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Determination of microbiological and chemical characteristics of kefir
consumed in Bursa
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Summary: This study was conducted to determine of microbiological quality and some chemical characteristics of 50 kefir
samples purchased from different retail markets in Bursa province. In the samples investigated, the mean numbers of lactobacilli,
lactococci, enterococci, Enterobacteriacea, Staphylococcus aureus and yeast were determined as 3.6x10” cfu/ml, 1.8x10° cfu/ml,
4.8x10* cfu/ml, 7.3x10° cfu/ml, 2.4x10* cfu/ml and 7.7x10* cfu/ml, respectively. 26 of 50 kefir samples were found to have <0.30
MPN/ml of total coliform while 5 samples had numbers of >110 MPN/ml. For remaining 19 samples, the average bacteria count was
5.3 MPN/ml. Escherichia coli was isolated from 11 (22%) of the samples. Mean acidity, fat and dry matter contents of kefir samples
were found as 0.8 L.A.%, 2.3 % and 11.3 %, respectively, while the pH values varied between 3.9 and 4.7. Consequently, the
microbiological findings showed the contamination of kefir samples with microorganisms including E. coli and S. aureus, well
known as a remarkable bacterial pathogens, and thus possible health risks for consumers.
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Bursa’da tiiketime sunulan kefirlerin mikrobiyolojik ve kimyasal 6zelliklerinin belirlenmesi

Ozet: Calisma, Bursa ilindeki farkl perakende satig yerlerinden satin alinan 50 adet kefir 6rneginin mikrobiyolojik kalitesini
ve bazi kimyasal ozelliklerini belirlemek amaciyla gerceklestirildi. Incelenen o6rneklerde laktobasil, laktokok, enterokok,
enterobakteri, Staphylococcus aureus ve maya sayilar sirasiyla ortalama 3.6x107 kob/ml, 1.8x10% kob/ml, 4.8x10* kob/ml, 7.3x10°
kob/ml, 2.4x10% kob/ml ve 7.7x10* kob/ml olarak belirlendi. 50 kefir érneginden 26’s1n <0.30 MPN/ml diizeyinde, buna karsilik 5
oregin >110 MPN/ml seviyelerinde koliform bakterileri igerdigi tespit edildi. Kalan 19 6rnekte ise, ortalama bakteri sayis1 5.3
MPN/ml’ydi. Orneklerin 11’inden (% 22) Escherichia coli izole edildi. Kefir drneklerinde pH degerleri 3.9 ve 4.7 arasinda
degisirken; ortalama asitlik, yag ve kurumadde igeriklerinin sirastyla %0.8 L.A., %2.3 ve %11.3 oldugu tespit edildi. Sonug olarak,
mikrobiyolojik bulgular kefir 6rneklerinin 6nemli bakteriyel patojenler arasinda yer alan E. coli ve S. aureus gibi
mikroorganizmalarla kontamine oldugunu ve dolayisiyla tiiketiciye yonelik olasi saglik risklerini ortaya koydu.

Anabhtar sozciikler: Kefir, kimyasal 6zellik, mikroorganizma ve patojen bakteri.

Introduction

Fermented milks or beverages made with co-
cultures of lactic acid bacteria and yeasts are widely
produced in many countries in the region between
Eastern and Mongolia. Some typical examples are
acidophilin, kefir and koumiss (2). Kefir is a natural
probiotic containing live bacteria, yeasts and the products
that these microorganisms produce (22), and has a sharp
acidic taste and yeasty flavour (13).

The beverage is commonly manufactured by
fermenting milk with kefir grains by a complex microbial
symbiotic mixture of bacteria Lactobacillus, Lactococcus,
Leuconostoc  and  Streptococcus,  and  yeasts
Kluyveromyces, Torula and Saccharomyces (11, 14). So
that according to Turkish Food Codex, kefir is defined as
the product in potable consistency, obtained by
fermentation of milk by kefir grains containing lactic
acid bacteria, acetic acid bacteria and Torula yeast (18).

Kefir can be produced by fermenting milk with
commercial freeze-dried kefir starter cultures or
traditional kefir grains (2). The grains are insoluble in
water and irregular in shape and size varying from 0.3-
3.5 cm in diameter (3, 16). The product is mainly
produced from bovine milk as well as caprine and sheep
milks (2, 4). For traditional kefir production, kefir grains
are added to cow’s milk in a 1:20 ratio, and left to
ferment at 18-20°C for about 20 h. At the end of the
fermentation, the kefir grains are retrieved by sieving and
re-used for new fermentations (7).

