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INTRODUCTION 

 

Probiotics have long been associated with health and well-being. With the current 
upward trend in health awareness, consumers’ demand for highly nutritive 

products is increasing. The health benefits of microorganisms as probiotics have 

encouraged worldwide consumption. Food and Agriculture Organization (FAO) of 
the United Nations and the World Health Organization (WHO) defined probiotics 

as follows: “Live microorganisms (bacteria or yeasts), which when ingested or 

locally applied in sufficient numbers confer one or more specified demonstrated 
health benefits for the host” (Vidhate et al., 2024). The strains most frequently used 

as probiotics are generally isolated from traditional fermented products, the gut, 
feces, and human breast milk (Wang et al., 2021). Lactic acid bacteria (LAB) are 

among the most important groups of bacteria used in the food industry. They have 

been consumed in dairy products by people all over the world, and most are 
classified as “generally recognized as safe” (GRAS) microorganisms (Reuben et 

al., 2020). Several species belonging to the genera of Lactobacillus, 

Bifidobacterium, Streptococcus, Lactococcus, Carnobacterium, 
Leuconostoc,Pediococcus, Tetragenococcus, Weissella, and some species of 

Enterococcus  and Escherichia coli  are reported as probiotics (Satish Kumar et al., 

2013). Moreover, Saccharomyces boulardii is the only non-pathogenic yeast used 
as a probiotic (Pais et al., 2020; Pakbin et al., 2023). 

Probiotic microorganisms provide many physiological, immunological, metabolic, 

genetic, and technological benefits to the host. There are various mechanisms by 
which probiotics act, such as bacteriocin production, lowering of the gut pH, 

competitive exclusion, competition for nutrients and attachment surfaces, 

stimulation of mucosal barrier function, and immunomodulation. For 
immunomodulation, evidences show the influence of probiotics in several aspects 

of acquired and innate immunity (Mora‐Villalobos et al., 2020). The probiotic 

actions for immunomodulation include phagocytosis, IgA secretion, and 
modifying T-cell responses by enhancing and attenuating Th1 and Th2 responses 

(Yousefi et al., 2019). Moreover, potential probiotic strains should be non-toxic 

and non-pathogenic. They should be able to survive and proliferate at the target 
site, resist gastric acid and bile, adhere to the gastrointestinal tract, and antagonize 

pathogenic bacteria (Choi et al., 2018; Khan et al., 2021).They should also produce 

various antimicrobial compounds(Dowarah et al., 2018), exert anti-tumoral 
activity(Garbacz, 2022), protection against colon cancer (Drago, 2019),stimulation 

of the immune system (Pimentel et al., 2015), stabilization of gut microbiota 

(Sánchez et al., 2017), and improvement in lactose metabolism (Salvetti & 

O’Toole, 2017). Additionally, certain enzymes such as NADH oxidase, 
glutathione reductase, glutathione S-transferase, catalase, glutathione peroxidase, 

superoxide dismutase, and feruloyl esterase released by probiotic strains may 

contribute to the antioxidant property which play a key role in human health 
(Zaghari et al., 2020). Probiotics also improve digestion and absorption by 

secreting extracellular digestive enzymes such as amylases, proteases, and lipases 

(Ahmadifar et al., 2020). 
Recently, with the emergence of antibiotic resistance, emphasis has been put on 

investigating probiotics and their products as alternatives to antibiotics. The 
antagonistic activity of probiotics against pathogens is brought about by producing 

effective antimicrobial compounds such as peptides that include competitive 

exclusion of pathogens, boosting the function of the intestinal barrier (Bazireh et 
al., 2020). Various probiotic strains have been identified to produce such peptides 

(bacteriocins) which act as antimicrobial agents against pathogenic 

microorganisms. Probiotics can also produce organic acids upon fermentation, 
which decreases the environmental pH and inhibits the survival of some pathogens 

that cannot tolerate acidic conditions (Hwanhlem et al., 2014). These organic acids 

can inhibit bacteria by penetrating the cell membrane and affecting its functions. 
They acidify the cytoplasm and inhibit acid-sensitive enzymes of the cells. Other 

than these bacteriocins and organic acids (lactic, acetic, pro- pionic and succinic 

acid), some other metabolites also contribute to the antimicrobial and antibiofilm 
activity of probiotic cells such as hydrogen sulfide and peroxide, ethanol, carbon 

dioxide, EPS and, biosurfactants. Probiotics may act on pathogenic biofilm by 

displacement, exclusion and competition with pathogens. The displacement 
includes disruption of the pre-formed pathogenic biofilms, exclusion includes pre-

coating of a surface to inhibit pathogen adhesion and competition involves the co-

culture of pathogenic cells with probiotics and/or their metabolites (Carvalho et al., 
2021). 

Hence, probiotics can be a useful tool for eradication of the pathogenic biofilms; 

in the present study, we aimed to isolate and screen potential probiotic organisms 
from different sources followed by their characterization and investigation of their 

biofilm eradication potential. 

 

 

Probiotic microorganisms were isolated from fermented curd, idli batter, lentils, human milk, and healthy infants’ faecal matter. A total 

of 27 isolates were screened for acid and bile tolerance, with 12 isolates showing resistance to low pH and bile and nine isolates indicating 
significant viability during gastro-intestinal simulation. They were further investigated for probiotic properties where isolate B33 (from 

idli batter) with 66.57 ± 0.05% autoaggregation potential, isolate D25 (from curd) with 93.25 ± 0.60% hydrophobicity, and 75.25 ± 0.21% 

biofilm-forming potential were observed as significant isolates. Some isolates have shown positive lipolytic, amylolytic, and proteolytic 
activity and all the isolates have shown negative hemolytic and gelatinase activity. Antibiotic resistance was also analysed using the disc 

diffusion method, wherein isolates B11, B32, and B34 were most resistant to eight antibiotics. The antibacterial properties of cell-free 

supernatant (CFS) of isolates were determined against Pseudomonas aeruginosa PA01, Bacillus cereus, Staphylococcus aureus, and 
Salmonella Typhimurium by agar well diffusion method, wherein isolates B11, B32, D25, and B34 showed high antibacterial activity. 

