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Abstract. The Aeromonas hydrophila (A. hydrophila) Aeromonas hydrophila (A. hydrophila) 

is an opportunistic pathogen causing significant losses in aquaculture. The overuse of 

antibiotics has led to antimicrobial resistance, necessitating alternative control strategies. This 

study evaluates the potential of coconut oil to inhibit A. hydrophila colonization in gills, brain, 

and gut microbiota of zebrafish while enhancing lactic acid bacteria (LAB) populations. A 

completely randomized design was used with five groups: a negative control (healthy), a 

positive control (A. hydrophila-infected), and three treatment groups (1000 mg/kg, 2000 

mg/kg, 4000 mg/kg coconut oil) for 60 days. Bacterial load in gills and brain was quantified 

using the pour plate method on Rimler-Shotts agar, while LAB in the gut was assessed using 

de Man, Rogosa, and Sharpe Agar (MRSA). 1000 mg/kg coconut oil significantly reduced A. 

hydrophila in the gills (0.3 ± 0.09 × 10⁷ CFU/ml) compared to the positive control (138.13 ± 

https://doi.org/10.62793/japsi.v2i1.44
https://journal.kdp.co.id/index.php/japsi


 

IMPACT  OF DIETARY COCONUT OIL  (COCOS NUCIFERA L.) ON AEROMONAS HYDROPHILA 

COLONIZATION AND LACTIC ACID BACTERIA POPULATIONS IN ZEBRAFISH (DANIO RERIO): 

IMPLICATIONS FOR AQUACULTURE HEALTH 

2      Journal of Agriprecision & Social Impact - Volume 2, No. 1, March 2025 

 
 

11.26 × 10⁷ CFU/ml). 4000 mg/kg was most effective in reducing A. hydrophila in the brain 

(1.78 ± 0.51 × 10⁷ CFU/ml vs. 4.53 ± 0.40 × 10⁷ CFU/ml in the positive control). LAB 

populations significantly increased (p < 0.0001), with the highest count at 1000 mg/kg (9.20 ± 

0.87 × 10⁷ CFU/ml), followed by 2000 mg/kg (3.16 ± 0.13 × 10⁷ CFU/ml), and 4000 mg/kg 

(1.78 ± 0.35 × 10⁷ CFU/ml). Coconut oil effectively enhances LAB populations, inhibits A. 

hydrophila colonization, and acts as a natural antimicrobial and probiotic agent. The 1000 

mg/kg dose is optimal for gut microbiota improvement, while 4000 mg/kg protects brain 

tissues, highlighting coconut oil’s potential as an eco-friendly alternative to antibiotics in 

aquaculture. 
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INTRODUCTION  

Aeromonas hydrophila is an opportunistic pathogen posing a serious threat to the global 

aquaculture industry, accounting for up to 40% economic losses in total production (Santos & 

Ramos, 2018). This bacterium infects various freshwater fish species, causing Motile 

Aeromonas Septicemia (MAS), characterized by hemorrhages, tissue necrosis, and high 

mortality rates reaching 80–100% in acute cases  (Abdelhamed et al., 2017; Qosimah et al., 

2023). 

The control of A. hydrophila infections currently relies heavily on antibiotic use; 

however, this approach has led to multifaceted challenges. Antibiotic resistance has increased 

significantly, with over 70% of A. hydrophila strains showing resistance to at least three 

different classes of antibiotics (Nhinh et al., 2021). Antibiotic residues in aquaculture products 

further pose risks to consumer health and the environment (Okeke et al., 2022). More 

alarmingly, antibiotic resistance genes in A. hydrophila can be transferred to human pathogens 

via plasmids, elevating public health risks (Freitas et al., 2018; Stratev & Odeyemi, 2016) 

This complexity necessitates the search for effective and safe natural alternatives. Natural 

immunomodulators, like coconut oil, have gained attention for their potential to enhance host 

defenses without resistance risks  (Wang et al., 2017). This study uniquely explores the dose-

specific effects of coconut oil on zebrafish's gills and brain, providing critical insights into 

organ-specific colonization and its implications for sustainable aquaculture. Coconut oil, rich 

in medium-chain fatty acids, has emerged as a promising candidate. Lauric acid (45–52%) and 

capric acid (5–10%) in coconut oil have demonstrated antimicrobial and immunomodulatory 

properties (Abel Anzaku et al., 2017; Silalahi, 2020). Recent studies indicate that these fatty 

acids can enhance macrophage phagocytic activity (Schumann, 2016).  However, the use of 

coconut oil in aquaculture is still limited due to insufficient understanding of its mechanisms 

of action and optimal dosage. Additionally, the distribution and effectiveness of its active 

components, particularly in organs protected by the blood-brain barrier such as the brain, 

remain poorly understood. 

