
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Nov. 2006, p. 7057–7062 Vol. 72, No. 11
0099-2240/06/$08.00�0 doi:10.1128/AEM.00198-06
Copyright © 2006, American Society for Microbiology. All Rights Reserved.

Staphylococcus aureus and Staphylococcal Enterotoxin A in Breaded
Chicken Products: Detection and Behavior during the Cooking Process

Olimpia Pepe,* Giuseppe Blaiotta, Francesca Bucci, Marilena Anastasio,
Maria Aponte, and Francesco Villani

Dipartimento di Scienza degli Alimenti, Università degli Studi di Napoli Federico II, 80055 Portici, Italy

Received 25 January 2006/Accepted 10 July 2006

In this study we examined the presence of Staphylococcus aureus and staphylococcal enterotoxin A (SEA) in
20 industrial breaded chicken products obtained from different retail butchers and supermarket stores in Italy.
The levels of contamination in the products analyzed were quite low, although the pH values and water
activities (aw) in the samples considered were in ranges favorable for S. aureus growth. As demonstrated by
phenotypic and molecular characterization, in spite of the high percentage of coagulase-positive Staphylococcus
strains, only three strains could be referred to the species S. aureus. Moreover, all the strains were negative in
PCR assays targeting staphylococcal enterotoxin genes (seA to seE, seG to seJ, and seM to seO), as well as the
toxic shock syndrome toxin 1 gene, and no SEA was detected in the retail breaded chicken samples analyzed
by a reversed passive latex agglutination assay or by Western blotting. Hence, we evaluated the thermal
resistance of two strains of SEA-producing S. aureus in a laboratory-scale preparation of precooked breaded
chicken cutlets. The heat treatment employed in the manufacture determined the inactivation of S. aureus cells,
but the preformed SEA remained active during product storage at 4°C. The presence of the staphylococci and,
in particular, of S. aureus in the retail breaded chicken products analyzed is a potential health risk for
consumers since the pH and aw values of these kinds of products are favorable for S. aureus growth. The
thermal process used during their manufacture can limit staphylococcal contamination but cannot eliminate
preformed toxins.

Staphylococcus aureus is a significant cause of avian disease
and may thus contaminate foods as a result of processed car-
casses (30). Enterotoxin-producing S. aureus is the most com-
mon cause of food-borne human illness throughout the world
(9, 27). The foods that most frequently cause this type of
poisoning are red meat and poultry and their products (1, 14,
25, 39). In the United Kingdom, for example, 53% of the
staphylococcal food poisoning cases reported between 1969
and 1990 were due to meat products and meat-based dishes,
and 22% of the cases were due to poultry and poultry-based
meals (27, 39). While staphylococci commonly occur on the
skin and nasopharynx of healthy poultry (30), it is primarily S.
aureus which can survive, colonize, and persist at various pro-
cessing stages in commercial poultry processing plants due to
the expression of various key properties, including adhesion (8,
29) and chlorine resistance (10, 21). In a typical processing
operation, after slaughtering and defeathering, fresh chicken
carcasses are eviscerated and washed. Then the meat is
minced, shaped, breaded, and precooked (only for industrial
products). After chilling, the products are packaged and stored
at refrigeration temperature (16). These procedures, especially
defeathering, increase the contamination by S. aureus. There-
fore, poultry processing plants are favorable environments for
the survival and transmission of various commensal, spoilage,
and potentially pathogenic bacteria in the human food chain
(21). Staphylococci are one of the most predominant groups

during the slaughtering and processing of poultry, and they
have been recovered from air samples (11), neck skin of
chicken carcasses (15, 32), and equipment and machinery sur-
faces (15, 21). Moreover, S. aureus strains carried by poultry
(diseased or healthy) are toxin C and D producers, although
recent studies reported that retail raw chicken meat in Japan
was contaminated primarily by S. aureus belonging to the poul-
try biotype in which staphylococcal enterotoxin A (SEA) and
SEB were most frequently found in isolates from raw chicken
meat (25).

