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ABSTRACT

Gram-positive spore bacteria are widely used as probiotics in general sectors. However, there are still
limited bacterial isolates as probiotic candidates available from indigenous isolates, especially in aquaculture.
This study aimed to obtain potential spore-forming isolates as probiotic candidate for tilapia. Tilapia fish
samples were collected from Sukabumi, Ciamis, Serang, and Papua. Bacterial isolates were isolated from
the digestive tract of tilapia. Bacteria were identified based on their morphological, molecular characteristics,
complete genome composition, and cell surface identification based on hydrophobic properties. In this
study, six bacteria were isolated and identified by molecular characteristics using 16S rRNA sequences.
Based on the phylogenetic analysis, the 9 PP isolate was Priestia megaterium basonym: Bacillus megaterium,
CMS 16N isolate was Brevibacillus halotolerans, PPN 10 isolate was Bacillus sp., 3.1 SKBM isolate was
Bacillus mycoides, CMS 22 N and SRG32 isolate were Bacillus subtilis. Six bacteria had different phenotypicals,
ATGC sequence compositions, and a higher proportion of total G~C sequence composition above 50%.
The coherent cell surface hydrophobicity test was positive on the SAT, SA, AA, and compact growth patterns
in soft-agar media for 9 PP, CMS 22 N, and SRG32 isolates. From our study, the indigenous spore-forming
bacteria isolated from tilapia stomachs are enzymatic bacteria, which have a strong attachment to host
tissue and high potential as a probiotic candidate for fish. Various hydrophobicity test results from each
isolate indicate that the protein composition in the cell surface is different.

KEYWORDS: Bacillus megaterium, Brevibacillus halotolerans, Bacillus mycoides, Bacillus subtilis,
probiotic; tilapia fish

INTRODUCTION

Probiotics are very popular applied in aquaculture
field and most of them are bacteria. Approximately,
27% of Gram-positive bacteria are not pathogenic (Fyzul
& Austin, 2015; Alayande et al., 2020) and have poten-
tial as bio-preservatives, health modulators, antimi-
crobials, and growth promoters (Turnip et al., 2018;
Martínez et al., 2019; O’Connor et al., 2020; Rendueles
et al., 2022). Bacillus is a group of bacteria commonly
used as probiotics (Soltani et al., 2019), which can

produce enzymes and antibiotics, such as Bacillus
megaterium, Brevibacillus sp, Bacillus mycoides, and
Bacillus subtilis/ Bacillus amyloliquefaciens. These
bacteria have several advantages, so they are widely
used in various industries through the biotechno-
logical application.

Bacillus megaterium is one of the most commonly
used bacteria in industries due to producing several
enzymes (exoenzymes) and metabolic genes for
bioremediation (Huang et al., 2022; Faraji et al.,
2022), besides capable of utilizing carbon sources as
biocontrol (Goswami et al., 2018). Deng et al. (2021)
stated that the application of Bacillus megaterium
1259 in bull could promote growth performances,
protein digestibility, rumen fermentation, and nitro-
gen utilization. Bacillus megaterium has also been
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used for genetic manipulation (Grage et al., 2017).

Brevibacillus genus of the Paenibacillaceae family
and was first proposed by Shida et al. (1996) and this
genus has ten officially-registered species
(www.bacterio.net/brevibacillus.html). The
Brevibacillus sp. can produce a variety of enzymes
that can inhibit the growth of other bacteria and have
the potential as an antimicrobial peptide (Song et al.,
2012; Che et al., 2015; Yang & Yousef, 2018; Atipairin
et al., 2022). Brevibacillus sp. has various functionss
as an antifungal material (Jiang et al., 2015; Joo et al.,
2015; Cochrane & Vederas, 2016; Dunlap & Johnson,
2019), a biocontrol agent, and a polyethylene-degrad-
ing agent (Panda et al., 2014).

