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Abstract

Bacillus spp. probiotics used as feed additives can form spores and tolerate the harsh conditions of the
human digestive system and are beneficial for the treatment of inflammatory bowel syndrome. Since
reports on probiotics and anti-inflammatory properties of Bacillus spp. isolated from the fermented
food of Northeast India have not been explored much. The present study focused on Bacillus spp. BN5,
AY5, and ANS, possessing these desired properties. In the probiotics study, the isolates were screened
for their tolerance to acid and bile salt, auto-aggregation, hydrophobicity, cholesterol assimilation,
antibiotic resistance, and antagonistic properties. It was found that these isolates possessed the
desirable probiotic traits. The Bacillus spp. culture and their supernatant were also screened for their
ability to reduce LPS-induced inflammation in murine macrophage (RAW 264.7) cells. All the Bacillus
spp. culture and their supernatant treatments were found to reduced the Nitric oxide (NO) production
by LPS-induced cell lines. The supernatant of LPS-induced cell lines were also analyzed to measure the
level of inflammatory cytokine production. It was found that the levels of TNF-g, IL-6, and IL-1[3 were
reduced after co-treatment with LPS and Bacillus spp. culture or LPS and Bacillus spp. supernatant.
Results suggested that the Bacillus spp. are potential probiotic candidates with anti-inflammatory
properties.
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INTRODUCTION

The North-Eastern Region of India,
inhabited by different indigenous tribes, is
characterized by unique socio-cultural and
dietary habits. The people of the region practice
their traditional technology for the preparation
of fermented foods and beverages. Traditional
fermentation of soybean is popular in the region,
and the product is known by different names
such as ‘Tungrymbai’ in Meghalaya, ‘Hawaijar’ in
Manipur, ‘Bekang’ in Mizoram, ‘Akhone’ in
Nagaland and ‘Peruyaan’ in Arunachal Pradesh.
These products are spontaneously fermented
without any starter culture and are known to
have rich microbial diversity involved in the
fermentation process.'?> Some of the microbial
cells present in these fermented foods are
probioticin nature which is beneficial to humans.?

Analysis of parameters like acid and bile
tolerance, cell hydrophobicity, auto-aggregation,
antimicrobial properties, and resistance to
antibiotics provide a better understanding of
probiotic properties and health-promoting
benefits. Studies show that Bacillus spp. isolated
from fermented food were applied in industrial
products as probiotics.*® These bacteria are
known to produce spores which, when exposed
to the extreme environment, are heat stable
and resistant to low pH such as gastric juice.*®
Thus, Bacillus spp. have an advantage over other
non-spore-forming bacteria because of their ability
to survive in extreme environmental conditions
such as high temperatures, acidic environments
and dry and undernutrition environments.>&91°

However, in vitro screening for potential
probioticisolates required a specific characteristic,
such as resistance to gastric acid and bile salt
with adhesion activity to the human epithelial
cells. Cell hydrophobicity, autoaggregation, and
antimicrobial activity are also required to be tested
for probiotics.>**

Probiotics play an important role in
chronic intestinal diseases because of their
role in immune system modulation and anti-
inflammatory response.*> The use of probiotics not
only improves microbial population and gut health
but also increases the secretion of mucus that
prevents tight junction protein from destruction
by decreasing the number of lipo-polysaccharides

(LPS).2*** Higher level of Lipopolysaccharides (LPS)
of pathogenic bacteria enhances inflammation and
other bowel problem that lead to Inflammatory
bowel Syndrome (IBD). In response to this,
epithelial cells and macrophages produce NO to
induce an immune response. The reduction in
NO production by the test isolates can be used
as an indication of reduced inflammation by the
isolates.®

Understanding the traditionally
fermented foods, their microbiology, and the
associated activity holds importance from the
perspective of the dearth of science on these
ethnic products. Thus, the present study was aimed
at screening Bacillus spp., which are spontaneously
occurring bacteria in traditional foods, for their
probiotics properties and also in studying the in
vitro anti-inflammatory properties such that they
can be bio-prospected for large-scale exploration
aided by starter culture fermentation technology.

MATERIALS AND METHODS

Isolation of Bacillus spp.

The selected Bacillus spp. from
ethnically fermented soybean products,
namely, ‘Akhone’ and ‘Bekang’ were isolated
using serial dilution techniques and plated on
Yeast Malt agar and Nutrient agar. The colonies
were randomly selected, and pure cultures were
maintained for identification.

