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Abstract. Chi NTY, Minh NLK, Thi QVC. 2025. Potential probiotic characteristics of Bacillus sp. originated from intensive snakehead
fish (Channa striata) raising ponds in Vinh Long Province, Vietnam. Biodiversitas 26: 85-93. Internal white spot disease caused by
Aeromonas schubertii in snakehead fish (Channa striata) has become increasingly common and leading to significant economic losses
to fish farmers. This study aimed to isolate and screen Bacillus with potential probiotic characteristics from intensively cultured
snakehead fish in Vinh Long province. The results isolated 16 out of 34 Bacillus strains from pond water, sludge, and the intestine
samples of snakehead fish were antagonistic against A. schubertii using the diffusion well method. In the study, strain BC2LM1 exhibited
the highest antibacterial activity and was identified as Bacillus based on morphological, physiological, and biochemical characteristics,
and 16S rRNA gene sequencing results. Strain BC2LML1 in this study was able to survive in media with pH ranging from 2.0 to 4.0 after
6 h of incubation. In particular, it tolerated bile salts at a concentration of 0.5% after 9 h of inoculation. The strain also demonstrated the
ability to produce extracellular enzymes, including cellulase, amylase, and protease. Moreover, BC2LM1 was found to be susceptible to
ampicillin/sulbactam, clindamycin, doxycycline, tetracycline, erythromycin, and levofloxacin. These findings show the potential

application of Bacillus to control A. schubertii infections in intensively cultured snakehead fish in the Mekong Delta.
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INTRODUCTION

The freshwater snakehead fish (Channa striata (Bloch,
1793)), belonging to the Channidae family and the Perciformes
order (Nakkrasae et al. 2015), is characterized by fast
growth, good adaptation to harsh environmental conditions,
and is a food with high economic value with delicious meat
quality and promising farming subjects (Lam et al. 2018).
Furthermore, its meat is known to boost immunity and serve
as a post-operative treatment (Marimuthu et al. 2009; Rahman
et al. 2018). Consequently, it is popularly farmed in several
provinces of the Mekong Delta, like An Giang, Tra Vinh,
Dong Thap, and Vinh Long (Binh 2020). However, in the
rearing process, to achieve high yields and profits, farmers
often adopt high stocking densities during cultivation (Thinh
et al. 2020). This practice increases the risk of disease
outbreaks, causing significant losses and making disease
prevention and treatment increasingly challenging (Tahir et al.
2024). According to Thinh et al. (2020), visceral white-scale
disease caused by Aeromonas schubertii (Oanh and Nghia
2016) had the highest frequency in the two provinces of An
Giang and Tra Vinh.

Aeromonas schubertii belongs to the group of Gram-
negative bacteria, is short rod-shaped, and can be found in
soil, freshwater, and saltwater environments (Fernandez-
Bravo and Figueras 2020; Tahir et al. 2024). First identified
as a pathogen, this bacterium significantly damaged the
industrial snakehead fish farming industry in China,
affecting two snakehead species, Ophiocephalus argus

(Cantor, 1842), and C. maculata, as well as a hybrid between
C. maculata and C. argus, resulting in up to 45% mortality
(Liu and Li 2012). Many studies have also reported its
presence in other aquatic animals such as frogs, shrimps,
and mussels (Latif-Eugenin et al. 2016) and its first
appearance in tilapia (Ren et al. 2018). In Malaysia, recently,
Tahir et al. (2024) first reported infection by A. schubertii
in snakehead fish C. striata. In Vietnam, this bacterial
species was first detected in snakehead fish in An Giang
(Oanh and Nghia 2016). Later, Dung et al. (2019) reported
its presence in farmed snakehead fish in Dong Thap, An
Giang, Dong Nai, and Tra Vinh Provinces. Visceral white
spot diseases caused by A. schubertii have now appeared on
farmed snakehead fish in all the Mekong Delta Provinces.
Up to now, the prevention and treatment of internal
white spot disease caused by A. schubertii have primarily
relied on bactericidal chemicals and antibiotics (Thinh and
Pha 2020). However, improper antibiotic use has led to the
development of antibiotic resistance strains of A. schubertii
in aquaculture (Chau et al. 2018; Pham Thi et al. 2023; Thi
et al. 2023). In addition, antibiotic residues in food can also
affect consumer health (Merhi et al. 2023; Bacanh 2024).
Therefore, biological measures, especially beneficial
bacteria capable of inhibiting pathogenic bacteria, are being
investigated in many nations worldwide (Sionek et al.
2023). Numerous studies have shown the antibacterial
activity of Bacillus on aquatic animals like shrimp (Penaeus
monodon (Fabricius, 1798) and Litopenaeus vannamei (Boone,
1931)) (Temario et al. 2022; Proespraiwong et al. 2023),
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freshwater, and saltwater fish (Chen et al. 2016; Kavitha et
al. 2018). Similarly, in Vietnam, the antibacterial activity
of Bacillus against bacterial pathogens was found in many
previous reports, such as shrimp and fish (Phung et al.
2020; Hanh et al. 2021; Hau et al. 2022; Cuong et al.
2023). However, to date, the inhibitory activity of Bacillus
against A. schubertii has not been reported in Vietnam.
This study was conducted to identify and isolate Bacillus
with possible probiotic qualities from extensive snakehead
fish farming ponds in Vinh Long Province. The research
results are the scientific basis for further studies in the
production of probiotics to control A. schubertii and towards
developing a sustainable aquaculture industry in the future.

