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Progress and prospective of acetone-butanol fermentation by
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Abstract: As a kind of biomass-based fuel, butanol is better than ethanol. In addition, the acetone-butanol
fermentation can also take full use of various simple sugars, such as glucose, fructose, xylose, and so on.
With the characterization of colony morphology of Clostridium, analysis of metabolic mechanism,
retrospection of recent research progress of strain breeding and fermentation technology, we prospected the
acetone-butanol fermentation by microorganism. Moreover, special attention was paid to the progress of
acetone-butanol fermentation by using hydrolyzed product of lignocellulosic biomass.

Keywords: acetone-butanol; fermentation; strain breeding; process optimization; lignocellulose

4 S -~ — o )
WEMABREFE R T B RiHE
BN, XERY, BARRY A
BT A F L R it TR 6, B, 1, 330031
BT Brin FIF SRR [ 5 B 50 5, S, U, 330047
EYIFFE T T FEHIE 0, BEAS B, THE, 330047

Email: liuyuhuan@ncu.edu.cn

[#2] TERALT B0 AN AR IRAL, M BLARER T B3 & 8% =T VA R) i oo AR AR Fo oS B . AN

FEAT BRI A9 8 B

A IR A A RFAIIE R, WL SR E NI A AR AR LE

7 & FTBAF 0 Pk, R MR B R AT T BT A AT, B R EESUARR T LEE LAY
TR B H KR AR A SR A 0 R BRI T B K BE L et

[x42i8) AEATE:, KB, RBATLRE; TEMAL; RESA%EE

51

il

ANJFETHE Bk Ef A (T AR TR, L
LRI YR PR RN S, Hrh e g som
LR IR 0 0 L BE RN wRE . R AR
JRET Y2 R A R RT3 1) 2 AL, (H
LR A BCRAR T R B2 TR R . BFST
KB, PR T IR R R 2T 4 — AR 20 S )
AR ATRE R AT SN, g AR )RR MR R
HEAG OB MR R, T BEAE R A 1%
BUTHTERENE T 2l HTT, S LA I
TREMARA T SE LS TR ELL Ol —

Supported by The Foundation of Key Technology Research Program of
Biodiesel Industry in Jiangxi Province of China (2007BN12100); NSFC
Projects: 30960304; Jiangxi Province NSF Projects: 2008GZH0047;
Special Project for Returned Scholar in Jiangxi Enterprise Pioneer
Garden 2008718

* Corresponding author. Email: liuyuhuan@ncu.edu.cn

978-1-935068-37-2 © 2010 SciRes. 2098

AL, TEEDIER T MARET 2 3 h 3R IUL SR 1
BORAT . KRNI Z 5, T BE AR )
WP AR — AN EZE R . HE DL AR AR 5
BRI, A R AR BT SR S R AR A
SLJERVE A TR, R B R BEIR  ATR RL
SIS 18, R JERTSARE TR . ASCE T
T AR TR AR A b, S5 ek E Ak
Do R B RRE AR T2 R BCR, St DA e 4
FAERE R R R 0 5 R S BT T IR
ATFR - FFE TS (KIS

1 E#h
1.1 f3E

1914 4F, Weizmann M\ 419 3 25 #4 2) Clostridium
acetobutylicum Weizmann, 1% FlRERS K& F )
JEORE, TR TR B Tl Ak a7 Rl HATAE



2010 The Second China Energy Scientist Forum

BEAT T T R % PR A A ) B R ROR 2 F AT B
(Clostridium), ZEFRAH | BEBAR ZF AU 5, TR A
T W, i C. acetobutylicum . C. beijerinckii . C.
saccharoperbutylacetonicum F! C. saccharobutylicum

%[2]0
1.2 Mpa. EEISE

T B — 24 PR ) s T =2 BRI
AN AR, 41K /8N0.6~0.9) 1 mX (2.4~4.7) 1 m.
FHONETE, domdE. RIEEERE. i, HiE
3~5mm, AGAKN, EKE, FIEW, RiTAILHE.

1.3 RBHERE S

VAT T B A I kg 7= B SR = s 75 B A S B B o
REEWIF= KR AR 418 T RS, pH {HiRl
MO, MiaB g RESS, AR, AR
Bk Js, FrAEKERER, FEYTE. R R
PILLEh 6 13 0 1. N T WRRIE SR 2, it
AR &4, KR FEARU Ty 1)« R e =4 1 g Can
P TR L)) HAT BB .