Molecular characterization

DNA isolation was performed using a
standard kit (HiPurA 96 Bacterial Genomic DNA
Purification Kit, Himedia, India) for identification
of the isolate. DNA was used for amplification
of 16S rRNA using universal primers, 27F
(5'-AGAGTTTGATCCTGGCTCAG-3’) and 1492R
(5’GGTTACCTTGTTACGACTT-5") PCR mixtures (25
pL) contained approximately 40 ng template DNA,
2 UM each of forward primer (27F) and reverse
primer (1492R) 1.75 mM of MgCl, (Taq Buffer),
deoxynucleoside triphosphates (250 uM each
of dATP, dCTP, dGTP and dTTP) and 0.3 U Taq
polymerase. DNA amplification was carried out
using the GeneAMP PCR system 9700 (Applied
Biosystems, CA, USA), and approximately 1,500 bp
were amplified. The amplified DNA samples were
sequenced, and the DNA sequences obtained were
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used to perform blastn analysis with the Ez Taxon
database.'” Sequences were submitted to the NCBI
Banklt, and the accession numbers were obtained.

Tolerance to acidic condition

Tolerance to low acidic conditions
was determined by the method of Nithya and
Halami.!® Bacillus spp. Cultures were incubated in
LB broth at 37°C for 18 hours. After incubation, the
bacterial cells were harvested by centrifugation at
8000 rpm at 4°C for 15 minutes. The pellets were
washed once with Phosphate buffer saline (PBS)
of pH 7.2%2 followed by resuspension in PBS of
pH 3. Cell suspensions were incubated in a shaker
incubatorfor0, 1, 2, and 3 hours at 37°C. After the
incubation period, the culture was plated on LB
agar, and the counts were expressed as CFU/ml.
Percentage of survival was calculated using the

formula:

ival % = (CFU/ml) of cell survived 100
survivat 7o = (CFU/ml) of initial cells inoculated X

Tolerance to Bile salt

Bacillus spp. cultures were incubated at
37°Cfor 18 hours followed by centrifugation for 15
minutes at 8000 rpm at 4°C. Pellets were washed
and resuspended in 0.85% NaCl. The bacterial
suspension was inoculated into LB broth with
0.3% bile salt concentration and incubated for O,
1, 2, and 3 hours at 37°C. Viable plate counts were
determined by plating on LB agar plates after each
incubation period.*

Cell hydrophobicity

Cell hydrophobicity of the selected
Bacillus spp. was determined according to the
method followed by Lee et al.> with minor
modifications. The bacterial culture was incubated
for 24 hours and then centrifuged at 13000 rpm
for 3 minutes. The Bacillus spp. supernatant was
discarded, and the pellet was washed twice and
then suspended with PBS buffer saline (pH 7.4).
One ml of the cell suspension was measured
for optical density (OD) in a spectrophotometer
at 600nm, and the value was used as A . An
equal volume of solvent (xylene) was added and
vortexed thoroughly for 5 minutes. The mixture
was then allowed to separate into two phases by
keeping it undisturbed at 37°C for 30 minutes. The

aqueous phase was taken, and absorbance was
observed at 600 nm, and the value obtained was
takenas A,.
Hydrophobicity (%)= (1- %) x100
0

Where, A, = Absorbance after 30 minutes
incubation; A_= Absorbance at 0 hours.

Auto-aggregation

Auto-aggregation of Bacillus spp. was
performed according to the method of Lee et al.®
An overnight bacterial culture was centrifuged at
13000 rpm for 3 minutes. Pellets were washed
twice with phosphate buffer saline (pH 7.4). The
pellet was then re-suspended in the Bacillus
spp. supernatant and vortexed for 50 seconds.
Absorbances were measured every 0, 1, 2, and 3
hours at 600nm.

Auto-Aggregation (%)= (AU-;\'—) x100
0

Where, A = Absorbance at0, 1, 2, 3 hours
at 600nm; A_= Absorbance at 0 hours.

