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Abstract.  Egg yolk consisted of lecithin and phospholipids are one of the most commonly used components 

that will protect spermatozoa against cold shock during cooling and freezing.  The aim of this study was to 

evaluate the effect of different hen egg yolk on Tris extender on the freezability of local ram semen. Semen 

from six sexually matured local rams was collected weekly using artificial vagina. Collected semen was 

evaluated macroscopically and microscopically and extended  using tris extender consisted of 20% (v/v) regular  

egg yolk (TRCEY), native egg yolk (TNCEY), omega-3 hen egg yolk (TOEY) and 6% (v/v) glycerol. Those were 

packed in 0.25 ml straws, equilibrated at 5
o
C for 3 hours, frozen and stored in nitrogen tank for 24 hours, and 

thawed at 37
o
C for 30 second. The result of the experiment showed that there were no significant differences 

on the sperm motility and the number of living sperm. Percentage of plasma membrane intact in TOEY (60.3%) 

was significantly higher compared to TREY (56.9%) and TNEY (55.6%). In conclusion, the addition of omega 3 

egg yolk in Tris extender protects plasma membrane better than the regular or native hen egg yolk.  
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Introduction 

Cryopreservation as a technique for the 

storage of ram semen has many advantages 

although the process of freezing and thawing 

induces certain detrimental effects, in terms of 

sperm structure, biochemical and functional 

damage. The sperm plasma membrane damage 

results in the irreversible loss of its functions. 

Due to the high content of unsaturated fatty 

acids in the plasma membrane, mammalian 

sperm is sensitive to oxidative stress (Salomon 

and Maxwell, 2000; Tekin et al., 2006).  

The survival of spermatozoa during freezing 

and thawing was affected by many factors, 

including the composition of the cryo-extender 

(Curry, 2000; Leibo and Songsasen, 2002). Egg 

yolk is a common component of the most 

semen-cryopreservation extenders for 

domestic animals. It has been shown to have a 

beneficial effect on sperm cryopreservation as a 

protection of the plasma membrane and 

acrosome against temperature-related injury, in 

association with the other components (Amirat 

et al., 2004). It is believed that the 

phospholipids, cholesterol and low dense 

lipoproteins in egg yolk may be the factors that 

provide protection to sperm against cold shock 

during the freeze-thawing process. 

Nevertheless, the exact mechanism by which 

egg yolk helps preserve ram sperm during the 

freeze–thawing process is unknown. 

The egg yolk fatty-acid profile was clearly 

affected by the fatty acid profile of hen diets 

(Meluzzi et al., 2000; Butarbutar, 2004). 

Therefore, the ratio of phospholipid and 

cholesterol content in yolk of regular or native 

and chicken eggs that were enriched with 

omega-3 fatty acids has a different combination 

which may result in different cryopreservation 

effects on the ram sperm.  

The following experiment was designed to 

compare the freezability of ram sperm in Tris 

base extender added with 20% of native, 

regular or omega-3 egg yolks.   
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Materials and Methods 

Media preparation 

All chemicals were obtained from Merck, 

Germany. Tris buffer (TB) was prepared by 

mixing 2.42 g Tris-hydroxymethyl-

aminomethane with 1.28 g monohydrate citric 

acid and 2.16 g D-fructose dissolved in 100 ml. 

The freezing extender composed of 74% TB, 

20% (v/v) native, regular or omega-3 egg yolk 

and 6% of glycerol concentration (Table 1).  All 

extenders were added with antibiotics (500 IU 

penicillin and  500 µg streptomycin per ml). A 

total of three extenders were prepared i.e. tris 

native hen egg yolk (TNEY), tris regular hen egg 

yolk (TREY) and tris omega-3 hen egg yolk 

(TOEY).  

Semen collection and evaluation 

Five local rams were used as sperm donors. 

