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1 Introduction
Kefir whose origin is the Caucasian Mountains is an important 

fermented milk beverage. Bright appearance, unique color and 
uniform flowing consistency occur as a result of activities of 
specific microorganism. The word ‘kefir’ is derived from the 
word ‘keyf ’ which means nice in Turkish. It is known with 
many different names such as; kephir, kiaphur, kefer, knapon, 
kepi, kefir and kippi in Argentina, Taiwan, Portugal, Turkey and 
France (Thompson et al., 1990; Chin-Wen et al., 1999; Gülmez 
& Güven, 2003; Santos et al., 2003; Açik et al., 2020). The kefir 
grain has a diverse spectrum of species including especially lactic 
acid bacteria (Lactococci, Lactobacilli, Leuconostoc). It also has 
a spectrum of certain yeasts (Saccharomyces, Kluyveromyces 
and Candida) and acetic acid bacteria (Acetobacter). This 
microflora is located within the polysaccharide matrix called 
kefiran (Paraskevopoulou et al., 2003; Kesenkas et al., 2013). 
Nutritional properties of kefir increase with partial protein 
and lactose disintegration as well as synthesis of some vitamins 
during kefir fermentation. It has been reported that kefir is a 
dairy product rich in calcium, phosphorus, amino acids, folic 
acid and B vitamins (Farnworth, 2005). It has been reported that 
the lactic acid, acetic acid, CO2 and various aromatic components 
provide refreshing taste and mildly sweet flavor which is specific 
to kefir (Ötleş & Çağındı, 2003). Recent studies were investigate 
the potential of kefir from different milk types, grain cultures 
and its use as alternative functional food (Silva et al., 2018a, b; 

Demirci et al., 2019; Kivanc & Yapici, 2019; Tomar et al., 2020; 
Mitra & Ghosh, 2020; Karaçalı et al., 2018; Dong et al., 2018). 
While it is preferred to use lyophilized culture in commercial 
kefir production, kefir grain production method can also be 
used. Kefir grains contain a wide microflora (Bensmira et al., 
2010). The rheological properties are particularly important 
to determine different interactions in new kefir formulation. 
The information on the rheological characteristics of kefir is very 
important from the storage and carrying (Doğan, 2011). Dimitreli 
& Antoniou (2011) have reported that incubation temperature 
have the highest effect on the rheological properties of kefir. Also, 
the addition of caseinates have important effect on rheological 
properties of kefir. In a study on the rheological properties of 
kefir with different fat contents, the change in the rheological 
behavior was examined. The effect of the production method of 
kefir and the composition of the milks were emphasized when 
the flow behavior was determined (Arı et al., 2012).

Studies show that the effect of rheological properties on 
kefir quality is largely important, but the number of studies 
is limited. There is no research on the effects of production 
conditions on the quality of kefir. The aim of this study was to 
make a contribution to the literature on the effect of different 
incubation temperatures on the quality of kefir. There is no 
information available on the rheology of kefir prepared with 
different milk types (cow, sheep, goat), therefore the present study 
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aimed to determine the rheological behavior and microbiological 
properties of kefir produced with different milks.

2 Materials and methods
2.1 Material

Three different milk types (cow, sheep and goat) used in the 
study were obtained from the Department of Animal Science in 
the Faculty of Agriculture in Ege University. CHOZITTM Kefir 
DC LYO 10001 (Danisco, Germany) was used as a lyophilized 
starter culture for the production of kefir. The culture contains 
Leuconostoc mesenteroides spp. cremoris, Lactococcus lactis spp. 
lactis, Lactococcus lactis spp. cremoris, Lactococcus lactis spp. 
diacetylactis, Lactobacillus kefyr, Kliyveromyces marxianus and 
Saccharomyces unisporus. Kefir grains were obtained from the 
kefir grain collection of the Department of Dairy Technology, 
Faculty of Agriculture, Ege University.

2.2 Method

Determination of pH

pH values were measured with HANNA pH211 Microprocessor 
pHmeter (Portugal).

