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Abstract  
 

Aquaculture is currently experiencing massive loss due to the outbreak of pathogenic bacteria. One of the 
outbreak causes is the development of pathogenic bacterial resistance to the antibacterial. The problem 
can be solved using microorganisms that can produce new antibacterial compounds. The purpose of this 
research was to obtain bacteria from fishpond water that could produce antibacterial compounds. About 
two out of 81 isolates could produce antibacterial compounds. Those two isolates were obtained from 
saltwater fishponds in North Jakarta (TS2) and Harapan Island (PHY). All fishpond water was grown in 
marine broth or Luria broth. Extraction of antibacterial compounds was performed using four types of 
solvents: chloroform, dichloromethane, ethyl acetate, and methanol. Each of the solvents showed a 
different result. The extraction can only be successfully performed using chloroform and 
dichloromethane. Extraction using dichloromethane showed a larger inhibitory clear zone than 
chloroform. Based on 16S rRNA gene sequencing, PHY isolate was identified as Bacillus sp. and TS2 as 
Acinetobacter sp. In conclusion, isolate TS2 and PHY, which produced antibacterial compounds, showed 
potential use as aquaculture probiotics.  
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1. Introduction 

Aquaculture is one of the fastest-growing food production sectors in the world 

for the past decade. Aquaculture production in 1999 increased to more than 42 million 

tons from 7.4 million tons in 1980. Aquaculture production has reached 7.7% per year 

since 1960, the share of cultivated fish from total fish production has increased from 

10.6% in 1960 to 40.2% in 2014 (Tran et al., 2017). But this achievement has some 

significant problems, especially with animal diseases. The effect of conditions in 

aquaculture is overwhelming and also can make an enormous economic loss. Disease 

outbreaks may be caused by terrible aquatic farming techniques to eliminate pathogens 

(Prem et al., 2011). The most significant loss of economic value in Penaeus vannamei 

cultivation in 2010-2016 occurred due to acute hepatopancreatic necrosis caused by 

Vibrio parahaemolyticus (Shinn et al., 2018). 

Terrible aquatic farming to eliminate pathogens may be caused by massively 

using antimicrobials, like an antibiotic, to control disease and promote growth in 
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aquaculture animals. It can cause problems like antimicrobials residues in aquatic 

animal tissues, modification of bacterial resistance mechanisms, and gastrointestinal 

microbiota imbalance in marine animals, affecting their health (Carrera et al., 2020;  

Kumar et al., 2019; Vasiliadou et al., 2018; Francino, 2016).  

Those problems, especially resistance development-related issues, can be solved 

using probiotics, an excellent solution to replacing regular antibiotics to inhibit 

pathogens and disease control in aquaculture animals. Probiotic microorganisms can 

produce novel antibacterial with bactericidal or bacteriostatic effect on pathogens in the 

host's intestine, improve water quality, and make a barrier against the development of 

opportunistic pathogens (Akhter et al., 2015; Assefa & Abunna, 2018). 

Pathogenic bacteria in aquatic animals are classified as indigenous and non-

indigenous. The non-indigenous pathogenic bacteria include Escherichia coli, Clostridium 

botulinum, Shigella dysenteriae, Staphylococcus aureus, Listeria monocytogenes, and 

Salmonella sp. In contrast, indigenous pathogenic bacteria include Aeromonas hydrophila 

and Vibrio vulnificus. Bacteria can become pathogens when organisms are deficient in 

nutrition and environmental stress, which allow opportunistic bacterial infections. An 

example of other stressors is low water quality or overstocking. Some pathogenic 

bacteria species can attack either aquatic animals or humans and maybe without disease 

symptoms in the marine animals. These human infections caused by pathogenic bacteria 

transmitted from aquatic animals are quite common and seasonal (Karl et al., 2018).  

