EFFECT OF ADDITION OF TREHALOSE ON THE LIQUID STORAGE (5OC) OF MITHUN (BOS FRONTALIS) SEMEN
Running Title: TREHALOSE ON LIQUID STORAGE OF MITHUN SEMEN 
P. Perumal[footnoteRef:1], Kezhavituo Vupru[footnoteRef:2] and K. Khate[footnoteRef:3] [1: Corresponding Author: Scientist, Animal Reproduction Laboratory, National Research Centre on Mithun (ICAR), Jharnapani, Nagaland – 797 106 (India). Mail ID: perumalponraj@gmail.com   ]  [2: Farm Manager, National Research Centre on Mithun (ICAR), Jharnapani, Nagaland – 797 106, India. Email Id: kezha_v@rediffmail.com ]  [3:  Farm Manager, National Research Centre on Mithun (ICAR), Jharnapani, Nagaland – 797 106, India. Email Id: dr_kobu@yahoo.co.uk ] 

National Research Centre on Mithun (ICAR), Jharnapani, Nagaland – 797 106 (India)

No of Tables: 5
No of Figures: 6









ABSTRACT
		A study was conducted to assess the effect of trehalose on sperm forward progressive motility, viability, total sperm abnormality, acrosomal and plasma membrane integrity, enzymatic profiles such as aspartate amino transaminase (AST), alanine amino transaminase (ALT), alkaline phosphatase  (ALP) and acid phosphatase (ACP) and biochemical profiles such as malonaldehyde (MDA) production and cholesterol efflux in the mithun semen. Total numbers of 30 ejaculates were collected from eight mithun bulls and semen samples were divide into four equal aliquots and diluted with the Tris egg yolk citrate extender (TEYC extender). Group 1: control (semen without additives), group 2 to 4: semen sample was diluted with 50 mM, 75 mM and 100 mM of trehalose, respectively. These seminal quality parameters, enzymatic profiles and biochemical parameters were measured at 5oC for different periods (0, 6, 12, 24 and 30 h) of incubation. Inclusion of trehalose into the diluent resulted in significant (p < 0.05) decrease in dead spermatozoa percentages, abnormal spermatozoa and acrosomal abnormalities at different hours of incubation periods as compared to control group. Moreover, trehalose at 75 and 100 mM were inferior to trehalose 50 mM as regards to these seminal characteristics and trehalose at 50 mM has significant improvement in quality of mithun semen stored in in- vitro for up to 30 h of incubation. From the study, it was concluded that the protective effects of this sugar on sperm parameters were as sperm membrane stabilizer and prevent cholesterol efflux, ROS formation and biochemical enzymes from spermatozoa during preservation.
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INTRODUCTION
Mithun (Bos frontalis) is a semi-wild free–range, bovine species available in the North-Eastern hill (NEH) region of Indian subcontinent. It has been reported that the mithun was originated more than 8000 years ago from wild Indian gaur (Bos gaurus) (Simoons, 1984). The animal has plays essential role in the social, cultural, religious and economic life of the tribal population especially in Arunachal Pradesh, Nagaland, Manipur and Mizoram of India. Recent livestock census revealed that the mithun population is reducing gradually due to increase in intensive inbreeding practices, lack of suitable breeding bulls, lack of suitable breeding and feeding management and declining land area for grazing in North- Eastern region. Considerable efforts are needed from all quarters of society to preserve the mithun population to improve the socio-cultural-economic position of this region. Since mithuns are living as a semi wild and not fully domesticated with natural breeding is practiced in this bovine species with associated limitations such as cost and disease transmission. So that, the semen collection, processing and artificial insemination are very much needed to improve of its pedigree to improve the population in the NEH region. 
	Storage of mithun semen in cold stage is used to reduce metabolism and to maintain sperm viability and integrity over an extended period of time. But the quality of semen is decreased during this storage period. One main cause of this reduction of sperm parameters is due to the action of the reactive oxygen species (ROS)/ free radicals generated by the cellular components of semen, dead, abnormal spermatozoa and by neutrophils, namely hydrogen peroxide (H2O2) and superoxide anion radical (O2−) (Perumal et al., 2011a; Perumal et al., 2013) as the sperm membrane has highly poly unsaturated fatty acids (PUFA). It leads to inhibition of sperm ATP production and sperm movement, particularly forward progressive motility (Dandekar et al., 2002). The effects of ROS include irreversible a loss in motility, damage of sperm DNA and fertility rate (Perumal et al., 2011b; Maxwell and Watson, 1996). The levels of antioxidant are decreased during the processing and preservation by dilution of semen with semen extender and excessive generation of free radical molecules (Kumar et al., 2011). Natural and synthetic antioxidants have been used as a defense functioning mechanism against LPO in the mithun semen (Shoae and Zamiri, 2008). Therefore, supplementation with natural and/or synthetic antioxidants (Perumal et al., 2011a; Perumal et al., 2011b) or feed supplements of the antioxidants (Jayaganthan et al., 2013) could reduce the adverse effects of ROS during the sperm process and preservation process, and thus we enhance the quality of chilled semen (Perumal et al., 2013) in this mountain cattle species.  
		Trehalose is a disaccharide and is a non-permeating cryoprotectant sugar that has a protective role against osmotic stress. Trehalose has the capacity to reduce the amount of cell injury by ice crystallisation and hence protects sperm plasma and acrosomal membrane during freezing and thawing process (Molinia et al., 1994). In addition, supplementation of Trehalose in semen diluents has been improved the viability, motility and acrosomal integrity of chilled or cryopreserved spermatozoa (Bucak et al., 2007).
	Recently, Trehalose is added to freezing extender of buffalo (Reddy et al., 2010; Kumar et al., 2011), boar (Hu et al., 2009), ram (Bucak et al., 2007) and dog (Martins-Bessa et al., 2006) semen to improve the semen quality and sperm characteristics. Further, perusal of literatures revealed that there was no information on the effect of inclusion of membrane stabilizer, trehalose on the maintenance of sperm viability and motility during low temperature liquid storage (5ºC) of mithun semen.
 	So supplementation of this additive to EYTC extender medium could enhance functional parameters of mithun semen. Hence, the aim of this present study was to measure the effect of this additive, trehalose on the seminal parameters, enzymatic and biochemical profiles of mithun semen to pursuit future sperm preservation protocols in this mountain cattle species.



