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IHOBBIINEHUE YCTOP'I‘IPI?OCTI/I MOJIOYHOKHUCIIBIX,
IMPOITMOHOBOKHUCJIBIX BAKTEPUU U UX ACCONUMALIMU K HU3KUM
3HAYEHUSAM pH

AHHOTAIUA

Nzydena aganranus MOJOYHOKHCIBIX, TIPOITMOHOBOKUCIBIX OaKTEPHA M UX acCOIMANNN K HU3KAM
sHayeHusM pH. OroOpaHbl BapuaHTBI, MPEBOCXOIANINE HUCXOIHBIC KYJIBTYPhl MO aHTarOHUCTUYECCKOH
AKTUBHOCTH U YCTOMYMBOCTH K HU3KUM 3HaueHusM pH.

YCTaHOBIEHO, YTO acCONMAallMd W3 WCXOJHBIX KyJIbTyp Oo0Jee UyBCTBUTENBHBI K HH3KUM
3HaYeHusAM pH 1o cpaBHEHHIO C aAanTUPOBAHHBIMU KyJbTypamu. IIpu 3TOM CHUXKEHUE TUTpa KIETOK Y
HUX TMPOUCXOAMT HA OJUH MOPAIOK. B accomnmanusx U3 aJanTHPOBAHHBIX KYJIBTYp THUTP OaKTepuil u
AHTAarOHUCTUYECKAasi aKTUBHOCTH MO/ BO3ACHCTBHUEM HU3KUX 3HaUueHUN pH MpakTU4yecKy HE CHUXKAIUCH.

KiaioueBsble c10Ba: MOJIOYHOKHUCITBIE OaKTEPHH, IPOTTMOHOBOKHUCIIBIE OaKTepHH

OO1upHOE YKUCI0 UMEIOUIMXCS Ha PhIHKE MPOOMOTHUKOB JUIsl BETEPUHAPUU U MEAMLIMHBI
CBHUJIETEJILCTBYIOT O TOM, 4TO IpoOieMe HUX pa3pabOTKH YAENsSeTCsl JOCTaTOYHOE BHHUMAaHMUE.
OnHako pexkoMeHAyeMble MPOOMOTHKU YacTO HE JAIOT JKelaeMoro pesyibrara. JlampHeliiee
COBEPILIEHCTBOBAHME TaKUX IpenapaToB ¢ y4eTOM HBOJIONUM 3HaHMUH B  oOjactu
MUKpPOOHOJIOTUM U OMOTEXHOJOTHH SBJISETCS OJHUM U3 HaumOojee NEepCHeKTUBHBIX ITyTel
CO3JIaHUS COBPEMEHHBIX BBICOKO()(DEKTUBHBIX CPEICTB aHTUAMCOMO3HOM Tepanui.

O} PexTuBHOCTh NMPOOMOTHKOB 3aBUCUT OT MHOTMX (DaKTOpPOB: MX COCTaBa, CHEKTpa
OMOJIOTHYECKON aKTMBHOCTH, KOHILIEHTPALMM KIETOK MPOOMOTHUECKOW MHUKPO(MIOPHl U Jp.
[IITaMMBl MHKpPOOPTraHU3MOB, BXOJSIIME B COCTAaB NPOOHMOTHKOB, JOJDKHBI O0JIaJaTh TaKke
aJre3UBHBIMH U POCTOBBIMHM CBOWCTBaMHM, KOTOpBIE IO3BOJAT UM OBICTPO KOJIOHHU3MPOBATH
CIIM3UCTYI0 TIOBEPXHOCTh JKEITYJOYHO-KHUILIEYHOIO TpaKTa. Pe3ncTeHTHOCTh OaKTepHallbHBIX
KJIETOK K PEaKTOI€HHOH Cpele KellylKa W BEPXHHMX OTAEJIOB KHIICYHHKA TAaKXKeE SBISAETCS
HEO0OXOUMBIM YCIOBUEM BBKUBAHUS IPOOMOTUYECKMX MUKPOOPTraHu3MoB [1, 2].

MarepuaJjbl 1 METOIbI

OOBEKTOM HCCIEIOBaHUS CIY)XWJIM MOJOYHOKHCIble Oakrepun Lactobacillus plantarum
2B, 22, 14, Lactobacillus fermentum 127, Lactobacillus fermentum 27, Lactobacillus brevis B-3,
Lactobacillus cellobiosus 20, Lactobacillus salivarius 8x, npommoHoBoKuCHBIE OakTepun
Propionibacterium shermanii, 2 acconmaiuei W3 MOJOYHOKHUCIBIX W MPOMHMOHOBOKHCIIBIX
OakTepuii, OTIMYAOIIUECS IO COCTABY MOJIOYHOKHUCIIBIX OaKTEpUH.

KyneTuBHpOBaHHE MOJOYHOKHUCIBIX W TMPOMHOHOBOKHUCIBIX OakTepuil, a TaKxke
accolManui Mpu ajanTalud K HU3KOMY 3HaueHuto pH, mpoBoawid B KUIKOW NMUTATEIHbHON
cpene MRS [3] B teuenne 18 u npu 37°C; 3atem u3 Hux otGupamy 1o 1 M1 1 BHOCWIH B 10 M
CTepuibHOTO (u3HoIOrHuecKoro pactsopa ¢ pH 3,0 u BIIEpKUBAIH B T€PMOCTATE MPU 37°C B
teueHne 40 m 60 MuH, OTOMpamd NPOOBI, HEUTPATU3O0BAIM M ONPEIACISUIA KOJIHYECTBO
BBDKUBIIUX Oaktepwii. KoHTposieM ciykuia ucxoaHas KynasTypa. [locie moacdyera u onucaHus
MOP(}OJIIOrHH KOJIOHHH, BBIPOCHIMX Ha TBEPAOM MUTATEIbHOW Cpele, MPOU3BOIMIN UX OTCEB B
KUAKYI0 muTaTenbHylo cpeny MRS. Beipocmme kuakue KylabTypbl MHUKPOCKOIMUPOBATH U
onpeaessuii B HUX pH M aHTaroHUCTUYECKYH0 aKTUBHOCTh. Bcero uccienoBano He MeHee 80
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U30JSITOB M3  KaXJOH KYyJIbTYphl MOJOYHOKHCIBIX U TMPOMHOHOBOKHUCIBIX OaKTepui,
MOJIBEPIIIMXCSl BIUSHUIO HU3Koro 3HadeHuss pH. Hambonee axkTHBHBIE H30JATHI MOBTOPHO
BBIICP)KUBAIA B CTEpUIbHOM (Qu3nonorndeckom pactBope ¢ pH 3,0. OmbIT mpoBoaMIH 10
MOJIyYEHUs] BApUAHTOB, YCTOMUMBBIX K HU3KUM 3HaueHusM pH 0Oe3 morepu mpou3BOJCTBEHHO-
LEHHBIX MPU3HAKOB.

