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AHHOTAIIUSA

HccnemoBana mpoTeonuTHYecKass AaKTUBHOCTh M CIIOCOOHOCTh K MPOAYIUPOBAHHUIO
9K30MONUCcCaxXapuaoB y 17 MTaMMOB MOJIOYHOKHCIBIX OaKTepuil W 8 IMITaMMOB IPOMHMOHOBOKHUCIIBIX
Oaxtepuil. Hanbosee BEICOKOW MPOTEONMTHYECKON aKTUBHOCTBIO CPElId UCCICYEMBIX MOJIOYHOKHCIIBIX
Oakrepuii oOnamaroT BHOBb BbimencHHble H30uaThl WF-20, W-2, Wf-10 u KOJUIEKIIMOHHBIN mITaMM
Lacticaseibacillus casei Ai-2. Cpeau mpOITHOHOBOKUCIBIX OaKTepHii Hanboee BHICOKOW MPOTEHHA3HO-
MENTUIA3HON aKTUBHOCTBHIO 00JIafarOT HOBBIE U30IATHL [[1-2, I1-3, I1-4, [1-8 1 KO/UIEKIMOHHBIA IITaMM
Propionibacterium freudenreichii subsp. shermanii-3. HauGoubliee KoIM4eCTBO 3K30MOIMCAXAPHIOB
CHHTE3UPYIOT HOBbIe M30saThl MQ-1 (320Mr/100M1) 1 Mg-2 (360 mr/100mi1). Ente 4 HOBBIX H30ITa
MostouHOKUCTbIX Oakrepuit (WF-2, Wf-6, Wf-10, Wf-20) u 4 HOBBIX H30JsTa MPOIMTHOHOBOKUCIIBIX
Oakrepuii (/1-2, I1-4, II-5, [1-8) MOXKHO OTHECTHM K IITaMMaM CO CPEJHEH CTEICHBIO NPOMYKIIUU
sk3omnonucaxapuaoB — ot 110 mo 220 mr/100 mu cpensl. B pe3ynbrare mpoBeNeHHBIX HUCCIIETOBAHUN
0TOOpaHbl 7 MITAaMMOB - KaHAWJIATOB B MPOOMOTHKH JUIsl aKBAKYJIbTYPHI: M30JSATHl MOJOYHOKHCIBIX
oaxrepuit Wf-2, Wf-6, Wf-10, Wf-20 u wuzonatel mponmuoHOBOKMCIBIX Oaktepuii [1-2, I1-3 wu I1-8,
oOnanmaronie CpeaHed WM BBICOKOM TMPOTEONUTHYECKOW U SK30MOJIUCaXapuI-TIPOoIyIHUPYIONIei
CIocOOHOCTRIO. BBeneHne mx B cOocTaB MPOOMOTHYECKHX MPENaparoB IS PHIO MO3BOIUT YIYUIIUTh
MPOIECCHl TUILEBAPCHUS, YCKOPHUTh AJaNTallii0 JKMBOTHBIX K BBICOKODHEPIETHUYECKUM pallMOHAM U
HEOCJIKOBBIM  Q30THCTHIM  BEIIECTBaM, IOBBICUTh  A()(MEKTHBHOCTH  HCIHOJB30BaHHS  KOPMA,
PE3UCTEHTHOCTH K OOJIE3HSIM, BBKUBAEMOCTh M MTPOAYKTUBHOCTD PHIO.

KaioueBble  ciioBa:  MOJOYHOKHCIBIE  OaKTepWH,  IMPOMHMOHOBOKUCIBIE  OaKTepwH,
MPOTEOIUTHYECKAST aKTUBHOCTh, MPOIyIIUPOBAHUE 3K30MOIUCAXAPUIOB, IPOOUOTHK, aKBAKYJIbTYPA.

AKBaKkynbTypa ABIIIETCS JTUHAMUYHO pa3BHUBaIOIIUMCS HaIpaBJIEHUEM
IPO/IOBOJILCTBEHHOIO CEKTOpa, CHOCOOHBIM pEUIMTh MpPOOJIEMbI 310pOBOIO U OEIKOBOTrO
nutanuss.  CorjmacHo mnocnenHed wmupoBoil cratuctuke DAQO, MUpOBOE MPOU3BOACTBO
aKkBaKyJabTyphl gocturio B 2018 r pexopaHoro yposHs - 114,5 MIH TOHH B KMBOM BeEceE,
CTOMMOCTh TIpoJiaXk cocTtaBuia 263,6 mupna nowtapoB CIHIA. B obmem ob6beme mpomyKiust
BOJIHBIX JKUBOTHBIX cocTaBisiia 82,1 mmH. ToHH (250,1 mupa mommapoB CIIA), cpenn HuxX
npeobnagamu peiosl (54,3 muH. TOoHH, 139,7 mupn mommapoB CIIIA), mpousBeneHHBIC B
aKBaKyJIbType BHYTpeHHUX BogoemoB (47 muH T, 104,3 mupn nomnapoB CIHA), a takxke B
MOpCKOM U mpuOpexHon akBakynbType (7,3 muH T, 35,4 mupn nomtapos CIIA). ITomumo
pBIOBI B aKBaKyJIbTYpe BOAHBIX KMBOTHBIX OBLIM MPOU3BEICHBI MOJUTIOCKH (17,7 MIIH TOHH,
34,6 mapn momtapoB CIIIA), pakooGpazubie (9,4 muH. ToHH, 69,3 Mupa gomnapos CIIA),
Mopckue Oecrio3BoHouHble (435 400 ToHH, 2 mapn nomutapoB CIIA), BoaHble udepenaxu
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(370000 TonH, 3,5 mapa gomtapoB CIIA) u nsarymku (131300 TonH, 997 MaH gonnapos CIIIA)
[1].

Ha rno6ansHom ypoBHe, HaumHast ¢ 2016 roma, akBakylIbTypa SIBISICTCS OCHOBHBIM
HMCTOYHHMKOM PBIOBI, TOCTYITHOU Ui ynoTpeOsenus B nuiy, B 2018 r ata mons coctasmisiia 52
nporeHTa oT obmiero oobeMa, onepeaus peidonoBcTBO. U mo nmporuozam ®AQO, B Gnrkaiinme
rofibl CIEAyeT OXKUIATh elle OONBLIEr0 pocTa MPOU3BOJACTBA AKBAKYJIbTYPhI B MHUpE, IPUYEM
ero OoubIIast 10J1s OyJeT NPUXOIUThCs Ha cTpanbl A3un [1].

