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HH BB AR S KOH %W (0.1-0.5 mol/L)
RA. TR0 -130 C) R4 0.5-2.5 h DI
B AT 2L SR 5 K e 1 e = v R R T L AR 3
ASB™, ¥ ASB 5 H,SO, ¥ # (0. 05— 0. 25 mol/
IRA LI ATER KM . #E 50 — 90 “C FALHE 0.5-2.5
h, R E IR AW pH 2= IF A 10 -50 U/g
ASB A 54 ity F 17 1 f# S, #E 30 — 55 °C T Ab B
2-10 h, /&, i & RO AH A 3% (High Perform-
ance Liquid Chromatography., HPLC) % £ i i figt 7=
Py ep AR SR A FARE 1 & S IT R R,
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HAE Sluiter 250 {1 7 3 K6 00 H 3E oA B &
FUARRBE A O 52t TH 580K 0T R W B 58 R 2R 0l 1R o
R, % 0.3 g HEE® S 3 mL 72% (V/V) H,SO, &
A RJETE30 CTFEE 1 h, HHEB T/k% H,S0, #
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% 1 Box-Behnken it E &S5k F
Table 1 Design factors and level of Box-Behnken

Kl & Factors
N2 ~ E=N
KT Ammeri/h B mmmi e (PRES
- ) A Hydrolysis B Hydrolysis g‘ !
. . C Xylanase dosage/
time/h temperature/C (U/g ASB)
-1 2 35 15
0 4 40 20
1 6 45 25
2 H#REHMW
2.1 HEZRLEMNEFRZABEER

i Ak 3 %o A B 2RI I A R R SR O R 3 1) 5
WE Fra. hE 1) A, S KOH ¥R BE i) 34
Ty A 5 20 B R 320 T L T 1A SEE LR B 3R I
R Y (SIS N AR, B KOH 7 Wik
JEH0.3-0.4 mol/L B, Y ik # e K., AT
2y 1z 7 AR TR AIG i S Ah B X B L % % 0. 3 mol/L
1) KOH %R AE A S AR R B A 3wk 2 . i L 1 () 7]
N BB R B B T R R SRR BB R M LT iR 2R

2. 100 @ 1150
=5
22 sof
g5 140
S5 60F —e--=C E
£ 4130 =
o8 40} L . . >~
=R - e -Delignification ratio
H5 20k —e— Xylanretentionratio 4120
e —0—Yvalue
ax 0 1 1 1 1 110
0.1 0.2 0.3 0.4 0.5
Concentration of KOH/(mol/L)
- 100 (b) 1150
25
og 30 4140
= 7 .-
=5 60 - S
22 {130 ¢
S35 40 - e -Delignification ratio e
E o —e— Xylan retention ratio
§)§ 20k —o— Y value 1120
o >
a * 0 1 1 1 1 ]]0
90 100 110 120 130
Alkali treatment temperature/°C
120 4150
ERS
3100
S5 140
s ; 80 o
g2 2
E 2 a0l Pt - e -Delignification ratio >~
= = r- ——Xylanretention ratio J12¢
g’g 20F —o—Yvalue
A% L ! ! 10
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Alkali treatment time/h
BT Ak BT A T 3R 0 B 3 R0 A RO R B 2R 1 5 T
Fig. 1  Effect of alkali treatment on the delignification

ratio and xylan retention ratio
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P P 1 Ce) T 2R I 5 A Ak L i) %) B 5 A Joi 22 I o
RGBT AR TME O BRI D Y (E 2 e
JE AR RS e 1.5 h kBl . Wik, k1.5
h 18 H e B Ak B B ), R 28 8 B R AE 0.3
mol/L i KOH ## . 110 C43 1.5 h J5 . KR E i
Br Ry 57. 800 , KERWELR B K 87. 40,
2.2 ASBEALEMBERRAWER

T2 b TGS AL SR AHE 0 A B 7 3 1 52 e An (8T 2 i
R. HE 2 AT 0L BEH H,SO, ¥ B A 38 I, AObE
7AW RN AR A 1 7 2R 2 S B 5 B AR
oM H, SO, W E N0, 10mol /LAIO0. 15mol /L

& 60 (a) -e+-Xylose yield 760
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2 e .
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o 20F ’," 420 =
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Fig. 2 Effect of acid treatment on the yield of xylooligo-

