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Abstract

The human microbial flora is quite diverse and versatile, playing several beneficial roles in association with
the host and deriving nutrition from it. The present study aimed to identify gut microbial flora with poten-
tial probiotic activities. Eighteen bacterial isolates were screened from ten male individuals in this study.
Seven bacterial isolates, NCCP-2046, NCCP-2031, NCCP-2035, NCCP-2040, NCCP-2041, NCCP-2044, and
NCCP-2046, were isolated from the gut samples of volunteer men belonging to various areas of Rawalpindi
and Islamabad. These bacterial isolates were cultured on De Man Rogosa and Sharpe Media (MRS), Tryptone
Soya Agar (TSA), and Nutrient agar, which showed efficient bacterial growth. The morphological and bioche-
mical characteristics of these bacterial strains were studied under their optimal growth conditions, along with
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molecular investigations. The antibiotic sensitivity pattern was tested using Kirby-Bauer method, which veri-
fied the higher MIC against all eight antibiotics used except for oxacillin. Phylogenetic analysis of only four
bacterial isolates was performed based on their 16S rRNA sequences, and their top-hit sequence similarities
in NCBI and EzBioCloud.net (95-98% and 94%) verified that these bacterial candidates belong to the Priestia
and Staphylococcus genera. Based on molecular evidence through phylogeny and sequence similarities with
previously defined bacterial candidates, the bacterial strains MG-461621 (NCCP-2031), MG-461622 (NCCP-
2035), and MG-561934 (NCCP-2046) are presumed to be members of Priestia or novel species/genera, while
MG-461623 (NCCP-2039) is also found to be a previously identified species of Staphylococcus. However,
due to decreased similarity with the top-hit sequences, it could also be presumed to represent a member of a
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novel genus.
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1. Introduction

Species of the genus Bacillus and Priestia are rod-sha-
ped and belong to the phylum Firmicutes. They include
both aerobic and facultative anaerobic species that produce
spores during unfavourable conditions. The species in this
genus are mostly isolated from soil, but some species are
also isolated from food, water, vegetables, animals, and
the human gut [1, 2]. It is believed that these species are
not natural inhabitants of the human gut, but they colonize
the gastrointestinal tract (GIT) when microflora contami-
nates consumable foodstuff. Additionally, they can colo-

nize the human gut by consuming fermented beans [3].
The mucosal layer of the human gut is composed of the
lamina propria, muscularis mucosae, and epithelial cells,
which are inhabited by approximately 10" microorga-
nisms [4]. These microorganisms play a crucial role as gut
microbiota due to their metabolic characteristics, which
involve recycling important nutrients and producing es-
sential byproducts [5]. The number of microbes coloni-
zing the human gut is ten times greater than the number of
human cells. The colonization of commensal microbiota in
the human gut begins shortly after birth and is established
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within the first three years of life, encompassing approxi-
mately 1000 species, most of which are anaerobic and
unknown species [6, 7].

The initial colonization, composition, and progressive
diversity of the gut fluctuate widely in newborns and show
significance compared to adults. After ingesting solid
foods, usually at around one year of age, intestinal flora
begins to localize more effectively than initially [7]. Fur-
thermore, the typical colonization of microorganisms in
different parts of the GIT differs due to the physiochemi-
cal nature of the stomach and intestine. Major factors such
as the pH value of the GIT, food intake, intestinal moti-
lity, redox condition, as well as gastric acid, bile, digestive
enzymes, and mucus discharge from the host contribute to
the composition of the microbial community in the GIT
[8].

In several studies, researchers have discovered that
Bacillus spp. has antimicrobial activity against various
pathogenic microorganisms. B. subtilis strains, which are
used as probiotics, have demonstrated antagonistic abili-
ties against H. pylori. This is due to the secretion of the
lincomycin antibiotic, which also exhibits inhibitory pro-
perties against enteric E. faecium and Shigella flexneri [9].
Purified bacteriocins, which are secreted by Bacillus, have
shown a strong inhibitory effect against clinical and food-
borne pathogens. Bacteriocins with a small molecular
weight, once filtered and purified, exhibit a wide range of
antimicrobial activity with low cytotoxicity [10]. Bacterio-
cin-producing strains of B. subtilis have also been isolated
[11], showing high levels of antagonistic activity, particu-
larly against bacterial infections that cause foot ulcers. Ad-
ditionally, Bacillus spp. has antimicrobial activity against
Klebsiella spp. Bacillus spp., which can produce bacterio-
cins, could be used as a biopreservative in food and for
treating human and animal infections. In Southeast Asia,
food products and medical goods often contain different
strains of Bacillus used as probiotics. These products may
consist of a single strain of Bacillus or a combination of
other probiotic Lactobacillus strains. Such products are
being utilized to replace and reduce the traditional use of
antibiotics. The strains used in these products are marke-
ted as antibiotic-resistant strains of probiotics. Probiotics
help mitigate the risk of transmitting resistant genes to
pathogens and commensals in the GIT of both humans and
animals, thereby combating antibiotic resistance [12].

