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Lactic acid bacteria (LAB) convert carbohydrate 
to lactic acid and another product. They are 

gram-positive, aero-tolerant, catalase negative 
microorganisms and they do not include spore in their 
cell. They protect foods with fermentation from the 
spoilage and give a different taste and texture them. 
Very different fermented foods can be produced by 
using LAB like yogurt, butter, cheese, sausage and 
cereals products include probiotics [1-3]. LAB have a 
‘Generally Recognized as Safe’ (GRAS) classification 
because of exopolysaccharides (extracellular 
polysaccharides, EPS) production specialty. EPS 
are metabolites located extracellular surface and 
emerge from the milk fermentation of LAB [4,5]. 
EPS production, because of its useful health effects, 
ensures functionality to the foods which include LAB 
[6]. The genera of Lactobacillus, Streptococcus and 
Lactococcus are EPS-producing lactic acid bacteria [7]. 
In general, LAB ferments sugars, produce lactic acid 
and can biosynthesis EPSs from this fermentation 
reaction [8]. LAB fermentation uses not only sugars 
but also some kind of fats, proteins, and organic acids 
which improve the food’s typical aroma and texture. 
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Milk was exposed to rapid acidification and lactic 
fermentation that prohibit proliferation of pathogens. 
Fermented milk products include EPS such as yogurt 
and cheese. In order to stay alive and be able to 
settle down the gastrointestinal area of LAB should 
express tolerance to acid and bile [9]. Lactic acid 
bacteria which are taken at diet should withstand 
stomach acid (pH 2) to reach intestine and to show 
probiotic effects. So a lactic acid bacteria strain must 
be resistant for acid and bile salt concentration [1, 10] 

In this research, we aimed to determine acid 
and bile tolerance and EPS production capacity of 
Lactobacillus strains isolated from Turkish home-made 
yogurt.  

MATERIAL & METHODS
Yogurt samples and isolation of Lactobacillus 
strains
Yogurt samples were collected from seventeen 
different villages in Corum/Turkey. Each sample 

A B S T R A C T

Lactic acid bacteria have benefits for the digestive tract. They and some of their 
methabolic products stimulate the immune system and therefore regarded as 

probiotic. A good quality probiotic must have some features like stomach acid resistance, 
bile reduction, exopolysaccharide production and must be able to keep the intestinal 
mucosa. This research was aimed to determinate the resistance to acid, tolerance to bile 
and exopolysaccharide (EPS) production capacity of all Lactobacillus strains isolated 
from home-made yogurt gathered from 17 different Turkish villages.  All strains were 
researched for acid and bile tolerance and EPS production.  All values were measured 
spectrophotometrically. Acid and bile tolerance levels of isolates were in a different rate. 
And also, the lowest and highest EPS amounts were calculated as 20.82 and 121.01 mg/L, 
respectively. These features can be reference points to choose a probiotic microorganism. 
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diluted with phosphate saline buffer (PBS) from 10-1 to 
10-6. After dilution, lactic acid bacteria were isolated from 
Turkish local yogurt using MRS (De Man, Rogosa and 
Sharpe) broth and MRS agar. Diluted samples inoculated 
on MRS agar plates and they were incubated in 37oC. 
After incubation, single colonies were examined with a 
microscope and lactic acid bacteria were chosen by using 
gram staining and microscopical morphology. Cultures 
were kept in -86oC until experiment.  

Determination of acid and bile tolerance
To determine the ability to reach the intestine through 
the stomach’s highly acidic environment of Lactobacillus 
sp., the stomach environment was simulated. For this 
purpose, MRS Broth pH was adjusted as pH 3.0, 4.0, 
5.0, 7.0, 8.0 and 6.2 (control) using 1 N HCl acid before 
sterilization. The optical density of isolates was measured 
of 600 nm. These isolates inoculated to the pH adjusted 
medium in 1% ration. After inoculation, cultures were 
incubated at 37±1oC temperature for 16-18 hours. When 
incubation was completed, optical density was measured 
spectrophotometrically in 600 nm wavelength.  

