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Abstract

The conditions for color intensity and electron donating ability to «,a—diphenyl-B-picryl-hydrazyl
(DPPH) of Bacillus subtilis DC-2 were investigated. Temperature, pH and cultivation time were chosen
as three factors, and the optimal conditions of color intensity and DPPH was determined with response
surface methodology. Color intensity was affected by cultivation temperature(p<0.1). DPPH was influenced
by cultivation temperature(p<0.05) and pH(p<0.1). But cultivation time was affected neither color in—
tensity nor DPPH. Optimal conditions of color intensity with Bacillus subtilis DC-2 were appeared at
cultivation temperature of 39.25°C, pH 8.83 and cultivation time of 84.41hrs. Optimal conditions of DPPH
with Bacillus subtilis DC-2 were revealed at cultivation temperature of 39.19°C, pH 8.84 and culti-
vation time of 82.21hrs.
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Table 1. Levels of cultivation conditions in experimental

design
Cultivation Level
Xi .
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X1 Temperature(’C) 27 32 37 42 47
Xs pH 65 75 85 95 105
X3 Time(hrs.) 24 48 72 9% 120
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Fig. 1. Effect of cultivation temperature on color intensity
by Bacillus subtilis DC-2.
The medium was composed of 0.1% dextrose, 0.7%
KoHPO4, 0.2% KHoPOs, 0.05% sodium citrate, 0.01%
MgSO;4 « 7TH20 and 0.1%(NH4)2SOs.
The strain was cultivated for 48 hours at pH 7.0.
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Fig. 2. Effect of cultivation pH on color intensity by Ba-
cillus subtilis DC-2.
The medium was composed of 0.1% dextrose, 0.7%
K:HPO4, 0.2% KHzPQ4, 0.05% sodium citrate, 0.01%%
MgSQs + TH20 and 0.196(NH4)2SO4.
The strain was cultivated for 48 hours at 37°C.
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Fig. 3. Effect of cultivation time on color intensity by
Bacillus subtilis DC-2.
The medium was composed of 0.1% dextrose, 0.7%
K:HPO;, 0.29% KH:PO4, 0.05% sodium citrate, 0.01%
MgSOy4 - TH20 and 0.19%6(INH4)2S04.
The strain was cultivated for 48 hours at 37°C and
pH 85.
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Fig. 4. Effect of NaCl concentration on color intensity
by Bacillus subtilis DC-2.
The medium was composed of 0.1% dextrose, 0.7%
KoHPO4, 0.2% KHzPO4, 0.05% sodium citrate, 0.01%
MgS0; « THO and 0.19% (NHs)2SO0a.
The strain was cultivated for 72 hours at 37°C, pH 7.0.
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Table 2. Experimental data for color intensity and el-
ectron donating ability under different condi-

tions of cultivation temperature, time and pH

Exp. Cultivation conditions

Temp.(°C) pH  Time(hr.) Color -~ DPPH

-1(32)  -1(75 -1(48) 0161 0465
142) -1(75) -1(48) 0329 1.088
-1(32) 1(95) -1(48) 0260 1.082
1(42) 1( 95 -1( 43 0400 1.108
-132)  -1(75 1(96 0197 0961
1(42)  -1(75 1(9) 0356 1137
-1(32) 1095 1(9%) 0269 0939
1(42) 1095 1(9%) 0404 1311
0(37) 0(85) 0(72) 0421 134
-2(27) 0(85) 0(72) 0178 0663
2147 0(85) 0(72) 0253 1.068
037y -2(65) 0(72) 0270 0721
0(37) 2(105) 0(72) 0328 1.213
037 0( 85 -2(24 0296 0834
15 037 0085  2(120) 0417 1244

e el Z,
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Numbers in parenthesises are the coded symbols of levels

of cultivation conditions for central composite design
Color: Color intensity at 390nm

DPPH : Electron donating ability to a,a—-diphenyl-B-picryl-

hydrazyl at 528nm

Table 3. Regression coefficients of the second order

polynormials for color intensity and antioxi-
dative activity

. . Color DPPH

Coefficients Y, Y,

bo 0.3979" 1.3144™
Liner R?=0.4982" R%=0.6499""
bi 0.0940" 0.2496""
b2 0.0508 0.2216™
bs 0.0398 0.1781
Interaction R?%=0.0065 R*0.0576
bi ~0.0260 -0.2005
biz -0.0070 -0.0505
b -0.0250 -0.2425
Quadratic R?=0.3152 R*=0.1777
bu -0.1939™ -0.4657"
bz ~0.1104 -0.3667"
bas -0.0529 -0.2947
R’ 0.8199 0.8852
Pro>F 0.1598 0.0618

*Significant at 10% level; **Significant at 5% level

Model on which Xi=cultivation temperature, X>=pH, X3

=Cultivation time is Y=bp+biXi +baXz+bsXa+biXiXe+

bis XaX5+bsXoXs+biiXin +beeXee +basXas(Y: Color inten-
sity and antioxidative activity, by : Intercept, bx=regres-

sion coefficients)
Color: Color intensity at 390nm

DPPH: Electron donating ability to a,a-diphenyl-B-pi-

cryl-hydrazyl at 528nm
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Fig. 5. Response surface for the color formation by Ba-
cillus subtilis DC-2.
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Fig. 6. Response surface for the electron donating ability
of cultivation with Bacillus subtilis DC-2.
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Table 4. Analysis of variance for regression model of
color intensity and antioxidative activity on
cultivation conditions

.. N F-Ratio
Cultivation conditions Color DPPH
Temp. 4108 5.201"
oH 1.290 4.191°
Time 0.572 2.691

*Significant at 109 level; **Significant at 5% level
Color: Color intensity at 390nm

DPPH: Electron donating ability to a, a-diphenyl-B-pi-
cryl-hydrazyl at 528nm

Table 5. Predicted levels of color intensity and antioxi-
dative activities yielding optimum responses
by analysis of ridge

Levels for optimum responses

Cultivation conditions

Color DPPH

Temperature(°C) 39.2536 39.1947

pH 8.8338 8.8437

Time(hrs.) 34.4125 82.2090
Morphology Maximum Maximum

Color: Color intensity at 390nm, DPPH: Electron donating
ability to a,0-diphenyl-B-picryl-hydrazyl at 528nm
Maximum: Maximum point
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