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87.52%; [FINTSBE I3 4.38% ., D301 WARME = /5 /KA C. acetobutylicum CICC 8016 K T Bl 71/ &
S0k 5.2 7.5 /L, R ABEREBE IR R 2 B B 100%A1 73.67%. 24 D301 #4618 MERF 0 5 KU 7K SRR 4 b P o 2
WEEA 50 g/L I, T RG] (UM T REA AR (5Tl B 2 mli& B ok 9.7 1 14.6 g/Lo A 7TA R TR L
M ACA BB T B T AT R R R S HE

KEER: AL KB AR BEL 2RSS BE

doi: 10.11975/j.issn.1002-6819.2016.05.037

FESZES: TQY23; TQ353.4+2; TQ353.7 XEKFRASRD: A XEHS: 1002-6819(2016)-05-0257-06

ERF, 2RE, FER, i B KRR FRENERTKERRSRELZBESHRETE[V]. Kl TEFR, 2016,
32(5): 257— 262. doi: 10.11975/j.issn.1002-6819.2016.05.037 http://www.tcsae.org

Wang Fengqin, Tong Yinxing, Li Chuanbin, Xie Hui, Song Andong. Hydrolysate detoxified from steam exploded corn cob and its
fermentation producing butanol fuels[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE),
2016, 32(5): 257—262. (in Chinese with English abstract) doi: 10.11975/j.issn.1002-6819.2016.05.037  http://www.tcsae.org

0 = YT A R R 364 T I S 2D 38— Lu Congcong 251!
FH B 728 30 W IR 0T Ll B R S AR 1 A1 e oK A 20 A T I #53
G AT REYR I H 2 kb vs, A4 AT LA ARl 78 Rk 4i, 1 Clostridium beijerinckii 74t &
Yy REIR I R R SR AU . N - T R R B WA T 68%, A 6.73 g/L HNE T 1135 g/L.
(actone-butanol fermentation) ¥ £ IR T CBERBEMEE —  Zhuang 25U 20 5k AR THAL BRI K BG83 D311 44l
KR, SR FLAFE N (actone) T@'f RS F IR, 45 R IRIBR 2T 94%, [HI, ARk
(butanol) FIZEE Cethanol) ™, NF M7l (ABE K 24 15%. #%#HE%7% D201, D293, D301. D315 4 F
total solvent) o BARL T EEFIBLRL £ B AH L HAT HVE 5 =, B PSR R REREAT T LUER, 45 R W] D301 MR
Aok 4, TR T IS T ERREAEHLH 25 TR B R B BR R AT 70.2% . Ge 2514 &
PEEYR, AT R R IR BRI 2 1) ST KCIK BT S AN I AN Ab 2E Cover-liming) ,
RO — P W HRAA IR OO IR, A AR R ) A 5 I B 40 A B 99% 1 16.7%
AW ST RE R ) SR B SORHOO SR, K AR AT 4 Zhang SRS A X T KRG FE /K R T I 5 Ak
FEMEL, gilAER Ry, TEE Y P RER: = AL B, PRI RS T 27.3%, DESH-EIAS] 16 g/L.
FIH ?&flﬂ%ﬁﬁﬂ’ﬁﬂﬁ%’?ﬁ\ WA S BT R AF A WG & T Overliming < D301 # Ji§
FI/JﬁE L M)V N TR AT 4 R R T Ak A, e Overliming-D301 #f 5 F1 Overliming-NKA II # g 4 Ff A [H]
KSR AT 4 25 I TAL PR B K i I FE & 7= 2R IR FAY I 25 5 O T KU 7K A3 5 1) 285 AL S LS DA I T
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MEE 1 em® &1

B AR R : D301 B4 IR AT NKA TR ARSI 2284
RN ERHEAA AR . BRI EE: KRR E TR
RS AR 122 N B T KoKEE, HiRR
E 1:1 N 1 mol/L WIERIRVENL, SRJ5Hk 1:2 A+
AKVERE, % 1.1 AR 1 mol/L (A SEALBIVERE,
JEMAARFRLG 1:2 R BT /KVE M iR, H R A A ik
BRVEIE I B 4 3 mL/min, 2555 Tk BRI IR
T4 10 mL/min. SHIVEIR AP NG 2% 5 5% H .
1.2 EHFHE
1.2.1 5%E KBS

