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Fig.1 Temperature measurement of salmon steak

during gas grilling
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Table 1 Thickness of salmon steak and related temperature conditions in different heat transfer tests
R I J& % /mm B P\ 44 E E/C B\ M E AR E(T,)/C BNT M= AR E(T)/IC
Runl 17.40 7.6 32 200
1<360 s, T,=240
Run2 21.70 10.8 30
1>360 s,7,=220
Run3 23.00 13.3 30 225
1<180 s, 7,=260
Run4 17.50 15.8 32 180s<t<570 s, T,=240
1>570 s,T,=225
1<480 s, T, =240
Run5 24.00 16.5 32
1>480 s, T,=210
1<580 s, 7,=290
Run6 18.00 26.5 45
>580 s,T,=275
1<540 s,T,=275
Run7 23.40 17.1 45 540s<t<810 s, T,=300
>810 s,7,=290
1<900 s, T,=265
Run8 21.30 17.7 43

t>900 s, T,=225
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Table 2 Simulation conditions for different grilling scenarios
A E A, EMEA T A
T BT - 945 5K I B 0 1
C 2 (T,)/C 2 (T)/C
I — 1 5 35 300 1 R ER P E S A A T min 2 5 min
2 25 35 300 1 R, ER T @A EH 7 min A2 5 min
3 25 35 300 45 1k ER T @ 5 ) M H 8 min 2 5 min
I aw = 1 5 35 300 1R ER T @5 R B A 7.5 min #7 9.65 min
% = 1 5 35 300 ¥ 4 A%k EA 4018 A [ A 2 min, 4] 17.2 min
2 5 35 300 ¥) 4 045 B0 018 A 1% A 3 min, M5 4] 17.2 min
3 5 35 300 ¥) 4 F0 55 FA SR E] R [ A 4 min, 6] 17.2 min
4 5 35 300 ¥ 4 F0 % FNFE 0 1) R B A 5 min, £ 4] 17.2 min
®3 ZXEIBSER T REECHRERNSHMEIT
Table 3 Parameter estimation of heat transfer model during gas grilling of salmon steak
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Fig.4 Simulation of heat transfer during gas grilling of salmon steak (Runl and Run2)
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Temperature distribution (a) and the cumulative lethality of Listeria monocytogenes (b)

at different positions of salmon steak
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Fig.7 Temperature distribution (a) and the cumulative lethality of Listeria monocytogenes (b)

at different positions of salmon steak with the initial temperature of 25 °C and heating time of 12 min
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Fig.8 Temperature distribution (a) and the cumulative lethality of Listeria monocytogenes (b)

at different positions of salmon steak with the initial temperature of 25 °C and heating time of 13 min
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Fig.9 Temperature distribution (a) and the cumulative lethality of Listeria monocytogenes (b)
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Fig.10  Temperature distribution (al-d1) and the cumulative lethality of Listeria monocytogenes (a2-d2)
in different positions of salmon at different flipping intervals
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Numerical Simulation of Lethality of Listeria monocytogenes during Gas Grilling of Salmon

Wang Ling, Tang Yuhong, Zhao Qing, Liu Binxiong, Tian Meiling, Fang Ting, Li Changcheng’
(College of Food Science, Fuyjian Agriculture and Forestry University, Fuzhou 350002)

Abstract The objective of this study was to develop a heat transfer model for gas grilling of salmon steaks and evaluate
the inactivation behavior of Listeria monocyiogenes under different grilling conditions by incorporating microbial thermal
inactivation kinetics. The one—dimensional unsteady heat transfer model was used to describe the heat transfer process
during gas grilling of salmon, and the model parameters were solved by the combination of the finite difference method
and least square optimization algorithm, then the temperature history during gas grilling was also obtained. Finally, the
lethality of Listeria monocytogenes during gas grilling was calculated by the General Method. The results showed that the
thermal diffusion coefficient, convective heat transfer coefficient of flame side and air side were 1.83 x 107 m/s?, 15.18
W/(m*-C) and 16.36 W/(m?-°C), respectively. Verification tests showed that the developed model can be suitable for
describing the heat transfer during gas grilling of salmon, with the RMSE of 1.48-3.33 °C between the model predictions
and the measured values. In addition, numerical simulation of different scenario showed that Listeria monocytogenes could
still survive in salmon steaks if they were unevenly turned during the roasting process, even if the center temperature up
to 71 C, however, if they were flipped evenly with the time interval of 2, 3, 4 min or 5 min during gas grilling, the
lethality of Listeria monocytogenes at all locations was greater than 5.21 lg(CFU/g) when the center temperature of the
salmon steak reached 71 °C. The results of this study can provide scientific guidance for safe cooking.

Keywords salmon; Listeria monocyiogenes; gas grilling; heat transfer; numerical simulation



