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			Abstract | The thawing method is a crucial factor affecting frozen semen quality. This study evaluated the effect of different thawing methods on the post-thaw quality of frozen Simmental semen. The study was conducted at the Laboratory of Animal Physiology and Reproduction, Faculty of Animal Science, and the Integrated Research Laboratory, Faculty of Medicine, Universitas Gadjah Mada. This study used frozen semen straws from a superior bull with same production date, produced by the Center for Artificial Insemination (BBIB) Singosari. A total of ninety straws were divided into three groups with different thawing methods such as; 28°C for 30 seconds (T1), 28°C for 45 seconds (T2), and 37°C for 15 seconds (T3).   Motility was evaluated by observing spermatozoa movement. Viability and abnormalities were analyzed using eosin-nigrosin staining. Plasma membrane integrity was assessed using the hypoosmotic swelling test (HOS-test), and DNA damage was evaluated using the Halomax® kit. The results showed that the thawing method significantly affected motility, abnormalities, and plasma membrane integrity (p<0.05). The average motility in T1, T2, and T3 was 44.03±3.47%, 42.13±2.99%, and 42.30±2.56%, respectively. Abnormalities were 10.30±2.16%, 12.25±2.85%, and 12.77±3.14%, respectively. Therefore, plasma membrane integrity was 75.70±3.23%, 73.98±4.30%, and 70.40±3.87%, respectively. However, the thawing method did not significantly affect viability and DNA damage (p>0.05). It can be concluded that, the thawing method affects the post-thaw quality of Simmental spermatozoa, specifically motility, abnormalities, and plasma membrane integrity.   Among the methods tested, 28°C tap water for 30 seconds was the best thawing method under field conditions.
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			Introduction

			Artificial insemination (AI) is a reproductive technology aim to increase livestock populations and enhancing genetic quality. A series of AI processes include selecting superior bull, maintaining superior bull, collecting semen from superior bull, evaluating semen, processing semen, storing semen, and carrying out artificial insemination (Bustani and Baiee, 2021). The livestock breeding program using AI has been widely implemented and prioritized not only for genetic improvement but also for cost savings on bull in population expansion efforts, disease prevention, and reduction of inbreeding risks (Diskin, 2018; Widayati, 2023). This also contributes to efforts to increase the Simmental cattle population in Indonesia. The Simmental cattle are one of the superior cattle breeds widely used by local breeders, especially for AI program (Warman et al., 2024).   Simmental bull have a fast growth rate and the high carcass percentage makes them suitable for beef cattle (Buonaiuto et al., 2023). It is further explained that Simmental bulls have the advantage of an adult body weight (Warman et al., 2024). Simmental cattle also have good adaptability in Indonesia and high-quality meat (Rastosari et al., 2024). In addition, Simmental cattle are favored by farmers due to their advantages, such as relatively fast body growth, high fertility, and ease to calf. These advantages can be disseminated through the implementation of AI (Warman et al., 2024; Rastosari et al., 2024).

			The Ministry of Agriculture through the Directorate General of Livestock and Animal Health stated that the development of AI has been successful since 2015. Through the “Upaya Khusus Sapi Indukan Wajib Bunting (Upsus Siwab)” program, which is currently called the “Sapi Kerbau Komoditi Andalan Negeri (Sikomandan)” program, has successfully accelerated the population growth of cattle and buffalo. From 2017 to 2020, there were 12,718.847 AI services for 11,550.505 recipients. The implementation of AI was carried out simultaneously in all regions of Indonesia, indicating, indicating that AI is accepted by farmers, both in intensive, semi-intensive and extensive development areas as indicated by the achievement of AI services of 127.18% and the achievement of acceptors served reached 115.50%. Implementation of AI using frozen semen has been applied because it has a longer storage period and allows accelerated distribution of superior genetics to all regions of Indonesia (Warman et al., 2024). Successful AI implementation influenced by four factors such as; selection of acceptor cows, semen quality, accurate estrus detection by farmers, and inseminator skill. Inseminators and farmers play vital roles in the success of the AI program in the field (Musriati et al., 2024).  

