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and post thaw quality of Surti buffalo (Bubalus bubalis) 

bull semen 
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Abstract 
The present study evaluated the beneficial effects of incorporation of caffeine as an additive in Tris 

fructose egg yolk citrate extender in Surti buffalo bull semen. Extended semen was divided in 4 equal 

parts and caffeine was added at 0.5 mM (Treatment-1), 1.0 mM (Treatment-2), 1.5 mM (Treatment-3) 

with one control group having no additives at all. Pre-freeze semen parameter individual progressive 

motility were found to be significantly higher (P< 0.05) in semen samples treated with caffeine 

(Treatment-1 and Treatment-2) in comparison to control. Similarly, effects of caffeine as an additive in 

semen were also recorded in semen thawed after 0hr and 48hr of cryopreservation. The post thaw (at 0hr) 

individual sperm progressive motility percentage were significantly higher (P< 0.05) in Treatment-1 and 

Treatment-2 compared to control. At 48hr also post thaw individual progressive motility were 

significantly lower (P< 0.05) in 0.5 mM caffeine (Treatment-1) and 1.0 mM caffeine (Treatment-2) 

compared to control, but the 0.5 mM caffeine (Treatment-1), had the highest pre-freeze and post thaw 

(0hr and 48hr) individual progressive motility percentage compared to other three groups. It was 

concluded that caffeine at 0.5 mM of concentration showed significant (P< 0.05) improvement in pre-

freeze and post thaw semen quality in comparison to concentrations of 1 mM or 1.5 mM; and is sufficient 

to induce a beneficial effect on cryopreservation of Surti buffalo semen. 
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Introduction 

Frozen semen technology has been the pillar behind artificial insemination and one of the 

major strengths of assisted reproduction. The discovery of liquid nitrogen and different 

extenders has made it relatively easy for the long-term preservation of bovine frozen semen. 

The dairy industry has witnessed an increased demand for semen from superior sires. India has 

the largest breeding infrastructure in the world (64 frozen semen bull stations and more than 1 

lac A.I. centres). Presently, total annual semen production is around 100 million frozen semen 

straws. However, the result of A.I. is much below the desired level. As such, A.I. as a tool for 

livestock development is hardly applicable to 30% to 35% of bovine population. (NDDB 

2019) [23]. 

Cryopreservation of semen is the most viable biotechnology for faster and increased genetic 

improvement in many species allowing for improved herd performance and productivity. 

(Bilodeau et al. 2000) [4] (Kim et al. 2010) [18] Freezing and thawing induce the detrimental 

effects on sperm ultrastructural, biochemical and functional damage (Watson 2000) [36], 

resulting in a reduction of motility, membrane integrity and fertilizing ability (Nichi et al. 

2006) [24]. In bovine semen, enzymatic (catalase, superoxide/dismutase, glutathione 

peroxidase/reductase) and non-enzymatic (vitamin C and E, glutathione, cysteine) antioxidants 

are present to protect the spermatozoa from the reactive oxygen species molecules. However, 

the levels of inherent antioxidants are inadequate to protect the sperm integrity against 

oxidative stress during cryopreservation (Nichi et al. 2006) [24]. Egg yolk at different 

concentration is commonly added to freezing extenders as a source of lipoproteins to provide 

protection against cold shock. Nitric oxide is an important mediator of sperm function (Ortega 

et al. 2009) [25] and since egg yolk is a nitric oxide scavenger, the level of egg yolk must be 

considered. 

Caffeine is a xanthine alkaloid compound that acts as a stimulant in humans. Caffeine is 

sometimes called guaranine when found in guarana, mateine when found in mate, and theine 

when found in tea. It is found in the leaves and beans of the coffee plant, in tea, yerba mate, 

and guarana berries, and in small quantities in cocoa, the kola nut and the yaupon holly. 

http://www.thepharmajournal.com/
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Caffeine at concentration of 5 mM may cause decrease in 

fertilization capacity of human and bull sperm, but in rabbits 

higher concentration (10 mM) may cause increased motility 

(Ibrahim et al. 2015) [16]. Caffeine was reported to induce an 

increase in intracellular calcium and an immediate 

hyperactivation of sperm (Colas et al. 2010) [8]. The essential 

role of calcium on sperm capacitation has been proved in 

several mammalian species (Yanagimachi 1994) [37] and an 

increase in intracellular Ca2+ concentration has been shown 

in hyper-activated flagella (Ho, Suarez 2001) [15] and a 

stimulating effect on bull semen in a lower concentration of 

caffeine (Bird et al. 1989) [5]. Caffeine may have a direct 

effect on cellular metabolism, and such effect depends on the 

concentration of calcium ions. Additionally, cattle IVF have 

been improved by the application of heparin alone or through 

its synergistic effects when used with caffeine (Park et al. 

