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OINNPEJEJEHUE PAITUOHAJIBHBIX PEXKUMHBIX TAPAMETPOB ®EPMEHTALIUN
BHOBOAOPO/JA C HCTTIOJIB30BAHUEM CLOSTRIDIUM BUTYRICUM N
ENTEROBACTER CLOACAE HA THAPOJIM3ATAX COJIOMBI,
AKTUBHUPOBAHHOMU ITAPOB3PBIBHOU OBPABOTKOU
A. b. IlpocBupHuxos, /I. B. Tynues, JI. U. I'm3aryaauna, U. X. Iaiidyanun

Pedepar. VccnenoBaHus OpoOBOAUIM C LEIbIO ONPENEICHUS BO3MOXXHOCTH HCIOJIb30BaHUS
CENIbCKOXO3SHCTBEHHBIX OTXOJO0B, B YaCTHOCTH, COJOMBI ISl NIPOM3BOACTBA OHoBOomopona. B pabote
WCIIONIB30BAJIM JIBA THIIA THIPOJIU3ATOB COJIOMBI (IIOCIIE KHCIOTHOTO M (pepMEHTATHBHOTO THAPOIN3A),
MIpeIBApUTEIFHO aKTUBUPOBAHHOM MapOB3pPHIBHOI 00pabOTKON MpH TeMmeparypax BoisHoro mapa 100,
165, 210°C. Tuaponu3aTel pa3GaBIsIN ANCTHIUIMPOBAHHON BOOH 0 KOHIEHTPALMII PeLyHpPYOIIHX
BemectB (PB) B Hux 1,0 1,5 1 2,0% 0T X Macchl ¢ HEebio ONpe/IesIeHNs] palliOHAIFHON KOHIIEHTPALUH.
Ha 18 o0pa3uax ruaponn3aToB HCHBITHIBAIM ABE KYJIbTYpbl aHA3POOHBIX MHUKPOOPTaHH3MOB — LITAMM
oakrepuit poma Clostridium butyricum E.VI.3.2.1 (Ne BKIIM B-9619), mramm OakTepuii pona
Enterobacter cloacae (Ne BKIIM B-1980). Temnepatypy ¢epMeHTannu A7 BCeX MpoO yCTaHABIMBAJIH
pasnoii 37+0,5°C, pH — 5,5+0,1. BoigenuBuiuiics ra3 HakalIMBaId B ra3rolibIepe, Yyepe3 Kaxaple 12 g
ero mpoOBl OTOMpany W aHATU3MPOBAIM Ha 00BEMHOE conepkaHue Bojopona. Ilocie ycraHoBieHHs
pannoHaNbHON HavYadbHOW KOHLEHTPAIMM CyOCcTpaTa, TeMIIEpaTyphl MapOB3pPhIBHONW AaKTHBAIMH COJIO-
MBI, BHJIa THAPOJIM3aTa U HanOOJIBILETO BBIX0Aa OMOBOIOPOAA, IOTIOTHUTEIHHO U3MEHSIIN TEMIIEpaTypy
KyJnbTHBaMu U pH a7t KayKIoH KyJbTYpHI C LETbIO BBISBICHUS PAllOHAIBHBIX mapamerpoB: aist Clos-
tridium butyricum Temmeparypy KyJbTHBAIMKM YCTAHABIMBAIU Ha ypoBHe 32+0,5, 37+0,5 u 42+0,5°C,
ni1s Enterobacter cloacae — 36+0,5, 37+0,5, 38+0,5°C; pH mis Bcex npo0 yCTaHABIMBAIN B AUaNa30He
5...6 ¢ marom 0,5+0,1). Ha KUCIIOTHBIX THIPONH3aTaX COJOMBI JYUIIYIO MPOAYKTUBHOCTh AEMOHCTPH-
poBanu Clostridium butyricum (Temmeparypa HapoB3psiBHON o6paborku 165°C) — BeIXOI BOZOpoOIa
coctaBmi 73 MII/T, Ha TUAponu3aTax, GpepmenTupoBaHHbIx Enterobacter cloacae (Temmepatypa mapo-
B3pbIBHON 00paboTku 210°C), BEIX0A Bomopoaa ObuT paBeH 50 Mi/r. O6e KyJIbTYPBI CIOCOOHBI TIPOY-
LUPOBaTh MAaKCUMaJIbHOE KOJWYECTBO BOJOPOAA NMPH KOHIEHTPALUH PEIyLUPYIONIUX BemecTB 2%.
PanuonanbHas temneparypa ¢gepmenramun st Clostridium butyricum — 37+0,5°C, must Enterobacter
cloacae — 36+0,5°C, mis 06eux KyapTyp — pH=6.

KiroueBble cjioBa: coioMa, mapoB3peIBHAS 00paboTka, ruaponn3, pepMeHTanus, OnoBOIOPOI.

BBenenne. CoBpemeHHOE OOIMIECTBO CTaJ- NaOH wm ruapokcnn kxameius Ca(OH),, dro
KHMBAeTCsl C PacTymied MOTpeOHOCThIO B MOMCKE  ITO3BOJISAET OOJErYUTh ACTUTHU(HUKALUIO U BBI-
IbTEPHATHBHBIX, OOJiee DKOJIOrMuecku Oe3omac-  CBOOOXKIECHHUE LEIUTIONO03HI [6].

HBIX MCTOYHHUKOB dHepruu. Ocoboe MecTo B 3TOM Hexoropble wnccnenoBateny pa3padaThIBaioOT
KOHTEKcTe 3aHuMaeT O6uoBozopox [l, 2]. OmgHo- ~ OECKMCIOTHBIE METOABI MPEABAPHTEIBHON 00pa-
BPEMEHHO 3HAYHMTENILHBIM HCTOYHUKOM OHOMac- 0OTKH, HamnpHMep, IapOB3PBIBHYIO 00pa0OTKY
CBI, KOTOpast MOKET OBITh MOTEHIMAIBHEIM CHIPb-  (Steam explosion) u aBTOTHIPOITH3
€M IS TIPOM3BOJICTBA OMOBOZOpoAa MoryT ObITh  (autohydrolysis) [6, 7]. Ob6a MeToma OCHOBAaHBI Ha
pacTUTENbHBIE OCTaTKH, B YaCTHOCTH, COJIOMAa.  HCIOJIb30BaHWH BOJSIHOTO T1apa, BBICOKMUX TEMIIE-
Onn o0pa3yroTcst B OrpoMHBIX oObemax, a ux  paryp (160...260°C) u maBnenus (2...5 MlIla),
HaKOIUICHHE CTAaHOBUTCS CYIIECTBEHHOW MpoOJie-  YTOObI M3MEHUTH CTPYKTYpPY M XMUMHYECKHH CO-
Mo#. Bricokoe coneprxaHue 1eJUTI0JI03bl U TeMU- cTaB ChIphs 8, 9].

LEJUTIOJI03bI JICNAET COJIOMY XOPOIIMM HMCTOYHH- B paGote psiga aBTOpPOB M3ydalld MPOU3BO-
KOM YIJIEBOJOB /I ()epMEHTAlMU W MPOU3BOJ-  CTBO OWOdTaHONa, OMOBOAOpOJa M Ouorasa wus3
cTBa Owmoraza, Biimrodas OuoBozopox [3, 4, 5].  NIIEHWYHOH COJOMBI B KOHTEKCTE OHomepepadboT-

OpmHako st MakcHUManbHON 3¢¢eKTHBHOCTH  KH. MeToJpl UCCIen0BaHMs BKIFOYAIN THAPOTED-
WCIIOJIb30BAHUS COJIOMBI HEOOXOMMO TIPOBOJIUTh ~ MHYECKYI0 00pabOTKy NIICHWYHOW  COJIOMBI
MIPEABAPHUTENBHYIO 00pa0bOTKY, YTOOBI pa3pyIIuTh  (ABTOTHAPONIN3) JUIS pa3lesieHHus] ee Ha IeJUIio-

KJIETOYHbBIC CTPYKTYpBI M caeiaTh e€ Oonee J0-  JO3HYHO (BOJIOKHO) M KUJKYH, OOTaTyi0 reMu-
CTYIHOU 7151 ()epMEHTAIIMH U TPOU3BOJICTBA OMO-  IEJUTI0JI030# (Tuaposusar), dhpakiuu; GepMeHTa-
rasa, BKJII09asi GMOBOIOPO/I. TUBHBIM THIPOJIK3 IEJUIFOJIO3HOM (PPaKInK, KOTO-