Gut bacteria not only provide defensive mechanisms to
the host but also help maintain normal gut function. This
includes activities such as producing vitamins, promo-
ting gut mobility, absorbing minerals from the intestine,
destroying and activating toxins, metabolizing xenobiotic
substances, and transforming bile acids [13]. Acetic, pro-
pionic, and butyric acids are the short-chain organic acids
produced in the colon’s proximal region. They serve as a
great energy source for the colonic mucosa and peripheral
body tissues. Organic acids, formed through the fermenta-
tion of complex undigested carbohydrates by colon bacte-
ria, affect bacterial growth in the colon by absorbing colo-
nic water and reducing stool pH. Burkholderiales bacteria,
such as Oxalibacter formigenes and beta-proteobacterium,
contribute to health benefits such as regulating oxalic acid
homeostasis and preventing kidney stone formation [14].
These studies encourage us to explore the human gut mi-
crobiota in order to isolate and identify beneficial strains
of Priestia and Staphylococcus through culturing, bioche-

mical, and molecular investigations. Furthermore, we aim
to investigate their probiotic potential and antibiotic sus-
ceptibility patterns.

2. Materials and Methods
2.1 Moral authorization

The selected specimens were collected from the stool
samples of male participants and processed in the labora-
tory. Since the specimens were collected indirectly, and
no individuals were involved, there is no need to obtain
ethical approval from the ethical committee.

2.2 Study area and specimen collection

The current study was conducted at the Institute of
Microbial Culture Collection of Pakistan, at NARC and
Quaid-i-Azam University in Islamabad. A total of 10 par-
ticipants, aged between 24 and 35 years, were selected.
Stool specimens were collected in sterile containers, care-
fully handled, and labelled for the screening and examina-
tion of bacterial strains. Data/records regarding health sta-
tus, including weight, diet, age, and medical history, were
documented byfrom the participants.

2.3 Specimen processing

The collected samples were directly inoculated onto
de Man Rogosa and Sharpe agar (MRS) culture medium.
Serial dilutions in phosphate-buffered saline with a pH
ranging from 5.5-6.5 were made before inoculating on
culture plates using the spread plate technique. After initial
growth, the colonies were further cultured and confirmed
on nutrient agar and trypticase soy agar (TSA) and incuba-
ted aerobically at 37°C for 24-48 hours. Later, the bacte-
rial isolates were enriched multiple times on MRS agar for
bacterial strain recovery.

2.4. Identification of bacterial isolates

The selective and desired bacterial strains were iden-
tified morphologically and biochemically after obtaining
pure colonies. Colonial morphology was observed using
a phase contrast microscope and further examined using
a scanning electron microscope. Molecular testing was
conducted solely on the selected bacterial strains. The
DNA of the bacterial strains was extracted using the spe-
cified method [15].

A total of 50 pl of solution was prepared, consisting of
1 ul DNA extract, 25 pl of TAKARA pre-mix Ex-Taq, 2
pl of universal forward 9F primer (5’-GAGTTTGATCC-
TGGCTCAG-3’), and 2 pl of 1510R universal reverse
primer (5’-GGCTACCTTGTTACGA-3’). Additionally,
20 pl of PCR water was used for the PCR amplification
of 16S rRNA. The final amplified PCR product was sent
for sequencing (http://dna.macrogen.com). The species-
level identification of bacterial strains was done using
EzBioCloud-Taxon server. Nucleotide sequences were
aligned using the Clustal X software and assembled by
BioEdit. These nucleotide sequences of bacterial strains
were blasted at NCBI in order to obtain closely related
sequences of 16S rRNA species for the construction of
a phylogenetic tree and molecular evolutionary analysis
using MEGA software version 7 [16]. After processing, all
the nucleotide sequences obtained from sequencing were
submitted to the GenBank Database at NCBI with the ac-
cession numbers MG461621-MG461622, MG461623 and
MG561934.
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2.5 Optimization of bacterial isolates
2.5.1 pH tolerance test

