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The use of freeze-dried kefir coculture as a starter in the production of feta-type cheese was investigated.
Maturation of the produced cheese at 4°C was monitored for up to 70 days, and the effects of the starter culture,
the salting method, and the ripening process on quality characteristics were studied. The use of kefir coculture
as a starter led to increased lactic acid concentrations and decreased pH values in the final product associated
with significantly higher conversion rates compared to salted rennet cheese. Determination of bacterial
diversity at the end of the ripening process in salted kefir and rennet cheeses by denaturing gradient gel
electrophoresis technology, based on both DNA and RNA analyses, suggested a potential species-specific
inhibition of members of the genera Staphylococcus and Psychrobacter by kefir coculture. The main active
microbial associations in salted kefir cheese appeared to be members of the genera Pseudomonas and Lacto-
coccus, while in salted rennet cheese, Oxalobacteraceae, Janthinobacterium, Psychrobacter, and Pseudomonas
species were noted. The effect of the starter culture on the production of aroma-related compounds responsible
for cheese flavor was also studied by the solid-phase microextraction–gas chromatography–mass spectrometry
technique. Kefir coculture also appeared to extend the shelf life of unsalted cheese. Spoilage of kefir cheese was
observed on the 9th and 20th days of preservation at 10 and 5°C, respectively, while spoilage in the corre-
sponding rennet cheese was detected on the 7th and 16th days. Microbial counts during preservation of both
types of unsalted cheese increased steadily and reached similar levels, with the exception of staphylococci,
which were significantly lower in unsalted kefir cheese. All types of cheese produced with kefir as a starter were
approved and accepted by the panel during the preliminary sensory evaluation compared to commercial
feta-type cheese.

Feta cheese, one of the most significant and popular dairy
products in Greece, with its characteristic, slightly acid, salty
taste, pleasant organoleptic properties, and worldwide accep-
tance, is a soft, white cheese usually ripened in brine. Tradi-
tionally, feta cheese was prepared by either thermized or raw
ewe’s milk on small family-owned premises with elementary
equipment by using only rennet and without the addition of
any starter cultures. Its characteristic flavor and texture were
developed by the action of the natural lactic acid microflora of
milk. Nowadays, most feta cheese is produced from ewe’s milk
or a mixture of ewe’s milk and goat’s milk in commercial
cheese dairies with yogurt culture for lactic acid production,
followed by addition of rennet for completion of precipitation.
However, variations in the production of feta cheese such as
the use of bovine milk or the involvement of treatments like
filtration, salting, and preservation at 4°C are observed in the
production of cheeses with local names. The produced cheeses
are consumed after a 2-month ripening period. This matura-
tion period is necessary for the sanitation of cheese products,
especially those made from raw milk.

Microbial hazards have acquired substantial economical,
ethical, and legal importance in the food industry, and a variety

of food additives, along with strict preservation processes, are
used to suppress spoilage and pathogenic microorganisms and
to prolong the shelf life of foods. Various psychrotropic bac-
terial species, such as members of the genera Enterobacter,
Pseudomonas, Alcaligenes, Acinetobacter, and Proteus (32), have
been associated with cheese spoilage, while Escherichia coli, Lis-
teria monocytogenes, Salmonella spp., and Staphylococcus aureus
constitute the main pathogens occurring in cheeses (3, 12, 15, 56).
Recently, there has been increasing pressure on food manufac-
turers either to completely remove chemical preservatives from
their products or to adopt more “natural” alternatives for the
maintenance or extension of foods’ shelf life. Biopreservation
with certain starter cultures in food manufacture is an attractive
tool to reduce the use of food preservatives and to monitor mi-
crobial hazards (27, 29).

Consequently, an upsurge of interest in the use of suitable
starter cultures in cheese production has occurred. Many re-
searchers have proposed a variety of cultures suitable for use as
starters, including bifidobacteria (9) and Lactococcus (34, 41,
46, 57), Lactobacillus (37, 41), Leuconostoc (41), and Entero-
coccus (41) species.

Kefir is a consortium of microbes that is mainly used in the
production of the low-alcohol, traditional Russian drink kefir,
where milk constitutes the initial fermenting substrate. This
mixed culture consists of various yeasts (Kluyveromyces, Can-
dida, Saccharomyces, and Pichia spp.); various lactic acid bac-
teria of the genera Lactobacillus, Lactococcus, and Leuconos-
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toc; and acetic acid bacteria (20, 43, 70). Yeasts and lactic acid
bacteria coexist in a symbiotic association and are responsible
for an acid-alcoholic fermentation. Lactic acid bacteria that
exist in kefir grains have attracted a lot of attention because of
their ability to inhibit the development of spoilage and patho-
genic microorganisms, either by the production of lactic acid or
by the expression of antimicrobial agents (54). In addition,
consumption of kefir has been linked with a variety of health
benefits (11, 19, 42). This mixed culture is able to utilize lac-
tose, and therefore whey, a waste of negligible cost rich in
lactose, could be used as raw material for kefir production (30,
38). Kefir coculture has also been used as a starter in white
pickled cheese production (24), and its use in baking has also
been proposed (52).

All of the above studies were performed with wet kefir
cultures. However, this technology is incompatible with com-
mercial needs because of the physical status of the culture. In
this study, the use of freeze-dried kefir cultures, a technology
which accommodates its use by the commercial sector, was
evaluated in the production of feta-type cheese. Data suggest-
ing the improvement of the quality characteristics of the final
product and the extension of its shelf life are presented.

MATERIALS AND METHODS

Production of freeze-dried kefir coculture. Kefir coculture isolated from a
commercial kefir drink was used in the present study. It was grown on a synthetic
medium consisting of 4% lactose, 0.4% yeast extract, 0.1% (NH4)2SO4, 0.1%
KH2PO4, and 0.5% MgSO4 · 7H2O at 30°C. The synthetic medium was sterilized
at 130°C for 15 min prior use. Pressed wet-weight cells (�0.5 to 1.0 g dry weight)
were prepared and used directly in aerobic fermentations of whey for further
production of kefir coculture.

