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Abstract
A search for antibacterial activity of carp fish mucus was performed for different protein concentrations,
against four different bacterial strains Aeromonas hydrophila, Aeromonas sorbia, Pseudomonas
fluorescens and Vibrio anguillarum. Protein concentrations (3.40 mg/ml) in catla mucus samples were
found higher than the protein concentrations (3.12 mg/ml) of rohu mucus samples when tested by
Bicinchoninic assay (BCA). Antibacterial activity was detected in mucus samples of four carp fish
species, against the four bacterial strains. The results of this study indicate that the mucus of carp fish
contain one or several components (protein, beneficial bacteria and other chemical component) with
antibacterial activity. These bioactive substances may play an important role in the ability of mucus to
defend carp fish against pathogenic bacteria or microorganisms. However, more investigation is
necessary to confirm the antibacterial activity in carp fish mucus at different protein concentration and to
purify and characterize the active components.
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1. Introduction
Advanced improvements and new formulations in the modern chemotherapeutic techniques
have been used widely. But infectious diseases are still an alarming issue in case of public
health in recent world [1]. So, still new methods of extruding pathogens along with the
combination of existing methods are desired [2]. To promote this state, in recent times, research
has been introduced to find out a potential method to prevent diseases worldwide. Several
endeavors have been made to discover novel antimicrobial drugs from natural sources together
with plant and animal product [3].
Natural chemicals have been a boon for shielding and treating the various indisposition of
diverse origin [4]. Using these chemicals in human chemotherapeutics is a common practice.
WHO stated that, out of 252 traditional medicines, 8.7% and 11.1% come from animals and
plants originated sources respectively [5]. Fish body also exerts such by products like
potentially valuable enzymes, proteins, minerals, flavours or pigments which have a key role
in their innate defense mechanisms [6].
Fish lives in aqueous environment which itself is a source of microbial pathogens invading
aquatic organisms. Even with a close contact with high concentrations of such pathogens, fish
can still preserve a fit and vigorous system under normal condition. The fish produces mucus
substances composing of biochemically diverse secretions from epidermal and epithelial cells
which are key components of innate immunity [7, 8]. The mucus layer thought to act as a
lubricant [9]. This layer wraps the surface of external body to lessen body friction against water
and to protect from detrision injury [10] and as a mechanical barrier of the skin it hinders way in
the majority of microorganisms into the body. Fish biologists suspected that mucus might be
involved in ion regulation [11]. Increased rate of susceptibility to bacterial infection in carp
(Cyprinus carpio) was evidenced with the loss of epidermal mucus [12]. A certain fatty acid
compositional study of the flesh of the snakehead (Channa striatus) revealed unusually high
arachidonic acids actively involved in initiating wound repair [13].
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Antibacterial activity in mucus has been demonstrated in
several fish species [14]. But studies are available mostly on
cold water fishes. In the present study effort was made to study
the antibacterial activity of two Indian major carps Labeo
rohita, Catla catla and two Chinese carps Hypophthalmichthys
molitrix, Ctenopharyngodon idella against selected bacteria
(Aeromonas hydrophila, Aeromonas sorbia, Pseudomonas
fluorescens and Vibrio anguillarum. These pathogens were
selected because of their relevance in infections and high
mortality in fish [15].
2. Materials and Methods
2.1 Collection of fish
The experimental fishes Labeo rohita, Catla catla,
Hypophthalmichthys molitrix and Ctenopharyngodon idella
irrespective of sex, healthy growing live fishes around 6
months old, weigh about 500 gms of each were purchased
from nearby culture ponds located at Sadar, Jessore,
Bangladesh. The purchased fish were acclimatized to
laboratory conditions in well water and they were maintained
for one week. During this period the fish were fed with
conventional commercial feed once a day. Every day 50% of
the water was changed. After one week of acclimatization the
fish were used for mucus collection. Only healthy fish were
chosen for mucus collection. Dead fish or fish with skin
lesions were removed from the tank.

