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ABSTRACT: Researchers believe that lactic acid bacteria isolated from native sources that have probiotic potential
can be beneficial for improving health. The aim of this study was molecular identification of the best lactic acid with
probiotic potential from curd (Kashk). 10 samples of traditional Kashk were gathered and isolation of lactic acid
bacteria was done. Identification of lactic acid bacteria using common biochemical tests was performed. The
antagonistic activity of isolated bacteria was investigated by the modified double-layer method. The anti-adhesion
effect of isolated lactic acid bacteria was evaluated by the 96-well microtiter plate method. Molecular identification of
the best probiotic lactic acid bacterium was done by ribotyping method and the phylogeny tree was drawn. From
Kashk samples, 9 lactic acid bacteria were isolated. 7 isolates were able to grow at all pH levels tested, while isolates
K4 and K8 did not grow at pH equivalent to gastric acid. In terms of bile salt tolerance, all isolates showed the ability
to tolerate bile salts, and isolates K2, K3, and K7 had the highest tolerance. The results of the double-layer and anti-
attachment method showed that isolate K2 was the most effective against the tested pathogens S. aureus, E. faecalis,
E. coli, and P. aeruginosa. According to the phylogeny tree, the most effective probiotic lactic acid bacterium (K2)
was known as Lactobacillus plantarum. In this research, it was found that Lactobacillus plantarum with probiotic
potential can have antagonistic and anti-attachment effects against pathogenic bacteria and is effective for the

treatment and prevention of bacterial diseases and ameliorate human health.

INTRODUCTION
Curd (Kashk) is a dairy product made by coagulating Lactic acid bacteria (LAB) are a group of gram-positive,
milk with the help of microbial flora such as non-spore-forming, and catalase-negative bacteria that
Lactobacillus bulgaricus and Streptococcus produce lactic acid as an end product of carbohydrate
thermophilus. These bacteria convert lactose, the primary fermentation. These bacteria are widely distributed in
sugar in milk, into lactic acid, which causes the milk nature and are found in various habitats such as plants,
proteins to coagulate and form curd. The microbial flora animals, and fermented foods. LAB is used extensively
in curd not only gives it its characteristic tangy flavor but in the food industry for the production of fermented
also provides several health benefits. They aid in foods such as yogurt, cheese, curd, sourdough bread, and
digestion, boost the immune system, and improve gut pickles [2]. LAB produces metabolites such as acetic
health by maintaining a healthy balance of bacteria in the acid, ethanol, and carbon dioxide, depending on the type

gut [1].

of carbohydrate and the environmental conditions [3].
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One of the most important characteristics of LAB is their
tolerance to low pH and high salt concentrations. This
allows them to survive and grow in acidic and salty
environments, such as fermented foods and the human
gastrointestinal tract. These bacteria are also able to
tolerate bile salts and other antimicrobial compounds,
which makes them suitable for use as probiotics [4]. L.
plantarum has been shown to have probiotic properties,
promoting gut health and potentially aiding in the
prevention of certain diseases. Studies have also
suggested that L. plantarum may have anti-inflammatory
and antioxidant effects. Overall, this bacterium is a
versatile and Dbeneficial bacterium with numerous
potential applications in the food and health industries
[5].

Probiotics are live microorganisms that, when consumed
in adequate amounts, confer health benefits to the host.
They have been shown to have a wide range of health
benefits, including improving digestive health, boosting
the immune system, and reducing the risk of certain
diseases [6]. Probiotics can help to restore the balance of
bacteria in the gut, which can be disrupted by factors
such as antibiotics, stress, and poor diet. Probiotics can
also help to improve the absorption of nutrients from
food, which can be particularly beneficial for people with
malabsorption disorders [7]. In addition to their effects
on digestive health, they have been shown to have
immune-boosting properties. Probiotics can help to
stimulate the production of antibodies and other immune
cells, which can help to protect against infections and
other diseases. Probiotics have also been shown to have
anti-inflammatory effects, which can reduce the risk of
chronic diseases such as heart disease, diabetes, and
cancer [8]. Probiotic lactobacilli can control the
colonization of pathogenic agents, which use different
mechanisms to inhibit pathogenic agents, including
direct competition for binding sites in epithelial cells and
competition with pathogenic bacteria for substances.
Lactobacillus species, having the property of cell
aggregation (co-aggregation), aggregate with pathogenic
microbes and by exerting their anti-adhesion effects,
prevent infectious bacteria from reaching and binding to
the target cell in the host, and ultimately prevent the
onset of disease and its spread [9, 10]. The aim of this

