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ABSTRACT

Objectives:	 This	 study	was	 designed	 to	 examine	 the	 effects	 of	 	 various	 concentrations	 of	 tris	
(hydroxymethyl)	aminomethane	(tris)	and	egg	yolk	on	the	quality	of	cryopreserved	buck	sperm.
Materials and Methods:	The	collected	semen	samples	were	pooled,	washed,	and	diluted	into	five	
different	freezing	extender	groups,	viz.,	extender	I	(tris	0%	+	egg	yolk	0%),	extender	II	(tris	1.41%	+	
egg	yolk	4%),	extender	III	(tris	2.41%	+	egg	yolk	8%),	extender	IV	(tris	3.41%	+	egg	yolk	16%),	and	
extender	V	(tris	4.41%	+	egg	yolk	24%).	The	sperm	parameter	of	the	five	groups	of	extenders	was	
evaluated	after	equilibration	and	cryopreservation.
Results:	The	results	showed	that	extenders	II–V	provided	significantly	higher	semen	progressive	
motility	and	total	motility	percentages	than	extender	I	after	equilibration	(p	<	0.05).	The	higher	
percentages	of	semen	progressive	motility,	total	motility,	viability,	and	plasma	membrane	integ-
rity	 (by	both	HOST	under	 light	microscopy	and	 stain	after	HOST	under	 light	microscopy)	were	
found	in	the	sperm	cryopreserved	with	extender	IV	than	extender	I,	extender	II,	and	extender	III	
groups	after	thawing	(p	<	0.05).	In	addition,	semen	progressive	motility,	total	motility,	and	viability	
were	not	further	increased,	or	plasma	membrane	integrity	(by	both	HOST	tests)	was	decreased	by	
the	addition	of	tris	and	egg	yolk	(extender	V)	after	cryopreservation	(p	<	0.05).
Conclusion:	In	conclusion,	our	result	indicates	that	the	following	washing,	the	supplementation	of	
tris	(3.41%	+	egg	yolk	16%)	on	the	freezing	extender	are	suitable	for	improving	the	semen	quality	
of	buck	after	freezing	and	thawing.
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Introduction

Cryopreservation is an effective technique that helps 
to preserve the structure and function of semen. It also 
aids in the advancement of the goat breeding program. 
However, during cryopreservation, the spermatozoa face 
different ranges of temperatures, leading them to expe-
rience cryoinjuries of different types. The functional 
maintenance of semen is reduced due to intracellular ice 
crystal formation, oxidative stress, osmotic pressure, pH, 
and cold shock during the freezing and thawing processes 
[1–5]. So, the semen extender for cryopreservation should 
have energy sources like fructose, glucose, and treha-
lose; cryoprotectants like glycerol; a well-buffered agent 
(tris) to keep the pH level stable; and a cold shock protec-
tor like egg yolk. The pH of freshly collected buck semen 

was controlled at around 7.02 ± 0.19 [6,7]. However, the 
sperm pH was decreased during the glycolytic pathway for 
energy production, which could reduce the metabolism 
and motility of sperm [8]. So, it is crucial to control semen 
pH throughout the semen cryopreservation steps. Tris is 
used in semen extenders as a pH regulator [9].

In addition, the egg yolk extender controls cholesterol 
efflux, integral protein, and phospholipids and defends 
the plasma membrane as opposed to temperature-related 
damage [10]. However, the previous study reported that the 
egg yolk acts with the glycoproteins-60 (BUSgp60), which 
is secreted from the bulbourethral gland. The BUSgp60 
has triacylglycerol hydrolase activity, which disrupts the 
cell membrane, resulting in a decrease in spermatozoa 
motility [11]. In addition, egg yolk phosphatidylcholine 
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can be transformed into fatty acids and lysophosphatidyl-
choline (LPC) by phospholipase A, where LPC harms the 
biomembrane [12]. As a result, these reactions influence 
cryocapacitation, the acrosome defect, loss of motility, and 
the viability of the semen [12,13]. The protocol has been 
proposed to decrease these interactive losses, including 
washing semen [14] and using an appropriate level of egg 
yolk [15–17] on semen extenders.

However, washing sperm removes the antioxidative 
enzymes and protective enzymes, whereas the egg yolk 
concentration influences the cryoprotective ability of 
the semen extender [18]. So it indicates that the various 
extrinsic and intrinsic factors regulate the standard of 
sperm during different stages of cryopreservation.