Potential probiotic isolates D25 and B11 were identified using the 16S rRNA sequencing method, and they were identified as 

Lactiplantibacillus plantarum and Pediococcus pentosaceus, respectively. Application of their CFS (20 µL) for biofilm eradication was 
also studied on the biofilm of Pseudomonas aeruginosa PA01 by 96-well microtiter plate assay, where isolate D25 showed 65 ± 0.20% 

biofilm eradication. The study suggested that both isolates were potential probiotics and could be applied in food preparation, animal feed, 

or the pharmaceutical industry. 
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MATERIALS AND METHODS 

 

Media and Chemicals 

 

All chemical reagents and microbial media used in this study were purchased from 

Himedia Laboratories (Mumbai, India) and Loba Chemie (Mumbai, India) 
companies with analytical grades. Pathogenic culture Pseudomonas aeruginosa 

PA01 (MTCC 3541) was procured from Microbial Type Culture Collection 

(Chandigarh, India). Bacillus cereus (ATCC 14579), Salmonella Typhimurium 
(ATCC 23564), and Staphylococcus aureus (ATCC 25923) were procured from 

American Type Culture Collection (ATCC, USA). All pathogens were then 
activated in their specific media. 

 

Isolation of Probiotic Microorganisms 

 

Probiotic microorganisms were isolated from various samples such as fermented 

idli batter, curd, human milk, lentils, and an infant’s fecal material. For the 
isolation three different idli batter and two different “Dahi” (curd) samples were 

collected from local street food sellers from Anand, Gujarat; lentils such as 

“Chola” (Vigna unguiculate), “Rajma” (Phaseolus vulgaris), “Toor” (Cajanus 
cajan), and “Mung” (Vigna radiata) were collected from the local market of 

Anand, Gujarat. The samples were fermented in anaerobiosis. Moreover, a mother-

infant (one-month-old) pair was also selected. Then, an informed consent form was 
taken from the mother, and the mother’s milk was collected by suction in a sterile 

container and the infant’s fecal matter was also collected in a sterile container.  

The samples were fermented in TGYE (Tryptone Glucose Yeast Extract) and MRS 
(De Man Rogosa Sharpe) broth  at room temperature under shaking condition for 

24-48 h while the mother’s milk and infant’s fecal samples were directly proceeded 

for isolation purposes. For the isolation  samples were serially diluted and plated 
on TGYE and MRS media by spread-plate method and incubated at 37 °C for 24 

h and next day plates were observed (Rameshgar et al., 2020). TGYE medium was 

used to isolate various probiotic strains other than those which can be easily 
isolated by the MRS medium. Colonies with different cultural characteristics were 

selected for further screening. Probiotic organisms were isolated from various 

samples like fermented curd, batter, lentils, mother milk and fecal samples.  
 

Primary Screening of Isolated Organisms 

 

Isolates were first evaluated for primary acid and bile tolerance because they 

should survive during gastrointestinal transit (Devi et al., 2020). For the same, 

cultures were inoculated in their respective broths (MRS or TGYE) and incubated 
at 37oC for 24 h. Further, these actively grown cultures were inoculated (10%) in 

their respective broth, adjusted to pH 2.0 for acid tolerance, and supplemented with 

2% bile (ox bile) with pH 8.0 for determination of bile tolerance. They were 
incubated for 0, 3, and 6 h at 37 oC, and then the broth was centrifuged at 10,000 

rpm for 5 min. The pellets were re-suspended in normal saline, and their optical 

density was measured at 600 nm. The isolates with higher growth were selected 
for the further work. 

 

Secondary Screening of Isolates 

 

Viability of isolate after gastric, intestinal, and gastrointestinal simulation 

 
After primary evaluation, the isolates who showed good acid and bile tolerance 

were subjected to gastric, intestinal, and gastrointestinal simulation to determine 

their potential for surviving in in vivo gastrointestinal conditions. Selected isolates 

were subjected to gastric simulation suggested by (Diana et al., 2015) and intestinal 

simulation suggested by (Topçu et al., 2020) with certain modifications in the 

simulated juices’ pH. Actively grown culture broths were centrifuged and the 
pellets were treated with simulated gastric juice (0.3% pepsin, 0.5% NaCl, pH 2.0) 

for 2 h and with intestinal juice (Solution A: 1.01% NaHCO3, 0.2% NaCl, 0.1% 

Trypsin, pH 8.0; Solution B: 1.8% Ox-bile, pH 8.0; Solution A & B was mixed in 
the proportion of 2:1 and the final pH was adjusted to 8.0) for 4 h, at 37 oC. The 

gastrointestinal simulation treatment of 6 h was also given to these isolates and for 
that after the incubation time of gastric simulation, the simulated gastric juice was 

replaced with simulated intestinal juice and further incubated for 4 h at 37 oC. Thus, 

after the incubation period of 2 h (gastric simulation), 4 h (intestinal simulation), 
and 6 h (gastrointestinal simulation), the cultures were spread on TGYE or MRS 

plates by spread-plate method and incubated at 37 oC for 24 h. The next day, the 

viability of probiotic isolates after the simulation treatment was determined in 
terms of log10 CFU/mL. 

  

Determination of Morphological, Cultural, and Biochemical Characteristics 

 

The morphological, cultural, and biochemical characteristics of various isolates 

were studied as per Bergey’s Manual of Systematic Bacteriology. Biochemical 
tests, such as the indole production test, Methyl Red (MR) test, Vogas Proskauer 

(VP) test, citrate utilization test, nitrate reduction test, triple sugar iron agar test, 

urea test, hydrogen sulphide test and sugar fermentation were also performed for 
nine selected probiotic isolates.  

Determination of Probiotic Potentials of Selected Isolates 

 

Auto-aggregation 

 

The auto-aggregation property was determined by a method described by (Aina et 

al., 2020), with certain modifications. Activated cultures were subjected to gastric, 
intestinal, and gastrointestinal simulation and then proceed further for 

centrifugation. Pellets were washed with sterile saline and re-suspended in 2 mL 

saline, which was equally distributed into two tubes (1 mL in each). From the first 
tube, 1 mL aliquot was directly used for measurement of initial OD at 620 nm (Ai). 