The acid tolerance properties of bacterial isolates were
observed via a method described by the previous study
[17] because bacterial growth is quite sensitive to the pH
environment. To estimate the acid tolerance of bacterial
culture, a 200 pl cell suspension with a concentration of
108 CFU/ml from the pure culture of each bacterial iso-
late’s growth was inoculated onto MRS broth with dif-
ferent pH levels (pH adjusted to 4.5, 5.0, 5.5, 6.0, 6.5,
7.0, and 7.5). The optimized culture of each sample was
observed by measuring the absorbance at 600 nm in each
tube after 48 hours of incubation. The pH resulting in the
best bacterial growth was chosen for further experiments.
The trial was conducted in triplicate, and the mean of each
sample was calculated. The same trial was conducted for
temperature, but with different temperature levels (28°C,
30°C, 34°C, 37°C, 40°C, and 45°C). After incubation, the
OD at 600nm wavelength of each sample was observed.
The temperature that resulted in the best bacterial growth
was used for further study.

2.5.2 Bile tolerance test

The survival of bacterial isolates was also evaluated
with different bile salt concentrations in MRS broth (Ox-
gall, Merck). Fresh culture was used after growth in MRS
broth at 37°C in an incubator, with a final bile salt concen-
tration of 0.3%. The culture was centrifuged and resus-
pended in MRS culture broth. One ml of fresh culture from
each sample was mixed with different bile salt concentra-
tions (0.1%, 0.2%, 0.3%) and allowed to incubate for 4-5
hours. Afterwards, 1 ml of each sample was incubated on
MRS culture plates, and the sample was allowed to incu-
bate for 18-24 hours at 37°C. After incubation, the growth
of each bacterial isolate was examined carefully, and CFU/
ml was calculated for each concentration. The experiment
for all samples was conducted in triplicate.

The susceptibility pattern of all bacterial isolates was
observed using the Kirby-Bauer disc diffusion method.
Commercially available antibiotic discs (OXOID) were
used, including ceftriaxone (CRO 30pg), levofloxacin
(LEV 5pg), tobramycin (TOB 10pg), oxacillin (OX 1pg),
erythromycin (E 15pg), norfloxacin (NOR 30pg), cefo-
taxime (CTX 30pg), and tetracycline (TE 30pg). Mueller
Hinton Agar (MHA) medium was used to determine the
sensitivity pattern of the isolates. The culture plates were
incubated at 37°C for 18-24 hours. After incubation, the
zone of inhibition of each antibiotic was measured in mm
following CLSI standards.

Pure isolates were grown in an MRS broth medium and
allowed to incubate overnight. After incubation, a 20%
glycerol stock solution (300ul) was added to each culture
(700pul) in an Eppendorf tube and preserved at -80°C fol-
lowing the method followed previously [18]. The viability
of cultures preserved in frozen glycerol stock was assessed
after four months of storage. 100ul of each sample was
inoculated into nutrient broth and allowed to incubate for
48 hours at 37°C. After growth, one ml of culture was ino-
culated on an MRS culture medium, and the viability of
each sample was determined as CFU/ml after incubating
for 48 hours at 37°C. The data were analyzed using SPSS
version 20.0 and Excel.

All the data were analyzed using SPSS version 20.0
and GraphPad version 8.0. A p-value lied less than 0.05

was considered as significant.

3. Results

The human gut microbiota from ten participants was
used in this study to investigate their probiotic potential
and test antibiotic susceptibility profiling. Out of these, 18
species were isolated from the samples, and seven gram-
positive bacterial isolates were collected on an MRS me-
dium at 37°C under aerobic conditions. Bacterial isolates
were initially selected based on selective media as well as
gram-staining and were named NCCP-2031, NCCP-2035,
NCCP-2039, NCCP-2040, NCCP-2041, NCCP-2044, and
NCCP-2046. The colonial morphology of the growth is
shown in Fig. 1. Based on molecular data, the bacterial
strains MG-461621 (NCCP-2031), MG-461622 (NCCP-
2035), and MG-561934 (NCCP-2046) exhibited 97.73%,
96.83%, and 94.77% similarity with Priestia endophytica,
respectively. MG-461623 (NCCL-2039) exhibited 95.10%
resemblance to Staphylococcus petrasii (Fig. 2 & 3). Pre-
sumably, if the nucleotide sequences have a similarity of
less than 97% with the top-hit sequence in the databases,
it verifies the novelty of the bacterial isolates, considering

