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Optimization of Conditions for Producing Reducing Sugar from Rice Straw Pretreated with Hydrochloric Acid
CUI Mao—jin, HUANG Ming—xian, DENG Yue-e

(Department of Chemistry and Chemical Engineering, Henan Institute of Science and Technology, Xinxiang 453003, China)

Abstract: Producing bioenergy from agricultural wastes(e.g. rice straw ) is a way to kill two birds with one stone by recycling agricultural
wastes and obtaining new energy. To improve saccharification efficiency of rice straw, orthogonal design and response surface methodology
were used to optimize temperature, time and concentration of hydrochloric acid(HCl) pretreatment and rice straw rates. Box—Behnken de—
sign was then employed to further optimize the HCI pretreatment conditions. The factors influencing production of total reducing sugar were
in order of temperature>HCI concentration>time>rice straw rates. The optimal conditions for HCI pretreatment of rice straw were temperature
of 133.80 °C, HCI concentration of 7.28% (W/V) and time of 51.12 min. The maximum concentration of total reducing sugar was 549.42
mg- ¢~ under the optimal conditions, which was 6.01 times of that from raw materials. The results indicate that HC] pretreatment is necessary
for higher saccharification of rice straw.
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Table 1 Factors and levels of orthogonal experiment
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Table 3 Experimental results of Lo(3*) orthogonal design
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1 120 4 12 5.0 389.29
2 120 6 36 7.5 428.52
3 120 8 60 10.0 423.93
4 140 4 36 10.0 427.68
5 140 6 60 5.0 439.61
6 140 8 12 7.5 429.93
7 160 4 60 7.5 446.63
8 160 6 12 10.0 426.97
9 160 8 36 5.0 522.71
k, 41391 421.20 415.40 450.54
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Table 4 Experimental results of Box-Behnken design

Fre X, X, X, TRS/mg- g
1 1 0 516.82
2 1 -1 423.99
3 0 0 0 431.78
4 -1 -1 0 410.99
5 0 0 0 433.28
6 0 1 1 425.40
7 1 -1 0 410.52
8 0 -1 -1 357.14
9 0 0 430.98
10 -1 1 425.87
11 0 0 433.78
12 0 -1 434.93
13 1 0 1 453,51
14 -1 0 -1 400.36
15 0 0 0 433.67
16 -1 0 469.11
17 0 -1 1 417.37
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Figure 1 Effects of temperature and HCI concentrations

on total reducing sugar yields

48.00

3600
IRfal/min 54,00

12.00 120.00

2 iREEFRT )X AR R AR

130.00

g/ C

IR

Figure 2 Effects of temperature and time

on total reducing sugar yields
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Table 5 ANOVA results

IR ABEE CFOrR ¥ FAH PH  BEE
HELTEY 9 1585286 1761.43 12.38 0.001 6 Help
X, 1 149741 149741 1052 00142 ¥
X, 1 4804.94 4804.94 3377 00007 HLiLE
X, 1 277401 277401 1950 0003 1 #Li2%
XX, 1 2089.40 2089.40 14.69 0.006 4 Hilip
X X5 1 629.26 62926 442 00735 A
XX, 1 864.95 86495  6.08 00431 W

: 1 1.844.00 1844.00 1296 0.0087 Ml
3 1 665.84  665.84 468 00673 AiE
X3 1 84277 84277 592  0.0452 WF
5% 7 995.92 14227
pER I 16 16 848.77

TE:P<0.05 B, P<0.01 MR B,
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