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Abstract: Ingesting food contaminated by pathogens and/or their toxins can cause foodborne illness. In this 
sense, this study investigated the occurrence of enterotoxigenic S. aureus in frozen cheese bread dough and 
assessed the production and thermosensitivity of SEA in artificially contaminated cheese dough. E. coli 
counts were determined by MPN. Confirmation of the presence of S. aureus was carried out by biochemical 
and molecular identification. The detection of the genes sea, seb, sec, and sed was performed using the 
PCR. The detection of SEA in artificially contaminated cheese dough, before and after baking at 180 ºC for 
35 minutes was performed using the RPLA. All samples contaminated with E. coli had NMP < 5.0×102                         

CFU / g. None of the isolated S. aureus strains expressed the classical enterotoxin genes sea, seb, sec, and 
sed. However, as there are 23 serologically distinct staphylococcal enterotoxins, we cannot rule out the 

HIGHLIGHTS 
 

• The study shows the S. aureus counts of the 100 frozen cheese bread samples analyzed. 

• 27 samples (27.0%) had S. aureus counts greater than 5.0 × 103 CFU/g. 

• None of the 62 S. aureus strains isolated carried the genes sea, seb, sec, or sed. 

• Heat treatment at 180 °C for 35 minutes was not sufficient to inactivate SEA. 
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possibility that strains expressed other enterotoxin-encoding genes. Laboratory tests showed the presence 
of SEA in cheese bread dough artificially contaminated with SEA-producing S. aureus after 8 h of incubation 
at 10 or 20 °C. Heat treatment at 180 °C for 35 minutes was not sufficient to inactivate SEA in artificially 
contaminated cheese bread previously incubated for 24 h at 10 or 20 °C. These results indicate a potential 
health risk to consumers of cheese bread and underscore the need for ingredient quality control and 
measures to prevent the multiplication of S. aureus during product manufacture and storage. 

Keywords: SEA; nonclassical enterotoxin; Escherichia coli; PCR; RPLA; foodborne outbreaks.  

 

INTRODUCTION 

Cheese bread is a traditional Brazilian food originated in the state of Minas Gerais and widely consumed 
throughout the country and abroad. The mandatory ingredients in cheese bread production are cassava flour, 
milk or water, cheese, vegetable oil or butter, eggs, and salt [1]. Brazilian cheese bread is a perishable 
product that is susceptible to microbial contamination, mostly as a result of the use of contaminated raw 
materials or inadequate manufacturing practices during preparation. Pathogen survival and multiplication in 
cheese bread may lead to foodborne diseases. 

One of the most important foodborne pathogens that is capable of contaminating cheese bread dough 
is enterotoxigenic Staphylococcus aureus. The human nasal vestibule has been described as a natural 
habitat for the bacterium. This implies that hands can be easily contaminated and, in industries where hygiene 
standards and manufacturing practices are poor, cheese bread may be contaminated during production.  The 
problem is further aggravated by the fact that cheese, one of the basic ingredients of cheese bread, is 
associated with outbreaks of staphylococcal intoxication [2-4]. S. aureus can cause clinical and subclinical 
mastitis in cattle, contaminating milk and dairy products [5]. 

S. aureus is the main species associated with staphylococcal intoxication, although enterotoxins can 
also be produced by other coagulase-positive or -negative species [5]. Staphylococcal intoxication occurs 
after ingestion of foods containing preformed staphylococcal enterotoxins. S. aureus growth and enterotoxin 
production are influenced by different factors as food composition, temperature (10 °C to 46 °C), water activity 
(0,86 to 0,99) and pH (4,9 to 9,6) [6,7]. 

GRAPHICAL ABSTRACT  
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To date, 23 serologically distinct staphylococcal enterotoxins have been described, categorized into 
emetic (SEA, SEB, SEC, SED, SEE, SEG, SEH, SEI, SElK, SElL, SElM, SElN, SElO, SElP, SElQ, SER, 
SES, and SET) and non-emetic (SElJ, SElU, SElV, SElX, and SElW) [8-10]. About 95% of all cases of 
staphylococcal food poisoning are caused by SEA, SEB, SEC, SED, and SEE [11]. Staphylococcal 
enterotoxins are heat stable, being resistant to cooking temperatures and times commonly used in domestic 
and industrial practice [12-14]. 

Several countries have reported outbreaks of staphylococcal food poisoning from milk and dairy products 
contaminated with classical staphylococcal enterotoxins [15]. The outbreak with the highest number of cases 
ever reported (n = 13,420) occurred in Japan and was due to different products made from contaminated 
milk and skimmed milk powder. Asao and coauthors [16] found that fluid milk was contaminated with 0.38 
ng/g of SEA and milk powder with 3.7 ng/g of SEA. Ikeda and coauthors [17] reported the presence of SEH, 
in addition to SEA, in skimmed milk powder samples, indicating that SEH might have been involved in 
staphylococcal food poisoning. 

In Brazil, there were 6,903 reports of foodborne outbreaks between 2009 and 2018, resulting in 672,873 
affected individuals, 122,187 treated patients, 16,817 hospitalizations, and 99 deaths. S. aureus was 
implicated as the etiological agent in 9.5% of these cases [18]. Ezequiel Dias Foundation reported in Minas 
Gerais, between January 2006 and April 2007, 27 foodborne outbreaks resulting in 1019 affected people and 
394 patients. These outbreaks were confirmed by a coagulase positive Staphylococcus count greater than 
105 CFU/g of food and/or by the detection of enterotoxins [19]. In 2018, the European Food Safety Authority 
and the European Centre for Disease Prevention and Control reported that 3,908 foods produced in different 
European countries were analyzed and 46 foods (23 cheese samples) were contaminated with 
staphylococcal enterotoxins [20]. 