FERR I B 8 IR IR (EMP) & 428 7= A= A il
s TUbBE I B R A2 (HMP), #4608 6-B 1%
FOBERD 3-BRR H s, HEA EMP 34575 A IR .
NTER T CoA £ A I R -k S804 B, 11 A8 AH s Jir B 11 4
R O WE~CoA . LIi~CoA EMEIR L e 7 I
(PTA)IVEHT AL BBt R IR G, H276 1E L IR IR (AK)
AL R AR AR . LBi~CoA 1E— RFIEFHIHEAL
LT Hi~CoA, RIGEMEIR T W ZRE(PTB) AL
T BEERR R, BJE T EERERR Eh L T RIS (BUK) %
R, ERRTR. fEZMr B, A KE CO, fil Hy
F=E, [FBT NADH KRR 500 T R S 0 25 i
BT REMER T .

PRI PRI B AR SRR T IR 21
L~CoA @ LT8R/ T © CoA M HIHEAAE 43 3
o L i~CoA F1 T BE~CoA, Zk~CoA 7EHH i)
VEH T IER OB L ~CoA, ik 2. 8~CoA FH& 5t 7,
Ik . Wi~CoA HE RSB IIMEALIE I3tk h S BE 1R, &
I IR BORTE A T . T BEi~CoA fE T B AR T
[ A N 2SO 4 A A

2 iR R
2.1 Z®~CoA
LW~CoA AEHF 7 1A A2 jle ol R v A O B 1) A

2099

F: o
M, BErl DU IR OB, NnTLLE GBS &
1 LB L BE~CoA, ZE A T EECL, Oy T A
DL Z U AT R, R R AT SR PR
InZgeh, i LR 4L S CoA 456, Al
Wi~CoA, $2im LBE~CoA WK, AN LWt L1k
~CoA. 4k, ¥ Husemann ¥ KR 5T % W] Z 144
XN T B N BRI 2t ER . Rk, T LA I
N R ST UL 1 1R 428 o

2.2 NADH

FEIRH B NADH IR 2 5 H 2 s m AR 7 1)
™ NADH A 7Ehf, LBt Bi~CoA it 41t 1t
~CoA MR HEAN Lt £ 18 W A2 N s > NADH
AR, Lk LEE~CoA Nl I NADH [)— 32018 i
AT B . PR AE A v B ) 4 AR A
NADH W&, PMEA L% 2 K8 )5 A m T
iz, 1 NADH HFR 82 3 2445 EMP &4, i ki
AR B, DRI Z ) NADH. DAt g
EMP 8458 B F I oG B3 T 4D FR0 35 ) ml A S
BRI 1 T R

3 BMIEB NS
3.1 B SRR BIERIGIESE

PO T S Ny TR, HAE DA Gt gk
ATEUERRIC, IX G5 (=7 B PR 1R 97 326 5 >R 1R K TR A
Palmer 251V ] 15 B 7 6 1A ik 20 7= IR 6 1 it R 1A
W T P R R o Adller 25U 1 AR B T T A R O i
EPA IR, WY EAAN . RIAR A PR
TRV S AN T P BRTRR b 7= BT FR - Bassam 25PRAE
PR A 0 i R TR I T A B o (A A E— 1
KZ, I 2-JB5 D820 TR 16 P9 e T 1 o 77 1
(K1 Ky 2- 5t 4 -D- 41 2 B A2 5 FH (R A AR B A, 4758
ARRATLATE 2-JB 5 -D-E A M IRt AR, gt
FA IR K7 T P BEL 3 0 o ey I I R R
IR VLA E T R TRE v, ROR K. RYE A
P T B 5 P R S P A S B S5 R AR A |
If) AR T ARG L, S RO ST T AR L PR
PR AR DA T I R A TR AR ey A AR B
W) 2-J AR -D- A L BRI 78 71 VR FF Iy 4% RNk s ) i
NIRRT —RImE RO Tk J7 %

3.2 SFEHKIEM
PR S R B vy I T A R0 524 0 (R OB

978-1-935068-37-2 © 2010 SciRes.