Semen was collected using an artificial vagina 

once a week during four weeks. The semen 

samples were assessed for macroscopic 

evaluation including volume, colour, 

consistency, and mass activity.  The microscopic 

evaluation was conducted under 100-400 time 

magnifying microscope (Olympus CH20) 

including mass activity, percentage of 

progressive motility [0 (not motile) -100% 

(100% motile)], ratio of living and dead sperms 

using eosin-negrosin (Barth and Oko, 1989), 

and sperm concentration using Neubauer 

counting chamber (Kirkman-Brown and 

Björndahl, 2009). Sperm morphology was 

assessed with carbolfuchsin-eosin (Al-

Makhzoomi et al., 2008) and intact membrane 

with hypo osmotic swelling (HOS) test (Fonseca 

et al., 2005). Only ejaculations with 

concentration greater than 2500×106 sperm/ml, 

>75% progressive motile sperm and >90% of 

the sperm with normal morphology were 

selected for this study. Total of 20 ejaculations 

were individually processed for 

cryopreservation. 

Semen processing and thawing 

After evaluation, each of raw semen was 

equally divided into three tubes and extended 

in one of three extenders; TNEY, TREY and TOEY 

to reach the total semen concentration of 

400x106 per ml (100 x 106 per straw). Extended 

semen was individually packed in 0.25 ml 

straws and equilibrated at 4oC within four 

hours. The straw was frozen in a Styrofoam box 

at 5 cm above the liquid nitrogen level for 10 

minutes. The frozen semen was stored for 24 

hours in liquid nitrogen for further evaluations. 

Frozen semen was thawed using warm 

water (37oC) for 30 seconds. Semen evaluation 

was focused on the percentage of motile, life 

and intact membrane sperms.  The motile 

sperm was evaluated by mixing the semen 

gently and placing a 10 µl drop of extended 

semen on a warm slide and covered with a glass  

Table  1.   Extender composition 

Composition 
Cryo-extender 

TREY TNEY TOEY 

Buffer  Tris (mL) 7.4 7.4 7.4 

Regular hen Egg yolk (ml) 2 - - 

Native hen Egg yolk (ml) - 2 - 

Omega-3 hen Egg yolk (ml) - - 2 

Glycerol (ml) 0.6 0.6 0.6 

Total volume  (ml) 10 10 10 

Streptomycine (mg) 10 10 10 

Pennicilline (IU) 10.000 10.000 10.000 

pH 6.9 6.8 6.8 

Osmotic pressure (mosmol/kg) 1075 1075 1075 
TNEY:  tris native hen egg yolk; TREY:  tris regular hen egg yolk; TOEY: tris omega-3 hen egg yolk  
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cover slip (18x18 mm) from five selected 

representative fields.  The mean of the five 

estimations was recorded as final motility 

score. Living sperm was assessed by placing 10 

µl drop of semen on a slide added with 40 µl 

drop of nigrosine-eosin, mixed together and 

smeared on a slide and dried quickly in heating 

stage (37oC). Microscopes were selected 

randomly from ten fields, with total of 200 cells.  

Individual sperm was recorded as living 

(unstained) or dead (stained). Hypo osmotic 

swelling (HOS) test was assessed by placing 10 

µl of extended semen in 2 ml of HOS solution, 

gently mixed and incubated for 30 minutes in a 

water bath at 37ºC. After incubation, 20 μl of 
the solutions containing semen was placed on a 

microscope slide, covered with a cover glass 

and evaluated under microscope. Total of 200 

spermatozoa were counted from at least five 

different fields, and sperms with intact 

membrane were classified as swelled (coiled).  

Statistical methods 

The data were statistically analyzed for 

differences among the means by one way 

analysis of variance. The Turkeys test was 

applied to compare treatment means using 

statistical Minitab software version 14. 