Little information is available on the contamination of frozen cheese bread sold in Brazil. Ferrari, Winkler, 
and Oliveira [21] assessed the microbiological quality of cheese bread of different brands produced and sold 
in Londrina, Brazil, and found that all samples had S. aureus counts above 5,0 x 103 UFC/g, that is the limit 
defined by Brazilian legislation. Tomich and coauthors [22] also found that 66.7% of cheese bread samples 
analyzed had coagulase-positive staphylococci counts above 5,0 x 103 UFC/g. 

This study investigated the occurence of enterotoxigenic S. aureus in frozen cheese bread dough sold 
in Londrina, Paraná, Brazil, and assessed the production of SEA in cheese bread dough and its inactivation 
by thermal processing. 

MATERIAL AND METHODS 

Sample Collection Procedures 

This study analyzed frozen cheese bread products from five different brands produced in Londrina, 
Paraná, Brazil. Twenty samples from each brand were purchased between March and July 2018 from five 
different supermarkets, totaling 100 samples. Products (400 g) with packages in good condition were 
randomly selected, purchased, and transported to the laboratory in an isothermal container within 1 h of 
collection. Analyses were performed at the Laboratory of Food Microbiology of the Center for Agricultural 
Sciences of the State University of Londrina. The brands were coded as A, B, C, D, and E, and the 
supermarkets as 1, 2, 3, 4, and 5. Table 1 shows the number of samples analyzed by place of purchase and 
brand. 

Table 1. Distribution of frozen cheese bread samples analyzed in the study by place of purchase and brand. 

Place of purchase 
Number of samples 

Brand A Brand B Brand C Brand D Brand E Total 

Supermarket 1 10 - - - 5 15 

Supermarket 2 - - - - 10 10 

Supermarket 3 5 5 - - 5 15 

Supermarket 4 - 10 - - - 10 

Supermarket 5 5 5 20 20 - 50 

Total 20 20 20 20 20 100 
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Determination of Thermotolerant Coliforms, Escherichia coli, and S. aureus 

Twenty-five grams of the examined cheese bread samples were weighed aseptically and homogenized 
with 225 mL of 0.1% sterile buffered peptone water (Acumedia, Acumedia, Lansing, MI, USA) in a 
homogenizer (Stomacher 400, Lab System, Seward, Norfolk, UK) for 1 min. From this initial dilution (10−1), 
two serial dilutions (10−2 and 10−3) were prepared using tubes containing 9 mL of 0.1% sterile buffered 
peptone water [23]. 

Thermotolerant coliform and E. coli counts were determined by the most probable number (MPN) 
method, according to Kornacki, Gurtler, and Stawick [23]. S. aureus counts were determined following the 
method of Bennett, Hait, and Tallent [24]. Catalase, coagulase, and DNAse tests were used for biochemical 
screening. Coagulase-positive Staphylococcus isolates were tested for aerobic and anaerobic mannitol 
fermentation and aerobic maltose fermentation. The protocol proposed by Martineau and coauthors [25] was 
used for molecular characterization of biochemically confirmed S. aureus isolates, with strain USA 300 used 
as positive control. 

Detection of sea, seb, sec, and sed Genes in S. aureus Isolates  

All S. aureus strains isolated from cheese bread samples were subjected to analysis of sea, seb, sec, 
and sed expression. DNA extraction, PCR conditions, and data analysis followed the procedures described 
by Johnson and coauthors [26] as modified by Cunha and coauthors [27]. The following standard strains of 
S. aureus were used as positive controls: ATCC 13565 (sea), ATCC 14458 (seb), ATCC 19095 (sec), and 
ATCC 23735 (sed). Non-enterotoxigenic S. aureus ATCC 25923 was used as negative control [28].  

Investigation of the Ability of SEA-Producing S. aureus to Express Enterotoxin in Cheese Bread 
Dough 

Preparation and Artificial Contamination of Cheese Bread Dough 

A suspension of SEA-producing S. aureus (ATCC 13565) in 0.85% saline was adjusted to the turbidity 
of a 0.5 McFarland standard (8 log colony-forming units, CFU/mL). The drop count method was used to 
determine the best dilution and inoculum size for contamination of cheese bread dough [29]. 

All the ingredients used in the preparation of cheese bread dough were analyzed as described in section 
“Determination of thermotolerant coliforms, Escherichia coli, and S. aureus” to ensure that they were not 
contaminated with S. aureus. The dough was prepared by mixing 1,000 g of sour cassava flour, 500 g of 
grated cheese, 350 mL of soybean oil, 250 mL of milk, five whole eggs, and 20 g of salt. Milk and soybean 
oil were heated to a boil and then poured over the cassava flour. This process, known as scalding, is 
traditionally used to promote starch gelatinization. The scalded flour was cooled to 25 °C, mixed with eggs, 
salt, and grated cheese, and kneaded aseptically to avoid contamination.  

The dough was divided into six portions of 100 g. Four portions were subdivided into samples of 25 g, 
rolled into balls (3 cm diameter and 1 cm height), and individually contaminated with 0.25 mL of 103 CFU/g 
of SEA-producing S. aureus that was instantly absorbed by the cheese bread dough. The two 
uncontaminated portions were each subdivided into four portions of 25 g and used as negative controls. 
Contaminated and uncontaminated samples were individually packaged in sterile bags and incubated at 10 
or 20 °C for 4, 6, 8 or 24 h. After incubation, samples were evaluated for SEA production and SEA inactivation, 
as described below (sections “Evaluation of the ability of enterotoxigenic S. aureus to produce SEA in cheese 
bread dough” and “Evaluation of SEA inactivation by thermal processing”). The experiment was repeated 
twice. 

