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			Abstract | This study aimed to evaluate the semen quality and the proportion of spermatozoa X and Y from sexed semen using the Percoll Density Gradient Centrifugation method. The quality observed included individual motility, viability, abnormalities, concentration, total motile spermatozoa, chromatin damage, intact acrosome hood of spermatozoa, and sperm capacitation. The treatments consisted of T1 = unsexed semen, T2 = sexed semen X-bearing sperm, and T3 = sexed semen Y-bearing sperm. A general linear model with three treatments and ten replications was performed in this research. The data were analyzed using a general linear model using SAS Demand on Academics, and the least significant differences were applied if there is significance. The result showed that semen quality, including individual motility, viability, abnormality, concentration, and total motile spermatozoa in sexed semen, is lower than in unsexed semen. In addition, the sexed semen had a lower percentage of intact acrosome hood and higher chromatin damage, acrosome reactions, and sperm capacitation than unsexed semen. In conclusion, the quality of unsexed frozen semen was higher than sexed frozen semen both in sexed X sperm and sexed Y sperm. While the proportion of sperm in sexed X sperm had a proportion of sperm X higher than sperm Y, indicating that Percoll Density Gradient Centrifugation can separate with an accuracy of more than 80% based on the head measurement.
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			INTRODUCTION

			The Percoll density gradient centrifugation sexing method (PDGC) is one of the methods to separate sperm effectively. The principle of this method is the difference in density between sperm X-bearing and sperm Y-bearing Y. the density of sperm X-bearing is higher than sperm Y-bearing which will make the sperm X-bearing will reach the bottom fraction. At the same time, the Y-sperm will remain on the upper fraction (Kusumawati et al., 2019). The sexing process can lead the changes in motility and viability, accelerate the acrosome reaction, increase spermatozoa capacitation, membrane damage (Susilawati et al., 2017; Yekti et al., 2022), and fragmentation (Bermejo-Alvarez et al., 2008). Furthermore, the sexing process also reduces the concentration of spermatozoa, including the sexing process using the percoll method. It is because there is a complex process starting from separation through gradient levels, centrifugation, dilution, and freezing. The results of previous studies showed that the concentration of percoll sexing results in frozen Limousine Y cattle semen was 12.125 million/straw (Mahfud et al., 2019) and did not meet the Indonesian national standard of 25 million/straw.

			Decreasing the concentration of spermatozoa can reduce the success of artificial insemination. In vertebrates with large reproductive organ sizes, competition for spermatozoa is more influenced by the number of spermatozoa than the size of the spermatozoa. The higher the number of spermatozoa, the higher the competition for spermatozoa in fertilizing the ovum (Parker, 2020). In addition, the success of AI semen sexing cannot be separated from the success of the sexing process itself, which the proportion of X and Y spermatozoa produced can prove. To observed the proportion of spermatozoa, it can be measured by various methods, one of which is by using the size of the head of the spermatozoa (Kusumawati et al., 2019), it is because there is a difference in size between the X and Y spermatozoa (Seidel, 2007). This study aims to evaluated the semen quality and also the proportion of spermatozoa X and Y from sexed semen using Percoll Density Gradient Centrifugation method.

			Materials and Methods

			Ethical approval

			The authors confirmed that in this study, there are no ethical issues involved with ethical clearance number 1071.55/UN10.C10/TU/2022.

			Percoll density gradient centrifugation sexing method 

			The method of sperm separation was Percoll Density Gradient Centrifugation which the artificial insemination center of Singosari Malang produced. The separation method of percoll gradient was followed (Kusumawati et al., 2017, 2019) of X and Y sperms using medium density percoll with ten gradient levels arranged from the highest to the lowest density (65, 60, 55, 50, 45, 40, 35, 30, 25, 20%) and centrifugation 2250 rpm for 5 minutes. The extender used was tris aminomethane egg yolk. 