MATERIALS AND METHODS

Sampling method

Healthy snakehead fish, water, and sludge samples
were collected for Bacillus isolation. Water and sediment
samples were collected in 3 locations in the same pond.
After being combined, these samples were transported to
the lab for bacterial isolation. The snakehead fish chosen
for bacterial isolation were in good health (no external or
internal signs of disease). Two to three fish were collected
from each pond, and their body weights ranged from 200-
600 g/fish. The fish were stored in a tank and transported to
the laboratory for bacterial isolation. All samples originated
from intensive fish farms in Tra On District, Vinh Long
Province, Vietnam.

Bacillus isolation

Bacillus isolation from the fish gut was performed
according to Santos et al. (2021). Before bacterial isolation,
fish samples (Figures 1.A-1.B) were washed many times
with sterile distilled water and disinfected externally with
70% ethanol. Then, the fish were dissected, and the fish
intestines (approximately 25 g/fish) were cut into small
pieces (4-6 mm). The intestinal fragments were placed in
physiological saline (0.85% NaCl) solution and ground.
The intestinal fluid samples were enriched in nutrient broth
(NB) medium (HiMedia, India) and boiled at 80°C for 20
min. Next, the samples were diluted to 10, 102, 1073, 104,
10®, and 108 dilutions. Finally, one hundred microliters of
each diluent were spread on Nutrient Agar (NA) medium
(HiMedia, India), and the plates were incubated at 37°C for
24-48 h. Meanwhile, pond water (10 mL) and sludge
samples (10 g) were enriched in NB medium (Truong et al.
2021; Jeon et al. 2022). The samples were then diluted and
isolated similarly to the one described above. Pure bacteria
were examined for basic morphological, physiological, and
biochemical features such as Gram staining, spore staining,
motility, oxidase, and catalase reactions (Wulff et al. 2002).

Probiotic characteristics of Bacillus
Antagonistic activity of isolated Bacillus strains against A.
schubertii

The diffusion well approach was employed to test the
antibacterial activity of isolated Bacillus strains against A.
schubertii (Palacios-Rodriguez et al. 2024). First, strain

As1l1 (causing visceral white spot disease on snakehead
fish used as an indicator) (Thi et al. 2023) was grown in 5
mL of Luria Bertani (LB) medium (HiMedia, India) on a
shaker for 24 h at room temperature. The enriched solution
was centrifuged at 10.000 rpm for 5 min to collect bacterial
biomass. Bacterial solutions were prepared at 108 CFU/mL
by comparison with a standard McFarland 0.5 solution and
spread on Tryptic Soy Agar (TSA) medium (HiMedia,
India). At the same time, Bacillus isolates were grown in
NB medium on a shaker at 120 rpm. The bacterial solution
was centrifuged at 10.000 rpm for 5 min, and the supernatant
was collected. Eighty microliters of the supernatant were
added to the wells. After 24 h of incubation at 37°C, an
inhibition zone around the well shows the antibacterial
activity of Bacillus against A. schubertii. The inhibition zone
diameter (d) was measured (mm) and is defined as follows:
no inhibition (d: 0 mm); weak inhibition (d: 1-5 mm);
moderate inhibition (d: 6-10 mm); strong inhibition (d>10
mm) (Ran et al. 2012).

