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In recent years, the consumption of functional foods, 
including probiotic products, has become more popu-
lar. Probiotic bacteria have health-promoting features 
and the consumption of these bacteria is one way to 
reconstruct and modify intestinal microflora (Lourens- 
-Hattingh and Viljoen, 2001). The health effects of 
probiotics include improvement of lactose intolerance, 
reduction of side effects associated with antibiotics, 
prevention of intestinal infections by the production 
of organic acids and antibacterial agents, prevention 
and treatment of cancer, strengthening the immune 

system, and the reduction of cholesterol (Aryana and 
McGrew, 2007).

Kefir is probiotic fermented milk, which is ob-
tained by the inoculation of milk with kefir grains. 
During fermentation, lactic acid, CO2, acetic acid, 
acetaldehyde, acetoin and diacetyl are produced, 
which produce the unique organoleptic properties of 
this product (Grønnevik et al., 2011; Yovanoudi et al., 
2013). Kefir has been used for many years in Russia 
in order to control or treat several diseases. More re-
cently, kefir consumption has become popular in other 
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ABSTRACT

Background. Using kefir as a probiotic food carrier has many benefits. At the same time, it is considered an 
appropriate product for the dairy industry. The aim of this study was to evaluate the effect of xanthan gum and 
transglutaminase enzyme on the viability of probiotics and the organoleptic qualities and physicochemical 
characteristics of kefir.
Material and methods. Three levels of transglutaminase enzyme (50, 100 and 150 ppm), and xanthan gum 
(0.05%, 0.1% and 0.2%) were used. Sensory and physicochemical properties and viability of probiotic bac-
teria were measured over 2 weeks of storage at 4°C.
Results. By increasing the amounts of xanthan gum and transglutaminase, the viscosity of the samples was 
increased and syneresis was reduced significantly (P < 0.05). The kefir sample containing 150 ppm enzyme 
and 0.2% gum had the highest number of probiotic bacteria. Moreover, the highest organoleptic scores were 
found for this sample.
Conclusion. It can be concluded that adding 150 ppm transglutaminase and 0.2% xanthan improved the vi-
ability of probiotics and the physical and organoleptic characteristics of kefir.
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parts of the world, such as South East Asia, Eastern 
and Northern Europe, North America and Japan, due 
to its nutritional and therapeutic properties (Khurana 
and Kanawjia, 2007).

The consumption of low-fat or fat-free dairy prod-
ucts has increased in recent decades, due to the adverse 
effects of excess fat consumption on human health. 
Consumers demand low-fat dairy products which are 
nonetheless similar in taste and quality to full-fat prod-
ucts (Ünal et al., 2003). Increasing solids, not fat, of 
the milk, or adding natural or synthetic gums as sta-
bilizers, are common and conventional methods used 
to improve the texture of low-fat dairy products. The 
quantities of these additives required to achieve simi-
lar proportions of solids to full-fat products can cause 
undesirable tastes and the overproduction of acids dur-
ing storage, and can give the product a sandy texture 
(Özer et al., 2005). Given that the increase in dry mat-
ter can cause undesirable mouth feel, adding replace-
ments such as transglutaminase enzyme and xanthan 
gum in small amounts may be important. It can also 
create better sensory properties than added dry matter. 
Meanwhile, the addition of transglutaminase, com-
pared to the addition of dry matter, can lead to a reduc-
tion in the cost of production (Şanlı et al., 2011).

The microbial transglutaminase enzyme is one 
of the transferase enzymes which catalyzes the acyl 
transfer reaction between the gamma carboxyl glu-
tamine and first type amines, such as the amine epsilon 
group of lysine, which causes the formation of new in-
tramolecular and intermolecular cross links (Motokia 
and Segurob, 1998). These links can change the struc-
ture and function of proteins (Özer et al., 2005). Cross 
linking of milk proteins by microbial transglutami-
nase improves functional properties, including hydra-
tion ability, rheological properties, and emulsification 
(Şanlı et al., 2011). This network of different proteins 
also may affect the growth and viability of probiotics 
(Farnsworth et al., 2006). Microbial transglutaminase 
is an enzyme that causes not only decreasing pH dur-
ing the fermentation, but also protein enrichment of 
milk for yogurt production (Bönisch et al., 2007a). Of-
ten, some compounds, such as non-fat dry milk, whey 
protein concentrate, and sodium caseinate are used to 
enrich milk protein for yogurt production, with the aim 
of obtaining yogurt with a desirable structure and light 

viscosity (Bönisch et al., 2007b). Casein, especially 
sodium caseinate, is the best substrate for microbial 
transglutaminase among the milk proteins. The abil-
ity for cross linking between the proteins in milk de-
pends on their molecular structures (Şanlı et al., 2011). 
Transglutaminase makes the production of dairy prod-
ucts such as ice cream, cheese and yogurt with reduced 
fat levels, or solids instead of fat, possible (Motokia 
and Segurob, 1998).

