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ABSTRACT

The potential for aquaculture development in Indonesia, especially the shrimp farming industry, is
projected to continue to increase. However, the current growth in aquaculture production is in line
with the increasing number of disease outbreaks and can affect the production, profitability, and
sustainability of the industry worldwide. Vibriosis is a major challenge in aquaculture that causes
fish mortality in large numbers and rapid times. Vibriosis treatment is still limited to the same
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antibiotics in humans and animals. For this reason, alternative microorganisms that are more
specific and selective in inhibiting vibrio are needed, one of which is the exploration of termite nest
association bacteria. This study aims to obtain isolates of termite nest association bacteria that are
antivibrio. Isolation of bacteria using ISP2 media. Furthermore, antagonistic screening was carried
out against V. alginolyticus and V. harveyi bacteria. Isolates performed morphological and
biochemical characterization followed by molecular identification with 16s rRNA sequence analysis
using universal primer 27F 1492R. Isolation results obtained 15 isolates with varying colors and
shapes. Ten isolates are Gram-positive bacteria and 12 isolates have a positive catalase test.
Seven isolates have antivibrio activity, namely isolates SR9, SE1, SE4, SE5, SE6, SE7 and SES8.
Isolate SE1 showed the best antivibrio activity capable of inhibiting the growth of V. alginolyticus
and V. harveyi bacteria with an inhibition zone value of 3.5 cm and 4 cm, respectively. The results
of the molecular analysis showed that isolate SE1 has 99.65% similarity with Bacillus
amyloliquefaciens strain HY2-1. These bacteria have characteristics that have the potential to be
used as probiotics in the aquaculture industry, especially vibrio biocontrol agents.

Keywords: Aquaculture; bacillus; termite; shrimp; vibrio.

1. INTRODUCTION

The aquaculture industry is the fastest growing
sector in providing high protein demand [1]. The
potential for aquaculture development in
Indonesia, especially the shrimp farming
industry, is projected to continue to increase.
Where Indonesian shrimp export activities 2015-
2019 have a positive trend with an increase in
volume of 4.21% and an increase in value of
0.55%. This makes Indonesia one of the world's
main P. vannamei shrimp supplier countries so it
is targeted to increase national shrimp production
by 250% until 2024 [2].

However, the current growth in aquaculture
production goes hand in hand with an increasing
number of disease outbreaks and can affect the
production, profitability, and sustainability of the
industry worldwide. Among the group of
pathogenic microorganisms, shrimp diseases
such as vibriosis are one of the challenges in
increasing production that can cause mass
mortality of cultured shrimp, marine and
freshwater fish, and shellfish, resulting in
economic losses for farmers [3].

Vibriosis caused by Vibrio bacteria can infect
freshwater, brackish water, and seawater fish
and cause death in large numbers in a short time
[4]. Some of them are zoonotic, and even the
prevalence of Vibrio cholerae infecting humans
continues to increase [5]. In the field of
aquaculture, the handling of Vibriosis disease is
currently still limited and relies on the use of
antibiotics, but the antibiotics used are the same
types of antibiotics as animals and humans [6].
Inappropriate and uncontrolled use of antibiotics
has accelerated the emergence of resistant
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bacterial strains [7]. Vibrio spp. have been
resistant to the antibiotics erythromycin,
streptomycin and ciprofloxacin [8].

The existence of bacterial strains that are
resistant to antibiotics encourages various
studies in the exploration of bacteria in producing
new antibiotic compounds. Exploration of
microorganisms continues to be carried out to
find novel sources of new antibiotics that are
more specific and environmentally friendly such
as fish mucus extracts that are able to fight Vibrio
[3] or the exploration of microbes from termite
nests that play a role in the synthesis of antibiotic
compounds [9].

Termite nests are a very rich source of bacterial
strains that produce bioactive compounds.
Bacterial isolates from termite nests collected
from Pananjung Pangandaran Conservation
Area, West Java, Indonesia are able to fight
various pathogenic bacteria such as Escherichia
coli, Staphylococcus aureus, Bacillus subtilis,
Serratia marcescens and pathogenic fungi such
as Fomitopsis palustris, Fusarium oxysporum,
and Trichoderma viride [10] The bioactivity test of
termite nest-associated bacteria isolate SE1 is
known to have bioactive peptide compounds that
can inhibit the growth of Vibrio [9]. Therefore, the
exploration of termite nest bacteria is expected to
be a new alternative source in obtaining new,
sensitive, specific and safe vibrio biocontrol
bacteria for aquaculture.