h. The results were recorded by measuring the zones for
growth inhibition surrounding the disc. Clear inhibition zones
around the disc were expressed in terms of diameter of zone of
inhibition and were calculated in mm by means of cm scale,
recorded and the average were tabulated.
2.5 Determination of antimicrobial assay
The spectrum of antimicrobial activity was studied using the
mentioned four different strains of pathogenic bacteria. One
antibiotic agent Erythromycin was used for pathogenic
bacteria.
3. Results
3.1 Antibacterial activity of the fish mucus
Antibacterial activity of the fish mucus of four freshwater
fishes L. rohita, C. idella, C. catla and H. molitrix against four
pathogenic bacteria are presented in the Table-1, Table 2,
Table-3 and Table-4 in terms of zone of inhibition.
Table 1: Antibacterial activity of skin mucus from L. rohita

2.2 Collection and preparation of skin mucus extract
Mucus was carefully scraped from the dorsal body using a
sterile spatula. Mucus was not collected in the ventral side to
avoid intestinal and sperm contamination. Before collection of
mucus sample any anesthetic chemicals were not applied. The
collected fish mucus samples were stored at 4 0C for further
use. The mucus samples were collected aseptically from the
fish and thoroughly mixed with equal quantity sterilized
physiological saline (0.85% NaCl) and centrifuged at 5000
rpm for 15 minute. The supernatant was kept at 4 0C for the
antimicrobial studies.
2.3 Protein measurement by BCA kit
Protein concentrations of fish mucus were determined by BCA
protein assay kit [16, 17] described by Mozumder [18]. This very
assay is a detergent-compatible formulation based on
Bicinchoninic acid for the colorimetric detection and
quantization of total protein.
2.4 Inoculation of bacterial strains
Antibacterial activity of freshwater cultivable fish L. rohita, C.
catla, H. molitrix and C. idella mucus was determined against
four pathogenic bacteria Aeromonas hydrophila, Aeromonas
sorbia, Pseudomonas fluorescens and Vibrio anguillarum.
These pathogenic strains were obtained from the
Microbiological Laboratory of University of Dhaka,
Bangladesh.
In vitro antibacterial assay was carried out by disc diffusion
technique [19]. Whatman No.1 filter paper discs with 4 mm
diameter were impregnated with known amount (10 µl) of test
sample of fish mucus and a standard antibiotic disc. At room
temperature (32 0C) the bacterial plates were incubated for 24

Sl.
No.

Bacterial
Pathogens

01
02
03
04

A. hydrophila
A. sorbia
P. fluorescens
V. anguillarum

Zone of inhibition
(mm in diameter)
Rohu (L. rohita)
18
30
26
28

+ ve control (in
mm)
(Erythromycin)
19
26
22
30

Table 2: Antibacterial activity of skin mucus from C. idella

Sl.
No.

Bacterial
Pathogens

01
02
03
04

A. hydrophila
A. sorbia
P. fluorescens
V. anguillarum

Zone of
inhibition (mm
in diameter)
Grass carp (C.
idella)
12
09
19
16

+ ve control (in
mm)
(Erythromycin)
19
26
22
30

The magnitude of zone of inhibition was A. sorbia > V.
anguillarum > P. fluorescens > A. hydrophila for L. rohita as
mentioned in Table-1. The mucus of L. rohita showed more
effect in controlling the growth of gram-negative bacteria A.
sorbia with an inhibition zone of 30 mm in diameter which is
more than the other gram negative bacteria V. anguillarum (28
mm), P. fluorescens (26 mm) and A. hydrophila (18 mm). L.
rohita mucus showed much more resistance than the positive
control (Erythromycin) against A. sorbia and P. fluorescens.
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Table 3: Antibacterial activity of skin mucus from C. catla
Sl.
No.

Bacterial
Pathogens

01
02
03
04

A. hydrophila
A. sorbia
P. fluorescens
V. anguillarum

Zone of
inhibition (mm in
diameter)
Catla (C. catla)
22
28
26
23

+ ve control (in
mm)
(Erythromycin)
19
26
22
30
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Table 4: Antibacterial activity of skin mucus from H. molitrix

Sl.
No.

