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Abstract

Probiotics are live organisms that, when administered adequately, confer health benefits to the host, including cancer 
prevention, blood cholesterol reduction, and immune system strengthening. They play an essential role in protecting the 
mammalian intestines against the colonization of pathogenic microbes. It increases integrity by improving the stimulation of 
epithelial cells. Lactic acid bacteria are generally found in foods and medicine and possess probiotic qualities. This study aimed 
to evaluate four probiotic isolates, BM1, H39, H31, and IF1,  potential probiotic candidates isolated from humans and food origin 
has grown on MRS (De Man, Rogosa, and Sharpe) medium. The isolates were sequenced using 16SrRNA sequencing and were 
identified as Lactobacillus fermentum (BM1), Lactobacillus crispatus (H39), Enterococcus faecium (H31), and Lactobacillus 
helveticus (IF1). The isolate was screened and characterized based on growth characteristics, Gram’s reaction, and functional 
properties like auto-aggregation, salt aggregation test (SAT), and viability during oro-gastro-intestinal transit was performed. 
Hemolytic activity, prebiotic score, and antibiotic susceptibility were determined.  
     
Keywords: Lactic Acid Bacteria; probiotics; Enterococcus faecium; Lactobacillus; prebiotics

Abbreviations: HMOs: Human Milk Oligosaccharides; 
FOSs: Fructose-Oligosaccharides; GOSs: Galacto-
Oligosaccharides; MRS: De Man Rogosa Sharpe; PS: Prebiotic 
Score; SAT: Salt Aggregation Test; SIF: Simulated Intestinal 
Fluid; SGF: Simulated Gastric Fluid; LAB: Lactic Acid Bacteria; 
GIT: Gastro-Intestinal Transit.

Introduction

Lactic acid bacteria (LAB) are an essential group of 
bacteria that comprises fermentative bacteria used in the 
production of fermented foods and drinks and present in 
vegetables, fruits, the gastrointestinal tract, and the vagina 
of humans and animals [1]. LAB are Gram-positive, non-

sporulating, non-respiring cocci or rods that use glucose 
to produce lactic acid as a primary catabolic end product 
[2]. Certain LAB strains are characterized by the ability to 
convert lactose to improve the digestibility of fermented 
dairy products as well as preservation [3,4]. They are 
generally regarded as safe because of their wide use in 
the food and dairy industry and their beneficial effects of 
probiotic properties on human health. Probiotic strains of 
LAB belong to the genera Lactobacillus, Lactococcus, and 
Bifidobacterium. 

As per the WHO/FAO (2002) guidelines, “Probiotics are 
live microorganisms which, when administered adequately, 
confer health benefits to the host.” The most widely used 
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tests for LAB to act as potential probiotics are resistance and 
survival in gastric acidity and bile salts. Due to large amounts 
of bile and gastric juice secretion, it is necessary to protect 
probiotic strains that strive for low pH, enzymes, and bile 
salts. The Prebiotic was first defined as a “Non-digestible food 
component that benefits the host by significantly stimulating 
the growth and/or activity of one or a limited number of 
bacteria in the gut, and thus improves host health” [5]. 
Dietary fibers, mostly oligosaccharides and polysaccharides, 
have not been degraded by the enzymes of the human 
digestive system, so to overcome the fiber deficiency of the 
diet, prebiotics is added to the food. Prebiotics are complex 
sugars that provide fuel for the bacteria in GIT. The ingested 
prebiotic stimulates the whole indigenous population of 
bifidobacteria and lactobacilli to grow. Inulin, fructose-
oligosaccharides (FOSs), galactooligosaccharides (GOSs), 
lactulose, and human milk oligosaccharides (HMOs) are the 
most widely studied and approved prebiotics [6]. Unlike 
probiotics, most prebiotics is food ingredients in biscuits, 
cereals, chocolate, spreads, and dairy products.

One of the most valuable attributes of probiotics is 
providing gut microbial equilibrium. Lactobacillus strains 
have been characterized for their ability to adhere to and 
colonize the mucus layer of the intestines and produce 
antimicrobial substances [7]. Well-known examples of LAB 
widely accepted and used as probiotics are L. crispatus, L. 
paracasei, L. plantarum, L. brevis, L. fermentum, L. durianis, 
L. rhamnosus, B. longum, B. animalis, B. bifidum, Lactococcus 
lactis, Weissella paramesenteroides, and Enterococcus  
faecium. The genus Enterococcus has been very controversial 
due to its virulence for the last 20 years, and the two main 
reasons are its pathogenicity and multidrug resistance [8]. 
Enterococcus has also demonstrated probiotic properties by 
improving intestinal flora balance.