2. MATERIALS AND METHODS
2.1 Materials

The equipment used in this study were plastic
bags, refrigerators, analytical scales, water
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baths, bunsen, micropipettes, petri dishes, test
tubes, centrifuge, eppendorf tubes, erlenmeyer
flasks, cryotubes, glass objects, shakers, vectors
and microscopes.

The materials used were termite nest samples
obtained from three different points, test bacteria
V. alginolyticus and V. harveyi. The media used
in this study were International Streptomyces
Project-2 (ISP2), TCBS agar (Thiosulfate-Citrate-
Bile Sucrose Agar), Crystal violet, iodine, ethanol

96%, safranin, chloroform, disc paper,
concentrated sulfuric acid, methanol, 70%
alcohol, H20., distilled water, nystatin, and

ciprofloxacin.

2.2 Procedure
2.2.1 Sampling

Sampling of termite nests was carried out at the
Pangkep State Polytechnic of Agriculture with
three different source points, namely termite
nests attached to walls (isolate code SR), termite
nests on board walls (isolate code RE) and
termite nests on leaves and twigs of plants
(isolate code SE).

2.2.2 Isolation of bacteria from termite nests

Samples that have been dried, cleaned, and
mashed are then taken as much as 10 g and
given pretreatment, namely the sample is heated
in the oven at 50°C for one hour to Kill
pathogenic bacteria with rapid growth. The
samples were then subjected to stratified
dilutions of 10-1to 10-5. The microbial inoculation
technique used was the spread technique.
Each isolate was grown and purified using
ISP2 media with a media composition of 4 g/L
yeast extract, 10 g/L malt extract, 4 /L
dextrose and 20 g/L bacto agar dissolved in 1 L
of sterile distilled water. Then incubated for 3
days.

2.2.3 Screening antivibrio antagonist test on
bacterial isolates

Antivibrio screening against V. alginolyticus and
V. harveyi. The antibiotics rifampicin and
tetracycline at a dose of 1 mg/ml were used as
positive controls. The test was conducted using
paper disks with three replicates. The test
bacterial culture of termite nest association
isolate was incubated at 37°C for 24 hours
and then the inhibition zone formed was
observed.
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2.2.4 Characterization of termite nest
associated bacteria
Bacterial characterization includes direct

observation of bacterial morphology (cell shape,
cell color) bacterial Gram staining is carried out
using a modified method [11]. Characterization of
biochemical tests by observing motility and the
presence of catalase enzyme was carried out by
dripping 3% hydrogen peroxide (H202) on a clean
object glass. Isolates of termite nest-associated
bacteria were applied to the object glass that had
been dripped with hydrogen peroxide with an
ose. The suspension is gently mixed using an
ose, positive results are characterized by the
formation of air bubbles.

2.2.5 Molecular identification of termite nest
associated bacterial isolates

Molecular identification of bacteria was carried
out only on selected isolates that had the best
antivibrio ability. Molecular analysis was carried
out at PT Genetics Science using a modified
method [12]. Genomic DNA isolation and
amplification with 16S rRNA gene primers (27F
and 1492R), DNA extraction using Quick-DNA
Magbead Plus Kit (Zymo Research, D4082).
PCR amplification using MyTag HS Red Mix
(Bioline, BIO-25048). For sequence alignment
analysis, it was carried out by comparing the
sequences obtained (query) with those already in
the Gene Bank with database searches NCBI
internet site (http//www.ncbi.nlm.nih.gov) using
BLAST (Basic Local Alignment Search Tool).

3. RESULTS AND DISCUSSION

3.1 Characterization of Termite Nest

Associated Bacteria

The results of isolation of termite nest-associated
bacteria from three different location sample
points obtained 15 isolates that were successfully
purified. Isolates that grow have different colors,
shapes, cell edges, and colony elevations can be
seen in Table 1.

