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Cryopreservation of sperm is associated with an oxidative stress induced by 

free radicals formation during freezing process, their by inducing physical 

and chemical stress on the sperm membrane which in turn reduces sperm 

viability and fertilizing ability. The objective of this study was to estimate 

oxidative stress in cryopreserved Kankrej bull’s semen samples by using 

Trehalose as antioxidant semen diluent additive. The pooled semen samples 

were diluted with Tris-based extender containing different Trehalose 

concentrations (viz. 50 mM, 100 mM, 150mM) and control(no additive), 

evaluated for oxidative stress parameters at freezing and frozen thawed 

stages. Results, clearly indicated the Malondialdehyde (MDA) level were 43.9 

± 0.05 μmol/ml, 34.2 ± 0.09 μmol/ml and 20.06 ± 0.1 μmol/ml at post-

dilution, post-equilibration and post-thaw stages of cryopreservation; which 

were significantly (P<0.05) lower in 100mM Trehalose group when compared 

with the control group. And the glutathione (GSH) level were 55.8 ± 0.1 U/L, 

64.0 ± 0.1 U/L and 84.0 ± 0.1 U/L at post-dilution, post-equilibration and 

post-thaw stages of cryopreservation; which were significantly (P<0.05) 

higher in 100mM Trehalose group when compared with the control group. 

Conclusively, supplementation of 100mM Trehalose in the Tris-based 

extender can be best concentration for Kankrej bull’s semen 

cryopreservation. 
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INTRODUCTION 

 

Kankrej Cattle, the heaviest and dual-purpose breed found in the Kankrej area 

of Banas District in Gujarat State, had shown a sizeable potential with respect 

to milk production, disease resistance and draughtability at Livestock 

Research Station, SDAU (Annual Progress Report, 2009). The National 

Breeding Policy of India is now focusing on the indigenous breed 

conservation of cattle with the help of artificial insemination in rural areas for 

the improving the livelihood of people (Shaikh et al., 2016a). Artificial 

insemination is assisted reproductive technology that has made possible the 

effective use of best breeding bulls, thus greatly improving the genetic 

potential of breeding herds (Januskauskas and Zilinskas, 2002). 

Cryopreservation technique has allowed specific opportunities for the  
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cryopreservation of semen and widespread dissemina-

tion of precious genetic resources through sperm banks 

that collaboration in breed improvement programs by 

means of artificial insemination (Holt, 1997). 

 

Semen cryopreservation associates with an oxidative 

stress induced by free radicals formation during differ-

ent processing stages (Salvador et al., 2006; Shaikh et 

al., 2016b). The plasma membranes of sperm cells had 

supplementary content of unsaturated fatty acids and 

their cytoplasmic components are deficient in anti-

oxidants. Therefore, sperm cells are highly susceptible 

to lipid peroxidation (LPO) in presence of ROS, leading 

to impaired function activity (Hu et al., 2009; Hu et al., 

2010; Shaikh et al., 2016b). In past few decades, anti-

oxidants are used to protect sperm cells from the 

deleterious effects of cryopreservation and free radi-

cals formation with the incorporation of antioxidants 

(Stradaloli et al., 2007; Umut et al., 2013; Shaikh et al., 

2016b). So, cryoprotectants are incorporated in tris-

based extender to reduce the damage to sperm during 

the process of freezing and cryopreservation (Badr et 

al., 2010;  Purdy, 2006; Bucak et al., 2007). 

 

Trehalose, as non-permeating and non-reducing 

disaccharide which contains two glucose molecules 

linked together as 1, 1-glycosidic linkage (α-d-

glucopyranosyl-l, 1-α-d-glucopyranoside), mostly found 

in yeast and fungi at higher concentrations (Woelders et 

al., 1997; Aisen et al., 2000; Aisen et al., 2002; Shaikh et 

al., 2016a). Trehalose probably plays a crucial role in 

preventing deleterious effects to the sperm membrane 

by maintaining the osmotic pressure of the diluent, 

acting as a non-reducing cryoprotectant and providing 

energy substrate for the sperm cell during dilution, 

equilibration, cryopreservation and post-thawing (Liu et 

al., 1998; Uysal and Bucak, 2009; Shaikh et al., 2016a). 

Incorporation of trehalose to semen extenders is known 

to improve the individual motility and sperm viability 

during cryopreservation (Matsuoka et al., 2006; Sztein 

et al., 2001). Trehalose showed a synergic effect with 

glycerol and prevented intracellular ice crystal 

formation, when added in hypertonic condition 

(Gutierrez et al., 2009; Shaikh et al., 2016a).  

