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Isolation and Characterization of Lactic Acid Bacteria 
From Milk and Their Effects on the Pathogenic Bacteria

Background: Probiotics are “live microbial cells” that are beneficial for human and animal health. 
Lactobacilli are such a diverse group of bacteria with similar metabolic and physiological characteristics, 
and constitute important and beneficial gut microflora. During carbohydrate fermentation, lactobacilli 
produce lactic acid as an end product in metabolism. Hence, lactobacilli have high significance to 
be used as probiotics in the food industry, because of their acidifying properties. Also, lactobacilli 
are considered “safe”, owing to their ubiquitous presence in the food. Many researchers provided 
evidence for the presence of lactobacilli in milk sources. Thus, the present study aimed to isolate and 
characterize different lactobacilli strains from milk sources and analyze their “probiotic potential”.

Materials and Methods: Forty-one lactobacilli isolates were obtained from raw cow milk. Then, the 
strains were characterized by morphological identification and biochemical tests. Besides, probiotic 
potentials were evaluated with the bile tolerance test, antibiotic susceptibility test, and determining 
suitable pH for the optimal growth of lactobacilli. The lactobacilli isolates were also analyzed for their 
probiotic characteristics and the release of antimicrobial substances. Their antimicrobial activities 
against pathogenic strains were assessed by determining the minimum inhibitory concentration, with 
the help of agar diffusion methods.

Results: From 50 milk samples, 41 lactobacilli isolates were obtained, out of which five lactobacilli 
strains were identified as Lactobacillus casei, Lactobacillus plantarum, Lactobacillus brevis, 
Lactobacillus acidophilus, and Lactobacillus lactis. Moreover, 35 isolates showed an inhibitory effect. 
These strains were able to survive and grow in 0.5% to 2.5% bile salt concentrations. Lactic acid 
bacteria were susceptible to antibiotics, and 35 isolates obtained from raw milk showed an inhibitory 
effect against pathogenic bacteria. The observed minimum inhibitory concentration ranged from 50 to 
100 µL and varied between the different pathogens.

Conclusion: Out of 41 Lactobacillus isolates obtained from cow milk samples, 35 were identified 
with probiotic characteristics. Hence, this study highlighted the novel probiotic bacteria and validated 
the antimicrobial properties of the Lactobacillus spp against pathogenic bacteria.
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Introduction 
or thousands of years, antibiotics have 
been used against pathogenic bacteria 
[1] but the ubiquitous use of antibiotics 
has led to antibiotic resistance in various 
bacteria. Consequently, researchers 
have to find substitute treatments to 
cure bacterial diseases [2-4]; probiotics 
are the most convincing alternatives. 

According to the Food and Agriculture Organization/
World Health Organization, probiotics are “living 
microorganisms that, when administered in adequate 
amounts, confer health benefits on the host” [5, pp5]. 
Probiotics improve the gut bacteria balance of their host. 
To classify a microorganism as a probiotic, several criteria 
are implemented: the probiotic bacteria should survive 
in the upper gastrointestinal (GI) tract and overcome 
gastric acidity; should be functionally active in the gut 
environment; should have the capability to adhere to the 
intestinal mucosa; and should be non-pathogenic, viable, 
and active, during food production and storage [6-10]. 
The most common among probiotics are lactobacilli that 
are a group of miscellaneous bacteria and have prevalent 
metabolic and physiological characteristics. The rarely 
motile, gram-positive, non-spore-forming Lactobacillus 
is one of the major Lactic Acid Bacteria (LAB) genera 
used as probiotics. They have known health benefits 
and are ubiquitously present in food [11, 12]. The health 
characteristics of lactobacilli include immune modulation, 
which can reduce the symptoms of lactose intolerance 
and relief from inflammatory bowel disease [6, 11]. 
Some strains of lactobacilli, such as L. acidophilus, L. 
casei, L. paracasei, and L. rhamnosus are increasingly being 
used in novel dairy products to improve the food quality 
and human health [13].

In lactobacilli strains, carbohydrate metabolism/fer-
mentation produces lactic acid as a major end product 
that helps to inhibit the pathogenic bacteria prolifera-
tion. Acidification inhibits the growth of these spoilage 
agents and provides an additional hurdle for the patho-
genic microorganisms. Bacteria like S. Typhimurium, S. 
dysenteriae, E. coli, B. cereus, and H. pylori cause many 
food poisoning cases [13-17]. Probiotic bacteria differ in 
the level of antagonism against specific pathogenic bac-
teria. Hence, it is indispensable to regulate dairy prod-
ucts and find novel probiotics with efficient antagonistic 
properties against pathogenic bacteria [11]. Since milk 
is a primary dairy product, this study aimed to evaluate 
numerous milk samples to isolate and characterize dif-
ferent Lactobacillus strains and analyze their probiotic 
potentials against pathogenic bacteria.

