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Abstract

The objective of this research work was to screen some useful
probiotic Lactic Acid Bacteria (LAB; n=15) from various
indigenous food sources. Preliminary identification based on Gram
reaction and catalase test, revealed 60% cocci and 40% bacilli.
Antagonistic activity was assessed by agar well diffusion against
Bacillus subtilis, Salmonella typhi, Escherichia coli, P. aeruginosa,
Staphylococcus aureus, and Candida albicans, showed that the cell-
free culture supernatant of LBM1 produced inhibition zones of
37mm (E. coli), 25mm (P. aeruginosa), and 30mm (S. aureus).
LCT2 showed 30mm (S. aureus) and 34mm (E. coli), while LCR8
exhibited 40mm (S. typhi) and 38mm (C. albicans). All three strains
survived at pH 3 for 3h with counts of 2.1x107,2.2x10°, and 1.8x10°
CFU/mL and survival rates of 94%, 96%, and 93%, respectively.
Biofilm formation, confirmed by Congo red agar, and microtiter
assays, showed ODs3o values of 0.368+0.05 (LBM1), 0.342+0.17
(LCT2), and 0.233+0.04 (LCR8). Heavy-metal resistance testing
revealed that all three strains tolerated nickel nitrate up to 10 ppm,
indicating potential resilience under stress conditions. Moreover,
production of exopolysaccharides (EPS) was also observed by
LBM1, LCT2 and LCR8. The antimicrobial activity of LAB EPS
was also assessed for S. aureus, E. coli, S. typhi, and C. albicans.
Notably, all these strains exhibited significant antimicrobial activity.
These findings highlight the adaptability and potential applications
of LAB strains, particularly those with antimicrobial activity, pH
resistance, bile salt tolerance and robust EPS production.
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Introduction

Lactic acid bacteria (LAB) represent a taxonomically and functionally diverse group of
microorganisms (Akpoghelie et al., 2025). Being facultative anaerobe, LAB utilizes fermented
carbohydrates to generate lactic acid. These microorganisms exhibit Gram-positive characteristics,
typically lacking peroxidase activity, displaying mild aerobic nature and manifesting resilience to
acidic environments. Morphologically, LAB does not belong to a category of homogenous class of
bacteria; they encompass rod-shaped organisms found in chains, such as those within the genera
Lacticaseibacillus, Carnobacterium and Weissella; cocci organized in chains, exemplified by species
of Lactococcus, Enterococcus and Vagococcus; and those arranged in tetrads, as observed in the
genus Tetragenococcus (Kieliszek et al., 2021). These microbes are renowned for their capacity to
metabolize anaerobically, yielding lactic acid as their key end-product and for synthesizing an array
of metabolites that positively influence the nutritional, sensory and technological attributes of
fermented foods (Anumudu et al., 2024). The beneficial impacts exerted by LAB on human health
have long been recognized, leading to their widespread industrial application for enhancing the flavor,
aroma along with long term storage of various foods (Fraberger et al., 2020).

They inhabit a variety of environments, including foods, the natural surroundings and the
gastrointestinal tract of animals, with fermented foods (FFs) being recognized as their principal
habitat of activity (Taye et al., 2021). Historically, LAB have been utilized in fermentation processes
and continue to hold prominence in the food industry due to their functional attributes as probiotics
(Manan, 2025).

LAB have potential in regulating the balance of gut microflora by effectively controlling
undesirable microbial populations and inhibiting the proliferation of pathogenic bacteria through the
synthesis of bioactive metabolites (Anjana and Tiwari., 2022), encompassing organic acids,
antimicrobial peptides, short-chain fatty acids, extracellular enzymes and exopolysaccharides (Bhat
and Bajaj, 2018).

LAB have garnered extensive attention as promising probiotics (Gupta and Bajaj, 2018).
Essential characteristics for prospective probiotics include the ability to tolerate the severe
circumstances seen in the gastrointestinal system, characterized by acidic pH, high salt concentrations
and bile concentrations, along with the capacity to colonize the GIT in substantial numbers (Meena
et al., 2025). The significant functionalities of probiotics encompass antimicrobial and
immunomodulatory activities, modulation of gut microbiota function and structure (Plessas et al.,
2020). Cellular attachment emerges as a crucial aspect for facilitating probiotic action, particularly in
the competitive omission of enteropathogens, as evidenced through in vivo and in vitro experiments
(Tuo et al., 2018).

Metals like copper, zinc, and iron are vital for cellular functions, acting as cofactors in
numerous processes crucial for cell survival. Conversely, metals like cadmium and arsenic lack
known cellular roles and are intrinsically toxic, disrupting cellular functions and inducing cell death
beyond specific thresholds (Parsons and Kathariou, 2020).

Multiple classical probiotic species, notably Lactobacillus species, exhibit high-affinity to
heavy metals and possess various advantageous properties favorable for heavy metals detoxification
and bioremediation (Arun et al., 2021). Numerous studies reported that L. plantarum can be used for
detoxification of heavy metals in the soil and food products, while also improving the nutritional
value of food (Ameen et al., 2020). Oral ingestion of LAB can potentially inhibit the absorption of
heavy metals into the body and efficiently eliminate them from the body (Darbandi et al., 2025).
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Hence, study objectives of this research work were the isolation of useful probiotic LAB from
indigenous food sources and assessment of their phenotypic (morphological and biochemical
characteristics), probiotic (resistance to gastric, ileum and bile acid, bile salt hydrolysis) and
technological (antagonism with pathogens, heavy metal tolerance and adherence to intestinal
epithelial cells) characterization.

