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Model for predicting Staphylococcus aureus growth in

cooked chicken
HU Jie-Yun' LINLu' WANG Tong' CHEN Min® YAN Wei-Ling""

(1. Shanghai Food Research Institute, Shanghai 200235, China)
(2. Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China)

Abstract: [Objective] To investigate the growth of Staphylococcus aureus in cooked chicken at
different incubation temperature and initial inoculating level, three common predictive models were
compared and the best-fit one was chosen to build the primary and secondary model, the result of this
study could be applied to develop the tertiary model, from which the density of the S. aureus at any
time in cooked chicken can be calculated from any combination of temperature and initial inoculating
level. [Methods] The S. aureus strain was inoculated into cooked chicken under various initial
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concentrations of 10%, 10° , 10* CFU/g and stored at 15, 22, 29, 36 °C. The number of colonies was
counted by 3M Petrifilm™ Staph Express Count Plate. The modified Gompertz model, modified
Logistic model and Baranyi model for describing the growth of S. aureus were established by using
Matlab software. The best model was chosen by comparing the residuals and the goodness-of-fit
[Residual Sum of Squares (RSS), Akallke Information Crlterlon (AIC), Residual Standard Error
(RSE)]. The growth parameter (lag phase, maximum specific growth rate and maximum population
density) were then obtained from the best model. The secondary model was set up by using response
surface equation. Finally, the reliability of the model was verified by internal and external validation.
[Results] At 36 and 29 °C, the best choice to describe the growth of S. aureus was modified Gompertz
model at all initial inoculating level. At 22 and 15 °C, the most suitable model is modified Gompertz
model, modified Logistic model and Baranyi model successively according to the initial inoculation
level. By comprehensive considerations, the modified Gompertz model was thought of the optimal
primary model. The secondary model was verified by calculating the standard error of prediction
(%SEP), Root-Mean-Squares (RMSE), Accuracy factor (4y) and Bias factor (By), the results of
verification were all within acceptable range. [Conclusion] The modified Gompertz model coupled
with response surface model could provide a useful and accurate basis to develop the tertiary model.

Keywords: Cooked chicken, Staphylococcus aureus, Prediction Model
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Figure 1 The growth of Staphylococcus aureus at 15-36 °C
Note: A: 36 °C; B: 29 °C; C: 22 °C; D: 15 °C.
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Figure 2 The growth of Staphylococcus aureus in cooked chicken at 36 °C and 29 °C
Note: A: 36 °C, 10 CFU/g; B: 36 °C, 10° CFU/g; C: 36 °C, 10" CFU/g; D: 29 °C, 10* CFU/g; E: 29 °C, 10° CFU/g; F: 29 °C, 10* CFU/g.
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Note: A: 22 °C, 10> CFU/g; B: 22 °C, 10° CFU/g; C: 22 °C, 10* CFU/g; D: 15 °C, 10* CFU/g; E: 15 °C, 10° CFU/g; F: 15 °C, 10* CFU/g.
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Table 1 Comparative analysis of statistical parameters obtained from three growth models at 36 °C and 29 °C

B it
Inoculation concentration (CFU/g)
Goodness-of-fit Model St 2
107 10° 10* 107 10° 10*
RSS Modified Gompertz model 0.069 9 0.579 4 1.002 1 0.230 0 0.042 7 0.077 7
Modified Logistic model 22117 1.065 4 1.668 7 0.3549 0.137 1 0.122 8
Baranyi model 0.987 6 0.657 6 1.189 6 0.273 2 0.081 6 0.1123
AIC Modified Gompertz model —49.3534  —21.867 1 —38.645 6 —33.878 3 —55.7545 —47.9950
Modified Logistic model —4.4540 —13.948 8 -11.679 3 —28.241 4 —40.6092 —42.0316
Baranyi model —14.9353 —20.2217 —36.388 7 —31.641 4 —47.345 1 —43.200 9
RSE Modified Gompertz model 0.088 2 0.253 7 0.1219 0.159 9 0.068 9 0.092 9
Modified Logistic model 0.495 7 0.344 1 0.3755 0.198 6 0.123 4 0.116 8
Baranyi model 0.3313 0.270 3 0.4452 0.174 2 0.095 2 0.1117

F2 3IMRAMBSESRITER

Table 2 Comparative analysis of statistical parameters obtained from three growth models at 22 °C and 15 °C

Inoculation concentration (CFU/g)

Goodness-of-fit Model 22°C 15°C
107 10° 10* 10° 10° 10*
RSS Modified Gompertz model 0.536 8 0.609 4 0.266 4 0.002 4 0.027 8 0.023 7
Modified Logistic model 1.152 4 0.305 3 0.405 9 0.008 3 0.020 0 0.023 5
Baranyi model 0.873 6 0.487 9 0.2351 0.008 6 0.022 9 0.021 3
AIC Modified Gompertz model —22.861 1 212118 —31.9699 —93.1445 —61.709 8 —63.445 2
Modified Logistic model -12.9288  -30.1963 —26.4954 —77.0449 —65.623 4 —61.553 7
Baranyi model —-16.5296  —24.1027 —33.5962 —76.648 8 —26.897 —64.826 6
RSE Modified Gompertz model 0.244 2 0.260 2 0.172 3 0.016 4 0.054 8 0.0513
Modified Logistic model 0.357 8 0.184 2 0.212 4 0.030 4 0.047 2 0.0511
Baranyi model 0.311 6 0.232 8 0.161 6 0.030 9 0.050 4 0.048 6
Gompertz
fmax [1g CFU/(mL-h)] 4 (h)
MPD (Ig CFU/mL) 3
3
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Table 3 Growth parameters of the Staphylococcus aureus from modified Gompertz modelunder different temperatures
and concentrations

