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Abstract. The mucus secreted in the epidermis of fish skin acts as the first line of defense between fish 
and pathogens in their living environment. Fish epidermal mucus has been reported to prevent the 
colonization of pathogenic bacteria. The study aimed to evaluate the activity of several immune-related 
enzymes (lysozyme and alkaline phosphatase) as well as the bacterial activity of the epidermal mucus of 
three types of freshwater fish; tilapia (Oreochromis niloticus), snakehead fish (Channa striata), and local 
catfish (Clarias batrachus) (against shrimp pathogenic Vibrio harveyi, V. parahaemolyticus, and V. 
alginolyticus). Crude and acidic extracts of epidermal mucus of fish were prepared and their antibacterial 
activity was tested by disc diffusion method against three bacterial pathogens of vannamei shrimp 
(Litopenaeus vannamei); Vibrio harveyi, V. parahaemolyticus, and V. alginolyticus, which were then 
compared with the antibiotic Streptomycin as a positive control and acetic acid as a negative control. Of 
the 18 tests performed (six types of epidermal mucus extracts against three different bacterial strains), 
11 tests showed antibacterial activity. Acid-extracted epidermal mucus showed the strongest inhibitory 
potential against pathogenic bacteria V. harveyi, V. parahaemolyticus, and V. alginolyticus compared to 
crude extract. The acidic and crude extracts were further tested for lysozyme activity, and the results 
showed that the acidic extracts of O. niloticus had the highest level of lysozyme activity followed by the 
crude extract of C. bathracus and O. niloticus. In contrast, crude extract of C. striatus showed the 
highest level of alkaline phosphatase activity, but no differences were found among the extracts 
examined. Thin layer chromatography of all extracts showed violet with ninhydrin test and yellowish-
brown spots with sulphuric acid, that’s indicating the presence of peptides and steroids respectively. 
Epidermal mucus contains some immune components that can help overcome the problem of antibiotic 
resistance of many pathogenic bacteria in shrimp culture. 
Key Words: acidic, crude, epidermal mucus, Litopenaeus vannamei, lysozyme. 

 
 

Introduction. White-leg shrimp (Litopenaeus vannamei) is one of the leading shrimp 
species cultivated for human consumption throughout the world (Manoppo et al 2011), 
with sales of around 6.4 million tons or the equivalent of 30.8 billion rupiahs in 2012 
(FAO 2014). In 2013, the value of Indonesia's shrimp exports was 33.1% or up 3.87% 
from the contribution value in 2012 (KKP 2013). The characteristics possessed by this 
species of shrimp are the reason it can be used as one of the leading aquaculture 
commodities. White-leg shrimp has many advantages, including being relatively resistant 
to disease, growing relatively fast, being able to use space more efficiently, and being 
more tolerant of environmental changes (FAO 2015). 

However, the development of shrimp farming cannot be separated from disease 
attacks. The disease is a major obstacle to increasing aquaculture production because it 
can cause relatively high mortality. The attack disease caused the export volume of 
Indonesian shrimp farming to decrease from 64.9 thousand tons in 2018 to 62.64 
thousand tons in 2019 (KKP 2019). One type of disease that can cause mass mortality in 
cultured shrimp is vibriosis. This disease is caused by bacteria of the Vibrio genus such as 
V. harveyi, V. alginolyticus, V. parahaemolyticus, and V. vulnificus (Asplund 2013; Nor-
Amalina et al 2017), and infection with these various types of vibrios occurs at every 
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stage of development, starting from the hatching stage, larval rearing to growing out in 
ponds (De-Souza Valente & Wan 2021).  

Matsumoto et al (2000) reported that V. harveyi was one of the causative agents 
of mass mortality during the rearing of Penaeid larvae. Disease attacks occur at all stages 
of life but are more common in hatcheries. V. parahaemolyticus is a halophilic bacterium 
distributed in temperate and tropical coastal waters worldwide. Some types can cause 
acute gastroenteritis in humans, often after ingesting contaminated seafood. V. 
alginolyticus has been isolated from sick white-leg shrimp showing poor growth, 
anorexia, inactivity, redness of uropods and telsons, muscle blurring, and vaginal 
discharge, leading to death. V. alginolyticus is a Gram-negative rod-shaped bacterium in 
which, in histological preparations, melanized hemocytic granulomas occur in the 
connective tissue around the hemal sinus accompanied by hemocytic aggregation in 
necrotic muscle (Liu et al 2004). 

