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Effects of different fermentation parameters on quality characteristics of kefir
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ABSTRACT

INTRODUCTION

The main objective of the study was to determine
the effects of different fermentation parameters on kefir
quality. Kefir samples were produced using kefir grains
or natural kefir starter culture, and fermentation was
carried out under normal or modified atmosphere (10%
CO2) conditions. The microbiological (lactobacilli, lactococci, Lactobacillus acidophilus, Bifidobacterium spp.,
and yeasts), chemical (pH, lactic acid, total solids, protein, ethanol, exopolysaccharide contents), rheological,
and sensory properties of kefir samples were investigated during a 21-d storage period. The use of different
fermentation parameters or the choice of grain versus
natural kefir starter culture did not significantly affect
the content of microorganisms. Lactobacilli, lactococci,
and yeast contents of kefir samples varied between 9.21
and 9.28, 9.23 and 9.29, and 4.71 and 5.53 log cfu/mL,
respectively, on d 1 of storage. Contents of L. acidophilus
and Bifidobacterium spp. were between 5.78 and 6.43
and between 3.19 and 6.14 log cfu/mL, respectively,
during 21 d of storage. During the storage period, pH,
lactic acid (%), total solids (%), protein (%), acetaldehyde, and ethanol contents of kefir samples ranged
from 4.29 to 4.53, from 0.81 to 0.95%, from 7.81 to
8.21%, from 3.09 to 3.48%, from 3.8 to 23.6 mg/L, and
from 76.5 to 5,147 mg/L, respectively. The exopolysaccharide contents of the samples decreased during 21
d of cold storage; the samples fermented under modified atmosphere had relatively higher exopolysaccharide contents, indicating higher potential therapeutic
properties. The kefir samples exhibited non-Newtonian
pseudoplastic flow behavior according to the power law
model. According to the sensory results, kefir produced
from natural kefir starter culture under CO2 atmosphere
had the highest overall evaluation score at d 1.
Key words: kefir, exopolysaccharide, viscosity, sensory

Kefir is a self-carbonated, refreshing, fermented milk
that has unique sensory properties due to a mixture
of lactic acid, acetaldehyde, acetoin, ethanol, and
other fermentation by-products obtained from a diverse range of microorganisms inherent in kefir grains
(Guzel-Seydim et al., 2011). During fermentation, lactic
acid bacteria (LAB) convert lactose to lactic acid and
other flavor compounds, and lactose-fermenting yeasts
produce CO2 and small amounts of ethanol. Kefir has a
mildly sour and yeasty flavor with a tangy effervescence
depending on the composition of the kefir grains or
kefir starter culture (Ertekin and Guzel-Seydim, 2010).
Kefir grain is a unique natural starter culture for kefir
production. Kefir grains are gelatinous granules, 2 to
15 mm in diameter, consisting of a mixture of microorganisms grouped in a highly organized manner. Kefir
grains consist of a blend of LAB, acetic acid bacteria,
and yeasts (Wszolek et al., 2006). Kefir can also be
produced from natural kefir starter culture, which is
obtained from kefir grains. In the preparation of natural
kefir culture, kefir grains (2–3%, wt/vol) are fermented
in reconstituted milk at 20 to 25°C for about 24 h. The
grains are removed and the remaining fermented liquid
is aseptically stored at 4°C (Guzel-Seydim et al., 2010).
Kefir starter cultures, consisting of a limited variety
of pure biotechnologically produced microorganisms,
have been used for industrial applications. However,
kefir produced with starter culture differs from natural
kefir produced from kefir grains because of the loss of
characteristic properties of traditional kefir, including
the organoleptic qualities and the health benefits, due
to the relatively inadequate microflora in custom-made,
defined starter cultures.
The microflora of kefir grains is held together in a
unique matrix of protein and exopolysaccharide material (EPS; Rimada and Abraham, 2001; Frengova et
al., 2002). The EPS produced by kefir microorganisms
is commonly known as kefiran, which is a water-soluble,
branched glucogalactan consisting of equal amounts of
d-glucose and d-galactose (Micheli et al., 1999; Mitsue
et al., 1999). Kefiran is present in the capsular material
of some large, rod-like bacteria, especially lactobacilli.
Lactobacillus kefir, Lactobacillus parakefir, and Lacto-
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bacillus kefiranofaciens are the major EPS-producing
bacteria present in kefir grain microflora (Cheirsilp et
al., 2003a,b; Wang et al., 2008). The EPS produced by
kefir microorganisms improves the texture and mouthfeel of the product. In recent years, the use of kefiran in
the food industry as a food-grade gum and fortification
agent and in the development of novel packaging materials has gained popularity (Kwon et al., 2006; Rimada
and Abraham, 2006; Piermaria et al., 2009). Kefiran
may have therapeutic immunostimulatory, antimutagenic, antiallergic, and antiulcer activities, and might
act as a prebiotic compound (Yoon et al., 1999; WonHo
et al., 2003).
Fermentation parameters, such as type of kefir
culture (from natural grains or starter cultures), inoculation ratio, temperature, and time, affect the final microbial, chemical, and sensory quality of kefir.
Atmospheric oxygen may affect growth and balance
(ratio of microorganisms) in kefir microflora. Several
methods exist for measuring the viability of LAB, especially Bifidobacteria spp. and Lactobacillus acidophilus
(Scardovi, 1986; Shah, 2000), because of the presence
of mainly microaerophilic and anaerobic microflora in
kefir grains. The aim of this study was to investigate
the effects of different fermentation parameters—kefir
grain versus natural kefir starter culture obtained from
kefir grains and CO2 atmosphere during fermentation—
on the microbiological, chemical, sensory, and rheological properties of kefir during a 21-d storage period.
MATERIALS AND METHODS
Materials

