


Utilization of Snakehead Fish (Channa striata) Mucus to Combat Vibrio alginolyticus Infection in Whiteleg Shrimp (Litopenaeus vannamei) Fry 


Abstract
Whiteleg shrimp (Litopenaeus vannamei) is a high-value export commodity whose production is threatened by disease outbreaks. This study evaluated the effectiveness of snakehead fish (Channa striata) mucus extract against Vibrio alginolyticus in whiteleg shrimp fry, both in vitro and in vivo. An experimental method with a completely randomized design was used, consisting of three treatment levels: A, 0% extract dose (control); B, 5% extract dose; and C, 10% extract dose. The results showed that the 10% extract dose significantly increased the survival rate (SR) to 70%, compared to 45.83% in the infected control, alongside the highest Total Hemocyte Count (12.91 × 10^6 cells/mL). The Differential Hemocyte Count (DHC) revealed hyaline cells at 12.34%, semi-granular cells at 47.76%, and granular cells at 39.88%. These results indicate that dietary supplementation with snakehead fish mucus extract can enhance the immune response and survival of shrimp fry, presenting a promising natural alternative for managing vibriosis in aquaculture.
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Introduction
Whiteleg shrimp (Litopenaeus vannamei) farming is a major aquaculture activity that has been extensively developed in Indonesia's coastal regions (Mustafa et al., 2023). Whiteleg shrimp (L. vannamei) is highly sought after for its delicious flavor and nutritional value (Li et al., 2022). Market demand for shrimp continues to grow each year (Ministry of Marine Affairs and Fisheries, 2020), with exports of processed shrimp rising from 145,226 tons in 2018 to an estimated 363,067 tons by 2024. Meanwhile, shrimp production for export raw materials has increased from 197,433 tons in 2018 to 578,579 tons in 2024. To meet these production goals, the dedication and efforts of farmers are vital, especially in the hatchery sector, to satisfy the growing market demand for high-quality shrimp fry.
The challenges commonly faced in shrimp hatcheries include disease outbreaks. Bin Yu et al. (2022) identified bacterial infections as some of the most prevalent shrimp diseases. Vibriosis, caused by bacteria from the Vibrio species, often affects both hatcheries and shrimp development. Different Vibrio species show varying levels of pathogenicity. Other bacterial pathogens affecting shrimp, besides Vibrio harveyi, include V. carchariae, V. alginolyticus, and V. parahaemolyticus (Indah Istiqomah et al., 2020). Bamel et al. (2020) observed that the spread of shrimp diseases can be linked to several Vibrio species, including Vibrio parahaemolyticus, V. alginolyticus, V. damsela, V. vulnificus, and V. penaeicida, which have been detected in larval rearing ponds. In the present study, V. alginolyticus was used to infect the shrimp.
Vibriosis transmission occurs rapidly, increasing the risk of mortality during rearing in both hatcheries and ponds. This disease leads to 100% mortality in shrimp larvae within 1 to 2 days. Vibrio sp bacteria typically target shrimp larvae during the zoea, mysis, and early post-larval stages, posing a significant challenge in supplying healthy shrimp fry in large quantities (Chandrakala et al., 2017). Vibrionaceae are the primary pathogens affecting shrimp hatcheries, with various species of Vibrio reported to cause high mortality rates in hatcheries across South and Southeast Asia (De-Souza Valente and Wan, 2021). 
The prevention and treatment of shrimp diseases involve using chemicals and antibiotics (Seethalakshmi et al., 2021). However, the ongoing use of these substances poses risks to both the environment and human consumers. Excessive antibiotic use can lead to the development of resistance among pathogenic microorganisms, resulting in the emergence of new strains. Furthermore, chemicals can harm the environment because they are difficult to degrade (Mittal et al., 2022).
Bacterial resistance to antibiotics has been observed in various Vibrio species due to the overuse of antibiotics in the aquaculture industry (Cabello et al., 2013). Resistance is rising among the pathogens V. alginolyticus, V. harveyi, and V. vulnificus to both clinically available antibiotics and those used in clinical settings (Sony et al., 2021). Some cases of antibiotic resistance have led to economic losses in the aquaculture sector (Zhu et al., 2017).
Citarasu et al. (2022) claim that fighting diseases in shrimp requires alternative treatments using herbal and algal compounds with antimicrobial and non-specific immune-stimulating properties, as well as natural ingredients derived from plants and aquatic organisms. The mucus of the snakehead fish (C. striata) exhibits antimicrobial activity and could be a potential source of antibacterial agents for managing bacterial diseases. The mucus found on the skin of the snakehead fish (Channa striata), which acts as a stable physical and chemical barrier against pathogens. The surface of fish epithelial tissue is coated with a slippery layer of mucus, a viscous colloidal substance that contains antibacterial enzymes, proteins, water, and other components collectively known as mucins. Mucin plays an important role in the innate immune response, as it is constantly secreted or regularly shed to prevent pathogen attachment, colonization by disease-causing microbes, and parasitic invasion (Dash et al., 2018). Therefore, this study aims to assess the effectiveness of snakehead fish mucus in both in vitro and in vivo tests against the pathogenic bacteria V. alginolyticus isolated from whiteleg shrimp (L. vannamei) fry.

