I~ iR % Guangxi Sciences 2018,25(3):330-338

DOI:10. 13656/j. cnki. gxkx. 20180528, 004

B TR AR, S DUH O OB R AR 7 - T - 2 BRI SE LT, T PR R4, 2018, 25(3) 1 330-338.

FENG X,YAN R P,SHEN F L,et al. Research on fermentation of acetone-butanol-ethanol with sweet potato as raw material[ J .
Guangxi Sciences,2018,25(3) :330-338.

MEHEARRBLZEERA-TE-CENHER"
Research on Fermentation of Acetone-Butanol-Ethanol
with Sweet Potato as Raw Material

B FEEFRMER ENE RRLT
FENG Xue, YAN Ruiping,SHEN Fenglin, WANG Xiaoxiang, PANG Zongwen

U7 PY KRR AR 2 S EOREBE ) PE R T 530005)
(College of Life Science and Technology,Guangxi University,Nanning,Guangxi,530005,
China)

WE LB IV DUH 3 JFORE & B A 7= I - T 8- B CABE) Wy nl A5 . [ SR IUAARBF 58 43 B9 45 i T R T
BEAR B ( Clostridium acetobutylicum )]-3-3 42 72 Bk il i K BE 1% 37 3 A& B 55 R ot AL L i 8 e A 00 & i
A KW R O S 0 AR RN . (4 SR am i IR A A R A A H SR ARV R B VR BE Dy 100 /L
M8 g/L,KH,PO, 0.8 g/L.FeSO; » TH, O 0. 06 g/L. fefE & B KA R E 37°C, 914 pH HAR (pH (H A
5.8), it 22 ho A E 1020, FEULRRE T 2410 T & 60 h, i 70 7= 0t 3k 1) Je K, TR L 0 B T 2 1) 7= 2 4 il
H6.98 g/L.1.16 g/L M1 15.34 g/L, MR 23.48 /L. [ERYFRERRN, LIH B0 TR L BAEF=RE-T
Pt R P AT IR 5 3 Ry 4 B IRV 2R 7 PR - T - T ) JOR R TR A R S Y R T AR B T SR B
KR N T BERE ONER-T EE-C R AR HE
i E 4% S . TK6,S216. 2 MEIRIREG A XEHS:1005-9164(2018)03-0330-09
Abstract :[Objective] The feasibility of producing acetone-butanol-ethanol (ABE) from sweet
potato as raw material was studied. [ Methods] ABE fermentation was carried out with
Clostridium acetobutylicum J-3-3 which was isolated and identified in this study. The optimum
fermentation process was determined by optimizing the fermentation medium and the fermenta-
tion conditions. Fermentation products were determined by gas chromatography internal stand-
ard method. [Results]The optimum medium composition: The initial concentration of sugar in
sweet potato liquor was 100 g/L., soybean meal was 8 g/L., KH,PO, was 0. 8 g/L.
FeSO, « 7TH, O was 0. 06 g/L,and the initial pH was 7. 5. The optimum fermentation conditions
were as follows: Temperature 37°C ,initial pH (pH 5. 8),seedling age 22 h,and inoculation a-
mount 10%. Under this fermentation condition, the solvent yield reached the maximum after 60
h of fermentation. The yields of acetone, ethanol and butanol were 6. 98 g/L,1. 16 g/L and
15. 34 g/L, respectively. The total solvent was 23. 48 g/L. [Conclusion] The research result
demonstrated that it was feasible to perform the ABE fermentation with sweet potato as raw
material, which provides a new idea of broadening the source of raw material for producing ace-
tone-butanol-ethanol from fermentation and deep

