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Abstract | The frequent outbreaks of foodborne illness owing to Staphylococcus aureus require to deepen into the
pathogen’s response to different food environments and conditions. This study was conducted to quantify the growth
behavior of S. aureus in Tryptone Soya Broth (TSB) using turbidity and plate count methods as well as monitoring
and modelling its potential growth in chicken breast and thigh meats at room temperature (25 °C) and refrigeration
temperature (4 °C). The calibration curve showed a linear relationship between the turbidity measurement and bacte-
rial cell count in TSB. Moreover, the coefficient of determination index (R?) was 0.8789 which indicates that the linear
function was acceptable for reflecting the relationship between them. The growth kinetics of §. aureus obtained from
Baranyi model indicated that the maximum growth rate was non-significantly different between turbidity and plate
count methods and the primary models fit well (R% 0.83 vs 0.93) in the two methods, respectively that indicating a
good model fitting to our experimental data. The potential growth of . aureus in raw chicken breast and thigh meats
at room and refrigeration temperatures showed that regardless of meats type, . aureus counts were significantly higher
at room temperature than their counts at the refrigeration temperature. In conclusion, predictive food microbiology
could be a valuable tool for understanding the growth behavior of §. aureus in artificially inoculated TSB broth and
chicken meat.
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INTRODUCTION absence of cultural and religious restrictions on its con-
sumption (Elshebrawy et al., 2022). Nevertheless, chicken
meat is categorized as a highly perishable food as it harbors
huge numbers of spoilage and pathogenic microorganisms
especially if they are handled by uncontrolled ways dur-
ing the processing operation (Abdel-Naeem et al., 2022).
In addition, they are rich in essential nutrients besides
containing some intrinsic factors such as a favorable pH
and high water activity supporting microbial growth even

Poultry meat especially chicken meat is a famous healthy
and inexpensive source of animal protein among
Egyptian consumers. Such meat is rich in protein of high
biological values, contains low cholesterol and fat contents
with high essential fatty acids a matter which increases its
healthy and nutritional image. Furthermore, the increase
of consumers’ attractiveness to chicken meat is due to the
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if stored under chilling temperatures (Dave and Ghaly,
2011). Chicken cut-up parts such as breast and thigh cuts
are more vulnerable to bacterial contamination than whole
chicken carcasses during preparation and handling due
to increasing surface areas (Sofos, 1994). In this context,
chicken meat inflicts a health hazard as well as an econom-
ic problem, for both producers and consumers.

Among the microbiota of raw poultry meat, S. aureus is a
common microorganism that has been implicated in many
foodborne intoxication outbreaks. Moreover, S. aureus can
be used as an indicator of poor hygiene in food processing
that produces gastroenteritis worldwide through ingestion
of foods containing heat-stable staphylococcal enterotox-
ins (Mir et al., 2018). These enterotoxins can be produced
if the food is prepared and stored under inappropriate en-
vironmental conditions (i.e. temperature and time abuse).
Since §. aureus can grow in a wide range of temperatures (7
°C - 48.5 °C) with an optimum temperature of 30 “C to 37
°C (Schmitt et al., 1990).

Perishable food such as fresh chicken meat may be ex-
posed to temperature fluctuations and/or abuse exceeding
the limit of safe storage temperature (5C) (Casanova et
al., 2022). The unexpected changes in cold chain temper-
atures may affect food safety and quality due to the rapid
growth of pathogenic bacteria such as §. aureus (Yehia et
al., 2020). Therefore, the temperature of retail stores and
household refrigerators is a very critical point in the food
supply chain. In addition, the growth of §. aureus can oc-
cur at a constant high ambient temperature (25 °C) during
consumers handling and transportation of chicken meat
to their homes (Casanova et al., 2022). In this sense, it is
necessary to apply efficient management in the food sup-
ply chain to maintain the optimal food storage conditions
from the point of production till its consumption to pre-
vent the growth of §. aureus.