Observations on isolates made after 14 days of
age show varying colors such as brown, yellow,
orange, and white as well as the shape and
colonies of isolates. In the gram staining
physiology test, ten isolates were Gram positive
bacteria and five isolates were Gram negative
bacteria. Gram positive are bacteria that have
thick peptidoglycan cell walls that will retain the
color of crystal violet when washing with 95%
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alcohol in the gram staining process. This group
of bacteria is widely recommended as an
aquaculture probiotic that supports growth or
fights pathogens [13].

The results of the catalase test showed that the
dominant termite nest association bacteria were
catalase positive. There are 13 probiotic
candidate bacteria that are catalase positive (+)
because of the formation of gas bubbles and
have the enzyme catalase while the other 2
isolates are catalase negative (-). The presence
of catalase enzyme in bacterial isolates serves to
neutralize the bactericidal effect of hydrogen
peroxide which will catalyze the decomposition of
one of the free radicals, namely hydrogen
peroxide into water and oxygen so as to protect
cells from oxidative damage [14].

3.2 Antagonistic Test of Termite Nest
Association Bacteria against Vibrio
Bacteria

Antagonistic tests against Vibrio bacteria were
carried out on V. harveyi and V. alginolyticus
bacteria. There are seven isolates that have
antivibrio activity, namely isolates SR9, SE1,
SE4, SE5, SE6, SE7 and SE8. Isolates that
showed antivibrio activity were dominantly
derived from termite nest associations attached
to plant twigs and leaves. Isolate SE1, which is
very high, is isolate SE-1. Isolates SE1, SE4 and
SE5 were known to inhibit both test bacteria.

SE1 isolate is the selected isolate for molecular
analysis test, where this bacterium is able to

inhibit the growth of V. alginolyticus bacteria with
an average value of inhibition zone of 3.5 cm and
V. harveyi with an average value of inhibition
zone of 4 cm. lIsolate SE1 showed higher
antivibrio activity than the positive control of
commercial antibiotics, rifampicin. This shows the
potential of the isolate to be developed as an
antibacterial candidate. The inhibition zone
produced is categorized as very strong with an
inhibition zone value of >2cm [15].

3.3 Molecular Identification of Selected
Isolates Isolate SE1 Termite Nest
Associated Bacteria

Molecular identification of SE1 isolate as a

potential isolate to inhibit the growth of
pathogenic bacteria V. harveyi and V.
alginolyticus was carried out with PCR

(Polymerase Chain Reaction) technique. The
molecular testing phase begins with isolating
bacterial DNA using the Quick-DNA Magbead
Plus Kit. The results of DNA isolation were tested
guantitatively and qualitatively to determine the
level of purity. DNA extraction results showed a
purity value of 2.01. DNA isolation results that
have good purity have an A260 / A280 ratio value
of 1.8-2.0.

Amplification products of 16S rRNA DNA
fragments in PCR are visualized and their
quality is visualized using gel electrophoresis.
The results of gel electrophoresis of
amplification products of 16S rRNA gene
fragments of bacterial isolate SE1 can be seen in
Fig. 2.

A

Fig. 1. Zone of inhibition of SE1 isolate against V. harveyi (A) and V. alginolyticus (B)
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Table 1. Isolation and characterization results of bacteria associated with termite nests

Code Morphology Gram stain Enzyme Cell Shape Zone of antibacterial inhibition
Isolate Color Colony type Elevation Catalysis V. harveyi V. alginolitycus
SR1 Chocolate  Circular Flat Gram (+) Catalase (+) Spherical (coccus) - -

