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			Abstract | Freezing process reduces sperm quality due to membrane damage. Antioxidants protects the membrane of spermatozoa. This study aimed to observe the effects of Snakehead Fish (Channa striata [Bloch 1793]) Extract (SFE) supplementation in tris Egg-yolk extender on mortality and motility of spermatozoa of Limousin bull (Bos primigenius f. taurus [Linnaeus, 1758]) collected from Singosari Artificial Insemination Center, Indonesia and commercial SFE. Semen from the same bull were collected and processed according to the protocol at Singosari AI Centre. Semen extender were supplemented with SFE, G0 = 0 % SFE, G1 = 2 % SFE, G2 = 4 % SFE, G3 = 6 % SFE and G4 = 8 % SFE. Each of the treatments was repeated three times. The sperm mortality and motility data from SFE treatments were analyzed using Analysis of Variance (ANOVA). The results showed no significant effect on the mortality and motility of spermatozoa (P > 0.05) amongst the treatment. However, there was reduction on mortality and tended to increase on the motility of Limousin bull spermatozoa compared to the non-supplemented extender. Furthermore, the SFE can use in egg-yolk extender with some modification for the efficiency of sperm preservation.
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			Introduction

			The Indonesian government has declared that Indonesia will reach meat sufficiency in 2026. Increase population through reproduction is the key role. Also reproductive technology needs to be used widely. Consequently, the utilization of frozen semen through artificial insemination is very important. Artificial insemination (AI) is one of the reproductive biotechnologies which has been scientifically proven to improve the genetic quality of livestock (Patel et al., 2017) and most effective tools for improving the productivity of cattle (Thundathil et al., 2016; Ugur et al., 2019). However, the implementation of AI technology relies on sperm quality (Morell et al., 2018). The quality of sperm will reduce gradually during the freezing process, especially in motility and viability (Khalil et al., 2016). The sperm quality maintenance can be done by adding extenders that provides a suitable element to protect spermatozoa from freezing stress.

			The study by Wahana et al. (2014) showed that the addition of Bovine Serum Albumin (BSA) in phosphate egg-yolk extender significantly increased progressive motility of Turkey’s spermatozoa after storage at 4 °C compare to control. BSA is in liquid phase contains high protein (5 g per 500 mL) and 20 different amino acid. BSA also known as extracellular cryo-protectants and supply reserve energy during the semen preservation and cryopreservation.

			However, BSA has limited availability since it is imported product, expensive, and difficult to obtain . Albumin protein is also found in some types of fish, although slightly different in structure, such as sharks and stingrays. Albumin in mammal- (HSA and BSA) structures is simple compared to sharks and stingrays, which are more glycoprotein structures (Andreeva, 2010). Asikin and Kusumaningrum (2018) reported that the albumin content of snakehead fish was around 13.95 % to 19.61 %. Previous study reported that BSA could be substituted with other compounds, like Snakehead fish (Channa striata Bloch 1793) extract that also rich in minerals, essential and non-essential amino acids that similar to BSA (Chasanah et al., 2015).

			This study aimed to observe the supplementation of snakehead fish extract (SFE) into semen extender in the sperm freezing. Evaluation and observation will be made on motility and mortality.

			Materials and Methods

			This study was conducted at the National Artificial Insemination Center (BBIB – Balai Besar Inseminasi Buatan) Singosari, Malang, Indonesia. The materials were fresh semen from Limousin bull (Bos primigenius f. taurus [Linnaeus, 1758]), and the commercial product snakehead fish (Channa striata [Bloch 1793]) extract (Pro Albumin©).  The treatments are G0 = 0 % SFE (control); G1 = 2 % SFE; G2 = 4 % SFE; G3 = 6 % SFE and G4 = 8 % SFE. Each of SFE (Snakehead Fish Extracts) treatment was repeated three times within the same ejaculate. Macroscopic observations (volume, pH, consistency, color, and smell) were conducted on fresh ejaculate. While microscopic observations (mortality and motility) were made on fresh ejaculate and after freezing.

