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Microbial diversity in milk and in cheese itself affects the biochemical and sensory characteristics
of artisanal cheeses. In this study, the microflora of Sepet cheese, which is a traditional artisanal
cheese in Turkey, was investigated. Average lactococci, lactobacilli, enterococci, yeast, mould, coli-
form, psychrotrophic and total aerobic bacteria, presumptive Staphylococcus aureus counts were;
7.31 � 1.08, 7.19 � 1.02, 6.84 � 0.92, 3.19 � 1.40, 0.84 � 0.89, 2.18 � 1.81, 4.92 � 1.15,
7.53 � 1.13 and 1.25 � 1.70 log cfu/g, respectively. Staphylococci, coliform and mould counts
were less than 1.00 log cfu/g at the end of ripening, which was at around 6–8 °C for 3 months.
According to phenotypic and genotypic identifications, isolates were closely related to Lactobacillus
plantarum, Weisella confusa, Weisella paramesenteroides, Pediococcus pentasaceous, Enterococcus
casseliflavus, Enterococcus durans and Enterococcus faceium. This study provides baseline data on
the microflora of traditional artisanal Sepet cheese, which is a prerequisite for a successful scale
up to industrial production.
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INTRODUCTION

Milk is a nutritious food for humans, but milk is
also a suitable growth medium for micro-organ-
isms. Contaminated milk can spoil easily and
may pose a health hazard if pathogens are pres-
ent in milk. Therefore, various preservation pro-
cesses are applied to raw milk to process it into
microbiologically safe dairy products. Cheese-
making is a traditional milk preservation pro-
cess, and cheese has an important place in the
food culture of rural regions (Dost et al. 2004).
Kamber (2008b) stated that 60% of the cheeses
produced in Turkey were estimated as White
Cheese, 17% of them were Kashar Cheese, 12%
of them were estimated as Tulum and Mihalic�
Cheese, and 11% of production was estimated
as other local cheeses. Sepet cheese (‘sepet’ in
Turkish translates as ‘basket’ in English) is one
of the traditional artisanal cheeses produced in
the Aegean region in Turkey. In the production
of Sepet cheese, raw goat milk is traditionally
used. The artisanal process starts with heating
the milk to 30–40 °C and the addition of rennet.
After renneting, the heat is turned off and the
milk is allowed to set for approximately 2 h.
When the coagulum becomes firm, it is cut with

a fork or a pine tree branch until no large lumps
of curd remain (Kınık et al. 1999; Kamber
2008a). The curds are separated from the whey
with a strainer, and approximately 1 kg of curd
is placed into baskets, which are woven from
stalks collected near rivers. The curd is left in
the basket at ambient temperature (20–24 °C) to
drain by itself, and the soft curd assumes the
shape of the basket. The curd is turned upside
down to enable even whey drainage and so that
all surfaces take the shape of the basket (Kam-
ber 2008a). The curd is then removed from the
basket, and the upper and lower surfaces are
sprinkled with fine salt (approximately
30 g salts/kg curd). Then, the salted curd is
returned to the basket for further drainage at
room temperature (20–24 °C) (B€uke 1981;
Kınık et al. 1999). Approximately 18 h later,
when the curd has knitted together to form a
block, it is taken out of the basket and placed in
a brine (14% (w/w) NaCl) at around 6–8 °C for
ripening and storage. The ripening time varies
between 3 months to 12 months. The cheese
could be stored in brine until consumption. Er-
can et al. (2011) investigated the chemical, tex-
tural and sensorial characteristics of Sepet
cheese and found that Sepet cheese is a
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semihard cheese according to IDF (1981). The average dry
matter, fat-in-dry matter, protein, salt-in-dry matter, water
activity, pH, titratable acidity, ripening and lipolysis indices
of Sepet cheese were reported as 55.16%, 45.80%, 29.18%,
12.88%, 0.83, 5.50, 1.69%, 11.06 and 6.36, respectively
(Ercan et al. 2011). Descriptors such as free fatty acid, ani-
mal like, sulphurous, creamy, cooked, whey aroma and salty
basic taste have been used to describe the flavour of Sepet
cheese. The most abundant volatile compounds in Sepet
cheese were reported to be hexanoic, octanoic, decanoic and
butyric acids, which were responsible for the cheesy, waxy
and goaty odours (Ercan et al. 2011).
Microbial diversity in the raw milk and in cheese affects