OpnHako, ObICTpO€ pACUIMPEHME MHTCHCUBHOM aKBaKyJbTypbl YyXe IIpUBENO K
YBEIMYECHUIO  PAaCHpPOCTPAHEHHOCTH  TPAHCTPAHUYHBIX  BUPYCHBIX,  OaKkTepHalbHBIX,
Napa3suTapHbIX M TI'PUOKOBBIX MH(MEKUUH Yy KyJIbTUBUPYEMBIX BOJHBIX OPraHU3MOB, 4TO
HOBJIMSJIO HAa YCTOMYMBOCTH IMPOM3BOJICTBA aKBAKyJIbTyphl BO MHOTHX cTpanax [2]. Becpma
CYLIECTBEHHbIE SKOJIOIMYECKHE, COLHUAIbHbIE M SKOHOMHYECKHE IIOCJEACTBUS BCIIbIILIEK
3a0o0neBaHul OOYCIIOBIMBAIOT HEOOXOJMMOCTh CMEHBI MapaJurMel B paboTe C pHUCKaMU
O6uobe30nacHOCTH akBakyabTypbl. HoBas crparerust ymaydiieHuss KOHTpOJsi O€30MacHOCTH
npeaycMaTpuBacT WHHOBALMOHHBIE TEXHUYECKHE pPa3pabdOTKH, KacaloIUuecs YCHIICHUS
npopuIakTUKK 3a00JeBaHUNH B aKBaKyJdbType (BKJIOYas CHHXKEHME YCTOMUMBOCTH K
IPOTHBOMHUKPOOHBIM TpenapaTaM B aKBaKyJIbType W NMPUMEHEHHH MOAXOIIIINX abTCPHATHB
IPOTUBOMUKPOOHBIM IpernapaTraM), KOPMOB, T€HETHUECKOro 0TOOpa, OMO3aLIUThl U KOHTPOJIS
Oone3neit, mudppoBHIX HHHOBAIMA U T.1. [1].

AnbrepHaTUBHBIM 3((EKTUBHBIM MPOQMIAKTUYECKUM U 3aLIUTHBIM CPEACTBOM IS
YMEHBIICHUSI 3aBHCHUMOCTH OT AaHTUOMOTHKOB, BaKIWH W JPYTUX JIEKAPCTBEHHBIX
XMMUONpPEnapaToB, a TAakXKe JIs YJIYyULIEHUs 3/0pOBbS PbIO B aKBAKYyJIbTYPE MOTYT CIYKUTh
npenapaThl Ha OCHOBE KHBBIX KJIIETOK MUKPOOPTaHW3MOB W/WIIM UX METa0OIUTOB (IPOOHOTHKH,
MeTaOHOTUKH H T.1.) [3-7]. TIpu 3TOM, MOJIOYHOKHCIIBIE M IMPOIMIHOHOBOKHUCIIBIE OaKTEPHH
MOXKHO paccMaTpuBaTh NpU pa3pabOTKE TaKUX IMpernaparoB Kak HauOoJee YCIEHIHbIE H
0e30macHble MUKPOOPIaHU3MBbI JJIsi aKBAaKyJIbTYpbl. MOJOYHOKHUCIbIE M MPONUOHOBOKUCIIBIE
OakTepuu SBJISAIOTCS TPEACTABUTEISIMH MHUKPOOMOTHI pPHIO W uelOBEeKa, OHM 00JanaroT
AQHTarOHUCTMYECKOW aKTHBHOCTBIO K YCJIOBHO-TIATOT€HHBIM OakTepusiM, TpubaM U BHpYycam,
BO30Y)KJIAIOIIM MHUKPOOHOJIOTHYECKYIO TIOPYY KOPMOB, 3arps3HSIIOIIAM BOJIOEMBI, a TaKkKe
BBI3BIBAIOIIMM 3a00sieBaHusl pbl0. MHOrOYMCICHHbIE Hay4YHbIE HCCIEI0BAaHMS JOKa3bIBAIOT
[IEHHOCTh 3TOW OOMIMPHOW TPYIIBI MUKPOOPTAaHW3MOB IJISi TPEJOTBPALICHUS W JICUYCHHS
3a0oneBaHUN PBIO U ApYruX BOAHBIX OopraHu3MoB [3,8]. JKuBble KIETKH MOJOYHOKHUCIBIX U
POMTMOHOBOKUCIIBIX OakTepuid, WX (QEepMEHTHI W METAa0OJHUTHI TIOJOXUTEIBHO BIUSIIOT Ha
PE3UCTEHTHOCTh K MH(EKIMOHHBIM 3a00J€BaHUSAM, BBDKUBAEMOCTh M MPOJYKTHUBHOCTH PBIO.
[IponnoHoBoOKHCIBIE OakTepun, 00Ia1al0NIMe MOBBIIIEHHON (YHTHIIMIHON aKTUBHOCTHIO, IIPU
BBEJICHUU UX B COCTAaB aCCOLMAIUI B JIOMOJIHEHHE K MOJIOYHOKHCIBIM OaKTEPUSIM MO3BOJIIOT
pacIMpuTh  CHEKTP  AHTAarOHHCTUYECKOM  aKTHBHOCTH TNPOOMOTHKA B  OTHOUICHUH
MHUKOTOKCUTE€HHBIX TPUOOB. AHTHMYTareHHas 3allUTa MPOMUOHOBOKUCIBIX OaKTEpUi MOXKeET
CIOCOOCTBOBATh CHIKCHUIO TEHETUYECKUX M3MEHEHUH y pbIO [9].

OnHUM U3 BaXXHBIX KPUTEPHUEB, KOTOPBIM JOJDKEH 00danaTh YCHEIIHBIH KaHIUAAT B
NpOOMOTHKH, TOMHMO AaHTAarOHUCTUYECKOH aKTUBHOCTH, O€30MacHOCTH W Jp., SBISETCS
CIOCOOHOCTh  IITAMMOB ~ MHUKPOOPTaHHM3MOB  TIPOHM3BOJIUTH  OPraHMYECKHE  KHCIIOTHI,
BHEKJIETOUHBIE (EpMEHTHl (IIpOoTeasa, MPOU3BOJICTBO aMIJIA3bl, IEIUTIONIO3bI, (UTAa3Hl,
XMTUHA3bl, Jmnassl W jap.) u odk3omomucaxapunasl  (OIIC) [5]. MonouHokucneie U
IPOTTMOHOBOKHUCITBIE OAaKTEPUU CHHTE3UPYIOT MOJIOYHYIO, TPOITMOHOBYIO M YKCYCHYIO KHCIIOTHI,
KOTOpble  00NaJaloT  AHTHUMUKPOOHBIMH  CBOMCTBaMH,  CHOCOOCTBYIOT — yJIyYIIECHHIO
NUIIEBApEHUs,, HOPMAaJIH3allid MHKPOOMOTHI BOJHBIX JKMBOTHBIX, a TaKKe MOJIEPKaHUIO
YHUCTOTHI BOJBI B MCKycCTBeHHBIX Bomoemax [10,11].  IIpow3BoacTBO M IOCTYIHOCTH
BHEKJIETOUHBIX (DEPMEHTOB, TAKHX KaK MPOTEa3bl, KAPOOTHIPA3bl, aMIJIA3bl, INTIA3bl M (PUTA3BI
Yy MOJIOYHOKHCIBIX M MPOMHOHOBOKHUCIIBIX OaKTEpuil ClIOCOOCTBYIOT TOMY, YTO MPOOMOTHUKU Ha
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WX OCHOBE IOJIOKUTEIHHO BIHUAIOT Ha TEMIIbl POCTAa XO35MHA, YJIydllas KOHBEPCHUIO U
ycBOsieMOCTh KopMma. [lomumo 3TOro, mpoayuupyemble 3TOH TPYHIOW MHKPOOPTraHM3MOB
AK30I10JIMCaXapUIbl, o0nanaT 3alUTHBIMU CBOMCTBaMH,
CIIOCOOHOCTBIO COPOMPOBATH MUKOTOKCHHBI U BEIECTBA,  BBI3BIBAIOIIME  TOKCHUYECKUE,
JJIEPrUYecKUe PeaklUU U THIIEPUYyBCTBUTEIBHOCTh K KOMIIOHEHTaM KopMa. MOJIOYHOKHCIIbIE
U TMPONHOHOBOKHCIIbIE OakTepUuu y4acTBYIOT B (opMuUpoBaHHHM (HEHOMEHA «OpaJbHOM
TOJIGPAHTHOCTU» K MUIIEBBIM AaHTUT€HAM.

