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Abstract

The aim of this study was to evaluate the impact of internal factors (pH, NaCl) and external
factors (temperature, incubation time) on the ability of Staphylococcus aureus to grow and
to produce staphylococcal enterotoxins SEA, SEB, and SEC. The fresh cheese environment
was modelled in Brain Heart Infusion Broth media and food matrices (pasteurized milk from
retail outlets) by internal and external factors (pH = 4.5 and 5.5, 2% NaCl, and t = 8 °C
and 15 °C). The counts of enterotoxigenic strains of S. aureus at baseline, i.e. at the time
of inoculation of model samples, corresponded to those encountered in the production of
fresh cheeses as a result of post-pasteurization contamination. Enumeration of S. aureus
was performed in accordance with EN ISO 6888-1, using agar medium. Staphylococcal
enterotoxins were detected by the enzyme-linked fluorescence assay. The pH (4.5) and
refrigeration temperature (8 °C) used prevented S. aureus from achieving the critical count
of 10° cfu'ml! specified in Commission Regulation (EC) No. 2073/2005. The highest rates
of enterotoxin production were recorded for enterotoxin A. The growth curves of S. aureus
derived from model experiments were compared with the growth curve generated by a
predictive microbiology program - Pathogen Modelling Program. The results of this study
proved the Pathogen Modelling Program to be suitable for use in the Hazard Analysis Critical
Control Points system in the process of the fresh cheese production to help manufacturers
prevent the growth of S. aureus and enterotoxin production.
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Staphylococcus aureus is an important food-borne pathogen involved in a variety of
invasive diseases. From the perspective of food microbiology, a crucial factor is the ability
of certain S. aureus strains to produce heat stable enterotoxins that can cause staphylococcal
food poisoning and are a leading cause of gastroenteritis worldwide (Scherrer et al. 2004).
The symptoms of staphylococcal food poisoning are abdominal cramps, nausea, vomiting,
sometimes followed by diarrhoea (never diarrhoea alone). The onset of symptoms is rapid
(from 30 min to 8 h after ingestion), and symptoms usually subside within 24 h (Loir et
al. 2003).

Raw milk hygienic and health safety indicators including total bacteria count and
occurrence of pathogenic microorganisms have to be assessed for objective estimation
of milk quality; it is necessary to reliably detect causative agents of human alimentary
diseases (Hubackova and Rysanek 2007). S. aureus is the major causative agent
of mastitis in cows (Rabello et al. 2007) and have been detected in milk and milk
products (Morandi et al. 2009; Ertas et al. 2010). Skin microflora on workers’
hands can be a secondary bacteria food contaminant (Sattar et al. 2001). During the
production, storage, and distribution of milk and dairy products, bacteria can proliferate
and subsequently produce staphylococcal enterotoxins (SEs). While staphylococci can
be destroyed easily, enterotoxins can survive practically all food processing.

From the point of view of food-borne disease risk it is a concern that 50-75% of S.

Address for correspondence:

MVDr. Lenka Necidova, Ph.D.

Department of Milk Hygiene and Technology,

Faculty of Veterinary Hygiene and Ecology, Phone: +420 541 562 723
University of Veterinary and Pharmaceutical Sciences Brno E-mail: necidoval@vfu.cz
Palackého tf. 1/3, 612 42 Brno, Czech Republic http://actavet.vfu.cz/



392

aureus strains can produce, under suitable conditions, heat stable extracellular enterotoxins
(Morandi et al. 2009). Twenty types of currently recognized staphylococcal enterotoxins
designated by letters from A to U (Ono et al. 2008). The classical SEs responsible for
staphylococcal food poisoning are SEA, SEB, SEC1, SEC2, SEC3, SED, SEE, and some
new enterotoxins.

S. aureus counts in food with a range as low as 103 to 10°cfu-g™! can produce the amount of
toxin that poses a risk to consumers (Jablonski and Bohach 2001). An enterotoxin dose
of less than 1.0 microgram in contaminated food can produce symptoms of staphylococcal
intoxication. This toxin level is reached when S. aureus populations exceed 103 cfu-g'. This
is also the value determined by current legislation as hazardous (Commission Regulation
(EC) No. 2073/2005).