Accormanuu A (KyJIbTypsl MOJOYHOKHCIIBIX OakTepwii L. plantarum 2su 141, L. brevis b-3
U TpONMOHOBOKHUCHBIX Oaktepuii P. shermanii) u IT (L. plantarum 22 u L. fermentum 27),
COCTaBJICHHbIE M3 MCXOJIHBIX M aJaNTUPOBAHHBIX K HHU3KUM 3HadeHussM pH KymibTyp
MUKPOOPTaHW3MOB, BHIPAIIUBAIM B KUAKOW mutarenbHOl cpene MRS ¢ kobanbToM B TeUeHHE
18 4, 3areM u3 HUX oTOMpanu mo 1 Mi U BHOCWIHM B 10 MJI CTEpHIIBHOTO (DU3UOJIOTHYECKOTO
pactBopa ¢ pH 3,0 u BbIIEep)KUBaIM B TEPMOCTATE MPHU 37°C B Teuenue 40 u 60 MuH, oTOupamm
poObl, HEUTPAIU30BATIN U ONPEAEIISUIM KOJIMYECTBO BBLKMBIIUX Oaktepuil. Kpome Toro, mocne
9KCITO3UIUY TPU HHU3KOM 3HadeHuu pH acconmanuu 3aceBayiv B muTarenbHy0 cpeny MRS ¢
kobambToM. Yepe3 18 9 KynbTUBHpOBaHHS B accouManusx omnpenenssa pH, Tutp u
AHTAarOHUCTHYECKYI0 aKTUBHOCTh. KOHTpOJEM CIYyXWIM acCOIMallid W3 HUCXOJHBIX U
aJaNTUPOBAHHBIX KYJIBTYP 10 UX IKCHO3UIIMH IIPH HU3KOM 3HaueHuu pH.

KonuyectBO OakTepualbHBIX KJIETOK ONPENSIsUIM  IIyTeM BbICEBA KYJIbTYp U3
COOTBETCTBYIOIIMX pa3BeAeHuid B uvamku I[letpu Ha TBepayro nutarensHyio cpeny MRS,
AHTArOHUCTHYECKYIO aKTHBHOCTh - METOJOM Mu(d(dy3un B arap B OTHONICHUU TECT-KYJIBTYP:
Escherichia coli, Salmonella gallinarum, Staphylococcus aureus Ne 9, Staphylococcus aureus Ne
3316, Klebsiella pneumoniae 444, Cadida albicans, Mycobacterim Bs[3].

Are3suBHYI0 aKTUBHOCTh ONpPENEISUIA HAa JPUTPOIUTAX ueioBeka [6], yCTOWYHBOCTH K
AHTUOMOTHKAM OMCENTONy, JICBOMHUIICTHHY, TCHTAMHIIMHY, THHKOMHIIMHY, TUTPOMIOKCAIIMHY B
koHIeHTpanusax 100 u 50 MKr/mi1 - METOI0M MPOMBILIUICHHBIX JTUCKOB [4].

B tabGnunax npencraBieHbl CpeiHUEe PE3YJIbTaThl HE MEHEE YeM U3 TPEX MOBTOPHOCTEH.

Pe3yabTaThl M 00Cy:KICHUE

B pesynpraTe umcclnenoBaHWI  yCTAHOBIEHO, 4YTO  HCIIOJB30BAHHBIE  KYJIBTYDHI
MOJIOYHOKHCIIBIX M MPOMMOHOBOKUCIIBIX OaKTepHil JOBOJBHO YCTOWYHMBBI K HU3KUM 3HAYCHUSIM
pH. IIpu 5TOM CymecTBeHHBIX H3MEHEHUI B MO(OIOTHH KOJIOHUH U OaKTEepUATbHBIX KIETOK HE
OTMEUCHO, 32 HUCKIIIOYCHHUEM HEKOTOPOr0 YMEHBINCHHS pa3MepoB KOJIOHMH y mTamMMmoB L.
cellobiosus 20, L. fermentum 127 u 27. CHiKeHHE TUTPOB Y MCIBITYEMbBIX KYJIBTYpP MPOU30ILIO
Ha 1-2 mopsizika, 4To SBISIETCS, 10 JaHHBIM JUTEpaTypsI [1], XopomiM nokazaTeneM.

Bosnee uyBCTBUTENBHBIMEA K HU3KMM 3HaueHUsAM pH okaszamuce mrammbl L. plantarum 22,
L. cellobiosus 20, L. fermentum 127, y xotopsix 4epe3 40 mMuH skcrnosuiiuu npu pH 3 tutp
Oaktepuii cHu3mics Ha 2 mopsaka. Y mramMoB L. plantarum 14x, L. plantarum 2B, L.
fermentum 27, L. salivarius 8x1 mocie 40-MUHYTHOW SKCIIO3UIIMK CHU3WICS Ha | TOPSIOK, a
yepe3 60 muH — Ha 2 mopsaaka. lltammer sxe L.brevis b-3 u P. Shermanii okxazamuce Gonee
YCTOWYMBBIMU K HH3KMM 3HaueHusM pH. CHmkeHue uuciaa OakTepHAIbHBIX KICTOK Yy HHX
NPOM30IILIO Ha | MOPSAA0K, HE3aBUCUMO OT MPOAOIIKHTEIILHOCTH IKCIIO3UIIUH.