Hemolytic ability

The hemolysis test of Bacillus isolates was tested using
a blood agar base (HiMedia, India) containing 5% sheep
blood (Dabire et al. 2022). Following a 24-h incubation
period at 37°C, the strains' hemolytic activity was assessed
and categorized according to the colony's obvious lysis of
red blood cells. Alpha (a), beta hemolysis (), and gamma
(v) appear as a clear, green color with no clear zone around
the colonies. y-hemolytic strains were considered safe.

Acid resistance

Acid tolerance of the bacterial strain was performed
according to Khochamit et al. (2015). After preparing
bacterial solutions with a density of 108 CFU/mL, they
were added to NB medium adjusted to pH 2.0 and 3.0 by
1M HCI solution. The mixture was then incubated at 37°C
while being shaken 200 rpm. The samples were spread onto
TSA medium and incubated at 37°C for 24 h to determine
cell counts after 1 and 3 h. Acid tolerance is calculated
based on the number of viable cells remaining after the test
period.

Bile salt tolerance

Similarly, bile salt tolerance of the bacterial strain was
performed according to Khochamit et al. (2015). Bacteria
were spread onto TSA medium supplemented with 0.3%
and 0.5% bile salts and incubated at 37°C. The results were
obtained after incubating the plates for 1 and 3 h at 37°C.
The number of viable cells that survived after the test period
was used to calculate bile salt resistance.

Extracellular enzyme activity

The ability to degrade cellulose, protein, lipid, and starch
was performed as described by Khochamit et al. (2015).
The bacterial suspension was centrifuged at 12.000 rpm at
4°C for 15 min, and the supernatant was collected. Sixty
microliters of the supernatant were added into wells
(diameter 6 mm) on NA medium supplemented with 1%
Carboxymethylcellulose (CMC), 0.5% casein, 1% tween
20, and 1% starch to detect cellulase, protease, amylase,
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and lipase. After 24 h incubating at room temperature, the
cellulolytic, proteolytic, amylolytic, and lipolytic activities
were determined by flooding with Congo red, Trichloroacetic
Acid (TCA), and lugol's solution.

Antibiotic susceptibility

The Kirby-Bauer disk diffusion method (Bauer et al. 1966)
was used to assess the antimicrobial resistance of A.
schubertii on Mueller Hinton Agar (MHA) (HiMedia, India)
using 20 antibiotics (Nam Khoa, Vietnam), including ampicillin
(AMP/10 pg), chloramphenicol (CHL/30 pg), ceftazidime
(CTX/30 pg), penicillin (PEN/5 pg), ampicillin/ sulbactam
(AMS/10/10 pg), clindamycin (CLI/2 pg), doxycycline
(DOX/30 pg), tetracycline (TET/30 pg), erythromycin
(ERY/15 pg), levofloxacin (LEV/5 pg), sulfamethoxazole/
trimethoprim (SXT/1,25/23,75 pg), ciprofloxacin (CIP/5
Hg), gentamicin (GEN/10pg), kanamycin (KAN/30 pg),
neomycin (NEO/30 pg), nalidixic acid (NAL/30 pg),
norfloxacin (NOR/5 pg), ofloxacin (OFL/5 ug), streptomycin
(STR/10 pg), and vancomycin (VAN, 30 pg). An MHA
plate was spread by single bacterial colonies suspended in
0.85% saline solution, whose turbidity matched the
McFarland 0.5. The plates were then incubated at 30°C for
24 h. Based on the inhibition zone diameter (mm), the
isolates were classified as Susceptible (S) and Resistant (R)
according to the Clinical and Laboratory Standards Institute's
interpretative standards recommendations (CLSI 2020).