B cBs3u ¢ BBIIEH3I0KEHHBIM, POBOJUMBIE MCCIIEIOBAHUS, HANpPABICHHbIE HA TOUCK
HOBBIX OT€YECTBEHHBIX IITAMMOB MOJIOYHOKHCIBIX U TIPOMTMOHOBOKHUCIIBIX OAKTEPHid ¢ BRICOKOU
(bepMEHTaTUBHOI W H3K30MOJIMCAXapU-IPOAYIUPYIOUIEH aKTHUBHOCTBIO MJISl IOCIEIyIoIIen
pa3pabOTKU HAa UX OCHOBE  BBICOKOAKTUBHOTO CTAOMIBLHOTO MPOOMOTHYECKOTO Mpenapara s
KOPMJICHUSI PBIO B YCJIOBMSIX aKBAaKyJbTYpHl, ABIAIOTCS aKTyalbHBIMH, UMEIOT HAYYHYIO U
MPAKTUYECKYI0 3HAYMMOCTb.

MarepuaJjisbl 1 METOIbI

OObeKkTaMu HCCIEA0BaHUS CIYKUIM U30JIATHI MOJIOYHOKHUCIIBIX M IPOIUOHOBOKHUCIIBIX
OaxkTepuii, BBIIIEJICHHBIE M3 CBHIPHEBBIX KOMIIOHEHTOB (3€pHO M MyKa KYKYpY3bl, MIIEHUIIBI,
STAMEHS PKH, TIIICHAYHAS KICHKOBUHA M 3apOJIBINI, KYKYPY3HBIA TIIFOTCH H JIP.), BXOISIINX B
pelenTypbl KOPMOB JUIsl PbIO U APYTUX €CTECTBEHHBIX HMCTOYHUKOB (MOJIOUHBIE MPOIYKTHI,
pyberr KPC, kumiedyHuk pwi0), a Takke KOJUICKIMOHHBIC MmTaMMbl. OOpasibl CBHIPhS IS
BBIJICTICHHUS] HOBBIX IITAMMOB MOJIOYHOKHCIBIX U MPOMMOHOBOKHCIBIX OaKTEepHil OTOMpamu U3
pasnmuunbix permoHoB PK  (Anmarunckasi, Typkecrtanckas, Bocrouno-Kazaxcranckas,
Kocranaiickas u [TaBnonapckas odnactu).

N30159TBl  MOJIOYHOKHCIBIX OaKTepuil TMOJydalii METOJIOM BBICEBA OIPEICICHHOTO
KOJIMYECTBA CHIPbS M €r0 pa3BeNeHUIl Ha arapu3OBaHHBbIC JJIEKTUBHBIC MUTATENbHBIE CPEIb
MRS (TM Media, Uumus) u Lactic Streak Agar (TM Media, Uunus). Jns BeieneHus
MPOMMOHOBOKUCIBIX OakTepuil ucmoibp3oBanmu arap ASLA C pocToBoil 100aBKOW st
IIPONMOHOBOKUCHBIX Oakrepuil. KynbTuBHpOBaHME H30J4TOB MPOBOIMIM B aHa’pOCTAaTe B
atMocdepe ¢ conepxkanueM 14-16% yrnekucnoro rasa, 4-6% Bomopoaa M KHUCIOpPOAa — HE
6omee 0,1%, mpu Temneparype 30, 37 u 42°C B Teuenue 24-48 gacos.

OTnenbHbIE KOJIOHHWU TEPECEBANIM B CTEPUIIBHOE OOE3KMPEHHOE MOJIOKO; H30JIATHI,
o0Opa3ylomue CrycToK, MCIONb30BAIM JUIsl TOJYyYEHHUS YHCTOM KyJIbTYpPhl U JajdbHEHIINX
UCCIICIOBAaHUM HMX TPOOMOTUYECKUX CBOWCTB. [l KyIbTUBHPOBAHHS UHUCTBIX KYJIBTYD
MOJIOYHOKHUCJIBIX U MPOMMOHOBOKHCIBIX OaKTEPU NCIIOJIb30BAIH KUIKYIO TUTATENIbHYIO CPEyY
MRS Broth (TM Media, Wunus), mis OPOMHOHOBOKUCIBIX OaKTepHil JOMOIHUTEIBHO
UCTIONIE30BAIM CPEeAy CIeayromero cocrasa: mentoH -1,0%; mposxokeBoil skctpakt — 1,0%);
rmoko3a — 1,5%; BoccranoButenu (0,5% cynbdura Hatpus unu 0,05% mucrenna u 0,05 %
tBUHA-80).

KucnorooOpa3oBanue mTaMMOB OIICHHBAINA MO AKTUBHOW M TUTPYEMOW KHCIOTHOCTH
Opy KyJIbTHBHPOBAHMM B CTEPUIBHOM O0€3kUpeHHOM Mosoke win cpene MRS Broth.
TuTpyemyro KUCIOTHOCTh OMPEAEIsIN TUTPOMETPHUECKUM METOJIOM, aKTUBHYIO KHUCIOTHOCTH
(pH) onpesensiv MOTEHIIMOMETPHYESCKH TIPU MOMOIIH AeKTpoHHOro pH-merpa [12].