Bacterial
Pathogens

01
02
03
04

A. hydrophila
A. sorbia
P. fluorescens
V. anguillarum

Zone of
inhibition (mm
in diameter)
Silver Carp (H.
molitrix)
17
14
21
18

+ ve control
(Erythromyci
n)
19
26
22
30

The maximum zone of inhibition was observed against P.
fluorescens (19 mm) for C. idella and magnitude pattern is V.

anguillarum > A. hydrophila > A. sorbia representing value
16 mm, 12 mm, 09 mm respectively. But C. idella mucus
didn’t demonstrate any greater resistance than positive control
against four pathogenic bacteria.
The magnitude of zone of inhibition was P. fluorescens > V.
anguillarum > A. hydrophila > A. sorbia in case of H. molitrix
as stated in Table-4. The mucus of H. molitrix expressed more
achievement in restraining P. fluorescens (21 mm). V.
anguillarum (18 mm), A. hydrophila (17 mm) and A. sorbia
(14 mm) showed less zone of inhibition than P. fluorescens
but H. molitrix mucus didn’t conveyed any fact of more zone
of inhibition than positive control. The entire scenario of the
above mentioned data are depicted in Figure-1.

Fig 1: Antibacterial activity of L. rohita and C. catla is higher than C. idella and H. molitrix against A. hydrophila, A. sorbia, P.
fluorescens and V. anguillarum
For C. catla, A. sorbia confirmed higher zone of inhibition
(28 mm) whereas A. hydrophila evidenced lowest value of 22
mm diameter. V. anguillarum and P. fluorescens indicated 23
mm and 26 mm of zone of inhibition. In case of C. catla only
V. anguillarum showed less zone of inhibition than positive
control.
3.2 Protein concentration in mucus sample
The protein concentration of the skin mucus was measured by
using BCA protein measurement kit collected from the
Microbiological Laboratory of University of Dhaka. Protein
concentrations of four carp fish mucus sample are tabulated in
Table-5.
Table 5: Protein concentration of carp fish mucus sample

Mucus
sample
H. molitrix
C. idella
L. rohita
C. catla

BCA method
Weight of
Protein conc.
mucus sample
(mg/ml)
(gm)
4.86
0.3
3.50
5.49
0.3
4.19
3.56
0.2
3.24
3.04
0.2
3.20