Until now, antibiotics are still widely used to fight bacterial infections in the 
aquaculture industry. For example, florfenicol and oxolinic acid are mainly used to control 
vibriosis in cod fry in Norway. Quinolones and flumequine are widely used to treat cold 
and classic water vibriosis. However, bacterial resistance to antibiotics has been found in 
several types of Vibrio spp. bacteria due to the overuse of antibiotics in the treatment of 
diseases in the aquaculture industry (Cabello et al 2013). 

This problem has received great attention due to the increasing resistance of 
pathogens V. parahemolyticus, V. harveyi, V. alginolyticus, and V. vulnificus to many 
antibiotics on the market and used clinically (Kang et al 2017). In addition, some 
antibiotic resistance causes severe economic losses for the aquaculture industry (Zhu et 
al 2017). Extensive use of antibiotics not only promotes the development of antibiotic 
resistance but also contaminates food, water, and sediment. Defoirdt et al (2011) 
reported that the increasing use of antibiotics such as chloramphenicol, cotrimoxazole, 
erythromycin, and streptomycin to control Vibrio infection in tiger prawns (Penaeus 
monodon), causes bacteria to become resistant and antibiotics are no longer effective. 

Prajitno (2007) states alternative treatment is needed using natural ingredients 
derived from plants and aquatic biota to overcome disease in shrimp. One that can be 
used is mucus on fish skin. Fish skin mucus is a stable physical or chemical barrier 
against pathogens. In fish, the surface of the epithelial tissue is covered by a smooth 
mucoid layer. The mucus is a viscous colloidal substance that contains antibacterial 
enzymes, protein and water, and several other substances known as mucus. The mucus 
is an important component of the innate immune mechanism, which is regularly secreted 
or exfoliated to prevent the attachment of pathogens and colonization of disease-causing 
microbes and parasitic invasion (Arasu et al 2013). Arockiaraj et al (2013) reported that 
fish mucus contains several innate immunity factors such as proteins and enzymes such 
as lysozyme, immunoglobulins, complement proteins, lectins, C-reactive protein (CRP), 
proteolytic enzymes, transfer, alkaline phosphatase (ALP) and various antimicrobial 
peptides. 

The antimicrobial potential of fish slime is highly dependent on the species and 
habitat of the fish (Subramanian et al 2008). Mucus in fish skin also varies greatly in 
thickness, viscosity, and content of glycoproteins (mucus) which are also the main 
component of fish mucus and all depend on the fish species (Dash et al., 2018). In 
addition, the extraction method also affects fish slime's antimicrobial potential. Tiralongo 
et al (2020) stated that organic slime extraction showed greater inhibitory activity 
against pathogenic bacteria in humans than in water extraction. This study was 
conducted to evaluate the activity of several immune-related enzymes (lysozyme and 
alkaline phosphatase) as well as the bacterial activity of the epidermal mucus of three 
types of freshwater fish; tilapia (Oreochromis niloticus), snakehead fish (Channa striata), 
and local catfish (Clarias batrachus) against white-leg shrimp pathogenic bacteria; Vibrio 
harveyi, V. parahaemolyticus, and V. alginolyticus. 
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Material and Method 
 
Extraction of fish epidermal mucus. This research was conducted from June to 
September 2022, at the Fish Health Laboratory, Department of Aquaculture Technology, 
Pangkep State Polytechnic of Agriculture. A total of 50 fish for each species; tilapia, 
snakehead fish, and local catfish aged between 1.5 and 2 months with approximately 
150-160 g of weight were obtained from freshwater fish farming ponds in Pinrang and 
Pangkep Regency, South Sulawesi Province. The fish obtained were then acclimatized 
separately for a week using three aquaria. During this period, each fish species was 
separately fed commercial feed once a day on an ad libitum basis. Every day, 20-30% of 
water changes were carried out in each aquarium. After one week of acclimatization, the 
fish from each fish species were ready to be used for taking epidermal mucus. Only 
healthy fish were selected for epidermal mucus collection. Dead fish and fish with 
damage or injuries were excluded from each rearing aquarium. The fish-rearing aquaria 
were cleaned daily to maintain optimal water quality and avoid microbial infection.  

