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13 Bcex IpoIieccoB, BhI3bIBaeMbIX MOJIOYHOKUCILIMY 6aKTepUsiMU
B BUHAX, eIHHCTBEHHO I10JIe3HBIM SIBJISeTCS I67I09HO-MOJIOUHOe
6poxenue (AMB), 0CHOBHOI MeTaboIMUecKo XapakTepUCTUKOMN
KOTOpOrO SIBJISIeTCs pepMeHTHOe TpeobpasoBaHye ABYXOCHOBHON
L-s16J104HOM KUCJIOThI B ONHOOCHOBHYIO L-MOJIOUHYIO KHCJIOTY U
VIJIEKUCTIBIY [a3, B pe3yJIbTaTe Yero KUCJIOTHOCTD BUHA MOHKKa-
ercsl. B paboTe npezicTaBieHb! pe3yIbTaThl H3y4YeHus: CIOCOOHO-
CTH 39 IPUPOIHBIX IITAMMOB MOJIOUHOKHUCIIBIX 6aKTepHil posioB
Leuconostoc u Lactobacillus X ycBoeHMIO L-g96JI04HON KUCIOTEL
[TIpy mpoBeleHUX PabOT UCIIOJIb30BATY METOLbl U IOAXOIEL,
obImenpuHATLIe B MUKpobuosoruu BuHozeus. CriocobHOCTb
IITAMMOB MOJIOUHOKUCJIBIX 6aKTepHil IPOBOAUTD IPoLiecc 167104-
HO-MOJIOYHOT'0 HposKeHHUsI TeCTUPOBAJIH 110 3aTpaTaM L-g967109HOM
KUCJIOTBI Ha oAiepsKaHye XU3HYU KJIETOK, He pa3MHOKAIOIIUXCS
DesieHueM. PacdeT moTpebsieHus L-96109HOM KUCIOTDI OCYILIecT-
BJISIV IO JAHHBIM U3MeHeHUs TUTPYeMOU KUCTIOTHOCTY CpeJibl B
IIpoliecce KyJIbTUBUPOBAHUS IITaMMOB, TIpe/iBapUTEILHO IIPOBe-
ISl MaTeMaTHJeckyio 06paboTKy MacCHBa PacueTHLIX XapakTepy-
CTUK OMHapHBIX CHCTeM, IOCTPOeHHDIX Ha OCHOBE BapbUPOBAHUS
Pa3JIMYHBIX COOTHOLIEHUH S6JI09HOM U MOJIOYHOM KUCTIOT. OT60p
[IepCIeKTUBHLIX IITAMMOB MOJIOUHOKUCIILIX 6aKkTepuit 1y1s SIMB
IIPOBOAMJIM IO pe3yJIbTaTaM ABYXCTYIIEHYaTOro CKpuHUHTra. Ha
[IepBOM 3Talle MTaMMbl OLIeHUBAJIY 10 POCTOBOM aKTHBHOCTH,
Ha BTOPOM STalle - 110 aKTUBHOCTH yCBauBaTh L-g16JI09HYI0 KUC-
J0Ty. OTMEYeHO, YTO ITaMMBI MOJIOUHOKUCILIX baKTepuil posia
Leuconostoc XapakTepu30BaJUCh bosiee IPOLOJIKUTENbHLIM
BpeMeHeM poCTa, YeM ITaMMBbI poja Lactobacillus. UsyueHue
OVHAMUKY pocTa 88 MPUPOAHDLIX IITAMMOB MOJIOUHOKUCIIBIX
6aKTepHit I03BOJIUJIO 0TO6PATh 39 ITaMMOB C BLICOKOM POCTOBOM
aKTHUBHOCTDIO, Y KOTOPLIX HAaKOIJIeHUe KJIeTOUHON 6MOMAacCh
yepe3 24-48 4 KyJbTUBUPOBAHUS, B 3aBUCHMOCTU OT IITaMMa,
cocraBuiio okouto 108 - 10°kueror/cm®. [Tpy U3yueHUH IOTeHIIU-
QJIbHOM BO3MOXKHOCTH 39 IPHUPOAHDBIX INTAMMOB MOJIOYHOKHUCJIBIX
6aKTepu OCYIIeCTBIATD IIPOLECC 6I09HO-MONOYHOT0 6POSKeHNs
YCTAHOBJIEHO, YTO 60JILIIMHCTBO ITaMMOB 06J1a1asIi IOCTAaTOUHO
BBICOKOM aKTUBHOCTDIO K IOTPebJieHuIo L-s16J109HOM KUCIOTDL
JlaHHOe CBOMCTBO OTMeueHo y 94% uccieJo0BaHHbIX MOJIOUHOKHC-
JIbIX 6aKTepuit KOKKOBOH GOPMEL, YTO IOATBEPKAAET MX XapaKTe-
PUCTHKY Kak TUITNYHLIX areHTOB sI6JI0YHO-MOJIOYHOI0 6pOKeHNUs
B IIpaKTHKe BUHOAeaus. Cpei MOJIOYHOKUCIBIX 6aKTepuil pozia
Lactobacillus ¢ Tako# XapakTepuCTHUKOM OTMeyeHDI TOIbKO 50 %
IITaMMOB, OLHAKO IIepCIeKTHBA KX UCIOJIb30BaHUS B KayecTBe
aKTUBHBIX KUCJIOTOIIOHIIKATe el TakKe BBICOKA.