Evaluation of the Ability of Enterotoxigenic S. aureus to Produce SEA in Cheese Bread Dough 

Dough samples (25 g) were analyzed for SEA production. Briefly, samples were homogenized in 50 mL 
of 0.85% sterile saline solution for toxin extraction. Aliquots of 30 mL were collected and centrifuged at 900 
× g and 4 °C for 30 min (Eppendorf AG, Hamburg, Germany). Supernatants were filtered through 0.45 and 
0.2 µm Millipore membranes, and filtrates were analyzed for SEA using a reversed passive latex agglutination 
(RPLA) test kit (SET-RPLA, Denka Seiken Co. Ltd., Tokyo, Japan). 

RPLA assays were performed in V-bottom 96-well polystyrene microplates (Greiner Bio-One, 
Americana-SP), according to the manufacturer’s instructions. Plates were incubated at room temperature for 
20 to 24 h, and the results were read according to the manufacturer’s interpretation criteria. 
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Evaluation of SEA Inactivation by Thermal Processing 

Contaminated dough samples (25 g) were baked at 180 °C for 35 min. Baked samples were analyzed 
by RPLA (as described in section “Evaluation of the ability of enterotoxigenic S. aureus to produce SEA in 
cheese bread dough”) to assess whether staphylococcal enterotoxins were degraded by thermal processing. 
Baked cheese bread was also analyzed for the presence of S. aureus following the procedures described in 
section “Determination of thermotolerant coliforms, Escherichia coli, and S. aureus”. 

Statistical Analysis 

Data were subjected to analysis of variance and Tukey’s test at P < 0.05 using R version 3.6.0 (Boston, 
MA, USA). 

RESULTS AND DISCUSSION 

Microbiological Evaluation of Frozen Cheese Bread 

Brazilian legislation does not define standards of identity for cheese bread or specific limits for 
enterotoxigenic S. aureus. According to the Brazilian Health Regulatory Agency (ANVISA), cheese bread 
cannot contain more than 5.0 × 103 CFU/g of coagulase-positive staphylococci [30,31]. Table 2 shows the S. 
aureus counts of the 100 cheese bread samples analyzed in the study. Sixty samples (60%) had less than 
1.0 × 102 CFU/g. Of the 40 samples (40%) found to be contaminated with S. aureus, 27 (27%) had counts 
greater than 5.0 × 103 CFU/g. 

Table 2. Staphylococcus aureus counts (CFU/g) in frozen cheese bread by brand. 

Count range  
Brand A 

n (%) 
Brand B 

n (%) 
Brand C 

n (%) 
Brand D 

n (%) 
Brand E 

n (%) 

<1.0 × 102a 13 (65) 14 (70) 3 (15) 13 (65) 17 (85) 

1.0 × 102 to 1.0 × 103b 0 (0) 0 (0) 1 (5) 0 (0) 0 (0) 

1.0 × 103 to 5.0 × 103c 2 (10) 2 (10) 3 (15) 3 (15) 2 (15) 

>5.0 × 103d 5 (25) 4 (20) 13 (65) 4 (20) 1 (5) 

Note: n, number of samples; CFU, colony-forming units. 
a Limit of detection. 
b Range between the limit of detection and the acceptable level, as defined by Brazilian legislation. 
c Range between the acceptable and the intermediary acceptable level, as defined by Brazilian legislation. 
d Values above the maximum limit defined by Brazilian legislation. 

Thermotolerant coliform and E. coli counts were determined as additional parameters to assess the 
hygienic quality of cheese bread. Twenty-five samples (25.0%) were found to be contaminated with 
thermotolerant coliforms and 17 (17.0%) with E. coli. However, microbial counts were lower than 5.0 × 102 
MPN/g, the upper limit established for cheese bread by Brazilian Resolution no. 331 and Normative 
Instruction no. 60 [30,31]. 

None of the 62 S. aureus strains isolated from the 40 contaminated cheese bread samples carried the 
genes sea, seb, sec, or sed, responsible for the production of SEA, SEB, SEC, and SED, respectively. Other 
studies have detected staphylococcal enterotoxin genes in S. aureus strains isolated from contaminated dairy 
products [3,32-39].  

Contamination of cheese bread by S. aureus and the presence of preformed enterotoxins in cheese 
bread dough can result from the use of contaminated ingredients or from contamination with S. aureus and 
production of staphylococcal enterotoxins during manufacture and storage. Babic´ and coauthors [Erro! 
Fonte de referência não encontrada.] observed that milk storage at temperatures below 8 °C during 
production and distribution significantly decreases the risk of S. aureus multiplication and enterotoxin 
production. 

Two outbreaks of staphylococcal intoxication have been reported by do Carmo and coauthors [3] due to 
the ingestion of cheese and raw milk contaminated with counts of S. aureus ranging from 2.4 x 103 CFU / g 
to 2.0 x 108 CFU / g. SEA and SEB enterotoxins were detected in raw milk samples and SEA, SEB and SEC 
in cheese samples. Senger and Bizani [39] evaluated 60 samples of Minas cheese and 31.67% had S. aureus 
counts greater than 5 x 102 CFU / g and the presence of SEA, SEB, SEC, SED and SEE. Castro and 
coauthors [38] observed the presence of S. aureus that carried the sea and sec genes in samples of raw 
milk, artisanal Minas cheese and cheese producers. 
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Between 2014 and 2017, Ciupescu and coauthors [Erro! Fonte de referência não encontrada.] 
evaluated three outbreaks of staphylococcal intoxication from three different types of cheese contaminated 
with 1.2 × 106 to 5.3 × 108 CFU/g of coagulase-positive staphylococci. The strains expressed sed and other 
enterotoxin-encoding genes (seg, seh, sei, sej, and ser), revealing the diverse enterotoxigenic profile of 
isolates and the expression of nonclassical enterotoxin genes. Ercoli and coauthors [Erro! Fonte de 
referência não encontrada.], in a study on foodborne S. aureus outbreaks, found that cases were 
associated with the consumption of whipped cream contaminated with S. aureus strains expressing sea and 
also seg, seh, and sei. Other studies reported the presence of only nonclassical staphylococcal enterotoxins 
in foods associated with outbreaks of staphylococcal intoxication [4,Erro! Fonte de referência não 
encontrada.]. It is important to bear in mind that these studies were limited by the lack of standardized 
immunological assays for detection of nonclassical enterotoxins. 