Results and Discussion 

The mean of semen volume was 0.72±0.16 

ml, pH was 6.65±0.07, cloudy to creamy white 

in colour and thin to thick in consistency. The 

mean of mass activity was 3±0.0 with the 

percentages of motile and living sperm were 

75±4.0% and 84.09±2.28% respectively. The 

sperms with normal morphology and intact 

membrane were 94.75±3.2% and 88.15±3.21% 

with 1032.00±232.06 million/ml in sperm 

concentration.  

There were no differences (P>0.05) among 

extenders in forward motility after thawing. 

The forward motility of sperm in TNEY, TREY or 

TOEY were 45.7±2.31, 48.60±3.24 and 

47.80±2.25% respectively. No differences were 

detected on the living sperm after thawing. The 

living sperms were 53.40±3.42 to 55.8±3.38%. 

The membrane intact of sperm in TOEY 

extender (60.30±1.33%) was greater (P<0.05) 

than those extended in TNEY (56.20±2.35%) or 

TREY (55.60±1.95%) and no differences were 

found on membrane intact between TNEY and 

TREY (Figure 1). 

Sperm motility had been the most common 

examined parameter for spermatozoa quality 

and viability, although its relation to 

fertilization capacity of sperm was often 

contradictory (Fonseca et al., 2005).  In this 

study, the sperm motility in all extenders was 

not affected by egg yolk. The motility of sperm 

depends of flagellar action whose energy is 

metabolized by the mitochondrial dense in mid-

piece. Flagellar motion is the main energy-

demanding process of viable spermatozoa and   

most energy derived from the hydrolysis of 

adenine triphosphate (ATP) to adenine di- and 

mono-phosphates (Garner and Hafes, 2000).   

Sperms require nutrients to maintain their 

cellular activity; the main source of nutrients is 

simple carbohydrate such as fructose or 

glucose, in seminal plasma or diluent content 

(Vishwanath and Shannon, 2000). Fructose was 

essential for energy utilization by spermatozoa 

and to support sperm motility and movement 

patterns. In this study, Tris buffer contained 

fructose as well as in yolk with 0.6% 

carbohydrate (Manjunath et al., 2002). It might 

explain why there were no differences in sperm 

motility in all extenders. 

Egg yolk protects the sperm cell from the 

damaging effects of low temperature; the 

beneficial effect of egg yolk in the 

cryopreservation of sperm can be attributed to 

a resistance factor, which helps protect the 

sperm against cold shock to maintain viability. 

The phospholipid, cholesterol and the low-

density lipoprotein contents of hen egg yolk 

specifically have been identified as the 

protective components which protect the 

membrane     phospholipid     integrity      during   
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(MS = motile sperm; VS=viable sperm; IM=intact membrane; TREY= Tris Regular Egg yolk; TNEY = Tris Native Egg 

yolk; TOEY =Tris Omega-3 Egg yolk) 

Figure 1. The quality of  local ram semen during processing in Tris buffer with three different 

egg yolk.   

 

cryopreservation (Aurich, 2005).   

Based on the percentage of sperm with 

intact membrane, egg yolk of omega-3 seemed 

to be more effective to protect ram 

spermatozoa, compared to regular or native 

hen egg yolk.  Omega-3 egg yolks were 

obtained from hens fed with omega-3 enriched 

diets.  Omega-3 enriched eggs are available in 

the market. These eggs are the same as the 

regular egg, except that they contain higher 

level of the polyunsaturated fatty acid called 

omega-3. This higher level of the 

polyunsaturated fatty acid may improve the 

protection of the sperm during the freeze–
thawing processes resulting in higher 

membrane intact after thawing.  Native egg 

yolks were obtained from pastured hen, 

without standard diets. Traditionally, regular 

egg yolk, has been used in freezing media, 

probably because of its easy availability 

(Bathgate et al., 2006), and lower price 

compared to native or Omega-3 egg yolk. 