To determine the bile tolerance a similar method to 
the acid resistance of bacteria was used. MRS broth was 
sterilized. After sterilization, bile salt was added to broth 
by sterilization with micro-filter in different rates (0.15%, 
0.2%, 0.3 and 0.4 %, respectively).  The optical density of 
isolates was measured of 600 nm. These isolates inoculated 
to the pH adjusted medium in 1% ration. After inoculation, 
cultures were incubated at 37±1oC temperature for 16-18 
hours. When incubation was completed, optical density was 
measured spectrophotometrically in 600 nm wavelength.  

Determination of EPS production capacity 
EPS production capacity was studied using the phenol-
sulfuric acid method modified by Alp [10]. Firstly, to 
release exopolysaccharide, lactic acid bacteria were 
exposed to some processes.  1 ml active culture (Optical 
Density ≈ 600) were put in Eppendorf tube and boiled in 
96oC for 10-15 minutes. Then samples were cooled until 
room temperature and 1 ml trichloracetic acid (TCA) 
was added and centrifuged at 13000 rpm for 25 minutes. 
After this process, 1 ml ethyl alcohol added in the tube 
and centrifuged again. When centrifugation was finished, 
pellets could be obtained on the bottom of the tubes. 
The pellet was separated from the supernatant, solved in 
1 ml ethyl alcohol and precipitated with centrifugation. 
Finally precipitated sample was separated from alcohol 
and solved 1 ml distilled water. Sample became ready to 
be used for the phenol-sulfuric acid method. 

According to the phenol sulfuric acid method, 0.5 

ml phenol and 5 ml sulfuric acid were added above the 1 
ml samples in the tube. The tube was incubated in room 
temperature for 10 minutes and when the time up samples 
were mixed well. After stirring, the tube was incubated in 
30oC for 15-20 minutes. When incubation was complete, 
optical density (OD) was measured spectrophotometrically 
at 490 nm wavelength.

Statistical Analysis
All experiment was done in triplicate. The results were 
determined to standard curve. Statistical analyzes were 
performed on the data by IBM SPSS 22.0 and standard 
curve graphic was drawn using Microsoft Office Excel 
program.

RESULTS AND DISCUSSION
Determination of acid and bile tolerance 
Probiotic microorganisms should resist the stressful 
conditions of the stomach and intestine [9]. Acid and bile 
are believed to be the most detrimental factor affecting 
growth and viability of lactobacillia [11, 12]. Therefore, 
these strains may be expected to stay alive in acid and 
bile conditions that exist in fermented food products 
or gastrointestinal area [13]. The acid tolerance of the 
lactobacillus strains isolated from the Turkish local 
yogurt was determined using different pH values. The 
results determined by the spectrophotometric method 
shown in Table 1. When we look at the results, stomach 
acid resistance was found as quietly low. As acid ratio 
increased, bacterial density was decreased in the 
medium. When we considered all the strains, bacterial 
density was decreased at pH 3. And also, bile tolerance 
of the lactobacillus strains was determined very similar 
to acid tolerance experiment. Tolerance to the bile in the 
intestine by Lactobacillus strains varied according to the 
bile salt rate. Although the concentration of the bile salt 
0.15 % has triggered the growth of bacteria, media were 
including bile salt in rate 0.2%, 0.3% and 0.4% inhibited the 
development of all strains in general. Bile tolerance data 
illustrated in Table 2. In literature, some Lactobacillus 

Graphic 1. Calibration line which was drawn with glucose standart so-
lutions and its equation  
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Table 1. Results of acid resistance in Lactobacillus strains isolated from Turkish local yogurt.