A kefir coculture produced by aerobic fermentations of whey was resuspended
in fermented whey, which was used as a cryoprotecting agent, and the whole was
then frozen to �45°C. The frozen samples were freeze-dried overnight at 5 � 102

Pa and �45°C in a freeze-drying system (Freezone 4.5; Labconco).
Cheese making. In this study, cheese was prepared with commercial pasteur-

ized bovine milk. Cheese containing a freeze-dried kefir coculture, designated
kefir cheese, was produced with milk heated at 37°C which, after the addition of
freeze-dried kefir coculture along with commercial rennet (0.01%), was left
undisturbed for 2 h for curd formation. Subsequently, the curd was cut into
squares (�1 cm), left undisturbed for 10 min, and then cloth filtered overnight at
room temperature (18 to 22°C) for complete whey removal. Addition of freeze-
dried kefir coculture 30 min before or 30 min after rennet addition was evaluated
along with the effects of the initial freeze-dried kefir coculture concentration and
the salting method. Three methods of salting were tested. (i) The surface of
cheese samples (100 g each) was rubbed with 7 g of salt, (ii) cheese samples were
immersed in a 10% (wt/vol) brine solution, and (iii) the surface of cheese samples
(100 g) was rubbed with 7 g of salt and after 12 h the cheese samples were
immersed in a 7% (wt/vol) brine solution. Cheese without kefir coculture, des-
ignated rennet cheese, was also produced for comparison. Ripening of the
produced cheeses was monitored at 4 to 6°C for 70 days. All treatments were
carried out in triplicate, and mean values are presented (the standard deviation
for all values was about �5% in most cases). Duplicate samples from each
treatment were collected at various intervals and analyzed for lactic acid, etha-
nol, residual sugar, and volatile by-products.

In addition, unsalted rennet cheese and unsalted kefir cheese made with 1 g
freeze-dried kefir culture/liter of milk were produced. Addition of freeze-dried
kefir was carried out prior to rennet addition. The effect of freeze-dried kefir
starter coculture on preservation time was evaluated macroscopically and by
sensory tests at 25, 15, and 5°C.

Chemical analysis. Cheese samples, 20 g each, were macerated with warm
water (40°C) to produce a total volume of 210 ml. Each sample was then filtered,
and the filtrate was used for lactic acid, ethanol, and residual-sugar determina-
tion (36).

Lactic acid was determined by titration with 0.1 N NaOH with phenolphthalein
as an indicator (36). Residual sugar (lactose, glucose, and galactose) was deter-
mined by high-performance liquid chromatography with a Shimadzu chromato-

graph with an SCR-101N stainless steel column, an LC-9A pump, a CTO-10A
oven at 60°C, and a RID-6A refractive-index detector. Triple-distilled water was
used as the mobile phase at a flow rate of 0.8 ml/min, and 1-butanol was used as
an internal standard (IS). A volume of 0.5 ml of cheese filtrate and 2.5 ml of a
1% (vol/vol) solution of 1-butanol were diluted to 50 ml, so that the actual
concentration of 1-butanol was 0.05% (vol/vol). Forty microliters of the final
solution was then injected directly into the column. Residual-sugar concentra-
tions were calculated by using standard curves prepared with at least seven
standard solutions by correlating the ratio of residual-sugar peak areas divided by
1-butanol peak areas to residual-sugar concentrations.

Ethanol was determined by gas chromatography (GC) with a Porapac S col-
umn. Nitrogen was used as the carrier gas at 40 ml/min. The column temperature
was settled at 120 to 170°C at a rate of 10°C/min. The temperatures of the
injector and flame ionization detector were 210 and 220°C, respectively. For
ethanol determination, a total volume of 2 �l of each sample was injected directly
into the column and the concentration of ethanol was determined with standard
curves. 1-Butanol was used as an IS at a concentration of 0.5% (vol/vol).

Solid-phase microextraction (SPME)–GC–mass spectrometry (MS) analysis.
The volatile by-product composition of salted cheese samples ripened for 30 days
at 4 to 6°C was studied by SPME-GC-MS analysis. Grated cheese samples (�7
g each) were placed into a 20-ml headspace vial fitted with a Teflon-lined septum
sealed with an aluminum crimp seal through which an SPME syringe needle
(bearing a 2-cm fiber coated with 50/30-mm divinylbenzene-carboxen on poly-
dimethylsiloxane bonded to a flexible fused silica core; Supelco, Bellefonte, PA)
was introduced. The container was then kept at 80°C with a thermostat for 30 to
35 min (7). The absorbed volatile analytes were then analyzed by GC-MS
(Shimadzu GC-17A, MS QP5050, capillary column Supelco CO Wax-10 60m,
0.32-mm inside diameter, 0.25-�m film thickness). Helium was used as the
carrier gas (linear velocity of 1.5 ml/min). The oven temperature was set at 35°C
for 3 min, followed by a temperature gradient of 5°C/min to 110°C and then
10°C/min to 240°C. A final extension was applied at 240°C for 10 min. The
injector was operated in splitless mode. The injector and detector temperatures
were 280°C and 250°C, respectively. The mass spectrometer was operated in the
electron impact mode with the electron energy set at 70 eV. Identification was
done by comparison with standard compounds and data obtained from NIST107,
NIST21, and SZTERP libraries. For semiquantification of volatile compounds,
methyl octanoate (Sigma-Aldrich, Poole, United Kingdom) diluted in pure eth-
anol was used as an IS at various concentrations (1.25, 12.5, 125, and 1,250 �g/kg
of cheese) (63). The volatile compounds were quantified by dividing the peak
areas of the compounds of interest by the peak area of the IS and multiplying this
ratio by the initial concentration of the IS (expressed in micrograms per kilo-
gram). The peak areas were measured from the full-scan chromatograph by using
the total ion current. Each determination was carried out in triplicate, and the
mean data are presented (the standard deviation for all values was about �10%
in most cases).

Microbiological analysis. Representative 10-g portions of duplicate samples
taken from the cheese interior were blended with 90 ml of sterilized Ringer
solution (1/4 strength) and subjected to serial dilutions.

The following microbiological analyses were performed: (i) determination of
total aerobic counts on plate count agar (Fluka 70188) at 30°C for 48 h, (ii)
enumeration of coliforms on violet red bile agar (Fluka 70188) after incubation
at 30°C for 24 h, (iii) enumeration of enterobacteria after incubation on violet
red bile glucose agar (Fluka 70189) at 37°C for 24 h, (iv) enumeration of yeasts
and molds after incubation on malt agar (Fluka 70145) (pH adjusted to 4.5 by
sterile solution of 10% lactic acid) at 30°C for 48 h, (v) enumeration of staphy-
lococci after incubation on Baird Parker egg yolk tellurite medium (Fluka 11705)
at 37°C for 48 h and confirmation by a positive coagulase test, (vi) enumeration
of lactococci (gram positive, catalase negative) after incubation on M-17 agar
(Fluka 63016) at 37°C for 48 h, (vii) enumeration of lactobacilli (gram positive,
catalase negative) after incubation on acidified MRS agar (Fluka 69964) at 37°C
for 48 h anaerobically (Anerocult C anaerobic jar; Merck), and (viii) enumera-
tion of Salmonella sp. bacteria after incubation on brilliant green agar (Fluka
70134) at 37°C for 48 h. All incubations were further extended for up to 120 h,
but no extra colonies were observed. Gram staining and catalase tests were
performed for confirmation of lactic acid bacteria. Results are presented as the
log of the mean number of CFU on solid-medium culture plates containing
between 30 and 300 colonies per g of cheese.