Another tube was spun at 2000 rpm for 2 min, and the supernatant was used to 
measure its final OD at 620 nm (Af).  The percent auto-aggregation (AAG%) was 

calculated as: 

%Autoaggregation =
AI − Af

Ai

× 100 

 

Cell surface hydrophobicity 

 
Cell-surface hydrophobicity was determined using the method by (Topçu et al., 

2020), with certain modifications. Activated cultures were subjected to gastric, 

intestinal, and gastrointestinal simulation and then proceed further for 

centrifugation. Pellets were washed with sterile saline and re-suspended in 2 mL 

PUM (Phosphate Urea Magnesium) buffer, which was equally distributed into two 
tubes (1 mL in each). From the first tube, 1 mL aliquot was used for measurement 

of initial OD at 620 nm (Ai). 660 µL of xylene was added to another tube and 

vortexed for 90 sec. It was allowed to stand for 30 min at 37 °C for phase 
separation. After phase separation, the aqueous phase was carefully aspirated and 

transferred to another tube. It was allowed to stand for 30 min to remove residual 

xylene and then its final OD was measured at 620 nm (Af). The percent Cell 
Surface Hydrophobicity (% CSH) was calculated as: 

 

%CSH =
Ai − Af

Ai

× 100 

 

Biofilm-forming potential 

 

BFP was determined with the method suggested by (Bazireh et al., 2020), with 

certain modifications. Actively grown cultures were subjected to gastric, intestinal, 

and gastrointestinal simulation. Then, 10% inoculum of the simulated cultures 

were inoculated in a 96-well microtiter plate containing 200 µL of TGYE or MRS 

broth, supplemented with 0.25% glucose in triplicate, and incubated at 37 oC for 
24 h. Un-inoculated wells were maintained as control. After incubation, media 

were decanted and 250 µL methanol was added for fixation followed by rinsing 

with 250 µL of sterile distilled water. After rinsing, cells were stained with 1% 
crystal violet for 5 min. The excess stain was decanted and rinsed with sterile 

saline. The cell-bound stain was re-solubilized in 250 µL of 33% glacial acetic acid 

and the absorbance was measured using an ELISA reader at 595 nm. The percent 
Biofilm Formation Potential (%BFP) was calculated as: 

 

%BFP =
Final OD − Initial OD

Final OD
× 100 

 
Extracellular Enzyme Production by Isolates 

 

Improvement in probiotic status includes many approaches and is not limited to 
the selection of technological beneficial properties but also comprises the 

production of extracellular digestive enzymes like lipase, amylase, and protease 

(Mostefa et al., 2018). The lipolytic, amylolytic, and proteolytic activity was 
determined by transferring the activated cultures of isolates on 3% tributyrin agar, 

2% starch agar, and 3% casein agar plates, respectively. The plates were incubated 

at 37 °C for 24 h, and the next day, plates were observed for the clear zone around 
the colonies, which indicated extracellular enzyme production by probiotics. 

 

In Vitro Safety Assessment of Isolates 

 

Isolates were assessed for hemolytic and gelatinase activity to confirm their safety 

for consumption (Kondrotiene et al., 2020). Activated cultures of probiotics were 
streaked on 5% blood agar and 5% gelatin agar plates to determine the hemolytic 

and gelatinase activity. These plates were incubated at 37 °C for 24 h. The next 

day, blood agar plates were observed for hemolytic reaction, i.e., α-hemolysis 
(partial hemolysis with greenish discoloration surrounding bacterial colony), β-

hemolysis (complete hemolysis with clear zone surrounding bacterial colony), and 
γ-hemolysis (no hemolysis) and gelatin plates were observed for the colonies 

surrounded by a clear zone, indicating a positive gelatinase activity by the probiotic 

organism.  
 

Assessment of Antibiotic Sensitivity 

 
Antibiotic sensitivity of isolates was determined according to the European Food 

Safety Authority’s (EFSA) recommendations, using antibiotic susceptibility 
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testing octa-discs (Combi XIII, Hi-media, Mumbai) on MRS or TGYE agar plates 

seeded with the test probiotic organism (107–108 CFU/mL), as described by 

(Mohammad et al., 2020). The antibiotic discs were placed on the surface of the 

agar and kept undisturbed for 1 h at 4 °C to allow diffusion, followed by incubation 

at 37 °C for 24 h. The pattern was assessed against different antibiotic, namely 

penicillin (P- 2 units), tetracycline (TE- 10 mcg), co-trimoxazole (COT- 25 mcg), 
cloxacillin (COX- 5 mcg), cefradine (CH- 30 mcg), erythromycin (E- 10 mcg), 

lincomycin (L- 10 mcg), and cefuroxime (CXM- 30 mcg). The zone of inhibition 

was measured (mm) and probiotic isolates were categorized into resistant, 
intermediate, and sensitive as per CLSI standards (Clinical and Laboratory 

Standard Institute, 2003). 
 

Determination of the Antibacterial Activity of CFS (Cell-Free Supernatant) 

 
Antibacterial activity of CFS from activated probiotics was determined by agar 

well diffusion assay (Aina et al., 2020). Potential probiotic isolates were activated 

in their respective broths and grown cultures were centrifuged the next day at 8000 
rpm, after which the supernatant was collected and filtered by a 0.2-µm syringe 

filter membrane. Pathogens such as Pseudomonas aeruginosa PA01, Bacillus 

cereus, Staphylococcus aureus, and Salmonella Typhimurium were inoculated in 
nutrient broth and incubated at 37 °C for 24 h for activation. 100 µL of these were 

inoculated in melted nutrient agar and poured on nutrient agar plates. 9-mm-

diameter wells were made on each plate, wherein 100 µL of antibiotic streptomycin 
was poured as a positive control, and probiotic isolates’ cell-free supernatants 

(CFS) were poured as test samples. Plates were placed undisturbed in the 

refrigerator for 30 min to allow diffusion and then incubated at 37 °C for 24 h. The 
next day, antagonism was determined by measuring the zone of inhibition around 

the wells. 

 

Identification of Potential Probiotic Isolate 

 

After the characterization of probiotic isolates, two potential probiotic isolates 
were selected and processed for genomic identification. The genomic identification 

was carried out by 16S rRNA nucleotide sequence analysis using universal 27F 

(5’-AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5’-
GGTTACCTTGTTACGACTT-3’) primers. 

