564 BABUAOBCKUM )KYPHAA TEHETUKW M CEAEKLIVI, 2014, TOM 18, Ne 3

VIK 612.015.161

BUOTEXHOJIOTUYECKHUE ACIIEKTbI
BUOCHUHTE3A 3TAHOJIA U3 MUCKAHTYCA

©2014r 0.B. baiioakoBa, E.A. Ckuo6a

denepaibHOE TOCYIAPCTBEHHOE OIOMKETHOE YUPEKICHUEC HAYKH
HHCTUTYT IPOOIEM XUMHUKO-9HEPTETUUECKHUX TEXHOIOTHH
Cubupckoro otneneHus Poccmiickoit akanemuu HayK, butick, Poccus,
e-mail: ipcet@mail.ru, olka_baibakova@mail.ru

[octymuna B penakmmro 11 mapra 2014 r. [IpunsTa k mybmukarmm 13 aBrycra 2014 .

B nanHoii pabore nokaszano, 4to aApoxxu Saccharomyces cerevisiae BKIIM Y-1693 ycroitunssl k (hepmMeH-
TATUBHOMY BOJHOMY T'HAPOJIN3aTy MUCKAHTYCa, KX XOpoIiee MOP(HOPHU3HOIOrnIecKOe COCTOSHUE YKa3hIBACT
Ha OTCYTCTBHE B CpellaX BPEIHBIX MPUMECEH, XapaKTePHBIX I KACIOTHBIX XUMUYECKHX TUIPOIU3ATOB.
YcTaHOBIICHO, YTO [Tt OMOCHHTE3a ATaHOJIa Ha cpeie (PepMEHTATHBHOTO MM IPOJIU3aTa I[eJUTF0I03bI MUCKaH-
Tyca ONTUMAJIBHOM SIBJISIETCS HATUBHAS aKTUBHAS KUCIOTHOCTD ruaponuzata — 4,5-4,7 en. pH; nokasaso,
4yto nobamiieHue 1 %-ro APOXOIKEBOr0 IKCTPAKTa MO3BOJIACT CICNATh cpeay (HEepMEHTATHBHOTO BOIHOTO
THJIPOJIN3aTa [EJUTI0JIO3bI MUCKAHTYCA MOJHOILCHHOH. [Ipy 3TOM B yCIOBUSAX MEPHOANICCKOTO OPOIKCHUS
JIOCTAaTOYHO BHOCHTH 10 % 3aCEeBHBIX IPOXKIKEH, HAXOIAIIMXCS B SKCIIOHCHIIMAIBHOU (Da3e pa3BUTHS; METO-
JTOM Ta30KHIKOCTHOM XpoMarorpad)ui yCTaHOBJICHO, YTO (hepMEHTATHBHBIN CIIOCO0 T'UAPOIIH32 HEIUTFOI03bI
MHUCKAHTYyCa MO3BOJISET MOJIyYaTh ATAHOJ C HU3KUM COJICPIKaHHEM d(PUPOB U CHBYIIHBIX Macesl. MeTaHo
B OMOATAHOJIC U3 MUCKAHTYCa OTCYTCTBYET.

KarwueBbie ciioBa: muckanTyc copra COpaHOBCKHIA, (pepMEHTATHBHBIN THAPOIN3, TEXHUYESCKAS [IEJUTION03a,
Saccharomyces cerevisiae Y-1693, mtamm, OHOATaHOI.

BBEJIEHUE

B cBsi3u ¢ pa3zBuTHEM OMO3HEPTETUKHU B HACTO-
sIee BpeMsi OnoMacca C4uTaeTcs OJHUM U3 KITHO-
YEBBIX BO30OHOBIISEMBIX SHEPTETHUECKUX PECyp-
coB Oymymiero. [1o opreHTHPOBOYHBIM OIEHKAM,
MHUPOBBIC pa3BEIaHHBIC 3aMachl HEPTEIPOITYKTOB
MIPUMEPHO PaBHbI 3aracam JpPEeBECUHBI HA HaIlIEH
TUTAHETE, OJTHAKO PECYPCHI YTIIEBOJIOPOIOB OBICTPO
HCTOLIAIOTCS, B TO BPEMsI KaK B pE3yJIbTaTe €CTeCT-
BEHHOTO MPHUPOCTA 3arackl OMOMACChl PACTEHHH
BOCCTaHaBIMBalOTCA. B Hegamexom Oymymiem
OXKHUJIACTCS MEPEX0JT OT HEYTEXUMUIESCKOTO MIPOH3-
BOJICTBA K OMOXMMHUYECKOM 1 XMMUYECKOM repepa-
0OTKE IPEBECUHBI U IPYT'HX BUIOB PACTUTEIBHOTO
chIpbs (Abmaes, 2011).

B nHacrosmee BpeMsi B CBS3U ¢ OepEKITMBBIM OT-
HOIIIEHUEM K JIECHBIM pecypcaM Hanbosiee akTyalib-
HBIMH SIBJISIFOTCS 33]1a49H T10 TOMCKY aJT-TEPHATUBHBIX
JIPEBECUHE BO30OHOBJISIEMbIX HICTOYHUKOB SHEPTUU
C OJTHOBPEMEHHBIM PELIEHUEM IKOJOTMUYECKUX

npoOyieM M pa3BUTHEM 3HEProcOeperaronmx Tex-
HOJIOTHUH.