Molecular techniques. DNA and RNA extractions from cheese samples (0.5 g
each), PCR and reverse transcription (RT)-PCR amplification of the bacterial
16S rRNA V3 region, and denaturing gradient gel electrophoresis (DGGE)
analysis were conducted as described previously by Griffiths et al. (25). DGGE
bands were subsequently reamplified and cloned into E. coli cells with a TOPO
TA cloning kit for sequencing (Invitrogen, Paisley, United Kingdom). Three
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recombinant colonies for each band were picked for sequencing analysis. Both
strands of DGGE bands cloned into E. coli cells were sequenced with a BigDye
Terminator v3.1 cycle sequencing kit (Applied Biosystems, Foster City, CA) and
analyzed on an ABI PRISM 3700 DNA analyzer (Applied Biosystems). Phylo-
genetic affiliation was determined by comparison of nucleotide sequences ob-
tained in this study with sequences in the GenBank database (8) by using the
BLASTn facility (1) of the National Center for Biotechnology Information.

Preliminary sensory evaluation. Kefir cheese samples were tested for their
sensory characteristics and compared to commercial feta-type cheese produced
with bovine milk. Samples of approximately 25 g of cheese ripened for 30 days
were presented. Sensory evaluation was conducted by 14 laboratory members (7
previously trained and 7 untrained) using locally approved protocols. The panel
was asked to score cheeses on a 0-to-10 scale (0, unacceptable; 10, exceptional)
for attributes grouped into three categories, aroma, taste, and flavor. Panelists
used water to wash their palates between samples and were unaware of the
identities of the samples they tasted (62). Significance was established at P �
0.05. Results were analyzed for statistical significance by analysis of variance
(ANOVA). Duncan’s multiple-range test was used to determine significant dif-
ferences among results (coefficients, ANOVA tables, and significance [P � 0.05]
were computed with Statistica v.5.0).

Cheese spoilage was determined macroscopically and by sensory tests. A
scoring scale with three categories was used. Class 1 corresponded to high-quality
cheese without any off odor or off flavor, class 2 corresponded to cheese that had
slight off odors or off flavors but was still acceptable, and class 3 corresponded to
cheese of unacceptable quality. The shelf life limit was defined as the point at
which 50% of the panelists rejected the cheese samples.

Experimental design and statistical analysis. In the experiments conducted,
the effects of the method of addition of the freeze-dried kefir starter coculture,
the initial concentration of the starter culture, the salting method used, and the
ripening process were studied. Furthermore, the effect of the freeze-dried kefir
starter coculture on physicochemical parameters and the effect of the preserva-
tion time during ripening of unsalted cheeses at various temperatures were
studied and a microbiological analysis was also done. The experiments were
designed and analyzed statistically by ANOVA. Duncan’s multiple-range test was
used to determine significant differences among results (coefficients, ANOVA
tables, and significance [P � 0.05] were computed with Statistica v.5.0).

RESULTS

Physicochemical characteristics of feta-type cheese pro-
duced by freeze-dried kefir coculture. The physicochemical
parameters of the salted kefir cheeses and the salted rennet
cheese are summarized in Table 1.

Addition of a freeze-dried kefir starter coculture, the initial
concentration of the freeze-dried kefir coculture, the salting
method used, and the ripening process affected all of the pa-
rameters studied (P � 0.01). Strong interactions between the
method of freeze-dried kefir coculture addition and the ripen-
ing process (P � 0.05 for pH and P � 0.01 for the rest of the
parameters) and between the initial freeze-dried kefir cocul-
ture and the ripening process (P � 0.01) affecting all param-
eters were observed. Likewise, a strong interaction between
the salting method and the ripening process (P � 0.01) affect-
ing all parameters except pH was also observed.

Addition of the freeze-dried kefir starter coculture prior to
rennet addition resulted in higher lactic acid concentrations,
lower residual-sugar levels, and a lower pH on day 0 of ripen-
ing compared to addition of the freeze-dried kefir starter co-
culture after rennet addition. At the beginning of the ripening
process, lactic acid content, pH, and residual sugar in kefir
cheese produced by addition of the starter culture prior to
rennet addition were 0.54%, 5.24, and 1.82%, respectively,
while the corresponding values in kefir cheese produced by
addition of the starter culture after rennet addition were
0.32%, 5.55, and 3.4%, respectively. However, in kefir cheese
produced by addition of the starter culture after rennet addi-

tion, lactose was further metabolized and almost equal amounts
of lactic acid (about 1%) were produced at the end of the
ripening process (Table 1), although the final pH of the latter
was 5.35, which was statistically significantly higher compared
to the final pH (5.11) of the former. Kefir cheese produced
with amounts of starter culture greater than 2 g/liter of milk
generally contained higher concentrations of ethanol. In those
cheese samples, the maximum ethanol content (up to 0.5%)
was observed on the 4th day of ripening and gradually de-
creased to significantly lower values (0.06%) during the ripen-
ing process. In general, ethanol content ranged in low levels in
all cases. Rennet cheese contained greater amounts of lactose
and had a statistically significantly lower lactic acid content at
the end of the ripening process compared to surface-salted
kefir cheeses, up to 0.94% and 0.36%, respectively. As a con-
sequence, the final pH (5.76) was significantly higher. Ripening
in brine with no surface presalting resulted in a statistically
significantly lower lactic acid concentration (0.36%) and a
higher pH (5.33) at the end of the process compared to the
other two salting methods tested (Table 1). This could be
attributed to the facts that the cheese which was not surface
salted lacked the necessary hardness and was easily grated and
therefore extraction of the produced lactic acid by the brine
solution might have occurred. In contrast, the lowest pH value
(4.80) was reported in surface-presalted kefir cheese ripened in
brine.

