — Tritical flour, wheat flour, tritical/wheat flour

The greatest antagonism of ICD to 24 hours of cultivation is manifested when using a starter
culture of triticale flour in a mixture of wheat flour - 19 mm (diameter of the growth suppression
zone of Bacillus subtilis) and triticale flour - 17 mm. By 48 hours of consortium cultivation on a
medium using only triticale flour, its antagonistic activity remains - 17 mm, and on a medium
where triticale flour + wheat flour decreases to 15 mm (Figure 1A). The most intensive acid
accumulation is promoted by a starter culture on triticalic flour. When using the starter culture
during cultivation for 24 hours, it allows to reach a titer of 1011 CFU/ ml, and after 48 hours the
titer decreased to 1010 CFU/ml (Figure 1B).

A

A - antagonistic activity of starter cultures against Bacillus subtilis ATCC 6633 test culture (1-
triticale flour; 2-triticale flour + wheat flour; 3- wheat flour)

B - LAB titer, 24h - 1011 CFU/ml; 48h - 1011 CFU/ml;

Figure 1 - Physiological activity of a consortium of lactic acid bacteria
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The characteristics of the industrially valuable properties of the starter culture variants and
the dynamics of the enzymatic activity of the ICD consortium during cultivation on various starter
cultures are shown in Figures 2 and 3.

A
25
20
) —pH
135
e titr ated Turner
10 acidity (°T)
- — AtitA F ot St
. activity
1]
Wheat flour  Triticale + Triticale flour
wheat flour
B
30
23
13 ety ated Turmer
10 acidity ("T)
- s atita S0 st
. activity
0

Wheat flour Triticale + Trificale
wheat flour flowur

Figure 2 - Characteristics of industrially valuable properties of the starter variants

Wheat flour Triticale+wheat Triticale lour
flour

m24h
m4ddh

Abscissa axis — starter variants; ordinate axis — enzymatic activity, min

Figure 3 — Dynamics of the enzymatic activity of the LAB consortium in the process of cultivation on
various starter cultures
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We have shown that by 24 hours and after 48 hours of lactic acid bacteria cultivation, the
minimum time for the beginning of discoloration of methylene blue is noted on a medium where
tritical flour, complete discoloration occurred after 42-43 minutes. This indicates a high enzymatic
activity of the consortium.

Thus, the most optimal modes of cultivation of the consortium for maintaining a high titer
of lactic acid bacteria cells and the maximum manifestation of antagonistic properties by them is
a starter culture with tritical flour, the duration of cultivation is 48 hours, the ICD titer is 1010
CFU/ml, antagonistic activity against B. subtilis is 17 mm, at pH -3.68 and titrated acidity is 250°T.

Received a patent for utility model No. 7146 dated 05/27/2022 "Consortium of
microorganisms L. fermentum 3H1, L. pontis 9K3, L. paracasei 126, designed for the preparation
of starter cultures for rye and wheat bread, antagonistically active against bacteria B. subtilis".

Starter culture based on a consortium of lactic acid bacteria L. fermentum 3H1, L. pontis
9K3, L. paracasei 126, antagonistically active against bacteria B. subtilis can be used in the
preparation of triticale bread to protect it from microbiological spoilage. A patent has been
obtained for a utility model "A method for preparing probiotic starter culture for making
bread". The technological scheme of activation and use of the starter culture consists of the
following stages:

1. Preparation of probiotic starter culture from pure cultures (breeding cycle)

2. Preparation of the nutrient medium.

3. Fermentation of the starter culture.

4. Leaven refreshment and production costs.

Based on the conducted research, the technology of bakery products from triticale grain
using probiotic starter culture was developed.

In the recipe, the starter culture obtained by a consortium of 3 strains of lactic acid bacteria
will be introduced in different quantities in experimental bread samples to prevent the "potato
disease" of bread. To select the optimal amount of the introduced starter, bread samples with
different percentages were prepared.

Organoleptic, physico-chemical quality indicators and microbiological resistance to potato
disease were determined in the prepared samples. Table 3 shows the quality of semi-finished
products and bread with the addition of various amounts of sourdough.

Table 3 — The quality of semi-finished products and bread with the use of sourdough in different quantities
in a non-paired way

o Control With sourdough in quantity, %
Name of the indicator (without
starter culture) 5 8 10 12
Test quality:
Duration of 150 150 150 150 150
fermentation, min
Temperature, °C 30£2 30£2 30x2 30£2 30x2
Humidity, % 47,5 47,3 47,4 47,4 47,5
Acidity, deg 3,8 4,8 6,8 7,2 10,4
Duratlonn(q);‘nproofmg, 60 55 59 48 16
The quality of the finished bread:
Bread volume,
cm¥100g 230,5 240 250,4 260,4 265,8
Humidity, % 46,2 46,0 46,4 46,5 46,4
Sponginess, % 66,8 67,3 67,9 68,2 68,6
Acidity, deg 3,6 4,0 5,2 5,8 8,0
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Organoleptic evaluation of bread

Form Correct, without cracks and explosions
Crust Brown Light brown
Uniform. fine Uniform, Uniform, Uniform, Uniform,
Sponginess . ’ fine thick- fine thick- | smaller, thick- | fine thick-
thick-walled
walled walled walled walled
Crumb condition Not sticky, Not sticky, well-baked, elastic
well baked
Chara_lcterlstlc, (_:hara_cterls Characteristi | Characteristic Pronounced
without tic, without sour aroma
Taste and smell ¢, pleasant, pleasant taste
extraneous extraneous bread flavor and aroma and sour
taste, bland taste, bland taste
Mlg:roblologlcal Got sick after Didn’t get sick for 120 hours
resistance to the
" . " 48 hours
potato disease

In accordance with the results presented in Table 3, when lactic acid starter culture was
applied in an amount from 5 to 12% by weight of flour, a reduction in the duration of proofing to
14 minutes was observed, an increase in the specific volume of bread, porosity by 2.2% and titrated
acidity by 6.4 OH. However, an increase in the dosage of lactic acid starter to 12% negatively
affects the taste and aroma of the products. The absence of a gluten framework in the tritical test
and the peptization of a significant part of the proteins determine the specific rheological properties
of the tritical test. It does not stick to the hands, the consistency is wedge-shaped. When chewing
the crumb, a sour taste and smell are felt with 12% of the starter culture. Also, the color of the
crusts of the products turns out to be paler due to an increase in acidity.

The conducted studies show a positive effect of the introduction of lactic acid starter culture
on the quality of triticale flour bread.

Conclusion

Based on the conducted research, the technology and mode of preparation of triticale bread
with the addition of lactic acid sourdough was developed.

The use of lactic acid bacteria starter culture in an amount of 10% in the technological
process of producing triticale bread reduces the duration of proofing by 12 minutes, improves
quality (specific volume, mass and porosity increase in the finished product, aroma and taste
improve) and increases the shelf life of finished products up to 5-6 days, and also increases the
resistance of bread to "potato disease” and mold formation due to the high antagonistic activity of
probiotic microorganisms of the starter culture.

Funding
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AHHOTaNUsA

U3 180 mrammoB apoxokeit Saccharomyces cerevisiae, BbIICICHHBIX U3 PA3IMYHBIX PACTUTEIBHBIX
cyOCTpaToB, MO MNPEIBAPUTEIbHO H3YUYEHHBIM TEXHOJOTHYECKUM IapaMeTpaM, Takhe KaK CKOPOCTb
COpaKMBaHMS U OPTaHOJICTITHYECKAM TI0Ka3aTesaM (pepMEHTHPOBAaHHBIX (PPYKTOBBIX COKOB OTOOpaHo 15
mraMmMoB. OTOOpaHHBIE IITAMMbI H3Y4Y€HBI HAa CIIOCOOHOCTh K BBDKHMBAHUIO NIPU HU3KUX 3HaueHUAX pH u
001aaronmx BEICOKOH MUKPOOHOM aare3nel K OpraHudecKUM PacTBOPUTEIISIM.

Cemp mrammoB apoxokeii (BB-5, BB-32, VSs-2, Az- 12, Al-06, GI-8, Ab-13) mokazanu Hanboiee
BBICOKMIl IIPOLIGHT [0 MHUKpPOOHOM aaresuM K OpraHudeckuM pacTBopureisiM. Camasi BbICOKas
TOJIEPAaHTHOCTh K HM3KMM 3HaueHusiM pH=3 c uuzekcom pocta> 90% oOHapyxkeHa y 4 IITaMMOB,
uaeHTHUIMpoBaHHBIX Kak Saccharomyces cerevisiae Al-06 (13 BuHOrpama), Saccharomyces cerevisiae
Gl -8 (u3 coka caxapHoro capro), Saccharomyces cerevisiae BB-5 (u3 coka Bumian) u Saccharomyces
cerevisiae Az- 12 (13 rpaHaTOBOTO COKa). DTH IITAMMBI JICMOHCTPHPYIOT JIYUIIHE XapaKTEPUCTHKH, a OJJHH
U3 IPOTECTUPOBAHHBIX IITaMMOB Saccharomyces cerevisiae Az- 12 moTeHIHaTLHO MOKET UCTIONIL30BATHCS
JUISL TIPOM3BOJICTBA IHUILEBBIX N00ABOK, (PYHKIMOHAJIBHBIX MHIIEBBIX HANUTKOB, a TAKXKe B KadeCTBE
npoOUOTHKA JUISl TEPAlleBTUUECKUX LeNeH.

KuaroueBble cioBa: npoOMOTHKH, GepMeHTalus, GPyKTOBbIE COKM, MUKpOOHAs aares3us, WHACKC
pocTa.

B Hacrosimiee Bpemsi HaceneHue KaszaxcraHa, kak U BO BCEM MHUpPE, 3aMHTEPECOBAHO B
MPaBWJIbHOM TMUTAaHUHU, B MOTPEOJIEHUU TOJE3HBIX MPOAYKTOB, B TOM YHCIE U COJEpKalINX
OpOOMOTHKH, B CBS3M C 4YEM HCCIEAOBAaHUSA, COCPEIOTOYEHHBIE HA TIOUCKE HOBBIX
NPOOMOTUYECKUX MHUKPOOPTaHU3MOB, CTAHOBATCS aKTyaJdbHbIMU. /[l TNPUTOTOBIIEHUS
(epMEHTUPOBAHHBIX (DYHKIIMOHAIBHBIX MPOAYKTOB HCIIOJIB3YIOT YHUCTBIE >KH3HECTIOCOOHBIE
HITAMMBl ~ MHUKPOOPTaHM3MOB,  HIACHTU(PHUIMPOBAHHBIE M  OXapaKTEPU30BAHHBIE  Kak
npoOuoTHYecKre KyabTypsl [1].

®epMeHTUPOBaHHbIE MPOOUOTHYECKHE TMPOIYKTHI MOXKHO YIOTPEOIsITh B KayecTBe
UCTOYHMKA THTaHUS, a TaKXKe Uil TOJJAEPKaHHs 3J0pOBOM MHUKPOOHOTHI KHUIIEYHHKA [2].
OyHKIMOHATIbHBIE (PYKTOBBIE UM OBOIIHBIE HATUTKHU COAEpPkKAT cyOCTpaThl, HEOOXOAMUMbIE AJIsi
MPUTOTOBJIEHUS MPOAYKTA C BHECEHUEM KYJIbTYP WM KOHCOPIMYMa IITAMMOB, UCIOJIb3YEMBbIX
JUISL IpOBeJeHUST (pepMeHTAIMK, TIO9TOMY 3TH HAlUTKH MOKHO paccMaTpUBaTh Kak 370POBYIO
penenTypy CHHOMOTHYECKUX MPOIyKToB [3, 4]. B pe3ynbTare pacter crnpoc Ha HEMOJIOUYHBIC
MpOOMOTHYECKUE MPOAYKTBI, KOTOPHIE YAOBIETBOPAIOT MOTPEOHOCTH JIIOAEH C AUETHUYECKUMU
OTPAaHUYEHUSIMU B OTHOILIEHUH MOJIOYHBIX MPOAYKTOB. COIIACHO TEKYIIEMY OTYETY O COCTOSIHUU
peiaka ot 20 utons 2022 r., TI00ANBHBIA PHIHOK MOJOYHBIX QJIbTEPHATHUB OIICHUBaeTcs B 27,3
mipa aosutapoB CIIA B 2022 roay u, corjacHO MpPOTrHO3aM, JOCTUTHET 44,8 Mipa A0JIapoB
CIIIA x 2027 rony, 4To 03Ha4YaeT cpeAHero1oBoii Tem pocta B 10,4% B (hHaHCOBOM BBIpaKEHUU

[5].
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MoJo4HbIe 3aMEHUTENH UCTIOIB3YIOTCS B MPOIYKTaX MUTAHKS U HATUTKAX, HE COJEPIKAIIIIX
JaKTO3Y, MOATOMY TaKH€ MPOAYKTHI MOTYT OBITh PEKOMEHIOBAHBI JIIOJSM C HEMEPEHOCUMOCTHIO
ATOTO YIJIEBOJIA.