Materials and Methods 

Collection of samples

Lactobacilli: Fifty different raw cow milk samples 
were collected, next, 10 mL of each sample was added 
to 90 mL of 0.86% sterile normal saline solution to make 
suspensions. Then, they were enriched in deMan Rogo-
sa Sharpe (MRS) broth (HiMedia, India) and spread on 
the plate of MRS agar medium (HiMedia, India), which 
were later incubated at the temperature of 37°C for 21±3 
h. Thus, lactobacilli from milk samples were cultured 
and isolated in modified MRS broth and MRS agar me-
dium, respectively [18]. Also, the selection of Lactoba-
cillus was improved using 0.05% cysteine (Padtan Teb 
Co.), which was added into the MRS medium and the 
pH was adjusted to 6.5±0.2 [19].

Pathogenic bacteria: Salmonella Typhimurium ATCC 
1596, Shigella dysenteriae ATCC 1188, E. coli ATCC 
10799, and Bacillus cereus ATCC 1252 were collected 
from Iran Science and Technology Research Organi-
zation. Also, Helicobacter pylori was provided from 
the Central Pathobiology Laboratory of the Hospital. 
Then, the pathogenic bacterial strains of Salmonella Ty-
phimurium, Escherichia coli, and Shigella dysenteriae 
were cultured in the aerobic condition in brain heart infu-
sion agar, at the temperature of 37°C. Also, Helicobacter 
pylori was incubated under microaerophilic conditions.

Isolation of the acid and bile resistant strains of 
Lactobacillus

The milk samples were screened for 3-6 h in phosphate 
buffer saline, at a pH of 3.0 and 6.0 to isolate acid and 
bile-resistant bacteria. A volume of 100 μL of freshly 
grown bacteria was added into the environment of the 
liquid MRS containing 0.3%, 0.7%, and 1% sterile bile 
salts. Next, the growth of bacteria was recorded at times 
0, 2, 4, and 8 h; the growth was examined by recording 
absorption reading at a wavelength of 600 nm. Later, the 
grown lactobacilli under such conditions were isolated 
using the MRS medium. Each sample was homogenized 
with a sterile phosphate solution, at the temperature of 
35±5°C and the speed of 200 to 400 rpm in a Stomacher. 
Then, 1 mL of each diluted sample was inoculated in the 
tube-containing MRS medium, under aseptic conditions. 
Also, a distilled water sample was used with each batch 
of samples as the control. The incubation of the MRS 
broth inoculated tubes was done, at the temperature of 
37°C, for 24-48 h. The MRS medium and agar culture 
were tested for various parameters, such as temperature, 
pH, anaerobic conditions, and incubation periods, which 
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can affect the bacterial growth [6]. Then, the tubes were 
observed, and the isolation of lactobacilli strains was 
carried out, based on the morphology of the colonies. 
Next, the strains were subcultured on the MRS medium 
containing Petri dishes and incubated at the temperature 
of 37°C for 48 h.

Characterization and identification of LAB strains

The isolated bacteria were identified as Lactobacil-
lus spp, according to Bergey’s manual [20]. The Gram 
staining technique and cell morphological tests were 
used to identify the morphology of the bacteria and iso-
lates, respectively [6]. Besides, additional biochemical 
tests included catalase and oxidase tests and carbohy-
drate fermentation and milk coagulation [6]. Thus, the 
Lactobacillus isolates were confirmed, then, the isolates 
were stored in the MRS broth containing 10% skim milk 
and 30% glycerol, at the temperature of -20°C. Finally, 
the species of isolated Lactobacillus was determined by 
comparing them with the reference Lactobacillus spp. 

Probiotic characterization

Determination of pH for optimal growth 

Modifying the pH, the optimal growth of Lactobacil-
lus spp was determined. The isolated single colony was 
subcultured in the MRS broth, and 1% (v/v) of this solu-
tion was inoculated in the MRS broth of different pH 
(range, 2.0-8.0). Accordingly, the pH was adjusted with 
1M solutions of NaOH or HCl. They were incubated at 
the temperature of 37°C for 24 h. Subsequently, the bac-
terial growth potential was measured, using a spectro-
photometer (UpLab, Italy), in which the optical density 
was observed at 600 nm [13, 21]. 