Materials and Methods
Isolation and identification

All food samples (n=15) including dairy products (milk, yogurt), vegetables (onion,
cucumber, rice) and fruits (tomato) were collected from local markets in Karachi. The samples were
diluted 100 folds in PBS and then 0.1mL of each diluted sample was transferred and spread over de
Man Rogosa and Sharpe (MRS) agar by using a sterile glass rod followed by incubation at 37[1C for
24 to 48 hours (Bartkiene et al., 2019). Preliminary identification of the colonies was done by Gram
staining and catalase test. Catalase test was performed by adding a drop of 3% hydrogen peroxide
solution on a clean glass slide and bacterial colony was emulsified and observed for bubble formation.
All Gram-positive cocci or bacilli and catalase negative (which produce no bubbles) were initially
identified as LAB (Goa et al., 2022). Pure cultures were also preserved in 15% glycerol broth and
kept in a refrigerator at -20°C until further used (Sunarno et al., 2021).

Preparation of indicator bacterial inoculum

Overnight culture of indicator strain was centrifuged at 3000rpm for 5min and supernatant
was discarded and pellets were re-suspended in PBS buffer and turbidity was compared with 0.5
McFarland index (Bohora et al., 2019).

Assessment of antimicrobial activity and preparations of cell free (CFCS) and neutralized cell
free culture supernatant (NCFCS)

Antagonistic activity of all LAB isolates was assessed by agar well diffusion assay. Overnight
culture of LAB isolates was centrifuged at 3000rpm or 10 minutes. The supernatant was separated in
microcentrifuge tubes. Supernatant was divided in two aliquots, one with unaltered pH, labeled as
cell free culture supernatant (CFCS) while second with pH 7 labelled it as neutralized cell free
supernatant (NCFCS) (Garzon et al., 2017).

Agar overlay assay

Pathogenic strains such as S. aureus, B. subtilis, E. coli, S. typhi, P. aeruginosa and C. albicans
were transferred (100uL) in nutrient soft agar (0.75%) and were over laid on nutrient agar plates.
Borer (11mm) was used to cut the wells in each plate then 200uL of CFCS and NCFCS of each test
strain was added in separate wells. Sterile MRS broth was added as control. Petri plates were put into
the refrigerator at 4°C for 45 minutes to allow diffusion of supernatant. This is followed by 37°C
incubation for 24 hours. Results were observed and size of inhibition zone was measured in mm
(Bohoraetal., 2019). LAB strains LBR1, LBO4 and LCM?7 that inhibited pathogenic organisms were
selected for further characterization at low pH (pH3), 0.3% bile salts concentration and presence of
exopolysaccharide attribute.
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Characterization of selected LAB strains
Preparation of producer bacterial inoculum

A loop of culture of producer strains was inoculated into 3mL of MRS broth and kept in
incubator set at 37°C for 24 hours. The 1% of this bacterial culture was poured into 5mL of fresh
MRS broth and again incubated at 37°C for 24 hours. On the third day, culture was centrifuge at
3000rpm for 10min. Supernatant was discarded and pellet was collected and resuspended in 2mL PBS
(pH 7.2) and washed twice. 1% of washed culture was transferred to 15mL of MRS broth for further
evaluation and referred as activated culture (Meena et al., 2022). Pure cultures were also preserved in
MRS agar slants and kept in a refrigerator at -5°C.

Tolerance to acidic pH

Activated culture (20 pL) of producer strains was transferred into 100 mL of MRS broth (pH
3) to create gastric like environment. MRS broth having pH to 6.5 served as a control sample. Broths
were kept in incubator set at 37°C for 3 h. After every 1 hour, sample from control and test culture
bottles were drawn for 3 hours and 10 to 10 dilution prepared in sterile PBS. 0.1 mL of each diluent
was spread onto MRS agar plates and incubated at 37 °C for 24 hours. Total number of colonies were
counted and calculated in logio CFU/mL by given formula (Gajjar et al., 2019; Meena et al., 2022;
Sim0es et al., 2022)

Survival at pH 3 (%) or bile salt (%) = Final viable count/Initial viable count x 100
Tolerance to Bile Salts

Activated LAB cultures were suspended in 100mL MRS broth containing 0.5% (w/w) bile
salts. Bile salts deficient sample is added as a control. Culture bottles were kept in incubator set at
37°C for 3 hours. MRS agar plates surface covered with 100ul of serially diluted sample. The viable
counts recorded and reported as logio CFU/mL (Kusada et al., 2021).

Biofilm Formation

Screening for biofilm producing LAB was performed by two different methods mentioned as
follows. Each assay was performed in triplicates. Sterile TSB was added in all tests. International
reference strain (S. aureus ATCC 29213) was added as positive controls while S. aureus ATCC 33591
was included as negative control.

Microtitre Plate Assay (96 wells plate)

For microtitre plate assay, 150uL of TSB and 50uL of freshly cultivated overnight LAB
cultures were mixed in each well of sterilized 96-wells micro titer plate, and incubated at 37°C for 48
h. After incubation, the wells were carefully washed thrice with sterile distilled water (Mekky et al.,
2022), drained and left to dry at room temperature following a 15-minute fixation step with 99%
methanol. Wells were stained with 1% crystal violet solution for 30 minutes followed by gentle wash
with tap water to eliminate any stain that was not taken up by adhering bacteria. The plates were then
left to air dry. Absorbance of wells was determined by ELISA microtitre plate reader at 630nm
(ODe30). Results were interpreted as strongly adherent (>0.222), weakly adherent (>0.111 or <0.222)
or non-adherent (<0.111) (Martins et al., 2019).
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Congo Red Agar Assay (Qualitative Assay)

Freshly grown culture of each LAB isolate was spread on Congo red agar plates followed by
incubation for 24 hours at 37JC. Biofilm positive isolates formed black colonies, moderate or weak
biofilm producers formed blackish-red colonies whereas non-biofilm formers were appeared as red
colonies (Mekky et al., 2022).

