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Abstract

Kefir is a fermented probiotic dairy product which is fondly consumed with its peculiar, pleasant taste. However, like all dairy products,
kefir may also constitute a risk for pathogenic microorganisms, which is particularly associated with its relatively long fermentation period
that requires numerous processing steps. The objective of this study was to investigate the putative growth and risk status of Salmonella
during the production and shelf life of kefir. For this purpose, kefir samples prepared with Salmonella reference culture-spiked milk, were
divided into two groups; one was fermented at cold temperatures while the other was left to fermentation at ambient temperature.
Salmonella enumeration and pH measurements of each group was performed at every 24 hours for six days. According to data obtained,
Salmonella count has increased to 5.60 log cfu/ml on the first day of incubation at ambient temperature, which then started to decrease
with ongoing fermentation. However, the bacteria was still present at the 6™ day. Bacterial count of refrigerated kefir did not exhibit a
sudden logarithmic rise, reaching its highest value at 2.87 log cfu/ml level and did not reveal a marked drop in comparison to the initial
count, which instead sustained at 1.98 log cfu/ml level and thus bacteria survived until the end of the determined shelf life.
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Ev Yapimi Kefirde Salmonella Typhimurium’un Canliliginin
incelenmesi

Ozet

Kefir, probiyotik 6zelligi, hos ve karakteristik lezzeti ile sevilerek tiiketilen fermente siit Grlintidir. Buna karsin, tiim st Griinlerinde oldugu
gibi kefir de patojen mikroorganizma gelisimi acisindan risk teskil etmektedir. Ozellikle, kefirin cok sayida islem gerektiren ve nispeten
uzun olan fermantasyon asamasi bu riski akla getirmektedir. Bu calismada, dnemli patojenlerden olan Salmonella'nin kefir Gretimi ve raf
omri boyunca gelisme durumunun ve risk seviyesinin incelenmesi amaglanmistir. Bunun icin, referans Salmonella kiltiri ile asilanan
stitlerden hazirlanan kefir 6rnekleri 2 gruba ayrilarak bir grubu soguk muhafaza kosullarinda, digeri ortam sicakhiginda fermantasyona
birakilmistir. Her iki grubun da 6 giin siiresince 24 saatte bir Salmonella sayilarinin tespiti ve pH ol¢timleri yapilmistir. Elde edilen
sonuclara gore ortam sicakliginda inkiibe edilen kefirde Salmonella sayisi inklibasyonun 1. gliniinde 5.60 log kob/ml seviyelerine kadar
yiikselmis, daha sonra ilerleyen fermantasyonun da etkisi ile dlismeye baslamis, ancak 6. gliniin sonuna kadar canhligini stirdGrmistdr.
Soguk muhafaza kosullarinda fermente edilen kefir ise ani bir logaritmik artis gdstermemis, en yiiksek 2.87 log kob/ml seviyelerine kadar
yiikselmis ve baslangi¢ seviyesine oranla ¢ok belirgin bir diisiis gdstermeyip, 1.98 log kob/ml seviyelerinde kalarak, 6. giin sonuna kadar
canliligini strdtrmstir.

Anahtar sozciikler: Kefir, Salmonella Typhimurium, Gida patojenleri, Probiyotik, Gelisim potansiyeli

INTRODUCTION addition of kefir grains through in tandem fermentation of
ethyl alcohol and lactic acid ™. According to the Turkish Food

Kefir, which is a slightly acidic fermented dairy product, ~Codex and Turkish Fermented Dairy Product Regulation,

is produced from cow, ewe, goat and mare milk with the  kefir is defined as fermented dairy product in which kefir
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grains or starter cultures including different strains
of specific fermenting bacteria like Lactobacillus kefiri,
Leuconostoc, Lactococcus and Acetobacter along with
lactose-fermenting (Kluyveromyces marxianus) or non-
fermenting yeasts (Saccharomyces unisporus, Saccharomyces
cerevisiae and Saccharomyces exiguous) are used [l
Kefir grains contain both yeasts and bacteria in their
proteinaceous and carbohydrate matrix. Commonly
obtained microorganisms from kefir grains are yeasts
(Kluyveromyces, Candida, Torulopsis and Saccharomyces
spp), different species of Lactobacillus genus (L. brevis, L.
casei, L. kefiri, L. acidophilus, L. plantarum, L. kefiranofaciens
subsp. kefiranofaciens, L. kefiranofaciens subsp. kefirgranum,
L. parakefir, L. helveticus, L. delbruecki) as well as Streptecocci
(Streptecoccus salivari), Lactococcus (Lc. lactis subsp. lactis,
Lc. lactis ssp. thermophilus), Leuconostoc (L. mesenteroides),
and Acetobacter '3, These lactic acid bacteria and yeasts
present in kefir grains function in fermentation of milk by
producing numerous metabolites like acetic acid, lactic
acid, CO,, bacteriocin, low concentration of alcohol and
aromatic substances (acetaldehyde, acetone, diacetil), which
constitute the probiotic properties of kefir as a beverage .
These materials produced during the fermentation of
kefir and other probiotic foods show inhibitory activity
against growth of pathogenic bacteria like Escherichia coli,
Listeria monocytogenes, Salmonella spp. by preventing the
invasion of these pathogens into the intestinal epithelium 5.,
Kefir provides health-promoting effects and support
immune system since it contains metabolites of beneficial
microorganisms as well as all of the nutrients of milk ©.
Along with its health benefits, kefir is known to exhibit
prophylactic and therapeutic effects in miscellaneous
diseases. Kefir and kefir grains were demonstrated to have
antibacterial, antifungal, antitumoral, hypocholesterolemic
and immunomodulatory effects by both in vivo and in
vitro studies .