 

Application of CFS of Potential Probiotics for Biofilm Eradication  

 

Probiotic isolates’ biofilm eradication ability was determined by the method used 

by (Hossain et al., 2020). The activated culture of P. aeruginosa PA01 was 
inoculated (10% inoculum) in a 96-well microtiter plate containing 200 µL nutrient 

broth supplemented with 0.25% glucose in triplicate. To this plate, 20 µL of cell-

free supernatant (CFS) of selected isolates was inoculated and the plate was 
incubated at 37 °C for 24 h. Wells without CFS inoculation, were maintained as 

positive control. After incubation, media was decanted and the biofilms were fixed 

with methanol. After that, the plate was rinsed with sterile distilled water, followed 
by staining with 1% crystal violet for 20 min. The excess stain was removed by 

washing the plate with saline. The cell-bound stain was re-solubilized in 33%-

glacial acetic acid, the absorbance of which was measured using an ELISA reader 
at 595 nm. The percent biofilm eradication was calculated with reference to the 

control. 

 

Statistical Analysis 

 

All experimental measurements were repeated independently in triplicate, and the 

results were expressed as the mean ± standard deviation and evaluated by 

performing the analysis of variance (ANOVA) and Tukey’s test, both considering 

the significance level of P < 0.05. The analysis was performed using MS Excel. 
 

RESULTS AND DISCUSSION 

 

Sample Collection and Isolation 

 
A total of twenty seven lactic acid bacterial isolates were obtained from five  

different fermented foods (fermented curd, batter, lentils, mother milk and fecal) 

samples. The isolates were initially differentiated on the basis of their cultural and 
cellular morphological studies after which they were subjected to various 

physiological and biochemical tests. These isolates were Gram positive rods, cocci 

and short rods as well as the colonies were white, circular with entire margine. The 
results of morphological and cultural characterization are shown in online resource 

1. 

 

Primary Screening of Isolates for Acid and Bile Tolerance 

 

Probiotic isolates should survive in gastric and intestinal transit. They should 
remain metabolically active and viable for providing health-promoting effects 

when they arrive in the colon. Therefore, probiotic isolates were screened for their 

acid and bile tolerance (Sharma et al., 2021). Out of 27 isolates, 12 isolates were 
found to be resistant to acid (pH 2.0) and bile (2%), as shown in Figure 1a & 1b 

respectively. Similarly, Huang et al., (2020) treated 24 different isolates at pH 2.5 

for 3 h and with 1% bile salts for 4 h. Out of them, 12 isolates have shown acid-

bile resistance. On the contrary, Kondrotiene et al., (2020) determined the bile 

tolerance with 24 h treatment at three different concentrations  (0.3%, 0.5%, and 

1% (w/v)), and acid tolerance with 3 h exposure of phosphate buffer saline (pH 2.5 

with 5 M HCL). They observed two L. lactis strains with more than 50% resistance 
to low pH and more than 80% resistance to varis. Also, Mishra & Ghosh, (2018) 

found the highest survival of two strains of E. faecalis AG11 (99±0.26%) after 4 h 

incubation in intestinal transit and AG9 strain (93±0.87%) after 2 h incubation in 
gastric transit condition. Hence, the overall result shows that the acid and bile 

tolerance are intrinsic property of probiotics that may differ across the species. 
 

 
Figure 1a Acid tolerance of isolates after 6 h of incubation (pH 2.0). Different 
letters above the bars denote statistically significant differences at p<0.05. 

 

 
Figure 1b Bile tolerance of isolates after 6 h of incubation (2% Bile, pH 8.0). 

Different letters above the bars denote statistically significant differences at 
p<0.05. 

 

Secondary Screening of Isolates for Survival after Simulation Treatment  

 

For the in vitro selection of probiotic bacteria that may reflect certain in vivo 

effects, the isolates were further evaluated for gastric, intestinal, and 
gastrointestinal simulation. Here, from our 12 isolates, nine isolates have shown 

significant viability after incubation at 37 °C for 24 h, indicating good tolerance of 
isolates against acid and bile conditions prevalent in the gastrointestinal passage. 

Their survival was determined in log10 CFU/mL with simulation effect (Figure 2a, 

2b & 2c). Similarly, (Gebru & Sbhatu, 2020) have studied 200 different isolates 
for their survival in GIT simulation, reporting that 44 isolates were resistant to GIT 

simulation with a high survival rate. (Kostelac et al., 2021) studied the survival of 

L. plantarum KO9 and L. plantarum M2 when treated with simulated gastric and 
intestinal fluids. At pH 3.0, there were no statistical differences in CFU mL-1 count 

compared with the control sample, but the lowest survival (76%) was observed at 

pH 1.5. On the other hand, both strains showed high tolerance to simulated 
intestinal fluids where Lact. plantarum KO9 showed no significant difference in 

survival at all three concentrations of bile salts, while L. plantarum M2 showed a 

decrease in viability by 2.8% and 5.7% at 1.5 mg mL-1 and 3.0 mg mL-1 bile salts 
concentration, respectively. Moreover, (de Souza et al., 2018) found all L. 

fermentum strains and six L. casei strains (SJRP38, SJRP135, SJRP144, SJRP148, 

SJRP150, and SJRP166) with good survival (> 4 log10 CFU/mL) when exposed to 

the simulated GIT condition for 360 min, which was equivalent to the passage of 

bacteria through the gastrointestinal tract of humans. 
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Figure 2a Viability of isolates after Gastric Simulation. Different letters above the 

bars denote statistically significant differences at p < 0.05. 

 
Figure 2b Viability of isolates after Intestinal Simulation. Different letters above 
the bars denote statistically significant differences at p < 0.05. 

 
Figure 2c Viability of isolates after Gastrointestinal Simulation. Different letters 

above the bars denote statistically significant differences at p < 0.05. 
 