the flavour and texture of cheese. The micro-organisms may
contribute directly through their metabolic activity or they
may release enzymes, and those enzymes may cause
changes in cheese texture or flavour (Beresford and Wil-
liams 2004). Mesophilic lactobacilli are reported as impor-
tant nonstarter lactic acid bacteria in the maturation of
cheeses because they can catabolise citrate and could be
involved in proteolysis and in other enzymatic processes
during cheese ripening (Crow et al. 2001; Terzic-Vidojevic
et al. 2007). Moreover, nonstarter lactobacilli have lipase
and esterase activities, which affect cheese flavour. Entero-
coccus spp. metabolise citrate and can form acetaldehyde,
acetoin and diacetyl (Beresford and Williams 2004). Entero-
coccus spp. also contribute to cheese flavour by the hydro-
lysis of milk fat by lipases and esterases and the conversion
of fatty acids into methyl ketones and thioesters (Tsakalidou
et al. 1993; Giraffa 2003; Beresford and Williams 2004).
Furthermore, some Enterococcus spp. are capable of pro-
ducing a variety of bacteriocins, which can protect cheese
against spoilage bacteria (Abdi et al. 2006). The natural mi-
croflora of cheese could become extinct, when artisanal
cheesemaking is replaced by industrial scale processes.
Therefore, it is important to document the natural biodiver-
sity of artisanal cheese microflora. Some research on the mi-
croflora of traditional cheeses has been performed. For
example; the natural microflora of artisanal Mexican Fresco
and Manchego cheeses were investigated by Torres-Llanez
et al. (2006) and Ballesteros et al. (2006). The increasing
expansion of urbanisation and hence reduction in the rural
population brings about a loss of expertise in traditional
food-making technology such as cheesemaking. Many stud-
ies have shown that locally produced cheeses have different
and typical microbial population dynamics related to the
local production technology and environmental conditions
(Boubekri and Ohta 1996; Terzic-Vidojevic et al. 2007). Pi-
sano et al. (2006) and Williams and Withers (2010) con-
ducted research to characterise Fiore Sardo, a traditional
Sardinian cheese made from ewe’s milk, and artisanal farm-
house cheeses manufactured in Scotland, respectively, to
provide a better understanding of microbial diversity so that
the typical characteristics of these cheeses can be retained,

while at the same time, the microbiological quality can be
improved.
The objectives of this study were (i) to investigate the lac-

tic acid bacteria (LAB) and quality indicator micro-organ-
isms in the microflora of traditional artisanal Sepet cheeses
collected from 11 different towns in the Aegean region of
Turkey, (ii) to isolate and identify representative lactic acid
bacteria in Sepet cheese and (iii) to investigate the changes
in the counts from milk to curd and during the ripening of
Sepet cheeses made on two different dairy farms.

MATERIALS AND METHODS

Sampling
In the first part of the study, the microflora of fifty-two
Sepet cheeses, which were ripened approximately for
3 months, were investigated. The cheese samples were col-
lected from small dairy farms and local bazaars located in
C�es�me (n = 15), Karaburun (n = 7), Zeytineli (n = 3),
G€ulbahc�e (n = 3), Germiyan (n = 3), Ovacık (n = 3), Bar-
baros (n = 3), €Uc�kuyular (n = 3), Kemalpas�a Turgutlu
(n = 3), Tire (n = 3) and Ayvalık (n = 6), which are the
towns in Aegean region of Turkey. Samples were taken to
the laboratory in an ice box on the same day. They were
stored at 4 °C prior to analysis and analysed in 2 days.
In the second part of the study, Sepet cheeses were pro-

