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This study aimed to investigate the growth and enterotoxin production of Staphylococcus aureus
during the ripening and storage of Iranian ultra-filtered white cheese (IUFWC). According to the
results, the addition of starter culture had significant inhibitory effects on the growth and entero-
toxin production of S. aureus. Moreover, prolong survival and enterotoxin production were
observed in the samples with the highest inoculum (5 log CFU/g) of S. aureus. It was concluded
that proper activity of the starter culture together with the refrigeration storage of IUFWC was the
key element in inhibiting the growth and enterotoxin production of S. aureus.
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INTRODUCTION

Staphylococcus aureus is one of the major
causative agents of infections in humans and
animals. Growth of S. aureus in food products
presents a potential threat to public health as
many strains of S. aureus produce enterotoxins
(Bennett and Monday 2003; Bartolomeoli et al.
2009). The enterotoxins are responsible for par-
ticular clinical manifestations such as nausea,
violent vomiting, diarrhoea and abdominal
cramps and are produced between 1 and 8 h
after consumption of contaminated foods
(K�erouanton et al. 2007). S. aureus food poi-
soning is one of the most common causes of
foodborne illness throughout the world (Asao
et al. 2003; Bennett and Monday 2003).
S. aureus is present on the skin and mucosae of

food–animal reservoirs and frequently associated
with subclinical mastitis leading to the contami-
nation of raw milk and its products (Roberson
et al. 1994; Bennett and Monday 2003). More-
over, insufficient pasteurisation or recontamina-
tion via processing plant environments and/or
food handlers could contaminate pasteurised milk
products with S. aureus (Robinson and Tamime
2002; O’Brien et al. 2009). Therefore, the occur-

rence of S. aureus in raw and pasteurised milk
and dairy products is very likely.
Iranian ultra-filtered white cheese (IUFWC)

is a rennet-coagulated cheese which is pro-
duced using pasteurised ultra-filtered cow milk
with the addition of a mesophilic starter. It is a
soft cheese, with 2% to 3% (w/w) salt and a
slightly acidic taste (Karami et al. 2009). The
high content of whey proteins in UF-type
cheeses causes several problems such as ripen-
ing delay (Mistry and Maubios 1993). Conse-
quently, it seems that if cross-contamination
occurs, microbial pathogens such as S. aureus
could easily grow and proliferate in the cheese
environment.
Many studies have been performed on the

occurrence, behaviour and enterotoxin produc-
tion of S. aureus in various cheeses (G�omez-
Luc�ıa et al. 1992; Delbes et al. 2006; Viana
et al. 2009; Bello et al. 2013); however, there is
a lack of knowledge concerning the behaviour
of S. aureus in UF cheeses. Therefore, this study
aimed to determine the growth and enterotoxin
production of S. aureus during the manufacture,
ripening and storage of IUFWC with special ref-
erence to the effect of starter culture, initial inoc-
ulation level as well as storage temperature.
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MATERIALS AND METHODS

Preparation of bacterial inoculum
Enterotoxigenic S. aureus strain ATCC 13565 (American
Type Culture Collection, Rockville, USA) was used for the
inoculation. The bacterial suspension was prepared by a
method previously described by Alomar et al. (2008) with
some modifications. In brief, S. aureus was grown on a
brain–heart infusion (BHI) agar (Merck, Darmstadt, Ger-
many) plate at 35 °C for 24 h. Isolated colonies were trans-
ferred to 5 mL of sterile BHI broth (Merck, Darmstadt,
Germany) and incubated at 35 °C for 24 h. The bacterial sus-
pension was centrifuged at 6200 9 g for 15 min. The super-
natant was discarded, and the resultant pellet was washed
with two consecutive steps using Ringer solution containing
0.05% (w/v) Tween 80 (Merck, Darmstadt, Germany). The
pellet was resuspended in Ringer solution and was diluted to
obtain the final loads of 3, 4 and 5 log CFU/g of retentate.