Zebrafish (Danio rerio) was chosen due to its genetic similarity to humans (70%) and 

transparent immune system, allowing detailed host-pathogen interaction studies (Torraca & 

Mostowy, 2018). This model is ideal for examining Aeromonas hydrophila colonization in the 

gills and brain, which differ in accessibility and immune response (Li et al., 2024).  Coconut 

oil, rich in lauric, capric, and caprylic acids, was selected for its demonstrated 

immunomodulatory properties. These active compounds enhance macrophage activity, 

modulate cytokines, and strengthen mucosal barriers  
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This study aims to evaluate the potential of coconut oil in controlling A. hydrophila 

colonization in the gills and brain of zebrafish and to elucidate its mechanisms of action. Our 

hypothesis is that coconut oil will exhibit varying effectiveness in different target organs due 

to differences in tissue accessibility and characteristics. This understanding is critical for 

optimizing the application of coconut oil in sustainable aquaculture. 

LITERATURE REVIEW  

Aeromonas hydrophila is a significant pathogen in aquaculture, causing high morbidity 

and mortality in freshwater fish that experience symptoms like hemorrhagic septicemia, ascites, 

and skin ulcers (Ofek et al. 2023), and also  leading to substantial economic losses (Abdul Kari 

et al. 2022). A. hydrophila frequently harbors genes such as aerolysin (aerA), hemolysin 

(hlyA), and cytotonic enterotoxin (act), which are associated with its pathogenicity in fish 

(Mahmood 2024).  This bacterium is challenging to control due to its resistance to multiple 

antibiotics and its ability to cause severe disease outbreaks (Nhinh et al. 2021). Therefore, a 

safe and environmentally friendly alternative strategy is needed, one of which is by using 

natural ingredients that have immunomodulatory properties, such as coconut oil. 

Coconut oil is rich in medium-chain fatty acids (MCFAs), including lauric acid, capric 

acid, and caprylic acid, has been recognized for its potential health benefits, including 

antimicrobial, anti-inflammatory (Deen et al. 2021), and immunostimulatory properties. 

Coconut oil acts as a natural antibiotic and helps modulate immunity due to its medium chain 

fatty acids and monoglycerides, which are effective and safe immune-nutritive actives. oconut 

oil is 50% lauric acid, to which antibacterial, and is attributed, especially to its monoglyceride, 

monolaurin (Vereau and Méndez 2021).  

Capric acid and lauric acid both exhibit bactericidal and anti-inflammatory activities 

against Propionibacterium acnes, with the anti-inflammatory effect partially occurring through 

inhibition of NF-β  activation and MAP kinases  (Huang et al. 2014). The antibacterial action 

of lauric acid involves the generation of reactive oxygen species and damage to bacterial cell 

membranes, leading to cell death. This mechanism is effective against both Gram-positive and 

some Gram-negative bacteria (Fischer et al. 2012; Yang et al. 2018).  Lauric acid 

supplementation in broiler chicken diets improves growth and immune functions by regulating 

lipid metabolism and gut microbiota, potentially reducing antibiotic usage and improving food 

safety (Wu et al. 2021). It reduces inflammation by decreasing pro-inflammatory cytokines 

such as IL-6 and TNF-α, and increasing anti-inflammatory cytokines like IL-4 and IL-10, 



 
 

 

which can be beneficial in conditions like type II diabetes and bacterial infections (Mustafa et 

al. 2023). 

RESEARCH METHODS  

This experimental study was conducted using a Completely Randomized Design (CRD). 

Adult zebrafish were divided into five treatment groups: a negative control group (without 

infection), a positive control group (inoculated with A. hydrophila at a concentration of 107 

CFU/ml via immersion), and three treatment groups (T1, T2, and T3) receiving coconut oil at 

doses of 1000 mg/kg, 2000 mg/kg, and 4000 mg/kg feed based on previous research (Qosimah 

et al., 2024) for 60 days prior to bacterial inoculation. On day 62, the gills and brain were 

collected for enumeration of A. hydrophila bacteria (Table 1). The study was conducted at the 

Microbiology Laboratory, Faculty of Veterinary Medicine, Universitas Brawijaya, from July 

to September 2024. Zebrafish maintenance was carried out at the Faculty of Fisheries and 

Marine Science, Universitas Brawijaya. 