Gums and hydrocolloids are polymeric materials 
which are dissolved or spared in water. They are added 
to food formulations in order to increase the viscos-
ity, and many of them form gels at relatively low con-
centrations (Lee and Inglett, 2006). Some compounds, 
such as gelatin, pectin, inulin, and gums are used in 
order to improve the properties of yogurt (Amaya- 
-Llano et al., 2008; Sahana et al., 2008). Xanthan gum 
is an anionic and hygroscopic polysaccharide which is 
applied as a setting agent for yogurt in low concentra-
tions (Sikora et al., 2008). Kefir is not popular among 
Iranian people, as the texture is not considered accept-
able. In this study, we tried to improve the consistency 
and organoleptic properties of kefir using xanthan 
gum and the transglutaminase enzyme and in order to 
raise its acceptability to people in Iran, by creating an 
appropriate texture similar to the yogurt. Hence, con-
sumers can consume it with their food and they can 
benefit from its health-promoting properties.

MATERIALS AND METHODS

Materials
A kefir starter culture was purchased from Chr. Hansen 
Company (Denmark). The three DVS starters made by 
Christian Hansen were CHN-22, ABT-2 and LAF-4. 

CHN-22 included Lactococcus lactis subsp. cre-
moris, Lactococcus lactis subsp. lactis, Leuconostoc 
mesenteroides subsp. cremoris and Lactococcus lactis 
subsp. lactis biovar diacetylactis.

ABT-2 included Lactobacillus acidophilus, Bifido-
bacterium bifidum and Streptococcus thermophilus.

LAF-4 included Kluyveromyces marxianus subsp. 
marxianus. 

Xanthan (Merck, Germany) and microbial transglu-
taminase (Activa YG, Ajinomoto, Japan) were used. 
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Starter preparation
DVS kefir starters were added into 1 L reconstituted 
skimmed milk according to the manufacturer’s in-
structions and vortexed for 30–45 min (150 rpm). 2 ml 
of this mixture was added into 1 L pasteurized milk 
with 0.5% fat.

Kefir production
Milk with 10.5% solids not fat and 0.5% fat was pas-
teurized (90°C for 10 min). After cooling to 55°C, 
three levels of transglutaminase (50, 100 and 150 ppm) 
and xanthan (0.05, 0.1 and 0.2%) were added to milk. 
Additionally, a control sample (without the enzyme 
and gum) was produced. The kefir starter, prepared 
as described above, was added to milk at 35°C. The 
microbial population of the starter was 107 CFU/ml 
at the time of inoculation. The samples were incubated 
at 35°C. Incubation was stopped when pH reached 4.7. 
The kefir samples were stored at 4°C for two weeks. 
The treatments used in this study are shown in Table 1. 

Table 1. The treatments of this study

Kefir sample Transglutaminase, ppm Xanthan, %

Control – –

1 50 0.05

2 50 0.1

3 50 0.2

4 100 0.05

5 100 0.1

6 100 0.2

7 150 0.05

8 150 0.1

9 150 0.2

Physicochemical analysis
Acidity was determined after mixing 10 mL of sam-
ples with 10 mL distilled water and titrating with 0.1 N 
NaOH using 0.5% phenolphthaelin, according to the 
AOAC method (AOAC, 2005). Syneresis was deter-
mined by centrifuging the kefir at 222 g for 10 min 

at 10°C, and it was expressed as volume of separated 
whey per 100 ml of kefir (Ünal et al., 2003). Deter-
mination of viscosity was conducted by Brookfield 
viscometer (DV-II+pro, USA) that was used at shear 
rate 58. The temperature of the kefir samples was 5°C 
(Ünal et al., 2003). 

Probiotic bacterial count
MRS bile agar (Merck, Germany) was used for enu-
meration of Bifidobacterium bifidum and Lactobacil-
lus acidophilus. The pour plate method was applied. 
Incubation was conducted anaerobically at 37°C for 
72 h (Ghaleh Mosiyani et al., 2017).

Sensory evaluation
Sensory evaluation was carried out by 10 trained pan-
elists. Organoleptic parameters included flavor, texture 
and overall acceptance. A ranking method was used. 
The parameters were rated: 5 (very good), 4 (good), 
3 (moderate), 2 (bad) or 1 (very bad).

