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Improvement of Enzymatic Saccharification Efficiency of Corn Stover
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Abstract: Opening the lignocellulose structure by an efficient pretreatment method to enhance the en-
zymatic digestibility of pretreated biomass is essential to highly efficient production of bioethanol.
Corn stover was pretreated by sodium phosphate with the combined effect of oxygen as an oxidant un-

der high temperature and high pressure. The morphology and chemical state of corn stover before and
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after pretreatment were analyzed by SEM and FT-IR. The impacts of the sodium phosphate concentra-
tion(w/v), the oxygen pressure, the reaction temperature and the pretreatment time on the reducing
sugar yields were investigated by the response surface method. A quadratic regression model was es-
tablished and verified to optimize the reaction system. The optimum pretreatment conditions were
found to be 7.6% Na, PO, concentration, under the oxygen pressure of 0.76 MPa, and reacted at
140 °C for 37 min. The optimized reducing sugar yield was 90.9% and the glucose yield was 61.0%.
This method had a strong ability to remove lignin, which could effectively improve the yield of reduc-
ing sugar in the process of enzymatic hydrolysis.
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Table 1 Coding levels of four variables in the combined

pretreatment of sodium phosphate and oxygen
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Table 2 Analysis of enzymatic hydrolysis of pretreated solids

H#%E W2/ %
Hikss i ¢ [l Wi 2/ %
9/°C ¢/min »/MPa w/% i RO i 2] M N
1 100 40 1 2 60.1 36.54£3.1 18.542.2 68.743.8
2 120 40 0.5 2 61.1 38.6+2.1 16.14+1.7 68.24+4.1
3 120 20 1 2 52.3 33.54+2.8 14.643.3 70.1+3.3
4 100 20 1 6 75.8 48.34+3.6 18.1+3.1 60.4+2.7
5 120 40 1.5 2 63.6 41.1+2.9 16.044.1 63.74+3.4
6 100 40 1 10 85.5 56.0+2.2 19.1+1.3 53.24+2.8
7 120 60 1 2 69.4 44.1+2.8 16.543.5 59.743.1
8 100 40 1.5 6 83.6 57.3+1.7 19.541.2 55.442.5
9 100 40 0.5 6 81.7 54.04+2.5 20.341.4 57.1+1.4
10 140 40 1 2 74.8 48.8+2.7 18.143.5 59.142.1
11 120 40 1 6 87.3 57.941.9 20.6+2.8 53.64£2.3
12 100 60 1 6 85.9 57.04+2.1 19.041.4 54.242.7
13 120 40 1 6 87.5 58.74+2.3 20.342.0 53.24+3.2
14 120 40 1 6 86.1 56.040.7 18.5+1.5 54.042.6
15 120 40 1 6 84.4 55.242.8 19.641.4 55.543.4
16 120 60 0.5 6 87.5 56.542.4 20.743.3 52.74+2.4
17 120 20 1.5 6 82.6 53.942.7 19.643.1 56.14+1.6
18 120 20 0.5 6 81.6 54.541.8 20.442.4 55.942.5
19 120 40 1 6 84.9 55.54+3.2 19.742.4 55.04+1.8
20 140 40 1.5 6 85. 56.14+3.3 19.24+2.8 54.842.3
21 140 10 0.5 6 85.1 57.342.1 18.543.2 53.842.7
22 120 40 0.5 10 83.4 56.243.0 19.542.2 53.3+1.8
23 120 60 1.5 6 82.6 55.443.2 19.443.7 55.042.1
24 120 10 1.5 10 89.3 59.3+1.2 19.34:0.7 52.242.6
25 120 60 1 10 89.0 59.740.9 19.841.2 51.24£1.7
26 140 20 1 6 83.7 57.242.1 18.34+1.5 54.61.9
27 120 20 1 10 86.5 56.6+3.1 18.74£2.5 52.342.1
28 140 40 1 10 88.6 60.841.4 17.942.4 52.74+1.5
29 140 60 1 6 90.2 60.440.4 20.241.2 53.7+1.1
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w—3.65 X0 Xw—10.76 Xw’ . XA I FEHEAT I5 225300 (R 3D R BEAL ) P>F {6 H./)F0.000 1,
P X AR b g A = BT DA SE I B A O . 7E B3 (P <<0.05) M 2 4R, kT ] e
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Table 3 Variance analysis of the quadratic polynomial model of reducing sugar yield

kR -5 i B ¥ior F {4 P>F LT dh
TR 3029.34 14 216.38 13.49 < 0.000 1 B
A 64.97 1 64.97 4.05 0.063 8
B 56.23 1 56.23 3.51 0.082 2
C 2.51 1 2.51 0.16 0.698 5
D 1951.91 1 1951.91 121.69 << 0.000 1
AB 18.57 1 18.57 1.16 0.300 1
AC 12.18 1 12.18 0.76 0.398 2
AD 53.42 1 53.42 3.33 0.089 4
BC 2.79X10% 1 2.79X 103 1.74X10 ¢ 0.989 7
BD 7.95 1 7.95 0.5 0.493 1
CD 2.99 1 2.99 0.19 0.672 6
A? 4.77 1 4.77 0.3 0.594
B 28.88 1 28.88 1.8 0.201
C? 6.43 1 6.43 0.4 0.537
D? 794.95 1 794.95 49.56 < 0.000 1
B 224.57 14 16.04
2 L35 209.37 10 20.94 5.51 0.057 2 N
58 24 T 15.2 4 3.8
R? 0.930 9
Pt 3 253.91 28

