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Abstract

Antibiotic use in poultry production to treat infections caused by bacteria has led to antibiotic resistance.
Many countries have resorted to banning antibiotics in livestock rearing. Probiotics can be used as
an alternative to antibiotics as they have the potential to boost bird health and aid in the production
of safe consumable produce. The study aimed to isolate Bacillus spp. from samples collected from
the vegetable garden, sewage works site, maize milling site, and chicken coop soil. Four isolates
were subjected to probiotic screening test. One isolate was further characterized according to 16S
gene sequencing. The tested Bacillus spp. indicated resistance to low pH, gastric juice, bile salts and
negative test to haemolysis. The isolates exhibited broad spectrum antimicrobial potency against E.
coli, Salmonella Typhi, and Staphylococcus aureus. Three Bacillus spp. were resistant to at least one
tested antibiotic, while Bacillus PW3 was susceptible to all antibiotics. Further characterization of
one Bacillus isolate was done by PCR amplification and sequencing of the 16S rDNA gene. The results
confirmed this isolate as Bacillus-related spp. and closely related to Bacillus velezensis. Bacillus PW1 and
Bacillus GM3 exhibited potential probiotic characteristics and potential for use in poultry production.
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INTRODUCTION

Poultry production is one of the thriving
industries that offers high-quality protein to
improve dietary needs of continuously growing
population, therefore there is transitioning from
subsistence farming to intensive production. In
2017, global egg production reached 87 million
tonnes and poultry meat production reached
123 million tonnes, as reported by Laca et al.?
The production is expected to grow in order to
satisfy the growing population of people. One of
the major challenges in poultry production is the
outbreak of infections caused by microorganisms
such as Staphylococcus aureus. As a result,
antibiotics have been continuously and improperly
used as a preventative measure to keep the
animals/birds free from these infections. On the
other hand, it is known that extensive application
of antimicrobials lead to antimicrobial resistance?
and also affect the natural beneficial bacteria.

Antibiotic-resistant pathogens result in
ineffective treatment, economic losses and plays
a role in dissemination of resistant bacteria and
genes posing a risk to human health.? Previous
studies have demonstrated the prevalence
of antibiotic-resistant Enterococcus spp. and
Staphylococcus spp. in aquaculture ponds.> Meat
from poultry is a common source of evolving
antibiotic resistance bacteria. Transmission of
antibiotic-resistant bacteria to humans occurs
through direct ingestion of poultry meat or
products. Because of these challenges associated
with overuse of antibiotics, there is a call to ban
antibiotics use in poultry production.

Probiotics are live microorganisms that
provide health benefits to the host by inhibiting
the growth of infectious microbes,* and they
can be used as an alternative to antibiotics
in poultry systems. The mode of action of
probiotics include competing with pathogens
for receptor binding sites in the intestinal tract,
production of metabolites with antimicrobial
capabilities, and stimulation of the immune
system.>® Probiotics are inherently competitive
and they try to eradicate other bacteria that
might harm the digestive system. The microbial
population diversity is shaped by competition
among different microorganisms for the nutrients
in the digestive system.” Probiotics can serve as

immune boosters, preserve intestinal integrity to
increase endogenous digestive enzyme activities,
and a sustenance of the intestinal microflora
ecosystem to inhibit pathogen proliferation.®

Probiotics have to overcome unpredictable
factors like bile acids, gastric juice, and competition
from other microorganisms. One of the most
significant acid tolerance mechanisms in Bacillus
spp. is the proton motive force dependent
proton efflux pump, which works to preserve pH
homeostasis.® Large intestines harbours diverse
microorganisms and metabolic activity.!® Low
pH is a barrier to survival of microorganisms in
the intestines of poultry.’ In order to survive in
such low pH, probiotics must be combined with
other food products therefore enabling them to
survive in the gastro intestinal tract (GIT). Probiotic
bacteria must endure harsh conditions of the small
intestines so that they provide desired health
benefits to poultry.