MATERIAL AND METHODS
Experimental Animals
	Eight apparently healthy mithun bulls of 4 to 6 yr of age group with body condition of score 5-6 were selected from the mithun herd collected from various hilly tracts of the NEH regions of Indian subcontinent. The average body weight of the bulls from 501 Kg (ranged from 493 to 507 Kg) at 4 yr to 530 Kg (ranged from 523 to 538 Kg) at 6 yr of age maintained under uniform feeding, watering, housing, lighting conditions and management in the institute farm, NRC on Mithun, Jharnapani, Nagaland. Experimental animals were offered daily ad libitum drinking water, 30 kg mixed jungle forages contains 18.4% dry matter and 10.2% crude protein and 4 kg concentrates contains 87.1% dry matter and 14.5% crude protein, fortified with mineral mixture and added required salt. Semen was collected from the mithun bulls through per rectal massage method. Oxytocin @ 5 IU, intra muscular injection was given just prior to rectal palpation and massage. With briefly, seminal vesicles and pelvic parts of penis were massaged centrally, forwardly and backwardly for 5 - 6 min followed by the gentle milking of ampullae and pelvic part of penis one by one for 3–5 min, which resulted into penile protrusion, erection and ejaculation of semen. During semen collection, the initial transparent and watery secretions were discarded and neat and creamy white semen samples were collected in a graduated collection tube with the help of a cleaned broad glass funnel. During the present study, all the experimental procedures and protocols are met the regulations of Institutional Animal Care and Use Committee. 
Semen collection and processing 
	Total numbers of 30 ejaculates were collected from the mithun bulls twice a week. After collection immediately, the semen samples were kept in a water bath at 37oC and undergone to evaluation of seminal parameters such as colour, volume, mass activity, consistency and pH. After the routine semen evaluations, the semen samples were allowed to the initial dilution with pre-warmed Tris egg yolk citrate extender (TEYC) at 37oC in water bath. The partially diluted samples were then brought to the laboratory in an insulated thermo flask containing warm water (37oC) for further analysis and processing. The semen ejaculates were evaluated and accepted for evaluation and processing if the following criteria were met: concentration: more than 500 million ⁄ ml; mass activity: 3+ and above, individual motility: 70% and above and total abnormality: less than 10%. 
	Each semen ejaculate was divided into four equal aliquots and diluted with the TEYC extender with trehalose. Group 1: control (semen without additives), group 2 to group 4: semen with 50 mM, 75 mM and 100 mM of trehalose, respectively.  The pH of diluents was adjusted to 6.8 – 7.0 by using phosphate buffer solution. Diluted semen samples were kept in glass tubes and cooled from 37 to 5oC, at a rate of 0.2–0.3oC/min in a cold cabinet and maintained at 5oC during liquid storage for up to a period of 30 h. The sperm parameters such as sperm motility (Tomar, 1997), viability (Tomar, 1997), acrosomal integrity (Watson, 1975), sperm morphological abnormality and plasma membrane integrity (Buckett et al., 1997) were determined as per standard procedure in semen samples during storage at 5oC at different time interval for 30 h. Lipid peroxidation level of sperm and seminal plasma was measured by determining the malonaldehyde (MDA) production, using thiobarbituric acid (TBA) as per the method of Buege and Aust (1978) and was modified by Suleiman et al. (1996). 
Biochemical Assays
	An aliquot of semen from each sample was centrifuged at 800 × g for 10 min; sperm pellets were separated and washed by resuspending in PBS and recentrifuging thrice.  After the final centrifugation, 1 ml of deionised water was added to the spermatozoa and the spermatozoa and seminal plasma were snap-frozen and stored at −70ºC until further analysis. The AST, ALT, ALP, ACP activity and cholesterol efflux of the seminal plasma was estimated by commercial available kit. 
Statistical analysis 	
	The results were analysed statistically after arcsine transformation of percentage data and means were analyzed by one way analysis of variance (ANOVA), followed by the Tukey’s post hoc test to determine significant differences between experimental groups using the SPSS (version 15.0; SPSS, Chicago, IL). Differences with values of P < 0.05 were considered to be statistically significant. 
RESULTS
