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Abstract 
 
Background: The imbalance in pro-inflammatory and anti-inflammatory hormones secreted by the increase in fat tissue 
causes chronic inflammation in the fat tissue. It is thought that this chronic inflammation causes metabolic complications 
resulting from obesity. Kefir is a type of probiotic that has recently attracted attention in the fight against obesity. This study 
aimed to examine the effects of kefir consumption on lipid profile and Adiponectin, Leptin, Resistin and Irisin/FNDC5 in the 
high fat diet fed BALB/C mouse model. 
Materials and Methods: BALB/C strain male mice were divided into three groups: control group (n = 10), high fat diet (HFD) 
(n = 10) and HFD + Kefir (n = 10). Mice were fed specific dietary patterns for eight weeks. The control group was given standard 
pellet feed. The HFD group was given a high-fat diet containing 52% fat. In addition to the high-fat feed, 15 ml/kg kefir was 
given to the HFD+Kefir group via oral gavage. Lipid profile was measured on an autoanalyzer using commercial kits. Leptin, 
Adiponectin, Resistin and Irisin/FNDC5 levels were measured by enzyme-linked immunosorbent assay (ELISA) using commer-
cially available kits. 
Results: As a result of the experiment, there was no difference between the live weight gains of the groups. Epididymal fat 
weights in the HFD and HFD+Kefir groups were found to be statistically significantly higher than the control group. There was 
no significant difference between the epididymal fat weights of the HFD and HFD+Kefir groups HDL Cholesterol (HDL-C), LDL 
Cholesterol (LDL-C) values in the HFD and HFD+Kefir groups were found to be statistically significantly higher than the control 
group. No statistically significant difference was detected between the HFD+Kefir group and the HFD group in terms of HDL-
C, LDL-C values. There was no difference between groups in triglyceride values. Adiponectin and Irisin/FNDC5 values of the 
HFD+Kefir group were found to be statistically significantly lower than the other groups. There was no statistically significant 
difference between the control group and the HFD group in terms of Adiponectin and Irisin/FNDC5 values. There was no 
significant difference between the groups in Leptin and Resistin values. 
Conclusions: It was thought that kefir may have metabolic effects through adipokines in the high-fat diet nutrition model, 
and it would be useful to support this with human studies. 
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 Öz 
 