Studies have been done by scientists to
identify and characterize bacteria with potential of
being probiotics from environmental samples.**3
The genus Bacillus have the ability to produce
antimicrobial substances and spores that confer
the ability to thrive in different habitats.'* This
makes Bacillus spp. attractive to be exploited as
probiotics in humans and animals. Different Bacillus
spp. are being used as presumed probiotics.*>*®

MATERIALS AND METHODS

Microorganisms

Analysis of all samples was done at
the NUST Microbiology and Biotechnology
labs. Four bacterial isolates were isolated from
soil and identified as Bacillus spp. according to
morphological and biochemical tests. Biochemical
tests done included motility, catalase, citrate,
indole, gram reaction and spore formation tests.
Hemolysis and antimicrobial susceptibility tests
were done as safety evaluation tests. PCR and 16S
rRNA sequencing were done on one representative
isolate for confirmation. The isolate was stored in
glycerol stock at 5 °C for long-term preservation
and use. For probiotic characterization, bacteria
were assessed for their ability to survive in
conditions similar to GIT (bile salt, pH 2, pH 4 and
gastric juice) using the following methods.
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Viability of Bacillus spp. in synthetic media same
as GIT conditions

Viability of Bacillus isolates was
determined under culture conditions comparable
to GIT of chicken stomach. Bacillus cultures were
added to three test tubes containing 10 ml each
of freshly made lysogeny broth having conditions
similar to the GIT. Samples were collected at (Time
= 0 hours) and after the desired time (Timez) for
each condition being tested, then cultured on
nutrient agar plates and incubated at 37 °C for
24 hours. Viable cells were counted. The formula
described by Burgain'” was used to determine the
bacteria’s viability.
Viability = HT1 / HTO x 100,
whereby HT1 = log CFU after changing to the
required medium at time # 0 h and HTO = log CFU
attime=0h

pH resistance

The prepared Bacillus cultures were
inoculated into flasks with 10 ml nutrient broths
at pH 2 and pH 4 respectively.’® Samples were
collected at time O hours and after incubation for
4 hours at 37 °C. Colony count was done after 0.1
ml aliquot of each sample was cultured on nutrient
agar plates at 37 °C for 24 hours. Viability of
Bacillus spp. was calculated using formula above.

Bile salts resistance

An aliquot of each Bacillus culture was
grown in 10 mL of freshly made lysogeny broth,
which contained 0.3 grams of bile agar in 100 ml of
distilled water, then incubated at 37 °C for 3 hours
in a shaker incubator at 150 rpm. Samples were
collected at time =0 hours and time = 3 hours then
spread in nutrient agar plates and incubated for
24 hours at 37 °C. Using the previously mentioned
formula, the viability of bacteria was determined.

Gastric juice tolerance

10 ml of gastric juice, which contained
(0.1 grams of NaCl, 7 mL of 0.2 M HCl, 60 ml of
distilled water 0.2 grams of pepsin, and adjusted to
pH 2.) was suspended with each bacterial culture
that had been cultured overnight in lysogeny
broth. For two hours, the suspension was stirred
at 150 rpm and incubated at 37 °C. Samples were
collected before the incubation period at time =
0 hours and after the incubation period at time

= 2 hours.®® An aliquot of each suspension was
spread on nutrient agar plates and incubated at 37
°C for 24 hours. Bacterial colonies were counted.
Viability was determined using the same formula
as previously mentioned.

Data analysis

A two-way analysis of variance (at o =
0.001, 0.01, 0.05 and 0.1) and Tukey’s HSD Test
based on Pairwise comparisons of mean were
performed to assess the viability of Bacillus spp.
in conditions same as GIT using R software. Results
were presented in percentages of the mean +
standard deviation of replicates.