E. faecium is used in farm animals as a probiotic 
supplement and positively affects weight gain and diarrhea in 
pigs [9]. Some species like E. faecalis, E. durans, E. hirae, and 
E. faecium have been typically associated with human GIT 
and hence have a fecal origin [10]. For E. faecium to be used 
as a pharmaceutical probiotic, it requires the preparation of 
a registration file and approval from the health authority of 
the respective country [11].

Many studies have evaluated the effect of the 
Enterococcus genus probiotic strains (mainly E. faecium). 
Generally, human-origin studies are scarcer when compared 
to animal and food-origin applications. So, in this study, we 
aimed to isolate, characterize, and identify potential strains 
of probiotics isolated from human feces, breast milk, and 
fermented food to assess the functional properties and safety 
aspects of using them as a pharmaceutical probiotics.

Materials and Methods

Chemicals and Media

De Man Rogosa Sharpe (MRS) broth and MRS basal broth 
(MRS-BB). MRS-BB contained all the components of the MRS 
medium except beef extract and glucose compared to the 
regular MRS medium. All the chemicals used in this study 
have been procured from HiMedia, Mumbai, India.

Sample Collection

Four samples were collected of human and food origin 
(infant feces, human feces, breast milk, and idli batter). 
Lactobacillus Probiotic strains were isolated using MRS 
broth and preserved in 10% skim milk at 4°C. Cultures (24 
h) were subcultured into MRS plates and incubated for 48 
h. The colonies were harvested by a wire loop, resuspended 
in MRS broth containing glycerol 40% (v/v), and stored at 
-20°C.

Isolation and Identification of LAB

The samples were aseptically enriched in MRS-BB for 24-
48 h in a test tube containing 10 ml MRS medium spiked with 
1% glucose, sucrose, mannitol, lactose, trehalose, or FOS. 
From each sample, a 1:10 dilution was subsequently made 
using sterile PBS, followed by a 10-fold serial dilution. 0.1 
ml from the appropriate dilutions were plated on MRS agar 
and incubated for 24-48 h at 37°C. Spindle-shaped colonies 
were inoculated in MRS broth and incubated at 37°C for 48 
h. As judged by microscopic observations for homogeneity 
of cellular morphology, pure strains were maintained in 
10% skim milk at 4°C. Isolates were further tested for Gram 
reaction, catalase test, and cell morphology according to the 
methods described [12]. Twenty Gram-positive and catalase-
negative isolates were randomly selected as presumptive 
LAB, very short to very long rods occurring singly or in pairs 
or chains. 

Molecular identification of isolates having potential 
probiotic properties was carried out. These isolates were 
identified based on the 16S rRNA gene sequence. The colony 
morphology of the isolates incubated on MRS medium plates 
at 37°C for 48 h was evaluated. Gram staining was performed. 
Cell morphology was determined by SEM (Junagadh 
Agricultural University, Gujarat, India). 

Scanning Electron Microscopy

Cells from 18 h cultures of two selected LAB isolates were 
harvested by centrifugation (5000xg, 10 min, 5°C), washed 
twice with sterile PBS (pH 7.4), and fixed overnight at 4°C 
with 2.5% glutaraldehyde in 0.01 M PBS. After washing with 
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PBS, the cells were post-fixed with 2% osmium tetroxide 
solution for 2 h. Cells were washed with PBS and dehydrated 
through graded ethanol. The samples were gold-covered 
(1-2 nm) by cathodic spraying and examined at 15 kV using 
Carl Zeiss EVO 18 Scanning electron microscope. 