Tolerance test for bile salts

According to the modified method of Gilliland et al., a 
bile salt tolerance test was carried out to assess the bile 
salt tolerance ability of the potential probiotics [22]. The 
bacterial strains were incubated into five MRS medium 
tubes with the bile salt concentrations of 0.5%, 1%, 
1.5%, 2%, and 2.5% (Purified Ox Bile Salts), at the tem-
perature of 37⁰C, for 24 h. Also, a bile salt-free MRS me-
dium inoculated with the lactobacilli strains was used as 
control. Then, the absorbance at 600 nm was measured 
for the observed bacterial growth.

Antibiotic susceptibility test

The disk diffusion method was used to evaluate the an-
tibiotic susceptibility of the isolated lactobacilli strains. 

The method was designed, according to ISO (Interna-
tional Organization for Standardization) standards and 
the quality assurance guidelines of the World Health Or-
ganization [23]. The cultures were swabbed on Mueller-
Hinton agar plates, also, antibiotics were used in the form 
of blank discs (HiMedia, India). The applied antibiotics 
were as follows: ampicillin (10 µg), amoxiclav (5 µg), 
cloxacillin (5 µg), azithromycin (15 µg), cefotaxime (30 
µg), cefixime (30 µg), clindamycin (5 µg), cotrimoxazole 
(25 µg), chloramphenicol (30 µg), ciprofloxacin (5 µg), 
ceftriaxone (30 µg), erythromycin (15 µg), gentamicin 
(10 µg), tetracycline (30 µg), novobiocin (5 µg), and oxa-
cillin (5 µg). Also, the reference strains of L acidophilus 
ATCC 314 and L plantarum ATCC 13643 were used for 
the quality control, in antibiotic susceptibility tests. All 
the plates were incubated at the temperature of 37°C, for 
24 h, then, the zones of inhibition were measured.

Antimicrobial activity

The antagonistic activity of each bacterial strain against 
the pathogenic bacteria was determined using the agar 
well diffusion method [24, 25]. Initially, the lactobacilli 
were cultured in microaerophilic conditions, then, 25 
mL of the culture fluid was centrifuged for 10 minutes at 
the speed of 4000 rpm, and the supernatant was passed 
through a 0.22 μm filter. About 50µl of the cell-free su-
pernatant of each characterized Lactobacillus spp was 
used to fill the 7 mm diameter well in nutrient agar con-
taining pathogenic bacteria. The pathogens used for the 
test included S. Typhimurium, S. dysenteriae, E. coli, B. 
cereus, and H. pylori. These plates were incubated at the 
temperature of 37°C, for 24 h, then, the diameter of clear 
zones of inhibition was measured. 

Characterization of antimicrobial substances 

The agar well diffusion technique was used to assess 
the antimicrobial substance production of the isolated 
LAB strains, which included L. casei, L. plantarum, L. 
brevis, L. acidophilus, and L. lactis [26, 27]. A volume 
of 25 mL of the MRS broth was used to grow the bacte-
rial strains at the temperature of 37°C, for an overnight. 
Then, the strains were centrifuged at ×4000 g, for 10 
minutes, at the temperature of 4°C. Also, the supernatant 
liquid of each strain was divided into equal portions of 5 
mL, where one portion was used for various assays. The 
samples were processed as follows:

● Bacteriocin assay: The supernatant liquid was treated 
with 1 mg/mL pronase or 1 mg/mL trypsin, then, 0.22 
µm pore size filters (Axiva Sichem Pvt. Ltd.) were used 
for filtering. 

Isolation and Identification of Lactic Acid Bacteria
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● Organic acids assay: The supernatant liquid was ad-
justed to the pH of 6.5±0.1 with the help of NaOH. 

● Hydrogen peroxide assay: The supernatant liquid 
was treated with 0.5 mg/mL of catalase. 

First, the 7 mm diameter wells were filled with 50 to 
100 µL of each supernatant and seeded with a 1% (v/v) 
culture of each test pathogen, at the temperature of 37°C, 
for 24 h. Then, the clear zones of inhibition were mea-
sured [23]. 