Xylooligosaccharide yield/%

saccharides and xylose
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W B 77 AR AE X WA U B R) A B e KA. o T BRI AR
77 AR T 22 Ak P HE B E RS 0. 10 mol/L Y
H, SO, ¥ W% g A 3 J5 /4 H 3E & A7 b 38, il 1A
2(b) AT, B 5 TR Ak 3R BE B T, AR A B
T A R AHE (8 7 S 5t S 8 S B AR 04 s Y R B
g 80 °C ] AR SR ACHE 1y 7 485K 3| fe KA (45. 5%6) L Bl
Ja FEAR T Mk 8 80 “CAE MR AL AR . A
2(c) AT, e A TR Ak 3B ) ) A G, AR 7 AN B 3
T A R AHE (% 77 6 5t S0 S R AR Y e TR Ab 3
MR 2 1 h B AR 3R KB B ™ R 8 B & K E
(44.6%0) BHJGFF U6 R, B £ 1 h AE SRR AL B
B Ja]
2.3 AEBEHBBROEERAR

nE 3Ca) o , bl 5 i o B 35 0, IR SRR B 1Y
77 A S W HE T, Y i 3k #1 20 U/g ASB B L AR
RBARBER PRI t8 TR, B, %8 20 U/g
ASB (7l F B AT Bl 5 . an &l 3(b) B s, B
T BE Y T var o AT SR AR Y 7 R e 1 N 5 228 R B L TR
40 °C IR R A BE (1 77 25K B 5 KMH . 5k, 2 A
B T A 0L, R R 40 °C AR N B AR IR R . o A
3Ce) [T - Bl Tl fife BT[] (0 38 o, PR SR AR W 119 7 2 it
eI E A FRAC A R, 4 h I SR A 1 7= R
Ko PR, 268 4 b AR S A i )
2.4 KRB VEEEESHE YW A E AR e
2.4.1 wmp@RELERLE >

i# 13 Design Expert 8. 0 84Xt 3 2 )i 46 4% =
AT B AR A5 3 Kk 2ot RHH D7 R
Y = — 39.18333 + 1.86667A + 1.88167B +
0.89333C— 0.075AB — 0.075AC + 0.011BC —
0.16146A% — 0. 025833B* — 0. 029833C*, XI iR 5 &4
SEHEAT [0 0H 75 A8 43 B FJT 22 53 1 (38 3) - M43 B 45 21
A LLE LRI P <0. 05, 360 3% 07 FE A B B Ay
WS, KWK 0. 111 3, A% 4l % 2 1M 5 5
ANRFEP>0.05), BLHZIr B G 16 00 R 4F . R W
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0 Tl FH S T 0 SR AW 7 £ 119 57 T e K, LR Ay Tt e o
V) Tt e ek 5 1) 5 i) e /)N



o 60

N

S (a)

S 50

= 3 .

S 40

s

< 30

3

820

=

g 10

-

X0 1 1 1 1
10 20 30 40 50

Xylanase dosage/(U/g ASB)

S 60

=] (b)

250

-

Q

2 40 /\\\

s

§ 30

<

S 20

o

S 10|

2

;w 0 1 1 1 1
35 40 45 50 55

Hydrolysis temperature/°C

X 60

E (¢)

2 50

-

3 40f

s

< 30F

3

2 20

=

Zg 10

> | | | 1

0
=< T 4 6 8 10
Hydrolysis time/h
[§13 Tl e b JE 0T AL 2R A 77 A< 1) 52 Wi
Fig. 3  Effect of xylanase hydrolysis treatment on the

yield of
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gk
Continued table
Amg  BER CREE ERAM
MW mEsC mOHR R/ e/
75 A Hydro- B Hydro- (U/g ASB) Xylooligosa-
Number 1 yar lysis C Xylanase ccharides
G ySI;h tempera- dosage/ yield/
e ture/°C (U/g ASB) (g/L)
12 1 0 -1 11.1
13 0 0 0 12.4
14 -1 -1 0 10.9
15 1 -1 0 11.2

£3 MABBEMEEESN

Table 3 Significance analysis for regression model

?%ﬂédﬁf ?7?*11{ Dﬁ Ehrﬁ“f I\i/’i]ﬁ F P
Nariance  squares freedom  square © velue P value
Model 7.73 9 0.86  6.96  0.0229x
A 0. 50 1 0.50  4.05 0.1002
B 0. 05 1 0.05 0.041 0.848 4
C 2.42 1 2.42  19.62  0.006 8 * *
AB 0.023 1 0.023 0.18 0.687 1
AC 0.023 1 0.023 0.18 0.687 1
BC 0. 30 1 0.30  2.45 0.1781
A? 1.54 1 1.54 12,49 0.016 7
B 1.54 1 1.54  12.49  0.016 7 »
C? 2.05 1 2.05 16.65 0.009 5% *
Residual 0.62 5 0.12
Lack of fit 0.57 3 0.19  8.14 0.1113
Pure error 0. 047 2 0.023
Total 8. 34 14

