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Evaluation of Watermelon (Citrullus lanatus) Juice as a Natural Milt Diluent in the Artificial Propagation of African Catfish (Clarias gariepinus)
ABSTRACT
	[bookmark: _Hlk207792095]Aims: This study evaluated the qualitative parameters of African catfish (Clarias gariepinus) milt diluted with normal saline and watermelon (Citrullus lanatus) juice at different dilution ratios during induced breeding. 
Study Design: Completely randomised design (CRD) with six treatments and three replicates per treatment.
Place and Duration of Study: The Teaching and Research Fish Farm and Limnology Laboratory, Department of Fisheries and Aquaculture Technology, Federal University of Technology, Akure, Ondo State, Nigeria, between October and December 2024.
Methodology: Four apparently healthy broodstock of C. gariepinus (two males, 2.0 kg each; two females, 1.8 kg each) were selected based on maturity indices. Milt was collected from dissected males into dry vials and diluted at different ratios of saline and watermelon juice: 1:0:0 (T1, control), 1:10:0 (T2, reference), 1:7.5:2.5 (T3), 1:5:5 (T4), 1:2.5:7.5 (T5), and 1:0:10 (T6). Sperm quality (motility, motility duration, pH, and concentration), fertilisation, hatchability, egg adhesiveness, and larval survival were evaluated. Data were analysed using one-way ANOVA, and means were separated with Duncan’s multiple range test at a 5% significance level.
Results: Significant differences (p < 0.05) were observed in sperm motility, motility duration, and pH across treatments, while sperm concentration showed no significant variation (p > 0.05). The highest motility percentages were obtained in T4 (56.64%) and T5 (56.94%), compared with the lowest in T1 (24.16%). Fertilisation success ranged from 85.62% in T5 to 91.76% in T4, with T4 also recording the best hatchability (75.89±1.57%) and survival outcomes (75.41±2.57%). Physiochemical parameters of water during the culture period (temperature, dissolved oxygen, and pH) remained within optimal limits for C. gariepinus breeding.
Conclusion: Watermelon juice (Citrullus lanatus) demonstrated strong potential as a natural and cost-effective diluent for milt in artificial propagation of African catfish. The 1:5:5 dilution ratio (milt:saline:watermelon juice) proved most effective, producing optimal sperm motility, fertilisation, hatchability, and larval survival.
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1.0 INTRODUCTION
Aquaculture has been identified as the most viable means of achieving large-scale fish production, especially in response to the global decline in capture fisheries and the increasing demand for protein required to sustain human populations (Verdegem et al., 2023). Fisheries and aquaculture play a critical role in global food security, and the demand for high-quality aquatic protein is expected to continue rising due to population growth in Asia and Africa, as well as improvements in income levels (Saidu, 2025). In Nigeria, fish remains a major component of the diet, largely because of its high nutritional value, which includes a complete profile of essential amino acids, vitamins, and minerals (Langi et al., 2024).
Among the freshwater species cultured, the African catfish (Clarias gariepinus) has become one of the most widely farmed in both tropical and subtropical regions (Klimuk et al., 2024). Its prominence is attributed to desirable traits such as rapid growth, palatability, wide consumer acceptance, tolerance to high stocking density, high market value, strong resistance to diseases, and the ability to reproduce under captive conditions (Abdel‐Hay et al., 2020; Melesse, 2023; Otoh et al., 2022). The production of high-quality fingerlings is a critical prerequisite for successful aquaculture, as it ensures fast growth and maximised harvest within a shorter production cycle (Klimuk et al., 2024; Ojebuola et al., 2024). Consequently, enhancing seed production efficiency has become a major focus, with particular attention on improving fertilisation outcomes through the use of suitable diluents.
In aquaculture practice, normal saline solution is commonly employed as a sperm diluent during artificial fertilisation, particularly in C. gariepinus. This approach facilitates adequate mixing of spermatozoa with eggs, with fertilisation outcomes influenced by the proportion of saline added (Egwenomhe et al., 2020). However, the optimal dilution ratio varies across species (Egwenomhe et al., 2020). Previous studies have shown that environmental and physiological factors, particularly salinity, can significantly affect fertilisation, hatchability, and larval survival (Akinnagbe et al. 2025; Esa et al., 2023; Olaoti et al., 2021). Excessive salinity can be toxic to spermatozoa and compromise reproductive success.