 

In view to the facts above, the present study was 

carried out to determine suitable concentration 

following incorporation of Trehalose to improve the 

Kankrej bull semen quality during cryopreservation 

and frozen thawed stages. This might not only help in 

improving preservability of semen but also provide a 

way for fastest utilization of Kankrej bull semen 

towards indigenous breed improvement.  

 

MATERIALS AND METHODS 

 

A total of 36 ejaculates, 12 ejaculates per bull were 

obtained once in a week using artificial vagina from 

three healthy Kankrej bulls aged between 4 to 5 years, of 

Dama Semen Production Unit, Banas dairy, Palanpur 

during research work. Immediately after collection, 

semen collection tubes were placed in water bath at 

37oC until their assessment in the laboratory.  

 

Ejaculates of semen with more than 70 per cent initial 

motility were used for the research work. The collected 

semen samples were pooled to split further into 4 equal 

aliquots and each one was diluted with Tris-Fructose 

Egg Yolk Citrate Glycerol (TFYG) freezing extender 

containing different Trehalose concentrations viz. 

50mM, 100mM, 150mM and no additive (control) so as 

to obtain a final sperm concentration of 80 million 

sperms per ml. Extended semen aliquots were filled, 

sealed and printed in French Mini Straw of 0.25 ml 

capacity using automatic machine (IS-4, IMV-France) 

and were stored in Liquid Nitrogen at -1960C. After 

cryopreservation period of 24 hrs, straws were thawed 

at 370C for 30 seconds in a water bath for post thaw 

evaluation.  

 

The seminal plasma was separated from processed 

semen straws at different stages of cryopreservation by 

centrifugation at 5000 rpm for 10 min. and stored at -

20° C before being assayed. The seminal plasma samples 

were thawed before analyzing the lipid peroxidation and 

glutathione reductase values. Membrane peroxidative 

damage in seminal plasma was determined in terms of 

malondialdehyde (MDA) by using the method of (Placer 

et al., 1966). The values of MDA were expressed as 

μmol/ml. The GSH content of sperm was measured 

using the method of (Sedlak and Lindsay, 1968). The 

values of GSH were expressed as U/L. The data were 

statistically analyzed using Completely Randomized 

Design (CRD) and Duncan New Multiple Range Test to 

determine levels of significance. The interrelationship 

was worked out as per the procedure described by 

(Snedecor and Cochran, 1994). 

 

RESULT AND DISCUSSION  

 

The overall mean Malondialdehyde (MDA) values using 

different concentrations of Trehalose were 57.7 ± 0.1, 
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40.1 ± 0.06 and 32.1 ± 0.09 μmol/ml in 50mM group; 

43.9 ± 0.05, 34.2 ± 0.09 and 20.06 ± 0.1 μmol/ml in 

100mM group; 50.06 ± 0.08, 39.01 ± 0.1 and 28.04 ± 

0.08 μmol/ml in 150mM group and 58.01 ± 0.08, 40.1 ± 

0.07 and 31.9 ± 0.07 μmol/ml in control group at post-

dilution, post-equilibration and post-thaw stages of 

cryopreservation. The overall mean Malondialdehyde 

(MDA) value in 100mM Trehalose group was 

significantly (P<0.05) lower in post-dilution, post-

equilibration and post-thaw stages of cryopreservation 

as compared to that of the 50mM Trehalose, 150mM 

Trehalose and control groups. Whereas, 

Malondialdehyde (MDA) values was found to be 

significantly (P<0.05) higher in 50mM Trehalose and 

control groups as compared to that of the 150mM 

Trehalose group (Table-1). These findings are in 

accordance with (Badr et al., 2010) who have reported 

that the addition of 100mM Trehalose to the freezing 

extender resulted in decreased Malondialdehyde (MDA) 

values in buffalo bulls and also with that of the similar 

findings in Karan-Fries bulls (Chhillar et al., 2012; 

Kumar et al., 2012; Shaikh et al., 2016a; Shaikh et al., 

2016b). 

 

Due to higher production of reactive oxygen species, 

during cryopreservation the semen is exposed to cold 

shock at atmospheric oxygen which in turn increases the 

susceptibility to lipid peroxidation (Perumal et al., 

2009). The free radicals are known to be involved in 

lipid peroxidation as well as DNA and sperm membrane 

damages which may lead to decreased sperm motility or 

cell death (Shaikh et al., 2016a). Therefore, in the 

present study addition of Trehalose in semen might be a 

beneficial factor in preventing the damage to sperm cells 

and reduced generation of ROS, which otherwise had 

negatively affected the spermatozoa (Uysal et al., 2007). 