3HaYNTEIPHOE BHUMAHUE B MUPE YAEINseTCs
npoOieMe mepepadboTku OMOMAcChl ¢ IMEITBI0 T0-
nyueHust Onororinea. KomruiekcHast iepepaboTka
JIUTHOIIEJUTIONO3HONH OMOMacChl XMMHYECKUMHU
W/W OMOTEXHOJIOTMYSCKUMH METOJIAMH B CIICKTP
KOHKYPEHTOCIIOCOOHBIX MPOAYKTOB U YHEPTHUIO
(biorefinery) (Kysnenosa, 2013) siBnsercst coBpe-
MEHHBIM W (YHIaMEHTAIbHBIM HaIlpaBIeHHEM
MPOMBIIIUIEHHOH OMOTEXHOIOTHH, KOTOPOE Pa3BH-
BAETCs B MHAYCTPUAIBHBIX cTpaHax. Tak, B cTpa-
Hax EBpocoro3a okomo 3 % (65 MIIH T yCIIOBHOTO
TOIJIMBA) BCEX DHEPreTHUECKHUX MOTPEeOHOCTEH
MTOKPBIBACTCS 32 CYET OMOMACCHI, B OTACIBHBIX
CTpaHaX dTOT MOKa3zarenb nqocturaet 23 % (DPun-
naaaus), 18 % (semus) u 12 % (ABctpus)
(bynatkun u np., 2013). buomacca B sHepreTuke
MOXET OBITh MCIOIb30BaHa HEMOCPEICTBEHHO
ITyTeM CXKUTaHUS WIH MOXET ObITh TpaHC(HOpMU-
pOBaHa XUMHYECKHMMH U OMOTEXHOIOTUYECKUMHU
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MEeTOJaMHu B JIH3EIbHOE TOILUIMBO, dTAHOJ HIIH
ra3. VICTOYHUKOM SHEPTreTHYECKOTO CHIPhS MOTYT
OBITH TOOOYHBIE TPOLYKTHI PACTHTEIHHOTO ITPOMC-
XOXKIEHHS (CoJIoMa, TTOJICOTHEYHAs Ty3ra, CTe0Iu
KYKYPY3bl U JIp.), €KErofHbIC OTXOJbI KOTOPHIX
cocraistoT 10 50 maH T B Poccuu. B arponpo-
MBIIIUICHHOM IIPOU3BOJICTBE OTHUM M3 HCTOYHHUKOB
JUTSE TIPOM3BOJICTBA OMOMACCHI KaK I[eJITF0II030C0-
JIEPIKAIIETro CHIPBS SBISETCS KyIbTypa U3 CeMei-
cTBa 371aK0BBIX (Poaceae) MUCKaHTYC KUTaCKUA,
uiu BeepHuk (Miscanthus sinensis Andersson)
(ILIymnsrii u ap., 2010). B MacTuTyTE IMTONOTHI
ureneruku CO PAH B 2006 . BeIBeieHa aBTOpCKas
¢dopma muckanryca — copt COpaHOBCKHUH, OHA
paccMaTpuBaeTcs Kak allbTepHATUBHOE IPEBECHHE
JIETKOBO30OHOBIISIEMOE CHIPhE ISl TIPOU3BOJICTBA
OMOTOIIMBA — ITAHOJA.

[TpousBoacTBO OHO3TaHOIA BTOPOTO IMOKOJIE-
HUsl — OMO3TAaHONIA U3 LEJUTOI030COACPKAIICTO
CBIPBS — C SKOHOMHUYECKOM TOYKH 3PSHHUS SIBIISACTCS
JIOPOTOCTOSIIIIMM, TaK Kak IpemoOpadoTka OHo-
Macchl BKIIFOYAeT U (U3NYCCKUE, ¥ XUMHUYCCKHUE
1 TepMOOapUUYECKUE BO3ICHCTBUS, 11€7Tb KOTOPHIX
MaKCUMHU3UPOBaTh BO3/ICHCTBUC HA XUMHYCCKUEC
cBs13u Onomaccsl. Llemtronozocoaepskaiiee coipbe
MIPEICTaBIsAeT CO0OM MPOYHYI0 MaTpHUILy, 00pa-
30BaHHYIO IIEJIJII0JIO30M M TeMUIIEIITI0N0301 1
CKPEIUICHHYO JIMTHUHOM; B3aUMOCBSI3b 3THX KOM-
MTOHEHTOB 00YCJIOBJIMBACT YCTOHUUBOCTH MATPHUIIBI
KO BCEM BHEILITHHM BO3JICHCTBUSM, TIOITOMY JUISI €€
JIECTPYKIIUU MPUMEHSIOT KOMOMHATOPHEIE CIIOCO-
051. [IpenobpaboTka HeoOXoMMMa JIJIsI TIOBBIIIICHHS
JIOCTYITHOCTH LEJUTIONIO36I U TeMHUIICIITION03bI K
JICHCTBUIO THIPOJIUTHUCCKUX (EPMEHTOB U IO~
JIyU4EHHUsI BBICOKOW CTEIICHU KOHBEPCHH JaHHBIX
MOJIMMEPOB B caxapa.