OmmH  u3  cnoco0oB  TIpenBapUTENbHOM bl obecrieunBan nonydenue 0,41 r araHona Ha
00pabOTKH  CeNbCKOXO3SHCTBEHHBIX  OTXOIOB 1 T TIIOKO3BI, TeMHast epMEHTAIS TIEHTO3HOTO
NpeIycCMaTpUBaeT  HCIONB30BAaHWE  KHCJIOT — THIPOJIM3aTa, KOTOpas MPHBOIMIA K MOTYyYCHHIO
(cepHas, comsiHast ¥ Ap.) Ans AenurHn¢ukanuy 1 178 mi Bomopoaa Ha | T caxapa. VccnenoBatenn

THIPOH3a OMOMACCHl. DTO MO3BOJSACT OCBOOO-  OICHHJIM IIECTh PA3IMYHBIX BAapHAHTOB U IIPH-
JUTH TEIUTFOJIO3Y JJIs TIOCNEAYIONeH ()epMEHTa-  IUIM K BBIBOJIY, YTO HCIIOJH30BAHHUEC MIIICHUYHOU
MU, OJHAKO MOXET MoTpeOoBaTh 00pabOTKY  COJIOMBI JUIsl MPOU3BOJCTBA OHOrasa WM He-
OTXO0O0B IJIsd HeﬁTpaJ'[HSaL[HH OCTAaTOYHBIX KHC- CKOJIBKMX BHJOB TOIJIMBAa SHECPTCTHUYCCKU 60nee
JIOT ¥ TIOBIUSTH HA SKOHOMHYECKYIO 3PPeKTHB-  3(PPEeKTHBHO, HYeM TaKOr0 MOHOTOIUIMBA, Kak
HOCcTh mpouecca [5]. Kpome Toro, m3BecTeH Me-  OHOASTaHOI, ITyTeM (hepMEHTAMU TOJBKO caxapa

TOJl, TIPY HCIIOIB30BAaHUM KOTOPOro mpuMeHstoT  Cq. OTO OTKpBIBACT BO3MOXKHOCTH Ui Oosee
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3¢ (GEKTUBHOTO HCIIOJIB30BAHKUS ~ PACTUTECIBHON
OromMacchl COJIOMBI M 3HEPTUM, Aenas MpoLecc
0oJ1ee SKOHOMHYECKH BBHITOAHBIM [10].

[11] N3y4yeHne BO3MOKHOCTEH ONTUMH3AINN
MIPEABAPUTENLHON 00paOOTKH PHCOBOIT COJIOMBI €
UCIIOJIb30BAaHNEM OPraHOCOJIbBEHTHBIX BEILECTB C
LENIBI0 YBEIIMYECHHUS [TPOM3BOJICTBA OMOBOIOPOAA
npu yuactun Enterobacter aerogenes mokasalno,
YTO WM3MEHEHHE IapaMeTpoB MpPEeNBaAPUTEIBHON
00paboTKM PHCOBON CONOMBI  (KOHIICHTPALIUs
9TaHOJA, TeMIIepaTypa, MPOAOILKUTEILHOCTh) HE
OKa3bIBAJIO CYIIECTBEHHOTO BIMSHHSA HA BBIXOX
Bosopoaa. Hanbonpimmit BeIX0O BoOpoaa cocTa-
B 19,73 Mi/r coiombl B ObUT TOCTHTHYT IIpH
00paboTke B TeueHne 30 MHUHYT 3TaHOJIOM C KOH-
neHtparueidn 45% mo o0beMy W TemIeparype
180°C.

Br1bop MeTona 3aBUCHT OT TaKUX YCIOBUH H
IapamMeTpoB IIpolriecca, Kak TUI Omomacchl, J0-
CTYHHOCTh OOOpYIOBaHMS W JHEPreTHYECKHE
3arpatel [12]. DddexTuBHas npensapurenbHas
00paboTKa IMO3BOJISIET MAaKCUMAaJIbHO HCIOJIB30-
BaTh IOTEHIMAI PACTHTENBHBIX OTXOJOB JUIs
MIPOM3BO/ICTBA OMOBOIOPOJIA U CHU3UTH HEraTHB-
HOE BO3JICHCTBHE HA OKPY’KAIOLIYIO CPELy.

Ha cerognsimnuii eHb HE CYLIECTBYET ONTH-
MaJIbHOM TEXHOJOTWH TpeaBapUTENbHONH 00pa-
0otk cyOctpara (tuaponmsara). Ee mensto ciy-
KHUT CO3/IaHME TaKUX YCJIOBHH (cocTaBa cpenbl),
IpU  KOTOPBIX  TPOUCXOJHUT  TIO/IaBICHHE
LITAMMOB-TIOTpEOUTENe BOIOPO/a U CTUMYJIHU-
poOBaHHE IMITaMMOB ero npoayueHToB [13]. Oxgna-
KO HEKOTOPBIC BOAOPO-NOTPEONUTETH MOTYT BbI-
XKHUBaTh B CyOcTpaTax Iocje IpenBapUTEIbHON
00paboTKH, a HEKOTOPbIE BOAOPOI-TIPOIYLEHTHI
MOTYT OBITh HHTHOWPOBaHEL. JTO B OONbBIIEH Me-
pe 3aBUCHT OT COCTaBa MMTATEJILHOM cpeabl cyo-
cTpara, HaXxOXACHHS B HEW aHTUIHMTATENbHBIX
BEIIECTB M META0OIUYECKHX MPOLIECCOB, MPOUC-
XOAAmuX npH pepMeHTamu.

Tak, HEKOTOpbIE METOJbI IPENBAPUTEIBLHOM
00paboTKH CcyOCTpaTOB MPHUBOIAT K 0Opa3oBa-
HUIO HMHTHOMPYIOIIMX COEAWHEHWH, KOTOpHIE
MOTYT HEraTHBHO CKa3aThCsl HAa BBIXO/E OMOBO/IO-
pona.  IlosTomy  HeoOXoamMoO  IPOBECTH
JIOTIOJTHUTEJIbHBIE ~ MCCIIEIOBAHUST Ul TIOMCKa
ONTUMAJIBHBIX TEXHOJOTHH, YUUThIBAsI DHEPreTH-
YECKyI0, JKOHOMHYECKYI0 W  TEXHHYECKYIO
OCYIIECTBUMOCTh MX ITPUMEHEHHS B IIPOMBIIILICH-
HBIX MacIITabax.

@depMeHTaIMST CIYXHUT KIIOYEBBIM 3TarloM
MIPOM3BO/ICTBA OMOBOJOPO/A W3 PaCTHTENBHBIX
OTXO/IOB ¥ BKIIIOYaeT B ceds BHIOOp MHMKpoopra-
HU3MOB ®  yciaoBuih  ¢epmentanuu. s
YCIEITHON (epMEHTAIH UCIIONB3YIOT Pa3HOo00-
pasHble aHadpoOHBIE MUKpoopraHusMel — Clos-
tridium spp. [14], B Tom uncne Clostridium aceto-
butylicum wim Clostridium butyricum [15, 16],
Escherichia coli [17], Thermoanaerobacter
spp. [16], Enterobacter spp. [18], Rhodobacter
sphaeroides [19, 20]. Takue Bunbl, kak Entero-
bacter aerogenes u Enterobacter cloacae, xopormio
H3BECTHHI CBOEH CIIOCOOHOCTEIO (hepMEHTHPOBATH
OpraHuyeckue cyocTpaThl U MPOU3BOANTH OMOBO-
JOpOI B aHa’pOOHBIX YCIIOBUSX. B HekoTOpbhIX
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CIIydasix Ha €ro BBIXOJ[ BIUSET KOHKYPEHIHS C
IPYTUMH MHUKpoopranuzMamu, Hampumep, Clos-
tridium spp. [21, 22]. D10 MOXeT OBITH CBSI3aHO
C PpasMUYHBIMH NOYyTIMH  (QepMeHTalmu |
NPEANOYTUTENLHBIMU  YCIIOBUSIMA ~ JJIsL  POCTa
MHUKpPOOPTaHU3MOB.

K BaxHbIM mapamerpam (epMEHTALUH OTHO-
CAT TeMIeparypy, nasienue, pH cpensl, a Takxe
MUHIMAaJIbHOE HAIWYHE WU MOJHOE OTCYTCTBHE
KHCIOpoaa (B 3aBUCHMOCTH OT BBIOPAaHHBIX MHK-
POOPTaHU3MOB), COCTaB CEIbCKOXO3IHCTBEHHBIX
0TX0J10B. IX KOHTPOIIb UTPAET KIIFOYECBYIO POJH B
3¢ PeKTUBHON KOHBEpCHN OMOMAacChl B BOIOPOI.

