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Abstract

This study aimed to isolate and characterize Bacillus firmus from soil samples in Tirupur District to
evaluate its probiotic and antimicrobial potential. Spore-forming bacteria were enriched using heat
treatment and isolated on Chromogenic Bacillus Agar Base, followed by basic morphological and
biochemical screening. To test its suitability as a probiotic, the isolate was evaluated for gastrointestinal
survival (pH 2-9 and 0.3% bile salts) and biofilm formation using a standard tube adhesion assay. The
strain's antibacterial activity against the opportunistic pathogens Pseudomonas aeruginosa and
Pseudomonas otitidis was measured using the agar well diffusion method. Additionally, the isolate's
safety was evaluated through antibiotic susceptibility testing against eight standard drugs. Molecular
analysis via 16S rRNA sequencing confirmed the isolate as Bacillus firmus strain BAC20 (Accession:
PZ336189.1). Results showed that BAC20 has an active metabolism and excellent in vitro adhesion
capabilities, producing a biofilm absorbance of 1.45 at 600 nm. The strain also exhibited a strong safety
profile, proving susceptible to all tested antibiotics, with maximum sensitivity to moxifloxacin (24 mm)
and novobiocin (22 mm). Due to its strong adherence, metabolic activity, and confirmed safety, B.
firmus BAC20 represents a highly suitable strain for commercial probiotic applications in aquaculture.

Keywords: Bacillus firmus, Musa paradisiaca rhizosphere, probiotic potential, Gut survivability,
Pseudomonas aeruginosa, Pseudomonas otitidis

Introduction

Bacillus firmus is a versatile, spore-forming bacterium found in many natural habitats. It is
most commonly isolated from soil, especially the nutrient-rich soil around the roots
(rhizosphere) of crops like bananas (Musa paradisiaca) [*4l. Like other Bacillus species, B.
firmus produces a wide variety of helpful enzymes and natural compounds 2%, Because of
these traits, it is gaining attention not as a pathogen, but as a beneficial microbe with strong
potential for use as a probiotic and natural biological control agent in farming and
aquaculture 1,

For a probiotic to be effective, it must survive the difficult journey through the host’s
digestive system. The bacteria must withstand high acid levels in the stomach and the toxic
effects of bile salts in the upper intestine (', Once there, successful probiotics need to attach
to the intestinal lining to grow and remain in the highly competitive gut environment 2%,
Spore-forming bacteria such as B. firmus have a major advantage here: their tough outer
spores protect them from extreme acidity and digestive enzymes as they pass through the gut
[17

The need for these resilient probiotics is growing due to the rising threat of bacterial diseases
in crowded farming and aquaculture setups. Important fish species, like Tilapia
(Oreochromis niloticus), are highly vulnerable to bacterial infections that cause severe illness
and death . Some of the most dangerous pathogens in aquatic systems are Pseudomonas
species, especially Pseudomonas aeruginosa and Pseudomonas otitidis 126, These bacteria
cause bleeding, skin damage, and high death rates, largely because they are resistant to many
drugs and can form protective biofilms 1%,

Bacillus firmus fights off these pathogens in several ways. It produces natural antimicrobial
compounds (such as bacteriocins and lipopeptides) that break down the cell walls of harmful

bacteria [?2, In addition, through a process called competitive exclusion, B. firmus attaches to
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the gut lining and multiplies. This physically blocks
pathogens from attaching and uses up the nutrients they
need to survive [,

Recent studies show that soil-derived Bacillus strains have
strong probiotic potential 2%, For example, Rengpipat et al.
found that adding Bacillus to animal diets improved their
immune systems and disease resistance. Other studies
suggest that bacteria from highly competitive soil
environments are often better at fighting off harmful
pathogens 24, Despite this, there is still very little data on
how well B. firmus isolated from banana soil survives in the
gut, the beneficial compounds it produces, or its specific
ability to stop pathogens.

Therefore, this study aims to explore the probiotic potential
of Bacillus firmus isolated from the soil around banana
plants (Musa paradisiaca). Even though bananas are widely
grown, the rich bacteria in their soil have rarely been studied
for probiotic use 8. To see if this tough, soil-dwelling
bacterium can function inside a host, this research tests its
ability to survive and persist in a simulated gut environment.
Additionally, the study examines how well this B. firmus
strain can fight and inhibit common pathogens. Ultimately,
this research hopes to identify a new, sustainable alternative
to using antibiotics.