	The effects of various doses of trehalose on sperm motility (Table 1), viability (Table 2), total sperm abnormality (Table 3), acrosomal (Table 4) and plasma membrane (Table 5) integrity in liquid storage (5oC) for 30 hrs were presented in tables. Results of this experiment revealed that addition of trehalose into the semen diluent resulted in significantly decreased (p < 0.05) the percentage of dead, abnormal spermatozoa and acrosomal abnormalities at different hours of storage periods when compared with the control group. Total sperm abnormalities were 14.40 ± 1.60, 12.60 ± 1.27, 13.60 ± 1.69 and  16.70 ± 1.48, respectively for control, 50 mM, 75 mM and 100 mM of trehalose treated mithun semen at 30 h of incubation period.  Further, trehalose at 75 and 100 mM were inferior to trehalose 50 mM treatments for these seminal, biochemical and enzymatic characteristics, and there was a significant difference (p< 0.05) between trehalose at 50 mM, 75 mM and 100 mM. Intracellular enzymes such as AST and ALT are important in metabolic activities of spermatozoa and AST (Fig. 3), ALT (Fig. 4) activities were decreased significantly (p< 0.05) in trehalose treated semen than control group. But the enzymatic profiles such as ALP (Fig. 1) and ACP (Fig. 2) were significantly higher in trehalose treated semen than untreated control group. Likewise MDA production (Fig. 6) and cholesterol efflux (Fig. 5) were differed significantly (p< 0.05) between the trehalose treated and untreated control and were lower in the trehalose treated group. It was concluded from the experiment data that addition of trehalose, especially at 50 mM, to the semen diluent resulted in significant improvement in the semen quality, seminal parameters, enzymatic activity, reduction of MDA production and cholesterol efflux and thus trehalose is suitable to preserve the mithun semen in in-vitro at 5oC. 
DISCUSSION
	In the present study, inclusion of trehalose in the semen preservation has improved the semen quality, seminal parameters, bio-chemical and enzymatic profiles of mithun semen. Thus the trehalose protects the functions and structures of spermatozoa effectively. Further, this sugar may enhance the semen quality by protecting the sperm structure during semen preservation and artificial insemination. 
	There was no report on effect of inclusion of trehalose on semen quality and seminal parameters in mithun and this is the first report to the best of our knowledge, the effect of trehalose on routine seminal parameters, enzymatic and biochemical profiles in semen of this bovine species. But many authors reported that trehalose has beneficial effects on preservation of mammalian sperm and improves the functional parameters of spermatozoa (Reddy et al., 2010; Kumar et al., 2011; Hu et al., 2009; Bucak et al., 2007; Martins-Bessa et al., 2009). Assessment of different seminal parameters such as progressive motility, livability, total morphological abnormality, acrosomal integrity, plasma membrane integrity and DNA abnormality are essential to extensive utilization of mithun semen in semen processing and artificial insemination centre. In this experimental study, membrane stabilizer, trehalose supplementation on these seminal parameters has revealed significant (P< 0.05) difference between the treatment and control groups. The beneficial effects of trehalose in semen preservation are due to it is a very potent membrane stabilizer (Chhillar et al., 2012).
		The present results show that supplementation of 50 mM trehalose to Tris–egg yolk extender prior to preservation led to significant (P < 0.05) increase in survival and quality parameters of mithun spermatozoa. These results confirmed by earlier reports of using this additive to freezing medium for improving quality parameters of buffalo (Reddy et al., 2010; Kumar and Atreja, 2011), goat (Aboagla and Terada, 2003) and boar (Hu et al., 2009) spermatozoa following cryopreservation. Trehalose is a disaccharide and acts as a non-permeating cryoprotectant which causes dehydration of spermatozoa due to the osmotically driven flow of water. Due to this mild dehydration, spermatozoa have less intracellular water which results in reduced intracellular ice crystal formation. This is beneficial for sperm because intracellular ice crystal formation results in cell death and consequently reduced fertility of the cryopreserved semen. This could be one of the reasons for improved motility, viability, acrosomal and plasma membrane integrity of spermatozoa, diluted in presence trehalose in the semen extender at different hours of incubation.