Assimilation of cholesterol

Cholesterol assimilation by the strains
was determined as described by Rudel and
Morris.?’ The bacteria were cultured on LB broth
for 18 hours at 37°C in a Shaker incubator. 1% of
the bacterial culture was inoculated to the fresh
media containing cholesterol (100ug/ml) and
0.2% bile salt and incubated at 37°C in a shaker
incubator for 24 hours. Media without cholesterol
was used as a control. The cultures were then
Centrifuged at 9000 X g at 4°C for 15 minutes. To
a 1ml of the bacterial supernatant in a test tube,
1ml of KOH (33% wt./Vol.) and 2ml of absolute
ethanol were added, and the mixture was then
vortexed for 1 minute, followed by heating at
37°C for 15 minutes and then cooled to room
temperature. 2 ml of distilled water and 3 ml of
hexane were added and vortexed for 1 minute. The
mixture was allowed to stand till the hexane layer
was properly separated. 1ml of Hexane layer was
transferred to a fresh test tube and heated at 65°C
in a water bath till it gets evaporated. Then 2ml of
ortho-phthalaldehyde reagent was immediately
added to the dried residue and vortexed for 10
minutes. The dissolved mixture was then mixed
with 0.5ml of Conc. H,SO, and vortexed for 1
minute. The mixture was kept in the dark at room
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temperature for 20 minutes. The absorbance was
measured at 550nm in triplicates. The percentage
of cholesterol assimilated was determined as
follows:

Cholesterol %
remained in =
the sample

(O.D.of sample with cells)
(0.D.of sample without cells )

x100

Cholesterol % assimilated=100- cholesterol %
remained in sample

Susceptibility to antibiotics

Antibiotic susceptibility for the
selected Bacillus spp. was evaluated by the method
followed by Nithya and Halami.'® Antibiotic disks
like Tetracycline, Vancomycin, Erythromycin,
Penicillin-G, Gentamycin, and Chloramphenicol
were used to screen for the resistance of bacterial
isolates. An overnight culture of bacterial isolates
was standardized to an OD range of 0.08 to 0.1 at
600nm wavelength. The cultures were then evenly
swabbed onto Mueller Hinton agar plates, and the

antibiotic disks were placed with an and incubated
for 24 hours. The diameter of the inhibition zone
was recorded.

Antagonistic activity

The antagonistic activity was performed
by minor modification of the agar well diffusion
assay method of Valgas et al.?* Bacillus spp.
were tested against E. coli MTCC723, Klebsiella
pneumoniae MTCC109, and Staphylococcus
agureus MTCC2940. The test culture
and Bacillus spp. were incubated for 24 hr at 37°C.
Test cultures were standardized to McFarland
standard no. 0.5 and uniformly swabbed onto MHA
plates. Each agar plate was punched with sterile
pipette tips to form wells. One ml of Bacillus spp.
suspensions were then centrifuged at 10,000g for
20 minutes. The Bacillus spp. supernatant was then
filtered through a 0.2 um sterile filter. 100 pl of
the Bacillus spp. supernatant was then added to
each well. A Chloramphenicol disc was used as a
reference. The plates were then incubated at 37°C
for 24 hours.

ANS

97

67 Bacillus tequilensis|KCTC 13622|AYTO01000043|

|3

1 AYS

Bacillus siamensis|KCTC 13613|AJVF01000043|

BN5

—_

0.050

Bacillus subtilis|NCIB 36 10]ABQL01000001|

Deinococcus radiodurans strain DSM 20539

Figure 1. Phylogenetic tree of Bacillus spp. constructed using Neighbor-joining method using MEGA-X
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MTT assay

The stock RAW 265.7 cells were activated
in DMEM supplemented with 10% FBS and 1% P/S
solution in the presence of 5% CO, in a humidified
chamber at 37°C for three consecutive transfers,
and the cells were grown and passaged till 80%
confluence. Then the confluent macrophages were
seeded in a 96-well cell culture plate followed by
the treatment with Bacillus Spp. at different OD (2,
1.5, 1, and 0.5) and Bacillus spp. supernatant (1, 0.5,
and 0.25 mg/mL). The cells were incubated at 37°C
under 5% CO, in a humidified incubator. After 24
hours of incubation, MTT (03-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) was added
to a final concentration of 0.5 mg/mL followed
by 4 hours incubation under 5% CO, in the dark
at 37°C. Thereafter, the medium was removed,
accompanied by 100 pl DMSO formazan crystal
dissolution. The absorbance was measured at 570
nm using a microplate reader (M200 PRO, Tecan
Life Science).??