Precooked breaded chicken products are being consumed
increasingly since they offer added value in terms of both
convenience (simple and ready for use) and storage. More
innovation in the development of poultry convenience food is
likely to bring about further increases in the per capita con-
sumption of chicken meat in Italy. Surprisingly, despite the risk
of microbial contamination associated with the transformation
of freshly slaughtered chickens into raw or precooked meat
fillets, few studies have been performed with this kind of prod-
uct, and there have been no studies of the incidence of S.
aureus. Thus, the purposes of this study were to investigate the
occurrence of S. aureus in Italian industrial breaded chicken
products, to characterize staphylococcal isolates at the pheno-
typic and genotypic levels, and to ascertain the behavior of S.
aureus and enterotoxin A during the manufacture of breaded
chicken cutlets.

MATERIALS AND METHODS

Breaded chicken samples. Twenty samples of industrial breaded chicken prod-
ucts, including samples of the most popular Italian brands, were obtained from
retail batches and supermarket stores in southern Italy over a 1-year period. The
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products were cutlets or fillets of breaded minced meat prepared by a totally
mechanized industrial process using standardized technology that included one
or more cooking steps. The samples were refrigerated at 4°C, transported to the
laboratory, and immediately analyzed. Each kind of breaded chicken product was
sampled twice and analyzed in duplicate.

Detection of S. aureus. Samples (10 g) were taken aseptically and diluted in
0.25� Ringer’s solution (Oxoid Ltd., Basingstoke, Hampshire, United King-
dom), and suitable dilutions were spread onto the surfaces of plates of a 3M
Petrifilm Rapid Staph Express Count (PSE) system (Laboratoires 3M Santé,
Cergy Pontoise Cedex, France) in duplicate. This system consisted of a Petrifilm
Staph Express Count plate and a Petrifilm Staph Express disk. After 24 h of
incubation at 37°C, the PSE plates were analyzed for presence of S. aureus, which
appeared as red-violet colonies. The Petrifilm Staph Express disk could be used
for visualization of the DNase reaction, as described below.

Detection of SEA. (i) Enterotoxins and antibodies. SEA, rabbit anti-SEA (not
affinity purified) polyclonal antibodies, and chemicals were purchased from Sig-
ma-Aldrich S.r.l. (Milan, Italy).

(ii) Preparation and partial purification of the samples. Ten grams of meat
along with 10 ml of a 0.85% NaCl solution was subjected to high-speed stomach-
ing. The homogenate was centrifuged at 12,000 � g for 20 min, and the super-
natant was filtered with a low-protein-binding disk (0.45 �m; Sterile Acrodisc;
Gelman Science). Two hundred microliters of an equilibrated cation-exchange
carboxymethyl cellulose matrix, prepared as described by Balaban and Rasooly
(2), was transferred into a 2-ml minicentrifuge tube. Four hundred microliters of
filtered sample was added to the tube, which was rotated for 30 min and centri-
fuged at 12,000 � g for 1 min. The supernatant was removed, and the pellet was
washed three times with loading buffer. The material bound to the matrix was
eluted by adding sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophore-
sis (PAGE) loading buffer to the tube. After centrifugation at 14,000 rpm for 5
min, 10 �l of the extract was diluted with 20 �l of sample buffer consisting of 62.5
mM Tris-HCl (pH 6.8), 19% glycerol, 5% �-mercaptoethanol, 2% SDS, and
0.05% bromophenol blue.

(iii) Detection of SEA by RPLA. The presence of SEA in breaded chicken
products was detected by the reversed passive latex agglutination (RPLA)
method with SET-RPLA (Oxoid Ltd., Basingstoke, Hampshire, United King-
dom) by following the manufacturer’s instructions.

