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Introduction
Fish are generally exposed to pathogen microorganisms 
in their aquatic environments and depend on innate 
immunity to mount rapid defensive responses (Ellis 
2001, Işık et al 2016). An important component of 
this innate immune system is the mucus layer coating 
their skin. This mucus is not just a passive barrier; 
it also helps protect the fish by using its rich mix of 
active molecules (Hitit et al 2020, Sharba et al 2022). 
A recent study showed that dynamic physical and 
biochemical barrier, displaying numerous biological 
and ecological roles such as protection against 
abrasion environmental toxins, pathogens. Fish mucus 
also contains various immune components (such as 
lysozyme, immunoglobulins (IgM, IgD), complement 
proteins (eg., C3, C4), lectins, antimicrobial peptides) 
that play a crucial role in preventing pathogen adhesion 
and invasion. In addition to this barrier function, these 
components exhibit bacteriostatic or bactericidal 

effects, contributing directly to the inhibition or 
elimination of microbial pathogens (Fiordelmondo et 
al 2023, Dik et al 2024).
Mucus surfaces are dynamic matrices. Mucosal surfaces 
are highly dynamic structures, and their composition 
can vary between fish species as well as in response 
to internal factors such as developmental stage, and 
external influences including stress, water temperature, 
pH, and infections (Hoare et al 2021, Fiordelmondo et 
al 2023, Reverter et al 2018). 
Oncorhynchus mykiss (O. mykiss) generally farmed 
in the Black Sea region due to its high adaptability to 
the local environment and good growth performances 
(Akbulut et al 2002, Kaya Öztürk et al 2019). Under 
intensive aquaculture conditions the mucus layer. 
natural defence mechanisms have played a critical 
important role in enhancing our understanding of fish 
immunological mechanisms against pathogens and 
environmental changes (Esteban 2012, Ghafarifarsani 
et al 2021).
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Abstract

Fish are constantly exposed to various bacterial, fungal, and viral pathogens in 
both natural and artificial environments. As the first line of defense against these 
external threats, mucosal surfaces, particularly skin mucus, play a critical role. Skin 
mucus is not only a physical barrier but also an active immunological interface 
enriched with molecules such as lysozyme, immunoglobulins, complement proteins, 
and antimicrobial peptides. In aquaculture systems, infectious diseases represent 
a major threat to fish health and productivity. This study aimed to evaluate the 
immunological components and antimicrobial activity of skin mucus obtained from 
Oncorhynchus mykiss (O. mykiss). Levels of immunoglobulin M (IgM), complement 
components C3 and C4 were quantified using enzyme-linked immunosorbent assay 
(ELISA). Lysozyme activity was assessed spectrophotometrically. The antimicrobial 
properties of the mucus were tested against eight selected bacterial and fungal 
pathogens by determining their Minimum Inhibitory Concentration (MIC) and 
Minimum Lethal Concentration (MLC). Skin mucus samples contained significant 
levels of immune-related proteins. Mucus showed significant antimicrobial activity 
against Gram-positive and Gram-negative bacteria and some common fungal 
species. In particular, its bacteriostatic and bactericidal effects are quite high against 
Gram-negative bacteria. This study demonstrates that the skin mucus of O. mykiss is 
not only a passive barrier but also an active component of innate immunity, offering 
potential as a natural biological source in sustainable aquaculture practices and in 
the development of alternative antimicrobial agents. 

Keywords: Antimicrobial peptides, Immunity, Lysozyme, Mucus, Oncorhynchus 
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the mucus sample was mixed with 2.5 mL of bacterial 
suspension, and the change in absorbance was measured 
at 450 nm. Lysozyme activity was calculated based on the 
rate of absorbance decrease observed over a specific time 
interval and expressed as activity units per unit volume 
(Levipan et al 2020, Sridhar et al 2021).