			Experimental design 

			The materials used in this study were 30 straws of frozen semen of Friesian Holstein (FH) bull produced by the Artificial Insemination Center of Singosari consisting of 10 straws of unsexed semen, ten straws of sexed sperm X-bearing sperm X, and ten straws of sperm Y. The treatments consisted of T1 = unsexed semen, T2 = sexed semen X-bearing sperm, and T3 = sexed semen Y-bearing sperm. Frozen sexing semen produced by Singosari Artificial Insemination Center used the Percoll Density Gradient Centrifugation method. The frozen semen was thawed using warm water 37o C for 29 seconds, followed by the Indonesian national standard. The observed parameters consist of motility, viability, abnormality, concentration, total motile spermatozoa (TMS) and intact acrosome hood.

			Spermatozoa motility

			Individual motility was observed by dripping one drop of semen on the object glass and then covered with a cover glass. Then the samples were observed under a microscope with 400x magnification in 5 fields of view using an Olympus CX 33 binocular microscope. Individual motility assessment was based on the percentage of progressively moving spermatozoa (Adiputra et al., 2022; Aldini et al., 2022).

			Spermatozoa viability

			The viability of spermatozoa was observed by making preparations on an object glass. One drop of semen is placed on the edge of the object glass, and then one drop of eosin-nigrosin is added to the semen. Furthermore, it is slowly homogenized and made thin review preparations on object glass, then dried and observed using a microscope with a magnification of 400x. Transparent spermatozoa characterize live spermatozoa head color, while dead spermatozoa are characterized by purplish red in spermatozoa heads (Aldini et al., 2022; Handayani et al., 2021). The number of live and dead spermatozoa was counted by hand tally counter. The percentage of viability is calculated using the formula:

			[image: ]

			Abnormal spermatozoa

			Spermatozoa abnormalities were calculated by placing one drop of semen and eosin nigrosine each on a slide, then homogenized and made a thin smear. Then observed under a microscope with a magnification of 400x and counted the number of abnormal and normal spermatozoa using a hand tally counter with a total of 200 spermatozoa in five fields of view (Aldini et al., 2022). The percentage of abnormality is calculated using the formula:
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			Spermatozoa concentration

			Spermatozoa concentration was calculated using the Neubauer chamber. The concentration test procedure follows the method (Mahendra et al., 2018; Aldini et al., 2022).

			The concentration of spermatozoa per straw were calculated using following formula:
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			Where; N= the mean number of spermatozoa in the chamber; 5= correction factor because it only counts five boxes out of 25 boxes; FP= diluent factor (1:100); 10.000= neubauer chamber depth of 0.0001 ml/ Neubauer chamber (correction factor).

			Chromatin damage

			A chromatin test was carried out by making a smear of fresh semen on an object glass, air-dried, and fixed in a 96% ethanol and acetone solution in a ratio of 1:1 for 30 minutes at 4oC. After fixation, the preparations were air-dried and then hydrolyzed in 0.1 N HCl solution for five minutes at 4oC. Then the preparations were rinsed three times using aquabidest, stained with 0.05% Toluidine blue stain, and left for 10 minutes. Next, the preparations were washed with aquabidest, dehydrated using t-butanol twice, and then cleaned with xylol. After that, the preparations were observed using a microscope with 400x magnification. Good chromatin integrity is indicated by bright blue spermatozoa heads, while those with reduced chromatin integrity will be dark blue (Priyanto et al., 2015).

			Intact acrosome hood 

			The intact acrosome hood was observed by introducing one drop of semen into the formol-saline solution (2.54 g potassium dihydrogen phosphate, 5.41 g sodium chloride, 6.19 g di-sodium hydrogen phosphate dehydrate, 125 mL formaldehyde solution (37 %), and 875 mL of distilled water). Fresh semen was added to the formol-saline solution in a ratio of 1:100. It was left for 1 hour, and one drop was taken and then placed on an object glass and covered with a cover glass. Observations were made on 200 spermatozoa under a phase contrast microscope with a magnification of 400x. Spermatozoa characterized by 1/2 to 2/3 of the anterior part of the head darker than the posterior have an intact acrosomal hood (Prabowo et al., 2021).