The research gap is that local probiotics isolated from fishpond, especially 

bacteria that can produce antibacterial compounds, are still rare. So, this research aimed 

to obtain bacteria isolated from fishpond water, which can produce antibacterial 

compounds. Three pathogenic bacteria, including Aeromonas hydrophila ATCC 7966, 

Vibrio vulnificus ATCC 27562, and Pseudomonas aeruginosa KCTC 1637, were used to 

determine the antibacterial activity of fishpond water bacteria.  

 

2. Material and Method 

2.1. Isolation of Bacteria from Fishpond Water Samples 

Water samples were collected from fishpond within 0-20 cm depth using a sterile 

bottle. Water samples were diluted by ten-fold serial dilution into 0.85% (w/v) 

physiological salt and homogenized using a vortex. The diluted water sample was spread 

on Marine Agar (MA) for the sample from saltwater fishpond (Ren et al., 2018) or Luria 

Agar (LA) (10g tryptone, 5 g yeast extract, and 10 g NaCl, 15 g agar bacteriological, and 

1000 mL ddH2O) for the sample from freshwater fishpond. All of the media were 

incubated overnight at 28°C. Each bacteria with different morphology were picked and 

streaked on respective media. For long-term maintenance, stock solution cultures were 

stored in 15% (v/v) glycerol on tryptic soy broth at -80°C. 
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2.2. Extracellular Antibacterial Activity Assay 

Extracellular antibacterial activity was evaluated using the well-diffusion method 

(Pundir, Rana, Kaur, Kashyap, & Jain, 2014). P. aeruginosa KCTC 1637 was cultivated in 

LB at 37°C; meanwhile, A. hydrophila ATCC 7966 and V. vulnificus ATCC 27562 were 

cultivated in BHIB at 30°C. Cultures were incubated overnight. Fishpond water bacteria 

were grown in Marine Broth (MB) or Luria Broth (LB) (10g tryptone, 5 g yeast extract, 

and 10 g NaCl, and 1000 mL ddH2O) at 28°C for 48 hours. Cell-free supernatant was 

harvested by centrifugation twice (8,000×g for 10 min). Each test bacteria suspension 

was measured to reach an absorbance of 0.132 at a wavelength of 600 nm (0.5 

McFarland). Each 100 µL of standardized test bacteria suspension was spread on 

Mueller Hinton Agar (MHA) by using a sterile cotton bud. A well was made for each 

section by using a sterile cork borer. Each 20 μL of cell-free supernatant was pipetted 

into each well (Balouiri et al., 2016).  

Ampicillin (10 μg/mL) and tetracycline (30 μg/mL) were used as a positive 

control; meanwhile, MB or LB was used as a negative control. Plates were incubated 

overnight based on the optimum temperature of each test bacteria. Formed inhibition 

zone was observed, and the diameter was measured. The forming of the inhibition zone 

indicates the bacteria isolate can produce extracellular antibacterial compounds. 

 

2.3. Intracellular Antibacterial Activity Assay 

Intracellular antibacterial activity was evaluated using the cross streak method 

(Balouiri et al., 2016). The Cross-streak method was started by streaking each bacteria 

isolate continuously on half of the MHA plate. Streaked plates were incubated overnight 

at 28°C. Each test bacteria were inoculated by straight streak at 90° angles to the 

bacterial isolate. Inoculated plates were incubated overnight based on the optimum 

temperature of each test bacteria. A formed inhibition zone was observed after 

incubation. The forming of the inhibition zone indicates the bacteria isolate can produce 

intracellular antibacterial compounds. 

 

2.4. Production of Antibacterial Compound 

PHY and TS2 isolates were grown for 24 hours in 25 mL MB or LB at 28°C. After 

incubation, each of the grown positive bacterial isolates was measured to reach the 0.5 

McFarland standard, which has an absorbance of 0.132 at the wavelength of 600 nm. A 

total of 80 mL of inoculum were grown for two days in 400 mL MB or LB at 2000 mL 

Erlenmeyer Flask using water bath shaker for 120 rpm at 28°C. After incubation, each of 

the grown positive bacterial suspensions was moved to the conical tube and centrifuged 

at 6,000 ×g for 20 minutes. For positive bacterial in the extracellular antibacterial test, 

the cell-free supernatant can be tested again using agar well diffusion (Balouiri et al., 

2016). 