Lactobacilli are present as the largest portion (65-
80%) of the microbial population, with lactococci and
yeasts making up the remaining portion of the microbes
present in the kefir grain (20). Both the bacteria and
yeasts are surrounded by a polysaccharide matrix, called
kefiran, which is a water-soluble branched glucogalactan,
and which has been reported to possess antibacterial,
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antimycotic and antitumor activity (12). In in vitro tests
with cell-free extracts of kefir, the growth of
Staphylococcus aureus, Bacillus cereus, Escherichia coli,
Clostridium tyrobutyricum and Listeria monocytogenes
was inhibited. In general, the antimicrobial activity of the
beverage is atributed to lactic acid, volatile acids,
hydrogen peroxide, carbondioxide, diacetyl, acetaldehyde,
and/or bacteriocins produced by LAB (16). Yeasts are
also important in kefir fermentation because of the
production of ethanol and carbondioxide. Kefir grains
usually contain lactose-fermenting yeasts (Kluyveromyces
lactis, Kluyveromyces marxianus, Torula kefir), as well
as nonlactose-fermenting yeasts (Saccharomyces cerevisiae)
(10).

The microbial community composition of kefir can
change by several factors such as the source and
microbial load of the grains, the fermentation process,
and storage conditions (4, 5, 16). The aim of this study
was to evaluate the microbiological quality and
physicochemical characteristics of kefir samples sold in
Bursa province and to manifest health hazards for the
consumer.

Materials and Methods

Samples: A total of 50 kefir samples were collected
from different retail markets in Bursa province (Turkey).
The samples were transported to the laboratory under
refrigerated conditions, and all analyses were carried out
on the same day.

Microbiological analysis: 10 ml of the kefir samples
were homogenized with 90 ml of a sterile 0.1% peptone
water solution using a Lab-Blender 80 Stomacher
(London, UK) for at least 2 min. Serial dilutions of the
homogenate were made with sterile peptone water and
plated in duplicates on specific media. Lactobacilli
counts were performed on deMan Rogosa and Sharpe
medium (MRS, Oxoid CM361) at incubation temperature
of 30°C under anaerobic conditions (5% CO0,) for 3 days.
Lactococci counts were carried out on M17 medium
(Oxoid CM785) at incubation of 30°C under anaerobic
conditions for 2 days (10). Dilutions were plated on
Slanetz-Bartley (SB, Oxoid CM377) and Violet Red Bile
Glucose (VRBG, Oxoid CM485) mediums for
enterococci and Enterobacteriaceae, respectively. Plates

were incubated aerobically at 37°C for 24-48 h. Yeasts
were enumerated in Potato Dextrose Agar (PDA, Oxoid
CM139) (pH 3.5) with 10% added tartaric acid, after
incubation at 22°C for 5 days. S. aureus cultures was
grown on Baird Parker agar (Oxoid CMO0275)
supplemented with egg yolk-tellurite emulsion (Merck
1.03785) at 35°C for 48 h. The coagulase activity was
performed by using Staphaurex test (Remel ZL30) (9).
Total coliform counts were determined by the standard
most probable number (MPN) method (19). Lauryl
Sulphate Tryptose Broth (Oxoid CM451) containing
Durham’s tube was used as the media for presumptive
test. 10 ml, 1 ml and 0.1 ml of aliquots sample was
inoculated into 3 Lauryl Sulphate Tryptose tubes and all
tubes were incubated at 37°C for 24 to 48 h. Any gas
formation in Durham’s tubes with slight turbidity in the
medium was regarded as positive and coliform numbers
were estimated using the MPN tables to determine the
MPN index per millilitre. For the determination of E.
coli, a loopful from each positive Lauryl Sulphate
Tryptose tube was streaked on Eosin Methylene Blue
agar (EMB, Oxoid CM69) and incubated at 37°C for 24-
48 h. Suspicious colonies (dark centered with or without
a green metallic sheen) of E. coli on EMB agar were
subjected to confirmation tests (IMVIC). Indole (+),
methyl red (+), Voges Proskauer (-) and citrate (-)
cultures after 24 to 48 h incubation at 37°C were assessed
as E. coli type 1.

Physicochemical analysis: For pH measurements, a
Mettler Toledo pH meter with a glass electrode was used.
The acidity was determined by titration with N/10 NaOH
in the presence of phenolphthalein and expressed as per
cent lactic acid (LA). The total fat and dry matter
contents in kefir samples were performed according to
Tekinsen et al. (17).