Determination of biodiversity in salted kefir and rennet
cheeses. Surface-salted kefir cheese produced by the freeze-
dried kefir coculture at an initial concentration of 1 g/liter of
milk was subjected to analysis by DGGE after a 70-day ripen-
ing period in order to determine differences in bacterial flora
compared to rennet cheese. Assays were based on both DNA
and RNA in order to discriminate the main active species.
DGGE analysis of PCR and RT-PCR products targeting the
bacterial 16S rRNA V3 region was performed with DNA and
RNA templates, respectively, derived from the same cheese
sample. Assays were conducted in duplicate, and identical pro-
files were obtained for the same cheese type (Fig. 1, lanes 1 and
2, 3 and 4, 5 and 6, and 7 and 8). Sequence determination of
the separated bands revealed considerable shifts in the final
bacterial diversity of the two cheese products (Table 2). Mem-
bers of the genera Staphylococcus and Psychrobacter, as well as
forest soil bacterial strain 2S2.B6 (accession no. AY043581),
were not detected in cheese fermented with kefir as a cocul-
ture. Staphylococcus spp. were not detected as active members
in rennet cheese, as revealed by the RNA-based analysis, but
more likely constituted a main microbial culture during the
production process. On the other hand, members of the genus
Lactococcus were detected as an active population only in kefir
cheese. Pseudomonas, Lactobacillus, and Janthinobacterium
species existed as active members in both types of cheese. The
main active microbial population in kefir cheese appeared to
be members of the genera Pseudomonas and Lactococcus,
while in rennet cheese this activity was more likely equally
allocated among Oxalobacteraceae, Janthinobacterium, Psychro-
bacter, and Pseudomonas species. Of note, differences in de-
tecting bacterial associations based on RNA and DNA suggest
the preeminence of the RNA-based approach, which appeared
to be less selective and possibly more sensitive.
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Aroma-related compounds. For evaluation of aromatic pro-
files, kefir cheese samples were analyzed by an SPME-GC-MS
technique and compared to rennet cheese and commercial
feta-type cheese produced with bovine milk. Only salted
cheeses ripened for at least 30 days, a period necessary for
aroma development, were analyzed. Kefir cheese produced
with 1 g of the freeze-dried kefir coculture/liter of milk was

used because of the high-quality characteristics (low pH, high
lactic acid content, and improved cheese texture) of products
produced by initial cultures at concentrations in the range of
0.5 to 1.0 g/liter of milk. Semiquantitative results of the vola-
tile-compound analysis are presented in Table 3. More com-
pounds were detected in kefir cheese samples compared to
commercial feta-type cheese and rennet cheese. A total of 68

TABLE 1. Physicochemical characteristics and preliminary sensory evaluations of feta-type cheese produced by freeze-dried kefir coculture
during ripening at 4 to 6°C

Analysis and
maturation period

(days)

Surface-salted
rennet cheese
(7 g salt/100 g

cheese)

Surface-salted cheese (7 g salt/100 g cheese) with following amt of
freeze-dried kefir/liter milk added:

Cheese ripened
in 10% brine

with 1.0 g
freeze-dried

kefir/liter milk
addeda

Surface-salted cheese
(7 g salt/100 g cheese)
in 7% brine with 1.0 g
freeze-dried kefir/liter

milk addeda

Commercial
feta-type
cheese

1.0 ga 1.0 gb 0.5 ga 2.0 ga 5.0 ga

Lactose (g/100 g
cheese)

0 3.18 � 0.2 Tr c 1.13 � 0.05 1.25 � 0.05 Tr Tr Tr Tr
1 3.09 � 0.2 Tr 0.98 � 0.05 0.46 � 0.05 Tr Tr Tr Tr
4 3.05 � 0.2 Tr 0.68 � 0.05 0.38 � 0.02 Tr Tr Tr Tr
15 2.89 � 0.2 Tr 0.56 � 0.05 0.32 � 0.02 Tr Tr Tr Tr
30 2.44 � 0.2 Tr 0.24 � 0.02 Tr Tr Tr Tr Tr
70 0.94 � 0.05 Tr Tr Tr Tr Tr Tr Tr

Glucose (g/100 g
cheese)

0 0.13 � 0.01 0.57 � 0.04 1.16 � 0.05 0.58 � 0.05 0.38 � 0.2 0.50 � 0.02 0.95 � 0.05 0.75 � 0.05
1 Tr Tr 1.10 � 0.05 Tr Tr Tr Tr Tr
4 Tr Tr Tr Tr Tr Tr Tr Tr
15 Tr Tr Tr Tr Tr Tr Tr Tr
30 Tr Tr Tr Tr Tr Tr Tr Tr
70 Tr Tr Tr Tr Tr Tr Tr Tr

Galactose (g/100 g
cheese)

0 0.16 � 0.01 1.25 � 0.05 1.11 � 0.05 1.00 � 0.05 1.23 � 0.1 1.55 � 0.1 1.34 � 0.1 1.41 � 0.1
1 Tr 0.79 � 0.05 1.00 � 0.05 0.78 � 0.05 0.70 � 0.05 0.87 � 0.05 0.77 � 0.05 0.99 � 0.05
4 Tr 0.67 � 0.05 0.87 � 0.05 0.72 � 0.05 0.52 � 0.02 0.42 � 0.02 0.21 � 0.01 0.65 � 0.05
15 Tr 0.58 � 0.02 0.77 � 0.05 0.65 � 0.05 0.38 � 0.02 Tr 0.19 � 0.01 0.22 � 0.01
30 Tr 0.29 � 0.02 0.49 � 0.02 0.40 � 0.05 Tr Tr Tr Tr
70 Tr Tr Tr Tr Tr Tr Tr Tr

Lactic acid (g/100 g
cheese)

0 0.07 � 0.02 0.54 � 0.05 0.32 � 0.02 0.18 � 0.02 0.34 � 0.04 0.43 � 0.03 0.36 � 0.02 0.50 � 0.02
1 0.07 � 0.02 0.83 � 0.04 0.86 � 0.05 0.54 � 0.04 0.72 � 0.05 1.00 � 0.05 0.43 � 0.03 0.79 � 0.05
4 0.11 � 0.02 0.86 � 0.05 0.94 � 0.05 0.72 � 0.05 0.90 � 0.05 1.04 � 0.05 0.61 � 0.03 0.83 � 0.05
15 0.14 � 0.02 0.90 � 0.05 0.97 � 0.05 0.83 � 0.05 1.04 � 0.05 1.15 � 0.05 0.43 � 0.03 0.90 � 0.05
30 0.18 � 0.02 1.04 � 0.05 0.90 � 0.05 0.97 � 0.05 1.03 � 0.05 1.37 � 0.05 0.43 � 0.03 0.94 � 0.05
70 0.36 � 0.02 0.97 � 0.05 0.86 � 0.05 0.90 � 0.05 0.94 � 0.05 1.12 � 0.05 0.36 � 0.02 0.97 � 0.05

pH
0 6.71 � 0.1 5.24 � 0.1 5.55 � 0.1 5.81 � 0.1 5.61 � 0.1 5.13 � 0.1 5.53 � 0.1 5.39 � 0.1
1 6.65 � 0.1 4.97 � 0.1 5.12 � 0.1 5.08 � 0.1 5.13 � 0.1 4.86 � 0.1 5.05 � 0.1 5.05 � 0.1
4 6.50 � 0.1 4.90 � 0.1 4.87 � 0.1 5.01 � 0.1 5.05 � 0.1 4.76 � 0.1 5.24 � 0.1 4.97 � 0.1
15 6.50 � 0.1 4.87 � 0.1 4.90 � 0.1 4.98 � 0.1 4.73 � 0.1 4.70 � 0.1 5.31 � 0.1 4.87 � 0.1
30 6.34 � 0.1 4.82 � 0.1 5.08 � 0.1 4.86 � 0.1 4.89 � 0.1 4.66 � 0.1 5.30 � 0.1 4.82 � 0.1
70 5.76 � 0.1 5.11 � 0.1 5.35 � 0.1 5.23 � 0.1 5.61 � 0.1 5.63 � 0.1 5.33 � 0.1 4.80 � 0.1

