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AHHOTAIINSA

OOBexThl HccnenoBanus — MonouHokucieie 0akrepun (MKB), BbigerneHHbIE 13 OMOIOTUYECKUX
00pas31oB, U KojutekinonHble mrammbl MKB.

Lenp — xapakTepUCTHKA ITAMMOB IIPOOUOTUKOB Ui Pa3paOOTKH HAITUTKOB MPO(UIAKTHUECKOrO
Ha3Ha4YCHMUS.

B miportecce paboThl IPOBECH CKPUHUHT TPOOMOTHYECKH aKTUBHBIX mTaMmmMoB MKB, B pesynbTaTe
KOoTOporo otoOpano 17 Hanboree aKTUBHBIX KYJIBTYp, CPEU KOTOPHIX 13 KOJUIEKIIMOHHBIX INTAMMOB U3
Brobanka MpPOMBIIUIEHHBIX MHKPOOPTaHW3MOB PecryONMKaHCKOH KOJUIEKIIMM MHKpPOOPTaHU3MOB U 4
J1a00paTOPHBIX U30MTa. M3yueH npoOHOTHYEeCKUI TIOTSHIIMA OaKTEPHii: TPOAYKIIUS MOJIOUHOW KUCIIOTHI,
AHTaroHn3M K YCIOBHO-IIATOI'CHHBIM MUKpOOpPraHusmMaMm, aJrce3uBHBIC CBOﬁCTBa, yCTOﬁ‘IHBOCTB K
HEOIarONMpUATHBIM  YCIIOBUAM  skenyngouHo-kumieudoro tpakra (OKKT). Upentudukamms ¢
ucnoas3zopanueM cucteMbl Bruker MALDI-TOF Biotyper mo3Boyinia OTHECTH M30JISATHI K CICAYIOIIMM
sugam: Lactobacillus casei, Lactobacillus paracasei, Lactobacillus plantarum.

B pesynbrare MpOBENEHHBIX HCCIENOBAaHUI CO3MaHBI KOHCOPIMYMBI CTapTEPHBIX KYJIBTYD U3
mrrammoB Lactobacillus paracasei 2A, Lactobacillus casei Y1, Lactobacillus plantarum 1A, Lactobacillus
plantarum 17 A, Lactobacillus brevis 4 LB B-RKM 0610 u orobpan onTHMajbHbBIA BapHaHT,
COOTBETCTBYIOIIMIA OCHOBHBIM TEXHOJOTMYECKAM XapaKTEPUCTUKaM C YYeTOM OHOCOBMECTUMOCTH
IITaMMOB JIJIs1 BKIIIOYEHHUS B COCTaB pa3pabaThiBaeMOro HaNmrMTKa MPOpUIaKTHYECKOr0 Ha3HAYECHHSI.

KuioueBble c10Ba: MOJIOYHOKHUCITBIE OaKTEPUH, ITAMM, TPOOMOTHK, AHTATOHU3M, aJII'€3Hsl.

Ha ceropHsnHuil JeHb OJHUM W3 OCHOBHBIX HAIPaBJICHUH B 00JaCTH 3I0POBOTO MTUTAHUS
SIBIISICTCSI  CO3J]AHWE WHHOBAIIMOHHBIX TEXHOJIOTUH MPUTOTOBICHHUS MPOAYKTOB (HAIIMTKOB)
npo(UITAKTUYECKOTO 3HAUCHHs], OOOTallleHHBIX MUHEPATbHBIMH BEIISCTBAMH W BUTAMHHAMH,
npobuoTrkamMu u npedonoTrkamu [1]. OHM pa3nuyaroTcss pa3HOOOpa3HBIM COCTABOM, OJJHAKO
ACCOPTUMEHT OCHOBAH Ha IIEJICHAIIPABJICHHOM HCIIOJIb30BAaHUH MOJIOKA U CHIPbsS HEMOJOYHOTO
MPOUCXOXKICHHUS, TPHUAAIONIETO HOBBIM TPOJYKTaM OCJIKOBYIO, JIMIUJHYIO, YIJICBOIHYIO,
BUTAMHHHYI) WJIM MHHEPAIbHYIO HAMpPaBICHHOCTh [2]. PBIHOK MOJIOYHOH MPOIYKIIUU
pacimpsieTcsl TMOSBICHUEM HOBBIX (DYHKIIMOHAIBHBIX IPOJYKTOB TaKUX Kak, OHOMOJIOKO,
ouokedup, OHOHOTYPTHI, KOTOpBIE MPEACTABISAIOT COOON MPOAYKTHI (PepMEHTAIMU MOJIOKa
MOJIOYHOKHCIIBIMU OakTepusiMu. [IpoOroTHuecKre OakTepuu, KOTOpPbIe OOBIYHO HCIOJB3YIOT B
(bepMeHTHpPOBAaHHBIX HamuTKaxX, 3T0 - Lactobacillus acidophilus, Lactobacillus plantarum,
Lactobacillus rhamnosus u Bifidobacterium sp. [3]. Ilpu pa3paboTke KOMOWHHPOBAHHBIX
MOJIOUHBIX ~ TIPOJYKTOB  VAEISETCS  BHHUMAHUE  PETYJIMPOBAHUIO  aMHHOKHCIOTHOTO,
XUPHOKHCIOTHOTO, MUHEPAIBHOTO M BUTAMHUHHOTO COCTaBa, a TAaKXKe MPUIAHUIO MPOIYKTaM
Ne4eOHO-TTPO(PUITAKTHYECKIX CBOWCTB 3a CUET BKJIFOYCHHUS B UX COCTAB OMOJIOTUYESCKH aKTUBHBIX
BEIIIECTB U MUIIEBBIX JOOABOK HATYPAIBHOTO MPOUCXOKICHHUS.

AHanmu3 HayYHOH JIUTEPATyphl, TATEHTOB IO JIAHHOW HAyYHOU NpoOseMe CBUICTEIbCTBYET
0 TOM, 4YTO pa3pabOTKa pa3jMYHBIX PEIENTYpP M TEXHOJIOTHH TNPUTOTOBJICHUS JIe4eOHO-
npo(UIAKTUYECKUX TPOAYKTOB (HAMKMTKOB) C HCIHOJb30BAHUEM MPOOMOTHKOB, SIBISCTCS
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aKTyaJbHbIM HalpaBJICHHEM, KOTOPbIE Ha PbIHKE MPUOOPETAIOT BCE OOJBINYIO MOMYJISIPHOCTh
cpenu noTpeduTeNneH, sBIsisICh HCTOYHUKOM MHOTHUX HEOOXOAUMBIX JJIs YeJ0BeKa BeriecTs [4-7].

K npoOuotnyeckumM npor3BoACTBEHHBIM HITAMMaM MPEIBIBIACTCS Psii TpeOOBaHUM, CpeH
KOTOPBIX: HAJIM4YME AHTArOHMCTHYECKUX CBOWCTB II0 OTHOLICHUIO K KIMHUYECKHMM W TECT-
ITaAMMaM I[IaTOI€HHBIX U YCIOBHO-IIATOT€HHBIX MUKPOOPIaHU3MOB, YCTOMYUBOCTD K JIEHCTBUIO
CEKPETOB JKENyJOYHO-KUIIEYHOro TpakTa W Ap. C 3TOH LENbl0 akTyalu3upyeTcs 3ajaya Io
XapaKTepUCTUKE IITAMMOB  NPOOMOTHKOB s  BKJIKOYEHHS B  COCTaB  HAMWUTKOB
Mpo(UITAKTUIECKOTO Ha3HAYCHUS.

MarepuaJjbl 1 MeTOABI

Buvioenenue uucmoti kynomypoi

B mensx wu3onMpoBaHMS MOJIOUHOKUCIBIX OakTepUil M3 pazIMYHbIX TPaJAULUOHHBIX
MIPOJIyKTOB JOMAIIIHEr0 MPUTOTOBJIEHMs (Ka3bl, CMETaHa, MPHUMILUK, Macio, ailpaH, KyMbIC,
Oanblk) OBUT HKCIOJB30BaH METOJN, omnucaHHbli B pabore E. Nagyzbekkyzy [8]. us
kynbTuBupoBanus MKDB ucnonp3oBanu cnenuanusupoBantbie cpeasl MRS ¢upmbr HiMedia ¢
nHkyOauueit npu 37 °C B TeueHHe JIByX CyTOK B MUKpPOa’po(UIbHBIX YCIOBUSAX B TEPMOCTATE
(redLINE RI-53, T'epmanus).

NnerTudukaiimio n3015TOB MPOBOIMIIN ¢ UCIOB30BaHueM cucteMbl Bruker MALDI-TOF
Biotyper. O6pasust miss MALDI-TOF MS roToBmwin clieayonumM o0pa3oM: MPOBOIMIN PSIMOI
MEPEHOC CBEXEH SAMHUYHOW KOJIOHMU Ha TOJIMPOBAHHYIO CcTainbHy0 MuiieHb MSP 96 (Bruker
Daltonik), monxcymmBanu. ITokpsiBarn 1 M HACBIIIEHHOTO pacTBopa a-Cyano-4-hydroxy-
cinnamic acid (HCCA) matrix solution B 50% aueronutpuie-2.5% TpudropykCycHON KUCIOTHI
(Bruker Daltonik) u BbicymuBanu npu KOMHaTHOM Temiieparype [9].