Ta6Jmua 1 - BEDKMBaeMOCTb MOJOYHOKHUCIBIX U MMPOMMOHOBOKUCIIBIX 6aKTepHﬁ MIpU HU3KUX 3HAUYCHUAX
H

[ITammbI Coiepkanue )xnu3HecocoOHbIX KieTok, KOE/Mn
HCXOIHOE 40 muH ipu pH3 60 mun pu pH3
1 2 3 4
L. plantarum 22 3,2x109 3,2x107 2,5x107
L. plantarum 140 2,7x109 2,2x108 2,2x107
L. plantarum 2e 6,0x109 3,0x108 2,7x107
L. cellobiosis 20 1,3x108 5,2x10 6 2,0x106
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[Tponomxenne Tadmuub! 1

1 2 3 4

L. fermentum 27 8,0 x109 10,0x108 1,3x107

L.fermentum 127 8,8 x109 7,9x107 7,5x107

L. salivarius 80 12,0 x109 8,5x108 2,0x107

L.brevis b-3 1,2 x108 2,0x107 4,0x107

P.shermanii 3,0x108 1,2x107 1,5x107
Beigenensl M nccnenoOBaHBl M30JATBI M3 KaXAOHM KYJIbTYPbl MOJOYHOKHUCIBIX M
IPOMMOHOBOKUCIIBIX ~ OaKTepHid, MoOJBEeprieiics BIIMSAHUIO HM3KOro 3HaueHus pH.

YcTaHOBIIEHO, 4YTO OONBIIMHCTBO W3 HHUX 00JamaeT BBICOKOH KHCIOTOOOpa3yrolei
CIIOCOOHOCTBIO U AHTArOHUCTUYECKOM aKTUBHOCTHIO B OTHOIIEHUU TecT-KynbTyp: MRSA Ne9;
MRSA Ne3316, E. coli, S.gallinarum, K. pneumonia 444, Mycobacterim Bs, C. albicans.

B Tabnuue 2 mpencraBieHsl HanOoJiee aKTUBHBIE BAPHAHTHI, BBIACICHHBIE U3 KYIBTYD,
MOJIBEPTIINXCS OJJHOKPATHOMY BO3JCHCTBUIO HU3KOTO 3HaveHus pH. Y amantupoBannoit k pH
3 kyabTyphl L. Plantarum 2B moBbICH/IaCh aHTArOHUCTHYECKAss aKTUBHOCTh B OTHOIICHUHU E.
coli, S. gallinarum, Mycobacterim Bs o cpaBaenuto ¢ ucxoxanoii. ¥ L. salivarius 81 mossunace
aKTHBHOCTB K S. aureus Ne 9 u noBeicuiiach B oTHoueHun S. aureus Ne3316, yL. plantarum 14z
MOBBICHIIACh aKTHBHOCTH B orHomenuu E. coli, S. gallinarum, S. aureus Ne 9 u 3316 u
cHu3WIach B otHoureHun Mycobacterim Bs y L. brevis b-3 — moBbicuiach akTUBHOCTH K S.
gallinarum, S. aureus Ne 3316, C. albicans, causunacs k Mycobacterim Bsu S. aureus Ne 9. V
OCTQJIbHBIX KYJIBTYP MOJIOYHOKHUCIBIX OaKTepUil 3aMETHBIX M3MCHEHUIH B aHTHOMOTHYECKON
AKTHBHOCTH HE MPOU301LIO (Tad.2).

Tabnuua 2 - AHTaroHHMCTHYECKasi aKTUBHOCTh IITAMMOB MOJIOYHOKHUCIIBIX OaKTepHil, 0TOOpaHHBIX MTOCTE
IIEPBOM 3KCIO3ULMU B KUCIIOW NMUTATENbHOU Cpesie

JlnameTp 30H MOJIABJICHHS POCTA TECT-KYIbTYP, MM

ITamMMer % 2 = 2 @ 2
MUKPOOPTaHU3MOB, = < - 2o g <« g § pH

IPOJOJDKUTENBHOCTE | © = 3 Lo aY | 2 9

w © 5 3¢ = < o

SKCITO3MIUH, MUH > 3 . S G S

n v “n X §
2B UCXOIHBIN 15,0 12,0 12,0 12,0 13,0 0 16,0 3,8
28" — 40 MuH 17,0 15,0 14,0 12,0 14,0 0 17,0 3,8
2 B°B-60MuH 18,0 14,0 12,0 12,0 13,0 0 17,0 3,8
89 ucxomHsIi 9,0 9,0 0,0 12,0 13,0 0 9,0 4.4
8 gl — 40 MuH 11,0 10,0 11,0 14,0 11,0 0 11,0 4.4
892 — 60 MuH 10,0 10,0 13,0 16,0 14,0 0 10,0 4.4
141— ucxomHbIil 14,0 15,0 11,0 11,0 12,0 0 17,0 3,8
14 1'— 40mun 15,0 15,0 13,0 10,0 15,0 0 15,0 3,8
141°— 60Mun 17,0 16,0 13,0 13,0 14,0 0 14,0 3,8
B-3 ucxomusiii 11,0 17,0 16,0 17,0 21,0 20,0 29,0 41
B-3' - 40mMun 11,0 22,0 14,0 22,0 20,0 18,0 14,0 41
B-3% - 60mun 11,0 22,0 14,0 22,0 21,0 22,0 22,0 41
127 ucxomHbli 10,0 10,0 15,0 13,0 10,0 10,0 0 3,7
1271-40 mun 10,0 10,0 13,0 12,0 10,0 10,0 0 3,7
1272-60 mun 10,0 10,0 12,0 09,0 10,0 10,0 0 3,7
22 UCXOOHBIN 10,0 10,0 13,0 13,0 10,0 10,0 0 3,8
221-40 mun 10,0 10,0 12,0 12,0 10,0 10,0 0 3,7
222-60 muH 10,0 10,0 10,0 12,0 10,0 10,0 0 3,7
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OTtoOpanHble HanboJee aKTUBHBIE BAPHAHTHI [0 AHTArOHMCTUYECKON aKTMBHOCTHU OBbLIM
IIOBTOPHO NPOBEPEHBI HA YCTOMYMBOCTh K HU3KUM 3Ha4eHUsAM pH 110 cpaBHEHUIO ¢ MCXOIHBIMU
KyJIbTypaMmu. Pe3yabTarhl 10 BEDKUBAEMOCTH KYJIBTYP IPEACTaBICHbI B TabmuIe 3.