Determination of Immune Parameters
Immunoglobulin M (IgM), complement component 3 
(C3), and complement component 4 (C4) levels were 
measured to evaluate the immune profile of mucus 
samples. Commercial ELISA kits from MyBioSource were 
used for these analyses: Fish Immunoglobulin M ELISA 
Kit (BAA12043.1) for IgM, Fish Complement Component 
3 ELISA Kit (MBS005953) for C3, and Fish Complement 
4 ELISA Kit (MBS281826) for C4.
All assays were carried out using 96-well microplates, 
following the manufacturers’ instructions. Absorbance 
readings were taken at 450 nm with a microplate reader. 
The resulting optical density (OD) values were then used 
to calculate the concentrations of each component (in µg/
mL) by referencing standard curves generated during the 
assay.

Antibacterial and Antifungal Activity Tests
The antimicrobial activity of the fish skin mucus was 
assessed using a serial dilution method in 96-well 
microtiter plates. Minimum Inhibitory Concentration 
(MIC) and Minimum Lethal Concentration (MLC) values 
were determined according to CLSI (2024) and EUCAST 
(2020) guidelines. All bacterial and fungal microorganisms 
tested were obtained from the Culture Collection of the 
Faculty of Veterinary Medicine, Aksaray University. The 
tested microorganisms included Staphylococcus aureus, 
and Gram-negative bacteria such as E. coli, P. multocida, 
Aeromonas spp., Yersinia spp., and Salmonella spp., along 
with fungal pathogens A. fumigatus and Candida spp.
The total protein concentration of the crude mucus 
extract was quantified using the Bradford assay. This 
value was used as the starting concentration for the 
dilution assays. Two-fold serial dilutions were prepared 
in sterile conditions, and for each well, 100 µL of diluted 
mucus sample was added, followed by the addition of 
approximately 1.5 × 10⁶ CFU/mL of bacterial or fungal 
suspension.
At the end of the incubation period, each well was visually 
inspected. The lowest mucus concentration at which no 
visible turbidity was observed was recorded as the MIC. 
To determine the MLC, 10 µL suspensions were aseptically 
taken only from the wells where MIC was observed 
and streaked onto Mueller–Hinton agar and Sabouraud 
dextrose agar plates. Plates were incubated at 37 °C for 24 
h and 28 °C for 48 h) under aerobic conditions. The lowest 
concentration that produced no microbial growth on the 

Microbial contamination and the presence of zoonotic 
pathogens in all animal-derived food products pose 
significant risks to both animal and human health 
(Baytaroğlu and Kucukkagnici 2025, Ghafarifarsani et 
al 2021, Keskinoglu and Gulel 2022, Telli et al 2022). 
Significant pathogens in aquaculture such as Salmonella 
spp., Yersinia spp. and Aeromonas spp. can deal mucosal 
immunity. Zoonotic bacteria pose important risks to 
both fish and human health. Consequently, assessing 
the antimicrobial properties of fish mucus against these 
pathogens is vital for sustainable aquaculture and food 
safety (Ghafarifarsani et al 2021).
Recent studies also highlight the antifungal potential of 
fish mucus, particularly against Aspergillus fumigatus 
and various Candida species (Yadav and Mishra 2023). 
This suggests that fish mucus is a different immune 
component, giving defense against bacteria, fungi, and 
viruses (Díaz-Puertas et al 2023, Yadav and Mishra 
2023, Dik et al 2024).
The aim of this study is to evaluate in vitro the immune-
related components present in the mucus of O. mykiss 
and determine its antimicrobial efficacy against zoonotic 
bacterial pathogens, including Escherichia coli (E. coli), 
Pasteurella multocida (P. multocida), Aeromonas spp., 
Yersinia spp., and Salmonella spp. Insight into how this 
natural barrier interacts with pathogens can provide 
important understanding for fish health management 
and potential biomedical applications.