Statistical analysis
All experiments were carried out in triplicate. The data 
obtained was subjected to one way analysis of variance 
(ANOVA), followed by the Duncan’s multiple range 
test to determine significant differences (p < 0.05) be-
tween samples, using the SPSS 18 software.

RESULTS AND DISCUSSION

Physicochemical characteristics
The acidity levels of the kefir samples are shown in 
Table 2. The acidity of the samples increased signifi-
cantly (P < 0.05) during cold storage. This increase 
could be due to the production of lactic acid and other 
organic acids by lactic cultures (Joung et al., 2016). 
Sample 2 (containing 100 ppm enzyme and 0.05% 
gum) had the highest acidity on the 14th day and the 
lowest acidity was related to sample 5 (containing 
100  ppm enzyme and 0.01% gum) on the first day. 
The increase in acidity in kefir when gum was applied 
was reported by Fuller (1999). In a similar study, com-
mercially available starters were used and the acidity 
of yogurt samples was investigated during storage at 
6°C. According to the results, titratable acidity of the 
samples increased (Kneifel et al., 1993).
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Table 2. Acidity levels (Dornic Degree) of kefir samples 
during cold storage (mean ±SD)

Sample First day 7th day 14th day

Control 53 ±2.11Cd 59 ±3.27Bd 66 ±2.13Ad

1 56 ±1.26Cab 62 ±2.37Bab 68 ±2.37Aab

2 57 ±2.01Ca 62 ±4.03Ba 67 ±3.31Aa

3 56 ±1.33Cc 61 ±2.23Bc 67 ±1.13Ac

4 53 ±2.16Cd 55 ±2.12Bf 65 ±2.18Af

5 49 ±1.13Ce 53 ±3.22Bh 61 ±3.23Ah

6 52 ±2.13Ce 57 ±3.27Be 68 ±1.16Ae

7 52 ±2.26Ce 59 ±1.15Be 66 ±2.18Ae

8 51 ±2.21Cg 56 ±1.31Bg 63 ±2.41Ag

9 57 ±1.03Cbc 61 ±2.02Bbc 69 ±3.03Abc

Values in the same column shown with similar lowercase letters 
are not significantly different.
Values in the same rows shown with similar capital letters are 
not significantly different.

Syneresis
The syneresis of the kefir samples is shown in Ta-
ble 3. Syneresis of the samples increased significantly 
(P < 0.05) during cold storage. The control sample had 
the highest syneresis on the 14th day and the lowest 
syneresis was related to sample 9 (containing 150 ppm 
enzyme and 0.2% gum) on the first day. Other samples 
showed significant differences (P < 0.05). In a similar 
study, transglutaminase was added to milk. The results 
showed that adding transglutaminase after pasteuriza-
tion of milk can decrease the syneresis of yogurt (Şanlı 
et al., 2011). Aryana and McGrew (2007) reported that 
the syneresis of yogurt increased with increasing acid 
production. Our findings were similar to these results.

Viscosity
The viscosity of the kefir samples is shown in Table 4. 
Sample 9 (containing 150 ppm enzyme and 0.2% 
gum) had the highest viscosity on the first day and the 
lowest viscosity was related to the control sample on 
the 14th day. In a similar study, Kuraishi et al. (2001) 
reported that the viscosity of set and stirred yogurt 
samples improved when transglutaminase was added. 

Table 3. Syneresis of kefir samples during cold storage 
(mean ±SD), %

Sample First day 7th day 14th day

Control 71 ±0.08Ca 78 ±0.07Ba 83 ±0.09Aa

1 60 ±0.05Cb 68 ±0.07Bb 73 ±0.08Ab

2 57 ±0.06Cc 62 ±0.18Bc 66 ±0.18Ac

3 55 ±0.18Cd 57 ±0.18Bd 61 ±0.09Ad

4 53 ±0.14Ce 56 ±0.08Be 61 ±0.09Ae

5 50 ±0.08Cf 54 ±0.08Bf 56 ±0.08Af

6 48 ±0.08Cg 51 ±0.08Bg 55 ±0.08Ag

7 42 ±0.18Ch 48 ±0.18Bh 51 ±0.18Ah

8 38 ±0.17Ci 45 ±0.15Bi 49 ±0.13Ai

9 36 ±0.08Cj 41 ±0.09Bj 45 ±0.06Aj

Values in the same column shown with similar lowercase letters 
are not significantly different.
Values in the same rows shown with similar capital letters are 
not significantly different.

