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ABSTRACT

The objectives of this study were to determine the cumulative effects of flavorings (chili pepper, thyme, mint, cumin, nutmeg,
allspice, clove, cinnamon, black pepper, salt, and hot red pepper paste), storage conditions, and storage time on the survival of
Staphylococcus aureus in Sürk cheese and to monitor the associated chemical changes. Sürk cheese, a traditional Turkish cheese,
was produced by heating diluted nonfat yogurt and adding flavorings to the resultant acid-heat curd. The cheese was later
inoculated with S. aureus, shaped conically, and stored aerobically for mold growth and anaerobically in olive oil for 30 days at
room temperature. The moisture content of aerobically stored cheese decreased over time and led to increases in total solids, salt,
salt-in-moisture, and ash content during ripening (P , 0.05). The presence or absence of the flavorings had no significant effect,
whereas storage conditions and storage duration decreased the survival of S. aureus (P , 0.05).

Sürk cheese is a traditional spicy cheese of Turkey
most commonly made in the province of Hatay. Sürk
cheese is traditionally composed of an acid-heat curd ob-
tained by heating diluted nonfat finished yogurt and differ-
ent types of flavorings (chili pepper, thyme, mint, cumin,
nutmeg, allspice, clove, cinnamon, black pepper, salt, and
hot red pepper paste). Sürk cheese is of a conical shape
with an approximate diameter of 5 to 7 cm. For ripened
consumption, each cheese ball is wrapped in a piece of
paper and placed in a jar for approximately 30 days at room
temperature to promote mold growth. For fresh consump-
tion, mold growth is prevented by either keeping the cheese
balls in olive oil or covering the cheese ball surface with
olive oil before wrapping with stretch film.

Information is lacking about the origin, traditional pro-
duction methods, and composition of Sürk cheese (6, 15).
However, antibacterial effects of essentials oils of some
spices used in Sürk cheese on common food pathogens
have been recently studied extensively (5, 9, 10, 16, 25),
and the components responsible for possible inhibition
mechanisms have been revealed (1, 8, 18, 28). Most studies
were performed with individual essential oils in vitro. How-
ever, direct use of essential oils instead of flavorings as an
antimicrobial agent in real food systems is not a common
application. Few attempts have been made to directly use
spices alone (29, 31) or in combination with other food
preservatives as antimicrobial agents (7, 32).

Sürk cheese is commonly made in the home with bare
hands and, hence, is more prone to contamination. What
makes Sürk cheese unique among other cheeses is the use
of the flavorings that may act as preservatives. These prop-
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erties of Sürk cheese provide a good medium to assess the
fate of foodborne pathogens. Objectives of the study were
therefore (i) to determine the cumulative effects of the fla-
vorings in Sürk cheese, aerobic and anaerobic storage con-
ditions, and storage duration (30 days at room temperature)
on the survival of Staphylococcus aureus and (ii) to mon-
itor associated chemical changes.

MATERIALS AND METHODS

Raw milk. Twenty-five liters of raw cow’s milk was obtained
from the Research and Training Farm of Mustafa Kemal Univer-
sity (Antakya, Turkey). Morning milk was cooled to 48C imme-
diately after machine milking and brought in a stainless steel con-
tainer for processing within 45 min after cooling.

Bacterial cultures. Lyophilized commercial yogurt culture
(DRI-VAC, YC-360) was purchased from Peyma-Hansen (Istan-
bul, Turkey). The whole sachet (6 to 7 g) was added to 500 ml
of sterilized skim milk prepared from skim milk powder (10%
total solids) and mixed for approximately 30 min in a water bath
at 43 6 18C to dissolve completely before its addition to bulk
milk (20 liters) at the level of 0.2% (vol/vol). S. aureus (ATCC
29213) was obtained from the culture collections of the Depart-
ment of Health of Refik Saydam Hygiene Center, Research De-
partment of Contagious Diseases (Ankara, Turkey). Staphylococ-
cus culture was activated twice in tryptone soy broth (Difco, Bec-
ton Dickinson, Sparks, Md.) at 378C overnight before use.

