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Abstract ; Simultaneous saccharification and fermentation (SSF) and its advantage were briefly introduced.The recent progress in
the process parameters, process flow and fermentative microbe were reviewed.Intensively,the breeding of thermotolerant yeast and
its application in the production of bio-ethanol with SSF process were introduced. This might be the most important method to solve
the problem of the incoordination in optimal temperature of cellulose hydrolysis and microorganism fermenting of SSF.
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[F] 5 A A B ( SSF) (IBESTE 1976 4 11 Gauss %1 B, LIS 4R R BURME IR , AT 4E R gL
E YRR, B K AR L AT R A ) % B A AR AE — AN S BE AR P IR N AT o £ 4 KA 7™ A 0 W
WEE I B R RO R R B O R R SR B i RAR (A5 B S N L HR 7 4 B A i
HRE I RRB LURA BT . SR SR BE (SHF) T 25AH BL, SSF Al LUAS AR IR 41 2E K i 1)
B LR BB RO N, R T ROSTES AN, L 20% A BSERA . BN KR
b A B R A M AR BE TR DB R BT ML 1 o 3R 1 B T HR4Y SSF M SHF T2 M A RS KL, # il
% H AT LA Y, K B0 SSF T4 R 6% FREUT RORT 1], SRS S i 2R &, o R R e L 24

S VL, 3R 5 LB BT B % 1 JL4 SSF 7 SHF TEMERSMILE
Wingren %[7] P25 T RALRL S IR IE T Table 1 Parametric comparison of several SHF and SSF processes
bk e wl e Y TZ HE/C BffRl/h BT R
ﬁfﬁﬂﬁﬁ?‘;*ﬁﬁﬂ s ]‘}jtmﬁji\ SHF ﬂeﬂ‘ SSK substrate type of process  temp. time ethanol yield
PIR TR B, F BRI AT wrmwzEa™ SHF 37 120 5%
FRBERTBIR L AT T AT RN L, AR Sheemenploded s ¥ 7 10%
455 oK SHE WA 7 iliAH 0.63 ou/ It ?‘%ﬁﬁﬁfﬁm SHF 37~45 9% 81%
i SSF B A 7= A H0.57 ETT/FF, it o ae SSF 37 30 68%
Rm LAKRRTRRYWRE U RIEREN  mevgwnzg!© SHF 3 7 0%
60%5’\]%?@%/% , AT [/J’I% SSF ﬁizlgﬁ_'ig‘ steam-exploded spruce SSF 37 72 60 %
%1&@] 0.37 %jﬁ/ﬂ,ii\‘tﬂ Eﬁ}E’JIﬂIL Heapgeimmpi) SHF 30~35 59~120 19.6 /L
] recycled paper sludge SSF 30 48 18.6g/1.
M o

2 [ M A RE L2 A0

B SSF M T EHE X E@FERE B AR B pH {8 YR BT L R B R Rk 3 A
a2 P BFAE S TR A R AR A AT AR, B — T PR TR i L SR
TRy Rxt SSF T 2T A, IR B R AR R
21 RMIRE

BT R, Y LB BT 40 ¢/L, J5 B IE IR A i A S KIE BN o R T IR A
BB B PR 2 AR B IR R Z B PR BB, SR M v R R B e L AR,
B WDV B O3 AN, 03 U E RO AR B IR R B IS K A R MG ST B ) Bt 1 B 2 2 B b
TR —ZFRE " o B AR 77 s B W N P B, T L SR M 2R P R i [ i A i
Y FEAE AT AR AT , (R 76 % B A R v R0 R 7T LA E W £, T AR A 5 40 ot 84 S i
AOMEIFER ' . RSP EE R HE 807 R T R B C BT R . Liv &1 D2 BRI
AE B T KA SRR YD, HE T — U M AMEERI 2 HE A 5 0 R S5 A R B A 7= 2 B, & B4 i
TR 2 BT AR R AR 5 Z B A A 30 AR R R B M 40 15 %M, 22 141.5 h KA 2B Bk
#57.28/L, Zhang %" i 3 BRIRLE A TAL B 32 08 TR hIE S 4 B ER A, TEIR W R B A B 15 %
42 SSF 1378 120 h, ZBE RIS R 69.2 ¢/L, R FIAMtAb R 7 RAR & 1A R R R B E 25 %, &
RBEFREWSE N 84.7 ¢/ L, Bie4 NI E AN RSN Z B E . B, f a5 RS ik
REERAGE & R B R U B B R B O S0 2
22 RERE