Material and Methods
Experimental setup
This research was conducted from November to December 2022 at the Fish Health Laboratory of Pangkep State Polytechnic of Agriculture. Mucus from snakehead fish (Channa striata), weighing between 150 and 200 g and of any sex, was collected from freshwater fish farms in Pinrang Regency, with all specimens in excellent morphological condition. The snakehead fish were placed in aquariums for a five-day acclimation period before mucus collection. During this time, the fish were fed twice daily and fasted for 24 h prior to mucus collection. The aquariums were cleaned daily to maintain the health of all the snakehead fish.

Collection and extraction of snakehead fish (C. striata) mucus 
The collection and extraction adhered to the standard procedure outlined by Ardiansyah et al. (2021), with some modifications.

Crude, Aqueous & Acidic extractions
The crude, aqueous, and acidic extraction methods followed the procedure outlined by Ardiansyah et al. (2021), with some modifications. The supernatant was stored at -4 °C. Subsequently, an antagonistic test was conducted against the pathogenic bacteria V. alginolyticus.

Bacterial test preparation
The preparation of pathogenic bacteria followed the procedure outlined by Ardiansyah et al. (2021). V. alginolyticus (BJ23) was obtained from the Research Institute for Brackish Water Aquaculture and Fisheries Extension (BBPBAP3) in Maros, South Sulawesi. 
In vitro test

Antagonistic test of the snakehead fish (C. striata) mucus. 
The antagonistic test of snakehead fish mucus extract was conducted using the agar diffusion method (Loh et al., 2014). To determine antibacterial activity, the diameter of the clear zone around each paper disc was measured. The mucus concentration was 100%. Filtrates containing antibacterial substances inhibit pathogenic bacteria, as shown by the clear zone surrounding the paper disc.
The parameter measured in the antagonistic test of snakehead fish mucus was the diameter of the inhibitory zone. The inhibition zone formed on the media can be classified into four types: (a) Weak inhibition, with a zone of less than 5 mm; (b) Moderate inhibition, with a zone measuring 5-10 mm; (c) Strong inhibition, with a zone between 10-19 mm; and (d) Very strong inhibition, at 20 mm or more (Indriani et al., 2020).

Enzymatic activities in epidermal mucus 
Lysozyme activity 
Lysozyme activity was measured using a lysozyme detection kit (Sigma-Aldrich, Cat. No. LY0100) following the manufacturer's instructions. The results were based on the lysis of Micrococcus lysodeikticus cells. Reactions took place at 25°C, and absorbance at 450 nm was recorded with an ultraviolet/visible spectrophotometer (Perkin Elmer, Lambda XLS, USA).

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

Alkaline phosphatase (ALP) activity
ALP activity of crude and acid extracts of snakehead fish mucus was measured using the kit procedure and instructions (Glory Diagnostic, GD ALP100) as described by Ardiansyah et al. (2021) with some modifications. 