Strains Controlb ( pH 6.2) pHa

3.0 4.0 5.0 7.0 8.0

Strain 1 1.40±0.00 0.13±0.01 0.59±0.01 1.39±0.04 1.22±0.20 0.80±0.02

Strain 2 1.39±0.01 0.16±0.02 0.52±0.08 1.40±0.07 1.19±0.06 0.91±0.11

Strain 3 1.52±0.28 0.14±0.00 0.52±0.00 0.89±0.01 1.02±0.01 0.92±0.08

Strain 4 1.72±0.00 0.15±0.00 0.68±0.01 1.51±0.23 0.99±0.02 0.81±0.01

Strain 5 1.58±0.15 1.13±0.00 0.19±0.00 1.53±0.03 1.51±0.00 1.89±0.02

Strain 6 1.42±0.01 0.36±0.02 0.64±0.02 1.34±0.06 1.05±0.05 0.86±0.08

Strain 7 1.47±0.10 0.13±0.00 0.19±0.00 1.14±0.14 0.42±0.05 0.36±0.01

Strain 8 0.98±0.00 0.16±0.00 0.26±0.01 0.96±0.03 0.66±0.03 0.69±0.01

Strain 9 1.61±0.02 0.14±0.00 0.11±0.00 0.20±0.00 0.30±0.00 0.35±0.03

Strain 10 0.82±0.03 0.26±0.00 0.30±0.00 0.99±0.41 0.61±0.05 0.71±0.06

Strain 11 1.32±0.00 0.23±0.00 0.36±0.00 0.76±0.01 1.44±0.02 1.69±0.03

Strain 12 0.99±0.02 0.20±0.07 0.24±0.00 0.78±0.01 0.39±0.01 0.32±0.00

Strain 13 1.11±0.07 0.15±0.00 0.23±0.01 1.02±0.17 0.68±0.06 0.35±0.03

Strain 14 1.42±0.00 0.13±0.00 0.13±0.00 0.72±0.01 1.74±0.02 1.89±0.03

Strain 15 1.69±0.08 0.13±0.00 0.14±0.00 1.22±0.19 2.04±0.10 1.89±0.08

Strain 16 0.92±0.03 0.16±0.02 0.30±0.00 0.99±0.43 0.61±0.05 0.71±0.06

Strain 17 1.78±0.05 0.13±0.01 0.25±0.00 1.78±0.05 1.26±0.16 0.49±0.05

Mean±SD 1.36±0.26 0.22±0.01 0.33±0.24 1.09±0.27 1.00±0.02 0.92±0.21

P values .484 .951 .736 .657 .793
aSprectrophotometric optical density of the strains in 600 nm  

bControl pH: pH of the medium was used in the study. 

SD. Standard Deviation. P values compared each bile concentrations with control, P=0.05. 

Table 2. Results of the bile salt resistance of Lactobacillus isolated from Turkish local yogurt.

Strains Controlb Bile concentration (%)a

0.15 0.20 0.30 0.40

Strain 1 1.55±0.00 1.18±0.00 1.08 ±0.04 1.16±0.01 0.86±0.04

Strain 2 1.59±0.01 1.31±0.07 0.75±0.05 0.85±0.04 0.39±0.01

Strain 3 1.48±0.02 1.08±0.00 1.04±0.00 1.14±0.01 0.73±0.02

Strain 4 1.54±0.06 1.24±0.07 1.09±0.01 1.12 ±0.02 0.55±0.03

Strain 5 1.33±0.05 1.39±0.14 0.35±0.03 0.48±0.03 0.35±0.00

Strain 6 1.64±0.00 1.21±0.01 0.73±0.00 0.51±0.02 0.37±0.00

Strain 7 1.64±0.06 1.28±0.02 0.45±0.02 0.46±0.03 0.35±0.06

Strain 8 1.62±0.02 1.28±0.08 0.95±0.02 1.07±0.01 0.64±0.03

Strain 9 1.94±0.06 0.33±0.01 0.31±0.00 0.32±0.00 0.34±0.00

Strain 10 1.44±0.03 1.15±0.03 1.07±0.01 0.90±0.03 0.90±0.02

Strain 11 1.52±0.02 1.18±0.00 1.04±0.00 1.12±0.01 0.68±0.02

Strain 12 1.44±0.06 1.18±0.02 0.42±0.03 0.39±0.01 0.34±0.00

Strain 13 1.45±0.04 1.08±0.03 1.10±0.02 1.06±0.04 0.86±0.00

Strain 14 1.70±0.01 1.67±0.00 1.60±0.00 1.59±0.00 1.50±0.01

Strain 15 1.52±0.07 1.01±0.04 0.68±0.02 0.47±0.02 0.25±0.05

Strain 16 1.60±0.02 1.38±0.07 1.09±0.05 1.21±0.00 0.73±0.03

Strain 17 1.42±0.06 0.91±0.03 0.58±0.02 0.30±0.00 0.28±0.00

Mean±SD 1.55±0.09 1.16±0.19 0.84±0.35 0.83±0.60 0.59±0.41

P values .022 .506 .436 .467
aConcentration of the bile salt in percentage of the broth  

bControl: As a control MRS broth not include bile salt was used in the study. 