duced using goat milk in local small dairy farms located in
Germiyan and Zeytineli towns. The only difference between
the production methods of Germiyan and Zeytineli cheeses
was the type of coagulant, which was used during production.
Microbial rennet (Mayasan Co. Inc., Istanbul, Turkey) was
used as a coagulant agent in cheeses produced in Germiyan.
Artisanal rennet, produced from the fourth stomach of young
goats in the farm, was used in cheeses produced in Zeytineli.
After cheeses were placed into brine for ripening, the cheese
samples were transferred to laboratory and ripened an incuba-
tor at 8 °C for 3 months. Milk, curd, 1 day, and 1-, 2- and 3-
month-old cheeses were analysed to determine microbial
counts and identify lactic acid bacterial species.

Microbiological analysis
Ten-mL samples of milk and 10-g samples of cheese or
curd were homogenised into sterile 90-mL solutions of 2%
(w/v) sodium citrate at 45 °C using a stomacher device (In-
terscience, Bagmixer 400W, Saint Dom, France), and deci-
mal dilutions were prepared in sterile 0.1% (w/v) peptone
water (Psoni et al. 2003). The decimal dilutions of homo-
genates were used for bacterial enumeration. The total bac-
terial count (TBC) was measured on skim milk plate count
agar (Merck, Darmstadt, Germany) after incubation at 32 °C
for 72 h. Lactococci were determined on M17 agar (Merck)
after incubation at 37 °C for 48 h. Lactobacilli were
counted on MRS agar (Fluka, Saint Louis, MO, USA) after
anaerobic incubation at 37 °C for 48 h in sealed jars
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containing an Anaerogen sachet (Oxoid, Basingstoke. Hants,
UK) (Mucchetti et al. 2008). Enterococci were counted on
Kanamycin aesculin azide agar (Merck) after incubation at
37 °C for 48 h (Dolci et al. 2007). Presumptive coagulase
positive Staphylococcus aureus (colonies with an opaque
zone) were counted on Baird Parker agar (Difco, NJ, USA)
supplemented with egg yolk tellurite medium plates after
incubation at 37 °C for 48 h (Psoni et al. 2003). Yeast and
mould were determined on yeast glucose chloramphenicol
agar (Difco) plates after incubation at 25 °C for 5 days
(Mucchetti et al. 2008). Coliforms were counted on double
layer violet red bile agar (Difco) after incubation at 30 °C
for 24 h (Psoni et al. 2003). Psychrotrophic bacteria were
counted on skim milk plate count agar (Difco) after incuba-
tion at 7 °C for 10 days (€Ozdemir and Demirci 2006).
Spread plate method was used for the enumeration of yeast,
mould and presumptive coagulase positive Staphylococcus
aureus. For the rest of the bacteria, pour plate method was
used for enumeration. All analyses were carried out using
duplicate plates at each dilution. After colony counting, the
counts were expressed as log colony-forming unit (cfu) per
gram of sample.

Isolation of bacteria
After incubation on MRS agar (pH 6.2–6.8) and Kanamycin
esculin azide agar (pH 7.2), approximately 20 individual
colonies from each plate having 30–300 colonies were
selected (according to shape, size and colour) and trans-
ferred into sterile M17 (Merck) and MRS (Fluka) broth
media. They were purified by two subsequent subcultures
on Kanamycin esculin azide and MRS agars using the
streak plate technique. Isolates that were purified were
stored in MRS and M17 broth media, which contained 20%
(v/v) glycerol as frozen stocks at �80 °C before being sub-
jected to identification analysis. Glycerol stock samples
were prepared by mixing 0.5 mL of overnight cultures, and
0.5 mL of 40% (v/v) glycerol.