Our study monitored the growth characteristics of seven S. aureus strains and their
potential to produce enterotoxins, in both a culture medium and in a model food matrix
simulating the fresh cheese environment. Our findings can help cheese producers to adopt
effective measures to prevent S. aureus growth and enterotoxin production during the
production process.

Materials and Methods

Samples

In the model experiments, Brain Heart Infusion (BHI) broth (HiMedia, India) and food matrix (pasteurized
cow’s milk) were inoculated with seven S. aureus strains. They originated from milk and dairy products and
were kept in the collection of microorganisms of the National Institute of Public Health, Prague, Department
of Nutrition and Food Safety, Brno, Czech Republic. All seven strains were producers of enterotoxins of
types A, B, or C (1515-A, 1665-A, 1666-A, 1106-B, 1057-B, 1735-B, and 1168-C). All strains showed typical
growth on Baird-Parker agar (Oxoid, UK). The ability of the strains to produce enterotoxins was tested by the
reverse passive latex agglutination method (Denka Seiken Co., Ltd., Japan) according to the manufacturer’s
instructions.

Our first model BHI broth samples were inoculated with strains A, B, and C (HiMedia) at a concentration range
of 1.7x10?-2.0x10* cfu'ml'. The following internal and external factors in BHI broth were used to simulate a
fresh cheese environment: pH = 4.5 and 5.5, 2% NaCl (w/v), t = 8 °C and 15 °C. Sampling was performed once
daily for 22 days and the mean bacterial counts were calculated.

Our second model study focused on the production of staphylococcal enterotoxins SEA and SEB under the
following conditions: pH = 5.5, 2% NaCl (w/v), and t = 15 °C. The BHI broth and a food matrix (retail pasteurized
milk) were inoculated with S. aureus at a concentration range of 6.4x10'-1.3x10%fu-ml" for culture. A 3-h
sampling interval was used for testing the production of SEA and SEB. The enumeration of S. aureus was done
at a 12-h interval, and the mean bacterial counts were calculated from the results of both parallel and repeated
experiments.

Quantitative detection of S. aureus

Each sample was examined and coagulase-positive staphylococci were enumerated according to CSN EN ISO
6888-1 by the technique using Baird-Parker agar medium (Oxoid, UK). The identification of typical colonies was
based on the growth on blood agar and the results of coagulase tests Staphylo LA Seiken (Denka Seiken Co., Ltd.,
Japan) and Dry Spot Staphytect Plus (Oxoid, UK).

Detection of staphylococcal enterotoxins

Staphylococcal enterotoxins were detected by the Enzyme-Linked Fluorescence Assay (ELFA) using a
MiniVIDAS® analyzer (Vitek Inmuno Diagnostic Assay System, bioMérieux, France) which is able to detect the
sum of enterotoxins SEA-SEE with the detection limits of 0.5 ng/g or per ml of food for SEA and SEB and of 1.0
ng/g or per ml of food for SEC-SEE.

The samples were processed according to the manufacturer’s instructions as follows: pH was adjusted to range
from 3.5 to 4, the supernatant was obtained by centrifugation, and its pH was adjusted to 7.5-8. The final sample
yielded after additional centrifugation was transferred directly to the well of the VIDAS SET2 strip. As the ELFA
technique does not allow the quantitative detection of SEs, the results are expressed as either positive or negative
based on Relative Fluorescence Values (RFVs).

Comparison with the Pathogen Modeling Program (PMP) online outcomes

The growth rates of the staphylococcal strains tested were compared with the predicted growth curves generated
using predictive microbiology software, the Pathogen Modeling Program (PMP) Online (USDA-ARS, USA).
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5.5 and 15 °C. As seen with Figs 1a-c, SEA production was first detected in all three strains
(1515-A, 1665-A, and 1666-A) in BHI broth between 111-144 hours (from day 5 to 6) and
in 1515-A strain only in milk between 111 to 120 h (on day 5). No enterotoxin production
was detected in strains 1665-A and 1666-A during the entire period of incubation, i.e. over
an 8-day period. Figs 2a-c show that SEB production was not detected either in milk or in
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Fig. 1. Growth curve of S. aureus strains 1515-A (1a), 1665-A (1b), 1666-A (1¢) and first detection interval of
SEA in BHI broth and milk (pH = 5.5; t = 15 °C; 2% NaCl)

Fig. 2. Growth curve of S. aureus strains 1106-B (2a), 1057-B (2b), 1735-B (2¢) and first detection interval of
SEB in BHI broth and milk (pH = 5.5; t =15 °C; 2% NaCl)
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BHI broth during the entire period of incubation, with the exception of strain 1106-B which
produced enterotoxin in BHI broth between 168—180 h (on days 7 and 8).