B nacrosiiee Bpems, 6iaroapsi 5TUM IpEeUMYIEeCTBaM, TPOOHOTHKU CTAaHOBSITCS Bce Ooiee
BOCTPEOOBAHHBIMH, U OOBIYHO UX MPUHUMAIOT MEPOPAILHO, B BHJIC JIEKAPCTBEHHBIX MPEMapaToB
WU C POAYKTaMH nuTanus [6]. s BKIFOYSHHUST B KATETOPUIO TPOOMOTHKOB MUKPOOPTaHU3MBI
JOJIKHBI OBITH OTOOpaHBI HA OCHOBE OINPEICTICHHBIX KPUTEPUEB, TAKMX KaK POCT IPU TEMIIEpaType
tena (37 °C), ycTOHYMBOCTh K aHTUOMOTHKAM [7,8], BBDKUBAEMOCTh B HEOJArOMPUITHOU Cpejie
KHUIIIEYHUKA YeloBeKa (Hampumep, NHIeBapUTeNnbHble (GepMeHThl, Hu3kuii pH), aaresums
SIUTETUATBHBIM KJIETKAM KUIIEYHUKA M BBICOKAs TUAPO(GOOHOCTH moBepxHOCTH [9]. Hpoxoku
IIMPOKO PACIPOCTPAHCHBI B MHINEBON MPOMBIIIJICHHOCTH, T/I€ HCIOJNB3YIOTCS B KadecTBe
3aKBaCKH JIJIsl POU3BOJICTBA (PePMEHTHUPOBAHHBIX MUILEBHIX MPOAYKTOB M HAITUTKOB, TAKUX KaK
xye0, BuHo u muBo [10]. Ha ceromus mpoOuoTudeckas CHOCOOHOCTh IPOXIKEH HETOCTATOYHO
u3ydeHa. Saccharomyces cerevisiae var. boulardii— exuHCTBEHHBIE APOXIKH, TMPU3HAHHBIC U
(daxTHUecKu MpUMeHseMble Kak mpoouotuxu [11].

MHorue uccsen0BaTen COCPe0TOUMINCH Ha IITaMMaXx JIPO}OKeit kak Saccharomyces, Tak
u He-Saccharomyces [12, 13] kak Xopomiei anbTepHATHBE MPOOMOTHYECKHM OaKTEPHSM,
MOCKOJIbKY OHM MOTYT OKa3bIBaThb HOBOE MPOUIAKTUUECKOE WIIH TepareBTHUecKoe AeicTBUE Ha
X035iMHa, OyAy4d YacThi0 MUKPOOMOTH KumieyHuka [14]. CTUMYISIUsS UMMYHHOW CHCTEMBI,
Jerpajaliisg U ycTpaHeHHe OaKTepualbHBIX TOKCHHOB M3-3a MPOTEA3HON aKTUBHOCTH IPOROKEN
WIH TPEMSTCTBOBAHUS TMPUKPEIUICHUS OaKTepuil K SIUTEIHATbHBIM KJIETKAM IKEITYIOYHO-
KHUILIEYHOTO TpaKTa SBIAIOTCS OJHHMMHU M3 MOTEHIHMAIBHBIX MEXaHHU3MOB, HCIOJIb3YEMBIX
JPOKKAMU ISl 3aIUThI YEJIOBEKA OT MaTOreHHBIX MUKPOOpPraHu3MoB [ 15].

YuuThIBas OTCYTCTBUE 3HAHUH O TPOOMOTHYECKUX CBOMCTBaX MECTHBIX JTPOXKKEH, IEITbIO
JTAHHOTO KCCJICIOBaHUsl ObLIa WM3YyYECHHUE MECTHBIX IITAaMMOB S. cerevisiae. JIis BbIACICHHUS
IITAMMOB C TIOJIE3HBIM JJISI 3/I0POBbsI MOTEHIIMATIOM MTPOBEJICH NPEABAPUTENbHBIN CKpUHUHT 180
a0OpUTCHHBIX IITAMMOB S. CErevisiae, BBIICICHHBIX M3 PA3JIMYHOIO PACTUTEIBHOIO CHIPhS, U3
KOTOPBIX OTOOpaHbl 15 mTaMMOB I BBISIBJICHUS TPOOMOTHYECKON CIOCOOHOCTH IO
YCTOMYMBOCTH K  YCJIOBUSM OKEIYAOYHO-KHINEYHOTo TpakTa (pH, temmeparypa) wu
ruapoHoOHOCTH.

O0BEeKTEI M METOALI CCJIe10BAHUS

B nanHo# pabote u3ydeno 15 abopureHHbIX mTamMmMoB S. cerevisiae (orodpannsix u3 180),
BBIJIEJICHHBIX U3 PACTUTENBHOTO CHIPhS, B TOM YHCIIE U3 BUHOTPajaa, BUIIHHU, aDpUKoca, rpaHara,
sI0JIOK, XOPOIIO PACTYLINX U MI0JoHOCAIMX B TypkecTaHCKON 00IacTH.

[Tepen kaxapIM SKCIIEPUMEHTOM IIITaAMMBI JPOXKeH BbipamuBaiu B YPD (mmpou3BoauTens
Titan, Biotech LTD, India). Kynbrypsl nHKyOupoBaau B a’dpoOHBIX ycioBusx mpu 37+2°C u
26+2°C (kak MOJIOKUTEIIbHBIA KOHTPOJIb) B TeueHHE 48 yacoB. Bce skcniepruMeHThI TPOBOIUITUCH
B TPEX MOBTOPHOCTSIX.

['uapodoOHOCTD MOBEPXHOCTH KIIETOK JIPOKIKEH.

I'unpodoOGHOCTH MOBEPXHOCTH KIETOK IOCTATOYHO BapruabeIbHBIN MPU3HAK U TPUBs3aHA HE
TOJIbKO K METOJMKE U3MEPEHHUS, HO U K YCIIOBHUSIM POCTa, a’pallii M BO3PACTy KJIETOK. Bbicoko
ruaApoPOOHBIE MUKPOOPTaHW3MBI XOPOIIO AATe3UPYIOTCS HAa MACISHBIX KamelnbKaxX IocIie
CMEIINBAHMUS.

IuppodobHOCTE oOmpenensuii, Kak CHOCOOHOCTh IITAMMOB JPOXKEH MPWINNATh K
YIJI€BONOPOAAM M BBIpAXKaIM KaK OTHOCUTENIBHYIO MHUKPOOHYIO aJAre3uio K pacTBOPUTENSM
(MAKkP) B cooTrBercTBUM ¢ mpoTokojom, omucaHHeiM Chelliah R. [16] ¢ HekoTopeiMu
n3meHeHussMu. MAKP onpenensimim mo onrtuueckodt miotHoctd (OIl) ¢ umcmonb3oBaHueM
cuekrpodoromerpa Varian Cary-50, umeroniuii ontudeckuii auamnazon 190-1100 um. OcHOBHOM
3aauell TEXHUUECKOT O PELICHHS SIBISIETCS COBEPILIEHCTBOBAHKE CITOCO0A OLIEHKH KOHILIEHTPALUU
CBOOOJHBIX U CBSI3aHHBIX MHUKPOOHBIX KJIETOK B CYCIIEH3HMH, HAMPABICHHOTO HA YBEIMYCHUE
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CKOPOCTH aHajlM3a, CHIDKEHHE €ro TPYAOEMKOCTH M Cce0eCTOMMOCTH, a TaKKe YPOBHS
MOTPEIIHOCTH.

Kynbryps! apoxokeit B ctanimoHapHoi (asze (nHKyOMpoBaHHbIe B OynboHe YPD B TeueHue
48 4) koHueHTpupoBanu 1neHTpudyrupopanuem mnpu 5000 o6/muH B TeueHue 10 MHUH, TBaXKIIbI
npombiBanu Kanuii-pocharasim Oydepom (KDB) 0,1 M, pH 7,4 u cHOBa cycrieHAUPOBAIM B 3 MII
Toro *Xe OydepHoro pactBopa. Ontuueckyro mioTHOCTh (OIl) cycnien3uu nmpu 600 HM 10BOAMIH
¢ nomoripio KOB (pH 7,4) no 3nauenus 1,0 (Ao).

K 1 M oToif cycriensnn (5,2x10%merok/mi) no6assmu 0,2 M TONYOIa M TIepEeMEIIHBAITH
B TeueHue 2 muH. [locne 1 g uakybanuu npu 30+2°C BogHyto ¢a3y yaaisiid U3 BEPXHETO CIos
pacTBOPHUTEIIS, COAEPIKAIIEro KICTKH, U cHoBa onpeaessuii OIT mpu 600 M (A1).

MAKP paccuntbiBaics Kak:

MAKP = [(Ao—A1)/A0] x100%

Ao - OII (onrtmueckast TIoTHOCTH ipu 600 HM) cycrieH3uu nociie 00padboTku OydepHbIM
pacTBOpoM;
A1-OIl (onrtmueckast IIOTHOCTD Tipu 600 HM) CycnieH3uH mociie 06paboTKH TOIYOJIOM;

Y CTONYMBOCTS IITAMMA K Pa3HbIM 3HaueHusM pH.

DTOT KCHEPHMEHT IPOBOMIICA MYTEM MHKYOAIMM mpHOmmuTensHo 5,2x108 kmerox/mn
KaxxJ0oro mramMma B cpene YPD, noeenennoro no paznuunsix 3Hauenuit pH (2,5, 3,0, 3,5, 4,0 u
7,2), mpu 37+2°C. [{ns noakucieHus ucnoibizoBaics 6N pactBop HCL. Poct nposxxeit oreHnBanu
yepe3 24 yaca wHKyOamuu mo moriomeHuto npu 600 HM. AHanu3bl BBIOJIHEHBI B TPeX
MOBTOPHOCTSX, JaHHbIE 0OpaboTanbl kKak uHaeke pocta (MP) B coorBercTBum ¢ Bevilacqua A.
[17]. DTOT MeTon ompeneNneHus KOHIEHTPAlMd MHUKPOOHBIX KJIETOK B cycreHzuu mo OII
YBEJIMYUBAET CKOPOCTh aHajdW3a BO MHOIO pa3 IO CPaBHEHUIO C MPHUMEHSIEMbIMU CETOJHS
criocobaMu U He TpeOyeT HaJIMYHUs JJIsl €T0 BHIMOJTHEHHSI CIISIUAIM3UPOBAHHOTO JIOPOTOCTOSIIIIETO
000pyI0OBaHuUs.

P = (Abss/Absc)xloo%,

rae. Abss — TMOTJIOIIEHUE 00pa3IioB MpH pa3nuuHbiX pH, Torna kak

Apsc — TIOTJIOIICHHE TTOJIOKUTETHHOTO KOHTPOJISL.