Materials and Methods

Sample Collection and Bacterial Isolation

Collection of soil samples: Soil samples were collected
from Kalipalayam, Tirupur District, at a depth of 5 cm using
sterile spatulas and transferred into sterile polyethene bags.
The samples were air-dried at room temperature for 5-7
days. One gram of soil sample was suspended in 9 mL of
sterile distilled water and mixed thoroughly. The suspension
was heat-treated at 80°C for 10 minutes to eliminate non-
spore-forming bacteria and selectively enrich spore-forming
Bacillus species. After cooling, the suspension was serially
diluted up to 10° using sterile distilled water. From
appropriate dilutions, 0.1 mL aliquots were spread onto
nutrient agar plates and incubated at 30-37°C for 24-48
hours. Distinct colonies were selected and further streaked
onto Chromogenic Bacillus Agar Base to selectively isolate
Bacillus species. The plates were incubated at 37°C for 24
hours €1,

Identification of Bacillus firmus
Isolates were initially screened based on their morphological
and biochemical characteristics.

Morphological tests

e Screening of Gram-Positive Bacteria: The bacterial
culture is derived from MRS broth with the help of an
inoculation loop. The inoculation loop containing the
culture was applied to a clear glass slide. A smear slide
was made and air-dried. The dried smear was heat-
fixed, then flooded with crystal violet for 1 min. It was
gently washed with tap water, smeared with Gram's
iodine for 1 min, washed again, and gently smeared
with 95% ethyl alcohol (added drop by drop). After a
gentle wash with tap water, the smear was
counterstained with safranin solution for 45 sec, washed
with tap water, and air-dried with tissue paper (61,

e Motility: To observe bacterial motility using the
hanging drop method, a thin ring of petroleum jelly was
first applied around the well of a depression slide. A
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single loopful of bacterial culture was then placed onto
the centre of a clean coverslip. The depression slide was
carefully inverted over the coverslip so that the drop
hung freely within the well without touching the slide
surface. Once the slide was flipped over, the drop was
examined under a microscope to evaluate the movement
of the organisms [©1,

In Vitro Gastrointestinal Survivability

To evaluate the ability of B. firmus to reach the gut alive, the

strain was subjected to simulated gastrointestinal conditions
[12]

e pH Tolerance Assay: The fresh culture of separate
strains was introduced into the Nutrient broth at varying
pH levels (2, 3, 4, 7 and 9). The pH levels were
regulated with 1IN HCI and 1N NaOH. The test tubes
that were inoculated were incubated for 24 hours at
37°C. Following a 24-hour incubation, bacterial growth
was evaluated utilizing a spectrophotometer by
measuring the optical density at 600 nm, and this was
then compared to the broth without inoculation.

e Bile salt tolerance: Fresh culture of bacterial isolates
was inoculated into nutrient broth (Hi-media)
containing 0.3% bile salt and incubated at 37°C for 24
h. Absorbance was measured by a spectrophotometer at
600 nm. Untreated nutrient broth served as a control.

e Adhesion: Biofilm formation and adhesion of the
bacterial strains were determined by the Standard tube
method. The bacterial strain was added to Luria Broth
and incubated for 48h at 37°C without shaking. The
culture was decanted post-incubation, and glass vials
were washed with H:0, fixed with a 2.5%
glutaraldehyde solution, washed again with H.O and
stained later with a 0.4% primary stain (Crystal violet
stain). The stain was dissolved in ethanol: acetone
(80:20 v/v), and the optical density was measured at
600 nm 3%,

Antimicrobial Activity

The antibacterial behaviour of B. firmus strain bac20 was
tested against common opportunistic pathogens, specifically
Pseudomonas aeruginosa and Pseudomonas otitidis. B.
firmus bac20 was grown in nutrient broth for 48 hours, after
which the culture was centrifuged, and the liquid
supernatant was collected and filtered. Using the agar well
diffusion method 2, the target pathogens (P. aeruginosa
and P. otitidis) were spread evenly across the surface of
Mueller-Hinton agar plates. Small wells were punched into
the agar, and the filtered B. firmus bac20 supernatant was
added to the wells. The plates were incubated at 37 °C for
24 hours, and the diameter of the clear zones around the
wells (zones of inhibition) was measured in millimetres to
quantify the antibacterial effect.