Aquaculture success is largely dependent on the availability of viable gametes and the efficiency of fertilisation, both of which influence seed production and overall productivity (Ochokwu et al., 2015). Artificial propagation of fish, particularly Clarias gariepinus, often employs saline solution as a conventional milt diluent. While effective, concerns about cost, accessibility, and potential adverse effects on spermatozoa under certain conditions have driven interest in natural, eco-friendly, and affordable alternatives.
Several natural substances, including coconut water, sugarcane extract, and pineapple juice, have been investigated as potential diluents with varying degrees of success (Muchlisin, 2010; Nwachi and Yuzine, 2015). However, their application in aquaculture has often been limited by inconsistent biochemical composition, availability, or high production costs. This accentuates the need for novel, sustainable options that are both accessible and effective in supporting fertilisation outcomes.
Watermelon (Citrullus lanatus) presents a promising option in this regard. It is widely available, inexpensive, and rich in bioactive compounds such as lycopene, citrulline, and other antioxidants. These compounds are known to enhance reproductive parameters in mammals by protecting sperm cells from oxidative stress, improving motility, and supporting overall semen quality (Amedu and Idoko, 2016; Ismail et al., 2023). For instance, studies in rats, rabbits, and poultry have reported improvements in sperm morphology, concentration, and motility following supplementation with watermelon extracts or related antioxidant sources (Zaniboni et al., 2006; Rosato et al., 2012).
Despite these promising findings in terrestrial animals, the application of watermelon juice as a natural diluent in aquaculture remains underexplored. Previous work, such as Sokari et al. (2018), examined watermelon syrup in relation to the growth and survival of C. gariepinus fingerlings but did not assess its direct role in fertilisation efficiency. This highlights a clear gap in knowledge regarding its potential as a viable substitute for saline solution in artificial propagation.
Therefore, this study evaluates the efficacy of watermelon juice as a natural milt diluent at varying dilution ratios compared to normal saline, with the goal of improving fertilisation outcomes in the induced breeding of Clarias gariepinus.
2.0 MATERIALS AND METHODS
2.1 Study Area
The study was carried out at the Teaching and Research Farm of the Department of Fisheries and Aquaculture Technology, The Federal University and Technology Akure, Ondo State. Nigeria 
2.2 Procurement and selection of Clarias gariepinus broodstock 
A total of four apparently healthy broodstock of Clarias gariepinus (two males, 2.0 kg each; two females, 1.8 kg each) were procured from the Teaching and Research Farm of the Department of Fisheries and Aquaculture Technology, Akure, Ondo State, Nigeria. Careful selection criteria were applied to ensure suitability for breeding. Male broodstock were identified by the presence of an elongated genital papilla with a slightly swollen and reddish urinogenital organ. Female broodstock were selected based on distinct signs of maturity, including a well-rounded, soft, and swollen abdomen with a reddish colouration, which extended anteriorly beyond the pectoral fins towards the genital opening.
2.3 Procurement and Identification of Fruit
 Watermelon (Citrullus lanatus) was obtained in fresh form, free of insect from Oja Oba market, Akure, Ondo State, and it was identified as Citrullus lanatus at FUTA Herbarium Department of Crop, Soil and Pest Management. The cultivar of the watermelon used in this study is Sugar Baby, which is approximately 73days old.
2.4 Evaluation of milt quality 
Sperm analysis was conducted at the Limnology Laboratory, Department of Fisheries and Aquaculture Technology, Federal University of Technology, Akure (FUTA). Milt samples extracted from the testes were assessed to determine key qualitative parameters, including milt volume, percentage motility, motility duration, and sperm cell count.
2.4.1 Milt Volume: A small incision was made into the lobes of the testes, and the milt was squeezed out into a petri dish. This was measured with a plastic syringe in mL.
 2.4.2 Milt Cells motility: Motility of milt was carried out by putting a drop of each sample of diluted milt on a microscope slide, and a cover slip was put to prevent wave action on the sperm cells and prevent the milt sample from drying out. The slide was observed under a microscope (CX 40 Olympus) at a magnification of ×400. 
2.4.3 Milt Motility Duration: This was determined by placing a drop of milt from each diluted milt on a Neubauer hemocytometer and covering it with a slip. The sperm activity was viewed under an Olympus microscope at ×400 magnification at an interval of 5minutes to evaluate the motility duration of the milt sample  
2.4.5 Milt Count: Sperm concentration was measured using the direct count method with an improved Neubauer hemocytometer. Diluted milt was loaded onto both chambers of the hemocytometer using a micropipette. The slide was then positioned under a microscope at 400× magnification for counting. The concentration (cells per mL) was calculated using the below formula:

