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Abstract

The aim of this research was to estimate the effect of temperature and develop predictive models for the growth of total
viable cells (TVC) and Escherichia coli (EC) on chicken breast under aerobic and various temperature conditions. The pri-
mary models were determined by Baranyi model. The secondary models for the specific growth rate (SGR) and lag time
(LT), as a function of storage temperature, were developed by the polynomial model. The initial contamination level of
chicken breasts was around 4.3 Log CFU/g of TVC and 1.0 Log CFU/g of E. coli. During 216 h of storage, SGR of TVC
showed 0.05, 0.15, and 0.54 Log CFU/g/h at 5, 15, and 25oC. Also, the growth tendency of EC was similar to those of TVC.
As storage temperature increased, the values of SGR of microorganisms increased dramatically and the values of LT
decreased inversely. The predicted growth models with experimental data were evaluated by Bf, Af, RMSE, and R2. These
values indicated that these developed models were reliable to express the growth of TVC and EC on chicken breasts. The
temperature changes of distribution and showcase in markets might affect the growth of microorganisms and spoilage of
chicken breast mainly. 
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Introduction

In Korea, for the improvement of the slaughtering san-
itation, the government announced officially that every
slaughterhouse must pass the HACCP (Hazard Analysis
Critical Control Point) qualification that is specially
designed for minimizing food safety risks from July 1,
2003 (MIFAFF, Notification No. 1999-29). Now it is well
accepted that it is the responsibility of industries to pro-
duce, transport, process, and package foods that have a
minimum level of microbiological, chemical risk from
food borne disease (Michael and Beuchat, 2007). There-
fore, more researches are necessary to support the system
development and guide the microbiological risk assess-
ment (Oh and Lee, 2001; Cha et al., 2004).

In recent years, consumer demand has increased for
foods that are highly qualified and safer. However, it was
reported that the illness associated with pathogen in food,

such as Salmonellosis, happened approximately 40,000
cases in the United States annually (CDC, 2005). Also, it
was reported that these kinds of disease can be caused by
temperature abuse during storage and distribution, and
the cross-contamination like slaughter processing (Juneja
et al., 2007). Therefore, the predictive modeling, as an
important tool, has been introduced to predict behavior of
microorganisms under the influence of environmental
factors such as temperature, pH, and aw (Zurera-Cosano et
al., 2006). 

The application of predictive models allows to quantify
and to predict the rate of microbial growth under con-
trolled conditions with the intention of assuring the
hygienic quality of food. For example, specific spoilage
microorganisms such as Pseudomonas spp. in poultry
under variable temperature conditions were selected and
the growth models were developed (Gospavic et al.,
2008). Juneja et al. (2007) developed the predictive mod-
els for Salmonella serotypes cocktail in vacuum sealed
minced chicken tenderloins under various temperature
conditions. However, depending on minced or not, the
growth of microorganisms on meat products can be dif-

*Corresponding author : Hyun-Dong Paik, Division of Animal
Life Science, Konkuk University, Seoul 143-701, Korea. Tel: 82-
2-2049-6011, Fax: 82-2-455-3082, E-mail: hdpaik@konkuk.ac.k

ARTICLE



50 Korean J. Food Sci. Ani. Resour., Vol. 30, No. 1 (2010)

ferent clearly. Packaging conditions like vacuum sealed
or aerobic storage can be another factor to influence the
microbial growth. Until now, many research literatures
were focused on the growth of a single strain of patho-
genic bacteria or developing the models under broth con-
dition. 

Therefore, the objective of this study was to model the
effects of various temperature conditions for the growth
of natural microorganisms (total viable cells and Escheri-
chia coli) on raw chicken meat (not minced) during aero-
bic storage. These models can show the reliable quanti-
tative levels of microorganisms on chicken products for
improvement of microbiological quality assurance.

Materials and Methods

Preparation of chicken breasts
Chicken breasts were purchased from local processors

in Seoul, Korea within 12 h after slaughtering. Purchased
chicken breasts in 30×19 cm polyethylene bag with a
cooling box (<5oC) and delivered to the laboratory within
1 h. In the laboratory, all subcutaneous and inter-muscular
fat and visible connective tissue were removed from indi-
vidual chicken breasts under aseptic conditions. Samples
(300±10 g, three loaf of chicken breast) were put in indi-
vidual polyethylene bags and not sealed for maintaining
aerobic condition. All polyethylene bags with samples
were divided into three parts and were stored under con-
stantly controlled temperature conditions in incubators
(Eyela LTI-700, Rikakikai Co., Ltd., Tokyo, Japan) at 5,
15, and 25°C.