	Mammalian sperm membrane has high polyunsatured fatty acids and it favours the sperm to susceptible to ROS formation, which occurs due to oxidation of the lipids and cholesterol in the sperm membrane by partially reduced oxygen molecules, such as hydrogen peroxide, superoxide and hydroxyl radicals (Dandekar et al., 2002). Lipid peroxidation of the sperm membrane finally leads to the defective sperm function due to the attacks by free radicals (ROS), which altered sperm motility, viability, membrane integrity, damage to spermatozoa DNA and fertility rate through oxidative adverse effects and the production of cytotoxic aldehydes (Griveau et al., 1995).  In addition, the antioxidant systems such as SOD, CAT, GSH, Vitamin E, Vitamin C of seminal plasma and spermatozoa are diluted during semen processing and storage (Alvarez and Storey, 1992). The quantity of antioxidants is reduced during dilution and preservation process of semen with extender and excessive generation of lipid peroxide molecules (Kumar et al., 2011). Natural and/or synthetic antioxidants have been explained as the defense functioning mechanism against lipid peroxidation (ROS) in the mammalian semen (Shoae and Zamiri, 2008). Therefore, addition of external antioxidants with natural antioxidants could reduce the adverse effects of oxidative stress during the sperm process, storage and thus we can improve the quality of chilled semen in mithun (Perumal et al., 2013). In our study the rate of lipid peroxidation were also found to be significantly (P < 0.05) higher in untreated group than treated group. Upon supplementation of trehalose to the extender rate of lipid peroxidation were significantly (P < 0.05) decreased. The present results are similar to the reports of Hu et al. (2010) where shown that supplementation of 50 mM trehalose in egg yolk based extender enhances sperm quality and oxidative stress parameters in liquid storage of mithun semen. In addition, the membrane stabilizer system like disaccharide sugars of seminal plasma and spermatozoa is compromised during semen processing (Alvarez and Storey, 1992). Therefore, inclusion of sugars like trehalose exogenously may modify the membrane structure help to preserve the mithun semen effectively.
	The enzyme levels of seminal plasma are very important for sperm metabolism as well as sperm function (Brooks, 1990). Therefore, estimates of these enzymes have been recommended as markers for semen quality since they indicate sperm damage (Pesch et al., 2006). AKP in seminal plasma is primarily of testicular and epididymal origin and can be used as a clinical ejaculatory marker to differentiate azoospermia or oligospermia from ejaculatory failure (Turner and McDonnell, 2003). In the present study, the AKP were significantly higher in the semen of trehalose treated than control group because this sugar has maintained the membrane stability as this enzyme have high positive correlation with semen quality, antioxidant content in the seminal plasma and negative correlation with ROS and free radical stress (Ciereszko et al., 1992). ACP is especially localized in corpus epididymidis, ductus epididymidis and vas deferens, but it is thought to be an indicator for the secretory function of prostate (Lopez et al., 1989). The ACP concentration was higher in trehalose treated group than control because it has a positive correlation with semen concentration (Dogan et al., 2009).
	The intracellular enzyme such as AST and ALT levels in seminal plasma are very important for sperm metabolism as well as sperm function (Brooks, 1990), provide energy for motility, survival and fertility of spermatozoa. The activities of these transaminases in semen samples are good indicators of its quality as they measure sperm membrane integrity and stability (Corteel, 1980). Thus, increasing the abnormal spermatozoa percentage in the preservation process causes high concentration of theses transaminase enzymes in the extra cellular fluid because sperm membrane damage and leakage of enzymes from spermatozoa cells (Gundogan, 2006). Further, increase in ALT and AST activities of semen and seminal plasma in liquid storage stage (5ºC) indicates structural instability of the spermatozoa (Buckland, 1971). In this experimental study, ALT and AST levels were significantly lower in semen preserved at 50 mM of trehalose at different incubation period as it indicates it stabilises the membrane integrity of plasma membrane, acrosomal membrane, flagella and mitochondria of the spermatozoa (Lopez et al., 2009).