Biochemical Tests

Various biochemical tests were performed for the
identification of isolated bacterial strains based on standard
protocols 21, The ability to ferment glucose and lactose, and
to move, was determined using standard methods. Urease,
indole and gelation hydrolysis tests were carried out by
appropriate procedures, and methyl red and Voges—
Proskauer tests were also done. The catalase test was
performed using 3% hydrogen peroxide. Citrate utilization
and nitrate reduction tests were conducted. Oxidative
metabolism was assessed with oxidative discs. Metabolic
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capabilities of the isolates were determined by carbohydrate

fermentation tests, including glucose, lactose and sucrose,

and starch hydrolysis was assessed. The procedure of
biochemical tests is as follows:

e IMVIC Test (Indole Test): To evaluate the ability of
strains to degrade the amino acid tryptophan. The
peptone broth was prepared and sterilized at 121°C for
15 min. Inoculate the medium with the test organism by
an appropriate technique. Incubate the medium at 37°C
for 24 hrs. After 24 hours have passed, add 1ml of
Kovac's indole reagent.

e Methyl Red Test: To evaluate the ability of
microorganisms to oxidise glucose with the production
and stabilization of high concentrations of acid end
products. Prepare MR-VP broth in a test tube &
sterilize at a suitable temperature. Inoculate the test
organism using aseptic technique. Incubate tubes at
37°C for 24-48 hrs. At the end of the incubation, add
five drops of methyl red indicator directly to the
medium. Shake the medium gently.

e Voges Proskauer Test: To separate gastrointestinal
organisms, prepare the MR-VP broth test tube and
sterilize it at 121°C for 10 min. Inoculate test organisms
using a sterile method. At the end of incubation, add 0.5
mL of a-naphthol, followed by 0.2 mL of KOH. Shake
the tube gently to expose the medium to air oxygen and
let the medium stand for 10-15 min.

e Citrate Utilization Test: To identify among enteric
organisms based on their ability to ferment citrate as a
sole source of carbon. Prepared the Simmons citrate
medium and poured it into a test tube. Sterilized the
medium at 121°C for 15 min. Pick a well-isolated
colony from the surface of a primary isolation medium
and inoculate as a single streak on the slant surface of
the citrate agar tube. Incubate the medium at 37°C for
24 hours.

e Catalase test: To demonstrate the availability of
catalase in the test organisms. Take one ml of 3% H20:
in a test tube. Add 1 drop of culture from the nutrient
broth to the tube using a Pasteur pipette.

e Oxidase Test: To determine the presence of the
oxidase enzyme in the test culture. Take an oxidase disc
(HI MEDIA). A loopful of the LAB culture was
smeared on the oxidase disc. The result was observed
and recorded.

e Carbohydrate Fermentation Tests: To assess the
ability of microorganisms to ferment carbohydrates
with the generation of an acid or gas. Prepared
carbohydrate fermentation medium with a particular
carbohydrate (Glucose, Sucrose, Lactose) and poured it
into a test tube. Insert Durham’s tube and fill with
medium without air bubbles. Sterilize the medium at
121°C for 5 min. Inoculate the medium with the test
organism. Incubate tubes at 37°C for 24 hours.

e Starch Hydrolysis: To test the ability of
microorganisms to secrete hydrolytic extracellular
enzymes capable of digesting starch. Prepared starch
agar medium and placed it into sterilised petri plates.
Streak the plates individually with bacterial cultures.
Incubate the inoculated plates at 37°C for 24 hours.
Following the incubation period, flood the iodine
solution over the entire starch agar surface.

e Nitrate Reduction Test: To determine the ability of
microorganisms to decrease the nitrate to nitrite.
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Prepared nitrate broth and sterilised it correctly.
Inoculate the medium with the test organism. Incubate
at 37°C for 24 - 48 hrs. At the end of incubation, add 1
ml each of alpha-naphthylamine reagent and sulfanilic
acid reagent to the test medium, in that order.

e Urea Hydrolysis: Inoculate the slant with a loopful or a
drop of a new culture. Incubate the inoculated test tubes
at 37°C for 24 hrs. Following the incubation period,
observe the colour and record the results.