The various concentrations of tris and egg yolk were 
added separately to the frozen semen extenders of different 
animals in the different studies and affected semen quality 
after freezing and thawing [18–20]. However, the synergis-
tic effects of using different combined concentrations of 
tris and egg yolk supplementation in the freezing extender 
for buck spermatozoa have not been well explained. In this 
study, we examined the synergistic effect of tris and egg 
yolk concentration on the freezing extenders for the qual-
ity of the freeze-thaw goat spermatozoa.

Materials and Methods

Ethical statement

The experiment was approved by the Institutional Animal, 
Medical Ethics, Biosafety and Biosecurity Committee 
(IAMEBBC) of Rajshahi University, Bangladesh.

Animal selection

Three sexually mature beetal bucks were selected for this 
study. They were between the 15th and 30th months of age 
and weighed over 50 kg, and the body condition score was 
2.70 (scale: 1–5, where 1 = was emaciated. and 5 = grossly 
over-condition). All bucks were kept and maintained at 
the veterinary clinics and artificial insemination center, 
Naricalbaria, under the Faculty of Veterinary and Animal 
Sciences of the University of Rajshahi. The experimental 
bucks were kept in buck sheds with natural ambiance and 
were given 600 gm of concentrate feed, 400 gm rice straw, 
and 2 kg of Napier grass, along with an ad libitum amount 
of fresh water each day/buck. 

Semen collection

Following stimulation with a doe, we collected the semen 
twice a week (≥5-day intervals) using an artificial vagina. 
A total of 12 aliquots (4/goat) were used in this study. 
Soon after collection, the tube containing sperm was 
kept in a water bath at 37°C. The sperm parameters like 

volume (ml), color, mass movement (0–4), semen con-
centration (n × 109), sperm progressive motility (SPM), 
sperm total motility (STM), sperm viability (SV), sperm 
plasma membrane integrity (SPMI) by hypoosmotic 
swelling test (HOST) under bright field without stain and 
bright field after HOST following stain were evaluated. All 
sperm parameters were assessed visually by the same two 
researchers, who worked independently throughout the 
study to improve the accuracy of the result. Ejaculates with 
a volume ≥0.65 ml, color creamy white, mass movement 
≥3.20, concentration ≥1.75 × 109 sperm/ml, STM ≥80%, SV 
≥80%, and SPMI ≥70% were selected for this study.

Semen extenders

The extender without tris and egg yolk (extender I) is con-
sidered a control which is composed of citric acid (Sigma-
Aldrich Corp., St. Louis, MO 63103, U.S.A), 1.51 gm, fructose 
(Himedia Lab. Pvt., Ltd, Mumbai 400086, India) 0.81 gm, 
gentamycin (Opsonin Pharma, Ltd., Barishal, Bangladesh) 
250 µg/ml, glycerol (Riedel-de Haen TM, D-30926 Seelze, 
Germany) 3.5% and deionized water up to 100 ml, pH 
were adjusted to 7.2. Additionally, extender II, extender 
III, extender IV, and extender V were made by using tris 
(Himedia Lab. Pvt.,) 1.41 gm + egg yolk 4 ml, tris 2.41 gm 
+ egg yolk 8 ml, tris 3.41 gm + egg yolk 16 ml, tris 4.41 gm 
+ egg yolk 24 ml, respectively, where the other ingredients 
were same like control (Table 1). Each extender is divided 
into Parts 1 (without glycerol) and 2 (with 7% glycerol, for 
a final concentration of 3.5% glycerol).

Sperm progressive motility and total motility

SPM and STM were checked after 10 µl sperm were mixed 
with prewarmed (at 37°C) washing media (tris 2.41 gm, 
citric acid 1.51 gm, fructose 0.81 gm, gentamicin 250 µg/
ml, deionized water until 100 ml, pH 7.2). An aliquot of 
10 µl of sperm was taken on the prewarmed, clean glass 
slide, then overlaid with a prewarmed coverslip. The 
bright-field microscope at 400× was used to analyze 200 
sperm from at least three separate fields. Progressive and 
non-progressive motility were counted according to the 
guidelines of WHO [21].

