
 
 

O
R

IG
IN

A
L

 A
R

T
IC

L
E

 

 

 

 

 
Volume 17 Number 3 (June 2025) 434-440 

DOI: http://doi.org/10.18502/ijm.v17i3.18826 
 

Effects of lactic acid bacteria isolated from dairy products on lipid pattern 

of rats fed with a high fat diet 
 

 
Sahar Fouladi, Elham Moazamian*

 

 

 
Department of Microbiology, Faculty of Science, Agriculture and Modern Technology, Shiraz Branch, Islamic 

Azad University, Shiraz, Iran 
 
 

Received: December 2024, Accepted: March 2025 

 
ABSTRACT 

 

 
Background and Objectives: A unique characteristic of probiotics is obesity and fatty liver control. In this study, the effect 

of lactic-acid-bacteria (LABs) isolated from dairy products was investigated on weight changes, blood biochemical indexes 

and liver tissue in mice fed a high-fat diet. 

Materials and Methods: A total of 49 rats were assigned to 7 groups. The LAB-treated groups received the high-cholesterol 

diet supplemented with Lactobacillus reuteri, Lactobacillus plantarum, and Bifidobacterium animalis isolated from yogurt. 

At the end of 4 weeks, body weight changes, lipid factors and liver enzymes as well as liver lipid deposition and adipocyte 

size were measured. 

Results: Serum low-density lipoprotein, total cholesterol, triglyceride levels and hepatic lipid deposition were significantly 

decreased in rats treated with LABs. The maximum and minimum weights were observed in the first and fourth weeks after 

treating with Lactobacillus and Bifidobacterium isolates, respectively. Liver enzymes were significantly decreased by LABs, 

especially in the group receiving concomitant administration of Lactobacillus and Bifidobacterium. Fatty liver process was 

reduced in the fat-fed group treated with L. reuteri. 

Conclusion: LABs caused decreases in body weight gain, liver function, and adipocyte size. Therefore, coadministration of 

Lactobacillus and Bifidobacterium in dairy products can significantly decrease lipid profile. 
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INTRODUCTION 

 
Obesity is one of the health problems worldwide 

and its increasing prevalence among adults and chil- 

dren has become a global epidemic (1). High-fat di- 

ets, which are common throughout the world today, 

lead to an increase in the prevalence of numerous 

diseases including type 2 diabetes, irritable bowel 

syndrome, and gastric cancer, possibly due to imbal- 

ances in the existing microbial population (2). 

Probiotics are microorganisms that, if used in suffi- 

cient quantities, are beneficial to human body health. 

Although probiotics include yeast, bacteria, or mold 

species, bacterial species are more predominant (3). 

In principle, the use of 106 to 108 probiotics per gram 

of food a day is essential for the beneficial effects of 

these organisms (4). Bacterial probiotics have been 

identified as Lactobacillus, Lactococcus, Bifidobac- 

terium, Enterococcus, Clostridium, Bacteroides, and 

Bacillus spp., and most of them belong to the genera 

Lactobacillus  and  Bifidobacterium. Probiotic  bac- 

teria can have beneficial effects by improving the 

microbial balance of the native body microflora and 

therefore can be used in dairy products (5, 6). 
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Studies have shown that the intestinal microflora 

of obese individuals are different from those of lean 

individuals so the intestinal microbial population of 

individuals who have lost weight is significantly dif- 

ferent from that of normal individuals. Some studies 

have shown that the use of probiotic products such as 

cheese containing L. plantarum can decrease body 

mass index and also L. gasseri can decrease body fat 

significantly (7, 8). The positive effect of Lactobacil- 

lus on obesity control has been shown (9). In addi- 

tion, Bifidobacteria had inhibitory effects on obesity 

(10). Lactic acid bacteria can have a positive effect 

on lowering cholesterol levels in mice fed a high-fat 

diet. Hu et al. (11) in a study showed the effect of two 

strains of Lactobacillus on lipid metabolism. Also, 

the positive effects of Lactobacillus and Bifidobacte- 

rium on the recovery of paraneoplastic injury in mice 

have been demonstrated (12). On the other hand, the 

effects of the combination of these bacteria have been 

shown for the treatment of non-alcoholic fatty liver 

disease as well as gastrointestinal tumors (13-15). 

