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Tyiiin

TaraMIbIK OMOTEXHOJIOTHUS CaTaChIH/IA IPIMIITIK OHOJIOTHSIIBIK XKOHE HY TPUIICBTUKAIBIK KYHIBUTBIFBI
JKOFaphl CYT oHIMI peTinae Oenrim. OpraHu3MMeH OHOCIHIPLTYl KOFaphl OONFaHABIKTAH TYTHIHYIIBLIIAP
apacelHIa MOJ cypaHbicka ue. [laifmanel KacWeTTepiH HaKThIIay MaKcaThlHIAa Ka3ipri TaHJa IpiMIIIK
eHJipiciHaeri 0a3alblK KypaM-O0eiK — OaKTepHsJIbIK YHWBITKbI NaKbUIJAPbIH OENCeHIUNK JeHreuepi
OolbIHIIA IPIKTEYIH MAaHBI3IbUIBIFEI JKOFApPhl. ¥ HBITKBI JaKbLUIBIHBIH KYpaMbIHA €HETIH JaKTOOAKTEpHUs
HITaM/IaPbIHBIH MPOTEOJUTHKANIBIK KACHETTEPIH 3ePTTEYAiH ©3CKTLIIr OYJI mITaMaapablH COHFbI ©HIMHIH
OPTraHOJIeTITUKAIBIK KAaCHETTEepPl MEH OWOJIOTHSIIBIK KYHIBUIBIFBIHA TIKEIEeW ocep eTyiMeH HeTi3/eiel.
JlakToOakTepusmapaplH 6HIMMMEH Oipre agaM OpraHu3MiHE €HIeH COTTeH OacTam ackKa3zaH — iIIeK
JKOJIBIHIAFBI MHUKPOOHMOMIBI  KAJNBIIKA KEITIPYre KbI3MET €Tyl COHFBl OHIMHIH  (ipIMIIIKTIH)
(YHKIIMOHANBUIBIFBIH  HaKThUIAMME. Makamaga QyHKIUOHANABI OAaFBITTaFbl IPIMINIK ©HIIpiCiHIe
KOJJIAaHBLIATHIH  OaKTEpUSIIBIK ~YHBITKBIHBIH ~KYpaMblHA KIPETiH JIAKTOOAKTEpUS IITaMIapPBIHBIH
TEXHOJIOTHSUIBIK MaHbBI3[bl MPOTCOJIMTHKAIBIK KACHETTEPIH 3ePTTEY HOTHXKeNepi OepuireH. 3eprrey
00BEKTINIepiHiH OaplbIFbl JIEpiK Ka3eWH MNpPOTEONU3iHEe KaThiCa allaTBIHIBIFBI 3epTTemiHi. JKorapbl
6esceninikke ue mramaap: Lactiplantibacillus plantarum CHE37 Ch-1 - 19,0+0,5 mm, Lactococcus lactis
subsp. lactis SSK8 CM-14 xone Lactococcus lactis 1881 Ch-8 nakpuinapsinaa - 12,0+0,2 mm mMeuiiepinie
MeJIIpIeHy aiiMarbl aHbIKTaabl. COHBIMEH KaTap, KEJATHH]II MMPOTEOU3/CY KAPKbIHIBUIBIFBI JKOFAPhI
mrramaap Lactococcus lactis subsp. lactis SSK8 CM-14 sxone Streptococcus macedonicus LAB 617 CM-
16 mrampaper exenairi Oenrimi Gommel. Omap EIDK (eT-enToHABI kelaTWH) KOPEKTIK OpTachIHIA
npoOupka 0olbIMEH jkoHe MPOOUpKa TYOIHIE TYHOA TY3Y apKBUIBI ©CY €PEKIIEIiTiH KOPCeTil, XKapThulai
katThl EIDK KopekTik opTachlH TONBIKTAH CYHBIITTHL.

JKyMBIC KOPBITBIHABICHI OOWBIHINA TPOTEONUTUKAIBIK OCICEHIUTIKTEepl KOFaphl CYTKBIIIKBLIIIBI
OakTepusiiap mTamaapbl (YHKIUOHAIABI OaFBITTaFbl IPIMINIK OHIIpiCi YIIH KOJJAHBUIATHIH YHBITKBI
JAKbULTIAPBIHBIH KypaMbIHa eHyiHe TOJIBIK HeTi3 Oap.

KinrTi ce3aep: nakrobakTepusiap, Ka3erH MPOTEONH31, KeIATHH MPOTEOIU3I.

IpiMmiik — cyTTeH eHmipiieTiH OeJIOKTHIH (EePMEHTATUBTI KOATYJSIIUSIAHy ©HIMI.
IpiMIIIKTIH JKOFapbl TaraMIBIK KYHIBUIBIKKA W€ O0Tybl KYpaMbIHIA KOI MeJIIepae OeloK MeH
AIMAaCTHIPHUIMAHTBIH AMUHKBIIKBIIAPBIHBIH Ke3aecyiMeH Tyciugipineni [1-3]. KypaMbiaaarst
OciokTap MeH 0acka Ja a30TTHIK KOCBUIBICTApPJbIH KOm OeJiiri epiTuireH Kyime OoiyblHa
OailIaHBICTHI IPIMINIK aaM OpPraHU3MIMEH OHall CIHIPUIIN, KOPBITHUIAABI. IpIMIIIKTIH KypFaK
3aThIHBIH KypambiHaa 20 — 55% wmai, 1,5 — 3,5% Munepaiibl Ty31ap, YIIKBII Maid KbIIIKbUIIAPHI,
KapOOHMJIB/1I KOCBUIBICTAP, JOPYMEHIEP, KalbIuii, (hocdop, MUKpOIIEMEHTTEP MEH (PEepMEHTTED
Ke37IeCe I, YHEPTeTUKAIBIK KYHIBUIBIFBI OH/IaFbl Maii MEH OCIIOKTHIH MeJIepiHe OaiaaHbICTH |
kT eHimMze 2500-4000 kka apanbIFbIHAA AYBITKBIN TYpaas [4,5].