 

The proper mechanism of Trehalose reacting with the 

sperm membrane is not known, but theoretically it form 

hydrogen bonds with the polar head of the 

phospholipids and its introduction into the sperm 

membrane limits the amount of dehydration that can 

occurs due to cryopreservation and thawing (Liu et al., 

1998). Trehalose has a protective action in relation to 

the osmotic effect and specific interactions with the 

membrane phospholipids, which renders the media 

hypertonic, thereby reduces the degree of sperm cell 

injury during the freeze-thaw process (Molinia et al., 

1994; Storey et al., 1998; Shaikh et al., 2016a).  

 

The overall mean glutathione reductase (GSH) values 

using different concentrations of Trehalose were 38.1 ± 

0.1, 50.2 ± 0.07 and 62.1 ± 0.08 U/L in 50mM group; 

55.8 ± 0.1,   64.0 ± 0.1 and 84.0 ± 0.1 U/L in 100mM 

group; 42.1 ± 0.07, 50.1 ± 0.07 and 57.07 ± 0.06 U/L in 

150mM group and 38.3 ± 0.1, 49.1 ± 0.07 and 62.04 ± 

0.07 U/L in control group at post-dilution, post-

equilibration and post-thaw stages of cryopreservation. 

 

 

Table 1: Lipid Peroxidation(µmol/ml) values in Different Groups of Additive at Various Stages 

of Cryopreservation (Mean ± S.E.) 

Semen Additive  

Concentration 

Post-Dilution Stage  

(PDS) 

Post-Equilibration Stage 

(PES) 

Post-Thaw Stage  

(PTS) 

Trehalose 50mM 57.7 ± 0.1c 40.1 ± 0.06c 32.1 ± 0.09c 

Trehalose 100mM 43.9 ± 0.05a 34.2 ± 0.09a 20.06 ± 0.1a 

Trehalose 150mM 50.06 ±0.08b 39.01 ± 0.1b 28.04±0.08b 

Control 58.01 ±0.08c 40.1 ± 0.07c 31.9 ± 0.07c 

Means with different superscripts within column differ significantly at (P<0.05) level. 

 

Table 2: Glutathione Reductase(U/L) values in Different Groups of Additive at Various Stages of 

Cryopreservation (Mean ± S.E.) 

Semen Additive 

Concentration 

Post-Dilution Stage 

(PDS) 

Post-Equilibration Stage 

(PES) 

Post-Thaw Stage (PTS) 

Trehalose 50mM 38.1 ± 0.1a 50.2 ± 0.07b 62.1 ± 0.08b 

Trehalose 100mM 55.8 ± 0.1c 64.0 ± 0.1c 84.0 ± 0.1c 

Trehalose 150mM 42.1 ± 0.07b 50.1 ± 0.07b 57.07 ± 0.06a 

Control 38.3 ± 0.1a 49.1 ± 0.07a 62.04 ± 0.07b 

Means with different superscripts within column differ significantly at (P<0.05) level. 
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The overall mean glutathione reductase (GSH) value in 

100mM Trehalose group was significantly (P<0.05) 

higher in post-dilution, post-equilibration and post-thaw 

stages of cryopreservation as compared to that of the 

50mM Trehalose, 150mM Trehalose  and control groups. 

Whereas, glutathione reductase (GSH) values was found 

to be significantly (P<0.05) lower in 50mM Trehalose 

and control groups as compared to that of the 150mM 

Trehalose group (Table-2). Present findings are in 

harmony with (Badr et al., 2010; Hu et al., 2010; Shaikh 

et al., 2016a; Shaikh et al., 2016b) who have reported 

that the addition of 100mM Trehalose to the freezing 

extender resulted in increase glutathione reductase 

levels in buffalo and bovine bulls, respectively.  

 

Glutathione, a naturally occurring tri-peptide plays an 

integral role on scavenger ROS and free radicals with the 

help of the glutathione reductase in semen cycle 

(Meister and Anderson, 1983; Shaikh et al., 2016b). A 

well known fact of glutathione reductase, it plays an 

integral role in protecting mammalian cells from 

oxidative damages. The enhanced antioxidant ability 

indicated the increase in glutathione reductase activity 

(Perumal et al., 2009; Serpil et al., 2009). Therefore, 

higher GSH values in the semen are factor in making the 

sperm membrane more resistant to the spontaneous 

lipid peroxidation that destroys the structure of the lipid 

matrix (Mohanty and Ansari, 2004). Trapping of the free 

radicals by Trehalose, thereby alleviating GSH 

consumption by the enzymatic antioxidant defenses 

might be implicated in higher GSH values observed in 

the present study.  

