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ABSTRACT 

 

The skin mucus of the rice eel (Monopterus albus) contains various antibacterial compounds and 

has the potential as a synthetic antibiotic. This research was conducted to explore the potential 

antibacterial power of the rice eel skin mucus against some pathogenic bacteria in freshwater 

fish. The bacteria were isolated from five samples of rice eel cultivation ponds belonging to Mr. 

Sabwan and then challenged with the mucus of the eel's skin through diffusion tests using 

paper discs. The rice eel skin mucus tested its antibacterial activity against three species of 

freshwater bacteria, Aeromonas hydrophila, Escherichia coli, and Staphylococcus aureus, by testing 

sensitivity and inhibitory zones. The inhibitory zones of each bacterium were measured using 

Vernier caliper which refers to the standardization of the inhibitory zone: < 4 mm no activity, 5-

9 mm weak, 10- 14 mm medium, and > 15 mm strong. Test results showed that the eels' skin 

mucus could inhibit the growth of bacteria Aeromonas hydrophila, Escherichia coli, and 

Staphylococcus aureus. 
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INTRODUCTION 

 

Cases of AMR (antimicrobial 

resistance) have become a global concern, 

and the spread of bacteria resistant to 

various antibiotics has created severe health 

problems (Van Duin & Paterson, 2016). 

According to the National Institute of 
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Allergy and Infectious Disease in 

Kurniawan (2017), the cause of antibiotic 

resistance is the genetic mutation of 

microbes, so they become more resistant to 

antibiotics. Increased antibiotic resistance to 

antibiotics commonly used in aquaculture 

has motivated researchers to look for new 

antibacterial agents (Patil et al., 2015).  The 

last ten years, many researchers have 

discovered the natural antibacterial agent of 

skin mucus from many fish species against 

several pathogenic microbes (Reverter et al., 

2018). 

In this study, researchers wanted to 

analyze the antibacterial potential of the 

skin mucus of rice eel (Monopterus albus) 

using the disc diffusion method. The 

challenge that often attacks fish farming 

businesses in Indonesia is a bacterial 

infection that is pathogenic in water 

(Directorate of Production and Cultivation 

Business, 2017). Aeromonas hydrophila, 

Escherichia coli, and Staphylococcus aureus are 

bacterial diseases that generally attack fish. 

Aeromonas hydrophila is a pathogenic 

bacterium that causes Motile Aeromonas 

Septicemia (MAS) disease in fish (Saputra et 

al., 2018). According to Hanson et al. (2012), 

fish infected with Aeromonas hydrophila are 

characterized by redness of the fins, 

bleeding on the body surface, 

exophthalmia, swollen abdomen, erosion of 

the fins, skin and ulcers. Escherichia coli is a 

bacterium commonly found in aquaculture, 

especially in freshwater fish. Escherichia coli 

infection can cause death characterized by 

septicemia (Razak et al., 2019). 

Staphylococcus aureus is not a normal flora in 

fish. Staphylococcus aureus infection in fish is 

characterized by septicemia, endocarditis, 

renal carbuncle, epidural abscess, kidney, 

spleen and liver disorders (Li & Hu, 2012). 

Fish skin mucus contains innate 

immune components such as lectins, 

pentraxin, lysozyme, proteolytic enzymes, 

alkaline phosphatase, C-reactive protein, 

complement, AMPs (antimicrobial 

peptides), and immunoglobulins that have 

antibacterial potential (Hedmon, 2018; Praja 

et al., 2021). According to research 

conducted by Setiawan (2016), rice eel skin 

mucus contains bioactive such as 

glycoproteins, lectins, hemagglutinins, and 

hemolysins, which are released through 

Mucus glands from eel skin that act as 

antibacterial, in addition to research 

conducted by Hilles (2018), said that rice 

field eel skin mucus has antibacterial 

properties and has shown a significant 

bacteriostatic effect. Rice eel skin mucus 

contains antimicrobial peptides, which is 

helpful as an alternative therapy in 

aquaculture because of its potential as an 

antibacterial (Dash et al., 2018). 