Table 1. Experimental Design and Treatment Groups for Coconut Oil Administration in 

Zebrafish 

Group 

 

Description 
 

Dose of Coconut Oil 

(mg/kg) BW 
Duration 

 

Negative Control 

 

No infection, no 

coconut oil  

0 60 days 

 

Positive Control  Infection with A. 

hydrophila 

0 60 days 

 

T1 Infection + coconut oil

  

1000 60 days 

 

T2 Infection + coconut oil 2000 60 days 

 

T3 Infection + coconut oil 4000 60 days 

 

 

Preparation of Test Animals 

Adult zebrafish (4–6 months old, 3–4 cm in length) were obtained from the Faculty of 

Fisheries and Marine Science, Universitas Brawijaya. The fish were acclimatized for 7 days in 

aquaria containing dechlorinated water (15 L per aquarium, 10 fish per aquarium) at a 

temperature of 26±1°C, pH 7.0 ± 0.2, and a photoperiod of 14 hours light/10 hours dark. The 

study received ethical approval from the Research Ethics Committee of  Universitas Brawijaya 

(No. 118-KEP-UB-2024). 

Preparation and Administration of Coconut Oil 

Virgin coconut oil was obtained from a certified producer and analyzed for its fatty acid 

composition using GC-MS (Agilent 7890B, USA) (Agilent 7890B, USA) (Kumar et al., 2023).  
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Commercial feed (PF500) was ground and mixed with coconut oil according to the treatment 

doses, then dried at 60°C (Matin et al., 2024) or 15 minutes. The feed was administered at 3% 

of body weight per day, split into two feedings. 

Bacterial Culture and Characterization 

The A. hydrophila strain was obtained from the Fish Health and Environmental Testing 

Center (BPKIL), Serang, Indonesia, and identified using the Vitek® 2 Compact system 

(Elbehiry et al., 2019).  The bacteria were grown on Tryptic Soy Agar (TSA, Merck) and 

incubated at 26°C for 24 hours. Identification and characterization were performed through 

colony morphology observation, Gram staining, and biochemical tests.  

Bacterial Colonization Enumeration 

On day 62 post-infection, zebrafish were euthanized using cooled temperature (Islamet 

al., 2021). The gills and brain were aseptically collected, weighed, and homogenized in sterile 

PBS. The bacterial count was determined using the  spread plate method. The homogenates 

were serially diluted and cultured on Rimler-Shotts agar  ((Semwal et al., 2023). Colonies were 

counted after 24 hours of incubation at 26°C and expressed as CFU/ml. The colony forming 

units per milliliter of inoculant (CFU.ml-1) were counted taking into account the dilutions 

which presented a range of 30–300 colonies per plate in the spreading method (Dong 2018). 

Additionally, lactic acid bacteria (LAB) were cultured on de Man, Rogosa, and Sharpe Agar 

(MRSA) medium to assess gut microbiota composition. The plates were incubated at 37°C for 

48 hours, and the resulting colonies were enumerated and expressed as CFU/ml. 

Data Analysis 

Data were analyzed using one-way ANOVA followed by Tukey’s test at a 5% 

significance level using GraphPad Prism 8. Results are presented as mean ± standard deviation. 

RESULTS AND DISCUSSION 

The results showed that the group receiving coconut oil at a dose of  T1 (1000 mg/kg) 

exhibited a significant reduction in A. hydrophila counts in the gills and brain compared to the 

positive control group. Higher doses of coconut oil showed varying trends in bacterial 

reduction, with decreased efficacy observed at T3 (4000 mg/kg). 

Colonization of A. hydrophila in the Gills 

Coconut oil administration significantly (p<0.05) influenced the number of                  A. 

hydrophila colonies in the gills. The negative control group had the lowest bacterial count (1.5 

± 0.43 × 108 CFU/g), whereas the positive control group had the highest count (138.13 ± 11.26 

× 108 CFU/g). Coconut oil at a dose of 1000 mg/kg feed (T1) showed the best effect in reducing 



 
 

 

bacterial colonization (0.3 ± 0.09 × 108 CFU/g), followed by by  dose of 2000 mg/kg feed (T2) 

(19.71 ± 2.58 × 108 CFU/g) and dose of 2000 mg/kg feed (T2) (58.46 ± 3.41 × 108 CFU/g) in 

Fig. 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The number of  A. hydrophila colonies in the gills across different treatment groups. 