2.4.6 Milt pH Determination: pH of the milt was determined using a Hanna pH meter (Model H198106). Fresh milt samples were collected into clean vials, and both diluted and undiluted samples were analysed. The electrode of the pH meter was carefully inserted into each sample, and readings were allowed to stabilise before being recorded.

2.5 Evaluation of Reproductive Performance
2.5.1 Evaluation of Fertilised Eggs 
Fertilised eggs were evaluated through direct visual examination. Whitish and opaque eggs observed between 8 and 10 hours post-fertilisation were classified as dead eggs. The number of dead eggs was subtracted from the total number of eggs to determine viable fertilisation outcomes. Translucent eggs displaying embryonic eyes at the polar cap formation stage (approximately 20 minutes after fertilisation) were regarded as fertilised. The percentage fertilisation rate was then calculated based on the ratio of fertilised eggs to the total number of eggs.

 = 

2.5.2 Incubation period
The incubation period was calculated as the difference between the time of fertilisation and the time of the first hatchling
2.5.3 Evaluation of hatched eggs 
The percentage of hatched eggs was evaluated after 26 hours of incubation. At the end of incubation, spawning nets were carefully removed from the plastic tanks once all hatchlings had detached from the nets and settled at the bottom of the containers. Unhatched or dead eggs that remained attached to the nets were then counted. The number of hatched larvae was determined by subtracting the unhatched eggs from the total number of fertilised eggs, and hatchability percentage was subsequently calculated.

 
2.5.4 Evaluation of Egg Adhesiveness Percentage
After the experimental trial, the percentages of completely free (non-adhesive) eggs in each experimental bowl were counted. The percentage of non-adhesive was estimated as
 
2.5.5 Evaluation of larval survival 
 After hatching, the unhatched eggs were siphoned out of the spawning bowls in order to ensure the survival of the hatched ones, and the water was partially changed to improve the dissolved oxygen level of the water. The larva was observed daily after hatching to determine the survival, and the percentage survival was computed as 

2.6 Physio-Chemical Parameters
Temperature, pH and dissolved oxygen were monitored weekly, using a mercury-in-glass thermometer (YSI-DO 550, U.S.A), pH meter (Hanna H198106 model) and D.O. meter (JPP-607 model), respectively.
2.7 Statistical analysis
All experimental data were analysed using one-way analysis of variance (ANOVA) with the Statistical Package for the Social Sciences (SPSS), version 22.0. Where significant differences were detected, mean separation was performed using Duncan’s Multiple Range Test (DMRT).