RIS ER T L BRE B A, BUEE— G, LR EAE RN EWMRRE RS
45~50 °C 8], T B R () B0l BL R BRI —JRAE 30~37 C 2 o, i F Bod IR A B 25, H
B, SSF L B0 R R TR 37 C (B SREAHA S A SR S B AR R e
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—ERRE FRRR T KRR BRI R, SERR L, T R TR AT 4 R B BE MR,
1, 3R 7 2 BE R R T (W 0 K T R A B A X — (R ) o SR 70 U Y 0 7 R B T o
IR R R RE L R B, IF 32 B HORR 2 W SCHE FIBT ST, o W] 4 2 T B 7 4R 2R+ 4 1L B B I T R A o
T BE , [a) B SO S e I B 1 R BE BB 07 , NMELRERS & #E SSF T2 M #, 0T LASR B AR SCR (9 25 S M
BEEMEA, 2R84 SSF I BMBE. FET, AR RFEHE & B J7 20T LR R AR AR
A B IE Y LR, TGS AR X 5 Z B e

Lin %' 1) NaOH AbFRAGH HE#E 4y JFORE, %42 37, 42 1 45 °C & T 5288 4 K B2 1} ( Kluveromyces
marxianus var. marxsianus ) Xf SSF 7= BRI, SR EW, ERNRC T ZEBEE ., ZAHISHEN
92.2% , X F BN 37 CTALERBEEHEAR, BKE=EW REBEEERLD, SBELEABIN
BRI, T 45 “C o iR BE i/ SRR TR B B A KABLAR, [ 45 AT R BN B 2 B
SRR BRI, 78 S0 W P 32 A IR BE VL BB N, 38 24 4 R R N IR o B X B R R v 14
HH, '

23 ZENEY

T P SSF L P R AR A R BER B A UMA MR, A4 B R B SR BB E b, Hpkak ik
RO R R BRR AT R 2P ML R B . KIILUR, SR BB Rk E FEE P EFRIMLR AR R
e, BRIEEERE(Saccharomyces cerevisiae) VR A F= i R BEVERE (R R M E S BUE MR B TF 5K
FH)5£1E , Edgardo %' ST ERTEBE LB A 11 RREGBRTE 35~45 CF B4 KR B A B4R R0 15 BLE AT
TS, £ /iR YL E IR — Wi IR K Bt A B 47 IR2-9a BEEE, LIA ML Bl 25
RIFA R FAE N IRY, 40 C TR C BB RN 22 /L, LLIFIRTEARIZ R T 5 15, A —LE IR
X 43 B T e it v IR A BT B B, PR TR 2B A =™, B R B, K. marxianus ELA S 3R B
FRAE S, B R BRI RE TR, I H AT SSF A L EWBAHRHEMRT
. cerevisiae' ™™, Szczodrak 55" I\ 12 NJE H Bk 58 BRE, W B T17E 40 °C LA b A K AR BEHERE,
R GHREEL R (Fabospora) FITL & 4k R EELE /B (Kluyveromyces ) H i) — S EERLBETE 46°C AR T AE K,
Hrp F. fragilis CCYS1-1-1 7E 43 C BB 140 o/L W BB (L IR7G 56 /L Z B, R BHEREML Ko
Ballesteros ") 3@ 1} BF 5 K I 18 22 Bt £ & ( Candida ) R T B £ J& ( Saccharomyces ) F11 3¢ 8 4k B¢ 1 /&
( Kluyveromyces ) 1 27 ¥REEEFBTE32 ~45 C TR A KM A BF M , & K. marxianus F K. fragilis 76 5 1R
KT AHEHR LEEA =R, 7 SSF iR, LA 10 % WA BR Eh R KA N EY), F A X ME N
15FPU/g, 42 C T KB 78 h WA REW ™4 38 o/L RIZ.BE, Castro ZVVSTH T 4E 45 CF 5 BRI B 4R
BERER9 R BERE ST, KR NRRL Y-6860 () 2 BRAE P RE MR AR , # FH A T SSF i b I DL 8% M AR AL BE Y
FEFFAERIRY), B e LB 0.24 ¢/ 8,