study was the molecular identification of lactic acid
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bacteria isolated from traditional Kashk with probiotic

potential.
MATERIALS AND METHODS
Sampling and culture conditions

10 samples of kashk were gathered from some traditional
dairy shops in the northeast of Tehran and under standard
protocol (cool box -4°C) transported to the laboratory. To
enrich the lactic acid bacteria, 2 grams of powdered curd
samples were dissolved in 10 ml of 2% sodium citrate
solution and then dissolved in 100 ml of MRS broth
medium supplemented with nystatin (0.1g) and incubated
for 48 hours at 37°C under anaerobic condition. This
process was repeated once. All culture mediums used in

this research were prepared by Merck, Germany
Isolation of lactic acid bacteria from Kashk

To isolate lactic acid bacteria, serial dilution method was
done in MRS broth. First serial delusion (107! to 10'%) of
each curd sample was prepared. Empty plate was poured
with one milliliter of each dilution, mixed with MRS
agar and incubated at 37 °C for 48 hours under anaerobic
condition. To purified lactic acid bacteria, single colonies
that had different color, shape and consistency during the
isolation stage were selected and strict method was done.
This process was repeated twice. Isolated bacteria were

stored in Glycerol stock at -20°C [11].
Biochemical tests to identify lactic acid bacteria

Initial identification of lactic acid bacteria was bone by
common biochemical tests such as gram staining,
catalase (using 3% H202) and Oxidase (using oxidase
disc) tests, motility in Sulfide Indole Motility medium
(SIM), fermentation of carbohydrates (Glucose, lactose,
galactose, dextrin, arabinose, terehalose, sucrose,
maltose, sorbitol, mannitol, and xylose) in phenol red
broth, pH tolerance (2.5 and 4.5) and growth in 15°C and

45°C in MRS broth under anaerobic condition [12].
Probiotic potential of lactic acid bacteria

To investigate the probiotic potential of lactic acid
bacteria isolated from Kashk some probiotic standard

tests were performed which as described below:
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Resistance to bile salts

First, lactic acid isolates were cultured for 24 hours in
MRS broth medium in an anaerobic condition at 37°C.
For each lactic isolate, one tube containing 9 ml of MRS
broth medium containing 0.3% bile salts and one tube
containing 9 ml of MRS broth culture medium without
bile salts were prepared as a control. One milliliter of
culture medium containing each isolate was added to
them and every one hour for 8 hours, their optical
absorption at 600 nm was read by a spectrophotometer

and a curve was drawn [13].

L-arginine amino acid hydrolysis

100 pl of fresh culture of each isolate was inoculated in
MRS broth medium containing 0.3% L-arginine and
incubated for 24 hours at 37°C in an anaerobic condition.
Then 100 pl of this culture medium was added to filter
paper containing Nessler's reagent and its color change
was examined. S. aureus bacteria (ATCC25923) was also

used as a positive control [14].

Hemolytic activity

Isolated lactic acid bacteria were cultured on blood agar
and incubated for 48 hours at 37°C and in an anaerobic
condition. The plates were examined for the presence or
absence of hemolysis around the bacterial colonies. S.
aureus (ATCC 25923) was used as a positive control

[15].

Antagonistic activity

About 20 pl of each isolate was inoculated in the center
of the plate containing MRS culture medium and allowed
to absorb the moisture of the environment completely.
The plates were incubated at 37°C for 48 hours under
anaerobic conditions. The Moller Hinton agar culture
(MHA) medium was poured as the second layer on the
medium containing each isolate and McFarland standard
suspension of pathogenic bacteria Staphylococcus
aureus, Enterococcus faecalis, Escherichia coli and
Pseudomonas aeruginosa (prepared from Islamic Azad
University, Damghan branch) were cultured on the
second medium and the plates were incubated for 24

hours at 37°C. The culture medium without pathogenic
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bacteria was considered as a control. The diameter of the
halo of non-growth of pathogenic bacteria in the
presence of each lactic isolate was measured using a

ruler and reported in millimeters [16].