IpimmiiktiH 100 T TYTBIHY apKbUIBl OPTaHM3Ml KaJbIUWIIH TOYIIKTIK MeJIIePIMEH
KaMTaMachl3 eryre Oojanbl. ATairaH MUKPOJIEMEHTTIH JKETiCIeyl caliapblHaH OpraHu3Mje
TIpEK-KUMBUI JKYHECIHIH aImapaTTapbl, CyYHeKTep MEH TICTepIiH 3aKbIMAAy Kayll XOFaphbl.
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ConbIMeH Kartap ipiMIIiK KypambIHaa MaHbI3ab Menmepae Jl nopymeni kezneceni. [ qopymeni
KaJIBIIMAIIH CIHIPUTYIH KamMTamachl3 eTemi. JKeTKUTIKCI3AIr caiaapblHaH KaJdbIUUAIIH CIHIpLTYl
TOMEHJEN OpraHu3M JIeUIMTTIK Kyiire eTin keryli MyMmkiH [7, 8]. COHIBIKTaH OpraHu3Mi
JTOPYMEH/IIK - MUHEPAJIIBIK KEeIIEeHMEH KaMTaMachl3 €Ty *OJbIHIA (PYHKIMOHANIbI OarbITTarbl
IpIMIIIKTI ©HAIPY >KOHE KYHICNIKTI TEHrepuIreH TaFaM palloHbl KypaMblHA EHIIPYIiH
MaHBI3/IbUTBIFbI JKOFAPHI.

Ipimiik eHzipici GapbIChIHIA KONTETeH KYPAETl OMOXUMUSIIBIK KOHE MUKPOOHOIOT USLIIBIK
IpoLecTep Ky3ere acelppliaabl. Kasipri Tanaa TaraMIbIK OMOTEXHOJIOTUSIHBIH KapbIIITAaIl 1aMybl
apKachIHJa OHIPUIETIH IpIMIIIKTEPAiH aTyaHTYPIUIIr KeHeto yeTiHae. [piMinikTiH opOip TYpiHiH
JKETITyl MEH KaJbINTacybl OHJIpICTe TNalJallaHbUIaTBIH  YHBITKBI KypaMblHA  €HETIH
MHKPO(]IOpaHBIH CaH/BIK XKOHE calaliblK epeKIIeTiKTepine OaitnanbicTsl [9-11].

Ipimmiik  eHmipiciHE KaXeTTI YHBITKBI ~MHKpPOQUIOpachl  PETIHIAE CYTKBIIIKBUIIBI
OakTepHsUIapabIH TYPJl ITaMaapbl MEH Typiepi (JIAKTOKOKTap, TepMOGMIbII CTPENTOKOKTap,
JAKTOOAIMIIIep) TPOMMOHKBIIKBUIAB —OakTepusuiap KojmaHblc Tabanbl. CyTKBIIIKBUIIBI
OakTepusIap CYTTIH HETi3ri Kypam-OeiiKTepiH — JaKTo3a, OeloKTap MEH MaliapAblH JOMIIK,
apPOMAaTHUKAJIBIK >KOHE OMOJOTHSIIBIK OCJICeH]I 3aTTapfa ACHiH TpaHCHOpMalMsUIaHYbIH JKY3ere
achIpaibl, COHBIMEH KaTap TEXHUKAIBIK 3USHbI MUKPOOPTAaHU3MICPAIH OCYiH TeXKeii. ¥ HbITKbI
aJIy >KOJIBIH/IA CYTKBIIIKBUIBI OaKTEepUsIIapIbIH Ta3a JAKbUIBIH 06N aTy MUKPOOPTraHU3MIEPIiH
callayIblK KOJUIEKIMACHIH KaJbINTACTBIPYIBIH HETi3i Oonbin ecenrteneni. bocekere kabinerti
OaKTEpUSITBIK YUBITKBI TaKbUIIAPBIH 1371eCTipy, OAKTEpUSIIbIK YUBITKBUIAD MEH KOHIIEHTpATTap
OHJIIPYy MEH [albIHIay OTaHABIK JKOHE TYpJl IIeT eJAIK FBhUIBIMU-3EPTTEY YHBIMAApBIHIA
KapKBIHIBI TYPJE KYprisiny ycringae [12-14].

BakTepusanblK YHBITKBI JaKbUIAAPHI CYT KBIIIKBUIBIH TY3Y apKbUIbI, OCJIOK IMeH MalJbIH a3
MeJIIIepAe JKoHe Oasly bBIAbIpayblHa OalJIaHBICTBI (PEPMEHTTENTeH TaFaM OHIMJIEPIHIH
OPTaHOJENTUKAIBIK KOHE KYPBUIBIMIBIK-MEXaHUKAIBIK CUIATTAPBIH KAJBINTACTHIPATHIH JKOHE
OMOJIOTHSUTBIK KYH/IBUTBIFBIHA 9CEP €TETiH, MPOTCOJUTHUKAIBIK KAaCUETKE e HEri3ri Kypam-0eik
[15-19].

JlakTobakTepusapaAbplH TPOTCONUTHKAIBIK (EPMEHTTEPI KICTKaJapabl a30THEH KOHE
AMUHKBIIIKBUIAPBIMEH KaMTaMachl3 €TyAe MaHbI3Abl POIb aTKapaibl, ce0edi CYTKBIIIKBLUIIBI
OakTepusiap KIETKAJAPBIHBIH OyJI KOCBUIBICTapFa JereH KaKeTTeNIrl J>KOFaphl JCHIeuIe.
[IpoTeonutukansk pepMeHTTEPAIH 6acThl PYHKIMACH OETOKTapAbl OaKTepHs KIIeTKaIaphl CiHIpe
ajaTelHIAad  KOMIOHEHTTep (opmackiHa AeiiH  ruaponusaey. JlakToOakTepusiapabiH
IPOTEOJIUTUKANBIK JKYHeci MpoTenHa3aMeH Ty3iJei, Oy KileTKa KaObIpFackIMeH, MENTHITEP MEH
AMUHKBIIIKBUTIAPBIHBIH TaChIMaNJIaHybl YIIIH KbI3MET aTKapaThlH apHaibl )KYHeMeH JKoHe TypJIl
[IUTOIJIA3MATUKAJIBIK MEeNTHa3amapMeH OaiinansicTe [20].