			Macroscopic observation

			The macroscopic observation was applied to spermatozoa before the treatments, including volume, pH, consistency, color, and smell.

			Microscopic observation

			Mortality

			The sperm mortality was observed by preparing 100 µL of semen suspension added with 1 µL to 2 µL drops of eosin 1 % on the object-glass and then mix them. Smear of the suspension was made on an object-glass and dried. Observation was made using a microscope (Olympus, CX 21) with 400× magnification. The spermatozoa that absorbed color indicates that the sperm is dead, while the spermatozoa that did not absorbed color is determined as life sperm (Susilawati, 2011). Percentage of mortality was calculated using the equation (1):

			[image: ]

			Motility

			The sperm motility was observed by dripping 10 µL of the semen on the object-glass and covered using coverslip. Observation was made under a microscope (Olympus, CX 21) with 400× magnification at 37 °C. Only spermatozoa with progressively motility were calculated.

			Concentration

			The sperm concentration measured using spectrophotometer (Minitube, SDM 5). Fresh semen (3.5 µL) was mixed with 3.5 mL NaCl 0.9 % and the suspension was vortexed (Velp Scientifica, Wizaed Advance 1 500 g) until homogen. 

			Statistical analysis

			The data were analyzed using Analysis of Variance (ANOVA) and followed by Least Significant Difference (LSD) test if the ANOVA has any significant or very significant effect.

			Results and Discussion

			Fresh semen evaluation

			Macroscopic and microscopic assessments of fresh semen were done immediately after collection (Table 1). According to Feradis (2010), the average ejaculate volume of semen bull ranges from 5 mL to 8 mL. In this study, the Limousin semen ejaculate volume was 6.4 mL. This is similar to Mostari et al. (2019) that Limousin breed semen volume around 5.16 mL; Zamuna et al. (2016) was 7.2 mL, and Isnaeni et al. (2019) was 5.48 mL.

			Table 1: Fresh semen data from Limousin bull.

			
				
					
					
				
				
					
							
							Parameter

						
							
							Information

						
					

					
							
							General condition

						
							
					

					
							
							Name

						
							
							Daren

						
					

					
							
							Code

						
							
							808101

						
					

					
							
							Type of cow

						
							
							Limousin

						
					

					
							
							Age

						
							
							11 year old

						
					

					
							
							Weight (kg)

						
							
							960

						
					

					
							
							Macroscopic

						
							
					

					
							
							Color

						
							
							White

						
					

					
							
							Volume (ml)

						
							
							6.4

						
					

					
							
							pH

						
							
							6.8

						
					

					
							
							Consistency

						
							
							Aqueous

						
					

					
							
							Microscopic

						
							
					

					
							
							Individual motility ( %)

						
							
							54

						
					

					
							
							Mortality ( %)

						
							
							50

						
					

					
							
							Concentration (106 mL–1)

						
							
							538

						
					

				
			

			Sperm concentration from fresh ejaculate was 0.538 × 106 mL–1, lower than average concentration from other bull. Ma’ruf (2018) reported average of sperm concentration on a 12-year-old of Limousin bull was 0.718 × 106 mL–1. While Isnaeni et al. (2019) result was 1.2 × 106 mL–1 and Mostari et al. (2019) was 3.62 × 106 mL–1. 

			The difference quality of the ejaculate are influenced by a different breed of cattle (Rahman et al., 2012), season, breeds, and age or year of semen collection and post thaw sperm quality (D’andre et al., 2017). There is a relationship between sperm concentration and consistency (Sunami et al., 2018).

			The semen concentration which is measured by using spectrophotometer also can use to calculate the sperm consistency. By using spectrophotometer we can get the information about the data of analysis, sample number, sperm concentration, volume of ejaculate, spermatozoon concentration in a straw, quantity of the necessary extender, and the number of straws received from the semen (Barszcz et al., 2012).