KnroueBble cjoBa: L-g60uHas KUCI0Ta; L-MoJIouHasa Kuc-
JIOT3; palieMaT; SHaHTHOMEpPDbl KUCJIOT; sI6JI0YHO-MOJIOYHOe
6po’keHMe; MaJIAT AeKapboKCrIas3a; MUTaTeIbHas Cpesla; aKk-
TUBHOCTDL POCTa; TUTPyeMasl KICJIOTHOCTD.
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Evaluation of strains of lactic acid
bacteria for capability to
assimilate L-malic-acid
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Federal State Budget Scientific Institution All-Russian
National Research Institute of Viticulture and Winemakin
Nf[aéarach of the RAS, 31 Kirova str.,, 298600 Yalta, Repubﬁc
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rimea, Russian Federation

Malolactic fermentation (MLF) is the only useful process of all
caused in wine by lactic acid bacteria. Enzymatic transformation
of dibasic L-malic acid into monobasic L-lactic acid and carbon
dioxide enters as the key metabolic characteristic of MLF, which
leads to deacidification of wine. Capability of 39 native lactic acid
strains of the genera Leuconostoc and Lactobacillus to assimilate
L-malic acid was studied using conventional methods and ap-
proaches of microbiology of wine. The capability of the study
strains to conduct MLF was tested by L-malic acid utilization for
maintaining viability of non-fissiparous cells. L-malic acid utili-
zation was calculated by changes in titratable acidity of medium
during cultivation of the study strains. This was preceded by a
mathematical treatment of a set of estimated characteristics of
binary systems established based on the variation of malic to lactic
acid ratios. Lactic acid strains promising for MLF were selected
following a two-step screening during which the growth of the
study strains and their activity with refer to L-malic acid assimi-
lation were evaluated. The time-course of growth was longer in
lactic acid strains of Leuconostoc than in those of Lactobacillus.
The growth dynamics of a total of 88 native lactic acid strains
was assessed, and 39 strains with a high growth efficiency were
selected. Strain-dependant cell biomass accumulation of these
strains was around 108-10° cells/cm?® after 24-48 h of cultivation.
A sufficiently high activity with refer to L-malic acid assimilation
was found in the majority of the 39 native lactic acid strains tested
for potential capability to conduct malolactic fermentation. This
feature was observed in 94 % of the studied coccal form of lactic
acid bacteria, which proves that they are typical agents of malo-
lactic fermentation for winemaking, and in not more than 50% of
the study lactic acid bacteria of Lactobacillus. Nevertheless, the
prospects for their use as active deacidifiers are also high.

Key words: L-malicacid; L-lacticacid; racemate; enantiomeric
acid; malolactic fermentation; malate decarboxylase; growth
medium; growth activity; titratable acidity.

