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1 Introduction
The Artisan Minas cheese from the Serra da Canastra is one 

of the oldest and most traditional cheeses produced in Brazil. 
It is an income-generating activity for a large number of small-
scale farmers. Its centenary production consists of inoculating 
endogenous starter cultures, which are collected from previous 
batches, into freshly collected raw milk in order to influence 
the fermentation process. The main genera of the endogenous 
starter are Lactobacillus, Lactococcus and Streptococcus with 
counts of approximately 8 log cfu.mL–1 (BORELLI et al., 2006; 
NOBREGA; FERREIRA; DORES, 2008).

Food contamination by S. aureus and the possibility of 
staphylococcal toxin production represent a potential risk to 
public health. Staphylococcal enterotoxins belong to a family of 
twenty thermostable, pepsin-resistant, single chain exoproteins 
which range in molecular weight from 25,000 to 29,600 Da 
(SEO; BOHACH, 2010). Most staphylococcal strains are able 
to produce one or more enterotoxins, which are the cause of 
the gastrointestinal symptoms including vomiting and diarrhea 
(MARTIN; MYERS; LANDOLO, 2001; HENNEKINNE; 
DE BUYSER; DRAGACCI, 2011). Among the foods involved 
in staphylococcal intoxication outbreaks, raw milk and cheeses 
are the most common from the dairy category, and S. aureus is 
the most commonly found etiologic agent in epidemiological 
investigations (DE BUYSER et al., 2001; IKEDA et al., 2005).

Microbiological determinations in Artisan cheeses have 
frequently indicated the presence of S. aureus at levels above 
those permitted by law (PINTO; MARTINS; FERREIRA, 
2004; BRANT; FONSECA; SILVA, 2007; BORELLI et  al., 
2006; MARTINS, 2006; DORES, 2007). On the other hand, 
there are few reports or notifications of staphylococcal food 
poisoning associated with the consumption of these products 
since reports of staphylococcal food poisoning are not 
considered compulsory in Brazil. Therefore the actual level 
of contamination with Staphylococcus in artisan cheeses is 
unknown (STAMFORD et al., 2006).

Dores (2007) analyzed the minimum ripening period 
necessary to ensure safety in Artisan Minas cheese from the 
Serra da Canastra and found that the counts of S. aureus 
were above those permitted by the Brazilian legislation 
(2.0 log cfu.g–1) during longer periods of time thus defining the 
minimum ripening period necessary to guarantee food safety 
(State Law N. 14,185, January 2002 (amended by decree N. 
44,864, August 2008). The author verified the presence of this 
microorganism after 64-days of ripening at 10 °C and estimated 
that at least 84 days of ripening at this same temperature would 
be necessary to reduce the counts to acceptable levels. Similar 
results were found by Martins (2006) when monitoring the 
ripening of Artisan Serro cheeses.
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of enterotoxin-encoding genes was performed using a PCR 
protocol for the sea, seb, sec, sed, and, see genes. Cellular DNA 
was extracted as described by Hesselbarth and Schwarz (1995). 
The oligonucleotides were described by Rosec and Gigaud 
(2002) and are listed in Table 1. The reactions were performed 
under previously described conditions (ROSEC; GIGAUD, 
2002) with some changes as proposed by Arcuri et al. (2004).

For each PCR reaction, a positive and a negative control 
were used. The strains of S. aureus from the American Type 
Culture Collection (ATCC) S.  aureus ATCC 13565 (sea), 
S.  aureus ATCC 14458 (seb), S. aureus ATCC 19095 (sec), 
S. aureus ATCC 23235 (sed), and S. aureus ATCC 27664 (see) 
were used as positive control.

3 Results
The S. aureus counts in the samples of Artisan Minas cheese 

from the Serra da Canastra – MG - Brazil ranged from 3.48 
to 5.88 log cfu.g–1 during the rainy season and from 3.11 to 
4.60 log cfu.g–1 during the dry season (Table 2). The statistical 
analysis showed no significant difference between the data 
from the two seasons (P < 0.05). Counts from all samples were 
higher than 2.0 log cfu.g–1, which is the maximum limit allowed 
by the Brazilian legislation. Approximately one third of the 
Canastra cheese samples were within the ranges indicated in the 
literature (>5 log cfu.g–1) as those likely to produce enterotoxins 
(IKEDA et al., 2005; JØRGENSEN et al., 2005; ZWEIFEL et al., 
2006).