In the present study, we analyzed the expression of four classical staphylococcal enterotoxin genes. 
However, the isolated strains might have carried genes that were not assessed, such as genes encoding 
SEE or one of the 18 other staphylococcal enterotoxins. Mello and coauthors [Erro! Fonte de referência 
não encontrada.] isolated S. aureus strains from cows with subclinical mastitis in Brazil and found that 
strains expressed not only classical enterotoxin genes (sea, seb, sec, and see) but also seg, seh, sei, and 
ser. 

An outbreak of staphylococcal food poisoning in Minas Gerais, Brazil, with 4,000 cases and 16 deaths, 
occurred because of contamination of food by handlers and inadequate storage at room temperature for 24 
h [45]. Regarding the foodborne outbreak that occurred after the 2017 central Italy earthquake, research 
showed that enterotoxigenic S. aureus strains isolated from pasta salad were human-derived [46]. Continued 
hygiene education of food handlers is, therefore, essential to reduce the risk of staphylococcal intoxication. 

Potential of S. aureus to Produce SEA in Cheese Bread Dough 

Cheese bread dough samples were artificially contaminated with SEA-producing S. aureus ATCC 13565 
and incubated at 10 or 20 °C for 4, 6, 8, or 24 h. After 8 h of incubation, all samples incubated at 20 °C 
contained at least 105 CFU/g of S. aureus. The highest S. aureus count obtained after 24 h of incubation was 
2.6 × 106 CFU/g. Significant interaction effects between incubation time and temperature were observed. At 
both temperatures, S. aureus counts increased with increasing incubation time. For all incubation times, the 
highest counts were observed in samples incubated at 20 °C. 

In samples incubated at 10 °C, S. aureus counts were significantly higher after 24 h of incubation, not 
differing (P > 0.05) between 4, 6, and 8 h (Table 3). In samples incubated at 20 °C, the highest counts were 
observed after 24 h of incubation, followed by 8 h. Counts did not differ between samples incubated for 4 and 
6 h (Table 3).  

Table 3. Mean counts (CFU/g) of SEA-producing Staphylococcus aureus and presence of SEA, as detected by reversed 
passive latex agglutination**, in cheese bread dough artificially contaminated with SEA-producing Staphylococcus 
aureus and incubated at different temperatures for different periods of time. 

Incubation time 

Incubation temperature 

Dough before baking Baked cheese bread 

10 °C 20 °C 10 °C 20 °C 

4 h 
2.20 × 104 aA 
SEA - 

5.30 × 104 aA 

SEA - 

* 
SEA - 

* 
SEA - 

6 h 
2.85 × 104 aA 

SEA - 

6.90 × 104 aA 

SEA - 

* 
SEA - 

* 
SEA - 

8 h 
9.25 × 104 aA 
SEA + 

2.90 × 105 bB 

SEA + 

* 
SEA - 

* 
SEA - 

24 h 
2.00 × 106 bA 

SEA + 

2.40 × 106 cA 
SEA + 

* 
SEA + 

* 
SEA + 

Note: Means in a column followed by different lowercase letters and means in a row followed by different uppercase 
letters differ significantly by Tukey’s test (P < 0.05). 
- SEA not detected. 
+ SEA detected. 
*S. aureus was not detected in baked samples. 
**The limit of detection of the RPLA method is 1.0 ng/mL. 
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SEA detection was performed by RPLA and results are presented in Table 3. SEA was detected in 
samples incubated for 8 and 24 h at 10 and 20 °C. S. aureus multiplication and production of staphylococcal 
enterotoxins are influenced by intrinsic factors of the food matrix and extrinsic factors, such as food 
production, storage, and handling conditions. There is no definite relationship established between S. aureus 
count and enterotoxin production. In this study, enterotoxin production occurred in samples contaminated 
with 4.4 × 104 CFU/g or more of S. aureus. Tatini and coauthors [47] detected SEA in milk with counts from 
104 CFU / g of S. aureus, while Resta and Oliveira [48] and Santana and coauthors [49] reported that food 
samples with more than 105 CFU/g of S. aureus were positive for enterotoxins. 

SEA inactivation was assessed after baking the artificially contaminated dough samples for 35 min at 
180 °C. Heat treatment was sufficient to inactivate SEA in samples that had been incubated for 8 h at 10 or 
20 °C but not in samples incubated for 24 h at either temperature, as shown in Table 3. Thermal inactivation 
of staphylococcal enterotoxins depends, among other factors, on the initial enterotoxin levels in the food 
matrix.  