The increasing awareness of the need to establish micro-
biological food safety is a major challenge facing all food
sectors. Food safety can be achieved by identifying the
risk factors by using predictive food microbiology (Yoon,
2010). It is a scientific field within food microbiology in-
tended to develop predictive models to anticipate micro-
bial behavior in food and its responses (growth, survival,
or death) to environmental conditions (temperature, pH,
water activity (aw)). This information can be used to pre-
vent foodborne pathogens and food spoilage (Ding et al.,
2011). Moreover, it incorporates traditional microbiologi-
cal knowledge with the disciplines of statistics, mathemat-
ics, and computing systems. Much of the expended effort
on generating predictive microbiology has been focused on
kinetic modelling such as primary and secondary models

(Polese et al., 2011). A primary model describes changes

in bacterial counts during the storage time to estimate ki-
netic parameters such as growth rate (p__) and lag time (A)
while the secondary model describes the effects of different
environmental factors on the kinetic parameters (Ha et al.,

2016).

The objective of the current study was to compare the
growth behavior of §. aureus strain in broth using turbidity
and plate count methods besides the preparation of a
calibration curve to be used as a tool for further experiments
in the future. Moreover, estimation of §. aureus growth
parameters that obtained from modeling the turbidity and
plate count data. Also, monitoring the potential growth
of 8. aureus in raw chicken breast and thigh meats at two
different temperatures; room temperature at 25 °C and
refrigeration temperature at 4 °C.

MATERIALS AND METHODS

STUDY DESIGN

'This study was carried out in five independent experiments
at different times where 3 samples were taken for each
analytical point. Such a study was divided into two parts.
The first part was to compare the growth behavior of §.
aureus strain in broth using turbidity measurements and
plate count methods while the second part was to monitor
the potential growth of §. aureus experimentally inoculat-
ed in raw chicken breast and thigh meats at two different
temperatures; room temperature at 25 °C and refrigeration
temperature at 4 °C.

THE GROWTH BEHAVIOR OF §. AUREUS IN BROTH
USING TURBIDITY AND PLATE COUNT METHODS (FIRST
EXPERIMENT)

Inoculum preparation: ATCC 5923 reference §. aureus
strain was obtained from the central health laboratories
of the ministry of health, Egypt. This strain was tested in
Baird Parker Agar (B.P, CM0275, Oxoid Ltd, Basingstoke,
UK) and showed a typical growth. Afterward, the culture
was maintained at -18 °C in the brain-heart infusion
(BHI, CM1135, Oxoid Ltd., Basingstoke, UK) contain-
ing 15% glycerol (G5516, Sigma-Aldrich, St. Louis, MO,
USA) until use. Three days before the experiment, a stock
culture of the strain was transferred to a tube containing
10 mL of Tryptone Soya Broth (T'SB, Oxoid Ltd., Bas-
ingstoke, UK) and incubated at 37 °C for 24 h. One mL
from the previously inoculated TSB was subcultured into
another tube containing 10 mL of TSB and incubated at
37 °C for 24 h. One more time, S. aureus was subcultured
into a flask containing 100 mL of T'SB and incubated for
18 h (Perez-Rodriguez et al., 2013). To determine the in-
itial concentration of §. aureus inoculum, 1 mL of aliquot
was serially diluted in 0.1% peptone water (LP0037, Oxoid
Ltd., Basingstoke, UK), surface plated onto Baird—Parker
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agar plates, and incubated at 37 °C for 48 h, then colonies
were counted.

Turbidity method: The overnight grown §. aureus cul-
ture (5 mL) was transferred to a flask containing 250 mL
of T'SB and incubated at 37 °C for 24 h. One mL of the
culture suspension was taken before the incubation (zero
time) as well as every 1 h of the incubation period to meas-
ure the optical density (OD) at a wavelength of 600 nm
using a spectrophotometer (Unico 1200, USA) against the
blank (uninoculated T'SB broth) till the reading becomes
static (Maier et al., 2000). At the end of the experiment,
plot a graph of time (h) on the X axis versus optical density
at 600nm on the Y axis to obtain a growth curve.