The figure shows the mean bacterial counts in the gills of zebrafish. Groups include the 

negative control (no infection), positive control (infection without coconut oil), and three 

treatment groups receiving coconut oil at doses of 1000 mg/kg (T1), 2000 mg/kg (T2), and 

4000 mg/kg (T3). Data are presented as mean ± standard deviation. P<0.05 indicates significant 

differences between groups. (****) denotes highly significant differences (P<0.001), while the 

absence of asterisks indicates no significant differences. 

 

Colonization of A. hydrophila in the Brain 

In brain tissues, colonization patterns differed from those observed in the gills. The 

negative control group had a bacterial count of 4.53 ± 0.40 × 108 CFU/g, while the positive 

control group exhibited a count of 1.46 ± 0.50 × 108 CFU/g. The  dose of  4000 mg/kg (T3) 

was most effective in reducing bacterial colonization (1.78 ± 0.51 × 108 CFU/g), while dose of 

1000 mg/kg feed (T1) and  dose of 1000 mg/kg feed (T2) showed variable results (2.41 ± 0.53 

and 4.59 ± 0.80 × 108 CFU/g, respectively) in Fig. 2.  
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Figure 2. The number of Aeromonas hydrophila colonies in the brain across different treatment 

groups. Description: The graph illustrates the mean bacterial counts in the brains of zebrafish. 

Groups include the negative control, positive control, and three treatment groups with varying 

doses of coconut oil. Data are presented as mean ± standard deviation. (****) denotes highly 

significant differences (P<0.001), while the absence of asterisks indicates no significant 

differences. 

 

The Number of Lactic Acid Bacteria in the Gut of Fish Infected with A. hydrophila  

Based on the data on lactic acid bacteria counts in the intestines of fish treated with 

coconut oil at various doses, a significant difference (p < 0.0001) was observed among the 

treatment groups. According to the Tukey test, the T1 group (1000 mg/kg feed) exhibited the 

highest number of lactic acid bacteria, which was significantly different from both the positive 

and negative control groups. The negative control group (0.58 ± 0.05) had a higher bacterial 

count compared to the positive control group (0.00 ± 0.00). The T1 group (9.20 ± 0.87) showed 

the highest lactic acid bacteria count compared to T2 (3.16 ± 0.13) and T3 (1.78 ± 0.35). The 

addition of coconut oil resulted in an increase in lactic acid bacteria in all treatment groups 

compared to the positive control group in Fig. 3. 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The number of Lactic Acid Bacteria in the gut of fish infected with A. hydrophila 

 

In the T1 group (1000 mg/kg feed), there was a significant increase in lactic acid bacteria 

compared to other treatment groups. This finding suggests that 1000 mg/kg feed is the optimal 

dose for supporting the population of beneficial bacteria in the gut, which plays a crucial role 

in inhibiting the colonization of A. hydrophila. Lactic acid bacteria produce organic acids, 

which lower the intestinal pH, making the environment less conducive for pathogen growth. 

These bacteria are essential for maintaining gut microbiota balance and enhancing the local 

immune response against pathogenic bacterial infections. 

Regarding the colonization of A. hydrophila in other organs (muscle, brain, and gills), it 

was observed that coconut oil at certain doses (T1 and T 3) effectively reduced pathogen 

colonization in vital organs. Notably, the lower dose (1000 mg/kg feed) was more effective in 

increasing lactic acid bacteria counts. This effect presents a promising disease management 

strategy by optimizing gut microbiota balance and reducing pathogenic bacterial loads. The 

combination of increased lactic acid bacteria and decreased Aeromonas counts in target organs 

demonstrates the potential of coconut oil as both an antimicrobial and probiotic agent. 

