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Abstract: In this study, butanol production from corn stover hydrolyzate by Clostridium
saccharobutylicum DSM 13864 was investigated. The medium composition was optimized by
orthogonal method as follows:CaCO; 2.0 g/L., (NH,),S0, 1.0 ¢/l., K,HPO, 0.5 ¢/L., corn steep
powder 15 g/L., and MnSO,-H,0 0.01 g/L. In a 3 L bioreactor, total solvent of 16.1 g/L. (butanol
10.59 g¢/L.) was reached after 40 h of fermentation, and the productivity and yield were 0.40 g/(L-
h) and 0.33 g/g, respectively. Batch fermentation process using temperature—shifting demonstrates
that lower temperature is beneficial to the solvent accumulation. Compared with temperature —
constant process(37 “C), total solvent was increased from 17.01 g/L. to 19.98 ¢/I.. The temperature—

shifting continuous fermentation process was operated for 269 h at dilution rate of 0.1 h™, and the
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solvent production entered a stable phase at around 80 h. The average solvent during the stable

solvent —production stage is 12.28 g/I. (including 8.50 g/l butanol), and the average solvent

productivity is 1.23 g/(L -h), representing 4.92 times of temperature —shifting batch fermentation

(D).

Keywords: Clostridium saccharobutylicum, corn stover hydrolyzate, butanol, temperature—shifting

continuous fermentation
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111 & A Clostridium saccharobutylicum DSM
13864 : (DSMZ) .,
112 5K

1) (RCM ): 3 g/L,

10 ¢/L, 10 ¢/L, 1 ¢/L,

5 ¢/L, 0.5 g/L.,NaCl 3 g/L.,NaAC

3 o/L, 3 mg/L;pH 6.5,115 C 20 min,

2)TYA 40 ¢/L, 2 g/L,

2 ¢/L, 6 ¢g/L, 3 g/L,KH,PO,

0.5 g/L.,MgS0,-7H,0 0.2 ¢/L.,FeSO,-7H,0 0.01 g/L;
pH 6.5,115 C
3) : (
)56.16 ¢/L.,CaCO; 3.2 ¢/L., (NH,),S0, 2 ¢/L,
K,HPO, 0.5 ¢/L, 10 ¢/L.,MnSO, -H,0

20 min,

0.01 ¢/L;pH 6.0,115°C 20 min,
1.2
121 E R A KRR 69 5 & (3 ¢m)
60 °C , 40 ;70 g
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122 #4575
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20 FPIU/g

(TYA
) ,250 mL
C 48 h,
3)3 1L

8%, 37 °C,

4)3 L
pH 5.1
30 C,

5)
(B) 37 °C;pH
C;pH 53
37 °C;pH 5
37 C;pH 5
mL 300 mlL,
L (
56.16 ¢/L.,
6)
300 mlL,
5
; (
pH 5,
30 C
1.3
131 H4k OD 1AM 2
10 (
660 nm
132 #ELEME

HPX-87H

120 °C
,110 C

100 mL
ZSL
),50 °C 100

,H,50,

1%
37C 12~18 h,
8%

150 mL,37

I5L,
48 h,

: 37 C;
33 C;pH 53
72 h. 3L

. (A) 37 C;
51 33
30 C; (C)
33 °C; (D)
30 C. 500
8%, 3

60 g/L) .,
5,500 mL

0.1 h™, 3L

300 mL
8%), 37 C

3
1.8 g/dL
CaCO;),

(HPLC)

: Aminex

(300 mmx7.8 mm,9 um;

Bio—Rad); ; :3 mmol/
L ; :0.5 ml/min; :55 C,
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) ( ) )
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2.1 Clostridium saccharobutylicum DSM 13864

, Clostridium saccharobutylicum DSM
13864 3 3

1 ,C. saccharobutylicum DSM 13864
. (
40 ¢/L) , 9.04,
11.80.10.02 ¢/L
80.84%,100% ,100% Qureshi
18] .
( 15.6 ¢/L,
22 ¢/L., 2.4 g/l.) ,
11.61 g/L. 8.42 o/l., 2.81 g/L.
0.38 ¢/L, 100% .
C. saccharobutylicum DSM 13864
2.2
: (NH,)-S0,,
CaCO; K,HPO,
2,
3
:C>B>D>A > CaCOs> K,HPO,>
(NH.)2504, ,
C:B\DA,, 15 ¢/1.,CaCO; 2.0 ¢/L,

K.HPO, 0.5 ¢/L, (NH,),S0, 1.0 g/L.

14.97 ¢/L,
0.61 g/L.

