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ABSTRACT

	The aim of this study is to increase the motility and ability of catfish sperm to fertilize the eggs of the mutiara catfish using an artificial fertilization solution containing NaCl, CaCl2 and KCl electrolytes. Mutiara catfish strain was created from a hybrid cross between four strains (paiton, sangkuriang, dumbo and mesir) as a genetic improvement for the catfish reproductive success in Indonesian. The research design used Completely Randomized Design (CRD) with six artificial fertilization solutions used as test treatments including solution A (2.50 g/L NaCl, 0.050 g/L CaCl2, 0.25 g/L KCl), solution B (4.00 g/L NaCl, 0.075 g/L CaCl2, 0.50 g/L KCl), solution C (5.50 g/L NaCl, 0.100 g/L CaCl2, 0.75 g/L KCl), solution D ((7.00 g/L NaCl, 0.125 g/L CaCl2, 1.00 g/L KCl), solution E (8.5 g/L NaCl, 0.150 g/L CaCl2, 1.25 mg/L KCl) and F (aquabidest as control. Replication as much four times (n = 4). The research parameters used were motility tests, motility duration, degree of fertilization and hatching of mutiara catfish eggs.  The results of the study showed that a solution with a composition of 7.00 g/L NaCl, 0.125 g/L CaCl2, and 1.00 g/L KCl (treatment D) induced sperm motility of 83% with a duration of 180 seconds (3 minutes), a fertilization rate of 78.25% and egg hatching of 75%. Furthermore, the results of this study can be used to improve artificial reproduction, especially optimizing the degree of fertilization and hatching of catfish eggs for mass production of larvae to support food security programs.	Comment by Zirak Palani: in Indonesia	Comment by Zirak Palani: The word “used” was repeated twice.	Comment by Zirak Palani: There is a major error in the unit of concentration of KCl: all previous formulations used g/L, while this mg/L (1.25 mg/L) is inconsistent and very low (a thousand times less than the rest).
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1. INTRODUCTION

The dilution of the spermatozoa media in the sperm duct into the natural spawning media causes an osmotic pressure change in the fluid or catfish spermatozoa media when freshwater fish broodstock, including catfish, spawn in natural waters [1]. This shift in osmotic pressure is a common sign of inhibiting sperm motility in the seminal plasma (sperm duct) and is undoubtedly present in the spermatozoa cell fluid of freshwater fish. In contrast, in marine fish spermatozoa, osmotic pressure tends to decrease. Freshwater fish sperm cells become more active by the hypotonicity of freshwater because the dilution of electrolyte fluid in the seminal plasma causes the release of sperm motility inhibition and stimulates sperm movement, but sperm motility tends to decrease when the male parent spermiates during spawning activity [2].  Fertilisation of fish eggs, which is generally external, causes a reduction in the motility of the sperm and the activation of the fertilisation eggs by differences in the ionic composition of the external and internal fluids in the sperm duct or oviduct of the fish. These differences cause short sperm motility and reduced sperm ability to fertilise eggs, resulting in low egg-fertilisation rates [3, 4]. The concentration of Na+, Ca2+ and K+ ions in the artificial insemination solution affect motility of the spermatozoa, which has implications for the degree of egg fertilization. Variations in the ionic composition of the seminal fluid in the seminal duct and the external water environment cause variations in the osmotic pressure required to induce the motility of freshwater fish sperm during spawning activity [4, 5]. The degree of egg fertilization is closely related to the duration of motility of the spermatozoa and may be maintained in an artificial fertilization solution which is hypotonic or isotonic to the fluid present in the fish sperm  or the fish egg [6]. The composition of the carp egg sac fluid contains Na+ ranging from 2.46-3.14 g/L NaCl, Ca2+ between 102-108 mg/L CaCl2 and K+ between 0.2-0.68 g/L KCl. Meanwhile, the carp sperm sac fluid contains Na+ of 1.28 g/L NaCl, Ca2+ of 28.5 mg/L CaCl2 and K+ of 1.7 g/L KCl [7]. To enhance the degree of fertilization, hatching, and production of mutiara catfish larvae, an artificial fertilization solution containing a mixture of ionic liquids NaCl, CaCl2, and KCl is required to support the artificial spawning activities of broodstock. Regulating the ionic composition of the artificial fertiliser fluid is important for increasing egg and larval production in the production of mutiara catfish.	Comment by Zirak Palani: To confuse ion concentration with salt concentration: Na⁺ is not expressed in g/L NaCl but usually in mmol/L or mg/L Na⁺.
The same error occurs with Ca²⁺ and K⁺.
This is a significant scientific error because it leads to misleading data regarding the units.