Flavorings. Mint, cumin, nutmeg, allspice, cinnamon, clove,
and black pepper powder were obtained from Bagdat Baharatları
Ltd. Co. (Ankara, Turkey). According to the product sheet, the
flavorings were already sterilized by gamma irradiation. Thyme,
red pepper, salt, and hot red pepper paste were obtained from a
local market. As described in the ‘‘Microbial Analyses’’ section,
all the flavorings bought from the local market were tested for the
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presence of S. aureus before use, and only those without S. aureus
were used in cheese making (data not shown).

Olive oil. Riviera-type olive oil was purchased from the local
market (Antakya, Turkey).

Cheese making. Twenty-five liters of raw cow’s milk was
heated to 50 to 608C and the fat content removed with an elec-
trically driven laboratory scale separator (Sübitaş, Istanbul, Tur-
key). The resulting skim milk (20 liters) was heated (908C for 5
min) in stainless steel containers (Saruhan Mak. San., Konya, Tur-
key), placed in a boiling water bath, and cooled (43 6 18C) with
running tap water. The skim milk was inoculated with previously
prepared yogurt cultures (0.2%, vol/vol) and incubated (43 6 18C
for 5 to 5.5 h) until yogurt gel formed. The gel was broken and
heated (908C for 10 min) to produce an acid-heat curd, which was
drained with the cloth-bag method and pressed overnight at room
temperature. The resultant acid-heat curd was divided into equal
halves. Flavorings were added to one half (chili pepper, 0.85%;
thyme, 0.50%; mint, 0.15%; cumin, 0.50%; nutmeg, 0.10%; all-
spice, 0.10%; clove, 0.10%; cinnamon, 0.10%; black pepper,
0.10%; hot pepper paste, 6.0%; and salt, 1.50%), which was then
kneaded and used to make cheese balls weighing 50 g (referred
to as S cheese). The other half was subjected to the same treatment
(without the addition of the flavorings) and used as the control
group (referred to as C cheese). All the cheese balls were then
inoculated with 100 ml of enriched culture of S. aureus (ATCC
29213) corresponding to approximately 106 CFU/g. Cheese balls
were cut in half, and S. aureus culture was spread with a pipet
onto the cut surface of one half of the ball. The halves were put
back together, kneaded slightly to facilitate the distribution of the
bacteria, and given a conical shape. The balls were stored in a
room without direct sunlight at room temperature for a day for
drying. Later, half of the S and C cheese balls were subjected to
anaerobic conditions by being kept in jars with olive oil (referred
to as S1 and C1 cheeses). The other half of the balls were sub-
jected to aerobic conditions by wrapping them with pieces of wa-
ter-permeable filter paper (Whatman no. 1) and placing them in
jars (referred to as S2 and C2 cheeses). The cheese balls were
stored for 30 days at room temperature. During the first 10 days,
the jars were kept open to facilitate drying as is done traditionally.
After 10 days, the jars were closed tightly to prevent escape of
moisture. The cheese production was performed six times, three
for microbiological analyses and three for chemical analyses.

Compositional analyses. Moisture and ash contents of the
samples were determined gravimetrically (4). Total solids content
was calculated by subtracting the moisture content from 100. The
Mohr method was used to determine the salt content of the cheese
samples as described by Richardson (24). Salt-in-moisture content
was calculated from the salt and moisture content. pH measure-
ments were made according to a previously described method (3).
For determination of total nitrogen and soluble nitrogen, the
cheese samples were prepared according to Gripon et al. (14) and
analyzed according to a previously described method (2), but on
a smaller scale. Water activity (aw) was calculated from ash and
soluble nitrogen contents (11). Chemical analyses were conducted
on storage days 0, 1, 3, 5, 10, 15, 20, and 30.