(iv) Detection of SEA by Western immunoblotting. A Western immunoblot-
ting assay was performed as reported by Rasooly and Rasooly (34), with the
following modifications. The SEA band was detected by discontinuous SDS-
PAGE (26) performed at a constant voltage (150 V) for 2 h. Samples (15 �l)
were heated at 90°C for 4 min and immediately electrophoresed in a Mini-
Protean II vertical dual-cell apparatus (Bio-Rad Laboratories, Richmond, CA).
The apparent molecular weight was determined using Precision Plus protein
standards (10 to 225 kDa; Bio-Rad Laboratories). A known amount of SEA (0.4
�g) was used in the gel as an internal control. The protein profile was visualized
by staining with Coomassie brilliant blue R (Sigma). After 2 h of discoloration in
an aqueous solution containing methanol (40%) and acetic acid (10%), the gel
was washed with running buffer for 2 h at 4°C and with distilled water and
phosphate buffer (0.1 M, pH 7) for 15 min. The gel was then electroblotted onto
a Sequi-Blot polyvinylidene difluoride membrane (Bio-Rad Laboratories) as
described by Rasooly and Rasooly (34). The antigen was detected with an
amplified alkaline phosphatase immunblot assay kit (Bio-Rad Laboratories, Her-
cules, CA) for sensitive qualitative detection.

pH and water activity. pH values were determined at room temperature with
diluted samples (5 g in 25 ml of distilled water) using an MP 220 pH meter
(Mettler-Toledo, Italy). Water activity (aw) was determined with 2.5-g samples at
25°C using an Aw-Win system (PBI International). In both cases, values were
expressed as means � standard deviations for triplicate assays.

Isolation and phenotypic characterization of S. aureus strains. Isolated red-
violet colonies from PSE countable plates were randomly selected and purified
by repetitive streaking on tryptic soy agar plates (Oxoid). The cell morphology of
isolates that were presumptively S. aureus was examined by phase-contrast mi-
croscopy, the Gram reaction and catalase activity were determined as described
by Gregersen (17), and the coagulase activity was determined by using a latex
slide agglutination test (Staphytect Plus; Oxoid). Visualization of the DNase
reaction was evaluated directly by placing PSE disks on the red-violet colonies on
the PSE plates. After 3 h of incubation at 37°C, DNase activity was shown by the
development of a pink area surrounding colonies.

Molecular characterization of staphylococcal isolates. (i) DNA isolation.
DNA was extracted by using InstaGene matrix (Bio-Rad Laboratories, Hercules,
CA) according to supplier’s recommendations. Supernatant containing DNA was
stored at �20°C.

(ii) Amplification of the 16S-23S rRNA gene intergenic spacer region. Syn-
thetic oligonucleotide primers G1 (5�-GAAGTCGTAACAAGG-3�) and L1 (5�-
CAAGGCATCCACCGT-3�) described by Jensen et al. (23) were used to am-
plify the 16S-23S rRNA gene intergenic spacer region. The PCR was performed
as previously reported (5). About 25 ng of DNA was used for PCR amplification.
PCR products were resolved by agarose (2%, wt/vol) gel electrophoresis with
Tris-borate-EDTA at 100 V for 2 h.

(iii) Identification of S. aureus strains by PCR. The thermostable nuclease
(nuc) and 60-kDa heat shock protein (hsp60) genes were amplified using sets of
primers described by Brakstad et al. (7) and Blaiotta et al. (6), respectively. S.
aureus DSM 20231T was used as a positive control. PCR analyses were per-
formed as previously reported (6). The PCR products were resolved by agarose
(2%, wt/vol) gel electrophoresis with Tris-borate-EDTA at 100 V for 1 h.

(iv) Detection of staphylococcal enterotoxin and TSST-1 genes by PCR. For
detection of staphylococcal enterotoxin genes (seA to seE, seG to seJ, and seM to
seO) and the toxic shock syndrome toxin 1 (TSST-1) gene, 13 different primer
sets were used for PCR, as previously described by Blaiotta et al. (6). The
following S. aureus strains were used as controls: FRI326 (seE�), D4508 (seA�

seH�), ATCC 14458 (seB�), ATCC 25923 (egc� [� seG seI seM seN seO]),
FRI137 (seC�seH� egc�), A900322 (egc�), NCTC9393 (seD� seJ� egc�),
RIMD31092 (seB� seC� egc� tsst1), and DSM 20231T (nontoxigenic).