2. MATERIAL AND METHODS

Research was carried out at the hatchery of the Faculty of Fisheries and Marine Sciences, Padjadjaran University (July-September 2025) to prepare the larvae and artificial spawning of brood of mutiara-crowned catfish. Stripping, measuring of sperm motility and artificial insemination of eggs with sperm were carried out at the Fisheries Biotechnology Laboratory of Fisheries and Marine Science, Padjadjaran University.

2.1 Preparation for research	Comment by Zirak Palani: There is no connection between the two sentences: Was the snail powder mixed with the commercial feed or served separately?
The materials used include test fish, namely adult pearl catfish (C. gariepinus) broodstock with mature gonads (12 months old, average weight 500 ± 42.50 g) as many as 10 pairs (kept in a fiberglass tank with a diameter of 1.4 m, a tank height of 1.05 m and a water volume of 1384 L), artificial fertilization solution (a mixture of NaCl, CaCl2, KCl) according to the test treatment. During 1.5 months of gonad maturation, the brood fish were given mixed feed (commercial feed Hiprovite 128, 40% protein content) at a rate of 2% of biomass weight and fed twice daily (8:00 AM and 5:00 PM).and snail flour (Achatina fulica). Total water changes were performed weekly, water temperature was maintained at a constant level (27 ± 1 ºC), and an aeration system was used to requirement dissolved oxygen requirements during maintenance. Selection of mature gonad broodstock ready for artificial spawning is carried out based on observations of the pink urogenital papillae organs of the female and male broodstock and indications that the dorsal fins of both broodstock stand up when touched along the surface of the skin in the dorsal area [8]. Ovulation and spermiation induction of mature broodstock using Ovaprim hormone (dose 0.5 ml/kg for female broodstock and 0.3 ml/kg for male broodstock). 

2.2 Stripping the broodstock 

After 10-12 hours of Ovaprim injection into the male and female broodstock, the female fish were stripped to release eggs. Before stripping the female, the male's sperm was first removed by caesarean section. After the testes were obtained, the tips of the testes were cut and stripped to release the sperm fluid. These were then collected in 10 mL beakers containing 7 mL of each treatment's fertilization solution.

2.3 Measurement of sperm motility

A Neubaurer-type haemacytometer (GrayMed, Victoria, Australia) was used to test the motility of fish sperm prior to egg fertilization. A micropipette was used to transfer 1 μL of fish semen, diluted with 200 μL of 0.9% NaCl solution, into the hemocytometer counting chamber under a microscope [9]. For three minutes, sperm motility was manually measured in a tiny counting chamber. Because estimating sperm motility is a subjective process [10], sperm were only considered motile if they moved forward steadily and forcefully [11]. The formula used is as follows:
Motility (%) = number of motile sperm in 3 minutes / initial sperm count x 100%.

2.4 Egg fertilization 

Simultaneously with the release of the sperm, the female parent is removed to allow the egg to be released and collected in a petri dish. Add 1 ml of aquabidest for the calculation of the egg quantity per ml. A total of 20 petri dishes were filled with 1 mL of the collected eggs, then mixed with each 10 mL glass containing 7 mL of the treatment solution and mixed together with sterile chicken feathers for 5 minutes. The eggs were then incubated in a 31 x 18 x 24 x 40 cm aquarium with 12 L of water, a constant water temperature of 27 ± 1°C (using a water heater), and an aeration system with a dissolved oxygen content of 3 ± 0.5 ppm. The following formula is used to determine the degree of egg fertilization: FR (%) = number of fertilized eggs / number of sample eggs x 100%, FR = degree of fertilization. 

2.5 Hatching rate of eggs

The fertilized eggs continue to develop in the aquarium for 18 to 20 hours before hatching. The formula for calculating the number of eggs that hatch is HR (%) = number of eggs hatched / number of eggs fertilized x 100%, HR = hatching rate. 

 2.6 Statistic Analysis	Comment by Zirak Palani: It must be determined whether the data underwent normality and homogeneity testing before ANOVA.

Simply stating “ANOVA with p < 0.05” is insufficient for scientific publication.

Statistical tests using one-way ANOVA with p ˂ 0.05 (SigmaPlot 12.3) were conducted to detect the effect of differences in the composition of artificial fertilization solutions on the duration of sperm motility, degree of fertilization, and hatching of mutiara catfish eggs.