Mean protein
conc. (mg/ml)
4.18
4.84
3.40
3.12

4. Discussion
In every human civilization, natural fauna have been used as
medicinal resources for the cure and relief of a multitude of
disease and illness [20]. Utilization of fish biomass offers a wide
range of attractive methods for including and building
protection against diseases [21]. Fish mucus is a multifunctional
matter playing a crucial role in respiration, communication,
feeding, ionic and osmotic regulation, resistance to disease,
reproduction, excretion and nest building [8].The main site of
interaction of the greater part of microbes is thought to be
plasma membrane, where they cause pore formation or
membrane lysis [22].
The mucus generating cells in epidermal and epithelial layers
had been accounted to vary between fish species and
consequently could influence the mucus composition. Mucus
protein concentration of four carp mucus was conducted in the
present study. Protein concentrations are measured through
BCA kit method. The results show that all the samples possess
protein concentration. However, protein concentrations in C.
idella fish mucus samples are higher than the other three
mucus samples. This study also reveals that mucus represents
an important biological interface between carp fish and their
aqueous environment. Two proteins (27 and 31 kDa) have
been isolated which confer antibacterial properties in the skin
mucus of carp [12]. More antibacterial activity at protein
concentration ranges from 3.12-3.40 mg/ml is observed in two
Indian major carp fishes (Catla catla and Labeo rohita) than
exotic
fishes
(Hypophthalmichthys
molitrix
and
Ctenopharyngodon idella) due to protein concentration ranges
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from 4.18-4.84 mg/ml.
Mucus holds some proteases (serine protease, cysteine
protease, metalloprotease and trypsin like protease) having
strong antibacterial activity [23]. This surface layer also
contains numerous peptides which involve in the defense of
invading microorganisms. Amphipathic α-helical peptides,
such as dermaseptin, ceratotoxin and meganinin bind with
anionic phospholipid rich membranes and dissolve them like
detergents [24, 7]. A novel-25 residue antimicrobial peptide,
pleurocidin was reported to discover and characterize by
Alexander M. Cole et al. [25] from the epidermal mucus cells of
winter flounder. Endogenous peptides play an important role
in fish defense, possess broad spectrum of antimicrobial
activity against bacteria. Lysozyme isolated from fish was an
enzyme with bacteriostatic properties and was ubiquitous in its
distribution among living organisms [26].
In the present study, dissimilarity in their antibacterial activity
was observed among the fish mucus. This may be due to the
variance in the relative levels of lysozyme alkaline
phosphatase, cathepsin B and protease of the epidermal mucus
of all fish species [27]. Fish lectins appear to play antibacterial
or antifungal roles and in some instances seem to involve in
egg-sperm fusion, polyspermy prevention and embryo
development. Natural, non-Ig precipitins are found largely, but
not exclusively in fish serum and precipitate with simple
monosaccharides or long chain polysaccharides of certain
stereochemistry and glycosidic linkages. Their functions
remain unknown but C-reactive protein is induced following
stress-induction and exposure to inflammatory agents [28].
The above findings support that, the mucus collected from C.
catla, H. molitrix, L. rohita and C. idella showed resistance
against the selected bacteria and Indian major carp L. rohita
and C. catla mucus demonstrated much resistance to the
microbes. The present work supports the view that fish mucus
could be source of antimicrobial agent for human and fish
pathogens. Further purification of the bioactive compounds is
necessary in order to identify their chemical nature and to
evaluate their potential as novel drug.

4.

5. Conclusion
The results suggest that fish mucus have bactericidal
properties and thus play important role in the protection of fish
against the invasion of pathogens. Thus this work has been an
excellent evidence to prove the medicinal value of the mucus
collected from selected Indian major carps and Chinese carps.
Further study will surely open new window of disease
protection for promoting sustainable aquaculture.

16.

5.
6.

7.

8.
9.
10.

11.
12.

13.
14.
15.

17.

18.
6. Acknowledgement
Authors were thankful to Professor Dr. Md. Anisur Rahman,
Chairman, Dept. of Fisheries & Marine Bioscience, Jessore
University of Science & Technology (JUST), Jessore,
Bangladesh for providing the lab facilities.

19.

20.
7. References
1. WHO. Food safety and food borne illness. World Health
Organization Fact Sheet 2002, 237.
2. Leistner L. Hurdle effect and energy saving. In Downey
WK (ed.) Food Quality and Nutrition. Applied Science
Publication London 1978, 553.
3. Wei OY, Xavier R, Marimuthu K. Screening of
antibacterial activity of mucus extract of snakehead fish,
Channa striatus (Bloch), European Review of Medical
and. Pharmacological Sciences 2010; 14:675-681.

21.
22.
23.