Tabmuia 3 - TUTPl MOJIOYHOKHCIIBIX OaKTEpUil IOCIe BTOPO# sxcmo3uiuu npu pH 3,0

[ITamMmer Coneprkanne )u3HecrmocoOHbIX KireTok, KOE/Mi
HACXOJTHOE 40muH. ipu pH 3 60 muH. ipu pH3
L.plantarum 26° 3,5x10° 1,0x10° 1,5x10°
L.plantarum 140? 6,0x10° 1,3x10° 1,7x10°
L.plantarum 22° 6,0x10° 5,0x10° 4,0x10°
L. cellobiosis 20° 2,0x10° 1,5x10° 1,0x10°
L.fermentum 27° 8,0x10’ 42x10° 2,0x10°
L. fermentum 127° 4,8x10° 2,5x10° 2,8x10°
L.salivarius 80 10x10° 9,0x10° 4x10°
L.brevis 5-3? 3,0x10° 2,3x10° 2,5x10°
P.shermanii’ 3,0x10° 3,2x10° 1,5x10°

VYCTaHOBJIEHO, 4YTO OTOOpaHHBIC BAPHAHTHI 3HAYMTEIBHO IPEBOCXOAAT HCXOIHBIC
KYJBTYpBI 110 YCTOMYMBOCTH K HU3KUM 3Ha4YeHHUsAM pH. [Ipu 3TOM mocne 3KCno3unuy B TeUEHUE
60 mun npu pH3 KOIHMYECTBO B HHMX JKU3HECIIOCOOHBIX KJIETOK CYIIECTBEHHO HE CHHIKACTCS.
OTo0paHbl BapuaHThI KYJIbTYP MUKPOOPTAHHU3MOB C TTOBBIIIEHHOMN, 10 CPABHEHUIO C UCXOIHBIMU
KyJAbTYpaMH, aHTarOHUCTHYECKOW AKTHBHOCTHIO B OTHONICHUH HCIBITAHHBIX TECT-KYJIbTYP
(Tabnuma 4).

Ta6n1/1ua 4 - AHTaroHHCTUYECKas aKTHBHOCTh INTAMMOB MOJIOYHOKHCIIBIX 6aKTepHﬁ, 0TO6paHHI>IX
I1OCJIC BTOPOI'0 rnaccaka B KHCIIOH cpeac

JlmaMeTp 30H TIOAABICHUS POCTA TECT-KYIBTYDP, MM

o) g 7o)

£ o I~ < o

BapuanTst — o : 2 g E % §

S g 2 = S 5 2 2

© = N g = £ = 3

L © N ) g S [ Qo

> S g e ) 8

7)) v S o s >

o) < =
2B UCXOIHBIN 18,0 22,0 23,0 23,0 20,0 12,0 0 30,0
28°— 6/5 25,0 24,0 27,0 27,0 23,0 20,0 0 30,0
141 ucxonHbIi 22,0 20,0 21,0 23,0 22,0 20,0 29,0 26,0
14 2- a/8 28,0 22,0 21,0 30,0 22,0 18,0 20,0 38,0

22UCXOIHBIN 10,0 10,0 13,0 13,0 10,0 10,0 0 0
222-06/7 10,0 10,0 15,0 14,0 10,0 10,0 0 0

81 MCXOMHBIN 13,0 13,0 14,0 18,0 10,0 15,0 0 19,5
812 -6/5 18,0 18,0 28,0 25,0 18,5 21,0 0 30,0
B-3ucxonusiil 12,0 18,0 13,0 19,0 23,0 26,0 30,0 30,0
b-32- 6/9 19,0 20,0 15,0 19,0 25,0 24,0 30,0 30,0
127 ncxomHbIi 10,0 11,0 13,0 0 11,0 13,0 0 10,0
1272-6/6 9,0 10,0 12,0 9,0 12,0 14,0 0 10,0

OTtob6pan BapuaHT NMponuoHOBOKUCHBIX Oaktepuid IIKb 2/10, mpeBblaonui UCX0IHYIO
KyJbTYpYy IO KaTala3HOH aKTMBHOCTH, KOTOpas, KaK HM3BECTHO, KOPPEIHPYET C OMOCHHTE30M
BUTaMUHA By,

VY CTaHOBIIEHO, YTO ACCOLMAIIMU U3 UCXOJHBIX KYIbTYyp 00Jiee UyBCTBUTEIIbHBI K HU3KUM
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3HaueHusM pH MO CpaBHEHHIO C acCONMANMSIMH M3 aJaNTHPOBAHHBIX KynbTyp. llpu sTom
CHIDKEHHE TUTpPa KIIETOK y HUX MPOUCXOAMT Ha 1 mopsaok. B acconmanusix u3 aganTupoBaHHBIX
KYJIBTYp THUTp OakTepuii M aHTArOHHUCTUYECKAs AaKTUBHOCTH TIOJ[ BO3JCHCTBHEM HH3KUX
3HaYeHui pH mpakTHYecKu He CHIKAIKCH (Tadi. b).

