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Abstract: Butanol production from corn stover hydrolysates (CSH) with in-situ liquid-liquid extraction was studied to
enhance the production and reduce the fermentation cost. Oleyl alcohol was selected as the suitable solvent and added at the
initial fermentation time with the ratio of 1:1 (oleyl alcohol: fermentation broth, V/V). Under this condition, butanol and
ABE from CSH with 32.1 g/L total sugars were 3.28 and 4.72 g/L, which were 958.1% and 742.9% higher than those of the
controls, respectively. Butanol and ABE production from CSH of 49.7 g/L total sugars after detoxification by ion exchange
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resin D301 coupled with extraction fermentation were 10.34 g/L and 14.72 g/L with an ABE yield of 0.31 g/g (g ABE/g
utilized sugar), which were equal to those of glucose and xylose mixture fermentation. The detoxification and extraction
fermentation technology of cellulosic butanol production would provide a crucial technical support to the industrialized

production of cellulosic butanol.
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Table 1 Distribution coefficients of 7 extractants for the components of butanol fermentation production

Distribution coefficient

Extractants
Butanol Acetone Ethanol Acetic acid Butyric acid

1-octanol 9.16 2.66 1.21 0.46 4.17
Dimethyl phthalate 1.08 0.96 0.00 0.10 1.09
Biodiesel 1.50 1.63 0.36 0.00 1.33
Oleyl alcohol 3.75 1.23 0.86 0.22 1.97
Benzyl benzoate 1.62 1.96 1.34 0.00 1.40
1-dodecanol 4.71 1.42 1.17 0.29 3.16
1-tetradecanol 4.63 2.26 1.47 0.47 2.73
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Fig. 1 Growth curves of C. acetobutylicum CICC 8016
with oleyl alcohol, biodiesel or 1-octanol as extractant.
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Fig. 2 Butanol fermentation from CSH with biodiesel or oleyl alcohol as extractant. (A) Control. (B) Biodiesel
extraction fermentation. (C) Oleyl alcohol extraction fermentation.
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Table 2 Butanol fermentation with olely alcohol as extractant added at different fermentation time

Adding time
24 h 48 h

Aqueous phase 0.64+0.13 0.62+0.18 0.32+0.02
Acetone (g/L)

Oil phase 0.19+0.01 0.22+0.01 0.11+0.01

Aqueous phase 0.10+0.04 0.05+0.01 0.02+0.01
Ethanol (g/L) )

Oil phase 0.02+0.01 0.03+0.01 0.01£0.00

Aqueous phase 1.58+0.16 1.37+0.06 0.40+0.05
Butanol (g/L) )

Oil phase 4.33+0.31 3.84+0.20 1.88+0.23
Residual glucose (g/L) 1.56+0.04 4.68+0.25 4.94+0.05
Residual xylose (g/L) 10.67+0.23 12.97+0.13 9.06+0.45
Total ABE (g/L) 2.47+0.40 2.11+0.54 1.14+0.09
Total butanol (g/L) 1.69+0.24 1.39+0.32 0.78+0.09
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Table 3 CSH Butanol fermentation with different amount of olely alcohol as extractant

Adding ratio (Oleyl alcohol/broth)

0.1:1 0.2:1 0.5:1 1:1

Aqueous phase 0.57+0.04 0.75+0.01 0.65+0.1 1.00+0.00
Acetone (g/L)

Oil phase 0.18+0.04 0.14+0.02 0.14+0.01 0.23+0.03

Aqueous phase 0.09+0.01 0.12+0.00 0.52+0.02 0.18+0.00
Ethanol (g/L)

Oil phase 0.02+0.01 0.03+0.01 0.03+0.01 0.03+0.01

Aqueous phase 0.82+0.06 0.88+0.03 0.47+0.08 0.54+0.01
Butanol (g/L)

Oil phase 3.76+0.08 3.58+0.06 3.03+0.11 2.75+0.09
Residual glucose (g/L) 3.22+0.15 1.52+0.02 0.79+0.02 0.36+0.02
Residual xylose (g/L) 10.26+0.25 9.87+0.02 8.57+0.1 7.74+0.11
Total ABE (g/L) 1.82+0.04 2.51+0.00 2.80+0.26 4.72+0.11
Total butanol (g/L) 1.19£0.07 1.61+0.02 1.96+0.13 3.28+0.08

