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Abstract

Response surface methodology(RSM) was applied to determine the optimum heating conditions{tem-
perature and tlme) for the inactivation of bacteria associated with food hyeiene, Coefficients of
determmations(R?) for the cell growth were 0.9155 (P<0.03) in Pscudomonas seruginosa, 0.8597(P<0.05)
in Escherichia coli, 0.9690 {P<0.01) in Salmoenella typhimurium, 0.9393(P<0.05} in Enterohacter aerogenes
and 0.7905 in Vibrio parahaemolyticus. The growth of strains was significantly affected by the
temperature and time, and reaction to temperature was most closely correlated to the inhibition of growth.
On the basis of superimposed contour maps of cell growth, the optimum range of heating conditicns were

55.62~60°C and 19.25~30 min.
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Table 1. Experimental data for inhibition of bacterial growth under different conditions of heating

temperature and time

Independent variables

Dependent vanables

No Temp. Time P¥ EY 59 BY v
’ (c {rmin} a6ruginosa coli typhimurium  acrogenes  parahaemolyticus
1 50(-1)" 10(-1) 380 10000 10000 5000 13000
2 50(-1) 300 1) 65 1400 3600 1600 5
3 60¢ 1) 10¢-1) 6h 44 75 48 120
4 60¢ 1) 300 1 25 1 22 1 14
5 55¢ 0) 200 0) 42 23 77 60 42
B 55( 0) 20¢ 0) 42 23 77 60 42
7 80¢ 1) 200 0) 31 4 42 16 20
8 50(-1) 200 0) 300 2900 6000 2000 120
9 55( 0} 0{ D 38 3 25 43 3
10 55( 0} 1H{-1) 250 200 210 320 380

YParenthemses are the coded symbols of levels of independant variables.
Cell population: ¥, cells(CFU/mL) x 10 ¥, calls{CFU/ml) % 10°: ¥, celis(CFU/ml) X 107,

Table 2. Regression coefficients of the second order polynormials” for three response variables

Costfictent P acruginesa E colf S typhimurium E. aercgenes V. parahaemolyticus
Y1 Y Yy Yy s

bo 87236428 340733.0000%* ARE070.0000%** 188486.0000%* 3209950000

Linear

b1 -255.4143 ~10839.0000% -15149.0000%** -B130.4857%* 95426210

[ -05.3036* ~2846.3178%* -19551726%* -1154.5131%* ~4525 5619*

Inieractions

bz 1.3750% 42 78507 31.7350™* 16 7650%* £4.3320*

Quadratic

b 1.8828 86.4343% 126.0514%*= 50.0071%% 71.1108

bz 0,2557 8.6036 24778 42593 18,9627

% Varablty 09155 0.8997 0.9690 09393 0.7905

explained{Rg)

Probahility of ¥ 0.0287 0.0357 0,0041 0.0152 01534

Uhlodel on winch X1 =temperalire, Xz=time is! Ya=be X +beXe+ brX:Xat by X+ bm¥s

(Yr'dependent vanables. boimiercept, by-regression coefficients)

Significant at *, 109 level: **, 5% level: *** 1% level,

& Foratios} S, typhimuriume] 381422 74 &7
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Fig. 1. Contour map for the effect of heating temperature and time on inactivation of micreorganisms.
A E. aerogenes, B! E. coll, C! P. aeruginosa, D: S, tvphimurium, E: V, parahaemolyticus, F:
Superimnposed contour map for all over eptimization.

Table 3. Analysis of variables for the overall effect of process variables on the responses for model
food system

Heating F-Ralio

condrtions P. aeruginosa E cob 5. typhimurium E, aerogenes V. parahaemolviicus
Temp.(C) 3.846% 0.430%* 38.142%+* 17 530%** 3.257

Time (rmin) 7.350%* 4.088* 6.9507* 5.223* 3.395

Signuficant at ¥, 10% level: ™, b% leval, ***, 1% level,
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Table 4. Pearson correlation matrix among variables

Vanables Temp. Time P aeruginosa E coi S typhinmmum L acrogenes
P aeruginosa ~0,63G58* -0.58116*

E coli -0.61719% ~0.38718 0.30473%*

S. typhimurium -076270°%*  -026015 0.852156%%* (. 04E34***

E. aerogenes -072177* -0.31492 081224%** (08216 (0,98291 %+~

V. parahaemolviicus -0.43233 -0.44921 (.69281%* 0.95430%+* 0.80799%= (0.39237~**

Significant at * 10% level: ™*, 5% level; =** 1% level.

Tahble 5. Predicted levels of optimum heating conditions for responses variables hy the ridge analysis

Heatmg Levels {or optimuum responses

conditions P aeruginosa E col S fyphimumam E. asrogenes V. parahaemolviicus

Temp,{'C) 06.64 56.49 56,31 o724 596,22

Time(min) 29.45 2521 2985 2221 24,36

Meorpholegy rninum mimuim i tminuirmn minum

o 1 Azl weh Ago] A7 Hal7} geivhe 2p gl g AR L Al 2 A, v
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9 AEZO| Al 5o UErk w9} Zo| P aeruginesa®] H A5 A]
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29455013005 3 E colii= 56.49C R 2521%, S
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F54 % YT AT EY A2 s
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