Ta6m/1ua 5 - COHCp)KaHI/IG 6aKTepI/IaJ'II)HBIX KJICTOK W aHTAaroHMCTHYCCKass aKTHBHOCTHb accounaunﬁ,
MMPUTOTOBJICHHBIX U3 UCXOAHBIX U aAalITUPOBAHHLIX KYJIBTYP K HU3KHMM 3HAUYCHHUAM pH

HaumenoBanue JnameTp 30HBI NOABIEHUS POCTATECT-KYJIBTYP, MM Turtp,
ACCOIMAIINHU U BpeMs pH 1 2 3 4 5 6 7 KOE/mn
3KCIIO3ULINA
Acconuanys I1 38 | 120 | 110 | 100 | 9,0 | 11,0 | 10,0 0 5x10™
W3 MCXOTHBIX KyJIBTYP
40 MuH 39 [ 100 | 90 | 100 | 90 | 10,0 | 11,0 0 5x10™
60 MuH 39 | 100 | 11,0 | 10,0 | 10,0 | 10,0 | 11,0 0 4x10™
To xe, U3 amanTHPOBAHHBIX 3,8 10,0 9,0 9,0 10,0 10,0 10,0 0 8x10T
KYJIBTYp
40 MuHYT 38 | 100 | 9,0 90 | 100 | 10,0 | 10,0 0 4x10™
60 MuH 38 | 100 | 9,0 90 | 100 | 10,0 | 10,0 0 2x10™
Accounarms: B3+I1KBb+28 38 | 100 | 90 | 12,0 | 120 | 11,0 | 10,0 0 2x10™
HMCXOJIHBIC KYJIBTYPBI
40 MuH 39 | 100 | 9,0 90 | 100 | 10,0 | 10,0 0 3x10%°
60 MuH 38 | 100 | 90 | 100 | 11,0 | 10,0 | 10,0 0 1x10%
Accormauus:B3+I1KB+28, 39 | 150 | 16,0 | 105 | 120 | 12,0 | 115 | 135 | 5x10™
aILaHTI/IPOBaHHbIe KyJ’II)TprI
40 MuH 39 | 135 | 135 | 100 | 10,0 | 11,0 | 11,0 | 12,0 | 6x10™
60 MuH 39 130 | 130 | 10,0 | 10,0 | 11,0 | 11,0 | 12,0 2x101

Acconmanus: [IKB+141+28 39 100 | 100 | 12,0 | 12,0 | 16,0 | 15,0 0 9x10
HNCXOOHBIC KyJ‘IbTypI)I

40 muH 3,9 0 90 | 100 | 10,0 | 90 | 100 0 5x10™°
60 MuH 40 | 10,0 | 9,0 9,0 9,0 90 | 10,0 0 2x10™°
Acconmanys: ITIKb+14a+28, 38 13,0 125 |95 10,0 115 13,0 13,0 ’x1011
alanTUPOBAHHBIC KYJIbTYPhI '
40 muH 3,8 14,5 12,0 | 9,5 11,0 12,0 13,0 13,0 5x1011
60 MuHyT 3,9 10,0 11,0 | 9,0 10,0 10,0 11,0 9,0 1x1011
Acconuanus: 10,0 9,0 11,0 11,0 9,0 10,0 0
B3-+ITIKB+»B+147 3,9 8x1010
HNCXOOHBIC KyJ'IBTypI)I
40 MuH 3,9 10,0 90 | 11,0 11,0 11,0 10,0 0 4x109
60 MuH 3,9 10,0 90 | 11,0 12,0 10,0 12,0 0 1x109
Acconuanus: 15,5 15,0 | 10,0 11,0 10,0 15,0 13,0
B3+I1K6+2B+14n, 3,9 8x1010
aJlaITUPOBAHHBIE KYJILTYPBI
40 mun 4,0 16,0 16,5 | 9,5 11,0 10,5 12,0 13,0 7x1010
60 MuH 3,9 14,0 13,0 |95 10,0 12,0 12,0 12,0 2x1010
Tlpumeuanus
1 - MRSA N9
2 - MRSA Ne 3316
3-E.coli

4- Salmonellasp.

5 - K. pneumoniae 444
6 - MycobacterimBs

7 - C. albicans

IlepeceB acconmanuii mociae WX SKCIO3MLMU IPU HU3KOM 3HadeHMM pH B cBexyro
MUTATENbHYIO CPeAy IPUBOIUII K TIOJTHOMY BOCCTAHOBJICHUIO TUTpA OaKTEepuil.

Takum oOpa3om, TMpoBelIeHA auanTalus MOJOYHOKHUCIBIX H MPOMHUOHOBOKHUCIBIX
OakTepuil, BXOIALIMX B COCTaB pa3pabOTaHHBIX KOMIUIEKCHBIX NPOOMOTHKOB, K HHU3ZKUM
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3HayeHusM pH. OtoOpaHbl BapHaHTBI, MNPEBOCXOASIINE HCXOIHBIE KYJIBTYphl IO
AHTarOHUCTUYECKON aKTUBHOCTU U YCTOMYMBOCTH K HU3KMM 3HaueHusM pH.

Y CTaHOBIIEHO, YTO ACCOLMAIMM M3 MCXOAHBIX KyJIbTyp 0OJee UyBCTBUTENbHBI K HU3KHM
3HaueHusM pH 1o cpaBHEHHIO ¢ aJanTHPOBaHHBIMU KyilbTypamu. lIpum 3TOM cHmXEHHE THTpa
KJIETOK y HMX NPOUCXOIUT Ha | mopsaok. B accoumanusix u3 aganTUPOBaHHBIX KYJIbTYP THTP
OakTepuil M aHTarOHUCTHYECKas aKTUBHOCTb I0J BO3ACHCTBUEM HU3KMX 3HadeHud pH
IPAKTUYECKU HE CHIKAIIUCH.
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Tyiiin

pH-TbhIH TOMEHI'I MOH/IEPIHE CYT KOHE ITPOIIMOH KbIIIKbIJIbI
BAKTEPUAJAPBI MEH OJIAPJABIH ACCOIMALNUAJIAPBIHBIH
TYPAKTBUIBIFBIH APTTBIPY

TABPWIOBA H.H, PATHUKOBA'M.A, BAHKI)IHJUOBAl K, TYPJIBIBAEBA® 3.K,
BIBBILLIEBA® C.JI., UYTAI? OT.