Determining the minimum inhibitory concentration

The Minimum Inhibitory Concentration (MIC) test 
was conducted using a broth dilution technique as per 
the ISO standards and the quality assurance guidelines 
of the World Health Organization (WHO) [23]. The cell-
free culture supernatants (CFSs) of lactobacilli strains 
were serially diluted to two-fold (higher and lower), and 
were inoculated with the overnight culture of pathogenic 
bacteria to the final concentration of 107-8 colony-form-
ing unit (CFU/mL) [13]. Also, the absorbance at 600 nm 
was measured to determine the MIC level, where the 
Lactobacillus-free broth was used as a control.

Results

Isolation and identification of Lactobacillus spp

Out of 50 different raw cow milk samples, 41 Lactoba-
cillus isolates were obtained, which were later screened 
and isolated. From the morphology and physiology of 
the 41 isolates, white and shiny bacterial colonies were 
observed on the MRS medium. The observed colonies 
were microscopically gram-positive, non-spore-form-
ing, and non-motile bacteria, also, biochemical proper-
ties included catalase-negative and oxidase-negative. 
Besides, all the Lactobacillus strains showed positive 
results in carbohydrate fermentation and milk coagula-
tion tests. Further, all the test results were correlated with 
the Lactobacillus. 

According to Figure 3A, the 41 obtained colonies be-
long to five different Lactobacillus species, viz, L. casei 
(17 colonies), L plantarum (7 colonies), L brevis (7 colo-
nies), L acidophilus (6 colonies), and L lactis (4 colo-
nies). These isolated colonies were cultured on the MRS 
medium with 30% glycerol and stored at the temperature 
of -20°C. Table 1 reports the morphological characteris-
tics of the five bacterial strains. Also, Table 2 represents 
the strains’ biochemical characteristics resulted from the 
catalase, oxidase, carbohydrate fermentation, and milk 

Table 1. Morphological characteristics of the five observed lactobacillus strains

Lactobacillus Strains No. of Colonies Gram Staining Spore Formation Motility

L. casei 15 Gram+ve, bacilli Non-spore Non-motile

L. plantarum 6 Gram+ve, bacilli Non-spore Non-motile

L. brevis 6 Gram+ve, bacilli Non-spore Non-motile

L. acidophilus 5 Gram+ve, bacilli Non-spore Non-motile

L. lactis 3 Gram+ve, bacilli Non-spore Non-motile

Table 2. Biochemical characteristics of the five observed lactobacillus strains

Lactobacillus Strains Catalase Test Oxidase Test Carbohydrate Fermentation Test Milk Coagulation

L. casei _ _ + +

L. plantarum _ _ + +

L. brevis
_

_ + +

L. acidophilus _ _ + +

L. lactis _ _ + +
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coagulation tests. All these characteristics showed a re-
semblance to Lactobacillus. 

Observation of probiotic potential

Out of 41 identified Lactobacillus strains (Figure 3A), 
only 35 Lactobacillus strains showed potential probiotic 
characteristics. According to Figure 3B, the probiotic 
colonies include 15 L. casei (42.85%), six L. plantarum 
(17.14%), six L. brevis (17.14%), five L. acidophilus 
(14.28%), and three L. lactis (8.57%). However, the rest 
six isolates did not show potential probiotic character-
istics; these isolates included two colonies of L. casei, 
one colony of L. plantarum, one colony of L. brevis, one 
colony of L. acidophilus, and one colony of L. lactis. 
Hence, out of 41 isolates, 35 colonies of five lactobacilli 
strains were further assessed for the probiotic potentials.

Determination of pH for optimal growth

It is important to determine the survival and growth of 
Lactobacillus in different pH conditions that resemble 
the physiological conditions of the host body, because 
it can prove the probiotic potential of strains for the 
host’s system [13]. Hence, bacteria need to tolerate the 
initial acidic stress in the stomach and the other organs 
of the digestive system, after the administration of the 
respective food sources. Figure 1 shows the results of 
the growth of all five Lactobacillus strains at different 
pH values ranging from 2.0 to 8.0. Based on the optical 
density measurements at 600 nm, the minimal growth of 
bacteria was observed at low pH values. However, the 
growth increased with the pH value and obtained its op-
timum at a pH of 6.5, in all Lactobacillus strains. After 
6.5 pH value, there was a moderate growth followed by 
a slow decline in the growth of Lactobacillus. Thus, all 

Lactobacillus strains showed growth at the pH range of 
2.0 to 8.0. Hence, these growth results show that the bac-
teria have adapted to grow in acidic and near the neutral 
pH conditions. 

