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The study was conducted with an objective 

to evaluate the relative efficacy of different 

concentrations of quail egg yolk (QEY) over 

chicken egg yolk (CEY) and to investigate 

the effect of decline in the concentration of 

quail egg yolk in cryodiluents on the 

freezability of Nili-Ravi buffalo bull 

spermatozoa.  A total of twenty one semen 

samples (seven for each bull, two ejaculates 

at the same day per bull per week) from 

three experimental buffalo bulls were 

collected. Every semen sample was divided 

into five aliquots and diluted with one of the 

five experimental extenders namely A, B, C, 

D, and E having tris, fructose, citric acid, 

glycerol, egg yolk and antibiotics. Extender 

A was supplemented with 20% CEY which 

served as control, while extenders B,C,D, 

and E were supplemented with 5%, 10%, 

15%, and 20% QEY respectively. Extended 

semen samples were allowed to cool at 4ºC 

for 2 hours and equilibrated for 4 hours at 

4ºC. Semen straws were then frozen in 

biological cell freezer at -140ºC and stored 

in liquid nitrogen at -196ºC. Semen samples 

were evaluated for post-thaw quality 

parameters after freezing and 24 hours 

storage in liquid nitrogen. Post-extension 

sperm cells motility and intact DNA 

percentile showed non-significant 

differences between extender A (control) 

and E (20% QEY). However, the post-thaw 

percentile of motile spermatozoa with intact 

plasmolemma, functional acrosome, and 

viable count, was found to be significantly 

higher (P≤0.05) in extender E when 

compared to extender A. The same was true 

for various CASA based evaluation 

parameters of spermatozoa including 

progressive sperm cells motility, straight line 

velocity (VSL), average path velocity 

(VAP), beat cross frequency (BCF), 

straightness (STR) and linearity index (LIN). 

While curvilinear velocity (VCL), and 

amplitude of lateral head displacement 

(ALH) of spermatozoa were significantly 

higher in extender B (5% QEY) as compared 

to extender A (control) and extender E (20% 

QEY). Furthermore, it was observed that 

decline in the concentration of quail egg 

yolk from 20% to 5% resulted in decreased 

post-thaw sperm cells motility, viability, 

plasmolemma integrity, functional acrosome 

percentage and other CASA based motility 

characteristic indices. The results of the 

present study revealed that substitution of 

20% CEY with 20% QEY in cryodiluents 

improves the post-thaw semen quality 

parameters of Nili-Ravi buffalo bull 

spermatozoa. 
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Reproductive biotechnologies like Artificial 

Insemination (AI) and In Vitro Embryo 

Production (IVEP) are considered valuable 

tools for the rapid improvement in the 

genetic potential of the livestock (Ciptadi et 

al., 2012). Applicability of artificial 

insemination in buffalo using frozen thawed 

semen has some limitations because of its 

poor freezability and decreased fertility as 

compared with cattle (Kumareson et al., 

2000). However, AI would become 

successful if the spermatozoa are well 
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maintained and stored for longer duration of 

time without having considerable damage 

during cryopreservation. Cryopreservation 

of semen is a routine based wide spread 

phenomenon used to preserve the fertilizing 

capabilities of bovine spermatozoa so that 

they can be stored easily and transported for 

longer duration of time. Different factors are 

responsible for the degree of success of the 

cryopreservation of semen, with the 

composition of the extender being the most 

important one. Various reports revealed that 

cryopreservation results in a loss of 40-50% 

of the total viable spermatozoa in a routine 

based freeze-thaw process which leads to an 

impaired fertility and huge economic losses 

associated with it. The reduction in sperm 

viability and impaired fertility is due to 

cryoinjury of the spermatozoa during 

freezability that is mainly caused by cold 

shock, osmotic stress, ice crystal formation 

and oxidative damage (Holt, 2000; Watson, 

2000; Pace and Graham, 1974). Egg yolk is 

one of the most common and valuable 

cryoprotectent used for the deep freezing of 

spermatozoa as it provides great protection 

and stability to the sperm cells plasmolemma 

against cold shock during freeze thaw 

process. Chicken egg yolk is used 

traditionally in extenders for the deep 

freezing of spermatozoa as it is inexpensive 

and also easily available. The optimum 

concentration of chicken egg yolk generally 

used in bovine semen extenders for sperm 

cells cryopreservation is 20% (Amirat et al., 

2004). Tremchi et al. (1997) found that 

extenders containing 10% quail egg yolk 

yield better results than chicken egg yolk in 

Poitou jackass sperm cells cryopreservation. 