3HaveHHs MHACKCA POCTa ObUTH KJIaCCU(PHUITMPOBAHBI CIEAYIOIUM 00pa3oM:

NP <50 %: UnrubupoBanue Aposxxen

50 % <UP<75 %: YacTuuHoe UHTUOMpPOBaAHUE

NP > 75 %: PocT mogo0GeH KOHTPOITIO.

Pe3yabTaThl U 00Cy:KIeHUE

OCHOBHOHM TIeNIbIO JTAaHHOW PAa0OTBI OBLUT CEJIIEKTUBHBI OTOOp JAPOXOKEH C BBICOKOM
MHUKpPOOHOH aAre3meil K OpraHMYecKUM pPACTBOPUTENSIM U YCTOMUYMBBIE K KHCIOW cpene Juis
MPEABAPHUTEIILHON OIIEHKH UX MTPOOHOTHIYECKUX CIIOCOOHOCTEH.

Pa3mepsl rcciienyeMbIX OAMHOYHBIX KJIETOK BAPbUPOBAIH MO IHUPUHE B CPEIHEM OT 4,5 MKM
10 9 Mkm 1 1o giuHe - oT 5,0 10 10 MkM. @opma - MPEUMYILIECTBEHHO OKPYTJIbI€, OBAJIbHEIE,
yanuHeHHbIe. TemrepaTypa SBISE€TCS BaXHbIM (DU3UYECKHM [MapaMeTpoM JUIsl OIEHKHU
NPOOMOTHYECKOM CIMOCOOHOCTH MHKpoopraHusmMa. B 3ToM uccienoBaHUM SKCIEPUMEHTHI
nposoauanck npu 37° C, 6iu3KOH K TEMIEpAType YeIOBEYECKOro Teja, M BCe 15 BhIIEIEHHBIX
IITaMMOB MOTJIH pacTH 1pu 37°C. DTH pe3yabTaThl COrIACYIOTCS ¢ HPEAbITYIIUMH CBEICHUAMU O
CIIOCOOHOCTH MPOOUMOTUYECKUX IITAMMOB JPOXOKEU PacTH MpH TeMIIepaType Telna YejoBeKa U
MOJTBEPXKJIAIOT, YTO MECTHBIE IITaMMBI APOX’KEH MOTYT OBITh MHTEPECHBIM MCTOYHHMKOM IS
0TOOpa HOBBIX MOTEHIMATBHBIX TPOOMOTHIECKHIX IIITAMMOB.

['unpodobHOCTE ompenensyii Kak B3auMOJEHCTBUE MEXAY MHUKPOOHBIMU KJIETKAMH U
KJIETKaMHU-X035I€BaMH, OTIOCPEIOBAaHHOE OENKaMH KJIETOUYHOUW MOBEPXHOCTH U JIUTIOTEHXOCBBIMU
kuciotamu [13]. Kak crmenctBue, 3TO OJMH W3 OCHOBHBIX KPUTEPHEB OTOOpa INTAMMOB C
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MOTECHIUATHHONU MPOOUOTUYECKON aKTUBHOCTBIO, MOCKOJIBKY MUKPOOHBIN MITAMM, BXOMSIIUN B
KaTerOpHI0 MPOOMOTHUKOB, IOJDKEH 001alaTh CHOCOOHOCTBIO MPHKPEIUIITHCS K CIU3UCTON
000JI0YKE KHUIIIEYHHUKA JJIs1 KOJIOHU3AINHA U MOTYJISIIUA UMMYHHON CHCTEMBI IPOTHUB MaTOT'CHOB.
[18]. TuapodoOHYIO CIOCOOHOCTH BBIpaXKATW KaK MHUKPOOHYIO aAre3wi0 K PacTBOPHUTEISIM
MAKM, ucnosnp3ys TOIYyOJ B KAUECTBE PaCTBOPUTEISL.

['uapodobHast ciocoOHOCTH IPOsXOKEH MoKa3aHa B Tabnmiie 1.

Tabmuia 1 - I'napodoOHas CIoCOOHOCTh M YCTORYMBOCTH IITAMMOB JAPOJXOKEH MpH pasinnyHbix pH

MuKpoopranmusm HP (%), HP (%),
Ne (I/II::TOEHI/IK) MAKP (%) pH(3,g pH(2,5)
1 S. cerevisiae ZPt-14 12,25 50-75 <50
2 S. cerevisiae VIs-1/14 27,34 >75 50-75
3 S. cerevisiae Al-06 85,23 >75 >75
4 S. cerevisiae Spt-18 45,32 50-75 <50
5 S. cerevisiae VSs-2 78,48 >75 >75
6 S cerevisiae KRs-7 69,75 50-75 <50
7 S.cerevisiaeGl-8 86,78 >75 >75
8 S cerevisiae BB-5 85,43 >75 >75
9 S. cerevisiae BB-32 78,65 >75 50-75
10 S cerevisiae VVs-72 65,78 >75 50-75
11 S.cerevisiaeAz- 12 92,75 >75 >75
12 S. cerevisiae Nur-22 65,87 >75 50-75
13 S. cerevisiae Ab-13 78,35 50-75 <50
14 S. cerevisiae Vs-1 67,85 >75 >75
15 S. cerevisiae VGz-4 74,45 >75 50-75

PesynpraThl mokaszanu, 4to TONbKO TpH mTamma (ZPt-14, VIs-1/14, Spt-18) nposiBuiam
meHee 50% MAKP (cnabas runpodoOHast akTUBHOCTb), B TO BpeMsl Kak OOJIBIIMHCTBO ITAMMOB
(8) mokazaniu MAKkP B auanasone ot 50 % 1o 85%. Yetsipe mramma (BB-5, Az- 12, Al-06, GI-8)
MoKa3aju camMblil BeIcOKu mpoueHT MAKP - 6onee 85 %. Haubomnbias ruagpodoOHas akTHBHOCTh
BBISIBJICHA Yy mTaMMa S.cerevisiae Az- 12 u cocrasisina 92,75%.

[TpoOMOTHKHM MOJKHBI BBIICPKUBATH CYpPOBBIE YCIOBUSA TPU MPOXOXKIACHUM Uepe3
kumieyHsid TpakT [11]. C 1enbio OleHKH CIOCOOHOCTH TECTUPYEMBIX APOXOKEH BBIKHBATH MPU
pH Xenymo4HO-KHIIEUHOTO TpaKTa OIpeaessyiach YCTOWYMBOCTH IITAaMMOB JAPOXIKEH MpH
pasznuuHbIX 3HaueHusx pH (2,5, 3,0, 3,5, 5,0 u 7,2). Bce mraMMbl AEMOHCTPUPOBAIIA XOPOIIHIA
poct (UP > 75%) mpu pH 3,5, 5,0 u 7,2, Toraa kak cambie Hu3kue 3Hadenus pH (2,5 u 3,0) cunpHo
BJIMSUTA Ha POCT OTACIBHBIX IIITAMMOB JIPOKKEH.

HyxHO OTMETHTH, YTO OONBIIMHCTBO HCIBITAHHBIX HITAMMOB JAPOXIKEH BBIAEPKUBAII
Hu3kMe 3HaueHus pH; Tak, Bce mraMmMbl xopomo pociu npu pH=5, ognako npu pH 2,5 getsipe
mtamma (ZPt-14, Spt-18,KRs-7, Ab-13) uaruduposanuces (MP< 50%), 5 mrammos (VIs-1/14, BB-
32,VVs-72, Nur-22, VGz-4) nposiBisiin wactuaHoe unaruobuposanue (50% < UP< 75%), Torma
kak Toibko 6 mrammoB (Al-06, VSs-2, GI-8, BB-5, Az- 12, Vs-1) nposBisiif J10CTaTOYHO
XOpOIIYI0 YCTOMUMBOCTH K HU3KUM 3HaueHusMm pH ( P> 75%).

Camas BbICOKasl TOJIEPAaHTHOCTh K HU3KUM 3HadeHustM pH=3 ¢ IP> 90% Obl1a 0OHapykeHa
y 4-x mrammoB - S. cerevisiae Al-06, S. cerevisiae BB-5, S.cerevisiae Az- 12 u S.cerevisiae Gl-8.

IItammer S.cerevisiae Az-12, S. cerevisiae BB-32 u S. cerevisiae ZPt-14 nccnemoBany oz
MHUKPOCKOIIOM C HCIOJIb30BaHUEM CKAHHUPYIOLIEro 3JIEKTPOHHOro MuKpockona JSM-6490LM c
CHCTEMOU HSHEProJUCIEPCHOHHOTO PEHTreHOBCKOTOo MuKpoaHanuza Energy INCA 350 wu
cucremoii HKL Basic (pucynoxk 1).
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0kV  X2,500 10pm

- : R ‘ -;1‘ : 0Pa
S.cerevisiaeAz- 12 S. cerevisiae BB-32 S. cerevisiae ZPt-14
P (%) pH 2,5>90 HP(%) pH 2,5 =50-75 P (%) pH 2,5 <50

Pucynok 1 - YcTOHYMBOCTE APOXOIKEH K KHCIIBIM YCIOBUSIM

Tak, Bo3aeicTBre KUCIOTH ¢ pH=2,5 pe3ko CHU3UIIO POCT IPOXOKEBBIX KJIETOK Yy IITaMMa
S. cerevisiae ZPt-14 (P (%) pH 2,5 <50). 3mecy HaOmromaeTcss 3HAYUTEIBHOE CHIDKCHHE
KU3HECTIOCOOHBIX KIIETOK 3a CYET YAaCTHYHOIO WJIM TIOJHOTO TIOBPESKACHUS W JIU3UPOBAHMUS
KJICTOYHBIX CTCHOK. S. Ccerevisiae BB-32 Obu1 MeHee moBepKeH Bo3aeiicTBUi0 KUcIoThl UP (%)
pH 2,5 =50-75.

BBICOKYI0 yCTOHYMBOCTH K KHCJIBIM YCJIOBUSIM MpOSBHI INTaMM S.cerevisiae Az-12,
KOTOPBIH B JaJbHEHIIEM MOXXET OBITh PEKOMEHIOBAH JUIsl MPOW3BOACTBA (YHKIIMOHATHHBIX
(epMEHTHUPOBAHHBIX MHIIEBBIX MMPOIYKTOB.

Y CTOHYMBOCTD K KUCIIBIM YCIIOBHSIM HEYIUBUTEIbHA, MIOCKOJIBKY IITAMMEBI, H3y4aeMbIC B
9TOi paboTe, OBLTH BBIIEIECHBI U3 CPebl ¢ HU3KUM pH, Takoii Kak, ppyKTOBBIE COKH.