Impact of cooking on S. aureus and SEA activity during laboratory-scale
manufacture of breaded chicken cutlets. Breaded chicken cutlets were prepared
by kneading at medium speed 1,000 g of minced chicken breast in a mixer (model
KPM50 Professional; KitchenAid, St. Joseph, MI) for 5 min at room tempera-
ture. Overnight cultures in brain heart infusion broth of two enterotoxigenic S.
aureus clinical isolates producing SEA, strains K6278/94 and A4178/98, were
used to inoculate meat dough at a final concentration of about 1.5 � 105 viable
cells g�1. Cutlets, each weighing 100 g, were buttered (with a mixture of wheat
flour and water), breaded, prefried at 180°C for 55 s, and baked at 180°C for 13
min. The temperature used for frying and the temperature of the oven were
continuously monitored with a thermocouple probe linked to a digital thermom-
eter (model DO9416; Delta OHM, Italy). The cutlets were then cooled and
stored at 4°C.

The presence of S. aureus and the thermal resistance of SEA were evaluated
by counting on PSE plates and by the RPLA method, respectively, as previously
described. Samples were analyzed immediately after preparation, after frying,
after baking, and after 1 week of storage at the refrigeration temperature (4°C).
After inoculation all the experimental materials were handled and treated like
biohazardous materials. The experiment was performed in duplicate.

Statistics. For statistical analysis standard deviations were determined.

RESULTS

Detection of S. aureus, aw, and pH in breaded chicken prod-
ucts. The typical red-violet colonies grown on PSE plates were
counted as presumptive S. aureus colonies. As shown in Table
1, 75% of the breaded meat cutlets tested contained from 10 to
103 CFU g�1 of presumptive S. aureus, whereas five samples
(samples G, L, H, F, and AO) had undetectable levels of the
pathogen.

The pH values of the samples ranged from 5.9 to 6.8, and for
40% of the samples the pH was �6.5. The aw values ranged
from 0.95 to 0.98, and 85% of the samples had an aw value less
than 0.98.

Detection of staphylococcal enterotoxin A in breaded
chicken products. As SEA was not found in breaded chicken
products by using the RPLA assay, Western immunoblotting
was carried out to improve the sensitivity of detection. As
shown in Fig. 1B, no SEA was detected in the breaded chicken
extracts (lanes c to h), while a colorimetric signal for purified
SEA (Fig. 1A and B, lane b), used as positive control, was
clearly observed at 27 kDa.

Phenotypic and genotypic characterization of presumptive
S. aureus isolates. Red-violet colonies were randomly isolated
from PSE plates, purified, and subcultured. On the basis of
phenotypic tests (Gram reaction and catalase, coagulase, and
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DNase activities) and genotypic tests (16S-23S rRNA gene
spacer analysis, PCR-amplified nuc, and PCR-amplified
hsp60), the 34 gram- and catalase-positive cocci were divided
into 10 different groups. As shown in Table 2, all strains were
negative for the DNase reaction, and 11 (32%) were coagulase
positive (CPS).

Groups 1 and 7 included three strains positive for both the
coagulase reaction and amplification of the nuc and hsp60
genes that could be considered members of the species S.
aureus. These strains were isolated from two different breaded
chicken samples (samples B and AH) and were characterized
by two different 16S-23S rRNA gene spacer profiles (profiles C
and J).

Groups 2, 3, and 5 contained eight coagulase-positive but
nuc- and hsp60-negative strains. They could be discriminated
on the basis of their 16S-23S rRNA spacer profiles (profiles F,
G, and H). The remaining 23 strains (68%) were characterized
by a lack of coagulase production and a lack of nuc and hsp60
gene amplification (groups 4, 6, 8, 9, and 10). The latter strains
could also be differentiated by their 16S-23S rRNA gene
spacer profiles (profiles G, I, L, M, and N). Moreover, all 34
strains were negative in the PCR assays targeting staphylococ-
cal enterotoxin genes (seA to seE, seG to seJ, and seM to seO)
and the TSST-1 gene.

Impact of processing on S. aureus and SEA activity during
manufacture of breaded chicken cutlets. Laboratory-scale
manufacture of breaded chicken cutlets was performed with
the aim of clarifying how the heat treatments used in indus-
trial production of poultry products can affect the viability of

S. aureus and its toxin resistance. A mixture containing
SEA-producing S. aureus strains K6278/94 and A4178/98
was used to test breaded chicken cutlets in order to mini-
mize the potential diversity in sensitivity to the processing
conditions. The effect of cooking on the survival of S. aureus
and on SEA activity was monitored during manufacture at
each processing step.

