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Fractionating pretreatment of sugarcane bagasse for
increasing the enzymatic digestibility of cellulose

Xuebing Zhao, and Dehua Liu
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Abstract: During the bioconversion of lignocellulose to ethanol, the biomass always undergoes pretreatment in order to
increase the enzymatic digestibility of cellulose. In present work, we conducted the pretreatment of sugarcane bagasse with
aqueous acetic acid for delignification and alkali for deacetylation respectively (Acetoline process) to increase cellulose
accessibility for enzymatic hydrolysis. The effects of several factors on the pretreatment effectiveness were investigated. The
enzymatic digestibility of pretreated bagasse was further studied. The enzymatic glycan conversion of pretreated solid reached
about 80% when it was digested under 7.5% solid consistency with cellulase of 15 FPU/g solid and S-glucosidase of 10 CBU/g
solid for 48 h. Compared with dilute acid pretreatment, Acetoline pretreatment could obtain higher enzymatic glycan
conversion. The experimental results indicate that Acetoline is an effective pretreatment method to increase the enzymatic

digestibility of sugarcane bagasse.
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Table 1 L9(34) experiments of acetic acid pretreatment
No CA;:H Csa ‘() Experimental results
(Wt%) (Wt%) SY (%) GH (%)* XH (%)" LC (%) DD (%) AC (%) EGC (%)

1 70 0.1 1.0 79.1 9.83 19.16 20.36 33.20 3.98 18.60
2 70 0.2 2.0 57.6 7.54 61.67 14.23 66.03 3.21 56.77
3 70 0.3 3.0 524 14.81 70.03 12.61 72.57 2.67 83.09
4 80 0.1 2.0 67.8 7.46 29.77 19.04 46.49 3.81 36.88
5 80 0.2 3.0 48.7 15.20 64.58 10.71 78.39 3.57 68.80
6 80 0.3 1.0 56.9 9.05 61.90 12.26 71.06 3.43 63.82
7 90 0.1 3.0 54.9 11.84 64.72 12.95 70.73 4.49 63.46
8 90 0.2 1.0 52.8 12.75 74.69 11.86 74.05 4.05 71.51
9 90 0.3 2.0 46.6 15.16 76.61 7.14 86.80 4.46 69.66

“ GH and XH in this table refer to the degree of glucan and xylan hydrolysis during acetic acid delignification process. Cacn: concentration of
acetic acid; Csa: concentration of sulfuric acid; SY: solid yield; GH: glucan hydrolysis; XH: xylan hydrolysis; LC: lignin content; DD: degree
of delignification; AC: acetyl-group content; EGC: enzymatic glycan conversion.
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Fig. 1

Effects of several variables on acetic acid delignification of sugarcane bagasse. (A) SY. (B) Glucan content and GH. (C)

Xylan content and XH. (D) LC and DD. (E) AC. (F) EGC (enzymatic hydrolysis condition: 20 FPU+40 CBU/g solid, 2.5% (g/100 mL)

solid consistency). The abbreviations are the same as table 1.

PRV JRE | 70 TR 2 RS2 N7 R ) A 4] 1 AR 3R A JBE AR o
Tr 2 AR EN], LR EE BB BE X TR R
IR 5 AT S 2 ), T SO P 8] B8 S M AN J 2 52
B R BRI KRR B BR 2R AEAES 1 /Nt
PN, BIER 1 /NI BRI RO B, REREBERR
BERT I AE AL, T 1 h 5 SRR AR R IR B,

AR F i BR A BE I )28 f AN WA o R 32 114 S i
TS (1~3 ) A SR s ) A 2R R R
TCFH MW o Bt — 2D %) PR 8] A AR LA R AT 0 b
R 1k = PR 3R T B9 AR LA FH R AR 3R B R I 35 5
Wi o MNP LB AT, £ Pt 25 B Bl At R vk B2 A S
I ) 3 S PR AR B, (L BEE £ R v B2 18 n 12 2 3%

© HEIRHE B M S T TIR S Al Chie S TE G

http://journals. im. ac. cn



388 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

March 25, 2011 Vol.27 No.3

S, R TR E M YR KA Lk
RN fe o AR . A5 H R FORE L, 7R
WEFE I 254 T LR AL 35 A 19 £ Tk ik 5 2 3545 e
AL (HREE I S B & il 5.30%), XJEH
VLR R EH OB, M OMEERMERSET &
KK, DRI 2 R AL B A b 2 B A AR
k32 B i £, T 5 S 1o R 2 TP s oy () S TRl T . i
HEF 4R &AW LB RN — OR AR R B
KB —ERREE, LY AR S S R I A A R
it , X F 24 R v L BESE 5 2 1 AR LR
B — 25 AT B D) RS . AN IE 38 S5 25 ok
A, R 70% CRRBIARRER, SR A,
112K FH 909% T A 2 isf ] RS ) B 8 149 2 Tk Ak 3
%, WIS AR ERR OB S /KT 4%,
X T CRRALHLS EA B PERE , AR 1F AT, Bl
TR TE | BRI B RIS N TS o e R
FEAL R TS, X TR TR X S K
SR, ARRMBRREZ M, BT 2R
PR RS B OB R A, BRI AEAR R MR
R b (e I A5 B o e 1 R AL R . GG ORF
P 80% LRSI 0.3 % B R (1) 56 AF T S W 38 h £33 o