This study aimed to investigate the effects of three 

lactic acid bacteria L. reuteri, L. plantarum, and B. 

animalis alone and in combination on weight chang- 

es, blood biochemical indexes, and liver tissue in 

mice fed a high-fat diet. 
 

 
 

MATERIALS AND METHODS 

 
Isolation and identification of bacteria. In this 

study, 50 samples of traditional and pasteurized dairy 

products were collected in Fars province, Iran. Lactic 

acid bacteria and Bifidobacteria were isolated from 

the samples utilizing MRS agar (Quelab, Canada) and 

BFM agar (Quelab, Canada), respectively. Incubation 

was performed in micro-aerobic and anaerobic condi- 

tions for 48 to 72 h at 37°C (16). Initial identification 

of the isolates was done by colony morphology and 

Gram staining. PCR was carried out utilizing spe- 

cific primers for Lactobacillus and Bifidobacterium 

to confirm the identity of the isolated bacteria (17). 

For this purpose, DNA was first extracted utilizing a 

DNA extraction kit (YektaTeb Tajhiiz, Iran). Then the 

purified DNA (50-100 ng) was added to a 25 µL PCR 

mixture comprising 0.2 µM specific primers (Table 

1), 1X PCR buffer (10 mM Tris–HCl; pH 9.0, 50 mM 

KCl, 1.5 mM MgCl ), 75 μM each dNTPs and 1.5 

U Taq DNA polymerase. Then a program was per- 

formed which initiated with 94°C for 5 min and fol- 

lowed by 35 cycles including 94°C for 1 min, 58.4°C 

and 56.4°C for 1 min (Lactobacillus and Bifidobac- 

terium respectively), and 72°C for 1 min, and end- 

ed with 72°C for 5 min. The purity of amplification 

products was ensured utilizing electrophoresis on 1% 

agarose gel in TBE 1X buffer (18). Finally, the PCR 

products were purified using a QIAquick PCR purifi- 

cation kit (QIAGEN, Hilden, Germany). The purified 

products  were  sequenced  utilizing  Sanger  method 

and then database search for sequences of annotat- 

ed genes corresponding to obtained DNA sequenc- 

es was carried out using the NCBI nucleotide Blast 

(http://blast.ncbi.nlm.nih.gov). 

 
Animals. This research was conducted under the 

permission of the ethics committee of Shiraz branch, 

Islamic Azad University, Shiraz, Iran with an as- 

signed ethics code 16330507951012. In this study, 

35 female Wistar white rats weighing 150-250 g and 

6-week-old were obtained from Razi Vaccine and Se- 

rum Research Institute (Iran). The rats were housed at 

25°C in 50% humidity, in a 12 h light/dark cycle, and 

were given free access to diet and water. 

 
Experimental grouping. The rats were divided in 

4 groups each consisting of 6 rats, including a stan- 

dard group (group G: healthy rats with standard diet), 

a positive control without probiotic intake (Group E: 

rats fed a fatty diet including sheep tail fat), a nega- 

tive control with probiotic treatment (group F: healthy 

rats with the standard diet, receiving L. plantarum, L. 

reuteri, and B. animalis), and treatment groups con- 

sisting 4 different groups (A-D) which consumed the 

fatty diet and L. plantarum (group A), the fatty diet 

and L. reuteri (Group B), the fatty diet and B. anima- 

lis (Group C) and the fatty diet and L. plantarum, L. 

reuteri, and B. animalis mixed diet (group D). Each 

bacterial inoculum was prepared in MRS broth with 

a 1.5 × 108 cfu/ml concentration and 1 ml of the sus- 

pension was used each time. Rats were gavaged with 

bacteria each day for 5 weeks and their body weights 

were measured weekly. 