BeACHHE. B yCAOBHAX TEXHOAOTMYECKOTO IIpOIlec-

Ca BHHOAEAHS MOTYT Pa3BHBATbCS TOABKO OYE€Hb

HEMHOTHE TIPYNIIbl MHKPOOPIaHH3MOB, CPEAH
KOTOPbIX Ba)XHOE MECTO 3aHHMAIOT MOAOYHOKHCAbIE
6axtepuu. [3 Bcex mpoljeccoB, BbI3bIBAEMBIX MOAOYHO-
KHCABIMH 0aKTepHsAMH B BHHE, €AMHCTBEHHBIM IIOA€3-
HBIM SIBASIETCS s10A0YHO-MOAO4HOe Opoxkenue (JIMB),
BOIIPOCBI KOTOPOTO NMOAPOOHO OTPaXKEHBI B AUTEpPATYpe
[1-7]. OcHOBHOM MeTabOAMYECKOH XapaKTePHUCTHKOH
3TOrO Ipolecca ABAIETCS pepMEHTHOE IIpeobpasoBaHue
ABYXOCHOBHOH L-s6A04YHOM KHMCAOTBI B OAHOOCHOBHYIO
L-MOAOYHYIO KHCAOTY M YTAEKHCABIH ras [8, 9], B pesyab-
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OueHKa ITAMMOB MOAOYHOKHCABLX GaKkTepuil
110 cnioco6HoCTH ycBauBath L-16A04HYI0 KHCAOTY

BUHOJEJINE

TaTe 4ero KHCAOTHOCTb BHHA CHI)KaeTcs. B
KOHTPOAHPYEMBIX YCAOBHSAX IIPOXOKAECHHE
SMB Taxke CIOCOOCTBYET MOBBIIICHHIO
6HOAOTHYECKOH CTaOHMABHOCTH BHHA H
YCHAEHHIO 5KEAAEMbIX OPTaHOAENTHYECKHX
HU3MEHEHUH CcTOAOBbIX BHH [10, 11]. Poab
MOAOYHOKHCABIX GAaKTEpHH B IOCACAHHE
TOABI NOBBICHAACh B PE3YABTAaTE TEHACH-
MM K yMEHBIIEHHIO HCNOAb30BaHuA SO,
H IOTPEOUTEABCKHMX MPEATIOYTEHHH BH-
HaM C MEHbLIEH KHCAOTHOCTBIO M HOABIIEH
KOMIIAEKCHOCTbIO. TPapHMIIMOHHO MHOTHE
BHHOAEADI CO3AQIOT YCAOBHSA AAS CTIOHTAH-
HOTO IPOXOXKAEHHUSA 3TOTO IPOIIecca, OAHA-
KO €CTECTBEHHBIH IPOLIeCC HEHAAEKHBIH U
MOXET 3aHATb NPOAOAXKHTEABHOE BpEMS.
B coBpeMEeHHOM BHHOAEAHH 0c00ast pOAb
OTBOAMTCA IPOBEACHHIO HHAYITMPOBAHHO-
ro JIMb c npuMeHeHHEM YHUCTBIX KYABTYD
MOAOYHOKHCABIX 6akTepuit. HapexHocTb
IPOBEAEHHA TAKOTrO IIPOLIECCa HAMPAMYIO
3aBHCHUT OT NPHUMEHSEMBIX HITAMMOB, OC-
HOBHBIM KPHTEpHEM OTOOpa KOTOPBIX SIB-
ASIETCS MX BBICOKasI ACKapOOKCHAHPYIOLIAsA
aKTHBHOCTb.