Before taking the mucus, the fish fasted for 24 hours. Twenty (20) fish from each 
of the three species were put separately one by one into a plastic container with a 
volume of 40 liters followed by the addition of 50 mL of 50 mM NaCl into the container. 
The plastic container was gently shaken for 5 minutes to trigger stress and release 
mucus on the fish skin’s surface. Secreted mucus was collected separately from each 
type of fish using a 15 mL centrifuge tube. The collected mucus was immediately 
centrifuged for 10 minutes at 1500 rpm at 4°C. The supernatant contained at the top of 
the centrifuge tube was transferred to a new centrifuge and then stored in a freezer at    
-20°C until needed (extract stock). When mucus samples were collected, anesthetic 
chemicals are not used. The supernatant was further divided into two parts and extracted 
separately by crude and acidic methods. 
 
Crude extraction. Crude extraction was carried out according to the method of 
Subramanian et al (2008) with some modifications. Around 250 mg of mucus extract in 
freeze-dried form was resuspended in water at a concentration of 10 mg mL-1 and 
centrifuged at 9500 × g (Beckman coulter, Avanti J-26 XPI) for 10 min at 4°C. The 
supernatant was collected and stored at -4°C until further antimicrobial testing. 
 
Acidic extraction. Acidic extraction was carried out according to the method of Hellio et 
al (2002) and Conlon (2007) with some modifications. Around 250 mg of the lyophilized 
epidermal mucus was added to a moderately 1% acetic acid (HAc) (1:4) and placed in a 
boiling water bath for 3 min to inhibit the activity of the proteolytic enzymes. The heated 
mixture was homogenized using a vortex in the ice bucket for 5 minutes. The resulting 
homogenate was then centrifuged in a refrigerated centrifuge at 25,000 g, for 35 
minutes, at 4°C and 600 mL of the homogenate supernatant was filtered through 
Whatman No. 1 filter paper and followed by a 0.45 micron Whatman nylon filter. The 
filtrate extract was stored at 4°C until further antimicrobial testing. 
 
Enzymatic activities in epidermal mucus 
 
Lysozyme activity. Lysozyme activity was measured by using a lysozyme detection kit 
(Sigma-Aldrich, Cat. no. LY0100) according to the manufacturer's instructions. The 
results of lysozyme activity were defined by the lysis of the Micrococcus lysodeikticus 
cells. The reactions were conducted at 25°C and absorbance at 450 nm was measured on 
the ultraviolet/visible spectrophotometer (Perkin Elmer, Lambda XLS, USA).  
 

A450/min test - A450/min blank (df) Lysozyme activity (Unit mL-1) = (0.001)(0.03) 
 

where: df = dilution factor, 0.001 = A450 as per the unit definition, and 0.03 = volume (in 
mL) of enzyme solution.  
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Alkaline phosphatase (ALP) activity. ALP activity of crude and acidic extracts from 
epidermal mucus of three types of freshwater fish was measured (Glory diagnostic, GD 
ALP100) using 2 types of reagents. Eight (8) mL of reagent 1 was mixed with 2 mL of 
reagent 2, stored at 2-8oC, then 20 L of each extracted sample was added to 1 mL of the 
mixture reagent. The mixture was allowed to be homogeneous and then incubated at 
room temperature for 1 minute. The measurement of activity was done using a 
spectrophotometer with a wavelength of 405 nm. The measurement was repeated in the 
2nd, 3rd, and 4th min. Then the average absorbance was calculated. 
 