Figure 2 shows the manufacturing procedure and the fol-
lowing sampling points: immediately after preparation of
breaded cutlets (S0), after incubation at 37°C (S1), after frying
(S2), after baking (S3), and after storage (S4). At the end of
cutlet preparation, the size of the S. aureus population was
about 1.6 � 105 CFU g�1, and it increased to 3.6 � 107 CFU
g�1 after 7 h of incubation at 37°C (Table 3). After prefrying
and baking, as well as after 1 week of storage at 4°C, the
pathogen was not detectable in 0.1-g samples (Table 3). The
thermal treatments resulted in an approximately 7-log CFU
g�1 reduction. By contrast, SEA was detected in the cutlets
after the incubation period and after both cooking steps (frying
and baking), thus indicating that SEA resisted double heat
treatment at 180°C. SEA was still present after 1 week of
storage at 4°C (Table 3).

FIG. 1. Identification of staphylococcal enterotoxin A in breaded
chicken products by Western immunoblotting. (A) Coomassie blue-
stained gel from SDS-PAGE analysis. (B) Western immunoblot of the
gel shown in panel A. Lane M, molecular weight markers; lanes a, c, e,
and g, sample buffer; lane b, 400 ng of SEA; lanes d, f, and h, samples
D, AO, and AG, respectively.

TABLE 1. Concentration of S. aureus, pH, and aw in breaded
chicken products

Samplea S. aureus concn
(log CFU g�1)b pHc aw

d

B 1.2 � 102 6.2 0.96
E 1.0 � 10 6.3 0.98
G ND 6.7 0.98
AD 1.2 � 102 6.5 0.96
L ND 6.5 0.97
AG 1.3 � 103 6.5 0.95
D 1.2 � 103 6.2 0.96
AF 5.0 � 10 6.5 0.97
AE 3.9 � 102 6.8 0.96
C 2.0 � 10 6.1 0.96
H ND 6.2 0.97
F ND 6.3 0.98
AM 1.5 � 102 6.3 0.97
AN 9.8 � 102 6.3 0.96
AH 1.8 � 102 5.9 0.96
AI 9.0 � 10 6.2 0.96
A 1.0 � 10 6.2 0.97
AL 7.0 � 102 6.5 0.96
AO ND 6.5 0.95
AP 1.5 � 103 6.2 0.95

a The products were industrial breaded chicken products obtained from retail
butchers and supermarket stores in southern Italy. Cutlets or fillets of breaded
minced meat were prepared using standardized technology. The methods used to
analyze the products are described in the text.

b The values are means � standard deviations (0.1 � standard deviation � 1.0)
(n � 4). ND, not detectable.

c The values are means � standard deviations (0.1 � standard deviation � 0.5)
(n � 4).

d The values are means � standard deviations (0.001 � standard deviation �
0.005) (n � 4).
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DISCUSSION

Despite the increasing consumption of processed breaded
chicken, to our knowledge there have been no previous studies
of the occurrence of S. aureus in this kind of food. Based on the
assumption that the pathogen can be introduced into the pro-
cess through raw materials, handling, and unsanitary proce-
dures and equipment, research was undertaken to assess the
presence of S. aureus in such poultry products.

Use of the PSE system resulted in detection of S. aureus at
a relatively high frequency in the samples analyzed (75%),

although further steps for identification at the genotypic level
of the isolates reduced the frequency to 5%. These results
demonstrated that the specificity of the PSE system was quite
low. Therefore, the level of contamination in the breaded
chicken products analyzed was quite low, even if the pH and aw

values for the samples considered were in ranges favorable for
S. aureus growth. Indeed, this gram-positive bacterium has no
particular nutritional or environmental requirements. Its
growth is limited at aw values less than 0.86 to 0.87, although
the precise boundary of the growth–no-growth interface for S.
aureus can be affected by the types of humectants used, as well
as by the physical properties of the solutes and their effects on
biological systems (37, 38). In particular, the decrease in water
bioavailability affects the lag phase more than the generation
time. In optimal temperature and acidity conditions, at an aw