Table 4. Viscosity (centipoise) of kefir samples during cold 
storage (mean ±SD)

Sample First day 7th day 14th day

Control 4.08 ±1.04Ak 3.92 ±0.14Bk 3.72 ±0.24Ck

1 166.8 ±0.17Aj 121.9 ±0.82Bj 110.7 ±0.26Cj

2 174.28 ±0.11Ah 136.11 ±0.48Bh 125.35 ±0.78Ch

3 186.8 ±0.67Ag 151.9 ±0.62Bg 140.7 ±0.70Cg

4 269.49 ±0.75Af 255.3 ±0.99Bf 238.56 ±0.74Cf

5 286.88 ±0.36Ae 261.45 ±1.48Be 246.033 ±0.97Ce

6 299.6 ±0.12Ad 278.7 ±0.45Bd 258.3 ±0.14Cd

7 419.02 ±0.27Ac 393.71 ±0.45Bc 362.32 ±1.05Cc

8 435.12 ±0.50Ab 412.74 ±0.27Bb 386.86 ±0.05Cb

9 462.47 ±0.46Aa 442.65 ±0.17Ba 412.78 ±0.28Ca

Values in the same column shown with similar lowercase letters 
are not significantly different.
Values in the same rows shown with similar capital letters are 
not significantly different.
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Transglutaminase increased viscosity by improving 
water holding capacity. The viscosity of the samples 
decreased significantly (P < 0.05) during storage. This 
decrease may be explained by microbial enzyme ac-
tion on the casein micelle matrix during the storage 
period (Kosikowski, 1982).

Probiotic bacterial count
The population of probiotic bacteria in the kefir sam-
ples is shown in Table 5. Sample 9 (containing 150 ppm 
enzyme and 0.2% gum) had the highest number of 
probiotic bacteria on the first day. The lowest number 
was found in the control sample on the 14th day. Trans-
glutaminase can protect probiotics from damage due 
to its low pH (Heidebach et al., 2009a), and this can be 
a suitable approach for the more effective application 
of probiotic bacteria in food products (Heidebach et 
al., 2009b). In a similar study, Farnsworth at al. (2006) 
reported that adding transglutaminase increased the 
viability of probiotic bacteria in goat’s milk yogurt. 
The population of probiotics decreased significantly 
(P < 0.05) during cold storage, which could be due to 
the production of lactic acid and other organic acids by 

lactic cultures leading to decreasing pH and increas-
ing acidity (Joung et al., 2016). The increasing redox 
potential and concentration of hydrogen peroxide was 
due to the metabolic activity of lactic acid bacteria, 
which can lead to a decrease in the number of bacte-
ria during storage (Dave and Shah, 1997). In a simi-
lar study, Vasiljevic and Shah (2008) reported that the 
amount of probiotics in yogurt samples decreased dur-
ing storage. Moreover, Pourahmad et al. (2011) found 
that the population of probiotic lactobacilli in soy milk 
kefir samples decreased significantly (P < 0.05) during 
cold storage.

Sensory characteristics
The flavor scores of kefir samples are shown in Ta-
ble  6. The highest scores were related to sample 9 
(containing 150 ppm enzyme and 0.2% gum) and sam-
ple 8 (containing 100 ppm enzyme and 0.05% gum) 
on the 7th day. Sample 1 and the control sample on the 
14th day had the lowest flavor scores.

The scores for texture of the kefir samples are shown 
in Table 7. Sample 9 (containing 150 ppm enzyme 
and 0.2% gum) and sample 8 (containing 100 ppm  

Table 5. Probiotic bacterial count in kefir samples during 
cold storage (mean ±SD), log CFU/mL

Sample First day 7th day 14th day

Control 7.36 ±0.13Aj 7.13 ±0.21Bj 6.44 ±0.01Cj

1 7.15 ±0.31Ah 6.75 ±0.03Bh 6.45 ±0.04Ch

2 7.32 ±0.11Ad 7.16 ±0.01Bd 6.74 ±0.21Cd

3 7.15 ±0.14Af 6.91 ±0.09Bf 6.44 ±0.08Cf

4 7.12 ±0.21Ai 6.96 ±0.11Bi 6.14 ±0.31Ci

5 7.24 ±0.21Ac 6.88 ±0.01Bc 6.78 ±0.08Cc

6 7.16 ±0.01Ae 7.06 ±0.07Be 6.31 ±0.03Ce

7 7.23 ±0.06Ag 6.78 ±0.07Bg 6.36 ±0.03Cg

8 7.14 ±0.00Ab 6.47 ±0.01Bb 6.14 ±0.02Cb

9 7.35 ±0.04Aa 6.86 ±0.09Ba 6.48 ±0.21Ca

Values in the same column shown with similar lowercase letters 
are not significantly different.
Values in the same rows shown with similar capital letters are 
not significantly different.