3.0 RESULTS
3.1 Effect of saline solution and watermelon juice on the milt quality parameter of Clarias gariepinus
The motility duration of spermatozoa ranged between 4 and 25 seconds across treatments. Treatment T4 recorded the longest motility duration (25 seconds), while the shortest duration (2 seconds) was observed in T1 (control) (Table 1). Statistical analysis showed a significant difference (p < 0.05) in motility duration among the treatments.
The mean percentage motility varied from 24% to 56%. Inclusion of watermelon juice was found to positively influence motility percentage. Higher motility values were recorded in T3 (51%), T4 (56%), T5 (56%), and T6 (52%) compared with T1 (24%) and T2 (41%). The highest motility was observed in T5 (56%), while the lowest occurred in T1 (24%).
Milt concentration across treatments ranged from 0.16 × 10⁷ to 0.89 × 10⁷. The highest concentration was observed in T1 (0.89 × 10⁷). No significant difference (p > 0.05) was found in sperm concentration among milt diluted with saline solution (T2) and those diluted with varying saline-to-watermelon juice ratios (T3, T4, T5, and T6), which all averaged 0.16 × 10⁷. However, a significant difference (p < 0.05) was observed when these treatments were compared with the control (T1).
The pH of the treatments ranged from 6.07 to 8.15. The highest pH value was recorded in T1 (8.15), whereas the lowest occurred in T6 (6.07). Significant differences (p < 0.05) were observed in pH values between T1 (control) and T2 (reference) when compared to treatments containing watermelon juice (T3, T4, T5, and T6).







Table 1: Effect of Saline solution and watermelon juice on milt quality parameters of Clarias gariepinus at different dilution ratio
	Parameters
	C1(1:0:0)
	T2(R)(1:10:0)
	T3(1:7.5:2.5)
	T4(1:5:5)
	T5(2.5:7.5)
	T6(1:0:10)

	
Milt count x 107
	
0.89±.0.73a
	
0.16±.0.00a 
	
0.16±.0.001a 
	
0.16±.0.00a 
	
0.16±.00a 
	
0.16±.0.00a 

	
Milt motility
	
4.51±.0.10a
	
7.31±0.04b
	
13.22±.0.35c
	
25.13±.0.100f
	
21.97±0.03e
	
19.8±0.01d

	
Motility (%)
	
24.16±0.02a
	
41.82±0.09b
	
51.02±0.11c
	
56.64±.0.08e
	
 56.94±0.17e
	
52.03±.0.35d

	
Deformity (%)
	
0.73±0.03ab
	
0.68±0.03ª
	
0.73±0.03ab
	
0.75±0.000bc
	
0.8±0.03c
	
0.8±0.00c

	
pH
	
8.16±0.02f
	
6.95±0.01e
	
6.68±0.04d
	
6.43±0.03c
	
6.23±0.02b
	
6.07±0.01a


Concentration is denoted as (Milt:saline:watermelon ). Also, a,b,c,d,e,f values (mean±S.E) with different superscripts in each row indicate significant differences (p<0.05).



3.2 Effect of saline solution and watermelon juice on reproductive performance of Clarias gariepinus
The percentage fertilisation ranged from 85.62% ± 3.04 to 91.76% ± 0.52 (Table 2). The highest fertilisation rate was recorded in T4 (91.76% ± 0.52), while the lowest occurred in T5 (85.62% ± 3.04). No significant difference (p > 0.05) was observed between T4 and T6 when compared with T1 (control), although these treatments differed significantly (p < 0.05) from T2 (reference), T3, and T5.
Hatchability ranged from 65.21% ± 1.04 to 75.89% ± 1.57. The highest hatchability was recorded in T4 (75.89% ± 1.57), while the lowest was observed in T5 (65.21% ± 1.04). Treatments T3 and T6 showed no significant difference (p > 0.05) in hatchability when compared with T1 (control) and T2 (reference) but were significantly different (p < 0.05) from T2 and T5.
Hatching time ranged from 24.59 ± 0.48 seconds to 25.88 ± 0.15 seconds. The fastest hatching was observed in T3 (24.59 ± 0.48), while the longest hatching duration was recorded in T1 (25.88 ± 0.15).
The survival rates of Clarias gariepinus fry varied significantly across treatments. The highest survival was recorded in T4 (1:5:5) with 75.41 ± 2.57%, followed by T5 (2.5:7.5) with 68.93 ± 1.27% and T3 (1:7.5:2.5) with 67.16 ± 0.65%, all of which were statistically higher than the control (C1, 61.74 ± 1.30%) and T2 (60.36 ± 0.34%). The lowest survival was observed in T6 (1:0:10) with 52.79 ± 1.02%, indicating that excessive inclusion of the last component in the mixture reduced fry viability.
The proportion of non-adhesive eggs ranged from 53.55% ± 2.40 to 63.13% ± 7.96. The highest value was observed in T6 (63.13% ± 7.96), whereas the lowest was recorded in T1 (53.55% ± 2.40). No significant difference (p > 0.05) in egg adhesiveness was observed among T3, T4, T5, and T6 compared with T1 (control) and T2 (reference).