DepMEeHTATUBHBIE TTPEBPAILICHUS PACTUTEb-
HOI OMOMacChl B pacTBOP CaxapoB, MPOBOUMBIE
MoCJIe XUMHYECKON TpeaoOpaboTKN CHIPhS, U
nocieaymoliee OMOXUMHUECKOE MpeBpalieHne
caxapoB B ATAHOJ aKTUBHO M3y4YalOTCs BO BCEM
mupe (Brosse et al., 2009; Somerville et al., 2010;
Jordan et al., 2012). HauGonbiee KoJIHYECTBO
WCCJIeIOBAaHUHN TOCBANIEHO UMEHHO CTaIuu XH-
MHYeCKOH ipemodpadboTku. JfocTaroano OombImast
cepust paboT MPOBOIUTCS C LEIbIO ONITHMHU3AIMH
cTtanuu (pepMEeHTATUBHOIO THApoOJH3a (co3a-
HUE KaK HOBBIX (DEPMEHTHBIX KOMIUICKCOB, TaK
U TEXHOJOTHYECKHUX YCIOBHH (DEpPMEHTOIU3A).
Henocrarkamu TakuX OIBITOB SBISFOTCS HU3KHE

KOHIIEHTPAallUu CyOCTpaToB (Cleq0BaTENbHO,
MoJTy4eHre pa30aBIeHHBIX PACTBOPOB CaxapoB —
30 r/1), a TakKe HCIIOJb30BAHUE aIleTaTHOTO
Oydepa mist mpoBenenus dhepMeHTOIN3a (Cie-
JOBATENbHO, TONyUYCHHE MUTATEILHON CpPEe/bl,
W3HAYaJIbHO HEIPUTOAHOU JJIsi MeTabosin3Ma
JpoOKed U OnocuHTe3a STanona). Buaumo, sTum
MOXHO OOBSICHUTH CPaBHUTEIHHO HEOOIBIIOE
YUCIIO TyONHUKAIHH, TOCBAMIEHHBIX MOTyYSHUIO
OmosTaHOMa, P I3TOM aBTOPHI M30EramT Je-
TaJbHOTO yKa3aHHs TEXHOJIOTHUYECKHUX PEKUMOB
npousBojcTBa. B Poccun nonyuenue 6nosraHona
13 MUCKaHTyCa HE OMUCAaHO, HECMOTPS Ha TO UTO
Takasi BOSMOXXHOCTh pacCMaTpPHBAIIACh.

B UIIXS3T CO PAH OnokxoHBepcHs OMOMAaCChI
MHUCKaHTYCa B TOIDIMBO OCYIIECTBISIETCS MO Clie-
IyIOMIeH cxeme, MPUBEACHHON Ha puc. 1.

Craguu XxuMHYECKOW mpemnoOpaboTKu u
(hepMEeHTAaTUBHOTO THAPOJIN3a OBLIN J1ETAIBHO
0TpabOTaHbI U ONMMCAaHbl HAMU paHee. B maHHON
paboTe 3TH CTaANK U3YYEHBI U TPECTABICHBI B
ONITUMAJIBHBIX PEXUMaX, MO3BOJIAOIINUX ITOTY-
YUTH BBICOKUM BBIXOA LEJICBBIX IMOJYIIPOAYKTOB
(Texnuueckolt nesttono3sl (TI) muckantyca,
(¢hepMeHTAaTUBHOTO BOJHOTO ruaponuszara TL|
MuckaHTyca). Llenpio paboThl ABISIIOCH H3yde-
HHE HEKOTOPHIX OMOTEXHOJOTHYECKHUX acleK-
TOB MpPEBpAICHUs] PEAYHUPYIONUX CaxapoB
q)epMeHTaTI/IBHI)IX ruApOJIn3aTOB MUCKAaHTYyCa B
OMOAITAHOIL
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Puc. 1. [IpuHnunuanpHas TEXHOJIOTHYECKAsT CXeMa
HOy4eHHs: OM03TaHONA U3 OMOMAcChl MUCKAHTYCa.
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MATEPHAJIBI 1 METO/IbI

[TonHbIA SKCHEPUMEHT 1O MOJIYUYECHHUIO CIHp-
Ta (pepMEHTATUBHBIN THAPOIN3, COpaKMBaHUE
MOTYYEHHBIX THIPOIN3aTOB) OB MPOBEICH B
TPEX TIOBTOPHOCTSIX, CPEHNE 3HAUCHHS KOTOPBIX
NpYBE/ICHBI B IaHHOH paboTe.

B kauecTBe chIpbs 7151 TOTy4YeHUst OM03TaHOa
MCIIONB30BaJICsl MUCKaHTyc Miscanthus sinensis
Andersson, BeepHUK KHuTaickuii copra CopaHOB-
CKHif (BO3pAcCT TUTAHTAIMH — 9 JIET), BRIPAIICHHBII
NIul" CO PAH B HoBocubupckoii 061acTu U TIpe-
nocrasienusii B UITXOT CO PAH s uccneno-
BaHMH 110 MEXIUCHUIUIMHAPHOMY MpoekTy Ne 73.
TexHuueckas 1EJUTI0N03a U3 MHCKaHTyca Oblia
MOJIy4YeHa Ha onbITHOM npousBoacTBe UITXIT
CO PAH azorHOKHCTBEIM crToc000M (AC), KOTOpPEIit
3aKJTIOYaeTCs B BapKe ChIPhs B pa30aBICHHOM PacT-
BOpE a30THOH KHUCIIOTHI IPH aTMOC(HEPHOM JaBiie-
HUH C MocIenyomei 00paboTkoi pa30aBIeHHBIM
pactBopoM ruznpokcuzna Harpus (bymzaesa u ap.,
2013; 'mcmarynuHa 1 1p., 2013).

depMeHTATUBHBIN TUAPOIU3 BiIaxHoU TIJ
MPOBOAMJICS B peakTope oOumum oobemom 11 1
(ITaBnoB, 2014) MyTBTUIH3UMHON KOMITO3UIIACH,
COCTOSIIIICH U3 TOCTYITHBIX HA PhIHKE ()epMEHTHBIX
npenaparos: «bprozaiim BGX», «enmomokc-A» u
«Pammnaza LIP» B kommuectse 0,04 1/T cyOcTpara.
OC00EHHOCTEIO TIpOIIecca SIBISIETCS TIPOBEICHUE
ero He B amerarHoM Oydepe, a B BOTHOU cpere
(Cxuba u ap., 2012).