Preparation of IUFWC
IUFWC was prepared at Pegah dairy processing establish-
ment (Eastern-Azerbaijan-Pegah Dairy Establishment,
Tabriz, Iran) according to the Iranian UF cheesemaking pro-
cedure. Raw milk was standardised to 3.5% fat and, after
two steps of bactofugation, pasteurised at 72 °C for 15 s.
Afterwards, the pasteurised milk was ultra-filtered to a vol-
ume concentration factor of 5.1 kg milk to 1.0 kg retentate.
Prior to cheesemaking, the retentate was examined for the
absence of S. aureus as well as its enterotoxin. The retentate
was cooled to ~35 °C and inoculated with ~ 3, 4 and 5 log
CFU/g of S. aureus. In the cheese samples made with star-
ter, a homofermentative, freeze-dried-concentrated culture,
FRC-65 (Hansen’s Laboratorium, Denmark), consisting of
the micro-organisms Lactococcus lactis subsp. lactis and
cremoris, Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus, was used. Afterwards, 0.002%
w/w rennet (Chr. Hansens, Hørsholm, Denmark) and
10 ppm antifoaming agent (Danapak) were added to all
samples. The inoculated retentate was transferred into the
containers. Coagulation was carried out at 30 °C for
20 min. Prior to sealing, 3% (w/w) salt was added onto the
parchment paper on top of the cheese samples and then was
heat-sealed using an aluminium foil (Karami et al. 2009).
Cheese samples were kept for 1 day at 27 °C for preripen-
ing and 2 weeks at 8 °C for further ripening. Normally,
IUFWC are stored for additional 45 days at 8 °C (Karami
et al. 2009). However, in a recent study, to assess the
impact of ambient temperature on the behaviour of
S. aureus during the storage period, the cheese samples
were kept both at 8 °C and at 25 °C.

Experimental design
To evaluate the effect of starter culture, inoculation levels as
well as storage temperature on the growth and enterotoxin

production of S. aureus, 16 cheese batches were prepared
according to the protocol described in Table 1. Seven sam-
ples were prepared for each cheese batch. The cheese sam-
ples were submitted to microbial analyses [enumeration of
S. aureus and lactic acid bacteria (LAB)], enterotoxin detec-
tion and physicochemical properties (pH values, moisture
and salt contents) during the following stages: (i) retentate
at the time of packaging (0 day); (ii) cheese after preripen-
ing at 27 °C for 1 day (1 day); (iii) during ripening at 8 °C
for 2 weeks (8 and 15 days); and (iv) during storage at 8
and 25 °C for 45 days (30, 45 and 60 days).

Microbiological analyses
For the microbiological analyses, 10 grams of each cheese
sample was aseptically homogenised in 90 ml cheese dilu-
ents [sodium chloride 0.5% (w/v), casitone 1% (w/v) and
sodium citrate 2% (w/v), (Merck, Darmstadt, Germany)]
using a stomacher (Seward Medical, London, United King-
dom) and incubated for 20 min in a 37 °C water bath to
obtain a homogeneous suspension (Hanifian and Khani
2012). Decimal dilutions were prepared with 0.1% sterile
peptone water (Merck, Darmstadt, Germany). The load of
S. aureus was enumerated on duplicate Baird-Parker agar
plates supplemented with egg yolk-tellurite (Merck, Darms-
tadt, Germany). It should be noted that all control groups
were analysed for the presence of S. aureus to verify the
hygienic condition throughout the production, ripening and
storage of IUFWC. The plates were incubated aerobically at
37 °C for 24 h (Tatini et al. 1984).

Table 1 Types of cheese sample with added starter culture, initial
inoculation level and storage temperature

Cheese typea Starter culture
S. aureus
(log CFU/g)

Storage
temperature (°C)

S3.8 + 3 8
S3.25 + 3 25
S4.8 + 4 8
S4.25 + 4 25
S5.8 + 5 8
S5.25 + 5 25
W3.8 � 3 8
W3.25 � 3 25
W4.8 � 4 8
W4.25 � 4 25
W5.8 � 5 8
W5.25 � 5 25
S.8 + – 8
S.25 + – 25
W.8 � – 8
W.25 � – 25
aS and W indicate: cheese made with and without starter, respec-

tively.
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Lactococci were counted on M17 agar (pH 7.2) (Merck,
Darmstadt, Germany) incubated at 30 °C for 3 days in aero-
bic condition, while lactobacilli were enumerated on MRS
agar (pH 5.7) (Merck, Darmstadt, Germany), incubated in a
CO2-enriched atmosphere using Anaerocult C in an anaero-
bic jar (Merck, Darmstadt, Germany) at 37 °C for 3 days
(Hanifian and Khani 2012).

Enterotoxin detection assay
Enterotoxin production by the inoculated S. aureus was
detected by RIDASCREEN SET kit (R-Biopharm, Darms-
tadt, Germany) according to the kit manufacturer’s procedure.
The kit contains anti-enterotoxin A monoclonal antibody
which is used in an indirect-double-sandwich ELISA tech-
nique. The kit has a minimum detection limit of 0.50 to
0.75 ng toxin/g of sample. The OD of coloured extracts
resulting from the enzymatic reactions was determined at
450 nm using a microplate reader (Tecan, Durham, USA).