Screening of LAB

Determination of pH, NaCl, and phenol tolerance: In-
vitro assessment of probiotic strains involves resistance 
to low pH, bile salt, NaCl, and phenol. Bile salt, pH, and salt 
tolerance (sodium chloride) were evaluated as described by 
Ambalam, et al. [13] with some modifications. MRS broth 
varying in pH (2.5-4), bile salt (0.5-4%), and NaCl (2-6%) 
were inoculated with 0.1 ml of 24 h old culture of Probiotic 
bacterial strain and incubated for 24 h at 37°C. The growth 
of microorganisms was visually evaluated. All the tubes, 
including the control, were incubated (37°C, 24 h). Take a 
sterile microtiter plate (MTP) and add 250μl MRS broth. Take 
selected LAB isolates, add 20μl into the MTP, and incubate for 
24 h at 37oC. After incubation, take 180μl Phosphate Buffer 
Saline, add into another MTP, and add a 20μl sample from 
the incubated MTP. Regular MRS broth is added as a control, 
and bacterial growth is determined by measuring OD600nm 
using a microplate photo reader (BioTek instruments).
Prebiotic scor: A prebiotic score (PS) is the highest growth 
achieved by a strain on a prebiotic NDO relative to their 
growth on glucose that was considered as 100% was 
determined using the formula: PS = (A/ B) x 100%, where A 
and B is the mean OD600nm value of a strain grown with each of 
the oligosaccharide substrate or glucose after 24 h of growth 
[14].

Functional properties

Auto-Aggregation: Activated cultures were inoculated into 
MRS broth containing 0.05% and 0.15% (w/v) bile and 
incubated for 24 h at 37°C. Activated cultures were harvested 
by centrifugation at 5000×g for 10 min, washed twice in 
PBS, and re-suspended in PBS to give a final OD660nm as 
a 0 h. After 4 h of incubation at room temperature, the OD 
of suspensions was measured at OD 660 nm. The percent 
of auto-aggregation was expressed as follows: % Auto - 
aggregation = [(OD1 – OD2)/OD1] × 100 
Where; OD1 is the first optical density (0 h), and OD2 is the 
optical density after 4h. 
Antimicrobial activity: The antimicrobial activity of LAB 
isolates was determined using McVay and Rolfe (2000) 
with some modifications [15]. The cell-free supernatant 
(CFS) obtained by harvesting 24 h old cultures from MRS-
BB containing 1% glucose by centrifugation (Eppendorf) at 
5000×g for 10 min was sterilized through a 0.22 μm cellulose 
nitrate membrane filter. Pathogens (Bacillus cereus, Bacillus 
subtilis, Enterococcus faecalis, Escherichia coli, Streptococcus 

mutans, Staphylococcus aureus, Pseudomonas aeruginosa, 
and Shigella flexneri) grown in N-broth for 24 h at 37ºC. 
Wells of 7 mm were made using a cup-borer, and 100 μL CFS 
of the isolate was added. The plates were then refrigerated 
for 2-3 hours at 4°C and later were transferred for incubation 
at 37°C. After 24h, the surrounding well measured the zone 
of inhibition. 
Salt Aggregation Test (SAT): The cell surface hydrophobicity 
of isolates was also determined by salt aggregation test 
(SAT) as previously described by Lindahl M, et al. [16]; 
10μl aliquot of fresh cell suspension in PBS was mixed on 
a glass slide with 10 μl of ammonium sulfate (pH 6.8) of 
various molarities (0.02-4 M) [16]. The formation of cell 
aggregates was observed after 1 min by visual reading. The 
lowest concentration of ammonium sulfate, giving visible 
aggregation, was scored as the SAT hydrophobicity value. 
Viability during oro-gastro-intestinal transit: The viability 
of the cells in the presence of lysozyme was determined, as 
described by Pinto, et al. [17]. To simulate the in vivo dilution 
by saliva, 100μl of bacterial suspension was mixed in a 
sterile electrolyte solution consisting of g/l of CaCl2 (0.22), 
NaCl (6.2), KCl (2.2), NaHCO3 (1.2) in the presence of 0.01% 
of lysozyme (Himedia, Mumbai). Bacterial suspension in 
electrolyte solution without lysozyme was included as a 
control. Samples were incubated at 37°C for 10 min. After 
that, 0.1ml sample was harvested serially diluted up to 107 