Antibiotic Susceptibility Test

The antibiotic susceptibility of the isolate was evaluated
using the semi-quantitative disc diffusion technique ™,
beginning with the inoculation of the culture into Tryptic
Soy Broth and incubation at 37°C for 12 hours. Prepared
Mueller Hinton agar plates were allowed to solidify before
0.1 ml of the broth culture was uniformly spread across the
surface using an L-rod. A diverse panel of antibiotic discs,
including Levofloxacin (5 pg), Moxifloxacin (5 pg),
Clindamycin (10 pg), Vancomycin (30 pg), Ampicillin (10
Kg), Chloramphenicol (10 pg), Tetracycline (30 pg), and
Novobiocin (30 pg), was applied to the agar, followed by a
24-hour incubation period at 37°C. Finally, the diameters of
the resulting inhibition zones were measured using a ruler
and colony counter, with the bacterial response ultimately
classified as Sensitive (S), Intermediate (I), or Resistant (R).

Molecular Identification

The bacterial isolates were molecularly characterized by
amplification of the 16S ribosomal RNA gene B3, The
obtained nucleotide sequences were compared with existing
gene sequences available in the National Centre for
Biotechnology Information (NCBI) using the BLAST
program. The sequences were later submitted to the NCBI
GenBank database, and accession numbers were retrieved.
Evolutionary analysis was performed in MEGA12 [,

Statistical Analysis

All experiments were performed in triplicate. The data were
recorded as mean = standard deviation (SD). Statistical
significance was analysed using One-Way Analysis of
Variance (ANOVA), with a p-value of less than 0.05
considered statistically significant (34,

Results

Isolation of bacteria and their antimicrobial activity:

The study aimed to isolate novel Gram-positive bacteria for
potential use as probiotics. On this basis, only Gram-
positive bacteria were selected for further analysis. A total
of 46 morphologically distinct bacterial colonies were
isolated from banana soil samples. Out of the 46 isolates,
only 12 were Gram-positive. Among these, a single isolate
(BAC20) exhibited antagonistic activity against the Gram-
negative  bacteria  Pseudomonas  aeruginosa  and
Pseudomonas otitidis. The results of this antimicrobial
activity are presented in Table 1.

pH tolerance test: The selected bacterial strain was tested
for pH tolerance and showed good results under various
culture conditions. The bacterial strain survived all the
tested pH levels, but higher growth was observed at pH 7,
followed by pH 9 and pH 4 (Fig. 1). Groups sharing
identical statistical markers exhibited no significant
difference in absorbance, with the maximum growth
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observed at pH 7 and pH 9. The growth of bacteria was
enhanced up to the neutral pH, when the pH range was
expanded. The results showed that the isolated bacteria
could survive in an acidic environment, but grew
flourishingly in neutral and alkaline conditions. The
absorbance detected at pH 2, pH 3, pH 4, pH 7, and pH 9 are
0.033+0.005, 0.038+0.012, 0.096+0.008, 0.366+0.015 and
0.314+0.024, respectively.

Antibiotic susceptibility test: Antibiotic susceptibility of
selected strain is shown in Table 2. The strain was found
sensitive  to  B- lactam antibiotic  (Ampicillin),
fluoroquinolones (Levofloxacin, Moxifloxacin),
lincosamide (Clindamycin), glycopeptide (Vancomycin),
amphenicol (Chloramphenicol), polyketide (Tetracycline),
and aminocoumarin (Novobiocin). The strain showed
sensitivity to all tested antibiotics (10 mm or more zone of
inhibition); however, it showed less sensitivity to
vancomycin (8 mm zone of inhibition).

Adhesion: The adhesion capacity of the isolated bacterial
strain was determined using the standard tube method, and
the strain showed satisfactory results, as shown in Fig. 2.
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The absorbance measured for the adhesion capacity of the
isolate (BAC20) and the control is approximately 1.45+0.04
and 0.42+0.04, respectively.