			While sperm quality is essential for successful AI, the thawing method is critical for preserving the quality of frozen semen. Factors that must be considered in the thawing process is the temperature used, as temperature changes can affect the survival of beef bull sperm (Wulandari and Prihatno, 2014). The principle of thawing is the gradual increase in the temperature of the semen. Thawing will reactivate spermatozoa so that to reach an ideal temperature, the enzymatic reaction activities that occur during cellular metabolism can occur optimally, as well as the utilization and formation of energy for the motility of spermatozoa proceeds effectively (Zenteno et al., 2023). The structural changes that are produced by the spermatozoa membrane after thawing are primarily related to the ability to change energy sources, which affects cellular metabolism and the function of spermatozoa (Ozimic et al., 2023; Solís et al., 2024). Sudden temperature changes will cause spermatozoa death (Ozimic et al., 2023), and the use of inappropriate thawing methods will lead to damage to the spermatozoa membrane, which can reduce spermatozoa quality (Zenteno et al., 2023). Because the thawing method significantly affects sperm quality, necessitating careful consideration of the method used. 

			According to the Indonesian National Standard, thawing involves using water at 37 to 38°C for 15 to 30 seconds (National Standardization Agency of Indonesia, 2021). Meanwhile, AI technicians in the field typically thaw semen using tap water or fresh water at 28°C rather than warm water at 37°C, the reason for using tap water as a thawing medium that it is more effective and efficient (Amidia et al., 2021). As described earlier, optimal spermatozoa quality is essential for successful AI, and proper thawing is crucial for maintaining the quality. This study investigates the effect of thawing frozen semen from Simmental bulls using tap water or fresh water at 28°C on post-thaw sperm quality, assessed by motility, viability, abnormalities, plasma membrane integrity, and deoxyribonucleic acid (DNA) damage. The aim is to determine the optimal semen thawing method for Simmental bulls to improve semen quality and address challenges encountered during field AI, thereby enhancing AI technician compliance and improving conception rates.  

			Materials and Methods

			Research design and location

			This study used frozen semen from one superior Simmental bull, produced at the Center for Artificial Insemination (BBIB) Singosari, Malang, East Java, Indonesia.   The bull is fed forage and concentrate, and raised under veterinary supervision adhered to all animal welfare principles, and according to standard operating procedures (SNI ISO 9001:2015 and ISO 37001:2016). Three different thawing methods were used 30 and 45 seconds at 28°C (Ramadhani et al., 2022), and for 15 seconds at 37°C (Widayati and Pangestu, 2020). Each method was replicated 30 times. This study was carried out from July 2023 to January 2024 at the Laboratory of Animal Physiology and Reproduction, Faculty of Animal Science, for observation of motility, viability, abnormalities, and integrity of plasma membranes. Meanwhile, DNA damage is observed in the Integrated Research Laboratory, Faculty of Medicine, Universitas Gadjah Mada, Yogyakarta.

			Frozen thawed semen

			The frozen semen designated for use was kept in a container with liquid nitrogen at -196°C. The straws of frozen semen were taken used tweezers, then thawed according to each different thawing method then expelled into a microtube. Observation was made on motility, viability, abnormalities, plasma membrane integrity of spermatozoa and DNA damage. The observation carried out using light microscope with magnification 10x10 and 10x40.

			Motility analysis

			Thawed semen (10µL) was dropped glass slides and covered with a cover glass. Motility was observed under light microscope connected with advance observer (OptiLab, Miconos, Indonesia). Motility rate was calculated as percentages around 0 to 100% with a scale of 5% (Baity et al., 2024; Prihantoko et al., 2020, 2022).

			Viability and abnormalities analysis

			Viability is observed using the eosin-nigrosin stain (Prihantoko et al., 2020). Semen (50 µL) were mixed with 10 µL of eosin-nigrosin then dropped onto the object glass, and the smear preparation using other slides and fixation using a bunsen burner. Live and dead sperm (200 total) were observed using a light microscope at 10×40 magnification. Viable spermatozoa do not absorb the eosin-nigrosin stain and non-viable (or dead) spermatozoa absorb the eosin-nigrosin stain. Observation of spermatozoa abnormalities is the same as the method used for assessing viability. Observation of abnormalities morphological shapes of spermatozoa that exhibited primary and secondary abnormalities (Baity et al., 2024; Prabowo et al., 2023).