ITpoxoxxpeHHE — SI6AOYHO-MOAOYHO-
ro OpOXXEHHS BO MHOTOM OIIPEACASECTCS
aKTHBHOCTBIO BHYTPHKAETOYHOTo dep-
MEHTa MaAaT-A€KapOOKCHAA3bl, KOTOPbIH
ObIA BBIAGAEH M3 MOAOYHOKHCABIX Oax-
tepuit Lactobacillus spp., Oenococcus oeni n
Lactococcus lactis u oxapaxrepusoBas [13,
14], a TaKKe CKOPOCTBIO TPAHCIOPTHPO-
BaHUsI L-10AOYHOH KHCAOTBI B KAETKY H
L-M0AOYHOM KMCAOTBI U3 KAETKH, IpOLiecc
KOTOPOTO €lje HEAOCTATOYHO Hu3ydeH [15].
ITo pannbM C. Aadon-Aadypkaa, AAHHBIH
depMeHT MOXKET UMeTh KOHCTHTYTHBHBIH 1
HMHAYKTHBHbIHA XapaKTep U €ro akTUBHOCTb
IO OTHOWLIEHHIO K L-s16A04HO KHCAOTE MO-
KET 3aBHCETb OT IITAMMA M HCIIOAB3YEMOTO
c11oco6a MMOATOTOBKH CTAPTOBOM KYABTYPbI
[16].

Ileap mccaepAOBaHHA — OLICHHUTD CIO-
COOHOCTD IPHPOAHBIX INTAMMOB MOAOYHO-
KHCABIX GaKTepHil ycBauBaTh L-16A04HYI0
KHCAOTY M OTOOPATh MEPCIEKTHBHbBIE AAS
npoBeaeHus nponecca AMb.

06DbeKThI U METOAbI HCCJIeOBaHHIA

O6DbeKTaMH HCCACAOBAHUH SIBASIAMCDH
88 npHpPOAHBIX IITAMMOB MOAOYHOKHCABIX
6axrepuit poaoB Lactobacillus n Leuconostoc
U3 paboyeil KOAAEKI[UH OTAEAA MUKPOOHO-
sormn OTBYH «BHHUWHMBuB «Mara-
pau» PAH, chopmHpoBaHHOMH 1O pe3yAb-
TaraM uccaeaoBanui 2015-2017 rr. [17].

B xauecTBe cpep KYABTHBHPOBaHHMA
HCIIOAB30BAAH JKHAKYIO HE CEACKTHBHYIO
cuHTeTHYecKyio cpesy MRS [18] u omsrT-
HYIO CPeAy cAeAyoiero cocrasa (r/am®):
DL-a6a04Has kucA0Ta — 3,5; THAPOdOCPHaT

“Marapau” Bunorpaaapcrso i Bunoacane 2019.21:4

Tanamyx TH, Harasurexmii MIO, [oropeaos A1O.

xaaus (K,HPO,) - 2,0; cyasdpar maraus cemuBopnsrii (MgSO,-7H,0)
- 0,125; cyabdar mapranua serbipexBoaHbi (MnSO,4H,0) - 0,125.
IToceBb! KyAbTHBHpPOBaAHK NpH Temmnepatype 28+0,5°C nmpu nepememu-
BaHHUH 2 pa3a B ACHb.

AxtuBHOCTb pocta mramMMoB MKD ouennBasn Hederomerpuye-
cku. HakomureAbHbIe KYABTYpBI IIOAYYaAH IPH KYABTHBUPOBaHHMH Ha
cpeae MRS, 3aceBHOI MaTepuas BHOCHAH B KoaudecTe 2%. OTMeya-
AW IITAMMBI, IIPH KYABTUBHPOBAaHHH KOTOPBIX ONTHYECKAas MAOTHOCTDb
KAETOYHOH CYCIIEH3UM 4Yepe3 48 4 AOCTHraAsa 3HauyeHHs He MeHee 0,5
npu AsuHe BOAHBI 590. AAS XapaKTePHCTHKH IITAMMOB 110 HAKOIIAEHHUIO
610MacChl CTPOMAM KPHBbIE 3aBUCHMOCTH ONTHYECKOH IMAOTHOCTH 6aK-
TepUAAbHOH CYCIIEH3UH OT CYXOH MacChl KAETOK AAS NMTAAOYKOBHAHOH H
KOKKOBOH (popM GaKTepHii.