OntumanbHass TeMmmeparypa Uit MHOTHX
aHa3POOHBIX Oakrepui, UCTIONB3YEMBIX
B Tporecce (epMeHTAlud Ui MPOU3BOJICTBA
O6moBOIOpOIa, HAXOAUTCSA B QUama3oHe oT 35 mo
55°C [23, 24, 25]. Hampumep, misa Clostridium
acetobutylicum ona cocrasisier okono 37°C. Pe-
3yJIBTaThl U3YUEHHsI BO3ICHCTBUE TEMIIEPaTyphl 1
o01ero copepkaHusl TBEPABIX BEIIECTB Ha IPO-
M3BOJICTBO OMOBO/IOPO/Ia TIPH TEMHOM (hepMeHTa-
IIUHM PUCOBOI COJIOMBI TTOKa3aJH, YTO IPH TEPMO-
¢ueHOM TemHOM Opoxernus (TAP) mpu 55+1°C
OHO OBUIO BHIMIE, YEM MPH ME30(PIIEHOM TEMHOM
6poxenun (MA®) npu 37+1°C.

Bpemsi depMeHTanMu MOXKET COCTaBIATH OT
HECKOJIKMX JTHEH 70 HECKOJbKHX HeJeNb B 3aBU-
CUMOCTH OT MHOTHX (DaKTOpOB, BKIIOYAs BHIL
MHUKpPOOPTaHU3MOB, COCTaB CyOCTpaTa U yCIOBHS
(hepmenTanmu, Ham4aue ceera [26, 27]. YcraHOB-
neHo, 9to Rhodobacter Sphaeroides nnoxo pac-
TET B TEMHOTE, HO TP OCBEUICHUH POCT M TPO-
nykmus H, BoccranasnuBarotes [28].

JlaBneHne MOXET BIMSATH Ha pPaBHOBECHE
MeXay Ouorasamu, BKIo4as 6rnoBogopon. Onru-
MallbHasi BEJIMUMHA ITOTO MOKa3aTessi MOXKET Ba-
pPbHPOBaTh, HO OHA YACTO HAXOJHUTCS B JHAaNa30He
or 1 no 3 6ap [29, 30]. Hampumep, yBennaeHne
obmero maBnenns Ha 0,18 Gap CHMKAIO BBIXOIBI
omoBomopona Ha 19,5%, a ymensinenue Ha 0,11
0ap MO3BOJIMIIO TIOBBICUTH BEIXOX Ha 7% [31].

OnTUManbHBI  pacxo] cyOcTpaTa MOXKET
OBITH OIpEZEIeH B XO€ DKCIIEPUMEHTOB U 3aBU-
CHUT OT €ro coctaBa u kadectBa [32]. Hanpumep,
J00aBJICHUE PACTUTENHLHOIO (EPMEHTHOIO Tpe-
mapaTta, SKCTParupoOBaHHOTO W3 CEMSH CISIIeH
KJemeBuHbl (Ricinus communis L.) B OqHOCTa-
JUHHBIN TIporiecc (OJHOBPEMEHHBIN THIPOIU3 H
(epMeHTalMIO) TPHUBEIO K 3HAYUTEIHLHOMY
COKpAalICHUIO aJaNTUBHOM ()a3pl NPHMEPHO Ha
50%. IIpu 5TOM BBIXO/ BOJIOPOAA YBEIUUHJIICS HA
14%, a mpOM3BOAUTENBHOCTH IO BOAOPOAY —
Ha 48% [33].

CHMKEHHE HETAaTHBHOTO BINSIHUS MOOOYHBIX
peaknuii Ha Xox MeTabOoJIMYecKOro Ipolecca H
yBEJIMYEHNE BBIX0a OMOBOIOPOAA M IPYTHX IIPO-
JIyKTOB U3ydaiu MHorue aBTopel [34, 35, 36].
OCHOBHOI UX UEEH MOXXHO CUUTATH BBEJCHUE B
Xxozie (epMeHTaIMU JIOTIOJIHUTEIBHBIX XUMHUE-
CKUX BEIIECTB, CHOCOOCTBYIOIIUX CHHXKEHUIO
HETaTUBHOTO BIIUSHUS MOOOYHBIX COCTUHEHUH.

Takum o0pazom, TpeIBapuTeIbHAS
00paboTKa TaKMX CEJIbCKOXO3SMCTBEHHBIX OTXO-
JIOB, KaK COJIOMA, CITyXHT KJIIOUEBBIM CIOCOOOM
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NOBBIICHUS BBIX0oAa OMoBoxopona mpu ¢epMeH-
TaTUBHON 00paboTKe. DTO TO3BOJSAET IPPEKTHUB-
Hee HCI0Ib30BaTh CENbCKOXO3SHCTBEHHBIE pe-
CYpPChl M CHIDKaTh HETaTHBHOE BO3JCHCTBHE II0-
0OUHBIX MPOIYKTOB Ha npouecc pepmenrammu. K
Haubosee pacupoCTpaHEHHBIM METOJlaM IpeJBa-
puTenpHON 00paboTKu mepen (epMEHTaTUBHOU
00paboTKOH ((hepMEHTONN30M) WM KHCIOTHOU
00paboTKO¥ (THIPONTH30M) MOKHO OTHECTH IApO-
B3PBIBHYIO 00paboTKy, 00paboTKy HIeI0YaMH, a K
HanMeHee PaclpOCTPAHECHHBIM — O30HHPOBAHUE 1
IIPUMEHEHHE OPraHOCOJIbBEHTHBIX BELIECTB.

Henp nccnenoBaHus — OINpelelieHUE palHo-
HaJIBHBIX IapamMeTpoB (epMeHTanuu GHOBOJOPO-
na ¢ ucnonb3oBanueMm Clostridium butyricum u
Enterobacter cloacae Ha Tunponu3aTax COJIOMBI,
AKTUBHPOBAHHOW MapOB3PBIBHON 00pabOTKOM.

YcaoBus, MaTepuasabsl 1 MeToabl. B padore
WCIIONIB30BAIM THAPOJIN3ATHl COJIOMBI, TIpeIBapH-
TEJIFHO aKTHBUPOBAaHHBIE MapOB3PHIBHOI 00pa-
00TKOI1 mpu Temmeparypax BoxsHoro mapa 100,
165, 210°C — 3 KHCJIOTHBIX U 3 ()epPMEHTATHBHBIX.
AXTHBHPOBaHHYIO TapOB3pBIBHON 00paboTKOM
conomy noasepranu kucaorHomy (H,SO4 — 0,5%
n 1,5%, rugpomonyms 1:15, Temmeparypa —
187°C, maBnenune — 1,1...1,15 Mlla, nponomxu-
TEIBHOCTE — 5 Y) W  (QEepMCHTATHBHOMY
(pepMeHTHBIN ~ TIpemapar Hemmonoke-A
(mopomok, 2000 en. va 1 r nmpenapara, OOO I10
«Cubbuodapm», Poccusi) — 6 u 12 1/Kr CBIpbS,
TeMIeparypa 45°C, pH cy6crpara 4,7
(ameratHbIi Oydep), KOHIEHTpAIHS CHIPbs B Cy0-
crpare 33 /71, IpOIOIHKUTENBHOCTE 72 4, TUAPO-
Moxyns 1:5, ckopocTh mepemermBanus — 150 06/
MUH) Tuaposu3y [34]. HauanbHble KOHIECHTpALN
penyimpyromux Bemiects (PB) B rumponmsatax
JOBOJMIIM ITyTeM pa30aBlieHUs] AWCTHILIMPOBAH-
Ho#t Bozoit o 1, 1,5 u 2% oT maccel Tuaponn3aTa
C LIENBIO BBISIBJICHUS! PALMOHAJILHOW KOHIICHTpa-
uuu. Takum oOpaszom, ObUTO TTOMy4deHo 18 obpas-
1[0B THAPONIN3ATOB.

HIramm OGaxtepuit pona Clostridium butyri-
cum E.V1.3.2.1 (Ne BKIIM B-9619) BelpamuBanu
Ha cpene A aHa’poOHOH (epMeHTalK Ccreay-
IOLIETO COCTaBa, I/JI: JIPOXKIKEBOH IKCTpakT — 1,
tpuntona — 1, K,LHPO, — 0,7, KH,PO, — 0,7,
MgSO4 7H20 — 0,1, MHSO4 Hzo — 0,02,
FeSO4 7H,0 — 0,015, NaCl — 0,01, CH;COONH,4
— 3,0, uucreun — 0,5, pezazypun — 0,001.