In vivo test
Preparation of experimental feed
The feed used in this study was 681 crumble feed with 30% protein content. Crude mucus extract was added to the feed using a micropipette at different doses depending on the treatment: 5% and 10% of the total feed amount. It was then mixed thoroughly with a spatula until evenly distributed and aerated, while the positive and negative controls did not receive any additional crude mucus extract. The feed were stored at room temperature and cool condition (5-8°C) in store room before used

Experimental set-up
The study used an aquarium measuring 40 cm x 25 cm x 25 cm. Seawater disinfected with 100 ppm chlorine was added to the aquarium and aerated for 24 hours. After that, 25 ppm sodium thiosulfate was introduced, and the water was left to sit for another 24 hours. Then, 20 liters of clean water were transferred into the aquarium. The whiteleg shrimp used were PL-10 shrimp fry, each weighing an average of 0.02 g, resulting in a stocking density of 0.4 g/m³, which is roughly equivalent to 40 shrimp per aquarium. The experiment involved two treatments with crude extract and two control groups. The measured parameters included Total Hemocyte Count, Differential Hemocyte Count, Survival Rate, Absolute Weight Growth, and Absolute Length Growth. Water quality measurements supported this study.
The 2 treatments and 2 controls in this study are as follows: 
1. A: feed without extract + bacterial infection (10^6 CFU/mL)
2. B: feed + 5% crude extract+ bacterial infection (10^6 CFU/mL)
3. C: feed + 10% crude extract + bacterial infection (10^6 CFU/mL)
4. D: feed without extract + 0.9% NaCl

Survival Rate (SR)
SR can be calculated using the following formula (Talpur & Ikhwanudin, 2012):

Where: 
SR = Survival rate (%)
Nt = Number of final shrimp 
No = Number of initial shrimp 

Absolute weight growth (AWG)
AWG was calculated using the following formula (Jobling, 2003):

where: W = AWG (g); Wt = shrimp weight at the end of the study (g); Wo = shrimp weight at the beginning of the study (g)

Absolute length growth (ALG)
ALG was calculated using the following formula (Jobling, 2003):


where: Lm = ALG (mm); Lt = Average length at the end of the study (mm); Lo = Average length at the beginning of the study (mm).

Total hemocyte count (THC)		
THC was calculated using a hemocytometer following the procedure by Campa-Cordova et al. (2002).

	
Shrimp hemolymph was collected from the base of the pleopod in the abdominal segment near the genital opening using a 1 ml syringe moistened with anticoagulant solution (EDTA 10%) at a 1:1 ratio. The hemolymph was then placed in a sterile microtube and kept in a cool box before being immediately examined under a microscope.

Differential hemocyte count (DHC) 
DHC was calculated using the following formula (Tsing et al.,  1995): 
[bookmark: _Toc158540712][bookmark: _Toc158561442][bookmark: _Toc89179190]
Percentage of hemocyte cell type = (number of each type of hemocyte cell)/(total hemocytes) X 100%

Water Quality
Water quality measurements include temperature, pH (acidity), and salinity. Measurements are conducted regularly and carefully to meet the needs of the white-legged shrimp without affecting their growth and vitality. Measurements are taken daily. Temperature was measured using a digital thermometer probe, pH was measured using a pH meter, and salinity wass measured using a refractometer.
Data analysis
Data on antibacterial activity, enzymatic activity, SR, AWG, ALG, THC, and DHC were statistically analyzed using one-way analysis of variance with SPSS (Version 25.0) at a 95% confidence level (P < 0.05). If the results differed significantly, further testing was performed with Tukey HSD, while water quality data were analyzed descriptively.

Results 
A study on utilizing snakehead fish (C. striata) mucus to combat the pathogenic bacterium Vibrio alginolyticus in whiteleg shrimp provides an overview of the potential of the mucus extract to control V. alginolyticus infections. The evaluation is based on the results of antagonistic tests, lysozyme tests, and alkaline phosphatase tests, observations of SR, AWG, ALG, THC, DHC, and measurements of water quality parameters as follows:
Antagonistic test of snakehead (Channa striata) mucus 

The results of the antagonistic test, which determines the antibacterial ability of snakehead fish mucus, are presented in Table 1.