			Plasma membrane integrity analysis

			Plasma membrane integrity was assessed using the hypoosmotic swelling test (HOS-test) based from previous study (Prihantoko et al., 2020). The HOS-test solution was prepared by dissolving 0.9 g fructose and 0.49 g sodium citrate in 100 mL of distilled water. Furthermore, 200 µL of HOS-test solution was added to 20 µL of post-thawed semen and incubated for 60 minutes at 37ºC. After the incubation, 50 µL of solution was taken using a micropipette and placed on an object glass. A smear was then prepared on the object glass. The slides were fixed in methanol for 10 minutes, rinsed with running water, and then air-dried in the room temperature (27 to 28°C). A total of 200 spermatozoa were observed using a light microscope with a magnification of 10x40. Spermatozoa with intact membranes exhibited swollen heads and circular or bubbling tails, whereas those with damaged membranes had straight tails.

			Spermatozoa DNA damage analysis

			The DNA fragmentation was evaluated using Halomax® kit (Halotech DNA, USA). Intact spermatozoa DNA is marked by halo-shaped fluorescence resulting from chromatin shedding that occurs in the head region of the spermatozoa cells. Observation of DNA damage was conducted by following the procedures, provided by the company (Halotech DNA, USA).   Thawed semen was diluted by adding phosphate-buffered saline (PBS) with a ratio of 1:1.75. The agarose was melted in water at 93°C for 5 minutes, then incubated in 37°C for 5 minutes. Moreover, 20 μL semen and 40 μL agarose in a micro-tube were mixed gently. The mixture was dropped on the Halomax® slide were prepared and covered with a cover glass. The slides were placed on a metal surface in a refrigerator for 8 minutes to allow the sample to solidify. The cover glass was then carefully removed and lysis solution (LS) was added to completely cover the agarose. The slides were incubated at room temperature (27 to 28°C) for 5 minutes. This was followed by fixation in distilled water for 5 minutes, then 70% ethanol and 100% ethanol for 2 minutes each. Furthermore, the samples were stained using 1:1 ratio of fluorochrome green reagent (Halotech DNA, USA), 10 μL of the suspension was placed on a slide, and covered using cover glass. The last step, DNA damage was evaluated using an LSM-800 confocal microscope (Zeiss, Germany) at 10x40 magnification with a 300 nm green filter.  

			Statistical analysis

			The observation was made on motility, viability, abnormalities, plasma membrane integrity and DNA damage. Data were analyzed using one-way analysis of variance (ANOVA) using the statistical package for the social sciences (SPSS) version 25 software, with 5% probability value (p-value). The results are presented as mean±standard deviation.

			Results

			The influence of thawing methods on sperm motility, viability, and abnormalities is presented in Table 1. The optimum results were found with the method obtained at 28°C for 30 seconds with motility (44.03 ± 3.47%), viability (67.21 ± 4.09%), and abnormalities (10.30±2.16%). The influence of thawing methods on intracellular quality, including plasma membrane integrity and DNA damage, are presented in Table 2. The optimum thawing was obtained at 28°C for 30 seconds, with plasma membrane integrity (75.70±3.23%) and DNA damage (3.77±2.03%). The thawing method significantly affected motility, abnormalities, and plasma membrane integrity of spermatozoa (p<0.05). However, the thawing method did not significantly affect the viability and DNA damage (p>0.05).

			Table 1: The average values of motility, viability, and abnormalities of frozen semen post-thaw of Indonesian Simmental bull using different thawing methods.

			
				
					
					
					
					
				
				
					
							
							Thawing methods

							(Temp. ºC, time)

						
							
							Variables (%)

						
					

					
							
							Motility

						
							
							Viability

						
							
							Abnormalities

						
					

					
							
							28 ºC, 30’

						
							
							44,03±3,47b

						
							
							67.21±4.09

						
							
							10.30±2.16a

						
					

					
							
							28 ºC, 45’

						
							
							42.13±2,99a

						
							
							65.78±4.22

						
							
							12.25±2.85b

						
					

					
							
							37 ºC, 15’

						
							
							42.30±2,56a

						
							
							66.76±4.01

						
							
							12.77±3.14b

						
					

				
			

			a,b Different superscript on the same column indicate significant differences (p<0.05).