 
Blood biochemical analysis. At the end of the ex- 

periment, blood samples were taken from all rats to 

measure changes in liver enzymes including serum 

alkaline phosphatases (ALK), glutamate pyruvate 

transaminase (SGPT), and glutamic-oxaloacetic 

transaminase (SGOT). Cholesterol, triglyceride (TG), 

low-density lipoprotein (LDL), and low-density lipo- 
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Bacterium Primer name Primer sequence Tm Fragment length 
Lactobacillus Rham1 3′GTCGAACGAGTTCTGATTATTG5′ 58.4 520 

 RhamR 3′GAACCATGCGGTTCTTGGAT5′ 58.4  
Bifidobacterium BifF 3′ATTTGAGCCACTGTCTGGTG5′ 56.4 190 

 BifR 3′CATCCGGGAACGTCGGGAAA5′ 56.4  

 

 

 
 

Table 1. The characteristics of primer pairs which were used for confirmation of the isolated bacteria 
 

 
 
 
 
 
 
 
 
 
 

protein (LDL) levels in serum were also detected uti- 

lizing analytical kits (Parsazmoon/Iran) in triplicates 

(19). 

 
Histological analysis. Animal necropsy was done 

based on animal welfare (20). For surgical treatment, 

the animals were anesthetized with an intravenous in- 

fusion of 100 mg/kg of ketamine hydrochloride and 20 

mg/kg xylazine. A midline incision was made in the 

abdomen. The gastrointestinal tract was moistened 

with warm saline, covered with gauze, and placed 

on the outside of the left abdominal cavity. Then the 

liver was surgically removed and used for histologi- 

cal analysis. Then very thin cuts with a thickness of 

5-10 µm were randomly prepared from the tissues us- 

ing a microtome. Then, following hematoxylin-eosin 

staining, the signs of fat formation in the cells was 

observed with a binocular microscope (21, 22). 

 
Statistical analysis. Data were analyzed utilizing 

SPSS software version 17 (SPSS Inc., Chicago, Illi- 

nois, USA). Chi-square test or Fisher's exact test was 

used to compare the variables. The P values of 0.05 

was considered statistically significant. 
 

 
 

RESULTS 

 
The isolated bacteria. The results of bacterial cul- 

ture on MRS and BFM agar media resulted in spher- 

ical, white, and soft colonies (Fig. 1). Colonies on 

BFM agar were smaller in size than the colonies on 

MRS agar. Gram-positive rods were observed follow- 

ing Gram staining. The results of biochemical tests 

which were carried out for initial identification of bac- 

teria are shown in Table 2. 

PCR amplification of specific targets in 16S rRNA 

gene revealed a 520 bp fragment in Lactobacillus ge- 

nome and a 190 bp fragment in Bifidobacterium ge- 

nome (Fig. 2). According to the results of sequence 

analysis, 14 isolates of B. bifidium, 9 isolates of L. ca- 

 
 
 
 
 
 
 
 
 

 

 

 
Fig. 1. The bacterial colonies on MRS agar (A) and BFM 

agar (B) 

 
sei, 9 isolates of L. plantarum, 1 isolate of L. rhamno- 

sus, 1 isolate of L. sakei, and 2 isolates of L. pentosus 

were detected. 

 
The effects of treatments on the mice weight. The 

mice weight changes under treatments are shown in 

Fig. 3. The results showed that in the group A (rats fed 

a standard diet and L. plantarum), B (rats fed a fatty 

diet and L. reuteri), C (rats fed a fatty diet and B. ani- 

malis), D (rats fed a fatty diet and L. plantarum, L. re- 

uteri, B. animalis), and F (rats fed a standard diet and 

L. plantarum, L. reuteri, and B. animalis), the highest 

and the lowest weights of the mice were detected in 

the first and fourth weeks, respectively, and also a sig- 

nificant difference was observed in the studied weeks 

in terms of the weight of the mice (P = 0.000). The 

results demonstrated that in the groups G (rats fed a 

standard diet) and E (rats fed a fatty diet including 

sheep tail fat), the highest and the lowest weights of 

the mice were detected in the fourth and first weeks, 

respectively, and also a significant difference was ob- 

served in the studied weeks in terms of the weight of 

the mice (P = 0.000). 

