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			Abstract | This study was conducted to determine the quality fresh and frozen semen of Bali and Simmental bull in the Technical Implementation Unit of Regional Artificial Insemination Center at Pucak, South Sulawesi. Two Bali bulls and two Simmental bulls aged 5-6 were used. The parameters observed in the fresh semen were volume, pH, colour, motility, viability, abnormality, intact plasma membrane, and concentration. Meanwhile, parameters observed in frozen semen were motility, viability, abnormality, intact plasma membrane, acrosome status, DNA integrity, and movement patterns. Viability and abnormality parameters were stained with eosin-nigrosine, intact plasma membrane was stained with Hypo-osmotic (HOS) solution, acrosome status was stained with peanut agglutinin (PNA), and DNA integrity was stained with acridine orange (AO). The results showed that the volume, pH, motility, abnormality, intact plasma membrane, and concentration of fresh semen of Bali and Simmental bull were not significantly different (P>0.05). Likewise, the frozen semen of Bali and Simmental breed did not show any significant differences (P>0.05) in terms of motility, acrosome status, intact plasma membrane, DNA integrity, and movement patterns, but the viability of Bali bull was significantly higher than that of Simmental bull and the abnormality of Simmental bull was significantly higher than that of Bali bull. Based on the results, it can be concluded both Bali and Simmental bull has the same quality of fresh semen, but Bali bull had better viability and abnormality compared to those Simmental breed of frozen semen. 
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			INTRODUCTION

			 

			As a livestock production center, South Sulawesi Province has considerable potential as the national cattle barn. This can be seen from the increase in beef cattle population in South Sulawesi, from 1,369,890 in 2019 to 1,431, 533 in 2020 (Statistics Indonesia, 2021). Cattle reproduction is one of the most influential supporting factors in increasing the number of beef cattle populations and the need for meat (Nurjanah et al., 2014). Various government programs have been made to increase the productivity of cattle domestically, including Bali and Simmental breed. The program is stated in the regulation of the Minister of Agriculture no.48/Permentan/PK.210/10/2016 concerning Special Program for the Acceleration of Increasing the Population of Pregnant Cows and Buffaloes signed by the Minister of Agriculture (Upsus Siwab) on October 3, 2016. This program intends to increase the cattle population in a sustainable manner by maximizing the potential of breeding cows in producing calves, improving the quality/genetic of Bali cattle, realizing the government’s commitment to pursue self-sufficiency of beef which is targeted to be achieved by 2026, realizing Indonesia as a country which can independently fulfill foods of animal origin, and at the same time improving the welfare of smallholder farmers. Therefore, the program included the implementation of artificial insemination (AI) activities, the supply and distribution of frozen semen, liquid nitrogen (N2) and containers, and forage fulfilment. In 2020, the there was a follow-up activity known as SIKOMANDAN program or Cow and Buffalo Commodity Mainstay of the Country. Frozen semen production at Artificial Insemination Centers refers to the Regulation of Minister of Agriculture no 10 of 2016 concerning the provision and distribution of frozen semen of ruminants and the Indonesian National Standard (SNI) number 4869.1:2017 on frozen semen. The bulls used as the source of semen to produce frozen semen at the artificial insemination centers are superior bulls (Handayani et al., 2021). 

			 

			In frozen semen production, superior bulls (both domestic and originated from other countries) are needed because it can be stored in a long period of time and is free from infectious diseases caused by natural mating. The main purpose of frozen semen production is to increase the success rate of pregnancy as much as the natural mating by applying the artificial insemination (AI) biotechnology (Diany et al., 2016). One of the frozen semen providers is the Technical Implementation Unit of Regional Artificial Insemination Center in Pucak, South Sulawesi. One of the efforts to increase the cattle population is by utilizing Artificial Insemination (AI) technology. AI is a reproductive technology which purpose is to increase the efficiency of reproduction and even distribution of superior seeds, as well as to prevent the spread of disease. One of the factors that influence the success rate of AI is the quality of frozen semen. Therefore, its quality must always be maintained in order to maintain good fertility. However, information on semen quality of Bali and Simmental bull in Unit Local of Artificial Insemination and Semen Production in Pucak, South Sulawesi Sulawesi, is still very limited. Thus, this study was conducted to evaluate the quality of semen (fresh and frozen) from bulls breed at Unit Local of Regional Artificial Insemination Center Pucak, South Sulawesi.  

