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ABSTRACT

The experiment was designed to evaluate the storage ability of duck egg yolk in buck semen during short-term storage at 4°C.
Four healthy adult Barbari bucks of 2-3 years of age, weighing 25-35 kg reared at Departmental Goat Farm were used as semen donor.
Semen was collected twice a week using artificial vagina. A total of 32 ejaculates (8 from each buck) were collected during the study.
The collected semen from four bucks after initial evaluation was pooled. Pooled sample was divided into five aliquot and diluted with
Tris based extender containing variable duck egg yolk level viz. 2.5% (L-I), 5% (L-II), 10% (L-III), 15% (L-IV) and 20% (L-V) to reach
final concentration of 200 million spermatozoa per ml and stored at 4°C for 48 h and later evaluated for sperm characters. Sperm plasma
membrane was evaluated through sperm viability, progressive motility, hypo—osmotic swelling test, acrosomal integrity test and
capacitation like changes in sperm head. Significantly (p<0.01) higher value of sperm viability, motility, hypo osmotic swelling test
(HOST), sperm with intact acrosome and those exhibiting pattern F (uncapacitated sperm) was observed in L-IV with 15% duck egg
yolk. Thus, it is concluded that 15% duck egg yolk has a better capacity to maintain sperm morphology and membrane integrity and

this level can be preferred for short term semen storage in goat.

Key words: Duck egg yolk, semen, sperm characters, short-term storage

Egg yolk is the most widely used non-penetrating
cryoprotectant in semen extender. The cryoprotective
capacity of egg yolk may be attributed to low-density
lipoproteins (LDL; Bergeron et al., 2004). It is considered
as the most active constituent responsible for sperm
protection against cold shock and cryoinjuries during
freeze thawing process. Apart from LDL, cholesterol
and protein also contribute to cryoprotection incurred by
egg yolk. Any variation in the chemical composition of
egg yolk constituents may elicit a differential response
to cryoprotective capacity of extender. The seminal
proteins in buck semen react with egg yolk to form
compounds lethal to sperm (Leboeuf et al., 2000). Egg
yolk from different avian species vary their chemical
composition, hence can elicit differential response to
cryoprocessing. Use of varied egg yolk level within a
species have been reported to elicit different response
to cryoprocessing and has been well studied in goat
(Anand et al., 2016).

Among the different avian species, duck egg has
easy availability next to chicken egg. The duck egg yolk
has also been reported to have better cryoprotective
capacity in buffalo bull spermatozoa (Andrabi et al.,
2008; Waheed et al., 2012). Therefore, the experiment
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was designed to evaluate the cryoprotective effect of
duck egg yolk on membrane integrity and capacitation
like changes in buck sperm during short term storage at
4°C.

MATERIALS AND METHODS

Four healthy adult Barbari bucks of 2-3 years of
age, weighing 25-35 kg reared at University goat farm
were used as semen donor. Semen was collected twice
a week using artificial vagina (length=20cm and
diameter=4.5cm). Immediately after collection, semen
was transferred to analytical laboratory in thermoflask
maintained at 37°C. The collected semen from four
bucks after initial evaluation for mass motility, live
percent and sperm abnormality was pooled. Pooled
sample was divided into five aliquot and diluted with Tris
based extender containing variable duck egg yolk level
viz. 2.5% (L-1), 5% (L-II), 10% (L-III), 15% (L-IV) and
20% (L-V) to reach final concentration of 200 million
spermatozoa per ml, the samples were stored at 4°C for
48 h and later evaluated for sperm characters. Percent
live spermatozoa were evaluated using eosin-nigrosin
staining technique (Hancock, 1952). The progressive
motility of spermatozoa was estimated immediate after
dilution using a 10X objective of phase contrast microscope



with thermostatically controlled stage. To analyze the
functional integrity of plasma membrane, hypo-osmotic
swelling test was performed following the technique
described by Jeyendran et al. (1984). Acrosome integrity
was judged by Giemsa staining technique (Watson,
1975). Capacitation status and acrosome reaction were
assessed using chlortetracycline (CTC) staining (Collin
et al., 2000) with a little modification. Semen sample was
washed in phosphate buffered saline (PBS), pH 7.4 and
centrifuged (1500 rpm, 15 min). The CTC stock solution
containing 750 uM CTC-HCI (Sigma), 130 mM NaCl, 5
mM L-cysteine, 20 mM Tris acid (pH 7.8) was prepared
daily in amber colored bottle and stored at 4°C until
required. Ten microliters of sperm suspension was mixed
with 15uL of CTC solution on a slide at room temperature.
Then, 0.3uL of 12.5% glutaraldehyde in 2.5M Tris base
was added as a fixative. Samples (in duplicate) were
covered with coverslips and stored in the dark at 4°C.
A total of 200 sperm per slide were observed within 24
h using a Nikon Eclipse TE 2000-S microscope with
phase contrast and epifluorescence optics under blue-
violet illumination (excitation at 400440 nm and emission
at 470 nm). Three different patterns exhibited by sperm
viz. Pattern F (uncapacitated sperm), Pattern B
(capacitated, acrosome intact sperm) and Pattern AR
(acrosome-reacted sperm) were evaluated during the
experiment. Statistical analyses were performed using
Statistical Package for Social Science (SPSS® Version
20.0 for Windows®, SPSS Inc., Chicago, USA). The
means were compared using one way Analysis of
Variance, Duncan’s multiple range tests and presented
as mean + standard error (SE).