Banyuwangi is one of the eel-producing 

districts in Indonesia. Eel production in 

Banyuwangi District has increased by 

140.82%, from 4.9 tons in 2014 to 11.8 tons in 

2017 (Banyuwangi District Fisheries and 

Food Service, 2018). The high demand for 

fish consumption has seen the emergence of 

many fish farming businesses, one of which 

is the cultivation of rice eel. Rice eels are 

freshwater fish belonging to the 

Synbranchidae family under the order 

Synbranchiformes (Hilles et al., 2019). 
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MATERIALS AND METHODS 

 

Materials 

The study was conducted from May to 

August 2023. Five rice eel skin mucus were 

collected from rice eel cultivation in the 

Licin Subdistrict, Banyuwangi District, East 

Java, Indonesia. The materials used for 

collecting rice eel skin mucus are 70% 

alcohol and ice cubes. Materials needed for 

bacterial isolation are Nutrient Broth (NB) 

(Merck®), Eosin Methylene Blue Agar 

(EMBA) (Merck®), Tryptic Soy Agar (TSA) 

(Merck®), Mannitol Salt Agar (MSA) 

(HIMEDIA®), Methyl Red and Voges 

Proskauer (MR-VP) (Merck®), Buffer 

Peptone Water (BPW) (HIMEDIA®), D-

Mannitol (Merck®), Sulfide Indole Motility 

(SIM) (Merck®), Simmons Citrate Agar 

(SCA) (Merck®), methyl red indicator, 

liquid paraffin, oxidase strip, 0.5 ml rabbit 

plasma, 40% potassium hydroxide (KOH) 

solution, 5% alpha naphthol, 95% ethanol, 

Kovach reagent (Merck®), hydrogen 

peroxide 3% (H2O2), sterile aquadest and 

water samples from aquaculture ponds of 

rice eel. For staining, malachite green, 

crystal violet, Lugol, alcohol acetone, 

safranin, oil immersion are used. The 

materials needed for the diffusion test are 

Mueller Hinton Agar (MHA) (Merck®), 

McFarland 0.5, rice eel skin mucus, sterile 

aquadest, chloramphenicol antibiotic discs, 

blank disc, 0.9% physiological NaCl, and 

bacterial suspension of Aeromonas 

hydrophila, Escherichia coli, and 

Staphylococcus aureus. 

This study is a laboratory experimental 

study to determine the effect of antibacterial 

activity of rice eel skin mucus against 

Aeromonas hydrophila, Escherichia coli, and 

Staphylococcus aureus bacteria through a test 

of bacterial activity using Kirby-Bauer disc 

diffusion method using paper discs 

containing eel skin mucus. 

Antibacterial activity tests can be done 

using inhibition test. The method used in 

this research is Kirby-Bauer agar diffusion 

method using disc diffusion with selective 

media, namely Mueller Hinton Agar 

(Oktovia, 2017). The diffusion test is the 

most frequently used inhibitory test because 

its implementation is easy, inexpensive, and 

its measurement is not difficult (Al Rosyad, 

2012). MHA media is the standard medium 

used for antibacterial susceptibility testing. 

According to Himedia (2018), the use of 

MHA was chosen by the Clinical 

Laboratory Standards Institute (CLSI) 

because this medium supports the growth 

of most pathogenic bacteria. 