[TpoTeonuTHYEeCKyt0 aKTUBHOCTH BBIJICIICHHBIX H30JSTOB OMPEACISIN HAa MUTATENbHOM
cpene cienyromero cocraBa (% wac./00.): mentoH - 0,5; roBskui skctpaktr - 0,3;
obOe3zxupeHHoe Mojoko -1; arap -1,8; Boma -100. Monoko CTEpUIM30BAIM OTIENIBHO,
n00aBIsUIM  Tepe]l MCMHOJIb30BaHUEM B CTEPUIBHYIO pACIUIaBIEHHYIO Cpeay, THIATEeNIbHO
nepeMenBain. Ternyo MUTaTeIbHY0 Cpeay pa3auBaid Mo yamkam [leTpu u gaBaiu OCTHITS,
Jlasiee arapoByro cpeny neppopupoBain cTepuiIn3oBaHHON nMpoOkoi bopa u 3amuBanu B TyHKH
CYTOYHYIO KYJIbTYPY MOJIOYHOKHCIBIX WM MPOMHOHOBOKHCIBIX OaKTepHil, MpeIBapUTEeIbHO
BeIpameHHyo Ha MRS Broth mpu cootsercrBytomeii ontumanbroit Temmneparype (30,37°C).
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Yamku BeinepxuBanu npu 32-37°C B Teuenue 48 4 MHKyOauy ¥ HaOJII0Jallu 3a MPOTea3oi 1o
30HE MPOCBETICHUS MOJIOYHOM CpeIbl BOKPYT JIYHKH, H3MEpsIs AuameTp 30HbI [13].

DK30M0Ircaxapu100pa3yoIIyl0 aKTHBHOCTh MOJIOYHOKHUCIIBIX U TPOIMHMOHOBOKHUCIIBIX
OaxkTepuil OIpenesuld CIAEAYIOUMM 00pa3oM: KyJIbTUBUPOBaHUE OakTepHil MpPOBOAUIN B
konbax (oowemom 50 mut) B xkuakoit cpene MRS Broth (pH=6,0) npu Temneparype 32-37°C B
teuenue 48 u. Jlanee o6pazosanne DIIC onpenensim cOrIacHO CXeMe:

1) otaencHue KyabTYpaabHOM KHUIKOCTH OT OMOMACCHI,

2) nenrpudyruposanue npu 5000 g B Teuenue 15 MuH,

3) oxyaxaeHue OECKIETOYHOro cynepHaranTa 10 4°C,

4) BHECEHHME B OXJIAXICHHBIA CyIEpPHATAHT JBOMHOrO oObeMa 96% OXJIaKIEHHOTO
stunoBoro cnupra (3-5 °C); orcrauBanue B Teuenue 12 4 npu remneparype 4 °C,

5) nenrpudyruposanue mpu 4000 g B Teuenue 60 MuH,

6) npombIBaHKE OCaaKa ATUIOBBIM cruptoM, BbicymuBanue DJIIC npu 50°C no
MOCTOSTHHOTO Beca (B TeueHue 48 yacoB), B3BEIIMBAHHE.

Pe3yabTaThl M 00Cy:KI1€HUE

C 1enpto 0TO0pa BBICOKOAKTHBHBIX MITAMMOB MOJOYHOKHUCIBIX U HMPOIMTHOHOBOKHCIIBIX
OakTepuii ObLT MPOBEICH CKPUHUHT (DEPMEHTATUBHOW M HK30IMOIHCAXAPHUI-TIPOYIUPYIOMICH
AKTUBHOCTHU Y 22-X BBIJICIICHHBIX YHCTHIX U30JIATOB OAKTEPHH, & TAKIKE Y TPEX KOJUICKIIMOHHBIX
KyJAbTYp C BBICOKOH aHTaroHMcTHYeckoi aktuBHOCThIO (Lactobacillus helveticus Sh-4,
Lacticaseibacillus casei Ai-2, Propionibacterium freudenreichii subsp. shermanii -3). Ckpununr
IPOBOJIMITH IO CICAYIOUIAM MPU3HAKAM: KHCIOTOOOPa30BaHUE, IPOTEOTUTUYECKAS aKTHBHOCTH
¥ CIIOCOOHOCTH K 00pa30BaHMIO IK30MOIHCAXAPHIOB.

Pe3ynbTarsl MCCIEIOBaHUS KUCIOTOOOPA3yIOIIe W MPOTCONUTHUESCKON aKTHBHOCTH Y
BBIJICIICHHBIX U KOJUICKI[HOHHBIX IITAMMOB MOJIOYHOKHUCIIBIX M MPOIMTHOHOBOKHUCIBIX OaKTepuii,
Ipe/CTaBIeHHbIle B Tabmuie 1, CBUACTENbCTBYIOT O HAJIMYUM CPEAUM HHUX KaK MITAMMOB C
BBICOKOU

Tabnuna 1 — dusmonoro-Ouoxumuueckass aKTUBHOCTHh BBIJEICHHBIX M KOJUIEKIIMOHHBIX
[ITAMMOB MOJIOYHOKHCIIBIX U TPOMTMOHOBOKHUCIBIX OaKTepHid
AKTHBHas1 KHUCJIOTHOCT, Turpyemas IIporeonuTnyeckass akTHUBHOCTS,
[Tamm o
pH KHUCJIOTHOCTB, °T JAAMETP 30HBI, MM
1 2 3 4
Moso4HOKHCIIBIE OaKTEpPUI

Mg-1 4,6 96+0,38 8+0,05

Mg-2 4,5 98+0,33 940,03
Wg-1 3.9 164+0,10 940,03
Wg-3 4,0 152+0,62 940,02
Wg-4 3,5 200+0,28 9+0,04
Wg-8 3,6 191+0,68 11+0,04
Wg-35 3,4 210+0,48 10+0,02
Wif-2 3,0 25440,16 12+0,04
Wf-6 3,0 249+0,37 10+0,02
Wif-10 4,7 89+0,01 12+0,03
Wif-20 3,1 241+0,16 20+0,04
Wf-71 36 190+0,18 8+0,03

Rg -9 4,5 103+0,02 940,02

Rf -3 4,3 120+0,21 10+0,05
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[Tponomxenne Tabmuib 1

1 2 3 4
Kc-1 3,3 220+0,12 9+0,01
Lb.h. Sh-4 3,3 220+0,02 9+0,01
Lb.c. Ai-2 3,1 240+0,04 12+0,02
[TponmroHOBOKHCIIBIC OaKTEPHH
II-1 4,4 109+0,17 9+0,01
11-2 4,3 125+0,12 16+0,03
1I-3 4,4 115+0,13 14+0,02
174 3,9 160+0,14 13+0,02
11-5 4,3 120+0,09 11+0,01
1I-7 4,4 110+0,39 10+0,01
I1-8 4,2 130+0,27 12+0,02
Pb.sh.-3 4,3 12540,07 12+0,01

SHEpruell KMCI0TO0Opa3oBaHUsA W CPeaHEl mporeoauTHyeckoi aktuBHocThIO (WQ-35, WE-2,
Wif-6, Wf-10, Wf-20, Kc-1, Ai-2, [1-4), Tak ¥ IITaMMOB C HH3KOW CIIOCOOHOCTBIO K MPOIYKIIUU
KHCIIOT ¥ nentu3anuu 6enka (Mg-1, Mg-2, Rg-9, 17-1).