This study revealed an intriguing pattern in the effectiveness of coconut oil against A. 

hydrophila colonization, with distinct responses observed in the gills and brain. The primary 

findings indicate that a low dose of T1 (1000 mg/kg) is optimal for the gills, while a high dose 

of T3 (4000 mg/kg) is more effective for the brain.  The gills, as an organ in direct contact with 
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the environment, showed a positive response to the low dose (0.3 ± 0.09 × 108 CFU/g) 

compared to the positive control (138.13 ± 11.26 × 108 CFU/g). Additionally, results indicated 

that at a dose of  T2 (2000 mg/kg), bacterial counts in the intestine were higher than in other 

doses, significantly exceeding the count observed at  dose of T3 (4000 mg/kg) (unpublished 

data). This finding suggests the potential for bacterial adaptation or tolerance at moderate 

doses. The reduction in colonization at  dose of T3 demonstrates the effectiveness of coconut 

oil in enhancing intestinal protection through inflammation modulation and mucosal barrier 

strengthening (Table 2). This is supported by Firmino et al. (2021), who reported that bioactive 

compounds can directly interact with the gill mucosal surface. Conversely, the brain, protected 

by the blood-brain barrier, requires a higher dose for optimal effects. Schönfeld  et al. (2016), 

explained that medium-chain fatty acids require sufficient concentrations to penetrate this 

barrier, corroborating our findings that a dose of 4000 mg/kg was most effective in reducing 

brain colonization (1,78±0,51 x 108 CFU/g). 

Table 2. Bacterial Colonization in Gills and Brain Across Treatment Groups 

Organ Negative 

Control 

(CFU/g) 

Positive 

Control 

(CFU/g) 

T1 (CFU/g) T2 (CFU/g) T3 (CFU/g) 

Gills 1.5 ± 0.43 × 

10⁸ 

138.13 ± 

11.26 × 10⁸ 

0.3 ± 0.09 × 

10⁸ 

58.46 ± 3.41 × 

10⁸ 

19.71 ± 2.58 × 

10⁸ 

Brain 4.53 ± 0.40 × 

10⁸ 

1.46 ± 0.50 × 

10⁸ 

2.41 ± 0.53 × 

10⁸ 

4.59 ± 0.80 × 

10⁸ 

1.78 ± 0.51 × 

10⁸ 

Intestine 0,58 ± 0,05 × 

10⁸ 

0,00 ± 0,00 × 

10⁸ 

9,20 ± 0,87 × 

10⁸ 

3,16 ± 0,13 × 

10⁸ 

1,78 ± 0,35 × 

10⁸ 

 

Results from Gas Chromatography-Mass Spectrometry (GC-MS) analysis indicated that 

the coconut oil used in this study contained lauric acid (C12:0) (45.98%), myristic acid (C14:0)  

(17.41%), capric acid (C10:0) (5.76%), and caprylic acid (C8:0) (4.32%) as the main 

components. Coconut oil functions through complex mechanisms involving various active 

compounds: a) Lauric acid enhances natural killer (NK) cell activity and Interleukin (IL-2) 

production (Garcia et al., 2023), and modulates Tumor necrosis factor (TNF) -α,  IL-1β 

expression via the NF-κB pathway (Khan et al., 2021; Zlatanova et al., 2024) to express 

inflammation. Its effects on the gills are more prominent due to direct mucosal contact (Emam 

et al. 2022); b) Capric acid activates PPAR-γ for inflammation regulation  (Lee & Kang, 2017), 

strengthens mucosal barriers by upregulating tight junction proteins (Usuda et al., 2021), and 

protects the brain through neuroinflammation modulation (Shekhar et al., 2023);  c). Caprylic 

acid modulates T-cell differentiation and regulatory cytokines (Hung et al., 2023), and 

enhances antimicrobial peptide production (Grimsey et al., 2020). 



 
 

 

The differences in bacterial counts between the positive control in the gills (138.13 ± 

11.26 × 108 CFU/g) and the brain (1.46 ± 0.50 × 108 CFU/g) align with Abdelhamed et al.  

(2017), who described the organ tropism of A. hydrophila in the brain and gills. Interestingly, 

increasing the dose does not always yield a linear effect, particularly in the gills. Wan et al., 

(2024), explained this phenomenon using the concept of hormesis, where excessive doses can 

trigger oxidative stress (Pavlek et al. 2020). The effectiveness of the low dose in the gills 

highlights the critical role of the mucosal immune system s essential for protecting fish against 

pathogen (Hopo et al. 2024). Medium-chain fatty acids can enhance protective mucus 

production, optimize mucosal microbiota composition, and strengthen barrier function through 

tight junction regulation (Barbara et al., 2021; Liu et al., 2024). 