FRE € o AN, F s AR 70 2 5% I A28 187K
H, BERESS), IR G 2 min, MG AR AN ]
W BB o ARJE S FOKIBYE 732545 18 mmx 180 mm
ki, M4 10mL, 121°C2K i 20 min.
1.2.2 ERGKBRABIERL

H4 28 ot 25 T A T 25 1) R KU K T pH (L 7,
SRJGEHE 1 g/L s IARERERY, 115°C KB 15min, 2415,
PN SO R R T sl 1w I X A s
10 mL/L. fA-1AC )T : 22 (KH,PO,4 50 g/L, K,HPO,
50 g/L, L84 220 g/L) , 4EAEZ W 2R R 0.1 g/L,
43 By 0.1g/L, AW ZHE 0001gL) , LHlLE
(MgSO,7H,0 20 g/L, MnSO,H,O 1g/L, FeSO,7H,0
1g/L, NaCllg/L) o
1.3 FRDFRIRW NI SEFK AR
1.3.1 RABEML

SRR RE I8 AR YRl A R A R A QB-20B 7Y
S VTR . SR VR N IR )
1.4 MPa, {#KHA] 300 s,
1.3.2 FRAJBIR E KGR

TR AR L O 1:8, pH {H N 4.8, -4k £l %k
i 15 FPU/g TW0KL, AZEPENE 200 U/g T4k, B TH
PR 120 r/min, 48°C, /Kfi#t 48 ho Zid¥E)518 TR C/KAR
W, #&H.
1.3.3  AMHBERAE

i) 1.3.2 BE/KfESAFAIIR], 48 h 5 AERE 24 h %ML 8%
ORI, R pH (B, RN R &
ILAMEL 3 K
1.4 EXRTKBRES
1.4.1 Overliming Bl 22

1) KT AR AR I N T IR A A S A pH {H
211, RN 60 CKA B, 7K 30 min, g 2R
WEARDTIE, o FHRER Y pH R 7, %1,
1.4.2 D301 AAEHLAL 22

B HELT ) D301 M ETE 20% ORI IIAE
KCIK Mg, 78 37°CIRG IR, L 150 t/min #14
P 1 he RJGUELMNE, W pHEZR 7, &H.
1.4.3 Overliming-D301 #HAEML 3

TKCKAER A 1.4.1 JrikabBE, F4% 1.4.2 J7ik
AEE, 25 H .

1.4.4 Overliming—NKA I #f A8 Bt 2&

SEH 1.4.1 TR B, 1 NKA TR AR R, H
PRZAE R : N 20% OFTEAARFALL) AL PB4 IE NKATL,
A8°CHRIAIEFA LA 120 r/min #53HR%% 1 h, RIGIEZH
fiE, W pHEZ 7, %M. PraliensEg 3 MER.
1.5 THEEAE
1.5.1 WAAFE

FEEEFRU I TR R, 3% 10% (40
PR RN 5% TOKBIRETE R TR 3T, WK Hai
80 s Ja A /KA HI, 37°CREFEAE hi¥s & ;9% 48 he
1.5.2 #FR4&

K 300 mL = ] 300 mL 5% LK BT ks
FrHE, 121°CKIH 20 min, AHIJG, $&BME 10%8 05
U R WA, 37T CHHE R FE 24 ho
1.5.3 JRAFRTBEF KB4

Fe B 1.2.2 PR B ORGSR R R R 3k, R
300 mL — FMIEAT K0, ek 300 mL, FEAAMFALL
10% R, BT 37 CIRA P S R . 45 24 h HUFE
2mL, 9000 r/min 2.0, #F B RFIME.OE, —20C

PRAEAF I o
1.6 MEAHE
1.6.1 HBEH FHFMZ

Dionex P680 =5 % &AM 14 3 A, & B F 3 ek
(Aminex HPX-87H) , A3l 55°C, ¥i5hA4H 0.005 mol/L [V
H,S0,, it 0.6 mL/min; B 10 4 7= 22 A il 4 (RD
iR, 4. WERE. 5-HMF. &R, & SRR I0IE
FIRAMEM 2 (UV) , JKA 210 nm.