Kefir grains were obtained from the Department of
Food Engineering, Suleyman Demirel University (Isparta, Turkey). Cow milk was supplied from Suleyman
Demirel University Ünsüt Dairy Plant. All chemicals
were of analytical grade and were from Sigma-Aldrich
Co. (St. Louis, MO).
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smell, texture, and appearence), optimal inoculation
rates for KG and KS were 2% (wt/vol) and 3% (wt/
vol), respectively. The inoculated kefir milk was fermented under normal atmospheric condition (KG and
KS) or under 10% CO2 (KG-C and KS-C) at 25°C.
Fermentation under CO2 was achieved by using a CO2
generator (CO-150, New Brunswick Scientific, Enfield,
CT). The rate of CO2 was determined, after preliminary studies, according to LAB growth. The pH was
measured using a combined-electrode pH meter (WTW
Measurement Systems, Fort Myers, FL). Fermentation
was ended at pH 4.6 and the samples were stored at
4°C for 21 d.
Microbiological Analysis

Lactobacilli counts were determined on de Man,
Rogosa, and Sharpe (MRS) medium (Merck, Darmstadt, Germany) after incubation at 37°C under anaerobic conditions (6% CO2) for 3 d. Lactic streptococci
were enumerated on M17 medium (Merck) at 37°C
under anaerobic conditions (6% CO2) for 2 d. Yeasts
were grown on potato dextrose agar (Merck) with addition of 0.14% lactic acid at 25°C for 5 d (Mossel et
al., 1995). Lactobacillus acidophilus were determined
on MRS with addition of 10% (wt/vol) sorbitol (Shah,
2000) and Bifidobacterium spp. were grown on MRS
with neomycin, nalidixic acid, lithium chloride, and
paromomycine sulfate (MRS-NNLP; Shah, 2000) at
37°C under anaerobic conditions (6% CO2) for 3 d.
Proximate Analysis

Titratable acidity, DM, protein, lactic acid, and fat
were determined according to AOAC International
(1992) methods. Acetaldehyde and ethanol contents of
samples were determined by using a headspace (Turbo
Matriks 16, Perkin Elmer, Waltham, MA) gas chromatographic (Auto System XL, Perkin Elmer) method
that used the flame-ionization detector, according to
Guzel-Seydim et al. (2000).

Preparation of Kefir Samples

Kefir grains (KG) and natural kefir starter culture
(KS) were used to ferment milk for kefir production.
Natural kefir starter was obtained from kefir grains by
straining after first fermentation at 25°C for approximately 22 h, and the fermentation was ended at pH 4.6
(Figure 1). Fermentation time (22 h) between KG and
KS was identical. The inoculation rate of culture was
decided after preliminary sensory studies. Kefir samples
cultured with different inoculation rates (2, 3, and 5%)
were evaluated by a sensory panel of 11 experienced
panelists; according to their overall evaluation (taste,

Purification and Quantification of EPS

The separation and quantification of EPS was carried
out according to Zisu and Shah (2003). The proteins in
50 mL of diluted kefir sample were precipitated with 2
mL of 20% (wt/vol) TCA and separated by centrifugation (Sorvall RT7, Kendro Instruments Australia Pty
Ltd., Lane Cove, NSW, Australia) at 3,313 × g for 30
min at 4°C. The pH of the supernatant was adjusted
to 6.8 with 40% (wt/vol) NaOH, and then boiled in a
sealed container at 100°C for 30 min to denature the
whey proteins. The denatured whey proteins were reJournal of Dairy Science Vol. 96 No. 2, 2013
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Figure 1. Flow scheme of kefir sample production and experimental design: KG = kefir produced from kefir grains at normal atmosphere,
KG-C = kefir produced from kefir grains in 10% CO2 atmosphere, KS = kefir produced from natural kefir starter culture at normal atmosphere,
and KS-C = kefir produced from natural kefir starter culture in 10% CO2 atmosphere.