processing of sweet potato.
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UCTF A & e ot A28 — R R B B L H R T R
A 7R AR R A R T M T BN 8 A i
LR T4, RITE 19 T2 60 4EACJR W R Bk 2k 72 T
B Ab F A R REE L AT S AL 2
B — AR R AR RL 5 S BEAR E, 2R T B AR R R
RE A2 pr Pk i A W AR S A, T R S
— P Al H A AL T JEORE A Tl AR e e R A R
JTZ R T AT SR A LA R R AF Tk, AT
VB T R 2 T T R A 5 ) R 45 R AR T 7 2
PRI DUE SRR T R NIRRT TRV TR . T
Je FZLIR T W 55 Ak T S o B A AT 5T R Y H O R
U, RBEVE AR AR T R R OR A2 B AT A
[T AR RBRYIA SEH T E Ll =58 1T AR
B OH R B B T A% B Dy JRURE R A 7 D T -
TE-Z B R A T LA A O RO A
PR T - L T e A RS T DL R R AR R
JEURE K B A 7 D - T - £ B T KU T RS T LA
TR JEURL & B A e N - T £ B e R AR B
FE T LA A A Oy SRR R A 7 TS R - T - £ T
RS WRSE T DAL 5 Dy JEORE & W AR T D - T -
OB, XL ST A T R A A R R ST
il -1 - £ T W 2 7 ) JRUORL SR R BE T Sk Al . (A
R IN s Xl 29 & e i 26 7= N - T - £ b &
JR 11 A B DR B A AR A T R AR
4 2 7 (] A A < B 202 A AR 7 b B R Y B R R
ARZEFLHFF T Y T B2 32 1 22, R BT 1 T B ik
H10~12 g/L,BIEFI N 18~20 g/L. = i i 50 B
Ay, R HoAn I & EEL AR N - T -2
Figt 2 B DA A FOK  JEORE , JRURE AR 2o R 2 AR
FESA m R EEE RN . R MR E L LLERN
JEORHAE 7R A T BEAS AF G 3R A Tl Y R R
Ko PG, BR T B TN ER T R T AR
Hb, FHRGE A TR - T B - 2 B & e 0 AR R AE ) 5 D
BHO SR T H R BT . H R R M
iy FVREL T 5% T R B R T i R AR L A
TR ] 25 M 1 Fr B 300 220 1) 7% b B0 300 2 b A
AL DARPE . PRSETT 2015 AEFR E H SR 1 AU 427
AW A BN 24,48 L, P B2 1.1 12
W PR AR N R P R AR
4 E ALK T KRG N T KRB =, 2007 4EFE %
K JBRIVEAC 2 B 5 N A (R i) T A RE VR PR 0 & B
RIDE T BB A O TR R AR £ B R
Y. PR, R SRR K A T TR R - T - £ T
Mo A AR X, DR R B9 3 8 (0] 78 )3 o
3 B 0 0 ARAR IS A T DA H 2o JEURE & [ AR 7 T - T
;I mAE 2018446 A H25K5% 34

W T A A 7 T b o o e T T R S R O TR 2R Y
etk BF T o 58 e i 09 R e T 22 20, O Tl A A
BLSE S

1 #H57FE

1.1 ##

(D) JE BT AW 5% BT FH 0 H 25 L SR R AE
Az ER 35 g TR AR 2 0 1 A B Al )

(2) F ZALR & 75 S 635 (L (SHIMADZU
GC-2014C), Anoxomat Mark [l & H B REFFF &
4i (faf 22 MART A #D,

(3R R 45« O 0 T b BT FH R R A1) 1 K2
¢ Bl P ) b S AR R K TE IR R M 3R R T 3R b
S
1.2 FHik&

1.2.1 35K m

WA IR 50 g/L #WAHE, 10 /L AR, 2
g/L WEbEE 0.5 g/L BEIR A —41,0. 2 g/L BiFREE,
pHAE R 7. 2, 1R 215 5334 T R/ AE 9 200 mm X 20
mm iR H L B 20 mL, 115°C K# 25 min, i ]
ZHIMA 10 g/L 1E T,

YRR IR AL 20 /L # A, 10 g/L B, 2
g/L WEREE 0.5 /L BER A —47,0. 2 g/L BRFREE,
15 o/L 5§ . pH E R 7. 2,115°C K 25 min. 1
FRILAHZE 50°CLELAMA 10 g/L IETEE,IRGHA
Jei 51 A

W ARG G 75 5 E MR O 70 /L B WAL
WA 8 ¢/ L SoM1, pH fEHN 6. 0, IR G 0% T K
INERAE S 200 mm X 20 mm R E, B F 3 20 mL,
121°C KB 25 min,

1.2.2 WS HHik

EHERF K S g REFNMEESIMARES 20
ml & B IR AL P, B 37T°C BSR4 T R R
72 h,

PRI IR 43 B B B R R T2 38 XY 7 R JR W B 100
p L VR AT T 5 o 8 B IR O A U A A 8
AR Bk AF IR 40 FE B T, o IR A B 5 Anoxomat
Mark [l 4 3 ) IR S35 5% R G0 3% 142, 38 i AR 1) 1 46
i R A HE A 4 R BR85S, 37°C 15 55 48 h, PRBR
RN R AR R