Hns mramma Oaxrepuit poma Enterobacter
cloacae (Ne BKIIM B-1980) wncnons3oBaiu
cpemy Ui aHa’pOOHOW (hepMeHTaIluH, T/JI:
TOBSKUH 3KCTPAKT (IIOMYyYCHHBIH ITyTeM 3KCTPaK-
uu 1pu 37...39 °C B Teuenne 2 9 500 T TOBSKD-
ero obexupeHHoro ¢apma B 1 JI AUCTHILIHPO-
BAaHHOW BOJBI, C TOCICAYIOMECH (MIbTparuei u
KHIISTYCHUEM JKCTpakTa B Teuenue 30 MuHyT) — 5,
MENTOH 10, NaCl 5, KH,PO, 0,5,
MgSO4 7TH,0 - 0,5.

O06e KynbTypHI BEICEBAJIM HA arape ¢ KyKypys3-
HOW MyKoif mpu Temmneparype 4...8°C. [l Kyib-
THBUPOBAHMS TOCEBHBIX 00pa3noB Clostridium
butyricum n Enterobacter cloacae nHOKyIMpoBa-
mu B kouOy 250 i, comepxkamniyto 50 M coot-
BETCTBYIOLIEH Cpeabl, a 3areM HHKyOupoBaiu
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B meiikepe Kuhner Shaker ISF1-X npu 37 °C u
130 06/MuH B Teuenue 12 u.

Bocemnanmare npo6 rugponu3aToB (epMeH-
THPOBAIA TOTOBBIMHA HWHOKyIsiTamMu (Bcero 36
po6). Temmeparypy depMeHTAIIUN BO BCEX MPO-
0ax ycranmasmuBaim 37+0,5°C, pH 5,5+0,1. B
MOJrOTOBJICHHBIE K006l 500 M1 moGarstmu 200
MJ ruaponusara (¢ konuentpamueir PB 1,0, 1,5
wm 2,0%), muTatedbHble KOMIIOHEHTH CpPEIbl
JUI aHa’pOOHON (epMEHTAMU M TOATOTOBIICH-
HBIE MHOKYIATH B 00beme 30 mut. J[ist mommepika-
HUS aHa’poOHOU (epMeHTauu KOJOBl ¢ cyd-
CTpaTOM, YCTaHOBJICHHBIE B HWHKYOAIMOHHOM
mielikepe, 0e3 BKIIOUEHHS CBETa, ITPOIyBaJIN a30-
TOM ¥ T€PMETH3HPOBAIU PE3MHO-ATIOMHHHEBOM
KPBIIIKOH ¢ 0TOOpOoM mpob raza. depmeHTarmio
npoBowy nipu 100 06/mMuH B Tedenue 72 4. Bri-
JIENUBIIANACS Ta3 HAaKaIUIMBAIN B Tas3rojbaepe U
yepe3 Kaxkaple 12 9 ompenensii 00bEMHOE CO-
JIepKaHUEe BOIOpPOJA Ha Ta3oaHAIN3aTope. 3aTeM
€ro IePeCUUTHIBAIN B 00BEM (MJT) BBIJICIIUBIIICTO-
cs Bojtoponia ¢ 1 r cyOcerpara (cyxux Bemects PB
B THIPOJM3aTe) M PACCUUTHIBAIM COBOKYITHOE
MPOM3BOJCTBO BOAOPOJAa B COOTBETCTBYIOLIHN
nepruos pepMeHTaITNH.

Ha mepBom sTame mccnenoBaHuii ans 000mX
BAIOB OakTepuil OMpEeAeISUTH PalUOHATBHYIO
HavaJIbHYIO KOHIIEHTPAIMIO CyOCTpaTa, TeMIepa-
Typy MapOB3pPHIBHON aKTHBAIUU COJIOMBI, BIHSIO-
el Ha cocTaB CcyOcTpaTa, U CpaBHUBAIH (P deK-
THBHOCTh IPOAYIMPOBAHUSA OHOBOIOpPOIA OOCH-
MH KyJIbTypaMH Ha KHUCJIOTHBIX U (DepPMEHTATUB-
HBIX THApoiH3aTax. TemmepaTtypa dhepMeHTanuu
37+0,5°C u mnoxpnepxuBaeMbli ypoBeHb pH
5,540,1 6puTH hUKCHPOBAHHBIMH JUIS BCEX MPOO.

Ha BrOpoM 3Tame ucCleAOBaHWA JIOTOJHU-
TEJILHO ONPEACISUIM PAlOHAIBHYI0 TeMIlepary-
py xynstuBauuu. nsa Clostridium butyricum ee
BapbpHpoBanM Ha ypoBHe 32+0,5°C, 37+0,5°C u
42+0,5°C, nasa Enterobacter cloacae — 36+0,5°C,
37+0,5°C, 38+0,5°C. Bcero ObUTIO TIPOBEIEHO TIO
3 mapaiienpHBIX OMBITAa. BBIOOp Temieparyp
JUIS ~ BBIABIICHHUS  PAllMOHAIBHBIX  3HAYCHUH
OCHOBBIBAJICS Ha PE3yJbTaTaxX MPEIbIAYIIAX HC-
cnenoBanuit [21, 22, 23]. pH cpenst mis obenx
KyJIBTYp Ha 3TOM 3Tane (HUKCUPOBAIN Ha YPOBHE
5,5£0,1. Tlocnme omnpeneneHus paluOHAILHOM
TeMIepaTypbl KyTbTHBAWN I KaXXIOTO IITaM-
Ma JIOTIONIHUTENFHO YTOYHSIA paIlOHATBHBIN
ypoBeHb pH mis 00OMX mITaMMOB B JHAma3oHE
5...6 ¢ marom 0,5+0,1. [na ero ompeneneHus
ucnons3oBamu pH-merp UIDI-113 Mynstutect.

CpaBHeHHE TI0  MAaKCHMaJIbHOMY  BBIXOZY
BOJIOPOJIa TPOBOAMIIN TPH TPEX MapauIeTbHBIX
HU3MEPEHUSX.

Pe3yabTaTrel U ob0cyxnenue. IlapoB3pbiB-
Hasi aKTUBALUsl U COCTaB MOJy4YaeMbIX T'HIPOJIU-
3aTOB CYIIECTBEHHO IMOBIMIM Ha pabOTy cpas-
HUBaeMbIX Oaktepuii (puc. 1). Clostridium butyri-
cum TPOSIBUIIN OOJIBIIYIO aKTUBHOCTH Ha THIIPO-
JU3aTax COJIOMBI, aKTHBHpOBaHHOW mpu 165°C
(MakcUMabHBIM BBIXOJ BOJOPOJA COCTaBHI OT
52 mo 71 Mu/T B 3aBUCHMOCTH OT KOHIICHTPAIIH
cyOcrpaTa), MEHbIIE BCEro IPOM3BEIECHHOTO BO-
Joposia ObIIO 3aMKCHPOBAHO Ha THIPOJIM3aTax
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cosiombl, aktuBupoBaHHoW mpm 100°C — ot 40
a0 49 wmu/r. IloBbllieHHe TeMmeparypbl Mapo-
B3pBIBHOI 00paboTku 1o 210°C mpuBeno K CHH-
xkennto aktuBHOcTH  Clostridium — butyricum.

Takasi cUTyalsi MOKET ObITh OOYCJIOBJICHA TEM,
YTO TPH MOBBILICHHH TEMIEPATypbl MapOB3PbIB-
HOW 0OpabOTKHM B KHUCIOTHBIX THIPOJIU3aTaxX CO-
JIOMBI YBEJMUUBAETCS cojepxanue ¢pypdyporna u

rugpokcumerundypdypona [37], yro cHmKaer
JeATeIbHOCTh OaKTepUii M HUX CIIOCOOHOCTB
NPOIYLUPOBATH BOAOPO.