moved by centrifugation (at 3,313 × g, 30 min, 4°C).
The remaining carbonhydrate pellet was resuspended
in 10 mL of deionized H2O and the suspension was
sonicated for 1 h at 24°C using a sonication bath (FX
14PH sonication bath; Unisonics Pty Ltd., Sydney,
Australia). The suspension was dialysed in a dialysis
membrane tube with molecular weight cut-off of 12,000
Da (Carolina Biological Supply Company, Burlington,
NC) against tap water at 4°C for 2 wk; the water was
changed twice a day. The concentration of EPS in
the suspension after dialysis was quantified using the
phenol-sulfuric method and was expressed in glucose
equivalents (mg/L; Cerning, 1995).
Rheological Analyses

Rheological analyses were carried out using a
Brookfield Rotational Rheometer (model DV-II Pro
LV; Brookfield Engineering Laboratories, Middleboro,
MA) according to the modified method of Penna et
al. (2001) as used in Ertekin and Guzel-Seydim (2010)
and Kök-Taú and Güzel-Seydim (2010). The Brookfield
rheometer with a small sample adapter was fixed with
Journal of Dairy Science Vol. 96 No. 2, 2013

spindle SC4-18. The shear rate, shear stress, and viscosity were measured at rotational speeds from 10 to 50
rpm, increasing by 2 rpm every 5 s. Duplicate analyses
were carried out at 4°C, and the data obtained were
processed using Rheocalc Application Software (V3.2
Build 47-0; Brookfield Engineering Laboratories). The
features of the flow curves were determined using the
power-law model.
Sensory Analysis

Sensory evaluations were conducted using an 11-member panel in the Department of Food Engineering at
Suleyman Demirel University (Isparta, Turkey). Panelists were selected from volunteer graduate students and
academic staff of the Department of Food Engineering.
The panelists (n = 11) received a 30-h training session on descriptive analysis technique, including basic
tastes and flavor identification, and using a 10-point
product specific scale with references (Meilgaard et al.,
1999). The attributes regarding effects of the different
treatments in kefir production were determined with
panelists and the panel leader before the experiment
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started (Uysal et al., 2004). Kefir samples (100 mL)
were served and presented to the panelists in cups bearing a random 3-digit number; each sample was scored
individually. Samples were presented to the panelists in
individual plastic cups, and bread sticks and a glass of
water were given between each sample. Sensory evaluation was based on 10-point scales from 0 = absence of
the attribute, to 10 = extremely high intensity of the
attribute. Serving order was completely randomized.
The sensory attributes appearance, color, aroma, flavor,
texture, odor, and overall acceptability were evaluated.
Four kefir samples were presented to the panel group
at each session.
Statistical Analyses

All analyses were replicated 3 times and performed
in duplicate. The data were analyzed using SPSS Base
16.0 (SPSS Inc., Chicago, IL). Results for the analyses
of rheological parameters and EPS content of samples
were statistically evaluated by repeated-measures variance analyses technique. Differences within groups were
determined by Tukey test, a multiple comparison test.
RESULTS AND DISCUSSION
Microbiological Contents of Kefir Samples

Kefir samples were examined at 1, 7, 14, and 21 d
of cold storage. The contents of LAB, lactococci, and
yeasts in KG, KG-C, KS, and KS-C samples are presented in Table 1. The KG-C samples had the highest
lactobacilli counts (P < 0.05) followed by KS, KS-C,