AL A 07 o < 4 40 185 4t Ak 3R A5 1 PR VR 4 S A
WA B 7R 3, 37°C 5 3% 72 h, IR @5 A K
W% 1 7™ 40 3 T T R o T TR A
1.2.3 AR%ERE

KR 7% PCR J7 i, DA BE AR AF 19 T 1 7= i 55
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e Y T R B PR TR VR AR B AR Y 16S rRNA
R 519 270-1492r HIZEP 1 16S rRNA HH H
Wr. PCR FE4ak bl A T A4 9 T F2 0 A7 BR 2N w1
¥ i A5 9 7 51 48 NCBI H i 17 BLAST X, i
S i e TR R R AR

1.2.4 #F4 &

W TR D e AR A B SR b, 37°C Ik 8 3R
24 h, BIARAG R F 1K
1.2.5 REXBELEHFR

1)V 2 6T B AR 7™ 3 70 18 52 il < TG 1 400 W ik
%4 60 g/L.70 g/L.80 g/L.90 g/L.100 g/L #1110
g/ L M H B AL B F2 58, 2 s n 8 g/ L SRk,
FH 250 mL = A% B & 200 mL, pH {H 1A
H 6.0, 10 o B AR F UL, 37°C /B K TE 72
he KEEGS ARG  BOREIN 22 75 70 1Y 7 i SOl 5 = .

(2) 7 [) IR GT B AR 7 3 710 1) 52 i« 00 W R
3100 /L B H B W AW dn 2 g/L By
NH,NO, .NH,CI,NH, H,PO, .(NH,),SO, .
CH;COONH, . (NH,),C,0O, (K g #%) Fl R 2 A
10 g/L M GKT AR R BR B (B REF R R, LA
IIME RN B pH (H4 6.0.37°C A& 72 h, K%
SE e HURE I U R0 A 7 o

(3) IR e B2 XoF T ke 7 135 511) 1% 52 W)« 7 ) W vk i
100 g/ L B H E WAL 3 B o g/L.2 g/L.4
g/L.6 g/L.8 g/L fl 10 g/L WMk fE4 %k, pH {H
h6.0,37°C EME 72 h, KWedh oG, BURE DI 2 7 57
7 5

() TCAILER XT B PR 7= 5 3110 1) 52 1] - 1) ) s e
9100 g/L M H ZWALI .8 g/ L &K1 H 8 % 3 rh 4y
BIMA 0 g/1.,0. 2 g/1.,0.4 g/1.,0.6 g/1..0.8 g/L
11 g/L A KH,PO,;80g/L.0.02 g/L.0.04 g/L.
0.06 g/1.,0.08 g/L M1 0.1 g/L By FeSO, « 7H,0;
5 0 g/L.0.2 g/L.0.4g/L.0.6 g/L.0.8 g/L 1.0
g/L 1 MgSO, « 7TH,O, pH {4 6.0,37°C 3% 72
he REEGS ARG  BOREIN & 35 50 1 7= &

(5) Wi pH X B B 7™ 55 770 09 52 0 . LA 16 B ok
JER 100 g/ L M H ZRALIE .8 g/ L SRRy 3% 55
L4y pH A 4.5,5.0,5.5,6.0,6.5,7.0 Fll
®1 WW-TE-ZEBEFEKSBEHIENER (/L)

7.5, % BB pH AR (5.8 2247, 37T CHE R IE 72
he REEZS ARG  BOREIN 2 35 570 Y 7= 4k

(6) 422 ol it X B R 7™ 8 70 1040 52 T« 70 s o vk
H100 g/L M H B AW .8 g/ TMIR IR HE A,
Gy IR 109,149 .16 % .20% .24 % . 28 % Fil 30%
HIRER AR R T 24 h BYRD T 37°C L BE 72 h,
RS UG o BURE I S 15 590 1 7 o

C7) Tl ity XoF B R 777 5 3910 14 52 ) . A W) Bk W ok B oy
100 g/ L B H E WAL .8 g/ L KA KT 77 3 v, 432 1]
10% MR BT 37°CH 9 T 14 h, 18 h.22
h.26 h 1 30 h R T, & 37°C KME 72 h, KR4S
TG o BOCRE I 22 375 550 /) 7 it
1.2.6 10 L X BEHEY R BE5) ) 5