*Initial glucose and xylose were 16.8 g/L and 15.3 g/L, respectively.
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F 4 D301 MBI EERMMBEEZEIT B A B 45 R
Table 4 Butanol production from CSH with detoxificantion-extraction technology
Extraction

Detoxification with D301

Detoxification with D301 fe@entatlon aF
with oleyl : . .
Extraction fermentation with oleyl alcohol
alcohol

Glucose (g/L)  13.10+0.06 16.80+0.12 13.1+0.03
Initial sugars

Xylose (g/L) 11.60+0.28 15.30+0.03 11.8+0.05
Acetone (g/L) 1.75+0.28 0.77+0.01 1.07+0.26
Ethanol (g/L) 0.51+0.09 0.13+0.00 0.18+0.03
Butanol (g/L) 4.65+0.98 1.61+0.02 3.48+1.00
Total ABE (g/L) 6.90+1.37 2.5140.00 4.74+1.29
Glucose utilization (%) 99.4 90.9 99.2
Xylose utilization (%) 99.1 35.6 99.1
ABE productivity (g/(L-h)) 0.09 0.04 0.06
ABE yield (g/g) 0.26 0.12 0.18
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Fig.3 Butanol fermentation of high hydrolysed sugars BEEN 0.16 g/(L-h), F VI R U H AT
g 0. ‘h)., . A

with detoxification-extraction technology (extractant:
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Table 5 Kinetic parameters of oleyl alcohol extractive fermentation compared to sugar mixture fermentation

Siger . Butanol Total ABE C%l}lco.se ).(ylos.e A.BE ABE .
Methods concentration (@/L) (g/L) utilization  utilization yield productivity

: (g/L) (%) (%) (g/g) (g/(L-h))
ol g 32.1 328+0.11  4.72£0.08 97.9 494 020 0.07
fermentation™®
IAIBTITIES ST S T o 273 526+0.09  7.79+0.18 99.7 99.8 0.29 0.11
(Glucose:xylose=1:1)
CSH
detoxificantion-extraction 49.7 10.34+0.63 14.72+0.74 99.5 92.8 0.31 0.15
fermentation*
G o et 56.9 7.87£029  11.4+038 98.1 602 024 0.13
fermentation
W IBAUTRE G2 HEm e 55 11.012034 16.02:0.62  100.0 74.9 033 0.16

(Glucose:xylose=1.5:1)"

*The adding ratio of extraction fermentation was 1:1 (V/V). #Using the mixture of chemically pure glucose and xylose as

carbon source.
3 Wi
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R R B RE 5 T R AR UL BT T R G
5o SIEG T RERBEAH G, 5 b A v B 1Y)
PR TR B, BFRRIETE 32.1~56.9 g/L
R B A IR B AT 3G I T B A, R R
RIS A HIR R KB, K ZH0E HLIE R fE
% 8% B 7K i PP A A, BT e T 1Y
MEER. WLiZBE . ZBRCER. ZBELR L
B LA SR 4 ol BILER s R0 S i B 4%
B, AT DA B RS A 28 VR 0 s 7 2B i 1
AN ST P25 R — e i v AR R
N = dE e | I B A A B 2R
KRB ECIRI G A HBG (S b . Y
Pt FIREH ) 6T 3 KA A R 7K A v 47 o 2 3K
Ky, XFZ R . BEREA S-HMF B9 22 55 R 43 13k 5]
52.33%. 100%F1 27.78%. 4 T KFE FF /K v AN
MBI 101 (VW) BB iR S, T
48 °C. 120 r/mn #HL 3 h J5dEA5 ko8,
FE KRR H B 0 0, SR R I K i TR P

T | S- HH RMRE I | A R RN IR 1Y B Ak 43 i)
FEAIR T 56.98% . 12.93% . 58.21%F0 44.75%, #i
ZHEFIARE 319325301 5.02%F1 4.43% (&
6)o PHIL, MEEZEIOR e B, I EEA AN T
FE e B AR R, W0 T P ok B R A K
il TR X T RS A 2K g T AP B 434 1
7= A T AEHUVE R, DI 7 J 1 i A R I
R B2 4 5 o