Antimicrobial activity

Antimicrobial activity was done against 3
poultry pathogens which were E. coli, Salmonella
typhi and Staphylococcus aureus using disk
diffusion assay method. Bacillus isolates were
cultivated in flasks containing 100 ml of lysogeny
broth each, incubated at 37 °C in a shaking
incubator running at 150 rpm for 72 hours followed
by centrifugation and then filtered with standard
membrane according to the recommendations
of Al-Turk et al.’® Acetone was added to the
flasks at a ratio of 4:1 to concentrate the isolates’
metabolites, and the flasks were put in a shaker
incubator for 2 hours at 100 rpm. Acetone was
evaporated at 45 °C to concentrate the organic
phase, and the resulting extracts were kept at
4 °C until needed. Autoclaved paper disks were
impregnated with the resulting extracts. The
disks were placed on agar plates inoculated with
test pathogens (Salmonella typhi, E. coli, and
Staphylococcus aureus). The agar plates were
incubated for 48 hours at 37 °C. As control, 5 pg/
mL of the antibiotics methicillin and kanamycin
were utilized. Calipers were used to estimate the
affected zone’s diameter in millimetres.

Molecular identification

Further identification of Bacillus isolates
was achieved by bacterial DNA extraction using
boiling method followed by the PCR amplification
method. For PCR amplification, two microliters of
each of the DNA samples was mixed with a master
mix having a total volume of 23 pl. The master mix
had the following: 12.5 pl of Dream Taq green PCR
Master Mix, 0.5 pl each of forward and reverse
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primer, and 2 pl of Magnesium chloride. The initial
DNA denaturation step was at 95 °C for 2 minutes.
This was followed by 25 cycles of sequence
amplification steps, denaturation at 95 °C for
30 seconds, annealing at 60 °C for 30 seconds,
extension at 72 °C for 1 minute 30 seconds, and a
final elongation step at 72 °C for 10 mins. Primers
used were rD1 and fD1. Only one isolate was
further identified according to 16S rDNA gene
sequencing. The amplified PCR products were
sent to Ingaba Biotec Company in South Africa for
purification and Sanger sequencing.

Table 1. Biochemical tests

Parameters GM5 GM3 PW1 PW3
Spore formation + + + +
Catalase + + + +
Citrate + + +
Hemolysis - - -
Motility + + + +
Gram staining + + + +

RESULTS

Results revealed four Bacillus spp.
isolated from soil which were creamy in colour
and mucoid. Characterization was done using
microscopy and biochemical tests (Table 1). All the
Bacillus isolates were rod-shaped Gram-positive
bacteria (Figure 1). These bacterial isolates were
identified and named as Bacillus PW1, Bacillus
GM3, Bacillus GM5, and Bacillus PW3.

Table 2. Viability of Bacillus spp. in synthetic media
same as GIT (%)

Synthetic Bacillus Bacillus Bacillus Bacillus
media similar PW1 GM3 GM5 PW3
to gastro

intestinal

tract

Gastricjuice 78+1 613 493 65120
Bile salt 79+5 62+6 57%+2 46+*10
pH 2 85+3 58+4 367 564
pH4 87+4 T77+t6 6314 6418

Bacillus PW1

I ..

Bacillus GM3

- F
‘Ou"'\l w
-,

e R

Bacillus PW3

Figure 1. Microscopic observation of isolated Bacillus spp.
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Assessment of viability of Bacillus spp. in
synthetic media same as GIT environment
Bacillus PW1 survived the most at pH 4
with a viability of (87 + 4%). Bacillus GM3 showed
viability of (77 + 6%) at pH 4 and (58 + 4%) at
pH 2. Bacillus GM5 survived the most at pH 4 (63
+ 4%) compared to pH 2 (36 £ 7%). Bacillus PW3
showed (65 + 20%) survival in gastric juice and
(46 + 10%) survival in bile salt. Bacillus PW1 was
the most acid-tolerant compared to other Bacillus
spp., followed by Bacillus GM3 and Bacillus PW3,
respectively. Bacillus GM5 was the least tolerant
(Table 2). Bacillus PW1 was the most viable

bacterium, showing enhanced resistance to acidic
environments and hence, the highest potential
for probiotic usage among other Bacillus spp.
(Table 2).