			 

			MATERIALS AND METHODS

			 

			Research Materials

			This research was conducted from November 2021 to February 2022 at the Regional Artificial Insemination Center (RAIC) of Pucak-Maros, South Sulawesi and the research center of biotechnology, National Research and Innovation Agency (BRIN). The research material was semen taken from two Bali bulls and two Simmental bulls aged 5-6. 

			 

			Evaluation of Fresh Semen Quality

			Evaluation of the fresh semen quality was conducted at RAIC Pucak, South Sulawesi by observing the semen volume as parameter. Observation was carried out directly in the semen storage tube immediately after storage (in ml). The pH was observed by dripping semen on the pH indicator, and the spermatozoa concentration was calculated by mixing 0.035 ml of semen with 3.5 ml of 0.9% NaCl solution. The solution was then homogenized for 5-7 seconds, transferred into a cuvette to measure its concentration using a photometer SDM 6 (Minitube, Germany) (Prastowo et al., 2018). Normal fresh semen in the storage tube was milky or creamy white and cloudy in color; about 10% of cattle produced normal semen with a yellowish color (Prasetyo et al., 2020). Spermatozoa motility was determined by dripping the sample of semen on a glass slide, covered with a cover glass, and then observed using a microscope (Olympus CX31) (400x magnification). Motility was assessed subjectively by looking at the number of spermatozoa that move straight ahead (progressive). The standard of motility assessment was in the range of 0 - 100%.

			 

			Spermatozoa viability is a parameter observed to identify live and dead sperm cells. It was analysed by using eosin-nigrosine staining technique. The principle of this method is that dead spermatozoa will absorb the eosin-nigrosine so that it will turn into red or pink due to the increased cell wall permeability. Ten microns of semen was dropped on a slide, and 20 microns of eosin-nigrosine solution was added. The mixture was homogenized and prepared on a slide glass. The slide was observed under a microscope connected to a monitor at 400x magnification. Dead spermatozoa stained red and live spermatozoa remained colorless (Handayani et al., 2021).

			 

			[image: Eq1.PNG] 

			 

			Spermatozoa abnormalities can be classified into three parts, namely head, midpiece, and tail defects. Examination of abnormal spermatozoa can be carried out by using eosin-nigrosine dye of at least 200 cells. The percentage of abnormal sperm is characterized by abnormalities in spermatozoa cells such as in the head, body, and tail of the sperm (Afiati et al., 2015).
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			Intact plasma membrane was tested using the Hypoosmotic Swelling method (HOS Test). 10 µl of semen was mixed in 1 ml of HOS solution, homogenized and incubated at 37 °C for 30-45 minutes. The test was performed by dripping a mixture of HOS solution and incubated semen on an object glass, covered with a cover glass and evaluated using a 40 × 10 magnification microscope. Spermatozoa with intact plasma membranes are characterized by coiled or bulging tails, while the damaged ones are characterized by straight tails. The percentage of spermatozoa reacting to the HOS solution was calculated by using the following formula:

			 

			[image: Eq3.PNG] 

			 