Microbiological analysis
For bacterial counts on chicken breasts, bacteriological

analytical manual was used (BAM, 2003). For each sam-
pling, 10 g of chicken breast was aseptically transferred
into a sterile stomacher bag at each respective sampling
interval and 100 mL of sterile 0.1% peptone water was
added. The sample was then evenly mixed in the stoma-
cher (Masticator-Paddle-Blender, IUL Instrument, Spain)
for 2 min at normal speed and aliquots were plated out
directly or as 10-fold dilutions in 0.1% peptone water.
After serially diluting each sample in sterile peptone
water, 0.1 mL portions of the samples were separately
plated onto each of plates. Total viable cell (TVC) was
enumerated by incubation on Plate Count Agar (PCA;
Difco, USA) at 35oC for 48 h. The number of E. coli
(EC) was estimated by incubation on PetrifilmTM (E. coli/
Coliform count plate, 3M Microbiology Products, USA)

at 35oC for 48 h. We enumerated blue to red-blue colo-
nies associated with entrapped gas, regardless of size or
intensity of color, as conformed EC. But blue colonies
without gas are not counted as EC. After incubation such
plates, which contained 30 to 300 colonies on a plate,
were chosen for counting. All analyses were performed
three times and counts were expressed as colony-forming
units per gram (CFU/g). During the experiments, all sam-
ples were stored aerobically under controlled tempera-
tures (5, 15, and 25oC) in incubators. Every measurement
was repeated at least 3 times.

Primary modeling of microorganisms
The growth curves of TVC and EC were developed by

using re-parameterized Baranyi model equation (Baranyi
and Roberts, 1994). The re-parameterized model is de-
scribed by form Eq. (1), (2), and (3).

(1)

(2)

(3)

Where y(t) is the bacterial count in Log CFU/g at time
t; y0 is the initial bacteria count in Log CFU/g at time 0;
ymax is the maximum bacteria count in Log CFU/g; tlag

means lag time (LT); µmax is the maximum specific growth
rate (SGR), Log CFU/g/h. The average parameters of y0,
ymax, LT, µmax in this study were determined by using the
MicroFit version 1.0 (developed by the Institute of Food
Research, Norwich, UK).

Secondary modeling of microorganisms
To describe the effects of temperature (5, 15, and 25oC)

on growth of TVC and EC on chicken breast, the polyno-
mial model equation was chosen, based on the parameters
of primary models. To describe the temperature effect on
SGR and LT, the polynomial model equation was
described in the following Eq. (4 and 5).

Ln (SGR)=a+bT+cT2 (4)
Ln (LT)=a+bT+cT2 (5)

 Where a, b, and c are constants, T is temperature (oC).
To obtain three constants (a, b, and c), all data were fitted
using the nonlinear regression procedure, PROC NLIN,
with SAS version 9.1 (SAS, 1999).
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Evaluation of predictive models
Goodness-of-fit of predictive models (primary and sec-

ondary models) was evaluated using the coefficient of
determination (R2), bias factor (Bf), accuracy factor (Af),
and root mean square error (RMSE) (Baranyi et al., 1996;
Ross et al., 1996).

(6)

(7)

(8)

Where obs means observed value; pred means pre-
dicted value; n is the number of observations. Perfect
agreement between predictions and observations leads to
bias and accuracy factors equal to 1.0. Bf shows the
experimental data lies above or below the predictive data
and Af shows the distance between each experimental
data and predictive data as a measure how they are close
(Seo et al., 2007). Af value higher than 1, the values indi-
cate that predicted values are larger than observed values.
RMSE is effectively the average difference between the
model and the date points. It has the same units as the
data (typically Log CFU/g) (Eq. (8)). 

Results and Discussion

Primary and secondary models of microorganisms
on chicken breast
All predictive models were developed by the Baranyi

and polynomial model equation (form Eq. (1), (2), (3),
(4), and (5)). All plots (experimental data) of microbial
counts versus time (h) under each temperature were used
to develop the predictive models. Fig. 1(A) and 1(B)
show the growth of microorganisms (total viable cells,
TVC; E. coli, EC) on aerobically stored chicken breast at
5, 15, and 25oC, respectively. Also, Fig. 2(A) and 2(B)
show the secondary models of the specific growth rate
(SGR) and lag time (LT) against temperature (5-25oC).

The counts of aerobic microorganisms on poultry car-
casses after final washing showed around 4 Log CFU/mL
and 5 Log CFU/mL after evisceration during autumn and
winter time (Cha et al., 2004). And the number of TVC
and EC on carcasses after washing and cooling were
around 3.58 and 0.64 Log CFU/cm2, respectively (Gill et
al., 2006). In our experiments, similar values were

obtained (data not shown). Therefore, Table 2 shows that
the predictive initial cell counts of TVC from each sam-
ple were around 4.23-4.40 Log CFU/g. And those of EC
were 0.88-1.00 Log CFU/g. The initial counts of TVC
were significantly not different from each other depend-
ing on storage temperature (p>0.05). However, the maxi-
mum cell counts showed different tendency depending on
storage temperature. The samples which were stored
under higher temperature, showed significantly higher
values (p<0.05) in maximum cell counts. The values of
SGR showed inversely proportional to LT (Table 1 and
Fig. 1(A)). Those results mean that the growth of TVC
can be influenced dependently by storage temperature. It
was reported that temperature is one of important envi-
ronmental parameters affecting the microbial growth and
spoilage in meat or meat products (Thomas and Mathews,
2004). As the storage temperature is decreased, the gener-
ation time and LT of TVC are increased, and therefore,
the growth is slowed.