ITpu usydenun cnoco6xocty mrammos MKDB ycBanBats s16A04HY0
KHCAOTY IIPUMEHSIAN TECT Ha 6AOYHO-MOAOYHYI0 aKTUBHOCTD He pas-
MHO>XXQIOILIIMXCS AGACHHEM KAETOK [16, 19]. Bromaccy HaKOIMMTEABHBIX
KYABTYP, IIOAY4€HHYIO IPH KyABTHBHPOBaHMH Ha cpeae MRS, otaeadaan
OT KYABTYPaAbHOH >KHAKOCTH 1IeHTPHPYTHPOBAHHEM M HECKOABKO pa3
IPOMBIBAAH CTEPHABHOM AMCTUAAMPOBAHHOM BOAOH. 3aTeM OTAEACHHbIE
OT BOABI KACTKH B KOAHYeCTBe 50 MI IIEPEHOCHAH B IPO6HpKH ¢ 10 cm®
OmIBbITHOH cpeabl Uepes 4 1 1 20 4 OIpeACASIAN MACCOBYIO KOHIJCHTPALIHIO
THUTPYEMbIX KHCAOT B CPEAE METOAOM THTpUMeTpuH [20].

Pacyer moTpebaeHHs sI6AOYHOH KHCAOTBI OCYIECTBASAHM IO AQH-
HBIM M3MEHEHHS THTPYeMOH KHCAOTHOCTH AO H II0CA€ MHKYOHpPOBAHHA
mpo6bl. AASL 3TOTO IPEABAPUTEABHO ObIAQ IPOBEACHA MaTeMaTHYECKAs
00paboTKa MacCHBa PacYETHBIX XapaKTEPHCTHK OMHAPHBIX CHCTEM, I10-
CTPOCHHBIX Ha OCHOBE BaPbUPOBAHHUS Pa3AHIHbIX COOTHOLICHHH 10A04-
HOH M MOAOYHOH KHCAOT, C Y4€TOM OCOOEHHOCTEH HMX KaTHOHHOTO M
QHMOHHOTO COCTaBa, MAKCHMAABHO OAMSKHX IIO COACPXKAHMIO K OIIBIT-
HbIM BapHaHTaM cpeA. IIpy MOA€AMPOBaHMM CHCTEM YYHTBIBAAH, YTO
pK aHaHTHOMEPOB 0AOYHOMN KHCAOTBI B YHCTBIX PACTBOPAX COBIIAAAIOT
MeXAy co601i i He oTandarorcs ot pK paremaTa ss6A04HO KHCAOTBL, IIpe-
Hebperas IpH 3TOM BAKSHHEM Ha PE3YABTAT PacyeTa S3aIfUTHBIX KOAAO-
HAHBIX BEIL|eCTB, 00pasyIOLUXCs B KYABTYPaAbHOR XUAKOCTH nipu SIMB,
a TaKkKe HAAUYHMEM APYTHX KOMIIOHEHTOB, CIIOCOOHBIX HE3HAYUTEABHO
BAMATb Ha POTOAHTHYECKHE CBOHCTBA MPOOBL. Bce pacdeTs 6b1AK TOA-
TOTOBACHBI C y4€TOM ypaBHEHHI MaTepHaAbHOTO OaraHCa, COOAIOACHH-
eM IPHHIUIA SACKTPOHEHTPAABHOCTH H OCOOEHHOCTEH KaTHOHHOTO
COCTaBa MIOAMKOMIIOHEHTHBIX CHCTEM II0 METOAAM, H3AOXKEHHBIM B AHTE-
partype [21-23]. AAst onpeAeACHHS pacXoAa IOAOYHOM KHCAOTBI B 9KCIIE-
PHMEHTAABHbBIX BAPHAHTAX PE3YABTATbI IMIIMPUYECKOTO aHAAM3A OBIAK
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Fig. Mathematical relationship between consumption of malic acid and decrease of
titratable acids in the process of strain cultivation
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o6paboTraHbl MaTeMaTHIeCKH (pHC.).

0O6cykeHMe pe3yJIbTaTOB

OT60p mepCreKTHBHbBIX LITAMMOB MOAOY-
HOKHCABIX OaxTepuil aas SAMDB mpoBopuan
IO Pe3yABTaTaM ABYXCTYIEHYATOrO CKPHHMH-
ra. Ha nepBoM aTarme IITaMMBbI OLJeHHBAAH 110
POCTOBOH aKTHBHOCTH, Ha BTOPOM 3Talle Ad-
BaAM OLIEHKY II0 aKTHBHOCTH YCBaHBaTb MMH
L-s16A04HYI0 KHCAOTY.