COHFBI XBUIIAPHI TaFaM IIMKI3aTTapblHAaH OMOAKTHUBTI MENTUATEP/II TEHrepiMIl TaMaKTaHy
apKBUIBI ATy JKOHE KOJIAHY TYPFBICBIHAH CYTKBIMIKBUIABI OaKTePHSUIAPABIH MPOTEOTUTUKAIBIK
OCJICEHIUTITIH 3€PTTEeYre JCTeH KhI3BIFYIIBUIBIK apThill OTHIp. KemnrereH ranpIMaapablH Ha3apbl
JTaKToOaKTePUSIIAPABIH MTPOTEOIUTUKAIBIK OCICEHAUTITIHIH HOTH)KECIH/IE TY31IeTiH OMOaKTUBTI
HNEenTHATI KOCBUIBICTAP/IbIH UMMYHOMOTYJIUPJICYIII, AQHTUTUIIEPTEH3USIIBIK KOHE
TUTIOXOJIECTCPUHEMUSIIBIK  OCJNICeHIUTIKTEPIH 3epTTeyre OarbiTTanFaH [21-24]. YUBITKBIHBIH
KACHET1 OHBIH KYpaMbIHa KipPETiH )KEKEJIEreH ITaMIapbIH OCICeHUTITIHE TIKeIeH O0aiTaHbICThI
OONFaHIBIKTaH, YHUBITKBI KypaMmblHa OHIIPICTIK KYHABl MITaMIapAbl, €H O0acThICHI
MIPOTEOTUTHKAIBIK OCJICEHILTITT )KOFaphl MITaMIapabl €HT13y KaxkeT. TaraMm OMOTeXHOIOTHSChIHIA
KOFapbl OMOXUMMSIIBIK OCJICEHIUTIK MeH OMOTEeXHOJOTHSUIBIK KachuerTepre ue, GyHKIHOHAIIbI
TaraM OHIMJEpiH OHIIpyJAe KOJIAAHBUIATHIH OTAHABIK OdoceKere KaOuIeTTI CYTHIMIKbUIIbI
OaKTepHsIapAbIH YHBITKBICHIH OHIPY ©3€KT1 )KOHE MEPCHEKTUBTI OaFbIT OOMIBIN TaObUIAIbI.

JKYMBICTBIH MakcaThl— IpIMIIIK OHIIPICIHAC KOJIJAHBUIATHIH >KaHa (PYHKIIMOHAJIBI-
Oernceni 1akTo0aKTepus ITaMIapPbIHBIH MPOTEOTUTHKAIIBIK OesiceHalIirine 6ara oepy.
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3epTTey MaTepuaaiapbl MeH dicTepi

JKympbicTa 3epTTey 00beKTiIepl peTiHIe TAOUFHU CUBIP, 1K CYTIHEH JKOHE KOJIJIaH JKacajFaH
IIKi CYTi IpIMIIITiHEeH OOJIHIN aJIbIHFaH kKaHa CYTKBIIKBUIIBI OaKTepusIapAblH Ta3a IITaMIaphl
HanIaJIaHbUIIbL.

JlakToOakTepusiap MTaMIapblH JaKbUIJAy MaKcaThlHAA OipHelle KOpPEeKTIK opTaiap
KOJITaHbUIIBL:

- MalCBI3IaHIBIPBIIFAH CTEPUIIBIL CYT;

- MRS (de Man, Rogosa and Sharpe) KopekTik opTachl;

- CJM (cabbage juice medium): 1000 M1 KbIpbIKKaOaT KalfHATHACHIHA ANTBITKBI ABTOJIN3ATHI
— 10,0 r; menron — 10,0 r; rmroko3a — 20,0 r; CaCOs- 40,0 r; arap — 20,0 r [25];

- Ka3eMH NPOTEONIM3iH 3epTTey YIIiH DHKMaH cyTTi arapsl: 700 MuI JUCTHIIIEHTEH CyFa
nentoH — 10,0-20,0 r; NaCl — 5,0 r; rmoko3za — 10,0 1; arap — 20,0 r; 300 M crepuibai
MaNCBI3IaHBIPBUIFAH CYT. ATajaFaH KOPEKTIK OpTajga JIAKTOOAKTepHsUiap MaKbUIIAphl arap
OeTiHe HYKTEJIK TepeHaAeTin erimi. KyMbIc HOTHKEC] OCITl MIBIKKAH KOJIOHUS aifHaIachIHIaFbl
MOJIIipJIeHy allMaFbIHBIH TUAMETPIMEH OJIIICH]II.

- )KeJIaTUH TIPOTEOJIM3IH 3epTTey MakcarbiHia er mentoHasl kenatuH (EIDK) kopekrik
opracsl: 1000 M er-ienToH B! copriara 15-20% keneminge xenatud Kocbuaanbl. EIDK kopektik
OpTachIHIA 3€pPTTEY KYMBICTAphl Mpooupkagapra 10 M kejemiHae KYWBUIFaH JKOHE TOJBIKTAN
CybIFaH JKapThlIail KaTThl KOPEKTIK OpTara YKON oNiCIMEH MHKPOOHOJOTHSIIBIK TY3aKThl
nalJana”bIl ery apKbUIbl JKYpri3ingi. JlakrobakTepusiaapablH MpOTEOJUTUKAIBIK OeICeHIUTIT
npobupka 60ibIMEH ecin, TYHOA TY3Y apKbUIbI )KOHE ’KapThUIail KATTHI KOPEKTIK OPTAHBI TOJIBIKTAN
CYMBUITYBI apKbLIBI OaranaHabl.