1.6.2 @z

X H Folin-Ciocalteu 7%, HAADEEZ ILCHR[21].
1.6.3 AEA. TEA LEME

KA, ikt HP-FFAP, FID 3l
2% 250 C, BEFERRIELE 200°C, HAHIAE N 1.5 mL/min,
AN 30 mL/min, S HIE Y 350 mL/min, SEFE
A 0.2 ul, FEFHIRSE 200C.

2 HBR55H
2.1 ARPRFEAREZRERERSKBRGESHR

PR ()] 1.4 MPay f#HIS1A] 300s) 4bFH

)RR T R KRR, K SRR 20 L& 1
FT 1 ERIBHERSEEKEROER LS

Table 1 Compositions in hydrolysate of steam exploded corn cob

L5y wi
Composition Concentration/(g-L™")
214 B Cellose 7.26+0.30
pii W% B Glucose 24.07+0.63
Sugar Ml Xylose 17.44+0.57
R Total sugar 49.7+1.45
H % Formic acid 0.39+0.023
4% Acetic acid 3.64+0.315
AR 5-¥% ALk 5-HMF 0.24:£0.090
Toxic substance  ffif§% Furfural 0.68+0.004
7 % Vanilline 0.57+0.022
K} Total phenols 1.19+0.048
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P RIS OV B THRE S FENE T
R TR RIS 0.04 g/LP, 5 siis f b
R T HRIE S ABE AP S 40 M AR K I R 0.5 AN
1 g/, dli 3t Overliming. D301 #4 /i . Overliming-D301
W Overliming-NKA TT AR 4 il 25 77 200 FOKEIK
FR VAT PR AL HE
2.1.1 RRPLAEF KA L 6 F R

T 30 O S KRR R AR . AR R
g, 2 4 PpE T KBRS RN R, £ 4
R 27 7 sRACER S, K EK B A AN IR B B 2,
H R R FIE B 2.46%~35.61%, H:H Overliming
-D301 i 2g 7 U R 2 K, IR 2 41.6%,
ARBERF N 15.9%, 1fj Overlming 5% D301 ¥4 i B i
B RBEIOHR 25 0 2.46%H1 4.38% (£ 2)
2.1.2 TR BT XATA 40 6 LR 2R

W I W T B RE R S KA T R . LR 5-HMEF,
PR . ARG i, P 4 Rl R 7 5K

KA P A BRI SOR (3 3) o 4 B 7 X
XK A R SR B TR A A R B RR AR . D301 B
JUE O 50 R T R 3 1 O Bk 25 R B e, 43 ok 2
60%- 46.04%1 56.31%, X 75 HLEE IR ER R IE 2] T 100%,
XPRRIEFD 5-HMEF (1) R 2643 il ik 2] T 82.95% 1 87.52%.
Overliming %75 P47 2E4) 0 IR BR B4R A & D301 4
&, £ Overliming AP fF/KME TR RS EEINT
48.67%. WEA i RE AL FROE AR T3 — Wi P b 3

R2 MMEETEERARRR L

Table 2 Comparison of sugar loss of different detoxification way

Hﬁlﬂ@ﬁﬁ PE 2 Sugar loss rate/%
Det;):tizeglon JABE Total sugar %5 H# Glucose  ABE Xylose
Overliming 2.46+0.13d 6.31+0.14c Oc
D301 4.384+0.09¢ 4.84+0.25d 4.66+0.09b
Overliming -D301 35.61+1.21a 41.59+2.34a 15.88+0.34a
Overliming-NKA 11 27.10+2.10b 38.41+1.21b 4.85+0.18b

E: ARNEFRERORZEERIE 5% REH KT, T,
Note: Different small letters are significantly different at P<0.05. The same as below.