[Ipy TecTUpoOBaHWUU KYyJIbTYp MOJOYHOKHUCIIBIX W TPOMUOHOBOKUCIIBIX OaKkTepwii Ha
NPOTCOJIUTHYCCKYI0 AKTUBHOCTh BBISIBIIGHO, YTO TMpPH J0OABICHHM B MOJOYHBIH arap
HEOOJIBIINX KOJMYESCTB MENTOHA U MSICHOTO IKCTPaKTa HAOIIOAAeTCsS aKTUBAUS (PepMEHTHBIX
NPOTECOJIMTHYECKUX CUCTEM Yy BCeX IITaMMOB OakTepuii. Cpean BceX HCCIEAYEMBIX KYIbTYP
CJIEZIyeT OTMETUTh HOBBIM BBIJACJACHHBIH HM30JIST MOJIOYHOKHCIBIX Oaktepuit WF-20 u msomsr
HPONMUOHOBOKUCIBIX Oakrtepuit [1-2 (pucynok 1), oOnagaronie Haubonee BBICOKOM
MIPOTEUHA3HO-TICTITUAA3HOW  aKTHBHOCTBIO, CPaBHUMOW C  aKTHBHOCTBIO  W3BECTHBIX
POM3BOCTBEHHBIX MPOOHOTHYECKHUX mTaMMOB [12]. [TosyueHHbIe MaHHBIC CBUACTEIbCTBYIOT
0 TICPCIEKTUBHOCTH  WCIOJB30BAaHUS  HauWOoOJee AaKTUBHBIX INTAMMOB B  COCTaBe
MPOOMOTHYECKOTO TIpernapara Ajsi pel0, MOCKOIBKY MPOAYKIUS OPraHMYEeCKUX KHCIOT, a TaKXKe
BHEKJICTOYHBIX W KJIETOYHO-CBS3aHHBIX IPOTEMHA3 M TENTHIa3 OOYCIIOBIMBACT JeueOHO-
npoUIaKTHYECKHEe CBOWCTBAa KYJIbTYp, WIpaeT CYIIECTBEHHYI pOJIb B HOpPMalHU3alUH
0eIKOBOro 0OMEHa B OpraHu3Me, ClIOCOOCTBYET JIydllieil KOHBEPCHH M YCBOCHHUIO Kopma [ 14].

Pucynok 1 — [IpoTteonuruueckas akTHBHOCTb M30JI5ITa MOJIOYHOKHCIBIX Oaktepuit Wf-20 u
M30JI5Ta IPOIIMOHOBOKHCIBIX OakTepuit /1-2 Ha MOJIOYHOM arape ¢ 100aBJIeHHEM IENITOHA U MSICHOTO
9KCTpaKTa, d -AuaMeTp 30HBI IPOTEONIN3a
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Croco0HOCTh K MPOIYKIMH JK30MOJIUCAXapUJ0B — BEChbMa IICHHBIA MPU3HAK IS
NpOOMOTHYECKMX  MHUKPOOPTaHW3MOB.  BbijenseMbie  9K30mMOJIMCaxapujsl  00JalaroT
MPOTEKTOPHOMN (DYHKIUEH, 3alIUINAI0T KICTKH OT BBICYIIMBAHUS, IMOBBIIMIAIOT UX YCTOWYHUBOCTh
K CTpeccaM B  HEOMarompusatHelx  ycioBusix. CnocoOHOCTP K MPOTYIUPOBAHHIO
HK30MOIMCAXAPUIOB, OOJANAIONIMX TEPMO- W KPHONPOTEKTOPHBIMU CBOWMCTBAMH, OyJeT
YBEIUYHUBATh BBDKUBAEMOCTh MPOOMOTHYECKUX MHKPOOPTaHM3MOB IPH IOJYYEHHH CYXOH
dbopMBI TIpernapara, a Takke B Cliydae BBOJIa MPOOHMOTHKA B COCTaB IKCTPYAUPOBAHHBIX KOPMOB
UiE  peIO.  DK30HOJHMCaXapuabl  TaKKe  CIHOCOOCTBYIOT — aiare3ud  MPOOHOTHYECKHX
MHUKPOOPTaHU3MOB Ha CIIM3HCTHIX IOKPOBaX M CTEHKAX KHINECYHWKA pbIO, yYaCTBYIOT B
PETYNSIIIAA POCTa M PA3MHOXKECHHUS TMOJIE3HBIX MHUKPOOPTaHW3MOB, B HIMMYHHBIX MpOIECCaX H
T.JI.

PesynbraTthl MccieqoBaHUS CHOCOOHOCTH K OOpa3OBaHUIO 3K30IMOJIMCAXapUIOB Yy
BBIJICJICHHBIX W KOJUICKIIUOHHBIX ~MOJIOYHOKHUCIIBIX ¥ TIPOIMHOHOBOKHUCIBIX —OaKTepHH,
MPEJICTAaBICHHBIE HA PHCYHKaX 2 W 3, CBHICTCIBCTBYIOT O TOM, YTO BCE TECTUPYEMBIC
MHUKPOOPTraHu3Mbl B pa3Hod creneHu mnpoayiupyor OIIC. HaubGonbmiee KoixuuecTBO
HOJIMCAXapUI0B IKCKPETUPYIOT M30JISATHI MOJIOYHOKUCIHBIX Oaktepuit Mg-1 (320mr/100mi) u
Mg-2 (360 mr/100mi). Emie 4 HOBBIX H30JATa MOJIOUYHOKKCIBIX OakTepuit (WF-2, Wf-6, Wf-10,
Wf-20) u 4 HOBBIX H30i4Ta MPOINUOHOBOKHUCIBIX Oaktepuit ([1-2, I[1-4, II-5, I1-8) mMoxHO
OTHECTH K LITaMMaM CO CPEIHEH CTENEHbIO MPOAYKLMH 3K30monucaxapugaos — ot 110 go 220
mr/100 M1 cpenbl.
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Pucynok 3 — O6pa3oBanue sk30morcaxapuaoB usosstamu I1-7 u Wf-20

Takum oOpa3om, B pe3ysibTaTe CKPUHHHTA (DU3HOIOTO-OMOXUMHYECKHX CBOWCTB 22-X
HOBBIX W 3-X KOJUICKIIMOHHBIX IITAMMOB, OTOOpaHbI / IITAMMOB-KaHIUIATOB B NMPOOMOTHKH:
U30JIAThI MOJTIOUHOKHCIBIX Oaktepuit WI-2, Wf-6, WF-10, Wf-20 1 u309Thl TPOIMHMOHOBOKHCIIBIX
Oakteput [1-2, [1I-3 wu [I-8, oOnamaromuye BBICOKOM H CpPEAHEH MNPOTCOIUTUYECKOW |
9K30IT0JINCAXAPUI-TIPOTYIIHPYIOIIEH aKTUBHOCTBIO.