Analysis of variance revealed a marginally
significant effect of synthetic media conditions
(bile salt, pH 2, pH 4 and gastric juice) on survival
rates with a p-value of 0.0564 suggesting a trend
towards changes in viability when synthetic
media conditions are altered (Table 3). Bacillus
spp. showed a statistical significance on tolerance
and viability in synthetic media conditions with a
p-value of 0.0000906 denoting a marginal effect.

Antibacterial Activity of Bacillus Extracts

Zone of Inhibition (mm)

Staphylococcus aureus | 16 lII 17
s IlIIII

Inhibition Zone (mm)

B IIIII
& <& > & &
.&n’ s") lve Q 5
(€) () \X‘é ¢§ Q“

Figure 2. Antibacterial activity (mm) of Bacillus spp. against Staphylococcus aureus, E. coli and Salmonella typhi.
PW1E Bacillus PW1 cell-free extract, PW3E Bacillus PW3 cell-free extract, GM5E = Bacillus GM5 cell-free extract,
GM3E = Bacillus GM3E cell-free extract, KAN kanamycin antibiotic, METH = methicillin antibiotic

Bacillus PW1

Figure 3. Antibiotic susceptibility of Bacillus PW1

According to Tukey’s HSD Test, Bacillus
PW1 showed a statistical significance when
compared with Bacillus GM3 at pH 2 with p-value
of 0.046 at alpha 0.05 (Table 4). Overall, the tests
in all synthetic media conditions did not reveal
significant differences in viability among Bacillus
spp. However, a notable exception was observed
in bile salt tolerance when comparing Bacillus PW1
and Bacillus PW3, which approached significance
(p = 0.068) at alpha 0.05.

Antibacterial activity

Bacillus PW1 showed broadest
antimicrobial spectrum against all 3 pathogens.
Bacillus GM3 was able to inhibit growth of two
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pathogens namely E. coli and Staphylococcus
aureus; however, Salmonella Typhi was resistant
to the cell free extract produced by Bacillus GM3.

Bacillus GM5 and Bacillus PW3 did not
inhibit all three indicator pathogens. Of all the
Bacillus spp., Bacillus GM3 exhibited largest
inhibition diameter (21 mm) against E. coli
(Figure 2). Two antibiotics were used as control,
methicillin (METH) was used as a negative control
and kanamycin (KAN) as a positive control. All
three pathogens were resistant to methicillin and
susceptible to kanamycin. Regarding antibiotic
susceptibility, the results of our study showed
that all tested Bacillus spp. were susceptible to
almost all antibiotics (5 pg/mL) except methicillin
for which they were all resistant. Bacillus PW1 and
Bacillus GM5 were the most sensitive to cefixime
and kanamycin antibiotics (Figure 3).

Genotypic analysis of selected Bacillus spp. using
16S rDNA gene

After PCR amplification and sequencing
of Bacillus PW1, a consensus sequence of 858
base pairs was obtained which was aligned in
the nucleotide sequence database of NCBI using
BLAST search tool to estimate the sequence

Table 3. Analysis of variance results

homology and identification of bacterial isolate by
comparing consensus sequence with sequences of
NCBI database. The comparison of the generated
sequence with sequences of the GenBank
database indicated that Bacillus PW1 belonged
to the genera Bacillus (Figure 4). The sequence
has been submitted to the GenBank database and
obtained an accession number PX457090.

According to the phylogenetic tree,
Bacillus PW1is closely related to Bacillus velezensis
strain TLG1-6. Neighbor-joining method was used
to build a phylogenetic tree using the Mega 11
software.?® Boot-strap analysis, derived from
1000 sampling, was used to determine confidence
values of individual branches in the phylogenetic
tree (Figure 5). The evolutionary history of the
analyzed data is represented by the bootstrap
consensus tree, which was generated from 1000
replicates. The Maximum Composite Likelihood
method was used to determine sequence
distances.?® This analysis involved 10 nucleotide
sequences. The amount of change estimated
to have occurred between a pair of nodes was
represented by branches. Staphylococcus sp. strain
was the outgroup.