Fig. 1. A) Illustrate colonial morphology of gram-positive rod and B)
illustrate gram-positive cocci on MRS culture plate.
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Fig. 2. The phylogenetic tree was constructed using the Neighbor-
Joining method [1] utilizing 16S rRNA nucleotide sequences MG-
461622, MG-461621, and MG-561934 from closely related species
of Bacillus and Priestia. To ensure a better tree topology, Salinicoccus
salsiraiae with accession number DQ-333949 was used as an out-
group. Only tree nodes with a bootstrap value above 60 percent are

represented.
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Fig. 3. The phylogenetic tree was constructed based on 16S rRNA
nucleotide sequences with accession number MG-461623, along with
closely related sequences from the genera Staphylococcus. MEGA 7
was used to construct the tree using the Neighbor-Joining model (1),
with bootstrap values above 50 percent represented in the tree. The
out-group bacterial member Salinicoccus salsiraiae was included to

enhance the topology of the phylogenetic tree.

subject to the total size of the amplified DNA sequence.

The bacterial isolates MG461621 and MG561934,
with similarity levels of 96.83% and 94.77% respecti-
vely. The Priestia endophytica isolated from the midgut
field-caught adult dedes aegypti isolated by Godrigo et
al., in 2020 (unpublished). Additionally, Priestia filamen-
tosa was isolated from the same source by Eida et al. in
2018 (unpublished). The bacterial isolate with accession
number MG461621 showed 97.73% similarity to Priestia
filamentosa, which was isolated by Burgos and Arevala in
2020 (unpublished).

Molecular investigation also verifies that the bacterial
isolate with code MG-461623 showed sequence simila-
rities of 95.10% with the Staphylococcus strain isolated
by Yadav and Krishnamurthi in 2021 (unpublished data).
The phylogenetic analysis further confirms its taxonomy
by clustering with described bacterial species with a high
bootstrap value (Fig. 3).

3.1 Bacterial isolates optimization

The growth of bacterial isolates was checked across
different temperature ranges, as mentioned in the metho-
dology. The maximum growth pattern was observed in the
range of 34-37°C, as determined by OD (550-600nm). A
gradual decrease in the growth rate was observed as the
temperature increased from 40°C onwards. A control
was also conducted, which showed no absorption on the
spectrophotometer. The optimum temperature for the stu-
died bacterial isolates was 37°C and was used for further
growth (Fig. 4).

The maximum growth of bacterial isolates was ob-
served at pH 6.0. As the pH increased from 6 to 7 and
above, a continuous decrease in the OD was observed for
the growth of all bacterial isolates. The absorbance levels
noted for each bacterial isolate varied. At pH 8, most of
the bacterial isolates exhibited no growth. Therefore, the
optimum pH (pH 6.0) was used for further study of bacte-
rial growth. The growth of isolates on different pH levels

is given in Fig. 5.

3.2 Tolerance against bile salt

The concentration of bile salts in the intestine fluc-
tuates, making it very difficult to predict the bile concen-
tration at any given position. This is because the secretion
of bile salts depends entirely on the type of food consumed.
The results presented in both Fig. 6 and Fig. 7 describe
the optimal growth of bacterial isolates on MRS medium
after zero hours of incubation at both 0.2% and 0.3% bile
concentrations. However, the growth of bacterial strains
decreased after one hour of incubation at the same concen-
tration. As the incubation period extended, the growth of
bacterial isolates continued to decrease at both 0.2% and
0.3% bile concentrations. After four hours of incubation,
the minimum growth of all isolates was observed, with
varying values for each bacterial isolate. Furthermore, the
reduced growth observed at 0.3% bile was greater than
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Fig. 6. Tolerance at 0.2% bile concentration at 0 to 4 hours.
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Fig. 7. Tolerance is at a bile concentration of 0.3% within 0 to 4 hours.

the bacterial growth at 0.2%. The growth of isolates at
both 0.2% and 0.3% bile concentrations was compared
after four hours of incubation. The results revealed that
the CFU/ml fluctuated more significantly, ranging from
2.01 to 2.21, at 0.2% bile concentration, while the CFU/
ml remained relatively stable, ranging from 1.31 to 1.91,
at 0.3% bile concentration (Fig. 8).