Results

Lactobacilli, lactococci, enterococci, Entero-
bacteriaceae, S. aureus and yeast counts obtained from
kefir samples and frequency distribution are presented in
Table 1 and Table 2, respectively. Table 3 summarizes
the results obtained for coliform bacteria in this study.
The pH values and some chemical characteristics of kefir
are shown in Table 4.

Table 1. Mean counts (cfu/ml) of microorganisms in kefir samples

Tablo 1. Kefir 6rneklerindeki ortalama mikroorganizma sayilari (kob/ml)

Microorganisms Mean SEM Minimum Maximum
Lactobacilli 3.6x107 1.4x107 1x10! 5.9x10°
Lactococci 1.8x108 2.1x107 1.0x10° 6.3x10°
Enterococci 4.8x10* 2.6x10* <1x10? 9.1x10°
Enterobacteriaceae 7.3x10° 7.2x10° <1x10" 3.6x10°

S. aureus 2.4x10? 2.0x10? <1x10? 1x10*
Yeast 7.7x10* 2.9x10* <1x10? 1.1x10°
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Table 2. The distribution of the microorganism counts (cfu/ml)
Tablo 2. Mikroorganizma sayilarinin dagilimi (kob/ml)
Microorganisms Contamination levels
<10 107 10° 10* 10° 10° 10’ 10°
Lactobacilli 1(2)? 2 (4) 3(6) 8 (16) 6(12) 10 (20) 15 (30) 5(10)
Lactococci 0 (0) 0 (0) 0 (0) 0 (0) 5(10) 6(12) 20(40) 19 (38)
Enterococci 33 (66) 4(8) 3(6) 7 (14) 3 (6) 0 (0) 0(0) 0 (0)
Enterobacteriaceae 45 (90) 2(4) 2(4) 0(0) 1(2) 0 (0) 0 (0) 0(0)
S. aureus 42 (84) 6(12) 1(2) 1(2) 0 (0) 0 (0) 0(0) 0 (0)
Yeast 33 (66) 12) 3(6) 5(10) 7(14) 12) 0 (0) 0 (0)
a:The number (%) of samples in different population groups
Table 3. Analysis results for coliform bacteria
Tablo 3. Koliform bakterilere iligskin analiz sonuglari
MPN/ml
<0.30 0.3 0.36 0.62 1.1 1.5 1.6 35 9.3 29 46 >110
26 (52)* 3(6) 4(8) 2(4) 24 2(4) 2(4) 1(2) 1(2) 1(2) 1(2) 5(10)
a: the number of samples (%)
In this investigation, enterococci and Entero-

Table 4. The physicochemical characteristics of kefir samples
Tablo 4. Kefir 6rneklerinin fizikokimyasal 6zellikleri

Parameter Mean+ SEM  Minimum  Maximum
pH 43+0.02 39 4.7
Acidity (L.A.), % 0.8+0.02 0.7 1.4
Dry matter, % 11.3+0.36 8.0 16.5
Fat, % 23+0.14 0.3 4.5

Discussion and Conclusion

As seen in Table 1, the mean counts (3.6x10’
cfu/ml) of lactobacilli in samples purchased from retail
markets in Bursa were similar to Irigoyen et al. (10),
Fontan et al. (6) and Witthuhn et al. (20) These authors
found counts of 8 log cfu/ml, 7.2 log cfu/ml and 1.2x107
cfu/ml, respectively. The lactobacilli levels (9.42 log
cfu/ml and 8.33 log cfu/ml) detected by Gulmez et al. (8)
and Dinc (4), respectively, were also higher than the ones
described in this study. On the other hand, lower levels
of lactobacilli (1.5 to 3.48 log cfu/ml) were obtained by
Wszolek et al. (21) in experimental kefir samples.

In the present study, the mean counts of lactococci
were 1.8x10° cfu/ml (Table 1). Similar results were
reported by Irigoyen et al. (10) and Fontan et al. (6) who
found the mean counts of lactococci as 8 log cfu/ml and
7.8 log cfu/ml, respectively. On the other hand, lower or
higher values of lactococci loads than that of the current
work have been suggested by other some authors in kefir.
Wszolek et al. (21) examined kefir samples made from
ovine milk using kefir grains in Poland and detected
counts of 9 log cfu/ml. Witthuhn et al. (20) obtained
counts of 1.2x107 cfu/ml for lactococci in kefir grains
after 20 day of traditional kefir production.

bacteriaceae were found in 34% and 10% of the samples,
with mean counts of 4.8x10* and 7.3x10° cfu/ml,
respectively. The results are illustrated in Table 1. A
study conducted by Dinc (4) suggested that average
counts of enterococci and Enterobacteriaceae in 120
kefir samples purchased from supermarkets in Ankara
were 2.5 log cfu/ml and 2.1 log cfu/ml, respectively.
These levels of contamination were lower than those
obtained in our study. In Poland, Molska et al. (15)
recorded 29% and 17% of kefir samples harbored
enterococci at levels of 10'-10° cfu/ml and >10° cfu/ml,
respectively.