~ 161 ~

Haniffa MA, Viswanathan S, Jancy, D, Poomari K,
Manikandan S. Antibacterial studies of fish mucus from
two marketed air-breathing fishes – Channa
striatus
and Heteropneustes fossilis. International Research
Journal of Microbiology 2014; 5(2):22-27.
Marques JGW. Fauna medicinal: recurso do ambient
eouamesea a biodiversidade? Mutum. 1997, 1-4.
Hellio C, Pons AM, Beaupoli C, Bourgougnon N, Gal YL.
Antibacterial, antifungal and cytotoxic activities of
extracts from fish epidermis and epidermal mucus.
International Journal of Antimicrobial Agents 2002;
20:214-219.
Pickering AD. The distribution of mucus cells in the
epidermis of brown trout Salmotrutta (L) and the char
Salvelinus alpines (L). Journal of Fish Biology 1974;
6:611-618.
Ellis AE. Immunity to bacteria in fish. Fish & Shellfish
Immunology 1999; 9:291-308.
Rosen M, Cornford M. Fluid friction of fish slimes.
Nature 1971; 234:49-51.
Bragadeeswarn S, Priyadharshini S, Prabhu K, Rani SRS.
Antimicrobial and hemolytic activity of fish epidermal
mucus Cynoglossus arel and Arius caelatus. Asia Pacific
Journal of Tropical Medicine 2011, 305-309.
Laurent P. Fish Internal Morphology. Fish Physiology
1984; 10:73-183.
Lemaitre C, Orange N, Auperin B, Molle G.
Characterization and ion channel activities of novel
antimicrobial proteins from the skin mucosa of carp
(Cyprinus carpio). European Journal Biochemical 1996;
240:143-149.
Mat JAM, McCullock R, Croft K. Fatty acid and amino
acid composition in haruan as a potential role in wound
healing. General Pharmacology 1994; 25:947-950.
Austin B, Mcintosh. Natural antibacterial compounds on
the surface of rainbow trout, Journal of Fish Disease 1988;
11: 275-277.
Roberts RJ. Ulcerative dermal necrosis (Udn), Fisheries
Research 1993; 17:3-14.
Smith PK, Krohn RI, Hermanson GT, Mallia AK, Gartner
FH, Provenzano MD et al. Measurement of protein using
bicinchoninic acid. Analytical Biochemistry 1985;
150(1):76-85.
Wiechelman KJ, Braun RD, Fitzpatrick JD. Investigation
of bicinchoninic acid protein assay: identification of the
groups responsible for color formation. Analytical
Biochemistry 1988; 175(1):231-237.
Mozumder MMH. Antibacterial activity in fish mucus
from farmed fish. May, 2005.
Bauer AW, Kirby WMM, Sherris JC, Turck M. Antibiotic
susceptibility of testing by a standardized single disc
method. American Journal of Clinical Pathology 1996;
45:493-496.
Costa-Neto M. Animal based medicines: Biological
prospection and the sustainable use of zootherapeutic
resources. Anais da Academia Brasileira de Ciências
2005; 77:33-43.
Sattar MA, Paul DK, Arafat SMY, Khan MZH, Mia MC.
Antibacterial activity of Boal fish (Wallago attu). CMU
Journal 2006; 5(3):323-331.
Hancock RE, Lehrer R. Cationic peptides: a new source of
antibiotics. Trends in Biotechnology 1998; 16(2):82-88.
Fast MD, Sims DE, Burka JF, Mustafa A, Ross NW. Skin
morphology and humoral non non specific defense

International Journal of Fisheries and Aquatic Studies

24.
25.

26.

27.

28.

parameters of mucus and plasma in rainbow trout, coho
and Atlantic salmon. Comparative Biochemistry and
Physiology 2002; 132 (A):645-657.
Mat Jias AM, Zakaria ZA, Luo A. Antifungal activity of
Channa striatus (Harun) crude extracts. Internal Journal
Tropical Medicine. 2008; 3(3):43-48.
Cole AM, Weis P, Diamond G. Isolation and
characterization of pleurocidin, an antimicrobial peptide
in the skin secretions of winter flounder. The Journal of
Biological Chemestry. 1997; 272(18):12008-12013.
Hellio C, Bremer G, Pons AM, Le Gal Y, Bour-Gougnon
N. Inhibition of the development of microorganisms
(bacteria and fungi) by extracts of marine algae from
Brittany
(France).
Applied
Microbiology
and
Biotechnology 2000; 54:543-549.
Subramanian S, MacKinnon SL, Ross NW. A
comparative study on innate immune parameters in the
epidermal mucus of various fish species. Comparative
Biochemistry and Physiology 2007; 148(B):256-263.
Alexander JB, Ingram GA. Noncellular nonspecific
defense mechanisms of fish. Annual Review of Fish
Diseases 1992; 2:249-279.

~ 162 ~