3.3 Susceptibility pattern of bacterial isolates

The antibacterial susceptibility pattern was determined
using the Kirby-Bauer disc diffusion method. All isolates
showed distinct zones of inhibition for each antibiotic on
the MHA medium after overnight incubation at 37°C (Fig.
9). With the exception of NCCP-2031, all bacterial iso-
lates exhibited resistance to oxacillin. The bacterial iso-
lates demonstrated overall good sensitivity, with varying
zones of inhibition for each isolate to levofloxacin compa-
red to other antibiotics, followed by norfloxacin, tobramy-
cin and tetracycline. Each isolate exhibited different zones
of inhibition for various commercially available antibiotic
discs. The p-value was found to be significant (p=0.0128)
when the Chi-square test was applied, and the data were
cross-tabulated.

3.4 Viability test

The viability test of all isolates after 4 months showed
that most of the isolates grew well on the culture medium
(MRS) after 48 hours of incubation at 37°C. The growth
of each isolate was counted as CFU/ml. The NCCP-2044
bacterial strain exhibited the highest growth on the MRS
medium, followed by NCCP-2031, while NCCP-2044
showed the lowest growth compared to the other bacterial
isolates (Fig. 10).

4. Discussion

This study aimed to isolate beneficial bacterial strains
from human faecal samples that potentially produce anti-
biotics, and vitamins. These strains could be utilized as
probiotics or in commercial food processing. To achieve
this goal, bacterial strains were isolated and characterized
from the gastrointestinal tract of normal male volunteers.
To screen these strains, specific criteria were established,
including tolerance to acidic conditions, bile concentra-
tion, and temperature. Finally, all the isolates were tested
with various antibiotics, and the MIC was recorded.

In the current study, bacterial isolates were exposed to
different pH levels to determine their tolerance and opti-
mum pH for growth. A total of 18 isolates were screened
in the preliminary tests. Based on the results of the preli-
minary tests, 7 isolates were selected for further testing.
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In this study, all the isolates showed efficient growth pat-
terns at different pH levels. The ability to achieve opti-
mal growth at the desired temperature is a characteristic
of beneficial bacteria. Additionally, increasing the tem-
perature of fermentation limits the growth of undesirable
microorganisms [19, 20].

The most important characteristic of beneficial bacteria
is the ability to survive and proliferate in environments
with varying pH levels (acidic or alkaline) [21]. Microor-
ganisms’ potential activities and growth are highly affec-
ted by low pH levels. The food we consume typically stays
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in our stomach for approximately four hours. In order to
digest the food, the stomach secretes approximately 2.5 li-
ters of gastric juice daily, which is highly acidic in nature.
The acidity levels in the constituents of the gastrointestinal
tract vary in different parts. The stomach has the highest
acidity level, ranging from 1.5 to 3.0 pH. Therefore, it is
crucial for microorganisms to bypass this highly acidic
condition. However, spores of Bacillus spp. can resist this
condition and remain viable in the small intestine, where
they convert into their vegetative form. Bacillus spp. tole-
rate this harsh condition and colonize the intestine, provi-
ding beneficial approaches to the host [22, 23].

Bile is secreted into the upper small intestine (upper
duodenum) through a bile duct produced by the liver.
Bile is a yellow-green solution. The concentration of bile
salt mainly depends on the intake of food and may vary
from individual to individual, ranging from 0.2-2% (wt/
vol) [24]. The main function of bile salts is to dissolve and
emulsify ingested fat as well as disperse lipids present in
bacterial cell membranes. Bile salts enter bacterial cells,
destroying DNA strands and causing oxidative stress [25,
26]. Furthermore, it is assumed that bile salts also cause
the misfolding of proteins and may induce the expression
of molecular chaperones in many other different bacteria
[27, 28]. All bacterial isolates were found to tolerate 0.2
and 0.3% bile salt concentrations for up to four hours of
incubation in bile salt.

Despite the availability of modern-day molecular iden-
tification techniques, biochemical tests are still used for
the preliminary identification of microbes. Both genotypic
and phenotypic identification tests have their importance.
All the isolates were found to be catalase-positive, gram-
positive, and oxidase-negative. On the other hand, mole-
cular identification techniques can be used to find simila-
rities to already identified specific species whose data is
available in online libraries, but these techniques are not
very helpful in identifying the minute fermentation diffe-
rences found in them. Compared to previous techniques,
molecular identification is now considered more effective
[29-31].