			Chlortetracycline (CTC) staining preparation

			45μl of semen and 45μl of CTC staining were put into a 1.5 ml Eppendorf tube which had been wrapped in aluminum foil, then vortexed 20 times for homogenization. Added 10μl of CTC fixative and vortexed 20 times, allowed to stand for 5 minutes. The standard is 30 minutes or a maximum of 3 hours. Then take 10μl of Dabco solution on a glass object, add 10μl CTC staining on the top of Dabco, and slowly homogenize using the tip. Then close with a cover glass, and lock the edges of the cover glass using transparent nail polish. Then rolled up using tissue and pressed slowly. Preparations can be directly observed using a fluorescence microscope with as many as 200 spermatozoa using 400x magnification. Preparations can also be put in a preparation box wrapped in aluminum foil and then stored in the freezer for later observation (Yekti et al., 2022).

			Proportion of spermatozoa X and Y

			The sample used was an FH semen straw produced by the Artificial Insemination Center of Singosari Malang, which consisted of non-sexing frozen semen straw, X sexing and Y sexing. Head measurements were made by making preparations for eosin nigrosin staining, and then the sample was observed using an Olympus BX-53 microscope. Morphometric measurements, including the length and width of the spermatozoa head, were carried out using the Olympus celSens Dimension software. Spermatozoa observations were carried out on 200 spermatozoa in each sample. The X and Y chromosome spermatozoa are determined based on the length times the width of the spermatozoa head. If the head of the spermatozoa is larger than or equal to the average (l x w x̄), then it is categorized as an X-chromosome spermatozoa. If the head size of the spermatozoa is smaller than the average (l x w < x̄) then it is categorized as spermatozoa with a Y chromosome (Kusumawati et al., 2019):
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			Data analysis

			A general linear model (GLM) was performed using SAS OnDemand for Academics (ODA, Cary, NC, USA). The results were presented as standard error mean (SEM). Moreover, probability values were calculated using the least significant different testing. The following model was used:

			Yij = μ + Ti + eij (Ardiansyah et al., 2022)

			Where; Yij was the parameters observed, μ was the overall mean, Ti the unsexed and sexed semen, and eij was the amount of error number.

			RESULTS AND DISCUSSION

			The quality of frozen semen in unsexed and sexed semen

			Spermatozoa quality is an essential factor in determining artificial insemination (AI’s) success. The progressive motility of sperm is needed in the reproductive tract of female cattle so that spermatozoa can fertilize the ovum and affect the pregnancy success rate. Bulls for artificial insemination must qualify as a superior bull that has good genetic quality and semen production (Susilawati et al., 2020). The results of frozen semen quality in unsexed and sexed semen can be seen in Table 1. Based on Table 1 shows that the motility of unsexed semen and sexed semen on X and Y sperm were 54.20%, 44.60%, and 42.10%, respectively. The highest percentage of individual motility is in unsexed semen at 54.20%. This study showed that the individual motility in sexed semen bot in T2 and T3 was decreased compared to control unsexed semen (T1) (Figure 2). The influence of the centrifugation process can cause a decrease in individual motility in sexed semen during sexing process. The centrifugation process decreased quality and damaged the membrane of spermatozoa (Kusumawati et al., 2019). The study by (Susilawati et al., 2017) reported that centrifugation in the process of separating X and Y spermatozoa could damage the cell membranes of spermatozoa which can affected the function of sperm to fertilize the egg. First, the Function membrane is a cell protector, which acts as protector against organelle such as mitochondria and lysosomes. Then mitochondria began to respirator as a consequence of energy cells. Furthermore, this cell influenced spermatozoa to decreasing the progressive of sperm motility.

			Table 1: Evaluation of frozen semen in unsexed and sexed semen.