Limited report on avian egg yolks used for 

semen preservation was available.  Duck egg 

yolk was more favoured than the other avian 

egg yolks in extenders used to improve the 

frozen–thawed quality of buffalo bull and 

stallion sperm (Andrabi et al., 2007; Clulow et 

al., 2007).  Other study proved that pigeon egg 

yolk has  the best cryo-protective effect in 

terms of bull sperm progressive motility and 

viability among five avian egg yolks, but no 

differences found among the avian egg yolks 

(chicken, goose, and duck) on the  composition 

and different cryo-protective actions on ram 

sperm cryopreservation (Su et al., 2008).  

According to Humes and Webb (2006), 

chucker egg had a higher level of protein, lipid 

and cholesterol which improve the percentage 

of motile stallion sperm after the freeze–thaw 

process, when compared to chicken egg yolk.  

Recently Kulaksız et al. (2010) reported that 

chucker egg yolk also had the best 

cryoprotective effect in terms of the highest 

sperm motility compared to the   other   five   

avian   eggs   ram   semen cryopreservation. 

As stated above, all sperm-processing steps 

may  introduce  damage to  sperm membranes 
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(MS: motile sperm; VS: viable sperm; IM: intact membrane; TREY: tris regular egg yolk; TNEY : tris native egg yolk; TOEY: 

tris omega-3 egg yolk; R-AE: decrease between raw to after equilibration;  AE-AT : decrease between after equilibration to 

after thawing). 

Figure 2.  The decreasing semen quality during freezing of local ram semen in Tris buffer with three 

different egg yolks.   

 

and organelles (Silva and Gadella, 2006). The 

differences in measured semen quality 

parameters after 4 hours equilibration were not 

found among extenders. In fact, all extenders 

demonstrated significant decrease (P<0.05) 

compared to raw semen. Sperm motility 

decreased by 5% in each extender; on the other 

hand living sperm and intact membrane 

decreased from 7.49 to 8.69%, and from  7.85 

to 10.35 respectively (Figure 2). 

Similarly, all parameter indicated a highly 

significant decrease (P<0.01) after thawing. The 

decrease of forward motility from post-

equilibration to post-thawing was between 

21.4, 24.3%, and living sperm between 20 and 

23.3% respectively.  The membrane intact of 

sperm from post-equilibration to post-thawing 

was decreased by 20 to 23.2% (Figure 2). 

Conclusions 

Based on the results of this study, it is 

indicated that Omega-3 egg yolk has a better 

beneficial effect to protect membrane intact of 

ram sperm than regular or native hen egg yolk.  

However, these results are based on in vitro 

evaluations, so further fertility trials are 

required. 

Acknowledgement 

The author thanked to Bondan Achmadi SE, 

Faculty of Veterinary Medicine for technical 

assistance. 

References 

Andrabi SMH, MS Ansari, N Ulah, M Anwar, A 

Mehmood and S Akter. 2007. Duck egg yolk in 

extender improves the freezability in buffalo bull 

spermatozoa. Anim. Reprod. Sci. 104:427–433. 

Al-Makhzoomi A, N Lundeheim, M Haard and J 

Rodriguez-Martinez. 2008. Sperm morpholo-gy 

and fertility of progeny-tested ai dairy bulls in 

Sweden. Theriogenol.  70:682-691. 

Amirat L, D Tainturier, L Jeanneau, C Thorin, O 

Gerard, JL Courtens and M Anton. 2004. Bull 

semen in vitro fertility after cryopreser-vation 

using egg yolk Ldl: A comparison with optidyl, a 

commercial egg yolk extender. Theriogenol. 

61:895-907. 

Aurich C. 2005. Factors affecting the plasma 

membrane function of cooled-stored stallion 

spermatozoa. Anim.  Reprod.  Sci.  89:65-75. 

Barth  AD  and RJ Oko. 1989.  Abnormal Morfology 

Of Bovine Spermatozoa. Iowa. Iowa State 

University Press. USA. pp. 8-18.  

