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Optimization of medium for thermostable a-amylase
fermentation using Minitab

ZHAO Wei, CHEN Chen, LIU Qian, FENG Ting-ting, ZHOU Hong-bo

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The optimum medium for Bacillus subtilis C1 was systematically studied with Minitab software. On the basis
of single factor experiments, the prime factors affecting enzyme activity were selected by means of Plackett-Burman
design. And then, the factors were optimized by response surface analysis. The results show that the optimal medium
composition in 200 mL culture medium is as follows: wheat bran 2.16 g, cotton seed meal 1.98 g, yeast extract 0.40 g,

NacCl 1.00 g, CaCl, 0.40 g, starch 0.10 g. Enzyme activity under the optimal culture conditions is 2 329 U/mL, which is

12.55 times of that of the original medium.
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Table 1 Factors levels of Plackett-Burman design

RS EIR il
-1 1
A m(EkI)/g 1.6 2.4
B m(FaA1TR)/ g 1.6 2.4
C _ _ _
D m(FEEER)/ g 0.4 0.8
E m(EH)/g 0.1 0.14
F _ _ _
G m(NaCl)/g 1.0 1.4
H m(CaCl,)/g 0.4 0.6
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Table 2 Design matrix and experimental results of Plackett-Burman design

iy A B C D E F G H I W TE/(U-mL ™)
1 -1 1 -1 -1 -1 1 1 1 -1 1731
2 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 946
3 1 -1 1 1 -1 1 -1 -1 -1 2181
4 1 -1 -1 -1 1 1 1 -1 1 1997
5 -1 -1 1 1 1 -1 1 1 -1 1676
6 -1 1 1 1 -1 1 1 -1 1 1 669
7 -1 -1 -1 1 1 1 -1 1 1 1771
8 1 -1 1 -1 -1 -1 1 1 1 2 161
9 1 1 1 -1 1 1 -1 1 -1 1 654
10 1 1 -1 1 -1 -1 -1 1 1 1812
11 1 1 -1 1 1 -1 1 -1 -1 1524
12 -1 1 1 -1 1 -1 -1 -1 1 1567

#%& 3 Box-Behnken £ ¥1% it & R L1555
Table 3 Design matrix and experimental results of

Box-Behnken design

Gk e mithys
1 2.0 1.6 0.12 2041
2 2.4 1.6 0.12 2189
3 2.0 2.0 0.12 1 964
4 2.4 2.0 0.12 2 058
5 2.0 1.8 0.10 2187
6 2.4 1.8 0.10 2374
7 2.0 1.8 0.14 2082
8 2.4 1.8 0.14 2256
9 2.2 1.6 0.10 2074
10 2.2 2.0 0.10 2 046
11 2.2 1.6 0.14 2119
12 2.2 2.0 0.14 1959
13 2.2 1.8 0.12 2338
14 2.2 1.8 0.12 2301
15 2.2 1.8 0.12 2 366
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Table 4 Analytic result of Plackett-Burman experiment

design
A R e
/\ RN w N NP YA e
PR A e TP P g

161.8 80.9 17.62 459  0.044 +
—295.7 —-147.8 17.62 —839 0.014 +
21.0 10.5 17.62 0.60 0.612

A

B

C

D -70.0 350 17.62 -1.99 0.185

E 2184 -1092 17.62 —6.20 0.025 +
F 53.0 26.5 17.62 1.50 0272

G -29.1 -145 17.62 —0.82  0.496

H -13.2 -6.6 17.62 —-037 0.745

I 443 222 17.62 1.26  0.336

Z: I 1807.9 17.62
W R REREE, PAEREENRSHL

102.60 0
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Table 5 Design matrix and experimental results of

steepest accent

FE mkEDE mOEHEYE  mGERY (U‘rjffl)
1 1.6 2.4 0.14 1932
2 1.8 2.2 0.13 2012
3 2.0 2.0 0.12 2087
4 2.2 1.8 0.11 2221
5 2.4 1.6 0.10 2028

M 5 WA 5 4 AL IS B K X BT iR
ERAESE 4 ZHSCHG BT . HRLLSEEG: 4 FRZA b Wi T
SRR FCF IR R, BREE ARHIRY . SR R

5k 220, 1.80 F10.11¢g, BT F—L0F5T.
2.3 Box-Behnken SEI& 45 R0 1R
SEEHHE ] Minitab AT /00T, FEAH RIE TR
REWE TR T7 AT IR R 6~7 PR .
M 6 PIANEEG 52k . RN JER 3 i G
Z AR R A RE D R R R
Y=2 335.43+75.40X,—-49.38X,—33.02X;—48.38X,"—
223.67X,°-61.55X,°—13.37X,X,—3.29X,.X3—-32.92.X,.X;
3)
SCRRUEDN 254 39.964 9, TR 21 5 A 98 942.3,
A5 FEH R R M 0.971 75 R* 4 %E)5 4 0.920 6.
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Table 6 Significance test of regression coefficient

= EEEE (=
W 233543 23.07 101.216 0 +
X 75.40 14.13 5.337 0.003 +
X —49.38 14.13 -3.495 0.017 +
X3 —33.02 14.13 —2.337 0.067
Xi*X, —48.38 20.80 2.326 0.068
Xo*X,  —223.67 20.80 —10.754 0 +
X3*X; —61.55 20.80 —2.959 0.032 +
Xi*X, —13.37 19.98 —0.669 0.533
Xi* X5 -3.29 19.98 —0.165 0.876
Xo* X, -32.92 19.98 —-1.647 0.160

T %7 KR Xy, Xy LUK X A AR AT

xT1 @DEAFTEGT ENH
Table 7 ANOVA for regression equation
®E ORIE RIE

I I I
EIJE Wiy 9 273768 273768 30419 0.002
AL 3 73715 73715 24572 0.006
HHEZHAER 3 5093 5093 1698 0.443
FAURT I 3 5889 5889 1963 0.367
BEML R 2 2097 2097 1048

M 6 nTLLE Y, BRI P o 0, %K
HHIZ AR AR I S 2 1 o R I, R R (R S50 X, X s Xo* X,
X3* X B0 P 433k 0.003, 0.017, 0 F10.032, /M T
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Fig.1 Response surface plot for interaction effects of wheat (185.60 U /mL)EI’] 12.55 1%,

bran and cotton seed meal on enzyme activity
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Fig.2 Response surface plot for interaction effects of wheat 2329 UmL, Zeiidi i Ubmrigigm 12.55 %,

bran and starch on enzyme activity g TAVAL A PR T B
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