Kasaxcran. Anmmatsi K. "KP BFM F K«MukpoOuoaoruskoHe BUPYCOI0rust HHCTUTYTh PMK
2Pecny6nHKanLH< knuHUKaiIblK OCA MyrenekTepiHiH rocnuTati

CyT, TpOMHOH KBIIKBUIEI OaKTEpUSUIaphl MEH OJIAPJBIH acCOIUAIsUIapbIHBIH pH-THIH TeMeHTi
MoHzIepiHe OeliMenyi 3epTTemiHmi. AHTaroHWCTiK OenceHAiniri MeH pH-TBIH TeMmeHri MoHuepiHe
TYPaKTBUIBIFBl JKarblHaH, OacTamnKbl KyjbTypajapJaH >KOFaphl OOJIBINT KEJIETIH HycKajap 1piKTEIiHiIm
aTbIHBL.

Bacrankpel kynbTypanapIbslH accolUanusiapbl OeHiMIeniHreH KylabTypalapMeH CalbICThIPFaHIa
pH-TBIH TeMeHI1 MoHJEpiHE ce3iMTaliay KeJeTiHl aHbIKTaabl. MyH/Ia KIeTKaJlap THUTPIHIH TOMEHAeYI
0ip karapra kemuji. belliMeniHreH KynbTypaliap acCOIUalUsUIapbIHIaFbl OaKTepUsIIapIbIH THTPI MEH
aHTAroOHMCTIK OesceHauTiri pH-THIH TOMEHT1 MOHJIEPiHIH 9CEpiHEH iC KY3iH/ae e3repMeli.

INCREASE IN RESISTANCE OF LACTIC AND PROPIONIC ACID BACTERIA AND
THEIR ASSOCIATIONS TO LOW pH VALUES
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Summary

Adaptation of lactic and propionic acid bacteria and their associations to low pH values was
studied. The variants exceeding the stock cultures by antagonistic activity and resistance to low pH were
selected.

It was found that associations of the stock cultures are more sensitive to low pH values as
compared with the adapted cultures. In this case, a cell titer decreases by one order of magnitude. In
associations of adapted cultures a bacterial titer and antagonistic activity under the low pH effect were
not virtually lowered.

Key words: increase in resistance of lactic and propionic acid bacteria and their associations to
low ph values

The vast number of commercially available probiotics for veterinary science and medicine
suggests that the problem of their development is given adequate attention. However, the
recommended probiotics often do not give the desired result. Further improvement of such
preparations, taking into account the evolution of knowledge in the field of microbiology and
biotechnology, is one of the most promising ways to develop an up-to-date highly effective anti-
dysbiosis therapy.

The efficiency of probiotics depends on many factors: their composition, spectrum of
biological activity, concentration of cells of probiotic microflora, etc. The strains of
microorganisms belonging to the probiotics should also possess adhesive and growth properties
that allow them to quickly colonize the mucosal surface of the gastrointestinal tract. Resistance
of bacterial cells to reactogenic environment of the stomach and upper part of intestine is also
essential for the survival of probiotic microorganisms [1, 2].

Material and methods

The objects of the study were the lactic acid bacteria Lactobacillus plantarum 2v, 22, 14d,
Lactobacillus fermentum 127, Lactobacillus fermentum 27, Lactobacillus brevis B-3,
Lactobacillus cellobiosus 20, Lactobacillus salivarius 8d; propionic acid bacteria
Propionibacterium shermanii; 2 associations of lactic and propionic acid bacteria, which differ
by the composition of lactic acid bacteria.

Culturing of lactic and propionic acid bacteria as well as associations in the adaptation to
low pH value was carried out in the liquid MRS medium [3] for 18 hours at 37°C; further, 1 ml
was taken and added to 10 ml of sterile saline, pH 3.0, and incubated at 37°C for 40 and 60
minutes; the samples were taken, neutralized, and number of viable bacteria evaluated. The stock
culture was used as the control. After counting and describing the morphology of colonies grown
on a solid nutrient medium, their inoculation into the liqguid MRS medium was carried out. The
grown liquid cultures were examined with a microscope, and their pH and antagonistic activity
determined. In all at least 80 isolates from each culture of lactic and propionic acid bacteria
undergone the low pH effect, were investigated. Most active isolates were again kept in sterile
saline, pH 3.0. Experiment was conducted pending the production of variants that are resistant to
low pH values without loss of productive-valuable characteristics.

Associations A (cultures of lactic acid bacteria L. plantarum 2v and 14d , L. brevis B-3 and
propionic acid bacteria P. shermanii) and P (L. plantarum 22 and L.fermentum 27), composed of
the stock and adapted to low pH cultures of microorganisms were cultivated in the liquid MRS
medium with cobalt for 18 hours, further 1 ml was taken and added to 10 ml of sterile saline, pH
3.0, and incubated at 37°C for 40 and 60 minutes; the samples were taken, neutralized, and the
number of viable bacteria evaluated. In addition, after exposure with a low pH value, the
associations were inoculated into the culture medium MRS with cobalt. After 18 hours of
culturing in the associations, the pH value, titer, and antagonistic activity were evaluated. As a
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control, the associations of stock and adapted cultures prior to their exposure at a low pH were
used.

The number of bacterial cells was determined by inoculating appropriate dilutions of
cultures into Petri dishes on the solid MRS medium, antagonistic activity — by agar diffusion
method against the test cultures: Escherichia coli, Salmonella, gallinarum, Staphylococcus
aureus Ne 9, Staphylococcus aureus Ne 3316, Klebsiella pneumoniae 444, Candida albicans,
Mycobacterim Bs [3].

The adhesive activity was determined in human erythrocytes [6]; resistance to antibiotics
biseptol, chloramphenicol, gentamicin, lincomycin, ciprofloxacin at concentrations of 100 and
50 pg/ml - by manufactured disk method [4].

The tables represent average results of at least three replicates.

Results and discussion

The study results show that the used cultures of lactic and propionic acid bacteria are rather
resistant to low pH values. At that, significant changes in morphology of the colonies and
bacterial cells were not observed except for a decrease in size of the colonies in strains L.
cellobiosus 20, L. fermentum 127 and 27. Reduction of titers in the test cultures was by 1-2
orders of magnitude, which is, according to the literature data [1], a good indicator.