Bacterial identification

The 16S rRNA fragment of the bacterial isolate was
amplified by PCR reaction with primer pairs 27F: 5'-
AGAGTTTGATCMTGCTCAG-3' and 1492R: 5'-
TACGGYTACCTTGTTACGACTT-3' (Heuer et al. 1997).
Following the manufacturer's instructions, isolated bacterial
DNA was extracted using the TopPURE® Genomic DNA
Extraction Kit (ABT, Vietnam). PCR reaction components
include: 12.5 pL iStandard iVAPCR Master Mix (Thermo
Scientific, USA); 9.5 pL double distilled water; 0.5 pL
primer 27F (25 pmol); 0.5 pL primer 1492R (25 pmol); and
2 pL of sample DNA. The thermal cycle to perform the
PCR reaction includes stages: initial denaturation at 94°C
for 5 min, then performing 30 cycles including denaturation
at 94°C for 1 min, primer annealing at 63°C for 1 min,
extension at 72°C for 2 min, and final extension at 72°C for
10 min. Bacillus strain with the strongest resistance to A.
schubertii was selected for sequencing at DNA Sequencing
Company (Vietnam).

Data analysis

The sequence similarity of bacterial strains was compared
with sequences on the National Center for Biotechnology
Information (NCBI) database using the BLASTn program.
The bacterial sequences were compared with each other
(multialignment) using the program CLUTAL W. The
phylogenetic tree showing the genetic relationships between
bacterial strains was built using MEGADS software based on
the neighbor-joining algorithm with a bootstrap value of
1.000 repetitions (Tamura et al. 2011).

RESULTS AND DISCUSSION

Bacillus isolation

A total of 34 bacterial strains were isolated from 38
samples (consisting of 15 fish samples, 12 water samples,
and 11 sediment samples) on the NA medium. In general,
all strains of Bacillus were present in 3 sample types from
intensive snakehead fish ponds in Tra On District, Vinh
Long Province. The number of isolated strains from the
sludges was 16, with the highest proportion being 47.06%.
The number of isolated strains from snakehead fish’s
intestines was 10 strains (29.41%), and 8 strains originated
from pond water, with the lowest rate of 25.53% (Table 1).

Morphological, physiological, and biochemical
characteristics of Bacillus

The results showed that all 34 isolates had colony
morphological characteristics such as circular colonies,
irregular margins, raised elevation, yellow-gray or milky
white, and wrinkled surfaces (Figure 1.C). They were all
Gram-positive bacteria (Figure 1.D), motile, and spore-
forming (Figure 1.E). Additionally, the findings revealed
that 100% of the strains were oxidase and catalase-positive
(Figure 1.F). The API 20E kit identification showed that
strain BC2LM1 was positive for arginine, citrate, tryptophan
deaminase, VVoges-Proskauer, and gelatinase and negative
for ortho-nitrophenyl galactosidase, lysine, ornithine, H.S,
urease, indole, glucose, mannitol, rhamnose, saccharose,
melibiose, and amygdalin (Figure 1.G, Table 2).

Probiotic characteristics of Bacillus
Antibacterial activity of Bacillus strains

Of the total 34 bacterial strains isolated, 16 strains
(47.06%) were capable of antagonizing A. schubertii, and
18 strains (52.94%) exhibited no inhibition (Figure 2). Of
the eleven strains (68.75%) with strong antagonistic ability,
three strains (18.75%) were with moderate resistance, and
two strains (12.50%) showed weak resistance (Table 3).

Hemolytic ability

The results showed that strain BC2LM1 did not have a
transparent or green area around the colony on the blood
agar medium. Therefore, strain BC2LML1 in this study did
not have hemolytic or y-type hemolytic activity.

Table 1. Presumptive Bacillus strains isolated from pond water,
sludge, and snakehead fish’s intestines in Vinh Long Province

Isolation Number of Number of bacterial
sources samples isolates
Sediments 11 16

Fish intestines 15 10

Pond water 12 8

Total 38 34
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Acid resistance

The results showed that strain BC2LM1 was unable to
tolerate acid at pH 1.0 and 1.5 after 6 h of incubation
(Table 4). However, this bacterial strain could survive in
media with pH values ranging from 2.0 to 4.0 after 6 h of
culture.

Bile salts tolerance

The findings demonstrated that strain BC2LM1 was
able to tolerate bile salts at a concentration of 0.1% and 0.3%
after 24 hours of incubation. In particular, strain BC2LM1
was also able to tolerate bile salts at a concentration of
0.5% after 9 h of culture (Table 5).