1989) [26]. 
 

Materials and Methods 

8 Surti buffalo bulls of the age group between 6.5–7.5 years 

and weighing between 445-520 kg, reared at Network Project 

on Buffalo Bull (Surti) Improvement at Livestock Research 

Station, Vallabhnagar, Udaipur which is situated in campus of 

College of Veterinary Sciences, Navania, Vallabhnagar 

Udaipur, in the state of Rajasthan. 

All the buffalo bull were fed green fodder, hay and 

compounded concentrate mixture as per farm schedule. These 

animals were maintained under identical nutritional hygienic 

and management conditions. A total of 8 ejaculates, collected 

in a sterilized AV, were used to evaluate the effect of 

stimulant caffeine on semen cryopreservation. After 

collection, the semen samples were immediately transferred to 

a water bath maintained at 35 oC and kept under laminar air 

flow to avoid exposure to direct sunlight and bacterial 

contamination. Semen samples were evaluated for progressive 

sperm motility (Tomar 1997) [34], immediately after 

collection. Soon after the neat semen evaluation, sperm 

concentration was evaluated by haemocytometer method. 

Each ejaculate was diluted in tris fructose egg yolk citrate 

extender. The ejaculates after dilution were split into four 

parts and treated as follows: 

1. Part 1: Diluted in TCFY (Control) 

2. Part 2: Diluted in TCFY + 0.5 mM caffeine (T1) 

3. Part 3: Diluted in TCFY + 1.0 mM caffeine (T2)  

4. Part 4: Diluted in TCFY + 1.5 mM caffeine (T3) 
 

Diluted semen was put in French medium straws and sealed 

with PVA powder. These straws were kept for equilibration at 

4oC for 4 h. Subsequently the semen samples were frozen 

using the horizontal liquid nitrogen vapour freezing technique 

(Verma et al. 1975) [35]. Frozen semen samples were thawed 

at 37oC for 1 minute, immediately (0 h) and 48 h after 

freezing and examined for progressive sperm motility. 

All the chemicals used in the experiment were from Sigma- 

Aldrich, USA. 
 

Statistical Analysis 

The results were subjected to one way analysis of variance 

and the paired t-test (Snedecor and Cochran 1994) [31]. 
 

Results and Discussion 

The results of the trial conducted to evaluate the effect of 0.5 

mM (T1), 1.0 mM (T2) and 1.5 mM (T3) concentrations of 

caffeine are summarized in Table 1. As evident from the 

table, significant (P< 0.01) beneficial effect of 0.5 mM 

caffeine on the progressive sperm motility. The difference in 

the effect of 1.0 and 3.0 mM caffeine was also significant (P< 

0.01). Supporting reports of better effect of 2.0 mM caffeine 

on cryopreservation of buffalo (Fattouh et al. 1985) [12] 

(Fattouh, Abdou 1991) [11] and bovine (Garbers et al. 1971) 
[13] semen as compared to 4.0 or 6.0 mM has also been 

recorded in the past. There was enhanced fertilizing ability 

when semen was diluted with 2.0 mM caffeine as compared 

to that diluted with 5.0 or 10.0 mM caffeine (Aitken et al. 

1983) [1]. 

These reports and the significant beneficial effect of 1 mM 

caffeine as compared to the control and other three 

concentrations, recorded in the present study, suggests that 

even lower concentrations of caffeine may be effective in 

protecting sperm from cryoinjuries. 

 
Table 1: Effect of Caffeine supplementation on percent progressive 

motility of Surti buffalo bull spermatozoa at pre-freeze and post-

thaw stage (Mean ± SE, n=32). 
 

Stage of semen 

freezing 
Control 

Treatment 

1 (T1) 

Treatment 

2 (T2) 

Treatment 

3(T3) 

Pre-freeze 70.37±0.65c 73.50±0.5a 73.12±0.63ab 71.37±0.90bc 

Post-thaw (0hr) 64.43±0.43b 66.37±0.41a 65.62±0.52a 63.93±0.77b 

Post-thaw (48hr) 63.06±0.22b 67.00±0.54a 66.93±0.60a 63.81±0.65b 

  

Values are presented as mean ± standard error of mean of 

thirty two replicates. Different superscripts within a row 

indicate significant difference (P< 0.05). Control, T1, T2 and 

T3 contained 0.0, 0.5, 1.0 and 1.5 mM concentration of 

caffeine. 