Sperm viability

The eosin-nigrosin staining procedure was used to deter-
mine the viability of the sperm. In brief, 3% trisodium 
citrate dihydrate (Himedia Lab. Pvt., Ltd.), 1% eosin 
(Sigma-Aldrich Corp.), and 5% nigrosin (Himedia Lab. Pvt., 
Ltd.) were dissolved in distilled water. The solution was 
dissolved by gentle heating and continuous stirring but not 
by boiling. After dissolving, the solution was cooled down 
and kept in a 15-ml Falcon tube with aluminum foil in a 
dark place at room temperature. The 20 µl of sperm and 
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20 µl of this stain were correctly mixed in an Eppendorf 
tube and allowed to wait for at least 30 sec. An aliquot of 
10 µl of stained semen was transferred on a slide, then 
smeared and covered by a coverslip, and waited for semen 
to settle down before evaluation. Two hundred sperm 
from at least three different fields were checked 400 times 
under a bright-field microscope, and the percentages of 
viable (unstained, white heads) and dead (pink/redheads)  
sperm were counted.

Sperm plasma membrane integrity under light microscopy 

The functional integrity of the semen plasma mem-
brane was checked by HOST. This test was performed 
by Jeyendran et al. [22] and Revell and Mrode [23] with 
some modifications. In brief, the 0.9 gm fructose (Himedia 
Lab. Pvt., Ltd.) and 0.49 gm trisodium citrate dihydrate 
(Himedia Lab. Pvt. Ltd.) dissolved up to 100 ml distilled 
water. An aliquot of 62.5 µl of sperm was added to 250 µl of 
prewarmed HOST solution, after which it was incubated at 
37°C for 1 h. A 10 µl droplet was kept on a clean glass slide 
and coated with a prewarmed coverslip. The percentage of 
spermatozoa showing coiling and swelling of the tail was 
counted 400 times under a light microscope. At least 3 dis-
tinct fields, consisting of 200 sperm, were evaluated. 

Sperm plasma membrane integrity by HOST following 
stained under light microscopy

We also examined the functional integrity of sperm by 
HOST followed by staining according to Baiee et al. [24] 
with some modifications. In brief, after 1 h of incubation of 
62.5 µl sperm with 250 µl HOST solution at 37°C, an aliquot 
of 10 µl of semen, and 10 µl stain (1% eosin, 5% nigrosin, 
and 3% trisodium citrate dihydrate in distilled water) 
were taken on the prewarmed slide and waited for at least 
30 sec. After that, they were placed under a coverslip that 
had been warmed and under a 400× light microscope, the 
percentage of sperm exhibiting coiling and swelling of the 
tail was measured. Two hundred sperm from at least three 
different fields were studied.

Experimental design

This study was carried out to evaluate the various extend-
ers for quality goat sperm that contained no or different 
levels of tris and egg yolk. The pooled sample was washed 
twice in the following ways. The pooled ejaculates were 
washed with tris-based washing media and centrifuged 
(at 1,000 rpm) for 5 min. The seminal plasma was washed 
by aspirating the supernatant. Then add tris-based wash-
ing media, mixed adequately by gentle pipetting, sepa-
rating five equal parts into five Falcon tubes. The tubes 
were marked with an extender I, extender II, extender III, 
extender IV, and extender V. Then, each tube was filled with 
a washing medium and centrifuged for 5 min at 1,000 rpm 
to wash the semen. Then each tube’s semen plasma was 
removed by aspirating the supernatant. Each marked tube 
of semen was mixed with the same group of the first part 
of the extender without glycerol and stored at 4°C for 2 h. 
Then the following two experiments were carried out.

The purpose of experiment 1 was to check the effects 
of five different groups of extenders on spermatozoa qual-
ity after equilibration. After gentle pipetting, an aliquot of 
10 µl of sperm was added to the prewarmed tris-based 
washing media and kept at 37°C in the water bath for 
5 min. Progressive motility and total motility percentage 
were evaluated for all five extender groups.