Ethanol (g/100 g
cheese)

0 0.01 � 0.001 0.01 � 0.001 0.01 � 0.001 0.03 � 0.001 0.03 � 0.001 0.03 � 0.001 0.03 � 0.001 0.03 � 0.001
1 0.01 � 0.001 0.02 � 0.001 0.01 � 0.001 0.04 � 0.001 0.10 � 0.005 0.32 � 0.02 0.04 � 0.001 0.03 � 0.001
4 0.01 � 0.001 0.02 � 0.001 0.01 � 0.001 0.06 � 0.002 0.42 � 0.02 0.50 � 0.02 0.07 � 0.005 0.04 � 0.001
15 0.01 � 0.001 0.02 � 0.001 0.01 � 0.001 0.03 � 0.001 0.10 � 0.005 0.10 � 0.005 0.04 � 0.001 0.03 � 0.001
30 0.01 � 0.001 0.02 � 0.001 Tr 0.03 � 0.001 0.07 � 0.005 0.07 � 0.005 0.04 � 0.001 0.03 � 0.001
70 0.06 � 0.001 0.04 � 0.002 0.06 � 0.002 0.04 � 0.002 0.06 � 0.005 0.06 � 0.005 0.05 � 0.002 0.02 � 0.001

Sensory evaluation
30 6.93 � 1.49 7.86 � 1.29 6.79 � 1.76 7.86 � 1.10 7.43 � 1.45 6.90 � 0.96 5.79 � 1.53 7.82 � 1.75 7.64 � 1.65

a Freeze-dried kefir coculture was added 30 min prior to rennet addition.
b Freeze-dried kefir coculture was added 30 min after rennet addition.
c Tr, compound present at �0.001% (trace).
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compounds were detected, of which 32 were found in surface-
salted kefir cheese and in commercial feta-type cheese, 33 were
found in surface-salted kefir cheese ripened in brine, and 10
were found in rennet cheese. The most important compounds
identified were esters, organic acids, alcohols, and carbonyl
compounds.

Preliminary sensory evaluation. Feta is a very popular
cheese in Greece, and therefore the produced cheeses were
compared with commercial feta-type cheese as regards their
sensory characteristics. The method of cheese production sig-
nificantly (P � 0.01) affected the preferences of the tasters.
Surface-salted kefir cheeses produced by initial cultures at
concentrations of 0.5 and 1.0 g/liter of milk added prior to
rennet addition and surface-salted kefir cheese ripened in
brine scored the highest values (Table 1) and a cheesy, ma-
tured-cheese-like character was predominant compared to ren-
net cheese. Kefir cheese ripened in brine without previous
surface salting scored lower values because of its bad texture,
as it lacked cohesion. Amounts of initial freeze-dried kefir
coculture greater than 2.0 g/liter of milk resulted in deteriora-
tion of cheese texture, and a characteristic alcohol-like flavor
dominated. In general, kefir cheeses were approved and ac-
cepted by the panel, as they scored values similar to those of
commercial feta-type cheese.

Microbiological analysis of unsalted feta-type cheese pro-
duced by freeze-dried kefir coculture. The association of the
microbial groups examined during the preservation of unsalted

kefir cheese and unsalted rennet cheese preserved at various
temperatures is presented in Table 4.

Briefly, spoilage was observed in kefir cheese on the 5th day
of preservation at 25°C, on the 9th day at 10°C, and on the 20th
day at 5°C. On the other hand, spoilage of rennet cheese at the
above temperatures was correspondingly observed on the 5th,
7th, and 16th days of preservation.

In an attempt to evaluate the effects of both kefir coculture
and preservation time on the growth of certain microbial taxa
at different temperatures, kefir coculture appeared to affect
significantly the total aerobic counts at 5°C (P � 0.01); yeast
growth at 10 and 5°C (P � 0.01); and staphylococcus, lacto-
coccus, and lactobacillus counts at all of the temperatures
tested (P � 0.01). However, preservation time significantly
affected (P � 0.05) all microbial counts at all of the tempera-
tures tested (P � 0.05).

All microbial counts, apart from those of staphylococci, in-
creased steadily and reached similar levels in both kefir cheese
and rennet cheese. As expected, the increase in counts was
slower at low temperatures. The initial lactococcus and lacto-
bacillus counts were significantly (P � 0.01) higher in kefir
cheese. In contrast, staphylococcus counts were significantly
(P � 0.01) lower in kefir cheese. Salmonella spp. were not
detected in any cheese during the whole preservation period.
All experiments were duplicated with the corresponding solid-
ified substrates inoculated with the dilution medium itself and
incubated in the same way as the original samples in order to
control for cross or post contamination. No evidence of con-
tamination was observed.

Physicochemical characteristics of unsalted feta-type cheese
produced by freeze-dried kefir coculture. The physicochemical
qualities of unsalted kefir cheese and unsalted rennet cheese
preserved at various temperatures are summarized in Table 5.

Addition of the freeze-dried kefir coculture and preservation
time significantly (P � 0.01) affected all of the parameters
studied at all of the preservation temperatures used, except for
glucose concentration at 5°C and pH at 25°C, which were only
affected by preservation time (P � 0.01). Moreover, a strong

FIG. 1. DGGE fingerprint representing PCR- and RT-PCR-ampli-
fied 16S rRNA V3 fragments from total-community DNAs and RNAs
derived from kefir and rennet cheeses. For each type of cheese and
each type of analysis, two replicate profiles from two independent
nucleic acid extracts are displayed. Lanes: 1 and 2, DNA-based analysis
of kefir cheese; 3 and 4, DNA-based analysis of rennet cheese; 5 and
6, RNA-based analysis of kefir cheese; 7 and 8, RNA-based analysis of
rennet cheese. All bands marked by letters were subjected to sequence
determination. The same designation is used only for bands that
showed more than 99% identity.