HccnenoBanue aHTaroHUCTUYECKOW aKTUBHOCTH METOI0M Auddy3uu B arap.

lNotoBun cycneH3uro KiIeTok cyrouHblx KynbTyp MKDB B komudectBe Imumn/Imi (o
CTaHJapTy OaKTepHaTbHON MYTHOCTH ) M HAHOCHJIM Ha IOBEPXHOCTh MUTATEILHOM CpeJibl B YAIIKU
[Terpu (MOXXHO BHOCHUTH B pAaCIUIaBICHHYIO M OcTyxeHHyo cpeny 0,1 mu cycnensun MKBD,
TepeMenInBaTh U paznuBarh B daniku [letpu). Jlanee Beipes3anu JIyHKH ¢ BepxoM auameTpom 10
MM U 3aMO0JHSIU UX KylbTypaMu TecT-mtaMMoB (0,1 mi). Uepes cyTku 3amepsiiiu AUaMeTp 30HbI
nojaBjeHus pocra 6akrepuii [10].

HccnenoBanue KUCI0TOOOpA3yOIIeH akTHBHOCTH 110 MeToty TepHepa [11].

KucnorooOpa3zymomiylo akTUBHOCTh MOJOYHOKHCIBIX OaKTepuih U KOHCOPIIMYMOB
ompenensan MerogoM TepHepa, mepel NOCEBOM 0053aTelbHO MPOBOAMIN OIpeAeTIcCHHEe
KHCIIOTHOCTH MOJIOKA.

HccnenoBanue aare3uu K 3puTpOLUTAM.

AJIre3MBHOCTh IITAMMOB H3ydald B cHUCTeMe IN Vitro Ha (opMaTHHU3UPOBAHHBIX
sputponurax venoBeka 0 (1) (Rh+) mo metonuke B. bpunmuca. I[Ipou3Boawim moacyer He MeHee
100 3pUTpOIIMTOB B HE MEHEE YeM B 5 MoJsxX 3peHus. Onpenensiiia CpeHUid oKa3aTeab aare3un
(CITIA), xosddunuent aaresun. CIIA omnpemensyii 1Mo CpeJHEMY UHUCITY MHKPOOOB,
MPUKPETUBIIUXCS K TOBEPXHOCTH OJHOTO SPUTPOLIUTA, TMOJCYUTHIBAS BCE HMEIOIIUECS
SPUTPOLMTHI B 5 MOJSIX 3peHusi, HO He MeHee 50 SpUTPOLUUTOB. ANTE3UBHOCTh CUUTAIOT HYJIEBOI
nipu CIIA ot 0 no 1,0, Huzkoii — 1,01-2,0, cpenneii — 2,01-4,01, Beicokoii — cBbime 4,0. M3 o6mero
qHcia YYUTBIBAEMBIX SPUTPOLUTOB BBIYUCIISUIN MPOLIEHT pUTPOLUTOB [12].

Omnpenenenne ycTOMYUBOCTH K AEHCTBUIO JKETUH.

VYCTOMYMBOCTD M3y4aeMbIX IITAMMOB K JKEIYM ONPEAEsUIM MyTeM BHECEHMs CYTOUYHOM
KyJIbTYypbl B 0ynboHHYI0 cperty MPC, conepxareii 0,3% u 0,5% Obrubeit xemun. baktepuanbHbiii
POCT aHANIM3MPOBAIM MyTeM IOJICUeTa XHM3HECHOCOOHBIX KonoHMHM mocie 0, 2 m 4 yacoB
KyJIbTUBUPOBaHMs B arapuzoBaHHOU cpeze npu 37 °C B Teyenue 48 yacos. 3HaueHus pH Oblian
npuBeeHs! 10 8,0 B COOTBETCTBUU C HIKCIIEPUMEHTAIBHBIMH IPOTOKOJIAMH, pa3pabOTaHHBIMU IS
naktobanmiul. daktudyeckn pH Kemdu U MOHKETYIOYHOTO COKA, BBLAEISIEMOTO B KHIIEYHHK,
cocrasiisieT npuMepHo 8,0 [13].

Omnpenenenne ycTOMYUBOCTH K NIOCIIEA0BATENBHOMY JEMCTBUIO KUCIOTHI U JKETUU.
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Nmuranuio tpamsuta mo XXKT npoBoaunu mo meronuke Haller [14]. Kynbprypsl BHauaie
nHKyouposaiu npu pH 2,0-3,0 B ¢puznonornueckom pactBope B TeueHue 1-2 4, 3aTeM noMeraim
B 1 % xemunwiii OynboH. HauanbHas KOHIIEHTpanus KyJIbTYphl MHKPOOPTraHH3Ma JOJDKHA
cocrapiath 10 KOE/mn

Craructuueckasi 00paboTKa pe3ybTaToB.

Cratuctuueckyro 00paboTKy JaHHBIX IPOBOAMIIN C UCIIOIb30BAHUEM CPEAHETO TIOKA3aTers,
KBaJ[paTUYHOTO OTKJIIOHEHHUSI CpeIHel, omuOKu cpemnel, kodddummenta CrproneHTa, ypOBEHb
JIOBEPHUTEIBHOTO HMHTEpBaja p. Mcmoip3oBanack mporpamma «Statisy. Pe3ymbrarel cUMTaIMCh
JIOCTOBEPHBIMH, €CJTH BEPOSITHOCTh HOJIB-TUIIOTE3bI He mpeBbimaia 0,05 (p<0,05).

PesyabTaTsl H 00cyK1eHNe

N3 Ouonornyeckux oOpa3uoB BblAeneHO 10 M30/STOB, MMEIOIIUX MOPQOJOTrHUYECKH
XapaKkTepHBbIE I MOJIOYHOKHUCIIBIX OaKTepHil MPU3HAKY, @ IMEHHO OJHOPO/IHBIE KOJIOHUH OeJI0T0
win 0enoBaTO-MOJIOYHOTO I[BETa C POBHBIMHU KpasMU M BBINYKJIOH IOBEPXHOCTHIO, C
KHCIIOMOJIOUHEIM 3anaxoM. IToce orienku TuTpa xu3HecrocobrocTn (He MeHee 107-10%) KOE/M
JUId JanbHene paboTel B3ATO 4 0TOOpaHHBIX M30iATa U 13 KouekunoHHbIX mTamMmmoB MKB
pona Lactobacillus, Lactococcus u Pediococcus (tabmwuia 1). Maentudukaliius ¢ HCHoIb30BaHHEM
cuctembl Bruker MALDI-TOF Biotyper mo3Bonmia oTHecTd 4 OTOOpPAHHBIX H30JIATa K
crneayromuM Bugam: Lactobacillus casei, Lactobacillus paracasei, Lactobacillus plantarum.

Takum 00pa3om, KOJTMYECTBO HCCIENyeMbIXx HaMu 00BekTOB cocrtaBiser 17 MKB, kak
BBIZICJICHHBIX, TaK U KOJJICKIITMOHHBIX HITAMMOB.

Tab6nuna 1 — Komnekrnponnsie mramvbel MKB 13 PKM u BolienieHHbIe M3 OMOJIOTHYECKHX 00pa3iioB

HamMeHnoBanme mramMmma Hctounuk
Lactobacillus sakei 24 A B-RKM 0559 B-RKM

Lactococcus lactis B-RKM 0149 B-RKM

Lactobacillus pentosus 14 LB B-RKM 0604 B-RKM

Lactococcus lactis B-RKM 0357 B-RKM

Lactobacillus plantarum B-RKM 0670 B-RKM

Lactobacillus casei 15 LB B-RKM 0549 B-RKM

Lactobacillus fermentum 9 LB B- RKM0607 B-RKM

Pediococcus pentosaceus 22 LB B-RKM B-RKM

0598

Lactobacillus brevis 4 LB B-RKM 0610 B-RKM

Lactococcus lactis B-RKM 0024 B-RKM

Lactococcus lactis B-RKM 0149 B-RKM

Lactobacillus plantarum 5LB B-RKM 0547 B-RKM

Lactobacillus plantarum B-RKM 0019 B-RKM

L.plantarum 17A 71a00paTOPHBII H30JIST
L.plantarum 4 A 71a00paTOPHBII H30JIST
L. casei Y1 71a00paTOPHBII H30JIST
L. paracasei 2A 71a00paTOPHBII H30JIST

[Ipumeuanne: B-RKM - bnobaHk MpOMBIIUIEHHBIX MHUKPOOPTaHH3MOB PecryOmMKaHCKOW KOJIEKIIHH
MHUKpPOOPTaHH3MOB

I/IBYLICHI/IC aHTHMHKp06HOI>’I AKTUBHOCTHU.