DepMeHTATUBHBIN THAPOIN3AT MPENCTABISII
€000 KOPUUHEBO-KEITYIO MyTHOBATYIO KH/KOCTh
C XapaKTepHBIM KHCIIOBATHIM 3aIlaXOM MUCKAHTYCAa.
TTomyuennsrii mociae GepMeHTOIN3a THIPOINU3AT
OT(hUIBTPOBBIBANICA, JOMOJHUTEIHHO B HETO BHO-
cuicst cynbdar aMMonusi B konndectse 10 1/11,
TUAPOIU3AT MACTEPU30BAJICS MPHU TeMIIepaType
100 °C, ©e3 BBIIEPKKH, OXJITAKIAICS U HAIlpPaB-
JsNcs Ha cOpakMBaHWE C TMOMOIIBIO IITaMMa
Saccharomyces cerevisiae BKIIM Y-1693 (OI'VII
«l'ocHUUT'eneruka», r. Mockgsa). IlltamMmm ObL1
BbIIeTIeH U3 QepMmeHTepa KoTimacckoro memnto-
JI03HO-OyMa)KHOTO KOMOMHATa M HCIOIb30BAJIC
JUISl TIPOM3BOJICTBA TAHOJA HA THAPOJIU3aTax
npeBecuHbl. OCOOCHHOCTBIO IMIITAMMA SIBIISIETCSI €T0
YCTOHYHUBOCTH K BPEAHBIM MPUMECSIM THAPOITU3a-
TOB. BpokeHHe oCylecTBIsIIOCh B aHAPOOHBIX
yCIIOBUSIX Ipu Temmeparype 28 °C nepuogndecKum
croco0oM.

Konnentpauuto penynupyromux Bemects (PB)
OIIpeIeNSUTH CHEKTPO(OTOMETPHUUYECKH C TOMOLLBIO
peaxktuBa 3,5-TMHUTPOCAITUIIUIOBON KHUCIOTHI
(cnexrpodoromerp «UNICO» UV-2804, CIIIA)
B IIepecUeTe Ha IJTFOKO3Y. AKTUBHASI KUCIIOTHOCTD
u3Mepsiiach norennuomerpuuecku (pH-metp
Checer-1). O0beMHyI0 0MI0 CIHpPTa B Opakke
OTIpEeNEIISUI apEOMETPOM B AUCTHILIATE, MOJY-
YeHHOM TieperoHkor crmpra u3 opaxkku ('OCT
P 51135-98-2003, 2003). DTanon u3 Opaxxku OBLT
CKOHIIGHTPUPOBAH METOJIOM POCTON MEPETOHKH,
U JIOTIOTHUTEIBHOM OYMCTKU HE TIPOBOIUIIOCH.

TeopeTnueckass KOHIIEHTpALUsl dTAaHONA pac-
CUWTAHA IO CTEXHOMETPUUECKOMY YPAaBHEHHUIO
OpOXEHHs, a BBIXOJ 3TAaHOJa — KaK OTHOLICHHE
JKCIIEPUMEHTAILHOW KOHIEHTPAIMU dTaHOoNa K
TEOPETHYECKOH. DKOHOMUYECKUH KOAPPHUIIUEHT
Opoxenns Ypg (pp) IPEACTABISICT COOOIT OTHOLLIE-
HUE KOHIEHTPALMH MPOAYKTa (3TaH0a) K KOHIICH-
Tpauun PB B ¢pepmenTaTBHOM Tuaponmsare.

AHanu3 3TaHoJ1a BBIIOJIHEH METOIOM ra30K1]I-
kxoctHOM xpomarorpadun (I 7KX) (I'OCT P 51786-
2001,2001) HarazoBomM xpomarorpade ¢ rmiaMmeHHO-
HMOHM3AIMOHHBIM JieTekTopoM «Kpucramn 2000M»»
dupmbr «CKB Xpomarak» (. Momkap-Omna, Poc-
cust). YCIoBHUS SKCIIEPUMEHTA: KOJIOHKA ra30Xpo-
marorpadudeckas kanmursipaas ZB-FFAP (CIA)
50 m x 0,32 mm x 0,52 MKM, Temrieparypa JIeTeK-
topa 220 °C, temneparypa ucnaputens 190 °C,
BBIJICpKKa TPOOBI TipH Temmeparype 77 °C nutens-
HocThio 6 MuH 30 ¢, 3aTeM — HarpeB cO CKOPOCThIO
10 °C/mun no temneparypsl 210 °C, BbIepkka
15 muH, ko3ddumueHT aeneHus motoka 40 : 1,
ra3-HOCUTEJIb — a30T CXKAThIW, JaBJICHUE ra3a-Ho-
cutens (azota) — 77 klla, COOTHOIIEHNE BO3TYX —
BOJOpoX paBHO 250 : 25; mocTpoeHHe KaauoOpo-
BOYHOTO Ipadika MO IpajMipOBOYHBIM CMECSIM —
roCylapCTBEHHBIM CTaHAAPTHBIM 00pa3LaMm; pacxoz
raza (copoc) — 30 mur/mMuH, pacxon rasza (IIOATyB B
1) — 30 mu/mun, pacxon raza (Bogopoa B ITH1/T) —
20 mui/muH, pacxon raza (Bo3myx [THJ]) — 200 M/
MUH, 00beM TPOOBI — 1 MKJL.