Determination of Probiotic Potentials of Selected Isolates 

 

Autoaggregation 

 

Interactions among components present on cell surface such as proteins, 
carbohydrates, and lipids (teichoic acid) are generally believed to be associated 

with cell aggregation (Hossain et al., 2020). Autoaggregation of the nine selected 

isolates was determined with the effect of gastric, intestinal, and gastrointestinal 
simulation. The highest autoaggregation potential was shown by isolate B33 (66.57 

± 0.05%) followed by isolate M3 (61.91 ± 0.13%), D25 (60.76 ± 0.31%), B11 

(57.34 ± 0.28%), B34 (53.78 ± 0.19%) and isolate B32 (49.05 ± 0.21%) as shown 
in Tab 1. It was observed that autoaggregation potential was less after 2 h of gastric 

simulation but it was increased with time in the case of intestinal (4 h) and 

gastrointestinal simulation (6 h). A similar kind of observation was noted by 
(Mohammad et al., 2020). They observed, among different 27 probiotic isolates, 

isolate L. mindensis SGMT22 has shown the highest autoaggregation ability 

(41.16%) while E. faecalis MPS15 showed the lowest after 3h incubation at 37 °C. 
Moreover, (Bhagat et al., 2020) determined the autoaggregation ability of P. 

acidilactici was maximum (77 ± 0.68%) and a gradual increase was reported after 

24 h incubation at 37 °C. Similarly, (de Souza et al., 2018) observed L. casei 
SJRP166 and L. fermentum SJRP32 showed high autoaggregation, 60.97% and 

96.18%, respectively without any simulation. Likewise, (Sui et al., 2021) have 

reported high (95.5%) autoaggregation for L. plantarum NF4 while low (15%) for 

L. plantarum NF1. 

 

Table 1 Autoaggregation potential of isolates 

Isolates 
Gastric 

Simulation 
Intestinal 

Simulation 
Gastro-intestinal 

Simulation 

B11 42.11 ± 0.44aA 61.34 ± 0.39eB 57.34 ± 0.28cC 

B32 6.11 ± 0.14fA 57.24 ± 0.21fB 49.05 ± 0.21eC 

B33 7.14 ± 0.13fA 84.27 ± 0.16aB 66.57 ± 0.05aC 

B34 41.58 ± 0.51aA 77.90 ± 0.16cB 53.78 ± 0.19dC 

D25 5.82 ± 0.98fA 74.65 ± 0.24dB 60.76 ± 0.31bC 

F 34.85 ± 0.32bA 74.09 ± 0.15dB 37.40 ± 0.13hC 

M1 11.51 ± 0.56eA 56.16 ± 0.35fB 39.31 ± 0.65gC 

M2 32.14 ± 0.34cA 80.17 ± 0.67bB 44.69 ± 0.34fC 

M3 27.77 ± 0.55dA 76.48 ± 0.18cB 61.91 ± 0.13bC 

Values of means followed by the same letter in lower and upper case do not differ 
statistically by the Tukey’s test at 5% probability. 

 

Cell surface hydrophobicity 

 

Bacteria with a high percentage of hydrophobicity typically have a high capacity 

of adherence to the intestinal mucosal cells (Romero-Luna et al., 2020). The cell 
surface hydrophobicity is one of the significant physicochemical characteristics 

which can facilitate the first contact between the microorganisms and the host’s 

intestinal wall cells (Oliveira et al., 2017). Among the nine different isolates, 
isolate D25 have shown highest hydrophobicity of about 93.25 ± 0.60% followed 

by M1 (89.12 ± 0.13%), B11 (88.41 ± 0.16%), B32 (85.41 ± 0.12%), B33 (78.39 

± 0.30%) and M2 (70.35 ± 0.28%) after 6 h of gastrointestinal simulation as shown 
in Table 2. (dos Santos Leandro et al., 2021) studied the hydrophobicity of 17 

probiotic isolates and observed all strains with more than 55% of hydrophobicity 

with the exception of strains L. fermentum C4848.7 (10.03%) and L. 
pseudomesenteroides C4820.3 (24.83%) which showed lower hydrophobicity. (de 

Souza et al., 2018) have reported the hydrophobicity of L. casei strains which 

ranged between 9.66 and 69.36%, while hydrophobicity of other L. fermentum 
strains varied from 0.3% to 68.81%. Additionally, (El-Deeb et al., 2020) studied 

hydrophobicity with many Lactobacillus isolates with different hydrocarbons 
where isolate MF1 showed maximum affinity towards hexadecane. Among all the 

three different hydrocarbons taken under study; maximum adhesion was observed 

with hexadecane (49.6 ± 0.6%), followed by xylene (44.3 ± 0.5%) and toluene 
(41.6 ± 0.6%). Isolates MF1, MF2, MF3, IG1, IG2, and IG3 showed significant 

hydrophobicity than the other isolates such MF6, WD2, IG6, and WD6 which 

exhibited no hydrophobicity towards any of the three hydrocarbons. Besides, 
(Hashem & Hashem, 2021) studied the cell surface hydrophobicity of cells of the 

two Lactobacillus strains using the salt aggregation test (SAT). In this method, 

they mixed the bacterial cell suspensions individually on a glass slide with equal 
volumes of ammonium sulphate solution having different concentrations (0.5, 1.5, 

2, and 4 mol/L). The SAT hydrophobicity value is defined as the lowest 

concentration of Ammonium sulphate that causes visible aggregation of the 
Lactobacillus cells. Based on these values, the probiotics were classified as high 

hydrophobic (< 0.9 mol/L), intermediate hydrophobic (0.9–1.5 mol/L), or 

hydrophilic (>1.5 mol/L). In their study, both the potential probiotic strains, i.e., L. 
plantarum ATCC 14917 and L. acidophilus ATCC 20552, have shown hydrophilic 

properties, as cell aggregates were formed with both tested Lactobacillus strains 

just after 1 min. at a salt concentration of 2 mol/L. Much larger aggregates are 
observed with L. acidophilus than L. plantarum.  

 

Table 2 Cell surface hydrophobicity of isolates 

Isolates 
Gastric 

Simulation 
Intestinal 

Simulation 
Gastro-intestinal 

Simulation 

B11 57.46 ± 0.17eA 58.69 ± 0.38dB 88.41 ± 0.16bC 

B32 75.30 ± 0.19cA 58.55 ± 0.32dB 85.41 ± 0.12cC 

B33 87.83 ± 0.18aA 46.16 ± 0.11eB 78.39 ± 0.30dC 

B34 70.50 ± 0.52dA 60.84 ± 0.29cB 64.70 ± 0.25fC 

D25 86.33 ± 0.32abA 58.10 ± 0.18dB 93.25 ± 0.60aC 

F 56.49 ± 0.21eA 79.17 ± 0.44aB 57.81 ± 0.29gC 

M1 26.70 ± 079gA 35.84 ± 0.26fB 89.12 ± 0.13bC 

M2 40.67 ± 0.43fA 69.45 ± 0.07bB 70.35 ± 0.28eC 

M3 84.62 ± 0.31bA 25.85 ± 0.15gB 13.55 ± 1.25hC 

Values of means followed by the same letter in lower and upper case do not differ 

statistically by the Tukey’s test at 5% probability. 