Physiological and biochemical identification of isolates
The catalase test and Gram stain were carried out to make
sure that all isolates were lactic acid bacteria (Gram-positive
and lacked catalase). Cell shapes and arrangements (such as
individual colonies, pairs or clusters) and the results of Gram
staining were examined under an oil immersion lens by light
microscopy (Olympus CX31, Tokyo, Japan).
Overnight cultures grown in 5-mL MRS broth at 30 °C

were used for the identification procedures. For all tests,
noninoculated media were used as a negative control. Tests
for the ability to produce gas from glucose, growth at differ-
ent temperatures (10, 40 and 45 °C), growth at different
NaCl concentrations (20, 40 and 65 g/L), hydrolysis of
arginine and gas production from citrate in Reddy broth
were applied to cocci-shaped isolates for phenotypic identifi-
cation. For the phenotypic identification of rod-shaped

isolates, gas production from glucose, growth at 15 and
45 °C, growth in 65 g/L NaCl and arginine hydrolysis tests
were performed. Then, carbohydrate fermentation tests were
performed for species and subspecies level identification of
isolates. Carbohydrate fermentation tests were performed in
96-well plates using the method described by Bulut (2003)
and Bulut et al. (2005). The following 14 substrates; L
(+)-arabinose, D(+)-galactose, lactose, maltose, D(+)-manni-
tol, raffinose, sucrose, D(�)-salicin, sorbitol, D(+)-trehalose,
D(+)-xylose, glycerol, D(+)-mannose and D(�)-ribose were
used for the carbohydrate fermentation tests. Samples with
glucose and samples without sugar were used as positive
and negative controls, respectively. After 24-h incubation at
30 °C, the carbohydrate fermentation abilities of isolates
were measured at 615-nm absorbance using an automated
microtiter plate reader (Thermo, Varioskan Flash, Finland).
Sugar fermentation ability was determined based on turbid-
ity and colour change from purple to yellow.

Genotypic identification of isolates
Two representative isolates from each group (Table 3) were
chosen at random to obtain 16S rDNA sequences. DNA
was extracted from the overnight cultures grown in 6-mL
MRS broth at 37 °C. PureLinkTM Genomic DNA Mini Kits
(Catalogue Number K1820-02, InvitrogenTM, Carlsbad, CA,
USA) were used for purification of genomic DNA. After
the DNA was purified by application of the method recom-
mended by the manufacturer, the purified DNA was trans-
ferred to a new Eppendorf and stored at �20 °C.
Amplification of the 16S rDNA was performed in a 20-lL

reaction mixture consisting of 5 lL of genomic DNA, 2 lL
PCR buffer, 2 lL dNTP mix (2 mM each), 0.4 lL of bacte-
rial universal primer 10 mM E334F (50-CCAGACTCCTAC
GGGAGGCAGC-30), 0.4 lL of bacterial universal primer
10 mM E939R (50-CTTGTGCGGGCCCCCGTCAATTC-
30), 0.1 lL Taq polymerase (5 U/lL), 1.2 lL MgCl2
(25 mM) and sufficient water to make up the volume to
20 lL (Baker et al. 2003). The amplification reaction was
performed in a PCR (Biorad, C100TM Thermo Cycler, Singa-
pore) using the following conditions: predenaturation (3 min
at 95 °C) followed by 25 cycles of denaturation for 30 s at
94 °C, annealing for 30 s at 62 °C and elongation for 1 min
at 72 °C, and the final cycle was followed by an additional
extension for 5 min at 72 °C (Giraffa et al. 2000).
The amplified products were purified using SephadexTM

columns (MN Receiver Column, 740522.250, D€uren, Ger-
many, and Sigma S6022 Sephadex, Steinheim, Germany)
and were then sequenced using the ABI Prism BigDye Ter-
minator v3.1 Cycle Sequencing Kit with forward primer (E
334) in a single direction using an Applied Biosystems
3130xl Genetic Analyzer (Foster City, CA, USA). The
sequence chromatograms were analysed by the Finch TV
1.4.0. program and compared with the GenBank database to
determine sequence homology (Tan et al. 2010).
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Statistical analysis
Mean values, standard deviations, maximum and minimum
values were calculated for all the parameters determined.
Analysis of variance was performed to investigate the differ-
ences (P < 0.05) in microbiological counts during produc-
tion and ripening. The Student–Newman–Keuls range test
was applied for comparison of the mean values. Principal
component analysis (PCA) is a statistical method to reduce
the dimensionality of the data, to calculate the components
that best described the differences between samples and to
identify clusters (Smith 2002). In this study, PCA was used
to obtain the first two principal components from the micro-
biological counts of the cheese samples and to identify the
potential grouping of samples using Statistica software (Stat-
Soft Inc., Tulsa, OK, USA).
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Figure 1 Score plot of the first two principal components of Sepet
cheeses based on the microbiological counts.
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Table 1 Microbiological counts (log cfu/g) based on analysis of 52
Sepet cheeses