			Evaluation of the Frozen Semen Quality

			Evaluation of the quality of frozen semen was conducted at BRIN by observing the parameters, motility, viability, abnormality, and intact plasma membrane following the same procedure when evaluating fresh semen. The acrosome status was observed under a Z2 fluorescent imager microscope using peanut agglutinin (PNA) staining. The test was carried out by smearing the sample of semen on a glass object, fixed in 96% ethanol for 10 minutes and dried. Then, droplet of 20-30 micron of PNA was added and incubated at 370 C for 30 minutes. 5 microns of propidium iodine was dropped and incubate for 10 minutes. After that, object glass was washed using aquadest solution, covered using a cover class and observed under a fluorescent microscope at 40 × 10 magnification. Spermatozoa with defected/incomplete acrosome at the tip of the head was green in color while the intact one was reddish orange

			.
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			DNA integrity was observed under a Z2 fluorescent imager microscope using acridine orange (AO) staining. The test was performed by smearing the semen sample on a glass object, fixed in Carnoy for 2 hours, and rinsed with distilled water. AO was soaked overnight, rinsed with distilled water and dried. It was then observed under a fluorescent microscope with a magnification of 40 × 10 by observing that the center part of the head. The damaged one was green/dark yellow in color while the intact one was green.
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			Tests were conducted using Computer-assisted sperm analysis (CASA Sperm Vision Minitube). The characteristic of post thawing motility (PTM) was motility; the distance average path (DAP) was the distance (micron) of the average path of the sperm cell travelled from the beginning to the end of the analysis period; curvilinear distance (DCL): the distance (microns) that the sperm cell travel in one second on the trajectory of the curve from the beginning to the end of the analysis period; distance straight line (DSL): the distance taken by sperm in a straight line from the first frame to the last frame of the analysis period; velocity average path (VAP): the average speed that the sperm cell travelled across from the beginning to the end of the analysis period measured in microns per second; curvilinear velocity (VCL): the average speed that the sperm cell travel across a curved line from the beginning to the end of the analysis period measured in microns per second; velocity straight line (VSL): the speed that sperm cells travelled in a straight line from the beginning to the end of the analysis period measured in microns per second; straightness (STR): VSL/VAP is the relationship between the velocity of a straight line and the velocity of the average path during the measurement period; linearity (LIN): VSL/VCL is the relationship between the velocity of the straight line and the velocity of the curved line during the measurement period; wobble (WOB): VAP/VCL is the relationship between the velocity average path and the velocity curved line during the measurement period; amplitude of lateral head displacement (ALH): the magnitude of the lateral displacement of the sperm head about its average path (microns). 

			 

			It is stated as the maximum displacement, and beat cross frequency (BCF): the speed measured in Hertz (Hz) that the sperm head moves from side to side during the measurement period (Park, 2013).

			 

			Data Analysis

			The data obtained was analyzed using a comparative test, namely the T test statistical analysis (T-test Independent sample), to compare the sample of Bali and Simmental bull. 

			 

			RESULTS AND DISCUSSION

			 

			The Quality of Fresh Semen of Bali and Simmental Bull

			The semen quality of Bali and Simmental bull is one of the important parameters in semen collection. Evaluation of semen quality includes macroscopic and microscopic tests. Macroscopic quality tests include color, pH, and volume, while microscopic quality tests include motility, viability, abnormality, intact plasma membrane, and concentration. The evaluation results are presented in the Table 1.

			 

			Table 1 describes that pH value of semen in both Bali and Simmental bull was 64± 0.0, and this result can be categorized as normal. It was in accordance with Wahyuningsih et al. (2013) who stated that the semen of normal cattle had a pH value ranging from 6.28-7.00. Further, Prastowo et al. (2018) also stated that the factor that affects the pH value of fresh semen is the feedstuffs composition which affects the seminal plasma secretion and accessory glands of the male reproductive organs. The color of the semen of Bali and Simmental cattle in this study was cream. This indicates that the semen color obtained in this study was categorized as normal. These results are in line with Feradis (2010) who argued that normal bull semen was milky white or creamy white and cloudy. The mean volume of Bali bull semen was 6.27±1.19 ml and that of Simmental breed was 6.36±1.42 ml, indicating that there was no significant difference (P > 0.05). The volume of semen produced was still within the normal range. This is in accordance with Hartanti et al. (2012) which stated that the normal volume ranged from 3.2 to 7.3 ml. In fact, this study showed higher results than those reported by Prastowo et al. (2018) which showed a mean value of 5.10±1.26 ml.