Experiment 2 was conducted to check the effects of 
without and with various concentrations of tris and egg 
yolk-containing extenders on semen characteristics after 
cryopreserved-thawed steps. After equilibration, the sec-
ond part of each extender, containing 7% glycerol, was 
added to the solution to obtain the final concentration 
of 9 × 107 spermatozoa/ml with a final glycerol concen-
tration of 3.5%. Then diluted semen samples were taken 
into 0.25 ml straws (imv technologies, France). The straws 
were sealed, then placed horizontally over 4 cm of liquid 
nitrogen for 12 min before being dropped into the liquid 
nitrogen storage tank. After >1 day of storage, the straws 
containing cryopreserved sperm were thawed in a water 

Table 1.	 Composition	of	the	extenders	used	for	the	cryopreservation	of	the	goat	semen.

Ingredients Extender I Extender II Extender III Extender IV Extender V

Tris	(gm) 0 1.41 2.41 3.41 4.41

Egg	yolk	(ml) 0 4 8 16 24

Citric	acid	(gm) 1.51 1.51 1.51 1.51 1.51

Fructose	(gm) 0.81 0.81 0.81 0.81 0.81

Gentamycin	(µg/ml) 250 250 250 250 250

Glycerol	(ml) 3.5 3.5 3.5 3.5 3.5

Deionized	water
(ml)

Up	to	100 Up	to	100 Up	to	100 Up	to	100 Up	to	100

pH 7.2 7.2 7.2 7.2 7.2
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bath (at 37°C) for 30 sec. The average SPM, STM, SV, and 
SPMI were evaluated for all different extender groups.

Statistical analysis

The results were presented as means ± SD. Statistical 
differences in semen parameters were evaluated via an 
ANOVA and LSD test (SPSS version 26.0, a statistical pack-
age, SPSS Inc., Chicago, IL). p < 0.05 was regarded as statis-
tically significant in each case.

Results

Effect of extenders for progressive motility and total motil-
ity of buck semen after equilibration

Table 2 contains the findings of Experiment 1. The pro-
gressive motility and total motility were significantly 
lower (p < 0.05) on extender I than on extenders II, III, 
IV, and V. The highest percentage of progressive and total 
motility was found on extender IV. However, the extend-
ers III, IV, and V results did not differ significantly. At the 

same time, the progressive and total motility was signifi-
cantly higher (p < 0.05) on extenders III, IV, and V than on 
extender II.
Effect of extenders for progressive motility, total motility, 
viability, and plasma membrane integrity of buck semen 
after cryopreservation

Table 3 shows the effect of extenders on sperm progressive 
motility, total motility, viability, plasma membrane integ-
rity by HOST (without stain) positive, and plasma mem-
brane integrity by HOST (following stain) positive after the 
frozen-thawed step.

The proportion of the progressive motility after the fro-
zen-thawed step was significantly higher (p < 0.05) in the 
extenders IV and V groups than in the extenders I, II, and 
III groups. However, the extenders between IV and V, or I 
and II, groups showed no significant differences. The pro-
gressive motility of extender III was higher than that of the 
extender I and II groups (p < 0.05).

The proportion of the total motility was significantly 
higher (p < 0.05) in the extenders IV and V groups than 
in the other three groups (extenders I, II, and III). No dif-
ferences were found between extenders II and III groups; 
however, extender II and III provide a much more sig-
nificant percentage (p < 0.05) of overall motility than 
extender I.

The viability of sperm on extenders IV and V was sub-
stantially higher (p < 0.05) than on extenders I, II, and III. 
However, the extenders IV and V groups did not signifi-
cantly differ. The extender II and III groups produce con-
siderably more viable sperm (p < 0.05) than the extender 
I group. Additionally, extender III had a higher SV than 
extender II (p < 0.05).

In both tests for plasma membrane integrity, HOST 
without stain and HOST following stain under light micros-
copy, the highest percentages of plasma membrane integ-
rity were observed on extender IV, and the result was 

Table 2.	 Seminal	parameter	status	of	the	bucks	after	being	equili-
brated	without	and	with	various	combinations	of	tris	and	egg	yolk	
in	five	groups	of	extenders.

Extender
Characteristics of spermatozoa (%)

Progressive motility Total motility

Extender	I 3.31	±	1.95c 10.55	±	5.94c

Extender	II 48.52	±	5.82b 61.34	±	7.08b

Extender	III 70.08	±	10.02a 76.37	±	9.58a

Extender	IV 72.08	±	9.23a 81.63	±	8.38a

Extender	V 71.20	±	11.55a 79.84	±	9.72a

Values	are	mean	±	SD.
a–cdifferent	superscripts	indicate	statistical	differences	(p	<	0.05)	within	a	
column.