Table 2: Effect of   Saline solution and watermelon juice on reproductive performance of Clarias gariepinus
	Parameters
	C1(1:0:0)
	T2(R)(1:10:0) 
	T3(1:7.5:2.5)
	T4(1:5:5)
	T5(2.5:7.5)
	T6(1:0:10)

	Fertility (%)
	91.54±0.85b
	90.16±1.61a 
	89.39±0.54ª
	91.76±.0.52b
	85.62±.3.04a
	91.75±0.90b

	
Egg non-Adhesiveness
	
53.55±2.40a
	
55.89±3.09a
	
54.92±1.37ª
	
57.85±2.61a
	
59.85±7.27a
	
63.13±7.96a

	
Hatchability (%)
	
72.21±.2.06ab
	
71.78±4.89ab
	
71.03±4.59ab
	
75.89±1.57b
	
65.21±.1.04a
	
74.44±2.08ab

	
Hatching-time (sec)
	
25.88±0.15b
	
24.83±0.33ª
	
24.59±0.48a
	
25.050±0.27ab
	
25.303±0.07ab
	
25.31±0.06ab

	
Survival (%)
	
61.74±1.30b
	
60.36±0.34b

	
67.16±0.65c
	
75.41±2.57d
	
68.93±1.27c
	
52.79±1.02a


a,b,c,d values (mean±S.E) with different superscripts in each row indicate significant differences (p<0.05) 
Mean value (summary of the six trials) showing percentage fertilisation, hatchability and survival  of larvae, hatching time and non- adhesiveness of egg
3.3 Physicochemical Water Quality Parameters During the Culture Period
Table 3 presents the physicochemical water quality parameters measured during the culture period. A significant difference (P<0.05) was observed across the measured parameters, including temperature, pH, and dissolved oxygen. The highest temperature was recorded in week 2 (27.58 °C), while the lowest occurred in week 1 (26.39 °C). Similarly, pH levels peaked in week 2 (7.10) and were lowest in week 3 (6.89). Dissolved oxygen levels showed an opposite trend, with the highest value observed in week 1 (5.16 mg/L) and the lowest in week 2 (4.87 mg/L).

Table 3: Physiochemical water quality parameters measured during the cultured period
	Parameters
	Initials
	Week 1
	Week 2
	Week 3

	Temperature(oc)
	26.39±.0.01b
	26.19±.0.03a
	27.58±.0.02c
	26.43±.0.02b

	PH
	7.11±0.01c
	7.01±0.01b
	7.10±0.01c
	6.89±.0.09a

	Dissolved Oxygen(mg/L)
	5.04±0.05b
	5.16±0.05b
	4.87±0.05ª
	5.08±0.05b


 a,b,c,d values (mean±S.E) with different superscripts in each row indicate significant differences (p<0.05)