 

Biofilm-forming potential 

 

Biofilm formation is an important property of being probiotic organisms as it helps 
the cells adhere to the gastrointestinal tract. Among the nine isolates, six isolates 

showed more than 45% BFP after 6 h of gastrointestinal simulation. Highest 

potential was observed in isolate D25 (75.25 ± 0.21%) followed by isolate B11 
(61.84 ± 0.29%), B34 (60.89 ± 0.54%), M1 (55.35 ± 0.10%), B33 (47.66 ± 0.35%) 
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and F (46.15 ± 0.16%) as shown in Tab 3. Likewise, (Bazireh et al., 2020) studied 

17 different probiotic isolates for their biofilm formation ability where all the 

isolates showed strong biofilm formation except four isolates (SA 135, ST 13, ST 

67, and ST 126) which have shown modest biofilm formation.  On the other hand, 

(Fredua-Agyeman et al., 2020) assessed the biofilm formatting ability of 25 

different isolates using the Alvatex 3D scaffold insert. The confocal imaging of the 
3D scaffold showed randomly aligned fibres and fibrous mesh at 60x 

magnification. This 3D scaffold was explored to simulate the structural matrix that 

is generally found in the gut and it will mimic the in vivo biofilm growth. All tested 
species formed biofilm comprised of both live and dead cells on the 3D scaffold. 

This biofilm-forming ability would increase the potential use of strains as 
probiotics, since this biofilm formation may prevent the adhesion of pathogens to 

the GIT membrane surfaces (Penaloza-Vazquez et al., 2019). 

 

Table 3 Biofilm forming potential of isolates 

Isolates 
Gastric 

Simulation 

Intestinal 

Simulation 

Gastro-intestinal 

Simulation 

B11 40.19 ± 0.12dA 76.46 ± 0.04bB 61.84 ± 0.29bC 

B32 40.79 ± 0.24dA 28.80 ± 0.30eB 45.52 ± 0.14eC 

B33 53.12 ± 6.65bcA 49.44 ± 0.36eB 47.66 ± 0.35dC 

B34 44.31 ± 0.24cdA 64.64 ± 0.24dB 60.89 ± 0.54bC 

D25 78.70 ± 0.24aA 79.26 ± 0.21aB 75.25 ± 0.21aC 

F 47.75 ± 0.05cdA 68.33 ± 0.22cB 46.15 ± 0.16eC 

M1 59.78 ± 0.21bA 14.26 ± 0.51iB 55.35 ± 0.10cC 

M2 52.45 ± 0.21bcdA 20.41 ± 0.34hB 39.94 ± 0.29hC 

M3 44.76 ± 0.10cdA 30.96 ± 0.19fB 42.26 ± 0.18gC 

Values of means followed by the same letter in lower and upper case do not differ 

statistically by the Tukey’s test at 5% probability. 

 

Extracellular Enzyme Production by Probiotic Isolates 

 

Extracellular enzymes produced by probiotics may help in the digestion of food by 
the host, contribute towards energy generation by catalytic digestion of 

macromolecules present in food, and enhance fermented foods’ organoleptic 

properties (Bhat & Bajaj, 2020). With reference to that, we have studied the 
extracellular enzyme production for our isolates. Lipolytic, amylolytic, and 

proteolytic activity of probiotic isolates was determined on tributyrin, starch, and 
casein agar plates, respectively. The zone around the colony was considered 

positive for enzyme production. Among the nine different isolates, isolate B34, F, 

M2, and M3 have shown positive results for lipase production. Similarly, isolates 
B32, D25, F, and M2 have shown positive results for amylase production and 

isolates B34, D25, F, M2, and M3 have shown positive caseinase activity (Tab 4). 

Similarly, (Mostefa et al., 2018) have determined the extracellular enzyme 
production ability of lactic acid bacteria. All lactic acid bacteria have shown 

significant protein-digesting ability. With the use of MRS media supplemented 

with 2% skimmed milk, Aerococcus spp. (isolates Lbm3, 10, 17, 18), Enterococcus 
sp. (isolate Lbm50), and Weisella sp. (isolate Lbm22) showed 17-22 mm of the 

zone of clearance, while MRS media supplemented with 10% skimmed milk; 

Aerococcus sp. (isolate Lbm19) Enterococcus spp. (Lbm46, 47, 49) showed a 10–
15 mm zone of clearance on the plate. Additionally, (Ghanei-Motlagh et al., 2021) 

have reported that proteolytic, lipolytic, and amylolytic activities of probiotic 

organisms significantly (p < 0.05) increased in quorum quenching treatments when 
compared to the control group. In contrast, (Bhagat et al., 2020) earmarked the 

phytase production as an essential criterion of probiotics and carried out qualitative 

analysis of phytase in P. acidilactici SMVDUDB2, which showed an 8 mm zone 
that was higher than L. rhamnosus MTCC 1408 (5 mm) on phytase-screening 

medium (PSM) after 48 h at 37 °C. The quantitative analysis using 

spectrophotometer showed that the enzyme activity was 5.18 ± 0.09 U/mL for P. 
acidilactici SMVDUDB2 and 3.69 ± 0.12 U/mL for L. rhamnosus (MTCC 1408). 

Also, (Khan et al., 2021) have qualitatively determined the extracellular enzyme-

producing ability of B. licheniformis and B. subtilis and observed that both strains 
were positive for the production of proteinase, amylase, lipase, and cellulase. 

Similarly, (Papamanoli et al., 2003) have determined the percentage of lipolytic 

activity from L. sakei (31%) and L. curvatus (42%) by hydrolysing tributyrin and 
confirmed that Lactobacillus species were weakly lipolytic. Additionally, (H. Lee 

et al., 2001) isolated three strains (A-4, L9, and L23) of Lactobacillus sp. and 

studied their amylolytic activity in a broth containing soluble starch as a sole 
carbon source. Among these three cultures, L. acidophilus L23 has shown high 

starch hydrolase activity and was selected for improving digestion of starch in pigs 

based on its hydrolysis activity of rawstarch.  
 

 

 

 

 

In Vitro Safety Assessment of Isolates  

 

Hemolytic and gelatinase activity is an important aspect of probiotic safety (Vasiee 

et al., 2020). When all our nine isolates were streaked on blood agar and gelatin 

agar plates, they were found to be negative for both properties, as shown in Tab 4. 