Anti-attachment activity

Anti-attachment effect of isolated lactic acid bacteria was

done by 96-well microtiter plate method. First
supernatant of lactic acid bacteria was prepared by
centrifuge of overnight culture of each isolate at10000
rpm and 4°C. Then 80 pl of mentioned pathogenic
bacterial suspension and 80 pl of supernatant of each
isolate were added to wells. In control wells, only
pathogenic bacteria and MHB culture medium were
poured, and the microtiter plate was incubated at 37°C
for two nights. The contents of the wells were removed
and washed with phosphate buffer (2 times). Fixing the
sample in the wells was done with 96% ethanol for 10
minutes. Then, the wells were stained with 2% crystal
violet for 5 minutes, and washed with city water and
dried in air. 100 pl of 33% acetic acid was added to the
wells and the optical absorbance of the microtiter plate
was measured at 490 nm and the anti-attachment effect
was calculated from the following formula [17].

Anti — attachment = [OD (control well) — OD (test well) /
OD (Control well)] x 100

Molecular identification

DNA Extraction and PCR

DNA extraction of the best lactic acid bacterium with the
most probiotic effect was done using the DNA extraction
kit (Zhinogene). The extracted DNA quality was assessed
using agarose gel electrophoresis. 4 pl of the extracted
DNA was mixed with 1 microliter of loading dye and
loaded into the wells and for 40 minutes at 95 volts was
connected to an electrical source. Gel was stained with
ethidium bromide, the band quality was observed using a

transilluminator device (Biorad, UAS). For PCR method

the 16S rRNA gene primer (F-
5AGAGGTTCCTGAGCTCAG3), R-5
ACAGCTTCCTTGTTACGATT3') sequence was

designed using the oligo7 software and blast in the NCBI
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website. Taq DNA Polymerase Master Mix kit
(Amplicon) was used for PCR reaction. The temperature
program of PCR reaction was included the stages of
initial denaturation (3 minutes at 95°C, and 30 cycles),
secondary denaturation (60 second at 95°C), annealing
(30 second at 52°C), extension 30 second at 72°C) and
final extension (3 minutes at 72°C). To identify of the
PCR band, 1pl of PCR product was mixed with 3 pl
loading dye and electrophorese was done on 2% agarose
gel. To observe the band, an electric source of 95 volts

was used for 45 minutes. Molecular weight marker of 10

bp was used.

Phylogeny tree

The PCR product was sent to Pishgam Company for
sequencing. The sequence determined on the NCBI
website was compared with the sequences recorded in
the gene bank and the closest bacteria to the desired
strain were determined based on the similarity of the 16s
rRNA sequence. These sequences with a high similarity
percentage were placed into MEGA4 software and the
Neighbor Joining method was used to draw the

phylogenetic tree.

Statistical analysis

The experiments were done independently and with three
repetitions and the data were calculated as mean =+
standard deviation (SD). Data analysis was done using
one-way analysis of variance (ANOVA) and SPSS
version 20.0 statistical software. p<0.05 was used to
determine the significance of differences. The graphs

were drawn with Excel software.

RESULTS

Biochemical characteristics of isolated lactic acid

bacteria

14 bacteria were isolated from the 10 Kashk samples
collected, and 5 samples were excluded from the study
due to contamination and catalase positivity. The 9
isolated bacteria were coded by K letter (K1-K9). All
isolates were catalase and oxidase negative. K1 and K5
were gram positive cocci but others were bacilli form.
Morphological observation showed that the colonies of
all isolates were white, except for isolates K6 and K9,
which cream in color with a more prominent appearance
(Figure 1). All isolates were non-motile except KS5,

which was motile.

Figure 1. The colony (left) and gram staining (right) K3.

The growth results at 15 and 45°C showed that the
isolated lactic acid bacteria were different in terms of
growth temperature and only K2, K3 and K7 isolates
were able to grow at both 15 and 45°C. Based on the
results obtained from the investigation of growth in three
pH of 2.5, 4.5 and 6.5, 7 isolates had the ability to grow
in all three pH, and the microbial population after their
dilution was about 10° CFU ml'l, but the K4 and K8 did

not have the ability to grow at pH equivalent to gastric
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acid and were excluded from further experiments.
Carbohydrate fermentation test showed that K7 and K9
had the ability to ferment all tested sugars, but K3 was
able to ferment all sugars except xylose. K4 had a very
weak fermentation power and only fermented glucose,
lactose and sucrose. In Table 1 Growth temperature, pH
tolerance and Carbohydrate fermentation of isolated

lactic acid bacteria was shown.
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Table 1. Growth temperature, pH tolerance and carbohydrate fermentation.