Discussion

Results of our model experiments studying S. aureus growth and enterotoxin production
showed that fresh cheeses pose potential health risk. SE-positive S. aureus isolates from
cheeses are most often producers of SEA, SEB, or SEC. Some of S. aureus isolates from
goat’s milk cheese were enterotoxinogenic and produced SEA or SEC (Akineden et al.
2008). Ertas etal. (2010) found the sea (1.3%), seb (0.6%) and sed (0.3%) genes in isolates
from sheep’s milk cheese. As seen in Table 1, higher S. aureus counts and enterotoxin
production were only detected at a pH of 5.5 and at 15 °C. Enterotoxin production was first
detected in all strains on day 7-9 at counts of log 6.48 + 0.00 — log 7.75 + 0.87 cfu'ml™.
This study showed that the growth of S. aureus was clearly inhibited at 8 °C or at a pH of
4.5. Although at 8 °C with a pH of 5.5, SEA and SEB producing strains reached higher
counts than 10° cfu'ml! from days 14 and 16, and enterotoxin production was not detected.

In general, S. aureus grows between 7 and 48 °C, with an optimum of 3540 °C,
pH between 4-10, with an optimum of 6—7, and sodium chloride with concentrations
up to 25%. Enterotoxins are produced between 10 and 46 °C, with an optimum of
3545 °C. Enterotoxin production is unlikely to occur at temperatures below 10 °C.
Optimum enterotoxin production occurs at a pH of 67 and the minimum pH suitable
is about 4.8. At temperatures below 8 °C, the growth of S. aureus was inhibited, with
no growth observed at 7.5 °C and at 8 °C, growth only occurred with optimum levels
of pH and a_ (Valero et al. 2009). Staphylococcal counts should reach approximately
10% cfu-g! to be associated with enterotoxin production (Necidova et al. 2009). It is
possible for S. aureus to grow slowly at a refrigeration temperature without producing
enterotoxin (Roberts et al. 1996).

Mainly compliance with good hygienic practices that avoid post-pasteurization milk
contamination, lowering the pH level (4.5) and maintaining refrigeration temperature at
a maximum of 8 °C can prevent S. aureus from reaching the critical count of 10° cfu'ml!
specified by Commission Regulation (EC) No. 2073/2005.

In most strains, the absence of SEs production was associated with a low count of
S. aureus (Table 1, Figs 1a-c,2a-c). The count was often below the limit for the production
of enterotoxins, although Jablonski and Bohach (2001) have reported that S. aureus
counts as low as 10° to 10° cfu-g! of food can produce the amount of toxin that poses a
risk to consumers. The production of enterotoxins SEA and SEB was only detected in both
BHI broth and milk when the count of S. aureus exceeded the critical level of 10° cfu'ml'.

Figs la-c, 2a-c show the growth curve generated using the Pathogen Modelling
Program (PMP) online (USDA-ARS, USA) for S. aureus cultured aerobically at 15 °C,
pH of 5.5, 2.1% NaCl, and baseline bacterial count of 10 cfu-ml™. This program is based
on experimental results obtained in culture media such as Brain Heart Infusion Broth
(Buchanan et al. 1993) and should predict the characteristics of bacterial growth in food.
Several kinetic predictive growth models of S. aureus can be found in related literature
(Sutherland et al. 1994; Zurera-Cosano et al. 2004).

The results of our present study verified that the rates of S. aureus growth, and in
particular of its production of SEs in BHI broth and milk, varied. Higher S. aureus counts
and higher enterotoxin production were more often seen in the growth medium than in the
food matrix. Moreover, it is evident that the higher rate of SEA production is a characteristic
feature of this type of enterotoxin. None of the real growth curves crossed the high-risk
limit for SEs production (10° cfu'ml) earlier than the predicted curves generated by the
PMP software. This supports the suitability for use of PMP software with Critical Control
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Points (HACCP) systems in the process of fresh cheese production. Therefore, PMP can
be successfully used as a part of the HACCP system for staphylococcal food poisoning
prevention during the production of fresh cheeses, reducing risk as much as possible.
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