Bacillus mycoides are bacteria that have many adap-
tive genes, which can quickly adapt to environmental
condition changes (Fiedoruk et al., 2021), in addi-
tion to possessing various colony morphotypes. The
exopolysaccharide produced by Bacillus mycoides has
the potential as a biological control agent and an an-
tifungal (Guerrero-Barajas et al., 2020), and an antitu-
mor (Farag et al., 2020). Yu-Hsiang et al. (2017) stated
that the zoosporicidal biosurfactant produced by Ba-
cillus mycoides could inhibit pythium damping-off
disease in cucumber plants. Various enzymes can be
produced by Bacillus mycoides, for biodegradation
and bioethanol production (Rath et al., 2022).

Other spore-forming bacteria as a probiotic can-
didate, that has been widely used in various indus-
trial applications, such as medical, food and feed are
Bacillus subtilis, due to easier genetic manipulation,
easier for large-scaled culture application, producing
the largest protein secretion, and safer (Zhang et al.,
2020). This is because Bacillus subtilis produces
exopolysaccharide which has a compact film-like
structure with high ability as an antibacterial agent
activity against Aeromonas hydrophila, Pseudomo-
nas aeruginosa, and Streptococcus faecalis, and anti-
viral agent (Hassan & Ibrahim, 2017; Lee et al., 2016;
Caulier et al., 2019), besides capable of inhibiting the
growth and production of toxins from Bacillus cereus
(Eom & Choi, 2016). The exopolysaccharide produced
by Bacillus subtilis has the potential as strong anti-
oxidant and anticoagulant, non-toxic material
(Sathishkumar et al., 2021), antibacterial and antifun-
gal agent (Camacho et al., 2022). According to Zhang
& Yi (2022), Bacillus subtilis produces extracellular
material in large quantities to increase phagocytosis
and lysozyme activity in macrophages, then strength-
ening the immune system and inhibiting cancer cell
growth, as well as anti-inflammatory agent. Another
advantage of Bacillus subtilis is a poly-y-glutamic acid
producer, which is non-toxic material and can be used
as a cryoprotectant for probiotics (Bhat et al., 2013).

Various potentials and benefits of Bacillus bacte-
ria have been widely used in various fields. In this
study, various isolates were collected for indigenous
isolate utilization in aquaculture. Our study aimed to
isolate and characterize spore-forming Gram-positive
bacteria from the digestive tract of tilapia, which have
the potential as probiotic candidates for fish.

MATERIALS  AND METHODS

Sample Collection

Bacterial isolate samples were collected from sev-
eral areas and have been characterized as producing
digestive enzymes as published by Mawardi et al.
(2023). Six of the isolates that have been collected
are 9 PP, CMS 16 N, 3.1 SKBM, PPN 10, CMS 22 N, and
SRG 32 characterized in this present publication.

Morphological analysis

Isolates were inoculated on Nutrien Agar (Oxoid)
medium and incubated at 35°C for 48 hours. The
morphology of the bacterial colonies was observed
for their color, size, shape, texture, and elevation.

Genotypic and Complete Genome Analysis
and Characterization

Quadrant-streaked bacterial isolates on Nutrient
Agar (Oxoid) media were sent to PT. Genetika Sci-
ence Indonesia (www.ptgenetika.com), to obtain
complete genome identification and analysis by mo-
lecular methods. Phylogenetic analysis was carried out
based on the sequencing results using 16S rRNA gene
primer pairs. The nucleotide sequence sample data
were compared to the GeneBank database at the Na-
tional Center for Biotechnology Information (NCBI,
https://www.ncbi.nlm.nih.gov). For the complete ge-
nome analysis, a cloning method was performed us-
ing Escherichia coli DH5á bacteria. The calculation of
ATCG composition and percentage of G~C compo-
sition was carried out using the software https://
www.sciencebuddies.org/science-fair-projects/refer-
ences/genomics-g-c-content-calculator. A detailed test-
ing procedure followed the method by PT. Genetika
Science Indonesia.

Cell Surface Properties

The properties of cell surface was identified to
determine the aggregation of bacterial cell surface
hydrophobicity, following Mattos-Guaraldi et al.
(1999). This test was composed of a salt aggregation
test, spontaneous aggregation test, automatic aggre-
gation test, bacterial aggregation test with n-
hexadecane, and bacterial adherence test to polysty-
rene material. Bacterial suspension in water was pro-
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duced at 1011 CFU.