	The results of the present study revealed that inclusion of 50 mM of trehalose enhances the keeping quality of mithun semen preserved at 5°C liquid storage. The sperm motility was reduced by the time of cold storage and maintained upto 50% for up to 30 hours in in vitro. But the motility decline rate was higher in semen samples treated with 50 mM trehalose or without trehalose. Favourable effect of the trehalose on sperm parameters at reduced concentration and deleterious effect at greater concentration was observed as in boar semen preservation (Hu et al., 2009). The functional integrity of sperm acrosomal membrane and plasma membrane associated with sperm motility can be expected to have been destroyed by large doses of trehalose. In the current study, the greatest protective effects of trehalose were at the concentration of 50 mM, and a much reduced extent at 100 mM. The latter concentration resulted in increased osmolarity of the extender was in itself deleterious to the sperm cells (Hu et al., 2009). When trehalose concentration was 100 mM, the percentages of linear motile sperm, intact acrosomal membrane, and intact-plasma membrane sperm of cold stored bovine semen were decreased. As demonstrated in previous studies, antioxidant additives exhibited cryoprotective activity on certain sperm variables in moderate doses, but increasing doses of antioxidant additives would result in a hypertonic property of extender and impair sperm function viz. sperm motility, membrane integrity and fertility (Bucak et al., 2007). The exact mechanism by which trehalose preserves the sperm membrane is not known, but it is theorized that these sugars probably play a key role in preventing deleterious alteration to the membrane during reduced water states (Aboagla and Terada, 2003). Furthermore, Liu et al. (1998) and Aboagla and Terada (2003) hypothesized that trehalose penetrate into the plasma membrane of the spermatozoa and form hydrogen bonds with the polar head groups of phospholipids. Thereby, they also create an osmotic pressure, inducing cell dehydration, increased membrane fluidity and a lower incidence of intracellular ice formation (Molinia et al., 1994; Aisen et al., 2002). However, the cryoprotective ability of sugars on sperm may depend on their molecular weight (Molinia et al., 1994) and the type of buffer used (Abdelhakeam et al., 1991). It has been reported that the quality of chilled semen decreased with time and remained suitable for use up to 30 hours as judged by motility and morphology (Urata et al., 2001). The improvement of semen quality due to addition of exogenous trehalose recorded in the present study was previously reported in bull semen in the form of motility and intact acrosomal membrane (Chhillar et al., 2012). Moreover, the addition of exogenous trehalose was significantly improving the percentages of sperm viability and intact plasma membrane (swelling tails) especially at a level of 50 mM trehalose. The highest percentages of intact plasma and acrosomal membranes which were found in the present experiment due to 50 mM trehalose may be the reason for better motility in these samples (Chhillar et al., 2012).
	Trehalose also prevents cholesterol efflux from the sperm plasma membrane and MDA production in the semen extender marking that it reduces premature capacitation and acrosomal reaction as act as membrane stabilizer. Phospholipids, cholesterol are necessary for physical cell integrity and ensure fluidity of the cell membrane of spermatozoa (Srivastava et al., 2013). Cholesterol plays an important role in the sperm membrane as its release from the sperm membrane indicates initiates the process of capacitation, acrosome reaction and fertilization process (Witte and Schafer-Somi, 2007). Further, addition of cholesterol to extender before to defreezing process increases sperm resistance to cold stress caused by the freezing-defreezing procedures, preserving sperm motility and fertilization potential of spermatozoa (Moore et al., 2005). In this experimental study, the cholesterol efflux and MDA production were reduced in treated group as compared to the control untreated group. So the semen samples treated with trehalose will have high cryoresistance power than untreated control group. In this present study, it was observed that sperm parameters, semen quality that received at 50 mM of trehalose were significantly (p< 0.05) higher than those of the other and control group. 
		In this study, improvements observed in sperm quality may be attributed to prevention of excessive ice crystal generation and formation of protective coat over the sperm membrane by means of their membrane stabilizer property of trehalose. It was concluded that the possible protective effects of trehalose supplementation are it maintains membrane structure of sperm and preventing efflux of cholesterol and phospholipids from cell membrane, intracellular enzymes and MDA production. Thus it may protect the spermatozoa during preservation and enhancing the fertility in this mithun species. Future, sperm preservation/cryoprotective studies is warranted to confirm the present findings.
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Table 1. Mean (±S.E.) motility percentage for mithun semen following storage at 5oC for different storage times
	Additives
	Storage Time