			
				
					
					
					
					
					
					
				
				
					
							
							Parameters
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							R2

						
							
							SEM

						
					

					
							
							Individual motility (%)

						
							
							54.20

						
							
							44.60

						
							
							42.10

						
							
							0.61

						
							
							4.31

						
					

					
							
							Viability (%)

						
							
							75.35

						
							
							72.24

						
							
							71.25

						
							
							0.12

						
							
							4.98

						
					

					
							
							Abnormality (%)

						
							
							3.38

						
							
							5.94

						
							
							7.05

						
							
							0.32

						
							
							2.30

						
					

					
							
							Concentration (million/straw)

						
							
							36.31

						
							
							28.31

						
							
							27.19

						
							
							0.47

						
							
							4.54

						
					

					
							
							Total motile spermatozoa (106/ml)

						
							
							19.55

						
							
							12.64

						
							
							11.38

						
							
							0.76

						
							
							2.07

						
					

				
			

			Percoll Density Gradient Centrifugation (PDGC) is a method of separating spermatozoa based on differences in sperm density due to differences in mass and size of X and Y spermatozoa. X spermatozoa are larger and contain more Deoxyribonucleic acid (DNA) than Y spermatozoa, which is about 4% in cattle (Seidel, 2007). These differences cause X spermatozoa to be in the lower layers when centrifuged, and the Y spermatozoa will remain on the top layer (Kusumawati et al., 2019). Individual motility on T1 is higher than T2, and this is because the membrane damage in the lower layer is lower than in the upper layer, following the results of a study conducted by (Susilawati et al., 2017a, b). However, although sexed semen motility has a lower value than unsexed semen, it is still feasible to be used for artificial insemination based on the minimum motility requirement from the Indonesian national standard, which should be minimum motility of 40% (National Standardization Agency, 2017).

			The viability of frozen semen in unsexed semen and sexed semen was 75.35%, X sperm was 72.24% and Y sperm was 71.25%. The data showed that the viability is in a standard category based on (Garner and Hafez, 2016) that live spermatozoa after thawing ranged from 60% to 75%. This study showed that the viability of sexed semen T1 and T2 were lower than unsexed semen T0. The percentage of spermatozoa viability after the sexing process has decreased because in the sexing process the spermatozoa are separated from the seminal plasma. Seminal plasma consists of various biochemical components such as glucose, protein, cholesterol, and antioxidants which are important for spermatozoa metabolism (Asadpour, 2012). Spermatozoa that are separated from the seminal plasma can cause the spermatozoa to lose energy so that the vitality of the spermatozoa will be weakened and even die. Added by (Pereira et al., 2016), the decrease in spermatozoa viability was also caused by cold temperatures during storage, reduced energy availability in the diluent, and damage to the plasma membrane and acrosome. In addition, the viability of spermatozoa is highly dependent on the integrity of the spermatozoa membrane. The membrane damage will lead to disruption of the intracellular metabolic processes of spermatozoa so that the ability of spermatozoa to survive will decrease and death (Aldini et al., 2022). 
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			Figure 1: Distribution of response of concentration  (million/straw).

