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Fig.1 One-step curve fitting of growth curves of Listeria monocytogenes in salmon under dynamic temperature condition
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Table 1 Results of one—step approach analysis
A A RMSE AlC F1a P14
Huang-HSR 0.261 -309.39 1.27x10* 1.14x10™"
Baranyi-HSR 0.271 -301.57 1.48x10* 9.92x107*
Two-compartment—HSR 0.274 -299.42 1.45x10* 3.06x107"
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Table 2 Estimates of kinetic parameters of three models
B g it o % " Pt PUIIZEN
L X g T X 18
Huang-HSR a 5.96x10 0.001 68.433 7.975x10* 0.058 0.061
T i 0.51 0.152 3.340 0.001 0.206 0.806
A 1.094 0.492 2.225 0.028 0.12 2.068
m 0.999 0.183 2.454 2.931x10” 0.636 1.363
Yo 21.66 0.191 113.61 2.505%107"" 21.283 22.038
Baranyi—-HSR a 6.62x107 0.001 55.804 1.300x107* 0.064 0.069
T 1.21 0.135 8.930 8.540x107" 0.940 1.475
Yo 21.54 0.188 114.58 1.461x10™" 20172 21917
Qo -1.637 0.235 -6.968 2.207x107° -2.102 -1.171
Two—compartment—HSR a 6.57x107 0.001 54.866 8.056x107% 0.063 0.068
T, 1.20 0.137 8.767 2.026x107 0.928 1.47
Y. 21.57 0.192 112.54 1.119x10 21188 21.947
a 0.222 0.055 4.050 9.370x107° 0.113 0.331

¥ a:21.66 In(CFU/g) = 9.41 1g(CFU/g) ;b :21.54 In(CFU/g) = 9.35 1g(CFU/g) 3¢:21.57 In(CFU/g) = 9.37 1g(CFU/g) .
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Fig.2 Effect of temperature on growth rate (i)

of Listeria monocytogenes in salmon
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Fig.3 Model validation under dynamic temperature profiles
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Fig.7 Numerical simulation of the growth of Listeria monocyiogenes in salmon under different
sinusoidal temperature profiles
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Predictive Modeling of the Growth of Listeria monocytogenes in Fresh Salmon
under Dynamic Temperature Conditions

Liu Limin', Tang Yuhong', Liu Chengjun', Fang Ting'?, Li Changcheng'*
("College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002
’Engineering Research Center of Fujian—Taiwan Special Marine Food Processing and Nutrition,
Ministry of Education, Fuzhou 350002)

Abstract The objective of this study was to develop growth prediction models of Listeria monocytogenes in salmon under
fluctuating temperatures. A three—strain cocktail of Listeria monocytogenes isolated from salmon was inoculated to sterile
salmon to perform dynamic (1-35 °C) studies. The growth data collected from 3 independent temperature profiles were
used to determine the kinetic parameters and construct a growth model combining the primary model (Huang Baranyi and
Two —compartment model) and secondary model (HSR model) using a one-step kinetic analysis method. The results
showed that Huang—HSR model, Baranyi-HSR model and Two-compartment—HSR model had an equal goodness of fit.
The minimum growth temperature of Listeria monocytogenes estimated by the above three models were 0.51, 1.21 C and
1.20 °C, respectively, and the maximum growth concentration were 9.41, 9.35, 9.36 lg (CFU/g). Based on the definition
of the lag time in models and the conciseness of models expression, Huang—HSR model was suggested to describe the
growth of Listeria monocytogenes in salmon. Huang—HSR model was then validated by the newly designed dynamic growth
experiments and isothermal growth data from literature. The RMSE calculated by Huang—HSR model was both between
0.29-0.59 lg (CFU/g) under dynamic conditions; while the RMSE was between 0.28-0.85 lg (CFU/g) for the model un-
der constant temperatures, indicating Huang—HSR model can be used to describe the growth behavior of Listeria monocy-
togenes in salmon. The models were then used to simulate the growth of Listeria monocytogenes under a variety of con-
tinuous sine—wave temperature profiles to demonstrate its potential application. The mathematical models developed in this
study can be used to predict the dynamic growth of Listeria monocytogenes in salmon under fluctuating temperatures.

Keywords Listeria monocytogenes; salmon; one-step kinetic analysis; predictive modeling; dynamic simulation