CyTkpIuKbUIb MEKpoopranu3mMaep MRS sxone CIM kopektik opranapeiaaa 37°C -ta 24-
36 carar Ooibl makpULIaHABL. bapibIKk 3epTTey KYMBICTAPBhI OCJICEHI TOYJIKTIK JaKbUIIapMEH
JKY3€re achIpPbUIIBL. 3ePTTEeY HOTHXKENEPl CHIPT KO30€H jKOHE MUKPOCKOMUSUIBIK 9MIICTEP apKbLIbI
aHbIKTanAbpl. CtepunpainikTi Tekcepy makcarbiHga EITA (er-memrtonnbr arap) skone EIIC (et-
MENTOH/IBI COPIa) KOPEKTIK OpTaiapbl KOMAAHBUIIKL. J[aliblH KOpEKTiK opranap aBTokiaBTa 30
MUHYT 00¥ibI 1,5A KbICBIMIA CTEpHIIM3AIUsIIaHb]. JIaKTOOAKTEpHS KIIETKATAphIH €Ty KOHE KalTa
€Ty JKYMBICTapbl, MUKPOCKONITAY MUKPOOHOJIOTHSITBIK IOCTYPIIl 9IICTEPMEH KYPTri3iiii.

HaTu:keliep :koHe 0J1apAbl TAJIIay

CyT KBILIKBUIIBI OaKTepUsiap CYT KAHTBIH — JIAKTO3aHbI CYT KBbIIIKbUIbIHA — JIAKTATKA JIeH1H
alfHANIBIPBII, OPTaHbIH pH MOHIH TOMEHETE 1, HOTH)KECIH/IE Ka3EMHHIH YIOBIHA KOHE KhIIIKbUIFa
ce3iMTaJl MHUKPOOPTaHM3MJEpP OCYyiHIH Texenyine ocep eremi. KemrereH omeOuerrepae cCyT
KBIIKBUIABI OaKTEpUsIIApIbIH CYTTI YUBITY YaKBITBIHBIH Y3aKTBIFBIH OJApIbIH OCJICEeHIUTIrIMEeH
OaitmaHbICTHIPBLIANBI [26].

JlakToOakTepusiapabpl TYPHIC UISHTU(DUKANUSIAY JKOJIBIHAA ONAPABIH MOP(OIOTHSIIBIK -
JAKBUIIBIK KaCHUETTEPIH 3ePTTEYMEH KaTap, KaTalla3ayblK jKOHE OKCHAA3aIbIK OCJICEHIUTIKTEPIH
AHBIKTAYIBIH MaHBI3ABUIBIFBI KOFApPhI, ce0e01 aTaliFaH epeKIIeTIKTEp MaTOTeH Il a3poOThI JKOHE
(bakyapTaTUBTI aHA’pOOTBI MHUKPOOPTaHU3MIEpPre TOH jen ecentemiHemi. JKymbpicta cyT
KBIIIKBUIABl OaKTEpUsUIApIIbIH KaTala3allblK KOHE OKCHIA3aNbIK OCNICEHAUTIKTEpIiH aHBIKTAay
MakKcaThIH/Ia apHAWbl TECT MpenaparTap maaananbuiabl. TecT kepceTKimTepl OOMBIHIIA OapIIbIK
JMAKbUTIAP/IbIH KaTala3ajblK )KOHE OKCHIA3albIK OCICeHIITIKTep1 )KOK €KeH/IIT1 aHBIKTaJIbI.

JlakTobakTepusyapabplH CYTTI YHUBITY OCJICEHIUTITIH aHBIKTay YIIIH €ry MaTepuasaapbl
MaNCBI3IaHIBIPBUIFAH  CTEPUIIBAL  CYTTe JakbuimaHabl. CyTTi  YHBITY  KapKBIHIABUIBIFBI
1a00paTOPUSIIBIK JKaFdaiiaa >KiTi OaKbUIAHBIT OTBHIPALI. AJIBIHFAH HOTHIKEIEp OOMNBIHIIA
Lactococcus lactis subsp. lactis SDCM 5123 CH-10, Lactococcus lactis 1881 Ch-8, Streptococcus
macedonicus LAB 617 CM-16 xone Lactococcus lactis subsp. lactis SSK8 CM-14 mrramaapbIHbIH
cyTTi vitbiTy KapKeiHasLIBIFBI Lactiplantibacillus plantarum CHE37 Ch-1 mtambiHa Kaparanaa
QnIeKaiia >Korapbl €KeHIIT aHBIKTaJIbI.
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Cypert 1 — JlakTobaKkTepusapablH CYTTi YHBITYBI

XKymeicra Lactococcus lactis subsp. lactis SDCM 5123 CH-10, Lactococcus lactis 1881 Ch-
8, Streptococcus macedonicus LAB 617 CM-16 sxane Lactococcus lactis subsp. lactis SSK8 CM-
14 mrramnapel cyTTe ocy OapbIChIHAA, AaKbUITAHYABIH 16-18 caraTbiHIa KOHIIMCTEHIMSICHI ©TE
TBIFBI3, CAPBICYCHI3 OIPTEKTI YHUBITKBI TY311 (1-cypeT).

IpiMmiik  eHizipici YUIIH KOJJAHBUIATBIH YHBITKBI KypaMblHA KIpeTiH MNEpCHEeKTHBTI
CYTKBIIIKBUIIBI OaKTepUsIapAblH HET131 KacHeTTepiHIH Oipi — MPOTEOTUTHKAIBIK OEICeH LTI,
[IpoTeonuTukanblK OEICEHIUTIKTI 3epTTEy YUIIH Ka3eHH jKOHE JKeJNaTHUH MPOTEeOoM31 MmporecTepi
KapacTelpbuibl. CyT KOCBUIFaH arapibl ODWKMaH KOPEKTIK OpTachlHA 3€pTTENIHIN OThIpFaH
IITaMAap/bl HYKTEJIK TePeHIETIN ery *KyMbIcTapbl Kyprizinai. Ilerpu tabakmanapbeia 48 carar
60iip1 37 °C Temmeparypaaa MakbLIAan, YaKbIT ©TKEH COH MOJIIpJEHY alMaFbIHBIH JHaMeTpl
emmrenai (1-kecre).