M3HayaAbHO BBICOKAs IAOTHOCTb KAETOK
baKTepuil B BHHE CIOCOOCTBYET OBICTPOMY
AEKapOOKCHAHPOBaHHIO L-s6A04HOH KHCAO-
TbI [8, 24, 25], M03TOMY Ba)kKHbIM [I0KA3aTEAEM
npu orbope mepcrexTuBHbx mramMmmoB MKB
Aas mpoBepeHus npouecca SIMb B Bbicoko-
KHCAOTHBIX BHHAX SIBASETCA HMX CIOCOOHOCTbH
B ONITHMAAbHBIE CPOKH HAaKaIIAUBATbh OOABIIYIO
6roMaccy. CylecTByeT MHEHHE, YTO AASL IIPO-
XOXACHHS A0AOYHO-MOAOYHOTO OpOXKEHHS B
BHHE YHCACHHOCTb ITONYASALIMM MOAOYHOKHC-
AbIX GaKTepHil A0AXHA 6bITH He MeHee 10° kae-
Tox/cM® (2, 8]. Aast oTOOpa MOAOYHOKHCABIX
GaKTepHIi 10 AAHHOMY ITOKa3aTEAI0 MbI IIPOBO-
AMAM CKPHHHHT IITaMMOB Ha cpeae MRS, ko-
TOpas ABASETCA IOAHOH NUTATEABHOH CPeAOH
1 HanboAee YacTO HCIIOAB3YETCS AAS IOAyYe-
HUS HaKOIIMTEABHBIX KYABTYp [26]. M3ydenue
AMHaMHKH pocTa 88 IIpUpPOAHBIX IITAMMOB MO-
AOYHOKHCABIX OaKTepHi II0O3BOAHAO OTOOpATh
39 mraMMoB, onThdyeckas MAOTHOCTD (Dsy)
KAETOYHOM CYCIIEH3HH KOTOPBIX uepe3 24-48 u
KYABTHBHPOBAHHS, B 3aBUCHMOCTH OT LITaMMa,
cocraBuAaa 0,8-1,0, 9T0 COOTBETCTBYET IPUMED-
Ho 10%-10° kaerox/cm® [27-29]. IToayueHHbIE
AQHHbIE TTOKa3aAH, YTO IITAMMbI MOAOYHOKHC-
ABIX OakTepuit poaa Leuconostoc xapaKTepHso-
BAAHCh 00A€E MPOAOAKHTEABHBIM BpEMEHEM
pocra, yeM mwrtammsl poaa Lactobacillus. Hava-
AO pocTa AA 17 OTOOpPaHHBIX LITAMMOB POAA
Leuconostoc 6150 oTMedeHO Yepes 16-24 4, Ha-
4aAO CTAI[MOHAPHOM (asbl pocTa HAOAIOAAAH
gyepe3 72-96 4, a 3aBepLIeHHE HAKOIACHHSI
0HOMAacChl B 3aBUCHMOCTH OT IITaMMa OTMe-
9EeHO Yepe3 4-7 CYT. U COCTABASAO B AHAIIA30HE
0,350-0,659 mr/cm?® (cyxas macca) uan 1,170-
2,200 mr/cm? (BaaxkHast Macca). Hagaao pocra
AASL 22 u30AsTOB popa Lactobacillus nabaropasu
gepe3 5-8 4, HayaA0 cTallMOHAPHOH (a3pl pocTa
- gepe3 15-48 4, a 3aBeplIeHHE HAKOIACHHA
6HOMAcChI B 3aBUCHMOCTH OT LIITAMMa OTMeYe-
Ho 4epe3 1-3 cyT. B AManasoHe 2,480-5,160 mr/
cm® (cyxas macca) uam 8,247-17,200 (BaakHas
Macca).