  For positive bacteria in the intracellular antibacterial test, the pellet was washed 

twice and then resuspended using 10 mL PBS for each step. Each step was centrifuged at 
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10,000 ×g for 10 minutes. Bacterial suspensions were then sonicated for 5 minutes and 

were centrifuged at 6,000 ×g for 10 minutes. The supernatant can be tested again using 

agar well diffusion (Balouiri et al., 2016). 

2.5. Extraction of Antibacterial Compound 

The antibacterial compound was extracted using liquid-liquid extraction. The 

solvent used for the extraction is chloroform, dichloromethane, ethyl acetate, and 

methanol. The supernatant was mixed with the solvent by a volume ratio of 1:1 (v/v). 

The mixture was mixed in a separating funnel for 15 minutes and then kept still to 

separate organic and aqueous phases for 15 minutes prior (Shetty et al., 2014). The 

organic phase was then collected and separated from the solvent by using a rotary 

evaporator at 40°C with different pressure based on the used solvent (Aboshora et al., 

2014). The crude extract was dried using an oven vacuum at 40°C. The dried crude 

extract was diluted into PBS and tested again for the antibacterial activity against test 

bacteria using the well-diffusion method (Aboshora et al., 2014). 

 

2.6. Molecular identification of PHY and TS2 Isolates 

All of the positive bacteria isolates were molecularly identified by isolating the 

genome using Wizard® Genomic DNA purification kit (Promega), amplification using 

PCR, and sequencing. Fragment 16S rRNA was amplified using primer sequences 63F 

and 1387R (Marchesi et al., 1998). PCR step was carried out at 94°C for 5 min, then 

followed by 30 cycles of denaturation for 30 sec at 94°C, annealing for 30 sec at 55°C, 

and extension for 1 min at 72°C, with a post-extension for 20 min at 72°C. PCR product 

was then visualized by using electrophoresis with 1% (w/v) agarose. The gel was 

stained by using ethidium bromide and destained by using ddH2O. Visualization of the 

result was done by Gel Documentation Instrument using UV light. The sequencing of the 

16S rRNA gene was performed by 1st BASE, Malaysia. The result was analyzed by using 

BLAST and compared with the NCBI database. 

 

3. Results and Discussion 

In this study, 2 out of 81 bacterial isolates (Table 1) showed the ability to produce 

antibacterial compounds, which are isolated from North Jakarta (TS2) and Harapan Island 

(PHY). Positive isolates may be difficult to found from freshwater and saltwater 

fishponds because there are no plenty of nutrients like in marine invertebrates and 

seaweeds (Veronica et al., 2014).  
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Table 1.  Total bacteria isolated from saltwater and freshwater fishpond 
Sources Location Organisms Total Isolates 

Maritime Higher 
Education Institute 
Fishpond 

North Jakarta, DKI 
Jakarta 

Milkfish (Chanos chanos) and 
Tilapia (Oreochromis mossambicus) 

12 

Kepu Village Fishpond North Jakarta, DKI 
Jakarta 

Milkfish (Chanos chanos) and 
Tilapia (Oreochromis mossambicus) 

18 

Harapan Island Fishpond Thousand Islands Lane Snapper (Lutjanus synagris), 
Largescaled Terapon (Terapon 
theraps), Giant Trevally (Caranx 
ignobilis), and Big Eye Trevally 
(Caranx saxfasciatus) 

17 

Hawai Fishpond Banten, West Java Milkfish (Chanos chanos) and 
Tilapia (Oreochromis mossambicus) 

17 

He Mei Village Fishpond Long Dong, 
Taiwan 

Abalone (Haliotis diversicolor) 17 

 

The extracellular antibacterial activity test showed that TS2 has antibacterial activity 

against A. hydrophila and V. vulnificus (Table 2). There were no isolates with antibacterial 

activity against P. aeruginosa, which may happen because P. aeruginosa has an 

intrinsically high resistance to most antibiotics. This is in line with the previous research 

(Algammal et al., 2020), which succeeded in isolating P. aeruginosa bacteria from the 

fish culture with multidrug resistance against cefotaxime, amoxicillin, and tetracycline 

by 70-80% of the total isolates. Besides that, P. aeruginosa can form a biofilm, has a 

multidrug efflux mechanism, and many structurally unrelated antimicrobial agents 

(Anupama et al., 2018). 
 

