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ABSTRACT This study aims to develop and evaluate microbial growth prediction models for total aerobic bacteria in chicken
liver stored under various temperature conditions (4, 15, 25, and 307C). To develop the primary growth models, the Baranyi
and Gompertz models were applied to the observed data and compared. The performance of these models was assessed by
calculating the coefficient of determination (R?), root mean square error (RMSE), bias factor (By), and accuracy factor (Ay).
The results indicated that the Gompertz model provided a statistically superior fit compared to the Baranyi model.
Consequently, a secondary model was developed using an Excel spreadsheet based on the parameters of the Gompertz model.
The secondary model for the maximum growth rate showed an exponential increase with rising temperatures, while the lag
phase duration exhibited a logarithmic decrease. In the fitness evaluation of the secondary model using temperature conditions
not included in the initial model development, the RMSE was close to 0, and both Bf and Ar were close to 1, demonstrating
the high reliability of the predictive model. However, as this study focused on developing models under isothermal conditions,
further research is necessary to develop and validate dynamic temperature prediction models for the growth of total aerobic
bacteria in chicken liver.

(Key words: chicken liver, total aerobic bacteria, predictive model, microbial growth)
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Fig. 1. Primary Baranyi model fitted to data from temperature (4, 15, 25, 30C) experiments for growth of total aerobic bacteria in
chicken liver. The observed values are depicted using rhombus and the curve is the prediction line generated from the model. (A)
4°C Primary Baranyi model; (B) 15°C Primary Baranyi model; (C) 25C Primary Baranyi model; (D) 30C Primary Baranyi model.
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Fig. 2. Primary Gompertz model fitted to data from temperature (4, 15, 25, 30C) experiments for growth of total aerobic bacteria in
chicken liver. The observed values are depicted using rhombus and the curve is the prediction line generated from the model. (A) 4T
Primary Gompertz model; (B) 15C Primary Gompertz model; (C) 25°C Primary Gompertz model; (D) 30C Primary Gompertz model.
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Table 1. Parameters from statistical analysis of fitted primary Baranyi model and primary Gompertz model

Parameters
Model Temperature (C)
' (log CFU/g) You (log CFU/g) e (log CFU/g/h) LPD* (h)
4 3.72 6.96 0.08 62.01
15 3.88 11.94 0.12 7.23
Baranyi model
25 3.46 12.67 0.39 5.34
30 3.26 11.14 0.49 247
4 3.74 6.63 0.10 64.06
15 3.30 11.80 0.14 7.59
Gompertz model
25 3.62 12.52 0.44 6.37
30 3.38 11.25 0.55 3.20

! Initial microbial count.

? Maximum microbial count.
 Maximum growth rate.

4 Lag phase duration.
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= 927} 2 AL on| gtk (Baranyi et al., 1999). ¥ A+
o| A 7§23 Baranyi model®] RMSEE 1.664, 0.675, 1.372,
0.836°]™, Gompertz model®] RMSE+ 0.181, 0.367, 0.398,
0.331 0.2 1% tHTable 2). 7HLd 13 Rue] nE &
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Table 2. Primary Baranyi model and primary Gompertz model parameters of total aerobic bacteria in chicken liver and goodness of

fit statistics fitted to growth data

Statistical analysis

Model Temperature (C)

R RMSE’ A¢ Bf*
4 0.97 1.664 1.049 1.299
15 0.99 0.675 1.008 1.107

Baranyi model
25 0.99 1.372 1.023 1.180
30 0.99 0.836 1.011 1.121
4 0.98 0.181 1.005 1.001
15 0.99 0.367 1.026 0.959

Gompertz model
25 0.99 0.398 1.017 1.002
30 0.99 0.331 1.021 1.002

! Coefficient of determination.
? Root mean square error.

3 Accuracy factor.

4 Bias factor.
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(Winsor, 1932; Baranyi and Roberts, 1994).
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Fig. 3. The secondary model for growth factors of total aerobic bacteria in chicken liver under various packaging stored at 4, 15, 25,
and 30C. (A) Lag phase duration, LPD; (B) Maximum growth rate, pmax.
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Table 3. Secondary model parameters of total aerobic bacteria in
chicken liver and goodness of fit statistics fitted to

growth data
Temperature (C) R* RMSE? A B/
10 0.99 0.169 1.005 1.001
20 0.99 0.358 1.016 0.991

' Coefficient of determination.
2 Root mean square error.

* Accuracy factor.

* Bias factor.

mdo] Z3tdo] ol Aoz dadr) olejd Ave
o el 2= 7N F 571 nAEe] 4 md A5 Al
F2A Ar B Bl 82 /NEE ¢S mdo] A8 2l
S SR old T A3}e Gy 2FE viEew
AT Rd 2 A 2xd wE F 574 vdEe] 4
& A5l A&7l AE A 5 3l

S =& o, sl eAgkE ©] 8310 acceptable pre-
diction zone(APZ) =415 AAISISIT. Fig. 4= APZ ¥4 2
2 10T d= 2dlo] o= 221 107] 5 10712} 20T o=
2] oS 9} 1270 F 11707F APZ Al 49 ool &
Aste] HF 95.45%9] oS 2} ghol APZ SHA| 2] Wil
£33tk Juneja et al.(2025)2] Aol whEH A oS 24t
% 70% ©l’do] APZ 5]-8 H9 Wl 5ol e™ 58 7Fs3 4
SO T F Ut wiEbA o] 22 mdle] o] 5%
7Fesstthe A Uehdith o gHAlE Blojue oS 24t

—_ =
5 A 98-S 712 = UtHJungja et al., 2025). ©]el]
H

A
Bel2 9545%92] oS b grel

Aol A oS 2
APZ B W9 el SRFoBE He A% 5 FHL 7}
A % = g Zlow gl

gL
FHE & e F 3 nRAES BT EH H 1
N £ PAdS HrkekaiAt skt ol & flstd] 4, 15,
25 2 30T tet &= 2 A 7|3t e F &
717 PAE 5 S35k X0 2 nAE 52 EA4E
EA35199 ¢tk ©]% Baranyi model® Gompertz model S %8
st PAE oS Bd& vlwste] Adsta AFsHich AN
U o 2= 2300A AE o 3o 3 5714 WA
E 12 2Ee AaRel= e AA3de vERileH
BE 12 2 uipyfRaert 271 vjAE $-& 3.26 log CFU/g

1

oA 3.88 log CFU/go-Z A3 n| A& F=Fo 7 A|Z5S
Ark, 227 Sk A AES S7keka =] ARt
2 FoAl= AL gl & 2t} E3E Baranyi model,

Gompertz model 12} 228 33 23} Gompertz model &



72 AT B M AT 2=l wE F 3718 vAEY] 4 A5

=2 pe 2 A4S

®10°C
A 420°C

1.0
—_
o0
<
2

0.5 o
b Fail-safe
&
c L] a L]
5008 o

A

= Aaa N °
H A
= %o . Acceptable
[ A
et A
2 05
=
@
St
-

1.0 Fail-dangerous

1.5

0 50 100 150 200 250 300

Time (h)
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