O,ZLHI/IM 13 Ba>XHBIX (1)aKTOpOB IIpU CKPUHUHTC Ha HpO6I/IOTI/I‘leCKI/IX IIpernapaToB ABJIACTCA
AHTArOHU3M K pa3JIMYHbIM NATOI'CHHBIM U YCIIOBHO-IIATOTCHHBIM MHUKPOOPTIaHU3MaM.

B mammumx HCCIICAOBAHUAX AHTAIOHUCTHUYCCKASA AKTHBHOCTb H3y4allaCb K TaKHUM TECT-
mrammam, kak Escherichia coli, Staphylococcus aureus, Candida albicans, Klebsiella
pneumoniae, Streptococcus pyogenes u3 buobanka MpoOMBIIUIECHHBIX MUKpPOOpranu3MoB PKM.
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Pe3ynbTaThl aHTaroCTUYECKOW AaKTHBHOCTH HCCIEIYyeMBIX OOBEKTOB IMPEACTABICHBI B
tabnuie 2, Hu3kas akTuBHOCTB — 1,0-4,9 mm, cpennsis — 5,0-8,9, Beicokas - 6onee 9 Mm. B rpymmy
HEAKTHUBHBIX BOIIUIM KYJIbTYPhI, HE TI0IaBJUISIFOIIHE TECT-IITAMMBI.

BonpmmHCTBO OTOOpaHHBIX KyJABTYp IOKa3alio CpelHee 3HAUCHUE aHTAarOHHUCTHUYECKOU
aKTUBHOCTH K maroreHam Streptococcus pyogenes u Klebsiella pneumoniae: auamerp 30H
MO/ABJICHUST POCTa HE MpeBbImana 9 MM. BBICOKYIO CTEleHb aHTArOHW3Ma MPOSBUIIH JIHIIb
kyneTypsl B-RKM 0149 (11,33+0,18 mm) — x Streptococcus pyogenes u (11,2+0,3Mm) — x
Klebsiella pneumoniae. Illtamm 2 A (12,33+0,58 mm u 11,33+£0,4 MM, COOTBETCTBEHHO).

Tabmuua 2 — Jluamerp 30HBI MHTHOMpPOBaHUS (MM), OOYCIOBICHHOW AaHTUMHUKPOOHOH aKTHBHOCTHIO

mrammoB MKDB B OoTHOIIIEHHM TECT-IITAMMOB

IITtamm MKB E. coli S.aureus | C. KI. Str.
albicans | pneumoniae | pyogenes
L. sakei 24 A B-RKM 0559 6,0+=1%* 7,7£0,57 | 2,4+0,3 7,8+0,3 6,8+0,5
Lc.lactis B-RKM 0149 10,1+0,53 | 10,0+1* 10,4+0,2 | 11,240,3 11,33+0,1
8
L. pentosus 14 LB B-RKM 0604 6,4+0,3 6,8+0.4 3,2+0,7 5,4+0,6 5,6+0,2
Lc.lactis B-RKM 0357 7,1£0,4 5,4+0,6 0 7,3+0,4 7,8+0,6
L. plantarum B-RKM 0670 8,1+0,3 6,5+0,2 2,0+0,3 6,002 6,8+0,6
L. casei 15 LB B-RKM 0549 9,1£1,0* | 6,4+0,3 3,3+1* 7,7+0,9 8,8+0,2
L. fermentum 9 LB B- RKM 0607 6,1+0,2 7,1+0,2 0 6,8+0,5 7,1+0,8
P.pentosaceus 22 LB B-RKM 0598 | 3,0+0 6,0+1* 3,3+0,6 5,4+0,7 6,9+0,5
L.brevis 4 LB B-RKM 0610 3,8+0,4 6,6+0,6 0 6,4+0,3 7,8+0,7
Le.lactis B-RKM 0024 8,1+0,2 5,8+1* 2,9+0,4 8,8+0,6 8,5+0,3
Le.lactis B-RKM 0149 7,4+0,6 6,9+0.4 2,4+0,7 7,9+0,2 8,7+0,5
L.plantarum 5LB B-RKM 0547 4,6+0,7 7,4+0.2 0 6,2+0.4 6,7+0,1
L.plantarum B-RKM 0019 6,7+0,2 5,9+0,6 0 8,4+0,6 8,1+0,4
L.plantarum 17A 8,1+0,9 9,9+0,57 | 11,1+0,4 | 9,4+0,2 8,5+0,5
L.plantarum 4 A 12+1,0* 14,5+0,2 | 7,3+£0,3 8,4+0,2 7,9+0,7
L. casei Y1 14,6£0,4 | 11,5+0,3 | 9,8+0,6 7,4+0,2 8,4+0,5
L. paracasei 2A 11+0,3 15,5+0,5 | 12,0+1 11,33+0,4 12,33+0,5
8

[Ipumeuanmne: * p<0,001; ** p<0,01; *** p<0,02; **** p<0,05
3ouber mHTHONpOBaHUs: 0 MM - HyneBas akTuBHOCTB; 1,0-4,9 MM - HU3Kas akTHBHOCTB; 5,0-8,9 MM -
cpemHsisi; > 9 MM - BBICOKas

ITo otHomienuto k Staphylococcus aureus moka3zaresid aHTaroHU3Ma ObLTH BBIIIE CPETHETO
y uethipex KynbTyp Lc.lactis B-RKM 0149 (10,01 mwm), mramm17A (14,540,2 mm), mramm Y1
(11,5+£0,3mMm) u muramm 2 A (15,5+£0,5mm).

HanmeHblIMe TOKa3aTeld AaHTarOHUCTUYECKOH AKTUBHOCTH Y BCEX KYJIbTYp ObLIH
otmeueHsl K TecT-iutammy C. albicans, a'y Le.lactis B-RKM 0357, L. fermentum 9 LB B- RKM
060, L.brevis 4 LB B-RKM 0610, L. plantarum 5LB B-RKM 0547 u L. plantarum B-RKM 0019
OHa MOJHOCTHIO 0TCyTcTBOBaA (=0). JIumib yeTbipe KynbTyphl: U30aAT 2 A, uzonsat Y1, Le. lactis
B-RKM 0149 u mramm 17A monaaBisuid pocT JAHHOTO TECT-IITaMMa C aKTUBHOCTBIO BBIIIE
CpeaHen.

K Escherichia coli Beicokre moka3zarein aHTarOHHCTHYECKONW aKTHBHOCTH MOKa3aiu Lc.
lactis B-RKM 0149 (10,1+0,53 mm), L. casei 15 LB B-RKM 0549 (9,1+1,0 mm), mramm 4 A
(12£1,0 mm), mramm Y1 (14,6+0,4 mMm) u mramm 2 A (11+0,3 mm). Huskas akTHBHOCTB
3apeructpupoBana y P. pentosaceus 22 LB B-RKM 0598, L.brevis 4 LB B-RKM 0610, L.
plantarum 5LB B-RKM 0547 (3,0+0 mM, 3,8+0,4mM 1 4,6+£0,7 MM, COOTBETCTBEHHO ).

Takum 00pazoM, BBICOKON aHTarOHUCTHYECKON aKTUBHOCTHIO B OTHOIIEHUHM BCEX
UCTIBITAaHHBIX TECT-KYJIbTYp 00sanatoT KynbTypbl: Le.lactis B-RKM 0149, mramm 17A, mramwm 4
A, mramm Y1 u mramm 2 A. CnabbeiMu aHTaroHucTami siBisitores P. pentosaceus 22 LB B-RKM
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0598, L. brevis 4 LB B-RKM 0610. K Ttecr-mrammy Candida albicans y psima kymetyp
AHTarOHUCTUYECKasi aKTUBHOCTb HE Oblila BbISIBIICHA.

HccnenoBanue KUCIOTOOOPA3YIONICH aKTUBHOCTH.

OnnuMm W3 Hambosee M3BECTHBIX OMOJIOTMYECKUX CBOWCTB MOJIOUHOKHCIBIX OakTepuit
ABIISICTCS CIOCOOHOCTH TPOIYIIUPOBATH MOJIOUHYIO KUCIIOTY.

HeakTHBHBIMU CUMTAIOTCA IITAMMBI, TUTPpyeMas KHCIOTHOCTh KOTOPBIX KOJeOiercss B
npenenax 20-80° T, a Te mTaMMbl, y KOTOPBIX 3TOT MOKa3zarenb Bbime 120°T, cumrarorcs
BBICOKOAKTHBHBIMU. B mnpuBeneHHoit Hwke Tabmuie 3 oToOpakeHbl — IOKa3aTeilu
KHCJIOTOOOpa3yromiei akTHBHOCTH HCCIIETyEMBIX IITAMMOB.

[ToyueHHbIC JaHHBIE CBUJACTEIBCTBYIOT O XOPOIIEH KHUCIOTOOOpa3yrolield CrocOOHOCTH
OO0JIBIIMHCTBA IIITAMMOB. DTOT MapaMeTp oTMedeH y mramMmmoB Lactococcus lactis B-RKM 0357,
Lactobacillus plantarum B-RKM 0019, Lactobacillus casei Y1, Lactobacillus paracasei 2A,
Lactobacillus plantarum 17A, Lactobacillus plantarum 4 A.