TABLE 2. Phylogenetic affiliations of bacterial associations in kefir
and rennet cheeses based on DNA and RNA analyses and

the corresponding band(s) in the DGGE profile

Closest relative(s)
Kefir cheese Rennet

cheese DGGE
band(s)

DNA RNA DNA RNA

Members of Pseudomonas genus �a � � a, b, k
Lactococcus lactis � � c
Members of Janthinobacterium

genus
� � � d, n

Members of Lactobacillus genus � � � � e
Members of Staphylococcus genus � f
Members of Psychrobacter genus � � g, h, m
Members of Lactococcus genus � i
Members of Oxalobacteraceae

family
� l

Forest soil bacterial strain 2S2.B6b � o

a A plus sign indicates an association among the taxonomic group detected, the
type of cheese, and the nucleic acid used to derive the DGGE band.

b GenBank (8) accession number AY043581.
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TABLE 3. Aroma-related compounds isolated in kefir, rennet, and commercial feta-type cheeses after ripening for 30 days
at 4 to 6°C by the SPME-GC/MS technique

Compound
Retention

index
(Kovats)

Concn (�g/kg cheese) in:

Rennet cheese

Surface-salted cheese
containing 1 g

freeze-dried kefir/
liter milk

Surface-salted cheese
containing 1 g

freeze-dried kefir/
liter milk, ripened

in 7% brine

Commercial
feta-type
cheese

Esters
Ethyl acetate 866 NDe ND 27a 8a

2-Propenyl acetate 876 Trb,c ND ND ND
Ethyl butanoate 977 ND ND Tra ND
Propyl butanoate 1,067 ND 4a ND ND
Ethenyl formate 1,090 ND ND ND Trb

Ethyl octanoate 1,371 ND Tra Tra ND
Isopentyl hexanoate 1,437 ND Tra ND ND
Ethyl decanoate 1,563 ND 4a 6a Tra

3-Methylbutyl octanoate 1,597 ND Tra ND ND
2-Phenylethyl acetate 1,725 ND Tra 4a 3a

Ethyl dodecanoate 1,777 ND ND ND 2b

Ethyl tridecanoate 1,787 ND ND 2b ND
Ethyl tetradecanoate 1,978 ND 2b Trb 2b

n-Butyl tetradecanoate 2,089 ND Trb ND ND

Organic acids
3-Methylbutanoic acid 1,639 ND Trb ND ND
Propanedioic acid 1,774 ND ND ND Trb

Hexanoic acid 1,937 ND ND 6a 2a

Heptanoic acid 2,014 ND ND Trb ND
Octanoic acid 2,036 Tra 3a 11a Tra

Nonanoic acid 2,138 ND ND 2a 2a

n-Decanoic acid 2,221 ND ND 5a 10a

Dodecanoic acid �2,400 ND 14a 8a 31a

Tetradecanoic acid �2,400 ND ND 2b 6b

Alcohols
Methanol �800 ND ND Tra ND
Ethanol 905 �10,000a �10,000a �10,000a �10,000a

2-Methyl-1-propanol 1,036 ND 9a Tra ND
1-Butanol 1,078 ND ND ND Tra

3-Methyl-1-butanol 1,128 Tra 30a 8a Tra

2-Heptanol 1,227 Tra ND ND ND
1,3-Butanediol 1,511 ND 2a ND ND
4-Butoxy-1-butanol 1,592 ND Trb ND ND
3-(Methylthio)-1-propanol 1,608 ND Trb ND ND
Benzyl alcohol 1,807 ND Trb Trb ND
Phenyl ethanol 1,811 10a 113a 18a Tra

3,7,11,15-Tetramethyl-2-hexadecen-1-ol 1,916 ND ND ND Trb

4-Methylphenol 2,003 ND ND Tra ND
2-Ethylphenol 2,012 ND ND Tra ND

Carbonyl compounds
Acetaldehyde �800 ND ND 7a 15a

Acetone 847 Tra ND ND ND
2,3-Butanedione 935 ND 3a ND ND
2-Pentanone 942 ND ND ND 3b

2-Methylpentanal 974 ND 3b ND ND
2-Heptanone 1,113 Tra ND Tra Tra

2-Nonanone 1,318 Tra ND ND ND
Furfural 1,410 ND ND Trb ND
Benzaldehyde 1,458 ND Tra Tra ND
2-Undecanone 1,519 ND 3b Trb Trb

Phenylacetaldehyde 1,524 ND Trb ND ND
Dodecanal 1,616 ND Tra ND ND
3-Methyl-	5H
-furanone 1,626 ND ND Trb Trb

Butyraldehyde 1,731 ND Trb ND ND
2-Tridecanone 1,742 ND ND ND Trb

�-Octalactone 1,921 ND Trb ND ND
2-Pentadecanone 1,953 ND ND 3b ND
Hexadecanal 2,033 ND ND ND Trb

Continued on following page
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interaction between the two factors (P � 0.01) affecting all of
the parameters studied was also observed in all cases.

Quantitative analysis at the end of the production process
and before the start of preservation revealed low levels of
residual sugar (1.89 to 1.91%) in kefir cheese, in direct contrast
to the relatively high levels (3.33 to 3.46%) observed in rennet
cheese. During preservation, levels were reduced to traces in
kefir cheese at all temperatures, while in rennet cheese such an
observation was only obtained during preservation at 25°C.
Shifts in lactic acid concentration at all preservation tempera-
tures led to a pH drop, followed by a slight increase that
appeared to be sharper in kefir cheese than in rennet cheese.
Decreases in sugar and pH and an increase in lactic acid
occurred at lower rates at low preservation temperatures.

DISCUSSION

The scope of this study was to determine the suitability of a
freeze-dried kefir coculture as a starter in feta-type cheese
production. The strategy was aimed at improvement of cheese
quality characteristics, acceleration of cheese ripening, and
increased shelf life.

Feta-type cheese produced when freeze-dried kefir was
added before rennet revealed a better structure, likely because
of the action of lactic acid bacteria and the formation of
slightly acidic conditions, facilitating the action of rennet (2).
This product was also characterized by a rapid decrease in pH
and low levels of ethanol which could be attributed to the
temperature of curd formation favoring the action of lactic
acid bacteria rather than yeasts (4, 5, 43). The increase in pH
and ethanol content toward the end of the ripening period,
which appeared to be greater when increased amounts of
starter culture were used, has previously been reported and
associated with the action of yeasts (23). However, this action

was limited in surface-salted cheese ripened in brine, as no
increase in pH or ethanol content was observed, indicating no
development of yeasts derived from the natural kefir micro-
flora (64). An increase in pH due to the action of yeasts is,
however, considered important, as it supports the function of
non-acid-resistant surface-growing bacteria and their proteo-
lytic and lipolytic activities, which are considered essential for
cheese ripening and the development of cheese aroma (13, 67).

The extension of preservation time obtained with kefir
cheese compared to rennet cheese by an additional of 25 days
before the observation of sparse greenish spots (data not
shown) supported our initial hypothesis for extending the shelf
life of the final product. Further support was obtained when
kefir cheese ripened in brine showed no evidence of mold or
yeast growth, even after 70 days of ripening.