#3 mOMBESHARNEFUERMBMRSIRAIXT L

Table 3 Comparison of effects of four detoxification ways

1 77 B % Removal rate of toxic substances/%

i 75 =X
Detoxification method FIfR Formic acid ~ Z4J#& Acetic acid ~ 5-F2 FHJLRENS S-HMF M Furfural & 5L8¥ Vanilline 5} Total phenols
Overliming 20.06+0.12 d —48.76£1.22 b 79.34+2.02 b 84.18+0.98 ¢ 28.03+0.38 ¢ 3.59+0.21 ¢
D301 60.00+1.42 a 46.04+4.04 a 82.95+4.21b 87.52+2.78 b 100+0 a 56.31+0.08 a
Overliming-D301 52.94+2.04 b —1.58+0.35b 93.75+2.32 a 93.76+£1.24 a 100+0 a 56.02+2.24 a
Overliming-NKA II 35.2940.57 ¢ —19.34+£2.20 b 94.42+3.68 a 95.41+£2.02 a 53.23+x1.22b 22.27+0.98 b

2.1.3 KRR B X3t RER T B L B 697k

K BE— DV B R T A, AT I g 7 KAk
PRSI E KK AT T NI 1 1 R BRI, a5 S L
K 1.

2% 7 A Detoxification methods/h
—=+CK - Overliming -+D301 -vOverliming-D301 —+Overliming-NKA Il

~ 267 26
o r Do
2220 <
PR 32
=}
2 141 > 18
s 12} =
& 19r £16
& el K14
# 41
e X 12 . . . . :
0724 48 72 9% 120 07724 48 72 96 120
i} [A] Time/h fif [8] Time/h
a. WIEH b. AHE
a. Glucose b. Xylose
~ O oo
oS5t o 8f
& 2
s 4f 2ot
g =} 5 L
g 3} &
a ER
B o2r S 3t
= 1k ﬂ‘g 2+
w1
0= 24 28 72 906 120 144 = 2448 72 96 120 144
i 18] Time/h I /&) Time/h
c. THE d. S
¢.Butanol d. Total solvent
B 1 REBLEF XA IR GKAE R R ER T B2 K B2 69 306
Fig.l1 Effect of different detoxification methods on

acetone-butanol fermentation in corncob hydrolysate

Overliming-NKA I 4b2E. Overliming FrAtAb 3 2 R 28
JREEALEE CCKD (RARZTREA T A AR BUR, 2350000 62%.
42% 39%, ARBEMEBZMLT 15%. D301 H I
Overliming-D301 4 J5 ALE 5 1) 11 A e 1 A B A 4 23
MIEF]T 100%F1 98.9%; ABERHIZ53 51k 42%H1 33%,
KRER TR (P<0.05 (K la. b) o FAKUKMEHK
SRS T BERRVE A= 5 L 1e AT d, D301 fit#ekt
PRI AR T I e R, 220 120 h IR T REALE
AR IR EIE, 0k 52 M 7.5 /L, thEEm it
o i B3 AL FR K W (P<0.05) o HARJE Overliming-D301
RN EE AL, FT IR RS ) 520l ok 2.4 F13.3 g/L.
Overliming F1 Overliming-NKA Il 2 FJlit a5 7 1 T A
BRRORA 2, Tl B I7E 1 /L LUF,

gi Bprik, D301 BRI s R AHERIR AN A8
R ACR m s, B G T I A B e,
HIEI%EHE D301 B #E 0 28V TR KB K A P Il ] i
R (1 e i 7 7 2
2.2 EIRERSKEROEET LB

S RATF T T RS AR, e R R K
i A5 B v R P AR VORI R ORI K R, LSRR R
Hm s 171 g/L, 7 0 AR OHE B s 4 il o 81 A
61 g/L. KL D301 B g 25 5, JEAT & MWk,
DB 0 B8 v R 88 Mt 75 K Al V8 1 DO T I R I R
g 2 s
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60 —— T ¥Butanol
et o 16} - S Total solvent
=50 - I Total sugar 14k g R
S ~e- Hi & P Glulose E‘) 12 *%Engﬁ(g’f L .
£40¢ - KFEXylose = 10 sugar/(g'L") .- {
5 a0l 2 =50 E
30, S 8f =70 /
g( 20} 2o
HP 4 .
10t W
1 . - . L . ) . .
X 0 24 48 72 96 120 0 24 48 72 96 120
I [7) Time/h 5} 18] Time/h
a. B b. i

a. Concentration of sugar b. Production

B2 AR ER AR Y R R T B A
Fig.2 High concentration hydrolysate of acetone-butanol
fermentation

