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Abstract

This study aimed to compare between the addition of egg yolk (EG; 20%) and
soybean lecithin (SL; 1%) to a Tris-based extender on total sperm motility, viability and
reheotaxis parameters, including Positive Rheotaxis (PR%); Straight Line Velocity
(VSL, um/s); Curvilinear Velocity (VCL, um/s); Linearity (LIN = VSL/VCL) Average
Path Velocity (VAP, um/s) and Beat Cross Frequency (BCF, Hz) in semen. Sperm
kinetics and rheotaxis parameters were investigated using computer-assisted sperm
analysis (CASA) with regulated flow velocity. Semen was collected using artificial
vagina once weekly from 6 fertile rams at 9:00 a.m. during the late spring and autumn.
Samples of pooled semen were diluted in one of the two fractions, with the primary
extender composed of tris-based extender, with 20% egg yolk for the control group and
the percentages of soybean lecithin (1%) for the treatment group.

Results revealed that there were no significant differences in total sperm motility,
viability and PR % and VAP between the two extender groups. Also, there were
significantly higher VCL and BCF in the soybean lecithin extender group compared to
the egg yolk extender group. In the contrast there were significantly higher in VSL and
LIN in the egg yolk extender group compared to the soybean lecithin group. In
conclusion, the extenders were supplemented with 20% egg yolk, and 1.0% soybean
lecithin had relatively similar effects on total sperm motility, viability and reheotaxis
parameters. We concluded that a commercially available soybean lecithin (1%) was an
alternative to an egg yolk-based extender in preserving motility, viability and reheotaxis
parameters of semen.

Keywords: Egg yolk extender, Ram semen, Soybean lecithin.

Introduction

In light of the world's constantly expanding population, it is imperative to increase
the sustainability and efficiency of animals used for food production. Thus, improving
the fertility of livestock, especially cattle, sheep and goats around the world is essential
to overcome this problem. Sheep and goats can provide meat, wool, skin, and milk for
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the modern livestock industry with the development of modern intensive agriculture and
the use of few sires for breeding and increased sheep reproduction by selecting the best
breeders (Lvchunrong et al., 2019).

The modern animal industry is based on the use of artificial insemination (AI) and
the cryopreservation of semen, which has preserved the species, allowed for improved
animal production, an accelerated rate of genetic selection is key for genetic
improvement programs. In addition, sperm cryopreservation is a useful method for
maintaining the composition and functionality of semen and aids in the creation of a
genetic resource bank for the livestock industry (Lone et al., 2017). Also, it is decreasing
the spread of sexually transmitted diseases (Manafi, 2011). Rams are less likely than
other domestic animals to use artificial insemination due to the difficulty of using
frozen-thawed sperm (Salamon and Maxwell, 2000).

However, the spermatozoa are exposed to temperature variations during
cryopreservation, which lead to various types of cryoinjuries and significant biological
and functional alterations that impair their capacity to function and reduce the quality of
post-thawing sperm (Evans ef al., 1987; Salamon and. Maxwell 2000; Grossfeld et al.,
2008; Sharafi et al, 2009 and Chelucci et al, 2015). During freezing and thawing,
intracellular ice crystal formation, oxidative stress, osmotic pressure, pH, and cold shock
all lower the functional maintenance of semen. (Januskauskas et al., 2003 and Gangwar
et al., 2018). So, semen is supplemented with extenders to maintain sperm viability and
fertility during storage. Semen extenders are vital for sperm preservation, supporting
fertilization by maintaining sperm metabolism, regulating pH, preventing bacterial
contamination, and reducing cryogenic damage (Malik ef al, 2018 and Raheja et al.,
2018). They regulate pH (Liu et al., 2016), serve as an energy source (Mohamed and
Shaarawy, 2019), provide antioxidant support (Mousavi et al., 2019), contain antibiotics
to prevent contamination (Schulze ef al., 2020) and help mitigate freezing shock (Tariq
et al., 2020). Extenders are employed in both long-term cryopreservation and short-term
cooling (Johnston et al., 2012). Cold shock and osmotic stress during the freeze-thaw
process led to decreased post-thaw sperm quality (Salamon and Maxwell 2000).
Appropriate extenders and cyoprotectant additives can stop the majority of this damage
(Gil et al. 2003; Barbas and Mascarenhas 2009).