			Spermatozoa abnormalities in Friesian Holstein Bulls showed the lowest abnormality in unsexed semen at 3.38%, followed by X sperm at 5.94% and Y sperm was 7.05%. The abnormalities percentage in those treatments are categories as good were suitable for insemination based on the statement of (Garner and Hafez, 2016) that post-thawing spermatozoa abnormalities should not be more than 20%. The percentage of spermatozoa abnormalities in sexed semen was higher than in unsexed semen because the centrifugation process during the separation of sperm can damage the membrane of sperm. The rotation that occurs during the centrifugation process causes the spermatozoa inside to collide with the tube wall, and friction with the medium can damage the spermatozoa membrane. If the spermatozoa membrane is damaged, it will cause an increase in spermatozoa abnormalities (Sujoko et al., 2009). The highest spermatozoa concentration was shown in unsexed semen at 36.31 million/straw, followed by X sperm at 28.31 million/straw and Y sperm at 27.19 million/straw (Figure 1). The average concentration of spermatozoa in unsexed semen was higher than in sexed semen. According to (Mahfud et al., 2019), the dilution process is the main factor that affects the concentration of spermatozoa in straw. Suppose the dilution process is carried out with precise calculations of the number of spermatozoa concentrations. As consequence of the number of spermatozoa in the straw will follow standard national Indonesia (SNI), which is 25 million/straw. In addition, the lower concentration in sexed semen is affected by the use of a pipette and the time of centrifugation when separating spermatozoa (Kusumawati et al., 2017, 2019). The total motile spermatozoa of Friesian Holstein Bull in unsexed semen was 19.55 million/straw, X sperm was 12.64 million/straw, and Y sperm was 11.38 million/straw. The results of analysis using the Chi-square test of the total motile spermatozoa in unsexed semen showed a very significant difference (P<0.01) higher than the SNI standard. In contrast, the total motile spermatozoa of X sperm and Y sperm after thawing showed no significant difference (P>0 0.05) with Indonesian national standards. Overall, the total motile spermatozoa of Friesian Holstein Bull in those treatments had an average above the standard frozen semen suitable for insemination according to the National Standardization Agency (SNI 4869-1-:2017), which is at least 10 million/straw or 40 million/ml. Based on the study’s results, the higher the percentage of spermatozoa motility and the concentration of spermatozoa, the higher the total motile spermatozoa obtained. This is in accordance with the opinion of (Heriyanta et al., 2013), which states that the number of spermatozoa and individual motility dramatically affect the total motile spermatozoa.
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			Figure 2: Distribution of response of total motile spermatozoa (million/straw).

			Intact acrosome hood, chromatin damage, acrosome reaction and capacitation status in unsexed and sexed semen

			The intact acrosome hood test was performed to determine whether the spermatozoa have intact components (Adiputra et al., 2022). Acrosome intact has an important role in the ability of the spermatozoa to fertilize the egg. Spermatozoa that have a damaged acrosome head will not be able to fertilize an egg because the ability of spermatozoa to penetrate the egg is determined by the acrosome head of the spermatozoa (Susilawati et al., 2017a; Priyanto et al., 2015) The Intact Acrosome Hood and chromatin damage of sperm can be seen in Table 2.

			Table 2: Intact acrosome hood, chromatin damage, acrosome reaction and capacitation status in unsexed and sexed semen.
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							Intact acrosome hood (%)

						
							
							78.40

						
							
							74.08

						
							
							70.70

						
							
							0.35

						
							
							4.56

						
					

					
							
							Chromatin damage (%)

						
							
							5.34

						
							
							6.59

						
							
							7.09

						
							
							0.17

						
							
							1.63

						
					

					
							
							Acrosome reaction (%)

						
							
							7.93

						
							
							11.07

						
							
							9.90

						
							
							0.15

						
							
							3.21

						
					

					
							
							capacitation (%)

						
							
							15.13

						
							
							16.52

						
							
							18.39

						
							
							0.08

						
							
							4.62

						
					

					
							
							Non capacitation (%)

						
							
							76.94

						
							
							72.41

						
							
							71.71

						
							
							0.11

						
							
							0.53

						
					

				
			