 

Conclusion 

From the above observations, it was concluded that 

semen extender supplemented with 100mM trehalose 

resulted in higher GSH values and lower MDA values, 

during the cryopreservation process and are beneficial 

in minimizing the oxidative stress provoked by freeze 

thaw process. The optimum trehalose concentration 

determined to be 100mM in tris-extender for 

cryopreservation of Kankrej bull’s semen.  

 

Acknowledgement 

The author is highly thankful to the authorities of 

Sardarkrushinagar Dantiwada Agricultural University as 

well as Dama semen Station, Banas Dairy for providing 

financial assistance and necessary facilities to conduct 

the research during his Post Graduate Studies.  

 

Conflicts of interest: The authors stated that no 

conflicts of interest. 

 

REFERENCES 

 
Aisen EG, Alvarez HL, Venturino A and Garde JJ (2000) Effect of 

trehalose and EDTA on cryoprotective action of ram semen 
diluents. Theriogenology, 53: 1053-1061. 

Aisen EG, Medina VH and Venturino A (2002) 
Cryopreservation and post-thawed fertility of ram semen 
frozen in different trehalose concentrations. 
Theriogenology, 57: 1081-1088.  

Annual Progress Report (2009) Livestock Research Station, 
SDAU, Sardarkrushinagar, Banaskatha (District), Gujarat. 

Badr MR, Malak MG and Hassan MH (2010) Effect of Trehalose 
on cryopreservation, oxidative stress and DNA integrity of 
buffalo spermatozoa. Journal of Reproduction and Fertility, 
1(2): 50-57. 

Bucak MN, Atessahin A, Varisli O, Yuce A, Tekin N, Akcay A 
(2007) The influence of trehalose, taurine,cysteamine and 
hyaluronanon ram semen: Microscopic and oxidative 
parameters after freeze-thawing process. Theriogenology, 
67: 1060-1067. 

Chhillar S, Singh VK, Kumar R and Atreja SK (2012) Effects of 
Taurine or Trehalose supplementation on functional 
competence of cryopreserved Karan Fries semen. Animal 
Reproduction Science, 135(1-4): 1-7. 

Gutierrez PO, Juarez MM, Carvajal SM and Ortega ME (2009) 
Boar spermatozoa cryopreservation in low 
glycerol/trehalose enriched freezing media improves 
cellular integrity. Cryobiology, 58: 287-292. 

Holt WV (1997) Alternative strategies for long- term 
preservation. Reproduction, Fertility and Development, 9: 
309-319. 

Holt WV (2000) Fundamental aspects of sperm cryobiology: 
the importance of species and individual differences. 
Theriogenology, 53: 47-58. 

Hu JH, Li QW, Jiang ZL, Yang H, Zhang SS and Zhao HW (2009) 
The Cryoprotective Effect of Trehalose Supplementation on 
Boar Spermatozoa Quality. Reproduction in Domestic 
Animals, 44(4): 571-575. 

Hu JH, Zan LS, Zhao XL, Li QW, Jiang Li YK and Li X (2010) 
Effects of trehalose supplementation on semen quality and 
oxidative stress variables in frozen-thawed bovine semen. 
Journal of Animal Science, 88: 1657-1662. 

Januskauskas A and Zilinskas H (2002) Bull semen evaluation 
post-thaw and relation of semen characteristics to bull’s 
fertility. Veterinarija IR Zootechnika. T, 17(39): 1-12 

Kumar R, Singh V, Chhillar S and Atreja SK (2012) Effect of 
Supplementation of Taurine or Trehalose in Extender on 
Immunolocalization of Tyrosine Phosphoproteins in 
Buffalo and Cattle (Karan Fries) Cryopreserved 
Spermatozoa. Reproduction in Domestic Animals, 
(Abstract). 



 
National Conference on Challenges in Life Sciences and Agrobased Industries for Rural Development -2019 

 

www.ijlsci.in                                 Int. J. of Life Sciences, Special Issue A13; December, 2019 |  121  

Liu Z, Foote RH and Brockett CC (1998) Survival of bull sperm 
frozen at different rates in media varying in osmolarity. 
Cryobiology, 37: 219-230. 