			 

			Table 1: Evaluation of Fresh Semen Quality of Bali dan Simmental Bull

			
				
					
					
					
				
				
					
							Parameters
							Mean (± SD)
					

					
							Bali Bull
							Simmental Bull
					

					
							
							Macroscopic

						
							
							 

						
							
							 

						
					

					
							
							Color

						
							
							Cream

						
							
							Cream

						
					

					
							
							Ph

						
							
							6.4±0.0

						
							
							6.4±0.0

						
					

					
							
							Volume (ml)

						
							
							6.27±1.19

						
							
							6.36±1.42

						
					

					
							
							Microscopic

						
							
							 

						
							
							 

						
					

					
							
							Motility (%)

						
							
							70 ± 0.0

						
							
							70±0.0

						
					

					
							
							Viability (%)

						
							
							96.91±1.59

						
							
							95.62±2.20

						
					

					
							
							Abnormality (106/ml)

						
							
							3.16±1.53

						
							
							4.43±2.09

						
					

					
							
							Intact Plasma Membrane(%)

						
							
							93.64±4.69

						
							
							9333±3.83

						
					

					
							
							Concentration (106/ml)

						
							
							1.244±0.29

						
							
							1.247±0.24

						
					

				
			

			

			Note: SD = Standard deviation

			 

			The motility found in this study with the average Bali and Simmental bull of 70 ± 0.0% shows no significant difference (P > 0.05). There was no difference between the two breeds of cattle because the bulls used was superior bulls which were selected and had met the standard. Likewise, a research by Kaiin et al. (2013) also reported that the Bali bulls at RAIC Pucak had a motility rate of 70-75%. However, it was lower than that of Fazrien et al. (2020) who found that the average motility of Bali bull spermatozoa obtained was 81.6±8%. Adhyatma et al. (2013) argued that there were several factors affecting the motility of spermatozoa such as age, environment, feedstuffs, semen collection frequency, and body weight of each animal. 

			 

			The viability of Bali bull in this research was 96.91±1.59% and that of Simmental bull was 95.62±2.20%, indicating no significant difference (P> 0.05). Based on these data, it can be concluded that this fresh semen is suitable for further processing. This is in accordance with Prastika et al. (2018) who stated that the percentage of spermatozoa viability should be at least 60% - 70%, so that it is suitable to be processed into frozen semen. This result is higher than that conducted by Musakkir et al. (2017) which revealed that the average viability of fresh semen of Aceh bull was 86.92 ± 2.87%. The observation result of sperm viability of Bali and Simmental bull can be seen in Figure 5.
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			Figure 5: Observation of Spermatozoa Viability evaluated  by microscope with a magnification of 10 x 40. (A: Bali bull Spermatozoa, B: Simmental bull Spermatozoa). Blue arrow: Dead spermatozoa; Red arrow: Live spermatozoa

			 

			This study obtained that the abnormalities of Bali and Simmental bull were 3.16±1.53% and 4.43±2.09% respectively, indicating no significant difference (P> 0.05) between them. It can be concluded that this semen deserves to be processed further. Likewise, Utami et al. (2014) stated that spermatozoa abnormalities were no more than 12% to 23% and the normal percentage was between 77% to 88% in livestock. However, the result of this study was lower than that of Rahmiati et al. (2018) with an average abnormality of 10.34% in Aceh cattle and higher than that of Kaiin and Kaiin and Gunawan (2015) with abnormalities of 1.47% in Simmental bull previously reared at RAIC Pucak. A factor that can influence spermatozoa abnormalities in livestock is ejaculation frequency which can affect the quality and morphology of abnormal spermatozoa in fresh semen that has been collected. Abnormalities in Bali and Simmental bull can be seen in Figure 6.
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			Figure  6: Observation result of Spermatozoa Abnormalities evaluated  by microscope with a magnification of 10 x 40. (A: Bali Bull Spermatozoa, B: Simmental Bull Spermatozoa). Red arrows indicate abnormal spermatozoa.