Chemical analysis
To evaluate the major physicochemical parameters affecting
S. aureus behaviour, pH value, moisture and salt contents
of the cheese samples were obtained from control groups
(Table 1). pH values were measured by a digital pH meter
(Metrohm, Herisau, Switzerland). Moreover, oven-drying (at
102 � 2 °C) and Mohr titration method (Hanifian and
Khani 2012) were used for the determination of moisture
and salt contents, respectively.

Statistical analysis
The data achieved from plate counts were transformed into
logarithmic scale prior to statistical analysis. The analysis
was performed using the SPSS (Version 17). The skewness
and kurtosis statistics were used for testing the normality of
transformed data. The experiment was repeated three times,
and the analysis of variance (ANOVA) by mean of Dun-
can’s test was performed on the microbial counts as well as
quantity of enterotoxin obtained at different stages of preri-
pening, ripening and storage of IUFWC.

RESULTS AND DISCUSSION

Effect of starter culture on behaviour of S. aureus in
IUFWC
Variations in the number of S. aureus during the ripening
and storage of IUFWC made with and without starter cul-
ture and stored at 8 °C are shown in Figure 1(a,b), respec-
tively. According to the results, the mean number of
S. aureus in the cheese samples made with starter culture
decreased significantly (P < 0.01) after preripening (from
0 day to 1 day). However, at the same stage, the mean
number of S. aureus in the starter-free samples increased
0.8–1.2 log CFU/g. Regarding the population of LAB in
the cheese samples made with starter, the mean number of

LAB reached 9.45 log CFU/g during preripening (Fig-
ure 2a). As a result, in these samples, the mean pH value
declined from 6.6 to 4.6 (Figure 2b). In contrast, after
preripening in the cheese samples made without the addi-
tion of starter culture, the mean value of indigenous LAB
which originated from raw milk and survived pasteurisation
process reached 5.6 log CFU/g (Figure 2a). However, the
pH values in these samples were almost constant after
preripening (Figure 2b). It is believed that the activity of
nonstarter LAB did not cause the production of large
amounts of lactic acid and decline of consequent pH; yet,
they generally contribute to cheese ripening (Herreros et al.
2007).
During the ripening period (from 1 day to 15 days), the

difference in the concentration of S. aureus was remarkable
(P < 0.01) between the cheese samples made with and
without starter. In other words, the mean number of
S. aureus in the samples made with starter decreased 0.7–
1.1 log CFU/g; while, in the starter-free samples, it
increased by 0.5 log CFU/g, by the end of ripening period
of 30 days (Figure 1a,b). Such behaviour for S. aureus was
expected, as similar results were previously achieved in sev-
eral studies performed on different bacterial pathogens in
various cheese types (Delbes et al. 2006; Hanifian 2009;
Mohammadi et al. 2009; Bello et al. 2013). It seems that
the pH decline was the major reason for the reduction of
S. aureus load during ripening.
According to the results, during the storage period (from

15 days to 60 days), the number of S. aureus in the cheese
samples made with starter was declined significantly
(P < 0.01) so that at the day 45 of storage, S. aureus was
not detected in any cheese sample. However, in the starter-
free samples, the mean number of S. aureus at the end of
storage period (60 days) increased by 5.8 log CFU/g, which
was predictable as the pH values were within the tolerable
growth range of S. aureus (4.5–9.3) (Bergdoll and Lee
Wong 2006). It was assumed that low pH, competition for
nutrients as well as presence of antagonistic substances
produced by LAB were the major explanations for the
reduction of S. aureus during the storage period (Vernozy-
Rozand et al. 1998; Alomar et al. 2008; Le Marc et al.
2009).
Regarding the moisture and salt contents of cheese sam-