0

5

10

15

20

25

30

MS VS IM MS VS IM

R-AE AE-AT

P
e

rc
e

n
ta

ge
s

Semen quality

TREY TNEY TOEY



WMM Nalley
  
and RI Arifiantini/Animal Production 13 (1):39-44 

 

 

 

44 

Bathgate R, WMC Maxwell and G Evans. 2006. 

Studies on the effect of supplementing boar 

semen cryopreservation media with different 

avian egg yolk types on in vitro post-thaw sperm 

quality. Reprod. Dom. Anim. 41:68-73. 

Bergeron A and P Manjunath. 2006. New insights 

towards understanding the mechanisms of 

sperm protection by egg yolk and milk. Mol. 

Reprod. Dev. 73:1338-1344. 

Butarbutar TB. 2004. Fatty acid and cholesterol in 

eggs: A Review Southeast Asian J. Trop. Med. 

Public. Health. 35(4):1036-1038. 

Clulow JR, WMC Maxwell, G Evans and LHA Morris. 

2007. A comparison of duck and chicken egg yolk 

for the cryopreservation of stallion sperm. Aust. 

Vet. J. 85:232-235. 

Curry MR. 2000. Reviews of reproduction: 

cryopreservation of semen from domestic 

livestock. J.  Reprod and Fert. 5:46-52. 

Fonseca JF, CAA Torres, VV  Maffili, AM Borges, ADF 

Santos, MT Rodrigues and RFM Oliveira. 2005. 

The hypo-osmotic swelling test in fresh goat 

spermatozoa.  Anim. Reprod. 2(2):139-144. 

Garner DL and ESE Hafez. 2000.  Spermatozoa And 

Seminal Plasma. In Hafez ESE and Hafez. 2000.  

Reproduction In Farm Animals 7
th

 ed. 

Philadelphia: Lippincott Williams and Wilkins. pp. 

96-109. 

Humes R and G Webb. 2006. Use of chicken or 

chukar egg yolk with two cryoprotectants for 

preservation of stallion semen. Anim. Reprod. 

Sci. 94:62-63. 

Kirkman-Brown J and L Björndahl. 2009. Evaluation 

of a Disposable Plastic Neubauer Counting 

Chamber for Semen Analysis. J. Fert. Ster. 

91:627-631. 

Kulaksız R,  C Cigdem, E Akcay and A  Daskın. 2010. 

The protective effect of egg yolk from different 

avian species during the cryopre-servation of 

Karayaka ram semen. Small Rum. Res. 88:12-15. 

Leibo SP and N Songsasen. 2002. Cryopreservation 

of gametes and embryos of non domestic 

species.  Theriogenology. 57:303-326. 

Manjunath P, V Nauc, A Bergeron and M Ménard. 

2002. Major proteins of bovine seminal plasma 

bind to the low-density lipoprotein fraction of 

hen’s egg yolk. Biol. Reprod. 67:1250-1258. 

Meluzzi A, F Sirri, G Manfreda, N Tallarico and A 

Franchini.  2000. Effects of dietary vitamin e on 

the quality of table eggs enriched with n-3 long-

chain fatty acids. Poult. Sci. 79:539-545. 

Salamon S and WMC Maxwell. 2000. Storage of ram 

semen. Anim. Reprod. Sci. 62:77-111. 

Silva PFN and BM Gadella. 2006. Detection of 

damage in mammalian sperm cells. 

Theriogenology. 65:958-978. 

Su L, X Li, X Quan, S Yang, Y Li, X He and X Tang. 

2008. A comparison of the protective action of 

added egg yolks from five avian species to the 

cryopreservation of bull sperm. Anim. Reprod. 

Sci. 104:212–219. 

Tekin N, O Uysal, E Akcay and I Yavas.  2006. Effects 

of different taurine doses and freezing rate on 

freezing of ram semen. Ankara Üniv. Vet. Fak. 

Derg. 53:179-184. 

Vishwanath R and P Shannon. 2000. Storage of 

bovine semen in liquid and frozen state. Anim. 

Reprod. Sci. 62:23-53. 

 

 