and KG. In agreement with our findings, the literature
reports counts of lactobacilli and lactococci in kefir of
108 and 109 cfu/mL, respectively (Rosi and Rossi, 1978;
Kandler and Kunath, 1983; Rea et al., 1996; Motaghi et
al., 1997; Kılıç et al., 1999; Witthuhn et al., 2004; Guzel-Seydim et al., 2005). However, Simova et al. (2002)
reported that the proportion of streptococci in the total
kefir microflora increased by 26 to 30%, whereas that
of lactobacilli decreased by 13 to 23%, in contrast to
our findings. Yeast contents of KG and KG-C were 5.50
and 5.53 log cfu/mL (P > 0.05), whereas those of KS
and KS-C samples were 4.77 and 4.71 log cfu/mL, respectively (Table 1). Yeast content differed significantly
between KS and KG samples (P < 0.05), whereas application of CO2 did not show any adverse effects on
yeast content (P > 0.05). A reduced yeast population
in the product could limit the amount of swelling in
the packages, which would solve a significant problem
in the kefir industry (Guzel-Seydim et al., 2010).The
yeast level was 105 cfu/mL, in line with that recorded
by Guzel-Seydim et al. (2010) and Kılıç et al. (1999).
Counts of L. acidophilus and Bifidobacterium spp.
of kefir samples are shown in Figure 2. A significant
decrease occurred in L. acidophilus and Bifidobacterium
spp. counts during cold storage (P < 0.05). Counts of L.
acidophilus in KG-C and KS-C samples were 6.55 and
6.42 log cfu/mL, respectively (Figure 2a), and those
of Bifidobacterium spp. were 6.14 and 5.90 log cfu/
mL, respectively (Figure 2b). Lactobacillus acidophilus
is microaerophilic and Bifidobacterium species are anaerobic microorganisms (Scardovi, 1986) and therefore,
oxygen toxicity is a critical problem (Shah, 2000). Application of 10% CO2 had a significant increasing effect

Table 1. Contents of lactobacilli, lactococci, and yeasts in kefir samples during cold storage (1, 7, 14, and 21 d)
Species and sample1
Lactobacillus spp. (log cfu/mL)
KG
KG-C
KS
KS-C
Lactococcus spp. (log cfu/mL)
KG
KG-C
KS
KS-C
Yeasts (log cfu/mL)
KG
KG-C
KS
KS-C

1d

7d

14 d

21 d

9.21
9.28
9.27
9.27

±
±
±
±

0.05a,x
0.03a,x
0.04a,x
0.04a,x

9.06
9.31
9.26
9.22

±
±
±
±

0.02a,x
0.07a,y
0.03a,y
0.04a,y

8.86
8.85
9.06
9.00

±
±
±
±

0.03b,x
0.04b,x
0.06b,x
0.08b,x

8.03
8.29
8.89
9.00

±
±
±
±

0.19b,x
0.08b,x
0.02b,y
0.07b,y

9.23
9.26
9.29
9.27

±
±
±
±

0.04a,x
0.03a,x
0.06a,x
0.06a,x

9.07
9.27
9.38
9.19

±
±
±
±

0.04a,x
0.08a,y
0.06a,y
0.03a,y

8.71
8.83
9.17
9.07

±
±
±
±

0.08b,x
0.01b,x
0.02b,x
0.02b,x

8.04
8.30
8.92
9.02

±
±
±
±

0.18b,x
0.11b,x
0.02b,y
0.05b,y

5.50
5.53
4.77
4.71

±
±
±
±

0.03a,x
0.03a,x
0.13a,y
0.07a,y

5.37
5.52
4.81
5.15

±
±
±
±

0.06a,x
0.02a,x
0.04a,y
0.22a,x

5.07
5.37
4.91
5.03

±
±
±
±

0.03b,x
0.11a,x
0.10a,x
0.22a,x

5.32
5.56
5.00
4.98

±
±
±
±

0.02a,x
0.07a,x
0.09a,x
0.15a,x

a,b

Means in the same row with different superscript letters are significantly different (P < 0.05).
Means in the same column within a species with different superscript letters are significantly different (P <
0.05).
1
KG = kefir produced from kefir grains at normal atmosphere, KG-C = kefir produced from kefir grains in 10%
CO2 atmosphere, KS = kefir produced from natural kefir starter culture at normal atmosphere, and KS-C =
kefir produced from natural kefir starter culture in 10% CO2 atmosphere.
x,y
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on L. acidophilus and Bifidobacterium spp. counts in
kefir (P < 0.05). For maximal therapeutic benefit, the
minimum level of probiotic bacteria in yogurt should
be log 5 to log 6 viable cells (Robinson, 1987). High
levels (at least 106/g or 106/mL) of live microorganisms
are recommended for probiotic products (Kurmann and
Rasic, 1991). Kefir should be considered as a natural
probiotic product because of its high contents of beneficial microorganisms. At the end of the 21 d of cold
storage, the microflora of kefir was stable in both KG
and KS samples.
Chemical Analysis of Kefir Samples

Table 2 presents the main chemical properties of kefir
samples. Kefir samples were produced with 0.1% fat
milk. The pH values of samples ranged between 4.47
and 4.53 on d 1 and decreased during storage, as occurs