BERFHEARMER, ~SFMMEARBRERT B FREA EELRSMATHRFFET R
BRI E KRR, Cha £ FIHIRILZ 58 BAS S. cerevisiae FAF—HRIF IR B BRI B AR mbe 2, F]
FH NaOH FiAbHE 05 B 4T SSF IR, 75 42 C I RBR YR B H08 3 %A T &8 48 h, AT LIRS
153 g/L ZBE, X R i Z BEr= 2 Jy S fH 1Y 90.1 %, Watanabe %% #8548 T —#k Candida glabrata 5855
AR REN B RBERCE, BB P WREY R L LR E B EGRENHZEE . L 50g/L
B4 A R NI, 7E 42 C T BRIPIR BE EBAR 2 A B AT IR R B E S 1T/ L LR, K
B BT BT B 7 P24 P o Tshehuk 87058 30 40 TR W22 F B 22 Hh REAS T BE R A IR 528 1 Hspl6p
1 Hsp104p ({3 #:E% £} ( Hansenula polymorpha) , Ko IR AE 138 E T 12 4%, 7€ 50 C T HAAREE RS
BERREIRE T 5.8 5. An @SN 6-BERM SR A TRV TPS1 (53 BRI, RITE L BA
i 6-BERR IR A B IE M B, I RESE RAVE S WENE . S. cerevisiae IR FRA IR 36 THRE
$|42°C, 38 C T ZBM BAZFIE 70 %o Shi % LI Tl B bk SM-3 A BF TN &, 38 i J5 A B 4 e 51
B MBERABEHAN TR, RS 1 vRMEREIL R Y F34 i BERR AT LIFE 45~ 48 CFFIH 200 ¢/L B ZIHE
=4 78.7 /L I ZBE, IR 6] AT 32 (R R4 %% 25 % i 2B A KARE T IR A AR Y TR i S BE A R 2
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SRR, EiT AR AT RPN AR F B A &2 A, B XHR B T 2 A BIR K m R
HNBEEFE 7T —SABA R EROTHRER, 7 W EKRE 20 LUE 45 C &4 T AK B BAiEir A
F SSF ABRB F SR EEEEPE 2 C, FRMEERENA SR, B2 25 IR 5
EYER, B s RCE A B AL R RE A S , RBES F= Z RE I S B T R, R R BRI BB B35
BAK . TERBWMEY S, K. marvianus B BSFRITHELEGE, RA TR ERSHAABREZ X TN RS
Z— KRR KRR AV SREEBARLS S TEMRERRREIEAR WE—-ATE
LB BB , LA S BBk AR RO A 7= KR IL O OB R B 20 T — A R BAR R AT, T RE
SHAERF SSF TETIZBA AW E ZBER KR,

24 T ERBHGH

Z LY SSF & B 1T 2 R BB 638 LU B 4 4E R G AR R 2T 48 JFURH IS 4 AN BE B TR TR — 1> IS A%
d, AT B &% SSF FIE S AR A TE R B T2 RBR A AT H ST T Ak, a0z i0R F1E SR
B IR B & B ( CTSSF) ARR R A5 Wk 4k & B ( TS-SSF) LA B [6] 5 7K il 43 B8 X W ( SSFF) , 515 4% SSF
F IR L, S SR BGH 15 4T 4 B R AG/K AR AR SR A 3R . CTSSF 5/ Chen & R BIEAE 42CTF
FEK % 15min SR E VAR EE 2 37 CHATIRB WL R BE 100, BRI, RG £ B 72h, SHM 37 C
SSF L., Z B~ B 50 %, Kang %11 R B TS-SSF [ 1 , F) R it &5 1849 K. marxianus 7£45 C &
PR B ECN 16 % 55 T RIB WL R EE 24 h, B IR BRI E 35 CAkSE AR 48 h, ZRE SR B YR AT LA
KF|40.2g/L, 55 45 CSSF Mt Z B B4R & T 54.5%, SSFF & Ishola 25" BRI K, B 46 7E 50 °C
KRR 24 h, 2 S5 AT LIRS, SR K SRR IR B R BE i b 30 C LR BE , R E
IR B K AR, LR B R B0 T LA SCBL 5 K G 3P, Shafiei & JE RIS 4 R B B- R B I S 72
45 C P ESME = RFIRERRAR 24 h SRIG7E 37 C R R HIML B 3 X, BB EER S, 4 HA R H
J{E I 85.4 %1 89.0 %,