 3 	RESULT AND DISCUSSION

3.1 Sperm motility after 3 minutes	Comment by Zirak Palani: Errors in names and types

Text: “pearl catfish,” “mutiara catfish,” “mutiara-crowned catfish”


Sperm motility duration is typically used as a metric to assess the quality of sperm in relation to their capacity to fertilize eggs. Up to a concentration of 7 g NaCl, 0.125 g/L CaCl2, and 1 g/L KCl (treatment D), the average sperm motility of pearl catfish preserved with fertilization solution treatment increased in proportion to the increase in NaCl, CaCl2, and KCl. However, sperm motility tended to decline when the NaCl and CaCl2 concentrations were raised above 7, 0.125 and 1 g/L (treatment E), respectively (Fig. 1). Treatments A and B showed no difference in average sperm motility after 3 minutes, indicating that the concentrations of both artificial fertilization solutions had relatively similar effects on sperm motility. Conversely, treatments C and D showed significant differences in fish sperm motility compared to treatments A and B, indicating that the ionic liquid concentrations in treatments C and D are suitable for inducing mutiara catfish sperm motility. The ionic composition of the fertilisation solution that increases the motility and ability of the sperm to fertilise the eggs of freshwater fish must be composed of Na+ ions of 7.5 g of NaCl and Ca2+ ions of 0.1275 g of CaCl2 [12]. Meanwhile, the ionic concentration of K+ ions is relatively low (ranging from 0.7-1 g/L KCl) or a solution that is isotonic for eggs and sperm is needed to increase sperm motility and the degree of egg fertilization [6]. Based on this explanation, treatment D shows the criteria for an isotonic solution and produces a higher level of mutiara catfish sperm motility than other treatments. The reduction of K+ ion concentration in the natural aquatic environment during fish spawning is a triggering factor for carp (Cyprinus carpio) sperm motility, which experiences a dilution in concentration from 1.7 g/L (in the seminal plasma of the testes) after contact with external water media to 0.7-1 g/L. In contrast, the concentration of K+ ions in carp ovarian fluid is 0.68 g per L [7].  Overall, the immersion of mutiara catfish spermatozoa in the treatment fertilization solution was higher than the control solution (aquabidest). 


3.1 

[image: ]
Fig. 1. Sperm motility of mutiara catfish in fertilization solution after 3 minutes	Comment by Zirak Palani: This is a major unit error; it cannot be mg/L after using g/L in all previous calculations.

The difference of x1000 renders the results computationally incorrect.

If this is not a typographical error, the research conclusions are invalid.
Mean ± SD values followed by different letters indicate significance (p < 0.05).
Solution A (2.50 g/L NaCl, 0.050 g/L CaCl2, 0.25 g/L KCl); B (4.00 g/L NaCl, 0.075 g/L CaCl2, 0.50 g/L KCl); C (5.50 g/L NaCl, 0.100 g/L CaCl2, 0.75 g/L KCl); D (7.00 g/L NaCl, 0.125 g/L CaCl2, 1.00 g/L KCl); E (8.5 g/L NaCl, 0.150 g/L CaCl2, 1.25 mg/L KCl); F (control, aquabidest)  
 

Sperm motility increased when the concentration of Na+ and Ca2+ ions was increased up to the limit of 7 g/L NaCl and 0.125 g/L CaCl2 (treatment D), but it tended to decrease when the concentration was increased to 8.50 g/L NaCl and 0.150 g/L CaCl2 (Fig. 1). This result is comparable to the conditions during the broodfish spawning season, when the concentration of Na+, Cl-, and Ca2+ ions rose to a point where fish sperm motility could be induced in the seminal plasma of the testis due to hydration (the entry of external environmental water into the seminal plasma of the testis), which decreased K+ ions and osmotic pressure [13]. This is necessary physiologically because fish spermatozoa stay immobile in the lumen of seminiferous tubules or sperm ducts during the non-breeding season because the high concentration of K+ ions in these ducts inhibits fish sperm motility [6, 14].  The physiological mechanism to regulate the ionic balance of the seminal fluid of the testis and the fluid of the spermatozoa is a basic function of gonadotropins and steroid hormones, which affect the secretion of the fluid produced by the spermatozoa and cause increased hydrostatic pressure in the tubule and the tubus [15]. 