Table 2. Extracellular and intracellular antibacterial activity of fishpond water bacteria 
against aquaculture pathogenic bacteria  

Pathogenic  Isolate Code 
Clear Zone (mm) 

Extracellular Intracellular 
Aeromonas hydrophila TS2 4 - 

PHY 4 10 
Pseudomonas aeruginosa TS2 - - 

PHY - - 
Vibrio vulnificus TS2 4 - 

PHY - - 

 

The percentage of crude extract yield results were varied, between 0.9 - 2.4% (w/v) 

per 400 mL medium. All of the antibacterial compounds' extracts were tested again using 

agar well diffusion methods (Figure 1). After extraction with various types of solvents, the 

antibacterial activity test, which are chloroform, dichloromethane, ethyl acetate, and 

methanol, showed that not all of the solvents could bind the antibacterial compounds. Two 

out of four solvents can extract the antibacterial compounds, which are chloroform and 

dichloromethane (Table 3).  
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Figure 1. Antibacterial activity of extracellular antibacterial compounds by using dichloromethane extraction 

against Aeromonas hydrophila 

 

Some extracts of antibacterial compounds have a bigger inhibition zone than 

before extraction, which is also related to the studies that stated that extracts of 

antimicrobial compounds would have a bigger inhibition zone than before extraction 

(Veronica et al., 2014). The better test result of extract extracted by using chloroform 

against V. vulnificus may happen because chloroform can bind antibacterial compounds 

with anti-Vibrio properties (Preetha et al., 2010).  

In Table 3, methanol is not able to extract antibacterial compounds against the 

three pathogens. This study's result is not in line with the previous study (Gao et al., 

2017), which succeeded in extracting anti-Vibrio from supernatant Bacillus pumilus H2 

lyophilized using methanol solvent. 
 

Table 3.  Antibacterial activity result after extraction with various type of solvents 

Pathogen Bacterial Isolates E/I1 
Clear Zone (mm) 

NE2 C3 D4 EA5 M6 
A. hydrophila TS2 E 4 5 18 - - 

PHY E 4 4 10 - - 
I 10 - - - - 

P. aeruginosa TS2 E - - - - - 
PHY E - - - - - 

I - - - - - 
V. vulnificus TS2 E 4 10 - - - 

PHY E - - - - - 
I - - - - - 

(1=extracellular or intracellular, 2=no extraction, 3=chloroform, 4=dichloromethane, 5=ethyl acetate, 
6=methanol) 

 

The larger diameter of inhibition was mostly obtained by using dichloromethane 

than chloroform. There was no result from a positive intracellular antibacterial activity 

assay. There was also no further new activity other than the previous test before extraction 

(Table 3). Extraction of the antimicrobial compound depends on the used solvent's polarity 

(Tan et al., 2020). Polar extracts mostly have a higher antimicrobial activity, which 

caused the best solvent to extract antimicrobial compounds mostly is methanol. However, 

TS2 

PHY 
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this present study suggested that no organic solvent showed an effective result in extracting 

bacterial compounds. There are many factors in finding the optimal solvent, such as target 

compounds and microorganisms (Pérez et al., 2016). Not all of the antimicrobial 

compounds are polar; there are also nonpolar antimicrobial compounds like some fatty 

acids and medium-polar, like alkaloid and flavonoid (Tan et al., 2020). Chloroform and 

dichloromethane were both nonpolar solvents, so there is no activity using polar solvents 

like ethyl acetate and methanol. Dichloromethane is also less polar than chloroform, leading 

to better results because the potential antimicrobial compounds may happen to be nonpolar 

(Sujatha & Suresh, 2013).  