Plate count method: From the inoculated TSB flask that
was prepared in the turbidity method, 1 mL of this cul-
ture suspension was added to 9 mL of peptone water to
obtain a dilution of 10™". Decimal dilutions were prepared
and 0.1 mL of the appropriate dilution was spread over
Baird-parker Agar and incubated at 37 °C for 48 h for
enumeration of S. aureus count (Bennett et al., 2015). This
count was taken at the same time interval of the O.D read-
ings at zero time before the incubation as well as every 1 h
of the incubation period for up to 8 h.

Development of the primary model: Growth curves of
§. aureus were produced by plotting the O.D and bacte-
rial count (Log,, CFU/g) against the incubation time. To
estimate the growth kinetics of §. aureus in TSB, prima-
ry modelling was conducted using the Baranyi growth
model via the Microsoft Excel add-in, DMFit (available
at http://www.combase.cc/index.php/en/; Baranyi & Rob-
erts, 1994). The Baranyi equation is as follows:

No= No+ lipe, XA, — In[1+ ":;;;*—m}‘:::]

A _t+—Ir [E"Pf-unm xﬂ+hn]

(TR 1+hy

Where A: adjustment function; p_ : maximum specific
growth rate; N : initial bacterial cell counts; N :final bac-
terial counts; h: a parameter referring to the initial physi-
ological state of the cells; t: time. The coefficient of deter-
mination (R?) was used to evaluate the goodness of fitting

our data, which was also given by DMFit.

The estimated p_ , A, and R? in this study were compared
between turbidity measurement and bacterial count.

THE POTENTIAL GROWTH OF 8. AUREUS IN RAW
CHICKEN BREAST AND THIGH MEATS AT 25 °C AND 4 °C
(2> EXPERIMENT)

Inoculum and sample preparation: The previous §. aureus
strain (ATCC 5923) was reactivated in the same way as in
the first experiment using Tryptone Soya Broth (Oxoid,
CM 129). A total of 10 kg of fresh boneless chicken breast
and thigh meats (5 kg each) were obtained within 24 h
post-mortem, from a local poultry meat processing plant.
Samples were transferred aseptically inside the cooling ice-
box directly to the Food Hygiene Laboratory, Department
of Food Hygiene, Faculty of Veterinary Medicine, Cairo
University, Egypt. Samples were washed with sterile dis-
tilled water, then cut into small equal pieces (10 g) using a
sterile knife, under complete aseptic conditions and kept in

a sterile polyethylene bags.

Inoculation of chicken meat samples: Each 10 g of chick-
en breast and thigh meat samples was inoculated with 0.1
mL of S. aureus strain to obtain an initial density of 6 Log, ,
CFU/g after that the inoculated samples were stored at
room temperature (25 °C) and refrigeration temperature (4
°C) for 5 days. In this regard, 4 groups of inoculated chick-
en meat samples were obtained as follows: the first and
second groups were 8. aureus inoculated breast meat sam-
ples that were stored at 25 °C and 4 °C, respectively. While
the 3" and 4™ groups were §. aureus inoculated thigh meat
samples that were stored at 25 °C and 4 °C, respectively
besides the control non-inoculated samples.

Microbial analysis for the inoculated chicken meat sam-
ples: Ten grams from the inoculated chicken meat samples
were aseptically taken every 24 h up to 5 days from each
breast and thigh meat sample which was exposed to two
different temperature conditions (25 °C and 4 °C). Each
sample was added to 90 mL of sterile peptone water to
reach a final dilution of 1:10 and then homogenized in a
stomacher (Seward 80 Lab Blender, compact, 110VAC)
for 60 s. Following homogenization, serial dilutions in
peptone water were prepared and aliquots of 0.1 mL of the
appropriate dilution were spread over Baird-parker Agar
and incubated at 37 °C for 48 h for enumeration of S. au-
reus count (Bennett et al., 2015). In addition, the non-in-
oculated control samples were analyzed for the presence
of 8. aureus at zero time of examination which revealed no
typical growth of §. aureus was observed in this sample.

STATISTICAL ANALYSIS

The calibration curve among bacterial counts and OD
of S. aureus in TSB broth as well as the related linear
equation obtained using Microsoft Excel 2016 (Microsoft
Corporation). Moreover, statistical data analysis for S. au-
reus counts in chicken meat samples stored at different
temperatures was carried out using SPSS statistics 27.0 for
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windows and expressed as mean + SE. The differences be-
tween the means were determined using a one-way analy-
sis of variance (ANOVA) and were considered significant
at the P < 0.05 level.