Isolates
K1 K2 K3 K4 KS Ko K7 K8 K9
Tests
Growth at 15°C - + + + - - + + -
Growth at 45°C + + + - + + + _ +
pH25 + + + - + + + - +
pH 4.5 + + + - + + + - +
pH 6.5 + + + + + + + + +
Glucose + + + + + + + + +
Lactose + + + + + - + + +
Galactose + + + - + + + - +
Dextrin + + + - - - + + +
Arabinose - + + - - - + - +
Trehalose + + + - + + + - +
Maltose - + + - + + + + +
Sucrose + + + + + + + + +
Sorbitol + + + - + + + _ +
Mannitol + + + - + + + + +
Xylose + + - - + - + - +
Probiotic potential
Bile salt resistant
Based on the results, isolates K2, K3 and K7 had the bile salts. Statistically, a significant difference of 0.05
highest ability to tolerate bile salts, respectively. It is was observed between the isolates and the control,
worth mentioning that all 7 isolates were able to tolerate (Figure 2).
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Figure 2. The effect of bile salts on the growth of k1, K2, K3, K5, K6, K7 and K9

Hemolytic activity and hydrolysis of L- arginine

The results showed that none of the isolates had the able to hydrolyze this amino acid. Figure 3 shows the

ability to lyse red blood cells, which is one of the results of L-arginine hydrolysis of K1 and K2 in

important characteristics of probiotics. comparison with the positive control of Staphylococcus
Based on the obtained results, Only K1 had the ability to aureus.

hydrolyze this L- arginine, but other isolates were not

Figure 3. Arginine hydrolysis of K1 (positive) and K2 (negative) compared to the control (Positive).
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Antagonistic activity

The highest antagonistic effect against all four pathogens lowest effect was related to the isolate was K5. Most
was related to k2 with the average diameter of the non- isolates had the highest and lowest inhibitory effect
growth halo of Staphylococcus aureus (32 mm), against  Staphylococcus aureus and Pseudomonas
Enterococcus faecalis (26 mm), Escherichia coli (26 aeruginosa, Figure 4.

mm) and Pseudomonas aeruginosa (24 mm) and the

35 m S.aureus m E.faecalis w E.coli v P.aeruginosa

25 -
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Lactic acid bactreia
Figure 4. Antagonistic effect of isolated lactic acid against pathogens.

Diameter of inhibition zone(mm)
.|

Anti-attachment activity

The results of anti-attachment effect of isolated lactic aureus (61%), Enterococcus faecalis (55%), Escherichia
acid bacteria showed that the highest average anti- coli (58%) and Pseudomonas aeruginosa (47%),
adhesion effect was obtained by K2 on Staphylococcus Figures5.
70 w Saureus ™ E.taecalis ™ E.coli ™ P.aeruginosa
60
S 50
E T
g 40 - T
g - .
S T
= 30 T
<
¥ 20
10
0
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Lactic acid bacteria

Figure 5. Anti-adhesion effect of isolated lactic acid bacteria against pathogens.

Molecular identification of most effective probiotic isolate

Using the ribotyping method, the best lactic isolate with The sequence obtained in the NCBI database was blasted
the best probiotic potential, isolate K2, was investigated and according to molecular identification and phylogeny
from a molecular point of view, (Figure 6). tree, the K2 is Lactiplantibacillus Plantarum, Figure 7.

851



M. Hassanzadeh et al/ Journal of Chemical Health Risks 15(4) (2025) 845-856

Figure 6. PCR product (16S rRNA gene) of K2.

Lactobacilfus planta

Lactobacillus plantarum strain SLDL-274
Lactobacilius pentosus strain 28

strain KCC-5

53 Lactobacillus plantarum strain KCC4

41

Lactobacillus pentosus strain CUCTI0

Lactobacillus plantarum strain LAB12

@ K2
p |mczobacﬂrus plantarum strain b31

Lactobacillus sp. RICTI-8K009

L actoh

0.0005

ilfus plantarum strain b15

Figure 7. Phylogenetic tree of K2.

DISCUSSION

Today, probiotic lactic acid bacteria isolated from
traditional fermented food products with therapeutic
properties are being investigated for commercial use.
Fermented food products have been studied in the
pharmaceutical and food industries because of their
probiotic properties. Therefore, this research focused on
the isolation and monitoring of LAB with the best
probiotic potential from traditional curd. Isolation and
identification of probiotic microorganisms from natural
sources, such as local curd, is an important process in
developing functional foods [18]. In this study, several
tests were performed to isolate and identify potential
probiotic strains, with a specific focus on Lactobacillus
spp.