Microbiological
analysis Mean Maximum Minimum

Standard
deviation Variance

Total aerobic
bacteria

7.53 9.03 5.52 1.13 1.28

Lactococci 7.31 8.89 5.49 1.08 1.16
Lactobacilli 7.19 8.74 5.30 1.02 1.05
Enterococci 6.84 8.87 5.44 0.92 0.85
Yeast 3.19 5.49 <1.00 1.40 1.96
Mould 0.84 2.58 <1.00 0.89 0.79
Coliform 2.18 5.51 <1.00 1.81 3.29
Psychrotrophic
bacteria

4.92 7.23 3.10 1.15 1.33

Staphylococcus
aureus

1.25 4.61 <1.00 1.70 2.87
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RESULTS AND DISCUSSION

Microbiological counts of Sepet cheeses
Variation in the microbiological counts of Sepet cheese
samples is shown in Table 1. Maximum yeast, mould and

coliform counts found were as 5.49, 2.58 and 5.51 log cfu/
g, respectively, while yeast, mould and coliforms were
absent in some of the Sepet cheese samples. Coliforms are
used as a general indicator of the sanitary condition of
food-processing environments (Feng et al. 2002). Coliforms

(a) (b)

(c) (d)

(e) (f)

Figure 2 Cell morphology of isolated Lactobacillus plantarum (a), Weisella confusa (b), Weisella paramesenteroides (c), Enterococcus durans/fae-
cium (d), Enterococcus casseliflavus (e) and Pediococcus pentasaceous (f).

Figure 3 The percentages of isolated micro-organisms during production and ripening of Sepet cheeses. Z and G indicate the towns as Zeytineli and
Germiyan, respectively.
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were detected in 35 of Sepet cheese samples. High coliform
counts in Sepet cheese samples may be caused by the use
of unpasteurised milk in the production, unsanitary produc-
tion areas, postcontamination after production during mar-
keting, etc. Nineteen Sepet cheese samples contained
Staphylococcus aureus, and the maximum number counted
was 4.61 log cfu/g. Hamid and Owni (2007) stated that
high counts of S. aureus found in some cheese samples
might be attributed to the high initial numbers of S. aureus
in raw milk or contamination during processing. When the
results are compared with previous artisanal cheese studies
in Turkey, the coliform counts were lower than those
reported for €Org€u and Sıkma cheeses. Turkoglu et al.
(2003) and Ceylan et al. (2003) reported 3.73 and 5.99 log
cfu/g coliforms in €Org€u and Sıkma cheeses, respectively.
Kamber (2008b) reported that Mihalic� cheese had 3.30 log
cfu/g coliforms, 5.9 log cfu/g lactococci and 7.69 log cfu/g
total aerobic counts. The Sepet cheese samples had total aer-
obic bacteria counts similar to Mihalic� cheese. Kamber and
C�elik (2007) investigated the microbiological characteristics
of Gorcola cheese and found that Gorcola cheese
had 1.9 9 107 cfu/g total aerobic mesophilic bacteria,
2.9 9 104 cfu/g lactic acid bacteria, 1.0 9 107 cfu/g lacto-
cocci, 1.5 9 104 cfu/g coliforms and 1.4 9 105 cfu/g yeast-
mould count. Yeast and mould counts in Sepet cheeses were
lower than the counts reported for Gorcola cheese. It was
also observed that lactococci and total aerobic bacteria in
Sepet cheese samples were higher than those reported for
Gorcola cheese. The total aerobic bacteria counts for Sepet
cheese samples found in this work were similar to those
found by Kınık et al. (1999), but higher than those found
by Karakas� and Korukluo�glu (2006). Moreover, Karakas�
and Korukluo�glu (2006) found relatively higher yeast counts
in their Sepet cheese samples.
The microbiological count data for fifty-two Sepet cheese