Figure 2. Content of (a) Lactobacillus acidophilus and (b)
Bifidobacterium spp. in samples during cold storage for 21 d. KG =
kefir produced from kefir grains at normal atmosphere, KG-C = kefir
produced from kefir grains in 10% CO2 atmosphere, KS = kefir produced from natural kefir starter culture at normal atmosphere, and
KS-C = kefir produced from natural kefir starter culture in 10% CO2
atmosphere.
Journal of Dairy Science Vol. 96 No. 2, 2013

in other fermented milks such as yogurt (Abraham-Sen
and Holmen, 1981; Katsiari et al., 2002). Collar (1996)
found that LAB multiply and produce lactic and acetic
acids more slowly in the presence of yeasts than in pure
culture. Upon evaluation of the results, we determined
that the percentages of kefir grain and natural kefir
starter culture used in the study were appropriate
(chemical results of the samples were similar; therefore,
the use of natural kefir starter culture provides convenience in industry).
Titratable acidity (calculated as lactic acid) and DM
values of kefir samples did not differ significantly with
treatment (P > 0.05; Table 2). Dry matter values of
KG, KG-C, KS, and KS-C kefir samples at d 1 were
7.98, 8.06, 8.19 and 8.21, respectively (Table 2); these
values were lower than in other studies because our kefir samples were produced from fat-free milk (Gambelli
et al., 1999; Garrote et al., 2001).
Protein contents of samples on d 1 ranged between
3.43 and 3.48 g/100 mL (Table 2) and did not differ
significantly among kefir samples (P > 0.05). Being dependent on the protein content of milk, protein values
of kefir samples were 3.3 g/100 mL in other studies
(Renner and Renz-Schaven, 1986; Hallé et al., 1994).
Acetaldehyde contents of kefir samples ranged from
3.8 to 23.6 mg/L during storage (Table 2). Beshkova
et al. (2003) reported that acetaldehyde synthesis
was more intensive in kefir samples made with starter
culture blends, with a maximum concentration of 18.3
μg/g compared with 9.5 μg/g in kefir samples made
with starter culture blends and kefir grains. A comparatively lower level of acetaldehyde in kefir made
with kefir grains was reported (Guzel-Seydim et al.,
2000). In our study, ethanol contents of kefir samples
ranged from 76.5 to 5,147 mg/L during storage. Acetaldehyde content of yogurt decreases during storage
because alcohol dehydrogenase converts acetaldehyde
to ethanol (Marshall and Tamime, 1997). Ertekin and
Guzel-Seydim (2010) reported that the non-fat kefir
sample had the lowest ethanol content (160.24 mg/L)
compared with other samples (use of inulin in kefir and
use of whey protein in kefir) on d 1. On d 7, ethanol
contents ranged between 151.46 and 266.76 mg/L in all
their samples. Ethanol concentrations of 2 kefir samples
made with starter culture blends and kefir grains were
4,006 and 2,998 mg/L after 24 h of fermentation, and
4,010 and 3,100 mg/L after 7 d of storage, respectively
(Beshkova et al., 2003).
EPS Content of Kefir

The EPS content of the samples are presented in
Table 3. At the beginning of storage, the EPS contents of the KG and KG-C samples were remarkably
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Table 2. Change in chemical composition of kefir samples during cold storage for 21 d
Sample1 and
storage time

DM
(% wt/wt)

pH

KG
1d
7d
14 d
21 d
KG-C
1d
7d
14 d
21 d
KS
1d
7d
14 d
21 d
KS-C
1d
7d
14 d
21 d

Protein
(g/100 mL)

Lactic
acid (%)

Ethanol
(mg/L)

Acetaldehyde
(mg/L)