			Table 2 showed that the intact acrosomal hood of Friesian Holstein bull in unsexed semen was 78.40%, X sperm was 74.08%, and Y sperm was 70.70%. Overall, the hood acrosome intact in all treatments (T0, T1, T2) were categorized as good criteria based on (Vijayalakshmy et al., 2018) stated that the minimum intact acrosome hood in frozen semen is at least 65%. In addition, the acrosome contains several hydrolytic enzymes, including proacrosin, hyaluronidase, esterase, and acid hydrolase. Spermatozoa need these enzymes to penetrate the oocyte (Sitepu and Marisa, 2019). In this study, the percentage of intact acrosome hood in sexed semen has a lower value than in unsexed semen. This condition could be caused by the cold shock during the processing of frozen semen (Baust et al., 2009) and membrane damage while the separation process (Susilawati et al., 2017). In addition, the freezing process also damages the integrity of the spermatozoa due to changes in the structure and function of the membrane and cell metabolism (Baust et al., 2009). Priyanto et al. (2015) stated that the damage on the plasma membrane and acrosome cap may lead to damage or a decrease in spermatozoa DNA. This study also evaluated the chromatin damage that can be seen in Table 3. The percentage of chromatin damage in Friesian Holstein bull in unsexed semen was 5.34%, X sperm was 6.59%, and Y sperm was 7.09%. The percentage of chromatin damage in sexing frozen semen has a higher value than in unsexed frozen semen. Sexing frozen semen has passed various processes such as dilution, separation of spermatozoa, cooling, and freezing, all of which can damage the structure of the spermatozoa membrane and cause a decrease in quality. In this study, the acrosomal reaction on sexed semen in T1 and T2 was higher than in unsexed semen T0, and this result is in line with the research of (Yekti et al., 2022) that the process of sexing and cooling sperm also increased capacitation, acrosomal reactions, and hyperactivation. Based on Table 3, it was found that the spermatozoa that had not been capacitated with the highest value were in frozen non-sexing semen of 76.94% while the average of spermatozoa that had not been capacitated with the lowest value was in Y sperm of 71.71%. The average spermatozoa that have not undergone capacitation obtained in this study are still relatively high, so the semen used is still suitable for AI. This is because the process of capacitation of spermatozoa should occur in the female reproductive tract in order be able to penetrate the oocyte (Yekti et al., 2022).

			Table 3: The proportion of spermatozoa X and Y in unsexed and sexed semen.

			
				
					
					
					
					
					
				
				
					
							
							Spermatozoa

						
							
							Fresh semen (%)

						
							
							T0 (%)

						
							
							T1 (%)

						
							
							T2 (%)

						
					

					
							
							X

						
							
							49,50

						
							
							49,7

						
							
							77,1

						
							
							19,4

						
					

					
							
							Y

						
							
							50,50

						
							
							50,3

						
							
							22,9

						
							
							80,6

						
					

					
							
							Total

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
					

				
			

			The proportion of spermatozoa X and Y in unsexed and sexed semen

			The proportion of spermatozoa can confirm the success of the sexing method in separating spermatozoa. The higher the separation, the higher the success of the AI in getting the sex of the child expected. In this study, The proportion of X and Y spermatozoa was confirmed by head size by calculating the length and width of each spermatozoa using a micrometer (Kusumawati et al., 2019; Yekti et al., 2019). The proportion of spermatozoa X and Y in unsexed and sexed semen can be seen in Table 3. 

			The percentage of the proportion of unsexed semen resulted in the proportion of X spermatozoa at 49.7% and the proportion of Y spermatozoa of 50.3%. The results of the Chi-Square test obtained showed that non-sexing frozen semen gave an insignificant difference (P>0.05) on X and Y spermatozoa. This result is the same as the research conducted by (Kusumawati et al., 2019) revealed that in unsexed semen, the proportion of X spermatozoa and Y spermatozoa are 50,4% and 49,6%, respectively. The percentage of unsexed semen for X sperm (bottom layer) resulted in a higher X spermatozoa proportion of 77.1 %, while the proportion of Y spermatozoa was lower by 22.9%. These results indicate that the proportion of spermatozoa follows the expected value of frozen semen sexing X, 80% X, and 20% Y. The average percentage of frozen semen proportions Y produces a higher proportion of Y spermatozoa by 80.6%, while the proportion of X spermatozoa is lower by 19.4%. These results indicate that the proportion of spermatozoa is in accordance with the expected value of frozen semen of Y sperm, 80% Y and 20% X. The accuracy of semen sexing can be seen based on the proportion of X and Y spermatozoa after the sexing process. Several studies have stated that Percoll density gradient
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			Figure 3: Observation of capacitation, non capacitation and acrosome status on sperm evaluated by microscope with a magnification of 10 x 40 (A: unsexed semen, B: sexed semen X-bearing sperm), C: sexed semen Y-bearing sperm). White arrows: non capacitation sperm; Red arrows: capacitation sperm; Blue arrows: acrosome reaction.