Waheed et al. (2012) also found that the 

substitution of same concentration of Gallus 

gallus domesticus (chicken) egg yolk with 

Anatidae anas platyrynchos (duck) egg yolk 

in cryodiluents resulted in an increased post 

thaw motility characteristics, livability, and 

absolute index of livability along with 

significant decline in tail deformities. 

Similarly Clulow et al. (2004) found that 

stallion semen can be better preserved in 

duck egg yolk extenders when compared 

with chicken egg yolk extenders and it 

showed significantly higher post thaw 

motility and livability. Humes and Web in 

2006, found that when commercial chicken 

egg yolk was substituted with chuckar egg 

yolk for the cryopreservation of stallion 

semen, the motility features of frozen 

thawed stallion sperm cells along with other 

associated parameters were improved. 

Moussa et al. (2002) observed that the 

necessary cryoprotective action of egg yolk 

was mainly due to the prescence of low 

density lipoproteins present in egg yolk. 

Presence of certain phospholipid contents 

and low density lipoproteins (LDL) in yolk 

prevents spermatozoa against cold stress 

during freezing and thawing processes 

(Bergeron & Manjunatha., 2006). The 

presence of yolk from quail eggs in 

cryodiluents for the preservation of boar 

sperm cells has no gain over commercial hen 

egg yolk and improvement or reduction in 

the post-thaw excellence parameters of 

mammalian spermatozoa was due to the 

variations in the chemical constitution of 

yolks from different bird species (Bathgate 

et al., 2006). So it was observed that 

replacement of chicken egg yolk with yolks 

from other avian species resulted in better 

post-thaw semen quality parameters. 

Keeping in view the above studies, the 

present study was designed to determine the 

relative effectiveness of quail egg yolk over 

chicken egg yolk in cryodiluents for the 

preservation of Nili-Ravi buffalo bull 

spermatozoa. Hereafter, the present study 

also investigated the effect of decline in the 

level of quail egg yolk in cryodiluents on the 

post-thaw semen quality parameters of Nili-

Ravi buffalo bull spermatozoa. 

 

MATERIALS AND METHODS 

Experimental animals and location 

Three mature Nili- Ravi buffalo bulls 4-7 

years old kept at Semen Production Unit 

(SPU) Qadirabad, District Sahiwal, Pakistan 

were included in this study. These animals 

were well maintained under same ecological 

niche and uniform feeding regime. The 

feeding schedule of these bulls was 

comprised of constant supply of green 

fodder, energy concentrates, and salt lick 

with an excess of water at ad lib tum. 

Preparation of extenders 
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Five experimental extenders namely A, B, 

C, D, and E were prepared by the addition of 

different quantities of tris, citric acid, 

fructose, egg yolk, glycerol and antibiotics 

(Fiaz et al., 2010). Extender A contained 

20% chicken egg yolk and was referred to as 

control, whereas extenders B, C , D, and E 

were containing 5%, 10%, 15%, and 20% 

quail egg yolks  respectively. All these 

extenders were stored at 37º C before use. 

Semen collection and initial evaluation 
Semen samples  from three experimental 

buffalo bulls were collected after 1-2 false 

mounts, twice a day once a week with an 

interval of 10 minutes between the ejaculates 

using an artificial vagina that was already 

maintained at 42ºC  (Younis et al., 1998). A 

total of seven replicas for each bull were 

used for the conduction of this study. 

Immediately after collection semen samples 

were evaluated for volume, concentration 

and motility. Semen samples of both 

ejaculates obtained from the same bull at the 

same collection day were pooled in equal 

volume if meeting the minimum standards 

(Concentration > 500×106/ml and visual 

motility > 60%). Pooled semen samples 

were again evaluated for sperm cell motility 

characteristics. Before extension semen 

samples were given a holding time of ten 

minutes at 37ºC in a water bath. 

Extension and freezing of semen 

Every pooled semen sample collected from 

each bull was then divided into five aliquots 

in separate test tubes kept in water bath at 37 

ºC. Finally these semen samples were 

diluted with extenders containing different 

concentrations of quail egg yolks (5%, 10%, 

15%, 20%) and 20% chicken egg yolk 

(control) and then further processing was 

done. The extended semen samples were 

then allowed to cool at room temperature 

(±23ºC) and then filled in half milliliter 

(0.54ml) French straws. After sealing open 

ends of the straws with polyvinyl pyrolidine 

(PVP) powder, straws were cooled and then 

stored at 4ºC in a refrigerator for 4 hours 

equilibration time (Han et al., 2005). Then 

these semen samples were frozen 

horizontally 4cm above the surface of liquid 

nitrogen for 7-10 minutes and then 

immediately plunged and stored into liquid 

nitrogen at -196ºC (Younis et al., 1999).  