Kecre 1 CyTKpIIIKBUIAB OaKTEPUSIIAPBIHBIH Ka3eWH/1 TPOTEOIN3ALYi

CyrrTi arapisl opTa
No IItamaap Menaipneny a;:l\lx:amHHH JUaMeTpl,
1 Lactococcus lactis subsp. lactis SSK8 CM-14 12,0+0,2
2 Streptococcus macedonicus LAB 617 CM-16 10,0+0,5
3 Lactiplantibacillus plantarum CHE37 Ch-1 19,0+0,5
4 Lactococcus lactis 1881 Ch-8 12,0+0,5
5 Lactococcus lactis subsi)(.)lactls SDCM 5123 CH- 10,0405
Eckepry: «canmap» - aiKpIHIATy aliMaFbIHBIH JHAMETPi

Kympic OapbichiHa OapiblK MTamMaap Ka3eWH]I MPOTEONIU3eyre KaOimeTTi eKeHIri
aHbIKTaNael  JKoFapel mpoTeonuTHKANBIK Oencenaitikke we mramaap: Lactiplantibacillus
plantarum CHE37 Ch-1, Lactococcus lactis subsp. lactis SSK8 CM-14, Lactococcus lactis 1881
Ch-8 exkenpiri Oenrumi OONABI, TPOTCONMTHKAIBIK OCJICEHIUTIKTIH OFaphl KOPCETKIIII,
colikeciuie — Gammiaepae ruaponusaey aimarst 19,0+0,5 mm, kokTapaa - 12,0+0,2 mm exenairi
AHBIKTAJIIBI.

Cyperte cyTTi arapiasl DWKMaH KOPEKTIK OpTAachlHIA HYKTEIIK TEpeHAETy oiCiMeH
JAKbUIIAaHFaH JIAKTOOAKTEpUsT KOJIOHUSCHIHBIH aifHAJaChIHIAFbl MOJIIIPJICHY alMaFbl alKbIH
OcitHeneHreH (2- cyper).
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Cyper 2 — Kazeun npoteonusi

JlakTobakTepusapaAblH MPOTEOJUTUKAIBIK OCIICEHIUTITIH aHBIKTAYAbIH KeJiecl oicl
JAaKbUIIAPIBIH JKEMATHHI BIABIpaTy KaOUIeTTiriH 3eprrey. bynm MakcaTrra JIakToOaKTepHs
mramaapsel EIDK kopekTik opTackiHIa makpUigaHabl. 48 caraT OOMBI 37°C TeMIieparypaja
OCIpTeHHEH  KEWiH  eT-TIeNTOHABl  JKeNaTUH  OpTachlHA  YKOJ  OJICIMEH  eriireH
nakTobakTepusutapasiH:  Lactococcus lactis subsp. lactis S5K8 CM-14, Streptococcus
macedonicus LAB 617 CM-16 mramaapsl *eJaTUHAI *KaKChl BIIBIPATy KACHUETIHE Me eKEHJIri
OpPTaHBIH ©3TrePiCl ApKbUIBI AaHBIKTAIBI (3-CYpET).

Lactococcus lactis
subsp. lactis 55K8

CM-14 ' LAF 617 CM-16

|| Streprococcus
mgcadonicts

Cyper 3 — XKenatun npoteonusi

Cyperte  kapThUIaii  KaTThl  €T-TIEMTOHABI  JKEIaTHH  KOPEKTIK  OpTachIHIA
JaKTOOAaKTEpHUIIAPIbIH OCYy epeKIeaikTepi Oeitnenenren. Lactococcus lactis subsp. lactis S5K8
CM-14, Streptococcus macedonicus LAB 617 CM-16 mtamaapsl >kapThijiaid KATThI €T TETOHIBI
JKEaTHH KOPEKTIK OPTAChIH TOJBIKTall CYWBUITYMEH KaTap, Mpooupka O0MBIMEH XKoHE TYHOA TY3y
apKbUIBI ©cyre KaOineTTi eKeHIIriH OalkaTrTel. HoTwkeciHae aTanFaH €Ki IITaMM JKEIaTHH
MPOTEOJIU31H JKYPTi3€ ANaThIHABIFBI OenTiT O0IbI.
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KopbIThIHABI

3epTrTey KYMBICHI ~ OapbhIChIHIA TaOWFU CYT OHIMJAEpPIHEH OOJiHIN  aJIbIHFaH
JaKTOOAKTEPHUIApIbIH MPOTEOJIMTHUKANBIK KacHeTTepl 3epTTeni. byn MakcaTra Ka3eMH MeH
KEJIaTUH/1 IPOTEONIN3/Iey KAapKbIHIbUIBIFBI aHbIKTanAbl. HoTmxke OolbIHIIA OapiblK MITamaap
Ka3euH/1 MpoTeonu3aeyre Kaoinerri ekeHairi 3eprrenini. Korapbl Oel1ceHIUTIKKe e mTaMaap:
Lactiplantibacillus plantarum CHE37 Ch-1 - 19,0+£0,5 mMm, Lactococcus lactis subsp. lactis S5K8
CM-14 xone Lactococcus lactis 1881 Ch-8 nmakpuimapeinga - 12,0£0,2 MM MmemmiepiHae
MeJlipiieHy aiiMarbl aHbIKTanbl. COHBIMEH Karap, *eJaTHH[l MPOTEOINU3/iey KapKbIHIBUIBIFbI
*orapbl Itamaap Lactococcus lactis subsp. lactis SSK8 CM-14 skone Streptococcus macedonicus
LAB 617 CM-16 mtamaapsl ekeHairi 6enria 0obl.