Minimum inhibitory concentration (MIC) test. The purpose of the MIC test was to 
determine the lowest concentration of epidermal mucus capable of inhibiting the growth 
of V. harveyi, V. parahaemolyticus, and V. alginolyticus according to the method 
recommended by Dahak & Taourirte (2013). MIC tests were carried out by serial dilutions 
of the two extracts in six concentrations of 10, 20, 30, 40, 50, and 60 µL mL-1. Bacteria 
with a density of 2 × 106 were grown in Mueller Hinton broth and incubated at 37°C. MIC 
was determined as the lowest concentration required to inhibit microbial growth. All tests 
were performed in triplicate, using 2% dimethylsulfoxide (DMSO) as a negative control. 
 
Antibacterial activity test. The antibacterial activity of the epidermal mucus of each 
fish species was tested separately using the agar diffusion method (Loh et al 2014). The 
inhibition test of epidermal mucus extracts was carried out on the pathogenic bacteria V. 
harveyi, V. parahaemolyticus, and V. alginolyticus. A volume of 0.5 μL of isolates of 
pathogenic bacteria with a density of 106 CFU mL-1 was cultured on Tryptic Soy Agar 
media with the addition of 2% NaCl (w/v). After the media containing the pathogenic 
bacteria culture solidified, then paper discs (2 mm, Toyo Roshi Kaisha Ltd, Japan) were 
dripped with each epidermal mucus extract and 0.5 L of Streptomycin ® 100 mg 
antibiotic as a positive control, while acetic acid as a negative control was performed in 3 
replications and then incubated at 30°C for 24-h. To determine the amount of antibacterial 
activity, observations and measurements of the diameter of the clear zone formed around the 
paper disc were carried out. The filtrate containing antibacterial substances will inhibit 
pathogenic bacteria as evidenced by the presence of a clear zone around the paper disc. 
 
Thin layer chromatography (TLC). Crude extracts and acidic extracts were applied to 
a thin-layer chromatographic plate (Merck) with a capillary tube and placed in a chamber 
containing chloroform:methanol (80:20) as a developing solvent. After development, 
compounds were visualized as purplish pink spots on spraying with 10% ethanolic 
sulphuric acid as a detecting agent followed by heating at 100oC till the spots were 
visible.  
 
Data analysis. Data obtained for TLC and MIC were analyzed descriptively while others 
were analyzed using one-way analysis of variance (ANOVA) followed by Duncan's 
multiple range test which was used to determine the significant variation between the 
epidermal mucus of the three test fish species and the antibiotics used. The t-test was 
used to determine the significant difference between the zone of inhibition (ZOI) obtained 
from the two types of extracts; crude and acidic obtained from three species of fish 
tested against three types of shrimp pathogenic bacteria; V. harveyi, V. 
parahaemolyticus, and V. alginolyticus. The significance of the data was analyzed at the 
probability value of p < 0.05. All data were analyzed using SPSS Version 22. 
 
Results 
 
Enzymatic activities in epidermal mucus. Crude and acidic epidermal mucus extracts 
from the three fish species showed differences in lysozyme and ALP activities as shown in 
Table 1. Lysozyme activity was significantly higher (p < 0.05) in the acidic extract of O. 
niloticus epidermal mucus (181.80±30.77 U mg-1). But lysozyme activity was relatively 
low in the crude extract of C. striata epidermal mucus (32.40±7.16 U mg-1) and acidic 
extract of C. striata epidermal mucus (30.11±6.36 U mg-1).  
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Table 1  
Lysozyme activity from crude and acidic extracts of fish epidermal mucus 

 

Epidermal mucus extracts Lysozyme activity  
(U mg-1) 

Alkaline phosphatase activity  
(U mg-1) 

Acidic O. niloticus 181.80±30.77c 0.287±0.159ab 
Acidic C. striata 30.11±6.36a 0.241±0.026a 

Acidic C. bathracus 100.40±10.73b 0.275±0.050ab 
Crude O. niloticus 136.60±0.91bc 0.275±0.003ab 
Crude C. striata 32.40±7.16a 0.303±0.005b 

Crude C. bathracus 142.50±53.30bc 0.263±0.002ab 
Note: Values in the same column with the same letter are not significantly different (p > 0.05). 
 