Table 1. Diameter of the inhibitory zone for crude, acidic, and aqueous extracts from snakehead fish (C. striata) mucus against the pathogenic bacteria V. alginolyticus using the disc paper diffusion method.

	No.
	Mucus Extracts
	Diameter of inhition (mm)

	1.
	Acidic 
	3.54 ± 0.05a

	2.
	Crude
	12.48 ± 0.18b

	3. 
	Aqueous
	2.98 ± 0.06a

	4
	H2SO4
	-

	5.
	dH2O
	-



The highest value of the crude extract showed an inhibition zone diameter of 12.48 mm, compared to the acidic and aqueous extracts, which had diameters of only 3.54 and 2.98 mm, respectively. In the control group, neither the antibiotics nor acetic acid produced an inhibition zone. 
Enzymatic activities of snakehead (Channa striata) mucus 
The results of the lysozyme and alkaline phosphatase activity tests on the crude, acidic, and aqueous mucus extract of the snakehead fish (C. striata) are presented in Table 2. 
Table 2. Lysozyme activity and alkaline phosphatase activity tests 
	No
	Mucus Extracts
	Lysosyme (U mg-1)
	Alkaline Phosphatase (U mg-1)

	1.
	Acidic
	30.11 ± 6.36a
	0.241 ± 0.026a

	2.
	Crude
	32.42 ± 7.16a
	0.303 ± 0.005b

	3.
	Aqueous
	26.32  ± 6. 24a
	0.239 ± 0.003a



The lysozyme activity test showed no significant difference between the extraction solvents. The highest value was obtained from treatment with the crude extract of C. striata mucus (32.42 ± 6.36). This suggests that different extraction solvents for C. striata mucus do not significantly affect the shrimp's immune defense, and that C. striata mucus helps protect shrimp, as shown by the lysozyme activity in mucus extracted with various solvents.  
3. Survival Rate (SR), Absolute Weight Growth (AWG), and Absolute Length Growth (ALG) 
Survival rates of whiteleg shrimp during the rearing of PL 10, fed a mixture of crude extract of snakehead fish (C. striata) mucus for 30 days, are presented in Table 3.
Table 3. SR, AWG, and ALG of the whiteleg shrimp (L. vannamei) during a 30-day of observation.
	Treatments

	SR 
(100%)
	AWG
(g)
	ALG
(cm)

	A
	45.83a
	0.12a
	1.07a

	B
	74.17b
	0.17b
	1.4ab

	C
	75.83b
	0.19b
	1.57b

	D
	80.00b
	0.21b
	1.97c



The highest survival rate was observed in the negative control (without bacterial infection) at 80%. However, this was not significantly different from the treatment with 10% mucus extract, which had a SR of 75.83%. The lowest SR was recorded in the positive control treatment without mucus, at 45.83%. These results indicate that adding snakehead fish mucus extract to the feed can enhance the survival rate of whiteleg shrimp exposed to V. alginolyticus infection. Shrimp given the 5% mucus extract showed results similar to those of uninfected shrimp. Additionally, the highest AWG in shrimp occurred in the negative control (0.21 g), followed by the 10% dose (0.19 g) and the 5% dose (0.17 g), with the lowest growth in the positive control (0.12 g). These findings also suggest that administering mucus extract at doses of 5% and 10% significantly affected (p<0.05) ALG, with the highest AWG observed in treatment C (10%), followed closely by treatment B. The positive control showed the lowest ALG, measuring 1.07 cm. However, compared to the negative control, which was free of pathogenic bacterial infection, ALG in treatment C (5%) was less than in treatment D (without infection). 
Total Haemocyte Count (THC) 
Hemocytes are one of the important parameters in determining whiteleg shrimp immunity. The results of THC measurement during the study can be seen in Figure 1.