Screening for Heavy Metal Resistance

Metal solutions of Ni(NO3)2, Cd(NO3)2 and Cr(NO3)2, were added to MRS agar at
concentration 1ppm, 5ppm and 10ppm. Each LAB isolate was then streaked over metal amended
MRS agar (Ameen et al., 2020).

Extraction of Exopolysaccharides

Lactic acid bacteria i.e. LBR1, LB04 and LCM7 grew at 37°C for 18-24 hours in MRS broth.
In order to denature the proteins, 14% of trichloroacetic acid was added to the MRS broth containing
producer strains and incubated at 37°C for 30-40 min in a shaking incubator at 90rpm. Subsequently,
the culture was centrifuged at 5,000xg for 20 minutes to settle down the cells. Supernatant was
carefully collected in a sterilized test tube then chilled absolute ethanol in a ratio of 1:2 was added in
supernatant and incubated at 4°C for 24-48 hours to facilitate precipitation. Furthermore, after
incubation supernatant was discarded and pellet was collected. In order to remove traces of media
components, the precipitate was centrifuged at 5,000xg for 20 minutes. The resulting pellet was
collected and filtered using a filter membrane then dissolved in distilled water (Kamaliya et al., 2023;
Zaghloul et al., 2023).

Antimicrobial activity of LAB exopolysaccharides

Antimicrobial activity of the extracted exopolysaccharides (EPS) was assessed for the
producing strains against S. aureus, S. typhi, E. coli and C. albicans by using agar well diffusion
assay. Firstly, inoculum was prepared from test strains and then cotton swab was dipped into the
inoculum and spread over the entire surface of nutrient agar (NA). Using borer (11mm) wells were
cut in the agar and 100puL of extracted EPS was added in these wells while in one well only PBS was
used as a control. All plates were refrigerated for 45 minutes for proper diffusion of extracted EPS
and then, incubated at 37°C for 24 hours. Next day, inhibitory zone diameter was measured and
recorded in mm (Tarannum et al., 2023).

Results

A total of 15 Gram positive and catalase negative organisms were identified as Lactic acid
bacteria among which 60% were cocci and 40% were bacillus based on colony morphology and
microscopic characteristics (Figure 1; Table 1).

Antagonistic activity of lactic acid bacteria

Among 15 isolates, three strains (LBM1, LCT2, and LCR8) exhibited inhibitory effects
against the pathogenic indicator organisms. The CFCS of LBM1 produced inhibition zones of 37 mm
(E. coli), 25 mm (P. aeruginosa), and 30 mm (S. aureus). LCT2 showed 30mm and 34mm zones of
inhibition against S. aureus and E. coli, respectively, and LCR8 exhibited 40 mm and 38 mm zones
of inhibition against S. typhi and C. albicans, respectively (Figure 2; Table 2). The neutralized CFCS
(pH 7) displayed negligible activity against all pathogens, indicating that organic acids are primarily
responsible for the observed antagonism. Based on the antagonistic activity, 3 efficient isolates
(LBM1, LCT2, and LCR8) were chosen for acidic pH and bile salts tolerance.

71



Zia et al., 2026

Table 1. Colony Morphology and Microscopic characteristics and Catalase test of isolated LAB
strains

Colony Morphology  Microscopic Catalase Test
S. No. Source Isolate characteristics and

Gram Staining

Small, punctiform, G+ve, rods in chain
1 Soil LBS white, opaque, brittle N
Small, punctiform, white G+ve, short rods, scattered N
2 Yoghurt LBY opaque, brittle
Large, round, mucoid, G+ve, cocci, scattered N
3 Tomato LCT1  off white translucent,
raised
Small, circular, white, G+ve cocci, arranged as N
4 Tomato LCT2  opaque, flat tetrads or in clusters.
Medium, circular, white, G+ve  medium  rods, N
5 Milk LBM1  opaque, brittle scattered
6 Rice LBR1 Medium, off white, G+ve short rods, scattered N
mucoid, flat
7 Rice LBR2 Large, white, circular ~ G+ve short rods in chain N
8 Rice LBR3  Small, opaque, flat G+ve, rods, scattered N
Small, punctiform, G+ve, cocci in clusters N
9 Rice LCR8  white, opaque, brittle.
10 Rice LCR2  Small, circular, white, G+ve, cocci, scattered N
opaque, flat
11 Rice LCR3 Large, round, mucoid  G+ve, diplococci N
Small, circular, white, G+ve, round shaped cells
12 Rice LCR6  opaque, flat arrange in pairs and
clusters
13 Onion LCO2  Medium, white, mucoid G+ve, cocci, scattered N
14 Onion LCO3  Medium, off white, dry G+ve, cocci arranged in N
clusters
Large, round, mucoid, G+ve, cocci arranged in N
15 Mango LCM off white translucent,pairs and clusters
raised
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Figure 1: Percent prevalence of isolated strains from different sources. Insert: Colony
morphology of isolates selected for further evaluation (A) LBM1 (milk), (B) LCT2
(tomato), and (C) LCRS (rice).
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Figure 2: Zones of inhibition produced by CFCS and NCFCS of LCRS against (A) C. albicans,
(B) S. typhi. LCT2 against (C) S. aureus, and (D) E. coli. LBM1 against (E) P. aerogenosa, (F)
E. coli. (G) S. aureus.
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Table 2: Antagonistic Activity of isolated LAB strains with inhibition zone diameter