Pa3paboTka Ha HMX OCHOBE WHHOBAIMOHHOTO MPOOHMOTHYECKOTO Mpernapara it
MPEIOTBPALICHHS PA3BUTUSI MHUKPOOHMOJIOTHYECKON MOPYM KOPMOB IS PBIO, YIYUIICHHS WX
KayecTBa, CAHUTAPHOTO COCTOSHUS U YBEJIMUYEHHUSI CPOKOB XPAaHEHUS; YIYUIIEHUs CAHUTAPHOTO
COCTOSTHUSI BOJIOEMOB JUIsl PBIO, a TakKe JJIs TMOBBIIICHUS TIPOAYKTUBHOCTH U PE3UCTCHTHOCTH
[EHHBIX BUJOB pbI0 K MHGEKIHOHHBIM 3a00JIeBaHUSIM OYIET CIOCOOCTBOBATh YCTONYHMBOMY
Pa3BUTHIO aKBAKYJIbTYPhI M ITOJIYICHUIO 0€30TIaCHON PHIOHOHN MPOTYKIINH.

PduHaHCHPOBaHHE

Janroe uccnenoBanue puHancupyercss Komurerom Haykn MuHUCTEpCTBA 00pa3oBaHUS
u Hayku PecniyOnuku Kaszaxcran (rpant Ne AP09258412).
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AKBAKYJIBTYPAJIA KOJIZIAHY YIIIH ITIEPCIHEKTUBAJIBI CYT
KbIIIKbIJIBI MEH ITPOITMOH KbIIIIKbIJIbI BAKTEPUAJIAPBIHBIH
ITPOTEOJIMTUKAUJVIBIK KOHE JK30ITIOJIUCAXAPUA-OHAIPYIII
BEJCEHAUIIITH 3EPTTEY

Tyiiin

CyT KbIIKBUIIBI OaKTepHsUIaphIHBIH 17 MITaMMBIHIA >KOHE MPOMUOH KBIIIKBUIIBI
OakTepusIapbIHbIH 8 MITAMMBIH/IA TTPOTEOTUTHKAIBIK OCJICEHIUTIK TIeH IK30IOIHcaxapuaTep il
OHJIIpY KabieTi 3epTTenai. 3epTTeNreH CYT KbIIKbUIbI OaKTepUsIapbIHbIH 1IITHAET] H KOFaphl
NPOTEOIUTHKANBIK Oenceraiaikke xaHaman Oeminred WF-20, Wf-2, Wf-10 uszonsrrapsr xoHe
Lacticaseibacillus casei Ai-2 KOWICKIMSJIBIK IITAaMMbI  He. [IpOMHMOH  KBINIKBLIBI
OakTepusiapbIHbIH imiHae [1-2, [1-3, [I-4, II-8 >kaHa OKIIayJdaHFaH W30JSITTAPBl JKOHE
Propionibacterium freudenreichii subsp shermanii-3 koJIeKIMSIIBIK MITAMMBI TPOTEHHA3a-
MEeNTU/Ia3aHbIH €H JKOFaphl Oencenautirine ue. [loaucaxapuarepaid eH Ko caHblH skaHa M/[-1
(320 mMr/100 mm) xone M@2 (360 mr/100 mm) um3onarrapsl cuHTe3neiaAi CYT KBIIIKBUIIBI
OaktepusutapbiHbiH Tarbl 4 sxkaHa w3oisater (WF-2, WF-6, Wf-10, Wf-20) sxoHe mponuox
KBIIIKBUIIBl  OaKTepusUlapbiHbiH 4 dkaHa wsonstrapein ([1-2, [1-4, [I-5, II — 8)
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HK30MOIMCAXAPUATEP OHIIPICIHIH OpTalma Jdpexkeci O6ap mramaapra >kaTkbi3yra 0onasi-110-
Han 220 mr/100 mn oprama. JXypriziireH 3epTTeynep HOTHIXKECIHAE AaKBaKyJbTypa YIIiH
MPOOMOTUKTEPTe YMITKEP 7 IMITaMM TaHAAIABL: CYT KBIIIKBUIIBI OaKTEPHSIIAPBIHBIH U30JISTTAPBI
WF-2, Wf-6, Wf-10, Wf-20 »xoHe mponuoH KbIIIKbUIBI OaKTepUsIapbIHbIH u3ostTapsl 11-2, I1-3
xkoHe [1-8, oprama Hemece >KOFapbl MPOTEOJUTUKAIBIK KOHE AK30IMOJIMCAXaAPUI-OHIIPY
kabineti 6ap. Omapapl OabIKKa apHaIFaH MPOOHOTHKAJIBIK MperapaTTapIblH KypaMblHa €HT13y
ac KOpPBITY MPOILIECTEPIH MKAKCAPTAbl, >KaHyapJap[blH KOFapbl SHEPTUSIIBI JHETaIap MEH
aKybI3 €MecC a30TThlI 3aTTapra OCHIMAENyIH Te3[CTedl, KEeMIl Maijalany THIMIUITIH, aypyFa
TO3IMILTIKTI, OAJIBIKTAPAbIH OMip CYPYiH JKOHE OHIMIUTITIH apTThIPaIbI.

KiarTi ce3mep: cyT KbIIIKbULABI OaKTepHsuiap, MPOIMUOH KBIMIKBULILI OakTepusiap,
MPOTEOTUTUKAIBIK OSICEHIUTIK, K30MOINCaXapUATEP OHIIPICl, MPOOMOTHK, aKBAKYIBTYpA.

IRSTI: 62.09.39, 69.25.15, 34.27.39, 34.27.51
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INVESTIGATION OF THE PROTEOLYTIC AND EXOPOLYSACCHARIDE-
PRODUCING ACTIVITY OF LACTIC ACID BACTERIA AND PROPIONIC ACID
BACTERIA PROMISING FOR USE IN AQUACULTURE

doi: 10.53729/MV-AS.2022.01.05

Summary

The proteolytic activity and ability to produce exopolysaccharides in 17 strains of lactic
acid bacteria and 8 strains of propionic acid bacteria were studied. The newly isolates Wf-20,
Wif-2, Wf-10 and the collection strain Lacticaseibacillus casei Ai-2 have highest proteolytic
activity among the studied lactic acid bacteria. Among propionic acid bacteria, the new isolates
P-2, P-3, P-4, P-8 and the collection strain Propionibacterium freudenreichii subsp shermanii-3
have the highest proteinase-peptidase activity. The largest number of exopolysaccharides are
synthesized by new isolates Mg-1 (320mg/100ml) and Mg-2 (360 mg/100ml). Another 4 new
isolates of lactic acid bacteria (Wf-2, Wf-6, Wf-10, Wf-20) and 4 new isolates of propionic acid
bacteria (P-2, P-4, P-5, P-8) can be attributed to strains with an average degree of
exopolysaccharide production - from 110 to 220 mg/100 ml of medium. In result of the
conducted studies 7 candidate strains for probiotics for aquaculture were selected: isolates of
lactic acid bacteria Wf-2, Wf-6, Wf-10, Wf-20 and isolates of propionic acid bacteria P-2, P-3
and P-8 having medium or high proteolytic and exopolysaccharide-producing ability. Their
introduction into the composition of probiotic preparations for fish will improve the digestive
processes, accelerate the adaptation of animals to high-energy diets and non-protein nitrogenous
substances, increase the efficiency of feed use, disease resistance, survival and productivity of
fish.