AR A R ORI S 50 g/L i, R R el
RV 48 h W2 HE CIEASE AR s ABELE 96 h B Fel 42
3.8 g/L, T V& SHiFEIKEEM 50.9 g/L F54 96 h
(1) 3.8 g/L, X HiAG A H 200 100%, AHE 1] H 20
85%. EREZ 96 h B T RERUREE IR IA B, 437
h 9.7 F114.6 g/L. HIUR KIS TR BE T 90 g/L P4
M, ERIE 120 h T BT B2 20l 3.2 F1 2.6 g/L.

3 W o’

FIRT, T 22 (KA BT 2T 4 25 /K A i 75 7 92249 e
R TETERE . WA, BT A, Ca(OH),
b AL Coverliming) 4§

Overliming VKM & Ca(OH), XA 4F 4 257K
RIALEE, A pH fHTHE A 10~12, FFHX S oty
Y RUTHEE AT S pH (EFREE i g # 4 Ak 2 otk
AT AT o 2TV AE T R, RO, PR
5-HMF FIRy 2Pt 2B B2, (HRA LRI 2Bk
BORIFFA B, BT #3H. Nilvebrant 24126
TR, 1 Overliming M #E AL F FIELEAK T 30°C, pH
B4 9~12 B, AT DU GbE 45 2Kk B YRR AN £ 1 R 26 1
il N pH {H (60~80°C) 34 TR 5-HMF 143
fift, AH23 ORI 5= B AR S A HLIR UL SR K i
e AR Overliming I 83 ACFR A pH {E24 11,
HLFE 60°C AL EE 30 min, BEEE AN S-HMF [ IERR 20 84.18%
M 79.34%, (HLMRE =R T 48.76% (£3) . /b
HWE KRR FD S-HMF (R B ] e S BUKIRH IR &
BRI E R

B IR A BeRm . T2, 5
FAEMBARRR DL, e 2. D301 B
RE A R ALBR 2055 R 40 55080 B & 7 As e iR, T
BURR Wl I 0 Py 28 0 T R PR 1k S T R A 8, 5 B 8
TASHAE b ()2 AT B, MR 2 RE Y H s
NKA TR AR —FOFURI G, L0 B 8 e T E e
XPHRIE R S-HMF [ AR 5, (R TR Ry 2540
AT B 25 SR 55 D301 B i 25 . Overliming 584 IR 6 i 5
A AR SR S ROU S AR . R S-HMF e ik
B I RIE TR ORE SR, BEUREORT 2 R
MGG EE 7 B B & A, AT IR R AT R AE T,

Overliming Z:¥% T /K fEM P IR0 20 A FEH 0T, AT 257
AR IR ot 7 A 2 P R o s (AT sl B A7 R R B
IR FRORE T AR 453 2K % T

D301 WX A LR . BESEFI M B A7 2 1M
BRAEF S EOS K AR OB PR R O K v 1
Jo T RERLR R P s, A 5.2 F 7.5 g/L. D301
AR T 5 J ) v R S K A P W ] R A R, Y
PR 50 g/L i, T EEALE I 7 0T LAy
WIIE#] 9.7 F1 14.6 g/L. Overliming Al D301 & 742 b
JUEBG 45 It 7 S R ) B A AR I I PR AR A, B 45
KIE K (Overliming-D301 B JIE k-2 It 2 1 45 B 1458 2k 2
BENT 41.59%) , PRI T REALLGE R R
Overliming-NKA IT 52 5 75 4 B AN S-HMF (IR % 5
Overliming-D301 B B #EAH Y, (HRATHLER A 2K 47) 5t
R B RO 880 22, Overliming-NKA TT 64 i #4540 #1] %
Fe i R E KT Overliming-D301 BE A i (AL HE, RIHH
BURR A S T A T I A R (R OGS (I 1)