SR 2 Chocolate  Rhizoid Embossed Gram (-) Catalase (+) Spherical (coccus) - -

SR 8 Yellow Circular Flat Gram (+) Catalase (+) Stem (capsule) - -

SR 9 Yellow Circular Flat Gram (+) Catalase (+) Stem (capsule) 25cm -

RE 1 White Irregular Flat Gram (-) Catalase (+) Stem (capsule) - -

RE 2 White Filamentous Convex Gram (+) Catalase (+) Spherical (coccus) - -

RE 3 Nila Irregular Flat Gram (+) Catalase (-) Stem (capsule) - -

RE5 Orange Spindle Convex Gram (+) Catalase (-) Stem (capsule) - -

SE1 Chocolate Irregular Flat Gram (+) Catalase (+) Stem (capsule) 4.0cm 3.5cm

SE 2 White Straight Convex Gram (-) Catalase (+) Spherical (coccus) - -

SE 4 Yellow Circular Convex Gram (+) Catalase (+) Stem (capsule) 2.5cm 1.8cm

SE5 Yellow Circular Flat Gram (-) Catalase (+) Stem (capsule) 0.7cm 0.8cm

SE 6 Yellow Irregular Flat Gram (+) Catalase (+) Stem (capsule) 1l4cm -

SE7 Chocolate  Circular Flat Gram (-) Catalase (+) Spherical (coccus) - 1.0cm

SE 8 Chocolate  Circular Convex Gram (-) Catalase (+) Stem (capsule) 0.6 cm -

K+ Ab 3cm 3cm
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Table 2. Nanodrop quantification results absorbance value of isolate SE1

Sample Cons. Nuclet A260/280 A260/230 Volume
Acid (ng/pl) (ng/ul)
SE1 50.7 2.01 1.96 50

p— 0,000
el — 5000
1 L PCR Products wereassessed —
by electrophoresis with 1% TBE S — 4,000
agarose ] — 30
el — 2000
M. 1 Kb DNA ladder (loaded 2,5 B — 1500
HL); samples ranged in the order - Py

of upper table — N

NTC : Non Template Control — 0

— el

Fig. 2. DNA band electrophoresis results of isolate SE1

Sample isolate SE1 produces a single band with
a size of about 1420 bp (base pair) in
accordance with the value indicated by the DNA
marker. The size of this size is in accordance
with the expected size of the bacterial 16S rRNA

genes of 1500 bp. Determination of the DNA
sequence (sequencing) was carried out through
the commercial services of 1st Base DNA
Sequencing, Jakarta. The sequences obtained
from 1st Base DNA Sequencing are:

1 TACTGCAGTC GAGCGGACAG ATGGGAGCTT GCTCCCTGAT GTTAGCGGCG GACGGGTGAG
61 TAACACGTGG GTAACCTGCC TGTAAGACTG GGATAACTCC GGGAAACCGG GGCTAATACC
121 GGATGGTTGT TTGAACCGCA TGGTTCAGAC ATAAAAGGTG GCTTCGGCTA CCACTTACAG
181 ATGGACCCGC GGCGCATTAG CTAGTTGGTG AGGTAACGGC TCACCAAGGC GACGATGCGT
241 AGCCGACCTG AGAGGGTGAT CGGCCACACT GGGACTGAGA CACGGCCCAG ACTCCTACGG
301 GAGGCAGCAG TAGGGAATCT TCCGCAATGG ACGAAAGTCT GACGGAGCAA CGCCGCGTGA
361 GTGATGAAGG TTTTCGGATC GTAAAGCTCT GTTGTTAGGG AAGAACAAGT GCCGTTCAAA
421 TAGGGCGGCA CCTTGACGGT ACCTAACCAG AAAGCCACGG CTAACTACGT GCCAGCAGCC
481 GCGGTAATAC GTAGGTGGCA AGCGTTGTCC GGAATTATTG GGCGTAAAGG GCTCGCAGGC
541 GGTTTTCTTA AGTCTGATGT GAAAGCCCCC GGCTCAACCG GGGAGGGTCA TTGGAAACTG
601 GGGAACTTGA GTGCAGAGG AGAGTGGAAT TCCACGTGTA GCGGTGAAAT GCGTAGAGAG
661 ATGTGGAGGA ACACCAGTGG CGAAGGCGAC TCTCTGGTCT GTAACTGACG CTGAGGACCG
721 AAAGCGTGGG GAGCGAACAG GATTAGATAC CCTGGTAGTC CACGCCGTAA ACGATGAGTG
781 CTAAGTGTTA GGGGGTTTCC GCCCCTTAGT GCTGCAGCTA ACGCATTAAG CACTCCGCCT
841 GGGGAATACG GTCGCAAGAC TGAAACTCAA AGGAATTGAC GGGGGCCCGC ACAACCGGTG
901 GAGCATGTGG TTTAATTCGA AGCAACGCCA AGAACCTTAC CAGGTCTTGA CATCCTCTGA
961 CAATCCTAGA GATAGGACGT CCCCTTCGGG GGCAGAGTGA CAGGTGGTGC ATGGTTGTCG
1021 TCAGCTCGTG TCGTGAGATG TTGGGTTAAG TCCCGCAACG AGCGCAACCC TTGATCTTAG
1081 TTGCCAGCAT TCAGTTGGGC ACTCTAAGGT GACTGCCGGT GACAAACCGG AGGAAGGTGG
1141 GGATGACGTC AAATCATCAT GCCCCTTATG ACCTGGGCTA CACACGTGCT ACAATGGACA
1201 GAACAAAGGG CAGCGAAACC GCGAGGTTAA GCCAATCCCA CAAATCTGTT CTCAGTTCGG
1261 ATCGCAGTCT GCAACTCGAC TGCGTGAAGC TGGAATCGCT AGTAATCGCG GATCAGCATG
1321 CCGCGGTGAA TACGTTCCCG GGCCTTGTAC ACACCGCCCG TCACACCACG AGAGTTTGTA
1381 ACACCCGAAG TCGGTGAGGT AACCTTTATG AGCCAGCCG
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The sequence of nitrogenous bases obtained by
sequencing with the BLAST program shows that
isolate SE1 has a significant level of homology
with several bacterial species contained in the
GenBank database on the NCBI website where
isolate SE1 has a percentage of similarity level of
99.65% (Fig. 3) with Bacillus amyloliquefaciens
strain HY2-1. The percentage of sequence
homology with a range of 91% or smaller than
91% is said to be insignificant, the range of 92%
to 96% indicates quite significant and the range
of 97% to 100% indicates significant.