Eight of kefir samples analysed were found positive
for S aureus ranging from 1x10” to 1x10* cfu/ml, with a
mean of 2.4x10? cfu/ml (Table 1). Among them, one
isolate showed coagulase-positive activity and had counts
of 2x10% cfu/ml (data not shown). The reason for the
contamination of S. aureus could have been the poor
personal hygiene of food handlers and inadequate control
of cold temperatures.

In the present survey, the mean counts for yeast
were 7.7x10* cfu/ml (Table 1). These results were similar
to those obtained by Adamavicitté et al. (1), Irigoyen et
al. (10), Wszolek et al. (21) and Witthuhn et al. (20).
They found yeast counts of 4.2 log cfu/ml, 5 log cfu/ml,
4.8 log cfu/ml and 4.6 cfu/ml, respectively. However, our
results were lower than those found by Gulmez et al. (8)
in kefir 9.4 log cfu/ml, and were higher than those (3 to
3.9 log cfu/ml) reported by other some authors (4, 6). In
Turkey, Turkish Food Codex established a guideline with
a minimum level of 10* cfu/ml for yeast (18). According
to our results, the counts of yeast were below the
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detectable limit (<10” cfu/ml) in 33 samples and between
10%-<10* cfu/ml in 4 samples. On the basis of this
guideline, a total (74%) of 37 kefir samples were
regarded as being of unsatisfactory quality.

The contamination levels with coliform bacteria of
26 samples were <0.30 MPN/ml and 5 samples were
found to be contaminated at levels of >110 MPN/ml. For
remaining 19 samples, coliform counts were in the range
of 0.3 to 46 MPN/ml, with an average of 5.3 MPN/ml
(Table 3). This finding does not agree with that of
Wszolek et al. (21) suggesting the absence of coliform
bacteria. Another study (4) of kefir samples on retail sale
in Turkey (Ankara) carried out between December 2006
and May 2007, indicated that the samples contained
coliforms with mean contamination level of 11.58
MPN/ml, which is higher than a mean coliform count
reported here. According to Turkish Food Codex,
pathogen microorganisms should not be detected in kefir
as well as other cultured dairy products (18). In this
investigation, the incidence of E. coli was 22% (11/50) in
the samples, which is close to the incidence (25%)
reported by Dinc (4). The presence of coliforms
including E. coli in samples is often an indication of
contamination during production, which can occur from
poor hygienic conditions.

Table 4 shows the values of the main
physicochemical parameters in kefir samples. The
samples had a pH value between 3.9 and 4.7, with a
mean 4.3. This finding was similar to values observed in
kefir by other some workers (4, 6, 10, 15). However,
higher values than ours (as high as 9.5) were found by
Gulmez et al. (8). The values of titratable acidity in the
current study were a mean of 0.8% L.A, ranging from
0.7% to 1.4% L.A. These values were consistent with the
limit (min. 0.6 % L.A.) laid down in Turkish Food
Codex, and also similar to those noted by Dinc (4) and
by Fontan et al. (6), who found an average of 2.7% L.A.
and 1.32% L.A., respectively, in kefir. The fat and dry
matter values of kefir samples analysed in this work
ranged from 0.3 to 4.5% and 8.0 t016.5%, respectively.
Other published studies also reported similar results.
Irigoyen et al. (10) indicated the fat and dry matter
contents of 3.2-3.59% and 11.3-11.6%, respectively, in
kefir samples made using the 1% and 5% kefir grains.
Dinc (4) demonstrated the mean values of 2.7% and
13.3% for fat and dry matter contents, respectively.

In conclusion, the results of this work on the
microbiological quality of kefir sold in Bursa province
indicated the high levels of hygiene indicator bacteria
such as coliforms and enterococci, or the presence of
potential pathogenic bacteria such as E. coli and S.
aureus. So that, approximately 38% of the samples failed
to meet the legal requirements in terms of overall

microbiological quality. Thus, these products are of
unsatisfactory and/or unacceptable microbiological
quality and there is reason to suspect possible public
health concerns. Good hygienic practices should be
applied throughout manufacture and at retail to ensure
that contamination and pathogen growth do not occur in
kefir.
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