Biochemical characterization of BAC20 strain: The
important facts required for correctly identifying the genus
of isolated bacteria can be revealed through biochemical
reactions. On the basis of biochemical criteria, the results
revealed that strain BAC20 was found to be Gram-positive.
It was found that the strain could ferment glucose and could
not utilize sucrose or lactose. The strain was found to be
non-motile and urease negative, but tested positive for
catalase, oxidase, starch hydrolysis, and nitrate reduction.
All other biochemical tests of the selected strain are
presented in Table 3.

Molecular identification: The 16S rRNA gene analysis of
the isolate showed 99.9% similarity with Bacillus firmus.
The obtained sequences were deposited in the GenBank
database, and the accession number for the isolate was
acquired as Bacillus firmus strain Bac20 PZ336189.1. The
phylogenetic tree was constructed using MEGA 12 software

(Fig. 3).

Table 1: Antimicrobial activity of the isolated strain against fish pathogens.

S.N. Bacterial fish pathogens BAC20
01 Pseudomonas aeruginosa il
02 Pseudomonas otitidis falaied

The *** symbol represents complete inhibition > 10 mm zone of inhibition, ** symbol represents medium inhibition between 5-10mm zone
of inhibition, * symbol represents low inhibition < 5mm zone of inhibition while — symbol represents no inhibition.

.45

0.45

ABSORBANCE AT 600NM

PH2 PH3

pH Tolerance test

d
: c
0.05 abe a a,b,c a
SEm coEE 2 : -
0

DIFFERENT PH
Control = BAC20

PH4 PHY7 PHY9

Fig 1: Bacterial Growth at different pH levels. Values represent Mean + SD. Different alphabets represent a significant difference between
the groups (P<0.05)

Table 2: Antibiotic susceptibility of selected isolate

S. No | Antibiotics (Disc concentration) | BAC20 | Zone of inhibition
1 Ampicillin(10pg) + 18mm
2 Levofloxacin(5pug) + 19mm
3 Moxifloxacin(5pug) + 24mm
4 Clindamycin(10pg) + 10mm
5 Vancomycin(30pg) + 8mm
6 Chloramphenicol(10pg) + 18mm
7 Tetracycline(30ug) + 20mm
8 Novobiocin(30ug) + 22mm

+sign represents susceptibility, - sign represents resistance
~ 136~
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Absorbance at 600nm

Adhesion

Bacterial isolate  PA°0

Fig 2: Adhesion capacity of isolated bacterial strain. Values represent Meanz SD. Different alphabets represent a significant difference
between the groups (P<0.05)

Table 3: Biochemical characterization of the BAC20 strain isolated from the Soil.

Biochemical test

BAC20

Gram staining

+

Motility

Indole test

Methyl red test

Voges Proskauer test

Citrate utilization test

Catalase test

Oxidase test

Carbohydrate fermentation

Glucose fermentation

++ [+ +]

Sucrose fermentation

Lactose fermentation

Starch hydrolysis

+ |

Nitrate reduction

Urease test

+ sign represents positive, _ sign represents negative

88 PX446225.1 Cytobacillus firmus strain PRZB19 16S ribosomal RNA gene partial sequence

95 EU418717.1 Bacillus firmus strain JL32 16S ribosomal RNA gene partial sequence

PZ336189.1 Bacillus firmus strain Bac20 16S ribosomal RNA gene partial sequence

100 OR361800.1 Cytobacillus firmus strain 0010 16S ribosomal RNA gene partial sequence
AB999913.1 Bacillus firmus gene for 16S rRNA partial sequence strain 99 to 3

DQ494322.1 Bacillus firmus strain FC31 16S ribosomal RNA gene complete sequence

AB999932.1 Bacillus firmus gene for 16S rRNA partial sequence strain 119 to 1
100

{ PZ203906.1 Cytobacillus firmus strain CX75 16S ribosomal RNA gene partial sequence

PZ151269.1 Cytobacillus firmus strain CX28 16S ribosomal RNA gene partial sequence

Fig 3: Phylogeny tree showing closely related species of isolate.