 
The effects of treatments on the biochemical pa- 

rameters in the mice. The changes in lipid factors 

and liver enzymes in the studied mice under treat- 

ments are shown in Figs. 4 and 5, respectively. The 

results showed that treatment with L. reuteri (group 

B) had the greatest effect on slowing the fatty liv- 
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Table 2. The results of the biochemical tests for initial identification of bacterial isolates 
 

 
Identified Catalase Oxidase Urease Indole Citrate Motility       H S Gelatin Nitrate Methyl Voges 

bacteria production  production  production  production utilization production hydrolysis  reduction red Proskauer 

Lactobacillus                - 

isolates 

Bifidobacterium           - 

isolates 

-                   -                   - 
 

 
-                   +                  - 

-                -                - 
 

 
-                -                - 

-                 -              -               - 
 

 
-                 -             +              - 

 

 

 
 

Fig. 2. PCR products visualized by agarose gel electropho- 

resis. A: confirmation of Lactobacillus spp. (column 1: a 

50-bp size marker, column 2:  L. reuteri as positive control, 

columns 3-11: Lactobacillus isolates). B: confirmation of 

Bifidobacterium spp. (column 1: Negative control, column 

2: a 50 bp size marker, column 3: B. animalis as positive 

control, columns 4-10: Bifidobacterium isolates). 
 

 

 
 

Fig. 3. Changes in the weights of studied mice in different 

times under treatment 

 
er process in mice. The effect of fatty liver decel- 

eration  was  observed  in  groups  B,  D, A,  and  C, 

respectively. 

 
Macroscopic and microscopic changes of liver 

tissue. Histopathological examination of liver tissues 

in the positive control group (E) fed the high fat diet 

showed a microvascular and macrovascular accumu- 

lation of fat with hepatocyte enlargement and slightly 

osteatosis in contrast to the standard (G) (Fig. 6). The 

results showed that treatment with L. reuteri (group 

 

 
 
 
 
 
Fig. 4. Changes in lipid factors in the studied mice under 

treatments. A: rats fed a standard diet and L. plantarum, B: 

rats fed a fatty diet and L. reuteri, C: rats fed a fatty diet and 

B. animalis, D: rats fed a fatty diet and L. plantarum, L. reu- 

teri, B. animalis, E: positive control (rats fed a fatty diet), F: 

a negative control (rats fed a standard diet and L. plantarum, 

L. reuteri, and B. animalis), G: standard (fed standard diet). 

 

 

 
 
Fig. 5. Changes in liver enzymes in the studied mice under 

treatments. A: rats fed a standard diet and L. plantarum, B: 

rats fed a fatty diet and L. reuteri, C: rats fed a fatty diet and 

B. animalis, D: rats fed a fatty diet and L. plantarum, L. reu- 

teri, B. animalis, E: positive control (rats fed a fatty diet), F: 

a negative control (rats fed a standard diet and L. plantarum, 

L. reuteri, and B. animalis), G: standard (fed standard diet). 
 

 
 
B) had the greatest effect on slowing the fatty liver 

process in mice (Fig. 7). Fatty liver deceleration was 

observed in groups B, D, A, and C, respectively. 

http://ijm.tums.ac.ir/


SAHAR FOULADI ET AL. 

438 IRAN. J. MICROBIOL. Volume 17 Number 3 (June 2025) 434-440 http://ijm.tums.ac.ir 

 

 

 

 
 

 

 
Fig. 6. Microscopic view of the liver tissue of the standard 

group (G) which shows normal hepatocytes and liver tissue 

and adipose tissue accumulation and hepatocyte enlarge- 

ment to some extent which is seen in the group E. 
 

 

 
 

Fig. 7. Effect of treatment with bacteria on slowing the fatty 

liver process in tissue in comparison with the standard (G) 

and the positive control (E). The greatest effect was shown 

in treatment group with L. reuteri (group B). 
 

 
 

DISCUSSION 

 
Nowadays, the effects of probiotics on human health 

have received much attention. Results from numer- 

ous studies have shown that in mice with a high-fat 

diet, consumption of probiotics such as Lactobacillus 

and Bifidobacterium, either alone or in combination, 

can lead to obesity (23-25). However, the mecha- 

nisms of action of these probiotics are still unclear. 