oze> Scientific
#%% Research

FBZ—. EH I MIWIEP e EET I, Wk
[ 2E K B R e LR L3 B R R

ERAA R RE T, AR A R RS A, P e
%, DRI e T I A 1 1 i 4 e 0 2 S B 4 v
JERI—A B 1 RO ) B9 3 — R AR o B
SPRR AT ARG A Ky LT R PR R I A
p(Bacillus sp.), AR o T R FAEAE T %
BRI SR o R IR T R TR A S /L I,
R, i 10 g/L i, BFEAEKSR &2
I, DR R 32 T T R AR I S e O AR T
W= H ) S — A B,
3.2.1 iFEHM

Hr, FAFMEEEWEMIETFB. Annous
SIS P RS RN AR A7), DA 2- Mt 4-D- R 2 B A Ay
PUAR Wi BH 38 4 0 3k B v R B R R OR IR m I C
acetobutylicum BA 101, FL[W] &k B4 (4 T 1 25 5 mT LA
EE) 19 g/L, HHUR BRI SZ 100%. 5K 552855010
I S TR PP At PR 2, B 5 o AR, s 3w T
LB I T BEAR I, F R R, T REE A
IEE) 71.9%, WSS 10%4A 4.
3.2.2 MR EHA

10 Rl 75 4 AR T A R T v DL SE T B R
FCR AT RE,  AEASAS (R Bl 2 TR A= 0 1 4 A8 1 A m]
e A ZF AT B NI T RERE D I B, 4 B il
B AR N B B R RE U T A IR B AR TR — b
Prigtt. Reilly ZURTFR I, (ERAREFRIETDTR
T Ca* . Mg R AR R T T R AR R JEUAE R R AR
PR, AN K AR B m R AR T AR AT 1 T LA
PR, KON R AR RS T SR
3.2.3 EFETEMERA

BER T2 SO H AR SR i A = N T R
YIREDRAR A () S . WP T B2 B 0 S IR Rl B A
FRALIE RN RIE

FERRE R 5, — AR AR S ROCHESER,
Feah BRI H == s 23 . W, Green
ALY 3o 5 DR R B 7 10 05 I/ 1 It L Bt (adhE) 5 [ 2%
W S FAEINEE AR G, R T RE SR T 85%,
Uil adhE 7F T RSP RS EEAEH . — bkt
WS AR, AR AR 1 FR AT A R T 1)
WL BRI H == s i sy i, i i LA
Wik, VIWT OB LR T RRADARI& R . Green %5
UL 3o 35 DRI Rl B 7 ¥ R B, pta 35 DR ) 2 3 B AL T R
LR LRSS TER 2887 5 buk 3

978-1-935068-37-2 © 2010 SciRes.

2010 The Second China Energy Scientist Forum

DRI TG PR T T PRV MR AN T e =k, 1 T ek
WL INIT 15%.

SRR RIE T 58, — A AL S BR RE DAL I SR,
VG TR AL TR TR, $ v H =) 1) 7 & . 41, Green
SRR SRR B PICABK il iR IASE N adhEL, #)H
SER R, BRI TR NER S A 16.7
g/L. 4.4 g/L F12.6 g/L. Mermelstein 25>k 5t 754
LR TR REE LN ade. CoA ¥:Hlg A FEPH ctf A
CoA M B F:[K ctfB ikl pFNK6, 1L C.
acetobutylicum ATCC 824 &, W, T EER ZBEIF=
BT 95%. 37%H1 90%, ZFRAN T MR E
WD T 5% — Rt 3 SCBEBE DR R JBORE, K Lt o
R TRER KA BeREss) P2, i TR
B P T B (R BE 7 . Lourde 25LK4 C. acetobutylicum
ATCC 824 ¥t £ It LR R M ade.CoA #i#%
Mg L[ ctfAB MU B AE A thl A8 33k pACT
1, %Ak Escherichia coli J&, &I~ &AL E—
SEZE S o XTI AR IR 23, HE K
J AT B ) PR SE TE AT ) T S e A A R, R
WAL TR AT T 1)

4 T

ARG AT T A T 2 2 D ) B I 26 TR X
17 kAT, Hu=E AR 15~18 g/L. 47 L
20 CUNFERUR I SRR BB AR sk
L= S 53 85 s BRI A I, R
(1) 53 B A 6