Nevertheless, the involvement of ripening processes with
brine solutions in dairy factories aims mainly at the formation
of a microenvironment capable of prohibiting the development
of spoilage and pathogenic microorganisms (64). The use of
certain microbial consortia has been shown to create an en-
dogenous shield (22, 45, 54, 55) and could suggest their use as
protecting agents. Such a hypothesis for kefir coculture was
tested by determining the bacterial diversity of surface-salted
kefir and rennet cheeses after a 70-day preservation period.
The detection of Staphylococcus and Psychrobacter species, of-
ten considered pathogenic and spoilage agents in food tech-
nology, in rennet cheese but not in kefir cheese by culture-
independent methods could suggest a potential inhibition of
species-specific proliferation. This could be attributed to the
domination of active members of the genus Lactococcus in the
kefir cheese, although bias due to preferential PCR amplifica-
tion cannot be excluded (18). However, members of the genera
Janthinobacterium and Pseudomonas that are considered spoil-
age bacteria (16) were detected in both cheese types. Further

TABLE 3—Continued

Compound
Retention

index
(Kovats)

Concn (�g/kg cheese) in:

Rennet cheese

Surface-salted cheese
containing 1 g

freeze-dried kefir/
liter milk

Surface-salted cheese
containing 1 g

freeze-dried kefir/
liter milk, ripened

in 7% brine

Commercial
feta-type
cheese

�-Decalactone 2,135 Trb 2b 12b ND
�-Dodecalactone 2,363 ND 3b 14b 8b

Miscellaneous compounds
�-Farnesene 1,632 ND ND Trb ND
3,7,11,15-Tetramethyl-2-hexadecene 1,926 ND ND ND Trb

Unidentified compounds
Unknown 945 ND ND ND 2d

Unknown 1,367 ND Tr d ND ND
Unknown 1,661 ND ND ND Trd

Unknown 1,804 ND ND ND Tra

Unknown 2,003 ND Tr d ND ND
Unknown �2,400 ND ND ND 4d

Unknown �2,400 ND 6d 2d 2d

a Positive identification by mass spectrometry and retention times that agree with those of authentic compounds.
b Positive identification by mass spectrometry only.
c Tr, compound present at �1 �g/kg cheese (trace).
d Detected.
e ND, not detected.
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investigations of spiked milk with certain spoilage and patho-
genic microorganisms will give more insight into the roles of
Lactococcus species and the kefir consortium as endogenous
protective agents.

Apart from a product resistant to spoilage, the development
of unique aromatic compounds remains an undeniable aim of
the cheese industry. Esters, organic acids, alcohols, and car-
bonyl and sulfur compounds (6, 17, 31, 53) are generally con-
sidered the most important compounds usually identified in
cheeses by the SPME-GC-MS technique. However, the flavor
of cheese appears to depend not on particular key components
but rather on a critical balance or a weighted concentration
ratio of all of the components present (31).

Most of the esters that were detected in the cheeses analyzed
in the present study are characterized by fruity, floral notes.
Ethyl acetate was identified in surface-salted kefir cheese rip-
ened in brine and in commercial feta-type cheese, while propyl
butanoate was present only in surface-salted kefir cheese. In
contrast, ethyl octanoate was detected in both kefir cheese
samples. The above esters are known for their fruity aroma
contribution (51, 53) and may derive from milk (65). Ethyl
butanoate, present in surface-salted kefir cheese ripened in
brine, has been identified as one of the most potent odorants
in a number of cheeses (14). Phenylethyl acetate, detected in
kefir cheese samples and in commercial feta-type cheese, is
one of the most important aromatic esters and is known for its
floral, rose-like aroma. It was determined to be the major
odorant in Camembert cheese (39).

Free fatty acids are important components of cheese flavor
and may originate either from milk fat lipolysis or from break-
down of amino acids (66). Hexanoic acid, identified in surface-
salted kefir cheese ripened in brine and in commercial feta-
type cheese, provides a pungent flavor (51). Octanoic acid,
present in all cheeses, and decanoic acid, present in surface-
salted kefir cheese ripened in brine and in commercial feta-
type cheese, are known for their goaty, rancid flavor (35, 47).
Branched-chain fatty acids are characteristic impact com-
pounds of goat and sheep cheeses. Among them, 3-methyl-
butanoic acid, detected in surface-salted kefir cheese, provides
a rancid, cheesy, sweaty, and putrid odor contributing to the
very ripened cheese aroma (71). Dodecanoic acid, detected in
all cheeses except in rennet cheese, and tetradecanoic acid,
present only in surface-salted kefir cheese ripened in brine and
in commercial feta-type cheese, play a minor role in cheese
flavor, as they have a high perception threshold (47).

Many metabolic pathways are involved in the biosynthesis of
alcohols that are encountered in cheese, such as lactose me-
tabolism, methyl ketone reduction, amino acid metabolism,
and degradation of linoleic and linolenic acids (47). The alco-
hols identified included mainly alcohols of the aliphatic series,
fusel alcohols, and phenols. Ethanol, identified in all cheeses,
provides an alcoholic, mild flavor note; occurs in fresh milk
(65); and may derive from lactose metabolism. The presence of
branched-chain primary alcohols such as 3-methyl-1-butanol,
present in all of the cheese samples analyzed, indicates the
reduction of the aldehyde produced by leucine. It was identi-
fied as a minor odorant in bovine mozzarella and confers a
pleasant aroma of fresh cheese (49). Of the secondary alcohols,
which are known to derive from fatty acids (47), 2-heptanol
was detected only in rennet cheese. 3-(Methylthio)-1-propanol,

detected only in surface-salted kefir cheese, is a reduction
product of 3-methylthio-propanal (methional). It plays an im-
portant role in the cheese aroma profile, contributing posi-
tively to cheese flavor at low concentrations (59). Phenyl eth-
anol, present in all cheeses, belongs to the most odorous
aromatic alcohols, presenting rose flower notes. Phenyl etha-
nol production from phenylalanine seems to be essentially
achieved by yeasts (40). 4-Methylphenol (p-cresol) was de-
tected only in surface-salted kefir cheese ripened in brine. It
originates from tyrosine by the action of yeasts and micrococci
(33). In general, cresols and phenols may play an important
role in cheese produced by sheep milk, providing a distinctive
sheep-like or sheepyard-like flavor (35).