Cell free Gram Positive Fungi

S. LAB culture organisms Gram Negative organisms (Zone
No. Strains SUPErnatants (zone diameter in (Zone diameter in mm) diameter in

mm) mm)

S. aureus B.subtilis E.coli P.aeruginosa S. typhi C. albicans

CFCS 30 N 37 25 N N
1 LBM1
NCFCS 17 N 12 10 N
CFCS 30 N 34 N N
2 LCT2
NCFCS 25 N 27 N N N
CFCS N N N N 40 38
3 LCRS
NCFCS N N N N 32 30
CFCS 22 N N N 24 15
4 LCR6
NCFCS 12 N N N N N
CFCS N N N N N
5 LBY
NCFCS N N N N N N
CFCS N N N N N N
6 LCT1
NCFCS N N N N N N
CFCS N N N N N
7 LBR1
NCFCS N N N N N
CFCS N N N N N
8 LBR2
NCFCS N N N N N N
CFCS N N N N N N
9 LBR3
NCFCS N N N N N
CFCS N N N N N
10 LCR3
NCFCS N N N N N
CFCS N N N N N
11 LCR6
NCFCS N N N N N
CFCS N N N N N
12 LCO2
NCFCS N N N N N N
CFCS N N N N N N
13 LCO3
NCFCS N N N N N
14 LCM CFCS N N N N N N
NCFCS N N N N N N

Key; N= negative results
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Tolerance to acidic pH 3

All 3 candidate strains were able to survive at low pH when kept at 371C for 3 hours.
The tested strain LBM1 (2.1x10° CFU/mL), LCT2 (2.2x10° CFU/mL) and LCRS8 (1.8x10°
CFU/mL) survived at pH 3 with survival rates of 94%, 96% and 93% respectively as shown in
Figure 3(A-C).

Tolerance to bile salt at 0.3% concentration

When subjected to 0.3% bile salts solution, LBM1 (3.8x10° CFU/mL), LCT2 (2.11x10’
CFU/mL) and LCRS8 (1.25x10" CFU/mL) survived for three hours resembling digestion
process in human. (Figure 3 D-F).

3hrs LCRS

Figure 3: Upper panel: Acid Tolerance test of LAB isolate (A) LBM1 with 210 colonies, (B)
LCT2 with 220 colonies, and (C) LCR8 with 180 colonies at pH 3.

Lower panel: Bile tolerance test of LAB isolates for 3 hours (D) LBM1, (E) LCT2 and (F)
LCRS in 0.3% bile solution.

Biofilm Formation

Microtitre Plate Assay (96-wells plate)

A total of fifteen LAB isolates were assessed for biofilm production. Of these, three
isolates were classified as biofilm producers. The ELISA microplate reader displayed
absorbance values of 0.368+0.05 for LBM1, 0.342+0.17 for LCT2, and 0.233+0.04 for LCRS,
respectively. Among the three, LBM1 exhibited the highest biofilm-forming ability, followed
by LCT2 and LCRS, indicating variation in the biofilm production potential among the isolates
(Figure 4A).

Congo Red Agar Assay
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On Congo red agar plates the tested producer strains LBM1, LCT2 and LCR8 produced
black colonies which indicate that the tested strains exhibit the ability of biofilm production
(Figure 4 B-D).

Heavy Metal Resistance

The ability of producer strains to resist heavy metals was assessed by introducing them
in the media amended with heavy metals including nickel 1l nitrate, cadmium nitrate and
chromium nitrate with concentrations 1ppm, 5ppm and 10ppm. According to our findings,
LAB strains LBM1, LCT2 and LCR8, were able to tolerate nickel Il nitrate
(Figure 4E-G). It was unable to grow in the presence of other two heavy metals.

Figure 4: Upper lane: Representative picture of biofilm formation on (A) micro titer plate and
(B-D) Congo Red agar by LBM1, LCT2, and LCRS.

Lower lane: Growth of isolates LBMI1, LCT2 and LCRS8 against nickel(II)nitrate at
concentration (E) 1ppm. (F) Sppm, and (G) 10ppm of Ni(NO3), amended in MRS agar plate.

Antimicrobial activity of Exopolysaccharides

In this study we have observed production of exopolysaccharides (EPS) by LCRS,
LCT2 and LBM1 (Figure 5A). The antimicrobial activity of LAB’s EPS was also assessed
against S. aureus, S. typhi, E. coli and C. albicans. Notably, all these strains exhibited
significant antimicrobial activity.

LCRS8, LCT2, and LBM1 exhibited pronounced antagonistic activity against S. aureus, with
inhibition zone diameters of 30mm, 23mm, and 25mm, respectively (Figure 5B). Furthermore,
these isolates (LCR8, LCT2, and LBML1) also inhibited the growth of Escherichia coli, with
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zone diameters of 28mm, 24mm, and 26mm, respectively (Figure 5C). In contrast, isolates
LCRS, LCT2, and LBM1 demonstrated inhibitory effects against Salmonella typhi, producing
zones of 30mm, 22mm, and 23mm, respectively (Figure 5D). In addition, LCR8, LCT2, and
LBM1 showed antagonistic activity against Candida albicans, exhibiting inhibition zones of
24mm, 20mm, and 30mm, respectively (Figure 5E).