4.1 R{UZENAE

JEAT AW A AT A bR T B AR, v R
SR, SR EURMI AR e, it B AR AR S AR
T R R nT A4S 23 RIS B~ T T (R 26 T e R, 42
T BER N GEPE, O] LGS J5UA A S (H F
A5 (i Th AR B2 2E), SR AL )
R RIZES ) B r P B R A A
TR RE VRSP VBN NI T B R T AR IR, R
JE AT I 33.63 g/L, T EAKRIEIR 16.27 g/L, i
ZHER R IE 98.0% , S HIFZIA 31.2% o Ishizaki
AL 2SR AR, B R AR AR e by AR AT I T I
REUR T s I 47 % 20 A5 (R A4 AL BB 2 o
IR AR R NI 62% 4% 5 83%, | HEf R
15.4 o/L #2555 20.9 g/L. HIFDCOLL 4 Fi /LS
VE T T IR IR A, T I PR A 7 it 88 ey 1]



2010 The Second China Energy Scientist Forum

PLEAE] 0.213 g/(L * h), EEXTHESERE T 10.9%. HRes
T iy A= S 2EEUR, 80 0.14%H:3i- 80 J
TEARBEERE T 21.2%, SEFIAE = i
7 16.5%.
4.2 SRAEE

AR DUR B FE T =R H, CO, B 1
SN, S IVER TR R I AL
AU, TR NBEER PSR, mu A it
DN AR by B AR AL T S R B fE, m sk
PRI B o B, 4 i RIS o Ezeji 05T
TASE B T TR BRI s, A RO IR
AR LA, A3 53 B 1 27 7= 2 R = 1 43 ) 4 1Ry 200%
1 118%. Ezeji ZPVIHFFTRWILL H, M1 CO, W3,
KV S R B SR ) IR ) T2, R
201 h, A= REEF 400%, SFHAEATIE 232.8
g/L,

4.3 ZEZRX

1518 7% R M IR ARTR &4 b 25 4 185
Y HAETIANE], ZENEPIIZ 3 AR LB,
KRR AP EATER r 28 k., M SEBLZH 434 B 1 —
R A> B A, BESCHL T WEA e Bk 4 P23, 1%
BARSER R, gEwin  HeekeK, Lisds, 25
HADF AR S, HE RIFRIN R 5t
4.4 R AEE

LR MR R VR . BB SR e
A, W — RS L2 T LB A M T R e
L EPCRS AR R, O B — kKBRS TS
o] DA RALR G R o 2 T 2 RERE, HAb, WA
DL SR Canfek s -+ 2 b 3 5 v 5 0 D B,
5 K ALZEFERIFA
5.1 f£% 8

PO T e T e A D)3 R R T KR AR
B ARG R A &Y, 2 T T R R R A
f) 60%3%) . PR e 5623 1) BEURIVE Ry B U REAE AR AR
J& SRR P T  T REE E T.
5.2 HE¥iti®&

B R AR S E A, A
RFEFRT AR OB, FERWNANER) G, f

o33 Scientific
4% Research
U S POTDLE w RRE R VT4 N A P I T ) R P
J5BE, LA Bacillus acetobutylicum Bd3 1 kil 56 i #k
TR EIAF] 10.29 g/L.

5.3 KRFHE

AT FAE A AR ST SRR ) P P A A
FE e tn o] L rp s RIBOR SR IR AR T2 . RS H
A TG 2 4 22 R TT A #1138 A7 7 YA B sk 7 i
B VGYQE, PRAERZ N AR DRI
Y. EyREERIENTHIY), UL A 4 2RI A e 55
AFIGAE, HIE S T 52 5. Qureshi 2078
DA/NZEREFFAK S S5Ok e 2 T, R 2 fikak
KT Z, RIGREFNIRIE . A r= R R ) )ik
25g/L. 0.6 g/ (L *h). 0.42 g/g (%M. By sragio)
FIH C. acetobu tylicum C375 & BEIE 5 Bk 152 0 4.28%
PIRBRL AR, S 12.8 g/L, TR & IR -
LNy 65.8 1 23.8 1 10.4, HeAh, BUACKER TREEAR K
RS TR T I A I v ¢ 2 1R B AT Sl 1 2 LT
Y. Kim 24 C. cellulorans (1 P4 V)55 S84
Ml EE ] eng B A C. beijerinckii o, 45 % BorIL A1)
R BEBAS D L RUn kR = T 4 .