samples were subjected to PCA. PCA is a tool to identify
patterns in data to highlight their similarities and differ-
ences using an orthogonal transformation (Smith 2002).
Figure 1 shows the score plot of the first two principal
components (PC1 and PC2). These two PCs accounted for
70% of the total variance. Based on presumptive S. aureus
counts, the cheese samples were separated into two clus-
ters. The cheeses, which had higher S. aureus counts, were
placed on the upper part of the plot. The cheeses, which
had higher microbial loads, were placed on the right-hand
side while the cheeses, which had lower microbial loads,
were placed on the left-hand side of the plot in each clus-
ter. The cheese samples (36% of total cheese samples),
which had relatively higher presumptive S. aureus counts,
were mostly collected from local bazaars. This may be
related to unsanitary conditions in transportation and stor-
age in the bazaars.
Changes in the microbiological counts during the produc-

tion and ripening of Sepet cheese made at two sites were

also investigated. The microbiological counts are shown in
Table 2. All bacterial counts increased during cheese pro-
duction (P < 0.05) due to concentration associated with
cheesemaking. An exception was mould counts in the
cheese made at the Germiyan site. The Staphylococci, coli-
forms and mould counts of Sepet cheeses were less than
1.00 log cfu/g at the end of ripening. Although yeast
counts in Zeytineli cheese decreased until the 3rd month,
their levels were higher than 1.00 log cfu/g at the end of
the ripening period. Ercan et al. (2011) investigated the
physicochemical changes during production and ripening
and reported that the pH decreased during production and
ripening. The decrease in pH could affect the population of
staphylococci and coliforms. Since mould and yeast could
grow at a wide range of pH and acidity, the most impor-
tant reason for decreases in yeast and mould counts during
the ripening of cheese may be anaerobic conditions (Jay
1996). The results reported here are similar to the results
of Kılıc� et al. (2004). They found a significant decrease in
staphylococci and coliform counts during the ripening of
fresh Turkish goat cheese. Similar trends were also found
in the studies on Valdeteja raw goat’s milk cheese and
Manchego cheeses (Calleja et al. 2002; Cabezas et al.
2007).

Identification of isolates
Lactic acid bacteria are essential for the fermentation and
are acceptable in very large numbers in traditional cheeses
made with raw milk (Hamid and Owni 2007). Lactic acid
bacteria in Sepet cheese during production and ripening for
up to the 3 months were examined. Isolates were chosen for
identification after subculturing, Gram staining and catalase
tests were performed. The morphologies of isolated micro-
organisms are given in Figure 2. A total 240 isolates
(approximately 20 colonies from each plate) were identified.
According to the identification results, the percentages of
cocci and rods in samples of milk and during cheese ripen-
ing fluctuated. The ratios of identified bacteria during cheese
production and ripening are shown in Figure 3. The arti-
sanal rennet used in Zeytineli had a more diverse bacterial
population than the commercial rennet used in Germiyan.
Thus, the artisanal rennet might be responsible for higher
counts of total aerobic bacteria, lactococci, lactobacilli and
enterococci found in Zeytineli cheese (Table 2).
The phenotypic identification results are given in Table 3.