			The white color and milky in fresh ejaculate indicated that the sperm has a normal color (Azizunnesa et al., 2013; Jha et al., 2018). Susilawati (2013) stated that the color of normal ejaculate is white or yellowish-white due to the riboflavin effect. Meanwhile, the reddish-yellow of abnormal sperm caused by the presence of water, pus, and blood.

			The mortality of frozen semen

			Figure 1 illustrated the SFE supplementation on semen extender. The highest number of mortality was found in G1 (79.67 %), while the lowest sperm mortality was found in G2 (69 %). The mortality on G3 was higher than G4. The analysis of variance showed no significant effect (P > 0.05) on frozen sperm mortality. However, sperm mortality tends to decrease with increasing levels of SFE supplementation (Fig. 1B). This means that the treatment of SFE on extender of frozen semen could reduce the mortality of sperm after thawing.

			Freezing process reduces sperm motility. It has been known that the freezing process changes the structure and function of spermatozoa due to membrane protein denaturation, shrinkage, and irreversible membrane collapse (Khalil et al., 2018). Therefore, managing the phospholipid and cryoprotective agents, as well as optimal dilution rate, equilibration, and cooling procedures, can avoid cold shock, reduce ice crystal 
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			Figure 1: The effect of SFE supplementation with different levels on the mortality of spermatozoa. A, The spermatozoa mortality of frozen semen on post thawing. B, The trend of sperm mortality on post thawing test.
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			Figure 2: Illustrated data of frozen semen motility after supplemented by SFE. A, The spermatozoa motility of frozen semen on post thawing. B, The trend of sperm motility on post thawing test.

			formation, and minimize sperm damage. Supplementation of SFE extract as an alternative protein sources in semen extender may not optimal in protecting the sperm plasma membrane during cryopreservation. Heating process during the SFE production, may damage the albumin and amino acid content and reduces its protecting ability. Protein denatures at 50 °C to 60 °C and 10 °C to 15 °C. The denaturation process does not damage the peptide bond in the primary structure but changes its folding shape (Kunsah, 2016).

			The motility of frozen semen

			The effect of SFE supplementation into the sperm motility after thawing was shown in Figure 2. In G0 treatment, sperm motility was 13.33 % and increased to 15 % at G1 treatment. It was then followed by G2 treatment which reach the peaks at 18.33 %. It decreased to 13.33 % in G3 treatment before then increased again to 18.33 % in G4 treatment. Sperm motility after thawing semen was fluctuated (Fig. 2A), but based on data trend analysis, it showed any incremental trend up to 8 % (Fig. 2B).

			Table 2: Analysis of variance.

			
				
					
					
					
					
					
					
				
				
					
							
							Source

						
							
							Sum of squares

						
							
							df

						
							
							Mean square

						
							
							F

						
							
							Sig.

						
					

					
							
							Between groups

						
							
							191.600

						
							
							4

						
							
							47.900

						
							
							1.126

						
							
							0.398

						
					

					
							
							Within groups

						
							
							425.333

						
							
							10

						
							
							42.533

						
							
							
					

					
							
							Total

						
							
							616.933

						
							
							14

						
							
							
							
					

				
			

			Sig. > 0.05 SFE treatments had no signification effect.

			The mortality and motility of semen were observed after fresh Limousin semen treated with SFE supplementation and stored in deep freeze by -180 °C as long as 24 h.

			The data of the frozen-thawed sperm after treatments is shown in Table 4. The statistical analysis showed that supplementation of SFE in tris egg-yolk extender has no significant effect (P > 0.05) to sperm motility after thawing (Table 5). However, there was a tendency of increasing motility compared to the control (non-supplemented extender). SFE supplementation up to 8 % was not enough to influence the motility and mortality of frozen sperm after thawing. One of the factors that can reduce motility, viability, and morphological damage in sperm after freezing is reactive oxygen species (ROS) (Wagner et al., 2017). Addition anti-oxidant reduces the ROS reaction. SFE contains antioxidant but it was not enough to influence the motility and mortality of sperm at a significant level.