CyT Ka3enHi MeH )XeJIaTUH/II IPOTEOIH3Aey OeNICEHALTITIH aHbIKTay MAJIiMeTTepi OONBIHIIA
MPOTCOTUTHKAIBIK ~ OCJCEHIUTITT  JKOFaphl  CYTKBIIKBUIIBI  OakTepusuiap  IITaMIaaphbl
(GyHKUMOHANABI OaFbITTAFbl IPIMINIK OHAIPICI YUIIH YHBITKBI JaKbUITAphl KypamblHa KOCYFa
nanaagadbUIagbl.
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WCCJIEJOBAHUE MPOTEOJUTUYECKHAX CBOMCTB JAKTOBAKTEPHU,
HNCITOJIB3YEMBIX B ITPOU3BOJACTBE CBIPA

AHHOTANUA

B o0nactm mwmeBoil OMOTEXHOJOTHH ChIP H3BECTEH KaK MOJOYHBIM TPOMYKT C BBICOKOM
OMOJIOTHYECKON W HYTPHUIICBTHYCCKOW IIEHHOCTHIO. biaromapsi BEICOKOW OMOAOCTYITHOCTH OPTaHU3MOM,
MOJB3YyeTCs OOJBIIUM CIIPOCOM Y MOTpebuTeneil. B nensx yTouHeHHs MOJE3HBIX CBOWCTB B HACTOSILEE
BpeMsi B NPOM3BOACTBE ChbIpa OONBLIOE 3HAYCHHE MMEET OTOOp MO YPOBHSIM aKTHBHOCTEH KYNBTYp
JIAKTOOAKTEpUi, BXOISIINX B COCTAB 3aKBACKU. AKTYalIbHOCTb UCCIIEI0BAHUS MOP(OIOro-KyIbTypaibHbIX
U TPOTEOJUTUYECKUX CBOMCTB IITAMMOB JIaKTOOAKTEpHH, BXOASIIMX B COCTaB KYJIbTYpPhl 3aKBACKH,
00ycJIOBI€HAa HENMOCPEJACTBEHHBIM BIUSIHMEM STHX IITAMMOB Ha OpPraHOJICNTHYECKHE CBOWCTBa M
OMOJIOrMYECKYIO LIEHHOCTh KOHEYHOr'0 NMPOAyKTa. JIJakTo6aKkTepun B cOCTaBe 3aKBACKU JOJDKHBI CIIY>KUTh
JUIE  HOpMaJIH3allil MUKpPOOMOMa JKENYyIOYHO — KHUIIEYHOTO TpaKTa, TeM CaMbiM OOecreqnBas
(yHKIMOHAIBHOCTh KOHEYHOT'O MpoAyKTa (cblpa). B cTarbe mpeacTaBieHbl pe3ylbTaThl UCCIIEIOBAHUS
MOP(OJIOTro-KyJIbTYPaNbHBIX M TPOTEONUTUYECKUX CBOWCTB HITAMMOB JIAKTOOAKTEpHI, BXOJSIIUX B
coctaB OakTepHalbHON 3aKBAaCKH, WCIOJNB3YEeMOW TMpH MPOW3BOJCTBE CHIPOB (YHKIMOHAIHHON
HaNpaBJICHHOCTH. BBISBIIEHO, YTO Bce 00BEKTHI HCCIEOBAHHUS MOT'YT YU4aCTBOBAaTh B POTEOIN3E KAa3EHHA.
AKTHBHBIMH LITAaMMaMH, TIOKa3aBIINMH BBICOKHE pe3yJbTathl, sBistoTcs Lactiplantibacillus plantarum
CHE37 Ch-1 - 19,0+0,5 mm, Lactococcus lactis subsp. lactis SSK8 CM-14 u Lactococcus lactis 1881 Ch-
8, 30Ha mpocBeTneHwus y mocueaHux - 12,0+0,2 mm. B mpoTeonuse xenaTnHa MOTYT Y9aCTBOBATh JIUIIH JBa
mtamMa - Lactococcus lactis subsp. lactis SSK8 CM-14 u Streptococcus macedonicus LAB 617 CM-16.
[To uroram paboTBI UMEIOTCS BCE OCHOBAaHMS MOJaraTth, YTO INTAMMBI MOJIOYHOKHCIBIX OakTepuil c
BBICOKOM IPOTEONMTHYECKOM AKTUBHOCTBIO MOTYT BOWTH B COCTAaB 3aKBACKH, HCIIONB3YEMOW mJId
NPOU3BOACTBA CHIPOB (PYHKIIMOHATIBHOTO HA3HAYCHHUS.

KiroueBble ci10Ba: 1akToOaKTepUH, IPOTEOIN3 Ka3eHHa, IPOTEOJIN3 JKETaTHHA.

IRSTI:34.27.17

G.K. ABAY*, R.Zh. BERZHANOVA?Z, U.Ch. CHOMANOV?, S. HARSA?,
A.A. SARTAYEVA* N.K. DINANOVA?
!Kazakh Research Institute of Processing and Food Industry, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
31zmir Institute of Technology, Izmir, Turkey
“Kazakh National Women's Teacher Training University, Almaty, Kazakhstan
*e-mail: abay.gk@mail.ru

INVESTIGATION OF PROTEOLYTIC PROPERTIES OF LACTIC ACID BACTERIA
USED IN CHEESE PRODUCTION
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Abstract
In the field of food biotechnology, cheese is known as a dairy product with high biological and
nutraceutical value. Due to the high bioavailability of the body, it is in great demand among consumers. In
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order to clarify the useful properties, currently in the production of cheese, it is of great importance to select
the activity levels of lactobacillus cultures that are part of the starter culture. The relevance of the study of
morphological, cultural and proteolytic properties of lactobacillus strains that are part of the starter culture
is due to the direct influence of these strains on the organoleptic properties and biological value of the final
product. Lactic acid bacteria in the starter culture should serve to normalize the microbiome of the
gastrointestinal tract, thereby ensuring the functionality of the final product (cheese). The article presents
the results of a study of the morphological, cultural and proteolytic properties of lactobacillus strains that
are part of the bacterial starter culture used in the production of functional cheeses. It was revealed that all
the objects of the study can participate in the proteolysis of casein. Active strains that have shown high
results are Lactiplantibacillus plantarum CHE37 Ch-1 - 19.0+ 0.5 mm, Lactococcus lactis subsp. lactis
S5K8 CM-14 and Lactococcus lactis 1881 Ch-8, the zone of enlightenment in the latter - 12.0+ 0.2 mm.
Only two strains can participate in gelatin proteolysis - Lactococcus lactis subsp. lactis SSK8 CM-14 u
Streptococcus macedonicus LAB 617 CM-16. According to the results of the work, there is every reason
to believe that strains of lactic acid bacteria with high proteolytic activity can be part of the starter culture
used for the production of functional cheeses.
Keywords: lactobacillus, casein proteolysis, gelatin proteolysis.

