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Introduction

Artificial insemination  (AI) is undoubtedly the 

management technique that has most contributed to the 

genetic improvement programs and ovine breeds 

conservation, and semen cryopreservation is an 

established industry used worldwide for performing AI, 

as it can preserve cells life un definitely (Anel et al. 

2006).  

Cryoprotectants used for freezing of sperm cells 

provide protection from cold shock and the other 

damages during freezing.  However, the 

cryopreservation process of mammalian semen results 

in lower motility and morphological integrity (Watson 

2000) 

In developing countries, the use of AI was limited 

by lack of the materials used to cryopreserve 

spermatozoa such as straws and dry ice.  The ability to 

cryopreserve spermatozoa using relatively inexpensive 

and readily available materials would permit greater use 

of spermatozoa from genetically superior animals.  

Studies using a cold surface made from cattle fat to 

freeze spermatozoa in pellet from ram, bull and goat 

semen were generally produced a very good results as 

using polyvinyl chloride (PVC) straws (Awad 1989; 

Awad et al. 1998; Awad and Graham 2004).   

The volume of the pellet and the temperature of the 

freezing surface are the main factors that regulate the 

cooling velocity (Mazur et al. 1972; Mazur et al 1984; 

Fahrig 2003).  Therefore, the purpose of this experiment 

was to determine the effect of pellet volumes of ram 

spermatozoa frozen on cold surface made from cattle fat 

on the post-thaw spermatozoa survival after thawing. 

Materials and Methods 

Experimental animals 

Six rams of local breed (Barki) 2–4 years old were 

used for semen collection by artificial vagina.  Each 

ram was scheduled for semen collection once weekly 

for ten weeks.  Three to four ejaculates collected with at 

least 85% initial motility and 3×10
9
 sperm cells/ml were 

pooled to obtain the needed suitable volume used for 

dilution and processing. 

Semen extension  

Ram semen samples were diluted in egg yolk-Tris-

diluent as described by Salamon and Visser (1972).  

Semen samples were diluted [(1 part semen: 1 part 

extender for 0.1 ml pellet), (1 part semen: 2 parts 

extender for 0.2 ml pellet) and (1 part semen: 3 parts 

extender for 0.3 ml pellet)], at 30°C with a single 

stepwise addition of Tris-based extender.  The dilution 

rate was calculated on the basis that each insemination 

dose contains about 100×10
6
 a live motile sperm (Fukui 

et al. 1993).  Diluted semen was cooled to 5°C over a 

period of 1 to 2 hours in a cold handling cabinet and 

kept at 5°C for another 1 to 2 hours for equilibration 

(Awad and Graham 2004). 

Freezing in pellet 

Cattle fat surfaces were prepared immediately prior 

to use, by melting each of the compounds and filling 

aluminum foil boxes (13 cm width x l4 cm length x 5 

cm depth) to make a layer of 1cm depth (182 ml).  The 

melted fat was left to reach the room temperature before 

use.  Depressions were made on the surface of the plate 
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.  during solidification (Awad and Graham 2004) using a 

small test tube. 

The Cattle fat surface plate was cooled by 

immersing in liquid nitrogen for 15 minutes and then 

raised at a height of 3cm above the level of the liquid 

nitrogen.  Volumes of 0.1, 0.2 and 0.3 ml were dropped 

into the depressions on the surface block.  After 2 to 3 

minutes, the frozen pellets were immersed in liquid 

nitrogen, transferred into the liquid nitrogen container 

and stored at -196°C. 

Evaluation of frozen semen 

Post thawing motility 

The pellets were stored for at least 24h before 

thawing and evaluation were preformed. Samples were 

incubated in a water bath at 37°C for three hours; the 

percentage of progressive motile spermatozoa was 

recorded at 0h, 1h, 2h and 3h. 

Viability index 

As the semen incubated in water bath for three 

hours, and the motility was recorded after each hour, 

the viability index was calculated according to 

Milovanov (1962). 

Acrosome integrity 

The integrity of sperm acrosome was assessed by 

fast green (FCF) stain.  Successful staining was 

accomplished by centrifugation (at 30°C) of 1 m1 

thawed semen for three minutes at 3000 rpm, 

resuspended in 1 ml of a prewarmed (37°C) Tris 

buffered solution, centrifuged for another three minutes 

and resuspended again in 1ml Tris buffered solution.  