Table 6. The flavor scores of kefir samples during cold stor-
age (mean ±SD)

Sample First day 7th day 14th day

Control 4.25 ±0.14Bgf 4.75 ±0.23Agf 3.12 ±0.15Cgf

1 4.36 ±0.10Bg 4.57 ±0.23Ag 3.01 ±0.27Cg

2 4.41 ±0.16Bef 4.62 ±0.27Aef 3.25 ±0.38Cef

3 4.44 ±0.13Be 4.69 ±0.12Ae 3.36 ±0.24Ce

4 4.52 ±0.39Bd 4.82 ±0.16Ad 4.14 ±0.26Cd

5 4.55 ±0.12Bc 4.81 ±0.14Ac 4.23 ±0.37Cc

6 4.63 ±0.09Bbc 4.79 ±0.23Abc 4.36 ±0.11Cbc

7 4.65 ±0.05Bbc 4.88 ±0.04Abc 4.32 ±0.11Cbc

8 4.76 ±0.36Bb 4.91 ±0.37Ab 4.36 ±0.06Cb

9 4.89 ±0.03Ba 4.95 ±0.29Aa 4.53 ±0.13Ca

Values in the same column shown with similar lowercase letters 
are not significantly different.
Values in the same rows shown with similar capital letters are 
not significantly different.
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enzyme and 0.2% gum) on the 7th day had the highest 
texture scores. The lowest texture score was related to 
sample 1 (containing 50 ppm enzyme and 0.05% gum) 
on the 14th day.

The overall acceptance scores of the kefir samples 
are shown in Table 8. The highest overall acceptance 
score was related to sample 9 (containing 150 ppm 
enzyme and 0.2% gum) on the 7th day. Sample 1 (con-
taining 50 ppm enzyme and 0.05% gum) on the 14th 
day had the lowest overall acceptance score. 

In a similar study, Saint-Eve et al. (2004) found 
that adding hydrocolloids such as xanthan gum could 
improve the texture of low-fat yogurt. Moreover, 
Wróblewska et al. (2009) reported that kefir with 
microbial transglutaminase enzyme obtained higher 
scores for sensory quality than a control.

CONCLUSIONS

Kefir samples could maintain adequate levels of pro-
biotic bacteria during two weeks of cold storage. The 
kefir sample containing 150 ppm transglutaminase 
and 0.2% xanthan had the highest number of probiotic 
bacteria. By increasing the amounts of the gum and 
the enzyme, the viscosity of the samples increased and 
syneresis decreased significantly (P < 0.05). The trend 
in acidity changes in the test samples was similar to 
the control sample. The kefir sample containing 150 
ppm transglutaminase and 0.2% xanthan had the high-
est organoleptic scores. Therefore, this sample was se-
lected as the best sample.

REFERENCES

Amaya-Llano, S. L., Martinez-Algeria, A. L., Zazueta-Mo
rales, J. J., Martinez-Bustos, F. (2008). Acid thinned 
jicama and maize starches as fat substitute in stirred yo-
gurt. LWT – Food Sci. Technol., 41, 274–1281. http://
doi.org/10.1016/j.lwt.2007.08.012

AOAC (2005). Official methods of analysis of the AOAC. 
(18th ed., pp. 93–96). Washington: Association of Of-
ficial Analytical Chemists.

Aryana K. J., McGrew, P. (2007). Quality attributes of yo-
gurt with Lactobacillus casei and various prebiotics. 
LWT – Food Sci. Technol., 40(10), 1808–1814. https://
doi.org/10.1016/j.lwt.2007.01.008

Bönisch, M. P., Huss, M., Lauber, S., Kulozik, U. (2007a). 
Yoghurt gel formation by means of enzymatic protein 

Table 7. The scores of texture of kefir samples during cold 
storage (mean ±SD)