Extracellular enzyme activity

The results showed that strain BC2LM1 was capable of
producing cellulase, amylase, and protease enzymes
(Figure 3), while this bacterial strain did not produce lipase.

Antibiotic susceptibility

The results showed that strain BC2LM1 was sensitive
to ampicillin/sulbactam, clindamycin, doxycycline, tetracycline,
erythromycin, and levofloxacin. Meanwhile, this bacterial
strain was resistant to sulfamethoxazole/trimethoprim,
ciprofloxacin, gentamicin, kanamycin, neomycin, nalidixic
acid, norfloxacin, ofloxacin, streptomycin, and vancomycin
(Table 6).

Table 2. The morphological, physiological, and biochemical
characteristics of isolated bacterial strains

Table 3. Resistance to A. schubertii of isolated strains Bacillus sp.

Isolated A. schubertii Isolated A. schubertii
strains strain Asl11 strains strain Asll
C5 ++ B33.1 -

CN7 +++ B35.2 -

CN3 +++ B1.3 -

C3b + BMT -

C3.1 +++ BA +++

C4 ++ B2 -

CN1 ++ B3 -

CN6 - B1.4 -

CT1 - B1.1 -

CK1 - NC2LM1 +++
BC5M2 +++ NC2NM2 +++
BC5M1 +++ N3.2 -
BC2N +++ N5.1 -
BC2LM1 +++ N5.2 -

B3.2 - N1.2 -
B33.2 - TN2.1 +++
B3.4 - TN2 +

Notes: -: No inhibition (d = 0 mm); +: Weak inhibition (d = 1-5
mm); ++: Moderate inhibition (d = 6-10 mm); +++: Strong
inhibition (d>10 mm)

Table 4. Number of bacterial cells (CFU/mL) that survived after
strain BC2LM1 was treated with low pH

pHvalue 10 15 20 25 3.0 3.5 4.0

Bacterial

. Isolate BC2LM2
characteristics

BC2N  Bacillus spp.”

1h 0 0 >200 >200 >200 >200 >200
3h 0 0 142 128 >200 >200 >200
6h 0 0 5 16 >200 >200 >200
9h 0 0 0 0 112 >200 >200
12h 0 0 0 0 0 >200 >200
24h 0 0 0 0 0 0 0

Gram staining Positive Positive Positive
Cell shape Short-rod Long-rod  Short-rod
Spore staining + + +
Motility + + +
Oxidase + + +
Catalase + + +
Ortho-nitrophenyl - - -
galactosidase

Arginine + + +
Lysine - -
Ornithine - -
Citrate + +
H.S production - -
Urease - -
Tryptophane + + -
Indole - -
Voges-Proskauer + +
Gelatin + +
Glucose - - -
Manniton - - -
Inositol - - -
Sorbitol - - -
Rhamnose - - -
Saccharose - - -
Melibiose - - -
Amygdalin - - -
Arabinose - - -

o+

+

+ +

Table 5. Number of bacterial cells (CFU/mL) that survived after
strain BC2LM1 was treated with different bile salts

Bile balt (%6) (hour) 0.1 0.3 0.5
1 >200 >200 >200
3 >200 >200 >200
6 >200 >200 164
9 >200 >200 58
12 >200 >200 0
24 >200 >200 0

Table 6. Antibiotic susceptibility of isolate BC2LM2

Notes: (+): Positive; (-): Negative; * Phugng et al. (2018)

I Isolate - Isolate
Antibiotics BC2L M2 Antibiotics BC2LM?2
Ampicillin | Kanamycin R
Ampicillin/Sulbactam S Levofloxacin S
Sulfamethoxazole/ R Neomycin R
Trimethoprim
Ciprofloxacin R Nalidixic acid R
Chloramphenicol | Norfloxacin R
Clindamycin S Ofloxacin R
Ceftazidime R Penicillin I
Doxycycline S Streptomycin R
Erythromycin S Tetracycline S
Gentamicin R Vancomycin R