Microbial analyses. Enumeration of S. aureus in the flavor-
ings and cheeses, total mold and yeast (TMY), and total meso-
philic aerobic bacteria (TMAB) in cheese were performed accord-
ing to Harrigan and McCance (17), using Baird Parker agar with
egg yolk tellurite, potato dextrose agar acidified with 10% (wt/
vol) tartaric acid, and plate count agar, respectively. For micro-
biological analyses, a whole cheese ball (approximately 50 g) was

mixed with 450 ml of 0.1% peptone water (wt/vol) by a stomacher
(Bagmixer 400, Interscience, St. Nom La Bretéche, France), and
appropriate dilutions were surface plated. Typical colonies of S.
aureus, black shiny colonies of 1.5 to 2.0 mm in diameter sur-
rounded by an opaque zone, were counted. S. aureus counts were
made on storage days 0, 1, 2, 3, 4, 5, 7, 10, 15, 20, and 30 and
TMY and TMAB counts on storage days 0, 1, 3, 5, 10, 15, 20,
and 30. Counts were taken in duplicate with the use of potato
dextrose agar plates at 22 6 28C for 5 days, plate count agar
plates at 35 6 18C for 48 h, and Baird Parker agar with egg yolk
tellurite plates at 35 6 18C for 48 h. The agars, egg yolk tellurite,
and tartaric acids were obtained from Merck KGaA (Darmstadt,
Germany).

Statistical analysis. Data were analyzed using Minitab soft-
ware version 12.1 (Minitab Inc., State College, Pa.). Three-way
analysis of variance and the Duncan’s multiple comparison test
were used to determine significant differences in response means
at the significance level of 0.05. Log transformations were per-
formed on microbial data.

RESULTS AND DISCUSSION

Chemical properties of Sürk cheese. Chemical pa-
rameters of Sürk cheese changed during the storage, de-
pending on the addition of the flavorings and/or storage
conditions (Table 1). In general, total solids, total nitrogen,
soluble nitrogen, salt, salt-in-moisture, and ash values of S2
and C2 cheeses increased significantly as the storage time
progressed (P , 0.05), whereas those of S1 and C1 cheeses
after being placed in olive oil did not change (P . 0.05).
The loss of moisture may account for the increases in total
solids, total nitrogen, salt, salt-in-moisture, and ash content.
However, a significant increase in soluble nitrogen from day
5 to day 10 may be attributed to the high proteolytic activity
of TMY, which contaminated the cheese balls during their
processing and storage (22). The significant increase in sol-
uble nitrogen content coincided with the growth period of
TMY, which peaked on day 10 (Fig. 2). Similar results were
reported for surface mold ripened cheeses (22, 27).

Changes in soluble nitrogen and ash content were neg-
atively correlated with aw (Table 1). Early in storage, ad-
dition of the flavorings resulted in significantly lower aw

values for S1 and S2 cheeses than for C1 and C2 cheeses
(P , 0.05). As storage time increased, aw values in S2 and
C2 cheeses decreased progressively (P , 0.05), whereas
those of S1 and C1 remained almost constant (P . 0.05).

An interaction effect of the flavorings, the storage con-
dition, and the storage duration on pH was observed (Table
1) (P , 0.05). Addition of the flavorings resulted in high
pH values during the early days of ripening, thus suggesting
the neutralizing or dilution effect of the flavorings (P ,
0.05). However, pH began to increase considerably from
4.0 and 4.1 on day 5 to 5.3 and 5.6 on days 10 and 15 in
S2 and C2 cheeses, respectively. The increase in pH closely
followed the growth pattern of TMY, which suggests that
the acid was neutralized by TMY through lactate utilization
or ammonia production (22, 27).

Survival of S. aureus. Addition of the flavorings had
no significant effect on the growth of S. aureus (Fig. 1) (P
. 0.05). The number of S. aureus in S1 and C1 cheeses
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FIGURE 1. Changes in the number of Staphylococcus aureus in
Sürk (S1, S2) and control (C1, C2) cheeses stored aerobically (V,
M) or anaerobically (v, m) at room temperature.

FIGURE 3. Changes in the number of total mesophilic aerobic
bacteria in Sürk (S1, S2) and control (C1, C2) cheeses stored
aerobically (V, M) or anaerobically (v, m) for 30 days at room
temperature.