Salt aggregation test (SAT). The formation of
clumps was observed from bacterial suspensions and
different ammonium sulphates were (NH

4
)2SO

4
 (Merck)

concentrations. The graded concentration of ammo-
nium sulphate was created between 0.3 M – 4.0 M.
The test results can be categorized as; <1.0 M strong/
positive, 1.0<2.0 M moderate/positive, 2.0<4.0 M
weak/negative, and d”4.0 M non-hydrophobic/nega-
tive.

Spontaneous bacterial aggregation test/The spon-
taneous aggregation (SA). Bacteria were cultured in
TSB media and incubated for 24 hours at 370C, be-
fore homogenization. The test results containing
many or few clumps of bacteria were categorized as
positive, while no lumps/fine suspensions were cat-
egorized as negative.

Auto-aggregation (AA)/bacterial aggregation test.
The 20 µl of bacterial suspension was mixed with the
20 µl of PBS on the object glass. Formation of bacte-
rial aggregation was observed by rotating the object
glass for a minute, while no aggregation formed was
categorized as negative.

Bacterial aggregation test with n-hexadecane/Mi-
crobial adherence to n-hexadecane test (MATH). The
bacterial suspension was mixed with n-hexadecane
(10:1) and incubated in a water bath at 370C for 10
minutes. The sample was mixed using a vortex, then,
the Optic Density (OD) on OD

640nm
 was measured on

bacterial suspension before and after adding the n-
hexadecane. The OD

640nm
 value of the solution before

mixing with n-hexadecane was the aqueous phase
value. The percentage of hydrocarbons in OD

640nm
 was

calculated as [OD
640nm

 (original bacterial suspension) -

OD
640nm

) (aqueous phase)/ OD
640nm

 (original bacterial
suspension) x 100]. From this calculation, the hydro-
phobic value ³50% was qualified as strong/positive,
>20 - <50% was qualified as moderate/positive, and
d” 20% was qualified as not hydrophobic/negative.

Adhesion test on polystyrene materials/Polysty-
rene adherence. The 100 µl of bacterial suspension
was dropped on a Petri dish made of polystyrene and
allowed it to dry at room temperature in a vertical
position. The cup surface was rinsed using water, fixed
using methanol (Merck), and stained with 1% crystal
violet solution (Merck). During the procedure, non-
adherent microorganisms were washed off. To iden-
tify the properties, bacteria were observed under the
microscope. Bacteria with strongly and weakly bound
had positive adhesion, while non-bound bacteria had
negative adhesion.

The growth pattern of bacterial colonies on
soft agar

Soft agar media were prepared with Brain Heart
Infusion Broth (BHI, Oxoid) and 0.15% agar (Himedia).
The bacterial suspension was inoculated in the soft-
agar medium. Bacterial suspension and soft agar were
then mixed using a medium-speed vortex. This mix-
ture was incubated at 35°C for 24 hours. The pattern
of bacterial growth forms was observed (Wibawan &
Lammer, 1990).

RESULTS AND DISCUSSION

Morphological analysis

After the incubation period, each bacterial colony
from different isolates had different colors, shapes,
sizes of colonies, elevations, and textures (Table 1).

Table 1.  Morphology of six bacterial colonies isolated from the digestion tract of tilapia collected from
several locations

Isolate Color Shape Size 
(mm) 

Elevation  Texture 

9 PP yellowish Regular 2-3 Convex Sticky 
CMS 16N Cream  Irregular  3-5 Flat Non-sticky 
3.1 SKBM Cream  Regular 3-5 Flat Non-sticky 
PPN 10 Cream Irregular 3-5 Flat Non-sticky 
CMS 22N White Regular 2-3 Convex  Sticky 
SRG 32 White  Irregular 2-3 Convex Sticky 
 

The results of gram staining on all isolates were
Gram-positive and the results of spore staining
showed the presence of spores on the bacterial cells.
The length size of the bacterial cells in each isolate is
quite varied ranging from 2.15 ìm to 6.19 ìm. The
isolates are motile and non-motile, as shown in Table
2.