			 

			Incomplete or damaged plasma membrane can affect the success rate of spermatozoa to fertilize an egg (Handayani et al., 2021). Further, Anwar et. al (2014) added that the integrity of the plasma membrane affects the active movement of spermatozoa. The observation result on the intact plasma membranes can be seen in Figure 7.
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			Figure 7: Observation result of of intact plasma membrane evaluated  by microscope with a magnification of 10 x 40. (A: Bali Cattle Spermatozoa, B: Simmental Cattle Spermatozoa). Blue arrow: intact plasma membrane; Red arrow: Incomplete plasma membrane.

			 

			This study revealed that the intact plasma membrane of Bali and Simmental bull were 93.64 ±4.69% and 93.33 ±3.83% respectively, indicating no significant difference (P > 0.05). This result was higher than that of Muzakkir et al. (2017) with average intact plasma membrane of 88.30 ± 1.61% in fresh semen of Aceh bull and Arvioges et al. (2021) with intact plasma membrane of 59.50±22.96% in Bali cattle.

			 

			The concentration of fresh semen obtained in this study was 1,244±0.29 in Bali bull and 1,247±0.24 in Simmental bull, indicating no significant difference (P > 0.05). This result is lower than that previously reported by Kaiin and Gunawan (2015) stating that the sperm concentration of Simmental bull collected at RAIC Pucak was 1,960 x 106 cells/ml, while the concentration in Bali cattle was relatively the same with 1,256.7 x 106 cells/ml (Kaiin et al, 2013). The stress factor is one of the factors that can affect the spermatozoa concentration and any changes in environmental temperature will affect the male reproductive organs (Feradis, 2010). Furthermore, the thermoregulatory function of the scrotum will be disrupted, which then also impact the spermatogenesis process in bull (Garner and Hafez, 2016). 

			 

			The Quality of Frozen Semen of Bali and Simmental Bull

			The main objective of the evaluation of frozen semen is to increase the success rate of pregnancy so that it is similar to natural mating with the application of artificial insemination (AI) biotechnology. Based on the results of the study, the frozen semen quality of Bali and Simmental bull can be seen in Table 2.

			 

			The motility of frozen semen of Bali and Simmental Bull showed no significant difference (P>0.05), with 62.41±5.36% vs 61.46±1.52%. The results of this study are regarded as suitable to be used based on the standards set by Indonesian National Standard (SNI) of bull frozen semen serial number 4869.1-2017 which is more than 40% (National Standardization Agency, 2017). The frozen semen motility of Simmental bull obtained in this study was higher than that previously reported by Nalley et al. (2016) with mean motility of 43.60±1.71% in Simmental cattle. According to Gangawar et al. (2016), most of the motility and viability of the spermatozoa decreased at each stage of semen processing due to various treatments which can cause the spermatozoa to die such as a cold shock effect. However, generally around 50% - 60% of the spermatozoa will be able to survive until the thawing stage with the appropriate procedure. Furthermore, Hapsari et al. (2018) reported that during the freezing process, about 50% of spermatozoa will die. Spermatozoa motility can be influenced by many factors including breed, age, management, feedstuff’s nutrition and collection techniques which affect the percentage of individual motility (Rahmawati et al., 2015).