Assessment of Bacillus spp. on LPS-induced
inflammation in RAW 264.7 macrophages
Confluent macrophage cells were seeded
in a 48-well plate (1x10° cells) and allowed to
achieve confluence as described above. Then the
cells were treated with 1 pug/mL LPS and each
Bacillus spp. culture (0.5 OD) or Bacillus spp.

supernatant (0.25 mg/mL) for 16 h in a humidified
incubator at 37°C under 5% CO,. This was
followed by an estimation of nitrite through the
Griess reagent method. The optical density was
measured at 540 nm.

Measurement of TNF-q, IL-6, & IL-1f3 cytokines
The supernatant from the various cell
line treatments were collected, and the levels
of TNF-a, IL-6, & IL-1B3 were measured using
enzyme-linked immunosorbent assay (ELISA)
by using commercially available kits as per the
manufacturer’s instructions (Elabscience, USA).

Statistical analysis

The statistical significance among
different groups was performed by one-way
ANOVA followed by Tukey’s post hoc test. Graph
Pad prism 9.0.0(121) Software was used to
analyze the data. Statistically, the significance was
considered to be P < 0.05.

RESULTS

Identification of Isolates

The marker gene 16S rRNA was sequenced
and the isolates were identified as Bacillus
siamensis, Bacillus tequilensis and Bacillus subtilis.

Table 1. Susceptibility test of Bacillus spp. against different antibiotics

Isolate Tetracycline  Vancomycin  Erythromycin Penicillin Gentamycin  Chloramphenicol

name (10 mcg; (30 mcg (10 mcg G (10 mcg (10 mcg (30 mcg
in mm) in mm) in mm) in mm) in mm) in mm)

AY5 32 26 29 15 27 37

BN5 38 27 32 29 28 33

AN8 37 22 31 R 26 34

*R= resistance

Table 2. Potential isolates and their closest match based on 16S rRNA sequences analysis

Fermented Isolate Closest Similarity ~ Nucleotide Genbank

soybean Name related (%) bases Accession

samples microorganisms Submitted number

Akhone AY5 Bacillus siamensis (AJVF01000043) 99.85 1,378 MK641490

AN8 Bacillus tequilensis (AYTO01000043) 99.78 1,394 MK641489
Bekang BN5 Bacillus subtilis (ABQL0O1000001) 99.85 1,364 MK332360
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Phylogeny

The phylogenetic tree for 16S rRNA
gene sequences was constructed using the
neighbor-joining method in MEGA-X software
with Deinococcus radiodurans taken as an
outgroup organism. The dendrogram showed
clustering of isolates to the closest match from
the database. Isolates, AY5 clustered with Bacillus
siamensis, AN8 clustered with Bacillus tequilensis,
and BN5 clustered with Bacillus subtilis (Figure 1).

Tolerance to acidic condition and bile salt

Initial bacterial inoculum, inoculated at 0
hours, served as a control to measure the survival
percentage of Bacillus spp. at 1, 2, and 3 hours.
It was observed that all the Bacillus spp. tested
showed high tolerance to acidic conditions. After
3 hours of incubation at pH 3, isolate AY5 showed
the highest survival percentage (63.9%) in acidic
conditions, followed by the isolates BN5 (35.1%)
and AN8 (19.2%) (Figure 2A).

All the tested Bacillus spp. showed
tolerance to 0.3% bile salt concentration after

1504

1, 2, and 3 hours of incubation. After 3 hours
of incubation, AN8 showed the highest survival
percentage (44.8%), followed by BN5 (23.8%) and
AYS5 (22.0%) (Figure 2B).

Cell Hydrophobicity

All three isolates showed cell
hydrophobicity. The isolate BN5 showed
comparatively higher hydrophobicity (16%),
followed by AN8 (12%) and AY5 (9.4%) (Figure 2C).

Auto-aggregation

All the tested Bacillus spp. showed a
significant auto-aggregation pattern at different
intervals of the incubation period. The isolate BN5
showed the highest auto-aggregation of 67.0%
after 3 hours incubation period. The isolate AY5
showed significant auto-aggregation of 42.2 %
after 3 hours of incubation. Similarly, isolate AN8
showed the highest auto-aggregation of 35.8%
after 3 hours incubation period (Figure 2D).
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Figure 2. (A) Acid tolerance, (B) bile salt tolerance, (C) cell hydrophobicity, (D) auto-aggregation and (E) cholesterol
assimilation of Bacillus spp. (AY5, BN5 and AN8). Different letters above each bar for graph 'a', 'b' and 'c' represent

significant difference between values of the same isolate

significant difference between different isolates (p<0.05)

(p<0.05). For graph (e), letters above each bar represent
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Assimilation of cholesterol

All the tested isolates showed cholesterol
assimilation properties. Isolates AY5 showed the
highest assimilation of 67.3%, followed by BN5
(66%) and AN8 (44.4%) (Figure 2E).