Rheological measurements

Rheological properties were determined with a Brookfield 
brand (LVDV-II Brookfield Engineering Laboratories, USA) 
viscometer. Calculations were made taking the measurements 
that give torque values in the range of 0 to 200 rpm into account, 
which range from 10 to 90%. The models and equations are given 
in Table 1. Accordingly, μ is the Newtonian fluid viscosity (Pa.s), 
τ is the shear stress (Pa), τ0 is the initial shear stress (Pa), n is the 
fluid behavior index, κ is the coefficient of consistency (Pa.sn), σ 
is the shear rate (1/s). The apparent viscosity values, consistency 

coefficient, initial shear stress and flow behavior index values of 
kefir samples produced from different milks were determined.

Apparent viscosity values (µapparent) are used for non-Newtonian 
fluids. In the study, the apparent viscosity values were calculated 
depending on the K and n values for 100 rpm (Equation 1).

 * n 1
apparent Kµ γ −= 	 (1)

Samples were stored at refrigerator temperature (<4 °C) 
after kefir production. The analyses were conducted with three 
parallels. In rheological analyses, preliminary experiments were 
carried out, spindle 18 and spindle 34 were used.

Microbiological analysis

Ringer solution (Merck) at a concentration of 1 g/L was used to 
prepare the dilutions. Lactobacilli counts were performed using MRS 
medium (pH 6.5 ± 0.2) (Merck). Lactobacilli plates were incubated 
at 30 °C under anaerobic conditions (5% CO2) for three days (De 
Man et al., 1960). Lactococci counts were carried out on M17 medium 
(pH 7.2 ± 0.2) (Merck) at an incubation temperature of 30 °C under 
anaerobic conditions for two days (Terzaghi & Sandine, 1975). 
Yeasts were inoculated into YGC medium (pH 7.0 ± 0.2) (Merck) at 
25 °C for five days (International Organization for Standardization, 
1992). The calculations were conducted by counting the columns 
between 10-300 collony in Petrillas in two consecutive dilutions. 
Results were calculated as log cfu/mL.

Kefir production

Kefir productions were carried out in Pilot Dairy Processing 
Facility, Dairy Technology, Faculty of Agriculture, Ege University. 
Kefir production according to the raw material, culture and 
incubation temperatures was schematized in Figure 1.

Kefir produced using kefir grains or lyophilized culture 
from cow, sheep and goat milk was incubated at 20 °C, 25 °C or 
30 °C. The flowchart for kefir production is as shown in Figure 2. 
Kefir samples were taken out of the incubator and analyzed after 
storage for 24 hours.

2.3 Statistical analyses

Statistical Package for Social Science (SPSS) package program 
(version 15.0) was used for the evaluation of experimental 
data. The significance of the differences between rheological 
properties and kefir microbiology in terms of different incubation 

Table 1. Mathematical models.

Model Equation Reference
1 Newton τ µ γ= ×  İçier et al. (2015)

2 Bingham 0 Kτ τ γ− = ×  İçier et al. (2015)

3 Power –Law .
nKτ γ= ×

İçier et al. (2015)

4 Herschel-Bulkley .
n

0 Kτ τ γ− = × İçier et al. (2015)

Figure 1. Sample distribution of kefir production.
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temperatures in the mean values (p <0.05) were determined 
by the Duncan multiple comparison test in the SPSS. The kefir 
production and analyzes was applied 2 different times.