			Table 4: The motility of frozen-thawed sperm after treatments

			
				
					
					
				
				
					
							
							Treatments

						
							
							Motility (%)

						
					

					
							
							G0

						
							
							13.33 ± 5.77

						
					

					
							
							G1

						
							
							15.00 ± 5.00

						
					

					
							
							G2

						
							
							18.33 ± 5.77

						
					

					
							
							G3

						
							
							13.33 ± 2.88

						
					

					
							
							G4

						
							
							18.33 ± 2.88

						
					

				
			

			Notes: G0 = 0 % SFE (control); G1 = 2 % SFE; G2 = 4 % SFE;  G3 = 6 % SFE and G4 = 8 % SFE

			Table 5: Analysis of variance of the sperm motility after thawing

			
				
					
					
					
					
					
					
				
				
					
							
							Source

						
							
							Sum of squares

						
							
							df

						
							
							Mean square

						
							
							F

						
							
							Sig.

						
					

					
							
							Between groups

						
							
							76.667

						
							
							4

						
							
							19.167

						
							
							0.885ns

						
							
							0.507

						
					

					
							
							Within groups

						
							
							216.667

						
							
							10

						
							
							21.667

						
							
							
					

					
							
							Total

						
							
							293.333

						
							
							14

						
							
							
							
					

				
			

			Note: ns = not significant

			The albumin content of SFE may not provide sufficient nutrition and give protection of the sperm membrane during cryo-preservation processes. Widodo (2016) stated that protein could be broken down into amino acids by releasing its amino groups through deaminase oxidative or pyruvate and acetyl coenzyme-A formed before entering Crab’s cycle to form energy. Amino acids, such as alanine, cysteine, glycine, threonine, serine, and hydroxyproline, are converted into pyruvate. All amino acids that made to pyruvate can be converted to acetyl coenzyme-A, except five amino acids without through pyruvate forms, namely phenylalanine, tyrosine, tryptophan, lysine, and leucine. These amino acids are not directly utilized by spermatozoa for motility due to its long-chain-break down. The variation of sperm motility might due to age, breed of bull, inadequate nutrition, and poor management (Akhter et al., 2013).

			Conclusions and Recommendations

			Supplementation of snakehead fish extract (SFE) until 8 % into tris egg yolk extender was not a significant effect on mortality and motility of Limousin bull semen after thawing of stored semen. However, the data analysis showed mortality reduction and an motility improvement. This means that the SFE can use as an alternative for protein source for cryopreserved bull semen with corresponding to substitute BSA protein
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Abstract | Freezing process reduces sperm quality due to membrane damage. Antioxidants protects
the membrane of spermatozoa. This study aimed to observe the effects of Snakehead Fish (Channa
striata [Bloch 1793]) Extract (SFE) supplementation in tris Egg-yolk extender on mortality and
motility of spermatozoa of Limousin bull (Bos primigenius t. taurus [Linnaeus, 1758]) collected from
Singosari Artificial Insemination Center, Indonesia and commercial SFE. Semen from the same
bull were collected and processed according to the protocol at Singosari Al Centre. Semen extender
were supplemented with SFE, GO = 0 % SFE, G1 = 2 % SFE, G2 = 4 % SFE, G3 = 6 % SFE and
G4 = 8 % SFE. Each of the treatments was repeated three times. The sperm mortality and motility
data from SFE treatments were analyzed using Analysis of Variance (ANOVA). The results showed
no significant effect on the mortality and motility of spermatozoa (P > 0.05) amongst the treatment.
However, there was reduction on mortality and tended to increase on the motility of Limousin bull
spermatozoa compared to the non-supplemented extender. Furthermore, the SFE can use in egg-
yolk extender with some modification for the efficiency of sperm preservation.
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