Sample First day 7th day 14th day

Control 4.65 ±0.12Af 4.33 ±0.02Bf 3.28 ±0.17Cf

1 4.69 ±0.11Ai 4.41 ±0.14Bi 3.33 ±0.32Ci

2 4.74 ±0.22Ah 4.44 ±0.38Bh 3.37 ±0.11

3 4.77 ±0.01Ag 4.51 ±0.18Bg 3.48 ±0.23Cg

4 4.79 ±0.23Ae 4.52 ±0.25Be 4.14 ±0.14Ce

5 4.81 ±0.18Ad 4.55 ± 0.31Bd 4.23 ±0.17Cd

6 4.83 ±0.15Ac 4.63 ±0.07Bc 4.36 ±0.02Cc

7 4.88 ±0.08Ac 4.65 ±0.19Bc 4.32 ±0.06Cc

8 4.91 ±0.14Ab 4.76 ±0.38Bb 4.36 ±0.13Cb

9 4.95 ±0.23Aa 4.89 ±0.24Ba 4.53 ±0.11Ca

Values in the same column shown with similar lowercase let-
ters are not significantly different.
Values in the same rows shown with similar capital letters are 
not significantly different.

Table 8. The overall acceptance scores of kefir samples dur-
ing cold storage (mean ±SD)

Sample First day 7th day 14th day

Control 4.25 ±0.15Bi 4.75 ±0.07Ai 3.12 ±0.18Ci

1 4.36 ±0.35Bj 4.57 ±0.11Aj 3.14 ±0.28Cj

2 4.41 ±0.14Bh 4.62 ±0.46Ah 3.25 ±0.41Ch

3 4.44 ±0.26Bg 4.69 ±0.13Ag 3.36 ±0.44Cg

4 4.52 ±0.18Bf 4.81 ±0.22Af 4.14 ±0.14Cf

5 4.58 ±0.31Be 4.84 ±0.39Ae 4.23 ±0.24Ce

6 4.61 ±0.11Bd 4.90 ±0.14Ad 4.36 ±0.06Cd

7 4.64 ±0.43Bc 4.87 ±0.48Ac 4.41 ±0.14Cc

8 4.76 ±0.11Bb 5.00 ±0.06Ab 4.47 ±0.14Cb

9 4.89 ±0.05Ba 5.00 ±0.13Aa 4.59 ±0.11Ca

Values in the same column shown with similar lowercase letters 
are not significantly different.
Values in the same rows shown with similar capital letters are 
not significantly different.

http://dx.doi.org/10.17306/J.AFS.2018.0556
http://dx.doi.org/10.17306/J.AFS.2018.0556
https://doi.org/10.1016/j.lwt.2007.08.012
https://doi.org/10.1016/j.lwt.2007.08.012
https://doi.org/10.1016/j.lwt.2007.01.008
https://doi.org/10.1016/j.lwt.2007.01.008


147

Sabooni, P., Pourahmad, R., Mahdavi Adeli, H. R. (2018). Improvement of viability of probiotic bacteria, organoleptic qualities and 
physical characteristics in kefir using transglutaminase and xanthan. Acta Sci. Pol. Technol. Aliment., 17(2), 141–148. http://dx.doi.
org/10.17306/J.AFS.2018.0556

www.food.actapol.net/

cross-linking during microbial fermentation. Food Hy-
drocoll., 21, 585–595. http://doi.org/10.1016/j.food-
hyd.2006.07.002

Bönisch, M. P., Huss, M., Lauber, S., Kulozik, U. (2007b). 
Transglutaminase cross-linking of milk proteins and im-
pact on yoghurt gel properties. Int. Dairy J., 17, 1360–
1371. http://doi.org/10.1016/j.idairyj.2007.01.019

Dave, R. I., Shah, N. P. (1997). Viability of yogurt and pro-
biotic bacteria in yogurts made from commercial starter 
cultures. Int. Dairy J., 7, 31–41. http://doi.org/10.1016/
S0958-6946(96)00046-5

Farnsworth, J. P., Li, J., Hendricks, G. M., Guo, M. R. 
(2006). Effects of transglutaminase treatment on func-
tional properties and probiotic culture survivability of 
goat milk yogurt. Small Rumin. Res., 65, 113–121. 
http://doi.org/10.1016/j.smallrumres.2005.05.036

Fuller, R. (1999). Probiotics. In: G. R. Gibson, M. B. Ro-
berfroid (Eds.), Colonic microbiota nutrition and health 
(pp. 89–101). London: Kluwer Acad. Publ. 