	
	0 h
	6h
	12 h
	24 h
	30h

	Control 
	78.87 ± 1.76 a
	72.72 ± 1.64 b
	66.63 ± 2.51 b
	46.61 ± 2.54 ab
	37.96 ± 2.28 a

	Trehalose 50 mM
	80.53 ± 2.12 b
	78.97 ± 1.81 c
	70.34 ± 1.84 c
	53.52 ± 1.52 b
	46.85 ± 1.55 b

	Trehalose 75 mM
	79.62 ± 2.30 a
	74.45 ± 2.85 b
	69.45 ± 2.49 bc
	49.35 ± 2.53 ab
	40.53 ± 2.87 ab

	Trehalose 100 mM
	77.43 ± 3.37a
	68.58 ± 1.77 a
	52.32 ± 3.86 a
	43.87 ± 2.65 a
	38.23 ± 1.64 a


		Within columns means with different letters (a, b, c) differ significantly (P < 0.05).
Table 2. Mean (±S.E.) viable sperm percentage for mithun semen following storage at 5oC for different storage times
	Additives
	Storage Time

	
	0 h
	6h
	12 h
	24 h
	30h

	Control 
	80.75 ± 2.28 a
	73.37 ± 1.59 b
	65.66 ± 1.78 b
	46.46 ± 1. 74b
	37.13 ± 2.45b

	Trehalose 50 mM
	82.00 ± 2.05 b
	79.23 ± 1.80 c
	72.24 ± 1.90 c
	55.93 ± 1.66 c
	44.92 ± 1.82 c

	Trehalose 75 mM
	80.84 ± 1.77 a
	74.85 ± 2.23 b
	66.55 ± 3.58 b
	48.47 ± 2.27 b
	39.63 ± 2.14 b

	Trehalose 100 mM
	79.82 ± 1.54 a
	69.83 ± 1.75 a
	54.73 ± 2.37 a
	38.65 ± 2.02 a
	34.66 ± 1.76 a


	               Within columns means with different letters (a, b, c) differ significantly (P < 0.05).
	Table 3. Mean (±S.E.) total abnormal sperm percentage for mithun semen following storage at 5oC for different storage times
	Additives
	Storage Time

	
	0 h
	6h
	12 h
	24 h
	30h

	Control 
	6.21 ± 1.55 a 
	7.87 ± 1.53a
	12.42 ± 1.67 ab
	13.35 ± 1.61ab
	14.43 ± 1.60 ab

	Trehalose 50 mM
	6.24 ± 1.29 a
	7.00 ± 1.28 a
	10.25 ± 1.27 a
	11.63 ± 1.19 a
	12.65 ± 1.27 a

	Trehalose 75 mM
	6.17 ± 1.42 a
	7.40 ± 1.40 a
	11.72 ± 1.59 ab
	12.06 ± 1.62 ab
	13.67 ± 1.69 ab

	Trehalose 100 mM
	7.36 ± 1.38 b
	11.2 ± 1.35 b
	13.77 ± 1.58 b
	14.93 ± 1.57 b
	16.73 ± 1.48 b