Material and Methods
Collection of Fish Mucus Samples
Mucus samples were collected from the abdominal and 
lateral surfaces of each fish using a sterile spatula and 
transferred to sterile 15 mL tubes. Mucus samples were 
obtained fresh from commercially sourced O. mykiss. To 
ensure homogeneity, fish of the same harvest batch were 
used, meeting standard freshness criteria such as firm 
texture, bright gills, and clear eyes, as described by the FDA 
(2024). The sampled fish represented a homogeneous 
group, with an average weight of approximately 1500 
± 100 g. A total of 20 fish mucus samples were taken 
from fish transported under the aseptic conditions and 
delivered to the laboratory under cold chain conditions. 
Mucus samples were centrifuged at 2000 g for 10 min, the 
resulting supernatant was subsequently passed through a 
0.45 µm membrane filter (Sartorius), and all samples were 
stored at −20 °C until use (Hitit et al 2020).

Determination of Lysozyme Activity
The Micrococcus lysodeikticus (ATCC No: 4698; Sigma-
Aldrich) solution was prepared in 0.05 M sodium 
phosphate buffer to a final concentration of 0.2 mg/mL 
(pH 6.2) for lysosym activity. In each analysis, 100 µL of 
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µg/mL, respectively. All measurements were conducted in 
triplicate, and the data are presented as mean ± standard 
deviation (Table 1).
Antimicrobial Activity Findings (MIC and MLC Values)
The antimicrobial effects of fish mucus on eight different 
microorganisms were determined based on MIC and 
MLC values, which were expressed as protein equivalents 
(µg/mL) according to the Bradford-based protein 
quantification of crude mucus extract, whose initial 
concentration was approximately 4 mg/mL.
The analysis revealed significant differences in microbial 
susceptibility to fish mucus, with MIC values ranging from 
31.25 to 250 µg/mL and MLC values from 62.5 to 500 µg/
mL. The lowest MIC was observed against Aeromonas 
spp. (31.25 µg/mL), while the highest MIC was recorded 
for A. fumigatus (250 µg/mL). Similarly, the lowest MLC 
value was 62.5 µg/mL for Aeromonas spp., and the highest 
MLC was 500 µg/mL for A. fumigatus (Table 2).

solid media was recorded as the MLC.
MIC and MLC determinations were performed following 
standard broth microdilution protocols recommended 
by the Clinical and Laboratory Standards Institute (CLSI, 
2024; EUCAST, 2020) and previously described methods

Statistical Analysis
Positive controls contained only microorganisms, while 
negative controls contained only fish mucus. Antibiotics 
and antifungal agents were used for comparison. All 
experiments were performed in triplicate, and results 
were expressed as mean ± standard deviation (X± SD). 
Statistical differences were analyzed using one-way 
ANOVA followed by Tukey’s post hoc test (p < 0.05).

Results
Lysozyme Activity Findings

The lysozyme activity of fish mucus analyzed using M. 
lysodeikticus, and the mean activity level was determined 
as 2.86 ± 0.31 U mg-¹.
Mucosal Immune Parameters
The ELISA analyses performed on the mucus samples 
revealed that the concentrations of IgM, C3, and C4 were 
303.4 ± 12.7 µg/mL, 102.8 ± 10.2 µg/mL, and 98.6 ± 9.3 
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Table 1. ELISA Results for Mucosal Immune Parameters of 
skin mucus of Oncorhynchus mykiss (IgM, C3, C4)

Parameter Mean Concentration 
(µg/mL)

Standard Deviation 
(±SD)

IgM 303.4 12.7

C3 102.8 10.2
C4 98.6 9.3

Table 2. MIC and MLC Values of Fish Mucus Against Various 
Microorganisms of skin mucus of Oncorhynchus mykiss

Microorganism MIC (µg/mL) MLC (µg/mL)