VYBenu4yeHHe KOHIEHTpauu cyOcTpara c
1 no 2% nmna Clostridium butyricum TO3BOIWIO
HOBBICUTH BBIXOA Bogopoaa Ha 22...37%. Ilpo-
JIOJDKUTENBHOCTD (pepMeHTallMi BO BCEX JKCIIe-
pUMEHTaX cocTaBmia 72 4.

v € 1%
s C15%
a €. 2%
-~ E.1%
4= E.15%
----- E.2%

Puc. 1 — Kunernka Beixona 0noBogopona, npoxyuupyemoro Clostridium butyricum u Enterobacter
cloacae py pa3NUIHBIX KOHLICHTPAIUIX CyOCTpaTa, Ha KHCIOTHBIX THAPOJIH3aTax COJOMBI, aKTHBUPO-
BaHHOW NP TeMIlepaTypax MapoB3pbIBHOM 00padoTku: a) 100 °C; 6) 165 °C; B) 210 °C (temmepatypa
depmentanuu 37+0,5 °C, pH 5,5+0,1) (C - Clostridium butyricum, E - Enterobacter cloacae)

MaxkcuManbHBI BBIXOJ OWOBOIOpOIA IIpH
ncnonb3oBanuu Enterobacter cloacae otmedann
B BapHaHTaX C KOHIIeHTpanueil cyOctpata 2%:
MIpH TEMIIepaType NpeABAPUTEIHHON MapOB3PBIB-
HOW aKTHBALMU TEpPEea KUCIOTHBIM THAPOIH30M
100°C — 40 mu/r, 165°C — 36 mu/r, 210°C —
44 mn/t, aro B menoM Ha 38% MeHbIe, 10 CpaB-
venmto ¢ Clostridium butyricum. YBennueHue
BBIX0JIa BOJIOPO/IA TIPH TIOBBIIIICHHE TEMITEPATyPHI
mapoB3peIBHON akTuBamu 10 210°C MoxkeT OBITH
CBSI3aHO C T€M, YTO MPOMYKIHUS BOAOPOJA IITaM-
MoM Enterobacter cloacae MieT 1o Tak Ha3bIBae-
MOMY «MypaBbHHOMY IyTu» [37], Korma B MeTa-
001M3Me MOTYT HCIIONIB30BaThCSI OPTaHUYECKUE
KHCJIOTHI, IPACYTCTBYIOIIHNE B CyOCcTpare. Xapak-
Tep BIUSHUS KOHICHTPAIMK CyOCTpaTa Ha BBIXO]
Bomopona musi Enterobacter cloacae B 1enom
ananoruueH Clostridium butyricum, 4to cBUIE-
TEJIBCTBYET O OONIHOCTH OCHOBHOI'O HCTOYHHKA
NpONyKLUMU Boxopoaa — D-rmrokossl, conepika-
HHE KOTOPOH B KHCJIOTHBIX THIPOIIN3aTaxX aKTH-
BHPOBAaHHON COJIOMBI COCTABIISICT, IO HAIIAM
JaHHbIM [34], 2...3%. YBenuueHue KOHUEHTpa-
uuu cyocrpara mus Enterobacter cloacae ¢ 1 no
2% TMO3BOJWIIO YBEIMYUTH BBIXOJ BOAOPOJA
Ha 12...38%.

25 7

W H,, mafr

Lo

a)

Kak mokazanu pe3ynpraTsl u3ydeHus hepMeH-
TaI[UA KUCIOTHBIX THIPOIU3aTOB, HAMOOIBIININ
BBIXOA Bojopona obecrieunBaer Clostridium bu-
tyricum (71 MI/T) IpU KOHLIEHTPALUK PeAyLUpY-
fomuX BemecTB 2% B THAPOIU3ATE COJOMBI, aK-
TUBHPOBAHHOW IapOB3PbIBHOW 00pabOTKOW MpH
temreparype 165°C.

KonBepcusi (hepMeHTAaTHBHBIX THIPOIHA3ATOB
COJIOMBI, aKTUBHPOBAHHOW MApOB3PHIBHONW 00pa-
0otkoii, ¢ ucnonb3oBanuem Clostridium butyri-
cum u Enterobacter cloacae, nokazana (puc. 2),
gyro Oaktepun Enterobacter cloacae Bemyt cebs
Oonee axtuBHO, ueM Clostridium butyricum, B
0COOCHHOCTH Ha THIPOJIM3aTaX, MOIYUCHHBIX
(hepMEHTOIM30M COJIOMBI, AKTUBHUPOBAHHOM IIa-
POB3pEIBHOI 00paboTtkoit mpu 210°C, uTo mo3Bo-
JIMJIO AOCTUYh MaKCHUMAJILHOTO BBIXOJa BOIOPO/a
35,5 mu/r npu KoHmeHTpauu cyoctpata 2%.
B 1iennom HanOoMbIIIHA BEIXO BOIOPOIA IS STOM
KyInbTypbl coctaBui 31...35,5 mu/r B 3aBHCHUMO-
CTH OT KOHIIGHTpamuu cyoOctpara. l3meHeHne
TeMIepaTyphl ITAPOB3PHIBHOI aKTHBAIIUHN COJIOMBI
co 100 1o 210°C u mepexo/ MPOAYKTOB aBTOTUII-
ponM3a B THIPOJM3ATHl CIIOCOOCTBOBAJIO ITOBHI-
HIEHUIO BBIXOJa Bojopoaa B 1,5...2 paza c 16
10 22 mui/r.

i o0
35 |
o 30
- T2 |

Puc. 2 — Kunerunka Beixoa 61oBomopoa, npoayiupyemoro Clostridium butyricum u
Enterobacter cloacae npy pa3iInuHbIX KOHLIEHTPALUIX CyOCTpaTa, Ha (pepMEHTaTHBHBIX THAPOIN3aTax
COJIOMBI, aKTHUBHPOBAHHOW TIPU TeMIIEpaTypax MapoB3peIBHOM 0OpadoTtku: a) 100 °C; 6) 165 °C; B) 210

°C (remneparypa depmenrauuu 37+0,5 °C, pH 5,5+0,1) (C - Clostridium butyricum, E - Enterobacter
cloacae)
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Xota o0muii ypoBeHb BBIX0/1a BOJIOPOJA MPH
UCIIOJIb30BaHUN (DEPMEHTATHBHBIX THAPOIM3aTOB
B IIpUCyTCTBUH Enterobacter cloacae B cpemHem
obu1 B 1,42 pasa HIDKE, IO CPaBHEHHIO C KHCIIOT-
HBIMH THAPOJIN3ATaMH, ITOBBIILICHUE TEMIIepary-
PBI TapOB3PEIBHON 00pabOTKH (a, Clle10BaTENbHO,
WM3MEHEHHE COCTaBa TUIIPOJIU3aTa) CyLIECTBEHHO
yBeIMUYUBaeT BbIXOJ Bojoponaa. To ects Entero-
bacter cloacae oxotHee MeTabomu3nUpPyIOT OoNee
KHCJIBIE THAPOJHN3AaThl B MPUCYTCTBHH OOJBIIETO
KOJIMYECTBA TIFOKO3BI, XOTS 3TOT ITyTh 0 KOHIA
He siceH. B QepMeHTaTHBHBIX THIpOJIH3aTaX
COJIOMBI, akTuBHpoBaHHbIX mpu 210°C, comepika-
Hue TIoKo3bl Ha 20...25% 06osblie, 0 CpaBHE-
HHIO ¢ aKTHBHpoBaHHbIMU npu 165°C. Kak u B
Cllyyae ¢ KHCIOTHBIMHU THAPONN3aTaMH, ITOBBIIIE-
HHE KOHIIGHTpPAIMH CcyOcTpara CHocoOCTBOBAJIO
YBEIMUCHUIO BBIXOJA BOAOPO/A, MPOIYILIHPYEMO-
ro Oakrepusimu Enterobacter cloacae, B cpeqaeM
Ha 24,9 %.

Clostridium butyricum Ha (epMEHTaTUBHBIX
THIPOJIM3aTaX aKTHBUPOBAHHOH COJIOMBI BelH
cebst MeHee aKTHBHO, OCOOCHHO B BapHaHTE
¢ aktuBanueit npu 100°C (MHHEMATBHBIA BBIXO[
BOJIOPOAAa OTMEUYEH NpPU KOHIEHTpAIMu cyOcTpa-
ta 1% — 11,5 mu/r). Hanbonpmuii BeIxo HaOIMIIO-
JlaJii Ha TH/POJIM3aTax COJIOMBI, aKTUBHPOBAHHON

npu  210°C (33 M/r mOpu  KOHIEHTpAlKH
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cyocrpata 2%). OH ObUT CONOCTABUM C BEIUYH-
HOW 3TOr0 ITOKAa3aTellsd NPU UCIOJIB30BaHUH FEn-
terobacter cloacae B TeX e yCIOBHAX. ¥YBemuue-
HHE TeMIIepaTypsl TapOB3PBIBHON 00pabOTKH
nepen (EpMEHTATUBHBIM T'MIPOJIM30M TaKXkKe
CIOCOOCTBOBAJIO TOBBIIICHHUIO BBIXOJa BOAOPOJIA.
[To-BuaMMOMY, 3TO CBSI3aHO C YBEJIHMYCHUEM KOH-
LHeHTpauuu D-rinroko3sl.