3akuouenne

MectHble mTaMMbl Saccharomyce scerevisiae, mpoTeCTUPOBaHHBIE B 3TOM HCCJIEIOBAHUH,
BBIJICTICHHBIC U3 PA3JIMYHOTO PACTUTEILHOTO CHIPbS, IPOAEMOHCTPHPOBAIIN TOCTATOYHO BHICOKHUIA
YPOBEHb MPOOMOTUYECKUX MPU3HAKOB, JOKA3bIBasI, YTO MECTHBIC JIPOXIKHU MPEICTABISIOT COOOM
UHTEPECHBI MCTOYHUK JUIsS CEJICKIIMM HOBBIX NMPOOMOTHYECKHMX ITamMMoB. Bce 15 mrammoB
S.cerevisiae, paHee MpPOTECTUPOBAHHBIC HA MApaMETPhI, MPEACTABISIONIUEC TEXHOJIOTUYCCKHUI
WUHTEPEC, MOTYT OBITh HUCIIOJIb30BaHBI B KAayeCTBE 3aKBACOYHBIX KYJBTYp VIS POU3BOJCTBA
(bepMEHTUPOBAHHBIX HANMUTKOB. JlaHHBIE IITaMMBl OBLTH OTOOpaHBl Kak HaumOolee
NIEpPCIIEKTUBHBIC, TaK KaK OHU CHOCOOHBI OBICTPO cOpakuMBaTh COKH. Benymmm dakTtopom
SBISUTACh ~ OPTaHOJICTITUYECKUE IIOKa3aTeId TOTOBOTO  (PEPMEHTHPOBAHHOTO  TPOJIYKTA:
€CTECTBEHHBIN (PYKTOBBIA 3amax W CHIAAKHiA, ClIerka KHUCIOBaThIi BKyC, 0€3 TOSBICHUS
nomyTHeHwuii. S. cerevisiae Al - 06, S. cerevisiae BB-5, S. cerevisiae Az - 12 u S. cerevisiae GI-8
NIOKa3aJld MHOTOOOCIIAIOIIYI0 TPOOMOTUYECKYI0 aKTUBHOCTb, TaK MHIEKC pocTa mpu pH=2,5 y
JTAHHBIX KyIbTyp >90; Kpome Toro cems mrammos (BB-5, BB-32, VSs-2, Az-12, Al-06, GI-8, Ab-
13) mokazanu camblii Bbicokmii mpouieHT MAKP. B uactHoctH, mrtamm S.cerevisiae Az- 12
BBIJICIICHHBIN W3 TPAHATOBOTO COKA MOXHO CYHMTATh MITAMMOM, IEMOHCTPUPYIOIINM HAMITydIIee
COYETaHUE MPOOMOTUYECKUX U MOJIC3HBIX CBOICTB.
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SACCHAROMYCESCEREVISIAE ABOPUT'EHAI IITAMJAPABIH OPTYPJII pH
MOH/JEPIHE TO3IMAIJIITTH KOHE EPITKIIUTEPI'E IEI'EH MUKPOBTbI
AAT'E3USACBIH 3EPTTEY

Tyidin

OpTypii eciMaik cyocTpaTeiHaH O6TiHIn anbiHFaH, Saccharomyces cerevisiae anbITKpICHIHBIH 180
IITaMBbl, AIIBITY >KBUIAAMIBIFBI XKOHE (DEPMEHTTENreH >KEeMIC WIBIPHIHAAPBIHBIH OPTraHOJENTHKAIBIK
KOPCETKIMTEPI CEKIMIi, alblH-ala TEXHOJOTHUIBIK TapaMeTpiiepl 3epTTeireH, 15 mraMM ipiKTelim
aJeIHABL. IpikTenin ambiHFaH mTamaap pH-TBIH TeMeH MOHAEPIHIE OMIPIICHIITIHIH KaOiIeTUIir XoHe
OpraHUKaJIBIK ePITKIIITEPre IereH MUKPOOTHIK aare3usiChIHBIH KOFaphl 00Ty KaOlIeTUIir TeKcepii.

(BB-5,BB-32, VSs-2, Az- 12, Al-06, GI-8, Ab-13) keTi mrTaMM OpraHuKaIbIK epITKIIITEPTe JeTeH
MUKPOOTHIK aATe3usiChl OOWBIHIIA €H >KOFaphl Maibi3 kepcerTi. pH=3 TeMeH MoHIHE Te3iMuuIiri aca
JKOFaphl, ocy HHACKCT > 90% »xorapbl 4 mTaMaa aHBIKTAIAbBI, JAdJipek adtcak S. cerevisiae Al-06, S.
cerevisiae BB-5, S.cerevisiae Az- 12 xoue S. cerevisiae GI-8.

Hotmxecinge 4 mramMm ipiKTel ajiblHIBI, OJap AlIBITKBIHBIH KeJecified ImTamaapbl OOJbII
aHbIKTAN B, Saccharomyces cerevisiae Al-06 (xy3iMHeH OemniHin abiHB), Saccharomyces cerevisiae Gl
-8 (KaHT COProChIHBIH MIBIPBIHBIHAH OOJTiHIM aJIbIHIIBI), Saccharomyces cerevisiae BB-5 (uve mbIpsiHbIHAH
OeuiHim anmbiHIBI) JkoHEe Saccharomyces cerevisiae—Az- 12 (aHap HIBIPHIHBIHAH OOIHIM ANBIH/bI). By
mTamaap eTe JKaKChl cHIarramara ue OOJmbpl, all TECTeH OTKEH INTaMHBIH Oipeyi Saccharomyces
cerevisiae—Az- 12, mpoOHOTHK peTiH/Ie OPTYPIIi KOIJaHbICTap/Ia, TaFaM KOCIIACHI PETiHAE, GYHKIHOHAIIbI
TaraM CYCBIHAAPBIH OHIpPY YIIiH HeMece TepalusIIbIK KOJNJAHbBIC YIIIH MPOOMOTHK PETiHAE KOJJaHyFa
6omansl.

KinTri ce3nep: npoOuoTukTep, (epMeHTAIUS, KEMIC NIBIPBIHAAPEI, MUKPOOTHI aAre3us, ocy
HHJICKCI.
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Abstract
From 180 strains of Saccharomyces cerevisiae yeast isolated from various plant substrates, 15 strains
were selected according to previously studied technological parameters such as digestion rate and
organoleptic characteristics of fermented fruit juices. The selected strains were tested for their ability to
survive at low pH values and having high microbial adhesion to organic solvents.
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Seven strains (BB-5, BB-32, VSs-2, Az-12, Al-06, GI-8, Ab-13) showed a higher percentage of
microbial adhesion to organic solvents. The highest tolerance to low pH=3 with a growth index >90% was
found in 4 strains identified as Saccharomyces cerevisiae Al-06 (from grapes), Saccharomyces cerevisiae
GI-8 (from sugar sargo juice), Saccharomyces cerevisiae BB-5 (from cherry juice) and Saccharomyces
cerevisiae Az-12 (from pomegranate juice). These strains show the best characteristics, and one of the
tested strains of Saccharomyces cerevisiae Az-12 has the potential to be used for the production of
nutritional supplements, functional food drinks, and also as a probiotic for therapeutic purposes.

Keywords: probiotics, fermentation, fruit juices, microbial adhesion, growth index.

At present, the population of Kazakhstan, as well as all over the world, is interested in good
nutrition, in the consumption of healthy foods, including those containing probiotics. In connection
with this aspect research focused on finding new probiotic microorganisms is becoming relevant.
To prepare fermented functional foods pure viable strains of microorganisms identified and
characterized as probiotic cultures are used [1].

Fermented probiotic products can be consumed as a source of nutrition as well as to maintain
a healthy gut microbiota [2]. Functional fruit or vegetable drinks contain the substrates needed to
prepare the product with the addition of cultures or a consortium of strains used to carry out
fermentation, so these drinks can be considered as a healthy synbiotic product formulation. [3, 4].

As a result, there is a growing demand for non-dairy probiotic products that meet the needs
of people with dietary restrictions on dairy products. According to the current market report on
July 20, 2022, the global market for dairy alternatives is estimated at $27.3 billion in 2022 and is
projected to reach $44.8 billion by 2027, implying a CAGR of 10.4% in financial terms [5]. Dairy
substitutes are used in lactose-free foods and drinks, so such products may be recommended for
people with lactose intolerance.

Nowadays, due to these benefits, probiotics are becoming more and more popular, and they
are usually taken orally, in the form of drugs or with food [6]. To be included in the probiotic
category, microorganisms must be selected based on certain criteria, such as growth at body
temperature (37°C), resistance to antibiotics [7,8], survival in unfavorable human gut
environments (e.g., digestive enzymes, low pH), adhesion to gut epithelial cells and high surface
hydrophobicity [9]. Yeast is widespread in the food industry, where it is used as a starter for the
production of fermented food and beverages, such as bread, wine, and beer [10]. To date, the
probiotic ability of yeast has not been sufficiently studied. Saccharomyces cerevisiae var.
boulardii-the only yeast recognized and actually marketed as probiotics [11].

Many researchers have focused on yeast strains of both Saccharomyces and non-
Saccharomyces [12, 13] as a good alternative to probiotic bacteria, since they can exert new
preventive or therapeutic effects on the host by being part of the gut microbiota [14]. Stimulation
of the immune system, degradation and elimination of bacterial toxins due to the protease activity
of yeast or inhibition of bacterial attachment to gastrointestinal epithelial cells are among the
potential mechanisms used by yeast to protect humans against pathogens [15].

Given the lack of knowledge about the probiotic properties of indigenous yeasts, the purpose
of this study was to characterize the indigenous strains of S. cerevisiae. In order to isolate strains
with a probiotic and health-beneficial potential, a preliminary screening of 180 indigenous strains
of S. cerevisiae isolated from various plant materials was carried out, from which 15 strains were
selected to study the probiotic ability in terms of resistance to the conditions of the gastrointestinal
tract (pH, temperature) and hydrophobicity.

Objects and methods of research

In this work, 15 indigenous strains of S.cerevisiae (selected from 180) isolated from plant
material, including grapes, cherries, apricots, pomegranates, and apples well growing and fruiting
in Turkestan region were studied.
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Before each experiment, yeast strains were grown in YPD (manufacturer Titan, Biotech
LTD, India). The cultures were incubated under aerobic conditions at 37+2 °C and 26+2 °C (as a
positive control) for 48 hours. All experiments were performed in three replicates.

Hydrophobicity of yeast cell surface.

The hydrophobicity of the cell surface is a rather variable trait and is tied not only to the
measurement technique, but also to the growth conditions, aeration, and age of the cells. Highly
hydrophobic microorganisms adhere well to oil droplets after mixing.

Hydrophobicity was defined as the ability of yeast strains to adhere to hydrocarbons and
expressed as relative microbial adhesion to solvents (MAtS) according to the protocol described
by Chelliah et al [16] with some modifications. MAtS was determined by optical density (OD)
using a Varian Cary-50 spectrophotometer having an optical range of 190 - 1100 nm. The main
objective of the technical solution is to improve the method of estimating the concentration of free
and bound microbial cells in the suspension, aimed at increasing the speed of analysis, reducing
its labor intensity and cost, as well as the level of error.

Yeast cultures in the stationary phase (inoculated in YPD broth for 48 h) were concentrated
by centrifugation at 5000 rpm for 10 min, washed twice with 0.1 M potassium-phosphate buffer
(PPB), pH 7.4, and resuspended in 3 ml of the same buffer solution. The optical density (OD) of
the suspension at 600 nm was adjusted to 1.0 (Ao) using PPB (pH 7.4).

To 1 ml of this suspension (5.2x10° cells/ml), 0.2 ml of toluene was added and stirred for 2
min. After 1 h of incubation at 30+2°C, the aqueous phase was removed from the top layer of the
solvent containing the cells, and the OD was determined again at 600 nm (Ay).

The MALS was calculated as:

MAKP = [(Ao—A1)/A0]x100%

Ao - OD (optical density at 600 nm) of the suspension after treatment with buffer solution
A1-0D (optical density at 600 nm) of the suspension after toluene treatment

Strain resistance to different pH values.

This experiment was performed by incubating approximately 5.2x10° cells/ml of each strain
in YPD medium, adjusted to different pH values (2.5, 3.0, 3.5, 4.0, and 7.2), at 37£2°C. 6N HCI
solution was used for acidification. Yeast growth was evaluated after 24 hours incubations by
absorbance at 600 nm. Assays were performed in three replicates, and the data were treated as
growth index (GI) according to Bevilacqua et al. [17]. This method for determining the
concentration of microbial cells in a suspension according to OD increases the speed of analysis
many times over in comparison with the methods used today and does not require specialized
expensive equipment for its implementation.

Gl = (Abss/Absc)x100%

where Abss - absorption of samples at different pH, whereas
Absc - the absorption of positive control.

Growth index values were classified as follows:

Gl <50 %: Inhibition of yeast

50 % < Gl < 75 %: Partial inhibition

D1 > 75%: Growth similar to control.