-
S. aureus
¢ o=

Figure 5: (A) Extraction of exopolysaccharides (EPS) from producer LAB strains. Antagonistic
activity of extracted EPS of LCR8, LCT2 and LBM1 isolates against (B) S. aureus, (C) E. coli,
(D) S. typhi, and (E) C. albicans by agar well diffusion assay.

Discussion

Lactic acid bacteria (LAB) constitute of prokaryotes characterized by distinctive
morphological, metabolic, and physiological traits. Typically, they are facultative anaerobes
and non-sporulating, catalase-negative status and fastidious nature, existing as cocci or rods.
While mostly non-motile, they exhibit adaptability to high salt concentrations and low pH
environments (Miranda et al., 2021).

Over time, LAB has played a pivotal role in various fermentation processes within the
food industry. Their functional characteristics vary significantly, enabling them to ferment
diverse substrates and produce a wide range of products and industrial raw materials during
fermentation. This versatility underscores the importance of LAB in food production and
highlights their potential for various applications in industrial processes (Wang et al., 2021).

This study provides a comprehensive review of recent research findings regarding the
isolation, characterization, and functional properties of LAB strains, highlighting their
significance in food science, nutrition, and health. Recent studies have focused on isolating
LAB strains from diverse food sources, with promising results. Through the research, we have
identified 15 LAB strains, including LBM1, LCT2, and LCRS8, showcasing probiotic potential.
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Isolated LAB strains exhibit significant antagonistic activity against both Gram-
positive and Gram-negative bacteria, as well as yeast. Previous studies reported the potent
antimicrobial effects of LAB strains resourced from variety of foods including fruits including
fermented foods highlighting their potential for bio-control strategies and food preservation.
Moreover, all three producer strains LBM1, LCT2, and LCR8 survived at low pH (pH 3). Our
results are in line with the studies conducted by (Feng et al., 2017; Megur et al., 2023; Liu et
al., 2024) highlighting the suitability of LAB strains for probiotic applications.

Our findings regarding the biofilm formation showed that out of 15, 3 isolates i.e.
LBM1, LCT2 and LCR8 produced black colonies on Congo red agar that indicates the 3 strains
exhibit the potential of biofilm formation. Moreover, 96 wells plates adhered with LAB cells
were also assessed by using ELISA microplate reader.

Recent investigations have explored the resistance of LAB strains to heavy metals,
indicating their potential in environments with metal exposure. According to findings, LAB
strains LBM1, LCT2 and LCRS, were able to resist nickel nitrate. Previous studies showed the
bioquenching/biosorption potential of Lab isolates to be employed as natural treatment to
decrease metal toxicity from different food sources including drinking water and dairy products
(Patel et al., 2017). This study results support the findings of Ameen et al. (2020) which focused
on functionality of metal-resistant LAB in metal remediation. Their findings concluded that L.
plantarum isolated from seacoast in Egypt, showed high level of tolerance towards nickel and
chromium at concentration 500 ppm. They also reported about the biosorption potential of
cadmium and lead by L. plantarum. They further suggested that this specie of LAB can be
employed as a potent biosorbent to eliminate heavy metals from factory sewage.

Additionally, bile juice is present in digestive fluid of humans that aids in the
solubilization and emulsification of lipids and lipid-soluble vitamins, thereby ensuring efficient
digestion and nutrient absorption. The Food and Drug Administration (FDA) has declared bile
components as generally recognized as safe (GRAS) and regulated their use for both human
and animal consumption (Talib et al., 2019). In the present study, the acid tolerance (pH 3) and
bile salt tolerance (0.3%) of probiotic candidates were evaluated to assess their ability to
survive under simulated gastric conditions. LAB strains isolated from rice, tomato, and milk
demonstrated tolerance to pH 3 and 0.3% bile salt concentration for three hours at 37°C,
indicating their potential resilience during gastrointestinal transit. Similarly, Zhang et al. (2020)
reported that LAB strains exhibited resistance to pH 3 and 0.3% bile salts, while Gajjar et al.
(2019) observed that LAB isolates exposed to 0.3% bile salts showed a reasonable survival
rate, supporting the findings of this study.

Moreover, the synthesis of exopolysaccharides (EPS) plays a critical role in bacterial
defense, colonization, and host—microbe interactions (Kamaliya et al., 2023; Yasmin et al.,
2020). EPS contributes to the protection of gut microbiota from phagocytosis and
bacteriophage invasion while simultaneously acting as a growth-promoting substrate
(Kamaliya et al., 2023; Bengoa et al., 2018). In the present investigation, all EPS-producing
strains—LCT2, LBM1, and LCR8—were able to tolerate pH 3 for three hours, highlighting
their acid resistance and adaptability. Morales et al. (2020) similarly reported EPS-producing
LAB strains isolated from vegetables, while Kamaliya et al. (2023) demonstrated that LAB
isolates from dairy products were also capable of EPS production, emphasizing the widespread
occurrence of this trait among LAB from different sources. Furthermore, Tarannum et al.
(2023) reported that antimicrobial activity was more pronounced against Gram-positive
bacteria such as S. aureus and B. cereus compared to Gram-negative bacteria including
Salmonella typhi, E. coli, and P. aeruginosa. Consistent with these findings, the current study
revealed that all EPS-producing strains exhibited antagonistic activity against C. albicans, S.
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typhi, E. coli, and S. aureus. This demonstrates the broad-spectrum antimicrobial potential of
LAB-derived exopolysaccharides, suggesting their promising application in both food
preservation and therapeutic formulations.