3.4 DISCUSSION 
The present study demonstrates that the dilution of Clarias gariepinus milt with Citrullus lanatus (watermelon) juice and saline solution plays a critical role in improving broodstock reproductive performance. This finding aligns with earlier reports by Atse et al. (2002) and Nwachi and Igili-Iboi (2014), which emphasised the importance of milt dilution in enhancing sperm quality traits. In the current study, inclusion of watermelon juice significantly influenced several key parameters of milt quality, including sperm motility, motility duration, sperm count, and pH stability, thereby confirming its potential as a natural diluent in aquaculture.
The observed improvement in sperm motility, particularly in treatments T3–T6, compared to the control (C1) and reference saline solution (T2), highlights the positive effect of watermelon juice on sperm activation. This outcome corroborates the findings of Amedu and Idoko (2016), who reported that C. lanatus supplementation improved sperm morphology, concentration, and motility in rat semen, likely due to its high lycopene and antioxidant content. Furthermore, the present results agree with Concannon and Battista (1989), who indicated that a minimum motility threshold of 40–50% is necessary for successful artificial insemination, though Linde-Forsberg and Forsberg (1989) also suggested that 20–30% motility may suffice for fertilisation. Treatments enriched with watermelon juice consistently maintained motility within this functional range, thereby increasing fertilisation success.
The pH of milt across all treatments remained within the optimal slightly alkaline range required for sperm viability and motility. The control treatment recorded the highest pH, though still within acceptable limits. According to Frunza et al. (2008), semen quality declines when pH exceeds 8.0, indicating that watermelon juice does not negatively affect sperm pH. Instead, it provides a stable medium conducive to motility and fertilisation.
High fertilisation rates recorded in treatments containing watermelon juice can be attributed to its bioactive compounds, including lycopene and vitamin C. These antioxidants likely reduced oxidative stress, thereby improving sperm function and fertilisation outcomes. This supports the observations of Adekunle et al. (2018), who noted that vitamin C supplementation in extenders enhanced sperm function by reducing radical-induced cell damage. Moreover, the strong relationship between sperm motility and fertilisation observed here is consistent with the findings of Billard and Cosson (1992), who established a direct correlation between motility and fertilisation capacity in fish.
Hatchability outcomes further validate the positive role of watermelon juice. Treatment T4 recorded the highest hatchability, while the lowest was observed in T5. The improved hatchability in T4 and T6 was linked to the combined effects of vitamin C and lycopene in reducing oxidative stress during embryonic development. Similar improvements were reported by Zaniboni et al. (2006), who observed enhanced hatchability in breeder turkeys inseminated with vitamin C-enriched semen. Samuel and Uwada (2022) reported significant improvements in the growth performance and physiological responses of Clarias gariepinus fingerlings when a combination of vitamins C and E was administered, enhancing both growth and antioxidant production levels.
Survival rates varied significantly among treatments, with the highest recorded in T4 and the lowest in T6. The relatively high survival in T4 compared to the control further highlights the protective effect of watermelon’s antioxidants on embryo viability. These compounds may enhance the developmental environment by mitigating oxidative stress, a finding that corroborates Adekunle et al. (2018). The role of vitamin C in maintaining sperm function and embryo development has been widely documented, with similar outcomes observed in poultry reproductive studies (Zaniboni et al., 2006).
Interestingly, egg adhesiveness decreased as watermelon juice concentration increased. This suggests that phytochemicals present in watermelon may inhibit glycoproteins responsible for egg stickiness, as proposed by Abba et al. (2021). Reduced egg adhesiveness is advantageous in hatchery practices, as it minimises clumping and enhances aeration and hatching success.
Physicochemical Water Quality
Water quality during the culture period was within optimal ranges for C. gariepinus reproduction and development. Temperature values (26.39–27.58 °C) fell within the ideal range (23–29 °C) reported by Adebayo (2006) for catfish hatching. Similarly, pH values (6.89–7.10) were consistent with the recommended range of 6.7–7.5 for aquaculture (Marimuthu et al., 2019). Dissolved oxygen levels (4.87–5.16 mg/L) also met the suitability criteria (4.5–8.0 mg/L) outlined by Bhatnagar and Sangwan (2009). These results confirm that the experimental water quality conditions supported normal reproductive processes and did not confound the observed treatment effects.
4.0 CONCLUSION
The findings provide baseline information on the potential use of watermelon juice (Citrullus lanatus) as a milt diluent in the induced breeding of African catfish (Clarias gariepinus). The active components present in Citrullus lanatus suggest its suitability as an alternative diluent during artificial propagation. The 1:5:5 dilution ratio (milt: saline: watermelon juice) proved most effective, producing optimal sperm motility, fertilisation, hatchability, and larval survival. Improved outcomes were observed when milt was diluted with a mixture of saline solution and Citrullus lanatus, particularly in terms of percentage motility, motility duration, sperm count, fertilisation rate, egg adhesiveness, hatchability, and survival, compared with the control methods (dry fertilisation and saline solution alone).
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