Data on the measurement of ALP activity showed that crude extract of C. striata 
epidermal mucus had the highest activity (0.303±0.005 U mg-1 protein), followed by 
acidic-extracted O. niloticus (0.287±0.159 U mg-1 protein). However, no significant 
differences were found among O. niloticus acidic extract, C. bathracus acidic extract, O. 
niloticus crude extract, and C. batrachus crude extract. On the other hand, a significant 
difference appears in the different extraction methods for C. striata. The acidic extract of 
C. striata had the lowest ALP activity (p < 0.05) (0.241±0.026 U mg-1 protein). 
 
Thin layer chromatography. Epidermal mucus from the three types of freshwater fish 
both extracted by crude and acidic methods contained peptide compounds with a purple 
color change after staining with ninhydrin, and a yellowish-brown color using sulfuric acid 
(Table 2). 
 

Table 2  
Rapid detection of the presence of bioactive compounds from fish epidermal mucus thin 

layer chromatography 
 

Color changes in TLC Epidermal mucus 
extracts UV 254 UV 366 Ninhydrin H2SO4 

Estimated compounds 

Acid O. niloticus + + Purple Yellowish brown Peptide and steroid 
Acid C. striata + + Purple Yellowish brown Peptide and steroid 

Acid C. bathracus + + Purple Yellowish brown Peptide and steroid 
Crude O. niloticus + + Purple Yellowish brown Peptide and steroid 
Crude C. striata + + Purple Yellowish brown Peptide and steroid 

Crude C. bathracus + + Purple Yellowish brown Peptide and steroid 
 

Minimum inhibitory concentration (MIC) test. Mucus extract from the three different 
fish showed different MIC against the three microbial strains tested. Crude and acidic 
extraction from all fish samples showed a minimum inhibitory effect at a concentration of 
20 µL mL-1 against V. harveyi, V. alginolyticus, and V. parahaemolyticus bacteria (Table 
3). 

 
Table 3  

The minimum inhibitory concentration of epidermal mucus of the selected freshwater fish 
against the three selected pathogenic bacteria 

 
Diamater of inhibition (mm) Pathogenic bacteria MIC 

(µL mL-1) 
Mucus 

extracts O. niloticus C. batrachus C. striata 
V. harveyi 20 Crude 1.05 0.90 0.85 

 20 Acidic 0.95 0.65 0.80 
V. parahaemolyticus 20 Crude 1.16 1.10 0.98 

 20 Acidic 1.15 1.15 0.97 
V. alginolyticus 20 Crude 0.95 0.85 1.06 

 20 Acidic 1.04 0.96 1.12 
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Antibacterial test. The antimicrobial test results showed that no detectable level of 
antimicrobial activity was recorded in crude extracts of both O. niloticus and C. striata 
against the pathogen V. harveyi. Likewise, no antimicrobial activity was observed in the 
crude extract of C. batrachus and C. striata against V. parahaemolyticus (Table 4). 
 

Table 4  
Inhibitory zone (diameter) of crude and acidic extracts from epidermal mucus of three 