Genotypic and Complete Genome Analysis
and Characterization

Based on biochemical tests using molecular se-
quencing tests, similar of species were clearly classi-
fied. Based on the identification several samples in-
dicated the same species, but the phylogenetic tree
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analysis (Figure 1) showed a different status. In de-
tail, the 3.1 SKBM isolate was different from the PPN
10 isolate, and the CMS 22 N was different from the
SRG 32 isolate. Colony and cell morphology were also
indicated several differences. The 3.1 SKBM and PPN
10 isolates were identified as Bacillus mycoides, but
both had no differences in accession number and iden-
tity percentage. The PPN 10 isolate had an identity

percentage of 95.32% which was different from Bacil-
lus mycoides Accession Number MW959783.1, while
the 3.1 SKBM isolate had an identity percentage of
99.86% with Accession Number JN9998441. Likewise,
the CMS 22 N and SRG 32 isolates showed the same
identification at the species level. However, obser-
vations of colony, cell morphology, and biochemical
tests showed both were different.

Table 2. Cell morphology spore-forming bacteria from six isolates

Isolate Gram-
staining 

Spore-
staining 

Cell size 
(μm) 

Form Motile 

9 PP Positive Spore 4.14 – 6.19 Bacilliform Non-motile 
CMS 16 N Positive Spore 2.69 – 4.37 Bacilliform Non-motile 
3.1 SKBM Positive Spore 3.92 – 4.34 Bacilliform Non-motile 
PPN 10 Positive Spore 2.91 – 3.12 Bacilliform Non-motile 
CMS 22 N Positive Spore 2.44 – 3.10 Bacilliform Motile 
SRG 32 Positive Spore 2.15 – 2.75 Bacilliform Motile 
 

Figure 1. The phylogenetic tree of six isolates presents the relationship and kinship based on the NCBI
database using 16S rRNA gene sequences.
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The complete sequence analysis for each isolate
showed different amounts of Adenine (A), Thymine
(T), Guanine (G), and Cytosine (C) bases (Table 3). In
the 3.1 SKBM and PPN 10 isolates, the number of
ATGC sequences and % G~C were different. The CMS
22 N and SRG 32 isolates also showed a different
number of ATGC bases, but the % G~C remained the
same. The differences were also indicated by colony
morphology, and cell morphology.

Cell Surface Properties

The hydrophobicity test for the SAT, SA, AA, MATH,
and adhesion to the polystyrene material on six iso-
lates produced various responses (Table 4). The hy-
drophobicity test for ammonium sulphate on the six
isolates yielded five positive isolates. The 9PP,
CMS22N, and SRG32 isolates had the ability to spon-

taneously be cultured in TSB media (SA test). The
9PP isolate demonstrated the best adhesion capabil-
ity in n-hexadecane. The 3.1 SKBM isolate had per-
fect adhesion to polystyrene materials, while the 9
PP, CMS 22 N, and SRG 32 isolates had less adhesion
capability.

The growth pattern of bacterial colonies in
soft-agar medium

The growth pattern of bacterial colonies in
CMS16N and 3.1SKBM isolates display non-compact/
undiffuse conditions in soft-agar media (Figure 2),
which indicated that the bacteria did not have aggre-
gation properties. Colonies of PPN10 isolates showed
obviously compact growth pattern. A similar was also
performed by other isolates including 9 PP, CMS 22N,
and SRG32, but the colony texture growth in soft-
agar media was smoother or lighter.

Table 3. Characterization of ATGC, % G~C and identification of bacteria

Isolate  A T G C % G~C  Genotypic identification 
9 PP 314 389 347 464 53.6 Priestia megaterium 100% OM910720.1 
CMS 16 N 301 376 359 476 55.2 Brevibacillus 

halotolerans 
99.07% LT745980.1 

3.1 SKBM 317 387 341 469 53.5 Bacillus mycoides 99.86% JN9998441 

PPN 10 300 372 357 471 55.2 Bacillus mycoides 95.32% MW959783.1 
CMS 22 N 301 376 361 476 55.3 Bacillus subtilis 99.60% CP009748.1 
SRG 32 377 300 478 360 55.3 Bacillus subtilis 99.60% CP009748.1 
 