		    Within columns means with different letters (a, b, c) differ significantly (P < 0.05).
Table 4. Mean (±S.E.) Acrosomal Integrity (%) in semen of mithun for different storage times at 5oC
	Additives
	Storage Time

	
	0 h
	6h
	12 h
	24 h
	30h

	Control
	78.52 ± 1.72 a
	76.32 ± 2.40 b
	72.03 ± 2.17 b
	47.73 ± 2.32 a
	39.86 ± 2.53 ab

	Trehalose 50 mM
	82.46 ± 1.95 b
	80.24 ± 1.48 c
	73.96 ± 2.02 b
	50.56 ± 2.87 b
	42.63 ± 2.22 b

	Trehalose 75 mM
	80.71± 2.58 ab
	78.76 ± 1.59 b
	72.52 ± 2.99 b
	50.42 ± 2.42 b  
	41.46 ± 2.10 b

	Trehalose 100 mM
	79.96 ± 1.42 a
	69.69 ± 1.83 a
	55.27 ± 2.14 a
	48.54 ± 1.65 a
	37.83 ± 1.99 a



	          Within columns means with different letters (a, b, c) differ significantly (P < 0.05). 

Table 5. HOST (±S.E.) percentage for extended mithun semen containing various additives at different storage times (5oC)
	Additives
	Storage Time

	
	0 h
	6h
	12 h
	24 h
	30h

	Control 
	78.26 ± 2.23
	73.85 ± 2.20 b
	66.72 ± 2.15b
	45.76 ± 2.62 b
	39.56 ± 1.76 b

	Trehalose 50 mM
	80.49 ± 2.43
	76.72 ± 1.82 c
	68.34 ± 2.30b
	54.43 ± 2.07 c
	39.63 ± 1.94 b

	Trehalose 75 mM
	79.38 ± 1.83
	73.35 ± 1.70 b
	67.49 ± 1.75b
	48.94 ± 1.55 b
	39.25 ± 2.33 b

	Trehalose 100 mM
	78.53 ± 1.44
	66.56 ± 1.82 a
	54.38 ± 1.69 a
	38.82 ± 2.23 a
	31.37 ± 1.79 a


	        
		 Within columns means with different letters (a, b, c) differ significantly (P < 0.05). 





Fig. 1. Effect of diluents supplementation with trehalose (TRE) on alkaline phosphatase (ALP) of mithun semen 

Fig. 2. Effect of diluents supplementation with trehalose (TRE) on acid phosphatase (ACP) of mithun semen 

Fig. 3. Effect of diluents supplementation with trehalose (TRE) on aspartate amino transaminase (AST) of mithun semen 

Fig. 4. Effect of diluents supplementation with trehalose (TRE) on alanine amino transaminase (ALT) of mithun semen 

Fig. 5. Effect of diluents supplementation with trehalose on cholesterol concentration of seminal plasma of mithun 

Fig. 6. Effect of diluents supplementation with trehalose (TRE) on malonaldehyde (MDA) production of spermatozoa of mithun semen 



Control 	0 h	6h	12 h	24 h	30h	223	215	180	152	112	TRE 50 mM	0 h	6h	12 h	24 h	30h	256	245	210	186	152	Incubation Periods

KAU/100 ml


Control 	0 h	6h	12 h	24 h	30h	229	212	193	174	143	TRE 50 mM	0 h	6h	12 h	24 h	30h	253	244	228	212	187	Incubation Periods

KAU/100 ml
Control 	0 h	6h	12 h	24 h	30h	82	98	112	125	132	TRE 50 mM	0 h	6h	12 h	24 h	30h	75	78	103	114	121	Incubation Periods 

µ mol/ litre
Control 	0 h	6h	12 h	24 h	30h	16	20	28	31	36	TRE 50 mM	0 h	6h	12 h	24 h	30h	12	14	20	24	28	Incubation Periods 

µ mol/ litre

Control 	0 h	6h	12 h	24 h	30 h	84	92	103	110	124	TRE 50 mM	0 h	6h	12 h	24 h	30 h	75	86	94	105	114	Incubation Periods

mg/dl

Control 	0 h	6h	12 h	24 h	30 h	2.1	2.5	2.7600000000000002	2.8699999999999997	3.23	TRE 50 mM	0 h	6h	12 h	24 h	30 h	1.8	2	2.2000000000000002	2.5	2.8	Incubation Periods

nmol/108 sperms