Bacillus siamensis 1478 1478 100% 0.0 97.79% 1404  MN448398.1

Source of Degrees of  Sum of Mean of F-value p-value Sig.
variation Freedom Squares Squares
Synthetic media condition 3 927 309.0 3.099 0.056 *
Bacillus spp. 3 4241 1413.7 14.176 <0.001 rxE
Synthetic media: Bacillus spp. 9 935 103.9 1.042 0.451
Residuals 16 1595 99.7
Total 31 7698 248.3
Sig. = significance codes: ***:0.01, **:0.05,*:0.1
s e M Total Qi E Per.
Desciptlun Sclentlff Name Scz:e S::Jo?e CZ:; value | |1 d:rrn Acc&en Accession
v v v v v
[:] Bacillus is strain A2 16S ribosomal RNA gene, partial sequence Bacillus velezensis 1483 1483 100% 00 97.90% 1438 OMO017195.1
[:] Bacillus amyloliquefaciens strain SA30 16S ribosomal RNA gene, partial sequence Bacillus amyloliquef... 1482 1482 100% 0.0 97.90% 1112 MK467554.1
[] Bacillus subtilis strain S-30 16S ribosomal RNA gene, partial sequence Bacillus subtilis 1480 1480 100% 00 97.79% 1450 OM439621.1
() Bacillu is strain TLG1-6 168 ril RNA gene, partial sequence Bacillus velezensis 1478 1478 100% 0.0 97.78% 960 OR100534.1
O

Figure 4. BLAST search showing percentage identity between the query sequence and the most similar sequences

found in Sequence data base
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Table 4. Tukey’s HSD Test based pairwise comparison
of Bacillus spp. across different synthetic media similar
to gastrointestinal tract conditions

DISCUSSION

Research has proven that probiotics
play an important role in keeping bird intestinal
morphology,? suppressing the growth of harmful
bacteria,* and enhancing the digestion and
absorption of nutrients. As a result, they contribute
to the overall growth and development of
livestock.

Results in our study showed that all four
Bacillus spp. obtained were motile (Table 1), which
according to Cousin et al.? provides competitive
advantages in terms of nutrient acquisition, niche
colonization, and triggering of the innate immune
system. Motile probiotics have an increased ability
to navigate through the GIT, allowing them to
reach and colonize various regions of the gut more
effectively. Motility also enhances the probiotic’s
capacity to move through the mucus layer and
adhere to the intestinal epithelium, improving
their chances of establishing a stable presence
in the gut. Interestingly, spores of Bacillus spp.
are currently used as probiotics and competitive
exclusion agents in both human and animal
consumption.? Similarly, in our study all four
Bacillus spp. were found to be spore formers.
Bacteria that form spores have been observed to
complete the sporulation and germination cycle
in the GIT of guinea pigs.**