Tabnuna 3 — BozaeiicTBue Obrubeit sxemun Ha poct MKB

HaumenoBanue mraMma Kucnoroodpaszoranue | KonueHnrpamus Cpennmit
B MoJioke, “T Onruneit sxeman (%) MOKa3aTelhb
aare3nu
0,3 0,5 (CIIA)
L. sakei 24 A B-RKM 0559 73 ++ ++ 3,8+ 1,7%*
Lc.lactis B-RKM 0149 119 + + 35+1,6
L. pentosus 14 LB B-RKM 0604 71 - - 2,7+1,08
Lc.lactis B-RKM 0357 125 ++ + 35+1,6
L. plantarum B-RKM 0670 123 - - 2,1+1,08
L. casei 15 LB B-RKM 0549 58 - - 22+1,0
L. fermentum 9 LB B- RKM0607 40 - - 24+1,0
P.pentosaceus 22 LB B-RKM 0598 55 - - 0,4+0,23
L.brevis 4 LB B-RKM 0610 115 + + 1,9+0,9
Lc.lactis B-RKM 0024 33 ++ + 32+t1,4
Lec.lactis B-RKM 0149 127 + + 2,8+ 1,08
L.plantarum 5LB B-RKM 0547 51 - - 3,0£1,1
L.plantarum B-RKM 0019 120 - - 2,8+ 1,08
L.plantarum 17A 126 ++ ++ 4,0+ 1,98%*
L.plantarum 4 A 128 + - 5,8 £ 2,2 *%**
L. casei Y1 145 ++ ++ 6,6 & 2,38%*%**
L. paracasei 2A 130 ++ ++ 48+1,0

[Ipumeuanue: ++ pocT XOpOWMI; + BUIUMBII POCT; - OTCYTCTBHE pPOCTa
*p<0,001; ** p<0,01; *** p<0,02; **** p<0,05
CIIA: 0-1,0 - mer aktuBHOCTH; 1,0-2,0 - Cnadsrit; 2.01-4.01 - YMmepennstii; > 4,0 -BBICOKHIA.

W3yueHue aare3uBHON aKTUBHOCTH.

B cBsi3u ¢ Tem, YTO 3amUTHBIC (PYHKIMU JAKTOOAIMIUT PEATU3yIOTCs Ojlaroaapsi aare3uu
MHUKPOOPraHU3MOB K OIHUTEIHAIbHBIM KIIETKAM KHIICYHUKA, KOHKYPEHIIMHA 32 PEICNTOPHI
CBSI3bIBAHMS, OJOKAIbl QAre3Ud M KOJIOHHM3AIMU CIIM3UCTHIX MATOTCHHBIMA W YCIOBHO-
MaTOT€HHBIMU MUKPOOPTraHU3MaMu,0blIa UCCIIeI0BaHa aAre3UBHAsI CIIOCOOHOCTH JIAKTOOAKTEPUH.

HccnenoBanue aare3uBHOCTH ITAMMOB MTPOBOAMIIOCH IN Vitro Ha GopMaTHHU3HPOBAHHBIX
sputponutax yenoseka 0 (1) (Rh+) mo meronuke B. bpunuca. [Tokazano, 4To Bce KOJIEKIIMOHHBIE
IITAMMBI TIPOSIBIISIIOT aAre3MBHYIO aKTHUBHOCTh, 11 mTamMMOB 0OONamaroT CpeaHeil CTeleHbIO
aaresud, 1 mramm nposiBuia cinadyro crenenb CITA, 1 mTamm He 061a1aeT JaHHBIM CBONUCTBOM.
BoisiBneno, uto kynbTypel MKDB, BbmeneHHBble W3 OHONOTMYECKHMX OOpas3IoB, 00Iagar0T
CIIOCOOHOCTBIO K a/IT€3UU B BHICOKOW CTENeHH. 3HAUSHUS TTOKa3aTeNnel aire3un MpecTaBlIeHbI B
tabmnuue 3.
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YCTOHYMBOCTD KYJABTYp K MpoOaM, UMHTHUPYIOIIUM TPAH3HUT IO KEIyJ0YHO-KHIICYHOMY
TPaKTYy.

Komnexnuonusle KylnbTypsl B KoJu4yecTBe 13 mTaMMOB OBUIM HCCIIEOBaHBl Ha
YCTOHYMBOCTB K BO3JCHCTBHIO ObIubei sxeman kKoHreHTpanusax 0,3% u 0,5%, 6 u3 KoTopsIx ObLITH
CIOCOOHBI PAacTH B MPUCYTCTBUM JKEITYHM B HCCIEAYEMBIX KOHIICHTpalUusX. 4 BBIJICICHHBIC
KYJIbTypbl OaKkTepuil HE TOAABISIOTCS KEMYbI0 M CHOCOOHBI PAaCTH BO BCEX KOHIICHTPALUSX
(tTabnuua 3). Takum obpazom yctaHoBjieHO, uT0l0 kynpTyp MKDB mnposiBisitoT akTUBHOCTH B
OTHOIIICHHUH JIBYX KOHIEHTPAIINH jKETUH, UTO SBJISETCS OCHOBAHUEM IIPU BEIOOPE MTPOOHOTHIECKU
aKTHUBHBIX KYJIBTYD.

Wmutanuto Tpanszuta no JXKT mnpoBoammm mno wmeroamke Haller n coast. (2001).
Y CTORYIMBOCTB K ISHCTBUIO KUCIOTHI OOHApYKeHa y 13 IakToO0anusuI ¢ TUTPOM KU3HECTIOCOOHBIX
kietok ot 10% 1o 108 KOE/Mn. OcHOBHYIO Maccy COCTaBISAIOT Ky/lbTyphl ¢ mokasaTenem JKCIT —
107-108 KOE/mu.

[TomyuenHble pe3ynbTaThl YCTOMUMBOCTH JITAOOPATOPHBIX H30JSTOB K cTpecc-(hakropam
invitro  yka3plBalOT Ha CIOCOOHOCTh IITAMMOB JIAKTOOAIM/UT K  BBDKUBAaHHIO —MPH
HeOIaronpusATHBIX JUIsl HUX YCJIOBUsIX B BepxHux otaenax XKKT.

TexHonornueckas XxapakTepUCTUKA MOJIOYHOKHCIIBIX IITAMMOB.

Jlanee HamMM OBLIM IMOJIy4€HBl KOHCOPLUYMBI Ha OCHOBE JIBYX U 00Jjiee MOJIOUHOKHUCIBIX
OaxTtepuit. Jyis cocTaBieHUss KOMOMHAIMI OBLITM OTOOpPAHBI CIENYIOIIHUE BHUJIBI JTAKTOOAKTEPHIA:
Lactobacillus casei Y1, Lactobacillus paracasei 2A, Lactobacillus brevis 4 LB B-RKM 0610 u
2 kynbTypsl Lactobacillus plantarum (17A, 4A).

B tabnuie 4 oTMeueHbl OCHOBHBIE MOKA3aTe, XapaKTePU3YIOIINE N3ydaeMble LITaMMBI:
OpraHoJIeNTUYECKUE CBOMCTBA, KOHCUCTEHIINS, aKTUBHOCTh CBEPTHIBAHUS, KUCIOTOOOpa30BaHHUE.

Cnenysi TONY4YEHHBIM JaHHBIM, B KadyeCTBE CTAPTEPHBIX KYIbTYp sl Pa3pabOTKU
KHCJIOMOJIOYHOTO TPOAYKTa OTOOpaHbl KyJIbTypbl, KOTOpPbIE COOTBETCTBYIOT OCHOBHBIM
napamerpam. Kpome Toro, HecMoTpsi Ha cialble XapakTepUCTHUKU B Ipolecce (epMeHTaluu
MOJIOKa, 8 UMEHHO aKTHUBHOCTh 00pa30BaHMs CTYCTKa M KUCIOTOOOpa30BaHME, B pabOTy ObLI B3SIT
mrramMm Lactobacillus brevis, tak kak mramMmm uMeeT HayIHO-TIPOM3BOACTBEHHBIH 3a71en [8].

[Ipu cocTaBneHUN KOHCOPLMYMOB OTOOpPAHbI IITaMMbI, 00JIajatole aHTarOHUCTHYECKON
CIIOCOOHOCTBIO, aJAr€3UMBHOM AaKTHBHOCTBHIO M YCTOMYMBOCTBHIO K HEONArompusATHBIM (pakTopam
KEITYT0YHO-KUIIEYHOTO TPaKTA.