Amaç: Yağ dokusunun artmasıyla salgılanan proinflamatuvar ve antiinflamatuvar hormonlardaki dengesizliğin, yağ dokusunda 
kronik inflamasyona neden olduğu, bunun da obeziteye bağlı metabolik komplikasyonlara neden olduğu düşünülmektedir. 
Kefir son zamanlarda obeziteyle mücadelede dikkat çeken bir probiyotik türüdür. Bu çalışma, yüksek yağlı diyetle beslenen 
BALB/C fare modelinde kefir tüketiminin lipit profili ve Adiponektin, Leptin, Resistin ve Irisin/FNDC5 üzerindeki etkilerini 
incelemeyi amaçladı. 
Materyal ve Metod: BALB/C suşu erkek fareler; kontrol grubu (n=10), yüksek yağlı diyet (YYD) (n=10) ve YYD+Kefir (n=10) 
olmak üzere üç gruba ayrıldılar. Fareler sekiz hafta boyunca belirli diyet kalıplarıyla beslendi. Kontrol grubuna standart pelet 
yem verildi. YYD grubuna %52 yağ içeren yüksek yağlı bir diyet verildi. YYD+Kefir grubuna yüksek yağlı yemin yanı sıra 15 
ml/kg kefir oral gavaj yoluyla verildi. Lipid profili, ticari kitler kullanılarak bir otoanalizörde ölçüldü. Leptin, Adiponektin, Re-
sistin ve İrisin/FNDC5 seviyeleri, ticari olarak temin edilebilen kitler kullanılarak enzim bağlı immünosorbent testi (ELISA) ile 
ölçüldü. 
Bulgular: Deney sonucunda grupların canlı ağırlık artışları arasında fark saptanmadı. YYD ve YYD+Kefir gruplarında epididimal 
yağ ağırlıkları kontrol grubuna göre istatistiksel olarak anlamlı düzeyde yüksek bulunmuştur. YYD ve YYD+Kefir gruplarının 
epididimal yağ ağırlıkları arasında anlamlı fark yoktu. YYD ve YYD+Kefir gruplarında HDL Kolesterol (HDL-K),  LDL Kolesterol 
(LDL-K), değerleri kontrol grubuna göre istatistiksel olarak anlamlı düzeyde yüksek bulunmuştur. YYD+Kefir grubu ile YYD 
grubu arasında HDL-K, LDL-K değerleri açısından istatistiksel olarak anlamlı bir fark saptanmadı. Trigliserit değerlerinde grup-
lar arasında fark yoktu. YYD+Kefir grubunun Adiponektin ve İrisin/FNDC5 değerleri diğer gruplara göre istatistiksel olarak 
anlamlı derecede düşük bulundu. Kontrol grubu ile YYD grubu arasında Adiponektin ve İrisin/FNDC5 değerleri açısından ista-
tistiksel olarak anlamlı fark saptanmadı. Leptin ve Resistin değerlerinde gruplar arasında anlamlı fark yoktu. 
Sonuç: Yüksek yağlı diyet ile beslenme modelinde kefir tüketiminin adipokinler aracılığıyla metabolik etkilere sahip olabileceği 
ve bunun insan çalışmaları ile desteklenmesinin faydalı olacağı düşünüldü. 
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Introduction 
Although the main function of adipose tissue is energy sto-
rage, it also secretes large amounts of hormones called adi-
pokines (1). Adipokines secreted by white adipose tissue are 
involved in a wide variety of metabolic processes, including 
glucose and lipid metabolism, eating behavior and regula-
tion of energy intake (2). Intestinal microbiota has been fo-
und to be associated with the pathogenesis of some meta-
bolic diseases. Regulation of the intestinal microbiome is 
applied as a useful treatment in the treatment of these di-
seases. Probiotics are microorganisms that regulate and 
improve the microbial balance in the intestine with regular 
use intestinal microbiota has been found to be associated 
with the pathogenesis of some metabolic diseases (3). Stu-
dies in animal models and humans have shown that probio-
tics have beneficial effects on obesity and its complications 
(4). Kefir is a drinkable type of probiotic obtained by fermen-
tation of milk (5). Studies have shown that kefir has many 
cancer-preventing, immune-regulating and improving ef-
fects on lipid metabolism. However, the effects of kefir on 
lipid metabolism and obesity and the mechanisms through 
which these effects occur are still a matter of curiosity (6). 
This study was planned to determine the effects of kefir on 
lipid parameters (LDL Cholesterol, HDL Cholesterol, Triglyce-
ride) and Adiponectin, Leptin, Resistin and Irisin/FNDC5 in a 
mouse model fed with a high-fat diet. 
 
Materials and Methods 
This study was approved at the Gaziantep University Experi-
mental Animals Local Ethics Committee meeting held on 
25.12.2019 with decision number 2019/45. Additionally, this 
study was supported by Gaziantep University Scientific Re-
search Projects Management. 
In this study, BALB/C male mice obtained from Gaziantep 
University Experimental Animal Research Center were used. 
Mice were fed for 12 hours during the day and 12 hours at 
night in an environment with 23°C room temperature and 
50-60% relative humidity. Mice were randomly divided into 
three groups and fed with the following dietary patterns for 
eight weeks (56 days). 
Standard diet (control) group (n=10): Healthy mice fed with 
standard pellet feed and water ad libutum were given 
15ml/kg of water by oral gavage. 
High-fat diet group (HFD) (n=10): Prepared HFD and water 
were given ad libutum. Water was given by oral gavage at 
15ml/kg. 
Kefir + High fat diet group (Kefir+HFD) (n=10): 15ml/kg kefir 
prepared daily was given via oral gavage to mice fed with 
HFD ad libutum. 
 
High Fat Diet (HFD) 
Standard pellet feed was purchased from a specialized com-
mercial feed manufacturer. In standard pellet feed, 14% of 
the energy is obtained from fats, 59% from carbohydrates  

 
and 27% from protein. A high-fat diet was prepared by the 
researcher by adding 40 g of butter to 100 g of standard pel-
let feed (7).  The result of the analysis of the high-fat diet is 
as follows: Carbohydrate 21.91 g/100 g, protein 8.35 g/100 
g, fat 52.01 g/100 g, energy 589.37 kcal/100 g, moisture 
11.27 g/100 g and ash content 6.46 g/100 g. In the high-fat 
diet used in our study, 80% of the energy is obtained from 
fats, 14% from carbohydrates and 5% from protein. 
 