PE3VJIBTATBI U OBCYXJIEHUE

B nannoii paboTe paccMaTpuBarOTCsl HEKOTOpPhIE
ACTEeKTHI CTaIUHU CIIUPTOBOTO OPOXKEHUS Ha cpejie
(hepMEHTAaTHBHOTO THAPOIN3aTa MUCKAHTYCA.

W3BecTHO, 4TO THAPOTU3HBIE CPEMIBI LIEIITIONO-
30COIEPIKALLETO ChIPbS HE SIBIISIOTCS TIOJTHOLIEHHON
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Cpenoil U KyJIbTUBHPOBAHUSI IPOXOKEH, TaK KakK
B HMX HEJOCTaTOYHOE COJEP)KaHUE a30THBIX U
(hochOopHBIX COETUHEHNH, OTCYTCTBYIOT BUTAMH-
HBl U CTUMYIISITOPBI POCTa U MOTYT COJICPIKAThCS
BpEIHbBIE IPUMECH, CHIDKAIOIIUE ONOJIOTHYECKYIO
nobpokauecTBeHHOCTH cpen. OpHako depmeH-
TaTHUBHBIEC THAPONHU3ATHl MOJYyYaloT B MSATKHUX
YCIIOBHSX, TIO3TOMY B HUX HUKE KOHLIEHTPALMS
7100 OTCYTCTBYIOT HEKOTOPBIE BPEIHBIE IPUMECH
(pypdypomn, metanon, GopManabaerui, TepreHsI,
okcuMeTuIdQypdypol, TeTyunue KUCIOTHI).

YeroitunBocTs mramma Y-1693 onpenens-
Jach JUIMTENBHBIM KYJIHTUBHPOBAaHHUEM Ha CPEIe
(epMEHTAaTUBHOTO I'MAPOJIN3aTa MUCKaHTyCa B
TeueHue Tpex mecsues. ['uaponnsnas cpena cre-
pum3oBanack mpu 0,5 atm B Teduenne 30 MuH, U
MocJIe MPOBEPKH CTEPHIIBHOCTH B HEE BHOCHIIOCH 5
Macc. % 3aCeBHBIX APOXKIKEH, HAXOISAIINXCS B IKC-
MOHEHIMATBHON (a3e pa3BUTHS U HMEIOIIUX CIie-
JYIOLIME XapaKTEPUCTUKU: 00IIee KOITUYECTBO —
158,5 KOE/mur; u3 Hux 19 % noukyromuxcs, 70 %
ynuTaHHbIX U 1 % wmeptBrIX. [locnme BHeceHms
JIPOXKKEH cpeanl OBUTH CTEPUIIBHO PA3NIUTHI B
CTEKJISTHHBIE XMMUYeckre pooupku no 10 mi B
KK/IYIO ¥ 3aKPBITHI BATHO-MapJICBBIMH ITPOOKAMH.
C 11e71b10 UCKITFOYEHHS BO3MOKHOCTH MH(HULIMPOBA-
HUSL JJ1S1 IPOBENICHUS TEKYILUX aHAIN30B KaX bl
pa3 oTbupanachk oxHa MpoOUpKa.

IIpu kynpTHBHpOBaHNY ITaMMa B TeueHue 80
CYTOK CHIKCHUSI OOIETO KOJIMYECTBA POAIKEBBIX
KJICTOK He HaOmronanock (puc. 2), 3aTeM HX YuC-
JICHHOCTb MEJUIEHHO CHUKAJIach.

Mo’HO caienaTh BIBOI, YTO JPOXIKH JOCTATOU-
HO YCTOWYMBBI K TUAPOIHM3HBIM CpeJlaM, 4TO yKa-
3bIBAET HA BHICOKOE KaueCTBO (hepMEHTATHBHOTO
BoAHoro rujposnzara T Muckantyca. Xopoiiee
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Puc. 2. 3aBucUMOCTB 001110 KOJMYECTBA IPOFKOIKEH OT
MPOJOJKUTENLHOCTH KyJIBTHBUPOBaHUs Ha (hepMeHTa-
TUBHOM BoJHOM Tuaponusare (OBI).

Mop(ho(hHU3N0ITOTUYECKOE COCTOSTHUE APOAIKEH
KOCBEHHO TOBOPHUT 00 OTCYTCTBHU B Cpefie Bpe-
HBIX MPUMECcEeH, XapaKTepPHBIX I XUMHUYECKUX
THUAPOJIU3ATOB.

HaruBHast akTHBHAsI KUCIOTHOCTh (hepMeHTa-
tuBHOTO Tuaponu3ara T1[ coctasuser 4,5-4,7 en.
pH, 3T0 ke 3HaYeHHEe PEKOMEHIOBAHO ISl TIOJY-
YEHUS DTaHOJIa U3 36PHOKAPTO(ETHHOTO CHIPhS
(SIposenko u mp., 1999). st )ku3HE NI TETLHOCTH
JPOXOKEH MaKCUMaJIbHO KOM(OPTHBIM SIBIISICTCSI
pH 5,5 (Slpoenko u ap., 1999). Jlnsg nomyuenus
TUAPOJIM3HOTO CIUPTA U3 HEJIPEBECHOTO CHIPhS
pexomennosad pH 3,9 (Ilapkos u np., 1973). dan-
HbIE TPeX BaApPUAHTOB OBLIH M3Y4YEeHHI Ha (epMeH-
TaTUBHOM BOJHOM rugponuzare TL Mmuckanrtyca ¢
KOHIICHTPAIMEH PeIyITUpyIONuX BemecTB 51 1/11.
J103a 3aCeBHBIX JIPOXIKEH B TAHHBIX SKCIICPUMEH-
Tax coctaBmia 5 %.

