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ABSTRACT

The interactions between staphylococci and yeasts in pickled
cheese brine were investigated. Above pH 5, Staphylococcus
aureus grew in pickled cheese brine. Acid-consuming yeasts increased the pH of the brine to a level which enabled development of staphylococci. This indicates the need to monitor yeast
contamination in cheeses preserved by the combination of acid
and high salt.

Pickled cheeses are a traditional product of the Balkans
and the Eastern Mediterranean (8). Lately there has been
an increasing interest in these cheeses not only in their
countries of origin but elsewhere (3,4,6,11). In Greece
(2), in Israel (5) and apparently in the Sudan (4) pickled
cheese has been implicated as a suspected vector of
Staphylococcus aureus food poisoning.
Minor and Marth (7) indicated that the metabolites produced by lactic starter cultures in dairy products tend to
suppress growth of, and toxin production by S. aureus.
Studies by Yanai et al. (11) demonstrated that Israeli
pickled cheese was "a well controlled ecological system."
This control was effected through the salt and lactic acid
produced in these cheeses and in their brine by the lactic
acid bacteria. The present study was intended to define
the growth parameters of S. aureus in Israeli pickled
cheese brine and to study the effects of yeasts on these
parameters.
MATERIALS AND METHODS

Synthetic sterile pickled cheese brine (SPCB) was produced
in the following fashion: 50 g of fat-free milk powder and 90
g of NaCl were dissolved in 500 ml of distilled water and
sterilized at 121°C for 12 min. Another 500 ml of sterile solution (121°C, 12 min) containing 3% lactic acid and enough Na2
HP0 4 to achieve the desired pH, were added.
'Technion.
Bar-Ilan University.

The toxin-producing staphylococci used in this research were
isolated from fresh raw milk of mastitic cows and identified
as typical S. aureus by conventional methods (9) (tbermonuclease-positive, toxin production-positive). The S. aureus culture
was maintained on tryptic soy agar slants.
All counts were made on Baird Parker agar (9). Dilutions
before counts of all microorganisms were in 0.1% sterile peptone water. The level of S. aureus inoculum was adjusted to
about 1 X 104-1 X 105 of initial CFU/ml in the SPCB.
Yeasts were isolated from commercial pickled cheese brine
on oxytetracycline-glucose yeast extract agar (OGY) having the
following composition: yeast extract, 0.5%; glucose, 1.0%;
agar, 2.0%; and oxytetracycline, 0.01%. Yeasts were also
enumerated on OGY.
Formol-number was expressed as ml of 0.1 N NaOH needed
to readjust a 20-ml sample of brine back to pH 7 after 4 ml
of neutralized solution of 40% formaldehyde had been added.

RESULTS
Figures 1 and 2 demonstrate growth of toxin-producing
staphylococci in SPCB at 10 and 20°C, respectively. Between pH 5 and 6.5 there was some apparent growth
after introduction of the S. aureus inoculum, which was
later followed by stabilization and decline. At 20°C
growth of staphylococci in SPCB at pH 5.5 and pH 6.0
was more pronounced than at 10°C.
Yeasts isolated from PCB were introduced in SPCB
and produced pH changes shown in Fig. 3 and 4. Both
at 10 and 20°C pH increased over a long period in the
presence of several yeast isolates.
Figure 5 demonstrates the effect of yeast inoculation
into PCB on the formol number of the brine. From data
in the figure it can be deduced that the pH of the brine
was increased more by consumption of acids than by production of amine bases from the soluble proteins.
Figure 6 demonstrates the interaction of yeasts and
staphylococci growing together in the brine. Yeasts were
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Figure 1. Growthldecline of toxigenic staphylococci in pickled
cheese brine, in the pH range of 4-6.5, at 10°C. (S/So is the
ratio of the CFU at any given time to the CFU at the beginning
of the experiment, S-staphylococci).
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Figure 2. Growth/decline of toxigenic staphylococci in pickled
cheese brine, in the pH range of 4-6.0, at 20°C.
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Figure 3. Acid-consuming yeasts raising the pH of pickled brine
at 10°C.
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Figure 4. Acid-consuming yeasts raising the pH of pickled
cheese brine at 20°C.
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Figure 5. Change in acidity and formol number of pickled
cheese brine during the growth of acid-reducing yeast.

inoculated into the brine at pH 4.7, and when the pH
rose to 5.15 staphylococci were also introduced. No inhibition of either species was apparent. Both staphy-

DBY5

Figure 6. Growth of S. aureus in pickled cheese brine containing active acidconsuming yeasts. (S/So, YIYo are the ratios of
the CFU at any given time to the CFU at the beginning of
the experiment, S-staphylocci, Y-yeasts).
lococci and yeasts grew well in the presence of each
other.
con't. p. 1043
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DISCUSSION
The SPCB simulated the situation in commercial pickled cheese brine which is difficult to standardize. Our
studies show that toxigenic S. aureus from bovine
sources can grow in pickled cheese brine under the proper conditions (temperature 10 or 20°C, salt content 9%
and pH above 5.0). Presence of growing yeast cells increased the pH of the medium, thus spurring the growth
of S. aureus. Both S. aureus and yeasts showed continued growth in the presence of each other. The yeasts
were not identified at this stage. Our studies show that
acid-consuming yeasts are quite prevalent in Israeli pickled cheese brine.
It is interesting to note that Minor and Marth (7) stressed the possible role of S. aureus from bovine source
in recontaminating dairy products and practically predicted part of the results of the present study. We see
no reason why S. aureus from human sources will behave
differently. A reintroduction of human S. aureus into
pickled cheese brine is quite possible as much of this
cheese is "fished" by the vendor from the brine in which
it is marketed.
Hofi et al. (3) graded Egyptian market Domiati cheese
and showed that there was a good relationship between
pH and organoleptic quality good cheese, average pH 4.2
(4.0-4.4); medium quality, pH 4.6 (4.5-4.8); fair, pH 4.9
(4.6-5.6). Their cheese was much saltier than our system.
Nevertheless, it seems that their grading system is valid
also from the point of view of staphylococcus food
poisoning.
It has been shown here that growth of yeasts in pickled
cheese brine will increase the pH, thus stimulating the

growth of S. aureus. The levels of S. aureus counts
reached in our study may be below the numbers reported
to produce damaging levels of toxins (10). However, the
model suggested here seems to be a valid avenue by
which previously considered safe products may become
a vehicle of S. aureus-prodaced enterotoxin.
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