			“The observation of capacitation sperm, non capacitation sperm and acrosomal reaction in unsexed and sexed semen can bee seen on Figure 3”.

			centrifugation can separate the X and Y spermatozoa ratio with high separation. The top layer produces Y spermatozoa as much as 72%. In comparison, the lower layer produces X spermatozoa 77.5% compared to non-sexing, which has a proportion of X and Y spermatozoa, respectively, 50.4% and 49.6% (Kusumawati et al., 2019). Yekti et al. (2019) reported that the proportion of X and Y spermatozoa after sexing in the upper fraction was around 80.79% compared to non-sexing, which only had 52.77% Y spermatozoa. Silva et al. (2017) stated that the success rate of the SGDP method varies from 86% to 94%. Resende et al. (2009) mentioned that in cattle, the accuracy of the SGDP method is around 70% and has high viability for in vitro fertilization.

			CONCLUSIONS

			In conclusion, this study indicates that the quality of spermatozoa which includes individual motility, viability, abnormality, concentration, and total motile spermatozoa in sexed semen, is lower than in unsexed semen. However, the quality ranges in the standard category according to Indonesian national standards and is suitable for artificial insemination. Furthermore, sexed semen had a lower percentage of intact acrosome hood and higher chromatin damage, acrosome reactions, and sperm capacitation than unsexed semen.
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			Information of semen quality, including motility, viability, abnormalities, concentration, total motile spermatozoa, intact acrosome hood, chromatin damage, acrosome reaction, and capacitation in unsexed and sexed semen using percoll density gradient centrifugation method produced by artificial insemination Singosari Malang is still very limited. Furthermore, the study of the identification of X and Y proportions in sexed and unsexed semen is rarely used and still has limited information. Therefore, this study was conducted to provide information on semen quality and the proportion of X and Y sperm in sexed semen with the percoll density gradient centrifugation method.
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Abstract | This study aimed to evaluate the semen quality and the proportion of spermatozoa X and Y from sexed semen
using the Percoll Density Gradient Centrifugation method. The quality observed included individual motility, viability,
abnormalities, concentration, total motile spermatozoa, chromatin damage, intact acrosome hood of spermatozoa, and
sperm capacitation. The treatments consisted of T, = unsexed semen, T, = sexed semen X-bearing sperm, and T, =
sexed semen Y-bearing sperm. A general linear model with three treatments and ten replications was performed in
this research. The data were analyzed using a general linear model using SAS Demand on Academics, and the least
significant differences were applied if there is significance. The result showed that semen quality, including individual
motility, viability, abnormality, concentration, and total motile spermatozoa in sexed semen, is lower than in unsexed
semen. In addition, the sexed semen had a lower percentage of intact acrosome hood and higher chromatin damage,
acrosome reactions, and sperm capacitation than unsexed semen. In conclusion, the quality of unsexed frozen semen
was higher than sexed frozen semen both in sexed X sperm and sexed Y sperm. While the proportion of sperm in sexed
X sperm had a proportion of sperm X higher than sperm Y, indicating that Percoll Density Gradient Centrifugation
can separate with an accuracy of more than 80% based on the head measurement.
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INTRODUCTION spermatozoa capacitation, membrane damage (Susilawati
etal.,2017; Yektietal.,2022),and fragmentation (Bermejo-

he Percoll density gradient centrifugation sexing Alvarez et al., 2008). Furthermore, the sexing process also

method (PDGC) is one of the methods to separate reduces the concentration of spermatozoa, including the
sperm effectively. The principle of this method is the sexing process using the percoll method. It is because there
difference in density between sperm X-bearing and sperm is a complex process starting from separation through
Y-bearing Y. the density of sperm X-bearing is higher than  gradient levels, centrifugation, dilution, and freezing. The
sperm Y-bearing which will make the sperm X-bearing will  results of previous studies showed that the concentration of
reach the bottom fraction. At the same time, the Y-sperm  percoll sexing results in frozen Limousine Y cattle semen
will remain on the upper fraction (Kusumawati et al., was 12.125 million/straw (Mahfud et al., 2019) and did
2019). The sexing process can lead the changes in motility not meet the Indonesian national standard of 25 million/
and viability, accelerate the acrosome reaction, increase —straw.
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