SD. Standard Deviation. P values compared each bile concentrations with control. P= 0.05.
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strains from infant feces were tested for their ability to 
tolerance low pH (pH 3.0) and bile salt. Stay alive ratio 
of the test strains ranged between 0.01%-68.3% at pH 3.0 
and 10.3%-57.4% at 0.15% bile salts [14]. It was also shown 
that Lactococcus lactis subsp.  lactis lost viability at pH 
2.0 and 0.2 % bile salts [15]. In another research, LAB 
strains isolated from local Korean food showed bile salt 
and acid resistance [16]. When we compare the results of 
the current work with those results in the literature, our 
strains have shown a good performance at low pH and 
bile salts.

Determination of EPS levels
Exopolysaccharides (EPS) are sugar polymers that 
secreted by the microorganism out of the cell. For 
microorganism, EPS provide resistance to harmful effects 
of nutrients and enzymatic activities in habitats and also 
EPS are important for cells in microbial aggregates to 
communicate each other [17]. In our study, EPS production 
capacities were determined spectrophotometrically 
using the phenol- sulphuric acid method and calculated. 
EPS production amounts of all Lactobacillus strains 
isolated from Turkish local yogurt was showed at Table 
3. As shown Table 3, the lowest and highest EPS amounts 
were calculated respectively as 20.82 and 121.01 mg/L. In 
this study EPS production was observed in all strains but 
depending on the strain amount of EPS products were 
determined different. According to Korakli et al (2002), 
Bifidobacterium and Lactobacillus strains isolated 
from cereal products have EPS production activity, and 

this ensures fermentation and is important for typical 
flavor [3]. Vinderela G et al (2006), suggested that 
exopolysaccharide is protective immunity, maintaining 
intestinal homeostasis, enhancing the IgA production at 
both the small and large intestine level and influencing 
the systemic immunity through the cytokines released to 
the circulating blood [4]. Alp and Aslım (2010) reported 
that lactic acid bacteria and Bifidobacterium isolated 
from breast milk and infant feces showed acid resistance 
and bile salt tolerance. There has been a correlate with 
EPS production capacity and acid production-bile salt 
reduction activity [10].

CONCLUSION
Scientists have studied many times to determine the 
probiotic features of some Lactobacillus strains of LAB 
from the natural isolates to improve human health quality. 
These microorganisms are used biotechnological and 
industrial area and still we have not enough information 
their physiological features. These experiments provide 
an improvement to our knowledge about lactic acid 
bacteria as a probiotic microorganism. In this research, 
we determined to acid resistance, bile tolerance and EPS 
production capacity of Lactobacillus strains isolated 
from Turkish local yogurt. In Turkish population 
consuming yogurt and other local main Corum/Turkey. 
So, it is valuable in terms of the being an indicator of 
public health. Choosing most efficient strain from local 
yogurt and to develop its features may contribute to 

Table 3. Exopolisaccaride (EPS) production amounts of Lactobacillus strains isolated from Turkish local yogurt. 
Strains OD490 Value EPS Amount (mg/L)

Strain 1 0.278 34.15

Strain 2 0.258 30.24

Strain 3 0.247 28.07

Strain 4 0.250 28.67

Strain 5 0.317 41.02

Strain 6 0.210 20.82

Strain 7 0.226 23.96

Strain 8 0.395 57.09

Strain 9 0.317 41.8

Strain 10 0.383 54.74

Strain 11 0.367 51.60

Strain 12 0.374 52.98

Strain 13 0.389 55.92

Strain 14 0.328 43.96

Strain 15 0.366 51.41

Strain 16 0.721 121.01

Strain 17 0.404 58.86

Mean±SD 0.34±0.09 46.84±17.47

OD
490

. Optical density was measured spectrophometrically at 490 nanometer wavelength.

SD. Standard Deviation.
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obtain healthier properties. 
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