Table 3.	 Seminal	parameter	status	of	the	bucks	cryopreserved	without	and	with	various	combinations	of	tris	
and	egg	yolk	in	five	groups	of	extenders.

Extender

Characteristics of spermatozoa (%)

Progressive motility Total motility Viability
HOST positive 
without stain

HOST positive 
following stained

Extender	I 1.10	±	1.35c 3.86	±	3.48c 17.24	±	4.36d 14.66	±	2.92d 15.24	±	1.97e

Extender	II 2.40	±	0.98c 13.47	±	2.38b 26.71	±	5.39c 17.09	±	1.65d 21.67	±	1.93d

Extender	III 10.29	±	2.14b 17.78	±	2.43b 35.05	±	6.67b 21.61	±	1.43c 27.08	±	1.78c

Extender	IV 27.34	±	7.47a 42.92	±	4.12a 51.66	±	5.79a 31.12	±	4.80a 38.80	±	2.02a

Extender	V 32.12	±	5.10a 40.01	±	5.22a 48.83	±	2.66a 25.77	±	2.70b 33.52	±	3.55b

Values	are	mean	±	SD.
a–edifferent	superscripts	indicate	statistical	differences	(p	<	0.05)	within	a	c
olumn.
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significantly higher (p < 0.05) than the extenders I, II, III, 
and V groups. 

Discussion

During freezing, the sperm are exposed to a wide range 
of temperatures, which causes structural and functional 
changes. So, for long-term sperm preservation until arti-
ficial insemination, the spermatozoa need an extender 
containing appropriate cryoprotectants, a sufficient quan-
tity of nutrients, a well-buffered agent like tris, and a cold 
shock protector like egg yolk during the storage in liquid 
nitrogen [9,25–31]. Moreover, cryopreservation still causes 
semen damage in various animals [32,33], and researchers 
are still determining the optimum ingredient levels of the 
semen extender for freezing buck semen.

The freshly collected buck semen pH is tightly regulated 
and controlled at around 7.02 [6,7]. So it is necessary to 
maintain this pH in the extender to maintain a well-buff-
ering system to support semen survival. During semen 
cryopreservation, any changes in pH could affect the 
metabolism rates, motility, viability, and plasma membrane 
integrity [34,35]. Sodium citrate, HEPES, bicarbonate, and 
tris have been used as pH controllers to maintain the pH in 
the extender [9,19,25]. The pH of tris is representative of 
most living cells. It has the advantage of being much less 
expensive than any other buffering agent and being highly 
soluble in water. In mammals, tris has been applied in the 
semen extender as a practical pH regulator that prevents 
the alteration of the hydroxide ion and hydronium ion con-
centration, protecting the cell against pH changes [19].

The egg yolk is a crucial component of the semen 
extender, which serves as a non-permeable cryoprotectant 
and inhibits plasma membrane degradation. It contains 
low-density lipoprotein, cholesterol, and phospholipids, 
which protect the functional integrity of the semen against 
cold shock and cryoinjuries [36–40]. As well, egg yolk pro-
tects sperm during cryopreservation; simultaneously, it 
reacts with phospholipase A2 and glycoprotein 60 of sem-
inal plasma, decreasing the motility and causing the death 
of sperm [11,41].

In experiment 1, the effects of various extenders on pro-
gressive and total motility following semen equilibration 
are shown in Table 2. Progressive and total motility was sig-
nificantly decreased in the extenders I compared with the 
II, III, IV, and V groups. Semen washing is suspected to be 
helpful in bucks as it removes the reactive protein of seminal 
plasma, but the process concurrently eliminates the antiox-
idative enzymes and the protective proteins [13]. The ear-
lier report also showed that the semen is exposed to a lower 
temperature during equilibration, which influences the 
efflux of membrane constituents like cholesterol. Reactive 
oxygen species (ROS) production also increased [42–44]. 

The plasma membrane and acrosome are damaged by cryo-
injury due to the loss of integral proteins and cholesterol 
[45]. The presence of tris and egg yolk in the semen extender 
decreased the loss of plasma membrane permeability, integ-
rity, and viability [46,47] during cool storage. So, this study 
proved the exclusion of seminal plasma before freezing buck 
sperm and stored the progressive motility and total motil-
ity by using tris and egg yolk [48–50] because extender I 
did not contain any tris or egg yolk; however, extender II to 
extender V contains tris and egg yolk. 