Staphylococcus aureus 62.5 125

Escherichia coli 125 250
Pasteurella multocida 62.5 125

Aeromonas spp. 31.25 62.5

Yersinia spp. 62.5 125
Salmonella spp. 125 250

Aspergillus fumigatus 250 500
Candida spp. 125 250

Figure 1. Comparative MIC and MLC concentrations (µg/mL) of fish mucus against tested microorganisms. Values are presented as mean ± 
standard deviation (SD) from three independent replicates. MIC: Minimum Inhibitory Concentration; MLC: Minimum Lethal Concentration.
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samples obtained from various marine fish species and 
identified the relationship between these molecules and 
general immune function. Compared to the findings of 
Chen et al (2023) in O. niloticus, our results in O. mykiss 
confirm that although C3 levels are similar, host–parasite 
specificity strongly influences the killing efficiency.
Despite these findings, studies providing quantitative data 
on the concentrations of C3 and C4 in particular in fish 
mucus are still quite limited. The partially lower levels of 
these complement proteins in mucus compared to blood 
serum levels are explained by their limited diffusion to 
external mucosal surfaces, as also noted by Salinas et al 
(2011).
The lysozyme activity of fish mucus was measured as 2.86 
± 0.31 U mg-¹. This level of activity is in agreement with 
previous studies reporting lysozyme as a major component 
of the innate immune system in various fish species.
This effect is attributed to its ability to degrade bacterial 
cell walls through enzymatic cleavage of peptidoglycan 
(Mozumder 2005, Levipan et al 2020).
This study thoroughly examined the antimicrobial effects 
of O. mykiss mucus components against bacterial species 
including E. coli, Aeromonas spp., Yersinia spp., Salmonella 
spp., and P.multocida, as well as fungal pathogens Candida 
spp. and A. fumigatus. The results confirmed that fish 
mucus functions as an active immune barrier beyond its 
physical properties.
Particularly noteworthy was the strong antibacterial 
activity observed against Gram-negative pathogens, with 
the lowest MIC (31.25 µg/mL) recorded for Aeromonas 
spp. This supports the role of mucus as a robust defense 
mechanism in aquaculture environments, where 
Aeromonas spp. are common pathogens. Diaz Pubertas 
et al (2023) similarly reported broad-spectrum inhibition 
by mucus extracts, indicating functionally conserved 
mucosal defenses across fish species.
Lee et al (2020) conducted a comprehensive review 
of mucus from 47 fish species and reported variable 
antibacterial activity against 46 bacterial strains. Factors 
such as extraction method (aqueous, organic, acidic), 
habitat (freshwater, marine, brackish), and pathogen 
structure all influenced mucus efficacy. The use of fresh, 
undiluted aqueous extracts in the present study preserved 
the natural immune profile, enhancing physiological 
relevance.
Moderate MIC values observed against pathogens such 
as P. multocida, Yersinia spp., and E. coli support the 
broad-spectrum potential of fish mucus. However, as 
Levipan and Avendaño-Herrera (2020) noted, pathogens 
like Piscirickettsia salmonis can bypass the mucus barrier 
and infect through skin or gills. Although the behavior of 
such pathogens in the presence of mucus remains unclear, 
mucus may still inhibit colonization or delay cellular 

The MIC and MLC values of fish mucus against all tested 
microorganisms are summarized in Figure 1, with standard 
deviations representing variation among replicates.