Necidová and coauthors [50] evaluated the thermal stability of SEA, SEB, and SEC in milk previously 
contaminated with 104 to 105 CFU/g of enterotoxigenic S. aureus and incubated at 37 °C for 24 h. After heat 
treatment at 72, 85, or 92 °C for 15 s, all samples were negative for S. aureus, but SEA, SEB, and SEC were 
detected in 87.5% (35/40), 52.5% (21/40), and 45.0% (18/40) of samples, respectively. Nevertheless, heat 
treatment significantly reduced enterotoxin levels, and SEB was detected at the lowest concentrations. 
Tibana and coauthors [51] analyzed the thermal stability of SEA, SEB, and SEC in a buffered system 
containing 100 ng/mL of enterotoxins. SEC had the highest thermal resistance, followed by SEA and SEB. 
The authors found that domestic cooking temperatures and times were not sufficient to completely inactivate 
enterotoxins. In another study, Necidová and coauthors [13] assessed the thermal stability of SEA, SEB, and 
SEC in fluid milk contaminated with 38 different strains of enterotoxigenic S. aureus, autoclaved at 100, 110, 
or 121 °C for 3 min. Heat treatment reduced enterotoxin levels, but the prevalence was 36.8% (14/38), 34.2% 
(13/38), and 31.6% (12/38) in samples autoclaved at 100, 110, and 121 °C, respectively. SEA was detected 
at the highest level and with the highest frequency. Skimmed milk powder associated with the 2000 
staphylococcal food intoxication in Japan had been processed at 130 °C for 2-4 s. Although S. aureus cells 
were destroyed, SEA, which was likely produced during the storage of raw milk, retained its biological and 
immunological properties [16]. 

S. aureus multiplication and enterotoxin production are influenced by different factors inherent to food 
processing. To reduce staphylococcal food poisoning, food industries and handlers must enforce good 
hygiene practices to avoid enterotoxigenic S. aureus contamination and ensure adequate storage and 
processing conditions to prevent microbial multiplication. 

CONCLUSION 

None of the S. aureus strains isolated from contaminated cheese bread samples expressed the classical 
enterotoxin genes evaluated in this study. However, as there are 23 serologically distinct staphylococcal 
enterotoxins, we cannot rule out the possibility that strains expressed other enterotoxin-encoding genes. The 
presence of S. aureus above the limit defined by Brazilian legislation in several samples indicates a potential 
danger to consumer health. 

Heat treatment at 180 °C for 35 min was not sufficient to inactivate SEA in artificially contaminated 
cheese bread previously incubated for 24 h at 10 or 20 °C. Thermal deactivation depends, among other 
factors, on initial SEA levels. 

These results highlight the importance of controlling the microbiological quality of raw materials used for 
cheese bread dough production and reinforcing hygiene measures to prevent S. aureus multiplication during 
manufacture and storage of the product. Our data may guide food surveillance programs and the assessment 
of good manufacturing practices and hazard analysis and critical control points in cheese bread industries. 

Funding: This research received no extern funding. 
Acknowledgments: The authors thank the Laboratory of Food Microbiology of the Center for Agricultural Sciences, 
State University of Londrina, Londrina, Brazil, and the Laboratory of Bacteriology of the Institute of Biosciences, São 
Paulo State University, Botucatu, Brazil, for their support in the analyses. 
Conflicts of Interest: The authors declare no conflict of interest. 

 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Campos, F.M.; et al. 8 
 

 
Brazilian Archives of Biology and Technology. Vol.65: e22200564, 2022 www.scielo.br/babt 

REFERENCES 

1. Zapata F, Zapata E, Rodríguez-Sandoval E. Influence of guar gum on the baking quality of gluten-free cheese 
bread made using frozen and chilled dough. Int. J. Food Sci. Technol. 2019;54(2):313-24. doi: 10.1111/ijfs.13936. 

2. Dores MT, Dias RS, Arcuri EF, Nobrega JE, Ferreira CLLF. Enterotoxigenic potential of Staphylococcus aureus 
isolated from artisan minas cheese from the Serra da Canastra - MG, Brazil. Food Sci. Technol. 2013 Apr-
Jun;10;33(2):271-5. doi: 10.1590/S0101-20612013005000033. 

3. Do Carmo LS, Dias RS, Linardi VR, Sena MJ, Santos DA, Faria ME, et al. Food poisoning due to enterotoxigenic 
strains of Staphylococcus present in minas cheese and raw milk in Brazil. Food Microbiol. 2002 Feb;19(1):9-14. 
doi: 10.1006/fmic.2001.0444. 

4. Johler S, Giannini P, Jermini M, Hummerjohann J, Baumgartner A, Stephan R. Further evidence for 
staphylococcal food poisoning outbreaks caused by egc-encoded enterotoxins. Toxins (Basel). 2015 
Mar;7(3):997-1004. doi: 10.3390/toxins7030997. 

5. Argudín MA, Mendoza MC, Rodicio MR. Food poisoning and Staphylococcus aureus enterotoxins. Toxins (Basel). 
2010 Jun;2(7):1751-73. doi: 10.3390/toxins 2071751. 

6. Notermans S, Heuvelman CJ. Combined effect of water activity, pH and sub-optimal temperature on growth and 
enterotoxin production of Staphylococcus aureus. J. Food Sci. 1983 Nov;48(6):1832-1840. doi: 10.1111/j.1365-
2621.1983.tb05096.x. 

7. Schelin J, Wallin-Carlquist N, Cohn MT, Lindqvist R, Barker GC, Rådström P. The formation of Staphylococcus 
aureus enterotoxin in food environments and advances in risk assessment. Virulence. 2011 Nov/Dec 1;2(6):580-
92. doi: 10.4161/viru.2.6.18122. 

8. Omoe K, Hu D-L, Ono HK, Shimizu S, Takahashi-Omoe H, Nakane A, et al. Emetic potentials of newly identified 
staphylococcal enterotoxin-like toxins. Infect. Immun. 2013 Oct;81(10):3627-31. doi: 10.1128/IAI.00550-13.  