3.2 Sperm motile rate per 50 seconds 

The average motile sperm showed a decrease after 50, 100 and 150 seconds in sperm preservation solutions (solutions A, B, C, D, E and F) as shown in Figure 2. However, solution D showed a higher level of sperm motility (85.50%) after 150 seconds than other treatments, with motility of 90.50% (first 50 seconds), 87.25% (100 seconds) and 85.50% (150 seconds). The lowest motility was found in solution E, with motility of 62.25% (first 50 seconds), 61% (100 seconds) and 58.50% (150 seconds). Between solution A and B are relatively the same with motility of 80.75% (first 50 seconds), 74.25% (100 seconds) and 66.75% (150 seconds) in A and 81.50% (first 50 seconds), 75% (100 seconds) and 67.75% in B. Solution C is higher than A and B, but lower than D, with motility of 85.25% (first 50 seconds), 77.25% (100 seconds) and 72.25% (150 seconds). These findings suggest that the artificial fertilization solution in solution D has an ionic balance and is isotonic, which can sustain high motility for up to 150 seconds. The higher ratio of Na+ to K+ ions in the solution is assumed to be the cause of this increase in sperm motility, as is the fact that the K+ ions do not reach levels that impede motility. Prior to the spawning season, the K+ ion concentration was lowered to 797 mg/L in order to stimulate sperm motility in the sperm duct [16]. Research on Atlantic salmon seminal plasma was 1382 mg/L (1,382 g/L) K+. Salmo gairdneri and S. trutta sperm motility was still initiated by K+ ions at concentrations of ± 1 g/L KCl, but sperm motility was not induced at concentrations greater than 1 g/L KCl [7, 17]. According to the study's findings, solution D's effect demonstrated that the motility level remained high after 150 and 180 seconds (3 minutes), indicating that solution D's ionic balance is isotonic to the mutiara catfish sperm fluid (as shown in Fig. 1 and 2). The sperm duct naturally controls the electrolyte fluid balance of sperm with external fluids to stimulate sperm motility prior to broodfish spawning. 



Fig. 2. Sperm motility after 50, 100 and 150 seconds in fertilization solution 	Comment by Zirak Palani: This is a major unit error; it cannot be mg/L after using g/L in all previous calculations.

The difference of x1000 renders the results computationally incorrect.

If this is not a typographical error, the research conclusions are invalid.
Solution A (2.50 g/L NaCl, 0.050 g/L CaCl2, 0.25 g/L KCl); B (4.00 g/L NaCl, 0.075 g/L CaCl2, 0.50 g/L KCl); C (5.50 g/L NaCl, 0.100 g/L CaCl2, 0.75 g/L KCl); D (7.00 g/L NaCl, 0.125 g/L CaCl2, 1.00 g/L KCl); E (8.5 g/L NaCl, 0.150 g/L CaCl2, 1.25 mg/L KCl); F (control, aquabidest)  

3.2 
3.3 Fertilization rate (FR)	Comment by Zirak Palani: Weakness in interpretation

Spermatozoa's capacity to fertilize eggs is a crucial metric for evaluating the quality of fish sperm. This indication is taken into account in fish sperm preservation and artificial fertilization methods. The artificial fertilization solution is determined by comparing the ionic concentrations of the seminal fluids from the testicles and the ovaries. In order to induce and sustain sperm motility that can fertilize eggs, this solution must be appropriate. The average fish sperm fertilization ability increased in proportion to the increase in pearl catfish sperm motility sustained after 180 seconds (3 minutes) (Fig. 3). Treatment D remain showed a higher degree of fertilization of mutiara catfish eggs than other treatments, which was a consequence of increased sperm motility after preservation with solution D and conversely tended to decrease in treatment E. This increase in fertilization degree was closely related to high sperm motility, when the concentration of NaCl, CaCl2 and KCl reached 7 g/L, 0.125 g/L and 1 g/L KCl respectively, indicating that the fertilization solution of treatment D was isotonic to sperm motility and increased the ability to fertilize eggs optimally. An artificial fertilization solution that allows sperm to activate eggs and sperm motility of freshwater fish under isotonic conditions must contain a relatively low concentration of K+ ions [16, 18, 19]. Reduction of K+ ion concentration is necessary to extend the duration of freshwater fish sperm motility and maintain the degree of egg fertilization for up to several minutes [20]. 