Discussion

Pseudomonas aeruginosa and Pseudomonas otitidis are
renowned as severe opportunistic pathogens that cause
widespread infections and significant challenges in both
clinical and agricultural settings due to their intrinsic
resistance to various treatments. In our study, the isolated
Bacillus firmus strain (BAC20), recovered from banana soil,
showed significant antagonistic activity against both P.
aeruginosa and P. otitidis. Soil-dwelling Bacillus species
are widely recognized for their robust capacity to produce a
diverse array of secondary metabolites 31, Bacillus species
possess several mechanisms for microbial antagonism,

which include competition for nutrients and the synthesis of
antimicrobial peptides, lipopeptides and bacteriocins that
disrupt the cell membranes of Gram-negative pathogens 2%,
Similar to our findings, previous studies have successfully
isolated Bacillus strains from rhizosphere soil that exhibit
strong antimicrobial activity against Pseudomonas species
71 In this study, the isolated strain was able to survive in a
highly acidic pH range (2-4) while demonstrating
flourishing growth in neutral to alkaline conditions (pH 7—
9). The purpose of choosing this pH range was to determine
whether the bacteria could survive the harsh acidic
conditions often encountered in various host or
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environmental niches, as well as to figure out which pH is
suitable for optimal proliferation. The highest growth was
observed at pH 7 and pH 9. Our findings align with those
reported (81 and later, who noted that many soil-derived
Bacillus species exhibit alkali-tolerant properties, enabling
them to thrive in neutral and slightly alkaline environments
while maintaining survival mechanisms (like endospore
formation) during acidic stress [,

The strain was also evaluated for antibiotic susceptibility, an
essential parameter since environmental or probiotic
bacteria can sometimes serve as reservoirs for antimicrobial
resistance (AMR) genes, which could potentially be
transferred to pathogenic bacteria . From our results, the
isolate showed broad susceptibility to all tested antibiotics,
including  B-lactams  (Ampicillin),  fluoroguinolones
(Levofloxacin, Moxifloxacin), and polyketides
(Tetracycline). The bacteria showed slightly less sensitivity
to the glycopeptide vancomycin, which is a common
observation in some robust Gram-positive soil isolates due
to cell wall thickening 1. Overall, the high susceptibility
profile of the isolate mirror’s findings ™M, confirming its
relative safety and lack of widespread acquired resistance
mechanisms.

The adhesion property of bacterial strains is a critical factor
that contributes to successful environmental colonization,
biofilm formation, and cellular interaction. Adhesion is
thought to be promoted by a combination of extracellular
polymeric substances (EPS) and passive factors that include
electrostatic and hydrophobic interactions . In this study,
the isolated strain showed highly significant adhesion
capabilities (absorbance of 1.45) compared to the
uninoculated control. Strong adhesion properties in Bacillus
species have similarly been reported Y, emphasizing its
role in establishing stable communities in soil and host
environments.

Finally, the isolated strain is Gram-positive, non-motile,
catalase and oxidase-positive, capable of starch hydrolysis
and nitrate reduction, and possesses the ability to ferment
glucose while being unable to utilize lactose and sucrose.
Our biochemical characterization results are highly
consistent with the established metabolic profile of Bacillus
firmus documented in Bergey's Manual of Systematic
Bacteriology ™ 32, While the isolate was presumptively
identified using in vitro and biochemical tests, the definitive
identification was confirmed via 16S rRNA sequencing,
demonstrating a 99.9% similarity to Bacillus firmus.

Conclusion

The novel bacterial strain BAC20, successfully isolated
from banana soil, was morphologically, biochemically, and
molecularly identified as Bacillus firmus (GenBank
accession number PZ336189.1). The strain demonstrated
significant antagonistic activity against the severe
opportunistic pathogens Pseudomonas aeruginosa and
Pseudomonas otitidis, highlighting its substantial potential
as a biocontrol agent. Furthermore, the isolate exhibited
robust survival across a broad pH range, with optimal
growth in neutral-to-alkaline conditions (pH 7-9), alongside
excellent adhesion capabilities, both of which are critical for
successful environmental colonisation and probiotic
applications. Importantly, its broad-spectrum susceptibility
to common antibiotics confirms its safety profile,
minimizing the risk of serving as a reservoir for
antimicrobial resistance genes.
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