9. Ono HK, Sato’o Y, Narita K, Naito I, Hirose S, Hisatsune J, et al. Identification and characterization of a novel 
staphylococcal emetic toxin. Appl. Environ. Microbiol. 2015 Oct;81(20):7034-40. doi: 10.1128/AEM.01873-15. 

10. Seo KS. Monkey feeding assay for testing emetic activity of staphylococcal enterotoxin. Methods Mol. Biol., 
2016;1396:125-31. doi: 10.1007/978-1-4939-3344-0_11. 

11. Bencardino D, Vitali LA. Staphylococcus aureus carriage among food handlers in a pasta company: pattern of 
virulence and resistance to linezolid. Food Control. 2019 Feb;96(12):351-6. doi: 10.1016/j.foodcont.2018.09.031. 

12. Food and Drug Administration (FDA). Bad bug book, foodborne pathogenic microorganisms and natural toxins, 
2rd edn. FDA, Washington; 2012. 

13. Necidová L, Bursová S, Haruštiaková D, Bogdanovičová K, Lačanin I. Effect of heat treatment on activity of 
staphylococcal enterotoxins of type A, B and C in milk. J. Dairy Sci. 2019 May;102(5):1-9. doi: 10.3168/jds.2018-
15255. 

14. Pinchuk IV, Beswick EJ, Reyes, VE. Staphylococcal enterotoxins. Toxins (Basel). 2010 Aug 18;2(8):2177-97. doi: 
10.3390/toxins2082177. 

15. Hennekinne J-A, De Buyser M-L, Dragacci S. Staphylococcus aureus and its food poisoning toxins: 
characterization and outbreak investigation. FEMS Microbiol. Rev. 2012 Jul 1;36(4):815-836. doi: 10.1111/j.1574-
6976.2011.00311.x. 

16. Asao T, Kumeda Y, Kawai T, Shibata T, Oda H, Haruki K, Nakazawa H, Kozaki S. An extensive outbreak of 
staphylococcal food poisoning due to low-fat milk in Japan: estimation of enterotoxin A in the incriminated milk and 
powdered skim milk. Epidemiol. Infect. 2003 Feb;130(1):33-40. doi: 10.1017/S0950268802007951. 

17. Ikeda T, Tamate N, Yamaguchi K, Makino S-I. Mass outbreak of food poisoning disease caused by small amounts 
of staphylococcal enterotoxins A and H. Appl. Environ. Microbiol. 2005 May;71(5):2793-2795. doi: 
10.1128/AEM.71.5.2793-2795.2005. 

18. Brasil, Ministério da Saúde; Agência Nacional de Vigilância Sanitária [Internet]. Outbreaks of transmitted diseases 
for foods in Brazil; 2019 [cited 2020 May 27]. Available from: https://www.saude.gov.br/ 
images/pdf/2019/maio/17/Apresentacao-Surtos-DTA-Maio-2019.pdf.  

19. Dias RS. Outbreaks of food poisoning by enterotoxigenic strains of Staphylococcus that occurred in different 
municipalities in Minas Gerais. Scientific Journal of the Biosciences Center. 2012 Dec;2(4):1-6. doi: 
10.15601/2238-1945/pcnb.v2n4p1-6.  

20. European Food Safety Authority and European Centre for Disease Prevention and Control (EFSA and ECDC). 
The European Union one health 2018 zoonoses report. EFSA J. 2019 Dec 12;17(12):e05926. doi: 
10.2903/j.efsa.2019.5926. 

21. Ferrari RG, Winkler SM, Oliveira TCRM. Microbiological analysis of foods exempt of legal registration procedures. 
Semina: Ciênc. Agrár. 2007 Abr-Jun;28(2):241-50. doi: 10.5433/1679-0359.2007v28n2p241. 

22. Tomich RGP, Tomich TR, Amaral CAA, Junqueira RG, Pereira AJG. Methodology for evaluating good 
manufacturing practices in cheese bread industries. Food Sci. Technol., Campinas, 2005 Jan-Mar;25(1):115-20. 
doi: 10.1590/S0101-20612005000100019.  

23. Kornacki JL, Gurtler, JB, Stawick, BA. Enterobacteriaceae, coliforms, and Escherichia coli as quality and safety 
indicators. In: Salfinger Y, Tortorello, ML (eds) Compendium of methods for the microbiological examination of 
foods, 5th ed. Washington: Alpha; 2015. p 103-120. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schelin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22030860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wallin-Carlquist%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22030860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thorup%20Cohn%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22030860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lindqvist%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22030860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barker%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=22030860
https://www.ncbi.nlm.nih.gov/pubmed/?term=R%26%23x000e5%3Bdstr%26%23x000f6%3Bm%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22030860
https://doi.org/10.1128/IAI.00550-13
https://doi.org/10.1128/AEM.01873-15
https://doi.org/10.1007/978-1-4939-3344-0_11
https://doi.org/10.3168/jds.2018-15255
https://doi.org/10.3168/jds.2018-15255
https://doi.org/10.3390/toxins2082177
https://doi.org/10.3390/toxins2082177
https://doi.org/10.1017/S0950268802007951
https://doi.org/10.1128/AEM.71.5.2793-2795.2005
https://doi.org/10.1128/AEM.71.5.2793-2795.2005


 Campos, F.M.; et al. 9 
 

Brazilian Archives of Biology and Technology. Vol.65: e22200564, 2022 www.scielo.br/babt 

24. Bennett RW, Hait JM, Tallent SM. Staphylococcus aureus and staphylococcal enterotoxins. In: Salfinger Y, 
Tortorello ML (eds) Compendium of methods for the microbiological examination of foods, 5th ed. Washington: 
Alpha; 2015. p. 509-526. 