RESULTS AND DISCUSSION

THE GROWTH BEHAVIOR OF S. 4UREUS IN BROTH USING
TURBIDITY AND PLATE COUNT METHODS

Generation of the growth curve of S. aureus in TSB
broth using turbidity and plate count methods: The sig-
nificance of the quality and quantity of data that is applied
in predictive microbiology for model generation was high-
lighted by McMeekin et al. (1993). Different new meth-
ods can be used to predict or measure cell counts, such as
turbidity detection, microscopic methods, and flow cytom-
etry. Among such methods, turbidity measurement is the
simplest and most practical method since this technique is
used to detect the OD of the broth culture using a spec-
trophotometer. Furthermore, the turbidimetric method
allows for rapid and inexpensive data generation, where
such a method could be extensively employed by predictive
microbiology modellers (Schagerl et al., 2022).

'The growth curves of S. aureus in TSB broth at an incuba-
tion temperature of 37 °C are shown in Fig.1. To highlight
the relationship between OD and bacterial count (CFU)
in the exponential growth phase of S. aureus, bacterial cul-
ture was taken each hour of the culture for OD detection
using the spectrophotometer and simultaneously the bac-
terial plate counting was carried out. The bacterial growth
curve illustrated the growth pattern of §. aureus that was
obtained from the logarithm of CFU and the change in
O.D as a function of time. The initial concentration of §.
aureus was 4.5 Log,  CFU/ml, and their counts tend to be
increased with the increase of incubation time till reached
9 Log,, CFU/ml at the end of incubation time (8 h). From
the obtained growth curve of §. aureus, it was clear that its
exponential growth phase was extended from the period of
4 h to 8 h. Such finding was in agreement with Zhang et
al. (2015), who studied the relations of OD and bacterial
counts in the bacterial exponential growth phase of differ-
ent bacterial strains including S. aureus, and noticed that
despite each bacterial strain having different exponential
growth phases, however, the common exponential growth
phase is laying in the period from 4 h to 9 h. In this con-
text, the selection of the bacteria in such period can be
carried out for further studies for obtaining an appropriate
calibration curve

Calibration curve of S. aureus growth estimating the
linear relationship between O.D and bacterial counts: It
is well-known that CFU can be related to OD through

a linear equation (Baty et al., 2002). In this concern, our

study showed the linear relationship between the values
of OD in log scale and bacterial count (CFU/g) during
the exponential growth phase (Fig. 2). The linear function
calculated with Excel 2016 showed a good agreement with
a coefficient of determination value (R?) which reached
0.8789. Such finding indicated that the liner function is
acceptable for modelling the relationship between OD600
and CFU during the exponential growth phase of S. aureus
and the linear function could clarify the relationship be-
tween the OD and bacterial cell count.

Growth Curve of Staph. aureus

9 > L 0.8
—~ @ L
208 i 0.7
5 .
=7 .
&) ® ® 0.6
~
6
= L 0.5
g A
= 0 .
S o i O
9 4 °
—
.E ®bacterial count (3
z 3 ° ° (CFU/g)
D ® ©0.D
*g 2 PY 0.2
-~ hé 0.1
0

0
0 1 2 3 4 5 6 7 8 9

Incubation time (hr)

Figure 1: Bacterial growth curve showing the change
in logarithm of bacterial count and change in O.D as a
function of time

Calibration curve

—)
g ¥y =-3.3659x +9.2991
o0 g R?=0.8789
2
;
S
= 6
g
5
S °
— 4
=
=
5 3
°
g 2
[~
1
0
0 02 04 06 08 1 12 14 16 18

(0))}

Figure 2: Calibration curve of §. aureus growth estimating
the linear relation between O.D in log scale and bacterial

counts (CFU/g)