The S. aureus counts in the endogenous starter samples were 
considerably lower than those in the cheese samples. The values 
ranged from <1 to 3.11 log cfu.mL–1 during the rainy season and 
from <1 to 2.76 log cfu.mL–1 during the dry season (Table 2). 
These results also showed no statistical difference (P < 0.05).

In the detection of staphylococcal enterotoxins in the cheese 
samples, only the SEA was found when the OSP method was 
used. Of all cheese samples analyzed (8 from each season), 
75% had SEA type with no apparent influence of the season 
on enterotoxin production (Table 2). However, via the ELFA-
VIDAS® Staph enterotoxin II method, no enterotoxins were 
detected in any of the analyzed cheese samples.

S. aureus strains were induced in vitro to produce 
enterotoxins and tested by OSP in order to detect SEA, SEB, 
SEC, and SED. Of the 44 strains of S. aureus, 12.5%   were able to 

The presence of S.  aureus is common in Artisan Minas 
cheese, and the lack of reports of outbreak of staphylococcal 
food poisoning associated with its consumption prompted us to 
investigate the enterotoxigenic potential of S. aureus strains to 
contaminate the endogenous starter and Artisan cheeses from 
the Serra da Canastra – MG.

2 Materials and methods
Samples of Artisan Minas cheese and of endogenous starter 

were collected from eight different farms during two periods 
of the year: the rainy season, between December and January, 
and the dry season, between September and August. A total 
of 16 samples of cheese and 16 samples of endogenous starter 
were collected. The samples were stored and transported under 
refrigeration (~10 °C) until analysis. Microbiological analyses 
and enterotoxin determination were performed within a 48 
hour period after sampling.

The isolation and enumeration of S. aureus were performed 
using the PetrifilmTM-Rapid S. aureus Plate Count method 
(3M Center, St. Paul, USA) according to the manufacturer’s 
recommendations. The data of counts of S. aureus in the cheese 
and endogenous starter samples were submitted to analysis of 
variance (ANOVA) F test at a 5% probability.

One hundred representative isolates were selected, 
which were subjected to biochemical analyses with the API® 

Staph (BioMérieux SA, Marcy-l’Etoile, France) system for 
identification of staphylococci and micrococci. S. aureus strains 
that showed different reaction profiles were selected, totaling 
44 isolates.

The presence of staphylococcal enterotoxin in the cheese 
samples was analyzed by the OSP method for the Staphylococcal 
enterotoxins SEA, SEB, SEC, and SED (ROBBINS; GOULD; 
BERGDOLL, 1974) and by the Enzyme Linked Fluorescent 
Assay (ELFA - VIDAS® Staph enterotoxin II, BioMérieux SA, 
Marcy-l’Etoile, France) for the enterotoxins SEA, SEB, SEC, 
SEC1, SEC2, SEC3, SED, and SEE. Both assays were performed 
at the Laboratory of Staphylococcal Enterotoxins, FUNED (Belo 
Horizonte, MG, Brazil).

The 44 S. aureus isolated strains were induced in vitro 
in order to produce enterotoxins. The analysis of in vitro 
enterotoxin production was carried out by the OSP method 
for the detection of SEA, SEB, SEC, and SED. The detection 

Table 1. Oligonucleotides used in the PCR techniques for detection of enterotoxin-encoding genes in Staphylococcus sp.  

Oligonucleotides (5’- 3’) Target gene Encoded enterotoxin Amplified product
SEA1: ACG ATC AAT TTT TAC AGC
SEA2: TGC ATG TTT TCA GAG TTA ATC

sea SEA 544 pb

SEB1: GAA TGA TAT TAA TTC GCA TC
SEB2: TCT TTG TCG TAA GAT AAA CTT C

seb SEB 416 pb

SEC1: GAC ATA AAA GCT AGG AAT TT
SEC2: AAA TCG GAT TAA CAT TAT CCA

sec SEC 257 pb

SED1: TTA CTA GTT TGG TAA TAT CTC CTT
SED2: CCA CCA TAA CAA TTA ATG C

sed SED 334 pb

SEE1: ATA GAT AAA GTT AAA ACA AGC AA
SEE2: TAA CTT ACC GTG GAC CC

see SEE 170 pb

Source: Rosec and Gigaud (2002).
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presence of SEA in 75% of the cheese samples and in 4.54% of the 
isolated strains when the OSP method was used. Unexpectedly, 
this enterotoxin was not detected by the ELFA-VIDAS method 
even though it is considered a more sensitive assay (1 ng/mL) 
(HENNEKINNE; DE BUYSER; DRAGACCI, 2011) then the 
OSP method (100 ng/mL) (DIAS et al., 2008).

produce toxins, and SEA was the most prevalent gene among a 
larger number of isolates, followed by the SEC (data not shown).