Preparation of Kefir  
A total of 100 g of live kefir grains were used to ferment one 
liter of pasteurized milk. Milk and kefir grains were cultured 
in a glass container in a dark environment at 25 °C for 24 
hours. Kefir grains were obtained from Danem Milk and Da-
iry Products (Isparta, Turkey). After 24 hours, the cultured 
milk was filtered through a sterile plastic strainer. Kefir milk 
was prepared daily throughout the experimental period. 
Lactic acid bacteria, molds and yeasts in the prepared kefir 
milk are counted and listed in the Table 1. 
 
Table 1. Counting of microorganisms in kefir milk 

               Microorganism  Quantity 

Total Lactic Acid Bacteria count 1.4x106 

(kob/mL) 
Total Aerobic Mesophilic Bacteria Count 1.15x108 (kob/mL) 

Total Yeast and Mold Count 1.9x108 
(kob/mL) 

Total Coliform count not found 
 
Measuring Body Weight and Visceral Fat Weight 
Feeds were prepared daily. All mice were weighed manually 
at the same time on the same day every week. To determine 
the visceral fat weight, epididymal visceral adipose tissues 
were removed from the anterior, lateral and dorsolateral 
parts of the prostate of the mice after euthanasia and their 
weights were weighed using a precision scale. 
 
Biochemical Parameters 
At the end of the experiment, male BALB/C mice were anest-
hetized intraperitoneally with 60 mg/kg ketamine and 10 
mg/kg xylazine, and blood samples were taken intracar-
diacly and transferred to yellow-capped biochemistry tubes. 
After 30 minutes, blood samples were centrifuged (4000 
rpm, 10 minutes). Serum samples were stored in Eppendorf 
tubes at −80 °C. LDL Cholesterol (LDL-C), HDL Cholesterol 
(HDL-C) and Triglyceride levels were measured on the Beck-
man Coulter AU5800 (Japan) autoanalyzer using Beckman 
Coulter commercial kits (Ireland). The method uses an 
enzymatic method to measure. Leptin, Adiponectin, Resis-
tin, Irisin\FNDC5 levels of serum samples were measured by 
enzyme-linked immunosorbent measurement (ELISA) met-
hod using a commercially available kit (USCN, China). 
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Statistical Method 
The suitability of the data for normal distribution was deter-
mined by the Shaphiro Wilk test. One-way ANOVA and LSD 
multiple comparison tests were used to compare normally 
distributed numerical variables in three groups, and Kruskal 
Wallis and Dunn multiple comparison tests were used for 
non-normally distributed characteristics. Mean median and 
standard deviation values were given as descriptive statistics. 
Analyzes were performed with the help of the SPSS statistical 
software package (version 24.0 for Windows, SPSS Inc., USA) 
and p<0.05 was considered significant. 

Results  
There was no statistically significant difference between the 
last week average weights of the groups and the average we-
ight gains of the groups (p>0.05) (Table 2). A significant diffe-
rence was found between the epididymal fat weights of the 
groups (p = 0.001). Epididymal fat weights of the HFD group 
and HFD+Kefir group were found to be significantly higher 
than the control group. There was no significant difference 
between the epididymal fat weights of the HFD and HFD+Ke-
fir groups (p>0.05) (Figure 1).  

 
Table 2. Comparison of weights and weight changes between groups 

Variables Control (n=9) HFD (n=9) HFD+Kefir (n=10)  

  Mean± SD Mean± SD Mean± SD p 
Week 1 weight (gr) 24,88 ± 4,22 29,56 ± 3,24 24,3 ± 2,11 0,003 
Week 9 weight (gr) 28,38 ± 2,56 31 ± 3,67 28,7 ± 2,63 0,155 
Week 1-9 weight change (gr) 3,5 ± 3,85 1,44 ± 4,56 4,4 ± 3,6 0,284 

HFD: High Fat Diet, SD: Standard Deviation, p <0.05. 
 
A statistically significant difference was found between the 
groups in HDL-C, LDL-C values (p=0.001). There was no statis-
tical difference between the groups in triglyceride values 
(p>0.05). HDL-C and LDL-C values were found to be higher in 
the HFD and HFD+Kefir groups than in the control group, and 
there was no difference between the HFD+Kefir group and 
the HFD group (Figure 2, Figure 3, Figure 4) . There was no 

statistically significant difference between the groups in Lep-
tin and Resistin values (p>0.05). A statistically significant dif-
ference was found between the groups in Adiponectin and 
Irisin/FNDC5 values (p=0.001). Adiponectin and Irisin/FNDC5 
values of the HFD+Kefir group were found to be lower than 
the other groups. There was no difference between the cont-
rol group and the HFD group (p>0.05) (Table 3). 