LA B A vk BE A 100 g/ L i H B AL o &
Kigi e, i m 8.0 ¢/L B E H1.0. 8 g/L 9 KH, PO,
F10.06 g/L B FeSO, « TH, O, ¥ 1H pH H4K.10 L
RTERES R 8 L, fi 22 h, 3R & 10%, T 37°C
AT KW, KWERT 16 h B 2 h BC—K A, 16 h LA
JERERR 4 h BB — ., MR R S S RPHT pH 3t
e BE G pHL ARG A 4°C VKA R AT . T R R4S
Jei s FHAH G RS ASCI 2 & 1 7 1 & o, A 3 AR R v
W5 FR s 5 o .
1.2.7 R®FZ=yehn g

REEr=Y) T BE N B SR T R R A
FHEATE N AR RN E (N 5 TED . BN
PEG-20M L4045 # (30 m X 0. 32 mm X 1.0 pm),
Kol &8 o8 FID, 2R R4 B /<99, 99%) . ¥Rk
FRAEE 250°C, KMERE 250°C, #EFEE 0.4 pl,
FHEFRF AR 60°C 3% 1 min; L 10 °C/min TR
R ZE 90°C; L 20 °C/min FHR B FE T ZE 180°C,

%5 1 min,
R R I 2 < 2R FH AE PR 0 e
2 ER55MH

2.1 EFEHRIB.RRESERE
JIe SRS R dh 22 6 A RO L A2 O R AR AR T bk
AL RS E BN - T - S AR R AR (GR DD

Table 1 The results of isolation screening for ABE production strains (g/L)

EE73 PR g S
Strains Acetone Ethanol Butanol Total solvent
XJL-7-2 5.15+0.41 0.95340.07 10.25+0. 25 16.36+0. 42

J-3-3 5.93+0.55 1.0640.06 11.284+0.70 18.27+0. 31

B-4-2 5.21+0.04 0.9540. 06 10.83+0. 14 16.98+0. 23
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K o3 B e B =R A9 16S rDNA ) PCR
PN B AR A 0 81 43 B HE GenBank 4 7R Hh Y
PEAT P 90 FE A, e X g 45 R R X 3 R S
Clostridium acetobutylicum ATCC 824 1% 5 ALl
PERIRE] 9900 . WP E X 3 MRIE YR T N ER T B
MW ( Clostridium acetobutylicum ), 7= ¥ ¥ M 2%
SRR J-3-3 B9 T B R L R R A i
i R SRR TR bR J-3-3 VR0 J5 SL 58 i 2R 7 TR R
T2 VIRERENEHKIIZIBZANFEHZME(g/L)

2.2 REABEEH
2.2.1  AHERE XA AR E R R
MW E N 60~ 110 g/ L B, 40 4 v B b i
BRI e (R 2) . YRR EE A 100 g/L B,
Tl T L T R S R A R 3 5k B e v 1A 4
10.51%.20. 48%.2. 1% F 33. 7% (K 3), L%
JE IR BE 100 g/ L H 38 AR ™ 15 570 1Y) e )
LR B

Table 2 Effect of concentration of initial sugar on solvent yield of C. acetobutylicum J-3-3(g/L)

WA A i YR g T S
Initial sugar concentration Acetone Ethanol Butanol Total solvent
60 3.6%0.16 0.67240.057 8.29340. 054 12.640.16
70 4.4740.56 0.78+0.1 9.0+1.0 14.24+1.7
80 4,67+0. 32 0.86+0.17 9.840.93 15.941.4
90 4.9£0.4 1.0+0.06 10.840.23 16.340. 64
100 5.840.49 1.240. 14 11.340.74 18.5+1.2
110 5.84+1.2 1.3+0.04 11.940. 31 19.04+1.5
3 VBEREXNFTYEENZI
Table 3 Effect of concentration of initial sugar on yield of product
L L NeLES ZEHE Lt B
concentration Res1?;;}‘;ugar Yield E)%a)celone Yield (oﬂfAe)lhanol butanol Yield of (1?/;(';1 solvent
(g/L) %
60 1.8240.17 7.624+0.33 1.4240.12 17.540. 11 26.5+0. 34
70 13.940. 25 7.77+0.1 1.440.18 16.1£1.8 25.2+3.0
80 23.24+0.06 8.23+0.56 1.3840.27 17.32+1.65 26.9+2.5
90 3640.23 9.134+0.75 1.8540.11 20.0-0. 43 30.8940. 2
100 45+0. 25 10.5140. 88 2.140.26 20.48+1.34 33.7+2.17
110 4940. 38 9.5+2.0 2.094+0.06 19.540.51 31.06+£2.5