.
[bookmark: _Toc158569731]Figure 1. Total Haemocyte Count (THC)

A higher dose of snakehead fish mucus extract in the feed increases the THC content. The highest THC value recorded was for a 10% extract dose at 20.00 x 10^6 cells/mL, while the lowest was seen in the negative control treatment (which used a physiological solution without V. alginolyticus infection) at 14.17 x 10^6 cells mL^-1. This shows a significant impact of adding mucus extract at different doses on the THC of whiteleg shrimp.
Feeding whiteleg shrimp with added mucus for 30 days resulted in the highest Total THC in treatment C (20.00 × 10^6 cells/ml), followed by treatment B (19.17 106 cells mL-1). In contrast, the THC in the positive control (without mucus extract) was 16.67 × 10^6 cells mL^-1, while the negative control (addition of physiological solution without V. alginolyticus infection) reached only 14.17 × 10^6 cells mL^-1. 
Differential Haemocyte Count (DHC)
[image: hemocyte_chart_final_distinct_types.png]DHC provides insights into the health of shrimp and their environment. The enhanced immune response of whiteleg shrimp is also linked to their growth and body protection processes. Therefore, DHC is a crucial parameter for understanding the health and immune response of whiteleg shrimp. The results of the DHC observation of whiteleg shrimp are presented in Figure 7. 

Figure 2. Differential Haemocyte Count (DHC)
DHC observations revealed that the highest percentage of hyaline cells was found in the 5% extract treatment at 13.02%. In contrast, the lowest percentage was recorded in the negative control without V. alginolyticus infection at 6.35%. The negative control also exhibited the highest percentage of granular cells, reaching 53.16%, while the lowest percentage was observed in the 10% extract treatment at 43.06%. Additionally, the 10% extract treatment displayed the highest percentage of semi-granular cells at 44.44%, whereas the lowest percentage was noted in the negative control without V. alginolyticus infection at 37.96% (Figure 2).
The percentage of hemocyte cell types in the test shrimp changed significantly after infection with V. alginolyticus (Figure 2). A notable increase in granular cells coincided with a decrease in hyaline cells and semi-granulocytes. Although an upward trend in the percentage of granulocyte cells was observed in test shrimp infected with V. alginolyticus, the increases in granulocyte cells among treatments A, B, C, and D were not significantly different, with all treatments showing a similar pattern. Data from water quality monitoring during the study can be found in Table 4.
Table 4. Results of measuring water quality parameters for whiteleg shrimp (L. vannamei) rearing media.
	No
	Treatments
	Range Value

	
	
	Temperature (°C)
	Salinity (Ppt)
	pH

	1
	Control +
	30,9
	31-34
	7

	2
	5% CE
	31,2
	31-34
	7

	3
	10% CE
	31,1
	31-34
	7

	4
	Control -
	31,2
	31-34
	7



The observed water temperature, salinity, and pH during the study were within a suitable range to support the growth and survival of whiteleg shrimp (L. vannamei). These findings also suggest that the results of this study were attributable to the influence of the treatment applied, rather than water quality factors.