4.47
4.38
4.31
4.29

±
±
±
±

0.02a
0.04a
0.01b
0.00b

7.98
7.91
7.86
7.86

±
±
±
±

0.04a
0.09a
0.13a
0.04a

3.47
3.41
3.30
3.09

±
±
±
±

0.02a
0.01a
0.01b
0.03b

0.89
0.84
0.89
0.92

±
±
±
±

0.01a
0.00a
0.01a
0.00a

111.3
440.3
2,722
4,243.9

±
±
±
±

0.11a
0.24b
0.91c
0.4d

3.8
7.9
13.9
23.6

±
±
±
±

0.28a
0.75b
0.61c
0.98d

4.53
4.43
4.34
4.32

±
±
±
±

0.01a
0.02a
0.01b
0.02b

8.06
7.98
7.87
7.81

±
±
±
±

0.11a
0.01a
0.13a
0.09a

3.48
3.40
3.35
3.19

±
±
±
±

0.01a
0.00a
0.01a
0.05b

0.90
0.95
0.95
0.95

±
±
±
±

0.00a
0.01a
0.01a
0.01a

123.6
567.2
2,176.7
5,147

±
±
±
±

0.25a
0.3b
1.0c
0.97d

4.7
8.9
15.9
21.9

±
±
±
±

0.32a
0.29b
1.24c
1.57d

4.49
4.39
4.36
4.35

±
±
±
±

0.00a
0.02a
0.03b
0.01b

8.19
8.14
8.10
7.99

±
±
±
±

0.09a
0.12a
0.08a
0.01a

3.45
3.43
3.40
3.19

±
±
±
±

0.02a
0.00a
0.07a
0.13a

0.81
0.82
0.93
0.92

±
±
±
±

0.01a
0.03a
0.02a
0.02a

97.4
396.9
597.3
3,282.2

±
±
±
±

0.56a
0.3b
1.78c
1.23d

3.9
6.3
9.5
16.5

±
±
±
±

0.99a
0.8b
1.23c
0.67d

4.50
4.44
4.42
4.37

±
±
±
±

0.03a
0.03a
0.01a
0.01b

8.21
8.11
8.05
8.05

±
±
±
±

0.16a
0.08a
0.04a
0.04a

3.43
3.38
3.30
3.19

±
±
±
±

0.03a
0.04a
0.07a
0.05a

0.83
0.83
0.90
0.89

±
±
±
±

0.03a
0.03a
0.02a
0.01a

76.5
485.0
790.0
3,268.3

±
±
±
±

0.3a
0.98b
1.78c
0.56d

4.7
7.7
11.8
17.3

±
±
±
±

0.81a
1.56b
1.59c
0.95d

a–d

Means in the same row within a sample type with different superscript letters are significantly different (P < 0.05).
KG = kefir produced from kefir grains at normal atmosphere, KG-C = kefir produced from kefir grains in 10% CO2 atmosphere, KS = kefir
produced from natural kefir starter culture at normal atmosphere, and KS-C = kefir produced from natural kefir starter culture in 10% CO2
atmosphere.

1

higher compared with those of KS and KS-C (107.80
and 130.15 mg/L vs. 79.05 and 85.72 mg/L). Throughout storage, the EPS content of the samples decreased
significantly (P < 0.05). Although fermentation under
10% CO2 did not affect rheological properties of the
kefir samples, the EPS contents of KG-C and KS-C
were higher than their counterparts incubated in the
absence of CO2. The EPS content of the sample KG-C,
for example, was 20.87% higher than that of the sample
KG (P < 0.05).
One logical explanation for the decrease in EPS
content of kefir samples may be the hydrolyzation of
polysaccharide into its monomers by enzymatic degradation. Ramachandran and Shah (2009) demonstrated
that the EPS content of ropy yogurts decreased remarkably during d 21 of cold storage. However, Doleyres et al. (2005) found no difference between the EPS
contents of ropy yogurts during 4 wk of storage. This

contradiction may be explained by the differences in
enzymes that are capable of degrading EPS in both
studies. Another possible reason might be changes in
the physical parameters of culture during extended
fermentation or cold storage (Dierksen et al., 1997).
However, in the present study, the trend of decrease
in the EPS levels of the samples was similar and independent of fermentation conditions; therefore, we likely
cannot attribute the decrease in EPS only to changes in
culture parameters during cold storage. Future studies
should concentrate on the development of methods to
increase the EPS level of kefir during fermentation and
to limit the decrease during cold storage.
Rheological Characteristics of Kefir

Viscosity values of the kefir samples produced under
different fermentation conditions are presented in Table

Table 3. Exopolysaccharide content (mg/L) of kefir samples during cold storage for 21 d
Sample1
KG
KG-C
KS
KS-C

1d
107.80
130.15
79.05
85.72

±
±
±
±

7d
a,A

11.44
11.93a,B
7.51a,C
7.35a,C

76.40
92.99
74.96
80.68

±
±
±
±

14 d
b,A

8.54
2.93b,B
5.27b,A
2.16b,A

60.45
72.31
68.14
78.67

±
±
±
±

21 d
c,A

7.54
1.06c,B
2.08b,B
3.35c,C

56.48
54.92
65.72
61.93

±
±
±
±

5.04c,A
0.75d,A
4.70c,B
7.70d,B

a–d

Means in the same row with different superscript letters are significantly different (P < 0.05).
Means in the same column with different superscript letters are significantly different (P < 0.05).
1
KG = kefir produced from kefir grains at normal atmosphere, KG-C = kefir produced from kefir grains in 10%
CO2 atmosphere, KS = kefir produced from natural kefir starter culture at normal atmosphere, and KS-C =
kefir produced from natural kefir starter culture in 10% CO2 atmosphere.
A–D
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Table 4. Viscosity (mPa·s) of kefir samples during cold storage for 21 d
Sample1
KG
KG-C
KS
KS-C