3 Results and discussion
3.1 Rheological properties and pH values

Both the fermentation process and incubation temperature 
were important criteria to obtained the desired consistency in 
kefir. The rheological properties of kefir samples which were 
incubated at different temperatures are given at Figure 3 and 4. 
The pH values of the kefir samples produced from different 
milks ranged from 4.37 to 4.80 after fermentation (Figure 5). 
The findings were similar to those reported by Satir & Guzel-
Seydim (2016). Similar to the results reported in previous studies, 
rheological behavior of kefir was determined as Newtonian fluid 
model (Ertekin & Güzel-Seydim, 2010; Sady et al., 2009; Doğan, 
2011). In particular, sheep and goat milk had lower apparent 
viscosities than that of cow milk, and a temperature increase of 
5 °C appeared to characterize the fluidity of kefir. This data was 
verifying the similar results obtained by Tratnik et al. (2006) which 
evaluated the quality of kefir obtained from cow and goat milk. 
In the mentioned study, goat and cow milk were fortified with 
%2 skimmed milk powder, whey protein concentrate or inulin. 
Samples were incubated at 25 °C and stored at 5 °C. Tratnik 
announced that goats samples have significantly lower viscosity.

In our study, the change in the consistency coefficient was 
reported to significant for cow milk samples. The rheological 
behavior of kefir samples incubated at 20 °C, 25 °C or 30 °C was 
depending on the incubation temperature and the milk type 
(cow, sheep and goat milk) (Figure 3).

Kefir samples produced with cow milk at 20 °C were 
consistent with the Exponential model, while kefir samples with 
the increase in temperature were consistent with the Herschel-
Bulkley model. As the incubation temperature increased, the 
consistency coefficient of the kefir increased (p<0.05), however 
there was no change in flow type. This change in the consistency 

Figure 2. Production of kefir (a) with lyophilized culture; (b) with 
kefir grains.

Figure 3. Rheological characteristics of different kefir types.

Figure 4. Apparent viscosity of different kefir types. Figure 5. pH values of kefir samples.
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of kefir produced from cow milk, appears to be parallel with 
the decrease in pH value. Kefir samples produced from sheep 
milk with kefir grains showed rheological behaviors consistent 
with the Exponential model. When the consistency coefficients 
of the samples were evaluated according to the incubation 
temperature, the difference between the consistency coefficients 
of the sheep milk kefir produced with the kefir grain was 
statistically significant (p˂0.05). There was an increase in the 
consistency coefficient of kefir samples produced from cow 
milk using kefir grains, similar to the increase in incubation 
temperature. The consistency coefficient of the kefir produced 
from sheep milk using kefir grains had a tendency to decrease 
with the increase in temperature.

It was reported that there was no statistical difference 
between the consistency coefficients and the Bingham model 
was determined as the best fitting model for each production 
conducted using lyophilized culture in the same group for three 
different temperature settings (p˃0.05).

Evaluating the kefir production from goat milk, it was 
observed that a temperature increase of 5 °C in the kefir produced 
using the kefir grain changed the rheological behavior of the 
kefir. In this study, goat milk reported as the only milk type to 
be fit with three different models. In the production using kefir 
grains, consistency with the Exponential model was determined 
in samples incubated at 20 °C and the Hershel-Bulkley model 
was determined as the best fitting model for samples incubated at 
25 °C and 30 °C. Hershel-Bulkley model results are determinate 
for kefir samples produced by using culture. The change in the 
consistency coefficient observed with the increase in incubation 
temperature in cow and sheep milk was also found in kefir produced 
with goat milk. Kefir samples that fit the Herschel-Bulkley model 
had about twice as high as the consistency coefficients when the 
temperature increase of about 5 °C.

Apparent viscosity values ​​were calculated by considering 
the rheological data of kefir samples produced from different 
types of milk. Examining the apparent viscosity values ​​for cow 
milk, it was determined that the viscosity values ​​ also increased 
with the increase in incubation temperature. This increase in 
viscosity values ​​was statistically significant (p<0.05). The highest 
viscosity values ​​in kefir produced from sheep milk for with 
kefir grains (at 30 °C incubation temperature) were determined 
to be 0.0067 Pa.s. The apparent viscosity in kefir incubated at 
25 °C in lyophilized culture was determined to be 0.0050 Pa.s. 
The difference between the apparent viscosity values ​​of kefir 
incubation at different temperatures from sheep milk was found 
to be statistically not significant and the viscosity values ​​of all 
temperatures are shown in Figure 4. For kefir samples produced 
from goat milk showed similar behavior to that produced from 
cow milk. Higher viscosity values ​​were obtained for both milk 
types as the incubation temperature increased. Regarding goat 
milk kefir, the temperature increase from 25 °C to 30 °C for 
both grains and culture-grown specimens appears to provide 
an increase in viscosity by about doubled. While this change in 
viscosity values ​​is statistically significant (p<0.05), similar to that 
reported by Vianna et al. (2017), it indicates the importance of 
incubation temperature preferred in kefir production.