The carbonyl compounds identified included mainly alde-
hydes, ketones, and lactones. Benzaldehyde, identified in kefir
cheese samples, is described as having an aromatic note of
bitter almond (47) and may originate from �-oxidation of
phenylacetaldehyde or from -oxidation of cinnamic acid (10).
Phenylacetaldehyde, detected only in surface-salted kefir
cheese, is considered one of the important aromatic aldehydes
formed by phenylalanine degradation. It is a major odor-active
compound of Gruyère (58, 59) and bovine mozzarella (49).
Furfural, detected in surface-salted kefir cheese ripened in
brine, is known for its cooked, heated-milk odor and has also
been reported as a volatile constituent of cheeses (48). Diace-
tyl (2,3-butanedione), present only in surface-salted kefir
cheese, is considered one of the most important diketones. It is
obtained from pyruvate, stemming from lactose and citrate
metabolism, and its production is mainly due to the activity of
lactic acid bacteria and more specifically Lactococcus lactis
(68). This observation is further supported by our molecular
analysis, which revealed an active strain of this species only in
kefir cheese. Fruity, floral, and musty notes are associated with
various methyl ketones, which are formed by a metabolic path-
way that is connected to the -oxidation pathway. 2-Hep-
tanone, identified in all cheese samples except in surface-salted
kefir cheese, provides blue cheese notes and is an important
flavor compound of Emmental and natural and creamy Gor-
gonzola cheeses (14). 2-Nonanone, detected only in rennet
cheese, is another predominant methyl ketone in natural Gor-
gonzola and ripened Ragusano cheeses, while 2-undecan-
one, present in all types of cheese apart from rennet cheese,
is considered a key aroma compound of Camembert cheese.
Likewise, 2-tridecanone, with a fruity, green flavor note
(47), was found only in commercial feta-type cheese. �-De-
calactone, identified in rennet and kefir cheeses, is consid-
ered one of the most common and important lactones in
cheese. It is a key odorant of Camembert and Emmental
cheeses (14). �-Octalactone, detected only in surface-salted
kefir cheese, and �-dodecalactone, present in all cheeses
except in rennet cheese, are known to provide the sensory
characteristics of goat cheese (14).

Our results show that a plethora of aroma compounds are
formed by the action of a kefir coculture. However, the rela-
tionship between the microbial associations and the chemical
compounds in cheese is not known and is difficult to interpret
because of the great complexity of microbial interactions.

Feta cheese retention time is mainly due to the use of salt as
a preservative. Salt addition often constitutes a critical control
point in food safety and thus an important agent, although it is
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not always desirable because of adverse health effects, which
may become manifest in the long run among high-risk consum-
ers. The impact of our kefir coculture on preservation time was
therefore evaluated in unsalted cheese throughout the matu-
ration process. Both unsalted kefir cheese and unsalted rennet
cheese were preserved at room and low temperatures. Al-
though microbial counts of total aerobic bacteria, coliforms,
enterobacteria, yeasts, lactococci, and lactobacilli did not result
in any substantial differences between the two types of cheese
and similar types previously reported (21, 28, 41, 44, 50), staph-
ylococcus counts were significantly lower in unsalted kefir
cheese, not only compared to rennet cheese but more impor-
tantly compared to similar cheeses which had been salt treated
(21, 50).

Given that staphylococci were detected by molecular meth-
ods only in salted rennet cheese, it is not unreasonable to
suggest the development of a microbial association due to kefir
coculture leading to this staphylococcal repression. While
pathogenesis or spoilage has not been considered for all staph-
ylococci, such an observation favors the development of tech-
nologies aiming at the production of self-preserved foods.

The antimicrobial properties of kefir coculture, as has also
previously been suggested for dairy products (26), may be
attributed either to its ability to produce lactic acid and there-
fore cause a drastic reduction in pH or to the production of
antimicrobial compounds by certain strains existing in its nat-
ural microbial flora (55, 57, 60). Our results show that the
sugar consumption, production of lactic acid, and therefore
reduction of pH observed in unsalted rennet cheese due to the
action of indigenous lactic acid bacteria that survive pasteur-
ization (61) are inadequate to provide the products lacking
starter cultures the preservation properties gained by kefir.
Besides such properties, starter cultures have the advantage of
producing consistent characteristics in the final products,
which is an important feature for commerce.

It is important in the food industry to know the likely oc-
currence of microbial hazards in food and the means (temper-
ature, packaging, preservatives, etc.) needed to obtain a desir-
able shelf life. The main factors affecting microbial growth are
undoubtedly physical parameters such as temperature, pH, and
water activity, together with nutrients (oxygen, carbohydrates,
protein content, nitrite, etc.). While these factors, in associa-
tion with food structure, constitute the basis of predictive mi-
crobiology (69), the presence of certain microbial populations
can result in unexpected associations and therefore in unpre-
dicted microbial compositions. The present study demon-
strates the use of a kefir coculture as a potential means to
extend the shelf life of feta-type cheese in association with the
repression of certain microbial cultures and suggests its use for
the production of dairy products for people with high blood
pressure. Moreover, a freeze-dried kefir coculture proved to be
a suitable starter for feta-type cheese production with respect
to quality characteristics, as indicated by the sensory panel.
The use of certain consortia may have a major impact in food
technology. However, more research in the field is required.
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39. Kubı́cková, J., and W. Grosch. 1997. Evaluation of potent odorants of
Camembert cheese by dilution and concentration techniques. Int. Dairy J.
7:65–70.

40. Lee, C. W., and J. Richard. 1984. Catabolism of L-phenylalanine by some
microorganisms of cheese origin. J. Dairy Res. 51:461–469.

41. Litopoulou-Tzanetaki, E., N. Tzanetakis, and A. Vafopoulou-Mastrojiannaki.
1993. Effect of the type of lactic starter on microbiological, chemical and sensory
characteristics of feta cheese. Food Microbiol. 10:31–41.

42. Liu, J. R., and C. Lin. 2000. Production of kefir from soymilk with or without
added glucose, lactose or sucrose. J. Food Sci. 65:716–719.

43. Luis, A., E. Lopez, and C. Lema. 1993. Microflora present in kefir grains of
the Galician region. J. Dairy Res. 60:263–267.

44. Manolopoulou, E., P. Sanantinopoulos, E. Zoidou, A. Aktypis, E. Moscho-
poulou, I. G. Kandarakis, and E. M. Anifantakis. 2003. Evolution of micro-
bial populations during traditional feta cheese manufacture and ripening.
Int. J. Food Microbiol. 82:153–161.

45. Maoz, A., R. Mayr, and S. Scherer. 2003. Temporal stability and biodiversity
of two complex antilisterial cheese-ripening microbial consortia. Appl. En-
viron. Microbiol. 69:4012–4018.

46. Michaelidou, A., M. C. Katsiari, E. Kondyli, L. P. Voutsinas, and E.
Alichanidis. 2003. Effect of a commercial adjunct culture on proteolysis in
low-fat feta-type cheese. Int. Dairy J. 13:179–189.
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