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In-situ synergistic hydrolysis of pretreated Spartina by xylan enzymes

YANG Yang, LIU Jian™, GAN Lihui, LONG Minnan

(College of Energy, Xiamen University, Xiamen 361102, China)

Abstract In the experiment, the effect of ammonia/hydrogen peroxide combined with ball milling pretreatment on the
synergistic hydrolysis of Spartina by recombinant xylan enzymes was studied. Firstly, the Spartina is pretreated with
ammonia/hydrogen peroxide, and the pretreated samples and raw material are subsequently used for ball milling. Then the
substrate obtained from pretreatment was used for structural characterization and synergistic enzymatic hydrolysis using xylan
enzymes. The results showed that ammonia/hydrogen peroxide pretreatment could effectively remove lignin from Spartina
(63.81%), and ball milling treatment can destroy the crystal structure of cellulose. The two pretreatments both can effectively
improve the hydrolysis efficiency of xylan enzymes. The main components of the enzymatic hydrolysate of
ammonia/hydrogen peroxide combined with ball milling pretreated Spartina are xylose (12.54%), xylobiose (40.38%), and a
small amount of arabinose (5.50%). The above results indicate that ammonia/hydrogen peroxide pretreatment combined with
ball milling pretreatment can significantly enhance the synergistic hydrolysis efficiency of xylan enzymes to produce
xylooligosaccharides from Spartina.

Key words alkali pretreatment; ball-milling pretreatment; synergistic hydrolysis; xylose; xylooligosaccharides
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IU/ml, GenBank accession No.KJ601783), a-L-Fi 4 {1 4% 1l (AnAxh62A, AX, 38.9 IU/ml, GenBank
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JRE ROK B R T4k B 5 ) OROK B R T A 3 K S B 7 B (SEM) ML R IIEES . i
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F I8 o A U B o AL B A R IR 3G K. AR 1 R T LU, BRI BRI A 110°C A+ &
130°C, KRFEEMBFRFEIM 65.36% F+3| 68.87% , REARFEMGE I, (HLF4ER L4 RPIAN
Bl 2 36K o I UE B P T R SRR K TAL BE A& AF RSB R TR R R Iy, BRI S SRF4ER/
YR PR IE K, AL S5 2B K AR BB 1S R A .
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Table 1 Chemical compositions of substrate which through different pretreatment conditions

I [] (h) HRECC) [EAEE (%) AhE (%) PR (%) IRIEMATE (%) AR (%)
4 110 55.36 41.82 19.11 11.18 65.36
4 120 54.71 54.22 20.72 9.20 67.79
4 130 52.88 55.14 20.48 9.20 68.87
1 120 57.49 48.92 26.67 10.40 61.75
3 120 52.97 46.07 20.63 10.68 63.81
5 120 51.21 57.01 24.27 9.00 71.87
6 120 49.00 45.75 27.72 8.20 73.39
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{H 52 O ZORPDIRES o BBREZCR R UL, RV A MR TR B O, M IR T S P, il
R, BRI TE e 2 1 B A A R R EE ALEE, R R T S 4 AR R P

1 (AVERL, (BYZERESAFL AL, (C)120°C, 4h Bl 151 AL BI ¥ JOK B i v 1 BB B
Fig 1 SEM micrographs of (A) raw material, (B) raw material through ball-milling (C) 120°C,4h alkaline-treated condition Spartina
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Fig 2 X-ray diffraction patterns of (a) raw material, (b) 120°C, 4 h alkaline-treated condition Spartina, (c) raw material through ball-milling,

Kl 3 J& AN AL B S A TR EE  LE AN it 8] . 3400 omt RUEAR 2 AR W 5 R R B R K 3 T O—H
RZEHR 3. 2910 cm Al 1420 cm™ &b (i U 3= XS L (1) & X R AT A XS BRI C-H 1 4E#R 3. 1060 cm™
BT 1 7 AN U 5 KA B P01 C-O F C-H 4R 2h B <2, 78 895 em ™ [l 5474k & 1 (1) C-H #k3h
HR, RAHERMMBFFER ., 75 1260 cm AL fFUE & AR R B EE Y C-O-C FRahit . ATLUE H,
o8 AR BE I 2 KK B TRAL B, FEAREBA B I o, Rl & &

B (%)

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

g om ™)

Bl 3 ()R, (b)ZEREE AR E R, (c)120°C, 4 h B T Ak R A0 JECRE G 1 B 41 AR ot
Fig 3 FTIR of (a) the raw material, (b) the raw powder through ball-milling, (c) 120°C 4 h, alkaline-treated condition Spartina
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Fig 4 The reducing sugar concentration of substrate just pretreated by alkali (A) at different temperatures, 4 hours (B) at different time, 120°C and
raw material
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Table 2 The reducing sugar yield of substrates which through different alkali pretreatment conditions

5} [ (h) RECC I JERRR B (mg/ml) 272 3K PR 2 (%)
4 110 0.367 19.20
4 120 0.481 23.21
4 130 0.518 25.29
1 120 0.753 28.23
3 120 0.825 39.99
5 120 0.521 21.47
6 120 0.714 25.76
a / 0.0397 2.33

a RABIOKE

F3 LIS AR S5 A TRAL B 45 4 BRI AL HTL 1 A (38 SR R 452
Table 3 The reducing sugar yield at different alkali pretreatment conditions that combined with ball-milling

i I (h) EECC) T JFHR J (mg/ml) BLTYER IR IR (%)
4 110 1.189 62.22
4 120 1.185 57.19
4 130 0.995 48.58
1 120 1.698 63.67
3 120 1.381 66.94
5 120 1.186 48.87
6 120 1.057 38.13
b / 0.262 1536

b RBREEALH AR FE
M5 T LA H, (R B 220 e Al T Ak B % B B A B Y T 20 M AR TR 452 v TSP el T AL B ) iR
Yo 5K 4 —FF, PR B E AR T R A Rl . X BRI AnXynl10C figfis D)
AFERITIAIN B-1,4 WHEFE, MACTROME 185 BRSO SRR, Axh62A T B i iad 7K A A SR 0 % - B
5 AnXyn10C A F T~ 5 B 1A 10 ] iz A7 i o 538 K R ). 78 110°C, 4 h OB AL B 45 4 BR B
SRV o et Wty 1) 0 [0 T A2 T LAAS B e IR SRR A5 38 . 0B HE 110°C, 4 h AR DB R TIAL BE 2%
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Fig 5 The reducing sugar concentration of substrate powder from alkali with ball-milling (A) at different temperatures, 4 hours (B) at different time,
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