Susceptibility to antibiotics

All the tested isolates are susceptible to
Tetracycline, Vancomycin, Erythromycin, Penicillin
G, Gentamycin, and Chloramphenicol except for
the isolate AN8, which showed resistance against
penicillin-G (Table 1).

Antagonistic activity

The isolates AY5 showed antagonistic
activity against Klebsiella pneumoniae MTCC109.
AN8 showed antagonistic activity against
Staphylococcus aureus MTCC2940 and E. coli
MTCC723. BN5 showed antagonistic activity
against E. coli MTCC723, Staphylococcus aureus
MTCC2940, and Klebsiella pneumoniae MTCC109.

Effect of Bacillus spp. and Bacillus spp. supernatant
on RAW264.7 cell viability

The cell viability after
exposing Bacillus Spp. (AY5, BN8 and AN8

150

% Cell viabilty
g

50

2269
1966 T

1850 T
1789 T
27136 ®

£ 150 £
> a £
.% . g 5 g § 2000 "
g 2
g
&

v 3 ¥

@ (D)

16224 ©

and Bacillus spp. supernatant on the RAW 264.7
macrophages at different OD (2, 1.5, 1 and 0.5)
and concentrations (1, 0.5, and 0.25 mg/mL),
respectively, are illustrated in Figure 3A and Figure
4A. Cells exposed to Bacillus Spp. at 1-2 OD (6X107/
ml) showed significant loss of cell viability. In
contrast, no loss of viability was observed when
the macrophages were treated with Bacillus spp.
at 0.5 OD relative to the control cells. In case
of Bacillus spp. supernatant, treatment at 0.25
mg/mL gave the highest viability, whereas
treatment at 0.5 and 1mg/mL exhibited a loss in
cell viability. With this observation, we chose 0.5
0D for Bacillus spp. and 0.25 mg/mL for Bacillus
spp. supernatant for subsequent experiments.

Effect of Bacillus spp. and its Bacillus spp.
supernatant treatment on nitrite synthesis in
RAW 264.7 macrophages induced by macrophages

The effect of Bacillus spp. and Bacillus
spp. supernatant on LPS-induced inflammation in
macrophages was investigated by assessing (nitric
oxide) NO response, which is one of the essential
inflammatory parameters. It was found that LPS
stimulation resulted in a remarkable elevation of
NO response ten times higher than control (Figure

150

1000 ®

100

613 T
731 T

¥k T

50

257
299
25 »

% NO production

18.9

22028
3331 ©
2785 O
2976 ©

19873 O
2024 o

13306

795.0
652

Figure 3. Effect of the Bacillus spp. on (A) Cell viability, (B) NO production; (C) TNF-a; (D) IL-6 and (E) IL-1B measured in
supernatant of LPS-stimulated RAW 264.7 cells. ‘a’ relative to the control, ‘b’ relative to the LPS (lipopolysaccharide).
Data were presented as mean + SEM; n= 3 and evaluated by one-way ANOVA followed by Tukey’s post hoc test
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Figure 4. Effect of the lyophilized Bacillus spp. supernatant on (A) Cell viability; (B) NO production; (C) TNF-a (D)
IL-6 and IL-1B measured in supernatant of LPS-stimulated RAW 264.7 cells. ‘@’ relative to the control, ‘b’ relative
to the LPS (lipopolysaccharide). Data were presented as mean + SEM; n= 3 and evaluated by one-way ANOVA

followed by Tukey’s post hoc test

3B and Figure 4B). This NO production by LPS-
activated cells appeared to be reduced by Bacillus
spp. and Bacillus spp. supernatant, suggesting a
promising anti-inflammatory activity.

Cytokine analysis in the supernatant of RAW
264.7 cells

The generation of TNF-q, IL-6, & IL-1[3 by
RAW 264.7 macrophages stimulated with LPS for
16 hours was investigated. As shown in the figure,
the TNF-q, IL-6, & IL-1[3 levels were significantly
elevated following stimulation of the cells with LPS
which was further reduced in all the treatment
groups (Figure 3C-3E and Figure 4C-4E).