BN, ZEVURI R K IR 2 D301 BT 7 5
TR R 21 0 2 3 iy, D301 B I 25 vl 7 Sk — b i
F7 N C. acetobutylicum CICC 8016 [V T K s
KR I T R L R o AHIE S A ) FH 28R oK
CYHAT NI T R R ISR A T R B SRR, RS Al
RO i SR R R AR — 20 ik, DAHES)) ORI
TTRER BN TR R

4 % it

ARG RE 4 Bl 5 T AL R AV K K iR
WOFBEAT IR T I A, S5 R ARW D301 A4 I i 75 BOR W
W, PR, SRR IR R 2 53 A B 60%
46.04%A1 56.31%, A HREMIBERRIER] 100%, HEEA
5-HMF A% T 82.95%F1 87.52%, [AIMF, OB HAL
4.38%; | MR L AR AL K AT TR S A
MR OK K R R B R E O S0 g/l 1
C. acetobutylicum CICC 8016 A%, | FEF1S A Aok
JEALE 96 h INFIA 5K, 39004 9.7 F1 14.6 g/L.
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Hydrolysate detoxified from steam exploded corn cob and its fermentation

producing butanol fuels

Wang Fenggin, Tong Yinxing, Li Chuanbin, Xie Hui, Song Andong™
(College of Life Science, Henan Agricultural University, Key Laboratory of Agricultural Microbial Enzyme Engineering of the Ministry of
Agriculture, Zhengzhou 450002, China)

Abstract: The development and utilization of biomass have been paid great attention by many countries with the depletion of
fossil energy sources. Due to the recalcitrant and complex structure of lignocellulosic biomass, various pretreatment methods
are adopted to help biomass carbohydrate’s hydrolysis. Pretreatment can increase the biomass digestibility for efficient
fermentable sugar production, but many fermentation inhibitors are also produced during this process, such as furan derivatives
(furfural and 5-hydroxymethylfurfural), mini-molecule organic acid (acetic acid and formic acid), and lignin degradation
products (coumaric acid, vanillin and other phenolics). Therefore, the detoxification process which removes fermentation
inhibitors from hydrolysates is essential for the production of biomass energy; at the same time, for different fermentations
have different adaptability of initial sugar concentration in fermentation liquor, the studies about the optimal initial sugar
fermentation concentration are also meaningful. In order to study the best technology of butanol fuel production from steam
exploded corn cob, 4 detoxification methods, which were over liming, D301 resin, over liming combined with D301 resin, and
over liming combined with NKAII macro porous resin, were used to detoxify the hydrolysate of steam exploded corn cob, and
their effects on butanol production were also determined in this research. The results showed that the D301 resin detoxification
was the most efficient way to detoxify the hydrolysate of steam exploded corn cob. The removal ratio of vanillin could reach
100%; the removal ratio of formic acid, acetic acid, total phenol, furfural and 5-hydroxymethylfurfural reached 60%, 46.04%,
56.31%, 82.95% and 87.52%, respectively. At the same time, total sugar lost ratio was only 4.38%. Finally, butanol and ABE
(actone, butanol, ethanol) production were 5.2 and 7.5 g/l by fermentation with C. acetobutylicum CICC 8016, and the
utilization rate of glucose and total sugar reached 100% and 73.67%, respectively. When the initial sugar concentration was
50 g/L in the detoxified corn cob hydrolysate, the maximum concentrations of butanol and total solvent were 9.7 and 14.6 g/L
respectively after 96 h fermentation. The over liming and over liming combined with NKAII macro porous resin had poor
inhibitor removal ratio and lower butanol production (no more than 1.0 g/L butanol was produced). Although over liming
combined with D301 resin had higher inhibitor removal ratio, only 2.4 g/L butanol and 3.3 g/LL ABE were produced because of
high sugar lost ratio (about 41.59% glucose and 15.88% xylose were lost during the detoxification). In conclusion, the D301
resin detoxification is an idea process for butanol production from lignocellulose hydrolysate because of its high microbial
inhibitor removal ratio and low sugar loss. This research provides a reliable detoxification method for butanol fermentation
with the hydrolysate of steam exploded corn cob.

Keywords: fuels; fermentation; steam; explosion; corncob; detoxification
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