Haubonpmee nmpoaynupoBaHue BOAOpOAa Ha
(hepMEHTAaTHBHBIX THAPOJIM3AaTaxX COJIOMBEI o0Oec-
neunn Enterobacter cloacae (35,5 mn/t) ipu KoH-
HEeHTpaliy pPeayLHpYIOMnX BemecTB 2% B THI-
ponMzaTe ¥ TeMIeparype MapoB3pbIBHOM aKTHBa-
MU COJIOMBI Tiepe ] ruaposuzoM 210°C.

Beixon  Bomopoja MpH  UCHOJB30BaHUH
Clostridium butyricum OBIT BBIIIE TIPH TEMIIEpa-
typax Gonee 37°C (puc. 3a). Ilpu Temmeparype
42°C oH GBUI COIIOCTaBHM C pE3yJbTaTaMH IIPU
37°C, ocobenno mocime 48 4 (epMmeHTaUNH, HO
SIBHO OTJIMYAIKCh B IepBbie 36 4 depMeHTanNy.
OueBUTHO TIOBBIIIEHHBIE TEMIEpaTypsl B Hadaie
cHU3WIN aKTUBHOCTH Clostridium butyricum, on-
HAKO, BBIPABHMBAaHME 3HAYECHUH IO 3aBEPIICHUN
KOHLIEHTPALMH CBHUICTENBCTBYET O TEPMOCTa-
6unbHOCTH Oaktepuit. [Ipu Temmeparype 32°C
BEIXOJZl BOJOpoAa B cpemHeM ObDT Ha 35...40%
HIDKE C MAaKCUMajbHO BO3MOXKHOH BEIMYMHON
9TOro mokasareist 61 M.
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Puc. 3 — Beixos BoJiopoia Ha KHCIOTHOM THAPOJIN3ATE COJIOMBI, aKTHBUPOBAaHHOM MTapOB3pBIBHOI 00pa-
6otkoit ipu 165°C (a) 1 hepMeHTaTHBHOM I'HAPOIM3ATE COIOMBI, AKTUBHPOBAHHOW MapOB3PBIBHO#M 00-
paborkoii mpu 210°C (0), npu pa3nTUUHBIX TeMIeparypax GepMeHTanuu

Hns Enterobacter cloacae n3MeHeHHE TeMIIe-
patypsl (epMEHTaIMM MOXHO CUMTATh CyIle-
cTBeHHBIM (hakTopoM. Ee moBemenue ¢ 36 no
38°C cHWKaJI0 BBIXOA BOJOPOIAa B CPETHEM B
1,2...2,7 pa3a, ocobeHHO B niepBbic 36 4 GepMeH-
taimu. [locnenyromue 3Ha4eHUS JJ1s1 TEMITEPATYp
37 u 38°C comocraBuMbl. OHAKO OHU HUKE pe-
3yIBTATOB, MOJTy4YeHHBIX npu 36°C, Ha 18...20%.
CTabuIbHO BBICOKHH BBIXOX (42...44 MI/T) BOJO-
pona Habmogaau npu Temneparype 36+0,5°C,
KOTOpasi Ui 3TOH KyJIBTYphl OIpeAeieHa Kak
pannonansHas (puc. 30).

Ha puc. 4 a, 0 npexacTaBieHbl pe3yJIbTAThI
BeIxoga Bogopona mns Clostridium butyricum
(xucnoTHBIN ruaponu3ar) u Enterobacter cloacae
((pepMeHTATHBHBIN THAPOIN3AT) COOTBETCTBEHHO
IIpU BBISIBJICHUHM PalMOHANBHBIX 3HaueHud pH
cpensbl.

Jns obenx KynbTyp nosbimienne pH ¢ 5 o 6
BEJIO K YBEJIMYCHHUIO BBIXOJA BOJOPOAA, OJHAKO

72

st Enterobacter cloacae Takoe n3aMeHEHNE OBLITO
3ametHee (puc. 4, 6). Hampumep, ipu 72 1 dep-
MEHTalMU BBIXOA BojopoJa npu pH 6 mosbimain-
ca B 1,56 pa3. Takoe BnusHue u3MeHeHus pH
MOXET OBITh CBSI3aHO CO CHIDKEHHWEM HHTHOUpO-
BaHMS JIETYYHX KUPHBIX KHCIIOT, MPHCYTCTBYIO-
KX B THAPOJIM3ATE, MPH TPOAOJDKUTEIBHON
(dhepmenTanu. MaKkCHUMabHBIAH B OIBITE BBIXOI
npu pH 6 mns Clostridium butyricum coctaBui
73 mu/r, gisg Enterobacter cloacae — 50 ma/r.

ITo pe3ynbTaTaM McciIeaOBaHU IS TOCTHKE-
HUST MaKCHMaJIbHOTO BBIXOJa OHMOBOAOpOJA W3
COJIOMBI, TPE/IBapUTEIBHO aKTHBUPOBAHHOM Ia-
POB3PBIBHOI 00pabOTKOI, MOXXHO PEKOMEHO-
BaTh CJCYIOIINE PAllMOHANbHBIE PEXKUMHBIC Ia-
paMeTpsl:

IIPU WCIIONIb30BAHMH B KA4ECTBE NPOAYLEHTA
Bostoposa Oakrepuit poxa Clostridium butyricum
TEMIIepaTypa IMapoB3PbIBHOW aKTHBAI[MH COJIOMBI
165°C, KHCIOTHBIA THUAPOIU3 AaKTUBHPOBAHHOM-
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COJIOMBI, KOHLEHTpalus pPeoyUUpYIOIUX Be-
uiecTB B cybcrpare 2%, Temneparypa (hepmeHTa-
uuu 37°C, pH 6, mpomomkuTenbHOCTE (hepMeHTa-
MM 10 72 u;

IIPY HCIIOJIb30BAHUM B KaueCTBE MPOAYLIEHTA
Bostopoza Oakrepuii pona Enterobacter cloacae —
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TeMIIepaTypa MapoB3PbIBHOW aKTHBAI[MN COJIOMBI
210°C, ¢depMeHTaTUBHBIA THIPOIH3 AKTHBHPO-
BAaHHOW COJIOMBI, KOHLECHTPALS PEAYLMPYIOIIINX
BeIecTB B cyocTpare 2%, Temneparypa GpepMeH-
tarmu 36°C, pH 6, nposomKnTeabHOCTh epMeH-
Tanuu 10 72 4.
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Puc. 4 — Beixoz Bogopoaa Ha THAPOIHA3aTaX COJIOMBI, aKTHBUPOBAHHON TTapOB3PHIBHOI 00pabOTKOMH,
mipu pa3nuaHbIX pH: a) Clostridium butyricum (kucnoTHbIN ruaponusar); 6) Enterobacter cloacae
((pepMeHTATHBHBIIN THAPOIH3AT)

BoiBoasl. CpaBHeHue 3(PpGEKTHBHOCTH
(hepMeHTalNH THAPOIN3ATOB COJIOMBI, aKTHBUPO-
BaHHOU MapoB3PBIBHOW 00paboTKOH, OakTepusaMu
Clostridium butyricum wn Enterobacter cloacae
MIOKa3aJ10, YTO HA KHCIIOTHBIX THIPOJIU3aTaxX CO-
JIOMBI, JIYIIyIO IIPOAYKTHBHOCTH JJEMOHCTPHPYET
Clostridium butyricum (TeMneparypa mapoB3pbIB-
Hoit 06paboTku 165°C), HCroIb30BaHHE KOTOPOi
MO3BOJISIET JIOCTHYb BBIXOJA Bogopona 73 MiT,
Ha TUApOIH3aTax, (EPMEHTHPOBAHHBIX Entero-
bacter cloacae (TemmepaTypa TapOB3PBHIBHOU
o6paborkn 210°C), BEIXOJ BOJIOPOJA COCTAaBHII
50 mu/r. O0Ge KyJnbTYphl HMpPOIYLHPYIOT MAaKCH-
MaJIbHOE KOJIMYECTBO BOJOPOJA MPH KOHIIEHTpa-
MK peayuupyromux BemectB 2%. Panuonans-
Has Temrnepatypa depmentaiuu ais Clostridium
butyricum — 37+0,5°C. Jlns Enterobacter cloacae
TTOBBIIIIEHUE TEMITEPaTyphl (pepMeHTaIuu ¢ 36 10
38°C cHmKAaeT BBIXOJ BOJIOpPOJa B CpEIHEM

B 1,2...2,7 pa3a, ocobeHHo B mepBbie 36 4 ¢ep-
MeHTanuu. CTabuiIpHO Haubojiee BBICOKUN BBI-
XOZ BOAOpOJAa HAOIMIONAIM TIPH TEMIIEpaType
36+0,5 °C, xoTopas Ist TOil Ky/IbTyphl ONpeie-
JeHa KaK panuoHaibHas. st o0emx KyJbTyp
noBeilieHue pH ¢ 5 1o 6 Beder K yBEIUYEHHUIO
BBIXO/Ia BOJIOpPOJa, oHaKo st Enterobacter clo-
acae Taxoe TOBbIIIEHNE OoJiee 3HaYUTENBHO. [lo-
Jy4eHHbIE pallMOHAIIbHbIE TapaMeTpsl hepMeHTa-
UK TO3BOJISIIOT JOCTHYD 3(P(HEKTHUBHON KOHBEp-
cum OmoMacchl COJIOMBI B Bojopoz. JlanpHeimme
WCCIICIOBAHMS B O0JIACTH OMOIHEPTETHKH MOTYT
crocoOcTBOBaTh paspaborke Oomnee 3PdexTHs-
HBIX W 9KOJIOTHYECKH O€30IMacHBIX METO/IOB IIPO-
M3BOJICTBA BOAOPO/IA.