Enterococcus spp. were predominant during Sepet cheese
production and ripening. Fox et al. (2000) stated that
Enterococci have the ability to grow at the wide range of
temperatures and salt contents found in Mediterranean
cheeses. Based on the taxonomy of Devriese et al. (2006),
66.2% of total isolates in Sepet cheeses were closely related
to Enterococcus species. Isolated enterococci were arginine
hydrolyse positive, were able to grow at 6.5% NaCl and
had coccoid shapes. Due to mannitol fermentation ability of
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E. faceium, the isolates of E. faceium can be differentiated
from the isolates of E. durans (Collins et al. 1984; Farrow
and Collins 1985; Cai 1999; Klein 2003). E. durans is dif-
ferentiated from E. hirae because the former cannot ferment
raffinose (Collins et al. 1984; Farrow and Collins 1985; Cai
1999; Klein 2003). E. casseliflavus is different from E. gal-
linarum based on the fermentation of glycerol, and sorbitol.
E. casseliflavus is also differentiated from other Enterococ-
cus species based on the ability to ferment D-xylose
(Collins et al. 1984; Cai 1999). Bulut et al. (2005), Torres-
Llanez et al. (2006), Psoni et al. (2003) and Serhan et al.
(2009) also isolated E. durans and E. faceium from artisanal
raw milk cheeses.

Approximately 15% of total isolates were Lactobacillus
spp. isolated during production and ripening of both
cheeses. All Lactobacillus spp. were closely related to
L. plantarum. L. plantarum is differentiated from L. farmci-
nis because it cannot hydrolyse arginine but it can ferment
raffinose, mannitol and sorbitol. L. plantarum is differenti-
ated from L. fermentum because it can ferment salicin, sor-
bitol and mannitol (Antara et al. 2002; Hammes and Hertel
2006 and €Ozkalp et al. 2009). Tserovska et al. (2002) also
found L. plantarum in goat cheeses.
Based on the taxonomic data of Bj€orkroth and Holzapfel

(2006) and Bj€orkroth et al. (2002), 13% of total isolates
from Sepet cheese were closely related to Weisella spp.

Table 3 Phenotypic characteristics of micro-organisms isolated from Sepet cheeses

Shape Catalase

2%

NaCl

4%

NaCl

6.5%

NaCl 10 °C 15 °C 40 °C 45 °C

Arginine

hydrolysis

CO2

in

Reddy

broth

CO2

from

glucose

Arab-

inose

Gala-

ctose Lactose Ribose Sorbitol

Cocci � + + + + ND + + + � � + + + + �
Cocci � + + + + ND + + + � � + + + + �
Cocci � + + + + ND + + + � � + + + + �
Cocci � + + + + ND + + + � � + + + + �
Cocci � + + + + ND + + + � � + + + + �
Cocci � + + + + ND + + + � � + + + + �
Cocci � + + + + ND + + + � � + + + + �

Group
of four
or two
cocci

� + + + + ND + + + � � + + + + �

Short
rods

� ND ND + ND + ND + + ND + � + + + �

Short
rods

� ND ND + ND + ND + + ND + � + + + �

Short
rods

� ND ND + ND + ND + + ND + � + + + +

Short
rods

� ND ND + ND + ND + + ND + � + + + �

Short
rods

� ND ND + ND + ND + + ND + � + + + �

Short
rods

� ND ND + ND + ND + + ND + � + + + �

Lenticular � ND ND + ND + ND � � ND + + + + + �

Rod � ND ND + ND + ND + � ND � � + + + +

Rod � ND ND + ND + ND + � ND � � + + + +

Rod � ND ND + ND + ND + � ND � � + + + +

Rod � ND ND + ND + ND + � ND � + + + + +

Rod � ND ND + ND + ND + � ND � + + + + +

Rod � ND ND + ND + ND + � ND � + + + + +

Rod � ND ND + ND + ND + � ND � � + + + +

ND indicates not determined. The sign of �, +, � indicate weak, positive and negative reactions, respectively.
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W. paramesenteroides has a lenticular shape. It cannot grow
at 45 °C and cannot hydrolyse arginine. W. paramesentero-
ides is differentiated from W. hellica by the ability to fer-
ment galactose and trehalose (Bj€orkroth and Holzapfel
2006). Weisella confusa (Lactobacillus confusus) is differen-
tiated from W. ciberia because it cannot ferment arabinose
but has the ability to ferment ribose and galactose. W. cibe-
ria and W. confusa are also differentiated from other Wei-
sella species because they can ferment D-xylose (Bj€orkroth
et al. 2002; Bj€orkroth and Holzapfel 2006).
Pediococcus spp. were only isolated from artisanal rennet.