H 43 BT AT R B TR A IO 0 SO SRUAL S AR R OB . W 1 TR B A W R A O A 43 B 3
T 38 AR 55 BTG R R RS Forp BT e BEAR K R RS ROT G2 . 3 AT RE R PR A AR Y
VR B R A1 /NS 3 2T 24 2R 6 ik Ay SR R S0 L T S0 I A AR b £ 48 2T O BT R 2 T R AIG TR A
A OB A 38 (& 1Co) (BT 1Ce) B 1D o J g i B i Ak 3 s ][] A 2 52 e Tl Ak PR ASCR i B ZE I &R
T S35 T L PN L B A S T ) S R S KA A SRR A 26 A T R 1 B A R 1 R I R A S
RE A B TR ARRZE 5084 R (8 1) - 1(0)), 76— IR TR 8K 0 40 #10 1a) 15 7T R 5 3¢
£ Yk 2 AR 1 AR 0 A e 28 A 2200 ISR T R BRI Y 0 4 A B R B R DR AR R T
(B 1Ce)) o geb % A58 700 1) g AT o A o T Foe A 19 S I S 882 J g Tk B 140 °C, Ab FRERF ] 37 min, 8 HE )
0.76 MPa, B2 94 0 5 43 41 7.6 00 .

2.2 M bz T AR BY 36 E

AT I IR A TR f) v A P AR i A TR BRI Y S AR R B 3 AL AT IR HAR SR UL ER 4. KSR [
55 TR T R TR AT 0T B T ST 4 TR R R N 4 R L 25 WA O R LA A Rt TR i
7.6 YOWEBREN AN 0.76 MPa S FE 140 ‘CF W 37 min A Ay J5 £ 525 /Y T AL B 25 7F .
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Fig.1 Response surface diagram of reaction temperature, treatment time, oxygen pressure, and sodium

phosphate concentration on the yield of reducing sugar after pretreatment
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Table 4 Evaluation of the model precision

R/ WP/ o (RSN /) AR/ R/ %

C min % MPa FEAE BOWAE
37 7.60 0.76  90.9+1.2 91.9
140 28 6.30 0.63  88.2+1.4 90.2
20 5.24 0.50  85.8+1.8 86.0

ah 25 B[R SR B AR O 51206 FREFAER KRR 47,300 R BTR R BR A JLLLRE iy vh e K fE
BN 92,100, 55 C IR B Bl T A F G R G 2 K T K AR o v R 0 S DO A 38 R A A R B L
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Table 5 Comparative analysis of chemical composition and enzymatic hydrolysis of 9 samples

[ 4[] o4 oGRS ORI FHERE EGHER ARRE B 2

.

L L R T T A

JEURE 100.0 43.74+3.7 24.0£2.4 18.2+1.1
3 70.1+£3.3 59.4+2.9 26.6+0.8 8.6+0.8 95.3 22.3 66.9 52.3+3.1 33.5%2.8 7.75
10 59.0+£2.1 63.7£2.2 27.3+£0.7 6.8+0.4 86.0 32.8 77.9 74.843.1 48.8£2.7 7.96
9 57.1+t1.4 66.7£2.7 27.6+1.1 4.5+0.6 87.2 34.3 85.8 81.742.1 54.0£2.5 8.15
19 55.0+1.8 68.0£3.1 27.3+0.4 4.0+0.2 85.6 37.4 87.9 84.943.2 55.5+3.2 8.27
20 54.8+2.3 68.7+t1.5 26.9+t1.2 3.4+0.2 86.2 38.5 89.7 85.043.2 56.1£3.3 8.84
29 53.7t1.1 71.9+1.9 23.1+0.7 2.71+0.5 88.4 48.3 91.9 90.140.5 60.4+0.4 9.01
25 51.2+1.7 71.2+£2.2 24.7+t1.5 2.8+0.2 83.2 47.3 92.1 89.040.7 59.740.9 9.06
28 52.7+t1.5 71.7£t2.4 23.1t1.6 2.8+0.2 86.5 49.2 91.8 88.64+1.5 60.8+1.4 8.96
X 54.2+2.4 69.9+2.6 25.3+1.1 3.5+0.3 86.7 42.9 89.5 90.94+1.2 61.0+1.5 8.97
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BRPEX: R R LR 4 % KRR R SR A A 409 R 403 M 0.813 4 1 0.858 5. KR % £
5305 7 ORI 3 R AT SR R (42 B 0.957 9 1 0.960 7.

100 100 -
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260t A S 60|
3 o A H
juijd juij=3
’\c;,:: 40 ¥=0.930 5x+17.923 % 40 - y=1.026 6x+33.801
= A 2 7 2_
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0 1 1 1 1 0 1 1 1 1
15 25 ‘ 3A5 45 55 60 70 80 90 100
LR R BRI % R HE KRR %

(a) PEF YR Z PR AT CSHET AR 152 0 (b) ARBTER L BR A X CSMIRG A (152 1)
B2 AREEZRZEEFFEZIEREN CSHEEENZM

Fig.2 Effect of lignin and hemicellulose removal rate on CS sugar yield
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Fig.3 SEM image under different processing conditions
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