Bo Bcex BapuaHTax mpoiiecc OpoKeHUs 3aKOH-
YHJICSI 4epe3 TPOE CYyTOK, O UM CBUICTENTLCTBYIOT U
yObuTE PB (T01F0K0361), M IPUPOCT 0OBEMHOMN TOTTH
aranona (puc. 3). B Bapuante ¢ pH 3,9 nonyuen
MHUHHUMAJIbHBIN BbIX0J dTaHona (33 %), 94ro MoXx-
HO CBsI3aTh C M3HAYAJILHO HEOIArONPHUSITHON IS
KU3HE/ICATEIIBHOCTH IPOAOKEH aKTUBHOW KHCIIOT-
HocThio. [Ipu pH dgepmenTaruBHOTO ruapOIM3aTa
4,5-5,5 4uCAECHHOCTb MOMYJISLUU BO3pOCia B TPU
pasa (¢ 13 go 36-39 muma KOE/Min) u He n3MeHsI-
JIach J10 KOHIIA OTIbITA.

AXTHUBHag KUCIOTHOCTH cpensl 4,5 en. pH
MTO3BOJISICT TIOTYYUTh MaKCUMAJIBHBIN BBIXOJ dTa-
Hona — 1,7 00. %, wu 51,5 % oT TeopeTndyecKoro.
Huskwmii BBIXOJ 3TaHONIA MOXKET OBITH CBSI3aH C
HecOaTaHCUPOBAHHBIM COCTABOM TUTATEIHHOMN
cpenbl TU00 ¢ HEIEIeBBIM UCTIONB30BaHNEM caxa-
POB Cpeibl Ha POCT TOMYJISIMH IPOXOIKSH MM Ha
SH/IOTCHHBIN METa0O0IIN3M.

J1J1s uCKITIOMeH s BEPCHHU O HEIEIIEBOM HCIIONb-
30BaHUM CaxapoB B CJEIYIOIIEM OIIBITE BApbUPO-
Balll JO3UPOBKY MHOKymaTa: 5, 10, 15 u 20 %.
Hcnonp3oBaH rujponausar ¢ KoHueHTpaiueid PB
58 /11, B KOTOPBIi OTIOTHUTENEHO BHOCHIICS CYJIb-
¢ar ammonus B kondectse 10 r/i1. C noBbleHrneM
JIO3UPOBKH HHOKYJISITA TIPOIIECC OPOXKEHUS YCKO-
psietcst: mpu go3upoBke 20 % OpokeHne MPOXOITUT
3a 24 u, ipu 15 % u 20 % — gepe3 3 CyTOK, Ipu
5 % mnonoBuHa PB ocratorca HecOpoKEeHHBI-
MU (puc. 4). UUCIEHHOCTh KIETOK B IpoLecce
OpOXEHUS HE M3MEHSIACh U COOTBETCTBOBAJA
KOJIMYECTBY JIPOACKEH, BHECEHHBIX C HHOKYIISITOM —
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MIPU PA3TUYHON JO3UPOBKE MHOKYIIATA.

14 M KOE/Mn st 103upoBKY HHOKYISTA 5 %
28 mutn KOE/mn — nost no3uposku 10 % u T. 1. 310
CBUJICTETILCTBYET O HEAOCTATKE B CPEZIC BUTAMHUHOB
¥ aMHHOKHCIIOT.

Takum 00pa3oM, MOBBILICHUE TO3UPOBKU HHOKY-
JISITa IPUBOJIMT K TIOBBIIICHUIO BBIXOJIA STAHOJIA 32
CUET WCIOJIB30BaHUSI PECYPCOB JKU3HECTIOCOOHBIX
kJeToK. Ho mpu 3TOM KJIeTKH He pa3MHOXKAIOTCSI, a
BBIXOJI 3TaHONa HU3KUIL: 33,46, 46 149 % B yeThIpex
BapraHTax COOTBETCTBEHHO, YTO TAKXKE TOBOPHT O
HecOaTaHCUPOBAHHOCTH MUTATEIILHON CPEITBL.

Jlayiee ObLT MPOBEJICH OIBIT C JJOOABJICHUEM B
cpeny 1 %-ro cyxoro Ipo:KKEBOTO HKCTpPaKTa B
Ka4eCTBE MCTOYHMKA aMUHOKHCIIOT M BUTAMHUHOB.
DTO TO3BOIMIIO COKPATUTH MPOJOIKUTEIFHOCTD
OposkeHHsT 10 24 9 TpU JO3UPOBKE MHOKYIIATA 5

u 10 % u 1o 12 u — npu noszuposke 15 u 20 %.
B mpouecce OpoxeHHs YUCICHHOCTh APOXNIKEH
YBEITMYNBAETCS MPUOIM3UTENHHO B J[Ba pasa, a
KOHIICHTPAIIXS dTaHOIa B OpakKe MOBBIMIAETCS J10
2,3 00. %, uTo cooTBETCTBYET 63 % OT TeOpeTHUe-
CKOT0. DKOHOMUYECKHI APPEKT OPOKEHUS COCTA-
B 0,406. [1pu cpaBHEHNH TIOKa3aTesnei OpoxKeH s
Ha cpezax 0e3 1obaBieHus GakTOpPOB pocTa (IpoxK-
JKEBOTO DKCTPAKTa) U Cpefax ¢ UX Jo0aBIEHHUEM
MOYXHO YBHJIETH, UTO C BHECEHHEM (DPAKTOPOB pOCTa
BBIXOJT dTaHOJIa TIoBbITIaeTcs Ha 14-33 % u yxe He
3aBUCHT OT JIO3UPOBKH WHOKYIISITA.