			 

			Table 2: Evaluation of Frozen Semen Quality of Bali dan Simmental Bull

			
				
					
					
					
				
				
					
							Parameters 
							                       Mean (± SD)
					

					
							Bali Bull    
							Simmental Bull 
					

					
							
							Motility (%)

						
							
							62.41± 5.36

						
							
							61.46±1.52

						
					

					
							
							Viability (%)

						
							
							94.50±2.05a

						
							
							92.71±3.21b

						
					

					
							
							Abnormality (%)

						
							
							3.69±0.81a 

						
							
							5.71±2.06b

						
					

					
							
							Acrosome Status (%)

						
							
							93. 34±3.31

						
							
							93.97±3.35

						
					

					
							
							Intact Plasma Membrane (%)

						
							
							92.24±3.44

						
							
							92.76±2.73

						
					

					
							
							DNA Integrity (%)

						
							
							96.41±3.02                                        

						
							
							95.67±2.43

						
					

				
			

			

			Note: Different superscripts in the same line shows significant difference (P<0.05)

			 

			The viability of frozen semen of Bali bull was significantly higher than that of Simmental bull (P<0.05) with 94.50±2.05% vs 92.71±3.21%. This shows that Bali cattle semen has better durability than that of Simmental breed in the freezing process. The result of this study was higher than what previously reported by Handayani et al. (2021) with spermatozoa viability percentage value of 82.65±4.7%. The percentage of sperm viability of Bali and Simmental bull was classified as very good with an average percentage value of above 90%. Furthermore, Garner and Hafez (2016) added that the spermatozoa viability for producing thawed or frozen semen need to have at least 60% to 75% of live spermatozoa. Spermatozoa abnormalities in Bali bull showed a significant difference (P < 0.05) which was lower than Simmental cattle, with 3.69 ± 0.81% vs 5.71 ± 2.06. It indicates that the spermatozoa of Bali cattle were more resistant to changes in temperature during the processing of frozen semen production than that of Simental semen. It may also be due to breed differences. Likewise, Chandolia et al. (1999) also argued that post-thawing heat shock can influence the resistance of spermatozoa, one of the causing factors is genetic factor. Based on the result of the study, the spermatozoa abnormality of Simmental breed was higher than that found by Kusumawati et al. (2016) with a mean score of 4.88 ± 0.08 in the same breed. 

			There was no difference between the acrosome status of Bali and Simental bull (P>0.05) in this study. The result implies that the percentage of spermatozoa with damaged acrosome status was very low when compared to the previous study reported by Fatah et. al. (2018) with 40% found in Bali bull and 50% in Simmental bull during the observation of the hood acrosome intact. Sitepu and Marisa (2019) claimed that the acrosome plays an important role in the fertilization process for successful artificial insemination. The spermatozoa binding initiation to the zona pellucida will trigger the acrosome reaction which lead to the release and activation of acrosome enzymes, so that the spermatozoa are able to penetrate the zona pellucida. The observation result of the acrosome status of Bali and Simmental bull can be seen in Figure 8.

			 

			[image: 40331.png]Figure 8: Observation of Semen Acrosome Status evaluated by microscope with a magnification of 10 x 40 (A: Bali bull, B: Simmental bull). Blue arrows: Damaged spermatozoa; Red arrow: Intact spermatozoa.

			 

			The acrosome membrane of spermatozoa which consists of an Inner Acrosome Membrane (IAM) and an Outer Acrosome Membrane (OAM) that serve as a protective acrosome for the spermatozoa will be stained. Specific proteins that make up the spermatozoa membrane will be stained so that they can be distinguished. If part of the acrosome is damaged or incomplete, the spermatozoa cells are unable to properly absorb the color and the staining result will look faded. Irregularity in the head can also be used as an indication of damaged membrane which has the potential to damage the acrosome (Nofa et al., 2017). The intact plasma membranes of spermatozoa taken from Bali and Simmental bull were 92.24±3.44 and 92.76±2.73 respectively, indicating no significant difference (P > 0.05). The decreasing value of the intact plasma membrane corelates closely with the success in decreasing the spermatozoa ability to fertilize oocytes (Handayani et al., 2021).