Cheese is a product of enzymatic coagulation of protein produced from milk. The high
nutritional value of cheese is explained by the fact that it contains a large amount of protein and
essential amino acids [1-3]. Due to the fact that most of the proteins and other nitrogen compounds
it contains are in a dissolved state, cheese is easily absorbed and digested by the human body. The
dry matter of cheese contains 20 — 55% fat, 1.5 — 3.5% mineral salts, volatile fatty acids, carbonyl
compounds, vitamins, calcium, phosphorus, trace elements and enzymes, the energy value
fluctuates between 2500-4000 kcal per 1 kg of product, depending on the amount of fat and protein
in it [4.5].

By consuming 100 g of cheese, the body can be supplied with a daily amount of calcium.
Due to the lack of this trace element, there is a high risk of damage to the apparatus of the
musculoskeletal system, bones and teeth in the body. At the same time, a significant amount of
vitamin D is found in cheese. Vitamin D ensures the absorption of calcium. As a result of
insufficient calcium absorption, the body can go into a deficit state [7, 8]. Therefore, on the way
to providing the body with a vitamin and mineral complex, the production of functional cheese
and its inclusion in the daily balanced diet of food are of great importance.

In the process of cheese production, many complex biochemical and microbiological
processes are carried out. Currently, thanks to the rapid development of Food Biotechnology, the
variety of cheeses produced is expanding. The maturation and formation of each type of cheese
depends on the quantitative and qualitative characteristics of the microflora, which is included in
the initial composition used in production [9-11].

Propionic acid bacteria of various strains and types of lactic acid bacteria (lactococcus,
streptococcus, lactobacillus) are used as the main microflora necessary for the production of
cheese. Lactic acid bacteria carry out the transformation of the main components of milk-lactose,
proteins and fats into taste, aromatic and biologically active substances, and also inhibit the growth
of technically harmful microorganisms. The basis for the formation of an industry collection of
microorganisms is the isolation of a pure culture of lactic acid bacteria on the way to clotting. The
search for competitive bacterial clot cultures, production and preparation of bacterial clot and
concentrates are intensively carried out in domestic and foreign research organizations [12-14].

Bacterial clotting cultures form organoleptic and structural-mechanical properties of
fermented food products due to the formation of lactic acid, low protein and fat breakdown and
slow breakdown, and have proteolytic properties [15-19].

Proteolytic enzymes of lactic acid bacteria play an important role in supplying cells with
nitrogen and amino acids, because the need for these compounds by lactic acid bacteria cells is at
a high level. The main function of proteolytic enzymes is to hydrolyze proteins to the form of
components so that they can be absorbed by bacterial cells. The proteolytic system of lactic acid
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bacteria is formed by proteinase, which is associated with the cell wall, a special system that
functions for the transport of peptides and amino acids, and various cytoplasmic peptidases [20].

In recent years, there has been a growing interest in studying the proteolytic activity of lactic
acid bacteria in terms of obtaining and using bioactive peptides from food raw materials through
a balanced diet. The attention of many scientists is focused on the study of immunomodulatory,
antihypertensive and hypocholesterolemic activity of bioactive peptide compounds formed as a
result of proteolytic activity of lactic acid bacteria [21-24]. Since the properties of the wort directly
depend on the activity of individual strains included in its composition, it is necessary to include
industrially valuable strains in the wort composition, and most importantly, strains with high
proteolytic activity. An urgent and promising direction in Food Biotechnology is the production
of domestic competitive lactic acid bacteria, which have high biochemical activity and
biotechnological properties, are used in the production of functional food products.

The purpose of the work is to assess the proteolytic activity of new functionally— active
strains of lactic acid bacteria used in the production of cheese.

Materials and methods of research

Pure strains of fresh lactic acid bacteria isolated from natural cow's, goat's milk and
homemade goat's milk cheese were used as objects of research in the work.

Several Culture Media have been used for the purpose of culturing Lactobacillus strains:

- skimmed sterile milk;

- MRS (de Man, Rogosa and Sharpe) nutrient medium;

- CJM (cabbage juice medium): yeast autolysate per 1000 ml of cabbage decoction — 10.0 g;
peptone — 10.0 g; glucose — 20.0 g; Saso3 - 40.0 g; agar — 20.0 g [25];

- Aikman’s milk agar for the study of casein proteolysis: peptone — 10.0-20.0 g per 700 ml
of distilled water; NaCl — 5.0 g; glucose — 10.0 g; agar — 20.0 g; 300 ml of sterile skim milk. In
this nutrient medium, lactic acid bacteria crops were sown with point deepening on the surface of
the agar. The result of the work was measured by the diameter of the opacity zone around the
sprouted colony.

-meat peptone gelatin (MPG) nutrient medium for the study of gelatin proteolysis: gelatin in
a volume of 15-20% is added to 1000 ml of meat-peptone broth. Research work on the nutrient
medium of the EPP was carried out by inoculation using a microbiological trap by injection method
on a semi-solid nutrient medium, poured into test tubes in a volume of 10 ml and completely
cooled. The proteolytic activity of lactic acid bacteria was assessed by growing along the test tube,
forming a precipitate and completely diluting the semi-solid culture medium.