types of fish against three types of pathogenic bacteria 
 
Diameter of inhibition (mm) Mucus extracts 

V. harveyi V. parahaemolyticus V. alginolyticus 
1. Crude O. niloticus 

2. Crude C. batrachus 
3. Crude C. striata 
4. Streptomycin 

5. Acidic acid 

- 
2.06±0.02b 

- 
- 
- 

1.07±0.08a 
- 
- 
- 
- 

1.22±0.02b 
0.87±0.02a 
1.10±0.18ab 

- 
- 

1. Acid O. niloticus 
2. Acid C. batrachus 

3. Acid C. striata 
4. Streptomycin 

5. Acidic acid 

2.30±0.01c 
- 

0.83±0.03a 
- 
- 

1.06±0.05a 
- 
- 
- 
- 

1.28±0.19c 
1.05±0.10a 
1.01±0.05a 

- 
- 

 
The inhibitory effect of O. niloticus epidermal mucus which was extracted by acidic 
method showed the maximum inhibitory effect (2.30±0.01) against V. harveyi compared 
to O. niloticus epidermal mucus extracted by crude method (no inhibition zone). The 
same thing was observed in the inhibitory effect of O. niloticus epidermal mucus against 
V. alginolyticus bacterium. The inhibitory effect of O. niloticus epidermal mucus extracted 
by the acidic method was more significant than that of C. striata and C. batrachus 
extracted by the acidic method. The acidic extract of the epidermal mucus of O. niloticus 
could inhibit three types of pathogenic bacteria in white-leg shrimp, V. harveyi, V. 
parahaemolyticus, and V. alginolyticus while the acidic extract of C. striata could only 
inhibit V. harveyi and V. alginolyticus. The acidic extract of C. batrachus could only inhibit 
V. alginolycticus. O. niloticus epidermal mucus extracted by the crude or acidic method 
was found to inhibit the growth of V. parahaemolyticus and the same was not found in 
the epidermal mucus of C. batrachus and C. striata. Bacterial resistances of V. harveyi, V. 
parahaemolyticus, and V. algnolyticus to the antibiotic streptomycin were indicated by 
the absence of a clear zone around the disc paper that was first dropped with 
streptomycin. 

 
Discussion. Fish epidermal mucus and its components provide the first line of defense 
against pathogenic organisms. Esteban (2012), Guardiola et al (2014), and Dash et al 
(2018) explained that the components of fish skin mucus that are often found are 
antimicrobial peptides, acids, alkaline phosphatase, and lysozyme, where these 
components act as inhibitory agents against various infectious diseases. In fish skin 
mucus of our selected fish species we have found lysozyme, alkaline phosphatase, and 
bactericidal activity. In addition, this study also estimated the content of peptides and 
steroids in the epidermal mucus. The components evaluated in this study showed 
variations between the fish species. 

Measurement of lysozyme activity is essential considering the role of this enzyme 
as the first line of inhibition of the innate immune system of fish and shrimp. Magnadottir 
(2006) and Baba (2021) stated that this enzyme is bacteriolytic in fish epidermal mucus 
which helps protect against bacterial infection. Furthermore, Guardiola et al (2014), 
Ghafoori et al (2014), and Baba (2021) added that the activity of lysozyme in mucus 
showed differences between the tested fish species reflecting differences in the level of 
resistance of fish to pathogenic bacteria. Lysozyme plays a role in the body's defense of 
fish by breaking the β-1,4-glycoside bond between N-acetyl glucosamine acid and N-
acetyl muramic acid on peptidoglycan so that it can damage bacterial cell walls (Jana et 
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al 2017). As a result, water can then enter the cell and cause the cell to swell and 
eventually burst, a process called lysis. Due to its capacity to disrupt the bacterial cell 
wall, lysozyme has been considered an endogenous antibiotic (Ferraboschi et al 2021). 

In this present study, the results determined for lysozyme activity in O. niloticus, 
C. striata, and C. batrachus showed significant differences between the sample fish 
species. The lysozyme activity in the skin mucus of tilapia (O. niloticus) extracted by 
acidic method showed higher activity than others. It has been documented that 
significantly higher lysozyme activity in the skin mucus of seawater fish species is higher 
than that of freshwater fish (Subramanian et al 2007). However, the opposite has also 
been reported (Fast et al 2002). The level and activity of lysozyme in skin mucus 
depends on environmental conditions and fish species (Jung et al 2012; Nigam et al 
2012). 