FA, R T AR FIEY) SRR OB R AP AT 4 RN A 4 R T A RO AT R B, DR O A
REETLZ.(SSCF) IEAS BB E I E RIS . RS4RI ATAL 52 BUG |, 4 g B KB HR
WASERERSB, MR SA R =L NBER — R RPHTEBEA ™ 28, SSCF AL/
TOKBES AP RIS, T BB T MR B X 2 R HRA C BN AR, BRERYA R
MOBE R E e, R FFAETBRANEK. BRI AT Tk 28 A 7= 5% F 6B &
(S. cerevisiae ) , A% B ASREMAR I AR , (FLif i 2 DX TR B0 T BRoA A A A BTG ( XR) 0 A ME B I3 46 16
( XDH) 5354 A BB 95 4R A5 ACKE S F R (XT) i3 P AT LSS IARE B9 I A1, Olofsson 451 | FH B
#E4T SSCF i FRmi oy RN, IR R B0 SSCF T ¥ EEREZ —, S. cerevisiae TMB3400 7E 32 °C iy 444
FHTE 37 CRISRMA FREMHA A E ZHANE, XFTRE R B TRIKMIREIRE TR B BIER, A
A FIFAMER R Zhu 21 FI A FRFEFTHEAT SSCF 3B A BL, S. cerevisiae SyBE00S £ 34°C 4%
BT RBEEBIR OB LTE 38 C A THRE 102%, B4b, @it 4 #abe a7 R0 A R b iy
BERERFERRM MR, RIR I KRB A M B AN AR CBERENES O EEE AR,
Hahn-Higerdal 251 5t % — b [ 8 % BE I bk 0 R BEVERE AT T F5T, R S. cerevisiae TMB3400 ] A4
B RICHE R B ™ 0%, BRI B R TR B 40 o/ L, RBEFIH 258 75 L R B X TR (A0 80 %, Erdei
S DA BIAL S O REAT AR N JFORHIL X TMB3400 # SSCF AR SLHT 7% %, R B R IRV G &
RO T.5% F LB FRIKB T0% , REWREE X 43.7 ¢/ L, YR AR EHEIE & B — S RER 10%,2
BE R AT LLXE 53 ¢/L, RRIRE T KEEBIR Z B, WS A BRAWRKES TEEE
R, SRT, BETRR A BERRAE T & SSCF Talb b AR PSR RO AOKE 7, B2 4 BE B A

3 HiESRY
REVRZE & RIS SR B OR T 2 4 BT A K T 1 = KBhie, T4RTF A B B R R R 7 0 ok
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Mo BB BE AR RIRE S TEERIE A A R RS R A pH EAM T SN RE
Y, SCBUAR R 4EJFOR B SRR B A 2 B B XE 17, 75 4N KBk R ST BE VR & BB R0
A B IR R S 07 T DT RO TR SR IR ATT IR

B E 30k

(1ATTE. FEEYEREMEE]. PEITRERY,2011,13(2):16-23.

(2] A&, 8, ML, FREEYRRBAE R CEEMBIRH R T]. BRERE,2007(4) :116-220.

[ 3]BOTHAST R J,SCHLICHER M A. Biotechnological processes for conversion of corn into ethanol[ J]. Applied Microbiology and Biotechnology,

2005,67(1) :19-25

{4]GAUSS W F,SUZUKI S, TAKAGI M. Manufacture of alcohol from cellulosic materials using plural ferments: USA,3990944[ P]. 1976-11-09.

[5] WYMAN C E. Ethanol from lignocellulosic biomass: Technology, economics, and opportunities [ J ]. Bioresource Technology, 1994,

50(1):3-15.

[ 6]OLOFSSON K, BERTILSSON M, LIDEN G. A short review on SSF-an interesting process option for ethanol production from lignocellulosic

feedstocks[ J]. Biotechnology for Biofuels,2008,1(1).7.

[7] WINGREN A, GALBE M, ZACCHI G. Techno-economic evaluation of producing ethanol from softwood ;: Comparison of SSF and SHF and

identification of bottlenecks[ J]. Biotechnology Progress,2003,19(4):1109-1117.

[8]CHEN H Z,XU J,L1 Z H. Temperature cycling to improve the ethanol production with solid state simultaneous saccharification and fermentation

{J]. Applied Biochemistry and Microbiology,2007,43( 1) :57-60.
[9]JALFANI F,GALLIFUOCO A,SAPOROSI A, et al. Comparison of SHF and SSF processes for the bioconversion of steam-exploded wheat straw
[J]. Journal of Industrial Microbiology and Biotechnology,2000,25(4) :184—192.