Overall analysis observed during experimental work
for characterization is depicted. The cells appeared Gram-
stain positive and were observed to be long rods. They
were arranged in long chains resembling filaments and
were non-motile. This result aligns with the findings of the
previous study [32]. Colonies grown on MRS media exhi-
bited aerobic characteristics, with circular shapes, smooth
edges, and a shiny surface. Growth was observed at 37°C
over a 24-hour incubation period. Staphylococcus petrasii
was initially identified in clinical samples by [3]. The bac-
teria showed growth within a temperature range of 28°C to
45°C, and pH levels of 4.5 to 7.5, with a bile salt concen-
tration of 0.2 to 0.3%. Optimal growth occurred at tem-
peratures of 34°C and 37°C, with pH levels ranging from
5.5 t0 6.0. After 4 hours of incubation, the CFU/ml values
ranged from 1.5 to 2.5. No growth was observed below
20°C, at pH 4.0, or bile salt concentrations above 0.3%.
Viability was assessed using glycerol stock, and showed
CFU/ml values of 4 to 5 log for all the isolates. Antibiotic
susceptibility patterns were determined for all seven bac-
terial strains except for Oxacillin, which demonstrated the
minimum MIC. NCCP 2031, on the other hand, showed
resistance to Oxacillin.

Molecular studies confirmed that three of the isolated
bacterial strains, namely MG-461622, MG-461621, and
MG-561934, showed a close resemblance to the members
of the Priestia genus, specifically Priestia endopytica. The
results were further validated by the phylogenetic analysis
shown in Fig. 2. It is also presumed that another bacterial
isolate, MG-462123, exhibits similarity with a member of
the Staphylococcus genus due to a lower similarity index
(less than 98%) with the top-hit candidates in both the
NCBI and EzBioCloud.net databases. However, due to its
lower similarity (94%), it can be assumed that the isolated
bacterial candidate could be a member of a novel genus.
Detailed investigation must be carried out to confirm this.
All strains showed novelty except NCCP-2039, which
showed 100% similarity and clustered with Staphylococ-
cus petrasii in the phylogenetic tree. The isolates were
screened from stool samples and were never reported from
the human gut before this study, so re-sampling was nee-
ded from those volunteer subjects as well. To demonstrate
and guarantee strain novelty, it is not only based on high or
identical similarity on the 16S rRNA gene sequence. Blast
similarity of the 16S rRNA sequence <97% with the res-
pective genus is required to authenticate the strain through
DNA-DNA hybridization along with DNA fingerprinting,
to obtain information at the subspecies and strain level. To
claim novelty, it is essential to perform high-performance
liquid chromatography (HPLC), which is recommended
for determining the G+C content of the new strains and
genus [34]. Phylogenetic analysis based on 16S rRNA
gene sequence comparison showed that NCCP-2031 (nu-
cleotides NO.1365), NCCP-2035 (nucleotides NO.1550),
NCCP-2040 (nucleotides NO.1398), NCCP-2041 (nu-
cleotides NO.1266), NCCP-2044 (nucleotides NO.1484),
and NCCP-2046 (nucleotides NO.1483) closely formed a
cluster with Bacillus filamentosus. However there is great
fluctuation present in all closely related clusters with B.
filamentosus, NCCP-2039 (nucleotides NO.1514) clusters
exactly with Staphylococcus petrasii.

5. Conclusion

In the current study, all the isolates screened from
human gut samples were found to be susceptible to eight
commonly used antibiotics, except for NCCP-2031, which
showed susceptibility to Oxacillin (OX) 1pg. No MIC
was measured in other bacterial strains against it. Better
efficacy was observed under various growth conditions,
with the isolates being mesophilic and neutrophilic and
showing good efficacy at 0.3% bile concentration. Out of
the four bacterial isolates, one showed high diversity in the
gut samples. NCCP-2039 was identified as a strain with
100% similarity to Staphylococcus petrasii. The phyloge-
netic tree revealed that the other bacterial isolates were
positioned differently in the tree and had a lower simila-
rity index with close candidates. However, for complete
taxonomic characterization, a detailed investigation must
be carried out to meet the classification criteria set by Ber-
gey’s manual.
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