H3BecTHO, YTO MOAOYHOKHCABIE OakTe-
pHH, BbIACACHHBIC H3 BHH, XapaKTepPH3YIOTCSI
PasAMYHBIMH CIIOCOOHOCTSAMH IIO IpeBpallje-
HHIO SI0AOYHOM KHMCAOTBI B MOAOYHYIO. AAs
PEKOMEHAALIMH IITAMMa B Ka4€CTBE CTAPTOBOMH
KYABTYPBI TPOBEACHHA S06AOYHO-MOAOYHOTO
OpOXKEHHSI OH AOAXKEH XapaKTepH30BaThCS BbI-
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Table. Characterization of lactic acid strains for activity with refer to
L-malic acid assimilation

[Tpopoaxu- A turpyembrx

. [ToTpebacHue
KoaAex11oHHBbIH TEABHOCTD KHCAOT AO U TTOCAE o
L-16a04n011
HOMEp KYABTHBHPO- KYABTHBHPOBAHHS A
3 KHCAOTBL, %
BaHHS, 4 nmpoGsL, I/AM

poa Leuconostoc

K3,K4K6KI17,K19, 4 0,51 - 0,60 63,8-75,0
ko 0  838-950
K1, K14K21,K25 4  475-550
K26K48 20 066-073 825-913
4 0,16 - 0,19 20,0 - 23,8
KI3,K49 e
,,,,,,,,,,,, 20 . 066-069 825-863
4 0,03 3,8
K8, K40 e
,,,,,,,,,,,, 20 o 238
4 HET HET
K24 44444444444444444444444444444444444
,,,,,,,,,,,, 20  mer et
poa Lactobacillus
14,1110, IL11, 1137, 4 0,51-0,63  63,8-788
LS. A6 IL4ZIT0 50 063-070  788-87s
4 0,38 475
H-14 44444444444444444444444444444444444 "
,,,,,,,,,,,, 20 070 875
4 0,13 16,3
H-78 44444444444444444444444444444444444
"""""" 20 063 788
4 HET HET
H-83 44444444444444444444444444444444444
,,,,,,,,,,,, 20 038 475
[1.19, I1.27, [1.28, 4 HET HeT
1321133, [1.34, [1.43, ~
T1.44 I1.61,[1.64, 1165 20 HeT HeT

COKOHM aKTHBHOCTBIO YCBOEHHs SA0AOYHOM KHCAOTBI, CIIOCOOCTBYS
npoxoxaeHuio AMDB B onTuMaAbHbIE CPOKH.

B TabAmMIIe IPEACTABACHDI PE3YABTATHI HCCAEAOBAHHA AKTUBHO-
cru n3oaaToB MKDB ycBanBaTh 10A09HYI0 KHCAOTY Yepes 4 94 1 20 1
II0CAE 3aAQYH B CPEAY KyABTHBHPOBaHHA 50 MIr/cM’ BA@XKHOM 610-
Macchl 6aKTepHit.

AHaAM3 TIOAYYEHHBIX AQHHBIX II0Ka3aA, 4To 69 % HccAepAOBaH-
Hplx mTaMMoB MKDB 06Aapasn crmocoGHOCTBIO K IOTPeOACHHIO
L-16A04HO# KHCAOTDI, Ha YTO YKa3bIBAET CHIDKEHHE THTPYEMOMH KHC-
AOTHOCTH CpeAbI B IIpoliecce KYAbTHBUpOBaHHUA. Aas 31% mTaMMoB
H3MEHEHHE THTPYeMOH KHCAOTHOCTH He HabAopaau. M3 12 mrtam-
MOB, He IPOSIBUBIIHX CIIOCOOHOCTb COpaXkuBaTh L-16A04HYI0 KHC-
A0TY, 11 IITAMMOB SIBASIIOTCS IPEACTABUTEASIMA poaa Lactobacillus.
OTH AQHHbIE IIOATBEP)KAAIOT MHOTOYHCAECHHbIE CBEACHHA O TOM, YTO
OCHOBHBIMH THUIIMYHBIMU KHCAOTOIOHMXXATEASIMHU B IPAKTHKE BH-
HOAEAMSA ABASIOTCSA IITAMMBbI poaa Leuconostoc.