Among the secondary metabolites
of Bacillus spp., subtilisin and subtilosin are

Baciilus amyloliquefaciens strain SA30
Bacillus subtilis strain abl 1549

Bacilius amyloliquefaciens strain 84XG71

Bacillus siamensis strain FB57

— @ Bacilius PW1i
79 [ Bacillus velezensis strain TLGI1-6

Bacilius velezensis strain A2

Synthetic Comparison Difference p-value
media of Bacillus
conditions spp.
pH 2 PW1-GM3 27.5+26.73 0.046
pH 2 GM5-GM3  -21.5+26.73 0.097
pH 2 PW3-GM3 -1.5+26.73 0.995
pH 2 PW1-GM5 49 +26.73 0.006
pH 2 PW3-GM5 20+26.73 0.119
pH 2 PW3-PW1 -29+£26.73 0.038
Gastric juice  GM5-GM3 -12 £59.01 0.840
Gastric juice  PW1-GM3  16.5+59.01 0.689
Gastric juice  PW3-GM3 4+59.01 0.992
Gastric juice  PW1-GM5  28.5+59.01 0.333
Gastric juice  PW3-GM5 16 £59.01 0.707
Gastric juice  PW3-PW1 -12.5+59.01 0.824
Bile-salt GM5-GM3  -4.5+36.33 0.954
Bile-salt PW1-GM3 17.5+36.33 0.334
Bile-salt PW3-GM3  -15.5+36.33  0.413
Bile-salt PW1-GM5 22 +36.33 0.205
Bile-salt PW3-GM5 -11 +36.33 0.642
Bile-salt PW3-PW1 -33+36.33 0.068
pH4 GM5-GM3 -14 +33.09 0.419
pH4 PW1-GM3 10 £ 33.09 0.643
pH 4 PW3-GM3 -13 +£33.09 0.469
pH4 PW1-GM5 24 +33.09 0.130
pH 4 PW3-GM5 1+33.09 0.999
pH4 PW3-PW1 -23+£33.09 0.145

53

86 —|:
p)
56
-
21

Bacillus subtilis strain S-30

Bacillus siamensis straim TWI1-7

—

Tree scale: 0.0

5

B Stapiyiococcus sp. strain 0C24

Figure 5. Phylogenetic tree built using the Neighbor-joining method
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primarily known for aiding digestion and reducing
allergenicity. A study done by Ostrowski et al.?®
reported that bacitracin produced by certain
Bacillus spp. inhibits E. coli and S. aureus. The
antagonistic activities of Bacillus spp. are crucial in
preventing the infection or invasion of pathogenic
bacteria. In our study, Bacillus PW1 showed
antagonistic effect against E. coli, Salmonella
Typhi and Staphylococcus aureus. These results
are similar to findings of Chaiyawan et al.?® Studies
done by Afroj et al.?” highlight the inhibitory
effect of Bacillus velezensis AP 183 strain against
Staphylococcus aureus, further confirming our
findings.

In our study, we found that Bacillus GM3,
Bacillus PW3, and Bacillus GM5 did not inhibit the
growth of Salmonella Typhi. These results align
with previous research done by Barbosa et al.?®
that showed that certain strains of Bacillus spp.
isolated from the GIT of broiler chickens did not
have inhibitory activity against Salmonella spp.
However, we observed that Bacillus GM3 did exhibit
inhibitory effects against E. coli and Staphylococcus
aureus. Interestingly, studies by Nithya & Halami®®
reported the antimicrobial activity of Bacillus spp.
against Listeria monocytogenes, Staphylococcus
aureus, Salmonella boydii and Salmonella Typhi.
Our results are consistent with findings of Kan
et al.3® demonstrating antagonism against E. coli
and Salmonella Typhi. Interestingly, Bacillus PW3
and Bacillus GM5 did not have any inhibitory
effect against Salmonella Typhi, E. coli, and
Staphylococcus aureus. This is because genus
Bacillus is a group of bacteria that includes
both inhibitory and non-inhibitory compound-
producing bacteria.

In order for probiotics to exert their
expected benefits in the intestines, they must
remain viable during ingestion and in the
challenging environments of GIT, including the
acidic conditions of the stomach. The survival of
Bacillus spp. in the gastric juice is depended on
the ability to resist low pH, which is an important
attribute for probiotics.! In our study, the effect
of low pH was seen after the studied Bacillus spp.
were exposed to low pH (pH 2.0 and pH 4.0) for
3 hours. Bacillus PW1 had the highest viability at
pH 2 and greater tolerance at pH 4 compared to
other Bacillus spp. Bacillus PW3 and Bacillus GM5
demonstrated over 35% pH toleranceatpH2.Ina

study by Lee et al.,** three Bacillus strains showed
relative pH tolerances of 93%, 91% and 95% after
exposure to low pH. These values are higher
than the values obtained in our study. Among
the Bacillus spp. tested, Bacillus PW1 exhibited
extremely high tolerance to acid, gastric juice,
and bile salt, indicating its better adaptation to
the target host. This bacteria was isolated from
poultry waste in a poultry farm, which corresponds
to the findings of Pan & Yu,** who isolated Bacillus
spp. that survived low pH values from the poultry
environment.