Results and discussion

The main goal of this work was the selective selection of yeasts with high microbial adhesion
to organic solvents and acid resistance for a preliminary assessment of their probiotic abilities.

The sizes of the single cultures studied ranged in width on average from 4.5 um to 9 um and
in length up to 10 um. Temperature is an important physical parameter for assessing the probiotic
ability of a microorganism. In this study, experiments were conducted at 37°C, a typical human
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body temperature, and all 15 strains were able to grow at 37°C. These results are consistent with
previous findings reporting the ability of yeast strains to grow to human body temperature and
confirm that local native yeast strains may be an interesting source for selecting new potential
probiotic strains. Hydrophobicity was defined as the interaction between microbial cells and host
cells mediated by cell surface proteins and lipoteichoic acids [13]. As a consequence, this is one
of the main criteria for selecting strains with potential probiotic activity, since a microbial strain
included in the category of probiotics must have the ability to attach to the intestinal mucosa to
colonize and modulate the immune system against pathogens. [18]. Hydrophobic ability was
expressed as microbial adhesion to MALS solvents, using toluene as a solvent.
Hydrophobic capacity and stability of yeast strains at different pH is shown in the Table 1.

Table 1- Hydrophobic capacity and stability of yeast strains at different pH

Ne Microorganism, source MALS (%) (;I(;/O()) (;I(;Ag
1 S. cerevisiae ZPt-14 12,25 50-75 <50
2 S. cerevisiae VlIs-1/14 27,34 >75 50-75
3 S. cerevisiae Al-06 85,23 >75 >75
4 S. cerevisiae Spt-18 45,32 50-75 <50
6 S cerevisiae KRs-7 69,75 50-75 <50
7 S. cerevisiae GI-8 86,78 >75 >75
8 S cerevisiae BB-5 85,43 >75 >75
9 S. cerevisiae BB-32 78,65 >75 50-75
10 S cerevisiae VVs-72 65,78 >75 50-75
11 S. cerevisiae Az-12 92,75 >75 >75
12 S. cerevisiae Nur-22 65,87 >75 50-75
13 S. cerevisiae Ab-13 78,35 50-75 <50
14 S. cerevisiae Vs-1 67,85 >75 >75
15 S. cerevisiae VGz-4 74,45 >75 50-75

The results showed that only three strains (ZPt-14, VIs-1/14, Spt-18), showed less than 50%
MALS (weak hydrophobic activity), while most strains (8) showed MALS ranging from 50% to
85%. Four strains (BB-5, Az- 12, Al-06, GI-8) showed the highest percentage of MALS greater

than 85%. The highest hydrophobic activity of S. cerevisiae strain Az- 12 was 92.75%

Probiotics must withstand harsh conditions as they pass through the intestinal tract [11]. The
resistance of the yeast strains was determined at different pH values (2.5, 3.0, 3.5, 5.0, and 7.2) to
assess the ability of the yeast tested to survive the pH of the gastrointestinal tract. All strains
showed good growth (GI > 75%) at pH 3.5, 5.0, and 7.2, whereas the lowest pH values (2.5 and
3.0) strongly affected the growth of individual yeast strains.

It should be noted that most yeasts tolerated low pH values, so all strains grew well at pH=5,
The highest tolerance to low pH=3 values with GI > 90% was found in 4 strains, namely S.
cerevisiae Al-06, S. cerevisiae BB-5, S. cerevisiae Az- 12 and S. cerevisiae GI-8.

S. cerevisiae Az-12, S. cerevisiae BB-32 and S. cerevisiae ZPt-14 strains were examined
under the microscope using JSM-6490LM scanning electron microscope with Energy INCA 350
energy dispersive X-ray microanalysis system and HKL Basic system (Figure 1).
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S. cerevisiae Az- 12 S. cerevisiae BB-32 S. cerevisiae ZPt-14
Gl (%) pH 2,5>90 GI(%) pH 2,5 =50-75 Gl (%) pH 2,5 <50

Figure 1 - Resistance of yeast to acidic conditions

Thus, acid exposure at pH=2.5 sharply reduced yeast cell growth in S. cerevisiae strain ZPt-
14 (Gl (%), pH 2.5 <50). A significant decrease in viable cells was observed here, due to partial
or complete damage and lysis of cell walls. S. cerevisiae BB-32 was less affected by acid Gl (%),
pH 2.5 = 50-75. S. cerevisiae Az-12 strain showed high resistance to acidic conditions, which in
the future can be recommended for the production of functional fermented food products. The
resistance to acidic conditions is not surprising, since the strains studied in this work were isolated
from low pH environments, such as, fruit juices.

Conclusions

The indigenous strains of Saccharomyces cerevisiae tested in this study, isolated from
various plant materials, demonstrated a fairly high level of probiotic traits, proving that indigenous
yeasts represent an interesting source for the selection of new probiotic strains. All 15 S. cerevisiae
strains previously tested for parameters of technological interest can be used as starter cultures for
the production of fermented beverages. These strains were selected as the most promising because
they are able to ferment juices quickly. The leading factor was the organoleptic characteristics of
the finished fermented product: a natural fruity smell and a sweet, slightly sour taste, without the
appearance of turbidity. S. cerevisiae Al-06, S. cerevisiae BB-5, S. cerevisiae Az- 12, and S.
cerevisiae GI-8 showed promising probiotic activity, as the growth index at pH=2.5 in these
cultures was >90; besides, seven strains (BB-5, BB-32, VSs-2, Az-12, Al-06, GI-8, Ab-13) showed
the highest percentage of MAtS. In particular, S. cerevisiae strain Az-12 isolated from
pomegranate juice can be considered as the strain showing the best combination of probiotic and
beneficial properties.
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AHHOTaNUSA

BakrepuanbHbIi 03k0T — 0JJHO U3 HanboJiee OMAacHbIX 3a00JIeBaHII CEMEUKOBBIX TIOJJOBBIX KYJIBTYD.
OH siBisIeTCSl KAapaHTUHHBIM 3a00JI€BaHUEM AJISl MHOTHX CTpaH MHpa, Tak U 1yt Kazaxcrana. B nactosimee
BpEMsI MHOI'OYMCIICHHBIE OYard 3aperucTpUpOoBaHbl Ha I0Ie ¥ I0T0-BOCTOKE PECITyOIMKH, YTO IPEACTaBIIIET
CEPhE3HYIO Yrpo3y AJIs IJI0A0BOJCTBA PECILYOIUKH.

OpHUM W3 pajuKaJbHBIX METOAOB OOpHOBI, Kak C KapaHTUHHBIM 3a00JIeBaHHEM, SBISETCS
BBIKOPUEBKA JEPEBbEB, YTO IPUBEAET K OOJIBLINM 3KOHOMHUYECKUM H3IEPKKaM M MOXKET OKa3aTbCsl HE
3P eKTUBHBIM.

B CIIA u ctpanax EBporsl 1 60pb0BI ¢ OaKTepHUAbHBIM 0XKOTOM JIOJITOE€ BpEMsI MPUMEHSUICS
aHTHOMOTHK cTpenToMuLrH. OH ObIT He3aMeHHUM /7151 00pBOBI ¢ TaHHBIM 3a0ojeBanueM Oonee 60 net 6e3
COO0IIIeHUH 0 HEOIArONPISITHOM BO3ICHCTBUH Ha YelIOBEKa M OKpyskaromryto cpexny. B CILIA u W3paune,
I/ CTPENTOMHLMH JI0JToe BpeMsl ObT OCHOBHBIM CPEACTBOM OOpBOBI C OaKkTepHAbHBIM OXOTIOM, Y
Erwinia amylovora Beipabaranack yCTOWYMBOCTH K 3TOMY aHTHOMOTHKY. B EBpome, rme naHHBIH
AQHTUOMOTHK 3aIpellleH B PacTCHUEBOJCTBE, OH IIPUMEHSETCS B TeX CilydasX, KOTAa NPOrHO3UPYETCs
BBICOKHH PHUCK 3a00JICBaHMUS.

Llenpro HAIIMX HMCCIIENOBAaHHUN SBISUIOCH OILCHUTH YyBCTBHTEIBHOCTH OakTepuu E. amylovora k
CTPENTOMMLUHY U APYIUM aHTUOMOTUKAM B JIAOOPATOPHBIX YCIOBHUSX.

Pesynpratel uccnenoBaHMsA IOKas3ajld, YTO HCHbITAHHbIE AHTUOMOTUKM IO OaKTEPULUIHBIM
CBOWCTBaM MPEBOCXOIMIN CTPENTOMHUIYH. Bricokne OakTepuIuIHbIe CBOMCTBA MPOSBUIN O(IOKCAIMH U
1edas3oianH, YTO CBHIACTEIBCTBYET O BOSMOKHOCTH MX WCIOJBb30BAaHHS MPOTHUB OMACHOTO KapaHTUHHOTO
3a005eBaHus OAKTEPHUATLHOTO OXKOTa MPU PHUCKE BOSHUKHOBEHHS SMU(DHUTOTHH, MPUBOISIMICH K THOSTH
IUIOZIOBBIX AEPEBbEB. JlJIsl 3TOT0 HY>KHBI YIIyOJIEHHBIE U BCECTOPOHHUE UCCIIEJOBAHMS.

KawoueBble cioBa: OakTepuallbHBI OXOT IUIONOBBIX, Erwinia amylovora, Gakrepunmmnsie
CBOWCTBA, aHTUOMOTHUKH, METOJ] JIYHOK.

BakTepuanbHBIA 05KOT OAHO M3 HanOoJiee OMAacCHBIX 3a00JIeBaHUN CEMEYKOBBIX TIOJIOBBIX
KylnbTyp. B Hacrosiiee Bpemsi oH 3apeructpupoBad B Oonee yem 50 crpanax mwmpa [1]. B
Kazaxcrane Bo3OynuTeNnb OaKTepUAIBHOTO 05KOTa BKJIIOYEH B [lepedeHh KapaHTUHHBIX BPEIHBIX
OpPraHU3MOB, OTPAHUYCHHO PACMPOCTPaHEHHBIX Ha TeppuTopun PecmyOmuku Kazaxcran [2].
Bosoynutenem 6onesnu siBisiercs auTepodaktrepust Erwinia amylovora (Burrill) Winslow et al.
Ona 6onee 30 ner mpucyrctByeT B benbrun, M3paune um apyrux EBpomeiickux cTpaHax u
©XKEroHO MPUHOCUT OOJBIINE 3KOHOMHUYECKHE MOTEpPH IUON0BOACTBY [3,4]. BpenoHocHOCTh
ATOTO 3a00JIEBaHMS 3aKIIOYaeTCs B OBICTPOM PacHpoOCTpaHEHWHU, OOJBIIMX MOTEPSIX YpOKas,
3aTpaTax Ha BBIKOPUYEBKY MOTHUOIIMX W MOPAXKCHHBIX JEPEBHEB, a TaKXKE Ha BOCCTAHOBJICHHE
HOBBIX CaJIOB.

B Hacrosiiiee BpemMsi MHOTOYHMCIIEHHBIE O4ard 0aKTepUAIBHOTO 0YKOTa 3apeTUCTPUPOBAHBI
Ha ore u rro-ocroke Kazaxcrana [5,6], 4TO TpEeACTaBISIET CEPHE3HYIO Yrpo3y Ui
IUIO/IOBOJCTBA pecnyOnuku. OCOOEHHO BOCHPUUMYMBEI K OaKkTepUaIbHOMY OXOTYy Tpylia U
s0m0Hs copta AmnopT. bonesHp BbI3BIBaeT OBICTpYyI0 HX TuOenb. B Hacrosmee Bpems
BBIKOPYEBAHBI II€NIbIe TUIAHTALMK TPYIIN, YTO CYIIECTBEHHO COKPATHIIO IUIOMIA/b TPYIIEBBIX
CaJioB.
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OnHUM U3 paguKaIbHBIX METOJOB OOPHOBI C OAKTEPHATIBLHBIM 0)KOTOM, KaK KapaHTHHHBIM
3a00JI€eBaHNEM, SIBIISETCS BBIKOPYEBKA JI€PEBBEB, UTO NMPUBEAET K OOJIBLIIMM 3KOHOMHYECKHM
U3JIepKKaM U MOXET OKa3aThcs He 3(h(PEeKTUBHBIM.

