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Model was developed to predict the growth of Listeria monocytogenes in raw pork. Experiment condition for
model development was full 5-by-7 factorial arrangements of temperature (0, 5, 10, 15, and 20°C) and time (0,
1, 2, 3, 18, 48, and 120 hr). Gompertz values A, C, B, and M, and growth Kinetics, exponential growth rate
(EGR), generation time (GT), lag phase duration (LPD), and maximum population density (MPD) were
calculated based on growth data. GT and LPD values gradually decreased, whereas EGR value gradually
increased with increasing temperature. Response surface analysis (RSA) was carried out using Gompertz B and
M values, to formulate equation with temperature being main control factor. This equation was applied to
Gompertz equation. Experimental and predictive values for GT, LPD, and EGR, compared using the model,
showed no significant differences (p <0.01). Proposed model could be used to predict growth of microorganisms
for exposure assessment of MRA, thereby allowing more informed decision-making on potential regulatory

actions of microorganisms in raw pork.
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Table 1. Equations for Gompertz function and derived growth
kinetics values

Gompertz’s function
L(t) = A + C exp(—exp(—B(t — M)))

L(t) = Log count of bacteria at time (in hours) t [Log(cfu/g)]

A = Asymptotic log count of bacteria as time decreases indefinitely
(i.e., initial level of bacteria [Log(cfu/g)])

C = Asymptotic amount of growth that occurs as t increase indefinitely
(i.e., number of log cycles of growth [Log(cfuw/g)])

M = Time at which the absolute growth rate is maximal [hr]

B = Relative growth rate at M [Log(cfuw/g)/hr]

Derived Growth Kinetics Equations:

Exponential growth rate (EGR) = BC/e [Log(cfu/g)/hr]
Generation time (GT) = Log(2)exp(1)/BC [hr]

Lag phase duration (LPD) =M - (1/B) [hr]

Maximum population density (MPD)=A + C
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Table 2. The growth of L. monocytogenes on inoculated raw pork meat during storage at different temperature”
Temperature (°C
Time (hr) P ©
0 5 10 15 20
0 2.74(0.01) 3.49(0.02)" 3.75(0.03) 2.40(0.03)" 3.87(0.03)
1 2.71(0.18)" 3.50(0.15)" 3.53(0.05) 2.58(0.20)" 3.84(0.27)
2 2.74(0.10)" 3.53(0.09)* 3.45(0.07) 2.51(0.16)* 3.96(0.08)"
3 2.61(0.14)° 3.52(0.07)* 3.69(0.09)" 2.64(0.05)° 4.56(0.08)°
18 2.62(0.16)° 3.57(0.07)° 3.65(0.18)* 3.99(0.12)° 4.91(0.10)°
48 2.40(0.15)° 4.17(0.06)° 4.40(0.14)° 4.59(0.05)°
120 5.36(0.05) 5.78(0.04)

"Log cfu/g, Mean (Standard deviation), different letters within columns indicate a significant difference in microbial counts (p < 0.05)
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Table 3. Effect of initial number of L. monocyfogenes at different temperatures on growth kinetics of raw pork meat
Gompertz value" EGR MPD
Temp. (°C) " c 5 v LPD (hr) (Log cfuw/g/hr) GT (hr) (Log cfue)
5 3.73(0.03) 5.27 (0.06) 0.15(0.03)  50.01(1.25) 43.32(0.60) 0.29(0.05)  28.83(0.33)  9.00(0.02)
10 3.75 (0.07) 5.37(0.05) 0.21(0.04)  38.15(1.58) 33.33(1.04) 0.41(0.02) 2L.17(1.65)  9.12(0.05)
15 240 (0.14) 5.73 (0.11) 028 (0.01)  28.13(0.17)  24.5(0.14) 0.58 (0.03) 17.04(0.22)  8.13 (0.06)
20 3.78 (0.03) 5.55(0.10) 0.32(0.04) 19.68 (1.54)  16.57(0.73)  0.65(0.05) 14.01 (1.01)  9.28(0.01)
YA = Log cfu/g, C = Log cfu/g, M = hr, B = Log cfu/g/hr, Mean (Standard deviation)
Table 4. Effects of temperature on the growth of L. monocytogenes in raw pork by Response Surface Models
M =76.563928 - 4.328653 * Temp — 0.073900 * Temp * Temp
R*=0.9482
F value: 22.47
Pr>F:0.0014
Parameter DF Estimate Standard error t Value Pr>|t]
Intercept 1 76.563928 15.074346 5.08 0.0010
Temp 1 -4.328653 2272186 -191 0.0932
Temp*Temp 1 0.073900 0.072718 1.02 0.3393
B =0.046687 + 0.018544 * Temp - 0.000260 * Temp * Temp
R?=0.9266
F value : 13.14
Pr>F : 0.0067
Parameter DF Estimate Standard error t Value Pr>|t|
Intercept 1 0.046687 0.101641 0.46 0.6582
Temp 1 0.018544 0.015321 1.21 0.2607
Temp*Temp 1 -0.000260 0.000490 -0.53 0.6103
W Lxzde] Bobd 48 1 go] B4 Welde 4 dl 2 Shie BRY AN nze 34 %g 7)Ee
S UFEFSOM(Table 3), EGRE] Z$-= W2 257} &0} vt i) vwdhe t'o“” ol g sk 54T ZdolA
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L{t)=A +C exp(—exp(-B(t-M)))

A =Initial contamination level

C=MPD-A

MPD=9 Log cfi/g

B = 0.046687 + (0.018544 * Temp) - (0.000260 * Temp * Temp)
M =76.563928 — (4.328653 * Temp) — (0.073900 * Temp * Temp)
t=time

Temp = temperature
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Fig. 1. Comparison of observed and predicted of GT (hour) for

L. monocytogense at various temperatures (@: 5, ¥: 10, l: 15,
@:20°C). r = 0.99324, R> = 0.9865.

60 -
50 °
40 4

30 4

Predicted

20

o} T T T T v 1
0 10 20 30 40 50 80

Observed

Fig. 2. Comparison of observed and predicted of LPD (hour) for

L. monocytogense at various temperatures (@: 5, ¥: 10, H: 15,
@: 20 °C). r = 0.99835, R* = 0.9967.
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Fig. 3. Comparison of observed and predicted of EGR (Log cfu/

g/hr) for L. monocyftogense at various temperatures (@: 5, V¥:
10, I: 15, @: 20°C). r =0.99291, R? = 0.9859.
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