Matsuoka T, Imai H, Kohno H and Fukui Y (2006) Effects of 
bovine serum albumine and trehalose in semen diluents 
for improvement of frozen-thawed ram spermatozoa. 
Journal of Reproduction and Development, 52: 675-683. 

Meister A and Anderson ME (1983) Glutathione. Annual 
Review of Biochemistry, 52: 711-760.  

Molinia FC, Evans G, Casares PI and Maxwell WMC (1994) 
Effect of monosaccharides and disaccharides in Tris based 
diluents on motility, acrosome integrity and fertility of 
pellet frozen ram spermatozoa. Animal Reproduction 
Science, 36: 113-122. 

Mohanty DN and Ansari MR (2004) Studies on certain seminal 
plasma enzymes of crossbred bulls in relation to 
freezability of semen. Indian Journal of Animal Science, 25: 
29-32. 

Perumal P, Barik AK, Mohanty DN, Das RK and Mishra PC 
(2009) Seminal characteristics of Jersey crossbred bulls. In 
Proc. XXVth annual convention of the Indian Society for 
Study of Animal Reproduction and International 
Symposium,     pp: 196.  

Placer ZA, Cushman L and Johnson BC (1966) Estimation of 
products of lipid peroxidation (Malonyldialdehyde) in 
biological fluids. Analytical Biochemistry, 16: 359–64. 

Purdy PH (2006) A review on goat sperm cryopreservation. 
Small Ruminants Research, 63: 215-225. 

Salvador I, Yaniz J, Viudes-De-Castro MP, Gomez EA and 
Silvestre MA (2006) Effect of solid storage on caprine 
semen conservation at 5oC. Theriogenology, 64: 252-260. 

Sedlak J and Lindsay RHC (1968) Estimation of total, protein 
bound and non-protein sulfhydryl groups in tissue with 
Ellmann's reagent. Analytical Biochemistry, 25: 192-205. 

Serpil S, Tuncer PB, Bucak MN and Ulutas PA (2009) Influence 
of Various Antioxidants on Microscopic-Oxidative Stress 
Indicators and Fertilizing Ability of Frozen-Thawed Bull 
Semen. Acta Veterinaria Brno, 78: 463–469. 

Shaikh KQ, Nakhashi HC, Suthar BN, Sutaria PT and Sharma VK 
(2016a) Trehalose as semen diluents additive for 
cryopreservation of Kankrej bull’s semen. Life Sciences 
Leaflets, 71: 29-40.  

Shaikh KQ, Nakhashi HC, Suthar BN, Sutaria PT and Sharma VK 
(2016b) Comparision of fresh semen parameters with 
frozen thawed semen following incorporation of trehalose. 
Life Sciences Leaflets, 76: 107-115.  

Snedecor GW and Cochran WG (1989) Statistical methods. 
8thEdn. Affiliated East-West Press, New Delhi, India. 

Storey BT, Noiles EE and Thompson KA (1998) Comparison of 
glycerol, other polyols, trehalose and raffinose to provide a 
defined cryoprotectant medium for mouse sperm 
cryopreservation. Cryobiology, 37: 46-58. 

Stradaloli G, Noro T, Sylla L and Monaci M (2007) Decrease in 
glutathione (GSH) content in bovine sperm after 
cryopreservation:Comparison between two extenders. 
Theriogenology, 67: 1249-1255. 

Sztein JM, Noble K, Farley JS and Mobraaten LE (2001) 
Comparison of permeating and nonpermeating 
cryoprotectants for mouse sperm cryopreservation. 
Cryobiology, 42: 28-39. 

Umut T, Buyukleblebici S, Tuncer PB, Coskun E, Ozgurtas T, 
Aydin FN, Buyukleblebici O and Gurcan IS (2013) Effects of 
various cryoprotectants on bull sperm quality, DNA 
integrity and oxidative stress parameters. Cryobiology, 
66(1): 38-42. 

Uysal O and Bucak NB (2009) The role of different trehalose 
concentrations and cooling rates in freezing of ram semen. 
Ankara University, Veterinary Faculty Degree, 56: 99-103.  

Uysal O, Bucak MN, Yavas I and Varish O (2007) Effect of 
various antioxidants on the quality of frozen-thawed bull 
semen. Journal of Animal Veterinary Advances, 6: 1362-
1366. 

Woelders H, Matthijs A and Engel B (1997) Effects of trehalose 
and sucrose, osmolality of the freezing medium and cooling 
rate on viability and intactness of bull sperm after freezing 
and thawing. Cryobiology, 35: 93-105. 

 

© 2019 | Published by IJLSCI 

http://www.ijlsci.in/