Lactic acid microorganisms were cultured in MRS and CJM culture media at 37°C for 24-
36 hours. All research work was carried out with active diurnal crops. The results of the study
were determined visually and by microscopic methods. In order to test sterility, MPA (meat-
peptone agar) and MPB (meat-peptone broth) culture media were used. The finished culture media
were sterilized in an autoclave for 30 minutes at a pressure of 1.5 A. Inoculation and re-grafting
of Lactobacillus cells, microscopy was carried out using traditional microbiological methods.

Results and discussion

Lactic acid bacteria convert milk sugar — lactose to lactic acid — lactate, lowering the pH
value of the medium, resulting in casein clotting and inhibition of the growth of acid-sensitive
microorganisms. In many literature, the duration of milk clotting time by lactic acid bacteria is
correlated with their activity [26].

On the way to correct identification of lactic acid bacteria, along with the study of their
morphological and crop properties, it is important to identify catalase and oxidase activity, since
these features are considered characteristic of pathogenic aerobic and facultative anaerobic
microorganisms. In order to determine the catalase and oxidase activity of lactic acid bacteria,
special test preparations were used in the work. According to the test indicators, it was found that
not all crops have catalase and oxidase activity.
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In order to determine the activity of milk clotting of lactic acid bacteria, sowing materials
were cultured in skimmed sterile milk. The intensity of milk clotting was closely monitored in
laboratory conditions. According to the results obtained, Lactococcus lactis subsp. lactis SDCM
5123 CH-10, Lactococcus lactis 1881 Ch-8, Streptococcus macedonicus LAB 617 CM-16 and
Lactococcus lactis subsp. lactis SSK8 CM-14 it was found that the milk clotting intensity of the
strains was much higher than that of the Lactiplantibacillus plantarum CHE37 CH-1 strain.

Figure 1 - Milk clotting by lactic acid bacteria

Lactococcus lactis subsp at work. lactis SDCM 5123 CH-10, Lactococcus lactis 1881 Ch-8,
Streptococcus macedonicus LAB 617 CM-16 and Lactococcus lactis subsp. strains of lactis SSK8
CM-14 in the course of growth in milk, at 16-18 hours of cultivation, formed a very dense, whey-
free homogeneous clot (Figure 1).

One of the main properties of promising lactic acid bacteria, which are part of the preparation
used for cheese production, is proteolytic activity. For the study of proteolytic activity, the
processes of casein and gelatin proteolysis were considered. Point-depth grafting of the studied
strains on the agaric eikman nutrient medium with milk was carried out. Petri dishes were cultured
at 37 °C for 48 hours, and after the time, the diameter of the opacity zone was measured (Table 1).

Table 1. Casein proteolysis of lactic acid bacteria

Milk agaric medium
No Strains Opacity area diameter, mm
1 Lactococcus lactis subsp. lactis SSK8 CM-14 12,0+0,2
2 Streptococcus macedonicus LAB 617 CM-16 10,0+0,5
3 Lactiplantibacillus plantarum CHE37 Ch-1 19,0+0,5
4 Lactococcus lactis 1881 Ch-8 12,0+0,5
5 Lactococcus lactis subsi)(.)lactis SDCM 5123 CH- 10,040,5

Note:" numbers " - the diameter of the detection zone

In the course of the work, it was found that all strains are capable of proteolytic casein strains
with high proteolytic activity: Lactiplantibacillus plantarum CHE37 Ch-1, Lactococcus lactis
subsp. lactis SSK8 CM-14, Lactococcus lactis 1881 Ch-8, a high indicator of proteolytic activity,
respectively — in bacils, the hydrolysis zone is 19.0£0.5 mm, in cocs - 12.0+0.2 mm.

The figure clearly shows the opacity zone around the colony of lactic acid bacteria, cultured
by point deepening in the milk agaric eikman nutrient medium (Figure 2).
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Figure 2 - Casein proteolysis

The next method for determining the proteolytic activity of lactic acid bacteria is the study
of the ability of crops to break down gelatin. For this purpose, strains of lactic acid bacteria were
cultured in the nutrient medium of the EPC. Lactic acid bacteria injected into a meat-peptone
gelatin medium after 48 hours of cultivation at a temperature of 37°C. the fact that strains
Lactococcus lactis subsp, lactis SSK8 CM-14, Streptococcus macedonicus LAB 617 CM-16 have
good gelatin decomposition properties was determined by a change in the medium (Figure 3).

| Strepr
subsp. lactis S5K8 ﬂuﬁpg;gc:ff:i':ﬁ

ChI-14 ' LAB 617 CM-16

‘ Lactococcus Ia |

Figure 3 - Gelatin proteolysis

The picture shows the features of the growth of lactic acid bacteria in a semi-solid meat-
peptone gelatin nutrient medium. Lactococcus lactis subsp. strains of lactis S5K8 CM-14,
Streptococcus macedonicus LAB 617 CM-16 were observed to be able to grow along a test tube
and through the formation of sediment, in addition to completely diluting the nutrient medium of
semi-hard meat peptone gelatin. As a result, it turned out that the two mentioned strains can carry
out gelatin proteolysis.

Conclusion

In the course of the research work, the proteolytic properties of lactic acid bacteria isolated
from natural dairy products were studied. For this purpose, the intensity of proteolysis of casein
and gelatin was determined. As a result, it was studied that all strains are capable of proteolysis of
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casein. Strains with high activity: Lactiplantibacillus plantarum CHE37 Ch-1-19.0£0.5 mm,
Lactococcus lactis subsp. in cultures of lactis SSK8 CM-14 and Lactococcus lactis 1881 Ch-8, an
area of opacity was determined in the amount of - 12.0+£0.2 mm. In addition, strains with high
gelatin proteolysis intensity are Lactococcus lactis subsp. lactis SSK8 CM-14 and Streptococcus
macedonicus LAB 617 CM-16 strains.

According to the data on the determination of the proteolysis activity of milk casein and
gelatin, strains of lactic acid bacteria with high proteolytic activity are used for inclusion in the
composition of yeast cultures for the production of cheese of functional orientation.
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