CaegeHusi 00 HMCTOYHHMKe (PUMHAHCHPOBa-
HuA. Pabora Beimonuaena npu noguepxke Ctu-
nenauu [lpesugenta Poccuiickoit Penepanuu
CII-332.2021.1.
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DETERMINATION OF RATIONAL REGIME PARAMETERS FOR BIOHYDROGEN FERMENTATION
USING CLOSTRIDIUM BUTYRICUM AND ENTEROBACTER CLOCAE ON HYDROLYZATES
OF STRAW ACTIVATED BY STEAM EXPLOSIVE TREATMENT
D. B. Prosvirnikov, D. V. Tuntsev, L. I. Gizatullina, I. Kh. Gayfullin

Abstract. Research was carried out to determine the possibility of using agricultural waste, in particular straw, for the
production of biohydrogen. In the work, we used two types of straw hydrolysates (after acid and enzymatic hydrolysis), pre-
activated by steam explosion treatment at steam temperatures of 100, 165, 210°C. Hydrolysates were diluted with distilled water to
concentrations of reducing substances (RS) in them of 1.0, 1.5 and 2.0% of their mass in order to determine the rational concentra-
tion. Two cultures of anaerobic microorganisms were tested on 18 samples of hydrolysates: a strain of bacteria of the genus Clos-
tridium butyricum E.V1.3.2.1 (No. VKPM B-9619), a strain of bacteria of the genus Enterobacter cloacae (No. VKPM B-1980).
The fermentation temperature for all samples was set to 37+0.5°C, pH — 5.5£0.1. The released gas was accumulated in a gas tank;
every 12 hours, its samples were taken and analyzed for volumetric hydrogen content. After establishing the rational initial con-
centration of the substrate, the temperature of steam explosion activation of the straw, the type of hydrolyzate and the highest yield
of biohydrogen, the cultivation temperature and pH for each crop were additionally changed in order to identify rational parame-
ters: for Clostridium butyricum the cultivation temperature was set at 32+0.5, 37+0.5 and 42+0.5°C, for Enterobacter cloacae —
36+0.5, 37+0.5, 38+0.5°C; The pH for all samples was set in the range 5...6 with steps of 0.5+0.1). On acid hydrolysates of straw,
the best productivity was demonstrated by Clostridium butyricum (steam explosion temperature 165°C) - the hydrogen yield was
73 ml/g, on hydrolysates fermented by Enterobacter cloacae (steam explosion temperature 210°C), the hydrogen yield was
50 ml/g. Both crops are capable of producing the maximum amount of hydrogen at a concentration of reducing substances of 2%.
The rational fermentation temperature for Clostridium butyricum is 37+0.5°C, for Enterobacter cloacae — 36+0.5°C, for both cul-
tures — pH=6.

Key words: straw, steam explosion treatment, hydrolysis, fermentation, biohydrogen.

References

1. Chen H, Wu J, Huang R. Effects of temperature and total solid content on biohydrogen production from dark fermentation
of rice straw: Performance and microbial community characteristics. [Internet]. Chemosphere. 2022; Vol.286. 131655 p. [cited
2024, January 30]. Available from: https://www.sciencedirect.com/science/article/abs/pii/S0045653521021275.

2. Kisielewska M, Debowski M., Zielinski M. Improvement of biohydrogen production using a reduced pressure fermenta-
tion. [Internet]. Bioprocess and biosystems engineering. 2015; Vol.38. 1925 p. [cited 2024, January 30]. Available from: https://
link.springer.com/article/10.1007/s00449-015-1434-3.

3. Gayfullin IKh, Khaliullina ZM, Ziganshin BG. [The influence of Mephosphon drug on the efficiency of the process of
producing biogas and recycling carbon-containing waste]. Vestnik Kazanskogo gosudarstvennogo agrarnogo universiteta. 2021;
Vol.16. 3(63). 19-26 p. doi: 10.12737/2073-0462-2021-19-26.

4. Kucharska K., Rybarczyk P., Holowacz I. Influence of alkaline and oxidative pre-treatment of waste corn cobs on biohy-
drogen generation efficiency via dark fermentation. [Internet]. Biomass and Bioenergy. 2020; Vol.141. 105691 p. [cited 2024,
January 30]. Available from: https://www.sciencedirect.com/science/article/abs/pii/S0961953420302257.

5. Sulzenbacher D, Atzmuller D, Hawe F. Optimization of steam explosion parameters for improved biotechnological use of
wheat straw. [Internet]. Biomass Conversion and Biorefinery. 2021; 1 p. [cited 2024, January 30]. Available from: https:/
link.springer.com/content/pdf/10.1007/s13399-020-01266-z.pdf.

6. Tupciauskas R, Rizhikovs J, Brazdausks P. Influence of steam explosion pre-treatment conditions on binder-less boards
from hemp shives and wheat straw [Internet]. Industrial Crops and Products. 2021; Vol.170. 113717 p. [cited 2024, January 30].
Available from: https://www.sciencedirect.com/science/article/abs/pii/S0926669021004817.

7. Cahyari K, Putri A, Oktaviani E. Biohydrogen production from pineapple waste: effect of substrate concentration and acid
pretreatment. [Internet]. IOP Conference Series: Materials Science and Engineering. IOP Publishing. 2018; Vol.358. 1. 012001 p.
[cited 2024, January 30]. Available from: https://iopscience.iop.org/article/10.1088/1757-899X/358/1/012001/pdf.

8. Ratti RP, Delforno TP, Sakamoto IK. Thermophilic hydrogen production from sugarcane bagasse pretreated by steam
explosion and alkaline delignification. International Journal of Hydrogen Energy. 2015; Vol.40. 19. 6296-6306 p. doi: 10.1016/
j.ijhydene.2015.03.067.

9. Dai NH, Vo TT, Le LP. Hydrogen production from acidic, alkaline, and steam-exploded Bambusa stenostachya hydroly-
sates in dark fermentation process. [Internet]. Biomass Conversion and Biorefinery. 2021; 1 p. [cited 2024, January 30]. Available
from: https://link.springer.com/article/10.1007/s13399-020-01128-8.

10. Kaparaju P, Serrano M, Thomsen A. Bioethanol, biohydrogen and biogas production from wheat straw in a biorefinery

75 Becmuux Kazanckoeo I'AY Ne 1(73) 2024



TEXHUYECKHUE HAYKH

concept. [Internet]. Bioresource technology. 2009; Vol.100. 9. 2562 p. [cited 2024, January 30]. Available from: https://
www.sciencedirect.com/science/article/abs/pii/S096085240800967X.

11. Asadi N, Zilouei H. Optimization of organosolv pretreatment of rice straw for enhanced biohydrogen production using
Enterobacter acrogenes. [Internet]. Bioresource technology. 2017; Vol. 227. P. 335. [cited 2024, January 30]. Available from:
https://www.sciencedirect.com/science/article/abs/pii/S0960852416317515.

12. Bundhoo M, Mohee R, Hassan M. Effects of pre-treatment technologies on dark fermentative biohydrogen production: a
review. [Internet]. Journal of environmental management. — 2015. Vol. 157. P. 20. [cited 2024, January 30]. Available from:
https://www.sciencedirect.com/science/article/abs/pii/S0301479715300098.

13. Ziganshin BG, Fakhreev NN, Baigildeeva EI. [Mathematical apparatus for calculating the design solutions of a gasifica-
tion device]. Vestnik Kazanskogo gosudarstvennogo agrarnogo universiteta. 2023; Vol.18. 1(69). 60-67 p.