In gastric juice, the survival rates of
all Bacillus spp. ranged from 61%-78% after 3
hours of exposure. These values are slightly
lower than those reported by Lee et al.?? One of
the main reasons for the resistance of Bacillus
spp. to gastric juice is that Bacillus spp. tend to
form spores. These spores are highly resistant
to environmental stresses, such as extreme
temperatures, desiccation, and acidic conditions.
When the bacterium detects unfavourable
conditions, it enters a dormant state, enabling
it to survive until more favourable conditions
occur. Interestingly, Bacillus PW3, Bacillus GM3
and Bacillus PW1 showed tolerance to 0.3% ox gal
bile, while Bacillus GM5 exhibited weak tolerance.
This suggests that all of these cultures belong to
the “tolerant” group. The reason for this observed
resistance of bacteria to the antimicrobial
properties of bile salts is attributed to the
production of bile hydrolase enzymes, that protect
bacteria against the toxic effects of bile. Bile salt
hydrolases are generally intracellular, oxygen-
insensitive enzymes that catalyze the hydrolysis of
bile salts.?* The analysis of variance indicated that
survival rates and tolerance of different synthetic
media conditions is mainly explained by bacteria
type. Bacillus PW1 generally was the most tolerant
and had the highest survival rate, whilst Bacillus
GM3 exhibited moderate survival rates.

Generally, all Bacillus isolates in this
study were susceptible to most of the tested
antibiotics, which means they can be safely used
as probiotics without transmitting drug resistance
genes to other pathogens in the gastrointestinal
tract. The ability of probiotics to be susceptible to
antibiotics is also a critical measure for selecting
them as probiotics.* Three of tested Bacillus
isolates including Bacillus PW1 showed resistance

Journal of Pure and Applied Microbiology

3204

www.microbiologyjournal.org



Nsingo et al | J Pure Appl Microbiol. 2025;19(4):3197-3207. https://doi.org/10.22207/JPAM.19.4.60

to methicillin (Figure 3). The resistance of Bacillus
PW1 to methicillin antibiotic is due to the use
of antibiotics in poultry farming, contributing
to evolution of resistant bacterial populations.
These bacteria acquire resistance genes through
horizontal gene transfer or mutations.

Out of all Bacillus spp. in this study,
only Bacillus PW1 was chosen for further
characterization based on primary selection
criteria, which included antimicrobial activity
against test pathogens, ability to survive under
harsh conditions of GIT and susceptibility
to antibiotics. All the tested isolates did not
demonstrate a-haemolytic or -haemolytic activity
when cultured on blood agar plates. It is worth
noting that assessing haemolytic activity is highly
recommended by the European Food Safety
Authority for bacteria targeted for use in food
products, irrespective of their Generally Regarded
as safe status.

In this study, phylogenetic analysis was
done on the molecular data obtained for Bacillus
PW1. This was used to classify and understand
the relationships between closely related species.
Bacteria can be identified to species level by
targeting 16S rDNA gene which makes studying
bacterial phylogeny and taxonomy possible.? This
gene, which have both conserved and variable
regions, with the conserved regions reflecting
phylogenetic relationships and serving as sites
for PCR priming was used in our study. According
to the phylogenetic tree constructed (Figure
5), Bacillus PW1 was closely related to Bacillus
velezensis.

CONCLUSION

Based on the 16S gene sequencing we
confirmed PW1 isolate as Bacillus velezensis strain.
This isolate showed strong probiotic properties,
compared to other Bacillus spp. tested in this
study. It exhibited better antibiotic susceptibility,
broader antimicrobial activity, and a greater ability
to survive under conditions similar to the chicken
GIT Therefore, it exhibits a great potential to be
used as probiotic in poultry farming.
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