A HUPEHE IS (K SRR AT T R, T R
FURIEFR P i T R EERY 48 h kB, 209K
0.80 F1 1.31 g/L (Kl 4), = FXIHE (0.31 g/L Al
0.56 g/L) (Kl 2), HIAILF T BEAEHUKR B0 7 &
(KB 72 h B T BEALEE 7= 52 5o 3.28 g/L
T 4.72 g/L) (3 3). ZEHUBLRE T B I acd A% rh 4
2 W R ACHE 9 R T 253 5012 70.9% 1 30.0% , 1=
FXFHRIY 53.9%F1 12.4% (& 2) BAET T HEEAE
HUR BERY 97.9%H1 49.4% (3 3) Uil T EEAEHL
R R AR OB R 5 A BUR BEAAR G, AMY
A LA GRS T R R R ), SR BRI,
LT DA g 4 v T AR 00 1 A T e
TEHE ™ B BRI i ATk
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®6 HEFEFRRENEREHKBEATRERESYRMERYE

Table 6 Removal ratio of sugars and microbial inhibitors from corn stover hydrolysate with oleyl alcohol

extraction detoxification

Sugars (g/L)

Microbial inhibitors (mg/L)

Glucose Xylose Furfural 5-HMF* Vanillic aldehyde Coumaric acid
CK 16.94+0.56 16.82+0.25 39.75+0.004 10.51+0.03 13.21+0.35 99.60+3.25
Detoxification 16.09+0.69 16.08+0.31 17.10+0.004  9.15+0.03 5.52+0.32 55.03£2.12
Removal rate (%) 5.02 4.43 56.98 12.93 58.21 44.75

* 5-HMF: 5-hydroxymethylfurfural. # Extraction detoxification with oleyl alcohol.

1.6
1.4 -
1.2
1.0
0.8 |
0.6
0.4
0.2

0

—=— Butanol
—a—Total ABE

Solvent production (g/L)

24 48 72 84
2 (h)

B 4 HEERAE N EREFKER T RE BN
AL
iy
hydrolysate with oleyl alcohol extraction detoxification.
D301 B BE X 7K A V8 P J36 e ok 72 AT DA 0K
FEFEK BB L oo 7 T B AR UK 8% 5 IR A
BRI KR (CRRRIE R 49.4 /L) &A%
T, ERra (TEERIE 1034 g/L) AR 40
WKV (BN 53.7 /L, TRk 11.01 g/L),
Uk W B 75 5 2R UK BB AR A A — 2 1)
PRt AR, a5 b KA FF 7K A VR ) e A e
ARG, TR AR T UER . MEERAY
TOEE Tl AR R R R R (TR RN
13~14 g/L), B, o6 7 A AE G B h A7 e
K MR R . AR A AR B . K TS
Yo7 L K R I AR AT T WA A P REFE N N

Butanol fermentation from corn stover

http://journals.im.ac.cn/cjben

TR T SR S 0 A R O B N T8
FTRAMIIE . 1) HE— 20 P e FORFE AT K A
N RIS i AR T A BEERE s 2) D301
i 10 5 A RIS, e A A R 8
2 22 WA i A FH O i 2 P2 KR T e AR i
W SCJMAS 5 3) il e T 07 X5 [l FH BT 7
DABEAGIM B A 5 4) B AR US & BEM Y
FMUBETE, 5850 BT e K b B n] ke IR
s 5) IMEEZRAE T RERY A AR TE, DIELA
PR Bz g, T K RERERAR A IE- T I
B AT o X SE AT T T AR T
KW R AN, RBIA RIS, LR
HE TR Tolk e A = R R SO HF, HESh 27 4
THERY AR

4 Hw

3R AL ORI O, AR R Tl KA
FEAK SRR T A B g aod 2 119 Jal AR IR . 48
Tk T 2 X Yol A OB ) RS I L 48] ) AR Ak
B T I EE AR ICT Bk B e AR . KR
0 h A MHEE . BANELB 1:1 (V/V), DL R
Pl 4.72 gL, TR 3.28 g/L; S51E5
KWL EAH L A A R S 905.5% Fi



IRNA BEMESRAN EXETKRRRRETTROTN

881.4%; HIEIMAAMEA AR5 N 97.9%H
49.4% . %5k D301 BTG 5% K i p ik BE 4 T3
BEACHUR T (GMBEARINILEIA 1:1), T EERLER
=y 9k H) 10.34 g/L Fl 14.72 g/L, KIS
N 0.31 g/g.
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