			Discussion

			The thawing method can influence the motility of spermatozoa, it is suspected that temperature differences can cause enzymatic reactions to occur optimally during the metabolic processes of cells. It is supported by (Aprilina et al., 2014), who stated that, the appropriate combination of temperature and thawing duration prevents damage to the spermatozoa membrane, thus not interfering with its ability to fertilize the ovum. The motility of spermatozoa highly depends on the oxidative phosphorylation which produces adenosine triphosphate in the mitochondrial sheath (Aprilina et al., 2014; du Plessis et al., 2015). Spermatozoa require energy for the flagella to move progressively forward to reach the oviduct during fertilization (de Hoek et al., 2022). The oxidative phosphorylation (OXPHOS) and glycolysis mechanism produced adenosine triphosphate (ATP) in microtubules which is the energy needed for spermatozoa movement. Oxidative phosphorylation (OXPHOS) is the process of ATP production in the mitochondria through electron transportation, and the process of glycolysis, which is the production of ATP in cytosol through the sugar breakdown (Magdanz et al., 2019). The mitochondrial organelles play a role in cellular respiration and cellular biochemistry for energy production in ATP formation, thus affecting the rate of spermatozoa motility. The mitochondrial integrity played important roles in the energy production required by sperm for the movement of the flagella to reach the fertilization site and penetrate the pellucida zone (Costa et al., 2023; Sari et al., 2024).

			Table 2: The average values of intracellular damage frozen semen post-thaw of Indonesian Simmental bull using different thawing methods.

			
				
					
					
					
				
				
					
							
							Thawing methods

							(Temperature ºC, time)

						
							
							Variables (%)

						
					

					
							
							Plasma membrane integrity

						
							
							DNA damage

						
					

					
							
							28 ºC, 30’

						
							
							75.70±3.23b

						
							
							3.77±2.03

						
					

					
							
							28 ºC, 45’

						
							
							73.98±4.30b

						
							
							4.00±2.00

						
					

					
							
							37 ºC, 15’

						
							
							70.40±3.87a

						
							
							4.77±1.95

						
					

				
			

			a,b Different superscript in the same column indicate significant differences (p<0.05).

			In the present study, a value motility of sperm post-thaw Simmental bull as much as 40%, indicates that the motility is within the standard, having a value of no less than 40% according to the Indonesian National Standard and suitable for AI (Zelpina et al., 2012). This study confirms the findings of (Ramadhani et al., 2022) that the thawing method affects spermatozoa quality in Ongole crossbred. The spermatozoa motility percentages of Ongole crossbred bull semen, using different thawing methods, ranged from 43.80 to 49.90%. Improper thawing method can affect the decreased motility of spermatozoa. High temperatures and prolonged thawing duration can cause a massive increase in metabolic activity, increased lactic acid production, and affect the toxic concentration of spermatozoa (Sari et al., 2024). Consequently, sperm motility was low, and many spermatozoa were dead. In addition, the low motility percentage can be an indicator of spermatozoa plasma membrane damage. It is supported by (Pratama et al., 2018), that the low temperatures will cause vital substances in spermatozoa to leak, thus intracellular enzymes, lipoproteins, ATP, potassium, intracellular, and decreased phospholipids, as well as cause damage to spermatozoa plasma membrane. Plasma membrane has a role in protecting organelles and transporting electrolytes, if there is damage to spermatozoa membranes, it will caused disruption of metabolic processes and physiological processes, thus leading to the death of spermatozoa which affects spermatozoa motility.

			The thawing method did not significantly affect the viability of Simmental bull sperm. This may be because the variations in thawing temperature and duration used did not induce extreme osmotic pressure changes, thus maintaining stable and unimpaired sperm membrane permeability (Surjamah et al., 2024). Consequently, post-thaw frozen semen viability remained relatively constant. This consistent viability may also be attributed to the use of Simmental bulls from the same stud, maintained under uniform environmental conditions. These bulls likely share similar genetic, physiological, and adaptive characteristics. This uniformity reflects stable biological conditions, including consistent feed management, nutrient fulfillment, and environmental control during semen collection and processing (Fazrien et al., 2020). Internal and external factors influence the viability of spermatozoa; internal factors include age, breed, and genetics, while external factors are influenced by feed, environment, and the diluent used (Agarwal et al., 2016).