Alkaline phosphatase is part of the essential lysosomal enzymes, is associated 
with the immune system, and has also been identified in fish mucus (Nigam et al 2012). 
Cheng et al (2018) claimed ALP protects against pathogenic bacteria by changing the 
surface structure of the pathogen. ALP enzyme plays an important role in the absorption 
of calcium in the water, the formation of calcium phosphate, and the secretion and 
formation of chitin. This role may be possible because of the hydrolytic activity of this 
enzyme (Sheikhzadeh et al 2012). The results found in the present study are in line with 
the results obtained by Nigam et al (2012) which showed a significant difference in 
certain alkaline phosphatase activities in the epidermal mucus of C. striata extracted by 
crude method and low in C. striata extracted by the acidic method. Subramanian et al 
(2007) documented a higher concentration of alkaline phosphatase in epidermal mucus 
of fish species such as hagfish (Myxine glutinosa) and koi fish (Cyprinus rubrofuscus) 
compared to rivers trout (Salmo trutta), haddock (Melanogrammus aeglefinus), arctic 
char (Salvelinus alpinus), and Atlantic cod (Gadus morhua). Further, Guardiola et al 
(2014) reported that alkaline phosphatase was produced in seabream (Sparus aurata), 
sea bass (Dicentrarchus labrax), shi drum (Umbrina cirrosa), and common dentex 
(Dentex dentex), while in black grouper (Mycteroperca bonaci) the amount of alkaline 
phosphatase was found high or low, respectively. This study found no significant 
association between alkaline phosphatase activity and the other non-specific immune-
related parameters in the fish mucus. In the present study, the lysozyme enzyme activity 
of the acidic extract of O. niloticus showed the strongest activity, and the crude extract of 
local catfish showed the weakest activity, the opposite was indicated by alkaline 
phosphatase enzyme activity. In line with this, Nigam et al (2012) stated that the role of 
alkaline phosphatase activity has not been determined in the innate immunity of fish 
mucus (Nigam et al 2012). However, alkaline phosphatase activity is considered to 
indicate physical or chemical stress, immunostimulation, and microbial and parasitic 
infections (Subramanian et al 2008; Baba 2021).   

Lysozyme and ALP found in epidermal mucus may play an important role in the 
immune function of fish; of these two enzymes, lysozyme has been identified in several 
fish species. The enzymatic activity has been compared between fish species or 
characterized after fish were exposed to pathogens, stress, or environmental factors such 
as temperature or salinity (Caruso et al 2011; Loganathan et al 2013). For example, in 
the present study, the lysozyme activity was at different levels in all extracted skin 
mucus and it appears to have a different effect on susceptibility to bacterial attacks. 
Another important factor is the presence of proteases that may play a protective role 
against pathogens by; i) directly degrading pathogens (Subramanian et al 2007), ii) 
inhibiting their colonization and invasion due to modification in the consistency of the 
mucus surface and/or increasing the sloughing of this mucus layer (Aranishi et al 1998), 
and iii) activate and enhance the production of other innate immunity components 
present in fish mucus such as the complement system including lysis of infectious 
organisms, activation of inflammation, opsonization and immune clearance, 
immunoglobulin, or antibacterial peptides (Fernandez et al 2002). However, protease 
activity has not been observed in the present study. 

Epidermal mucus can be a source of antimicrobial peptides (AMPs). The role of 
AMPs is increasingly being recognized as an important factor in host defense mechanisms 
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and is found in organisms ranging from microbial, and plant to animal species (Fernandes 
et al 2002; Kennedy et al 2009). AMPs also play an important role in fish compared to 
mammals because fish rely more on their innate immune system (Hancock & Scott 
2000). 

Fish epidermal mucus may have been used for disease control purposes because 
of its antimicrobial compounds. The granular glands in fish produce certain secretions 
that may be effective against microbes. These antimicrobial compounds are associated 
with and dispersed from the epidermal mucus-producing epidermal cells of fish. Fish by-
products are rich in peptides, steroids, and enzymes as obtained in this study. Several 
antimicrobial agents are present in the mucus of bony fish that bind to microbes and 
destroy them (Tiralongo et al 2020). 