The isolates were closely related to P. pentasaceous.
P. pentasaceous is differentiated from Pediococcus acidilac-

tici because it can ferment arabinose, trehalose and maltose
(Tserovska et al. 2002; Holzapfel et al. 2006).
Forty phenotypically identified isolates were selected for

genotypic identification. The results of genotypic identifica-
tion analysis were in agreement with the results of pheno-
typic identification analyses. The 16S rDNA sequences of
micro-organisms isolated from Sepet cheese were similar to
isolates found in Western Balkan traditional cheese, probiot-
ic isolates from traditional dairy products of the Azarbayjan
region, isolates from kefir, isolates from Altiplano Cundi-
boyacense (a traditional handmade double cream cheese),
isolates from Caciocavallo Palermitano cheese and from
artisanal Vlasina raw milk goat cheeses, which were

Salicin Raffinose Mannitol Mannose Xylose Maltose Trehalose Glycerol Sucrose Glucose

% Similarity with the

microorganisms in the

GenBank database

with accession # Species

+ � � + � + � � � + 96, HE646381 Enterococcus durans
+ � � + � + � � � + 96, JQ366081 Enterococcus durans

+ � � + � + + � + + 96, GU904685 Enterococcus faceium

+ � + + � + + � � + 96, HQ616645 Enterococcus faceium
+ � + + � + + � � + 94, JQ712023 Enterococcus faceium

+ � � + � + + � � + 97, HE646396 Enterococcus faceium

+ + + + + + + � � + 96, JN645289 Enterococcus
casseliflavus

+ � � + � + + � � + 96, JQ712016 Pediococcus

pentasaceous

� � � + + + + � + + 96, JQ801710 Weissella confusa

� � � + + + + � + + 97, JF757231 Weissella confusa

+ � + + + + + � + + 95,HQ711354 Weissella confusa

� � � + + + + � + + 92, AB494723 Weissella confusa

� � � + + + + � + + 93, JQ801709 Weissella confusa

� � � + + + + � + + 96, JQ801710 Weissella confusa

� � + + � + + � + + 96, HQ721270 Weissella

paramesenteroides

+ � + + � + + � + + 95, JN863662 Lactobacillus plantarum
+ � + + � + + � + + 95, HE646362 Lactobacillus plantarum

+ � + + � + + � � + 96, HE616213 Lactobacillus plantarum

+ � + + + + + � + + 96, JQ580990 Lactobacillus plantarum
+ � + + + + + � + + 97, HE646413 Lactobacillus plantarum

+ � + + � + + � + + 95, JN863682 Lactobacillus plantarum

+ � + + � + + � + + 97, HE616210 Lactobacillus plantarum
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reported in the GenBank database. The percentage similarity
and the accession number of similar micro-organisms in
GenBank database are given in Table 3.

CONCLUSIONS

In all Sepet cheese samples, lactococci, lactobacilli and
enterococci were the predominant bacteria. Considerable
variation was found in the microflora of Sepet cheese
obtained from different sources in Aegean region of Tur-
key. Eight of the Sepet cheese samples did not contain
mould and coliforms; this can be an indication of a good
standard of hygiene during production and ripening. How-
ever, presumptive coagulase positive S. aureus was found
in 36% of Sepet cheese samples, which is a public health
concern.
According to phenotypic and genotypic identifications,

two-thirds of isolates were closely related to Enterococci
species including E. casseliflavus, E. durans and E. facei-
um. Other isolates were identified as L. plantarum, W. con-
fusa, W. paramesenteroides and P. pentasaceous.
When a batch of cheese from each of two farms was

monitored during production and ripening, it was observed
that total aerobic bacteria, lactococci, lactobacilli and entero-
cocci counts decreased after the 1st month (P < 0.05).
Moreover, staphylococci and coliform counts decreased
below 1.00 log cfu/g before the end of the ripening period.
Thus, the traditional ripening process appears to contribute
to microbiological and pathogen control.
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