Ghaleh Mosiyani, Z., Pourahmad, R., Eshaghi, M. R. (2017). 
Investigating the effect of aqueous extracts of basil and sa-
vory on antioxidant activity, microbial and sensory proper-
ties of probiotic yogurt. Acta Sci. Pol. Technol. Aliment., 
16(3), 311–320. http://doi.org/10.17306/J.AFS.0509

Grønnevik, H., Falstad, M., Narvhus, J. A. (2011). Micro-
biological and chemical properties of Norwegian kefir 
during storage. Int. Dairy J., 21, 601–606. http://doi.
org/10.1016/j.idairyj.2011.01.001

Heidebach, T., Först, P., Kulozik, U. (2009a). Microencap-
sulation of probiotic cells by means of rennet-gelation of 
milk proteins. Food Hydrocoll., 23, 1670–1677. https://
doi.org/10.1016/j.foodhyd.2009.01.006

Heidebach, T., Först, P., Kulozik, U. (2009b). Transglutami-
nase-induced caseinate gelation for the microencapsula-
tion of probiotic cells. Int. Dairy J., 19, 77–84. https://
doi.org/10.1016/j.idairyj.2008.08.003

Joung, J. Y., Lee, J. Y., Ha, Y. S., Shin, Y. K., Kim, S. H., 
Oh, N. S. (2016). Enhanced microbial, functional and 
sensory properties of herbal yogurt fermented with 
Korean traditional plant extracts. Korean J. Food Sci. 
Anim. Res., 36, 1, 90−99. http://doi.org/10.5851/ko-
sfa.2016.36.1.90

Khurana, H. K., Kanawjia, S. K. (2007). Recent trends in de-
velopment of fermented milks. Curr. Nutr. Food Sci., 3, 
91–108. http://doi.org/10.2174/1573401310703010091

Kneifel, W., Jaros, D., Erhard, F. (1993). Microflora and 
acidification properties of yogurt and yogurt-related 
products fermented with commercially available starter 
cultures. Int. J. Food Microbiol., 18, 179–189. http://doi.
org/10.1016/0168-1605(93)90043-G

Kosikowski, F. V. (1982). Cheese and fermented milk foods. 
Ithaca, NY: F.V. Kosikowski.

Kuraishi, C., Yamazaki, K., Susa, Y. (2001). Transglutami-
nase: its utilization in the food industry. Food Rev. Int., 
17, 221–246. http://doi.org/10.1081/FRI-100001258

Lee, S., Inglett, G. E. (2006). Rheological and physical 
evaluation of jet-cooked oat bran in low calorie cook-
ies. Int. J. Food Sci. Technol., 41, 553–559. http://doi.
org/10.1111/j.1365-2621.2005.01105.x

Lourens-Hattingh, A., Viljoen, B. C. (2001). Yoghurt as pro-
biotic carrier food. Int. Dairy J., 11, 1–2, 1–17. http://
doi.org/10.1016/S0958-6946(01)00036-X

Motokia, M., Seguro, K. (1998). Transglutaminase and its use 
for food processing. Trends Food Sci. Technol., 9, 204–
210. http://doi.org/10.1016/S0924-2244(98)00038-7

Özer, D., Akin, S., Özer, E. (2005). Effect of inulin and lact-
ulose on survival of Lactobacillus acidophilus LA-5 and 
Bifidobacterium bifidum BB-02 in Acidophilus-Bifidus 
yogurt. Food Sci. Technol. Int., 11, 19–24. http://doi.
org/10.1177/1082013205051275

Pourahmad, R., Dadkhah, S., Mazaheri Assadi, M. (2011). 
Chemical, microbiological and sensory properties of 
soymilk kefir during cold storage. َAust. J. Basic Appl. 
Sci., 6(6), 418–421.

Sahana, N., Yasarb, K., Hayalogluc, A. A. (2008). Physi-
cal, chemical and flavour quality of non-fat yogurt as 
affected by a β-glucan hydrocolloidal composite during 
storage. Food Hydrocoll., 22, 1291–1297. http://doi.
org/10.1016/j.foodhyd.2007.06.010

Saint-Eve, A., Paçi Kora, E., Martin, N. (2004). Impact of 
the olfactory quality and chemical complexity of the 
flavoring agent on the texture of low fat stirred yogurts 
assessed by three different sensory methodologies. 
Food Qual. Prefer., 15, 655–668. http://doi.org/10.1007/
s12078-008-9029-x

Şanlı, T., Sezgin, E., Deveci, O., Şenel, E., Benli, M. (2011). 
Effect of using transglutaminase on physical, chemical 
and sensory properties of set-type yoghurt. Food Hy-
drocoll., 25, 1477–1481. http://doi.org/10.1016/j.food-
hyd.2010.09.028

Sikora, M. S., Kowalski, P., Tomasik, P. (2008). Binary 
hydrocolloids from starches and xanthan gum. Food 
Hydrocoll., 2, 943–952. http://doi.org/10.1016/j.food-
hyd.2007.05.007