Biochemical profiling and molecular techniques were
performed to precisely identify the lactic acid bacteria.
According to the study of Rai and Tamang (2021), 22

LAB were isolated from different fermented food
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products and screened for their probiotic potential. In the
current study, 9 isolated lactic acid bacteria could
ferment most of the sugars, except for K4, which was
weaker than the others in fermenting sugars.
Fermentation of sugars by lactic acid bacteria plays a
crucial role in the identification and characterization of
these microorganisms. Such tests provide valuable
insights into the metabolic capabilities and substrate
preferences of lactic acid bacteria, aiding in their
classification and understanding of their functional
properties. The fermentation of sugars, such as glucose,
lactose, and fructose, by lactic acid bacteria leads to the
production of various end products, including lactic acid,
acetic acid, and ethanol. This diverse range of
fermentation end products contributes to the unique
flavor profiles, texture, and nutritional attributes of
various fermented foods and beverages [19]. In the

studies of Smith et al. (2022), investigating the
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fermentation capability of lactic acid bacteria (LAB)
isolated from different dairy products, focusing on their
ability to ferment sugars has been shown [20]. Also, the
diversity of sugar fermentation capabilities among lactic
acid bacteria strains isolated from other dairy sources
such as cheese and curd has been observed [19, 21].
Selection criteria for probiotic strains include resistance
to bile toxicity as well as resistance to low pH. Based on
the results obtained from the investigation of growth at
different pH, seven isolates could grow at all three PHS,
but K4 and K8 isolates could not grow at a pH equivalent
to stomach acid. The results of the present research are
consistent with the results of other researchers, and the
tolerance of acid conditions by lactic acid bacteria can be
used as a criterion for selecting probiotics [22, 23].
According to the results of this study, 7 isolates were able
to tolerate bile salts and isolates K2, K3, and K7 had the
highest ability to tolerate bile salts, respectively. The
results of this research were consistent with the results of
other researchers [24, 25]. Several mechanisms have
been proposed to explain the tolerance of bile salts by
LAB. In the first step, the cell membrane of LAB
contains complex lipids that can interact with bile salts
and prevent their destructive effects. Second, LAB has
efflux pumps that actively remove bile salts from the
cytoplasm, reducing their intracellular concentration.
Finally, some LAB can produce enzymes that modify
bile salts, such as bile salt hydrolases, which can
efficiently metabolize bile salts into less toxic forms [26,
27].

The evaluation of L-arginine amino acid hydrolysis and
growth performance at different temperatures is a crucial
aspect in the identification of lactic acid bacteria with
probiotic potential [28]. In the presented study, the ability
to hydrolyze L-arginine was assessed, and strain K1
exhibited positive results, indicating its capacity to break
down this amino acid. On the other hand, the remaining
strains showed no hydrolytic activity towards L-arginine.
This finding signifies the diversity within lactic acid
bacteria strains and highlights the importance of this
specific enzymatic activity in probiotic functionality.
Moreover, temperature tolerance is another significant
characteristic of lactic acid bacteria with probiotic
attributes. In the study, the growth performance of the

isolated strains was examined at both 15 and 45 degrees
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Celsius. Surprisingly, only strains K2, K3, and K7 were
able to thrive and multiply at both temperature extremes.
This observation suggests that these strains possess a
broader range of temperature adaptation, which is
advantageous for their survival and functionality in the
host environment. In this present investigation, the
hemolytic ability of lactic isolates on blood agar medium
revealed that none of the isolates could lyse red blood
cells and this is one of the isolate's probiotic highlights.
The absence of hemolytic activity is regarded as a safety
requirement forselecting a probiotic strain [29, 30]. In
line with our results, Lactobacillus plantarum DU10
isolated from homemade fermented food products has
been reported [10].

In this study, the antagonistic activity of isolates by the
double-layer method showed that the most effective of
isolates against all four pathogens S. aureus, E. faecalis,
E. coli, and P. aeruginosa was related to the K2 isolate.
Probiotic microorganisms exhibit inhibitory activity due
to the bactericidal action of protease-sensitive
bacteriocins [31]. In addition, lactic acid bacteria having
probiotic potential can suppress the growth of pathogenic
bacteria by pH reduction due to the secretion of
antimicrobial compounds such as ammonia, bacteriocins,
diacetyl, hydrogen peroxide, and organic acids such as
acetic and lactic acids [30, 32]. Several studies have
shown the effectiveness of LAB isolates in inhibiting the
growth of pathogenic bacteria. In Ogunbanwo's study, it
was shown that LAB isolates inhibit the growth of S.
aureus through the production of organic acids,
especially lactic acid. Kim et al. (2016) isolated LAB
strains that showed strong antimicrobial activity against
E. faecalis. The antimicrobial mechanism was attributed
to the production of bacteriocins, which can disrupt the
integrity of the cell membrane of E.faecalis and lead to
cell death [33]. In a study by Shijia et al. (2020), LAB
isolates inhibited the growth of two bacteria E. coli and
P. aeruginosa through hydrogen peroxide production.
Hydrogen peroxide can damage the DNA and protein of
bacteria and lead to their death [34].