1d

7d
a,A

225.0
227.3a,A
312.7a,B
315.2a,B

14 d
a,A

202.0
199.0a,A
294.3a,B
281.9a,A

a,A

225.0
187.0a,A
316.2a,B
270.5a,A

21 d
247.0a,A
171.9a,A
292.5a,B
284.3a,B

a

Means in the same row with different superscript letters are significantly different (P < 0.05).
Means in the same column with different superscript letters are significantly different (P < 0.05).
1
KG = kefir produced from kefir grains at normal atmosphere, KG-C = kefir produced from kefir grains in 10%
CO2 atmosphere, KS = kefir produced from natural kefir starter culture at normal atmosphere, and KS-C =
kefir produced from natural kefir starter culture in 10% CO2 atmosphere.
A,B

4. The viscosity of the kefir samples ranged between 225
and 315.2 mPa·s on d 1. At the beginning of storage,
the viscosity values of the samples were found to be
independent of fermentation under CO2 atmosphere. In
contrast, samples fermented with natural kefir culture
(KS and KS-C) had higher viscosity than those made
with kefir grains (KG and KG-C; P < 0.05). A similar
trend was observed during d 21 of storage at 4°C. With
the exception of KG, the viscosity values of the kefir
samples decreased after 21 d, being still higher in KS
and KS-C than in other kefir samples. Similar observations were made by other researchers (Thompson et al.,
1990; Irigoyen et al., 2005). Garote et al. (1998) observed a decrease in viscosity during cold storage even
at high grain to milk ratios. Because the decrease in
viscosity was independent of fermentation parameters
and the source of kefir starter microflora in the current
study, this decrease may be explained by the hydrolyzation of EPS into its monomers by glycohydrolases (Degeest et al., 2002; Purwandari et al., 2007). Pham et al.
(2000) demonstrated that glycohydrolases were capable
of lowering the viscosity of the polymers produced by
Lactobacillus rhamnosus, as well as liberating some reducing sugars. The decrease in viscosity in polymers is
observed during extended fermentation (over 24 h) and
continues during cold storage. Similarly, Bensmira et
al. (2010) demonstrated that during extended fermentation period (>30 h), the amount of EPS produced
by kefir microflora decreases. Unlike our findings, the
decrease in EPS level in kefir as a function of fermentation temperature, time, and homogenization of milk did
not lead to decrease in complex viscosity (η*) and loss
modulus (Gs) values of kefir samples (Bensmira et al.,
2010). Bacterial EPS are known to interact with milk
proteins and improve viscoelastic properties of weak
gels such as yogurt (Vlahapoulou et al., 2001). Therefore, we can assume that a reduction in EPS level may
have led to a decrease in viscosity values of the kefir
samples in the current study.
To determine the time-dependent flow behavior of
the kefir samples, we determined the apparent viscosity and shear rate. After fermentation (~24 h), the
Journal of Dairy Science Vol. 96 No. 2, 2013

kefir samples exhibited non-Newtonian pseudoplastic
fluid behavior according to the power-law model (R2
= 0.99; Figure 3a). With the increase in shear rate,
the apparent viscosity values of the samples decreased,
demonstrating thixotrophy (shear thinning). All kefir
samples had similar rheological characteristics during
the storage period, and neither the effect of fermentation under modified atmosphere nor the source of

Figure 3. (a) Apparent viscosity as a function of shear rate of
kefir samples on d 1; (b) shear stress as a function of shear rate of
kefir samples on d 1. KG = kefir produced from kefir grains at normal
atmosphere, KG-C = kefir produced from kefir grains in 10% CO2
atmosphere, KS = kefir produced from natural kefir starter culture
at normal atmosphere, and KS-C = kefir produced from natural kefir
starter culture in 10% CO2 atmosphere.
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starter microorganisms affected the pseudoplastic flow
behavior. Loose physical contacts between proteins as
a result of weak electrostatic and hydrophobic bonding are expected to lead to shear-thinning behavior in
liquid fermented milks (Abu Jdayil and Mohammed,
2002). In the current study, high water level and a timedependent decrease in EPS content of kefir resulted in
non-Newtonian shear-thinning behavior (Figure 3b).
Overall, KS and KS-C had higher shear stress values
as a function of shear rate than KG and KG-C. Similar
results were reported for kefir (Ertekin and GuzelSeydim, 2010), ayran (Koksoy and Kılıç, 2003), lactic
beverages (Penna et al., 2001), and buttermilk (Kristensen et al., 1997).
Sensory Evaluation of Kefir Samples