[image: ]


Fig. 3. Degree of fertilization with sperm preserved in fertilization solution treatment 
Solution A (2.50 g/L NaCl, 0.050 g/L CaCl2, 0.25 g/L KCl); B (4.00 g/L NaCl, 0.075 g/L CaCl2, 0.50 g/L KCl); C (5.50 g/L NaCl, 0.100 g/L CaCl2, 0.75 g/L KCl); D (7.00 g/L NaCl, 0.125 g/L CaCl2, 1.00 g/L KCl); E (8.5 g/L NaCl, 0.150 g/L CaCl2, 1.25 mg/L KCl); F (control, aquabidest)  	Comment by Zirak Palani: This is a major unit error; it cannot be mg/L after using g/L in all previous calculations.

The difference of x1000 renders the results computationally incorrect.

If this is not a typographical error, the research conclusions are invalid.

The concentration of Na+ and Ca2+ ions which were gradually increased to the limit of 7 g/L and 0.125 g/L in the isotonic solution of treatment D played an important role in increasing the degree of fertilization of mutiara catfish eggs, especially to maintain the opening of the egg micropyle which allows sperm penetration into the egg [21]. The Na+ ions plays a role in holding the closure of the egg micropyle for several minutes which allows increased fertilization of eggs in a solution of 7.3 g/L NaCl [22]. While Ca2+ in the fertilization solution contains at least 127 mg/L (0.127 g/L) CaCl2 to suppress the process of egg yolk precipitation, so that it does not clog the egg micropyle when the box is with external fluid and optimizes egg fertilization by sperm [23]. Generally, freshwater fish sperm motility ranges from 2-3 minutes, and the duration of carp egg micropyle opening is only around 45-60 seconds, this is the basis for making artificial fertilization solutions to increase sperm motility and egg micropyle opening and increase egg fertilization. This representation has been shown in treatment D (Fig. 1, 2 and 3) which indicates that the ideal electrolyte balance of the fertilization solution approaches isotonic conditions that are similar in sperm fluid and egg fluid.

3.4 Hatching rate (HR)	Comment by Zirak Palani: The explanation of the causal relationship between “fertilization rate” and “hatching rate” is not supported by analysis.

The average egg hatching rate varied between treatments, with treatments A (68.50%), B (69.25%), and C (70.75%) showing no significant differences, indicating that the egg hatching rate was no longer affected by the electrolyte composition of the sperm preservation solution (Fig. 4). However, treatment D (75%) showed a significant difference compared to the other treatments, possibly due to the higher egg fertilization rate (78.25%) previously obtained compared to treatments A, B, C, and E (46.75%, 49.50%, 60%, and 40.25%, respectively). Meanwhile, treatments E and F did not significant differences, indicating that the hatching rate was not affected by the artificial fertilization solution, and the results were relatively similar to the control treatment (F, aquabidest).


Fig. 4. Hatching rate of mutiara catfish eggs 	Comment by Zirak Palani: This is a major unit error; it cannot be mg/L after using g/L in all previous calculations.

The difference of x1000 renders the results computationally incorrect.

If this is not a typographical error, the research conclusions are invalid.
Solution A (2.50 g/L NaCl, 0.050 g/L CaCl2, 0.25 g/L KCl); B (4.00 g/L NaCl, 0.075 g/L CaCl2, 0.50 g/L KCl); C (5.50 g/L NaCl, 0.100 g/L CaCl2, 0.75 g/L KCl); D (7.00 g/L NaCl, 0.125 g/L CaCl2, 1.00 g/L KCl); E (8.5 g/L NaCl, 0.150 g/L CaCl2, 1.25 mg/L KCl); F (control, aquabidest)  


The egg hatching rate obtained by treatments C (70.75%) and D (75%) is quite high for fish spawning activities with artificial fertilization, considering that generally the natural hatching rate of catfish eggs is 60-70% which is categorized as good for supporting mass larval production [24].	Comment by Zirak Palani: The results section ends abruptly after paragraph 3.4 without a conclusion linking the findings to the overall objective of the study or to practical applications in fish farming.

This weakens the section in terms of analytical discussion.

4 CONCLUSIONS

Induction of mutiara catfish sperm motility up to above 80% was achieved with a solution composition of 7.00 g/L NaCl, 0.125 g/L CaCl2, and 1.00 g/L KCl. An increase in mutiara catfish egg fertilization of up to 78.25% was achieved with a fertilization solution containing 0.125 g/L NaCl. The concentration of K+ ions in the artificial fertilization solution that produces a sperm motility duration of 3 minutes and a fertilization rate of 60-80% must contain 0.75-1.00 g/L KCl.
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