N T BEAL G A TR LT 4 3 2 R T TR A
FAR B, A PEREIC RN T TRE W FE4H LASE Rk
WA A IUR B PRI TR R BB S, n] s
AR A e 2 B =R TEREPT I ]
P T )3T JRaHT

RE

ST AR T EALE,  LAE Bobl & O JsUkki )
AR A L 2 Z 5e 4 T . EBEE AL B
B R AR e T, AR R
TR N JSURE AT A R W A R T I A 3k
VEo T BRI T2 A AR vk LA B 1]
Al RIS, WO L 2RI E BRI,
(DA AT SR R MO B 1 i A A, JH
PR 75 RUAC IR 40 (4 BN A 2 | P LUK R i
WEPERE; — ™oy BRERE, ARl B T
B, RAEE M T2 St BRI i s = st
BRI, B2 3 Rl 1) 32 75 M1 T30 S5 it 4 0 P D
TR AR L n e e K A T P A A T
LYY AE K SANRIIEN B 1 e 5 AL
N R E N AR T R AR RA AL, AN
B TR Z AR T E S F R ek, Kk

978-1-935068-37-2 © 2010 SciRes.



. e s g
o%* Scientific
L2

S
+* Research

AR TR BRI KL MR R, AR Tk
TEERRL AR AR H A

References (£ 3% 3Cik)

[1] Ounine K, Petitdemange H, Raval G, et al. Regulation and
butanol inhibition of D-xylose and D-glucose uptake in
Clostridium acetobutylicum[J]. Applied and Environmental
Microbiology, 1985, 49 (4), P874-878.

[2] Keis S, Shaheen R, Jones D T. Emended descriptions of
Clostridium acetobutylicum and Clostridium beijerinckii, and
descriptions of Clostridium saccharoperbutylacetonicum sp. nov.
and Clostridium saccharobutylicum sp. nov[J]. Internstional
Journal of Systematic Microbiology, 2001, 51, P2095-2103.

[3] Jones D T, Woods D R. Acetone-butanol fermentation revisited[J].
Microbiology Reviews[J]. 1986, 50, P484-524.

[4] Husemann M H, Papoutsakis E T. Effects of propionate and
acetate additions on solvent production in batch cultures of
Clostridium  acetobutylicum[J]. Applied and Environmental
Microbiology, 56(5), P1497-1500.

[5] Chojecki A, Blaschek H P. Effect of carbohydrate source on
alpha-amylase and glucoamylase formation by Clostridium
acetobutylicum SA-1[J]. Journal Industrial Microbiology, 1986,
1(1), P63-67.

[6] Rogers P, Palosaari N. Clostridium acetobutylicum mutants that
produce butyraldehyde and altered quantities of solvents[J].
Applied and Environmental Microbiology, 1987, 53(12),
P2761-2766.

[71 Adler H 1, Crow W. A technique for predicting the
solvent-producing ability of Clostridium acetobutylicum[J].
Applied and Environmental Microbiology, 1987, 53(10),
P2496-2499.

[8] Scotcher M C, Bennett G N. SpollE regulates sporulation but
does not directly affect solventogenesis in Clostridium
acetobutylicum ATCC 824[J]. Journal of Bacteriology, 2005, 187,
P1930-1936.

[9] Annous B A, Blaschek H P. Isolation and characterization of
Clostridium acetobutylicum mutants with enhanced amylolytic
activity [J]. Applied and Environmental Microbiology, 1991, 57(9),
P2544-2548.

[10] Jin Xiaoqing, Zhou Hua, Wu Xueming, et al. A rapid screening
method of producing strain in acetone—butanol fermentation[J].
The Chinese Journal of Process Engineering, 2008, 8(6),
P1185-1189(Ch).

IR, JAte, KA, SR DM — 1WA A T I P O
VEJTT]. R T RAEHR, 2008, 8(6), P1185-1189.

[11] Hillmann F, Fischer R J, Saint-Prix F, et al. PerR acts as a switch
for oxygen tolerance in the strict anaerobe Clostridium
acetobutylicum[J]. Molecular  Microbiology, 2008, 68(4),
P848-860.

[12] Wang Fengqin, Xie Hui, Chu Leran, et al. Screening and
identification of a Bacillus strain producing butanol[J].
Microbiology China, 2010, 37(1), P7-11(Ch).