TE 7 P32 =7 Wy e S5 / CRIIE ke J3E — SRk J2) <100 %%

Note: Yield of product= product concentration/(initial sugar concentration-residual sugar concentration) X 100 %

2.2.2 RERBRAE R EAN G
DAH 250 Ik 2 e A 7 DR IR T s, B e LA
PRI T EEPE 8o 7~10 g/L, BIEHI N 11~17g/L, 1M
WA LA T R oy 11~12 /L, SR
18~19 g/L, K, ] 3% 57 5& v B8 A HL &R 3 A
THAMMEACGE O, F g3 T4 7 oA, 1]
TEPE TR ECAE A BRAE O O ROk K B A P N R T
Pt ) R . DI FRATTHEAT 1 ORI B R AR A Rk Uk i
XoF 7 ) A0 5 ] I 5T DA O o o S R JEORL &
A DR T ) e A AT
2.2.3 ROBRKREMHKSENGY R
Bt B SRV BE I, T R R R R £ v

TEASE 2018456 A H2545% 3

Wbtz FE (R 5) . M OMWEN 8 g/L I, T B,
P B L 2 Pt FUENS R 77 B 40 i Dy 12098 g/1.6.92 g/
L.2.15 g/L #122.05 g/L., SO MWEERME 10 g/
LB, TPt B K i i ) B e B 3 AR /0N L Ul B S
8 g/L W EMIT &ReMe i 12 J-3-3 KW H B Wb ™
AV TR, B L R .

Wit A8 A= 2k e B B R I, T TR R R S R 1 U
JEAL R Z b AE AR B B IR B 6 g/ Z )5 . T BEVK
JERET A Wk B IRAR N (R 6) . BEREE R BN,
ORI AE AR EK R AT H AR o R AR T-3-3 R
WA, R, PL 8 g/ L i ORI et AU

333



R4 REXEKIIIABAFNTENZME(g/L)

Table 4 Effect of different nitrogen sources on solvent yield of C. acetobutylicam J-3-3(g/L)

E=R/ P R T SE A
Nitrogen sources Acetone Ethanol Butanol Total solvent
Xt 8 Control 5.4640. 42 1.1340.11 10.75+0. 82 17.35+1. 27
JRZE Urea 6.0340.55 1.1440.12 10.594+0.75 17.76+1. 40
(NH,) 2SO, 3.24+0.43 0.80+0.09 7.4240.55 11.46+£1.03
(NH.):C; 04 4,81+1.35 0.84+0. 26 9.00+2. 38 14.65+3.98
CH;COONH, 4.86+0.00 1.0640. 08 9.60+0. 46 15.534+0.55
NH, Cl 5.06+£0.18 1.21+0.17 10.12+0. 11 16.384+0.41
NH, H; PO, 4.5040. 92 1.16+0.09 9.78+1.59 15.444+2.59
NH;NO3 4,.30+0. 23 2.01+0.25 9.13+0. 42 15.4340. 62
= H Soybean meal 5.3440.23 1.70+£0. 054 11.9740.57 19.0240.77
1E4: %k Peanut bran 5.82+0.14 1.7640.05 12.1520. 087 19.73%40. 27
B2 HEE Yeast extract 5.47+0.035 1.82+0.08 11.52+0. 49 18.81+0.58
%k} Wheat bran 5.284+0.15 1.7640. 06 11.53+0. 13 18.56+0. 34
#E M I Peptone 5.92+0.56 1.5740. 10 12.06+1.04 19.55+1. 60
4 Beef extract 5.8240. 36 1.64+0.08 11.85+1.48 19.314+1.05

x5 EMREXEKEI3IFTANGR

Table 5 Effect of concentrations of soybean meal on solvent yield of C. acetobutylicam J-3-3