dilutions; the last three dilutions were plated on MRS agar 
and incubated for 48 h at 37°C to determine the viable cell 
counts, expressed as log CFU/ml. Viability during simulated 
gastric (SGF) and intestinal fluid (SIF) transit was evaluated 
as described by Charteris, et al. [18]. A 100μl cell suspension 
was mixed with 2 ml of simulated gastric fluid (SGF) and 
incubated for 2h at 37°C. The cells pelleted by centrifugation 
were resuspended in 1ml of simulated intestinal fluid (SIF) 
and incubated at 37°C for 3h. SGF and SGF–SIF-treated cells 
were serially diluted and plated on MRS agar to determine 
cell viability. The control consisted of cells treated with a 
phosphate buffer instead of SGF and SIF. The SGF comprised 
0.01% pepsin, and pH 2 was adjusted with 1M HCl. SIF 
comprised 0.03% pancreatic, 0.5% bile salt, and pH 6.8 
adjusted with 1M NaOH. 
Prebiotic utilization: Washed cells of probiotic strains were 
inoculated in 5 ml of modified MRS medium, supplemented 
with 1% (w/v) of each prebiotic (FOS and Inulin) as the sole 
carbon source. The cell density was adjusted to an OD of 0.5 
(A600nm), and cells were incubated at 37°C for 72 h. The growth 
of bacterial probiotic strain was determined by measuring 
the OD600 and pH of the culture broth at various time points.

Safety Aspects

Haemolytic activity: The isolates were streaked on MRS 
agar supplemented with 5% human blood and incubated 
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at 37°C for 48 h and observed for complete hemolysis with 
transparency (β hemolysis), partial hemolysis without 
transparency (α hemolysis), and no hemolysis (γ hemolysis), 
hemolytic activity [19]. Bacillus megaterium served as a 
positive control. 

Biogenic amine formation: Activated cultures (24h) are 
streaked on tyrosine-containing agar medium and incubated 
for 24 h at 37ºC. A zone of clearance surrounding the colony 
was observed. Enterococcus faecalis served as a positive 
control for biogenic amine formation. 

Results

Isolation of LAB

Fourteen probiotic isolates were isolated that formed 
round, creamy white colonies on the MRS agar plate. Isolates 
were (Table 1) Gram-positive, catalase-negative rods, and 
coccid. These LAB were isolated from different sources such 
as human and infant fecal, food origin like idli batter, and 
human breast milk samples. The preliminary characterization 
and microscopic investigation showed that all isolates were 
Gram-positive, catalase-negative, and curdling.

No. Isolates Gram’s reaction Curdling Catalase
1 IST1 Gram-positive long rods + +
2 IF1 Gram-positive long rods + -
3 IL1 Gram-positive long rods + -
4 IL3 Gram-positive short rods - -
5 BM1 Gram-positive short rods + -
6 BM12 Gram-positive short rods + -
7 H31 Gram-positive cocci + -
8 H32 Gram-positive long rods + -
9 H33 Gram-positive long rods + -

10 H34 Gram-positive short rods - -
11 H35 Gram-positive short rods + -
12 H37 Gram-positive long rods + -
13 H38 Gram-positive long rods + -
15 H39 Gram-positive long  rods + -
16 H54 Gram-positive long  rods + -
17 H56 Gram-positive short rods - -

Table 1: Isolation, characterization, and identification of LAB from human and food-origin samples.
*(+) positive result (-) negative result

Identification and Scanning Electron Microscopy

Molecular identification of the isolates was made based 

on 16S rRNA sequence analysis. Isolate H31 was identified as 
Enterococcus faecium, IF1 was identified as L.helveticus, BM1 
as  L.fermentum, and H39 as  L. crispatus (Figures 1a-1d).

Figure 1(a): Colony characteristics and morphology of L. helveticus IF1 (A) Colony characteristics inoculated in MRS medium; 
(B) Gram staining; (C) Scanning Electron Microscopy (SEM).
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Figure 1(b). Colony characteristics and morphology of E. faecium H31 (A) Colony characteristics inoculated in MRS medium; 
(B) Gram staining; (C) Scanning Electron Microscopy (SEM).

 

                                                       (A)                                                          (B)                                                            (C)
Figure 1(c). Colony characteristics and morphology of L.fermentum BM1 (A) Colony characteristics inoculated in MRS medium; 
(B) Gram staining;(C) Scanning Electron Microscopy (SEM).

 

                                                     (A)                                                          (B)                                                            (C)

Figure 1(d). Colony characteristics and morphology of L.crispatus H39 (A) Colony characteristics inoculated in MRS medium; 
(B) Gram staining;(C) Scanning Electron Microscopy (SEM).