Ünal, B., Metin, S., Işıklı, N. D. (2003). Use of response 
surface methodology to describe the combined effect of 
storage time, locust bean gum and dry matter of milk 
on the physical properties of low-fat set yogurt. Int. 
Dairy J., 13, 909–916. http://doi.org/10.1016/S0958-
6946(03)00118-3

http://dx.doi.org/10.17306/J.AFS.2018.0556
http://dx.doi.org/10.17306/J.AFS.2018.0556
http://doi.org/10.1016/j.foodhyd.2006.07.002
http://doi.org/10.1016/j.foodhyd.2006.07.002
https://doi.org/10.1016/j.idairyj.2007.01.019
http://doi.org/10.1016/S0958-6946(96)00046-5
http://doi.org/10.1016/S0958-6946(96)00046-5
https://doi.org/10.1016/j.smallrumres.2005.05.036
http://doi.org/10.17306/J.AFS.0509
https://doi.org/10.1016/j.idairyj.2011.01.001
https://doi.org/10.1016/j.idairyj.2011.01.001
https://doi.org/10.1016/j.foodhyd.2009.01.006
https://doi.org/10.1016/j.foodhyd.2009.01.006
https://doi.org/10.1016/j.idairyj.2008.08.003
https://doi.org/10.1016/j.idairyj.2008.08.003
http://doi.org/10.5851/kosfa.2016.36.1.90
http://doi.org/10.5851/kosfa.2016.36.1.90
https://doi.org/10.2174/1573401310703010091
https://doi.org/10.1016/0168-1605(93)90043-G
https://doi.org/10.1016/0168-1605(93)90043-G
https://doi.org/10.1081/FRI-100001258
http://doi.org/10.1111/j.1365-2621.2005.01105.x
http://doi.org/10.1111/j.1365-2621.2005.01105.x
https://doi.org/10.1016/S0958-6946(01)00036-X
https://doi.org/10.1016/S0958-6946(01)00036-X
https://doi.org/10.1016/S0924-2244(98)00038-7
http://doi.org/10.1177/1082013205051275
http://doi.org/10.1177/1082013205051275
http://doi.org/10.1016/j.foodhyd.2007.06.010
http://doi.org/10.1016/j.foodhyd.2007.06.010
http://doi.org/10.1007/s12078-008-9029-x
http://doi.org/10.1007/s12078-008-9029-x
https://www.sciencedirect.com/science/article/pii/S0268005X11000257#!
http://doi.org/10.1016/j.foodhyd.2010.09.028
http://doi.org/10.1016/j.foodhyd.2010.09.028
https://doi.org/10.1016/j.foodhyd.2007.05.007
https://doi.org/10.1016/j.foodhyd.2007.05.007
https://www.sciencedirect.com/science/article/pii/S0958694603001183#!
https://www.sciencedirect.com/science/article/pii/S0958694603001183#!
https://www.sciencedirect.com/science/article/pii/S0958694603001183#!
https://doi.org/10.1016/S0958-6946(03)00118-3
https://doi.org/10.1016/S0958-6946(03)00118-3


Sabooni, P., Pourahmad, R., Mahdavi Adeli, H. R. (2018). Improvement of viability of probiotic bacteria, organoleptic qualities and 
physical characteristics in kefir using transglutaminase and xanthan. Acta Sci. Pol. Technol. Aliment., 17(2), 141–148. http://dx.doi.
org/10.17306/J.AFS.2018.0556

148 www.food.actapol.net/

Vasiljevic, T., Shah, N. P. (2008). Cultured milk and yogurt. 
In: Ramesh C. Chandan (Ed.), Dairy processing technol-
ogy and quality assurance (pp. 219–251). Ames, Iowa: 
Blackwell Publ.

Wróblewska, B., Ko1akowski, P., Pawlikowska, K., 
Troszyńska, A., Kaliszewska, A. (2009). Influence of the 
addition of transglutaminase on the immunoreactivity of 

milk proteins and sensory quality of kefir. Food Hydro-
coll., 23, 8, 2434–2445.

Yovanoudi, M., Dimitreli, G., Raphaelides, S. N., An-
toniou, K. D. (2013). Flow behavior studies of kefir 
type systems. J. Food Eng., 118, 1, 41–48. http://doi.
org/10.1016/j.jfoodeng.2013.03.036

http://dx.doi.org/10.17306/J.AFS.2018.0556
http://dx.doi.org/10.17306/J.AFS.2018.0556
https://doi.org/10.1016/j.jfoodeng.2013.03.036
https://doi.org/10.1016/j.jfoodeng.2013.03.036