It is noteworthy that the R? value represents the goodness
of fit for the modelled function. Since, when the value be-
comes near 1 the better the function matches. This finding
confirmed our acceptable R* value (0.8789) and such value
was also nearly similar to the R?value (0.983) that obtained
by Zhang et al. (2015). Furthermore, the authors also re-
corded that the R? value of the power function (0.995) was
significantly higher than that of the linear relationship
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(0.983). Accordingly, they concluded that the power func-
tion is more appropriate for modelling the relationship
between OD and bacterial cell count during the bacteri-
al exponential growth phase. In addition, Francois et al.
(2005) found that OD could be affected by environmen-
tal factors, such as analytical instruments or temperature
among others. Thus, if the operation is handled by different
people, in different labs, or at different times. Accordingly,
if the detecting conditions are changed, the value of OD
differs and this may affect the relationships between OD
and CFU.

Primary modelling of S. aureus growth data from tur-
bidity and plate count methods: Turbidimetric and bac-
terial cell count data used for estimation of all variables
could influence growth rate. The modified Gompertz and
Logistics linear models are the most commonly used theo-
retical functional models for describing growth in difterent
fields (McMeekin et al., 1993; Peleg, 1997). Nevertheless,
they were not originally developed for modeling bacterial
growth and did not involve the data that are linked to the
microbial growth parameters (Baranyi et al., 1993). In this
sense, a mechanistic model of bacterial growth which could
address different environmental conditions and times was
developed by Baranyi and Roberts (1994). Furthermore,
Pal et al. (2008) reported that among different models, the
Baranyi model exhibited the best fit for different microbi-
al curves, such as the sigmoidal and tailing phase curves.
Likewise, Baranyi model can present different phases (lag,
tailing, and linear) for multiple parameters, however, the
modified Gompertz equation describes such phases in a
more complex manner (Xiong et al., 1999).

The Baranyi predictive model of combase software used
in our study to predict the growth kinetics of § .aureus in
TSB broth using the data obtained from turbidity (Fig. 3
and Table 1) and plate count (Fig. 4 and Table 1) meth-
ods by applying the Baranyi model equation. The obtained
data of OD for the growth curve of §. aureus up to 8 h of
incubation times are near to the fitting data. Our result of
the growth kinetics (p__; maximum growth rate) of §. au-
reus obtained from the primary modelling indicated there
was a non-significant difference in p__ value (0.48 vs 0.54)
between turbidity and plate count methods (Table 1). Dal-
gaard et al. (1994) reported that determination of p__can
be obtained from the turbidimetric method, for different
conditions of food products, provided that an appropriate
experimental protocol is adjusted. In this regard, our data
showed that turbidimetric measurements can be used for
the determination of p__for the growth of §. aureus bacte-
ria in laboratory media.

R? statistic can be used as an overall measure of the fitting
process. Our R? index was 0.83 and 0.93 in turbidity and
plate count methods, respectively that indicating a good

model fitting to our experimental data. The obtained re-
sults also revealed that incubation temperature at 37 °C
had a strong effect on §. awureus growth in TSB broth.
Such finding was in harmony with Lanciotti et al. (2001)
and Rodriguez-Caturla et al. (2012), who found that in-
cubation temperature had a robust influence on S. aureus

growth in BHI broth.

10

+ Bacterial count
4? (CFU/g)

—Fit1

OD transformed to bacterial count (CFU/g)

0 1 2 3 T;me (hSr) 6 7 8 9
Figure 3: Modelling of §. aureus growth using turbidity
method through transforming O.D data to bacterial count
by linear equation

¢ Bacterial count
4? (CFU/g)

—Fit1

Bacterial count (CFU/g)

0 1 2 3 6 7 8 9

T;me (hsr)
Figure 4: Modelling of S. aureus growth using plate count
method

Table 1: Estimated kinetic parameters of S. aureus derived
from the fitting of Baranyi model on T'SB broth incubated
at 37 °C using optical density (OD) and plate count
methods