Conclusion

LAB offer numerous health benefits, including immune modulation, antimicrobial activity, and
potential anticancer effects. Different studies underscored role of LAB strains in promoting gut
health and enhancing the nutritional and health-promoting aspects of fermented foods. Current
findings contribute to our understanding of LAB diversity and their applications in food
science, nutrition, and health. To further understand the therapeutic potential of LAB strains
and how they contribute to human health and wellbeing, more investigation is required.

Acknowledgements:

We are also thankful to the post graduate secretariat of Al-Tibri Medical College, Isra
University, Karachi campus for providing plagiarism report.

Conflict of interest: The authors declare that they have no conflict of interest.
References

Akpoghelie, P. O., Edo, G. I, Ali, A. B., Yousif, E., Zainulabdeen, K., Owheruo, J. O., ... &
Alamiery, A. A. (2025). Lactic acid bacteria: Nature, characterization, mode of action,
products and applications. Process Biochemistry, 152, 1-28.
https://doi.org/10.1016/j.procbio.2025.02.010

Ameen, F. A., Hamdan, A. M., & El-Naggar, M. Y. (2020). Assessment of the heavy metal
bioremediation efficiency of the novel marine lactic acid bacterium, Lactobacillus
plantarum MF042018. Scientific reports, 10(1): 314. https://doi.org/10.1038/s41598-
019-57210-3

Anjana, A., & Tiwari, S. K. (2022). Bacteriocin-producing probiotic lactic acid bacteria in
controlling dysbiosis of the gut microbiota. Frontiers in Cellular and Infection
Microbiology, 12, 851140.https://doi.org/10.3389/fcimb.2022.851140

Anumudu, C. K., Miri, T., & Onyeaka, H. (2024). Multifunctional applications of lactic acid
bacteria: Enhancing safety, quality, and nutritional value in foods and fermented
beverages. Foods, 13(23), 3714. https://doi.org/10.3390/foods13233714

Arun, K. B., Madhavan, A., Sindhu, R., Emmanual, S., Binod, P., Pugazhendhi, A., Sirohi, R.,
Reshmy, R., Awasthi, M. K., Gnansounou, E., & Pandey, A. (2021). Probiotics and gut
microbiome— Prospects and challenges in remediating heavy metal toxicity. Journal of
Hazardous Materials, 420, 126676. https://doi.org/10.1016/j.jhazmat.2021.126676

Bartkiene, E., Lele, V., Ruzauskas, M., Domig, K. J., Starkute, V., Zavistanaviciute, P.,
Bartkevics, V., Pugajeva, I., Klupsaite, D., Juodeikiene, G., Mickiene, R. & Rocha, J.
M. (2019). Lactic acid bacteria isolation from spontaneous sourdough and their
characterization including antimicrobial and antifungal properties evaluation.
Microorganisms, 8(1): 64. https://doi:10.3390/microorganisms8010064

Bengoa, A. A., Llamas, M. G, Iraporda, C., Duefias, M. T., Abraham, A. G., & Garrote, G. L.
(2018). Impact of growth temperature on exopolysaccharide production and probiotic
properties of Lactobacillus paracasei strains isolated from Kefir grains. Food
Microbiology, 69, 212-218. https://doi.org/10.1016/j.fm.2017.08.012

79


https://doi.org/10.1016/j.procbio.2025.02.010
https://doi.org/10.1038/s41598-019-57210-3
https://doi.org/10.1038/s41598-019-57210-3
https://doi.org/10.3389/fcimb.2022.851140
https://doi.org/10.1016/j.jhazmat.2021.126676
https://doi:10.3390/microorganisms8010064
https://doi.org/10.1016/j.fm.2017.08.012

Zia et al., 2026

Bhat, B., & Bajaj, B. K. (2018). Hypocholesterolemic and bioactive potential of
exopolysaccharide from a probiotic Enterococcus faecium K1 isolated from Kalarei.
Bioresource Technology, 254, 264-267. https://doi: 10.1016/j.biortech.2018.01.078

Bohora, A. A., Kokate, S. R., Khedkar, S., & Vankudre, A. (2019). Antimicrobial activity of
probiotics against endodontic pathogens:-A preliminary study. Indian Journal of
Medical Microbiology, 37(1), 5-11. https://doi.org/10.4103/ijmm.ijmm_18 333

Darbandi, A., Navidifar, T., Koupaei, M., Afifirad, R., Nezhad, R. A., Emamie, A,, ... &
Kakanj, M. (2025). The effect of the combination of probiotics and heavy metals from
various aspects in humans: a systematic review of clinical trial studies. Health Science
Reports, 8(3), e70521. https://doi.org/10.1002/hsr2.70521

Feng, Y., Qiao, L., Liu, R., Yao, H., & Goa, C. (2017). Potential probiotic properties of lactic
acid bacteria isolated from the intestinal mucosa of healthy piglets. Annals of
Microbiology, 67: 239-253. https://doi 10.1007/s13213-017-1254-6

Fraberger, V., Ammer, C., & Domig, K. J. (2020). Functional properties and sustainability
improvement of sourdough bread by lactic acid bacteria. Microorganisms, 8(12): 1895.
https://doi: 10.3390/microorganisms8121895

Gajjar, P., Patel, P., Rathod, Z., & Patel, B. (2019). Isolation, characterization and identification
of probiotic bacteria from fruits and vegetables. Life Sciences Leaflets, 110(2019): 11-
23.