Tab6nmia 4 - OCHOBHBIC ITOKA3aTelId aKTHBHOCTH 1 DHEPTHHU KUCIO0TO00pa30BaHUS

Kynbtypst TekcTypanbHbIE CBOHCTBA OpraHonenTHyecKkne CxBamr | pH | Kucnor.
KOHEYHOT'0 TIPOAYKTa CBOICTBA CTYCTKOB HMBaHUE aKTHBHOCTH
(1)
L. casei Y1 CKalllMBaHUE OTINYHOE, LIBeT MOJIOYHBIH, BKYC 3,5-4 6,4 | 66°
KOHCHUCTEHIIUS OTHOPOJIHAS, YUCTBIH
BSI3KOCTBH XOPOILIasi, BKYC KHMCJIOMOJIOYHBII
KHCJIOMOJIOYHBIHN
L. paracasei 2A CKBAIlIUBAHUE XOpOIIIee, IIBeT MOJIOYHBIH, 4-4 45 6,5 | 75°
KOHCHUCTEHIIUS T'yCTas, BKYC CO BKYCOM Ke(upa
BSI3KOCTh CPEJIHSIS, BKYC
KHCJIOMOJIOYHBIHN
L.brevis CkBammBaHue ciaaboe, LBeT Genblii, 3amax 14 50 | 102°
4 LB B-RKM 0610 | monyxuakasi KOHCHCTSHIUSI MOJIOUHBIH, BKYC
cJIerKa KHCIIOBATHIN
L.plantarum 4A CkBanBaHue xopoiiee, IBeT MosouHbIit, BKyc | 5 6,0 | 68°
crnabas BSI3KOCTh, TyCTast YUCTBIN
KOHCHUCTEHIIVS KMCJIOMOJIOYHBII
L.plantarum 17A CkBanBaHue xopoiiee, IBeT MosouHbIit, BKyc | 6 6,4 | 66°
BSI3KOCTh CPEJTHSIS, YUCTHIH
OIHOPOJIHAS KHCJIOMOJIOYHBIH
CMeTaHO00pa3Has
KOHCHCTCHIIUS
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HpI/I CO3JaHun KOM6PIH8,LII/II>1 Y4YUTBIBAJIN 61/IOCOBMGCTI/IMOCTB mTaMMOB, BXOIAIIIHNX B
KoHcopuuyM. O11eHKy OMOCOBMECTUMOCTH ITPOBOMIIN IIyTEM COBMECTHOIO KyJbTUBUPOBAHMS HA
IUIOTHOM arapoBOM cpeie METOJOM NEPIEHAUKYISPHBIX ITPUXOB. O COBMECTUMOCTH LLITAMMOB
CYJUIIH I10 PABHOMEPHOMY POCTY U OTCYTCTBHIO 30H 3aJE€PKKH POCTA.

[Ipu mnepBu4yHOM OTOOPE COCTABJICHBI CJCAYIONINE KOMOWHAIIMA OHOCOBMECTHUMBIX
IITAMMOB MOJIOYHOKHUCIBIX OakTepuii: Bapuant 1: Lactobacillus casei Y1, Lactobacillus brevis 4
LB B-RKM 0610; Bapuant 2: Lactobacillus casei Y1, Lactobacillus brevis 4 LB B-RKM
0610;Lactobacillus paracasei Y2; Bapuant 3: Lactobacillus casei Y1, Lactobacillus paracasei 2
A; Lactobacillus brevis 4 LB B-RKM 0610, Lactobacillus plantaturum 4A; Bapuaut 4:
Lactobacillus casei Y1, Lactobacillus paracasei A2; Lactobacillus brevis4 LB B-RKM 0610,
Lactobacillus plantaturum 17A.

I[J'ISI YCTO WUYUBOIO COCTOAHUA mTaMMOB IMPUMCHSIIN METOJ HCIIPEPBIBHOTO
KynbTUBHpOBaHUs. C 3TOH 1IENbIO B CTEPUIIbHBIE TPOOUPKH ¢ 00€3’)KUPEHHBIM MOJIOKOM BHOCHJIN
no 100 MKJI Ka)kJIOW KyJIbTYpbl B accollalMsX. 3aTeM MPOOMPKH MOMeENald B TEPMOCTAT MPHU
TeMiieparype 37° u depe3 kaxzaple 12 yacoB KyabTyphl IepeceBaiu B cBexxkee Monoko. [locie
KaXI0ro OTpE3Ka KYJIbTHBUPOBAHUA CHHUMAIW TAKUC MapaMETPhbl KakK KI/ICJ'IOTOO6p330BaHI/I€ n
opraHozientuka. [lyreM MHKpPOCKONMPOBAaHUS MPOBOAUIM MHUKPOOHOJIOTMUECKUN KOHTPOJb U
IIOACYUTBIBAJIN KOJIMYECTBO JKU3HECIIOCOOHBIX  KJIETOK. HerepBIBHOG KYJIbTUBHUPOBAHHC
IMPOAOJIKAIN 0 MOJIYYCHUS MMOCTOAHHOTO COOTHOICHUA MUKPOOPIraHu3MOB, BXOAAIINX B COCTaB
KOHCOPLILYMOB.

Takum  oOpa3oM, Ha OCHOBE BH3YyaJIbHOW  OIIGHKH  OHMOCOBMECTMMOCTH U
OKCIICPUMCHTAJIIBHOM n0)160pe COOTHOIICHUSA KYIbTYP, OBLIM COCTaBJIEHBI HECKOJIBKO BAapHUaHTOB
(Tabmuma 5).

Tabnuma 5 — XapakTepuCTUKH MONTYYEHHBIX MTPOAYKTOB, MOIYYEHHBIE B TIporiecce (hepMeHTAI[MH MOJIOKa
MIpeUI0KEeHHBIMH BapHaHTaMH KOHCOPITMYMOB

BapuanTsl Tekcrypanbsubie cBoiicTBa | OpranonenTtudecku | AktuB | pH Kucno | KOE/mn
KOMOHMHAITNH | KOHEYHOT'O TTPOIYKTa € CBOMCTBa HOCTB TOOOD
CTYCTKOB CKBa a30BaH
IBa ue 1o
HUS Tepno
) py°
Bapuant 1 CkBammBaHue xopoiiee, | LIBer MOIOYHBIH, 45 3,6 70 2,8x10°
KOHCHCTCHITUS BKYC YHCTBIN
OJTHOPOJIHAS, BSI3KOCTh KHCIIOMOJIOUHBIH C
Xopornas MIPHSTHBIM
MIPHBKYCOM
BapuanT 2 CkBammmBaHue Xoporiee, LIBeT MOIOYHBIHA, 3,5 4,0 76 4x10°
BSI3KOCTb XOpoIIasi, BKYC TIPUSTHBIN
MJIOTHAS KOHCHCTEHIIUS KHCIIOMOJIOUHBIN
OJTHOPOJTHAS
Bapmuanr 3 CkBammmBaHue Xoporiee, LIBeT MOIOYHEIH 5,0 4,0 81 2x10°8
KOHCHCTCHITUS OeJIblii, BKYC
OJTHOPOJIHAS, BSI3KOCTh KHCJTBIN
yIOBJICTBOPUTEIbHAS
Bapmuant 4 CxkBammBanue xopouiee, | LIBET MOMOUYHBIH, 50 4,0 107 6x10°
BSI3KOCTb CPEIIHSIS, BKYC KUCJIBIH
KOHCHCTEHITHS TyCTast

B pesynbrare uccienosanuii oroopan BapuaHT 2, B cocTaB kotoporo Bxoaat Lactobacillus
casei Y1, Lactobacillus brevis 4 LB B-RKM 0610, Lactobacillus paracasei 2A. Jlanubiii
KOHCOPOUYM COOTBETCTBYCT Tpe6yeMBIM nmapaMeTpaM TCXHOJOTHYCCKUX XapaKTCPpHUCTHUK, a
HUMEHHO. UMEET TCKCTYPAJIbHBIC CBOMCTBA KOHEYHOI'O MMPOAYKTa B BUJC XOPOIICTO CKBAIIIMBAHUA
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U BS3KOCTH, IUIOTHOM M OJHOPOAHOM KOHCUCTEHLIMM, IIPOSIBISIET COOTBETCTBYIOLIUE
OpPraHOJIENITUYECKUE CBOMCTBA: MOJIOYHBIA LBET, YACTHIA KHUCJIOMOJIOYHBIM BKYC C IPHUATHBIM
MIPUBKYCOM, aKTUBHOCTb CKBAIIMBAHUA -3,5 4acoB, kuciaoTtoobpazosanue no Tepuepy- 90 °T, Tutp
poOHOTHYECKUX KIeToK - 4x10° KOE /M.

3akawueHue

[IITaMMBI MOJIOYHOKHC/IBIX OAKTEPHil M3YYCHBI HA HAIUYHE MPOOMOTHYECKUX CBOMCTB M
COOTBETCTBHE OCHOBHBIM TEXHOJIOTHUYECKHM XapaKTEPUCTHKaM (OpraHOJICIITHYECKHE CBOMCTBA,
KOHCHCTEHIHMSI, aKTHBHOCTh CBEPTBHIBAHHS, KHCIOTOOOpA30BaHHE) B KAayeCTBE CTAPTEPHBIX
KyJIbTYp KOHCOPIIMYyMa JUIsl pa3pabOTKK KHUCIOMOJIOYHOTO Mpoaykra. Ha ux ocHOBe co3maHbl 4
KOMOMHAIMM KOHCOPIIMYMOB CTapTEPHBIX KYJIBTYP C y4€TOM OHOCOBMECTHMOCTH IITAMMOB.
OTto0Opan onTuMabHbIH BapuaHT, KoHcopiuym Lactobacillus casei Y1, Lactobacillus brevis 4 LB
B-RKM 0610, Lactobacillus paracasei 2A, coOTBETCTBYIOIINI OCHOBHBIM TEXHOJOTHUECKUM
XapaKTEpPUCTHKaM C Y4eTOM OHMOCOBMECTHMOCTH IITAMMOB ISl BKIIOYEHHS B COCTaB
pa3pabaThIBAEMOT0 HAIUTKA MTPOPHIAKTHIECKOTO Ha3HAYEHUS.