ples, any significant changes were not observed during the
ripening and storage periods (Figure 2c,d). Consequently, it
did not seem that decreasing the number of S. aureus could
be attributed to the moisture and salt contents. Although in
some studies, decreasing load of various bacteria has been
linked to the detrimental effect of low moisture and high
concentrations of salt (Hanifian and Karim 2006; Moham-
madi et al. 2009), this could not be verifiable for S. aureus
due to the low water activity (Aw) tolerance as well as the
halotolerant nature of the bacterium (Sutherland et al.
1994).
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Effect of initial inoculation level on behaviour of
S. aureus in IUFWC
Variations in the number of different inoculums of
S. aureus during the ripening and storage of IUFWC are
illustrated in Figures 1 and 3. Data revealed that initial
inocula level had statistically (P < 0.01) significant effect
on the survival of S. aureus during the ripening and stor-
age periods. This is especially true for the cheese samples
made with starter in which S. aureus with inoculation level
of 3 log CFU/g persisted only for 8 days and dropped
below detection limit after ripening (15 days). Meanwhile,
inoculums of 4 and 5 log CFU/g were eliminated at
45 days of storage (Figure 1a). In the case of cheese sam-
ples made without starter, all inocula levels increased by
the end of storage period of 60 days; however, the quan-
tity of S. aureus depends, to a large extent, on the initial
inoculation level (Figure 1b). These findings were in
agreement with those achieved by Hanifian and Khani
(2012) as well as Hanifian (2009) who indicated the dose-
dependent manner of Yersinia enterocolitica in Lighvan

cheese and Iranian white cheese which are similar to
IUFWC in terms of some physicochemical and microbio-
logical properties.

Effect of storage temperature on behaviour of S. aureus
in IUFWC
It is important to follow appropriate storage practices in
place to ensure the quality and safety of refrigerated foods.
As a consequence, it is important that proper storage proce-
dures be followed in place to ensure that such foods not
only achieve their required shelf lives but are safe for con-
sumption by the end user. While major manufacturers and
retailers operate a constant and effective cold chain, it is
evident that many domestic and commercial refrigerators
operate at a temperature above 10 °C. More importantly, it
is obvious that in some cases, refrigerated foods are kept at
ambient temperatures (Leistner 2000).
In this experiment, a set of cheese samples were kept at

25 °C during the storage period (from 15 to 60 days), sim-
ulating a temperature abuse. The effect of room temperature
on behaviour of S. aureus in the cheese samples made with
and without starter culture is illustrated in Figure 3(a,b).
Our findings revealed that the storage of IUFWC samples
at 8 and 25 °C resulted in different behaviour of S. aureus.
In the cheese samples made with starter and stored at
25 °C, the mean number of S. aureus during the storage
period was significantly (P < 0.01) higher than that of
S. aureus in the similar cheese samples stored at 8 °C.
Moreover, until the end of 60 days of storage at 25 °C, S.
aureus grew to populations exceeding those at day 0.
Meanwhile, in the refrigerated samples, S. aureus was elim-
inated after 30 days of storage (Figures 1a and 3a). Even
so, in the starter-free cheeses, S. aureus survived until
60 days of storage in the samples stored at both 8 and
25 °C, the mean concentration of S. aureus in the samples
kept at 25 °C was remarkably (P < 0.01) higher than those
at 8 °C (Figures 1b and 3b).
Comparing the load of S. aureus in the cheese batches

stored at 25 °C revealed that the number of S. aureus in the
samples made with starter was almost constant during the
storage (Figure 3a). However, in the starter-free samples,
the concentration of S. aureus increased throughout the stor-
age period (Figure 3b).

Enterotoxin production of S. aureus in IUFWC
In many studies, the incidence of staphylococcal food poi-
soning and the ability of S. aureus to produce enterotoxin
in various cheese types are investigated (Meyrand et al.
1998; K�erouanton et al. 2007; Williams and Withers 2010).
In our experiment, enterotoxin was not detected in any of
the cheese batches made with starter, in the samples stored
at both 8 and 25 °C. It was assumed that the inhibitory
effect of starter culture on the growth of S. aureus could
subsequently result in inhibition of the enterotoxin production.
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Figure 1 Log counts (mean � SD) of S. aureus with various inocula-
tion levels in Iranian UF-white cheese made with (a) and without (b)
starter culture and stored at 8 °C. (0 day): retentate at the time of pack-
aging; (1 day): cheese after preripening; (8 and 15 days): cheese during
ripening; (30, 45 and 60 days): cheese during storage. Error bars indicate
standard deviations.
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Proper fermentation resulted in a rapid drop in the pH val-
ues and reduced the oxygen concentration in the cheese
environment, suggesting that growth and enterotoxin pro-
duction of S. aureus in IUFWC should be limited. In a sim-
ilar study, Gonzalez-Fandos et al. (1994) reported that the
growth of four enterotoxigenic S. aureus strains was par-
tially inhibited by three commercial starters which were a
mixture of selected strains of Lactobacillus sake, Pediococ-
cus pentosaceus and Staphylococcus xylosus. However,
G�omez-Luc�ıa et al. (1992) reported the production of
enterotoxin by S. aureus S6 in Manchego-type cheese man-
ufactured with lactic starter. The differences between the
results of this study and those of our experiment might be
due to the different starter culture and processes being
applied in each cheese type.
The European regulation set the upper limit for S. aureus