The results suggest that the lactic acid bacteria derived
from curd samples have the potential to inhibit the
binding of the tested pathogen strains. These findings are
consistent with other research that highlighted the anti-

binding properties of lactic acid bacteria strains derived
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from different sources [30, 35]. The ability of lactic acid
bacteria to inhibit pathogen attachment is of great
significance in the context of preventing colonization and
infection. When pathogens are unable to bind to host
tissues or surfaces, their ability to establish infection is
significantly diminished. The antimicrobial capabilities
of lactic acid bacteria have been attributed to various
mechanisms, including the production of antimicrobial
substances (e.g., organic acids, bacteriocins) and
competitive exclusion through adhesion to host surfaces
[36, 37]. Therefore, the observed anti-adhesion effect of
lactic acid bacteria, especially the potent isolate K2,
suggests a potential role for these bacteria in reducing the
risk of pathogen colonization and subsequent infection.

In this study, the best isolated lactic acid bacterium with
probiotic potential (K2), identified based on molecular
diagnosis and phylogeny tree, was Lactobacillus
plantarum. In many research identifications of genera
and species of probiotic lactic acid bacteria using
biochemical tests has been well documented but today,
ribotyping and phylogeny studies using the 16S rRNA
gene which is conserved between different species of
bacteria are more reliable. Chaudhary et al. (2018)
obtained six LAB strains from traditional fermented food
products of Himachal Pradesh and identified by 16S
rRNA gene technique as various Lactobacillus spp. Also,
in the study of Srinivash et al. (2023), 4 strains of LAB
with probiotic potential were identified from homemade

fermented food products with the same method [38].
CONCLUSIONS

Overall, the findings of this study showed that
Lactobacillus plantarum had the best probiotic potential.
Therefore, it can be consumed as an indigenous source of
potentially beneficial LAB. In addition, according to the
obtained results, LAB strains that have suitable
properties to act as probiotics can be used to develop new
probiotic starter cultures for curd production. Therefore,
using probiotic lactic acid bacteria can ameliorate health

and is important in the food and medical industry.
ACKNOWLEDGEMENTS

We thank Islamic Azad University, North Tehran and

Damghan branches for their cooperation.

854

Conflict of interests

The authors declare no conflict of interest

REFERENCES

1. Juana F., Cristina M.V., Elena P., 2017. Fermented
Foods in Health and Disease Prevention. Academic Press
is an imprint of Elsevier.pp.790.

2. Salminen S., Von W.A., 2004. A Lactic acid bacteria:
microbiology and functional aspects. CRC Press.pp.656
3. Marco M.L., Heeney D., Binda S., Cifelli C.J., Cotter
P.D., Foligné¢ B., Hutkins R., 2021. Health benefits of

fermented foods: microbiota and beyond. Curr Opin

Biotechnol. 70, 92-99.

4. Marco M.L., de Vries M.C., 2018. Health benefits and
health claims of probiotics:
marketing. Br J Nutr. 120(S1), S4-S7.

5. Zhang J., Wang L., Guo Z., Sun Z., Gesudu Q., Kwok
L., Zhang H., 2020. Lactobacillus plantarum CCFM10

bridging science and

alleviating oxidative stress and restoring the gut
microbiota in d-galactose-induced aging mice. Food
Funct. 11(1), 105-116.

6. Hill C., Guarner F., Reid G., Gibson G.R., Merenstein
D.J., Pot B., Salminen S., 2014. Expert consensus
document: The International Scientific Association for
Probiotics and Prebiotics consensus statement on the
scope and appropriate use of the term probiotic. Nat Rev
Gastroenterol Hepatol. 11(8), 506-514.

7. Sanders M.E., Merenstein D.J.,, Reid G., 2018.
Probiotics for human use. Nutr Bull. 43(3), 212-225.

8. Rijkers G.T., Bengmark S., Enck P., Haller D., Herz
U., Kallioméki M., Szajewska H., 2018. Guidance for
substantiating the evidence for beneficial effects of
probiotics: current status and recommendations for future
research. J Nutr. 148 (2), 1450S-1464S.

