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Microbial growth kinetics model of pasteurized milk
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ABSTRACT: Objective To describe the growth kinetics of microorganisms in pasteurized milk, by developing the
primary and secondary models. Methods The samples were placed at 4, 8, 16, 25, 30, 37, 40 and 43 °C, and fitted
with IPMP 2013 software. The primary model used Huang model and Baranyi model to analyze the growth kinetics at
different temperatures, while the secondary model used Ratkowsky square root model, Huang square root model and
Cardinal model to describe the influence of temperature on the growth rate. Results The growth of microorganisms
could be observed at all temperatures. The root mean squared error (RMSE), mean squared error (MSE), akaike
information criterion (AIC) and growth rate of the 2 primary models were compared comprehensively, and the 2
primary models had the same fitting effect. And 3 secondary model to get the lowest temperature and highest growth
temperature were -3.191, 0.56, -4.962 and 47.309, 45.277, 44.408 °C, respectively. Conclusion Both of the Baranyi

EHEWE: ERKARFAREG I H (31401597, 31601393). AR lA & KR I FH A RITAA B IR 1R (K8015062A) . A A AR bR A [l B
AETE (KXb16012A), 2018 4 HEAR M 7 LA T AEFHHIHT I BAKS & 51 H (2018-S-wt7)
Fund: Supported by National Natural Science Foundation of China (31401597, 31601393), Outstanding Young Scientific Research Talents

Training Program of Fujian Higher Education Institutions (K8015062A), Fujian Agriculture and Forestry University International Cooperation
Project (KXb16012A) and 2018 Fuzhou Health and Family Planning Research and Innovation Team Cultivation Project (2018-S-wt7)

RWAEE: WRE, W, R AN, RIS R TP T . E-mail: pjr3852053@163.com
FE, WA, B, FEHTE BN . BRI TR . E-mail: fangting930@163.com
*Corresponding author: PAN Jie-Ru, Ph.D, Fuzhou Center for Disease Control and Prevention, Fuzhou 350004, China. E-mail: pjr3852053@163.com

FANG Ting, Ph.D, Professor, School of Food Science, Fujian Agriculture and Forestry University, No.l5,
Shangxiadian Road, Cangshan District, Fuzhou 350002, China. E-mail: fangting930@163.com



2312 T e T 0 =

5510 &

model and Huang model are suitable to describe the growth of microorganisms in pasteurized milk. The 3 secondary

models can be used to evaluate the influence of temperature on its growth rate, but the Ratkowsky square-root model

describes a wide range of temperature, which is more suitable to describe the influence of temperature on the growth

of microorganisms in pasteurized milk.
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Table 1 Coefficients for the primary models for the specific growth rates of microorganisms in pasteurized milk

MSE RMSE AIC
L/ C

Huang Baranyi Huang Baranyi Huang Baranyi
4 0.149 0.153 0.386 0.391 -14.37 —13.981
8 0.226 0.234 0.262 0.284 -5.692 —6.161
16 0.38 0.369 0.616 0.608 —-1.264 —-1.653
25 0.212 0.149 0.386 —6.946 —11.558
30 0.317 0.348 0.563 0.59 1.365 2.467
37 0.482 0.502 0.694 0.709 -2.741 -3.016
40 0.391 0.384 0.625 0.62 -3.011 —4.27
43 0.259 0.23 0.509 0.479 -8.93 -10.73




2314 B R A TR 2 R 5510 &
16
= a9
E 1 E
-] =
S5 S5
@] @]
= 8 =
2 =
® g
M4 Huang M
H +H
----- Baranyi
0 L 1 L 1 L 1 i 0 I I L i 1 1 J
100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
I fiE /h i a]/h
20 a5ec
E OIS
= =
= e
@] @]
£ £ 10
B 8 o
= = R{E
M M 5 Huang
b 52/ Baranyi
0 i L i 1 L J 0 L n 1 J
30 60 90 120 150 180 0 10 20 30 40
i fi] /h i [8]/h
20 20 rpg.37°C
T 15 T 15
= =
= o
o Q
£ 10 E 10
@
& 2 o W
M 5 M 5 Huang
eyl 4 .
----- Baranyi
0 L 1 L L L J 0 i L i L
5 10 15 20 25 30 0 5 10 15 20 25
Fif [f]/h fisf 6] /h
25 40°C B razec
[ ]
T__:f 20 %‘ 20
= 2
SERE 515t
i) i)
H 10 o NI 2 10 o fH
oo Huang W 5 Huang
L Baranyi # T eeea Baranyi
0 L 0 " n L " n )
5 10 15 20 25 30 0 5 10 15 20 25 30
e i) /h i) /h
BT BRI h S TR EAN R T (4~43 cO) A K i 4k

Fig.1

Growth of background microorganisms in pasteurized milk at different temperature conditions (4~43 °C)
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Fig.3 Effects of temperatures on the growth of microorganisms in
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Table 2 Coefficients for the secondary models for the specific growth rates of microorganisms in pasteurized milk

i R HUE FRifEiR 22 t1E Pr(>|1)
Ratkowsky “F- 77 H AR 7Y a 0.025 0.002 14.871 4.29E-09
b 0.289 0.114 2.522 2.68E-02

To -3.191 1.401 —2.277 4.19E-02

Tmax 47.309 1.595 29.656 1.35E-12

Huang V-5 AR a 0.065 0.002 28.168 2.48E-12
b 0.642 0.389 1.651 1.25E-01

Trnin 0.56 0.807 0.693 5.01E-01

Trnax 45277 1.334 33.936 2.73E-13

Cardinal 5% Tonin -4.962 2.488 -1.994 6.94E-02
Tmax 44.008 0.554 79.401 1.06E-17

Topt 39.76 0.717 55.423 7.85E-16

Hopt 0.954 0.03 31.303 7.11E-13
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