Discussion
Antibacterial activities of snakehead (Channa striata) mucus in vitro
The antibacterial activity of snakehead fish mucus (C. striata) is affected by the type of extraction solvent used. The crude mucus extract exhibits a strong inhibitory response, whereas the acidic extract is considered ineffective. Srikacha & Ratananikom (2020) reported that different solvents extract various compounds from mucus, leading to differences in the antibacterial potential of the extracts. For example, acidic extracts often exhibit higher antibacterial activity than aqueous or organic extracts. Additionally, Huyen and Linh. (2025) explained that the solvent used for mucus extraction significantly influences the antimicrobial properties and overall antimicrobial effect. Different solvents can selectively extract different components from mucus, resulting in different levels and types of antimicrobial activity. 
The results of this study differ from those of Wei et al. (2010), who found that acidic mucus extract could kill bacteria and inhibit the growth of Klebsiella pneumoniae, Pseudomonas aeruginosa, and Bacillus subtilis, while the crude extract did not kill any bacteria. Meanwhile, Tarigan et al. (2023) reported that snakehead fish mucus showed a larger inhibition zone than chlorhexidine, with the most prominent inhibition zone in snakehead fish mucus extract measuring 16 mm, categorizing it as a strong inhibitory response. These results are consistent with the results obtained in this study. Dhanaraj et al. (2009) also reported that C. striata exhibited a broad spectrum of antibacterial activity of skin mucus against A. hydrophila, P. aeruginosa, and V. anguillarum. In addition, Wei et al. (2010) emphasized that a larger clear zone diameter produced in an in vitro test indicates a stronger inhibitory effect of the antimicrobial agent. However, the results of this study differ from the findings of Mat-Zahari et al. (2020), who noted weak antibacterial activity of C. striata extract against Pseudomonas spp. and Escherichia coli. Overall, the antibacterial activity measurements in this study showed that the crude mucus extract had a relatively strong inhibitory effect, thus suggesting that C. striata mucus has the potential to act as an antimicrobial agent against bacterial pathogens.
Enzymatic activities of snakehead (Channa striata) mucus
Lysozyme enzyme activity was observed in snakehead (C. striata) mucus. The variation in extraction solvents in C. striata mucus did not indicate a difference in lysozyme enzyme activity. The results of the present study differ from the findings of Díaz-Puertas et al. (2023), who stated that various extraction solvents can significantly influence lysozyme activity in fish mucus. One type of extraction solvent often demonstrates greater lysozyme activity than others. Furthermore, the pH of the extraction buffer can also affect lysozyme activity. The current study's findings show that the mucus extract from C. striata exhibits lysozyme activity, which is crucial for the fish's innate immune system as it protects them from bacterial infections. 
Kusumaningrum et al. (2019) explained that lysozyme activity is referred to as muramidase activity, hydrolase activity, lysozyme enzyme activity, or simply lysozyme activity. Kawai et al. (2018) further stated that lysozyme can kill bacteria when the bacterial environment is not in an isotonic state, which occurs when the concentration of solutes inside and outside the cell is unbalanced. Under isotonic conditions, even if the bacterial cell wall is disrupted, lysis does not occur because water cannot enter the cell. Iunes et al. (2021) explain the mechanism of action of lysozyme in enhancing shrimp body defenses by breaking the β-1,4-glycosidic bond between N-acetyl glucosamine and N-acetyl muramic acid in peptidoglycan, thereby damaging the bacterial cell wall. As a result, water enters the cell, causing it to swell and eventually rupture, a process known as lysis.
The difference in extraction solvent significantly influenced the activity of the alkaline phosphatase enzyme. The crude extract of C. striata mucus exhibited distinctly different effects compared to the acidic mucus extract from the same species. The highest value was recorded in the crude extract of C. striata mucus, followed by the acidic extract, and the lowest value was found in the aqueous extract. These findings suggest that the crude extract of C. striata mucus plays a crucial role in defending the shrimp's body. Both crude and acidic extracts demonstrated activity of the alkaline phosphatase enzyme, indicating that this enzyme is resistant to inactivation and denaturation caused by various extraction treatments of proteinaceous materials. As noted by Malissiova et al. (2022) and Al-Rasheed et al. (2018), alkaline phosphatase is somewhat more resilient to thermal inactivation than the purified extract. The innate immune components of this extract are less susceptible to temperature fluctuations, making them potentially more robust under a variety of environmental conditions. According to Van de Braak (2002), hemocytes degranulate and produce several proteins, including protease enzymes, which act as lysosomal enzymes and activate prophenol oxidase into phenol oxidase (Van de Braak, 2002).