  

 
Figure 1. Comparision of  the epididymal fat weights between 
groups. Different superscript letters between bars indicate signi-
ficant difference (p<0.05). 

 
Figure 2.  HDL-C values of Control, HFD, HFD+Kefir groups. Dif-
ferent superscript letters between bars indicate significant diffe-
rence (p<0.05). 

 

 
Figure 3. LDL-C values of Control, HFD, HFD+Kefir groups. Diffe-
rent superscript letters between bars indicate significant diffe-
rence (p<0.05). 

 
Figure 4. Triglyceride values of Control, HFD, HFD+Kefir groups. 
Different superscript letters between bars indicate significant dif-
ference (P<0.05). 
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Table 3. Comparison of Resistin, Adiponectin, Leptin, FNDC5/Irisin values between groups 

Variables Control (n=9) HFD (n=9) HFD+Kefir (n=10)  

  Mean ± SD Mean ± SD Mean ± SD p 
Resistin (ng/mL) 55,27 ± 30,97 45,68 ± 22,54 52,87 ± 17,65 0,683  
Adiponectin (ng/mL) 22,64 ± 8,60 22,06 ± 5,01 9,56 ± 7,39 0,001  
Leptin (ng/mL)  236,14 ± 171,79  214,36 ± 181,74  283,7 ± 134,17  0,649 

  Median 
(%25-%75) 

Median 
(%25-%75) 

Median 
(%25-%75)  

FNDC5/Irisin (ng/mL) 886,61 
(599,61-1425) 

1228 
 (851,9-1833,7) 

356,56 
(170,3-1311,3) 

 
0,001  

HFD: High Fat Diet, SD: Standard Deviation, p <0.05. 
 
Discussion 
In humans or animal models, excess fat from high-fat diets 
leads to obesity. In general, diets in which more than 30% of 
the total energy comes from fat cause obesity (8). In mice fed 
a high-fat diet, increased lipid molecules in the body are sto-
red in the liver and fatty tissues (9). Therefore, measuring 
body fat in mice is a more sensitive indicator in determining 
obesity (10). 
Li et al. compared the weight gain and lipid parameters of 
mice using four different mouse strains fed HFD. While Kun-
ming and ICR mice gained significantly more body weight 
than control, C57BL/6 and BALB/C mice fed HFD, which is 
frequently used in obesity studies, did not show a significant 
increase in body weight compared to the control group. In 
our study, no significant difference was found between the 
body weights of the HFD group and HFD+Kefir group compa-
red to the control. The lack of significant weight gain in mice 
despite HFD feeding may depend on the type and metabolic 
functions of the mice (9).  According to our study, epididymal 
fat tissue weight in mice fed HFD and HFD+Kefir was found to 
be higher than the control group. It was observed that the 
epididymal fat weight in the HFD+Kefir group was lower than 
the HFD group, but this difference was not statistically signi-
ficant. 
However, one study investigated the effects of four different 
kefirs (three conventional and one commercial) on weight 
gain, plasma cholesterol, and triglycerides in a mouse model 
of high-fat diet-induced obesity (10). The study showed that 
kefir consumption in a high-fat diet could reduce plasma cho-
lesterol and triglyceride levels and weight gain. However, 
they have shown that different types of kefir have different 
levels of effects on weight gain and cholesterol levels. This 
has shown that differences in the microbial population of ke-
fir are important in determining the effect of kefir on health 
(10). Considering similar results in the literature, it is thought 
that the effect of kefir consumption on visceral fat is related 
to the application time of kefir and the microbiological con-
tent of kefir (11).   
It is generally accepted that HFD feeding disrupts the lipid 
profile by increasing triglyceride and LDL-C levels and decre-
asing HDL-C levels (12). LDL-C values increased in the HFD and 
HFD+Kefir groups, but no effect of kefir on LDL-C was obser-
ved. HDL-C values of HFD and HFD+Kefir groups were found 
to be significantly higher than the control group. 