Screening of LAB

Growth in the presence of low pH, bile, NaCl, and phenol: 
Based on Table 2, all the selected isolates showed tolerance 
and growth conditions prevailing in the gastrointestinal tract, 

including 1% bile salts, 2.5 pH,0.4% phenol, and 4%NaCl. All 
isolates grew in the presence of 1% bile, 2.5 pH, 0.4% phenol, 
and 4% NaCl while the isolates tolerated conditions except 
H35, H54, and H56. 
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Isolates Bile pH Phenol NaCl
0.50% 1% 3 2.5 0.20% 0.40% 2% 4%

IST1 T T T T T T T T
IF1 G G G G T T G G
IL1 G G G G G G G G
IL3 T T T T T T T T

BM1 G G G G G G G G
H28 G G G G G T T T
H30 G G G G G G G G
H31 G G G G G G G G
H32 G G G G T T T T
H37 G G T T G T T T
H38 G G G G G G G G
H39 G G G G G G G G
H56 T T T T T T T T

Table 2: The ability of LAB isolates to grow and tolerate conditions of low pH, bile, phenol, and NaCl.
*G - Growth T – Tolerance.

Prebiotic score: The growth of LAB isolates in modified 
MRS broth supplemented with different carbohydrate 
sources was evaluated in terms of OD600nm at 24 h (Figure 2). 
The growth of LAB strains on glucose was used as a control. 
All isolates utilized sucrose and glucose effectively, while 

H30 and IF1 gave the highest prebiotic utilization in FOS and 
Inulin compared to other isolates. Here, isolates BM12, H20, 
H28, and H33 gave the lowest prebiotic utilization compared 
to the other isolates.

Figure 2: Heat map showing the results of the prebiotic score based on optimum density and carbohydrate fermentation.

Functional Properties

Auto-aggregation
Bacterial aggregation between microorganisms of the 

same strain (auto-aggregation) is vital in several ecological 

niches, especially in the human gut. Both Lactobacillus 
strains showed high auto-aggregation abilities (Table 3). In 
the present study, the auto-aggregation of probiotic strains 
(BM1, H39, and GG) ranged from 13-50%, whereas E. faecium 
H31 was 21%.

https://medwinpublishers.com/FSNT/
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Isolates % Auto aggregation
Salt aggregation test

MRS MRS + 0.05% Bile MRS+ 0.15% Bile
E. faecium H31 21±6 ≥ 4.00 ≥ 4.00 ≥ 0.02

L. fermentum BM1 17±5 ≥ 3.20 ≥ 3.20 ≥ 2.00
L. crispatus H39 13±7 ≥ 1.20 ≥ 1.20 ≥ 0.02
L. helveticus IF1 50±2 ≥ 0.02 ≥ 0.02 ≥ 0.02
L. rhamnosus GG 26±8 ≥ 3.20 ≥ 3.20 ≥ 0.02

Table 3: % auto-aggregation after 4 hours and SAT of LAB.

Salt Aggregation Test (SAT)
Bacterial strain H31 showed high hydrophobicity by SAT 

assay with a minimum ammonium sulfate concentration of 
<1.2M, and L. rhamnosus GG was used as a control (Table 3).

Viability during oro-gastro-intestinal transit (SGF-SIF)
The selected LAB isolates were treated with sterile 

electrolyte solution in the presence of lysozyme, pepsin, 

and pancreatin to check the tolerance towards the SGF-SIF 
(Figure 2). When LAB strains were incubated in the presence 
of lysozyme for 10 min; all strains showed 95% viability. The 
gastric phase (pepsin) E. faecium H31 showed the highest 
viability of 87%, and the intestinal phase (pancreatin with 
bile salt). Isolates H31 and GG retained up to 60% viability 
in simulated oro-gastro-intestinal transit (OGIT) (Figures 3a, 
3b).

Figure 3(a): Showing the % viability of BM1 and H39 during OGIT with GG as a positive control.

Figure 3(b): Showing the % viability of IF1 and H31 during OGIT with GG as a positive control.
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Antimicrobial Properties
CFSs of seven isolates obtained by growing in the 

presence of either 1% glucose or FOS or Inulin were 
evaluated for antimicrobial activity (AMA) against E. coli, S. 
typhi, E. fecalis, and Shigella spp at 1:1 dilution (Figure 6). 

Against Shigella spp AMA was higher in the presence of FOS, 
followed by Inulin. With FOS, AMA was significantly higher 
than the rest of the carbon source. On the contrary, against 
S. typhi, AMA was higher in the presence of glucose, followed 
by sucrose, FOS, and Inulin.