The data obtained were analyzed 

descriptively. The results of the antibacterial 

sensitivity test of rice eel skin mucus are 

presented in tables and figures 

(Kusriningrum, 2011). This study uses a data 

collection technique that measures the zone 

of inhibition by making direct observations 

on the object under study by looking at the 

diameter of the inhibition zone formed and 

then measured using a Vernier caliper. The 

inhibition zone of each treatment was 

measured using a Vernier caliper which 

refers to the standardized inhibition zone: < 

4 mm no activity, 5 – 9 mm weak, 10 – 14 

mm medium, and > 15 mm strong (Nonutu 

et al., 2021). The larger the inhibition zone 

formed, the more effective the material 

tested against bacteria (Widyaningsih, 2019). 
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RESULTS AND DISCUSSION 

 

The results of this study were obtained 

from the results of the isolation and 

identification of bacteria Aeromonas 

hydrophila, Escherichia coli, and 

Staphylococcus aureus. The isolation and 

identification of Aeromonas hydrophila were 

classified as a Gram-negative bacterium, 

and the results of biochemical tests showed 

positive for motility, catalase, fermentative 

oxidase, and oxidase. Escherichia coli is 

classified as Gram negative with 

biochemical results tests showing positive 

for motility and Methyl Red, negative for 

Voges Proskauer and Simon Citrate Agar. 

Meanwhile, Staphylococcus aureus is 

classified as Gram positive with 

biochemical test results showing positive 

for catalase, mannitol fermentation, 

coagulation, and Voges Proskauer.  

The results of the antibacterial power 

test of rice eel skin mucus from cultured 

pond water against the three bacteria were 

obtained with the Kirby-Bauer agar 

diffusion test using disc diffusion. The 

positive control in this study of rice eel skin 

mucus has a concentration of 100%, and the 

antibiotic chloramphenicol. Based on the 

results of the research conducted, samples of 

rice eel skin mucus that were challenged 

against Aeromonas hydrophila, Escherichia coli, 

and Staphylococcus aureus bacteria had 

antibacterial potential.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Inhibition zone of antibacterial activity test result 

Figure 2. Aeromonas hydrophila yellowish cream on TSA media (left) and results of Gram 
staining of Aeromonas hydrophila 1000x magnification (right) 
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Table 1. Biochemical test results for Aeromonas hydrophila 

No Substrate Test Test Results 

 Positive Negative Final Result 

1 Gram Staining  - Gram-negative 

2 Motility +  Motile 

3 Catalase +  Catalase enzyme is present 

4 Fermentative Oxidase +  Oxidizes and ferments bacteria 
toward  glucose 

5 Oxidase +  Oxidase enzyme is present 

 

 

 

 

 

 

 

Table 2. Biochemical test results for Escherichia coli 

 

 

 

 

 

 

 

 

Table 3. Biochemical test results for Staphylococcus aureus 

 

 

 

 

 
 

No Substrate Test Test Results 

 Positive Negative Final Result 

1 Gram Staining  - Gram-negative 

2 Motility +  Motile 

3 MR (Methyl Red) +  Ferments glucose to acid 

4 VP (Voges-Proskauer)  - Does not produce acetonin 

5 SCA (Simmons Citrate Agar)  - Maintains green color 

No Substrate Test Test Results 

 Positive Negative Final Result 

1 Gram Staining +  Gram-positive 

2 Catalase +  Catalase enzyme is present 

3 Mannitol Fermentation +  Acid is present 

4 Coagulation +  Coagulase enzyme is present 

5 VP (Voges-Proskauer)  +  Produces acetoin 

Figure 3. Escherichia coli is metallic green in EMBA media (left) and Escherichia 
coli Gram Stain Results 1000x magnification (right). 
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Table 4. Diffusion test results of rice eel skin mucus against Aeromonas hydrophila, Escherichia 
coli, and Staphylococcus aureus 

 
 

The antibacterial activity results indicate 

that eel skin mucus can inhibit the growth of 

Aeromonas hydrophila bacteria with an 

average inhibition zone diameter of 10.52 

mm, Escherichia coli bacteria with 9.66 mm, 

and Staphylococcus aureus bacteria with 10.78 

mm. Furthermore, according to the table, 

Chloramphenicol antibiotic as a positive 

control shows inhibition of Aeromonas 

hydrophila bacteria with an average 

inhibition zone diameter of 30.06 mm, 

Escherichia coli bacteria with 24.33 mm, and 

Staphylococcus aureus bacteria with 23.95 

mm.  