The predictive growth model of EC was also developed
(Fig. 1(B)). Both SGR and LT were temperature-depen-
dant significantly like those of TVC (p<0.05). Comparing
with the growth parameter of TVC (Table 1), the initial,
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Fig. 1. Primary models of TVC (A) and EC (B) on chicken
breasts under different temperature conditions (−,
Predictive models; Plots, experimental data ( ▲ , 5oC;
◆ , 15oC; ■ , 25oC)).
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maximum counts and values of SGR of EC were lower
than those of TVC, respectively. However, increasing the
storage temperature, the values of LT were predicted that
EC had shorter LT than TVC. There are not enough data
to compare with predictive models for natural microor-
ganisms like TVC and EC under real foods. The pub-
lished information has shown the predictive growth
model with artificially contaminated broth condition. For
example, Fujikawa and Morozumi developed the growth
model of a single strain, E. coli 1952 on nutrient broth,
which was isolated from food source by using new logis-
tic model equation (Fujikawa et al., 2004). Predictive

growth parameters based on broth condition estimate
much faster growth rate than those in real foods. Also, the
maximum counts of bacteria differ from the surface of
meat. Therefore, it is more reliable to develop growth
models in real foods (Liu et al., 2006).

To describe the effects of temperature on growth of
TVC and EC, the polynomial model was used as a sec-
ondary model for SGR and LT (Table 3). As storage tem-
perature went up, SGR of TVC and EC increased, respec-
tively, and inversely LT were shortened (Fig. 2(A) and
2(B)). Other scientific studies showed that the most sig-
nificant factor for microorganism growth is storage tem-
perature (Hong et al., 2005; Gospavic et al., 2008).
During distribution processing, the temperature changes
might affect the growth of microorganisms and spoilage
of chicken breast mainly.

Evaluation of predictive models
To evaluate the developed predictive models, the indi-

ces used for comparisons of predicted and observed data
were Bf, Af, RMSE, and R2. Tables 2 and 3 indicate how
well the primary and secondary models described the
growth data used in model development, respectively

Fig. 2. Secondary models for the effect of temperature on
SGR (A) and LT (B) (−, Predictive models; Plots,
experimental data ( ◆ , TVC; ▲ , EC)). 

Table 1. Growth parameters of microorganisms on chicken breasts

Microorganism Temperature (oC)
Growth parameters

y0
1) ymax

2) SGR3) LT4)

TVC 5)
25 4.23 ± 0.15A 7) 6.81 ± 0.10B 0.12 ± 0.03C 31.04 ± 8.18A

15 4.36 ± 0.05A 7.26 ± 0.03AB 0.25 ± 0.03B 10.73 ± 1.53B

25 4.40 ± 0.09A 7.86 ± 0.06A 0.50 ± 0.05A 10.21 ± 1.08B

EC 6)
25 1.00 ± 0.11a 5.16 ± 0.12b 0.09 ± 0.01c 49.24 ± 6.80a

15 0.95 ± 0.12a 6.73 ± 0.12a 0.10 ± 0.01b 4.82 ± 5.89b

25 0.88 ± 0.20ab 6.71 ± 0.11a 0.24 ± 0.02a 0.47 ± 2.84c

1)The initial cell count (Log CFU/g), 2)the maximum cell count (Log CFU/g), 3)the maximum specific growth rate (Log CFU/g/h), 4)the
lag time (h), 5)total viable cell, 6)Escherichia coli, 7)mean ± standard error. 
A-CMeans in the same column of TVC with different superscripts differ significantly (p<0.05).
a-cMeans in the same column of EC with different superscripts differ significantly (p<0.05).

Table 2. Evaluation of primary models against experimental
data of chicken breasts

Tem-
perature

Micro-
organism

Statistical analysis

RMSE 1) Bf 
2) Af 

3) R2 4)

5 oC
TVC 5) 0.15 0.998 1.013 0.97 
EC 6) 0.09 1.022 1.023 0.95 

15 oC
TVC 0.09 1.022 1.023 0.95 
EC 0.11 1.001 1.010 0.98 

25 oC
TVC 0.11 1.001 1.010 0.98 
EC 0.05 1.010 1.017 0.97 

1)Root mean square error, 2)bias factors, 3)accuracy factors, 4)cor-
relation coefficient, 5)total viable cells, 6)Escherichia coli.
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under isothermal conditions at different temperatures. In
each case, predictive models produced high values for R2

(the ideal value, 1.0) and small values for the RMSE (the
ideal value, 0). Also Bf, and Af were used to compare the
experimental data with predictive data (Baranyi et al.,
1996). It was reported that values of Bf in the range of
0.9-1.05 can describe well, in the range of 0.7-0.9 or 1.15
considered acceptable, and <0.7 or >1.5 considered unac-
ceptable (Ross, 1996). Based on the indices (Tables 2 and
3), the Baranyi and polynomial model equation which
were used to develop models can present the growth of
TVC and EC on chicken breasts well. In other words,
developed primary models had a good fitness between
predicted and observed data.
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