DISCUSSION

The isolates were identified based on
their closest match by using the EzTaxon database.
The accession numbers for the sequence were
obtained from NCBI. 16S rRNA sequences were
submitted in the NCBI Banklt database under
the Genbank ID: MK641490, MK641489, and
MK332360 (Table 2).

The ability of the microorganisms to
inhabit the gastrointestinal tract is depicted by their
ability to withstand the stress condition generated
by the physical and chemical mechanism of the
host.** Therefore, the ability of Bacillus spp. AY5,
BN5, and AN8 to remain viable and tolerate low
pH and bile salt concentration is an indication of
their ability to thrive under the stressful condition
of the gastrointestinal tract.

Cell hydrophobicity is the measurement
of the capacity of any bacterial cell to adhere to
the hydrocarbon, which holds the ability of the
bacterial cells to adhere to the epithelium of the
digestive tract, an important property for the
first contact between the bacteria and the host
cell.?* The ability of the isolates AY5, BN5, and
ANS to adhere to hydrocarbon (xylene) indicates
their ability to adhere to the epithelial cells of the
human gut.

Auto-aggregation between
microorganisms of the same strain is an important
factor, especially in the human gut, as it protects
the bacteria from external stress, and it also relates
to the ability of the bacterial cells to withstand the
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stress inside the gastrointestinal tract, which is
an important property of probiotics.?* The ability
of the test isolates, AY5, BN5, and ANS, to auto-
aggregate supports their probiotics nature.

Coronary heart disease develops because
of elevated cholesterol levels in the blood, and
the condition is called Hypercholesterolemia.
Therefore, lowering cholesterol levels is important
to prevent such diseases.'®? The capability of
these isolates to assimilate cholesterol, especially
under stimulated intestinal conditions, indicates
their potential as a cholesterol-lowering agent in
the future.

The resistance of AN8 to Penicillin-G may
collaborate with the findings of Hoa et al.,”” who
reported the resistance of Bacillus spp. against
Penicillin G, as this may be an intrinsic characteristic
useful for Bacillus taxonomy, and such resistance
may serve the purpose of restoration of normal
microbial flora during antibiotic therapy.?® Thus,
the resistance of bacteria to antibiotics does not
always constitute a safety concern unless it carries
a mobile genetic element like the Tetracycline
resistance gene, which may constitute a reservoir
of resistance for gut pathogens.

Antagonistic activity against pathogens
is one of the most important properties of any
isolates when tested for probiotic properties of
any probiotic strain.?® These properties indicate the
ability of microorganisms to produce antimicrobial
compounds that inhibit pathogenic bacteria, which
is beneficial for the host.3° Thus, the isolates which
showed inhibition properties indicate their ability
to inhibit gut pathogens.

In the murine RAW 264.7 macrophages,
LPS induces NO production. Furthermore, LPS is
well known to cause an inflammatory response by
activation of toll-like receptor (TLR4) followed by
the release of other pro-inflammatory mediators
such as IL-6, IL-13, and TNF-o.. Hence, RAW 264.7
cells are an excellent model for screening and
further analysis related to anti-inflammatory
properties.? The cytokines such as TNF-a, IL-6,
and IL-1p are pro-inflammatory in-vitro and in-vivo,
which are chiefly produced by macrophages and
are believed to induce an inflammatory response.*?
These findings concord with those of Diao et al.*
and Kim et al.,** who used an anti-inflammatory
study of Bacillus spp. and their polysaccharides
using RAW 264.7 cells.

CONCLUSION

The characterized isolates showed
credible probiotic potentials through auto-
aggregation, cell hydrophobicity, cholesterol
assimilation, antimicrobial properties, and
susceptibility to antibiotics. They also showed
the ability to withstand stimulated in-vitro stress
conditions like bile salt tolerance and acidic
condition. The Bacillus spp. and Bacillus spp.
supernatant possess potent anti-inflammatory
activity by reducing the production of Nitric
oxide, pro-inflammatory cytokines, and their
mediators. Considering the current findings, it
can be concluded that the isolates under study
possess the required probiotic properties and
anti-inflammatory activity. The study offers
scope for exploration of traditionally fermented
foods for bioprospection of potential isolates as
probiotics and also as starter cultures in traditional
fermentation practices.
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