The Aeromonas hydrophila bacteria 

obtained are in accordance with the 

statement of Akmal et al. (2020) 

that Aeromonas hydrophila bacteria is one of 

the most common bacteria infecting 

freshwater fish. According to   Tamala et al. 

(2021), Aeromonas hydrophila bacteria have 

been isolated and identified in freshwater 

fish cultures, including eels. In addition, 

Hanson et al. (2012) stated that redness of 

the fins, bleeding on the body surface, 

exophthalmia, swollen abdomen, erosion of 

the fins, and skin and ulcers on rice eels 

were caused by infection with Aeromonas 

hydrophila bacteria.  

Escherichia coli bacteria that have been 

isolated and identified are in accordance 

with   Razak et al.’s (2019) finding that 

 
No 

 
Tests 

Inhibition zone 

A. Hydrophila (mm) E. coli (mm) S. aureus (mm) 

Mucus Control (+) Mucus Control (+) Mucus Control (+) 

1 I 10.78 29.50 10.38 25.65 10.20 21.33 

2 II 10.50 28.70 9.83 25.80 9.90 23.35 

3 III 10.98 28.18 9.35 21.15 11.28 24.80 

4 IV 9.05 25.60 9.70 23.63 11.45 26.90 

5 V 11.28 38.33 9.05 25.40 11.05 23.38 

Total Average 10.52 30.06 9.66 24.33 10.78 23.95 

Figure 4. Staphylococcus aureus is golden yellow on MSA media (left) and 
Staphylococcus aureus Gram Stain Results. 1000x magnification (right) 
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Escherichia coli is a Gram-negative bacterium 

often found in aquaculture as an indicator of 

water, soil, food and beverage 

contamination. Escherichia coli infection in 

rice field eels can cause death in fish 

characterized by septicemia.  

The Staphylococcus aureus bacteria 

obtained are in accordance with   Hammad 

et al. (2012) that Staphylococcus aureus 

bacterial infection in eels indicates 

contamination of water hygiene or 

secondary infection in eels. In addition, Li 

and Hu (2012) stated that eel organ 

disorders such as kidney, spleen and liver 

were caused by infection with Staphylococcus 

aureus bacteria.  

The average inhibition zone obtained 

shows that rice eel skin mucus can inhibit 

the growth of Aeromonas hydrophila bacteria 

with an average inhibition zone diameter of 

10.52 mm, Escherichia coli bacteria at 9.66 

mm and Staphylococcus aureus bacteria at 

10.78 mm. Based on the table, the results are 

that the antibiotic chloramphenicol as a 

positive control can inhibit the growth of 

Aeromonas hydrophila bacteria with an 

average inhibition zone diameter of 30.06 

mm, Escherichia coli bacteria 24.33 mm and 

Staphylococcus aureus bacteria 23.95 mm. The 

emergence of an inhibitory zone is due to 

the antibacterial activity of fish skin mucus 

containing innate immune such as lectins, 

pentraxin, lysozyme, proteolytic enzymes, 

alkaline phosphatase, C-reactive protein, 

complement, antimicrobial peptides (AMP) 

and immunoglobulins which have potential 

antibacterial power (Hedmon, 2018). 

 

 

 

 

CONCLUSION 

 

The conclusions obtained from the 

results of the study were that the eel skin 

mucus tested against Aeromonas hydrophila 

bacteria had a medium antibacterial activity 

with an inhibition zone diameter of 10.52 

mm, Escherichia coli had a weak antibacterial 

activity with an inhibitory zone diameter of 

9.66 mm, and Staphylococcus aureus had a 

medium antibacterial activity with an 

inhibition zone diameter of 10.78 mm. 
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