25. Martineau F, Picard FJ, Roy PH, Ouellette M, Bergeron MG. Species-specific and ubiquitous-DNA-based assays 
for rapid identification of Staphylococcus aureus. J. Clin. Microbiol. 1998 Mar;36(3):618-23. 

26. Johnson WS, Tyler SD, Ewan EP, Ashton FE, Pollard DR, Rozee KR. Detection of genes for enterotoxins, 
exfoliative toxins, and toxic shock syndrome toxin 1 in Staphylococcus aureus by the polymerase chain reaction. 
J. Clin. Microbiol. 1991 Mar;29(3):426-30. 

27. Cunha MLRS, Peresi E, Calsolari RAO, Araújo Júnior JP. Detection of enterotoxins genes in coagulase-negative 
staphylococci isolated from foods. Braz. J. Microbiol., 2006 Jan-Mar;37(1):70-4. doi: 10.1590/S1517-
83822006000100013. 

28. Souza CSM, Fortaleza CMCB, Witzel CL, Silveira M, Bonesso MF, Marques AS, Cunha MLRS. Toxigenic profile 
of methicillin-sensitive and resistant Staphylococcus aureus isolated from special groups. Ann. Clin. Microbiol. 
Antimicrob. 2016 Feb 16;15(9):1-5. doi: 10.1186/s12941-016-0125-5. 

29. Miles AA, Misra SS, Irwin JO. The estimation of the bactericidal power of the blood. J. Hyg. 1938;38(6):732-749. 
doi: 10.1017/s002217240001158x. 

30. Brasil, Ministério da Saúde; Agência Nacional de Vigilância Sanitária [Internet]. Normative Instruction nº 60 of 23 
December 2019; 2019 [cited 2020 May 23]. Available from: http://www.in.gov.br/en/web/dou/-/instrucao-
normativa-n-60-de-23-de-dezembro-de-2019-235332356.  

31. Brasil, Ministério da Saúde; Agência Nacional de Vigilância Sanitária [Internet]. Resolution. nº 331 of 23 
December 2019; 2019. [cited 2020 May 23]. Available from: http://www.in.gov.br/web/dou/-/resolucao-rdc-n-331-
de-23-de-dezembro-de-2019-235332272.  

32. Chao G, Bao G, Cao Y, Yan W, Wang Y, Zhang X, et al. Prevalence and diversity of enterotoxin genes with 
genetic background of Staphylococcus aureus isolates from different origins in China. Int. J. Food Microbiol. 2015 
Oct 15;211:142-7. doi: 10.1016/j.ijfoodmicro.2015.07.018. 

33. Cheng J, Wang Y, Cao Y, Yan W, Niu X, Zhou L, et al. The distribution of 18 enterotoxin and enterotoxin-like 
genes in Staphylococcus aureus strains from different sources in east China. Foodborne Pathog. Dis. 2016 
Apr;13(4):171-6. doi: 10.1089/fpd.2015.1963. 

34. Denayer S, Delbrassinne L, Nia Y, Botteldoorn N. Food-borne outbreak investigation and molecular typing: high 
diversity of Staphylococcus aureu strains and importance of toxin detection. Toxins (Basel), 2017 Dec 
20;9(12):407-20. doi: 10.3390/toxins 9120407. 

35. Mansour AS, Wagih GE, Morgan SD, Elhariri M, El-Shabrawy MA, Abuelnaga A, et al. Detection of 
Staphylococcus aureus enterotoxigenic strains in bovine raw milk by reversed passive latex agglutination and 
multiplex polymerase chain reaction. Vet. World. 2017 Aug;10(8):843-7. doi: 10.14202/vetworld.2017.843-847. 

36. Nunes RSC, Souza CP, Pereira KS, Del Aguila EM, Paschoalin VMF. Identification and molecular phylogeny of 
coagulase-negative staphylococci isolates from minas frescal cheese in southeastern Brazil: superantigenic toxin 
production and antibiotic resistance. J. Dairy Sci. 2016 Apr;99(4):2641-53. doi: 10.3168/jds.2015-9693. 

37. Saka E, Terzi Gulel G. Detection of enterotoxin genes and methicillin-resistance in Staphylococcus aureus 
isolated from water buffalo milk and dairy products. J. Food Sci. 2018 Jun;83(6):1716-22. doi: 10.1111/1750-
3841.14172. 

38. Castro RD, Pedroso SHSP, Sandes SHC, Silva GO, Luiz KCM, Dias RS, et al. Virulence factors and antimicrobial 
resistance of Staphylococcus aureus isolated from the production process of minas artisanal cheese from the 
region of the Campos das Vertentes, Brazil. J. Dairy Sci. 2020 Mar;103(3):2098-110. doi: 10.3168/jds.2019-
17138. 

39. Senger AEV, Bizani D. Research of Staphylococcus aureus in minas frescal cheese, produced in an artisanal and 
industrial way, marketed in the city of Canoas / RS, Brazil. J Environ Sci, Canoas, 2011;5(2):25-42. doi: 
10.18316/259.  

40. Babic´ M, Pajic´ M, Radinovic´ M, Bobosˇ S, Bulajic´ S, Nikolic´ A, Branko V. Effects of temperature abuse on the 
growth and staphylococcal enterotoxin A gene (sea) expression of Staphylococcus aureus in milk. Foodborne 
Pathog. Dis. 2018 Dec;16(4):282-289. doi: 10.1089/fpd.2018.2544. 

41. Ciupescu L-M, Auvray F, Nicorescu IM, Meheut T, Ciupescu V, Lardeux A-L, et al. Characterization of 
Staphylococcus aureus strains and evidence for the involvement of non-classical enterotoxin genes in food 
poisoning outbreaks. FEMS Microbiology Letters, 2018 Jul;365(13):1-7. doi: 10.1093/femsle/fny139. 