			In this study, a post-thaw sperm viability of 67% was observed in Simmental bulls. This result suggests good quality and suitability for AI, as it exceeds the established minimum of 50%. Consistent with (Prihantoko et al., 2020), thawed semen viability in their study ranged from 40 to 50%. Spermatozoa with high percentages of viability indicate that the physically intact plasma membrane can protect spermatozoa organelles, nutrients and ions needed for metabolic processes are available. Metabolism will proceed well if the plasma membrane is intact, thus effectively regulated the traffic of substrates and electrolytes in and out (Berridge et al., 2023). Live sperm are shown with a head that is white or transparent, and dead sperm are shown with reddish-purple heads. The difference between live and dead spermatozoa is shown in Figure 1. Viable spermatozoa and dead spermatozoa can be distinguishable by their reaction to certain colors (Baity et al., 2024; Prihantoko et al., 2022). Viable spermatozoa have an intact and compact membrane structure, thus the dye cannot enter or stain the head of the spermatozoa, whereas membrane dysfunction in dead spermatozoa causes the spermatozoa cells to absorb the dye or allow it to enter the spermatozoa membrane (Prihantoko et al., 2020, 2022).
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			Figure 1: Viability of Simmental bull spermatozoa assessed by eosin-nigrosin staining (10x40 magnification); a white-colored head characterizes live sperm (a) and a reddish-purple-colored head characterizes dead sperm (b).

			The thawing method significantly affected the abnormalities of post-thaw Simmental bull, indicated that different temperatures and thawing duration can cause damage to spermatozoa membrane during the thawing process due to heat stress and contact with oxygen (Watson, 2000). Additionally, cell shrinkage occurs due to cell permeability. Cell occurs due to plasma membrane damage and excessive release of intracellular water is one of the factors that cause abnormal spermatozoa morphology that looks like headless spermatozoa when viewed under a microscope (Fafo et al., 2016). Furthermore, the abnormalities are suspected to occur due to the spermatozoa membrane, which causes cell membrane instability because of semen processing starting from the collection process, dilution, storage, and thawing (Prabowo et al., 2023; Sharafi et al., 2022).

			In the present study, a value of abnormalities sperm post-thaw Simmental bull as much as 10%, indicates good condition and is feasible for use for having abnormalities values less than 20%, in accordance to Ministerial Regulation of Agriculture (No. 10/Permentan/PK.210/2/2016). The percentage of abnormalities spermatozoa as much as 30 to 35% indicates infertility (Ardhani et al., 2020). This study, consistent with (Ramadhani et al., 2022), that the abnormalities rate of Ongole crossbred bull frozen semen as much as 4.04 to 8.40%. Large number of abnormalities in post-thawed frozen semen that will be used for artificial insemination, the sperm cannot reach the site of fertilization, fertilizing an egg or sustain early embryonic development, and abnormal head conditions in sperm can disrupt the physiological functions of spermatozoa (Baity et al., 2024; Peng, 2023). Spermatozoa abnormalities are divided into two parts: Primary abnormality and secondary abnormality (Widayati, 2023). Primary abnormality is those that occur during spermatogenesis in the seminiferous tubules, such as; macrocephalic (large head), microcephalic (small head), two tails, and coiled tails. Meanwhile, secondary abnormality occurs after the sperm leave the seminiferous tubules, during their journey through the epididymis, ejaculation, and other factors (high temperature, unclean storage, et cetera); drop-out tails or heads, and cytoplasmic droplets (Kaiin et al., 2017). Sperm abnormalities are shown in Figure 2.
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			Figure 2: Abnormalities of spermatozoa were assessed using eosin-nigroin (10x40 magnification); head detached and tail detached (a) and sperm with normal morphology (b).

			The thawing method significantly affected the plasma membrane integrity of Simmental bull, it is suspected to be due to differences in temperature and duration thawing. This cause extreme osmotic pressure on the spermatozoa membrane, thus intact permeability and not disrupted which can guarantee fluidity as well as the homeostatic balance of the cell membrane due to the normal exchange of compounds. Semen can pass through its critical period quickly because the animals body temperature is almost the same as the simulated in vivo environment (Pratama et al., 2018). Improper thawing processes can result in damage due to thermal stress and contact with oxygen. Membrane damage leads to instability in fluid absorption when spermatozoa are placed in a medium with low osmotic pressure (Sari et al., 2024).