RESULTS AND DISCUSSION

The response of sperm membrane to different
concentration of duck egg yolk during short-term storage
has been presented in Table 1.. A significantly (p<0.01)
higher value of sperm viability, motility, HOST responsive
sperms and those with intact acrosome was observed in
L-IV as compared to others. Based upon the capacitation
test, the sperm exhibiting the pattern F was significantly
(p<0.01) higher in L-IV indicative of its better capacity
to prevent cryocapacitation.

Chilling of semen provides an efficient and
successful means of short-term storage, it has yet some
adverse effects on the spermatozoa (Watson, 2000;
Batellier et al., 2001). Induction of premature acrosomal
reaction, altered mitochondrial function, reduction of
motility and failure of chromatin decondensation are
manifestation during sperm storage at low temperature
(Chaverio et al., 2006; Wongtawan et al., 2006). Plasma
membrane that maintains both biochemical and structural
integrity of the sperm is most liable to fluctuation in
temperature (Cabrita et al., 1999). Temperature
fluctuations and cell dehydration induce changes in
lateral phase separation of lipids and reordering of
membrane components (Drobnis et al., 1993). It stimulates
loss of poly-unsaturated fatty acids and cholesterol from
sperm membrane. This alters the permeability of the
sperm surface to water, ions and cryoprotectants
(Hagiwara et al., 2009; Oldenhof et al., 2010). Sperm
undergoes alterations especially in the head region,
similar to those occurring during capacitation (Bailey et
al., 2000). These capacitation-like alterations could

Table. 1
Physical attribute of semen diluted with extender containing different level duck egg yolk after equilibration

Parameter Live Progressive HOST Acrosomal Capacitation like changes

Level sperm (%)  motility (%) (%) integrity (%)  Pattern F(%) Pattern B(%) Pattern AR
Level -1 66.67¢ 60.33¢ 60.00° 57.50¢ 48.008 28.338¢ 23.674
(2.5%EY) +0.92 +1.05 +0.97 +1.18 +1.06 +1.12 +1.36
Level -1I 67.17¢ 61.505¢ 65.00° 63.50° 49.67° 27.67¢ 22.67°8
(5%EY) +0.70 +0.76 +0.73 +0.67 +1.12 +1.20 +0.71
Level -111 69.67%¢ 64.008 67508 66.178 51.508 28.338C 20.178
(I0%EY) +0.76 +1.03 +0.85 +0.87 +1.34 +1.05 +0.54
Level -1V 73.00* 68.334 70.33* 69.00* 60.540 22.83P 16.67¢
(I5%EY) +0.52 +0.56 +0.67 +0.77 +1.09 +0.79 +1.05
Level -V 68.33¢ 61.67%¢ 66.00° 64338 47838 31.50° 20.67°
(20%EY) +0.84 +0.88 +1.10 +1.05 +1.62 +1.18 +0.61

Mean with different superscripts differ significantly within the column (p<0.01); EY=duck egg yolk
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bring about a premature spontaneous acrosome reaction
reducing sperm capacity to fertilize ova before reaching
the ampulla of the oviduct. It is believed that the
phospholipids, cholesterol and low-density lipoproteins in
egg yolk provide protection to sperm against cold shock
during its storage at low or ultra low temperature.
Chemical composition of egg yolk varies in different
avian species and can elicit differential response to cold
shock resistance in diluted goat semen. Duck egg yolk
has more monounsaturated fatty acid (Bathgate ef al.,
2006).

Surai et al. (1999) hypothesized that the main
mechanism whereby egg yolk constituents especially
LDL protect goat spermatozoa via the sequestration of
GSP (Goat seminal plasma) proteins that bind to the
sperm surface at ejaculation, triggering cholesterol and
phospholipids efflux from the sperm membrane (Manjunath
et al.,2002; Bergeron et al., 2004). The results recorded
during the experiment indicates that duck egg yolk with
variable LDL, phospholipid and cholesterol composition
as compared to hen egg yolk exhibit differential responds
to impart sperm protection at refrigerated temperature.
The composition of egg yolk that vary between the
species and concentration of egg yolk that regulates the
level of cryoprotective constituents in extender influence
the efficiency of semen extender to protect sperm
against cold shock. The significantly (p<0.01) higher
values recorded for different seminal attributes in L-IV
with 15% duck egg yolk may be the result of better
counter balance between egg yolk constituents and the
different factors in diluted semen that affect the semen
quality during its short term storage. In conclusion, 15%
duck egg yolk has a better capacity to maintain sperm
characters and membrane integrity and this can be
preferred for short-term semen storage in goats.
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