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Study on Ultrasound-assisted Acid Pretreatment of Rice Straw and Its Enzymatic Hydrolysis
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Abstract: The effect of combination pretreatment with ultrasound and acid to the chemical composition of rice straw and its enzymatic hy—

drolysis were investigated. Meanwhile it was compared with the acid—alone pretreated process. The results showed that in contrast to the un—
pretreated rice straw, both the content of hemicelluloses and lignin in the pretreated rice straw decreased at a maximum of 64.46% and

62.19% with the ultrasound-assisted acid respectively, and the content of cellulose increased at a maximum of 73.20%, while the rice straw

pretreated by acid only were 56.72%( hemicelluloses ), 59.90%( lignin )and 53.41%( cellulose )respectively. The enzymatic hydrolysis condi-
tions of these two pretreatments were optimized by an orthogonal test. Both methods of the optimal enzymatic hydrolysis conditions were the

same: pH 4.8, temperature 45 C and enzyme loading 20 mg- ¢! substrate. Finally, it was indicated by the results that rice straw pretreated by

ultrasound —assisted had the highest concentration of reducing sugar by 26.4 ¢+ after an 108 h enzymatic hydrolysis, and the rice straw

pretreated by acid only had 26.2 gL after an 120 h enzymatic hydrolysis. The rice straw was pretreated by ultrasound—-assisted had a higher
hydrolysis rate and produced a hydrolysate with higher glucose content and lower xylose content which was more suitable for subsequent fer—
mentation in comparison with the one by acid alone.
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Table 1 Effect of concentration and pretreatment time of acid

pretreatment of rice straw on its main composition

ey HSOs AL/ L%

W% min gokR RAMEE AR AKRE K
0 0 0 9.06 27.38 31.60 1571 3.03
1 0.5 15 6.47 31.58 38.68 12.63 5.10
2 0.5 30 5.89 32.96 39.95 998 5.11
3 0.5 60 5.86 28.35 41.46 992 203
4 1.0 15 6.45 31.67 39.05 8.65 5.61
5 1.0 30 5.86 28.07 41.87 7.64 432
6 1.0 60 5.74 22.50 44.37 7.08 2.09
7 2.0 15 7.66 29.27 40.02 8.19 237
8 2.0 30 7.41 16.62 46.76 740 249
9 2.0 60 6.73 11.85 48.48 6.30 3.19
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Table 2 Effect of irradiation power and time of ultrasound-assisted

acid pretreatment of rice straw on its main composition
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min KR CREER AMER KRR Ko
— 0 9.06 2738 3160 1571 3.03
60 15 895 2226 3884 1149 2.65
60 30 744 171 4910 893 221
60 45 663 1333 5143 725 226

60 60 5.07 9.79
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3
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5 90 15 7.47 20.00
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4232 10.08 3.12
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45.71 544 219
48.97 8.85 272
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90 30 6.58 13.27
90 45 6.49 9.53
120 15 7.48 17.16
120 30 5.11 9.73
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Table 3 Result of the orthogonal experiment of optimization for

enzymatic hydrolysis of acid pretreated rice straw

Sy pH{E  EE/C FEKE/mg-g  IBJEURRKE/g L
1 44 45 10 15.1
2 4.4 50 20 16.4
3 4.4 55 30 10.2
4 4.8 45 20 26.2
5 4.8 50 30 24.5
6 4.8 55 10 7.4
7 52 45 30 21.0
8 52 50 10 9.9
9 52 55 20 17.3

K, 41.7 62.3 324
K, 58.1 50.8 59.9
Ks 48.2 349 55.7
ky 13.9 20.8 10.8
k> 19.4 16.9 20.0
ks 16.1 11.6 18.6
S 2.77 4.60 4.96

SR i WA B T 24—, G iR
26.2 g+ L FENTA SR O B o AR TR I RRAL B
RGO BT LGS R, HR A Eadk fee AL 4%
TEREK A% .

HIZE 4 SCERATR AT, 25 R AR RE A « i
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Table 4 Result of the orthogonal experiment of optimization for en—

zymatic hydrolysis of ultrasound-assisted acid pretreated rice straw

g pHfH  WE/C ERRIE/mg-g!  AJFURR - LY
1 4.4 45 10 12.4
2 44 50 20 155
3 44 55 30 54
4 4.8 45 20 264
5 4.8 50 30 26.1
6 4.8 55 10 7.4
7 52 45 30 202
8 5.2 50 10 11.1
9 5.2 55 20 14.8

K, 333 59.0 309
K, 59.9 527 56.7
K; 46.1 27.6 51.7
ki 111 19.7 10.3
ks 20.0 17.6 18.9
ks 154 9.2 17.2
S 445 5.56 4.54
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Figure 1 Effect of different treatment methods on enzymatic

hydrolysis of rice straw
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Table 5 Chemical composition of the hydrolysate for two different

pretreatment methods
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