			 

			DNA integrity of spermatozoa of Bali and Simmental bull were 96.42 ±3.01 vs 95.67±2.43, indicating no significant difference (P > 0.05). The result of this study showed less damaged spermatozoa DNA than that of previous research by Priyanto et al. (2018) which revealed that each nation has a different level of DNA damage. Brahman bull showed the lowest DNA damage (93.17±1.25%) and the highest was Simental bull (90.66±3.76%). The observation result of the DNA integrity of Bali and Simmental bull can be seen in Figure 9.
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			Figure 9: Observation result of DNA integrity of spermatozoa evaluated  by microscope with a magnification of 10 x 40. (A: Bali Bull Spermatozoa, B: Simmental Bull Spermatozoa). Blue arrows: Damaged spermatozoa; Red arrow: Intact spermatozoa. 

			 

			Prabowo et al. (2016) added that damage to chromatin deoxyribose nucleic acid (DNA) of spermatozoa was an important factor which cause infertility. In the head area of spermatozoa, there is a nucleus containing DNA which is an important component in the fertilization process. All genetic information that will be passed down from one generation to the next is contained in the DNA strands in the nucleus of spermatozoa (Saili et al., 2006). DNA damage of spermatozoa can occur during spermatogenesis, the freezing process and after thawing. It may occur due to several factors, including age, infection in the testes, lack of protamine elements, hormones, contaminated with toxic chemicals, and drugs (Priyanto et al., 2015).

			 

			Spermatozoa Movement Pattern of Bali and Simmental Bull

			The movement pattern of spermatozoa is an important factor to support the fertilization process. Spermatozoa movement patterns were analyzed using CASA. The pattern of movement of spermatozoa in Bali and Simmental cattle can be seen in Table 3.

			 

			Table 3 shows that the DAP, DCL, DSL, VAP, VCL, VSL, STR, LIN, WOB, ALH, and BCF value of frozen semen of Bali and Simmental bull do not show significant differences (P>0.05). The results of DAP, DCL, and DSL analysis on Bali and Simmental  bull have relatively the same value as the research of Diansyah et al. (2022) and Sarastina et al. (2007). 

			 

			Table 3 shows that Bali and Simmental bull have good VCL and VSL values this is the same as the research of Rounge (2003) and Suzuki et al (2003) which reported that VCL values in Bali bull have optimally moving spermatozoa with VCL values > 100 μm/s as suggested by that the progressive motility of spermatozoa is characterized by a VAP of > 25.0 μm/s. Donnelly et al. (1998) reported that the high value of VCL, VSL and VAP possess high probability of pregnancy rate, because VCL and VSL are parallel to fertilization ability, while VAP value indicates a high correlation with pregnancy rate.  

			 

			Table 3: The Movement Pattern of Frozen Spermatozoa in Bali and Simmental Bull

			
				
					
					
					
				
				
					
							Parameters
							Mean (± SD)
					

					
							   Bali Bull  
							Simmental Bull
					

					
							
							DAP (µm)

						
							
							31. 24±1.52

						
							
							28.88±7.11

						
					

					
							
							DCL (µm)

						
							
							44.14±6.93 

						
							
							40.90±7.81 

						
					

					
							
							DSL (µm)

						
							
							24.07±6.83 

						
							
							22.07± 7.38 

						
					

					
							
							VAP (µm/s)

						
							
							68.97±17.37

						
							
							65.25±17.39

						
					

					
							
							VCL (µm/s)

						
							
							107.83±11.1

						
							
							99.27±16.39

						
					

					
							
							VSL (µm/s)

						
							
							52.45±7.01

						
							
							47.72±7.37

						
					

					
							
							STR 

						
							
							0.71±0.06

						
							
							0.68±0.06

						
					

					
							
							LIN 

						
							
							0.48±0.06

						
							
							0.47±0.07

						
					

					
							