DuHaHCUPOBaHHUE
Hacrosimee wuccnenoBanne ¢QuHaHcHpyeTcss MUHHCTEPCTBOM CEIBCKOTO  XO3sHiCTBA
Pecniyonmku Kazaxcran (rpant Ne BR10764998).
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NPOPUITAKTUKAJIBIK MAKCATTAT'BI CYCBIHAAPABI 93IPJIEYT'E APHAJITAH
MNPOBUOTHUKAJIBIK ITAMMIAPABIH CUITATTAMACBI

Tyiiin

3epTTey HBICAHAAPHl - OWOJIOTHSJIBIK YJTUISPJACH JKaHa O6JIiHIN aJbIHFAH CYT KBIIIKBLUIBI
oaxrepusutapsl (CKbB) xone xomtekusuisik CKb mrammapsr.

Makcatbl - NPOMWIAKTHKAIBIK CYCBIHAAPABI 93ipJey YIIH MPOOHOTHKAIBIK [ITaMMIAPJIBIH
CHITATTAMACHI

JKyMmpic GapbIChIHAa MPOOHOTUKATIBIK OCICEH/II IITaMMIapra CKPHHHHT XK YPTi3UIl, HOTHKECIHIE €H
Oenmcenai perigae 17 makell TaHOAIIBI, OJApABIH imriHAE PecmyOawKamblK MHKPOOPTaHU3MIED
KOJUICKITUSCHIHBIH OHEPKOCINTIK MUKpoopranm3Maep brobankiHeH 13 KOUIEKIUSIBIK INTaMM XoHe 4
3epTXAHANBIK U30JAT. [I[pOOHOTHKAIBIK MTOTSHITNAI 3€PTTENIi, OHBIH IMTIHAE CYT KHIIIKBIIBIHBIH OHIIPICI,
OIMTOPTYHUCTIK MHKPOOPTaHU3M/IEpTe aHTarOHM3M, KAaOBICKAK KaCHETTepi, acKa3zaH-iMIeK KOITaphIHBIH
Komaice3 skarmaitnapeina tesimaiziri. Bruker MALDI-TOF BIOTYPER kyiieciH KojmaHa OTBIPHII
COMKEeCTeHIIpy H30IATTapIbl Keleci TypJepre »aTkpi3yra MyMKiHmik Oepmi: Lactobacillus casei,
Lactobacillus paracasei, Lactobacillus plantarum.

Kyprizinren 3eprreynep notmxkecinae Lactobacillus paracasei 2A, Lactobacillus casei Y1,
Lactobacillus plantarum 1A, Lactobacillus plantarum 17 A, L. brevis 4 LB B-RKM 0610 mrraMMaapsiHan
CrapTep DaKpUTAAPBIHBIH KOHCOPIIMYMIAPhl KYPBUIABI KoHE ITaMMAApABIH OMOYIIIECIMALTITiH eckepe
OTBIPHITI, HETI3T1 TEXHOJOTHUIBIK CHIIaTTaMaIapFa COMKEC KEIETiH OHTAMIBI HYCKa TaHIaJIbl.o31pIeHIT
KaTKaH MPo(UIAKTUKAIBIK MAKCATTAFbI CyChIHHBIH KYPaMbIHA CHT13Y.

Tyiiin ce3mep: cyT KbIIIKbIIH OAKTEPUSIIAPHI, IITAMM, TPOOHOTHK, AaHTATOHU3M, aJITC3Hs.
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Abstract

The objects of study are lactic acid bacteria (LAB) isolated from biological samples and collection
strains of LAB

Purpose - characterization of probiotic strains for the development of preventive drinks

In the course of the work, screening of probiotically active strains was carried out, as a result of
which 17 cultures were selected as the most active, among them 13 collection strains from the Biobank of
Industrial Microorganisms of the Republican Collection of Microorganisms and 4 laboratory isolates. The
probiotic potential was studied, among which, the production of lactic acid, antagonism to opportunistic
microorganisms, adhesive properties, resistance to adverse conditions of the gastrointestinal tract.
Identification using the Bruker MALDI-TOF Biotyper system allowed isolates to be assigned to the
following species: Lactobacillus casei, Lactobacillus paracasei, Lactobacillus plantarum.

As a result of the research, consortiums of starter cultures were created from strains of Lactobacillus
paracasei 2A, Lactobacillus casei Y1, Lactobacillus plantarum 1A, Lactobacillus plantarum 17 A,
Lactobacillus brevis 4 LB B-RKM 0610 and the optimal variant was selected that corresponds to the main
technological characteristics, taking into account the biocompatibility of strains for inclusion in the
composition of the drink for preventive purposes.

Keywords: lactic acid bacteria, strain, probiotic, antagonism, adhesion.

Today, one of the main directions in the field of healthy nutrition is the creation of innovative
technologies for the preparation of products (drinks) of preventive value, enriched with minerals
and vitamins, probiotics and prebiotics [1]. They differ in a variety of composition, but the range
is based on the targeted use of milk and raw materials of non-dairy origin, which gives new
products a protein, lipid, carbohydrate, vitamin or mineral focus [2]. The market for dairy products
is expanding with the emergence of new functional products such as biomilk, biokefir, bioyogurt,
which are products of milk fermentation by lactic acid bacteria. Probiotic bacteria that are
commonly used in fermented drinks are Lactobacillus acidophilus, Lactobacillus plantarum,
Lactobacillus rhamnosus and Bifidobacterium sp. [3]. During development of combined dairy
products, attention is paid to the regulation of amino acid, fatty acid, mineral and vitamin
composition, as well as to giving the products therapeutic and prophylactic properties due to the
inclusion of biologically active substances and food additives of natural origin in their
composition.

An analysis of the research and patents on this scientific issue indicates that the development
of various formulations and technologies for the preparation of therapeutic and prophylactic
products (drinks) using probiotics is an important area that is becoming increasingly popular
among consumers on the market, being a source of many necessary for human substances [4-7].

A number of requirements are imposed on probiotic production strains, among which the
presence of antagonistic properties in relation to clinical and test strains of pathogenic and
opportunistic microorganisms should be studied for resistance to the action of secrets of the
gastrointestinal tract, etc. For this purpose, the task of characterizing probiotic strains is being
updated for inclusion in preventive drinks.
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Materials and methods

Isolation of culture

In order to isolate lactic acid bacteria from various traditional home-made products (kazy,
homemade sour cream, irimshik, butter, ayran, koumiss, balyk) the method described in the work
E. Nagyzbekkyzy was used [8]. For the cultivation of LAB, specialized MRS media (HiMedia)
were used with incubation at 37°C for two days under microaerophilic conditions in a incubator
(redLINE RI-53, Germany).

Isolates were identified using the Bruker MALDI-TOF Biotyper system. Samples for
MALDI-TOF MS were prepared as follows: a fresh single colony was directly transferred to a
polished MSP 96 steel target (Bruker Daltonik) and dried. Covered with 1l of a saturated solution
of a-cyano-4-hydroxy-cinnamic acid (HCCA) matrix solution in 50% acetonitrile-2.5%
trifluoroacetic acid (Bruker Daltonik) and dried at room temperature [9].

Test of Antagonistic activity of LAB

A cell suspension of daily LAB cultures is prepared in an amount of 1 mld/1 ml (according
to the standard of bacterial turbidity) and applied to the surface of the dish (0.1 ml of LAB
suspension can be added to the molten and cooled medium, mixed and poured into a Petri dish).
Next, wells with a top diameter of 10 mm are cut out and filled with cultures of test strains (0.1
ml). A day later, the diameter of the zone of absence of bacterial growth is measured [10].

Study of acid-forming activity according to the Turner method [11].

The acid-forming activity of lactic acid bacteria and consortia was determined by the Turner
method; before sowing, it is imperative to determine the acidity of milk, since there may be some
deviations.

Test of adhesion of LAB

The adhesiveness of the strains was studied on formalized human erythrocytes 0 (1) (Rh+)
according to the method of V. Brilis [12]. At least 100 erythrocytes were counted in at least 5 fields
of view. Determined the average adhesion index (AAl), adhesion coefficient. AAI was determined
by the average number of microbes attached to the surface of one erythrocyte, counting all
available erythrocytes in 5 fields of view, but not less than 50 erythrocytes. Adhesion is considered
no activity at AAl from 0 to 1.0, low - 1.01-2.0, medium - 2.01-4.01, high - over 4.0. The
percentage of erythrocytes was calculated from the total number of erythrocytes taken into
account.