Post thaw Evaluation assays 

After 24 hours storage in liquid nitrogen, the 

straws were thawed for 30 seconds in a 

water bath at 37 ºC and post-thaw semen 

quality parameters like post-extension and 

post-thaw sperm cells motility, viability, 

plasmolemma integrity and functional 

acrosome status was assessed. Post-

extension and post-thaw sperm cells motility 

was assessed at 37ºC by means of phase 

contrast microscope (X 400; Leica, Leitz 

Wetzlar, Germany) that was attached with 

CCTV by three operators. Hypo-osmotic 

swelling test (HOST) was applied to assess 

the functionality of plasmolemma of 

spermatozoa, as defined earlier by 

(Jeyendran et al., 1984; Correa J, Zavos P, 

1994). The assay was performed by mixing 

50µl of frozen-thawed semen sample in 

already taken 500µl of HOST solution 

(0.73g of sodium citrate (Merck Germany) 

and 1.35g fructose diluted in 100ml of 

distilled water; Osmotic pressure 

~190mOsmol/kg)  and then incubation was 

done at 37ºC for 40 minutes. After a while a 

little drop of test sample was taken on a 

microscopic glass slide and a minimum of 

200 spermatozoa were inspected in various 

fields under phase contrast microscope. 

Sperm cells with inflamed or swollen 

flagellum due to the influx of water were 

designated as having functional 

plasmolemma. For the assessment of 

acrosomal integrity 500µl drop of frozen 

thawed semen sample was fixed in 50µl of 

1% formal citrate solution (2.9g of tri-

sodium citrate dihydrate and 1ml of 37% 

formaldehyde diluted in 100ml of distilled 

water). A total of two hundred spermatozoa 

were assessed under a phase contrast 

microscope at 100X for their Normal Apical 

Ridge (NAR). Spermatozoa bearing black 

crescent at their apical ridge were considered 

normal for functional acrosome status (Rasul 

et al., 2000). For the determination of 

live/dead percentages of spermatozoa  a 

small drop of frozen thawed semen sample 

measuring ~5µl was placed on a pre-warmed 

glass slide and mixed with a relatively large 

drop of Eosin-Negrosin stain by an 
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applicator stick and a thin smear was made 

that was immediately observed under phase 

contrast microscope at 100X. DNA Integrity 

was assessed by the use of Acridine Orange 

(AO) assay. Staining solution used to stain 

nucleic acids was made from a 10 ml stock 

of Acridine orange (1g of AO, Sigma, St. 

Louis, MO, USA, diluted in one liter of 

distilled water and  stored at 4 ºC 

temperature in the dark), and 40 ml of 0.1M 

citric acid solution, 2.5 ml of 0.3 M 

Na2HPO4 solution having pH of 2.5. A very 

small droplet of semen measuring 5µl was 

taken on a microscopic glass slide in order to 

make a thin smear, and then allowed to air 

dry. Glass slides containing air dried semen 

samples were allowed to remain immersed 

for two hours in freshly prepared Carney’s 

solution. (Three parts methanol and one part 

glacial acetic acid) and again it was air 

dried. Now glass slides were stained with 

Acridine orange for 3-5 minutes and 

assessed instantly under Olympus 

fluorescent microscope at 40X. Spermatozoa 

with intact DNA have shown green 

fluorescence overhead regions while those 

showing abnormal/ damaged DNA were 

having variable fluorescence from yellow-

orange to red. A total of 300 spermatozoa 

per smear were counted for the 

determination of DNA abnormalities. 

Motility characteristics and sperm cell 

kinematics was analyzed by the use of 

CASA as described (Kumar et al., 2011). 

Semen samples were thawed in water bath 

maintained at 37º C for 30 seconds. These 

CASA based motility parameters were 

analyzed by the use of Hamilton Thorne 

integrated Visual Optical System (CEROS 

II, USA, and Version 12.2). A tiny drop of 

frozen thawed semen sample measuring 4µl 

was loaded onto the pre-warmed 

microscopic glass slide and analyzed under 

microscope. Five microscopic fields of each 

semen sample were examined for various 

CASA based motility features including 

total percentage motility (TM), progressive 

motility (PROG MOT), average path 

velocity (VAP), straight line velocity (VSL), 

curvilinear velocity (VCL), beat cross 

frequency (BCF), straightness (STR), 

percentage linearity index (LIN), rapid, 

medium and slow spermatozoa. 