Kinetic parameters O.D Plate count method

w_(h-1) 0.48'+0.08 0.54' + 0.04

R? 0.83 0.93

Values represent the mean of 3 independent replicates + SE.
u_ . (maximum growth rate); and R? coefficient of determination.
* Mean values with different superscripts between optical density
(OD) and plate count methods are significantly (P < 0.05)
different.
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Table 2: S. aureus counts (Log,, CFU/g) in chicken breast and thigh meats stored at room temperature (25 °C) and

refrigeration temperature (4 °C) for 5 days

Storage temperatures Storage period (days)
1*¢ day 2" day 3 day 4% day 5t day

Chicken breast meat

Room temperature 7.40%1 £ 0.17 7.528+1 £ 0.15 7.33421 + 0.36 7.14%1+ 0.20 7.05%1 £ 0.25

Refrigeration temperature  6.875*1 + (.14 6.98%+I+ 0.15 6.98%*1+ 0.15 6.90%+1 +0.22 6.74%+1'+ 0.20
Chicken thigh meat

Room temperature 7.3641 +0.10 73741+ 0.09  7.30%1+0.16 7.2751 + 0.05 6.794+11+ (.18

Refrigeration temperature ~ 6.98%*! + 0.08 7.0041+0.22  6.84%1+0.12 6.8281 + 0.17 6.6141+0.23

Values represent the mean of 3 independent replicates + SE.

A8 Mean values with different superscripts between the storage temperatures are significantly (P < 0.05) different.
* Mean values with different superscripts between the type of meats are significantly (P < 0.05) different.
I Mean values with different superscripts between the storage times are significantly (P < 0.05) different.

THE POTENTIAL GROWTH OF §. AUREUS IN RAW
CHICKEN BREAST AND THIGH MEATS AT 25 °C AND 4 °C
Temperature is one of the most significant factors that in-
fluence microbial growth and it is considered the prima-
ry extrinsic controlling factor. It is obvious in most food
management systems including Hazard Analysis Critical
Control Point (HACCP) since the temperature is a critical
point that must be monitored during the processing, dis-

tribution, and storage of the food (USDA, 2003).

8.8
-=-Room temperature (25 °C)

8.4
—+Refrigeration temperature (4 °C)
7.6
72

6.8

Staph. aureus (Log CFU/g)

6.4

1 2 3 4 5
Time (days)
Figure 5: §. aureus counts (Log,, CFU/g) in the chicken

breast stored at room temperature (25 °C) and refrigeration
temperature (4 °C) for 5 days

§ .aureus counts in raw chicken breast and thigh meats
at room temperature (25 °C) and refrigeration tempera-
ture (4 °C) are presented in Fig. (5), Fig. (6), and Table
2.'The average initial count of S. aureus in chicken breast
and thigh meats was 6.32 + 0.10 log , CFU/g. This count
starts to increase on the first day of examination in chicken
breast (7.40 and 6.87 log,  CFU/g)and thigh meats (7.36
and 6.98 log, CFU/g) at room and refrigerator tempera-
tures, respectively. In this respect, the degree of increment
in the chicken breast was 1.08 and 0.55 log ,, CFU/g, and
thigh meat was 1.04 and 0.66 log , CFU/g at two tem-

peratures, respectively. Regardless of the type of meats,
§ .aureus counts were significantly (P < 0.05) higher at
roomtemperature on the 1%, 2" and 5" day of the storage
period in breast meat samples and on the 3 and 4* day of
the storage period in thigh meat samples when compared
with the refrigeration temperature. Nonetheless, there was
a non-significant (P > 0.05) difference in §. aureus counts
between breast and thigh meats irrespective of the stor-
age temperatures effect. In addition, at room temperature,
there was a non-significant difference in § .aureus counts
between chicken breast (7.40 Log, CFU/g) and thigh
meat (7.36 Log, CFU/g) on the first day of storage and
these counts start to increase gradually on the 2™ day then
decrease from the 3 day till the end of storage period at 5
day (7.05 versus 6.79 Log,, CFU/g) in chicken breast and
thigh meat. Furthermore, § .aureus counts at refrigeration
temperature in the raw chicken breast and thigh meat were
6.87 and 6.98 (Log,, CFU/g) on the first day of storage
and start to increase gradually on the 2* day then decrease
from the 4* day in chicken breast meat and from the 3
day in chicken thigh meat till the end of storage period
(5™ day).