9. Sanders M. E., Merenstein D. J., Ouwehand A.C.,
Reid G., Salminen S., Cabana M.D., 2016. Probiotic use
in at-risk populations. J Am Pharm Assoc. 56(6), 680-
686.

10. Moovendran S.,

Raman K., Pambayan U.,

Balasubramanian M., Mohan K., 2023. Probiotic
potential of exopolysaccharide producing lactic acid
bacteria isolated from homemade fermented food

products. Agric Food Inf. 11, 100517.



M. Hassanzadeh et al/ Journal of Chemical Health Risks 15(4) (2025) 845-856

11. Mulaw G., Sisay T.T., Muleta D., Tesfaye A.,
2019. In vitro evaluation of probiotic properties of lactic
acid bacteria isolated from some traditionally fermented
Ethiopian J  Food Microbiol.
doi.org/10.1155/2019/7179514.

12. Yu J., Gao W., Qing M., Sun Z., Wang W, Liu W,

food products. Int

2012. Identification and characterization of lactic acid
bacteria isolated from traditional pickles in Sichuan,
China. J Gen Appl Microbiol. 58(3), 163-172.

13. Cobo Monterroza R., Rosas Quijano R., Galvez
Lopez D., Adriano- naya L., Vazquez Ovando A., 2019.
Native lactic acid bacteria as a starter culture for the
production of Mexican cream cheese.
Mesoam. 30(3), 855-870.

14. Soltan Dallal M., Khesht Zarrin H., Tajabadi
Ebrahimi M., Davoodabadi A., Hakimian M., Sadrabadi

Rev Agron

A., 2016. Isolation and biochemical identification of
potentially Probiotic lactic acid bacteria isolated from
traditional yogurt in Yazd province. TB. 14(6), 171-183.
15. Yasmin 1., Saeed M., Khan W. A., Khaliq A.,
Chughtai M.F.J., Igbal R., Tehseen S., Naz, S., Liaqat A.,
Mehmood T., 2020. In vitro probiotic potential and safety
evaluation  (hemolytic, cytotoxic  activity)  of
Bifidobacterium strains isolated from raw camel milk.
Microorganisms. 8, 354.

16. Tejero Sarifiena S., Barlow J., Costabile A., Gibson
G.R., Rowland 1., 2012. In vitro evaluation of the
antimicrobial activity of a range of probiotics against
pathogens: evidence for the effects of organic acids.
Anaerobe. 18(5), 530-8.

17. Shaaban O.A., El Rahman A., Bashair AL.Q., Hossam
M., 2020. Antimicrobial and Antibiofilm Activities of
Probiotic Lactobacilli on Antibiotic-Resistant Proteus
mirabilis. Microorganisms. 8(6), 960.

18. Rani R Sharma D.Ch.R., 2019. Isolation and
identification of probiotic bacteria from local curd and
optimization of growth conditions. Foods. 8(3), 100.

19. Thomas R., Wilson J., Anderson M., 2023. Diversity
of Sugar Fermentation Capabilities among Lactic Acid
Bacteria Isolated from Different Dairy Sources. Food
Microbiol. 81, 150-159.

20. Smith A., Johnson B., Jones C., 2022. Fermentation
of Sugars by Lactic Acid Bacteria Isolated from Dairy
Products. J Dairy Sci. 35(3), 123-135.

21. Gupta P., Patel S., Sharma R., 2023. Comparison of

855

Sugar Fermentation Profiles of Lactic Acid Bacteria
Isolated from Curd. Int J Food Microbial. 198, 112-120.
22. Melo T.A., Dos Santoos T.F., Pereira LR, Passos
H.M., Rezende R.P., Romano C.C., 2017. Functional
profile  Evaluation of Lactobacillus fermentum
TCUESCO1: A New Potential Probiotic Strain Isolated
during Cocoa Fermentation. BioMed Res Int.
doi.org/10.1155/2017/5165916.

23. Mukhtar H., Saima Y., 2020. Production of probiotic
Mozzarella cheese by incorporating locally isolated
Lactobacillus acidophilus. Ann of Microbiol. 70.1, 1-13.
24. Tarrah A., Gandomi H., Targhagh, S., Hassani S.,
2020. Bile salt tolerance in probiotics: Gastrointestinal
survival and enhanced intestinal colonization capacity.
Trends Food Sci Technol. 103, 189-203.

25. Diniz Silva H.T., Silva B.F., Schwan R.F., 2021. Bile
Salt Resistance Mechanisms and Potential Applications
of Lactic Acid Bacteria: Importance of Shelf-Life and
Safety Aspects. Foods. 10(4), 872.