Statistical analysis 

Mean values (±SE) of spermatozoa for 

different evaluation assays of semen quality 

parameters with reference to three Nili-Ravi 

buffalo bulls and five treatment groups were 

calculated. Data thus obtained was analyzed 

by means of two way ANOVA and 

comparison between mean values of 

spermatozoa was done by Duncan’s 

Multiple Range (DMR) analysis (Steel et al., 

1997). 

 

RESULTS 

Mean values (±SE) of different semen 

quality parameters on post-thaw evaluation 

assays for three experimental bulls and five 

treatment groups are presented in table 3.1. 

As bull effect on post-thaw sperm cells 

excellence was found to be non-significant 

on all parameters so statistics regarding 

bull’s effect has not been shown. Post-

extension sperm cells motility, and DNA 

integrity differs non-significantly between 

extender A and E. However, Post-thaw 

sperm cells motility was found to be highly 

significant (P≤0.01) between extender A and 

E, the values being recorded were 

46.33±1.23 and 54.33±1.23, while sperm 

cells motility after 24hours storage in liquid 

nitrogen (-196 ºC) and freeze-thaw process 

in extenders A, D and C differs non-

significantly (P≤0.05). Similarly post-thaw 

sperm cells viability, plasmolemma integrity 

and functional acrosome percentage also 

differed significantly between extender A 

and E while differences were found to be 

non-significant among extenders A and D.  

Similarly CASA evaluation assays on post-

thaw semen quality parameters suggested a 

significantly higher percentile of 

progressively motile spermatozoa, and other 

associated movement characteristic indices. 

Mean values of spermatozoa preserved in 

20% quail egg yolk on post-thaw evaluation 

assays yielded significantly higher straight 

line velocity (64.76±1.87), average path 

velocity (76.76±1.57), straightness 

(83.97±0.97), linearity index (56.56±1.04) 

and the percentage of rapidly moving 

spermatozoa (30.98±1.96) compared to 
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those preserved in 20% CEY, whose values 

being recorded were (55.36±1.01), 

(70.57±1.25), (78.66±0.51), (48.90±0.54) 

and (20.31±1.29) respectively. However, the 

percentage of spermatozoa showing 

curvilinear velocity, amplitude of lateral 

head displacement, and slow moving 

spermatozoa were significantly lower in 

extender E supplemented with 20% QEY 

when compared with extender A contained 

that 20% CEY. 

 

DISCUSSION 

Various extenders of plant and animal origin 

have been practiced in order to preserve the 

fertilizing capabilities of Nili-Ravi buffalo 

bull spermatozoa. Long term storage and 

protection of the bovine spermatozoa from 

their own toxic metabolites is accomplished 

by the use of extenders which function as 

buffers. It also protects spermatozoa from 

resultant cold shock and adverse changes in 

sperm cells tonicity. Various superior quality 

semen extenders are known to have good 

cryoprotective action. Generally, egg yolk is 

used in semen extenders as a non-

permeating cryoprotectent. Yolks from 

various avian species have been used in 

cryodiluents in order to determine their 

relative efficacy over one another in terms of 

their post-thaw motility characteristic 

indices, viable count and intactness of 

plasmolemma and acrosome. The present 

study was designed to evaluate the 

effectiveness of quail egg yolk relative to 

that of chicken egg yolk. Waheed et al. 