Bile Tolerance

The resistance of the studied strains to bile was determined by adding a daily culture to the
MPC broth medium containing 0.3% and 0.5% bovine bile. Bacterial growth was analyzed by
counting viable colonies after 0, 2 and 4 hours of cultivation in agar medium at 37°C for 48 hours.
pH values were adjusted to 8.0 according to experimental protocols developed for lactobacilli. In
fact, the pH of bile and pancreatic juice secreted into the intestine is approximately 8.0 [13].

Tolerance to sequential action of acid and bile

Simulation of transit through the gastrointestinal tract was performed according to the
method of Haller et al. [14]. Cultures were first incubated at pH 2.0-3.0 in physiological saline for
1-2 hours, then placed in 1% bile broth. The initial concentration of the microorganism culture
should be 10" CFU/mI

Statistical processing of results

Experiments of this study were performed in triplicate and the results developed as mean +
standard deviation (M+SD). Statistical significance was assessed by Student’s V4 s t test. Results
are considered significant at p < 0.05.

Results and discussion

10 isolates with morphologically characteristic features of of LAB were isolated, namely
homogeneous colonies of white or whitish-milky color, with smooth edges and a convex surface,
with a sour-milk smell. After determining the viability titer (not less than 107-10° CFU / ml), 4
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isolates and 13 collection strains of LAB of the genus Lactobacillus, Lactococcus and Pediococcus
were taken for further work (Table 1).

Identification using Bruker MALDI-TOF Biotyper identified 4 isolates to the species: L.
casel, L. paracasei, L.plantarum. Thus, the number of studied objects is 17 strains of LAB,
including newly isolated and collectible strains.

Table 1 - Collection strains of LAB from RCM and isolated from biological samples

Strain name Source
Lactobacillus sakei 24 A B-RKM 0559 B-RKM
Lactococcus lactis B-RKM 0149 B-RKM
Lactobacillus pentosus 14 LB B-RKM 0604 B-RKM
Lactococcus lactis B-RKM 0357 B-RKM
Lactobacillus plantarum B-RKM 0670 B-RKM
Lactobacillus casei 15 LB B-RKM 0549 B-RKM
Lactobacillus fermentum 9 LB B- RKM0607 B-RKM
Pediococcus pentosaceus 22 LB B-RKM 0598 B-RKM
Lactobacillus brevis 4 LB B-RKM 0610 B-RKM
Lactococcus lactis B-RKM 0024 B-RKM
Lactococcus lactis B-RKM 0149 B-RKM
Lactobacillus plantarum 5LB B-RKM 0547 B-RKM
Lactobacillus plantarum B-RKM 0019 B-RKM
L.plantarum 17A laboratory isolate
L.plantarum 4 A laboratory isolate
L. casei Y1 laboratory isolate
L. paracasei 2A laboratory isolate

Note: B-RKM - Biobank of Industrial Microorganisms of the Republican Collection of Microorganisms

Study of antimicrobial activity

One of the important factors in screening for probiotic preparations is antagonism to various
pathogenic and opportunistic microorganisms.

In our studies, antagonistic activity was studied against test strains Escherichia coli,
Staphylococcus aureus, Candida albicans, Klebsiella pneumoniae, Streptococcus pyogenes from
Biobank of Industrial Microorganisms of the RCM.

The results of the antagonistic activity are presented in Table 2. The inactive group included
cultures that did not suppress test strains.

Most of the cultures showed an average value of antagonistic activity to pathogens
Streptococcus pyogenes and Klebsiella pneumoniae: the width of growth inhibition zones did not
exceed 9 mm. Only cultures of B-RKM 0149 (11.33+0.18 mm) to Streptococcus pyogenes and
(11.2+0.3 mm) to Klebsiella pneumoniae showed a high degree of antagonism. Strain 2 A
(12.33+£0.58 mm and 11.33+0.4 mm, respectively).

Table 2 - Diameter of the inhibition zone (mm) caused antimicrobial activity of LAB strains against test
strains microorganisms (M+SD)

Strain name E. coli S.aureus | C. albicans | KI. pneumoniae, | Str.s

pyogenes
1 2 3 4 5 6

L. sakei 24 A B-RKM 0559 6,0+1%* 7,740,57 | 2,4+0,3 7,8+0,3 6,8+0,5

Le.lactis B-RKM 0149 10,1£0,53 | 10,0£1* | 10,4+0,2 11,240,3 11,3340,
18

L. pentosus 14 LB B-RKM 0604 6,4+0,3 6,8+0,4 3,2+0,7 5,4+0,6 5,6+0,2

Lc.lactis B-RKM 0357 7,1£0,4 5,4+0,6 0 7,3+0,4 7,8+0,6

L. plantarum B-RKM 0670 8,1+0,3 6,5+0,2 2,0+0,3 6,002 6,8+0,6
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Table 2 continuation

1 2 3 4 5 6
L. casei 15 LB B-RKM 0549 9,1+1,0%* 6,4+0,3 3,3+]* 7,7+0,9 8,8+0,2
L. fermentum 9 LB B- RKM 0607 6,1+0,2 7,1+0,2 0 6,8+0,5 7,1+0,8
P.pentosaceus 22 LB B-RKM 0598 3,0+0 6,0+=1%* 3,3+0,6 5,4+0,7 6,9+0,5
L.brevis 4 LB B-RKM 0610 3,8+0,4 6,6+0,6 0 6,4+0,3 7,8+0,7
Le.lactis B-RKM 0024 8,1+0,2 5,8+1* 2,9+0,4 8,8+0,6 8,5+0,3
Le.lactis B-RKM 0149 7,4+0,6 6,9+0,4 2,4+0,7 7,9+0,2 8,7+0,5
L.plantarum 5LB B-RKM 0547 4,6+0,7 7,4+0,2 0 6,2+0,4 6,7+0,1
L.plantarum B-RKM 0019 6,7+0,2 5,9+0,6 0 8,4+0,6 8,1+0,4
L.plantarum 17A 8,1+0,9 9,9+0,57 11,1+0,4 9,4+0,2 8,5+0,5
L.plantarum 4 A 12+1,0%* 14,5+0,2 7,3+0,3 8,4+0,2 7,9+0,7
L. casei Y1 14,6+0,4 11,5+0,3 9,8+0,6 7,4+0,2 8,4+0,5
L. paracasei 2A 11+0,3 15,5+0,5 12,0+1 11,33+0,4 12,33+0
,58

Note: * p<0,001; ** p<0,01; *** p<0,02; **** p<0,05
Inhibition zones: 0 mm - No activity; 1.0-4.9 mm - Weak; 5.0-8.9 mm - Moderate; > 9 mm - Strong.

Antagonism indicators to Staphylococcus aureus were moderate in Lc.lactis B-RKM 0149
(10.0=1 mm), strain 17A (14.5+0.2 mm), strain Y1 (11.5+£0,3 mm) and strain 2 A (15.5+0.5 mm).

The lowest indicators of antagonistic activity in all cultures were noted against C. albicans.
For Lc. lactis B-RKM 0357, L. fermentum 9 LB B-RKM 060, L. brevis 4 LB B-RKM 0610, L.
plantarum 5LB B-RKM 0547 and L. plantarum B-RKM 0019 it was completely no activity (=0).
Only four cultures - isolate 2 A, isolate Y1, Lc. lactis B-RKM 0149 and strain 17A suppressed
the growth of C. albicans with moderate activity.

To Escherichia coli, strong level of antagonistic activity were shown by Lc. lactis B-RKM
0149 (10.1£0.53 mm), L. casei 15 LB B-RKM 0549 (9.1£1.0 mm), strain 4 A (12+1.0 mm), strain
Y1 (14.6+0.4 mm) and strain 2 A (11+0.3 mm). Low level activity was registered in P. pentosaceus
22 LB B-RKM 0598, L. brevis 4 LB B-RKM 0610, L. plantarum 5LB B-RKM 0547 (3.00 mm,
3.840.4 mm and 4, 60.7 mm, respectively).

Thus, in general, cultures have strong antagonistic activity: Lc. lactis B-RKM 0149, strain
17A, strain 4 A, strain Y1 and strain 2 A. Weak antagonists are P. pentosaceus 22 LB B-RKM
0598, L. brevis 4 LB B-RKM 0610. No antagonistic activity was detected against the Candida
albicans test strain in a number of cultures.

Study of acid-forming activity

One of the best known biological properties of LAB is the ability to produce lactic acid.

Strains whose titratable acidity ranges from 20-80° T are considered inactive, and those with
this indicator over 120° T are considered highly active. Table 3 below shows the indicators of the
acid-forming activity of the studied strains.

The data obtained indicate a good acid-forming ability of most strains. This parameter was
noted in the strains Lactococcus lactis B-RKM 0357, Lactobacillus plantarum B-RKM 0019,
Lactobacillus casei Y1, Lactobacillus paracasei 2A, Lactobacillus plantarum 17A, Lactobacillus
plantarum 4 A.