of 0.99 the lag phase is 1 h; at an aw of 0.96 the lag phase is 6 h,
and it increases to 3 days, after which the aw is 0.90. The
osmoadaptive strategies of S. aureus are related to accumula-
tion of certain low-molecular-weight compounds termed com-
patible solutes, such as glycine, betaine, proline, and carnitine
(33). In the same way, a pH less than 4.8 and a temperature
below 8 to 9°C inhibited S. aureus growth (31). In particular, as
reported by Ingham et al. (22), the S. aureus concentration
decreased for fermented ready-to-eat meat products vacuum
packaged at a pH of �5.1 with a wide range of salt concentra-

TABLE 2. Phenotypic and genotypic characterization of presumptive S. aureus strains isolated from breaded chicken cutletsa

Group or strain No. of strains
tested Source (sample	s
)

Phenotypic and genotypic characteristics

Gram
reaction Catalase Coagulase DNase

reaction

16S-23S rRNA
gene spacer

profile

PCR-amplified
nuc

PCR-amplified
hsp60

1 2 B � � � � C � �
2 2 AD, AG � � � � F � �
3 4 AD, AH, AI, AP � � � � G � �
4 3 B � � � � G � �
5 2 AC, AP � � � � H � �
6 10 AF, AD, AL AG,

AH, AN
� � � � I � �

7 1 AH � � � � J � �
8 1 AL � � � � L � �
9 5 D, AM � � � � M � �
10 4 D, AC � � � � N � �
S. aureus DSM 2023IT � � � � J � �

a All phenotypic and genotypic methods used are described in the text.

FIG. 2. Laboratory-scale procedure for manufacturing breaded
chicken cutlets and sampling points, including immediately after prep-
aration of breaded cutlets (S0), after incubation (S1), after prefrying
(S2), after baking (S3), and after storage (S4).

TABLE 3. Impact of cooking on S. aureus and SEA activity during
laboratory-scale manufacture of breaded chicken cutlets

Time during manufacture of
breaded chicken cutletsa

S. aureus mixed-culture
concn (log CFU g�1)b

Presence of SEA
(n � 4)

S0 1.6 � 105 � 0.2 � 105 �
S1 3.5 � 107 � 0.6� 107 �
S2 Absent in 0.1 g �
S3 Absent in 0.1 g �
S4 Absent in 0.1 g �

a A breaded chicken cutlet was analyzed immediately after preparation (S0),
after 7 h of incubation at 37°C (S1), after prefrying for 55 s at 180°C (S2), after
baking for 13 min at 180°C (S3), and after 1 week of storage at 4°C (S4). For
details concerning the methods used see the text.

b The values are means � standard deviations (n � 4).
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tions and moisture contents, while products that were not
fermented or dried supported S. aureus growth.