Phylogenetic tree construction is needed to
determine the relationship of SE1 isolates with
other species. The topology of the SE1 isolate
phylogenetic tree can be seen in Fig. 4.

Bacillus amyloliquefaciens is a gram-positive,
non-pathogenic, aerobic, motile bacterium found
mainly near the root region of plants. This
bacterium is one of the many Bacillus species

used as probiotics, providing health benefits to its
host where it is capable of producing enzymes
viz. cellulase, amylase, and protease, which aid
in digestion. B. amyloliquefaciens is capable of
producing a broad-spectrum antibacterial/
antifungal protein, Baciamin, along with a
lipopeptide compound known as Bacillomycin
D, which also exhibits antifungal properties
[16].

It is similar in appearance to Bacillus subtilis and
has many homologous genes similar to it. Its
cells regularly appear as long chains in contrast
to a variety of different Bacillus species that are
structured as single cells. The ideal temperature
for cell development is between 30 and 40°C.
This species is able to survive high
temperatures, pressure, and extreme pH
conditions [17]. Therefore, this isolate has the
potential to be used as a probiotic in the shrimp
farming industry, especially as a biocontrol for
Vibriosis.

Description S!::e Total Score 822\; E value Per. Ident Accession
v
Bacillus amyloliquefaciens strain HY2-1 165 ribosomal RNA gene,_partial sequence 2591 2581 100% 00 99.65%  MZ709015.1
Bacillus sp. (in: Bacteria) strain LRB-5 165 ribosomal RNA gene, partial sequence 2538 2588 100% 0.0 99.58%  MN726441.1
Bacillus sp. (in: Bacteria) strain QSB-6 16S ribosomal RNA gene, partial sequence 2588 2588 100% 00 99.58%  MN726440.1
Bacillus amyloliquefaciens strain BH5 168 ribosomal RNA gene, partial sequence 2588 2588 100% 0.0 99.58%  MN174660.1
Bacillus amyloliquefaciens strain BH4 16 ribosomal RNA gene. partial sequence 2588 2588 100% 00 99.58%  MN174659.1
Bacillus velezensis strain LHSB1 168 ribosomal RNA gene, partial sequence 2588 2588 100% 00 99.58%  MN0448791
Bacillus siamensis strain HBUM07072 168 ribosomal RNA gene, partial sequence 2588 2588 100% 00 99.58%  MFG662498 1
Bacillus sp. (in: Bacteria) strain SXAUPHD-B12 165 ribosomal RNA gene partial sequence 2588 2588 100% 00 99.58%  MG645367.1
Bacillus sp. (in: Bacteria) strain SXAUPHD-B3 168 ribosomal RNA gene, partial sequence 2588 2588 100% 00 99.58%  MG645386.1
Bacillus siamensis strain G3-6 165 ribosomal RNA gene, parial sequance 2588 2588 100% 00 99.58%  KY4014291
Fig. 3. DNA sequencing analysis results of SE1 isolate
@5El
o Bacillus slamensis strain G3-6 16S ribosomal RNA gene, partial sequence