Keywords: lactic acid bacteria, propionic acid bacteria, proteolytic activity, production
of exopolysaccharides, probiotic, aquaculture.

Aquaculture is a dynamically developing area of the food sector that can solve the
problems of healthy and protein nutrition. According to the latest FAO world statistics, global

87



Nel (36) 2022

aquaculture production reached a record level in 2018 - 114.5 million tonnes in live weight, the
value of sales amounted to USD 263.6 billion. In the total volume the farming of aquatic
animals amounted to 82.1 million tonnes (USD 250.1 billion), fish predominated among them
(54.3 million tonnes, USD 139.7 billion), harvested from inland aquaculture (47 million tonnes,
USD 104.3 billion), as well as marine and coastal aquaculture (7.3 million tonnes, USD 35.4
billion). In addition to fish, shellfish (17.7 million tonnes, USD 34.6 billion), crustaceans (9.4
million tonnes, USD 69.3 billion), marine invertebrates (435,400 tonnes, USD 2 billion),
aquatic turtles (370 000 tonnes, USD 3.5 billion) and frogs (131 300 tonnes, USD 997 million)
were produced in aquaculture [1].

At the global level, since 2016, aquaculture has been the main source of fish available
for food, in 2018 this share accounted for 52 percent of the total, ahead of fishing. According to
FAOQ forecasts, even greater growth in aquaculture production in the world should be expected
in the coming years, with a large share of it coming from Asian countries [1].

However, the rapid expansion of intensive aquaculture has already led to an increase in
the prevalence of cross-border viral, bacterial, parasitic and fungal infections in cultivated
aquatic organisms, which has affected the sustainability of aquaculture production in many
countries [2]. The very significant environmental, social and economic consequences of disease
outbreaks necessitate a paradigm shift in dealing with the biosafety risks of aquaculture. The
new strategy for improving safety control provides for innovative technical developments
related to strengthening disease prevention in aquaculture (including reducing antimicrobial
resistance in aquaculture and the use of suitable alternatives to antimicrobial drugs), feed,
genetic selection, biosecurity and disease control, digital innovations, etc. [1].

Preparations based on living cells of microorganisms and/or their metabolites
(probiotics, metabiotics, etc.) can serve as an alternative effective preventive and protective
agent to reduce dependence on antibiotics, vaccines and other medicinal chemotherapeutics, as
well as to improve the health of fish in aquaculture [3-7]. At the same time, lactic acid bacteria
and propionic acid bacteria can be considered in the development of such drugs as the most
successful and safe microorganisms for aquaculture. Lactic acid bacteria and propionic acid
bacteria are representatives of the fish and human microbiota, they have antagonistic activity to
conditionally pathogenic bacteria, fungi and viruses that excite microbiological spoilage of feed,
pollute water bodies, and cause fish diseases. Numerous scientific studies prove the value of
this vast group of microorganisms for the prevention and treatment of diseases of fish and other
aquatic organisms [3,8]. Living cells of lactic acid bacteria and propionic acid bacteria, their
enzymes and metabolites have a positive effect on resistance to infectious diseases, survival and
productivity of fish. Propionic acid bacteria with increased fungicidal activity, when introduced
into associations in addition to lactic acid bacteria, allow to expand the spectrum of antagonistic
activity of the probiotic against mycotoxigenic fungi. Antimutagenic protection of propionic
acid bacteria may contribute to the reduction of genetic changes in fish [9].

One of the important criteria that a successful candidate for probiotics should have, in
addition to antagonistic activity, safety, etc., is the ability of microbial strains to produce
organic acids, extracellular enzymes (protease, amylase production, cellulose, phytase,
chitinase, lipase, etc.) and exopolysaccharides (EPS) [5]. Lactic acid and propionic acid bacteria
synthesize lactic, propionic and acetic acids, which have antimicrobial properties, contribute to
improving digestion, normalizing the microbiota of aquatic animals, as well as maintaining the
purity of water in artificial reservoirs [10,11]. The production and availability of extracellular
enzymes such as proteases, carbohydrases, amylases, lipases and phytases in lactic acid bacteria
and propionic acid bacteria contribute to the fact that probiotics based on them positively affect
the growth rate of the host, improving the conversion and digestibility of feed. In addition,
exopolysaccharides produced by this group of microorganisms have protective properties, the
ability to absorb mycotoxins and substances that cause toxic, allergic reactions and
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hypersensitivity to feed components. Lactic acid bacteria and propionic acid bacteria are
involved in the formation of the phenomenon of "oral tolerance” to food antigens.

In connection with the above, the ongoing research aimed at finding new domestic
strains of lactic acid bacteria and propionic acid bacteria with high enzymatic and
exopolysaccharide-producing activity for the subsequent development on their basis of a highly
active stable probiotic drug for feeding fish in aquaculture conditions are relevant, have
scientific and practical significance.

Materials and methods

The objects of the study were isolates of lactic acid bacteria and propionic acid bacteria
isolated from raw materials (corn grain and flour, wheat, rye barley, wheat gluten and germ,
corn gluten, etc.) included in the formulations of fish feeds and other natural sources (dairy
products, cattle rumen, fish intestines), as well as collection strains. Samples of raw materials
for isolation of new strains of lactic acid bacteria and propionic acid bacteria were taken from
various regions Republic of Kazakhstan (Almaty, Turkestan, East Kazakhstan, Kostanay and
Pavlodar regions).

Isolates of lactic acid bacteria were obtained by seeding a certain amount of raw
materials and its dilutions on elective nutrient media MRS Agar (TM Media, India) and Lactic
Streak Agar (TM Media, India). To isolate propionic acid bacteria, ASLA agar with a growth
additive for propionic acid bacteria was used. Isolates were cultured in an anaerostat in an
atmosphere containing 14-16% carbon dioxide, 4-6% hydrogen and oxygen - no more than
0.1%, at a temperature of 30, 37 and 42 ° C for 24-48 hours.

Individual colonies were placed into sterile skimmed milk; the isolates forming the clot
were used to obtain pure culture and further studies of their probiotic properties. For the
cultivation of pure cultures of lactic acid bacteria and propionic acid bacteria the liquid nutrient
medium MRS Broth (TM Media, India) was used, for propionic acid bacteria, the following
medium was additionally used: peptone -1.0%; yeast extract - 1.0%; glucose - 1.5%; reducing
agents (0.5% sodium sulfite or 0.05% cysteine and 0.05% twin-80).

The acid formation of the strains was evaluated by the active and titratable acidity when
cultured in sterile skimmed milk or MRS Broth medium. Titrated acidity was determined by
titrometric method, active acidity (pH) was determined potentiometrically using an electronic
pH meter [12].

The proteolytic activity of the isolates was determined on nutrient medium of the
following composition (% wt./vol.): peptone - 0.5; beef extract - 0.3; skimmed milk -1; agar -
1.8; water -100. The milk was sterilized separately, added to a sterile molten medium before
use, and thoroughly mixed. The warm nutrient medium was poured into cups and allowed to
cool down, then the agar medium was perforated with a sterilized Boron plug and a daily
culture of lactic acid bacteria or propionic acid bacteria, previously grown on MRS Broth at the
appropriate optimal temperature (30.37 °© C), was poured into the wells. The cups were kept at
32-37°C for 48 hours of incubation and the protease was observed along the zone of
enlightenment of the lactic medium around the well, measuring the diameter of the zone [13].