Figure 4(a): Antimicrobial activity of LAB against E.coli.

Figure 4(b): Antimicrobial activity of LAB against S.typhi.
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Figure 4(c): Antimicrobial activity of LAB against E. faecalis.

Prebiotic utilization
Isolates showed varying degrees of growth, pH drop, and 

prebiotic utilization when grown in the presence of different 
prebiotics, FOS, or Inulin measured after 24, 48, and 72 h of 
growth. Strains showed maximum prebiotic utilization and 
pH drop at 48 h of growth. Strains H39, H31, H34, and H32 
showed high prebiotic utilization with a pH drop up to pH 4.9 

of the medium in the presence of FOS or Inulin. H39 showed 
the highest prebiotic utilization in the presence of Inulin, 
followed by FOS. H31, H34, and H32 showed the lowest 
prebiotic utilization in the presence of Inulin or FOS. The 
prebiotic utilization of the three strains (IF1, IL1, and BM1) 
was 50% in the presence of Inulin with the pH drop of CFS up 
to pH 5.7 (Figure 5).

Fig 5: Fermentation of glucose, sucrose, FOS, and Inulin by LAB supplement with 1% in modified MRS-BB medium. The primary 
Y-axis showed OD 600nm, and the secondary Y-axis showed the pH of the medium after 0, 24, 48, and 72.
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Safety aspects of LAB strains

Haemolytic test
None of the probiotic strains produced a clearance zone 

on the plate containing 5% human blood. 

Biogenic amine formation
None of the probiotic strains produced a zone of 

clearance on the plate containing 1% tyrosine, suggesting 
that the tyrosine decarboxylase activity was non-detectable. 
Enterococcus faecalis, included as a positive control, produced 
a clear zone around colonies on the tyrosine plate, providing 
evidence of the production of tyrosine decarboxylase activity.

Discussion

This study aimed to isolate, screen, and characterize LAB 
isolated from human feces, infant feces, human breast milk, 
and idle batter. The isolate was screened for tolerance to 
low pH, bile, NaCl, and phenol, biochemical tests, functional 
properties like auto-aggregation, SAT, and antimicrobial 
activity against Gram-positive and negative pathogens. 
The evolution of prebiotic non-digestible oligosaccharides 
preference of probiotic LAB has also been performed. Tests 
were executed to check auto-aggregation, biogenic amine 
production, and hemolytic activity. 

Twenty isolates were Gram-positive rods, non-motile, 
non-sporulating, and catalase-negative were considered 
Lactic Acid Bacteria (LAB). LAB isolates in the human GIT are 
non-pathogenic and form a vital biodefense factor. Therefore, 
it is worth exploring the healthy native microflora of GIT as 
probiotics. Screening and characterizing these LAB strains is 
essential to obtain ideal and novel probiotics, as some LAB 
does not confer health benefits to the host. The potential 
probiotic lactobacilli should be of healthy human origin, non-
pathogenic, and non-hemolytic though the lactobacilli have a 
long history of being safe for human-conferred GRAS status.

Molecular identification of potent probiotic strains was 
made by 16S rRNA sequence analysis. Potential probiotic 
strains were obtained from different habitats, such as idli 
batter and human fecal belonging to L. helveticus IF1 and E. 
faecium H31, respectively. The strain BM1 was identified as 
L. crispatus, and H39 was identified as L. fermentum isolated 
from human breast milk and infant feces. 

The most important step towards selecting a probiotic 
candidate is investigating the strain under conditions 
mimicking the GIT. For bacterial cells, the stress begins in the 
mouth, with lysozyme-containing saliva, and continues in 
the stomach and upper intestine. Probiotic bacteria are first 
exposed to saliva containing lysozyme and electrolytes in the 
oral cavity. LAB strains retained viability in the presence of 

lysozyme provides evidence of successful transit through 
the oral cavity. Before reaching the intestinal tract, probiotic 
bacteria must survive during transit through the stomach, 
where gastric acid secretion constitutes a primary defense 
mechanism against the ingested microbes. The gastric fluid 
is a crucial barrier to overcome before reaching the site of 
action [20]. This enables their viable passage through the 
GIT to flourish in the existing nutritional and ecological 
conditions. Isolates were evaluated under in-vitro conditions 
for their acid, bile, NaCl, and phenol tolerance properties.IF1, 
BM1, H31, and H39 isolates could grow at pH 2.5, whereas 
other isolates tolerated up to pH 3. Such survival would be 
promising as probiotic bacteria are not directly exposed to 
such low pH [21]. Acid tolerance of the isolates is essential to 
withstand the gastrointestinal environment and for their use 
as dietary adjuncts in acidic food preparations [22].