The strains L.plantarum 22, L. cellobiosus20, L. fermentum 127 were more sensitive to low
pH, in which after a 40-minute exposure at pH 3 the bacterial titer decreased by 2 orders of
magnitude. In strains L.plantarum 14d, L.plantarum 2v, L. fermentum27, L. salivarius 8d after a
40-minute exposure the bacterial titer decreased by 1 order, and after 60 minutes — by 2 orders of
magnitude. Strains of L. brevis B-3 and P. shermanii were more resistant to low pH. Reducing
the number of bacterial cells was by 1 order of magnitude, regardless of the exposure duration.

Table 1 - Survival of lactic and propionic acid bacteria at low pH values

Strains Maintenance of viable cells, CFU/mI
Initial 40minat pH 3 60 minat pH3
L. plantarum 22 3,2x10° 3,2x10’ 2,5x10’
L. plantarum 14z 2,7x10° 2,2x10° 2,2x10’
L. plantarum 2 6,0x10° 3,0x10° 2,7x10’
L. cellobiosis 20 1,3x10° 5,2x10° 2,0x10°
L. fermentum 27 8,0 x10° 10,0x10° 1,3x10’
L. fermentum 127 8,8 x10° 7,9x10° 7,5x10"
L. salivarius 8z 12,0 x10° 8,5x10° 2,0x10’
L. brevis B-3 1,2 x10° 2,0x10’ 4,0x10’
P. shermanii 3,0x10° 1,2x10’ 1,5x10’

The isolates from each culture of lactic and propionic acid bacteria exposed to the low pH
effect were prepared and studied. It was established that most of them have a high acid-forming
capacity and antagonistic activity against test cultures: MRSA Ne 9; MRSA Ne 3316, E. coli, S.
gallinarum, K. pneumonia 444, Mycobacterim Bs, C. albicans.

Table 2 covers the most active variants isolated from cultures exposed to the single low
pH effect. In the adapted to pH 3 culture L. plantarum 2v the antagonistic activity against E.
coli, S. gallinarum, Mycobasterim Bs increased as compared with the stock one. In L. salivarius
8d, the activity to S. aureus Ne 9 appeared and against S. aureus Ne 3316 increased; in L.
plantarum 14d the activity against E. coli, S. gallinarum, S. aureus Ne 9 and 3316 increased and
against Mycobasterim Bs decreased, in L. brevis B-3 the activity against S. gallinarum, S.
aureus Ne 3316, C. albicans increased, and against Mycobasterim Bs and S. aureus Ne 9
decreased. In the remaining lactic acid bacterial cultures noticeable changes in antibiotic
activity were not observed (Table 2).

103



Table 2 - Antagonist activity of lactic acid bacterial strains selectedafter the first exposure in the acid
nutrient medium

Zones of test-cultures growth inhibition, mm

O re)

Strains £ > 3 3 " e

. . S S o ) & £
microorganisms, - = > 8 8 = pH

duration 8 = g 2 S = 2

expositions, min L = 5 S E E 3

; S 3 2 o 3

w %) S . >

o X =
28 Initial 15,0 12,0 12,0 12,0 13,0 0 16,0 3,8
28" — 40 min 17,0 15,0 14,0 12,0 14,0 0 17,0 3,8
2 8”B-60 min 18,0 14,0 12,0 12,0 13,0 0 17,0 3,8
8g Initial 9,0 9,0 0,0 12,0 13,0 0 9,0 44
8 g* — 40 min 11,0 10,0 11,0 14,0 11,0 0 11,0 4.4
89” — 60 min 10,0 10,0 13,0 16,0 14,0 0 10,0 44
14d- Initial 14,0 15,0 11,0 11,0 12,0 0 17,0 3,8
14 d'- 40 min 15,0 15,0 13,0 10,0 15,0 0 15,0 3,8
141°— 60 min 17,0 16,0 13,0 13,0 14,0 0 14,0 3,8
B-3 Initial 11,0 17,0 16,0 17,0 21,0 20,0 29,0 4,1
B-31 - 40 min 11,0 22,0 14,0 22,0 20,0 18,0 14,0 41
B-32 - 60 min 11,0 22,0 14,0 22,0 21,0 22,0 22,0 4,1
127 Initial 10,0 10,0 15,0 13,0 10,0 10,0 0 3,7
1271-40 min 10,0 10,0 13,0 12,0 10,0 10,0 0 3,7
1272-60 min 10,0 10,0 | 120 | 09,0 | 10,0 | 10,0 0 3,7
22 Initial 10,0 10,0 | 130 | 13,0 | 10,0 | 10,0 0 3,8
221-40 min 10,0 10,0 | 120 | 12,0 | 10,0 | 10,0 0 3,7
222-60 min 10,0 10,0 | 10,0 | 12,0 | 10,0 | 10,0 0 3,7

The selected most active variants by the antagonist activity were retested for resistance to
low pH values as compared with the stock cultures. The results on the survival of cultures are
shown in Table 3.

Table 3 - Titers of lactic acid bacteria after the second exposure at pH 3.0

Strains Maintenance of viable cells, CFU/ml
Initial 40 minat pH 3 60 minat pH3
L. plantarum 262 3,5x109 1,0x109 1,5x109
L. plantarum 14d2 6,0x109 1,3x109 1,7x109
L. plantarum 222 6,0x109 5,0x109 4,0x109
L. cellobiosis 202 2,0x108 1,5x108 1,0x108
L. fermentum 272 8,0x10’ 4,2x109 2,0x108
L. fermentum 1272 4,8x109 2,5x109 2,8x109
L. salivarius 8d2 10x109 9,0x109 4x109
L. brevis B-32 3,0x109 2,3x109 2,5x109
P. shermanii2 3,0x108 3,2x108 1,5x108

It was found that selected variants significantly exceed the stock cultures in resistance to
low pH values. In this case, after 60-minute exposure at pH 3 the number of viable cells in them
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Is not significantly reduced. Variants of microorganism cultures were selected with increased as
compared with the stock cultures antagonistic activity against the used test cultures (Table 4).