Tolerance to different bile salt concentrations 

The Lactobacillus strains need to resist against inhibi-
tory substances in the GI tract, like bile salts. Thus, the 
isolated strains should be assessed to check their probi-
otic potential. After consumption, raw cow milk endures 
0.3% bile salt concentration [13]. Figure 2 represents the 
results of bacterial strains that were incubated into five 
MRS medium tubes containing different bile salt con-
centrations ranging from 0.5% to 2.5%. Based on the op-
tical density measurements at 600 nm, the isolated Lac-
tobacillus strains showed growth and survival capacity 
in 0.05% to 2.5% of bile salt concentrations. 

All Lactobacillus strains showed good tolerance to-
wards the different bile salts concentrations. Besides, all 
Lactobacillus spp showed good growth at low bile salt 
concentrations, however, as the bile salt concentrations 
increased, a decline was observed in growth. Among 
the five lactobacilli strains, L. casei and L. plantarum 
showed good tolerance towards bile salts, compared with 
L. brevis, L. acidophilus, and L. lactis, which showed a 
moderate level of tolerance. Hence, results indicated that 
all Lactobacillus strains have tolerance and resistance to 
different concentrations of bile salts.

Antibiotic susceptibility test

All 35 potential probiotics were tested for their antibi-
otic susceptibility against 16 different antibiotics. Bacte-
ria show remarkable adaptability to develop and transmit 
antibiotic resistance, which makes susceptibility against 

Figure 1. Determination of pH for optimal growth in differ-
ent Lactobacilli strains 
For all Lactobacillus strains, the minimal growth was ob-
served at low pH, later, the growth slowly increased to ob-
tain its optimal value, at pH 6.5.

Figure 2. Bile salt tolerance of different Lactobacillus strains 
for different bile salt concentrations
 All Lactobacillus strains showed good growth in different 
physiological bile concentrations.

Isolation and Identification of Lactic Acid Bacteria
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antibiotics as a crucial factor for probiotics. Hence, the 
profile of antibiotic resistance was assessed for all five 
Lactobacillus strains to evaluate the absence of transfer-
able antibiotic resistance genes in the candidate strains. 
The results showed that the isolates were sensitive to 
amoxiclav, cotrimoxazole, erythromycin, tetracycline, 
cloxacillin, azithromycin, cefotaxime, cefixime, ceftriax-
one, and novobiocin. However, some strains showed in-
termediate resistance against clindamycin, gentamycin, 
chloramphenicol, and ciprofloxacin. Lastly, a prominent 
resistance was observed against ampicillin and oxacillin. 
Table 3 shows the antibiotic resistance profile of the five 
Lactobacillus spp against 16 antibiotics.

Antimicrobial activity

A modified agar well diffusion method was used to ex-
amine the antimicrobial activity of the selected Lactoba-
cillus strains. The isolates were exposed to pathogenic 
bacteria, such as S. Typhimurium, S. dysenteriae, E. coli, 
B. cereus, and H. pylori. Out of the 41 identified Lac-
tobacillus strains, only 35 showed antimicrobial effects. 
According to Figure 3B, the strains with antimicrobial 

effects include 15 L. casei (42.85%), six L. plantarum 
(17.14%), six L. brevis (17.14%), five L. acidophilus 
(14.28%), and three L. lactis (8.57%). The diameter of 
the growth inhibition zone recorded for each pathogenic 
bacterium varied according to bacterial species, because 
of the varying degrees of antagonism among the Lacto-
bacillus strains and the pathogenic bacteria. The diameter 
ranged from 12.6 to 17.5 mm. The bacteria were found 
to have a slightly stronger antagonistic effect against E. 
coli (growth inhibition diameter range, 14.1-17.5 mm) 
and B. cereus (growth inhibition diameter range, 14.4-
17.4 mm). Table 4 demonstrates the antagonist effects of 
the five Lactobacillus spp, which can be considered to 
have probiotic potential. 