							WOB 

						
							
							0.68±0.19

						
							
							0.68±0.05

						
					

					
							
							ALH (μm)

						
							
							5.19±0.97

						
							
							5.10±1.63

						
					

					
							
							BCF (Hz)

						
							
							25.89±2.92

						
							
							25.89±3.66

						
					

				
			

			

			Note: SD = Standard Deviation

			 

			LIN values in Bali bull 0.48±0.06 (48%) and Simmental bull 0.47±0.07 (47%) this shows spermatozoa swimming linearly according to research reported by Setiyono et al. (2020) that spermatozoa swim linearly when LIN values > 35%. The LIN value in spermatozoa may indicate the characteristics of the movement direction or the straightness of spermatozoa movement. (El-Bahrawy, 2017).

			 

			ALH values in Bali and Simmental bull were 5.19±0.97 μm and 5.10±1.63 μm, respectively, while the BCF values of Bali and Simmental bull were 25.89±2.92 Hz and 25.89±3.66 Hz. ALH and BCF values were relatively higher with the ALH and BCF values reported by Ratnawati et al. (2018). The ALH parameter indicates the average amplitude of spermatozoa head ascillations (vibration) during swimming (Kathiravan et al., 2011) while BCF is the number of time the path crosses an average spermatozoa per second grove where  is useful parameter to identify change in the pattern of flagellar beat.

			 

			CONCLUSION

			 

			Based on the results, it can be concluded both Bali and Simmental bull has the same quality of fresh semen, but Bali bull had better viability and abnormality compared to those Simmental breed of frozen semen. 
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Abstract | This study was conducted to determine the quality fresh and frozen semen of Bali and Simmental bull in the
Technical Implementation Unit of Regional Artificial Insemination Center at Pucak, South Sulawesi. Two Bali bulls
and two Simmental bulls aged 5-6 were used. The parameters observed in the fresh semen were volume, pH, colour,
motility, viability, abnormality, intact plasma membrane, and concentration. Meanwhile, parameters observed in frozen
semen were motility, viability, abnormality, intact plasma membrane, acrosome status, DNA integrity, and movement
patterns. Viability and abnormality parameters were stained with eosin-nigrosine, intact plasma membrane was stained
with Hypo-osmotic (HOS) solution, acrosome status was stained with peanut agglutinin (PNA), and DNA integrity
was stained with acridine orange (AO). The results showed that the volume, pH, motility, abnormality, intact plasma
membrane, and concentration of fresh semen of Bali and Simmental bull were not significantly different (P>0.05).
Likewise, the frozen semen of Bali and Simmental breed did not show any significant differences (P>0.05) in terms
of motility, acrosome status, intact plasma membrane, DNA integrity, and movement patterns, but the viability of Bali
bull was significantly higher than that of Simmental bull and the abnormality of Simmental bull was significantly
higher than that of Bali bull. Based on the results, it can be concluded both Bali and Simmental bull has the same
quality of fresh semen, but Bali bull had better viability and abnormality compared to those Simmental breed of frozen

semen.
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INTRODUCTION

need for meat (Nurjanah et al., 2014). Various government
programs have been made to increase the productivity of
cattle domestically, including Bali and Simmental breed.
The program is stated in the regulation of the Minister of
Agriculture no.48/Permentan/PK.210/10/2016 concern-
ing Special Program for the Acceleration of Increasing

As a livestock production center, South Sulawesi Prov-
ince has considerable potential as the national cat-
tle barn. This can be seen from the increase in beef cattle
population in South Sulawesi, from 1,369,890 in 2019 to

1,431,533 in 2020 (Statistics Indonesia, 2021). Cattle re-
production is one of the most influential supporting factors
in increasing the number of beef cattle populations and the

the Population of Pregnant Cows and Buffaloes signed by
the Minister of Agriculture (Upsus Siwab) on October 3,
2016. This program intends to increase the cattle popula-
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