Subsequently, one drop of the sperm cell suspension 

was mixed with one drop of the fast green (FCF) stain 

for one minute at 37°C and then one drop of this 

mixture was placed on a clean microscope slide, 

smeared with a second slide, and air dried on a 37°C 

(Wells and Awa 1970).  Two hundred spermatozoa 

were examined in each smear under oil immersion of 

light microscope at l000× magnification. 

Leakage of intracellular enzymes 

Frozen semen samples were taken immediately after 

thawing and transferred into a clean dry prewarmed 

(30°C) 5 ml conical-based glass centrifuge tubes.  The 

thawed semen was centrifuged at 3000 rpm for three 

minutes and the supernatant fluid was stored at -20°C 
until determination of aspartate aminotransferase and 

Alkline phosphatase.  

The Aspartate aminotransferase (AST) activity (U/L) 

in frozen thawed semen was measured 

spectrophotometerically at a wavelength of 546 nm 

according to the method of Schmidt and Schmidt (1963) 

uses a commercially available kit (Pasteur lab. 

Diagnostic, Giza, Egypt).The Alkaline phosphatase 

(AIP) activity (U/L) in frozen thawed semen was also 

measured spectrophotometerically at a wavelength of 

495 nm (Belfield and Goldberg 1971) using a 

commercially available kit (BioDiagnostic, Dokki, 

Giza, Egypt).   

Statistical Analysis 

The obtained data were expressed as mean ± SEM 

using release 11.0.1 of statistic program windows 

(SPSS 2001).  The effect of pellet volumes on the 

studied parameters was determined by analysis of 

variance.  Differences between means were compared 

by Least Significance Difference (LSD) procedure.  

Results 

The effect of pellet volume on different studied 

parameters of frozen ram semen processed on cold 

surface made from cattle fat was presented in Table 1.  

The present study show no significant difference in the 

mean values of the percentage of sperm motility after 

dilution (88.50±0.76) and just before freezing 

(83.50±0.76) in 0.1 ml, 0.2 ml and 0.3 ml pellet.  The 

mean values of the percentage of post-thawing motility 

at 0, 1, 2 and 3 hours were significantly (P<0.001) 

higher in 0.3 ml pellet size than in 0.2 ml and 0.1 ml 

pellet size.  However, there was no significant 

difference between 0.1 and 0.2 ml pellet size.  A same 

trend was observed in the viability index.  Also, the 

viability index showed the same trend as post-thawing 

motility.  However, the present study show no 

significant changes in the Percentage of acrosme 

integrity as well as the intracellular enzymes of AST 

and AIP of frozen Barki rams semen in 0.1, 0.2 and 0.3 

ml pellets. 

 

Table 1. Effect of pellet volume on the studied parameters of frozen ram semen processed on cattle fat plate (Means ± SEM) 

Semen 

volume 

Sperm motility (%) Post thawing motility (%) 
Viability 

index 

Acrosome 

integrity (%) 

Leakage of intracellular 

enzymes 

After 

dilution 

Before 

freezing 

0 

hours 

1 

hours 

2 

hours 

3 

hours 
AST (U/L) AIP (U/L) 

0.1 ml 
88.50 

±0.76a 

88.50 

±0.76a 

47.50 

±1.54a 

45.00 

±1.67a 

41.50 

±1.30a 

37.00 

±1.11a 

147.25 

±4.68a 
5.30±0.50 a 52.30±5.84a 52.70±4.82a 

0.2 ml 
88.50 

±0.76a 

88.50 

±0.76a 

50.50 

±0.50a 

47.00 

±0.82a 

42.00± 

0.82a 

37.50 

±1.34a 

151.75 

±2.89a 
5.40±0.33 a 50.00±4.82a 51.84±4.90a 

0.3 ml 
88.50± 

0.76a 

88.50± 

0.76a 

60.50± 

0.90b 

56.50± 

0.76b 

52.50± 

1.12b 

47.50 

±1.12b 

186.75 

±3.01b 
5.90 ±0.38 a 49.00±3.79a 51.42±6.22a 

Within columns, mean with different small alphabetical superscripts are significantly different at least at P,0.05. 