3.2 Microbiological properties

Kefir was produced from cow, sheep and goat milk at three 
different incubation temperatures using kefir grains and or starter 
culture. Microbiological analyzes were carried out in kefir samples 
stored for about 1 day after production. The microbiological 
results of kefir samples are shown in Figure 6.

Each kefir sample (cow milk, sheep milk, goat milk) produced 
from different milk was analyzed within itself statistically. In kefir 
produced from grains and culture from cow milk, the LAB 

Figure 6. Microbiological results of kefir samples. (a) Cow milk kefir; 
(b) Sheep milk kefir; (c) Goat milk kefir.
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was estimated min. 6.84 cfu/mL and max. 7.00 cfu/mL. There 
were no statistical differences between the samples in terms of 
different production methods and incubation temperatures 
(p˃0.05). Lactococci levels were similar to those reported by 
Kilic et al. (1999).

It can be said that the microbiological quality for each 
incubation temperature were the same in cow milk which produced 
grain and culture. Yeast counts in kefir samples produced from 
cow milk varied between 4.78 log cfu/mL and 4.98 log cfu/
mL. The difference between these values was statistically not 
significant (p˃0.05). The yeast counts were similar to those 
reported Kilic et al. (1999).

The results of microbiological analysis of kefir samples 
produced with sheep and goat milk were in agreement with the 
results reported by Chen et al. (2005). Statistical calculations 
for cow milk kefir were also evaluated for sheep and goat milk. 
Similar results were obtained with cow milk. Different incubation 
temperatures had no significant effect on the microbiological 
properties of the samples (p˃0.05). These results were similar 
to those reported by Kök-Taş et al. (2013). In this study it was 
planned to analyze rheological properties of kefirs with different 
milk types. Further studies should investigate the sensory 
methods due to lack information about related rheological 
properties’ effect on consumer preferences (Judacewski et al., 
2019; Silva et al., 2018a, b; Costa et al., 2020; Vieira et al., 2020).

4 Conclusion
As a result, kefir samples produced from cow milk by grain 

and culture were found to fit the Hershel-Bulkley model even at 
different incubation temperatures, whereas only kefir incubated 
at 20 °C fitted the Exponential model. While the kefir produced 
using the kefir grains from sheep milk was consistent with the 
Exponential model, it was determined that the kefir produced 
using the culture fitted the Bingham model. It was observed 
that the consistency coefficients obtained from the sheep milk 
tended to decrease with the increase in incubation temperature 
as opposed to the data obtained from the cow milk. In the study, 
it was reported that kefir produced from goat milk fitted all three 
models. The samples produced using kefir grains at 20 °C fitted 
the Exponential model whereas kefir samples produced using 
culture at 20 °C fitted the Bingham model fluid type. Other 
incubation temperature applications shown Herschel-Bulkley 
model adaptation regardless of the grain and culture use. It was 
observed that different incubation temperatures are much more 
effective in sheep and goat milk than in cow milk to determine 
the fluid type (p˂0.05). In this study, it was determined how 
important the incubation temperatures are in determining the 
fluid type of kefir, as well as the grain and lyophilized culture 
use. When the microbiological analyzes were examined, it 
was concluded that the effect of the production method and 
incubation temperature on microbiological quality in kefir 
samples was not significant in the 95% confidence interval 
(p˃0.05). It was emphasized that the change in the rheological 
properties, in which the differences were at a significant level 
but did not affect the microbiological quality statistically. It is 
thought that this study will shed a light for the production at 
industrial level who are looking for new products.
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