Salmonella is a commonly pronounced microorganism
included among most important pathogens responsible
for food-borne poisoning. Prevalence of salmonellosis
has increased in different regions of the world since mid-
1980. Salmonellosis was diagnosed in 91034 people in
Europe in 2002. In USA, incidence of salmonellosis was
reported to be 1 million people per year, 19000 cases of
which required hospitalization while 380 people died ®.
Prevalence of this disease may be associated with the acid
tolerance response of Salmonella Typhimurium as well as
its increased adaptation capability to stress factors such as
heat, salt and organic acids ©'",

Pasteurized cow milk or grayish white kefir grains
are commonly used in the production of kefir. Recent
public belief in homemade probiotics as being healthier
products has popularized their homemade production. As
a matter of course, no standardization or quality criteria
are available with respect to the properties of raw material,
production conditions, type of fermentation process (at

room temperature or refrigerating) and shelf-life period
in homemade kefir. Insufficiency in the pasteurization of
milk as the raw material, overall inefficiency in performing
hygienic tasks including the disinfection of equipment and
utensils, filtration process of kefir yeasts and frequency of
bare hand contact increase the risks for contamination.
Nevertheless, even though commercially available kefir
products are produced under relatively optimized industrial
conditions, studies regarding the microbiological quality of
the product revealed Enterococcus, Enterobacter, coliform
bacteria, fecal coliforms and E. coli contamination %3,

The objective of this study was to investigate the growth
potential of Salmonella in fermented kefir at different
temperatures.

MATERIAL and METHODS

Single use natural kefir culture was used in kefir
production (Danem Milk and Dairy Products Ltd.Co/Isparta).
Ultra high temperature (UHT) processed, 3% fat milk
(manufactured by Pinar Company) was used in the kefir
production. The kefir was spiked with certificated reference
culture (ATCC 14028) of Salmonella Typhimurium.

Preparation of Stock Culture

Lyophilized culture was initially activated according to
the manufacturer’s instructions and inoculated on Plate
Count Agar (PCA, Merck 1.05463) to give single colonies.
This stock cultures on PCA were stored at 4°C until used.

Enumeration of Salmonella in the Inoculum

To prepare a working culture solution was a single
colony of Salmonella stock culture was transferred in to 5 ml
BHIB (Brain Heart Infusion Broth, Oxoid CM1135) tube and
incubated at 35°C for 18 h. The colony count in the culture
solution was estimated by MacFarland densitometry (Biosan,
050102-11080341). For the enumeration of absolute
Salmonella count, serial dilutions and plating on PCA were
performed from this working culture and then incubated
at 35°Cfor 48 h.

Preparation of Kefir Culture

For the ambient temperature fermented samples, single
use kefir culture was directly added to the milk samples
without prior processing. Preliminary trials showed that
kefir culture was not satisfactorily activated at cold tempera-
ture; therefore it was subjected to pre-activation process in
100 ml milk (6 h at 25°C) and then added to 1 liter of milk
for cold temperature fermentation.

Inoculation of the Samples with Salmonella and
Incubation

The experimental design included three groups:
ambient temperature fermentation group (AT group),
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cold temperature fermentation group (CT group) and
the control group (ATC and CTC). Milk samples with kefir
grains were not inoculated with Salmonella consisted
the control group. All of the experimental samples apart
from control groups were contaminated with 100 cfu/
ml Salmonella bacteria. All groups were subdived in to 2
parallel subgroups. After inoculation, AT group and the
control samples were left at 25°C for 48 h for fermentation
in an incubator (NUve-EN 400) and then taken in to cold
storage (5+1°C, Siemens). CT group and its control samples
were directly left to fermentation at 5+1°C. Microbiological
analyses and pH measurements were performed every 24
h during 6 days. The whole experimental procedure was
repeated 3 times at different time intervals.