Table 4. Hydrophobicity test on cell surface of six spore-forming bacteria isolates

Isolate SAT SA AA MATH Polystyrene 
adherence 

9 PP 0.3M/Positive Positive Positive 42.23%/Positive Positive 
CMS 16 N 2.8M/Negative Negative Negative 39.10%/Positive Negative 
3.1 SKBM 0.3M/ Positive Negative Positive 16.86%Negative Positive 
PPN 10 0.3M/ Positive Negative Negative 11.86%/Negative Negative 
CMS 22 N 0.6M/ Positive Positive Positive 15.56%/Negative Positive 
SRG 32 0.6M/ Positive Positive Positive 37.30%/Positive Positive 
 

Figure 2. Pattern of bacterial growth in soft agar media culture. (a) 9 PP, (b) CMS 16N,
(c) 3.1 SKBM, (d) PPN 10, (e) CMS 22N, and (f) SRG 32 isolates.
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The life of living things and the environment will
never exist without the role of microorganisms in-
cluding bacteria. Bacteria have important roles in the
fish digestive tract to produce extracellular enzymes
to degrade food in digest tract. According to Hussain
et al. (2017), the cellulolytic bacteria of Bacillus
amyloliquefaciens  subsp. plantarum, Bacillus
megaterium, Bacillus subtilis subtilis subsp. subtilis,
and Anoxybacillus flavithermus, can be isolated from
soil and poultry. Cellulolytic bacteria generally pro-
duce the exoglucanase, endoglucanase, and â-glucosi-
dase (Karthika et al., 2020).

The six isolates were selected based on several
criteria including they are categorized vegetative cell
bacteria which have long lifetime, more stable and
resistant to temperature and high pH, and are resis-
tant to feed pelletization processes (Purwandari &
Chen, 2013). The spore are resistant to heat at 80°C
for 10 minutes (Peet et al., 2015).

Six bacterial samples belong to the genus Bacil-
lus, with having spores. Furthermore the molecular
genome method indicated that the PPN 10 isolate
had an identification percentage value of 95.32% to
Bacillus mycoides MW959783.1 as enlisted on the NCBI
GeneBank. According to Stackebrandt and Goebel
(1994), the species identifications are considered
similar when the identity value percentage is above
97.5%, similar for genus level if the identity percent-
age value is above 95%. Therefore, the PPN 10 isolate
was genotypically identified as Bacillus sp., the re-
sults PPN 10 and 3.1 SKBM isolates were categorized
bacterial isolates with a different species. Other in-
dicators shown the differences of the two isolates
were the differences in the colony and cell morphol-
ogy. The 3.1 SKBM and PPN 10 isolates are not only
phenotypically different but also have different num-
bers of ATGC genome sequences (Table 3). The PPN
10 and 3.1 SKBM isolates also had differences in cell
surface hydrophobicity, following the automatic ag-
gregation test and hydrophobicity test for polysty-
rene materials. The 3.1 SKBM isolate had strong hy-
drophobic properties in the automatic aggregation
test by adhering strongly to polystyrene materials but
was not correlated with the aggregation results in
the soft-agar method and hydrophobic test on n-
hexadecane.

The complete sequence composition of six iso-
lates showed the different amount of ATGC. The re-
sults demonstrated the highest G~C sequencer com-
position of six isolates above 50% where, the CMS
22N and SRG 32 isolates had the highest value of
55.3%. According to Garg & Sharma (2020), the C
phosphodiester G Island (CpGI) sequence is a DNA
sequence region in DNA that has a minimum concen-

tration of G~C of 50%. The CpG DNA is well-known
as adjuvant immunity (Xue et al., 2019). The CpG di-
nucleotides are flanked by certain bases, that can func-
tion as non-self-pattern recognition motifs for innate
immune system receptors to detect the infecting
pathogens (Seya & Matsumoto, 2019). According to
Bach et al. (2022), the Bacillus genus has an average
mole G~C of 32 - 69%.