Table 3 - The impact of bovine bile on the growth of the LAB

Strain name Acid-forming in milk, | Concentration of Average
°T bovine bile (%) adhesion index
(AAI)
0,3 0,5

1 2 3 4 5
L. sakei 24 A B-RKM 0559 73 ++ ++ 3,8+ 1,7%*
Le.lactis B-RKM 0149 119 + + 35+1,6
L. pentosus 14 LB B-RKM 0604 71 - - 2,7+1,08
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Table 3 continuation

1 2 3 4 5
Lc.lactis B-RKM 0357 125 ++ + 35+1,6
L. plantarum B-RKM 0670 123 - - 2,1+1,08
L. casei 15 LB B-RKM 0549 58 - - 22+1,0
L. fermentum 9 LB B- RKM0607 40 - - 24+1,0
P.pentosaceus 22 LB B-RKM 0598 55 - - 0,4+0,23
L.brevis 4 LB B-RKM 0610 115 + + 1,9+0,9
Le.lactis B-RKM 0024 33 ++ + 3214
Lc.lactis B-RKM 0149 127 + + 2,8+1,08
L.plantarum 5LB B-RKM 0547 51 - - 3,0+£1,1
L.plantarum B-RKM 0019 120 - - 2,8+ 1,08
L.plantarum 17A 126 ++ ++ 4,0 +1,98**
L.plantarum 4 A 128 + - 5,8 £2,21***
L. casei Y1 145 ++ ++ 6,6 + 2,38***
L. paracasei 2A 130 ++ ++ 48+1,0

Note. ++ Good growth; + Visible growth; - No growth
AAI: 0-1.0 - No activity; 1.0-2.0 - Weak; 2.01-4.01 - Moderate; > 4.0 - Strong. (M+SD)

Study of adhesive activity

The protective functions of lactobacilli are realized due to the adhesion of microorganisms
to intestinal epithelial cells, competition for binding receptors and blockade of adhesion and
colonization of mucous membranes by pathogenic and opportunistic microorganisms. Therefore,
the adhesive ability of lactobacilli was investigated.

Test of the adhesiveness of strains was carried out on formalized human erythrocytes 0 (1)
(Rh +) according to the method of V. Brilis. All collection strains showed the property of adhesion
(table 3). 11 strains showed moderate degree, 1 strain showed a weak degree of AAI, 1 strain does
not have this property. All newly isolated LAB cultures have a strong level of adhesion. The values
of the adhesion index are presented in Table 3.

Tolerance of cultures to test samples simulating transit through the gastrointestinal tract

Collection cultures in the amount of 13 strains were tested for tolerance to bovine bile
concentrations of 0.3% and 0.5%, 6 of them were able to grow in the presence of bile at the studied
concentrations. 4 isolates are not inhibited by bile and are able to grow at all concentrations (Table
3). Thus, 10 LAB cultures are active against two concentrations of bile, which is the basis for
choosing probiotic active cultures.

Simulation of transit through the gastrointestinal tract was performed according to the
method of Haller et al. (2001). Acid resistance was found in 13 lactobacilli with viable cell titer
from 10* to 108 CFU/ml. The bulk is made up of cultures with an indicator of GSP - 107-108 CFU
/ ml.

The obtained results of the tolerance of laboratory isolates to stress factors in vitro indicate
the ability of strains of lactobacilli to survive under unfavorable conditions for them in the upper
gastrointestinal tract.

Technological characteristics of LAB

We obtained consortiums based on two or more LAB. The following species of lactobacilli
were selected for combinations: Lactobacillus casei Y1, Lactobacillus paracasei 2A,
Lactobacillus brevis 4 LB B-RKM 0610 and 2 cultures of Lactobacillus plantarum (17A, 4A).

Table 4 shows the main indicators characterizing the studied strains: organoleptic properties,
texture, coagulation activity, acid formation.

Following the data obtained, cultures that correspond to the main parameters were selected
as starter cultures for the development of a fermented milk product. In addition, despite the weak
characteristics in the process of milk fermentation, namely the activity of clot formation and acid
formation, a strain of Lactobacillus brevis was taken into work, since the strain has a scientific and
industrial foundation [8].
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During the development of consortia, strains with antagonistic ability, adhesive activity and
tolerance to adverse factors of the gastrointestinal tract were selected.

Table 4 - Main indicators of activity and acid formation

Strain name Textual properties of the Organoleptic properties | Ferme | pH | Acid

experimental product of clots ntation formation

(h) activity

L. casei Fermentation is excellent, the | The color is milky, the 354 |64 |66°
Y1l consistency is homogeneous, | taste is pure fermented

the viscosity is good, the taste | milk

is fermented
L. paracasei Fermentation is good, the | The color is milky, 4-445 16,5 | 75°
2A consistency is thick, the | the taste is kefir-flavored

viscosity is medium, the taste is

fermented milk
L.brevis Fermentation is weak, semi- | The color is white, the | 14 50 | 102°
4 LB B-RKM | liquid consistency smell is milky, the taste
0610 is slightly sour
L. plantarum | Fermentation is good, low | The color is milky, the | 5 6,0 | 68°
4A viscosity, thick consistency taste is pure fermented

milk

L. plantarum | Fermentation is good, medium | The color is milky, the | 6 6,4 | 66°
17A viscosity, homogeneous | taste is pure fermented

creamy consistency milk

In the process of creating consortium associations, the biocompatibility of the strains was
considered. Biocompatibility assessment was carried out by co-cultivation on agar medium by the
method of perpendicular strokes. The compatibility of strains was reported by uniform growth and
the absence of inhibition zones.

During the primary selection, the following combinations of biocompatible strains of LAB
were compiled: Association 1 - Lactobacillus casei Y1, Lactobacillus brevis 4 LB B-RKM 0610;
Association 2 - Lactobacillus casei Y1, Lactobacillus brevis 4 LB B-RKM 0610; Lactobacillus
paracasei Y2; Association 3- Lactobacillus casei Y1, Lactobacillus paracasei 2 A; Lactobacillus
brevis 4 LB B-RKM 0610, Lactobacillus plantarum 4A; Association 4- Lactobacillus casei Y1,
Lactobacillus paracasei A2; Lactobacillus brevis 4 LB B-RKM 0610, Lactobacillus plantarum
17A.

For the stable state of the strains, the method of continuous cultivation was used. For this
purpose, 100 ml of each culture in associations were added to sterile tubes with skimmed milk.
Then the test tubes were placed in a incubator at a temperature of 37 © and every 12 hours the
cultures were transplanted into fresh milk. After each segment of cultivation, parameters such as
acid formation and organoleptics were removed. Microbiological control was carried out by
microscopy and the number of viable cells was calculated. Continuous cultivation was continued
until a constant ratio of microorganisms belonging to the consortia was obtained.

Thus, based on a visual assessment of biocompatibility and experimental selection of the
ratio of cultures, several variants were compiled (Table 5).
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Table 5 - Characteristics of the obtained products in the process of milk fermentation with compiled

consortia options

Associations Textual properties of the | Organoleptic Fermen | pH | Acid CFU/
experimental product properties of clots | tation formation | ml
(h) activity
Association 1 | Good fermentation, the | The color is milky, | 4,5 36 |70 2,8x
consistency is uniform, | the taste is pure 108
the viscosity is good fermented milk
with a pleasant
aftertaste
Association 2 | Good fermentation, | The color is milky, | 3,5 4,0 | 76 4x10
viscosity is good, dense | the taste is pleasant 9
consistency is uniform sour-milk
Association 3 | Good fermentation, the | The color is milky, | 5,0 40 |81 2x10
consistency is uniform, | sour taste 8
the viscosity is
satisfactory
Association 4 | Good fermentation, | The color is milky, | 5,0 4,0 | 107 6x10
medium viscosity, thick | sour taste 8
consistency

As a result of the studies, Association 2 was selected, which included Lactobacillus casei
Y1, Lactobacillus brevis 4 LB B-RKM 0610, Lactobacillus paracasei 2A. This consortium
showed the required parameters for our product and the titer of viable cells turned out to be higher
than in other variants. The consortium shows the required parameters of technological
characteristics, namely, it has textural properties of the final product in the form of good
fermentation and viscosity, dense and homogeneous consistency, exhibits organoleptic properties
corresponding to the milk color, pure fermented milk taste with a pleasant aftertaste, fermentation
activity is 3.5 hours, acid formation according to the Term 90 ° C, the titer of probiotic cells is
4x10° CFU/m.

Conclusion

Strains of LAB have been studied for the presence of probiotic properties and for compliance
with the main technological characteristics (organoleptic properties, consistency, coagulation
activity, acid formation) as starter cultures for the development of a fermented milk product. Based
onthem, 4 associations of a consortium of starter cultures have been developed, taking into account
the biocompatibility of strains. The consortium Lactobacillus casei Y1, Lactobacillus brevis 4 LB
B-RKM 0610, Lactobacillus paracasei 2A showed the required parameters and was taken for
inclusion in the basis of the developed drink.
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