The sensory evaluation results of kefir samples on d
1, 7, and 14 are given in Table 5. The shelf life of kefir
was complete at d 21 in a preliminary test. Therefore,
the sensory storage period of the study was determined
to be 14 d. The KS-C sample on d 1 had the best appearance, with a mean score of 9.9 (Table 5), and odor,
with a mean score of 9.4 in the KS-C kefir samples on d
1, 7, and 14 (Table 5). The KG and KG-C samples had
mean texture scores of 7.8 and 8.1, and KS and KS-C
samples had mean texture scores of 9.3 and 9.5 points
on d 14, respectively (Table 5). The KG, KG-C, KS and
KS-C samples had mean scores for texture of 7.9, 8.2,
9.0 and 9.5 on d 7, respectively (Table 5). According
to the sensory analysis results, KS samples were more
liked than KG samples (P < 0.05). Applications of dif-

ferent atmosphere conditions to KS and KG samples
were statistically insignificant (P > 0.05) in terms of
aroma and flavor.
In overall acceptability, KS and KS-C samples had
numerically higher scores than KG and KG-C samples
on d 1 (P > 0.05). According to the results of the overall
evaluation, starter samples had higher scores throughout the storage period compared with grain samples.
Based on the microbial and sensory results, the suggested shelf life of kefir produced from natural kefir
grains is 14 d. Kefir grains are propagated using traditional methods, which are not easy to replicate in
industrial production. This study presents significant
findings with regard to probiotic content and microflora of kefir, which are arguably the most important
criteria for its therapeutic efficacy. These findings provide significant contributions not only to the literature,
but also to the dairy industry.
CONCLUSIONS

Kefir samples produced with kefir grains and from
natural kefir starter culture without grains had similar chemical, microbiological, rheological, and sensory
properties. Use of kefir starter culture without grains
is easier and more applicable than the maintenance of
kefir grains on the industrial scale. The therapeutic
properties of kefir are attributed to the physiological
and health-promoting properties of EPS (mainly kefiran). In this respect, the relatively higher EPS content
in the samples fermented under 10% CO2 provides an
additional advantage.

Table 5. Sensory evaluation1 of kefir samples during cold storage (n = 12) for 14 d
Sample2 and
storage time
KG
1d
7d
14 d
KG-C
1d
7d
14 d
KS
1d
7d
14 d
KS-C
1d
7d
14 d

Appearance

Odor

Aroma
and flavor

Texture

Overall
acceptability

8.4 ± 0.53
8.9 ± 0.31
8.0 ± 0.55

8.7 ± 0.29
9.1 ± 0.36
6.4 ± 0.25

7.8 ± 0.50
7.6 ± 0.34
4.1 ± 0.37

8.1 ± 0.35
7.9 ± 0.34
7.8 ± 0.52

7.7 ± 0.17
7.3 ± 0.33
3.0 ± 0.47

8.2 ± 0.46
9.0 ± 0.32
8.1 ± 0.50

8.7 ± 0.33
8.7 ± 0.43
7.9 ± 0.27

7.9 ± 0.39
7.5 ± 0.33
5.3 ± 0.41

8.2 ± 0.22
8.2 ± 0.32
8.1 ± 0.32

7.9 ± 0.11
7.4 ± 0.26
4.8 ± 0.24

9.8 ± 0.24
9.2 ± 0.28
9.6 ± 0.08

9.2 ± 0.41
9.1 ± 0.33
9.3 ± 0.21

9.1 ± 0.35
8.6 ± 0.32
7.3 ± 0.48

9.3 ± 0.29
9.0 ± 0.29
9.3 ± 0.24

9.2 ± 0.15
8.9 ± 0.23
7.0 ± 0.22

9.9 ± 0.11
9.5 ± 0.14
9.6 ± 0.18

9.3 ± 0.29
9.4 ± 0.22
9.4 ± 0.18

9.3 ± 0.29
9.5 ± 0.17
7.4 ± 0.31

9.4 ± 0.24
9.5 ± 0.17
9.5 ± 0.22

9.7 ± 0.17
9.1 ± 0.20
8.0 ± 0.13

1
Attributes were scored on a 10-point scale, where 0 = absence of the attribute and 10 = extremely high intensity of the attribute.
2
KG = kefir produced from kefir grains at normal atmosphere, KG-C = kefir produced from kefir grains in 10%
CO2 atmosphere, KS = kefir produced from natural kefir starter culture at normal atmosphere, and KS-C =
kefir produced from natural kefir starter culture in 10% CO2 atmosphere.
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