A

A T TR i3 T paRcasill
Soybean meal Acetone Ethanol Butanol Total solvent
0 3.424+0.33 0.95+0. 22 7.124+0.52 11.49+1.07
2 4.4040. 20 1.09+£0. 21 8.78+0.21 14.2840.61
4 5.86+£0.11 1.60+0. 20 11.00£0. 11 18.45+0. 42
6 6.63£0.51 1.6740.03 12.372£0.06 20.6740. 60
8 6.92+0.01 2.15+0.06 12.9840. 05 22.05£0.03
10 7.14+0.08 2.0540. 34 13.00+0. 11 22.1840.15
F6 THEHRBENEI-3I-3 AN (e/L)
Table 6 Effect of concentration of peanut bran on solvent yield of C. acetobutylicam J-3-3(g/L)
1 Bk YA by TH SR
Peanut bran Acetone Ethanol Butanol Total solvent
0 5.09+0.17 0.8140.03 9.10+£0. 23 15. 00£0. 37
2 6.39+0. 36 0.9140.01 10. 34=+0. 22 17.64=+0.57
4 6.50=+0. 04 1.2740.06 11.03=+0. 24 18.81=+0. 34
6 6.89+0.50 1.36+0. 04 11.67+0. 12 19.92+0. 66
8 6.18+0.66 1.3740.03 10.78+0. 38 18.33+£1.08
10 7.322£0.04 1.424+0. 10 11.82+0.01 20.5640.15

2.2.4

T ﬂ'@ﬂi}i/ﬁ-n W%

"R

SEHS F W TOHLER (A I BBk J-3-3 K BRI
FIEA —ER, 2 KH,PO, MkEiXxE 0.8 g/L
L B R . 5 A KHL PO, M E, T B2
RS T 5% BER RS 19N (R D, Y
FeSO, « TH,O By & &Ky 0. 06 g/L I, % 5] ™ & 3k
B fe K, S0 RRALAH LE L OF T BEREE ) a4y 0 4
w2900/ 2500 (3R 8) . BRIEREEXT J-3-3 A
BEEEARIEMERGE 9. WL, 78 LUH 2 8 5Ok
KBTS NER T B, AN E IR I MegSO, « TH, O,

334

2.2.5

#1144 pH S AR IR 89 R vh

WAk pH (EFE 5.5 M H DL B, T PR 3 71
PEEEARGR 100, fERIR pH HY 6. 0~7. 5 B 3%
7 B B AT U 3 (E AR R AR K IE TR R
9.0 g/L ZEA4T, R HI B0 14 g/L Jodi. XA
WMo hE pH H AR, 200 H pH fHAE 5.8 Z2 47, HE
TEE 4N 9. 05 /L, B =il 14,30 g/L. 5
Wk pH {HN 6. 0~7.5 AR BEL R AR L L A 22 4 K
PRt o L 8 T 2 T e 7 T R L R

B pH .

Guangxi Sciences, Vol. 25 No. 3,June 2018



F7 BB_SHREINEK I3 AESAFNZM(g/L)
Table 7 Effect of concentration of KH, PO, on fermentation solvent yield of C. acetobutylicam J-3-3(g/L)

KH,PO, 1L i T S

Acetone Ethanol Butanol Total solvent
0.0 4,83+0.12 1.4840.03 8.87+0.02 15.18+0. 17
0.2 4,.88+0.04 1.4840. 04 8.65+0.07 15.00+£0. 15
0.4 5.07+0.23 1.5340.03 9.16+0.08 15.76+0.11
0.6 5.06+0.15 1.6340.01 9.75+0. 16 16.43+0.01
0.8 5.85+0. 22 1.7740. 15 10.18+0. 19 18.08+0. 16
1.0 5.7240. 49 1.7140. 06 10.12+0. 47 17.55+1.03

%= 8 FeSO, * TH,O X B #k J-3-3 REE =B FIAMI M (g/L)
Table 8 Effect of concentration of FeSO, * 7H, O on fermentation solvent yield of C. acetobutylicam J-3-3(g/L)

- i — - e vh e

FeSO, » 7TH, 0 /\Z\(]ﬂ@cl)ﬂne Eﬁlfzol BquaErTol Toifi{fjlfi]/em
0.0 4.83+0.12 1.48+0. 025 8.87+0.024 15.1840.17
0.02 5.92+0.61 1.67+0.15 10. 1840. 57 17.78+1. 34
0.04 5.56+0.76 1.6740. 054 10. 6840. 46 17.9040. 36
0.06 5.85+0.37 1.7640.08 11.4140.61 19.0241.06
0.08 5.20+0. 83 1.5340.02 9.374+0.75 16.10+1. 60
0.10 4.9840.31 1.48+0.11 9.0840. 36 15.53+0.78