			In this study, the post-thaw plasma membrane integrity of Simmental bull spermatozoa was 75%, indicating optimal quality and suitability for AI. The findings of the present study are consistent with those reported by (Baity et al., 2024), who observed a plasma membrane integrity of 74.82 ± 2.43%. The high percentage of intact plasma membranes in post-thaw frozen semen may be attributed to reduced oxidative stress during the freezing process (Baity et al., 2024; Prihantoko et al., 2020). Oxidative stress can damage the membrane and spermatozoa DNA. The high percentage of plasma membrane intact in the research is due to the management of the selection of male breeders, storage, thawing, and evaluation of semen quality (Fazrien et al., 2020) at the Center for Artificial Insemination (BBIB) Singosari, as well as the precise use of the incubation time of the hypo-osmotic solution (Prihantoko et al., 2020). The appropriate incubation time is crucial for ensuring that the response of spermatozoa cells to the given solution is optimal. These results are consistent with those reported by (Baiee et al., 2017), who stated that incubating frozen semen for 60 minutes results in better membrane integrity.

			In this research, plasma membrane integrity spermatozoa were observed by the HOS-test (Baity et al., 2024; Prihantoko et al., 2020, 2022). In principle, spermatozoa with intact membranes when placed in a hypoosmotic medium will attempt to increase the volume of water inside their bodies to maintain a balance between the fluid inside and outside the spermatozoa. This effort causes a constriction in the membrane covering the tail, thus forcing the spermatozoa tail to curl inside the spermatozoa membrane as shown in Figure 3. The physical integrity plasma membrane has roles in maintaining spermatozoa organelles from external environmental influences, fulfill nutritional needs and metabolic activity needs ion in generating energy (Prihantoko et al., 2020; Zelpina et al., 2012). Membrane damage to the head precisely at the acrosome region, causes spermatozoa to lose enzymes that facilitate sperm penetration, including the enzyme hyaluronidase which can dissolve hyaluronic in the corona radiata, and the acrosin enzyme which can break down glycoproteins in the pellucid zone. Meanwhile, damage to the plasma membrane in the tail section will result in the loss of aspartate aminotransferase (AspAT) enzymes, which are located in the middle of the tail section exactly in the mitochondrial sheath. The function of the AspAT enzyme is to convert adenosine triphosphate (ATP) to adenosine monophosphate (AMP) via adenosine diphosphate (ADP) (Priyanto et al., 2019). As a result, the energy production process needed for spermatozoa will not occur, and spermatozoa will lose their ability to move (Febretrisiana et al., 2016).
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			Figure 3: Plasma membrane integrity was assessed using HOS-test (10x40 magnification); coiled tail sperm indicates an intact plasma membrane (a) and straight tail sperm indicates a damaged plasma membrane (b).

			The detection of DNA spermatozoa damage is used as a consideration in evaluating the quality of thawed frozen semen before it is distributed and applied in the implementation of AI (Prabowo et al., 2023). Intact DNA will form a “halo” or show fluorescence in the head of the spermatozoa. Damaged DNA will not show a “halo” or will show an absence of fluorescence in the head of the spermatozoa, as shown in Figure 4. In this study, a DNA damage value of 3.77% in post-thaw Simmental bull sperm suggests acceptable quality for AI (Baity et al., 2024; Prabowo et al., 2023). It is suspected that excessive level production of reactive oxygen species (ROS) can be reduced if there is good protaminase ability in spermatozoa so that spermatozoa DNA fragmentation is protected from toxicity effects (Prihantoko et al., 2022). Reactive oxygen species can directly damage sperm DNA by targeting purine and pyrimidine bases, resulting in the disruption of DNA molecule stability (Wagner et al., 2018). According to this research, DNA is not significantly affected by different thawing methods, this is because DNA of spermatozoa cells has stable chromatin, compact, and solid. During the maturation process spermatozoa undergoing condensation of chromatin, presence of protamine and histone proteins can maintain the integrity of DNA with a dense structure (Sellami et al., 2013; Widayati, 2023).
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			Figure 4: Sperm DNA fragmentation assessed using Halomax® kit (10x40 magnification). sperm with a halo-shape in the head area indicates intact sperm DNA (a) and sperm without a halo-shape in the head area indicates sperm DNA damage (b).

			Priyanto et al. (2019) and Prabowo et al. (2023) stated that DNA damage sperm occurs due to disruptions in the processes of spermatogenesis, spermiogenesis, a lack of protamine, and excessive or high production of ROS. The explanation followed that protamine is a major protein within the spermatozoa nucleus that binds DNA. Disruptions of the spermiogenesis phase during spermatozoa maturation inside the epididymis has the potential to influence the spermatozoa capability to create a dense structure of chromatin. Oxidative stress exposure resulting from activities metabolic and oxygen exposure that can damage spermatozoa DNA (Aulanni’am et al., 2011). High levels of unsaturated fatty acids in the spermatozoa membranes causes spermatozoa vulnerable to ROS. High production of ROS can interfere with spermatozoa function, increase abnormalities of spermatozoa, and cause DNA damage sperm (Alahmar, 2019). The condition of oxidative stress can cause damage to spermatozoa membrane (Dutta et al., 2019; Ismail et al., 2020).