8.8 1

-=-Room temperature (25 °C)
8.4 4

3 —+Refrigeration Temperature (4 °C)
7.6 4
7.2 4

6.8 1

Staph. aureus (Log CFU/g)

6.4 1

1 2 3 4 5
Time (days)
Figure 6: S. aureus counts (Log, CFU/g) in the chicken

thigh stored at room temperature (25 “C) and refrigeration
temperature (4 °C) for 5 days
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The effect of different temperatures (4, 12, 18, 25, and
35 °C) on the growth of §. aureus in ready-to-eat (RTE)
cooked rice with pork floss was studied by Lu et al. (2020)
and they found that this pathogen grows at all storage
temperatures except at temperature of 4 °C. In this cir-
cumstance, keeping the food under refrigerated storage
lower than 4°C is very effective to control 8. aureus growth.
Likewise, the effect of storage temperature on §. aureus
growth in cooked ham, turkey, and the chicken breast
was reported by Castillejo-Rodriguez et al. (2002), who
observed that there was no growth at temperatures lower
than 13.5 °C in chicken breast samples. In another study,
Valero et al. (2009) noticed that S. aureus could grow slowly
at temperatures below 10 °C only with an optimum pH
level of more than 6.0 and water activity range from 0.990
to 0.997. Furthermore, Yang et al. (1988) indicated that
a temperature of 7 °C is safe for the short-term storage
of raw turkey meat contaminated with §. aureus. However,
Rodriguez-Caturla (2012) highlighted that a better adap-
tation and a faster growth of §. aureus in RTE meat prod-
ucts with production of staphylococcal enterotoxin A was
recorded at pre-incubation optimal temperature (37 °C),

pH (6.5) and aw (0.997).

From the obtained data, in our study, it is noticed that §.
aureus growth was very low at refrigeration temperature (4
°C) and such observation agreed with the minimum growth
temperature (7°C) of §. aureus in foods stated by USFDA
(2012). The obtained result regarding the decreasing of .
aureus counts during the storage temperatures (4 °C and 25
°C) from the 4* day in chicken breast and 3™ day in chick-
en thigh till the end of storage was attributed to the prop-
agation of spoilage organisms that counteracts the growth
of §. aureus since such pathogen is a bad competitor to the
microbial flora. This finding was also confirmed by Yang et
al. (1988), who found that §. aureus failed to grow in raw
turkey meat contaminated with spoilage organisms at 7 °C
or 10 °C since under such conditions the competition from
the spoilage flora restricts the growth of §. aureus.

CONCLUSIONS

This study demonstrated the growth pattern of S. aureus
obtained from the logarithm of bacterial cell count and
change in O.D as a function of time through the bacterial
growth curve. Furthermore, there was a linear relationship
between turbidity measurement and bacterial count de-
termined as a calibration curve with R?=0.8789. Likewise,
our study developed predictive growth models for §. au-
reus in 'T'SB broth using the growth data of turbidity and
plate count methods. The Baranyi primary models fit well
in these methods which indicate a good model fitting to
our data. Concerning the potential growth of §. aureus in
chicken meats (breast and thigh) at different storage tem-

peratures (25 °C and 4 °C), their counts were significantly
higher at 25 °C than their counts at 4 °C regardless of the
type of meats. Nevertheless, there was a non-significant
difference in 8. aureus counts between breast and thigh
meats. The results of this study can be relevant to improv-
ing the food safety of chicken meat.
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in predictive food microbiology. Additionally, comparing
the effect of different storage temperatures on the growth
of 8. aureus in different chicken meat cuts is very scarce.
Accordingly, this study was designed to compare the
growth behavior of S. aureus in broth using turbidity and
plate count methods besides the preparation of a calibra-
tion curve to be used as a tool for further experiments in
the future. Likewise, estimation of §. aureus growth kinet-
ics parameters that obtained from modeling the turbidity
and plate count data. Moreover, monitoring the potential
growth of §. aureus in chicken cut-up parts (breast and
thigh) at two different temperatures (room temperature at
25 °C and refrigeration temperature at 4 °C).
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