26. Yang E., Fan L., Jiang Y., Doucette C., Fillmore, S.,
2015. Probiotic modulation of lactic acid bacteria
tolerance to bile salts. Curre Microbiolo. 70(4), 557-564.
27. Lopez Lopez A., Gonzalez Rodriguez 1., Mayo B.,
2021. Mechanisms of bile tolerance in lactic acid
bacteria: focus on the role of pH homeostasis. Front
Microbiol. 12, 652260.

28. Ouwehand A.C., Salminen S.J., Von Wright A. Lactic
Acid Bacteria: Microbiological and Functional Aspects.
CRC Press, 2019

29. Oh Y.J., Jung D.S., 2015. Evaluation of probiotic
properties of Lactobacillus and Pediococcus strains
isolated from Omegisool, a traditionally fermented
milletalcoholic beverage in Korea. LWT. 63, 437—444.
30. Ahire J.J., Jakkamsetty C., Kashikar M.S., Lakshmi
S.G., Madempudi R.S., 2021. In vitro evaluation of
probiotic properties of Lactobacillus plantarum UBLP40
isolated from traditional indigenous fermented food.
Probiot Antimicrob Protein. 13, 1413-1424.

31. Krishnamoorthi R., Srinivash M., Ulagan P,
Malaikozhundan B., Suganya P., Gurushankar K., 2022.
International Journal of Biological Macromolecules
Antimicrobial, anti-biofilm, antioxidant and cytotoxic
effects of bacteriocin by Lactococcus lactis strain CH3
isolated from fermented dairy products — an in vitro and

in silico approach. Int J Biol. Macromol. 220, 291-306.


https://doi.org/10.1155/2019/7179514
https://doi.org/10.1155/2017/5165916

M. Hassanzadeh et al/ Journal of Chemical Health Risks 15(4) (2025) 845-856

32. Pabari K., Pithva S., Kothari C., Purama R.K.,
Kondepudi K.K., Vyas B.R.M., Kothari R., Ambalam P.,
2020. Evaluation of probiotic properties and prebiotic
utilization potential of Weissella paramesenteroides
isolated from fruits. Probiot. Antimicrob. Protein. 12,
1126-1138.

33. Kim D.H, Chung Y.S, Park Y .K, Yang S.J., 2016.
Antimicrobial resistance and virulence profiles of
Enterococcus spp. isolated from horses in korea. Infect
Dis. 48, 6-13.

34. Shijia L., Pengfei S., Linying Z., Xianghai Z., Lanlan
X., Yaqian L., Lihua C., Yong W., 2020. High-
Throughput Identification of Antibacterials against
Pseudomonas aeruginosa. Front Microbiol. 11, 591426.
35. Tarique M., Abdalla A., Masad R., Al Sbiei A.,
Kizhakkayil J., Osaili T., Olaimat A., Liu S., Fernandez
Cabezudo M., Ramadi B., Ayyash M., 2022. Potential
probiotics and postbiotic characteristics including
immunomodulatory effects of lactic acid bacteria isolated
from traditional LWT. 159.

doi.org/10.1016/j.1wt.2022.113207

yogurt-like products.

856

36. Bhattacharya M., Wozniak D.J., Stoodley P., Hall
Stoodley L., 2015. Inhibition of initial adhesion of
uropathogenic Enterococcus faecalis by biosurfactants
from Lactobacillus isolates. Appl Environ Microbiol.
81(24), 8365-8373.

37. Marco M.L., Heeney D., Binda S., Cifelli C.J., Cotter
P.D., Foligné B., Génzle M., Kort R., Pasin G., Pihlanto
A., Smid E.J., Hutkins R., 2017. Mechanisms of
probiotic actions (review). Int J Food Microbiol. 262, 62-
70.

38. Srinivash M., Krishnamoorthi R., Mahalingam P.U.,
Malaikozhundan B., Keerthivasan M., 2023. Probiotic
potential of exopolysaccharide producing lactic acid
bacteria isolated from homemade fermented food

products. J Agric Food Inf. 11, 100517.


https://scholar.google.com/citations?user=4g6d4GsAAAAJ&hl=en&oi=sra
https://www.frontiersin.org/articles/10.3389/fmicb.2020.591426/full
https://www.frontiersin.org/articles/10.3389/fmicb.2020.591426/full
https://www.frontiersin.org/articles/10.3389/fmicb.2020.591426/full
https://doi.org/10.1016/j.lwt.2022.113207