 
HDL-C is thought to be a beneficial factor in reducing blood 
lipid levels. HDL-C is generally expected to decrease in HFD-
fed mice. Some studies in the literature are compatible with 
our current results (13-15). Li et al. created a high-fat diet-
induced obesity model using four mouse strains and compa-
red their lipid values. Interestingly, in this study, they found 
that obese mice had higher HDL-C than control mice in 3 mo-
use strains, including the BALB\C strain. Little information is 
available in the literature to explain the increased HDL-C va-
lues in obese mice. In our study, carbohydrate and protein 
rates are quite low compared to the standard diet due to the 
added fat to the diet. It is classified as a low-carbohydrate 
diet with a carbohydrate content of less than 26% of total 
energy (16).  According to the results of a meta-analysis, appl-
ying a high-fat and low-carbohydrate diet increased LDL-C 
and HDL-C levels and decreased triglyceride levels (17, 18). 
According to a review examining the effect of diet on cardio-
vascular disease and lipid and lipoprotein levels, dietary sa-
turated fatty acids predominantly increase LDL-C levels, with 
a modest increase in HDL-C (17). 
Leptin controls body weight by controlling energy intake and 
energy expenditure. Serum Leptin concentrations generally 
correlate with body fat percentage, and higher serum levels 
have been found in obese individuals (19). Resistin is a hor-
mone that has been proven to be associated with insulin re-
sistance in rodents (20). Resistin is thought to be less associ-
ated with insulin resistance in humans than in rodents. Resis-
tin plays a more active role in regulating inflammatory pro-
cesses in humans (21). In our study, no statistically significant 
difference was found between groups in Resistin and Leptin 
levels.  
Adiponectin mediates insulin function and glucose homeos-
tasis, and circulating Adiponectin levels are negatively corre-
lated with body fat mass and insulin resistance (20). Adipo-
nectin values of the HFD+Kefir group were found to be lower 
than the other groups. Unexpectedly, there was no diffe-
rence in Adiponectin values between the control group and 
the HFD group. Cipryan et al. examined leptin and lipid para-
meters in a study in which healthy individuals applied a high-
fat and low-carbohydrate diet for 12 weeks. It was observed 
that Adiponectin levels increased significantly and Leptin le-
vels decreased in the high fat low carbohydrate fed group 
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(22). In our study, the fact that Adiponectin remained cons-
tant despite the high fat content in the diet may be due to 
the decrease in carbohydrate content in the diet . The effects 
of probiotics on circulating Adiponectin in humans are uncer-
tain. While some studies show that certain probiotics incre-
ase serum Adiponectin levels (23),  Zhang et al. showed in 
their study in diabetic nephropathy patients that probiotics 
can significantly reduce Adiponectin levels (24). Oksaharju et 
al. also reported in their study that HFD increased Adiponec-
tin levels and probiotic application prevented this increase 
(14). It found no consistent effect of probiotics specifically on 
Adiponectin and leptin. It was thought that the most impor-
tant reason for the inconsistency between studies was the 
different effects of the probiotic types and doses used (23). 
Irisin is an adipomyokine encoded from the Fibronectin Type 
III Domain 5 (FNDC5) gene and activated after cleavage of the 
protein of the same name. Irisin is secreted primarily by 
muscle and in small amounts by adipose tissue (25). 
FNDC5/Irisin protects individuals from metabolic diseases by 
promoting the conversion of white adipose tissue into brown 
adipose tissue (26). Some studies have examined the connec-
tion between irisin and obesity in humans, but the results are 
not consistent. some studies found a positive correlation 
between serum irisin levels, body mass index (BMI) and adi-
posity (27-29). It has been observed that the level of irisin in 
circulation decreases with weight loss after dietary changes. 
The reason for the increase in irisin in obesity may be due to 
the development of irisin resistance or the increase in the 
amount of irisin secreted from adipose tissue due to the inc-
rease in the amount of fat in the body (25). In our study, it 
was thought that the decrease in the amount of irisin due to 
kefir use may be due to the breaking of the resistance of this 
irisin or the decrease in the amount of epididymal fat. This 
made us think that there may be a relationship between pro-
biotic use and FNDC5/Irisin levels. 
Since there are limited studies on this subject in the litera-
ture, the effects of kefir on adipokine hormones in HFD nut-
rition have not yet been elucidated. It is thought that deter-
mining the effects of probiotic supplements on adiposity and 
lipid metabolism and understanding the mechanisms behind 
them will be useful in the treatment of obesity-related meta-
bolic diseases. In our study, only blood levels of hormones 
were determined. In addition, it is thought that determining 
the expression levels of genes related to the production of 
these hormones in further studies will give us more detailed 
information. We also think that the lack of carbohydrate me-
tabolism data in the study is one of the limitations of our 
study. It was thought that kefir may have metabolic effects 
through adipokines in the high-fat diet nutrition model, and 
it would be useful to support this with human studies. 
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