Bacillus sp. (in: Bacteria) strain SXAUPHD-B3 165 ribosomal RNA gene, partial sequence

Bacillus sp. (in: Bacterla) strain SXAUPHD-B12 16S ribosomal RNA gene, partial sequen..

Bacillus slamensis straln HBUM0O7072 168 ribosomal RNA gene, partial sequence

Bacillus velezensis strain LHSE1 165 ribosomal RNA gene, partial sequence

Bacillus amyloliquefaciens strain BH4 165 ribosomal RNA gene, partial sequence

Bacillus amyloliquefaciens strain BH5 165 ribosomal RNA gene, partial sequence

Bacillus sp. (in: Bacteria) strain QSB-6 165 ribosomal RNA gene, partial sequence

Bacillus sp. (in: Bacteria) strain LRB-5 165 ribosomal RNA gene, partial sequence

Bacillus amyloliquefaciens strain HY2-1 16S ribosomal RNA gene, partial sequence

Fig. 4. Phylogenetic tree of isolate SE1 based on 16S rRNA sequence comparison
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4. CONCLUSION

Based on the research conducted, it can be
concluded that isolate SE1 is a termite nest
association isolate that can significantly inhibit
the growth of V. alginolyticus and V. harveyi
bacteria. The results of molecular analysis
showed that SE1 isolate has 99.65% similarity
with B. amyloliquefaciens strain HY2-1. These
bacteria have characteristics that have the
potential to be used as probiotics in the
aquaculture industry, especially vibrio biocontrol
agents.

ACKNOWLEDGEMENTS

Thanks to the Directorate General of Vocational
Education of the Ministry of Education, Culture,
Research and Technology through PKM
Research Eksakta 2023 funds. Thank you to the
Fish  Health Laboratory, Department of
Aquaculture, Pangkajene Islands State
Agricultural Polytechnic for providing space and
research equipment to the PKM RE 2023
Research Team Students and accompanying
lecturers.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Ina-Salwany MY, Al-Saari N, Mohamad A,
Mursidi FA, Mohd-Aris A, Amal MNA,
Kasai H, Mino S, Sawabe T, Zamri-Saad
M. Vibriosis in fish: a review on disease
development and prevention. Journal of
Aquatic Animal Health. 2019;31(1):3-22.
Available:https://doi.org/10.1002/aah.1004

5.

2. KKP. Vaname Shrimp (Litopenaeus
vannamei) Cultivation in Millennial Ponds.
2021;46.

3. Ardiansyah, Amrullah, Dabhlia, Indrayani,
Dwinhoven |. Comparison of some immune
components in epidermal mucus of three
species of freshwater fishes. AACL Bioflux.
2022;15(6):2938-2949.

4. Novriadi R. Vibriosis in aquaculture. Omni-
Akuatika, 2016:12(1):1-12.
Available:https://doi.org/10.20884/1.0a.201
6.12.1.24.

5. Vezzulli L, Grande C, Reid PC, Hélaouét
P, Edwards M, Hofle MG, Brettar |, Colwell
RR, Pruzzo C. Climate influence on Vibrio

10.

11.

12.

13.

101

and associated human diseases during the
past half-century in the coastal North
Atlantic. Proceedings of the National
Academy of Sciences of the United States
of America, 2016;113(34):E5062-E5071.
Available:https://doi.org/10.1073/pnas.160
9157113.