The CMS16N isolate was genotypically identified
as Brevibacillus halotolerans  LT745980.1 at 99.07 %.
According to Song et al. (2017), Brevibacillus
halotolerans strains LAM0313T and LAM0313 are
Gram-positive, spore-forming, rod-shaped, and per-
itrichous flagella bacteria with G~C composition of
45.0% and 46.0% and can grow on media added with
NaCl 12%. Choi et al. (2019) described that Brevibacillus
antibioticus sp. nov has a broad potential for anti-
bacterial activity against several pathogenic bacteria
with G~C composition of 47.0 %. Moreover, Kong et
al. (2014) reported that Lysinibacillus halotolerans
strain LAM612(T) has G~C content of 36.4% and can
survive in media with NaCl 10%. The Brevibacillus
genus has G~C composition of 40.2 – 57.4% (Logan
and De Vos, 2015). In this study, the CMS 16N isolate
had G~C composition of 55.2% and produced amy-
lolytic and proteolytic enzymes.

Priestia megaterium, basonym: Bacillus
megaterium has plasmids that can produce bacterio-
cins with G~C composition of 52 % (Harirchi et al.,
2022). Based on Shwed et al. (2021), % G~C of Priestia
megaterium strain ATCC 14581T ranges from 33.6 %
- 38.4 %, the CDC strain 2008724129 ranges is from
33.7 % - 39.0 % and strain 2008724142 from 33.0 % -
38.1 %. Bacillus megaterium is non-pathogenic bacte-
ria and has been commercially available for biotech-
nological application, such as vitamin B12, penicillin
acylase and amylase with G~C composition of 38.2%.
In this study present, Priestia megaterium identified
from the 9 PP isolate had a higher G~C composition
of 53.6%. This isolate could utilize lipid and protein
indicated by its higher ability to degrade protein than
other isolates. The 9 PP isolate had strong adherent
properties, and showe a hydrophobic cell surface.

Hydrophobicity of bacterial cell surface is a bio-
logical phenomenon that varies greatly among spe-
cies. This biological phenomenon illustrates the in-
teraction between bacteria and their host tissue,
bacteria in solution, or bacteria and phagocytes. In
this study present, the cell surface hydrophobicity of
each bacterial isolate showed different results in each
aggregation test; SAT, SA, AA, MATH, and adherence
to polystyrene materials. The test method also pro-
duced different analysis variations on the cell surface
hydrophobic test in Staphylococcus epidermidis and
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found indications that adherence to polystyrene ma-
terials was affected by the involvement of the bacte-
rial cell surface protein components (Krepsky et al.,
2003). Bacterial clumping in n-hexadecane is a rapid
method for determining cell surface hydrophobicity,
which can be mediated by surface proteins or gly-
colipid complexes in surface protein structures. The
9 PPN isolate was observed to have higher hydro-
phobicity than other isolates in n-hexadecane mate-
rial at 42.23%. The results of the hydrophobicity test
on CMS 22N and SRG 32 isolates were found similar
to Ritter et al. (2018), that Bacillus subtilis has adhe-
sive properties on hydrocarbon materials at 2.2-56.4%
and 4.4-52.9% for auto-aggregation. The CMS 22 N
and SRG 32 isolates had hydrophobic properties in
the n-hexadecane material in a negative (15.56%) and
positive (37.30%) conditions as found in this present
study. The CMS 22 N and SRG 32 have positive corre-
lation on SAT, SA, AA, and polystyrene materials. The
aggregation properties of bacteria were also
demonsrated by the results of growth tests in soft-
agar media (Figure 2). According to Wibawan and
Lämmler (1991), the growth pattern of compact bac-
terial colonies in the soft-agar medium is determined
by the cell surface protein components as aggrega-
tion properties. The relevance of cell surface hydro-
phobicity test and the pattern of colony growth in
soft agar medium are influenced by the component
structure of the cell surface. The 9 PP, PPN 10, CMS
22 N, and SRG 32 isolates performed compact growth
patterns in a soft medium, indicating that these iso-
lates have aggregation and coherent properties with
the hydrophobicity test with using SAT method.

CONCLUSIONS

Based on the characteristics of the hydrophobic
cell surface and complete genome discovered in this
present study, six bacteria are qualified as probiotic
candidates for fish by having SAT, SA, AA, and poly-
styrene materials specific.
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