 In the second experiment, we found that extender IV, con-
taining 3.41% tris and 16% egg yolk provided a significantly 
best result after freezing-thawing than extender I (0% tris 
and 0% egg yolk), extender II (1.41% tris and 4% egg yolk), 
and extender III (2.41% tris and 8% egg yolk) to protect 
the semen progressive motility, total motility, viability, and 
functional integrity of membrane (by both HOST test). In 
addition, the semen progressive motility, total motility, and 
viability were not further increased, and the plasma mem-
brane integrity (by both HOST tests) was decreased after 
supplementation of 4.41% tris and 24% egg yolk (extender 
V). This report suggests that the study of the presence of a 
lower amount of tris and egg yolk could not improve the fro-
zen sperm quality than 3.41–4.41 gm tris and 16–24% egg 
yolk on semen extender for goats. We can minimize the tris 
and egg yolk concentration to 3.41% and 16%, respectively, 
to the previous studies, where they used 4.45 gm tris and 
20% egg yolk-based extender for proper support of buck 
semen parameter after freezing and thawing [13,28]. 

A previous report showed that a pH between 7.2 and 8.2 
provided higher SPM, STM, and SPMI than sperm with a pH 
between 5.2 and 6.2 [34]. The freezing of sperm resulted 
in an increase in ROS and oxidative stress-induced acido-
sis [51–53]. In addition, the pH of semen was decreased 
by the glycolytic pathway, which is the leading mechanism 
for energy production in semen, resulting in a decrease in 
metabolism and motility [8]. So, it is important to make the 
semen extender close to or slightly alkaline (like using tris) 
the environment of the semen of the body to overcome aci-
dosis during freezing [19,54]. 

Furthermore, during the steps of cryopreservation and 
thawing, lipid peroxidation occurs due to ROS accumula-
tion and the natural antioxidants’ removal from the seminal 
plasma, which could degrade the lipid tails of the plasma 
membrane of the sperm, resulting in undesirable effects on 
sperm functions [55]. The egg yolk and antioxidative enzymes 
in the extended semen defend against the loss of plasma 
membrane integrity [46], provide lipid [56], ion redistribu-
tion [57], intracellular enzyme release [58], and protect the 
semen from injury during the freeze-thawing process.

In addition, to minimize or overcome the acidosis 
[54,59,60] and egg yolk residue reaction with semen 
plasma, we recommended that, after washing, it is 
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best to use 3.41% tris and 16% egg yolk in a fructose- 
ci tric acid-glycerol-containing extender for buck semen 
cryopreservation.

Furthermore, the addition of tris (4.41 gm/100 ml) and 
egg yolk (24/100 ml) to the extender V did not significantly 
increase or decrease the result due to the harmful effect 
initiated by more tris, which caused toxicity and increased 
the outer membrane permeability of sperm by penetrating 
the sperm cell [61,62] and more egg yolk residues reaction 
with the remaining plasma during the freezing-thawing, 
described above.

The results of this investigation, however, disagree with 
the observations of Bispo et al. [15] and Shamsuddin et al. 
[63], which indicated that low egg yolk concentrations 
(2.5%) may be employed for buck sperm cryopreserva-
tion. This variation could result from using various goat 
breeds, seasons, and locations [41].

The result of this study may be attributed to a better 
balance among the different causes that impact the qual-
ity of semen throughout the different stages of freezing, 
improving the progressive motility, total motility, viability, 
and functional integrity of the plasma membrane.

Conclusion

It may be concluded that after washing, the freezing 
extender supplemented with 3.41% tris and 16% egg 
yolk could be used for freezing buck sperm. In addition, 
this supplementation of extender enhanced the progres-
sive motility, total motility, and viability of spermatozoa. 
Furthermore, the supplementation with 3.41% tris with 
16% egg yolk also enhanced the functional integrity of 
sperm by using both the HOST (HOST under light micros-
copy and stained sperm after HOST under light micros-
copy). The study would be helpful for further strategies 
for cryopreservation and artificial insemination of buck 
spermatozoa.
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