Microbiological Analyses

Two parallel microbiological analyses were performed
for each sample and mean of these parallel results were
used for data analysis. In addition, natural microbial load
of the raw material (milk) was determined by enumeration
of total mesophilic aerobic bacteria and detection of
Salmonella "*'®., Control samples were analyzed for coliform
bacteria, E. coli, and Salmonella counts '>'9),

For the enumeration of Salmonella in spiked samples,
25 ml sample was homogenized in 225 ml 0.1% peptone
water to make a 1:10 dilution. Further, serial dilutions were
carried out also with 0.1% peptone water. The relevant
diluted solutions were spread on selective media (XLD,
Merck 1.05287 and SS, Merck 1.07667) and incubated at
35°C for 2443 h and typical colonies were counted ['>'7),

Furthermore, all samples were subjected to enrichment
process to detect the presence of viable Salmonella below
countable limit ',

pH Measurement

pH values of the samples were measured by a pH
meter (Hanna HI 2211-02) every 24 h during 6 days in two
experimental (AT and CT) and in the control groups
(ATC and CTC) '8,

RESULTS

In this study kefir samples were spiked with Salmonella
and left for fermentation at two different conditions (cold
and ambient temperature) and the Salmonella load of
these samples were enumerated every 24 h for 6 days.
According to the results of this study the Salmonella
count of AT group was 2.40 log cfu/ml in the first day and
decreased to 1.00 log cfu/ml at 6 day after making a peak
at first 24 h and reached to 5.60 log cfu/ml. In CT group
Salmonella count was almost steady and only increased to
2.87 log cfu/ml from 2.49 log cfu/ml at the first 24 h and it has
decreased to 1.98 log cfu/ml on the last day (Table 1, Fig. 1).

Microbiological analyses of raw milk did not reveal the
presence of Salmonella and a total count of mesophilic
aerobic bacteria was not determined. Likewise, Salmonella
was not detected in the control samples (ATC and CTC) of
each experimental group.

pH measurements were also carried out in Salmonella-

Table 1. Growth of Salmonella Typhimurium in kefir samples of AT and CT groups (log cfu/ml)

Tablo 1. AT ve CT gruplarindaki kefirde Salmonella Typhimurium’un gelisimi (log kob/ml)

Salmonella Typhimurium Count
Group
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
AT 240 5.60 4.00 2.50 1.00 1.60 1.00
CcT 2.49 2.87 274 237 2.16 2.29 1.98

AT: Kefir group fermented at ambient temperature (Trials: mean values of AT1. AT2. AT3), CT: Kefir group fermented at cold temperature (Trials: mean values
of CT1.CT2.CT3)

Fig 1. Changes in Salmonella Typhimurium quantity in AT and
CT groups (log cfu/ml)

5 4 =4 AT Group
Sekil 1. AT ve CT gruplarinda Salmonella Typhimurium’'un ——CT Group
degisimi (log kob/ml) 2

1

0 .

Day0 Day1l Day 2 Day3 Day4 Day5 Day 6
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Table 2. Changes in pH values of kefir samples in AT and CT groups

Tablo 2. AT ve CT gruplarindaki kefirde pH degerinin degisimi

pH
Group
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
AT 6.78 4.48 424 4.28 430 4.28 431
cT 6.78 573 5.54 5.46 5.35 5.23 5.13

of CT1.CT2.CT3)

AT: Kefir group fermented at ambient temperature (Trials: mean values of AT1. AT2. AT3), CT: Kefir group fermented at cold temperature (Trials: mean values

Day O

Dayl Day2 Day3 Day4 Day5 Day6

inoculated kefir at both fermentation temperatures during
the whole procedure. According to the results, initial pH
value of 6.78 in AT group decreased to a 4.31 level at the
end of day 6 whereas that of CT group 5.13 at the end of
the procedure (Table 2, Fig. 2).

To monitor the unintentional contamination of samples
during experimental kefir production, control samples
(ATC and CTC) detected for Salmonella in parallel to the
spiked samples. No positive detection was observed with
these samples. pH measurement results of the control
groups did not indicate, in comparison to the Salmonella
contaminated groups.