Glycerol is the most often used cryoprotectant for sperm cryopreservation (Polge
et al., 1949 and Holt, 2000). The discovery of the cryoprotective properties of glycerol
in 1949 (Polge et al., 1949) led to the ability to freeze spermatozoa. Glycerol can
penetrate the cell membrane and act as a penetrating cryoprotectant (Aires et al., 2003).
In addition to the glycerol, an energy source substrate (glucose or fructose), a source of
lipoprotein or high-molecular-weight material (like milk and egg yolk) to prevent cold
shock, ionic or nonionic substances to maintain an appropriate pH and osmotic pressure,
and additional additives like enzymes and antibiotics should all be included in the
extender. (Vishwanath and Shannon, 2000 and Aires ef al., 2003).

Animal products such as egg yolk are a reservoir of phospholipids and cholesterol
that are used to protect the plasma membrane and acrosome and to prevent the
spermatozoa from the damaging effects of freezing and cooling (Forouzanfar et al.,
2010; Hu et al, 2010; Nishijima et al., 2015; Swelum et al., 2018). The effective
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components of egg yolk are the lecithin and the low-density lipoprotein protein, which
prevents cold shock (Salamon and Maxwell, 2000; Watson, 2000; Manjunath et al,
2002; Medeiros et al. 2002; Moussa et al., 2002; Paulenz et al., 2002; Bergeron et al.,
2004; Bencharif ef al., 2010 and Forouzanfaretal., 2010 and Ustuner ef al., 2016).

However, in recent years, there were many who opposed the usage of milk and egg
yolk because of the wide variability of their constituents, which makes evaluating their
beneficial components complex (Moussa ef al., 2002 and Gil et al., 2003). That makes
it difficult preparations of standard extender (Aires et al., 2003; Forouzanfar et al., 2010
and Emamverdi et al, 2013). Furthermore, milk and egg yolks increase the risk of
microbial infection and exotic diseases through the transportation in the international
exchange of stored semen (Aires et al., 2003; Bousseau et al., 1998; Sharafi et al., 2015;
Beccaglia et al., 2009; Chelucci et al., 2015; Alves et al., 2019; Mafolo et al., 2020) and
microbiological pollution that permits the subsequent synthesis of endotoxins
(Forouzanfar et al, 2010 and Vidal et al, 2013). This has raised boundaries in
international semen transport legislation in many countries because of biosecurity issues
(Althouse, 2008). Furthermore, egg yolk has been identified as an antigenic substance
that triggers the production of antibodies in the reproductive system and systemic
circulation (Ustiiner et al., 2014). In addition, sperm agglutination and pre-capacitation
are enhanced by egg yolk, which has impact on sperm quality (Emamverdi et al., 2013
and Hu et al., 2011).

Therefore, replacing the egg yolk with other cryoprotectants, like soybean-based
plant-derived lecithin, would be a clear, pathogen-free, and non-animal substitute for
the cryopreservation of both human and animal sperm. Researchers have been studying
to find a replacement for the main component of sperm extenders for a few years instead
of avian egg yolk. Plant-originated soybean lecithin could be a better alternative to
overcome of this matter (Chelucci et al., 2015). The similar component found in egg
yolk extenders such as (low-density lipoprotein and phospholipids, such as,
Phosohatidylcholines) found in soy lecithin could be used in semen cryopreservation
extenders in place of egg yolk (Bergeron and Manjunath, 2006; Forouzanfar et al., 2010
and Salmani et al., 2014). Therefore, a plant-based substitute for soy lecithin is utilized
in semen extenders to protect sperm cell membranes from cold shock during
cryopreservation (Motlagh et al, 2014 and Layek et al, 2016). According to our
previous research, soy lecithin can enhance the quality and potential for fertility of post-
thawed semen (Forouzanfar et al., 2010). Additionally, soybean lecithin enhanced the
ram sperm's acrosome integrity and mitochondrial capacity (Emamverdi et al., 2013).