in cheeses at a count of 5 log CFU/g. Above this limit,
the presence of enterotoxin is probable, and there is a
necessity to carry out enterotoxin assays (European
Community Regulation No. 852-853/2004) (Alomar et al.
2008). Enumeration of S. aureus in the cheese samples
made with starter revealed that the load of S. aureus did

not exceed 3.2 log CFU/g throughout the ripening and
storage periods (Figures 1a and 3a). The low number of
S. aureus explains the lack of enterotoxin in the cheese
samples made with starter.
In spite of the fact that the number of S. aureus in the

starter-free samples stored at 8 °C was increased remarkably
(Figure 1b), enterotoxin was not detected in any of these
samples. In contrast, enterotoxin was detected in some of
the samples kept at room temperature. According to the
results, enterotoxin was produced only during the storage of
cheese samples inoculated with 5 log CFU/g. Therefore, not
only the growth and survival of S. aureus, but the entero-
toxin production of the bacterium in IUFWC was deter-
mined as dose-dependent. A similar result was reported by
Meyrand et al. (1998) who indicated that low (2 log CFU/
ml) inoculum of S. aureus did not produce enterotoxin in
Camembert-type cheese.
In this study, enterotoxin quantity of 1.23, 1.28 and

1.11 ng/g was determined in the 30, 45 and 60 days of pro-
cessing, respectively, in the cheese samples without starter
and kept at 25 °C. At the same stages, the number of
S. aureus was 7.91, 7.79 and 7.61 log CFU/g. It was stated
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Figure 2 (color online) Changes in microbiological and chemical properties of Iranian UF-white cheese during production and storage at 8 °C. (a), Log
counts of lactic acid bacteria; (b), pH values; (c), Moisture content; and (d), Salt content. (0 day): retentate at the time of packaging; (1 day): cheese after
preripening; (8 and 15 days): cheese during ripening; and (30, 45 and 60 days): cheese during storage. S+ and S- indicate: cheese samples made with and
without starter, respectively; and Lb. and Lc. Indicate: Lactobacilli and Lactococci, respectively. Error bars indicate standard deviations.
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that symptoms of staphylococcal intoxication would be pro-
duced by a toxin dose of less than 1.0 lg in contaminated
foods. However, in highly sensitive people, a dose of 100–
200 ng is sufficient to cause illness (Bennett and Monday
2003). The toxic level of enterotoxin is reached when
S. aureus quantity exceeds 6 log CFU/g. Comparing the
load of S. aureus and the quantity of enterotoxin in the
cheese samples, it is observed that the toxin level is less
than expected. It is believed that the environmental condi-
tions where the cheese samples were stored were not opti-
mal for the growth and enterotoxin production of S. aureus
(Bergdoll and Lee Wong 2006). Therefore, it resulted in the
production of smaller levels of toxin. In addition, low con-
centration of enterotoxin could also be due to the conjuga-
tion of toxin with substances that diminish their
immunological activity, while the biological activity could
remain intact (G�omez-Luc�ıa et al. 1992). Consequently, as
the level of enterotoxin could be underestimated, the results
of enterotoxin assay in foods should be interpreted with
caution.

CONCLUSION

Considering the inhibitory effects of starter culture on the
growth of S. aureus especially in the early stages of cheese
preparation, it is recommended that IUFWC producers pro-
vide the prerequisites in terms of adequate ripening time
and temperature for the sufficient activity of the starter cul-
ture. Consequently, the activity of starter not only hinders
the pathogenic organisms, but also confers the desirable tex-
ture and aroma to the IUFWC.
As the growth or prolonged survival in abusive tempera-

ture conditions and enterotoxin production of S. aureus in
IUFWC were found to be dose-dependent, it is crucial to
maintain hygienic conditions during the cheese preparation
to avoid further contamination which could increase the
load of S. aureus and subsequently prolong the survival of
the bacterium. Furthermore, data suggested that keeping the
IUFWC refrigerated during the ripening and storage periods
could stop the growth and proliferation of S. aureus and
consequent production of enterotoxin even in the absence of
starter culture. Therefore, the cold chain throughout the
IUFWC production, distribution and storage is crucial for
the prevention of staphylococcal food intoxication.
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