Table 2 Results of response surface test
A i it B i it C AT 1% 3R Al
MR wmmC mHR G/
F5 ~ B Hydro- (U/g ASB) Xylooligosa-
A Hydro . ;
Number lvai lysis C Xylanase ccharides
[ Y8I8 a- dosage/ ield/
time/h tempeor(\i osage yie
ture/C (U/g ASB) (g/1L)
1 0 1 1 11.8
2 1 1 0 11.5
3 0 1 -1 10. 2
4 -1 0 1 11.4
5 0 -1 1 11.6
6 -1 0 1 10.1
7 0 0 0 12.6
8 1 0 1 12.1
9 -1 1 0 11.5
10 0 -1 -1 11.1
11 0 0 0 12.6

Note: * indicates significant differences (P <C0. 05); * * indicates

extremely significant differences (P<20.01).

2.4.2 HE @R LA S

K FH Design Expert 8. 0 B2 i = 4 w7 il var
LI 4) o AR me 37 T 285 51 AT 60 IR SR AR 1) 7= 4 1
Fifi 5 il i I 5 TG Ak T T) R0l R 90 34 hn 2 SR A N S
W R Ea R I HAER 4(h) FIE 4Co) v, B FH I A
V14 H TR 2658 Sy I Y 9 P T FHD i T A0 R AR 7™ B 1) 5 i)
A T gk s V) R A L R Ry L
2.4.3 R B @A L R il

PR 35 ) 7 TET T 25 SR A SR Tty g At 1) B A T 2
T A I 18] 4. 33 h, [ f# IR 40.45 °C, i &
21.89 U/g ASB, Fiilll 15 21| iy {I% 2R ABE 7~ 5 2 12. 69
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g/L. NI B SCBRERAE N T2 5 R AT SO0, i
it fife of 6] 47 4. 3 b, AR S O 40,5 °C L il T4y 22
U/g ASB, DAL A& AT S0 0E 056, 4 3 W, 15 2K
BABERY 0 12, 62,12, 71,12, 65 g/L, BUF
¥I(E 12. 66 g/L. 3% 5 Fl i 45 F 3 A AT .

Xylooligosaccharide
yield/(g/L)

Xylooligosaccharide
yield/(g/L)

Xylooligosaccharide
yield/(g/L)

Bl 4 £ HEZLE AR 3D i n; ik

Fig. 4 Three dimensional response surface of interac-
tions among the three factors

A Ay
3 g

T R RBOK AR H R R OR R BE DL AT IR R
WE R 28 5 AX 22 i 5% 38 60 H B 26 AT T A [R) 7 12 1 il
AbEE R LR IR AR A 7 T B SR vk
Bl B2 BCH R s v B R SR L SR 5 SR FH A %) O T AT
H4 . ALY 8. 56 % (9 NaOH i 42 H 7
H AR BB L 5 B BT S A 1020 KOH 42 BUH
TRV A R SR L X — T2 A A Y In) 8 R VR
) B A B AR SR E Y R BH S A T R R TR Je 2Lk
e o — 25 A3 B R 5 R AR M, EL S 2w ) [l i TR

e K AL BOE oK, S BUE AR TR mOAR R
NaOH HAR T )72 K T £F 4 2 1) Wi kb 2, 1 2
JE Y Ak B 2% 3 K T e RN R R Ak s KOH X A i
S EEYTMEMES NaOH MY, TEMW .4
KOH &b 3 5 19 2 b & A 5 0 B+, T DIE
AEPI IR . Zhao % HF TR W L 7E KOH e ¥
1.9% JRJE 120 C ALFEEFE] 50 min A4 0F T AR
REBRRATIRE] 76. 7%, KRB RCR K 64.2%
BEAN A BIF 5 2R FH At Dy 325 X TR i AT Ak
B, 4047 WUIE 2 SR NaOH- 2 i % H 7 i 347 15
AL B, oAb B S5 R OR BT R 1Y B BR ARk B 78.1% .,
A ZE R A 0.3 mol/L KOH (1. 68 %) k47 4b 3,
AR E BB RIEF] 57. 8% AT LR AF I 45 55 (HA
WFFE A9 A RS AL 88 R a8 5 87.4% ., B % & T Zhao
SRR AE SR . AT ST BB AL BE A% 1 AL D T
1 7K A B F 1 L R AR SR O R R S IR
ABER A=