Garzon, K., Ortega, C., & Tenea, G. N. (2017). Characterization of bacteriocin-producing lactic
acid bacteria isolated from native fruits of Ecuadorian Amazon. Polish Journal of
Microbiology, 66(4), 473-481. https://doi: 10.5604/01.3001.0010.7037

Goa, T., Beyene, G., Mekonnen, M., & Gorems, K. (2022). Isolation and characterization of
lactic acid bacteria from fermented milk produced in Jimma town, Southwest Ethiopia,
and evaluation of their antimicrobial activity against selected pathogenic bacteria.
International Journal of Food Science, 2022, 2076021.
https://doi.org/10.1155/2022/2076021

Gupta, M., & Bajaj, B. K. (2018). Functional characterization of potential probiotic lactic acid
bacteria isolated from Kalarei and development of probiotic fermented oat flour.
Probiotics and antimicrobial proteins, 10, 654-661. https://doi: 10.1007/s12602-017-
9306-6

Kamaliya, D. B., Javia, B. M., Gadhvi, M. S., & Dudhagara, D. R. (2023). Isolation and
characterization of probiotic bacteria from fruit pulp, screening of probiotic properties
and production of bacteriocin and probiotic curd. Open Journal of Biological Sciences,
8(1): 033-042. https://doi: 10.17352/0jbs.000036

Kieliszek, M., Pobiega, K., Piwowarek, K., & Kot, A. M. (2021). Characteristics of the
proteolytic enzymes produced by lactic acid bacteria. Molecules, 26(7): 1858.
https://doi: 10.3390/molecules26071858

Kusada, H., Morinaga, K., & Tamaki, H. (2021). Identification of bile salt hydrolase and bile
salt resistance in a probiotic bacterium Lactobacillus Gasseri JCM1131T.
Microorganisms, 9(5): 1011. https://doi: 10.3390/microorganisms9051011

Linares-Morales, J. R., Cuellar-Nevarez, G. E., Rivera-Chavira, B. E., Gutiérrez-Méndez, N.,
Pérez-Vega, S. B., & Nevarez-Moorillon, G. V. (2020). Selection of lactic acid bacteria
isolated from fresh fruits and vegetables based on their antimicrobial and enzymatic
activities. Foods, 9(10), 1399. https://doi.org/10.3390/fo0ds9101399

80


https://doi.org/10.4103/ijmm.ijmm_18_333
https://doi.org/10.1002/hsr2.70521
https://doi.org/10.1155/2022/2076021
https://doi.org/10.17352/ojbs.000036
https://doi.org/10.3390/microorganisms9051011?urlappend=%3Futm_source%3Dresearchgate
https://doi.org/10.3390/foods9101399

Zia et al., 2026

Liu, Y., Gao, S., Cui, Y., Wang, L., Duan, J., Yang, X., Liu, X., Zhang, S., Sun, B., Yu, H., &
Goa, X. (2024). Characteristics of lactic acid bacteria as potential probiotic starters and
their effects on the quality of fermented sausages. Foods, 13: 198.
https://doi.org/10.3390/ foods13020198

Manan, A. M. (2025). Progress in probiotic science: Prospects of functional probiotic-based
foods and beverages. International Journal of Food Science, 2025(1), 5567567.
https://doi.org/10.1155/ijfo/5567567

Martins, K. B., Ferreira, A. M., Pereira, V. C., Pinheiro, L., Oliveira, A. & Cunha M. L. R. S.
(2019). In vitro effects of antimicrobial agents on planktonic and biofilm forms of
Staphylococcus saprophyticus isolated from patients with urinary tract infections.
Frontiers in Microbiology, 10:40. https://doi: 10.3389/fmicb.2019.00040

Meena, K. K., Joshi, M., Rao, P., Panwar, N. L., Gupta, L., & Meena, S. (2025). Evaluation of
probiotic properties of lactic acid bacteria isolated from sheep milk and its suitability
as a starter in a milk-cereal-based beverage. Food Biomacromolecules, 2(1), 69-83.
https://doi.org/10.1002/fob2.70002

Meena, K. K., Taneja, N. K., Jain, D., Ojha, A., Kumawat, D., & Mishra, V. (2022). In vitro
assessment of probiotic and technological properties of lactic acid bacteria isolated
from indigenously fermented cereal-based food products. Fermentation, 8(10):
529. https://doi.org/10.3390/fermentation8100529

Megur, A., Daliri, E. B-M., Balnionyté, T., Stankeviciate, J., Lastauskiené, E., & Burokas, A.
(2023). In vitro screening and characterization of lactic acid bacteria from Lithuanian
fermented food with potential probiotic properties. Frontiers in Microbiology,
14:1213370. https://doi: 10.3389/fmich.2023.1213370

Mekky, A. F., Hassanein, W. A., Reda, F. M., & Elsayed, H. M. (2022). Anti-biofilm potential
of Lactobacillus plantarum Y3 culture and its cell-free supernatant against multidrug-
resistant uropathogen Escherichia coli U12. Saudi Journal of Biological Sciences,
29(4): 2989-2997. https://doi: 10.1016/j.5jbs.2022.01.014

Miranda, C., Contente, D., Igrejas, G., Camara, S. P., Dapkevicius, M. D. L. E., & Poeta, P.
(2021). Role of exposure to lactic acid bacteria from foods of animal origin in human
health. Foods, 10(9): 2092. https://doi: 10.3390/foods10092092

Parsons, C., Lee, S., & Kathariou, S. (2020). Dissemination and conservation of cadmium and
arsenic resistance determinants in Listeria and other Gram-positive bacteria. Molecular
Microbiology, 113(3): 560-569. https://doi: 10.1111/mmi.14470

Patel, A., SV, A., Shah, N., Verma, D. K. (2017). Lactic acid bacteria as metal quenchers to
improve food safety and quality. AgroLife Scientific Journal, 6(2): 146-154.

