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Abstract— To obtain the maximize the concentration of reducing sugar, optimum operating conditions for the hydrolysis
of cellulose was investigated by using the response surface methodology. The independent variables were enzyme activity,
substrate concentration and reaction temperature and reducing sugar concentration and production yield(reducing sugar con-
centration per amount of enzyme) wete dependent variables. Following the 3'-fractional factorial experimental design, 17 ex-
periments were carried out at various conditions, with 5 starpoints and 4 replicates at the center point. The optimum con-
dition for the hydrolysis of cellulose was as follows, enzyme activity; 274 FPU, substrate concentration; 8.9%, and reaction
temperature; 51°C. The maximum production of reducing sugar, 47.89 g/I., was obtained in this optimum condition.
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Table 1. Three-variables, three-level fractional factorial design for
response surface methodology

Cellulase activity  Substrate concentration Temperature

Level (FPU) %) (C)
o 309 9.8 55
1 285 9 53
0 228 7 50

1 171 5 47
-~ 147 4.2 45
Run no. X! X(2)" X(3)"
1 -1 -1 1
2 1 1 1
3 -1 1 1
4 1 1 1
5 1 1 1
6 1 -1 1
7 -1 1 1
8 1 1 1
9 - o 0 0
10 o 0 0
11 0 o 0
12 0 o 0
13 0 ] 0
14 0 0 0
15 0 0 0
16 0 0 0
17 0 0 a

X(1): cellulase activity
“X(2) : substrate concentration
“X(3) : temperature

HWAHAK KONGHAK Vol. 34, No. 4, August, 1996



420 SAT e A4 ¥

50 1
L
® Reducing sugar
40 - ®  Glucose
g L
= 30 -
L
g F
3
Q 20
a
o b=
10 - %
0 1 l 1 l L L 1 1 A
0 50 100 150 200 250

Cellulase activity (FPU)
Fig. 1. Effect of cellulase activities on the hydrolysis of a-cellulose.
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Fig. 2. Effects of the various activities of B-glucosidase on the hy-
drolysis of a-cellulose(cellulase activity : 228 FPU).
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Fig. 3. Effects of substrate concentration on the hydrolysis rate and
conversion(cellulase activity : 228 FPU).
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Fig. 4. Hydrolysis curves for various concentration of o-cellulose
(cellulase activity : 228 FPU).

Table 2. Experimental results under various conditions

Experimental conditions Experimental results

Run no -

X(1) X(2) X(3) R.S.(g/))”" Y”

1 -1 -1 1 30.00 333
2 1 -1 1 33.86 2.26
3 -1 1 -1 38.43 427
4 1 1 -1 44.86 299
5 -1 1 1 42.30 4.70
6 1 -1 1 34.20 3.80
7 -1 -1 1 40.80 2.72
8 1 1 1 46.00 3.07
9 o 0 0 36.71 4.70
10 o ] 0 44.14 2.72
11 0 - 0 31.71 2.64
12 0 o 0 46.14 3.85
13 0 0 0 427 3.56
14 0 0 0 43.00 3.58
15 0 0 0 4329 3.61
16 0 0 0 4270 3.6
17 0 0 . 40.20 335

“R.S.: Reducing sugar concentration of hydrolysate at 50 hours.

™Y: Production yield for cellulase in the hydrolysis of cellulose during
50 hours.
{Reducing sugar(g/L)/Enzyme concentration(ml)}
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Table 3. Regression equations” and coefficients for response surface

Parameter estimate

Coefficient Reducing sugar Productivity of
concentration cellulase

By 42.925%** 3.578%**
B, 21.190*** -0.655%**
B, 4.830*** 0.386***
Bs 1.417%** 0.180***
B - 1.250*** 0.066
Be 0.560 -0.095**
B. - 2.001%** 0.166
Bis - 0.601 0.045***
B ~-0.164 0.053
Bss 1.470** - 0.850

R-square 0.9954 0.9949

Prob>F 0.0000 0.0000

“Regression equations :
Response Y=Bo+B,X1+8,X2+0,X3+B, X17+B,,X1X2+B, X2 +8,,X1X3
+BX2X348,,X3

Where, Y=R.S. or P
X1 : coded value for cellulase activity
X2 : coded value for substrate concentration
X3 :coded value for temperature

**P<0.05, ***P<0.01
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Fig. 5. Response-surfaces for the independent variables, substrate concentration, temperature, cellulase activity, showing the cross-influence in

the production of reducing sugar.
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Fig. 6. Response-surfaces for the independent variables, substrate concentration, temperature, cellulase activity, showing the cross-influence in
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