The higher dose required for brain protection is associated with the complexity of the 

blood-brain barrier (Dong 2018). The transport of medium-chain fatty acids to the brain 

requires specific carrier systems (Tsuji, 2005), and neuroinflammation modulation necessitates 

higher threshold concentrations, involving protective effects mediated by microglia and 

astrocyte activation (Watanabe & Tsujino, 2022) 

This study showed mortality rates of 80% in the positive control group and 0% in the 

negative control group, while mortality in the T1, T2, and T3 treatment groups was 20%, 25%, 

and 15%, respectively. The reduced mortality in the treatment groups indicates the 

immunomodulatory effects of coconut oil, which enhances phagocytic activity and anti-

inflammatory cytokine production (Intahphuak et al. 2010). However, higher doses (2000 and 

4000 mg/kg feed) may induce mild toxic effects, which warrant further evaluation. 

Lauric acid, which is present in high concentrations in coconut oil, is a medium-chain 

fatty acid known for its antibacterial and antiviral properties. In the body, lauric acid is 

converted into monolaurin, which is effective in combating pathogenic bacteria. Studies have 

shown that monolaurin can disrupt bacterial cell membranes (Nitbani et al. 2022), leading to 

cell death and a reduction in pathogen infectivity, including                      A. hydrophila. In 

addition to lauric acid, capric acid also exhibits strong antimicrobial activity, particularly 

against Gram-positive and some Gram-negative bacteria. Capric acid works by disrupting the 

lipid membrane of microorganisms, leading to alterations in membrane permeability and 

ultimately causing bacterial cell lysis (Guimarães and Venâncio 2022).  Oleic acid possesses 

anti-inflammatory properties and enhances cell membrane stability, which is beneficial in 

maintaining cell integrity during infections (Bilal et al. 2021). Additionally, oleic acid 

contributes to immune responses by enhancing phagocytic activity, assisting the immune 

system in eliminating pathogens (Santa-María et al. 2023). Vitamin E (Tocopherol), present in 
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coconut oil, functions as an antioxidant, which helps reduce oxidative stress in infected fish 

cells and tissues. The presence of vitamin E protects cells from bacterial-induced damage, 

thereby enhancing overall immune resilience and reducing pathological effects caused by 

infections (Lewis et al. 2019). 

The bioactive compounds in coconut oil provide synergistic effects in strengthening 

immune responses and protecting fish tissues from pathogen attacks. This supports the findings 

of this study, where fish groups supplemented with coconut oil showed a reduction in A. 

hydrophila counts in specific organs compared to the positive control group. 

The findings of this study have practical implications for aquaculture, emphasizing the 

importance of dose titration according to the target protection organ, the potential for coconut 

oil as a safer antibiotic alternative, and the necessity of pharmacokinetic considerations in its 

application. Future research should evaluate long-term effects on growth and reproduction 

parameters, explore interactions with the adaptive immune system, conduct pharmacokinetic 

studies to optimize dosing and frequency, and develop formulations that enhance the 

bioavailability of active components. Additionally, further studies are needed to elucidate the 

molecular mechanisms underlying the immunomodulatory activity of coconut oil. 

CONCLUSION  

This study demonstrates that coconut oil has potential as an immunomodulatory agent 

for controlling A. hydrophila infections in zebrafish, with varying effectiveness across different 

target organs. It functions by reducing A. hydrophila colonization and stimulating the growth 

of beneficial bacteria, such as lactic acid bacteria in the gut.               A coconut oil dose of 

1000 mg/kg feed is optimal for supporting gut microbiota health, while a dose of 4000 mg/kg 

is more effective in suppressing pathogenic bacteria in vital organs. This dual action can be 

optimized as a health management strategy for farmed fish. 

LIMITATION  

This study has several limitations that should be addressed in future research: 

1. Short-term Focus: The study primarily assessed the short-term effects of coconut oil on 

A. hydrophila colonization without evaluating its long-term impact on growth 

performance, immune function, and reproductive parameters of zebrafish. 

2. Specificity to Zebrafish: While zebrafish are a valuable model organism, the findings 

may not fully translate to other aquaculture species due to interspecies differences in 

physiology and immune responses. 



 
 

 

3. Absence of Molecular Analysis: The study did not investigate the molecular 

mechanisms underlying the immunomodulatory effects of coconut oil, such as gene 

expression changes or signaling pathways. 

4. Limited Dose Range: The study only explored three doses of coconut oil. Intermediate 

doses or alternative administration methods (e.g., injection or immersion) could provide 

further insights into its optimal use. 
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