Each Lactobacillus strain isolated from milk samples 
was investigated to characterize the release of inhibi-
tory substances, such as bacteriocin, organic acid, and 
hydrogen peroxide. The pronase (1 mg/mL) or trypsin (1 
mg/mL) was treated to the culture supernatants of Lac-
tobacillus isolates (L. casei, L. plantarum, L. brevis, L. 
acidophilus, and L. lactis) and the reference strain. The 
results showed that these treatments do not affect the in-

Table 3. Antibiotic susceptibility test of lactobacillus strains

Antibiotics Used (Conc. in µg) L. casei L. plantarum L. brevis L. acidophilus L. lactis

1. Ampicillin (10) R R R R R

2. Amoxiclav (5) S S S S S

3. Cloxacillin (5) S S S S S

4. Azithromycin (15) S S S S S

5. Cefotaxime (30) S S S S S

6. Cefixime (30) S S S S S

7. Clindamycin (5) I I R I I

8. Cotrimoxazole (25) S S S S S

9. Chloramphenicol (30) I I I I I

10. Ciprofloxacin (5) I I I I S

11. Ceftriaxone (30) S S S S S

12. Erythromycin (15) S S S S S

13. Gentamicin (10) I I I I I

14. Tetracycline (30) S S S S S

15. Novobiocin (5) S S S S S

16. Oxacillin (5) I I I I I
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hibitory activities against the indicator strains. This result 
implies that bacteriocin is not responsible for the inhibi-
tory effects of the tested LAB strains. Also, the catalase 
treatment on the culture supernatants showed no effect 
on the inhibitory activities of the Lactobacillus isolates 
against indicator strains. Hence, the hydrogen peroxide 
production is not responsible for the inhibitory properties 
of LAB strains. Moreover, the neutralized supernatant 
(pH 6.5) of each LAB species did not have any inhibi-
tory effect against the indicator strains. Thus, the organic 
acids production in LAB strains is responsible for their 
inhibitory effects. Therefore, the isolated Lactobacillus 
spp were responsible for organic acid production.

Minimal inhibitory concentrations of the cell-free 
culture supernatants of the isolated Lactobacillus

The selected CFSs of Lactobacillus isolates were used 
for the MIC assay. The average MIC for the isolated 
Lactobacillus strains were as follows: 120 µL against S. 
Typhimurium; 50 µL against E. coli; and 100 µL against 
S. dysenteriae, B. cereus, and H. pylori. Results showed 
that the maximum concentrations of the CFSs of Lacto-

bacillus strains were required to inhibit the highly patho-
genic bacteria, like S. dysenteriae, B. cereus, H. pylori, 
and S. Typhimurium.

A: Identification of LAB species. Among 41 isolated 
Lactobacillus, 17, 7, 7, 6, and 4 strains belong to L. ca-
sei, L. plantarum, L. brevis, L. acidophilus, and L. lactis, 
respectively. B: Among 41 isolated Lactobacillus strains, 
the antagonistic activity against pathogens was observed 
in 35 strains, including 15 L. casei, six L. plantarum, six 
L. brevis, five L. acidophilus, and three L. lactis. C: The 
growth inhibition zone diameter of different pathogens 
varies according to the Lactobacillus strain used.

Discussion 

The present study aimed to isolate and characterize the 
Lactobacillus strains with potential probiotic characteris-
tics from different raw cow milk sources and assess their 
antimicrobial activities against some pathogenic bacteria. 
Many researchers provided evidence for the presence of 
Lactobacillus spp in raw cow milk sources [28]. The pres-

Table 4. Antimicrobial properties of lactobacillus strains against pathogens

Lactobacillus Strains S. Typhimurium S. dysenteriae E. coli B. cereus H.pylori

L. casei + + + + +

L. plantarum + + + + +

L. brevis + + + + +

L. acidophilus + + + + _

L. lactis + + + + _

Characterization of antimicrobial substances

Figure 3. Identification and the antagonistic activity of the isolated Lactobacillus spp 

Isolation and Identification of Lactic Acid Bacteria
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ence of Lactobacillus strains has been observed in the pri-
mary food source, like milk, which is further processed to 
make various dairy products. So, this study is mainly fo-
cused on assessing the probiotic potential of Lactobacil-
lus strains isolated from raw cow milk sources. Forty-one 
isolates were obtained from 50 different milk sources and 
characterized based on their morphology and biochemical 
characteristics. These isolates were recognized as Lacto-
bacillus, out of which 35 isolates were identified as five 
different Lactobacillus strains. According to Bergey’s 
manual, they were classified into five different species, 
such as L. casei, L. plantarum, L. brevis, L. acidophilus, 
and L. lactis [20, 24]. These 35 Lactobacillus strains were 
further assessed for their probiotic potentials.

In the biochemical analysis, all 35 isolates of five Lac-
tobacillus strains showed negative results for catalase 
and oxidase tests [29] and positive for carbohydrates fer-
mentation tests. These results show that all five strains of 
Lactobacillus can ferment carbohydrates, i.e., the strains 
have the capability of growing in a variety of habitats by 
utilizing different types of carbohydrates [24]. 