Note: S: Sensitivity; I: Intermediate; R: Resistance
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Figure 1. Colony morphological characteristics of Bacillus on NA medium. A, B: Healthy snakehead fish with normal signs (no
external or internal signs of disease); C: Bacterial strain BC2LM1 with round shape, raised elevation, irregular edge, and wrinkled
colonies after 24 hours of incubation; D. Gram staining (100X); E. Spore staining (red arrow, 100X); F. Catalase positive reaction
(bubble gas, red arrow); G. Identification of strain BC2LM1 by API 20E kit
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Figure 2. Antibacterial activity of isolated Bacillus strains against A. schubertii (significant differences (p<0.5) are shown by bars with
distinct letters)

o o o

Figure 3. Cellulase, amylase, and protease activity of isolated strains. A. Cellulase activity; B. Amylase activity; C. Protease activity
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Identification of Bacillus by PCR and sequencing of 16S
rRNA genes

The electrophoresis results revealed that all 16S rRNA
fragments of 10 representative Bacillus strains (high
antagonistic activity against A. schubertii) were amplified
with a DNA band at 1.500 bp position (Figure 4). Strain
BC2LM1 showed 100% similarity with Bacillus species on
the NCBI database. Moreover, the phylogenetic analysis
revealed that strain BC2LM1 was clustered into the same
branch with Bacillus species on GenBank (Figure 5).
Therefore, based on PCR and gene sequencing combined
with  morphological, physiological, and biochemical
characteristics, strain BC2LM1 was reconfirmed to belong
to the Bacillus genus.

Discussion

The current study isolated and identified the strain
BC2LM1 as belonging to the Bacillus genus based on
morphological, physiological, and biochemical characteristics,
PCR, and 16S rRNA gene sequencing results. This research
was similar to previous studies indicating the common
presence of Bacillus in different environments (Maughan
and Van der Auwera 2011; Golnari et al. 2024). Besides
lactic acid bacteria, Bacillus is also considered a group of
potential probiotic microorganisms. The effectiveness of a
probiotic product is that when introduced into the digestive
tract, it will help increase food metabolism, increase immunity,
and inhibit the growth of pathogenic microorganisms,
helping to balance the body by intestinal microflora and
limit gastrointestinal diseases (Torres-Maravilla et al.
2024). In the current investigation, the findings showed that
16 bacterial isolates have inhibitory activity against A.
schubertii. Among them, strain BC2LM1 in this study was
identified as Bacillus, which showed the strongest
inhibitory activity. Bacillus exhibited antagonistic activity
against many Gram-negative and Gram-positive bacterial
microbes, as reported by many authors (Xie et al. 2009). In
aquaculture, research by Kavitha et al. (2018) showed that

Bacillus spp. originated from the digestive tract of
freshwater fish, Labeo calbasu, and exhibited inhibitory
activity against the fish pathogens A. hydrophila
(KX756709), Acinetobacter junii (KX756708), A. tandoii
(KX775222), A. veronii (KX688046), Pseudomonas stutzeri
(KX721473), and Acinetobacter sp. (KX775221). Another
study by Jiang et al. (2023) showed that B. HLJ1 and B. C1
strains identified as B. subtilis and B. pumilus had strong
antimicrobial activity on V. parahaemolyticus when
collected from aquaculture water. However, the inhibitory
activity of strain BC2LM1 was lower than that of Bacillus
strains reported by Cao et al. (2019), who demonstrated
that strain BvLO3 derived from sediment samples of
fishponds had outstanding antibacterial activity against a lot
of fish pathogenic bacteria, especially Aeromonas, consisting
of A. veronii, A. hydrophila, A. sobria, and A. caviae. This
result may be due to differences in bacterial strains and
environmental conditions. Therefore, further studies need
to be performed to clarify this issue, such as evaluating the
effects of pH, temperature, nitrogen, and carbon sources on
the antibacterial activity of strain BC2LML1.

1,000 bp — L0

500 bp

Figure 4. Amplification of the 16S rRNA gene segment of
isolated Bacillus strains from snakehead fish, pond water, and
sludges in Vinh Long province. L: 100 bp plus-DNA standard ladder;
Lanes 1-6: Bacterial strains BC5M1, BC5M2, BC2N, BC2LM1,
NC2NM2, and TN2.1, respectively; Lane 7: Negative control

Bacillus siamensis M2S3B1 (MH470263.1)
Bacillus methviotrophicus LD34 (KEE55694.1)
Bacillus velezensis NE_YR-4a (OPB62484.1)
Bacillus subtilis 314 (0Q875866.1)

Bacillus velezensis GESN-1 (ON797328.1)

g7|Bacillis sigmensis HBUAST3193 (OP317146.1)