AHanmu3 IuTepaTyphl MOKa3bIBaeT, YTO d3(HPEKTUBHBIX CPeACTB OOPHOBI ¢ OaKTepUaTbLHBIM
0’KOTOM JI0 HACTOSIIET0 BpeMeHH He paszpaboraHo. [lake mpu BBIMOJHEHUH KOMIUIEKCHOU
IpOrpaMMbl XMMHUYECKOTO KOHTPOJII B COYETAaHMM C CaHUTApUel NPaKTHUYECKH HEBO3MOXKHO
yCTpaHUTh OaKkTepuaibHbIi 0xxor. Heobxomumbl HOBbIE U Oosiee 3¢ eKTuBHBIE TOAXO0AbI [7].

[To MHEHHIO aMEpUKAHCKUX YUEHBIX pa3paboTKa M pealn3alus CTPAaTeTud YIPaBICHUS
OaKTepHaIbHBIM 0XKOT'OM JIOJKHA MPOBOIUTHCS B (hazy nBeTeHus. B 3ToT nepuoxa 3¢ ¢dexTuBHO
UCIOJIb30BaTh NMPO(UIAKTUUECKUI KOHTPOJIb AHTUOMOTHKAMHU, B YACTHOCTU CTPENTOMMIIMHOM
[8]. AHTUOMOTHK CTPENITOMULIMH MPUMEHSETCS ISl OOpHObI ¢ OakTepuabHBIM 0K0oroM ¢ 1950
rojia ¥ ObUT OCHOBHBIM CPEICTBOM OOPBLOBI C 3TUM OIacHBIM 3aboeBanreM. OH ObUT HE3aMEHUM
Ui O0oprObI ¢ OakTepHadbHBIM OKoroM Oojee 60 yieT 6e3 cooOuieHni 0 HeOIaronpUATHOM
BO3JCHCTBUM Ha 3J0pPOBbE YEIOBEKAa M BPEJHOIO BO3JAEHCTBHMS HA OKPYXAIOIUYIO Cpemy.
HccnenoBanus o U3y4eHUIO CTOMKOCTH aHTUOMOTKOB B OKPY)KAIOLIEH cpeJie MOKa3alH, YTO OHH
aKTHUBHBI HA TOBEPXHOCTH PACTCHUIT MEHEe HeJIeIH U OBICTPO MHAKTHBU3UPYIOTCS B mouse [9].

B CIIIA u Uzpaune, rae CTpenTOMUIIMH J0AT0€ BpeMsi ObLIT OCHOBHBIM CPEICTBOM OOPHOBI
¢ O6akTepuaabHBIM 0KoroM, y E. amylovora Beipaboranack yCTOMYHBOCTE K 3TOMY aHTHOHOTHKY
[10]. UroObl yMEHBIINTH BO3MOKHOCTh BO3HHMKHOBEHHUS YCTOMYMBOCTH K AHTUOMOTHUKY Y
nonynsinuy E. amylovora, on mpumeHsiercst B city4asix, KOra IPOrHO3UPYETCs BBICOKUIN PHUCK
3aboneBanus [9]. CrpenromunuH, XoTs 3anpemieH B EC, B Hacrosimiee BpeMsi UCIOIb3YETCS B
SKCTPEHHBIX Ciiyyasx, Harnpumep B ['epmanuu u ABctpuu [10].

enpt0o HAIKMX  HWCCIEAOBAHMMA  SBISUIOCH  OLIEHUTh  OaKTEpUIMIHBIE  CBOMCTBA
CTPENTOMHUIIMHA M APYTUX aHTHOMOTHKOB Ha TeCT-00beKTe OakTepuu E. amylovora, Bo30yauTens
0aKTepHaIbHOTO 0KOTa MJIOJIOBBIX KYJIBTYD.

Matepuaabl U METOABI HCCJIETOBAHUS

N3yuenne OakTEepUIIMIHON AaKTUBHOCTH aHTHOMOTHUKOB mpoBoawian Ha Oaze UIIDJIA
(UcopiTaTenbHblii  LEHTp (UTOCAHUTAPHOTO J1a0OpPaTOPHOTO aHajaM3a) B J1abopaTopuu
¢duTOMaTONOrNN C UCHOIB30BAHUEM B KaueCcTBE TeCT-00bEKTa MECTHOro mramma Oaktepuu E.
amylovora, BbIICTICHHOTO U3 MTOPaKEHHBIX OaKTePHATBLHBIM 05KOTOM PACTCHUH, IPOU3PACTAFOIIUX
B paifoHax AnMaTHHCKON oOnacTu. VCHbIThIBAM aHTHOWOTHKH: TETPAIUKINH, O(IIOKCAIHH,
aMOUIWUINH, 1e(a30oiiH W CTPENTOMHUIIMH B  pa3HBIX  KOHIEHTpamusx. OILeHKy
YYBCTBUTEJILHOCTH AHTUOMOTUKOB MPOBOJMUIN METOJIOM JIYHOK, COTJIAaCHO METOAMYECKUM
ykazaHusum [11]. B mabopaTopHbIX yclIOBUSAX B JJaMUHapHOM OOKCe B cTepUiIbHBIC Yaliku [letpu
pazmuBayit o 20 MuI TUTATENBHOU cpenbl (KapTodenbHBIM arap), 3aTeM 3aceBajld CYTOYHOM
KYJAbTypoil TecT oObeKTa, KOHIeHTpaunus cycrmensuu 10° mo cramgapry myrtHoctH. Ha
MOBEPXHOCTh IMHMTATEIILHOU Cpebl, 3acesHHON Oakrepueit E. amylovora, mo cepenuHe yamku
[Merpu nemanu nynku amamerpoM 10 MM, B KOTOpBIE TOMEIIATH HUCHBITYEMBIH mpenapar
COOTBETCTBYIOLIECH KOHIEHTpaluu. B kadecTBe KOHTPOJA UCNoiab30Bainu Boay. Yamku [letpu
BBIJICP)KUBAIIA B TEUCHUE Yaca MIPH KOMHATHOM TeMIlepaTrype, 3aTeM MOMEIIAIH B TEPMOCTAT MPH
temriepatype 26°C, onTUMalbHON ISl pocTa (UTONMATOTCHHBIX OakTepwii. Uepe3 aBOE CyTOK
KYJIbTUBHPOBaHUS OaKTepuil OTMEYad 30HBI TMOJABJICHUS WX POCTa BOKPYr JYHOK. YUeT
MIPOBOAMIIN, U3MEPSISI TUAMETP 30HBI UHTUOUPOBAHUS B MM.

Pe3yabTaThl M 00Cy:KIeHHE

Pe3synbraThl OIGHKM YyBCTBUTENbHOCTH Oaktepuun E. amylovora x aHTHOHOTHKAM
CTPENTOMUIINHY, TETPALIUKIUHY, OQJIOKCAIMHY, aMITMLIMWUIMHY U 11e(a30JuHy MpeacTaBIeHbl Ha
pucyHkax 1 u 2.
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Pucynok 1 — 30HbI mogaBnenus pocra bakrepuu E. amylovora paszinudsasiMu 103aMu aHTHOMOTHKOB, MM
(;1aGopaTopHBIif OMBIT)

Yuersl 30H mojaBieHus pocra bakrepun E. amylovora mokasanu, uro Bce OHH 0071a1al0T
OaKTepUIIUTHBIMU CBOMCTBAMH U UX d()PPEKTUBHOCTH 3aBUCHUT OT KOHIIEHTPAIIMU TIpenapara. Yem
BbIIlI€ KOHIIEHTpals, TeM 0oJiee UyBCTBUTENEH K HUM TECT-O0BEKT.

Bce wucnbiTaHHBIE aHTHOMOTHKH OTMYaIUCh 10 dddexTuBHOCTH. HamMmeHbryro
3(PEKTUBHOCTH MPOSBHI CTPENTOMHUIIMH. B 3TOM BapuaHTe 30HA MOAABJICHUS POCTa OaKTEpUid
cocTaBisiia 2,5 MM — 7 MM B 3aBUCHMOCTH OT KOHIIEHTpauuu. CyIecCTBEHHO HE OTJIMYAIUCh 0
OaKTEepULIUTHBIM CBOMCTBAM TETPALMKINH U aMIULWJUINH, TAe CAepKUBaHUE pocTa OaKkTepHil B
npeaenax 11,7 mm — 15 mm. Bonee uwyBcTBuTeNnBbHA OakTepus E. amylovora 6buta x oduiokcanuny
u 1eda3oNuHy, TAE€ 30Ha TOJABICHUS pOCTa TecT-00bhekTa gocturana 20 MM u 19 MM
COOTBETCTBEHHO, TPH OSTOM HaWOONbIIy0 dS()PEKTUBHOCTH MPOSBHI OQIIOKCAUH B
konneHTpanuu 0,05% u 0,1%.

TakxuM 00pa3oM, pe3ynbTaThl HCCISIOBAHUHN MTOKA3AJIH, YTO BCE UCTIHITAHHBIC aHTHOUOTHKHU
ObuTH O0Jee 3 (HEKTUBHBI, YeM CTPENTOMHUIIMH, JIYUIIINE MTOKA3aTeHM B BapruaHTaxX 0(JIOKCAIUH U
neda3onuH (PUCYHOK 2).

7
Crpentomunus — 0,3%

N

Hedasoann —0,3%

Pucynok 2 — bakrepuiuanbie CBOWCTBa aHTHOMOTHKOB TIPH Pa3HBIX KOHIICHTPALMAX
(;1abopaTOPHBIiA OIIBIT)
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Pesynbratel  1a0OpaTOpPHBIX  HMCCIENOBAHMN  TOKA3add  BBICOKYIO  I(PPEKTHBHOCTD
aHTHOMOTUKOB o(iokcaiHa u nedaszonnHa npotuB Oakrepun E. amylovora, Bo3Oyautens
0aKTEepUaTBLHOTO O0KOTa, YTO CBUACTEIHCTBYET O BO3MOXKHOCTH HCIOJH30BAHUS WX MPOTUB
IAHHOTO 3a00JIeBaHU.

Bo30Oynurens 6akTepuallbHOTO 0)KOTa MIEPBOHAYATBFHO PA3MHOKAETCS Ha IBETKE U KaXKIBIN
[BETOK SIBJISIETCS MOTEHLUUATBHBIM MECTOM JUISl 3apa)KEHUS, TOATOMY Ui €ro MpeaylpekIeHus
HeoOxomumo 3¢ dextuBHOE cpencTBo [12]. Mcmonp3oBanue B 3TOT MEPHOA MEIbCOIEPIKAIIIX
(GYHTUIIUAOB, KOTOpbIE PEKOMEHAYIOTCA TMPOTHB JAHHOTO 3a00jieBaHHS B  BBICOKHUX
KoHIeHTpanusx [ 10], MOTyT BbI3BaTh (PUTOTOKCHYHOCTD, 2 UMEIOIIIMECS OMOoNpenapaThl 00JIaatoT
c1abbIMU OaKTEPUIIUTHBIMHU CBOMCTBAMU.

Bo3MmoxHO, Tipu pHICKE BO3HHKHOBEHHS SMU(GUTOTHH OOJE3HU, MPUBOMASIIEH K THOENn
IUIOZIOBBIX JIEPEBbEB, [UISl TOJABJICHHUS oOdara JaHHOTO KapaHTUHHOrO 3aboieBaHHs U
PEIOTBPALIICHUS ero JATbHEUIIETO pacnpocTpaHeHus clemyer MIPUMCHSITh
BBICOKOX()(hEeKTUBHBIE aHTHOMOTUKH. [[1s1 3TOrO HYXXHBI O0Jee YyriIyOJICHHBICE U BCECTOPOHHUE
WCCJICTOBAHMSI B 9TOM HANPABJICHHH.