FENE, W, R, AR P REZEEAT RN B SR A
SE[T]. AR, 2010, 37(1), P7-11.

[13] CHEN Taosheng. Technology of acetone-butanol fermentation[M].
Beijing: Chemical Industry Press, 1991, 238-239.

WRIEFS . A Wevs I AN T I A P SR [M. dB Rt A Tl i
JRAL, 1991, 238-239.

[14] Knoshaug E, Zhang M. Butanol tolerance in a selection of
microorganisms[J]. Applied Biochemistry and Biotechnology,
2008, 153(1-3), P13-20.

[15] Annous B A, Blaschek H P. Isolation and characterization of
Clostridium acetobutylicum mutants with enhanced amylolytic
activity[J]. Applied and Environmental Microbiology, 1991, 57(9),
P2544-2548.

[16] Zhang Yifen, Chen Jun, Yang Yunliu, et al. Breeding of high-ratio
butanol strains of Clostridicum acetobutyicum and application to

978-1-935068-37-2 © 2010 SciRes. 2102

2010 The Second China Energy Scientist Forum

industrial production[J]. Industrial Microbiology, 1996, 3(4),
P1-6(Ch).

REZE, BRZE, Mz, S TR A TR L
I 3], CME AP, 1996, 3 (4), P1-6.

[17] Reilly P M, Rogers P. Regeneration of cells from protoplasts of
Clostridium acetobutylicum B643[J]. Journal of Industrial
Microbiology, 1987, 1(5), P329-334.

[18] Green E M, Bennett G. N. Inactivation of an aldehyde/alcohol
dehydrogenase gene from Clostridium acetobutylicum ATCC
824[J]. Applied Biochemistry and Biotechnology, 1996, 57-58(1),
P213-221.

[19] Green E M, Boynton Z L, Harris L M, et al. Genetic manipulation
of acid formation pathways by gene inactivation in Clostridium
acetobutylicum ATCC 824[J]. Microbiology, 1996, 142(8),
P2079-2086.

[20] Green E M, Bennett G. N. Genetic manipulation of acid and
solvent formation in Clostridium acetobutylicum ATCC 824[J].
Biotechnology and Bioengineering, 1998, 58(2-3), P215-221.

[21] Mermelstein L D, Papoutsakis E T, Petersen D J, et al. Metabolic
engineering of Clostridium acetobutylicum ATCC 824 for
increased solvent production by enhancement of acetone
formation enzyme activities using a synthetic acetone operon[J].
Biotechnology and Bioengineering, 1993, 42(9), P1053-1060.

[22] Nielsen D R, Leonard E, Yoon S H, et al. Engineering alternative
butanol production platforms in heterologous bacteria[J].
Metabolic Engineering, 2009, 11(4-5), P262-273.

[23] Bermejo L L, Welker N E, Papoutsakis E T. Expression of
Clostridium acetobutylicum ATCC 824 genes in Escherichia coli
for acetone production and acetate detoxification[J]. Applied and
Environmental Microbiology, 1998, 64(3), P1079-1085.

[24] Yang Lirong, Cen Peilin, Zhu Zigiang. Study on acetone/butanol
fermentation with in-situ solvent extraction[J]. Journal of
Zhejiang University(Natural Science), 1992, 26(4), P388-398(Ch).
MiSraR, AliER, KA. /TR AR IBUR ELT]. WK
22224, 1992, 26(4), P388-398.

[25]Ishizaki A, Michiwaki S, Crabbe E, et al. Extractive

acetone-butanol-ethanol fermentation using methylated crude

palm oil as extractant in batch culture of Clostridium
saccharoperbutylacetonicum N1-4 (ATCC 13564)[J]. Journal of

Bioscience and Bioengineering, 1999, 87(3), P352-356.

Hu Cuiying, Du Yiping, Yang Ying, et al. Preliminary study on

coupling between biodiesels and acetone-butanol fermentation[J].

Chinese Journal of Bioprocess Engineering, 2007, 5(1), P27-32.

RRYE, WP, Mk, AR AR SE ARSI T I T A 9 ()

AT A Tk, 2007, 5(1), P27-32.

Yang Ying, Zhang Longyun, Shi Zhongping. Improvement of

extractive fermentation performance of butanol by adding

surfactacts into fermentation medium[J]. Chinese Journal of

Bioprocess Engineering, 2008, 6(4), P25-30.