Elmahdi S, DaSilva LV, Parveen S.
Antibiotic resistance of Vibrio
parahaemolyticus and Vibrio vulnificus in
various countries: A review. Food
Microbiology. 2016;57:128-134.
Available:https://doi.org/10.1016/j.fm.2016.
02.008.

Huang Y, Zhang L, Tiu L, Wang HH.
Characterization of antibiotic resistance in
commensal bacteria from an aquaculture
ecosystem. Frontiers in  Microbiology.
2015;6(SEP):1-7.
Available:https://doi.org/10.3389/fmicb.201
5.00914.

Fitri FA, Feliatra F, Yoswati D. Sensitivity
test of vibrio sp bacteria isolated from
dumai sea waters to antibiotics
(ciprofloxacin, erytromycin And
streptomycin). Asian Journal of Agquatic
Sciences. 2020;3(2):189-192.
Available:https://doi.org/10.31258/ajoas.3.
2.189-192.

Dwinhoven |, Amalia T, Haerunnisa S,
Bakar KA. Bioactive compounds in nest-
associated bacteria termites and their
bioactivity as antivibrio in aquaculture
industry. International Journal of Applied
Biology. 2023;7(2):65-70.

Putu N, Ayu R, Zulfiana D, Wikantyoso B,
Zulfitri A. Antimicrobial production by an
actinomycetes isolated from the termite
nest. Journal of Tropical Life Science.
2018;8(3):279-288.
Available:https://doi.org/10.11594/jtls.08.03
.10.

Paray AA, Singh M, Amin Mir M. Gram
Staining: A Brief Review. International
Journal of Research and Review. 2023;
10(9):336-341.
Available:https://doi.org/10.52403/ijrr.2023
0934.

Stackebrandt E, Goebel BM. Taxonomic
Note: A Place for DNA-DNA Reassociation
and 16s rRNA sequence analysis in the
present species definition in bacteriology.
International Journal of Systematic and
Evolutionary  Microbiology  Evolutionary
Microbiology. 1994;44(4):846-849.

Bella SS, Henky M, Suzanne LU, Tumbol
RA, Ngangi ELA. Selection of probiotic


https://doi.org/10.1002/aah.10045
https://doi.org/10.1002/aah.10045
https://doi.org/10.1073/pnas.1609157113
https://doi.org/10.1073/pnas.1609157113
https://doi.org/10.31258/ajoas.3.2.189-192
https://doi.org/10.31258/ajoas.3.2.189-192

14,

15.

Mulyadin et al.; Asian J. Fish. Aqu. Res., vol. 26, no. 2, pp. 94-102, 2024; Article no.AJFAR.113931

Lactobacillus sp. from carp (Cyprinus
carpio) gut as potential for aquaculture.
Journal Budidaya Perairan. 2020;36(2):50-
56.

Misra DS, Maiti R, Ghosh D. Protection of
swimming-induced oxidative stress in
some vital organs by the treatment of
composite extract of Withania
somnifera, Ocimum  sanctum  and
Zingiber officinalis in male rat. African
Journal of Traditional, Complementary
and Alternative Medicines. 2009;6(4):534-
543.
Available:https://doi.org/10.4314/ajtcam.v6i
4.57194.

Hasanuddin P, Salnus S. Bioactivity test of
clove oil (Syzygium aromaticum) against
the growth of streptococcus mutans

16.

17.

bacteria causing dental caries. Bioma:
Makassar Biology Journal, 2020;5(2):241-
250.
Available:http://journal.unhas.ac.id/index.p
hp/bioma.

Dhumal G, Chaudhari K, Mohan M.
Bacillus amyloliquefaciens: A Review. STM
Journals, 2021;11(1):9-17.
Available:https://www.researchgate.net/pu
blication/358633541

Zalila-Kolsi I, Ben-Mahmoud A,
Al-Barazie R. Bacillus amyloliquefaciens:

Harnessing Its potential for industrial,
medical, and agricultural applications-A
comprehensive review. Microorganisms,
2023;11(9).

Available:https://doi.org/10.3390/microorga
nisms11092215

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/113931

102