3akiloueHue

Pe3ynbpTaThl MpOBENCHHBIX JTA00OPATOPHBIX HCCICIOBAHUN TOKa3aiH, YTO AHTUOMOTHKH
oduiokcanvH U 1eda3onrH 00JIaJal0T BEICOKMME OAKTEPUIIUAHBIMU CBOMCTBAMH B OTHOIIICHHUU
6akrepun E. amylovora, Bo30yauresst 6aKTepHaIbHOTO 05KOTa.
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BAKTEPUSUIBIK KYWIK AYPYBIHBIH KO31bIPFBIIIbI
ERWINIA AMYLOVORA BAKTEPUSAJIAPBIHBIH AHTUBUOTUKTEPI'E
CE3IMTAJLABIT'bI

Tyiiin

BakTeprsutblk KyHiK — MIEKUTIEYIKTI JKeMiC MaKbUITAPBIHBIH €H KayinTi aypylnapbiHBIH Oipi. byn
QJIEMHIH KeNTereH enjaepinie, oublH iminae Kasakcranaa na, kapantunnui aypy 6onbin tabeansl. Kasipri
YaKbITTa eNiMi3AiH OHTYCTIriHJIE KOHE OHTYCTIK-IUBIFBICBIHAA KONTEreH OAKTEPUSUIBIK KYHIK aypybIHBIH
OIIAKTaPhl TIPKEITreH, OYJI peciyOIMKaHbIH JXKEMIC-KUCK IapyalllbUIbIFbIHA €1yl Kayill TOHIIPE/Ii.

Kapantunnik aypy perinae OakTepHsIIBIK KYHIKIEH KypecydiH pamuKalsl oAicTepiHiH Oipi — on
aramTap/sl TAMBIPBIMEH KOMapy OOJIBIN TaObUIaAbI, OYJI ©3 Ke3eTriH/Ae YJIKeH SKOHOMHUKAIIBIK, MIBIFBIHAAPFa
QKeIe/Ii, opi THIMI 00JIMAaybl MyMKIiH.

Amepukana xoHe Eypona enjiepinie CTpenTOMUIIMH aHTUOUOTHUI] Y3aK YaKbIT OOHbI 0aKTEPHSIIBIK
KYHIKIeH Kypecy YwiH KonmanpUraH. On 60 KpuigaH actaM yakbIT OOHBI, aZaMHBIH XOHE KOpILAFaH
OpTaHBIH JKarbIMCBI3 acepiepi Typajibl xabapiamachl3 aTajiMbIll aypyMeH KYpecy YINiH KaKeT OOJIbI.
CTpenToOMUIIMH Y3aK YakKbIT OOWbI OaKTEpUSUIBIK KYHIKIIEH KypecyaiH Heri3ri Kypanbl 6onran AKII men
Wspannsae, Erwinia amylovora Ko3msIpfbIlibIHAA OCHI aHTHOMOTHKKE TO3IMALTIKTI JaMBITTBL. By
AHTUOMOTHKKE THIABIM canbiHFaH Eypomanma, aypyablH >KOFapbl Kaymi OoJDKaHFaH Ke3[e eciMIIK
HIapyaIlbUTBIFBIHIIA KOJIAHBLIAIbL.

bismiyg 3eprTeynepiMi3miH MakcaThl 3epTXaHaNblK Jkarmaiima E. amylovora OGakTepHsCBIHBIH
CTPENTOMHLIMHTE KoHE 0acKa aHTUOMOTUKTEPre Ce3IMTANIBIFBIH Oaranay OO

3epTTey HOTIKEIEpI OAKTEPUITMATIK KacHeTTepi OOWBIHINA CHIHAIFAH aHTHOMOTHUKTEPHIH
CTPENITOMHUIIMHHECH JKOFaphl eKeHiH kepcerTi. JKorapbl OakTepUIMATIK KacueTrepre o(JIoOKCalldH MEH
ueda3oiarH ue OONMFaHABIFBIH KOPCETTi, OYJI OJapAbl KeMic aFalITapbIHbIH JKaNnai >KOMbUTYbIHA SKEIeTiH
snuduTOTHS Kaymi O6ap KayinTi KapaHTHHIIK OaKTEpUSUIBIK KYHIK aypyblHa Kapchl KOJJIaHy MYMKIHIITiH
kepcetemi. O YIIiH TEPeH XKoHE JKaH-KaKTHI 3ePTTEYIep KaKeT.

KinTri ce3mep: »eMic nakpUIIapbIHBIH OaKTepHsUIBIK Kyiiiri; Erwinia amylovora; 6akrepumunrik
KacHeTTep; aHTUOMOTUKTEP; YHFbIMA OJIICi.
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Abstract

Fire blight is one of the most dangerous diseases of seed fruit crops. It is a quarantine disease for
many countries, including Kazakhstan. Currently, numerous outbreaks of fire blight are registered in the
south and southeast of Kazakhstan, which poses a serious threat to fruit growing in the country.

One of the radical methods of combating fire blight, as a quarantine disease, is the uprooting of trees,
which will lead to large economic costs and may not be effective.

In America and European countries, the antibiotic streptomycin has been used for a long time to
combat fire blight. It has been indispensable for fighting fire blight for more than 60 years without reports
of adverse effects on humans and the environment. In the USA and Israel, where streptomycin has long
been the main means of combating fire blight, Erwinia amylovora has developed resistance to this
antibiotic. In Europe, where this antibiotic is banned in crop production, it is used when a high risk of
disease is predicted.

The aim of our research was to evaluate the sensitivity of E. amylovora bacteria to streptomycin and
other antibiotics in the laboratory.

The results of the study showed that the tested antibiotics are superior to streptomycin in bactericidal
properties. High bactericidal properties were shown by ofloxacin and cefazolin, which indicates the
possibility of their use against the dangerous quarantine disease fire blight at the risk of epiphytotic disease,
leading to the death of fruit trees. This requires in-depth and comprehensive research.

Keywords: fire blight; Erwinia amylovora; bactericidal properties; antibiotics; hole method.

Fire blight is one of the most dangerous diseases of pome fruit crops. Currently, it is
registered in more than 50 countries around the world [1]. In Kazakhstan, it is included in the List
of quarantine pests that are limited in the territory of the Republic of Kazakhstan [2]. The causative
agent of the disease is Enterobacteria Erwinia amylovora (Burrill) Winslow et al. It has been
present in Belgium, Israel, and other European countries for more than 30 years and annually
brings great economic losses to fruit growing [3,4]. Its harmfulness lies in its rapid spread, in large
crop losses, in the costs of uprooting dead and affected trees, as well as the restoration of new
gardens.

Currently, numerous foci of fire blight have been registered in the south and south-east of
Kazakhstan [5, 6], which poses a serious threat to the fruit growing of the republic. Pear and apple
varieties of Aport are particularly susceptible to fire blight. The disease causes their rapid death.
Currently, entire pear plantations have been uprooted, which has significantly reduced the area of
pear orchards.

One of the radical methods of combating fire blight, as a quarantine disease, is the uprooting
of trees, which will lead to large economic costs and may not be effective.

Analysis of the literature shows that no effective means of controlling fire blight have been
developed to date. Even with a comprehensive program of chemical control combined with
sanitation, it is almost impossible to eliminate fire blight. New and more effective approaches are
needed [7].

According to American scientists, the development and implementation of fire blight
management strategy should be carried out in the flowering phase. During this period, prophylactic
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control with antibiotics, particularly streptomycin, is effective [8]. The antibiotic streptomycin has
been used to control fire blight since 1950 and has been the primary control of this dangerous
disease. It has been indispensable for the control of fire blight for over 60 years without any
reported adverse effects on human health or the environment. Studies on the persistence of
antibiotics in the environment have shown that they are active on the plant surface for less than a
week and are rapidly inactivated in the soil [9].

In the United States and Israel, where streptomycin has long been the main treatment for fire
blight, E. amylovora has developed resistance to this antibiotic [10]. To reduce the possibility of
antibiotic resistance in the E. amylovora population, it is used when a high risk of disease is
predicted [9]. Streptomycin, although banned in the EU, is currently used in emergency cases, for
example in Germany and Austria [10].

The purpose of our studies was to evaluate the bactericidal properties of streptomycin and
other antibiotics on the test-object bacterium E. amylovora, the causative agent of fire blight of
fruit crops.

Materials and methods

The bactericidal activity of antibiotics was studied at PLATC (Phytosanitary Laboratory
Analysis Testing Center) in the laboratory of phytopathology using as a test object a local strain
of E. amylovora bacteria isolated from plants affected by fire blight, growing in areas of Almaty
region. Antibiotics were tested: tetracycline, ofloxacin, ampicillin, cefazolin, and streptomycin in
different concentrations. The sensitivity of antibiotics was assessed by the method of wells,
according to the guidelines [11]. Under laboratory conditions, 20 ml of nutrient medium (potato
agar) was poured into sterile Petri dishes in a laminar box, then seeded with a daily culture of the
test object, the concentration of the suspension was 109 according to the turbidity standard. On the
surface of the nutrient medium seeded with the bacterium E. amylovora, holes with a diameter of
10 mm were made in the middle of the Petri dish, into which the test preparation of the appropriate
concentration was placed. Water was used as a control. Petri dishes were kept for an hour at room
temperature, then placed in a thermostat at a temperature of 26 ° C, optimal for the growth of
phytopathogenic bacteria. After two days of cultivation of bacteria, zones of suppression of their
growth around the wells were noted. Accounting was carried out by measuring the diameter of the
inhibition zone in mm.

Results and discussion
The results of the evaluation of the sensitivity of E. amylovora bacteria to the antibiotics
streptomycin, tetracycline, ofloxacin, ampicillin and cefazolin are presented in Figures 1 and 2.
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Figure 1 — Growth suppression zones of E. amylovora bacteria with different doses of antibiotics, mm
(laboratory experience)
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Studies of the growth suppression zones of E. amylovora bacteria showed that all of them
have bactericidal properties and their effeciency depends on the concentration of the drug. The
higher the concentration, the more sensitive the test object is to them.

All the antibiotics tested differed in efficacy. Streptomycin was the least effective. In this
variant, the zone of bacterial growth suppression ranged from 2.5 mm to 7 mm depending on the
concentration. Tetracycline and ampicillin did not differ significantly in their bactericidal
properties, with bacterial growth suppression ranging from 11.7 mm to 15 mm. E. amylovora
bacteria were more sensitive to ofloxacin and cefazolin, where the test-object growth suppression
zone reached 20 mm and 19 mm, respectively with ofloxacin at a concentration of 0.05% and 0.1%
being the most effective.

Thus, the results of the studies showed that all the tested antibiotics were more effective than
streptomycin, the best indicators in the variants of ofloxacin, and cefazolin (Figure 2).

A

\ » \ 4
\1"2-’4 y . - B
Ofloxacin 0,01% Ofloxacin 0,05% Ofloxacin 0,1%

Figure 2 — Bactericidal properties of antibiotics at different concentrations (laboratory experiment)

Cefazolin - 0,1% Cefazolin — 0,3%

The results of laboratory studies showed high efficacy of antibiotics ofloxacin and cefazolin
against the bacterium E. amylovora, the causative agent of fire blight, which indicates the
possibility of their use against this disease.

The causative agent of fire blight initially multiplies on the flower and each flower is a
potential site of infection, so an effective remedy is needed to prevent it [12]. The use of copper-
containing fungicides during this period, which are recommended against this disease in high
concentrations [10], can cause phytotoxicity, and the available biopreparations have weak
bactericidal properties.