Discussion 

Sperm cryopreservation has become a part of the 

routine procedure for assisted reproductive techniques 

in both humans and animals. Cryoprotectants play a 

central role in this procedure by resisting sudden 

temperatures changes, protecting sperm against cold 
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and warm shock as well as preventing ice formation 

during freezing and dissolution during the thawing 

process (Watson 2000).  There appear to be several 

important factors in the freeze-thaw process that 

influence the post-thaw quality of the sperm. These 

include the packaging in which the sperm is frozen, the 

type of medium used, including the type and 

concentration of the cryoprotectant, and the freezing 

and thawing rates that are used (Nordstoga et al. 2009). 

The lack of effect of pellet volume on sperm 

motility immediately after dilution and just before 

freezing (85%) were close to that reported by Khalifa 

(2001) in Rahmani rams (83.19%) and Badr et al. 

(2004) in Barki rams (83.00%).  A slightly low value 

(80.00%) was reported by Essmail et al (2004) in Barki 

rams.  The average values of sperm motility 

immediately before freezing (82%) were close to 82% 

reported by Khalifa (2001) in Rahmani rams and (80%) 

that reported by Gundogan et al (2003) in rams.  A low 

value of 73% was reported by Abdel-Malak (1994) in 

Barki rams.  While, a high value of 90% was reported 

by Upreti et al. (1996) and 94.7% reported by Lopez-

Saez et al. (2000) in rams. 

The duration of motility and other sperm 

characteristics during post-thawing incubation is an 

indication of the usability of the semen (Saacke and 

White 1972).  The maintenance of higher motility in 

sperm during incubation reflects a greater possibility to 

survive in the female genital tract and undergo 

capacitation and fertilize ova (Fiser et al. 1991).  Ram 

spermatozoa are very sensitive to extreme temperature 

that occur during freezing processes (Salamon and 

Maxwell 1995) leading to changes in the membrane 

integrity and ultrastructure of spermatozoa (Watson 

1995).  With respect to effect of pellet size on the 

freezability of ram semen, the current study showed that 

semen frozen in 0.3ml pellet size had significantly 

higher post-thawing motility after 0, 1, 2 and 3 hours as 

well as viability index.  Lightfoot and Salamon (1969) 

found that pellets of larger volume resulted in better 

spermatozoal viability in ram.  Similar results reported 

by Fahrig (2003) who revealed that the mean 

percentage of motile spermatozoa was low at pellet 

volumes of 10μl and 50μl, increased to an apparent 

maximum with pellets of a 100μl volume, and slightly 

decreased at a pellet volume of 200μl.  While, pellet 

volume did not significantly alter the percentage of 

sperm motility in boar (Kozumplik 1978), human 

(Ziegler and Chapitis 1998) and striped trumpeter (Ritar 

and Campet 2000).   

The effect of volume in the post-thawing motility 

might be attributed to effect of volume in the velocity of 

cooling, which has been found to affect sperm survival 

of ram (Lightfoot and Salamon 1969; Visser and 

Salamon1974).  Cooling rate is a very important 

variable, and when spermatozoa are frozen as pellets on 

dry ice, different volumes are likely to cool at different 

rates. When frozen at various cooling rates, cells of 

various types exhibit an inverted V-shaped survival 

curve (Mazur et al.; 1972, Mazur et al. 1984).  Mazur 

and his colleagues (1984) hypothesized that such a 

survival curve can be interpreted as resulting from the 

interaction of two factors oppositely dependent on 

cooling rate. One-factor results from the changing 

properties of the extracellular solution as water is 

removed in the form of ice. The second factor is 

intracellular ice formation and results from cells 

becoming increasingly super cooled with decreasing 

temperature. At high cooling rates since the cells cannot 

lose water quickly enough to remain in osmotic 

equilibrium with extracellular solution.  The likelihood 

of intracellular ice formation increases with increasing 

cooling rate.   The results reported herein of the effect 

of pellet volume, and thus cooling rate, are similar to 

those reported for spermatozoa of boars, rams, bulls, 

and humans (Duncan and Watson 1992; Fiser et al. 

1993; Henry et al. 1993; Woelders et al. 1997).   

In conclusion, the present study concluded that 

increase the pellet volume up to 0.3 ml will improve the 

fertility that indicated by increasing in the post-thawing 

sperm motility at 0, 1, 2, 3 hour and increase of the 

viability index. 
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