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Optimum process of Bacillus subtilis of high pressure inactivation
in food by response surface methodology
GAO Yuan',ZHOU Xian-han?,ZENG Qing-mei*, WU Ke-ping?,ZOU Xu-peng>

(1.College of Life Sciences, Ningxia University, Yinchuan 750021, China;
2.Center for Analysis and Measurement, Hefei University of Technology, Hefei 230009, China;
3.Engineering Research Center of Bio—Process, Ministry of Education, Hefei University of Technology, Hefei 230009, China)

Abstract: Bacillus subtilis was as the research object,with the killing log value as a measure indicator. Three
inactivation parameters including pressure,temperature and pressure holding time were optimized using
response surface methodology (RSM). Box-Behnken design was applied to evaluate the effects of three
indepent variables on the inactivation of Bacillus subtilis spores. The simulated quadratic polynomial regression
equation of prediction model was set up. The optimum process parameters for inactivation of Bacillus subtilis
were obtained as follows: pressure 30Mpa,temperature 48°C, pressure holding time 90min. Under the condition
of killing log value was 5.22,compared to the theoretical value,the relative error of 2.32%. The adequacy of the
model equation for predicting the optimum response values was verified effectivelu by the validation data.
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Fig.1 Schematic diagram of high pressure CO, sterilization
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Table 1  Codes and levels of factors chosen for the trials
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Table 2 Box-Behnken experimental design arrangement
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Table 4 Test of significance for regression coefficients

and responses F IR . e bRUE 95% {7 X [H]
% x x _ VWEE sy MR Sy om0
) SEAE PUME B 3.49 1 0.070  3.33 3.66

1 +1 -1 0 1.58 1.60 X, 0.88 1 0.056 0.75 1.01 <0.0001

2 0 0 0 3.42 3.49 X, 1.44 1 0.056 1.31 1.57  <0.0001

3 -1 -1 0 0.39 0.28 X; 0.27 1 0.056 0.27 0.54  <0.0001

4 0 -1 -1 0.98 0.93 X2 -0.16 1 0.077 -0.34 0.026  0.0819

5 0 0 0 3.56 3.49 X, -0.96 1 0.077 -1.14 -0.77  <0.0001

6 0 0 0 3.67 3.49 X3 0.19 1 0.077 0.013 0.38 0.0319

7 +1 0 -1 4.12 4.15 XX, 022 1 0.079  0.036 0.41 0.0255

8 +1 0 +1 4.84 4.68 XX, -0.14 1 0079 -032 0049 0.1241

9 0 -1 +1 1.52 1.65 X,X5  0.043 1 0.079 -0.14 0.23 0.6059

10 -1 0 -1 1.95 2.11

1 0 ol 1 457 462 X5 lEl R B EG TT 2 B R

12 -1 0 +1 322 319 Table 5 Test of significance for regression coefficients

13 0 0 0 3.38 3.49 St ss AME MS F plit

14 0 +1 -1 3.86 372 S 28.510 8 3.170 127.8700  <0.0001

15 +1 +1 0 4.82 4.93 X, 6.230 1 6.230 251.4900  <0.0001

16 0 0 0 3.44 3.49 X, 16.590 1 16.590 669.6000 0.0002

17 —1 +1 0 2.74 271 X5 1.310 1 1.310 52.9700 0.0202

XX, 0.200 1 0.200 0.0255 0.1241
x3 [RIEBIYT Z B XX;  0.076 1 0.076 0.1241 0.0119
Table 3  Analysis of variance (ANOVA) for regression equation X, 0.100 1 0.100 0.0891 0.0391
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®IE 0.057 4 0.014 BZER 28690 15
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Fig.3  Response surface of Y=f(X;, Xy
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Table 6  Verified results of sterilized process parameters of

optimum ten groups from regression equation

Y IR AR
W TR D

RS OX X X

1 30 48 90 5.44 5.22 4.04
2 30 37 90 5.17 5.06 2.13
3 30 47 36 4.82 4.60 4.56
4 30 38 90 5.24 5.34 1.91
5 22 46 89 4.89 4.66 4.70
6 29 47 90 5.41 5.21 3.70
7 30 47 75 5.15 5.24 1.75
8 28 50 90 5.35 5.38 0.56
9 30 50 69 5.04 5.17 2.58
10 30 50 89 5.42 5.38 0.74

KASCIREZ T 14 T2 2 B S KSR T B = Be %
iE RS 44NN BOE, A4 2N E YK . T 25N
HY AR 96 2 s 71X, 28 22.55~30.00MPa, W5 X, 4
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