While evaluating the probiotic potential of Lactobacil-
lus as an effective probiotic, it is important to assess their 
ability to resist the effects of different pH conditions and 
survive in bile conditions. This evaluation is necessary to 
check the capability of probiotic Lactobacillus to remain 
viable and active in the host. Strains showing positive 
growth in such conditions can be considered as potential 
probiotics [30]. During their transit through the GI tract, 
the probiotic Lactobacillus strains must survive in the 
stomach to reach the intestine. In the stomach, the pH 
can be as low as 1.5 to 2.0. Also, survival at pH 3.0 can 
be considered as optimal acid tolerance for assessing the 
probiotic potential of bacteria [31]. 

In this research, all Lactobacillus strains showed growth 
at low pH (pH 2.0 and 3.0), indicating that the selected Lac-
tobacillus isolates are capable of surviving and growing in 
the acidic conditions of the stomach [30-34]. Many studies 
measuring the pH of GI showed that in the intestine region 
the pH value ranges from 6.0 to 7.5 [35-37]. In the present 
study, Lactobacillus strains survived and grew in this pH 
range. Also, optimal growth was observed at pH 6.5, which 
is near to the pH value of the small intestine region, which 
is usually 6.6 [36]. Since the liver daily secrets bile into the 
small intestine, Lactobacillus strains should tolerate the bile 
salts to be used as potential probiotics. After consumption, 
a dairy product endures 0.3% bile salt concentration [13]. 

As per Dunne et al. study, the appropriate range of the 
physiological concentration of human bile is between 0.3% 

to 0.5% [30, 38]. Hence, this study evaluated the tolerance 
of Lactobacillus strains to bile salts ranging from 0.5% to 
2.5%; all Lactobacillus strains showed growth and survival 
in this range of bile salts concentrations. Also, a decline in 
growth was observed with increased bile salts concentra-
tions. Hence, the present study indicated the tolerance and 
resistance of thirty-five Lactobacillus strains to bile salts.

Bacteria show remarkable adaptability to develop and 
transmit antibiotic resistance [27], which makes suscep-
tibility against antibiotics as a crucial factor for probiot-
ics. Thus, the profile of antibiotic resistance was assessed 
to ensure the absence of transferable antibiotic resistance 
genes in the candidate strains. From results, all the strains 
showed susceptibility to all tested antibiotics except am-
picillin and oxacillin, giving them credible safety as pro-
biotic strains. Antimicrobial activity is a vital criterion to 
establish a probiotic. Lactobacilli elicit their antimicro-
bial activity by producing substances, like organic acids 
(lactic, propionic, acetic, succinic acid, etc). 

Antimicrobials, such as organic acids and probiotics are 
being used as food with a safety approach, they can help to 
reduce pathogenic bacterial loads, in preharvest interven-
tions [39]. Organic acids, such as acetic and lactic acids are 
usually considered safe [40]. Since the organic acids reduce 
the pH of food, they also inhibit other microorganisms’ 
growth (e.g., food pathogen, like B. cereus in raw milk); the 
inhibition of the growth of many foodborne pathogenic mi-
croorganisms helps the food to be “safe” for consumption 
[41, 42]. The antimicrobial activity of organic acids origi-
nates from two primary mechanisms: 1) acidifying the cyto-
plasm, and 2) accumulating free acid anions. Also, organic 
acids have several advantages to be used as antimicrobial 
agents; there is no limited acceptable daily intake dosage, 
they are very cheap and can be manipulated easily, and they 
slightly change the sensory of the product [43].

Many antibiotics are used in human and animal medi-
cines to treat infections. These utilizations have increased 
antibiotic resistance. The increase of bacterial antibiotic 
resistance increases the antibiotic-resistant pathogenic 
strains and decreases the effectiveness of antibiotics, 
which has become a reality in the medicinal world. 
Some broad-spectrum antibiotics disrupt the intestinal 
microflora and give a chance for opportunistic pathogens 
to grow [44, 45]. Hence, researchers have focused on the 
use of naturally occurring antimicrobials, like organic 
acids and probiotics, because of the increased concerns 
on antibiotic-resistant pathogens. The present study 
showed that Lactobacillus strains can produce organic 
acid. However, each Lactobacillus strain exerts different 
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antimicrobial potential and maybe a part of the immune 
systems through the microbiome. 