Recently, soybean lecithin (SL) has been successfully applied as a cryoprotectant
that is extracellular for cryopreservation of semen in ram (Anel et al., 2006; Forouzanfar
et al., 2010; Sharafi et al., 2009; Del Valle et al., 2012 and Sharafi et al., 2009), goat
(Salmani et al., 2013; Jiménez-Rabadan et al., 2012; Roof et al., 2012; Vidal et al.,
2013), bull (Aires et al., 2003), buffalo (Akhter et al., 2012) and human (Reed et al.,
2009).

1% of soybean lecithin was successfully used in our previous study to cryopreserve
semen in goat (Salmani et al., 2013) and in ram (Forouzanfar et al., 2010 and
Emamverdi et al., 2013). Soybean lecithin and egg yolk have optimal concentrations of

Assiut J. Agric. Sci. 56 (4) 2025 (36-55) 38



Comparison Between Egg Yolk and...

1% and 20%, respectively for extenders of ram semen and it suggests that soybean
lecithin can be used as a substitute for egg yolk (Forouzanfar et al., 2010). Thus, this
study aimed to compare between the addition of egg yolk (EG; 20%) and soybean
lecithin (SL; 1%) to a Tris-based extender on total sperm motility, viability and
reheotaxis parameters. Sperm kinetics and rheotaxis parameters were investigated using
computer-assisted sperm analysis (CASA) with regulated flow velocity.

Materials and Methods
Chemicals

For this experiment, Elgomhoria Pharmaceuticals (Cairo, Egypt) provided all of
the substances. SU-8-25 negative resist (MicroChem, Newton, CA), diacetone alcohol
(Sigma Aldrich, Steinheim, Germany), glass wafers (Howard Glass, Worcester, MA),
and poly-dimethylsiloxane (PDMS) (Syllgard-184, Dow Corning, Midland, MI) were
among the materials used to fabricate the microchannel.

Experimental animals and management

The current study was conducted at Assiut University, Faculty of Agriculture,
Experimental Farm of Animal Production Department.

The study started on the 28" of August 2024 and extended to the 15" of December,
2025. A total number of 6 apparently healthy, mature and fertile native rams (3-4 years
old) were included in this study. Rams were housed in semi-open pens in normal
environmental conditions. Rams were fed a concentrate feed mixture according to NRC
(1985) that included 13.67% crude protein, 1.96% crude fat, 11.2% crude fiber, 2.32
Mcal/kg metabolizable energy, 1.22% limestone, 0.52% calcium, 0.31% phosphorus.
Rams were fed ad libitum wheat straw in addition to the concentrate feed mixture. All
day long, water was available.

Semen collection and initial evaluation

A sterile artificial vagina was used for semen collection from rams during the
second mounting once weekly. A second and final semen sample was taken by artificial
vagina following a 20-minute rest period if the first sample was low quality. After
collection, the semen was transferred to the laboratory for semen evaluation within 5
min. The minimum standard for the quality of every semen ejaculate was: a volume of
0.5-1.5 mL, sperm concentration = 2.5 x 10° sperm/ml, motility > 75%, and abnormal
morphology < 15%., as described previously (Salmani ef al., 2014).

Preparation of extenders

Samples of pooled semen were diluted in one of the two fractions, with the primary
extender composed of tris-based extender, with 20% egg yolk for the control group and
the percentages of soybean lecithin (1%) for the treatment group. The primary extender
composed of Tris (3.6342 g), glucose (0.5044 g), citric acid (1.8252 g), and glycerol (7
mL extenders per 100 mL).

Frozen semen and thawing

The ratio of 1:3 was used to dilute the semen samples into the cryodiluents and
then gradually cooled for two hours to 4 °C. 0.5 mL Germany straws (transparent Ref.:

Assiut J. Agric. Sci. 56 (4) 2025 (36-55) 39



Al-hajri et al., 2025

13408/0010) were used to pack the samples. After that, the straws were positioned
horizontally on a rack, frozen for 15 minutes in liquid nitrogen vapor (3 cm above the
liquid), dipped in liquid nitrogen, and kept until they thawed. For thawing, straws spent
30 seconds in a water bath at 37°C (Sun et al., 2020).