Breaded chicken products contained CPS strains and coag-
ulase-negative staphylococcal strains, both of which could con-
tain enterotoxin genes, as previously determined by Rodriguez
et al. (35) using molecular assays. In particular, among the
coagulase-negative strains, Staphylococcus cohnii, Staphylococ-
cus epidermidis, Staphylococcus xylosus, and Staphylococcus
haemolyticus strains were found to produce one or several
staphylococcal endotoxins (3). In spite of the elevated percent-
age of CPS strains that we found in precooked chicken prod-
ucts compared to the data reported by Normanno et al. (31),
only three strains could be actually referred to the species S.
aureus. In particular, a study conducted by Normanno et al.
(31) showed that 23.1% of fresh meat products and prepara-
tions marketed in Italy were contaminated by CPS strains and
that a large majority of the enterotoxigenic S. aureus isolates
produced SEA and SEC. Nevertheless, in the present study, no
SEA was found in the retail breaded chicken samples analyzed
either by the RPLA method, which allowed detection of up to
1 ng/g of toxin, or by Western blotting. The latter method
allows removal of extraneous substances from samples as the
toxin is captured by the matrix used in the chromatography,
and denatured proteins can be solubilized, thus determining
the characteristics of the antigen that reacts with the antibody.
Rasooly and Rasooly (34) demonstrated that the Western blot
assay is a very sensitive method capable of detecting very small
amounts of SEA (0.1 ng/ml). In our experiments, the method
was further improved by using the polyvinylidene difluoride
membrane and an amplified AP immunoblot kit that increased
the sensitivity of colorimetric Western blotting to more than 10
pg of protein bound to the blotting membrane. SEA is the most
common toxin involved in staphylococcal food poisoning out-
breaks (14, 19, 20). The amount of SEA necessary to cause
intoxication is variable since the emetic dose necessary ranges
from 20 to 0.2 �g (4, 12). Although staphylococcal endotoxins
are generally considered to be heat stable, evidence that heat
resistance depends on several factors has been obtained. Par-
tial or complete inactivation of SEA was obtained by incuba-
tion at 80°C or 100°C for 10 min in some media at different pH
values, and the loss of immunological activity was accompanied
by a concomitant loss of biological activity (36). Moreover, as
reported by Balaban and Rasooly (1), the analytical method is
a useful tool for detecting SEA in heat-treated foods since
staphylococcal endotoxins are also resistant to inactivation by
heat treatment for 8 to 28 min at 121°C. Hence, we evaluated
the thermal resistance of two strains of S. aureus and of their
SEA in laboratory-scale preparations of precooked breaded
chicken cutlets. In accordance with the results obtained by
other authors (34), the S. aureus strains used in the experiment
were grown in the cutlets under favorable conditions to allow
SEA production. Indeed, in highly contaminated mushrooms
under good growth conditions, the toxin was produced in less
than 3 h (34). Our challenge test demonstrated that the cook-
ing process, beginning with prefrying at 180°C for 55 s, resulted
in S. aureus inactivation, even with a high initial level of con-
tamination of the raw chicken meat. It was previously reported
(28) that an S. aureus strain is more heat resistant than Sal-
monella enterica serotypes and Listeria monocytogenes in high-
solids egg mixes. In particular, S. aureus had D values of about

1.3 to 1.7 min at 64°C and of 0.30 to 0.40 min at 70°C. In
addition, Kennedy et al. (24) demonstrated that chilling of S.
aureus did not increase resistance to thermal destruction dur-
ing a process such as cooking. Hence, the presence of the
staphylococci, particularly S. aureus, in the retail breaded
chicken products analyzed indicated that the sanitary condi-
tions during processing were poor, which may have created a
potential health risk for consumers. In fact, as demonstrated by
the challenge test, the heat treatment employed in the manu-
facture of breaded chicken meat could determine the inacti-
vation of S. aureus cells, but the preformed SEA remained
active until storage of the product. Moreover, postprocessing
contamination by S. aureus represents a significant health haz-
ard due to the elimination of microbes that would normally
outcompete S. aureus (18).

Not only can S. aureus enter the process on raw materials,
but it can also be introduced into foods during processing from
unclean hands and unsanitary utensils and equipment. The
hazard develops into toxin formation when raw materials and
products are exposed to temperatures between 10°C and
21.1°C for more than 12 h or to temperatures greater than
21.1°C for more than 3 h (13).

The level of contamination during industrial processing is
due to several factors, such as the bacteriological quality of the
raw meat, some factors (pH and aw) influencing the biological
response of microorganisms, food hygiene during processing,
the storage temperature, and the product discard policy, which
should be carefully monitored to ensure that products are
microbiologically stable with enhanced safety. Moreover, con-
sumers have to be informed and follow the basic instructions
regarding storage temperature, cooking, and prevention of
contamination and cross-contamination.

In conclusion, our results demonstrated that the pH and aw

of breaded chicken products are favorable for S. aureus sur-
vival and growth and that the thermal process used during
manufacture can limit staphylococcal contamination but can-
not eliminate preformed toxins. This study suggests that ready-
to-eat breaded chicken products are relatively safe. However,
when the levels of contamination of the raw minced meat are
high and/or when an incorrect temperature is used for storage
of the final product before consumption, such precooked prod-
ucts may represent a potential risk for consumers.
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