(2012) reported highest post-thaw motility 

features of Nili-Ravi buffalo bull 

spermatozoa, cryopreserved in 20% DEY 

(54.50±0.44) when compared to 20% CEY 

(50.50±0.61). The same was tru2e for the 

present study in which significantly higher 

post-thaw motility was recorded in extender 

E, (54.66±1.23) compared to extender A 

also referred to as control (46.33±1.23). The 

findings of the present study are well 

supported by Andrabi et al. (2008), who 

observed significantly higher post-thaw 

motility characteristics of Nili-Ravi buffalo 

bull spermatozoa at 6 hours post-thaw, 

cryopreserved in DEY. Similarly, the results 

of Singh et al. (2013), also coincide with the 

present study which showed highly 

significant differences (P≤0.01) of post-thaw 

motility features of bull spermatozoa 

cryopreserved in diluents supplemented with 

20% QEY (53.50±1.50) rather in extenders 

that contained 20% CEY (42.50±1.34), and 

DEY (45.50±3.02). The findings of the 

present study are also found to be in line 

with that of Clulow et al. (2007) who 

reported an increased sperm cell motility 

characteristics of stallion semen 

cryopreserved in extenders supplemented 

with yolk from other avian species like duck 

when compared to the extenders containing 

traditional chicken egg yolk. The same was 

true for plasmolemma intactness, viable 

Table 1. Composition of Experimental Extenders 

Ingredients  Extender A 

(Control) 

20% CEY 

Extender B 

5% QEY 

Extender C 

10% QEY 

Extender D  

15% QEY 

Extender E 

20% QEY 

Tris (g) 2.42 2.42 2.42 2.42 2.42 

Citric acid (g) 1.34 1.34 1.34 1.34 1.34 

Fructose (g) 1.00 1.00 1.00 1.00 1.00 

Chicken egg yolk 

(ml) 

20.00 ---------------    -----------

- 

------------- --------------- 

Quail egg yolk (ml) -------------- 5.00 10.00 15.00 20.00 

Glycerol (ml) 7.00 7.00 7.00 7.00 7.00 

Distilled water (upto 

ml) 

100 100 100 100 100 

Penicillin (IU/ml) 1000 1000 1000 1000 1000 

Streptomycin (µg/ml) 1000 1000 1000 1000 1000 
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sperm count and acrosomal integrity. 

However, the mean (±SE) values indicating 

nucleic acid intactness differed non-

significantly among five treatment groups. 

Furthermore, the results of the present study 

also displayed deleterious effects of the 

decline in the concentration of quail egg 

yolk from 20% to 5% on post-thaw semen 

quality parameters of Nili-Ravi buffalo bull 

spermatozoa. The difference in the 

cryoprotective action of yolks of various 

avian species is due to the variations in the 

chemical constitution of the fatty acid 

contents of the egg yolks. This difference in 

particular is attributable to the variations in 

phospholipid contents and the concentration 

of monounsaturated and polyunsaturated 

fatty acids. Phospholipids like 

phosphatidylcholine and sphingomyelin are 

much higher in concentration in quail egg 

yolk relative to that of chicken egg yolk. 

While quail egg yolk is found to be deficient 

in phosphatidylinositol and 

phosphatidylethanolamine, similarly quail 

egg yolk is also high in the concentration of 

monounsaturated fatty acids and low in 

polyunsaturated fatty acids. All these 

differences account for better post-thaw 

semen quality parameters of Nili-Ravi 

buffalo bull spermatozoa when 

cryopreserved in diluents supplemented with 

20% QEY. Phospholipids are the integral 

components of plasmolemma of 

spermatozoa that provides necessary 

fluidity, elasticity and stability to the plasma 

membrane.  

The results of the present study are not 

supported by that of Bathgate et al. (2006) 

who recorded a higher percentage of 

functional acrosome status of boar 

spermatozoa cryopreserved in diluents 

supplemented with DEY, or CEY when 

compared to those preserved in extenders 

comprising QEY. While in the present study 

the higher post-thaw acrosomal integrity was 

reported in extender E, supplemented with 

20% quail egg yolk rather than those 

cryopreserved in diluents that contained 

20% chicken egg yolk. These differences in 

the acrosomal integrity of spermatozoa are 

highly attributable to the difference of 

species (bovine vs caprine) and also the 

cryosurvivability and cryoresistance of the 

bovine spermatozoa compared to the 

cryosensitivity of the boar spermatozoa. So 

it can be suggested that the substitution of 

20% chicken egg yolk with that of 20% 

quail egg yolk in extenders improves the 

post thaw semen quality parameters of Nili-

Ravi buffalo bull spermatozoa in terms of an 

increased post-thaw motility percentile, 

viable count, plasmolemma intactness, 

acrosomal intactness and various other 

CASA based sperm cells motility and 

kinematics related features. Furthermore, it 

was also observed that reduction in the level 

of quail egg yolk from 20% to 5% resulted 

in decreased post-thaw semen quality 

parameters.  Studies regarding the 

comparison of yolks from various other 

avian and reptilian species and their possible 

cryoprotective effect on post-thaw semen 

quality parameters along with field fertility 

trials may also be the future prospects.  
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