Plessas, S., Kiousi, D. E., Rathosi, M., Alexopoulos, A., Kourkoutas, Y., Mantzourani, I.,
Galanis, A., & Bezirtzoglou, E. (2020). Isolation of a Lactobacillus paracasei strain
with  probiotic  attributes from  Kefir grains.  Biomedicines, 8(12):
594. https://doi.org/10.3390/biomedicines8120594

Simdes, L., Fernandes, N., de Souza, A., dos Santos, L., Magnani, M., Abrunhosa, L., ... &
Dias, D. R. (2022). Probiotic and antifungal attributes of lactic acid bacteria isolate
from naturally fermented Brazilian table olives. Fermentation, 8(6), 277.
https://doi.org/10.3390/fermentation8060277

Sunarno, Nursofiah, S., Hartoyo, Y., Amalia, N., Febrianti, T., Febriyana, D., ... &
Multihartina, P. (2021). Long-term storage of bacterial isolates by using tryptic Soy

81


https://doi.org/10.1155/ijfo/5567567
https://doi.org/10.1002/fob2.70002
https://doi.org/10.3390/fermentation8100529
https://doi.org/10.3390/foods10092092
https://doi.org/10.3390/biomedicines8120594

Zia et al., 2026

Broth with 15% glycerol in the deep freezer (-70 t0-80 C). In IOP Conference Series:
Earth and Environmental Science, 913(1), 012070). https://doi.org/10.1088/1755-
1315/913/1/012070

Talib, N., Mohamad, N. E., Yeap, S. K., Hussin, Y., Aziz, M. N. M., Masarudin, M. J.,
Sharifuddin, S. A., Hui, Y. W., Ho, C. L., & Alitheen, N. B. (2019). Isolation and
characterization of Lactobacillus spp. from Kefir samples in Malaysia. Molecules,
24(14): 2606. https://doi: 10.3390/molecules24142606

Tarannum, N., Hossain, T. J., Ali, F., Das, T., Dhar, K., & Nafiz, I. H. (2023). Antioxidant,
antimicrobial and emulsification properties of exopolysaccharides from lactic acid
bacteria of bovine milk: insights from biochemical and genomic analysis. LWT, 186:
115263. https://doi.org/10.1016/j.lwt.2023.115263

Taye, Y., Degu, T., Fesseha, H., & Mathewos, M. (2021). Isolation and identification of lactic
acid bacteria from cow milk and milk products. The Scientific World Journal, 2021:
4697445. https://doi: 10.1155/2021/4697445

Tuo, Y., Song, X., Song, Y., Liu, W., Tang, Y., Gao, Y., Jiang, S., Qian, F., & Mu, G. (2018).
Screening probiotics from Lactobacillus strains according to their abilities to inhibit
pathogen adhesion and induction of pro-inflammatory cytokine IL-8. Journal of Dairy
Science, 101(6): 4822-4829. https://doi.org/10.3168/jds.2017-13654

Wang, Y., Wu, J., Lv, M., Shao, Z., Hungwe, M., Wang, J., Bai, X., Xie, J., Wang, Y., & Geng,
W. (2021). Metabolism characteristics of lactic acid bacteria and the expanding
applications in food industry. Frontiers in Bioengineering and Biotechnology, 9,
612285. https://doi: 10.3389/fbioe.2021.612285

Yasmin, I., Saeed, M., Khan, W. A., Khalig, A., Chughtai, M. F. J., Igbal, R., Tehseen, S., Naz,
S., Liagat, A., Mehmood, T., Ahsan, S., & Tanweer, S. (2020). In vitro probiotic
potential and safety evaluation (hemolytic, cytotoxic activity) of Bifidobacterium
strains isolated from raw camel milk. Microorganisms, 8(3), 354.
https://doi.org/10.3390/microorganisms8030354

Zaghloul, E. H., Ibrahim, M. I, & Zaghloul, H. A. (2023). Antibacterial activity of
exopolysaccharide produced by bee gut-resident Enterococcus sp. BE11 against marine
fish pathogens. BMC Microbiology, 23(1): 231. https://doi.org/10.1186/s12866-023-
02977-9

Zhang, X., Esmail, G. A., Alzeer, A. F., Arasu, M. V., Vijayaraghavan, P., Choi, K. C., & Al-
Dhabi, N. A. (2020). Probiotic characteristics of Lactobacillus strains isolated from
cheese and their antibacterial properties against gastrointestinal tract pathogens. Saudi
Journal of Biological Sciences, 27(12), 3505-3513. https://doi:
10.1016/j.5jbs.2020.10.022

82


https://doi.org/10.1016/j.lwt.2023.115263
https://doi.org/10.1155/2021/4697445
https://doi.org/10.3168/jds.2017-13654
https://doi.org/10.3390/microorganisms8030354
https://doi.org/10.1186/s12866-023-02977-9
https://doi.org/10.1186/s12866-023-02977-9