Wik, ez, AR IR s T AU i

AELT]. A=4n TRk F2, 2008, 6(4), P25-30.

[28] Ezeji T C, Qureshi N, Blaschek H P. Process for continuous
solvent production[P]: US Patent: 20050089979, 2005-4-28.

[29] Ezeji T C, Karcher P M, Qureshi N, et al. Improving performance
of a gas stripping-based recovery system to remove butanol from
Clostridium  beijerinckii ~ fermentation[J].  Bioprocess and
Biosystems Engineering, 2005, 27(3), P207-214.

[30] Ezeji T C, Qureshi N, Blaschek H P. Production of acetone,
butanol and ethanol by Clostridium beijerinckii BA101 and in situ
recovery by gas stripping[J]. World Journal Microbiology
Biotechnology, 2003, 19(6), P595-603.

[31] Ezeji T C, Qureshi N, Blaschek H P. Acetone butanol ethanol
(ABE) production from concentrated substrate: reduction in
substrate inhibition by fed-batch technique and product inhibition
by gas stripping[J]. Applied Microbiology Biotechnology, 2004,
63(6), P653-658.

[32] Liu F, Liu L, Feng X. Separation of acetone-butanol-ethanol(ABE)
from dilute aqueous solutions by pervaporation[J]. Separation and
Purification Technology, 2005, 42(3), P273-282.

[26

—

[27

—



2010 The Second China Energy Scientist Forum

[33] Luo Jianquan, Yi Shouliang, Su Yi, et al. Separation and
concentrati on of butanol from acetone- butanol-ethanol mixed
solution by pervaporation[J]. Chemical Engineering(China), 2010,
38 (2), P43-46(Ch).

PR, Jrapse, A A BERAE - TR S gy
R4 T RE[T). fh2% TR, 2010, 38 (2), P43-46.

[34] Qureshi N, Hughes S, Maddox I S, et al. Energy-efficient recovery
of butanol from model solutions and fermentation broth by
adsorption[J]. Bioprocess Biosystems Engineering, 2005, 27(4),
P215-222.

[35] Madihah M S, Ariff A B, Sahaid K M, et al. Direct fermentation of
gelatinized sago starch to acetone-butanol-ethanol by Clostridium
acetobutylicum[J].  World  Journal of Microbiology &
Biotechnology, 2001, 17(6), P567-576.

[36] Cheng Yifeng, Li Shijie, Huang Jinpeng, et al. Production of
acetone and butanol by fermentation of sweet sorghum stalk
juice[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2008, 24(10), P177-180(Ch).
FERRWE, R, BERMS, A%, FIRIEH R R AT R A = T
fE. AT Ak TFE244R, 2008, 24(10), P177-180.

[37] Qureshi N, Saha B C, Cotta M A. Butanol production from wheat

2103

7

o % Scientific
% Research

2

9

&

o

straw hydrolysate using Clostridium beijerinckii[J]. Bioprocess
and Biosystems Engineering, 2007, 30(6), P419-427.

[38] Qureshi N, Saha B C, Hector R E, et al. Butanol Production from
wheat straw by simultaneous saccharification and fermentation
using Clostridium Beijerinckii: Part [ -Batch fermentation[J].
Biomass and Bioenergy, 2008, 32(2), P168-175.

[39] Qureshi N, Saha B C, Cotta M A, et al. Butanol production from
wheat straw by simultaneous saccharification and fermentation
using Clostridium Beijerinckii: Part I - Fed-batch fermentation[J].
Biomass and Bioenergy, 2008, 32 (2) , P176-183.

[40] Chen Shouwen, Ma Xin, Wang Lisui, et al. Acetone-butanol
fermentation of Rice Straw Enzymatic Hydrolysate[J]. Industrial
Microbiology, 1998, 28(4), P30-34(Ch).

WRepsc, S, VEREZE, 5. FEREMEEE K AR R I ]I R
[J]. kA4, 1998, 28(4), P30-34.

[41] Kim A'Y, Attwood G T, Holt S M, et al. Heterologous expression
of endo- B -1,4-glucanase from Clostridium cellulovorans in
Clostridium acetobutylicum ATCC 824 following transformation
of the engB gene[J]. Applied and Environmental Microbiology,
1994, 60(1), P337-340.

978-1-935068-37-2 © 2010 SciRes.