—

0.1

Bacillus subtilis BCB-19 (MGE832888.1)

Bacillus amyviloliquefaciens SM9-6 (KX267869.1)
Bacillus velezensis psa-3 (ONA80836.1)

Bacillus velezensis F-71003 (PQ277052.1)

Bacillus amyvioliquefaciens BA3 (KT985372.1)

Isolate BC2LMI1

Bacillus amvioliquefaciens MGB4054 (IMH261181.1)
Aeromonas schubertii CECT 4240 (CDDB01000091.1)

Figure 5. The phylogenetic tree displays strain BC2LM1 clustered into the same branches with Bacillus on the NCBI database (using
Aeromonas schubertii CECT 4240 (CDDB01000091.1) as an outgroup). The numbers on the branches represent bootstrap values of

1.000 replicates



CHI et al. — Probiotic characteristics of Bacillus sp. from intensive snakehead fish 921

Hemolytic activity is considered a virulence factor, is
an important selection criterion, and is recommended to be
mandatory to evaluate the safety of strains with probiotic
characteristics before investigating other probiotic properties
to ensure that bacterial strains are not potentially toxic
(Peres et al. 2014). In this study, strain BC2LM1 did not
show hemolytic activity. This result was in line with
previous reports showing that Bacillus isolated from
aquatic animals also lack hemolytic activity (Banerjee et al.
2017; Kavitha et al. 2018).

For instance, Amoah et al. (2021) showed that GPSAK2
and GPSAKQ strains originating from the digestive tract of
hybrid grouper were identified as B. tequilensis GPSAK2
and B. subtilis GPSAK9 were y-hemolytic. However, most
of the isolated Bacillus strains showed B-hemolytic activity
(Dabiré et al. 2022). The absence of hemolytic activity in
strain BC2LM1 suggests that this strain is unlikely to cause
disease in animals, making it a promising candidate for
probiotic applications.

Another important and necessary characteristic for
selecting bacterial strains to produce probiotics is their
ability to survive under low pH condition (FAO/WHO 2002).
According to some previous studies, bacterial strains with
probiotic potential must have low pH tolerance to help
them overcome the acidic environment of the stomach
(Yousuf et al. 2023; Anyairo et al. 2024). The pH in the
small intestine of animals usually has a low pH; for fish, it
is usually between 2.0 and 3.0. In this study, strain
BC2LM1 demonstrated the ability to tolerate low pH
levels, ranging from pH 2.0 to pH 4.0, for a longer time (3
h). This finding was consistent with some earlier research
that demonstrated Bacillus could resist low pH (Guo et al.
2016; Kuebutornye et al. 2019). Research by Hou et al.
(2024) showed B. subtilis, isolated from darkbarbel catfish
(Pelteobagrus fulvidraco), could withstand harsh conditions
such as low pH. Similarly, Bacillus strains from the study
by Anyairo et al. (2024) revealed that six Bacillus species
derived from Miang, a fermented tea in north Thailand, and
can withstand pH 2.0 and 3.0 for 3 hours. Additionally, our
findings were also supported by Yousuf et al. (2023), who
demonstrated that two strains of B. paramycoides, PBG9D
and BCS10, from Channa punctata and Channa striata,
showed tolerance to acidic and alkaline pH (2.0, 3.0, 4.0,
7.0, and 9.0).

Another challenge to microbial survival in the fish
gastrointestinal tract is the presence of bile in the small
intestine. Bile has the effect of destroying microorganisms
thanks to the action of destroying microbial cell membranes.
Probiotic microorganisms only exert beneficial effects on
the host when they settle and exist in the small intestine, an
environment containing bile salts. A bile concentration of
0.3% is often used to select bile-resistant probiotic strains
because this concentration is considered the average bile
concentration in the fish intestine (Balcazar et al. 2008). In
this current study, strain BC2LM1 showed the ability to
grow at 0.3% bile concentration after 3-6 h. These findings
were in line with the results obtained by Nakharuthai et al.
(2023), who revealed that Bacillus isolates from the
intestine of nile tilapia could grow in an LB medium
containing 0.5-2% bile salts for 6 h. A similar finding from

Jlidi et al. (2022) also showed that Bacillus strains from
sardine and shrimp intestines could withstand 0.5%-5%
bile concentrations after a 3-h exposure, where strain CJ3
had the lowest tolerance to 5% bile salt, whereas S17 had
the maximum tolerance.