ITo >$pPexTHBHOCTH CHMXKEHHA THTPYEMOH KHCAOTHOCTH H
norpebAeHHA 16A04HOH KcAoTh U3 27 mramMmoB MKB, kak kok-
KOBOM, TaK ¥ NAAOYKOBHAHON GOPMDI, K aKTHBHBIM KHCAOTOIIOHH-
XKaTeAsIM OTHecAH 24 mramma (14 mrrammoB poaa Leuconostoc n 10
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OueHKa ITAMMOB MOAOYHOKHCABLX GaKkTepuil
110 cnioco6HoCTH ycBauBath L-16A04HYI0 KHCAOTY

BUHOJEJINE

wtaMMoB poAa Lactobacillus), Aast KOTOpbIX OTpebAeHHE
L-s16A04HO# KHCAOTHI Yepe3 20 4 KyABTHBHPOBAHHS CO-
cTtaBHAO OKOAO 80-90%. OAHAKO 3TH INTAMMbl OTAH-
YaAMCh MEXAY COOOH IO KOAMYECTBY NOTPeOACHHOMH
L-16A04HO¥ KMCAOTBHI B I€pBble 4 4 KyABTHBHPOBAHHUA,
4TO YKa3bIBa€T Ha INTAMMOBBIE OTAMYHMSA, CBSI3aHHBIE C
apanTalyed IPH IEPEXOAe C IOTPEOACHHS YTACBOAOB
Ha yCBOEHHE HU3KOKAAOPHHHOrO cybcTpara — S6A0YHOM
KHMCAOTBI.

BoisiBaeHs! 3 mramma (2 mramma popa Leuconostoc u
1 irramm poaa Lactobacillus), o6aaparouye caaboii akTUB-
HOCTBIO K COpa)XKMBAaHHIO L-10A0YHOM KHCAOTBI, YTO BO3-
MOXHO CBSI3aHO C 60A€e MEAACHHBIM €€ TPAHCIOPTHPO-
BaHMeM B KAeTKy. Uepes 20 4 moTpebaeHue L-16A04HOM
KHCAOTbI STHMH IITAMMaMH KOKKOBOH (pOPMBI COCTABHAO
23,8%, a ITAMMOM NTAaAOYKOBHAHOH popMbI — 47,5 %.

Ha ocHOBaHMM aHaAM3a IIOAYYEHHBIX AQHHBIX HaMH
OTMe4eHbI 23 MTaMMa MOAOYHOKHCABIX OaKTepHi, ycBa-
MBAOIIHX A0 87,5-95,0 % L-16A0uH0M KHCAOTHI 3a 20 4
IPH BHOCHMOH B CPeAY KYABTHBHPOBaHHSA A03€ BAQXKHOH
6romaccsl 5 r/aM>.

BoiBogni

Hsydenne moTeHIIMaAbHOH BO3MOXXHOCTH 39 mpH-
POAHBIX IITAMMOB MOAOYHOKHCABIX GaKTepHil OCylIecT-
BAATD IPOIIECC AOAOIHO-MOAOYHOrO OPOXKEHHS IO3BO-
AMAO YCTaHOBHTb, YTO OOABIIMHCTBO IITAMMOB 00AaAa-
I0T AOCTAaTOYHO BBICOKOH aKTHBHOCTBIO K IOTPEOAEHHIO
L-s16A04HO# KHCAOTBI. AQaHHBIH IPHU3HAK OTMEYeH y 94%
HCCACAOBAHHBIX MOAOYHOKHCABIX OaKTepHH KOKKOBOH
GOpMBI, YTO MOATBEPXKAAET UX XapaKTE€PHCTHKY KaK TH-
IINYHBIX aT€HTOB A0AOYHO-MOAOYHOTO OPOXKEHH B ITPaK-
THKe BUHOAeAHS. CpeAr MOAOYHOKHCABIX OaKTepHI posa
Lactobacillus Taxum npusHakoM o6aapasu ToAbko 50%,
OAHAKO IEPCIeKTHBA UX MCIIOAb30BAaHHUS B KayeCTBE aK-
THBHBIX KHCAOTOIIOHIDKATEACH TAKOKe BBICOKA.
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