A similar study was carried out by (Premasiri et al., 2021) and they have screened 
out isolates on the basis of their hemolytic activity, and those with positive 

hemolytic activity were not considered suitable for food supplementation. Out of 

20 isolates, they observed 60% of isolates with positive hemolysis (35% were β-
Hemolytic and 25% were α-Hemolytic) and 40% of isolates with negative 

hemolysis (ϒ-Hemolytic), which can be considered as safe organisms for live 
consumption. They also suggested these probiotics should be further assessed for 

in vivo toxicity and animal toxicity study for safety confirmation. (Pinto et al., 

2020)  have also determined the hemolytic activity of seven lactic acid bacteria on 
Columbia Agar plates with 5% defibrinated sheep blood, considering 

Staphylococcus aureus ATCC 25213 as a positive control. The results showed that 

none of their isolates showed positive hemolysis. Likewise, (Sabo et al., 2020) 
studied five probiotic isolates and none of the selected isolates have demonstrated 

β or α-hemolytic activities. Moreover, (Vasiee et al., 2020) confirmed the safety 

aspects of P. acidilactici IAH-5 by showing its negative DNase production or 
hemolytic activity. Likewise, (Kondrotiene et al., 2020) studied 13 different L. 

lactis strains, and none of them have presented positive hemolytic or gelatinase 

activity. The absence of these features supports the safety of selected Lact. lactis 
strains. Moreover, (Foulquié Moreno et al., 2003) studied the major factors 

involved in a potential health risk associated with the use of Enterococci, namely 

hemolysis. The six E. faecium strains and one E. faecalis showed γ-hemolytic 
activity in horses, sheep, and human blood agar plates, indicating the absence of 

hemolysis. Further, (Monteagudo-Mera et al., 2011) studied 12 probiotic strains of 

E. faecalis that showed that at least one of the virulence factors was positive, either 
haemolysin or gelatinase. In another study, 15 potential probiotic lactobacilli 

isolates were tested for their gelatinase activity, and all the isolates showed 

negative gelatinase activity compared to the positive control strain of S. aureus 
ATCC 25923 (Francois et al., 2011). 

 

Table 4 Enzyme production by isolates 
Probiotic 

Isolates 

Lipolytic 

Activity 

Starch 

Hydrolysis 

Proteolyti

c Activity 

Hemolyti

c Activity 

Gelatinas

e Activity 

B11 - - - - - 

B32 - + - - - 

B33 - - - - - 

B34 + - + - - 

D25 - + + - - 

F + + + - - 

M1 - - - - - 

M2 + + + - - 

M3 + + + - - 

 

Antibiotic Sensitivity Test of Isolates  

 

All the isolates were subjected to antibiotic susceptibility test using different 
antibiotics. Among the nine isolates, isolates B11, B32, and B34 were resistant and 

B33, D25, and M1 were sensitive when tested against antibiotics such as penicillin, 

tetracycline, co-trimoxazole, cloxacillin, cefradine, erythromycin, lincomycin, 
cefuroxime, etc. (Tab 5). Antibiotic-resistant properties of these isolates may be 

useful for remaining stable against antibiotic exposure. Similarly, (Kang et al., 

2020) investigated three lactobacillus strains for antibiotic susceptibility and found 

all of them resistant to chloramphenicol, streptomycin, and kanamycin, while 

strain LHL7 was different from LHL6 and CECT5716, being susceptible to 

ampicillin and resistant to tetracycline. L. plantarum KU200656 was found to be 
sensitive to tetracycline, ampicillin, chloramphenicol, and doxycycline, while it 

was resistant to streptomycin, gentamicin, kanamycin, and ciprofloxacin (J. E. Lee 

et al., 2021).  Further, (Chen et al., 2020) have assessed antibiotic susceptibility of 
four probiotic strains against 30 antibiotics of nine different classes, and each strain 

showed different sensitivity to antibiotics. Isolate HSM- 1 showed resistance to 

amikacin, tetracycline, norfloxacin, and sulfamethoxazole, isolate HSM-10 was 
resistant to nine antibiotics; isolate HSM-14 was resistant to 10 antibiotics, and 

isolate HSM-18 exhibited resistance to kanamycin, neomycin, tetracycline, 

doxycycline, and sulfamethoxazole. Similarly, (Betancur et al., 2020) analyzed 
three probiotics isolated from Colombian native pigs for their susceptibility to five 

antibiotics commonly used in the swine industry. All three of them have shown 

resistance to antibiotics such as ciprofloxacin, tetracycline, doxycycline, and 
trimethoprim/ sulfamethoxazole, with the only exception being isolate CAM6, 

which showed intermediate resistance to trimethoprim/sulfamethoxazole. 

However, all LAB strains were susceptible to amoxicillin. 
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Table 5 Antibiotic sensitivity test of isolates 

Antibiotics B11 B32 B33 B34 D25 F M1 M2 M3 

Penicillin (P) R R S R S S S S M 

Tetracycline (TE) R R S S S S S S S 

Co-Trimoxazole (COT) R R S S S R R S S 

Cloxacilin (COX) R R S S M R S S S 

Cefradine (CH) R R S S S M S S S 

Erythromycin (E) R R S R S S M M R 

Lincomycin (L) R R S R M R M R R 

Cefuroxime (CXM) R R R R S S S R M 

Legend: (R: Resistance, M: Moderate, S: Sensitive) 

 
Antibacterial Activity of CFS (Cell-Free Supernatant) 

 

Several metabolic compounds, such as bacteriocin, bacteriocin-like inhibitory 
substances (BLIS), organic acids,  exopolysaccharides (EPS), short-chain fatty 

acids (SCFA) and hydrogen peroxide are produced by lactic acid bacteria, which 

have antimicrobial effects  (Bajaj et al., 2015). To determine the antimicrobial 
property of our isolates, we have taken cell-free supernatant of the nine isolates 

and checked their antibacterial activity against four pathogenic strains; two Gram-

positive (Bacillus cereus, Staphylococcus aureus) and two Gram-negative 
(Salmonella Typhimurium, Pseudomonas aeruginosa PA01). Among the nine 

potential probiotics, isolates B11, B32, B33, B34, D25, and F showed significant 

antibacterial activity, from which B11, B32, B34, and D25 showed zone of 

inhibition against all four indicator pathogenic strains. The zone diameter of 

inhibition is shown in Tab 6, which shows the potential of probiotic isolates to 

inhibit pathogenic organisms. Similarly, (Karimi et al., 2020) have determined the 
antibacterial activity of L. plantarum against five different foodborne pathogens, 

such as L. monocytogenes, S. enterica, P. aeruginosa, S. aureus, and E. coli. No 

significant inhibition zone was observed against L. monocytogenes (p<0.05). 
However, inhibition zones against Salm. enterica, P. aeruginosa, S. aureus, and E. 

coli were 12.3 ± 0.5, 14.6 ± 0.5, 14.0 ± 1.0 and 12.6 ±  0.5 mm, respectively. 