Extracellular enzymes are crucial for aiding food
digestion, facilitating easy absorption, and promoting healthy
weight gain in animals. As a result, one crucial factor in
choosing bacterial strains for probiotics is their capacity to
create extracellular enzymes. Amylase and protease enzymes
are important for probiotics to have a digestive effect
because these enzymes can produce a variety of amino
acids, sugars, organic acids, and low molecular compounds.
In the current study, this investigation showed that strain
BC2LM1 was capable of producing cellulase, amylase, and
protease enzymes, while this strain did not produce lipase.
This finding was in line with some earlier studies that
revealed that Bacillus strains were able to produce
extracellular enzymes like cellulase, amylase, lipase, and
protease (Thurlow et al. 2019; Jiang et al. 2023; Anyairo et
al. 2024). According to Elsadek et al. (2023), Bacillus
isolates obtained from Rhynchocypris lagowskii's intestines
generated lipase, amylase, and protease. A recent study by
Shokrak et al. (2024) revealed that B. rugosus NM0Q7 from
soil samples and fish samples (nile tilapia (Oreochromis
niloticus), and sardine) exhibited the ability to produce the
main digestive enzymes, such as lipase, amylase, and
protease.

In addition to hemolytic tests, antibiotic sensitivity was
performed to ensure the bacterial isolate was safe for
aquaculture applications. This study showed that strain
BC2LM1 was sensitive to ampicillin/sulbactam, clindamycin,
doxycycline, tetracycline, erythromycin, and levofloxacin.
These findings were consistent with earlier research showing
that Bacillus isolates were susceptible to chloramphenicol,
ciprofloxacin, erythromycin, and vancomycin (Kavitha et
al. 2018). Research by Nakharuthai et al. (2023) revealed
that Bacillus isolate B29 was susceptible to neomycin,
ampicillin, erythromycin, oxytetracycline, ciprofloxacin,
enrofloxacin, sulfamethoxazole, nalidixic acid, amoxicillin,
and tetracycline. This work was also strongly supported by
a report by Shokrak et al. (2024) that demonstrated that B.
rugosus NMO0O07 was susceptible to 16 antibiotics like
cefoperazone, cefaclor, clarithromycin, imipenem, cefdinir,
vancomycin, ofloxacin, pefloxacin, chloramphenicol,
nitrofurantoin, moxifloxacin, tobramycin, nalidixic acid,
tetracycline, streptomycin, and gentamicin, except this isolate
only resistance to penicillin. However, strain BC2LM1 was
resistant to many antibiotics, including sulfamethoxazole/
trimethoprim, ciprofloxacin, ceftazidime, gentamicin,
kanamycin, neomycin, nalidixic acid, norfloxacin, ofloxacin,
streptomycin, and vancomycin. This investigation was in
line with an earlier study showing that Bacillus strain FC3
obtained from the digestive tract of freshwater fish, L.
calbasu, was found to be resistant to ciprofloxacin,
amoxicillin, and ampicillin (Kavitha et al. 2018). Hence,
when using this strain to make probiotics, care should be
taken because antibiotic-resistant bacteria can pass their
resistance genes to other bacterial species (Jian et al. 2021).
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In conclusion, the current findings demonstrated that
Bacillus strains from pond water, sediment samples, and
intestines of snakehead fish showed antibacterial activity
against A. schubertii. Strain BC2LM1 was determined to be
Bacillus based on morphological, physiological, and
biochemical traits and the results of PCR and 16S rRNA
gene sequencing. After 6 h of culture, strain BC2LML1 in
this study was able to survive in media with a pH between
2.0 and 4.0. In particular, strain BC2LM1 could withstand
bile salts at a concentration of 0.5% after 9 h of culture.
The results showed that strain BC2LM21 could produce
cellulase, amylase, and protease enzymes. Additionally, this
strain exhibited susceptibility to erythromycin, clindamycin,
tetracycline, doxycycline, ampicillin/sulbactam, and
levofloxacin. The study’s results show the potential of
strain BC2LM1 as a probiotic in intensive snakehead fish
farming.
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