AR5 ] 45 A TR A SR FH 1 120 o H R o
ARITE — TR K — AW 5 L b, Ak 3 g
% T TR A JT £ 4 28 1) D9 76 5 04 DT 25 B KR T 386, Bl
L7 2 FORUAR R L I8 8 A RO 14 5 ik 5 19 V5 VBV R
JRZ 25 B ROR N 8 T R
X 5 W ZE F T NaOH  H, O, FURS B 8 X H 7 i
HEAT FUAL B K I ol FH 27 24k 35 il 0 Ak 38 1) R 7
17 B, 45 JL A0 SC R B A BE 0T DUAT R B AR T RO B
HOAR B, X G ABF T AL B 7 226000, 76 FH e 5 H
TR T A S5 2R ) 3ok AR v ke Xt A SRR 114 S 5 T
i K, Khaleghipour ™" #F 5% % M1 76 2 mol/L
NaOH.121 ‘C .60 min i 2% 14 T A B ALK B % 1
TR R4 3k 31 85. 6% Al 84. 1% . A F T A 4
il 2 T SR A , DAL 3 T 04 8 M 1 R T 3 R AT R gy
B . RS K B BB L A K i Ak B B ) T
i 1 B Ak YRR P S 4 S O S5 2R IO R 1 R 4 1
FAR ZEME O B R 1 82 K, iX 5 Khaleghipour
DO R — 8K

AR IR 5% 7 i ife 22 105 2 S0 E AT I 0 B 1 TR K A L 25
S BN i 25 TR e N Ak R I A 48 A L B Ak R
T P9 SEE K AR 11 7™ 6 2% R 2 18 o i {1 3R R W 1
SR BE A3 I 5 A (% . Akpinar X% T
A TROE I K five 5 T vk 0 Ak 3y 2, R B UK A 1)
WA o s il o T L TR 7 St 0 S ) A AR 7 R
R A R A 11 7 A 3 0 — 2 0 W R Ak %o K 5
B gt 7 ) B AT R A LR S i ML R A



k2 5% .

5 L A B A8 A 8 A SR M B, AR OE TS FE A
I 1405 58 AC Ml 7= 23 I O i D Rl o T /D, Bk
SBAEPYURESE F WL 8 50 CCHEIE K . pH N 5. 4
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Process Optimization of Producing Xylooligosaccharide from
Sugarcane Bagasse

ZHANG Ting' " " ,SUN Dejiao' s WANG Caiyi' , HUANG Xin',CHEN Shaoqiang' ,

LI Feiwang' , YANG Qi

(1. College of Food and Quality Engineering, Nanning University, Nanning, Guangxi,530200, China; 2. Guangxi Duodele Biotech-
nology Co. ,Ltd. . Nanning,Guangxi,530028,China)

Abstract: Sugarcane bagasse is a common agricultural waste. Optimizing the process of preparing xylooligo-
saccharides from sugarcane bagasse can provide a theoretical basis for its high-value utilization. In this study,
sugarcane bagasse was used as raw material to prepare xylooligosaccharides by low concentration alkali delig-
nification — low intensity acid hydrolysis — xylanase enzymatic hydrolysis. The effects of alkali treatment con-
centration,alkali treatment temperature and alkali treatment time on lignin removal rate and xylan retention
rate were studied. The effects of acid treatment concentration,acid treatment temperature and acid treatment
time on the yield of xylooligosaccharides and xylose were studied. Finally, the xylanase enzymatic hydrolysis
process was optimized by single factor test combined with response surface method. The results showed that
the treatment parameters of low concentration alkali delignification were KOH solution concentration of 0. 3
mol/L,alkali treatment temperature of 110 ‘C and alkali treatment time of 1. 5 h. Under these conditions,the
lignin removal rate and xylan retention rate reached 57. 8% and 87. 4% ,respectively. The treatment parame-
ters of low-intensity acid hydrolysis were H,SO, solution concentration 0. 1 mol/L,acid treatment tempera-
ture 80 ‘C and acid treatment time 1 h. The optimal enzymatic process under these conditions was: enzyme
dosage of 22 U/g Alkali treated Sugarcane Bagasse (ASB) ,enzymatic temperature of 40.5 °C ,and enzymatic
time of 4. 3 h. The yield of xylooligosaccharides was 12. 66 g/L. This study provides a new idea and theoreti-
cal basis for the high-value utilization of sugarcane bagasse and the better preparation of xylooligosacchar-
ides.

Key words: sugarcane bagasse; xylooligosaccharide; alkali treatment; acid treatment; enzymolysis; response

surface methodology
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