42. Ercoli L, Gallina S, Nia Y, Auvray F, Primavilla S, Guidi F, et al. Investigation of a staphylococcal food poisoning 
outbreak from a chantilly cream dessert, in Umbria (Italy). Foodborne Pathog. Dis. 2017 Apr;14(7):407-13. doi: 
10.1089/fpd.2016.2267. 

43. Umeda K, Nakamura H, Yamamoto K, Nishina N, Yasufuku K, Hirai Y, et al. Molecular and epidemiological 
characterization of staphylococcal foodborne outbreak of Staphylococcus aureus harboring seg, sei, sem, sen, 
seo, and selu genes without production of classical enterotoxins. Int. J. Food Microbiol. 2017 Sep;256(1):30-5. doi: 
10.1016/j.ijfoodmicro.2017.05.023. 

44. Mello PL, Riboli DFM, Pinheiro L, Martins LA, Brito MAVP, Cunha MLRS. Determination of clonal profile in 
Staphylococcus aureus and coagulase-negative Staphylococci isolated from bovine subclinical mastitis in different 
Brazilian states. Toxins (Basel), 2016 Apr;8(4):104-14. doi: 10.3390/toxins8040104. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
https://doi.org/10.1590/S1517-83822006000100013
https://doi.org/10.1590/S1517-83822006000100013
https://doi.org/10.1186/s12941-016-0125-5
https://doi.org/10.1017/s002217240001158x
https://doi.org/10.1016/j.ijfoodmicro.2015.07.018
https://doi.org/10.1089/fpd.2015.1963
https://www.ncbi.nlm.nih.gov/pubmed/?term=Denayer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29261162
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delbrassinne%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29261162
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nia%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29261162
https://www.ncbi.nlm.nih.gov/pubmed/?term=Botteldoorn%20N%5BAuthor%5D&cauthor=true&cauthor_uid=29261162
https://doi.org/10.3390/toxins%209120407
https://doi.org/10.14202/vetworld.2017.843-847
https://doi.org/10.3168/jds.2015-9693
https://doi.org/10.1111/1750-3841.14172
https://doi.org/10.1111/1750-3841.14172
https://www.journalofdairyscience.org/article/S0022-0302(20)30050-3/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(20)30050-3/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(20)30050-3/fulltext
https://doi.org/10.1089/fpd.2018.2544
https://doi.org/10.1093/femsle/fny139
https://doi.org/10.1089/fpd.2016.2267
https://doi.org/10.1016/j.ijfoodmicro.2017.05.023
https://doi.org/10.3390/toxins8040104


 Campos, F.M.; et al. 10 
 

 
Brazilian Archives of Biology and Technology. Vol.65: e22200564, 2022 www.scielo.br/babt 

45. Do Carmo LS, Cummings C, Linardi VR, Dias RS, Souza OJM, Sena MJ, et al. A case study of a massive 
staphylococcal food poisoning incident. Foodborne Pathog. Dis. 2004 Jan;1(4):241-246. doi: 
10.1089/fpd.2004.1.241. 

46. Guidi F, Duranti A, Gallina S, Nia Y, Petruzzelli A, Romano A, et al. Characterization of a staphylococcal food 
poisoning outbreak in a workplace canteen during the post-earthquake reconstruction of central Italy. Toxins 
(Basel). 2018 Dec;10(12):523-34. doi: 10.3390/toxins10120523. 

47. Tatini SR, Jezeski JJ, Olson Jr. JC, Casman EP. Factors influencing the production of staphylococcal enterotoxin 
A in milk 1, 2, 3. J. Dairy Sci. 1971 Mar;54(3):312-20. doi: 10.3168/jds.S0022-0302(71)85835-6. 

48. Resta MSA, Oliveira TCRM. Evaluation of the coagulase-positive staphylococci standard required by Brazilian 
regulations for pasta. Braz. J. Food Technol. 2013 Oct-Dec;16(4):319-25. doi: 10.1590/S1981-6723201300500 
0038. 

49. Santana EHW, Beloti V, Aragon-Alegro LC, Mendonça MBOC. Staphylococci in food. Arq. Inst. Biol. 2010 Jul-
Sep;77(3):545-54. doi: 10.20873/uft.2359-3652.2017v4n4p15.  

50. Necidová L, Bogdanovicova K, Harustiakova D, Bartova K. Short communication: Pasteurization as a means of 
inactivating staphylococcal enterotoxins A, B, and C in milk. J. Dairy Sci. 2016 Nov;99(11):8638-43. doi: 
10.3168/jds.2016-11252. 

51. Tibana A, Rayman K, Akhtar M, Szabo R. Thermal stability of enterotoxins A, B and C in a buffered system. J. 
Food Prot. 1987 Mar;50(3):239-42. doi: 10.4315/0362-028X-50.3.239. 

 

 

© 2022 by the authors. Submitted for possible open access publication under the terms and 
conditions of the Creative Commons Attribution (CC BY NC) license 
(https://creativecommons.org/licenses/by-nc/4.0/). 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
https://doi.org/10.1089/fpd.2004.1.241
https://doi.org/10.1089/fpd.2004.1.241
https://doi.org/10.3390/toxins10120523
https://www.sciencedirect.com/science/article/pii/S0022030271858356#fn1
https://www.sciencedirect.com/science/article/pii/S0022030271858356#fn2
https://dx.doi.org/10.1590/S1981-67232013005000038
https://dx.doi.org/10.1590/S1981-67232013005000038
https://doi.org/10.20873/uft.2359-3652.2017v4n4p15
https://doi.org/10.3168/jds.2016-11252
https://doi.org/10.3168/jds.2016-11252
https://doi.org/10.4315/0362-028X-50.3.239