[ 10]STENBERG K ,BOLLO M,RECZEY K, et al. Effect of substrate and cellulase concentration on simultaneous saccharification and fermentation
of steam-pretreated softwood for ethanol production[ J]. Biotechnology and Bioengineering,2000,68(2) :204~210.

[ 11]MARQUES S,ALVES L,ROSEIRO J, et al. Conversion of recycled paper sludge to ethanol by SHF and SSF using Pichia stipitis[ ]]. Biomass
and Bioenergy,2008,32(5) :400-406.

[12]ABDEL-BANAT B M A, HOSHIDA H, ANO A, et al. High-temperature fermentation: How can processes for ethanol production at high
temperatures become superior to the traditional process using mesophilic yeast [ J]. Applied Microbiology Biotechnology, 2010,
85(4) :861-877.

[ 13]ZHANG Wei,LIN Yan,ZHANG Qi, et al. Optimisation of simultaneous saccharification and fermentation of wheat straw for ethanol production
[J]. Fuel,2013,112.331-337.

[ 14JROSGAARD L,ANDRIC P,DAM-JOHANSEN K, et al. Effects of substrate loading on enzymatic hydrolysis and viscosity of pretreated barley
straw[ J]. Applied Biochemical and Biotechnology,2007,143(1) :27-40.

[ 15]SANSSNER P,GALBE M, ZACCHI G. Bioethanol production based on simultaneous saccharification and fermentation of steam-pretreated
Salix at high dry-matter content[ J]. Enzyme and Microbial Technology,2006,39(4) :756-762.

[16] VARGA E,KLINKE HB,RECZEY K, et al. High solid simultaneous saccharification and fermentation of wet oxidized comn stover to ethanol
[J]. Biotechnology and Bioengineering,2004,88(5) :567-574.

[ 17]LIU Kai,LIN Xiao-hui, YUE Jue,et al. High concentration ethanol production from corncob residues by fed-batch strategy[ J]. Bioresource
Technology,2010,101(13) .4952-4958.

[ 18] ZHANG Ming-jia, WANG Fang, SU Rong-xin, et al. Ethanol production from high dry matter comcob using fed-batch simultaneous
saccharification and fermentation after combined pretreatment[ J]. Bioresource Technology,2010,101(13) :4959-4964.

[19]EKLUND R,ZACCHI G. Simultaneous saccharification and fermentation of steam-pretreated willow[ J]. Enzyme and Microbial Technology,
1995,17(3) :255-259. )

[20] BoH R, B % WREALEEGHFRILRAIR(T]. BERD,2008(2) :99-102.

[21]HASUNUMA T,KONDO A. Consolidated bioprocessing and simultaneous saccharification and fermentation of lignocellulose to ethanol with
thermotolerant yeast strains[ J]. Process Biochemistry,2012,47(9) :1287-1294.

[22]LIN Yu-sheng,LEE W C,DUAN K ], et al. Ethanol production by simultaneous saccharification and fermentation in rotary drum reactor using
thermotolerant Kluveromyces marxianus{ J]. Applied Energy,2013,105:389-394.



70 £ 8 R o ¥ LR % 50 %

[23]EDGARDO A,CAROLINA P,MANUEL R, et al. Selection of thermotolerant yeast strains Saccharomyces cerevisiae for bioethanol production
[J]. Enzyme and Microbial Technology,2008,43(2) :120~123.

[241BENJAPHOKEE S, HASEGAWA D,YOKOTA D,et al. Highly efficient bioethanol production by Saccharomyces cerevisiae strain with multiple
stress tolerance to high temperature, acid and ethanol[ J]. New Biotechnology,2012,29(3) :379~386.

[25]SREE N K, SRIDHAR M, SURESH K, et al. Isolation of thermotolerant, osmotolerant, flocculating Saccharomyces cerevisiae for ethanol
production{ J . Bioresource Technology ,2000,72( 1) :43-46.

[26KADAR Z,SZENGYEL Z, RECZEY K. Simultaneous saccharification and fermentation ( SSF) of industrial wastes for the production of
ethanol[ J}. Industrial Crops and Products,2004,20(1) :103-110.

[27]HARI K S,JANARDHAN R T,CHOWDARY G. Simultaneous saccharification and fermentation of lignocellulosic wastes to ethanol using a
thermotolerant yeast[ J]. Bioresource Technology,2001,77(2) :193-196.

[28]CHA Y L,AN G H,YANG Y ], et al. Bioethanol production from Miscanthus using thermotolerant Saccharomyces cerevisiae mbe 2 isolated from
the respiration-deficient mutants[ J]. Renewable Energy,2015,80:259-265.