Five well-known pathogenic bacteria (S. Typhimurium, 
S. dysenteriae, E. coli, B. cereus, and H. pylori) were 
used to evaluate the antagonistic activity of isolated LAB 
strains. These bacteria are responsible for several intesti-
nal and colon diseases in humans [46, 47]. Helicobacter 
pylori is a gram-negative bacterium involved in gastric 
cancer [48]. Also, numerous experimental observations 
proved that probiotic bacteria potentially protect against 
the development of colon cancer [48]. Thus, testing the 
antimicrobial potentials of the isolates on this bacterium 
could be promising for future cancer investigations. 

Amongst the 41 isolated LAB strains, 35 had a rela-
tively similar antagonistic effect on these pathogens. The 
inhibitory effects against pathogens (% of total) were as 
follows: L. casei (81.82%), L. plantarum (62.5%), L. bre-
vis (66.67%), L. acidophilus (80%), and L. lactis (40%). 
Hence, this study suggests that L. casei and L. acidophilus 
have more strains with an inhibitory effect against these 
pathogenic bacteria. Nighswonger et al. demonstrated 
the probiotic potential of these LAB strains in fermented 
milk products during refrigerated storage, showing their 
viability [49]. Also, Osuntoki et al. used fermented dairy 
products to isolate Lactobacillus spp; they showed anti-
bacterial activity against E. coli (diameter: 4.2 mm) and 
S. Typhimurium (diameter: 4.3 mm) [50]. 

The agar well diffusion assays were used to examine the 
released antimicrobial substances, such as bacteriocin, 
organic acid, and hydrogen peroxide; the results showed 
isolates produced organic acids as their inhibitory sub-
stances. Lastly, the MIC—a crucial parameter for bacteria 
to qualify as probiotic—was defined for each strain. The 
average MIC was 50 µL against E. coli; 120 µL against S. 
Typhimurium; and 100 µL against S. dysenteriae, B. cere-
us, and H. pylori. Alakomi et al. proved that accumulated 
lactic acids result in a low pH environment, also, lactic 
acid leads to the permeabilization of the outer membrane 
of gram-negative bacteria and inhibits the urease activity 
in them [51]. Davoodabadi et al. explored various lactoba-
cilli strains for their effective antimicrobial effects against 
intestinal infections caused by diarrheagenic E. coli [52]. 
Moreover, Macfarland found that the risk of antibiotic-
associated diarrhea in children and adults can be signifi-
cantly reduced with the help of probiotic lactobacilli [53]. 

Chen et al. proved that some Lactobacillus strains, like L. 
plantarum can inhibit the adherence of H. pylori to human 
gastric epithelial cells, also, metabolites, like organic acids 
and proteases along with the pH factor assist in the antago-

nistic activity of CFSs against H. pylori [54]. Hence, the 
present study revealed that the Lactobacillus strains effec-
tively inhibit pathogenic bacteria, such as S. Typhimurium, 
E. coli, B. cereus, S. dysenteriae, and H. pylori.

Conclusions

Probiotics contain several benefits. They produce the 
functional end products, such as organic acids that can 
be utilized by the host. Probiotics also help in preventing 
diseases by effectively competing with pathogenic bac-
teria for colonization. Besides, probiotics can increase 
the level of energy metabolism in the host, impact on 
human mood and cognitive abilities, and stimulate the 
host immune system [11, 55]. 

This study isolated the potential probiotic lactobacilli 
strains from different raw cow milk samples. The probiotic 
potential assessment showed antimicrobial effects against 
pathogenic bacteria. Also, the results indicated the survival 
of Lactobacillus strains in different pH conditions of the 
host system and different bile salt conditions. The study 
also suggests novel Lactobacillus strains as biotherapeutic 
agents in the formulation of different probiotics. Nonethe-
less, all tested strains can be susceptible to clinically effec-
tive antibiotics, thus, more extensive research is essential to 
ascertain their efficiency as probiotic bacteria. Moreover, 
many studies showed that Lactobacillus strains, such as L. 
plantarum shows antifungal properties [56, 57]. Also, gno-
tobiotic pigs infected with human rotavirus strains showed 
elevated responses of IFN-γ and IL-4 in serum and a de-
crease in infections when they were fed with food contain-
ing L. acidophilus strains [58]. Hence, such Lactobacillus 
strains can be investigated for their potential antifungal or 
antiviral properties. Future studies can evaluate these char-
acteristics of probiotic potential in such strains.
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