This study shows that all fish slime contained peptides and steroids. Tyor & 
Kumari (2016) reported that fish mucus is secreted by epidermal goblet cells and 
consists of mucin and other substances such as inorganic salts, immunoglobulins, 
proteins, and lipids suspended in the water giving it characteristic lubricating properties. 
Furthermore, fish mucus is a slimy secretion, consisting of mucins and a combination of 
other substances such as inorganic salts, immunoglobulin, proteins, and lipids suspended 
in the water giving it characteristic lubricating properties which help in choking pathogens 
(Kumari et al 2019). Salerno et al (2007) concluded that the peptides found in fish 
mucus include alpha-helical peptide piscidins or moronecidins, pleurocidins, dicentracins, 
and chrysopsins. Peptides are known for their broad-spectrum activity against parasitic 
microorganisms at very low minimum inhibitory concentrations (MIC) (Deslouches & Di 
2017). The concentration of all epidermal mucus extracts that was able to inhibit the 
growth of the three pathogenic bacteria tested was found at the lowest concentration of 
20 µL mL-1. In addition, steroids found in the epidermal mucus, such as glucocorticoids, 
diffuse from the blood to the epidermal mucus because of their lipophilic nature (Bertotto 
et al 2010). The glucocorticoid response to environmental disturbances is of increasing 
interest because it can be used to measure the impact of stressors on individuals 
(Wikelski & Cooke 2006). 

Several previous studies have revealed that the epidermal mucus of some fish 
species has strong anti-bacterial properties and activity against various microbial 
pathogens (Subramanian et al 2008; Balasubramanian et al 2012). Our data also confirm 
this and evidence that epidermal mucus from three freshwater fish species showed 
bactericidal activity against bacterial pathogens with substantial differences between fish 
species and bacterial strains. 

Regarding the antimicrobial activity of the acidic extract of epidermal mucus, 
Hancock & Sahl (2006) reported that extracting fish mucus under acidic conditions 
causes the higher ability of the protein to become more soluble. Although the data 
obtained showed varied results, a tendency seemed to indicate that the acidic extract of 
mucus contained the greatest bactericidal activity (Wei et al 2010; Venilla et al 2011). It 
is further explained that the bactericidal activity might be due to the activity of the 
lysozyme enzyme and the data of this study support this hypothesis. But, the data found 
on alkaline phosphatase show different things. Thus, based on epidermal mucus data, 
other compounds with antimicrobial implications, or a combination of many factors, play 
a role in bactericidal activity. In this sense, several antimicrobial peptides have been 
identified in epidermal mucus capable of exerting bactericidal activity (Valero et al 2013). 

Several studies have shown that mucus-producing cells in the epidermal layer 
differ between fish species and, therefore, may influence the composition of secreted 
epidermal mucus (Subramanian et al 2008). Furthermore, the biochemical properties of 
epidermal mucus may appear different depending on the ecological and physiological 
conditions, stress management, growth, and maturity stages. In this study, the results of 
the antibacterial activity of the three tested freshwater fish also further confirmed that 
epidermal mucus can be a source of antimicrobial products. Previous study conducted by 
Nurtamin et al (2016) also showed strong antibacterial activity in the mucus of Anguilla 
sp.. Ebran et al (2000) stated that only the hydrophobic component of epidermal mucus 
extracted by the crude method from freshwater and marine fish showed strong pore-
forming properties, which correlated well with antibacterial activity. 



AACL Bioflux, 2022, Volume 15, Issue 6. 
http://www.bioflux.com.ro/aacl 2946 

Contrary to the findings of this study, Ebran et al (2000) observed that three 
proteins (45 kDa, 49 kDa, and 65 kDa) of the epidermal mucus supernatant of eel 
(Anguilla anguilla), tench (Tinca tinca), and rainbow trout (Oncorhynchus mykiss) 
exhibited different MIC values, ranging from 1 to 5 µg mL-1. In other words, the same 
fish species or different fish species show different MICs against different or the same 
bacterial strains. The existence of different ages, habits, and habitats of different fish can 
be the reason behind this variation. Further studies on the extract of epidermal mucus 
could be developed to identify antimicrobial peptides in fish and their precise role in 
immunity. 

 
Conclusions. In this study, crude and acidic extraction of epidermal mucus from three 
test fish species that were challenged with pathogenic bacteria showed a broad spectrum 
of bactericidal activity against the tested shrimp pathogenic bacteria. The antibacterial 
activity of epidermal mucus may be due to the fish mucus's peptides, steroids, and 
enzyme contents. Therefore, fish epidermal mucus contains antibacterial compounds that 
can be used as alternative antibiotics that can be used in aquaculture. Epidermal mucus 
can be a natural product, which can help reduce the problem of antibiotic resistance in 
the shrimp farming industry. 
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