[29]SZCZODRAK J, TARGOVISKI Z. Selection of thermotolerant yeast strains for simultaneous saccharification and fermentation of cellulose[ J].
Biotechnology and Bioengineering , 1988 ;31(4) :300-303.

[ 30]BALLESTEROS M, OLIVA J, NEGRO M, et al. Ethanol from lignocellulosic materials by a simultaneous saccharification and fermentation
process (SFS) with Kluyveromyces marsianus CECT 10875[ J]. Process Biochemistry,2004,39(12) :1843-1848.
[31]CASTRO R C A,ROBERT I C. Selection of a thermotolerant Kluyveromyces marxianus strain with potential application for cellulosic ethanol
production by simultaneous saccharification and fermentation( J1. Applied Biochemistry and Biotechnology ,2014,172(3) :1553-1564.
[32]WATANABE I,NAKAMURA T,SHIMA J. Strategy for simultaneous saccharification and fermentation using a respiratory-deficient mutant of
Candida glabrata for bioethanol production[ J]. Journal of Bioscience and Bioengineering,2010,110(2) :176-179.

[33]ISHCHUK O P,VORONOVSKY A Y,ABBAS C A, et al. Construction of Hansenula polymorpha strains with improved thermotolerance[ J].
Biotechnology and Bioengineering,2009,104(5) :911-919.

[34] AN Ming-zhe , TANG Yue-qin, MITSUMASU K et al. Enhanced thermotolerance for ethanol fermentation of Saccharomyces cerevisiae strain by
overexpression of the gene coding for trehalose-6-phosphate synthase[ J]. Biotechnology Letters,2011,33(7) ;:1367-1374.

[ 35]SHI Dong-jian, WANG Chang-lu, WANG Kui-ming. Genome shuffling to improve thermotolerance, ethanol tolerance and ethanol productivity
of Saccharomyces cerevisiae[ J]. Journal of Industrial Microbiology & Biotechnology,2009,36(1) ;139-147.

[36]JKANG H W,KIM Y KIM S W et al. Cellulosic ethanol production on temperature-shift simultaneous saccharification and fermentation using
the thermostable yeast Kluyveromyces marvianus CHY1612[ J]. Bioprocess and Biosystems Engineering,2012,35(1) :115-122.

[37]1SHOLA M M,JAHANDIDEH A,HAIDARIAN B,et al. Simultaneous saccharification, filtration and fermentation ( SSFF) : A novel method
for bioethanol production from lignocellulosic biomass[ J]. Bioresource Technology,2013,133.67-73.

[ 38 ]SHAFIEI M,KARIMI K,TAHERZADEH M J,et al. Pretreatment of spruce and oak by N-methylmorpholine-N-oxide ( NMMO) for efficient
conversion of their cellulose to ethanol[ J]. Bioresource Technology,2010,101(13) :4914-4918.

[39]KOPPRAM R,NIELSEN F,ALBERS E, et al. Simultaneous saccharification and co-fermentation for bioethanol production using corncobs at
lab,PDU and demo scales{ ] ]. Biotechnology for Biofuels,2013,6:2-10.

[40]OLOFSSON K, WIMAN M, LIDEN G. Controlled feeding of cellulases improves conversion of xylose in simultaneous saccharification and
co-fermentation for bioethanol production[ J]. Journal of Biotechnology,2010,145(2) .168~175.

[41 ] OLOFSSON K, RUDOLF A, LIDEN G. Designing simultaneous saccharification and fermentation for improved xylose conversion by a
recombinant strain of Saccharomyces cerevisiae{ J]. Journal of Biotechnology,2008,134(1/2) :112-120.

[42]ZHU Jia-ging, QIN Lei, LI Wen-chao, et al. Simultaneous saccharification and co-fermentation of dry diluted acid pretreated corn stover at high
dry matter loading: Overcoming the inhibitors by non-tolerant yeast[ J]. Bioresource Technology,2015,198 :39-46.

[ 43]HAHN-HAGERDAL B, KARHUMAA K,FONSECA C,et al. Towards industrial pentose-fermenting yeast strains[ J]. Applied Microbiology
and Biotechnology,2007,74(5) :937-953.

[44]ERDEI B,GALBE M, ZACCHI G. Simultaneous saccharification and co-fermentation of whole wheat in integrated ethanol production[ J].
Biomass and Bioenergy,2013,56.506~514.