Table 4 - Antagonistic activity of lactic acid bacterial strains selected after the second passage in acidic

medium
Zones of test-cultures growth inhibition, mm
) 3 10
~ o
Variant % > - g % @ £
E £ g = S 5 g 2
. = N S = e = I}
w S, 3 N = z © S
. S S o c @) 3]
(%) v S o >
“ < =
28 Initial 18,0 22,0 23,0 23,0 20,0 12,0 0 30,0
28°—b/5 25,0 24,0 27,0 27,0 23,0 20,0 0 30,0
14 Initial 22,0 20,0 21,0 23,0 22,0 20,0 290 | 26,0
14 °- a/8 28,0 22,0 21,0 30,0 22,0 18,0 20,0 | 380
22Initial 10,0 10,0 13,0 13,0 10,0 10,0 0 0
222- b/7 10,0 10,0 15,0 14,0 10,0 10,0 0 0
8 Initial 13,0 13,0 14,0 18,0 10,0 15,0 0 19,5
812 -b/5 18,0 18,0 28,0 25,0 18,5 21,0 0 30,0
B-3lnitial 12,0 18,0 13,0 19,0 23,0 26,0 30,0 | 30,0
B-32- b/9 19,0 20,0 15,0 19,0 25,0 24,0 30,0 | 300
127 Initial 10,0 11,0 13,0 0 11,0 13,0 0 10,0
127 2- b6 9,0 10,0 12,0 9,0 12,0 14,0 0 10,0

The variant of propionic acid bacteria PAB 2/10 was selected exceeding the stock culture
in the catalase activity, which is known to correlate with the biosynthesis of vitamin Bjs.
It was found that the associations of the stock cultures are more sensitive to low pH values
as compared with the associations of adapted cultures. The decrease in cell titer is by 1 order of
magnitude. In associations of adapted cultures the bacterial titer and antagonistic activity under
the low pH effect virtually did not reduce (Table 5).

Table 5- Contents of bacterial cells and antagonistic activity of associations prepared from the stock and
adapted to low pH values cultures

Zones of test-cultures growth inhibition, mm

[¢B}
Name S
associations and exposition time pH S 8L
1 2 |3 4 5 6 7 | EZ8
T O
S
1 2 3 4 5 6 7 8 9 10
Association P 38 | 120 | 11,0 | 100 | 9,0 | 11,0 | 10,0 0 5x10M
from initial cultures
40 min 39 | 100 | 90 | 100 | 9,0 | 100 | 11,0 0 5x10%
60 min 39 | 100 | 11,0 | 10,0 | 100 | 10,0 | 11,0 0 | 4x10%
The same, from the adapted cultures | 3,8 | 10,0 | 9,0 90 | 100 | 100 | 100 | 0 | 8xi0™
40 min 38 | 100 | 9,0 90 | 10,0 | 10,0 | 10,0 0 4x10%
60 min 38 | 100 | 9,0 90 | 10,0 | 10,0 | 10,0 0 2x10%
Association: B3+PAB+2s initial 38 | 100 | 9,0 12,0 | 12,0 | 11,0 | 10,0 0 2x10%
cultures
40 min 39 | 10,0 | 9,0 9,0 | 10,0 | 10,0 | 10,0 0 3x10%°
60 min 38 | 100 | 90 | 100 | 12,0 | 100 | 10,0 0 1x10%°
Association:B3+PAB +2, adapted 39 | 150 | 160 | 105 | 12,0 | 12,0 | 11,5 | 135 | 5x10
cultures
40 min 39 | 135 | 135 | 100 | 10,0 | 11,0 | 11,0 | 12,0 | 6x10™
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60 min 39 | 130 | 13,0 | 100 | 100 | 11,0 | 11,0 | 12,0 | 2x10™
Association: PAB+14d+2s initial 39 | 100 | 100 | 120 | 110 | 160 | 150 | 0 | 9xlo™
cultures
40 min 3,9 0 90 | 100 | 10,0 | 9,0 | 100 | 0 | 5x10%
60 min 40 | 10,0 | 9,0 90 | 90 | 90 | 100 | 0 | 2x10%
Association: PAB+14d+28, adapted | 3,8 | 130 | 125 | 95 | 100 & 11,5 | 13,0 | 13,0 | 8x10™
cultures
40 min 38 | 145 | 120 | 95 | 11,0 | 12,0 | 13,0 | 13,0 | 5x10™
60 min 39 | 100 | 110 | 9,0 | 10,0 | 100 | 11,0 | 9,0 | 1x10™
Association: B3+PAB+2s+14d 39 | 100 | 90 | 110 | 120 | 90 | 10,0 | 0O | 8x10®
initial cultures
40 min 39 | 100 | 90 | 110 | 110 | 11,0 | 10,0 | © 4x109
60 min 39 | 100 | 90 | 110 | 120 | 100 | 12,0 | © 1x109
Association: B3+PAB+25+14d, 39 | 155 | 150 | 10,0 | 11,0 | 10,0 | 15,0 | 13,0 | 81010
adapted cultures
40 min 40 | 160 | 165 | 9,5 | 11,0 | 105 | 12,0 | 13,0 | 7x1010
60 min 39 | 140 | 130 | 955 | 100 | 12,0 | 12,0 | 12,0 | 2x1010
Notes
1 - MRSA Ne9
2- MRSA Ne 3316
3- E. coli

4- Salmonellasp.

5- K. pneumoniae 444
6- Mycobacterim Bs
7 - C. albicans

Continued table 5

Subculturing associations after exposure at a low pH into a fresh nutrient medium resulted
in complete recovery of bacterial titer.

Thus, the adaptation of lactic and propionic acid bacteria that are part of our developed
complex probiotics to low pH values was performed. The variants exceeding the stock cultures
in antagonistic activity and resistance to low pH values were selected.

It was found that the associations from the stock cultures are more sensitive to low pH
values as against the adapted cultures. The decrease in cell titer is by 1 order of magnitude. In
associations from adapted cultures the bacterial titer and antagonistic activity under the low pH
effect were virtually not reduced.
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