Inoculation concentration (CFU/g)
29 °C

36 °C

Item 22°C 15°C
107 10° 10* 107 10° 10* 10> 10° 10* 10> 10° 10°
Maximum specific growth ~ 0.831 0769 0599 0420 0234 0215  0.189 0.177 0.165 0.053 0.047 0.040
rate [lg CFU/(mL-h)]
1912 1615 0726 3.681 2735 1.191 15.040 12.780 11.430 13.100 16.430 19.070
Lag phase (h)
Maximum population 8.871 8672 8733 8293 8.694 8446 7478 7255 7472 5815 5232 5283
density (Ig CFU/mL)
10>-10* CFU/g 124]
(T) (P)
36 °C (1.912 1.615 0.726)<29 °C (3.681 2.735 4

L191)<22 °C (15.040  12.780  11.430)<15 °C fimax=0.041 7+0.215 87 —0.036 0P —0.004 9T x
(13.100 16.430 19.070) P+0.023 4T%+0.001 6P°
36 °C 29 °C (R*=0.952 6) (12)
e 1=50.7098-5.2450T —1.912 0P +
15 °C 0.152 67 x P—0.001177 +0.016 4P°
(R*=0.914 1) (13)
(12) (13)
( 5lg CFU/mL) %
(P<0.05)
MPD (Ig CFU/mL) 2.4 FUMAREEFRIE
RSM
MPD MPD 12 2
10-10* CFU/g 4 5
36 °C (8.871
8.672 8.733)>29 °C (8293 8.694 8.446)>22 °C (Internal validation)
(7478 7255 7.472)>15°C(5.815 5232 5.283) (External validation)?®”! 6 %SEP

2.3 Z“REKTNREAE ST

HMmax A 1

RMSE
(Goodness-of-fit)

Ar By
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Figure 4 The maximum specific growth rate (A) and the lag phase (B) of the response surface
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Table 4 Observed and predicted of Staphylococcus aureus by RSM under different combined conditions (internal validation)

Maximum specific growth rate Lag phase
Temperature Inoculation concentration (Ig CFU/(mLh)) (b)
°C) (CFU/g)
Measured value Predictive value Measured value Predictive value
36 10° 0.832+0.173 0.829+0.186 1.912+0.220 1.962+0.222
10° 0.769+0.053 0.762+0.061 1.615+0.219 1.609+0.211
10* 0.599+0.106 0.600+0.103 0.726+0.189 0.733+0.190
29 10° 0.420+0.060 0.410+0.068 3.681+0.323 3.637+0.353
10° 0.235+0.497 0.247+0.493 2.735+0.111 2.716+£0.110
10* 0.215+0.353 0.218+0.359 1.191+0.273 1.192+0.268
22 107 0.175+0.075 0.179+0.073 15.04+0.088 15.02+0.081
10° 0.189+0.367 0.181+0.369 12.78+0.072 12.82+0.071
10* 0.165+0.258 0.161+0.249 11.43+0.155 11.39+0.151
15 10? 0.047+0.397 0.051+0.390 13.10+0.975 13.15+0.970
10° 0.053+0.071 0.055+0.073 16.43+£0.169 16.45+0.165
10* 0.040+0.099 0.038+0.090 19.07+0.084 19.09+0.086

x5 ARZREFHTHTRIENEHEE WS TS ROMMLL)

Table S Observed and predicted u,,,, and 4 of Staphylococcus aureus by RSM for validation under different combined
conditions (external validation)

) ) Maximum specific growth rate Lag phase
Inoculatl(?n Exp.erlment Temperature (Ig CFU/(mL-h)) ()
concentration times ©C)
(CFU/g) (n)
Measured value Predictive value Measured value Predictive value
: 20 0.41+0.193 0.39+0.172 1.534+0.111 1.51+0.104
10 5
32 0.11+0.357 0.09+0.322 15.29+0.138 15.31+0.061
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Table 6 Internal and external validation of x,,, and 4 by
RSM for model establishing

Ind %SEP RSME B¢ A

naex
Hmax 0.034 1 0.001 1 0.957 6 1.150 8
A 0.0755  0.0819 1.042 1 1.183 1
Himax™ 0.0169  0.063 8 1.0539 1.001 6
A* 0.0946 0.0264  0.9603 1.203 8

Umax A
Hmax™ A* .

Note: The row of um.x and A were the results of internal
evaluation for modeling establishing, the row of pmax* and A%
were the results of external evaluation for modeling validation.
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