Molecular identification of positive bacterial isolates was conducted by 

identifying the 16S rRNA gene. The results showed that PHY was identified as Bacillus 

sp. and TS2 were identified as Acinetobacter sp. In this study, PHY isolate was obtained 

from a fishpond filled with Giant Trevally and surrounded by three other marine fish 

types (Lane Snapper, Large-scaled Terapon, and Big Eye Trevally). A study stated that 

Bacillus was already successfully isolated from the gut of marine fish and applied as 

probiotic because of the ability to inhibit pathogens (Thangamani & Rajendran, 2016). 

There is still no research about disease treatment using probiotics against pathogens on 

Giant Trevally because no outbreak of pathogens had occurred.  

Bacillus is widely known as a probiotic for aquatic animals and humans, and 

other animals. Bacillus is currently being developed in a region like Southeast Asia, 

which the farming of marine animals is very intensive. The beneficial effect of probiotics 

for the host includes enhancing the immune system, reducing environmental stress, 

producing exoenzymes, increasing feed digestibility, and producing antimicrobial 

compounds (Kuebutornye et al., 2019; Olmos et al., 2020). Most commercialized Bacillus 

probiotics use the production of antimicrobial compound mechanisms, such as 

bacteriocins and bacteriocin-like inhibitory substances or antibiotics (Soltani et al., 

2019). The Genus of Bacillus, such as Bacillus velezensis and Bacillus siamensis, produces 

vast antimicrobial substances, including polyketide and cyclic lipopeptide; they are 

capable of inhibiting broad-spectrum aquatic pathogens (Li et al., 2020; Xu et al., 2018;    

Yi et al., 2018). The genus Bacillus is widely used as a probiotic in aquaculture because of 

its ability to produce spores to adapt to variations in extreme environmental conditions 

and limited nutritional resources (Ringø et al., 2020).  

In this study, TS2 was isolated from a fishpond filled with Milkfish and Tilapia. A 

previous study stated that Acinetobacter had already been isolated from both fish, and it 

is also a common bacteria in the gut of marine fish (Thangamani & Rajendran, 2016). 

Acinetobacter KU011TH is known to have antibacterial activity against A. hydrophila, 

phagocytic activity increases mucosal skin immunity, and is also non-toxic in catfish. 

Hence, it can be used as a probiotic in aquatic animals (Bunnoy et al., 2019).  

Acinetobacter sp. that were co-immobilized with Sphingomonas sp.,  also known to 

improve water quality and bind pollutants to produce quality crab production (Shao et 

al., 2020).  Besides that, (Liu et al., 2010) study explained that Acinetobacter isolated 
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from saltwater fish could degrade poly-β-hydroxybutyrate (PHB). PHB is the most well-

known polyhydroxyalkanoate and accumulated as carbon and energy storage by many 

bacteria. β-hydroxybutyrate can protect aquatic animals from pathogens by two 

mechanisms that provide energy to the intestinal mucosa, increasing intestinal health, 

resistance to infections, and decreasing the growth and the virulence of the pathogens. 

 

Conclusion 

There are 2 out of 81 bacterial isolates that can produce antibacterial compounds 

from saltwater fishponds in North Jakarta (TS2) and Harapan Island (PHY). TS2 can 

produce extracellular antibacterial compounds against A. hydrophila and V. vulnificus. 

PHY can produce both intracellular and extracellular antibacterial compounds against A. 

hydrophila. No antibacterial activity against P. aeruginosa from both bacterial isolates. 

PHY isolate was identified as Bacillus sp. and TS2 identified as Acinetobacter. Extraction 

of the antibacterial compound can only be successfully performed by using chloroform 

and dichloromethane. Extraction using dichloromethane had a larger inhibitory 

diameter than chloroform.  
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