Discussion
In this study, the immunological parameters present in the 
skin mucus of O. mykiss and the antimicrobial activity of 
this mucus against various bacterial and fungal pathogens 
were evaluated. The findings demonstrated that fish mucus 
is not merely a passive barrier, but a dynamic immune 
component that responds to environmental threats.
The measured IgM concentration in mucus samples was 
303.4 ± 12.7 µg/mL, indicating an active mucosal immune 
response in O. mykiss. Although this value is lower than 
the 392 ± 16 µg/mL reported by Dik et al (2024) in trout 
mucus, differences in sample extraction methods, dilution 
rates, and analytical techniques limit direct comparisons. 
Nevertheless, the IgM level observed here is significant 
as it reflects the physiological immune state of freshly 
collected mucus samples. This finding aligns with the 
mucosal IgM increases reported by Hoare et al (2021) 
and Ghafarifarsani et al (2021), supporting the notion 
that fish mucus plays an active role in humoral immune 
modulation, particularly at the initial site of pathogen 
contact. Hence, mucosal IgM may serve as a potential 
biomarker for monitoring fish health and optimizing 
aquaculture immunization strategies.
Immunological factors in fish mucus, particularly IgM and 
complement components, can vary with developmental 
stage and body size. Previous studies have shown that 
juveniles often exhibit weaker immune responses than 
adults due to incomplete development of innate and 
adaptive systems (Magnadóttir 2006; Uribe et al 2011). 
Similarly, complement activity and antibody levels differ 
across growth stages, reflecting ontogenetic changes 
in immune competence (Guardiola et al 2014; Saleh 
et al 2019). In this study, fish of relatively uniform size 
(~1500 g) were used, minimizing variability. Nevertheless, 
potential stage-dependent differences in mucus immune 
factors should be considered when interpreting and 
generalizing the findings.
The C3 (102.8 ± 10.2 µg/mL) and C4 (98.6 ± 9.3 µg/mL) 
levels detected in mucus indicate that the complement 
system is active at mucosal surfaces and that innate 
immunity is functioning effectively. These results are 
generally consistent with previous studies. Esteban 
(2012) pointed out that fish skin mucus contains a range 
of immune-related proteins, including key complement 
components such as C3 and C4. In a study, Saleh et al (2019) 
identified C3 and C4 in carp mucus and determined that 
the presence of these components may vary depending 
on the stage of immune activation. Guardiola et al (2014) 
detected measurable levels of C3 and lysozyme in mucus 
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invasion. Strengthening mucosal immunity appears 
crucial for managing endemic aquaculture pathogens.
The antifungal activity observed against Candida spp. 
(MIC: 125 µg/mL) and A. fumigatus (MIC: 250 µg/mL) 
was less potent than against bacterial strains, suggesting 
relatively limited antifungal efficacy. Nonetheless, 
Yadav and Mishra (2023) showed that fish mucus 
from multiple species inhibited several fungi, including 
Candida, Aspergillus, and Mucor. Although Özil et al 
(2022) focused on antifungal effects of essential oil 
nanoemulsions, biological materials like mucus offer 
sustainable, resistance-free defenses due to their natural 
peptide content.
Dik et al (2024) detected high levels of galectin and 
hepcidin in O. mykiss mucus, with well-defined antiviral, 
antibacterial, and immunomodulatory properties. These 
peptides disrupt microbial membranes by forming pores, 
increasing permeability, and leading to cell death (Hussain 
and Sachan 2024). The low MIC values observed here 
support the presence and functional activity of such 
peptides. Mucus has attracted attention due to their 
antiviral and anticancer properties, as reported in studies 
conducted in recent years (Dik et al 2024, Hussain and 
Sachan 2024).
Beyond pathogen inhibition, the bioactive compounds 
in mucus also exhibit immunomodulatory functions. 
Immune components are known to contribute in 
inflammation and regulate cytokine responses (Hitit et al 
2020). These features position mucus not only as a tool for 
aquaculture biosecurity but also as a promising source for 
natural therapeutic agents.

Conclusıon
This study emphased that the mucus of O. mykiss contains 
important components related to the innate immune 
system and significant antimicrobial activity. The presence 
of measurable levels of IgM, C3, and C4 indicates an active 
immune response on the mucosal surface and an effective 
defense mechanism against environmental pathogens.
Additionally, the mucus exhibited significant bacteriostatic 
and bacteriocidal effects against bacteria and fungal 
pathogens. In particular, strong antimicrobial activity was 
observed against pathogens commonly encountered in 
aquaculture, such as Aeromonas spp. and Staphylococcus 
aureus.
These findings suggest that fish mucus is not only a 
natural defense layer but also a source with biotherapeutic 
potential. It is considered necessary to conduct more 
detailed molecular-level research on the immune-
related protein and peptide content of mucus. Overall, 
this study provides a valuable scientific foundation for 
the development of natural antimicrobial agents and the 
identification of alternative treatment approaches.
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