£ 9 MgSO, - 7TH, O Xt B #k J-3-3 EEE =R F MM (g/L)
Table 9 Effect of concentration of MgSO, * 7H, O on fermentation solvent yield of C. acetobutylicam J-3-3(g/L)

MgSOy « 7H. O Azgtgtlflne EIZAhaErjfol BI;EZOI 'I‘ot‘:m"lf’(ifijfem
0.0 6.67+0.39 2.424+0.08 12.11+£0. 08 21.2140.22
0.2 6.85+0. 44 2.60+0.13 11.6540. 00 21.1140.57
0.4 6.61+0.01 2.914+0.01 11.89+0. 43 21.4140.43
0.6 6.4440.72 2.6840. 21 11.62+0. 143 20.75+1.07
0.8 6.734+0. 40 2.47+0.04 12.15+0. 07 21.3540. 29
1.0 6.59+0. 25 2.644+0.13 12.00+£0. 06 21.2340.19

% 10 )% pH Xt E#k J-3-3 =R FIMF G (g/L)
Table 10 Effect of initial pH on solvent yield of C. acetobutylicam J-3-3(g/L)

Witk pH 512 B T S
Initial pH Acetone Ethanol Butanol Total solvent
X H8& Control 3.6140.14 1.60+0. 22 9.0540. 48 14.30+0. 84
4.5 1.5240.45 0.42+0.11 4.50+0. 84 6.44+1. 38
5.0 1.80£0. 45 0.44+0.08 4.714£0. 40 7.0040.78
5.5 2.854+0. 30 0.72+0.15 6.48+0. 68 10.04+1. 14
6.0 3.8040.02 1.6440.07 9.0140. 05 14.4540. 10
6.5 3.524+0. 31 1.4740.13 8.85+0.67 13.84+£1.08
7.0 3.75+0. 27 1.5740.02 9.0040.51 14.31+0.78
7.5 3.8340.23 1.724+0. 31 9.2440.54 14.80+0. 86
2.2.6 BHAZTHEKTIEANNG YA 2.2.7 APEAEAFIEN G YA
e N 1090 2 30 U6 143 BBl PN X & I 52 ) AN R T A 22 h B, A 5007 i . IR L 2 BE R
(R1D, U 10% WM EC LB 2 LN TER™ 555 7.80 g/L.1. 64 g/L Fl 14. 70
ZOR, g/ L, SR A H) 24,14 g/L(£ 12), WL, 37°C

Kid® 22 h M BERR T-3-3 K EH 27 0 50 10 e FERh i .
JmAE 201846 A F25K% 3 335
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Table 11 Effect of inoculum size on solvent yield of C. acetobutylicam J-3-3
e it N il LB TE JEsg il
Inoculum size Acetone Ethanol Butanol Total solvent
% (g/L) (g/1» (g/1» (g/1»
10 6.8740. 35 1.5940.05 13.50+0. 14 21.96+0. 34
14 7.3240. 60 1.54=£0.11 13.60+£0. 45 22.46+1.16
18 6.4140.08 1.58+0.04 14.08+0.15 22.07+0.14
22 6.5440. 34 1.57+0.01 13.79+0. 28 21.90+0. 07
26 5.2842.17 1.474+0.09 12.81+0.06 19.56+2.13
30 7.1440. 28 1.5640.07 13.88+0.33 22.58=+0.03
F 12 FEEITE J-3-3 FEFIHR M
Table 12 Effect of seed age on solvent yield of C. acetobutylicam J-3-3
il 5 i B T psSrFiil
Seed age Acetone Ethanol Butanol Total solvent
(h) (g/L) (g/L) (g/L) (g/L)
14 1.07+0.04 0.46+0. 10 3.1240.03 4.6540. 04
18 5.6340.48 1.38+0.13 12.27+0. 30 19.2840. 82
22 7.8040.09 1.644+0.08 14.70+0. 04 24.144+0.03
26 7.1140.15 1.56+0.05 14.00+£0.01 22.6240.09
30 6.2340. 26 1.31£0. 24 13.44+0. 37 20.994+0. 31
34 5.6740.01 0.96+£0.17 10.80+0. 12 17.44+0. 28
2.3 10L &@ﬂmﬁﬁ%ﬂ] j] # 9 —A— ZWpAceticacid —*— J'MButyricacid —e—pH 6
P 1A 2 AT LA L J-3-3 KT S AN _8f 5
_ s . . 27
TR 60T I 0 i T ok AR b A AR WD A 7 IR D R R EP 4
JEVIEN 5 > 3 S N E
W1 KM 16 h Z AT R RN, EE R O CRAT 25 3%
N S, N sy A ~ 4
W2, % W% 6 h FEG /B 2R, 14 h 2R & ik Bl d ok %, 2
(7. 47 g/L>. BL6~14 h 552 W i 5 ok 5k : !
0.79 g/(L-h); K 8 h 5] %,16 h 23k 0 0
g/ 7/{@ ﬂ:ﬁnf’:éttrﬁ&, TH&L 0 10 20 30 40 50 60 70 80
P KAE (4. 27 g/1) . LL 8~16 h 315 T R i A Ak ik Time (h)
KR 0.40 g/(L «h), BEEH LR T BRI, & . . L s
H 0.40 8/ A ! ‘ﬁi’f@ ERRRERERTEF e Sy S Ve 1
W pH {E@(Eﬁ?ﬁ%vkﬁ%i 16 h B pH {15 3] e[k pH 75 b il 2