			Damage to spermatozoa DNA does not directly influence the ability of spermatozoa to fertilize an egg cell, but it will disrupt embryo development. It is supported by Priyanto et al. (2019), who stated that DNA damage can affect spermatozoa quality, fertilization rates, embryo development, and preimplantation development. The impact of DNA damage sperm on embryo development occurs when the embryo genome is activated in the morula stage due to errors in the transcription of the male genome. The higher the DNA damage spermatozoa the lower the success rate of fertilization. This is related to the fertilization process; when spermatozoa DNA is damaged, it can lead to early embryo death, abortion, or even failure to achieve pregnancy (Bollwein and Malama, 2023). This is also known that, DNA damage in sperm can negatively impact pregnancy outcomes, including early embryo death, abortion, and failure of pregnancy rate of 6.9% (Priyanto et al., 2019). The head of spermatozoa contains a nucleus DNA, which is a crucial element in the process of fertilization. This DNA holds all genetics information to be inherited from one generation to another, the DNA strands located within the nucleus of the spermatozoa. Sperm DNA damage is also known to be an important parameter (Baity et al., 2024; Prabowo et al., 2023; Prihantoko et al., 2022; Priyanto et al., 2019).

			In this study, straws thawed at higher temperatures and a longer time resulted in low spermatozoa quality, this was caused by spermatozoa being damaged or dead due to heat shock that occurred during the thawing process. Lower thawing temperatures and shorter thawing durations may negatively affect sperm quality. This is caused by spermatozoa being unable to perform yet optimal metabolism due to the crystals that have not fully melted, thus inhibiting ATP production and decreasing sperm motility. Ideally, when using high thawing temperatures, the duration should not be too long, and when using low temperatures, the duration should not be too short, thus yielding higher spermatozoa quality. In addition, the use of an appropriate thawing method is expected to reduce the service per conception (S/C), thus impact of increasing the success of AI programs and increase the population of Simmental cattle in tropical regions.

			Conclusion and Recommendations

			The thawing method significantly affected motility, abnormalities, and plasma membrane integrity spermatozoa of Simmental bull. However, did not significantly affected viability and DNA damage. The thawing method at 28ºC for 30 seconds yields the best quality of thawed frozen semen under field conditions. However, further study followed by the implementation of AI is needed to define the effect of different thawing methods.
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Abstract | The thawing method is a crucial factor affecting frozen semen quality. This study evaluated the effect

of different thawing methods on the post-thaw quality of frozen Simmental semen. The study was conducted

at the Laboratory of Animal Physiology and Reproduction, Faculty of Animal Science, and the Integrated

Research Laboratory, Faculty of Medicine, Universitas Gadjah Mada. This study used frozen semen straws

from a superior bull with same production date, produced by the Center for Artificial Insemination (BBIB)

Singosari. A total of ninety straws were divided into three groups with different thawing methods such as;

28°C for 30 seconds ('T'1),28°C for 45 seconds (T2),and 37°C for 15 seconds (T3). Motility was evaluated by

observing spermatozoa movement. Viability and abnormalities were analyzed using eosin-nigrosin staining.

Plasma membrane integrity was assessed using the hypoosmotic swelling test (HOS-test), and DNA damage

was evaluated using the Halomax® kit. The results showed that the thawing method significantly affected

motility, abnormalities, and plasma membrane integrity (»<0.05). The average motility in T1, T2, and T3 was

44.03+3.47%, 42.13+2.99%, and 42.30+2.56%, respectively. Abnormalities were 10.30+2.16%, 12.25+2.85%,

and 12.77+3.14%, respectively. Therefore, plasma membrane integrity was 75.70+3.23%, 73.98+4.30%, and

70.40+3.87%, respectively. However, the thawing method did not significantly affect viability and DNA

damage (»>0.05). It can be concluded that, the thawing method affects the post-thaw quality of Simmental

spermatozoa, specifically motility, abnormalities, and plasma membrane integrity. Among the methods

tested, 28°C tap water for 30 seconds was the best thawing method under field conditions.
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