14. Abdeshahian P, Al-Shorgani N, Salih N. The production of biohydrogen by a novel strain Clostridium sp. YM1 in dark
fermentation process. International journal of hydrogen energy. 2014; Vol.39. 24. 12524-12531 p. doi: 10.1016/
j.ijhydene.2014.05.081.

15. Redwood M, Mikheenko I, Sargent F. Dissecting the roles of Escherichia coli hydrogenases in biohydrogen production.
FEMS microbiology letters. 2008; Vol.278. 1. 48-55 p. doi: 10.1111/j.1574-6968.2007.00966.x.

16. Brynjarsdottir H, Scully S, Orlygsson J. Production of biohydrogen from sugars and lignocellulosic biomass using Ther-
moanaerobacter GHLI1S5. International journal of hydrogen energy. 2013; Vol.38. 34. 14467-14475 p. doi: 10.1016/
j-ijhydene.2013.09.005.

17. Oh YK, Seol EH, Kim JR. Fermentative biohydrogen production by a new chemoheterotrophic bacterium Citrobacter sp.
Y19. International Journal of Hydrogen Energy. 2003; Vol.28. 12. 1353-1359 p. doi:10.1016/S0360-3199(03)00024-7.

18. Pan C, Fan Y, Xing Y. Statistical optimization of process parameters on biohydrogen production from glucose by Clos-
tridium sp. Fanp2. Bioresource technology. 2008; Vol.99. 8. 3146-3154 p. doi: 10.1016/j.biortech.2007.05.055.

19. Abd-Alla MH, Gabra FA, Danial AW. Enhancement of biohydrogen production from sustainable orange peel wastes
using Enterobacter species isolated from domestic wastewater. International Journal of Energy Research. 2019; Vol.43. 1. 391-404
p. doi: 10.1002/er.4273.

20. Hung CH, Chang YT, Chang YJ. Roles of microorganisms other than Clostridium and Enterobacter in anaerobic ferment-
ative biohydrogen production systems: a review. Bioresource technology. 2011; Vol.102. 18. 8437-8444 p. doi:
j.biortech.2011.02.084.

21. Rosales-Colunga L, De Leon Rodriguez A. Escherichia coli and its application to biohydrogen production. Reviews in
Environmental Science and Bio/Technology. 2015; Vol.14. 123-135 p. doi: 10.1007/s11157-014-9354-2.

22. Woo JH, Song YC. Influence of temperature and duration of heat treatment used for anaerobic seed sludge on biohydro-
gen fermentation. KSCE Journal of Civil Engineering. 2010; Vol.14. 141-147 p. doi: 10.1007/s12205-010-0141-5.

23. Wu J, Upreti S, Ein-Mozaffari F. Ozone pretreatment of wheat straw for enhanced biohydrogen production. International
journal of hydrogen energy. 2013; Vol.38. 25. 10270-10276 p. Doi: 10.1016/j.ijhydene.2013.06.063.

24. Wang J, Yin Y. Clostridium species for fermentative hydrogen production: an overview. International Journal of Hydro-
gen Energy. 2021; Vol.46. 70. 34599-34625 p. doi: 10.1016/j.ijhydene.2021.08.052.

25. Yusoff M, Maeda T, Sanchez-Torres V. Uncharacterized Escherichia coli proteins YdjA and YhjY are related to biohy-
drogen production. International Journal of Hydrogen Energy. 2012; Vol.37. 23. 17778-17787 p. doi: 10.1016/
j.ijhydene.2012.08.115.

26. Elbeshbishy E, Dhar B, Nakhla G. A critical review on inhibition of dark biohydrogen fermentation. Renewable and Sus-
tainable Energy Reviews. 2017; Vol.79. 656-668 p. doi: 10.1016/j.rser.2017.05.075.

27. Tang G, Huang J, Sun Z. Biohydrogen production from cattle wastewater by enriched anaerobic mixed consortia: influ-
ence of fermentation temperature and pH. Journal of Bioscience and Bioengineering. 2008; Vol.106. 1. 80-87 p. doi: 10.1263/
jbb.106.80.

28. Sargsyan H, Gabrielyan L, Hakobyan L. Light-dark duration alternation effects on Rhodobacter sphaeroides growth,
membrane properties and bio-hydrogen production in batch culture. International journal of hydrogen energy. 2015; Vol.40. 11.
4084-4091 p. doi: 10.1016/j.ijhydene.2015.01.163.

29. Mandal B, Nath K, Das D. Improvement of biohydrogen production under decreased partial pressure of H 2 by Enterobac-
ter cloacae. Biotechnology letters. 2006; Vol.28. 831-835 p. doi: 10.1007/s10529-006-9008-8.

30. Laurent B, Serge H, Julien M. Effects of hydrogen partial pressure on fermentative biohydrogen production by a chemo-
tropic Clostridium bacterium in a new horizontal rotating cylinder reactor. Energy Procedia. 2012; Vol.29. 34-41 p. doi: 10.1016/
j-egypro.2012.09.006.

31. Kawagoshi Y, Hino N, Fujimoto A. Effect of inoculum conditioning on hydrogen fermentation and pH effect on bacterial
community relevant to hydrogen production. Journal of Bioscience and Bioengineering. 2005; Vol.100. 5. 524-530 p. doi:
10.1263/jbb.100.524.

32. Lee HS, Rittmann BE. Evaluation of metabolism using stoichiometry in fermentative biohydrogen. Biotechnology and
bioengineering. 2009; Vol.102. 3. 749-758 p. doi: 10.1002/bit.22107.

33. Pattra S, Sangyoka S, Boonmee M. Bio-hydrogen production from the fermentation of sugarcane bagasse hydrolysate by
Clostridium butyricum. International journal of hydrogen energy. 2008; Vol.33. 19. 5256-5265 p. doi: 10.1016/
j.ijhydene.2008.05.008.

34. Prosvirnikov DB, Tuntsev DV, Ziganshin BG. [Technology and equipment for processing activated agricultural plant
waste into bioethanol]. Vestnik Kazanskogo GAU. 2021; Vol.4. 64 p. doi: 10.12737/2073-0462-2022-59-67.

35. Pachapur VL, Sarma SJ, Brar SK. Hydrogen production from biodiesel industry waste by using a co-culture of Enterobac-
ter aerogenes and Clostridium butyricum. Biofuels. 2017; Vol.8. 6. 651-662 p.

36. Pachapur VL, Sarma SJ, Brar SK. Efficient biohydrogen production via dark fermentation from hydrolized palm oil mill
effluent by non-commercial enzyme preparation. International journal of hydrogen energy. 2017; Vol.42. 49. 29166-29174 p. doi:
10.1080/17597269.2015.1122471.

37. Jing Y, Li F, Li Y. Biohydrogen production by deep eutectic solvent delignification-driven enzymatic hydrolysis and
photo-fermentation: Effect of liquid-solid ratio. [Internet]. Bioresource Technology. 2022; Vol.349. 126867 p. [cited 2024, Janu-
ary 30]. Available from: https://www.sciencedirect.com/science/article/abs/pii/S0960852422001961.

Authors:

Prosvirnikov Dmitriy Bogdanovich — Doctor of Technical Sciences, Professor of Wood Materials Processing Department,
e-mail: prosvirnikov_dmi@mail.ru

Tuntsev Denis Vladimirovich — Doctor of Technical Sciences, Head of Chemical Cybernetics Department,
e-mail: tuncev_d@mail.ru
Gizatullina  Liliya Irekovna —  junior research assistant of Wood Materials Processing  Department,

e-mail: prosvirnikov_dmi@mail.ru

Kazan National Research Technological University, Kazan, Russia

Gayfullin Ilnur Khamzovich — Ph.D. of Technical Sciences, senior lecturer of Machinery and Equipment in Agribusiness Depart-
ment, e-mail: ilnur-gai@yandex.ru

Kazan State Agrarian University, Kazan, Russia.

76 Becmuux Kazanckoeo I'AY Ne 1(73) 2024



	1 Обложка
	2 Содержание
	Гараев Р.И.
	Михайлова М.Ю.
	Мягкова Е.Г.
	Хромова Л.М.
	Булатов С.Ю.
	Васильев А.А.
	Глущенко А.А.
	Дорохов А.С.
	Мударисов С.Г.
	Нурмиев А.А.
	Просвирников Д.Б.
	Тухватуллин М.И.
	Ариничев И.В.
	Дятлова А.Ф.
	Закирова А.Р.
	Коваленко Е.Г.
	Мухаметгалиев Ф.Н.
	Садыртдинов Р.Р.
	Хаустова Г.И.
	Чимитдоржиева Е.Ц.
	3 Требования к статьям
	4 Выходные данные



