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This study was conducted to investigate the production of water-soluble carbohydrates (WSCs) by
treatment of different amounts of rice straw with cellulase, hemicellulase, and xylanase. Treatment of
high amounts of rice straw (100 g/1I) with cellulase and hemicellulase resulted in similar production
of WSCs. Reducing the amount of rice straw to 50 g/I decreased the production of WSCs by hemi-
cellulase but had no effect on WSC production by cellulase. The interaction among rice straw
amounts, and hemicellulase and xylanase activities was investigated using a Box Behnken design and
a response surface model. An interaction was found only between hemicellulase and xylanase. An en-
zyme mixture consisting of 0.55 mg/ml of hemicellulase and 0.65 mg/ml of xylanase generated the
highest amounts of WSCs, regardless of the amount of rice straw provided. Therefore, the activity of
cellulase was higher than that of either hemicellulose or xylanase for WSC production from rice straw.
The interaction observed for hemicellulase and xylanase indicates that a combined enzyme treatment
could improve the production of WSCs from rice straw.
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Table 1. Effects of cellulase, hemicellulase and xylanase on water soluble carbohydrate production from different concentrations
of rice straw

Rice straw content, g/I Significance”
100 50 20 10
c H X C H X C H X C H X
Water soluble carbohydrate, glucose mM equivalent

1771 1459" 5610 1166° 330" 281° 273 170" 078" 2065 171" 050" 005 <0.01 <001 <0.01
!C, H and X mean cellulase (1 mg/ml), hemicellulase (1 mg/ml) and xylanase (1 mg/ml), respectively

’SE, E, R and I mean total standard error, effect of enzymes, effect of rice straw content and interaction of E and R, respectively

Different superscripts in same rice straw content mean significantly different (p<0.05).
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29 TR AT A AEE F94 A7t e AL Aol H7he a0 F 8 WF ) i (uncoded value), 712
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(1 mg/m) S 2 H7FetAth BBD 49| wisRE W4, gL, AA AR 2o Ao FAAHUT HFE
hemicellulase % xylanaseE AH&-3H% 1L, 24 WG5-2 A|7HA] o] de ol 9ol SEghel B EAAE nlsto g

Table 2. Box Behnken design configuration for the investigation of effects of rice straw content, hemicellulase and xylanse on
the production of water soluble carbohydrate from rice straw

Variables " hicone M equialent
Runs Rice straw Hemicellulase Xylanase Ob J Predicted

Coded Uncoded, g/l Coded Uncoded, mg/ml Coded Uncoded, mg/ml serve redicte
1 -1 20 -1 0.1 0 0.5 6.22+0.29 592
2 1 100 -1 0.1 0 0.5 33.05+3.48 33.01
3 -1 20 1 1.0 0 0.5 6.10+0.68 6.49
4 1 100 1 1.0 0 0.5 31.81+4.17 32.20
5 -1 20 0 0.5 -1 0.1 5.47+0.50 4.83
6 1 100 0 0.5 -1 0.1 31.82£3.47 31.71
7 -1 20 0 0.5 1 1.0 6.32+0.46 6.90
8 1 100 0 0.5 1 1.0 32.253.86 32.86
9 0 50 -1 0.1 -1 01 14.57+0.23 15.47
10 0 50 1 1.0 -1 0.1 17.66%6.24 17.83
11 0 50 -1 0.1 1 1.0 19.74+7.87 19.50
12 0 50 1 1.0 1 1.0 17.31+6.48 16.68
13 0 50 0 0.5 0 0.5 19.98+8.76 19.59
14 0 50 0 0.5 0 0.5 19.36+8.25 19.59
15 0 50 0 0.5 0 0.5 19.27+7.96 19.59

1. Water soluble carbohydrate was calculated with the consideration of background WSC and the background of WSC from
non-enzyme addition

2. Meantstandard deviation with triplicates.

All experimental runs contain 1 ul/ml cellulase.



Table 3. Analysis of variance' for the effects of rice straw
content, hemicellulose and xylanase on the production
of water soluble carbohydrates from rice straw

Items DF SS MS F P
Regression 9 1396.94 155.22 264.01 <0.001
Linear 3 1359.12 4310 7331 <0.001
Square 3 30.40 1020 1735  0.004
Interaction 3 7.42 2.47 421 0.078
Residual error 5 2.94 0.59

Lack of fit 3 2.64 0.88 5.89 0.149
Pure error 2 0.30 0.15

Total 14 1399.88

1DF, SS and MS mean degree of freedom, sum of square
and mean of square, respectively.
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Table 4. Regression coefficients' and their probability
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celluloseZ A A3} cellulasedl] ¢]3}o] cellulose”} £3 = =
g5 FEAITL BaudEnt Q19 £3 xylanase®
cellulase] &4 A 8102 47l xylooligomers A A3}
A cellulase?] 285 ATt B JTH15].
SAAFY g5 £ 53 hemicellulase$} xyla-
nase 7te] 45 AHg-o] lE oM FIHA WFEe g
FHE NSEARY S Foto] Lol o Zgs o] 83t 3
A9 a2z el AokFig 1). 1 A3 FH7kE W) &
ol ARl hemicellulase$} xylanase”} Z+7} 0.55 mg/ml
9 0.65 mg/ml FEo2 32 F9ol 7Hg ¢ 784
st E A ES HESIT 2 AP X E cellulases &
€ A¥S(runs)dll FL3A A7 el A A T
hemicellulase®] #7}F 2 xylanase?] #7M-+<& 23}
Atk 1 A3, WA Fo] S webs AAEE 78
AegstEe Skt 2184 hemicellulase9} xylanase
o Brole 2 FEE AE STHAR £84 g58E

Terms Coefficients SE ¢ value p value
Constant 9.75 1.58 -6.18 0.002
Rice straw 0.55 0.04 14.67 <0.001
Hemicellulase 9.37 2.78 3.37 0.020
Xylanase 13.25 278 4.76 0.005
Rice straw x rice straw -0.01 0.01 -6.38 0.001
Hemicellulase x hemicellulase -4.68 2.00 -2.34 0.066
Xylanase x xylanase -6.81 2.00 341 0.019
Rice straw x hemicellulase -0.02 0.02 -0.92 0.400
Rice straw x xylanase -0.01 0.02 -0.61 0.567
Hemicellulase x xylanase -6.39 1.88 -3.40 0.019
'Regression coefficients were calculated with uncoded values of variables
A) Rice straw 100 g/| B) Rice straw, 60 g/l C) Rice straw, 20 g/l
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Fig. 1. Three dimensional plots for the interaction between hemicellulase and xylanase on water soluble carbohydrate production
from rice straw. A), B) and C) mean rice straw contents in reaction mixture as 100 g/1, 60 g/1 and 20 g/1, respectively.
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