FIGURE 2. Changes in the number of total molds and yeast in
Sürk (S1, S2) and control (C1, C2) cheeses stored aerobically (V,
M) or anaerobically (v, m) for 30 days at room temperature.

declined increasingly during ripening (P , 0.01), and no
colonies were detected on day 15 and later. As could be
expected, low pH (approximately 4.0 during storage) pre-
vented the survival of S. aureus in S1 and C1 cheeses
placed in olive oil (26).

The behaviors of S. aureus in S2 and C2 cheeses ap-
peared to be similar to those of S1 and C1 cheeses up to
day 7. At this point, the number of S. aureus in S2 and C2
cheeses began to increase by approximately 2 log and
peaked on day 15. This suggests some changes in the me-
dium favorable for the survival of S. aureus. The increase
in pH from approximately 4.0 to above 5.0 from day 5 to
day 10 was a result of mold growth (22, 27). From day 15
to day 20, a sharp decline in S. aureus count was observed,
and S. aureus could not be counted in the cheese in the
remaining days of ripening. Since none of the chemical
composition determined accounted for these observations,
the decline in S. aureus may be attributed to diffusion of
the antibiotic-like metabolites produced by molds (20, 23)
and/or contaminant flora (12, 21) or peptides from the deg-
radation of casein (19). The survival pattern of the bacteria
observed between days 10 and 15 could also be due to their
natural growth cycle in S2 and C2 cheeses.

Enumerations of TMY and TMAB. The growth of
TMY in S2 and C2 cheeses was stimulated by aerobic con-
ditions until day 10 (P , 0.05) and then became steady (P

. 0.05) (Fig. 2). Within the first 10 days, the TMY count
increased by approximately 4 to 5 log, thus indicating the
increase in pH values of S2 and C2 cheeses. Storage con-
ditions, unlike flavorings, had significant effects on TMAB
counts: in anaerobic conditions (associated with low pH),
TMAB counts did not change (P . 0.05), whereas in aer-
obic conditions (associated with increased pH), TMAB
counts increased by 2 log (P , 0.05) (Fig. 3). The flavor-
ings could not be determined as the source of TMAB, since
counts of both controls and spice-added samples were not
different (P . 0.05). Sterilization of most flavorings by
gamma irradiation and the addition of the rest of the fla-
vorings in minute amounts accounted for the lack of con-
tribution by the flavorings to TMAB count. The traditional
production method renders Sürk cheese prone to contami-
nation. The growth of nonstarter bacteria is usually ob-
served in cheeses (13, 30).

In conclusion, the flavorings used had no immediate
inhibitive effect on the survival of S. aureus. High acidity
of Sürk cheese inhibited the growth of S. aureus under an-
aerobic conditions. However, the growth rate of mold and
secondary flora appeared to be a determining factor for the
survival of S. aureus under aerobic conditions. Since mold
growth is desirable for the flavor development of ripened
Sürk cheese, elimination of mold during production may be
detrimental to the traditional characteristics of the product.
Therefore, hygienic precautions are the only criteria of food
safety that can be used during the production of Sürk
cheese.

ACKNOWLEDGMENTS

This project was funded by a research grant (03-M-1502) from Mus-
tafa Kemal University. We thank Drs. G. A. Evrendilek and F. Evrendilek
for their valuable comments on an early version of the manuscript.

REFERENCES

1. Aligannis, N., E. Kalpoutzakis, S. Mitaku, and I. B. Chinou. 2001.
Composition and antimicrobial activity of the essentials oils of two
Origanum species. J. Agric. Food Chem. 49:4168–4170.

2. Anonymous. 1964. Determination of the protein content of processed
cheese. IDF standard 25. International Dairy Federation, Brussels.

3. Anonymous. 1976. British standard method for chemical analysis of
cheese, BS 770, part 5: determination of pH value. British Standards
Institution, London.

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/68/7/1487/1678735/0362-028x-68_7_1487.pdf by guest on 20 January 2021



J. Food Prot., Vol. 68, No. 7 SURVIVAL OF S. AUREUS IN SÜRK CHEESE 1491
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