Takum 00pazoM, MOXKHO cJieNaTh BBIBOJ, YTO
cpena ¢pepMEHTaTHBHOTO BOJHOIO T'MJIIPOJIM3aTa
MHUCKaHTyCa HE COAECPIKUT TEXHOJIOTHUECKH BPEI-
HBIX MPUMeEceH I )KU3HENeATeIbHOCTH JIPOXK-
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JKEH U CIIUPTOBOTO OPOXKCHHS U HE HYXKIAeTCs B
JTOTIOJTHUTENBHBIX 00paboTKax Ui MX yHAalleHUs
(TIeperoHKa 1o BAKYYMOM JIJISl OCBOOOXKICHHSI OT
dbypdypona, GuisTpoBanue ¢ yrieMm u T. 1.). On-
HaKO Cpefia He SABJIseTCs MOJTHOLIEHHON I MeTa-
00IHM3Ma JIPOXKIKEH, YTO MOMKHO UCTIPABUTH J00aB-
neHreM 1 % JApOXKIKEBOTO IKCTPAKTA, PU 3TOM B
YCIIOBHSAX TIEPUOANIECKOTO OPOKEHUS JOCTATOYHO
BHOCHUTH 10 % 3aCeBHBIX APOXKIKEH, HAXOIAIINXCS
B DKCITOHEHIIMAJIBHOM (ha3e pa3BUTHSI.

YcpeaHEeHHbIC Pe3ybTaThl aHaIu3a OMBITHBIX
00pa31oB 3TaHOJa, BHIMOJIHEHHOTO METOIOM Ia-
30)KUJIKOCTHON Xpomarorpaduu, MpeacTaBICHbBI
B TalOiwIle B CpAaBHEHUH C HOPMAaTHBAMH Ha ATH-
JIOBBIA CITUPT-CHIper u3 TumieBoro ceipbst (IOCT
P 52193-2003, 2003) 1 cipT 3TUIIOBBIN TEXHUYE-
ckuit ('OCT 17299-78, 1978).

B onbiTHOM 00pasiie o0beMHast 10J1s METaHOJIa
Kpaiine mana u cocrasisier 0,0007-0,02 %, uto
menble nopora B 0,13 06. %, pernmaMeHTHpoBaH-
HOTO JIJIsl CIIIPTa-ChIPIIA U3 BCEX BHUJIOB MTHUIIIEBOTO
CBIPBS (32 UCKITIOUCHUEM MeJacchl). Takue pe3yinb-
TaThl MOYKHO OOBSCHUTH UCXOJHBIM XUMUYECCKUM
COCTaBOM ChIpbs, Tak kKak B TL[ muckaHTyca He
OBUIO TICHTO3aHOB, KOTOPBIE B Ipoliecce MeTado-

JI3Ma JIPOXIKEH MOTYT CHHTE3UPOBaTh METHIIOBBIH
CITUPT.

MaccoBasi KOHIIEHTpaIHsi CUBYITHOTO Maciia
B OIBITHBIX 00pasliax 3HAYUTEILHO HHXKE, UM B
CITUPTE-CHIPIE U3 TUIIEBOTO ChIPbst (1602 Mr/mm3
npotuB 5000 Mr/am3), 94TO MOKHO OOBACHHUTH
OTCYTCTBHEM OEJKOB U MENTHAOB B OMBITHBIX
ruaponusarax TLI.

B ombrTHOM 00pasie J0BOIEHO BBICOKAs KOH-
LEHTPALUS allbICTUAHON (QPaKIINK, a TAKKE B Clie-
JIOBBIX KOJIMUECTBAX OOHAPYKEHBI alleTOH, 2-0yTa-
HOH, UACHTU(HULIUPYIOIINE STAHOJ KaK HEITUILIEBOH
(FOCT P 51786-2001, 2001). Konnenrpanus
3(UPOB B OMBITHOM 00pa3iie JOCTaTOYHO HU3KA —
COOTBETCTBYET TPEeOOBaHUSM CIIHPTA-ChIpIIA U3
Menacchl. Tak Kak O4MCTKa ONBITHBIX 00pa3IioB He
MIPOM3BOAMIACK, TO KOCBEHHO HU3Kasi KOHLIEHTpa-
s 9QHUPOB MOXKET YKa3bIBaTh Ha YUCTOTY KYJb-
TYpBI IPOXKKEH IpH OPOKEHUH U OJIaronpusiTHbIE
YCIIOBHS JIJIsl OMOCHHTE3a ATaHOIA.