The PCR analysis showed the presence of the seb gene in 
one isolate only (Figure 1). All other genes (sea, sec, sed, and see) 
where not detected in any isolate in this assay (data not shown).

4 Discussion
The average values of S.  aureus   counts found in Minas 

Artisan cheese samples, 4.29 log cfu.g–1 during the rainy season 
and 3.50 log cfu.g–1 during the dry season, were higher than those 
allowed by current Brazilian legislation (2.0 log cfu.g–1). These 
counts may favor staphylococcal enterotoxin production under 
appropriate environmental conditions, especially considering 
that there are reports in which lower counts are involved 
in the production of staphylococcal enterotoxin in foods 
(OTERO  et  al., 1988; MEYRAND  et  al., 1998; BALABAN; 
RASOOLY, 2000). High counts of S. aureus have been frequently 
reported in Artisan cheeses, and they are usually associated 
with poor sanitary conditions during production, storage, 
and transportation (PINTO; MARTINS; FERREIRA, 2004; 
MARTINS, 2006; BORELLI et al., 2006; BRANT; FONSECA; 
SILVA, 2007). The low counts   of S. aureus in the endogenous 
starter samples may be related to the dominant microbiota 
present, especially lactic acid bacteria, which may inhibit 
the growth of pathogenic microorganisms (NOBREGA; 
FERREIRA; DORES, 2008; BORELLI et al., 2006).

Staphylococcal enterotoxin A (SEA) is among the most 
frequently identified enterotoxins in food poisoning outbreaks 
(CARMO  et  al., 2004). The results obtained indicated the 

Table 2. Results of the S. aureus counts and enterotoxin detection in endogenous starter and Artisan Minas cheese samples from the Serra da 
Canastra collected during rainy and dry seasons. 

Season Farmer
S. aureus

Enterotoxins in the cheeses
OSP VIDAS®

Endogenous starter 
log cfu.mL–1

Cheese
log cfu.g–1 SEA SEB, SEC, SED SEA, SEB, SEC, 

SEC1,2,3, SED, SEE
Rainy 01 1.77 5.18 - - -

02 2.14 5.26 + - -
03 <1.00 3.48 + - -
04 1.69 3.56 + - -
05 2.07 3.70 - - -
06 1.00 5.88 + - -
07 2.83 3.48 + - -
08 3.11 3.78 + - -

Avg. 1.95a 4.29a

Dry 01 1.60 3.18 + - -
02 2.23 3.11 + - -
03 <1.00 3.30 + - -
04 2.15 4.60 + - -
05 1.85 3.15 - - -
06 2.76 3.45 - - -
07 1.00 3.53 + - -
08 1.00 3.72 + - -

Avg. 1.70a 3.50a

+: detected; - : non-detected. Values showing a common superscript in the same column do not differ significantly by F test (P < 0.05).

Figure 1. Agarose gel electrophoresis of PCR products amplified with 
the SEB1/SEB2 primers for the specific seb gene from the staphylococcal 
enterotoxin SEB. Column 39: positive isolate for the gene seb. Column 
c+: positive control gene seb (S. aureus ATCC 14458).Column c-: 
negative control from the reaction and column M: molecular weight 
marker (Amersham, 100pb).
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additional differences in the genes that would be present in the 
isolates. McLauchlin et al. (2000) considered that the degree of 
homology between the enterotoxins, especially the less studied 
non-classical ones, could generate cross-immune reactions and 
generate false-positive results.

Despite the fact that most isolates did not produce classical 
enterotoxins, high counts of S. aureus in the analyzed cheese 
samples are still of great concern since there is a risk of the 
presence of non-tested enterotoxins. These results emphasize the 
need for better hygienic practices throughout the production, 
processing, and marketing of dairy products. Further studies 
are necessary in order to develop analytical methods that do 
not interfere with the results and include classical enterotoxins 
and the new enterotoxins described.
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