 
Table 2: Analysis of variance showing the influence of additives at 

pre-freeze, 0hr and 48hr of preservation on individual sperm 

progressive motility percentage. 
 

Source of 

Variation 
D.F. 

Individual Progressive Motility 

Pre freeze 0hr 48hr 

M.S. F. M.S. F. M.S. F. 

Treatment 3 17.36 
4.56* 

9.844 
3.984* 

34.00 
15.01** 

Error 28 3.8 2.47 2.26 

*P≤ 0.05, **P≤ 0.01  

 

The mean value of individual sperm progressive motility of 

Surti buffalo bull semen was 74.00±0.35% in present study. 

Earlier study reported mean value of individual sperm 

motility of Surti buffalo bull as 80.76±0.39% (Chaudhary et 

al. 2017) [6] and 75.00±0.69% (Dhami et al. 2016) [9]. The 

average individual progressive motility (%) for 3 Murrah 

buffalo bulls was reported as 78.42±0.70 (Shukla, Misra 

2014) [29]. Bhakat et al. (2015) [3] reported the overall least 

squares mean values of Murrah buffalo and crossbred bulls 

individual progressive sperm motility (%) as 60.64±0.02 & 

46.73±0.03% respectively. Also, Bhakat et al. (2011) [2] 

reported the average individual progressive motility in 

Murrah buffalo as 66.63±0.44% (with a range of 61.58 to 

71.93%). Koonjaenak, Rodriguez (2007) [19] reported the 

average individual sperm progressive motility in swamp 

buffalo to be greater than 65%. Sperm progressive motility is 

an important criterion of semen quality (Lasley 1951) [20] and 

is an important determinant of success rate of the fertilization 

and ability of spermatozoa to withstand the stress of 

cryopreservation process. Semen samples must contain good 

numbers of forward moving spermatozoa for optimum 

fertility. Usually, the progressive motility of a good semen 

https://www.thepharmajournal.com/
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sample should range between > 50 to 90 percent. 

In the present study, effect of various concentrations of 

caffeine (0.5 mM, 1.0 mM and 1.5 mM) on the pre-freezing 

semen attributes in Surti buffalo bull were studied after the 

equilibration period of 4ºC for 4 hours. 

A significant improvement in pre-freezing sperm progressive 

motility of sperm was observed with 0.5 mM (73.50±0.50%) 

and 1.0 mM (73.12±0.6%) caffeine concentration in 

comparison to control (70.37±0.65%) in Surti buffalo bulls. In 

earlier study, Shukla, Misra (2014) [29] reported higher pre-

freezing individual progressive motility of sperm with 1.0 

mM (78.05±0.82%) and 3.0 mM (77.78±0.72%) caffeine 

concentration in comparison to control (76.67±0.90%) in 

Murrah buffalo bulls. Singh, Raina (2000)30 reported 

significantly better pre-freezing individual sperm progressive 

motility with 4.0 mM (68.00±1.70%) caffeine in comparison 

to control (61.46±2.10%) in Murrah buffalo bulls. 

Patel, Siddiquee (2012) [27] also reported increased pre-

freezing individual progressive motility of sperm with 0.5% 

caffeine (77.95±0.58%) concentration in comparison to 

control (74.73±0.58%) in Kankrej bulls. Our results were 

supported by Kant (2016) [17] who showed significant 

improvement in pre-freezing individual progressive motility 

of sperm at different concentration of caffeine viz. 1.0 mM 

(67.2±2.65%) and 2.0 mM (68.6±2.93%), in comparison to 

control (53.6±2.31%) in Marwari horse.  

The improvement in individual progressive motility of sperm 

as seen in the study may be due to addition of caffeine which 

stimulates sperm metabolism, enhances fructose utilization, 

improves respiration and causes an increase in cAMP levels 

(Milani, Fontbonne 2010) [22]. EL-Gaafary et al. (1990) [10] 

reported that addition of different levels of caffeine in either 

EYC and Tris diluted bull semen (10, 20, 40 and 80 mM/100 

ml of diluents) increased the percentage of motile 

spermatozoa as compared to control. Whereas, Cohen et al. 

(1977) [7] reported that in ram, high concentrations of caffeine 

caused adverse effects on the sperm motility. Bird et al. 

(1989) [5] also postulated that caffeine at higher concentration 

(5.0mM) may cause a reduction of bull sperm motility. 

Haesungcharern, Chulavatnatol (1973) [14] reported that 

cAMP levels increase energy production by accelerating the 

glycolysis and tricarboxylic acid cycle and their utilization by 

the motile apparatus of the spermatozoa. However more 

extensive studies may clarify the mechanism by which 

caffeine enhances motility of spermatozoa at lower 

concentrations whereas reduces the same at higher 

concentrations. 