Due to the cholesterol-lowering effect of lactic acid 

bacteria, several isolates of them were obtained from 

yogurt samples and their effect on lipid metabolites, 

weight changes, liver enzymes and liver tissue was 

investigated. Comparing the effects of the isolates 

with each other and with the control group, all iso- 

lates were able to control high-fat diet effects in the 

treated mice. In this regard, a significant decrease in 

cholesterol, triglyceride, LDL, and HDL levels was 

seen in the serum of the gavage rats given the isolat- 

ed stains. 

The reduction of lipid metabolites by probiotic 

bacteria may be due to the activity of hydrolase en- 

zymes produced by these bacteria. These enzymes 

are conjugated in the gut-liver cycle and thus affect 

the metabolism of bile salts resulting in a decrease in 

serum cholesterol and LDL levels (26). In addition, 

short fatty acids produced by probiotics can inhibit 

enzymes such as hydroxymethyl glutarate coenzyme 

reductase. This enzyme plays an important role in 

the cholesterol synthesis pathway in the liver, thereby 

reducing cholesterol production by the liver (27). 

Also, the consumption of certain species of Lacto- 

bacillus and Bifidobacterium in mice for a long time 

leads to reduced body fat (28-30). However, Salazar 

et al. (31) did not observe weight loss in mice treated 

with a B. animalis isolate, possibly due to the short- 

term use of probiotics in mice, as the use of probiotics 

has been proposed to be continued for a long time (3 

to 18 weeks) (32, 33). Therefore, it can be said that the 

anti-obesity effects of probiotics can only be caused 

by some strains of lactic acid bacteria and are partly 

dose-dependent. As shown in this study, strains of B. 

animalis, L. reuteri, and L. plantarum, had a greater 

reduction effect than other bacteria and simultaneous 

use of all strains resulted in the least weight changes. 

Probiotic bacteria can be isolated from dairy prod- 

ucts and consumption of these products can be con- 

sidered an effective factor in lowering blood lipids 

and cholesterol as well as controlling cardiovascular 

diseases. Previous studies have shown a decrease in 

blood cholesterol after the use of probiotic products. 

In most studies high doses of dairy products were 

able to lower blood cholesterol and normal doses had 

such effect as well (34-37). 

Liver enzymes are indicators of liver damage and 

impaired serum concentrations of these enzymes in 

liver patients. In the present study, the consumption 

of probiotic bacteria was able to decrease the serum 

level of these enzymes in the serum of treated mice 

with a significant difference compared to the control 

group. Decreased liver enzymes such as ALT and 

AST have also been previously reported in patients 

treated with probiotic bacteria (38-40). Examination 

of liver enzymes after treatment with isolated probi- 

otics in this study showed that these isolates are ca- 

pable of reducing liver enzymes and improving liver 

tissue. Research has shown that long-term (1 month) 

probiotic intake can decrease AST enzyme levels in 

mice with liver disease (41). However, some studies 

have also reported no effect of some probiotics on liv- 
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er enzymes (39-41) indicating that these effects are 

observed by some strains of lactic acid bacteria and 

may be dose-dependent. In this regard, in our study, 

the bacteria were not equally effective in reducing 

liver enzymes. One possible mechanism for these 

effects of probiotics may be due to their effect on re- 

ducing inflammation of the liver tissue (42), which 

was also observed in this study. The main limitations 

of this study included the cost, low number of ani- 

mals and the short duration of observations. 
 

 
 

CONCLUSION 

 
Treatment of mice fed a high-fat diet with probiot- 

ic bacteria isolated from dairy products resulted in 

a decrease in lipid profile and weight loss. We also 

demonstrated  that  the  isolated  probiotic  bacteria 

were able to decrease liver enzymes and decrease 

inflammation in  liver  tissue.  It  can  be  concluded 

that probiotic dairy products can be effective in the 

management of liver and cardiovascular diseases as 

well as in weight control. The bacteria isolated in the 

present study can be considered in the next studies 

for producing probiotic dairy products. 
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