DISCUSSION

According to the results of this study the growth rate
of Salmonella was different in AT and CT groups during the
first 24 h. While Salmonella count of AT group significantly
raised from 2.40 log cfu/ml to 5.60 log cfu/ml level, CT group
showed a slight change from 2.49 log cfu/ml to 2.87 log cfu/
ml during the same period. Growth potential of Salmonella
during fermentation kefir samples was previously investi-
gated in some other studies aswell B4, Karagozlu et al.®
investigated the growth potential of some pathogens like
E. coli O157:H7, Salmonella Typhimurium and S. aureus
during the fermentation process of kefir at 23+1°C for 24 h.
Their results showed that Salmonella count has increased
to 4.64+0.67 log cfu/ml from 2.37+0.20 log cfu/ml at 10?
cfu/ml Salmonella Typhimurium spiked samples while
it has increased to 5.60+0.10 log cfu/ml from 3.52+0.07

B AT Group
u CT Group

Fig 2. View of changes in pH levels in AT and CT groups

Sekil 2. AT ve CT gruplarinda pH'in degisimi

log cfu/ml in 10® Salmonella-spiked samples at first 24
h. Our findings are mostly compatible with those of this
study. Dias et al.”! in a similar study evaluated the growth
potential of E. coli O157:H7, Salmonella Typhimurium,
Salmonella Enteritidis, Staphylococcus aureus and Listeria
monocytogenes in contaminated kefir samples fermented
at 20°C for 72 h, assuring a final concentration of 10° cfu/
ml levels. According to their findings both Salmonella
Typhimurium and Salmonella Enteritidis survived after
24 h. In another study by Gulmez and Guven ' after a
24-h fermenting period (28+1°C, 20-24 h), pathogenic
load of kefir regarding E. coli 0157:H7, L. monocytogenes
4b and Yersinia enterocolitica O3 increased from 4.68+0.9
log cfu/ml to 5.32+1.1 log cfu/ml; from 4.32+0.80 log
cfu/ml to 7.7+£0.6 log cfu/ml and from 6.24+1.0 log cfu/
ml to 7.03£1.1 log cfu/ml, respectively. In accordance with
our findings and those of similar studies, when kefir is
fermented at ambient temperature pathogenic micro-
organisms in the flora exhibits a logarithmic rise of
statistical significance during the first 24-28 h 361, |n
our study further fermentation after 48 h resulted with a
slight decrease in Salmonella count in CT group, whereas
it significantly dropped in AT group and at the end of
the fermentation process of 6 days, AT group samples
contained approximately 1.00 log cfu/ml lower Salmonella
count than CT. Nevertheless, Salmonella survived at each
incubation temperature till the end of determined shelf
life. Likewise, Gulmez and Guven ™ demonstrated in a
study that pathogenic agents in modified kefir and in
pasteurized modified kefir samples survived until the 21
day of the trial with low temperature preservation. These



727

YILMAZ AKSU, MURATOGLU, SANDIKCI ALTUNATMAZ

AKTARAN BALA, OZGEN ARUN

findings in accordance with our results proved that most
pathogenic microorganisms had the capability to adapt
to a changing environment like lactic acid fermentation
and cold storage conditions and thus survived during the
shelf-life of the product ©8'%2'! |n contrast with our study,
Dias et al.®'did not isolate Salmonella in kefir samples
even after 48 h of fermentation which might readily be
associated with the one week enrichment process of the
kefir grains they used, which eventually resulted a stronger
competitive flora.

In our study, changes in pH levels were also monitored
in AT and CT groups every 24 h for a 6-day period (Table
2, Fig. 2). In AT group, initial pH value of 6.78 decreased to
4.48 after 24 h. This sudden change in pH level only 24 h
of fermentation was consistent with the findings of several
other researches 622, Survival of Salmonella at such an
acidic condition was considered to be associated with the
acid resistance nature of the bacteria 2?4, pH level in AT
group did not show a marked change from day 2 to 6 and
reached to a value of 4.3 which could be explained by the
fact that growth of lactic acid bacteria started to decline in
kefir matrix depending on time 22,

Initial pH value of 6.78 in CT group decreased to the
levels of 5.73 in the first 24 h and 5.13 on the last day of the
experiment, respectively (Table 2, Fig. 2). The insignificant
change in pH levels in this group could be explained by the
limited activation capacity of lactic acid bacteria in kefir
culture. Kefir culture contains lactic acid bacteria as well as
yeasts @, If fermentation has occurred at low temperature,
yeasts exhibit predominance in kefir flora hence alcohol
fermentation develops ?2,

Despite being a favorable probiotic beverage of recent
years, kefir may constitute a risk for public health in case
of contamination either in homemade or by industrial
manufacturing. On the basis of our findings, Salmonella
Typhimurium survived for at least six days in kefir samples
fermented both at ambient and cold temperatures. More-
over, if we take into consideration that homemade kefir is
usually consumed after 48-72" h of processingitis very like
to expose to higher count of bacteria when fermented
at ambient temperature. Therefore milk to be used as raw
material should be pasteurized and utmost care should be
taken in performing hygienic tasks regarding equipments
and utensils, staff and the kefir culture to be used.
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