Survival rate (SR), absolute weight growth (AWG), absolute length growth (ALG)
The addition of mucus extract at higher doses provided survival rates and absolute weight growth comparable to those of shrimp without bacterial infection that were fed commercial feed. These outcomes suggest that adding mucus extract can strengthen the shrimp's immune system, thereby reducing the risk of infection from pathogenic bacteria that could threaten their health and survival. Zhang et al. (2021) noted that enhancing the immune response in shrimp can lead to higher survival rates, as they become more resistant to pathogens. This effect is thought to be closely linked to the increase in THC observed during the experimental rearing period (Iunes et al., 2021). The increase in survival due to the addition of mucus, which can serve as a natural growth promoter and immunostimulant in the shrimp's body, helps protect against external factors, including pathogenic bacterial infections that are the primary cause of shrimp mortality (Kumar et al., 2023). 
A higher concentration of C. striata mucus extract leads to greater weight growth, while a lower concentration results in less weight growth. Incorporating C. striata mucus extract into shrimp feed can enhance their body structure and improve their metabolic system. 
The results of the present study on absolute length growth (cm) in whiteleg shrimp larvae show that adding mucus extract to feed at different doses (B 5% and C 10%) significantly influenced (p<0.05) absolute length growth, with the highest growth observed in treatment C (10%), followed by treatment B. In contrast, the lowest growth was recorded in the positive control treatment at 1.07 cm. However, compared to the negative control without pathogenic bacterial infection, the length growth in treatment C (10%) was still less than that in treatment D (without infection). An even higher dose of mucus extract is likely needed to be able to obtain an absolute length increase comparable to treatment D. Higher doses of mucus extract can promote length growth in whiteleg shrimp. The measurement of whiteleg shrimp length was carried out when the larvae reached the PL1 stage and continued until the larvae were ready for harvest. The growth of fish or shrimp body length is influenced by genetic factors as well as protein intake from feed to support growth (Kong et al., 2019).
THC & DHC
Administering Channa striata mucus extract can increase the total hemocyte count in shrimp. The high total hemocyte numbers in the test shrimp that received 5% (C) and 2% (B) mucus extract indicate that the active ingredients in the mucus stimulate the formation of hemocyte cells, which are subsequently released into the hemolymph. Dash et al. (2018) noted that fish mucus contains essential proteins and enzymes, such as proteases, antimicrobial peptides, lysozyme, immunoglobulins, alkaline phosphatase, and various antibacterial proteins and peptides that play a significant role in the natural immunity of fish.
It is explained that hemocytes play a critical role in the crustacean body by removing foreign particles, as noted by Liu et al. (2021). An increase in hemocyte count in shrimp reduces the effects of V. alginotycus infection and can enhance survival rates after exposure to this pathogen. The rise in hemocyte count is attributed to the absorption of immunostimulants in whiteleg shrimp, which prompts hemocytes to degranulate and increase phagocytic activity (Saptiani et al., 2020).
According to Cerenius & Söderhäll (2021), an increase in granular cells can stimulate the activation of ProPO, leading to the production of phenoloxidase activity and helping defend against pathogen attacks. The decrease in the percentage of hyaline and semi-granular cells is not a negative result of adding mucus extract to the feed or of V. alginolyticus infection; instead, it reflects the increase in granular cells caused by the inclusion of mucus extract in the feed and its response to V. alginolyticus infection. In this context, granular cells are the mature form of the other two types. Liang et al. (2023) stated that phagocytosis by shrimp hemocytes is carried out more actively by hyaline and semi-granular cells.
The increase in granular cells within hemocytes is a key indicator of improved health and resistance in shrimp, linked to the roles of other cell types within hemocytes. Bachere (2000) also notes that, based on morphological and cytochemical analysis, different cell types have distinct functions and levels of involvement in various defense responses. Hyaline cells are associated with coagulation, while granular and semi-granular cells are related to phagocytosis and the proPO system. The ability of granular cells to both phagocytose and participate in the proPO system provides dual protection against pathogens, thereby improving the health of shrimp. An increase in the number of granular cells is linked to enhanced phagocytosis in whiteleg shrimp.
The observed water temperature, salinity, and pH during the study were within a suitable range to support the growth and survival of whiteleg shrimp (L. vannamei). These results indicate that the outcomes of this study resulted from the influence of the applied treatment, rather than water quality factors. Additionally, 

Conclusion
[bookmark: _GoBack]The findings suggest that water quality in the rearing media does not affect the parameters observed in this study, as all water quality measures are within the appropriate range for whiteleg shrimp (L. vannamei) to survive and grow.
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