Perhaps, if there is a risk of epiphytes of the disease leading to fruit-tree death, highly
effective antibiotics should be used to suppress the focus of this quarantine disease and prevent its
further spreading. This requires more in-depth and comprehensive research in this direction.

Conclusion
The results of the laboratory studies showed that the antibiotics ofloxacin and cefazolin have
high bactericidal properties against E. amylovora bacteria, the causative agent of fire blight.
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ITPABUJIA
W3JIaHus )KypHaja
«MHUKPOBHNOJIOI'US ) KOHE BUPYCOJIOI'US»

Kypuan my06nukyer cratbu (GyHIAMEHTAILHOTO U MPUKIAAHOTO XapakTepa. MaTepuaibl
JTIOJDKHBI OTPaXKaTh PE3yJIbTaThl HAYYHBIX UCCIICIOBAHUN U MMPAKTHYECKUX JOCTHIKEHUN B 001aCTH
MUKPOOUOJIOTHH, BUPYCOJIOTUN, OMOTEXHOJIOTUU U KOJIOTHH.

Omnata 3a mybnukarnutio cratbu — 30 000 TeHre.

[Ipencranennpie 1isi OMyOIMKOBAHUS MaTEPUANbI JIOJDKHBI YAOBJIECTBOPSATH CIEAYIOIIUM
TpeOOBAHUSM:

Conepxathb pe3yabTaThl OPUTUHAIBHBIX HAYYHBIX HCCIIEIOBAHUH 110 aKTyaJbHBIM MIPOOIeMaM
B 00JacTd MHKPOOHOJIOTHMH, BHUPYCOJIOTHH, OHWOTEXHOJIOTMM ¥ OJKOJIOTHH, paHee He
OIyOJIMKOBAHHBIC M HE TIPEIHA3HAUYCHHBIC K MMyOJIMKAIMU B APYTUX U3AHUSX.

Bce crateu mpuHUMANOTCS W MYOJUKYIOTCSI OJHOBPEMEHHO Ha JIBYX SI3bIKaxX (Ka3axCKOM M
AQHIVIMICKOM, WIIM PYCCKOM M aHIJIUHCKOM).

CraTh¥ TPUHUMAIOTCS B 3JIeKTpoHHOM BHae (B ¢opmare .doc, .docx mubo .rtf) gepes
npoduie aBTOpa Ha caiite imv-journal.kz.

[Tpu HeBbIMOMHEHUH (POPMATBHBIX TPEOOBAHMH, CTAThsI K TyOJUKAIIMKM HE PUHUMAETCS.

Crarbd, MOCTYNMUBIIHE B PEHAKIUIO KYpPHANd, MOTYT OBITh MPOBEPEHBI C TOMOIIBIO
cucteMbl AHTUIUIarMaT. B ciydae, ecim pe3yabTaT TMPOBEPKH BBISBISET HEKOPPEKTHO
0(OpMIICHHBIE 3aMMCTBOBAHHUSI, CTAThsI MOXKET ObITh OTKJIOHEHA.

[Ipu BeIONTHEHUH (HOPMAIBHBIX TPEOOBAHUWM, CTaThsl HAMPABIAECTCS HA PACCMOTPEHHE
YJIeHaM PEIKOJUICTHHM, MMCIOIIUM YUYCHYI0 CTEIICHb B HAYYHOM 00JacTH, COOTBETCTBYIOIICH
cojiepkaHuto ctaTbu. [1pu 3TOM penakius onpeaenseT COOTBETCTBUE CTaThH MPOUIIIO )KypHaa,
TpeOoBaHUAM K ohopmiieHHIO. [Ipr COOTBETCTBUH BHIIIICyKa3aHHBIM TPEOOBAHUSIM HAIIPABJISET €€
Ha PEICH3UPOBAHUE CTOPOHHEMY CITEIIUAIIUCTY, 00JIaIal0IeMy BEICOKUMU TTPOdeCcCHOHATbEHBIMU
3HAHUSIMHA M OTBITOM Pa0OTHI IO KOHKPETHOMY HAYYHOMY HANpPaBICHHUIO, UMEIOLIEMY YICHYIO
crerrieds PhD, mokTopa mim KaHauaaTa Hayk.

K penienzupoBanuio He MPUBIEKAIOTCS CHEIUANINUCTHI, pabOTAIOIME B OJHOM OTHAEJE KN
JernapTaMeHTe YYPEKICHHUs, TJE€ BBIMOJIHEHA padoTa. PereH3eHT BBIHOCHT pEIICHHE O
BO3MOXKHOCTH OIYOJMKOBaHUS

OKoOHUaTeIBLHOE PElIeHUE O 1eIeCO00Pa3HOCTH MyOIUKAIIMU IPUHUMAETCs PeakiimoHHoN
KOJUIETHEH B COOTBETCTBUU C PEKOMEHIAIMSIMH PEIICH3EHTOB.

[Tocne mpuHsATHS PenakimoHHON KOJUIETHEH perieHus: O JOMYCKE CTaThbU K MyOJHKaIUuK
OTBETCTBEHHBIN pEHaKTOp >KypHala HHPOPMUPYET 00 O5TOM aBTOpa M YKa3blBae€T CpPOKHU
myOJTUKaIiy.

1. ITpucnanHble MaTepUaIbl TOJDKHBI CONIEPIKATh:

—Martepuainsl ctateu ((aitiry co cTaThell mprucBanBaeTcst UMsl TI0 (haMUITUHY TTIEPBOTO aBTOPA).

—Cgenenust 00 aBTopax (pamunms, UMs, OTYECTBO, yU€Hasl CTENCHb, 3BaHUE, TOJDKHOCTD,
MeCTO PadOThl, KOHTAKTHBIC TENIC(OHBI, IEKTPOHHBIE aapeca (e-mail), uaeHTHpUKannOHHbIH
Homep (ORCID).

—OTCKaHI/IpOBaHHOC COIIPOBOAUTEIILHOC IMTUCHMO.

2. Ctaths JOKHA COJIEPIKATh:

—MPHTMU - mexrocynapcTBeHHBIN pyOpUKATOp HAYYHO-TEXHUUYECKON HH(pOpMaIuu

—@amunuu aBTOPOB CTaThbU (MPOMUCHBIMH OyKBaMH, WHHULHMAJIBI CIEAYIOT Mepen
bamunueit);

—HasBanue opraHu3anuu, B KOTOpOH ObLia BBIMOJHEHA paboTa W ropoj (CTPOYHBIMHU
OyKBaMHu);

—HasBanwue cratbu (MPOMUCHBIME OYKBaMH MOJTYKUPHBIM MIPU(PTOM);
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—AnHOTAaIus (B HaYaJIe CTaThH MepPe]] OCHOBHBIM TEKCTOM);

—Kurouessie cioBa (He Goee 5);

—BBenenne (6e3 3arojoBka), B KOTOPOM KpaTKO H3JIaraeTcsl aKTyaJbHOCTh W HOBH3HA
paccMaTpruBaeMoro BOIIPOCa;

—OCHOBHOW TEKCT (BKJIIOYAET MaTepHallbl M METOJbI, PE3YyJIbTaThl W O0OCYXKICHUE,
3aKJTFOUYCHHE, COJEpIKAIIee KPATKOE H3JI0KEHIE OCHOBHBIX PE3YIbTATOB PaOOTHI);

—Cnucok nureparypsl (opopmisiercs ¢ ykazaHueM (paMuiIny 1 MHUIIMAJIOB aBTOPa, IIOJIHOTO
Ha3BaHWs KHUTH (CTAaThbU), MECTa M3JJaHUs, Ha3BaHUS KypHaja (rojaa, ToMa, HOMepa, CTPAHHIIHI).

3. Pazmep omHOI crathu HE JODKEH mpeBblmarh 10 MamMHONMMCHBIX CTpaHUI] (CTaThH
0030pHOTO0 Xapakrepa — a0 20 cTp.), BKIoUas aHHOTAIWIO, TAOJHIIBI, PUCYHKH, CIIUCOK JINTEPATYPHI.
B tom jke d(aiinie ciemyeT MpeACTaBISATh pPe3OME Ha TpeX s3bIKax (Ka3axXCKOM, PYCCKOM H
AHTJIUHCKOM).

4. Cratbs noipkHa OBITH HaOpaHa Ha KoMmbloTepe B peaakTope MS Office Word, mpudrom
Times New Roman 12 T, ¢ mpo6enomM Mexay CTpok | KOMITBIOTEPHBI HHTEPBA, TIOJISI — BEpXHEE U
HIDKHEE 2 cM, JieBoe 3 cm, mpaBoe 1,5 cm. KonmuecTBo puCyHKOB — HE Oojiee mSTH. AHHOTAIHS,
TaOJUIIBI, PUCYHKH, CITUCOK JTepaTyphl — 11 miT yepe3 1 xommbproTepHbIN MHTEpBaL. CCBHUIKH HA
JUTEpaTypHBbIC UCTOYHUKU NAOTCS MU(paMy B IPSIMBIX CKOOKaxX MO Mepe YIIOMUHAHUS U JIOJKHBI
OBITh UACHTUYHBIMU Ha IBYX s13bIkax. Heo0X01MMO TIIaTenbHO CIEAUTD 3a TOYHBIM COOTBETCTBUEM
0003HaYCHHI B TEKCTE W Ha TAONHIAX, pUCYHKaX U Ap. [Ipu M3M0KEeHUN IKCIEPUMEHTaIHHOTO
MaTepHuaa 0JbKHA OBITh HCTIOJb30BaHa MeXIyHapoiHas cuctema eauuuil (CH).

5. Tlocne crarbu Ha AHIVIMACKOM SI3bIKE€ MPHUBOIMTCS CHHCOK JIUTEPATyphl B POMaHCKOM
andasute (References) niss SCOPUS u npyrux BA3 JIAHHBIX moiaHOCThIO OTAETBHBIM OJIOKOM,
MOBTOPSISI CIIUCOK JINTEPATYpPhl K PYCCKOS3BIYHON YacTH, HE3aBUCUMO OT TOTO, UIMEIOTCSI WM HET B
HEM WMHOCTpaHHbIE MCTOYHUKH. ECIM B CHMCKe €cTh CChUIKM HAa MHOCTpPAaHHBIC MyOJIMKAIUU, OHH
MOJTHOCTHIO TIOBTOPSIFOTCS B CITUCKE, TOTOBSIIIEMCSI B POMaHCKOM ayihaBUTE (JTATUHUIIA).

B References He CTonb3yroTCs pa3aenuTeNbHbIe 3HAKU («//» U «—»). Ha3BaHue NCTOYHUKA U
BBIXOJHbIE TAaHHBIE OTIEJNSIOTCS OT aBTOPOB THUIIOM HIpH(Ta, Yalle BCEro KypCHUBOM, TOUKOW WIIU
3arsITOM.

Ha caiite http://www.translit.ru/ mokHO OeCrIaTHO BOCIIOJIB30BATHCA IPOTPAMMOI
TPAHCIUTEPALUN PYCCKOTO TEKCTa B JATUHUILY, UCIONB3Ys pasndHble cuctembl. [Iporpamma
OuYeHb MPOCTasi, €€ JIETKO HCIOJIb30BaTh Ul FOTOBBIX CChUIOK. K mpumepy, BbIOpaB BapuaHT
cucrembl bubmmnorexkn Konrpecca CHIA (LC), momyyaem wu3o0paxkeHHe BceX OYKBEHHBIX
coOoTBeTCTBUH. BeTamisiem B crienuanbHOE MoJie BeCh TeKCT Onbinorpaduu Ha PyCCKOM SI3bIKE U
HAOXKMMAeM KHOIIKY «B TPAHCIUT.

6. Crarbu, He cooTBercTBYIOUME [IpaBunam, He MyOIMKYIOTCS U HE BO3BPAIAIOTCS aBTOPY.
Penaxmust octaisier 3a OO0 MpaBo MPOU3BOIUTH COKPAIICHUS U MIPABKU CTATEH.
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