fH(4.28), KW 16 h ZJ5 kBl B2 5 A 7= 7,
TR KBS RN TR B, LK EE 16~36 h
B IR A AR B Ry 0. 20 g/ (L« ), TEERY 4=
BN 0. 44 g/ (L« h), Z BB A WL F N 0. 06
g/(L«h), BEEVE T B 2 B0 A B, & BEW
(9 TR AT TR W W BE 7 T B, R VR pHL (B 3%
Mt A% 28 hiy pH B RITHE] 4. 57, 2 )5 pH A
— HYEHFIE A5 A HER AR . ULHITE = R I
L) RN T TR LA SAE 7= s FI = AR SRR T
i 127 P A R A R IS AR s R . R E R 60 h BEL TR
i) T ) A T L B AR 5 O I R 7 A B e K
P AT B P 85 53 ) 6. 98 g/ 1. 16 g/L
F115.34 g/L, BRI =it ik 23.48 g/L.
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Fig. 1 The curves of acid and pH during fermentation
by J-3-3 in sweet potato medium
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Fig. 2 The curves of solvent production and residual to-

tal sugar during fermentation
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3 it

FLRT » DA 2 00 S50 T A 7 R T B B F 8 4
D E LT S LT N JEORE 2R B AR O R R
T, TR ERAE Ry T AR B S5 TR A 7 VA TR L R R
TR AR A 14,41 mg/mL, ABFZE LLEE T
T A J50RE, D EDRO L A % [ 2
BUSEM NI T BERE J-3-3 HAEPHERET TR
P T ) A AR 9T, R I AT I T VAR R GA 15, 34
g/, M =Rk 23. 48 /L. 5 HB L0 %0 B
FEM G, AR 5T A L S B {09 0RO B AN 5 3R
15 B0 A B 7= i TG T A R T G A
e, AHER h R eSS R SR B S L Gk 18.5 g/L.
T FE A 3 P 2 B4y B R o A P R
A6 77 2 X DA VE by Y & A A 32, 8 FH Y R R s R
XL R g T SR R S R O s T YT
T ViR S DX DU M B A TR o e R A R A
SEJE BB = S A 5 BT A AT O AT
it — 25T .

4 Z5ig

AT LA B 1 H 550 SRR, ORI D B AT TN
M T RE R B IR R AR R A, LR a1
H 2 WAL W W OB O 100 g/L, TM 8 g/L,
KH,PO, 0.8 g/L.FeSO, « 7H, 0 0. 06 g/L ¥ I
T.37°C KB 60 h, n] KA e fE & BERCR N L £ 1%
T B = 5 4y Bk E] 6. 98 g/L 1. 16 g/L M
15.34 g/L, ¥ H K 23.48 g/L, X —WFoiss R %
L DLH 2R JEORE 2 e A P S R T R SR eI AT, B
B L R 5%, AT o R IR AR 7 T TR T Y SRR
R LA B H S 0 T 3R T 3 A SR
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