AL, CRRRAR R R R CRRVR . AL
R WA R IR S S 7 Ny S (EN LR
TR B AR v SRR 1) KSR 3R AL B T 4 K T
I B . I, AndE S TRAL 35 R /D i
i — A AL BRI RR SRS, nTHE— SR A R
MBEREPERE o RIS, SR I m8AL BRI R £ 1ot i T LA ki
G HAE R 20 Wl Ak e g 2ok 7 rpoK g 2 R TR, ETTAD
AR A K
2.2 ZERACIERWEAE C BRI H RS T R
1% B B 52 i

MHTHENESZ SR 25 K F, SRR
P SR EA R T ARE SR, (AR m T
WAL RS . Pan 25 5T R BIIEA FE & M
(A 18%) BF, ZTRTNH AT AU Y Bl i vk A
KT CmEHIIR P AR AU i B A e g . L R 2

Journals.im.ac.cn

OB AP TE S BT 2T 4 R 5 27 4 R 255 i 1]
(R VB TE B, M BEL S 2T 4 2% it o B AL Th RE 1Y
S S AR Z RN EE G A, SIRIEIIAAAE
WEINT £ 4k R AL SN A3 R B, PR A B
XF SRR 5 12T 24 2 [ AR HEA T I £ T Ak 3
R LB 2 R A B 5 R R 2R VR E X IS 4R (NaOH)
A FRAG IR, FRATTFE T R 80% L RRAEH ik s
TIAZE (A &) M 90% L FRAEH TR HE 5 F A
F (B &) XPFMERER RS GE TR
Hufd E i) A, S5RaEE 2 B, AT,
BRAL 38 AT DIAT RO Tk 3 . 2ok 80% LRk A T
A ZE I, NaOH HH#H 2% (GETRIthH B i)
RIay o8 2 R WL, 1R 90% R HEFT IR AR R
i, EE bk LB, NaOH R R m £ 3% (3t
TG R E E ), XA L, Bl B
PR FIRZ S A P REA, T A5 SR R R 5
AITHEIN . LT 23R B A B R PR RE R R, BE & B
FHAESE I, W) 46 e SR AL % (JEGCR) #1120 h
OB SRR AR B e . R, 5P
K0 90% CFRHATIRARZ BT, AR LA AL IR A HE 5 )
U il A SROBE e AL R 1.09% /M, TR 4%
NaOH ZLBRJ5 , )46 B i AR AL H R e 1 9 1%,
AHBLAY 120 h B RBE AL R8s T L6 5. L,
TR AL B 5 SR FH B b 3K B 5% 2 TR 56 AT DAA 2804 1
SO Bty frr R AN AR BRIIL, AR DA 1 SCER g R,
Acetoline TANHEH BEEB M AIEMSM N RA
80% MR, 03%KiR, 10 : 1 IE L AEH TRk 5T
AbPE 2.0 h, HE— R 4% GETH00AH R E )
() NaOH AZb 3 1 h, BifiJ5 K oEZE i,
2.3 Acetoline F4LIE 5 4T 4 2 [ K B B 7 14 A8
M,

R E— T Acetoline T Ab 3 Xof H ¥ i 2T 24 %
Fit ffe PR BB AR S, X LALD BB ) 2T A 2R G A 1
REHEAT T B IR 5, AR S & . 27 4E R il
FH e B - 250 Y ol P o 55 7 TR 5 T A SR
bR SHEE RS R, 48R ME 2~4 iR,

© PERFERMEDA AT SHESE http://journals. im. ac. cn



BT IR R I> S ITAL B TRE A X 2T 20 3 1 E A 5 1 389

R2 CHERAIER R WAL IR X T Ak IR 45 SR A0 20

Table 2 Effect of alkaline deacetylation after acetic acid delignification on pretreatment

Alkali Experimental results
loading Glucan Xylan content IEGCR EGC
Y LC(© DD (¢ AC (©
(Wt%) ST ontent (%) (%) ¢ %) (%) € %) (%/h) (%)’
Control 52.8 76.80 12.30 10.74 79.78 3.20 3.44 60.84
A
(80% Caus, 1 475 77.12 13.91 9.15 83.24 1.22 531 73.71
0.3% Csa, 10:1 2 46.1 79.08 13.71 8.23 84.10 0.00 7.52 83.42
liquid-to-solid 3 443 83.84 11.79 7.92 86.19 0.00 8.59 87.38
ratio, 2 h)
4 44.9 83.90 10.34 7.88 86.07 0.00 9.08 89.24
Control 49.1 78.48 10.24 9.86 85.44 4.32 1.12 65.13
B
(90% Crcr 1 473 82.92 11.11 7.11 86.75 2.90 2.67 73.16
0.3% Csa, 10:1 2 46.5 83.82 11.31 7.38 86.49 0.91 6.97 74.70
liquid-to-solid 3 41.0 84.36 10.44 7.68 87.60 0.00 7.16 83.34
ratio, 2 h)
4 40.8 85.13 10.54 6.99 89.04 0.00 10.2 87.19

“ control: bagasse was only treated with acetic acid; * enzymatic hydrolysis condition: 20 FPU+40 CBU/g solid, 2.5% (g/100 mL) solid
consistency. /[EGCR: initial enzymatic glycanconversion rate. The abbreriations are the same as table 1.
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Fig. 2 Effects of solid consistency on enzymatic glycan
conversion. Other enzymatic hydrolysis condition: 20 FPU+
40 CBU/g solid.
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Fig. 4 Effects of f-glucosidase loading on enzymatic glycan
conversion (other enzymatic hydrolysis condition: 7.5% solid
consistency).
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Fig. 5 Comparison of the enzymatic digestibility of Acetoline
pretreated sample and dilute-acid pretreated sample (other
enzymatic hydrolysis condition: 7.5% solid consistency).
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