(Jinendiran et al., 2017) screened out seven probiotic strains showing antagonistic 
activity, but only three isolates (S01, V03, and V04) exhibited promising 

antagonism against Aeromonas hydrophila, Vibrio parahaemolyticus, and V. 

alginolyticus in the agar well diffusion assay. 
 

Table 6 Antimicrobial activity of isolates 

Isolates Bacillus cereus Staphylococcus aureus Salmonella Typhimurium Pseudomonas aeruginosa 

B11 11.67 ± 0.33cA 12.00 ± 0.00dB 16.33 ± 0.67bC 12.67 ± 0.33bD 

B32 15.33 ± 0.67bA 16.33 ± 0.33bcB 0.00 ± 0.00cC 12.33 ± 0.67bD 

B33 15.67 ± 0.33bA 14.33 ± 0.33cdB 0.00 ± 0.00cC 15.67± 0.67aD 

B34 15.67 ± 0.33bA 17.33 ± 0.67bB 16.33 ± 0.33bC 13.33 ± 0.33bD 

D25 18.67 ± 0.67aA 14.67 ± 0.67bcB 27.00 ± 0.58aC 12.67 ± 0.33bD 

F 0.0 ± 0.00dA 28.33 ± 0.67aB 0.00 ± 0.00cC 0.00 ± 0.00cD 

Values of means followed by the same letter in lower and upper case do not differ statistically by the Tukey’s test at 5% 

probability. 
 

Identification of Potential Probiotic Isolates 

 
From the above observations, two potential probiotics, isolates D25 and B11, were 

identified by 16S rRNA sequence analysis, using universal primers. The 

phylogenetic tree (Figure 3a & 3b) was constructed by the neighbor-joining 
method. Isolate D25 was identified as Lactiplantibacillus plantarum. with 

accession number MW362778, and isolate B11 was identified as Pediococcus 

pentosaceus, with accession number MW362744. 
 

 
Figure 3a Phylogenetic tree of potential probiotic isolate D25 

 

 
Figure 3b Phylogenetic tree of potential probiotic isolate B11 
 

Application of CFS of Potential Probiotics for Biofilm Eradication  

 
Both identified probiotic isolates B11 and D25 were further analysed for the 

biofilm eradication ability. Cell-free supernatant (CFS) of both isolates was used 

to determine their effect on the biofilm of P. aeruginosa PA01. Isolate D25 showed 
65 ± 0.20% eradication, while isolate B11 did not show any significant effect on 

the biofilm of P. aeruginosa PA01. Similarly, (Singh et al., 2020) have observed 

that the cell-free extracts of Lact. brevis SII showed biofilm inhibition. Biofilm 
inhibition of P. aeruginosa and Klebsiella pneumoniae was found to be 52.63% 

and 22.2%, respectively. Likewise, (Riyaz Ali et al., 2021) have determined the 

antibiofilm activity (% inhibition activity) of the Enterococcus sp. against E.coli 
(33.0±4.0%,), Vibrio harveyi (41.0±3.2%,), P. aeruginosa (37.8±4.0%), and 

S.aureus (41.7±2.0%). The results suggested that the isolated culture was a 

potential biofilm inhibitor. Additionally, (Hashem & Hashem, 2021) have 
determined the antibiofilm activities of the two Lactobacillus supernatants using 

the tissue-culture plate assays. 50-72% and 74-85% biofilm reduction was 

observed against Candida spp. by L. plantarum and L. acidophilus, respectively. 
Further, (J. E. Lee et al., 2021) studied the CFS of probiotics, which exhibited an 
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anti-biofilm property against all pathogens except for S. Typhimurium. L. 

plantarum GG at 1/2 MIC exhibited 33.62%, 47.69%, and 38.50% anti-biofilm 

activities against S.aureus, L.monocytogenes, and E.coli, respectively, whereas 

L.plantarum KU200656 at 1/2 MIC exhibited 44.45%, 48.07%, and 52.61% anti-

biofilm activities, respectively. Thus, they concluded that, at the 1/2 MIC, isolate 

KU200656 had higher anti-biofilm activities than isolate GG against S.aureus and 
E. coli. (Ji & Yang, 2021) have determined the cell viability of Helicobacter pylori 

mature biofilms after the treatment of CFS of L. plantarum LN66, clarithromycin 

(CLR), and levofloxacin (LVX) alone or in combination with the XTT (2, 3-Bis-
(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide salt) method. 

Their results showed that LN66 CFS had a biofilm eradication effect on mature H. 
pylori biofilm; when used in combination with CLR; LN66 CFS significantly 

attenuated the eradication effect of CLR on biofilms. In contrast, when used with 

LV; LN66 CFS enhanced the disrupting effect of LVX. They speculated that 
different effects of CFS and antibiotic combinations in biofilm eradication might 

be related to the changes in EPS (proteins and polysaccharides), concluding that 

the combination of CFS and CLR might promote the secretion of EPS, while the 
combination of CFS and LVX might have the opposite effect.  

 

CONCLUSION  
 

In the present study, different probiotic organisms were isolated from various 

sources. They were screened and characterized for their primary and secondary 
probiotic characteristics. They have given significant gut adherence properties and 

produced extracellular enzymes which helped with digestion. Besides this, they 

have shown good antibiotic resistance towards many antibiotics and antibacterial 
activity against four potent pathogens. Therefore, their cell-free supernatant was 

applied for eradication of biofilm of P. aeruginosa PA01, which has shown 

efficient removal of biofilm. Thus, the overall study indicates that both isolates are 
potential probiotics and can be further applied in the preparation of functional food 

or the preparation of animal feed, aquaculture, and pharmaceutical industries. 
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