Surti buffalo bull, a significant (P< 0.05) improvement in the 

post thaw motility was observed with caffeine concentration 

of 0.5 mM (66.37±0.41%) and 1.0 mM (65.62 ±0.52%) in 

comparison to control (64.43±0.43%) and 1.5 mM 

(63.93±0.77%). These findings were supported by Shukla, 

Misra (2014) [29] who showed improvement in post thaw 

motility at 1.0 mM (70.00±0.99%), 3.0 mM (65.83±0.88%) 

and 5.0 mM (63.05±0.67%) caffeine concentration in buffalo 

and Milani, Fontbonne (2010) [22] also reported improvement 

in post thaw motility at 2.5 mM (26.9±5.00%), 5.0 mM 

(25.6±5.80%) and 7.5 mM (24.6±5.80%) caffeine 

concentration in dog. Patel, Siddiquee (2012) [27] also reported 

higher post thaw motility with 0.5% caffeine (60.17±1.14%) 

concentration in comparison to control (56.83±0.34%) in 

Kankrej bulls. Singh, Raina (2000) reported increase in post 

thaw motility with 4.0 mM (50.50±4.04%) caffeine in 

comparison to control (44.50±3.70%) in buffalo bulls. Our 

results were also supported by Kant (2016)17 who showed 

improvement in post thaw motility at different concentration 

of caffeine in comparison to control in Marwari horses and 

exotic donkeys. Further, Spalekova et al. (2011) [32] reported 

that in ram progressive sperm motility of the sperm was 

increased after 24 hr of incubation in presence of 4.0 mM 

(60%) of caffeine in comparison to control (40%). Špaleková 

et al. (2014) [33] studied the effect of caffeine on motility and 

viability indices of coolied-stored ram spermatozoa and 

reported that caffeine significantly (P< 0.05) increased sperm 

motility and progressive movement. The improvement in post 

thaw motility as seen in the present study may also be due to 

the stimulatory effect of caffeine upon sperm metabolism, 

fructose utilization, respiration and an increase in cAMP 

levels (Makler et al. 1980) [21] (Yanagimachi 1994) [37] 

(Milani, Fontbonne 2010) [22]. 

In Surti buffalo bull, a significant (P< 0.05) improvement in 

the post thaw motility was observed with caffeine 

concentration of 0.5 mM (67.0±0.54%) and 1.0 mM 

(66.93±0.60%) in comparison to control (63.063±0.22%) and 

1.5 mM (63.81±0.65%). These findings were supported by 

Shukla, Misra (2014) [29] who showed improvement in post 

thaw motility at 1.0 mM (70.28±1.05%), 3.0 mM 

(66.11±0.89%) and 5.0 mM (62.78±1.02) caffeine 

concentration in buffalo. Spalekova et al. (2011) [32] also 

reported that in ram progressive motility of the sperm was 

increased after 48 hr of incubation in presence of 4.0 mM 

(50%) caffeine in comparison to control (31%). Špaleková et 

al. (2014) [33] studied the effect of caffeine on motility and 

viability indices of coolied-stored ram spermatozoa and 

reported that caffeine significantly (P< 0.05) increased sperm 

motility and progressive movement and maintained this value 

for 72 hours. Fattouh, Abdou (1991) [11] reported that addition 

of caffeine (2.0, 4.0 and 6.0 mM) in buffalo semen diluted 

(1:2) with lactose diluent before freezing, resulted in a 

significant increase in the post-thaw motility of spermatozoa 

over the 3 hours incubation period. 

Caffeine at 0.5 mM of concentration showed significant (P< 

0.05) improvement in pre-freeze and post thaw semen quality 

in comparison to concentrations of 1 mM or 1.5 mM; and is 

sufficient to induce a beneficial effect on cryopreservation of 

Surti buffalo semen. 

Caffeine has been used for stimulating the kinetic activity and 

respiration of bovine spermatozoa. It was later found to 

stimulate the progressive motility of both the fresh and 

preserved sperm of various species like bull, ram, stallion, 

boar, donkey. Caffeine improved the sperm fertilizing ability 

and it had no apparent teratogenic effects on mammals 

(Schilon et al. 1978) [28]. 

Caffeine was reported to induce an increase in intracellular 

calcium and an immediate hyperactivation of sperm (Colas et 

al. 2010) [8]. The essential role of calcium on sperm 

capacitation has been proved in several mammalian species 

(Yanagimachi 1994) [37]. 
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