The exopolysaccharide-forming activity of lactic acid bacteria and propionic acid
bacteria was determined as follows: bacterial cultivation was carried out in flasks (with a
volume of 50 ml) in a liquid medium MRS Broth (pH=6.0) at a temperature of 32-37 °C for 48
hours. Further, the formation of EPS was determined according to the scheme:

1) separation of culture fluid from biomass,

2) centrifugation at 5000 g for 15 min,

3) cooling of the cell-free supernatant to 4°C,

4) introduction of 96% cooled ethyl alcohol (3-5 ° C) into the cooled supernatant of
double volume; settling for 12 hours at a temperature of 4 ° C,
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5) centrifugation at 4000 g for 60 min,
6) washing the sediment with ethyl alcohol, drying EPS at 50 © C to a constant weight
(within 48 hours), weighing.

Results and discussion

In order to select highly active strains of lactic acid bacteria and propionic acid bacteria,
screening of enzymatic and exopolysaccharide-producing activity of 22 isolates of bacteria and
three collection cultures with high antagonistic activity (Lactobacillus helveticus Sh-4,
Lacticaseibacillus casei Ai-2, Propionibacterium freudenreichii subsp. shermanii -3) was
carried out. Screening was carried out according to the following criteria: acid formation,
proteolytic activity and the ability to form exopolysaccharides.

The results of the study of acid-forming and proteolytic activity in isolated and
collection strains of lactic acid bacteria and propionic acid bacteria, presented in Table 1,
indicate the presence among them as the strains with high acid formation energy and average
proteolytic activity (Wg-35, Wf-2, Wf-6, Wf-10, Wif-20, Ks-1, Ai-2, P-4), and strains with low
ability to produce acids and protein peptization (Mg-1, Mg-2, Rg-9, P-1).

Table 1 - Physiological and biochemical activity of isolated and collectible strains of lactic
acid bacteria and propionic acid bacteria

Strain Active acidity, pH Titrated acidity, °T Proteolytic activity, zone
diameter, mm
Lactic acid bacteria
Mg-1 4,6 96+0,38 8+0,05
Mg-2 4,5 98+0,33 9+0,03
Wg-1 3,9 164+0,10 9+0,03
Wg-3 4,0 152+0,62 9+0,02
Wg-4 3,5 200+0,28 9+0,04
Wg-8 3,6 191+0,68 11+0,04
Wg-35 3,4 210+0,48 10+0,02
Wf-2 3,0 254+0,16 124+0,04
Wf-6 3,0 249+0,37 10+0,02
Wi-10 4,7 89+0,01 12+0,03
Wf-20 3,1 241+0,16 20+0,04
Wf-71 36 190+0,18 8+0,03
Rg -9 45 103+0,02 9+0,02
Rf -3 4,3 120+0,21 10+0,05
Kc-1 3,3 220+0,12 9+0,01
Lb.h. Sh-4 3,3 220+0,02 9+0,01
Lb.c. Ai-2 3,1 240+0,04 12+0,02
Propionic acid bacteria
P-1 44 109+0,17 9+0,01
P-2 4,3 125+0,12 16+0,03
P-3 4,4 115+0,13 14+0,02
P-4 3,9 160+0,14 13+0,02
P-5 4,3 120+0,09 11+0,01
P-7 4,4 110+0,39 10+0,01
P-8 4,2 130+0,27 12+0,02
Pb.sh.-3 4,3 125+0,07 12+0,01
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At testing cultures of lactic acid bacteria and propionic acid bacteria for proteolytic
activity, it was found that when small amounts of peptone and meat extract are added to milk
agar, activation of enzyme proteolytic systems is observed in all bacterial strains. Among all the
studied cultures, it should be noted a new isolate of lactic acid bacteria Wf-20 and an isolate of
propionic acid bacteria P-2 (Figure 1), which have the highest proteinase-peptidase activity,
comparable to the activity of known industrial probiotic strains [12]. The data obtained indicate
the prospects of using the most active strains as part of probiotic preparation for fish, since the
production of organic acids, as well as extracellular and cell-related proteinases and peptidases,
determines the therapeutic and prophylactic properties of cultures, plays a significant role in the
normalization of protein metabolism in the body, contributes to a better conversion and
assimilation of feed [14].

Figure 1 - Proteolytic activity of lactic acid bacteria isolate Wf-20 and propionic acid bacteria
isolate P-2 on milk agar with the addition of peptone and meat extract, d - is the diameter of the
proteolysis zone

The ability to produce exopolysaccharides is a very valuable trait for probiotic
microorganisms. The secreted exopolysaccharides have a protective function, protect cells from
drying out, increase their resistance to stress in adverse conditions. The ability to produce
exopolysaccharides with thermo- and cryoprotective properties will increase the survival of
probiotic microorganisms when obtaining a dry form of the drug, as well as in the case of
introducing a probiotic into the composition of extruded fish feed. Exopolysaccharides also
promote adhesion of probiotic microorganisms on the mucous membranes and intestinal walls
of fish, participate in the regulation of growth and reproduction of beneficial microorganisms, in
immune processes, etc.

The results study of the ability to form exopolysaccharides in isolated and collectible
lactic acid bacteria and propionic acid bacteria, shown in Figures 2 and 3, indicate that all tested
microorganisms produce EPS to varying degree. The greatest amount of polysaccharides is
excreted by isolates of lactic acid bacteria Mg-1 (320 mg/100 ml) and Mg-2 (360 mg/100 ml).
Another 4 new isolates of lactic acid bacteria (Wf-2, Wf-6, Wf-10, Wf-20) and 4 new isolates of
propionic acid bacteria (P-2, P-4, P-5, P-8) can be attributed to strains with an average degree
of production of exopolysaccharides - from 110 to 220 mg/100 ml of medium.

91



Nol (36) 2022

Thus, as a result of screening the physiological and biochemical properties of 22 new
and 3 collection strains, 7 candidate strains for probiotics were selected: isolates of lactic acid
bacteria Wf-2, Wf-6, Wf-10, Wf-20 and isolates of propionic acid bacteria P-2, P-3 and P-8,
which have high and medium proteolytic and exopolysaccharide-producing activity.
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Figure 2 - Exopolysaccharide-producing activity of lactic acid bacteria and propionic acid bacteria

Figure 3 - Formation of exopolysaccharides by P-7 and Wf-20 isolates

Development on their basis of an innovative probiotic preparation to prevent the
microbiological spoilage of feed for fish, improve their quality, sanitary condition and increase
shelf life; improving the sanitary condition of fish reservoirs, as well as increasing the
productivity and resistance of fish to infectious diseases will contribute to the sustainable
development of aquaculture and the production of safe fish products.
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