After overcoming the harshness of gastric juices, they are 
now exposed to bile salts. The gallbladder secretes bile salts 
into the duodenum, which is helpful in fat digestion. In the 
GIT, the bile concentration fluctuates from 1.5 to 2% (w/v) in 
the first hour of digestion and decreases to 0.3% [23]. Table 
3 shows that isolates IF1, BM1, H31, and H39 can grow with 
1% bile salt, while IST1, IL3, H35, H54, and H56 tolerate 1% 
bile salt. Isolates IF1, BM1, H31, and H39 can grow with 4% 
NaCl. Such potential would be necessary for food processing 
and preservation and confer a competitive advantage over 
undesirable organisms. The strains also tolerated 0.4% 
phenol, a toxic metabolite produced upon deamination of 
some aromatic amino acids during putrefaction by intestinal 
bacteria [24]. 

Another essential functional characteristic feature of a 
potential probiotic strain is to exert AMA through which they 
prevent various infections while helping in the homeostasis 
of gut microbiota, which is principally attributed to 
extracellular antibacterial metabolites, such as organic acids, 
antimicrobial peptides, and hydrogen peroxide [25]. CFSs of 
seven isolates obtained by growing either 1% glucose, FOS, 
or Inulin was evaluated for AMA against E.coli, S.typhi, E. 
faecalis, and Shigellaspp at 1:1 dilution, Against Shigella spp 
AMA, was higher in the presence of FOS, followed by Inulin. 
With FOS, AMA was significantly higher than the rest of the 
carbon source. On the contrary, against S.typhi, AMA was 
higher in the presence of glucose, followed by sucrose, FOS, 
and Inulin.

Studies on the auto-aggregation mechanism in probiotics 
showed that proteins present in the culture supernatant 
and proteins or lipoproteins and polysaccharides located 
on the cell surface area are involved in cell aggregation 
[26]. LAB strains showed lower SAT values (<1.2 M) and 
auto-aggregation up to 50% after 4 h, implicating the 
hydrophobic nature of their cell surface, which may facilitate 
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the colonization of these strains in the gut. Many researchers 
have reported that growth in bile alters auto aggregation 
[27, 28]. In the present study, the auto-aggregation of some 
strains significantly decreased after bile treatment. 

Biogenic amines are molecules with allergenic 
properties. They are found in fermented products and are 
synthesized by LAB through the decarboxylation of amino 
acids in the food matrix. None of the probiotic strains 
produced detectable amine from tyrosine. Biogenic amines 
are related to health hazards, including food poisoning. 
Histamine and tyramine, in particular, cause hypertension 
and headaches [29]. L. helveticus IF1, E. Faecium H31, L. 
crispatus BM1, and L. fermentum H39 strains are safe; they 
do not produce biogenic amine or hemolytic activity. 

Prebiotics increase beneficial microflora and reduce the 
build-up of disease-causing pathogens. Changing cytokine 
expression can positively affect the immune system’s 
functioning [30]. The significant types of prebiotics include 
Inulin, fructooligosaccharides (FOS), galactooligosaccharides 
(GOS), and starch-derived oligosaccharides. Enterobacteria, 
Bacteroidetes, and Firmicutes are stimulated by GOS [31]. 
To archive the benefits of synbiotics, exploring the prebiotic 
utilization potential of these four isolated Probiotic strains 
mentioned above is noteworthy. The four strains showed 
varying growth, pH drop, and prebiotic scores in the presence 
of Inulin and FOS (Figure 5).

Conclusion

From this presented research, it can be concluded 
that the isolated probiotic Lactobacillus and Enterococcus 
strains display interesting probiotic characteristics such 
as antibacterial activity and auto-aggregation. These 
properties are advantageous for a probiotic culture to 
successfully colonize and compete with pathogens in the 
GIT environment. As well as the response to the simulated 
gastrointestinal transit (GIT) explains the ability of these 
strains to survive and colonize in gastric stress conditions. 
They also can ferment prebiotic-NDOs and can be used 
to prepare symbiotics, which impart beneficial health-
enhancing effects on the host.
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