10.86 ¢/L,
3.51 ¢/L,
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1 C. saccharobutylicum DSM 13864
Tab.1 Production of ABE from individual sugars (glucose,xylose,arabinose) and their mixed sugars present in corn stover
hydrolyzate by C. saccharobutylicum DSM 13864

/ / / /
, ) , 1% /0D

3.55+0.06 0.43+0.04 7.82+0.16 11.80+0.26 0.00+0.00 100+0.00 3.80+0.03
2.08+0.16 0.25+0.02 6.71+0.31 9.04+0.08 7.67+0.26 80.84+0.08 3.03+0.00
2.38+0.04 0.26+0.03 7.38+0.47 10.02+0.46 0.00+0.00 100+0.00 2.08+0.11
b 2.81+0.34 0.38+0.04 8.42+0.07 11.61+0.32 0.00+0.00 100+0.00 3.56+0.36
. %= ( / )x100% .
b : 15.6 g/L, 22 ¢/L, 2.4 o/l ( 40 ¢/l).
TYA , 40 ¢/l ( / ) 40 ¢/L, ; 48 h,
2 40 h , 16.1 g/L.,
Tab.2 Four factors and three levels of orthogonal 10.59 g/L., 4.04 g/L, 1.46 g/L,
experiment on fermentation medium 0.40 ¢/(L+h), 0.33 e, 20 h
b b (
D.K,HPO,/ ) , o
(g/L) 51.33 g/L( 37.5 g/L,
1 1 2 5 02 12.67 g/L, 1.16 g/L), ,
2 2 3 10 0.5 , 28 h ,
3 3 4 15 0.8 2.25 ¢/L. , 1 ,
C. saccharobutylicum DSM 13864
3
Tab.3 Results of orthogonal experiment on fermentation °
medium pH  5.67,
«C . ) J2h  pH
4.99, s pH
48 h)pH 5.62,
1 1 1 1 1 8.56 : (48 hp
CaCO; : pH
2 1 2 2 2 9.10
4.99; CaCO, ,
3 1 3 3 3 9.05 pH 3.64, ,
4 2 1 2 3 9.19
5 2 2 3 1 9.53
6 2 3 1 2 7.80
7 3 1 3 2 10.12
8 3 2 1 3 7.80 A o)
E &
9 3 3 2 1 8.75 = <
= 8
:a o % ®
iz m\g
23 3L = =
=
C. saccharobutylicum DSM 13864 ﬁ §
, 3L ) :
( N N 1 1 1 1
0 10 20 30 40 50
) o 2.2 R /h
o 1 , 48 h, (@
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Fig.1 Production of butanol from corn stover hydrolyzate

by C.saccharobutylicum DSM 13864 in a 3 L

bioreactor
24 3L
[11] ,
; 3L (
37 C;pH 510 33 C;
pH 530 30 C)., 2 ,
60 h , 17.02 ¢/L,
11.90 ¢/L, 4.61 g/L, 0.51 g/L,
0.28 ¢/(L-h), 0.35 g/g.
48.8 g/L ( 37.51 g/L,
10.39 ¢/L, 0.9 g/L), .
44 48 32 h , 100%
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, 17.01 g/L( 80 h
12.01 g/L.) 19.81 ¢/L( 12.99 269 h, 12.28 ¢/L.,
g/L)  19.98 g/L( 13.03 g/L)., 8.50 g/L, 3.41 g/L, 0.37 ¢/L,
, c D 1.23 g/(L-h), (D ) 492
, 4.42 ¢fL, 2.97 g/L, 1.45 ¢/L.
. C D 80 h, 10.82 g/L), 7.33 o/L
0.25 g/(L-h), ( ) ;
2.6 o ( 4)
16
oM
ot
, =
oy _ i ﬂlﬁi 10 -
i
(€O, Hy), & g-ue
z ST
° 17 ,5
37°C ’ pH 5.00 0 @ 8 120 160 20 240 20
) RBEITE) /b
0.1 h ’ 3 30 C 4 C. saccharobutylicum DSM 13864
° 4 , 80
s Fig4 Time course of solvent and acids production from
40 h , corn stover hydrolyzate in final stage of the fivestage
57 h , temperature —shifting continuous fermentation by

C.saccharobutylicum DSM 13864

Tab.4 Comparison of parameters in reported ABE continuous fermentation and this study

C.betjerinckii BA101 15.80 7.90 20001

a _ 10~13
C.beijerinckii NCIMB 8052 + 0.04 0.40 0.44¢ 2008
C.acetobutylicum BCRC 10639 0.11 1.21 0.19 = 201104
C.bejjerinckit ATCC 55025 0.20 1.76 - 8.99 20091
C.Saccharoperbutylacetonicum 011 755 0.46 8,58 20051

N1-4
C.saccharobutylicum DSM 13864 0.10 1.23 0.23 15.29
:* /(g/(L-h))= X ;b /(glg)= / 3¢ /(glg)= /
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C. saccharobutylicum DSM 13864 , 0.1 h',80 h
— \ N 269 h(11
3 ), 12.28 ¢/L, 8.50
o g/L, 341 ¢/L, 0.37 ¢/L., 1.23
g/(L-h), (D ) 492
CaCO; 2.0 ¢/L., (NH,),S0, 1.0 ¢/L,K,HPO, 0.5 ¢/L, ,
15 ¢/L.,MnSO,-H,0 0.01 ¢/L, o
3L ,40 h , ,
16.1 ¢/L., 10.59 ¢/L, 4.04 ¢/L., ,
1.46 ¢/L., 0.40 ¢/(L-h), 0.33 0
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