[IpuBeneHHbIC B TAOIUIIE PE3YIIBTATHI AHAIN3A
npuMeced OMBITHBIX 00pa3ioB OMO3TaHONA UX
MHUCKaHTYyCa JIal0T OCHOBAHUS IIPEIIOIOKHUTh, YTO
rocse peKTU(QHUKALIH OyAET MOTy4YeH CIIUPT BBICO-
KOTO KadecTBa. TakuM 00pa3oM, pepMeHTaTUBHBIH

B IIepecyeTe
Ha OE3BOIHBIN
CITHPT, MI/IM>

B TIepecueTe
Ha 0e3BOIHBIN
CIIHPT, MI/mIM>

B IIepecyeTe
Ha OE3BOIHBIN
CITHPT, MI/IM>

Tabauua

Copeprxanue IpuMeceil B 3THJIOBOM CIIUPTE U3 HEMHILEBOTO CHIPhS
Y OTIBITHOM 00pa3iie OM03TaHOIIa U3 MUCKaHTyCa
IToka3zareins

MaccoBas Maccosas MaccoBast

Conepxxanue
KOHIOECHTpalud KOHIICHTpalus KOHICHTpaunsa MeTaHoa
OGpasupl aIbJEruA0B | CUBYLIHOIO Macia 3¢upoB

B IiepecyeTe
Ha OE3BOIHBIN
crupt, 00. %

OTHIIOBBIA

Crnupr-cbipen

13 BCEX BUJIOB CBIPbA

<300 <5000 <500 0,13
CHI/IpT-CLIpeH (33. HNCKJIIFOUCHUCM
U3 MHIEBOro | MEIACChI) MIIM UX CMECH
CBIPbs Crimpr-chIpert <500 <5000 <700 _
13 MeJIaCChl

aj A
Crmpr OKII91 8213 1100 <200 <3500 <80 <0.1
STUJIOBBII 5

e ecK 2 MapKI/I

TEXHIHCCKII | SRTT 91 8213 1200 <350 <1000 <180 <0.1
OIBITHBII
o0paselt Ouo- | o s TIT AC 7001000 1600-2600 300-1100 | 0,0007-0,02
ATAaHOJIa U3

MHUCKaHTyca
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THIPOJIN3 LEJUTION030COACPKAIIETO ChIPhSI TO3BO-
JISIET TIONTyYaTh STAHOJ C IPUHIMTHATBHO JTYYIIAMHI
XapaKTepPUCTHUKAMH, YeM KHUCIIOTHBIN THAPOIIHN3.

[To pesympTaram mpeacTaBICHHONW pabOTHI
MOYKHO CJIeTIaTh CIIETYIOIIe BBIBO/IBI:

1) npoxcku Saccharomyces cerevisiae miramma
BKIIM Y-1693 ycroituuBsl k cpene gpepMmeHTa-
THBHOTO BOJIHOTO THIPOJIHM3aTa MUCKaHTyCa, UX
xopoitree MOPhHOPHU3NOTOTHUESCKOE COCTOSHHE
YKa3bIBaeT Ha OTCYTCTBHE B CPEIax BPEIHBIX MPU-
Mecei, XapaKTePHBIX 151 KUCIIOTHBIX XUMHUECKUX
THJIPOJIU3aTOB;

2) st OMOoCWHTE3a dTaHojda Ha cpene Qep-
MeHTaTuBHOTO ruaponuzara Tl muckanrtyca
ONTUMAJIBHON SBJISIETCS HaTHBHASI aKTHBHAS KUC-
JIOTHOCTH THAponu3ara — 4,5-4,7 ex. pH;

3) nobariienue 1 % APOXKIKEBOTO DKCTPAKTA
MO3BOJISIET cAeiaTh cpeay (hepMeHTaTHUBHOTO
BOAHOTO THaponu3ara TL| MuckaHTyca moiaHO-
[IEHHOH, TIPY 3TOM B YCIOBHSX MEPUOTUIECKOTO
OposkeHHs 1ocTaro4yHO BHOCUTH 10 % 3aceBHBIX
JIPOAIKEN, HAXOJAMIMXCS B DKCIIOHEHIIUATbHOMN
¢aze pa3BuTHS;

4) depmentatuBHbIi criocoO rupponmuza TL
MHUCKaHTyCa TO3BOJIIET MOJydaTh OMOATAHOI C
HU3KHM COJIepKaHHeM d(PHUPOB U CUBYIIHBIX Ma-
cen (ycranoieHo meronoMm [KX). Meranon B
O0MOo3TaHOJIe U3 MECKAHTYCa OTCYTCTBYET.
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BIOTECHNOLOGICAL VIEW
OF ETHANOL BIOSYNTHESIS FROM MISCANTHUS
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Summary

It is demonstrated that Saccharomyces cerevisiae Y-1693 yeast (RNCIM) is recalcitrant to aqueous enzymatic
Miscanthus hydrolysate. Its good condition indicates that the media have no detrimental impurities
characteristic of acid chemical hydrolyzates. Ethanol biosynthesis from enzymatic Miscanthus cellulose
hydrolysate occurs best at native active pH 4,5-4,7 pH. Addition of 1 % yeast extract makes the medium
of aqueous enzymatic hydrolyzate of Miscanthus cellulose complete. Moreover, in batch fermentation
it is sufficient to introduce 10 % yeast inoculum in the log phase of growth. As shown by gas-liquid
chromatography, enzymatic digestion of Miscanthus cellulose yields ethanol with low contents of esters
and fusel oils. Miscanthus bioethanol is free of methanol.

Key words: Miscanthus, Soranovskii variety, enzymatic digestion, cellulose, Saccharomyces cerevisiae
Y-1693, strain, bioethanol.