Sperm motility and motion parameters

The samples of semen after thawing were analyzed for the total sperm motility at
37° C and viability. Reheotaxis parameters including, Positive Rheotaxis (PR%);
Straight Line Velocity (VSL, um/s); Curvilinear Velocity (VCL, um/s); Linearity (LIN
= VSL/VCL) Average Path Velocity (VAP, um/s) and Beat Cross Frequency (BCF, Hz)
(Fig. 1). The total sperm motility, viability and parameter of rheotaxis were examined
by a computer-assisted sperm analysis (CASA) system that we previously created to
describe sperm movement in microfluidic settings (Elsayed et al., 2015) and described
here in brief. An Optika XDS-3 inverted microscope with phase contrast and a 40x
objective, a Tucsen ISH1000 camera (30 frames per second), and a CASA plugin for
Image-J make up the CASA system. An open-source imaging processing program called
Image-J was made available by the National Institutes of Health (NIH) at
http://imagej.nih.gov/ij/.

VAR

BCF

Figure 1. Diagram shows Straight Line Velocity (VSL, pnm/s); Curvilinear Velocity (VCL,
pm/s); Linearity (LIN = VSL/VCL) Average Path Velocity (VAP, pm/s) and Beat
Cross Frequency (BCF, Hz).

Microfluidic Device fabrication
PDMS microchannels

Microchannels were fabricated by using soft lithography, as extensively described
by (Dufty et al., 1998).

The monomer and curing agent were combined at a weight ratio of 10:1 to create
polydimethylsiloxane (PDMS), which was subsequently degassed in a vacuum
desiccator and applied to the SU-8 master. Channels were cut, peeled off the master, and
punctured to enable tubing connections at microchannel inlets and outlets after PDMS
was cured in an oven at 120°C for 30 minutes. Lastly, as previously mentioned, the
PDMS microchannels were firmly bonded to a microscope glass slide using a portable
corona treater (Electro-Technic Products, Chicago, IL) (Haubert et al., 2006). 200 pm x

20 um (WxH) PDMS microchannel dimensions were employed in this investigation. In
this investigation, the PDMS (microchannel 1) is depicted in Figure 2a.
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Lithography craved microchannel.

The chip is composed of two Polymethyl Methacrylate (PMMA) components; as
illustrated in Fig. 2(b), the upper half has intake ports, while the lower part has the etched
channel structure.

The direct write laser machining method created the generated channel. For
channel manufacturing, VLS3.5 UNEVERSAL LASER SYSTEMS with a 30-Watt
CO2 laser tube and a 100pm laser beam diameter were employed. In order to reduce
roughness at the smallest possible dimensions, we achieved the best engraving by setting
the laser beam power to 5 Watts (6%) and the engraving speed to 25 mm s-1 (10%) laser
head translation speed. As seen in Fig. 2(c), the channel profile has a Gaussian shape.

The top portion and the bottom portion, which houses the channel, were bonded
using the thermocompression method with acetic acid at 115°C and 1 N for seven
minutes. Better bonding at lower temperatures and bonding times were attained by
heating with acetic acid (Nasser ef al., 2019). The PMMA microchannel employed in
this investigation had dimensions of 200 pum x 100 pm (WxH). The PMMA

microchannel (microchannel 2) employed in this investigation.
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Figure 2. (a) Picture of microchannel 2 (PMMA channel with 100 pm height) used in the
present study. (b) Chip schematic drawing for microchannel 2. (¢) microchannel 2
profile.
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Flow generation

By maintaining the liquid level at the inlet reservoir higher than that in the output
reservoir by a height difference of Ah, hydrostatic pressure was utilized to create liquid
flow inside the microchannel. A straightforward and inexpensive technique for creating
flow inside microchannels, hydrostatic flow generation avoids the pulsing flow that
characterizes syringe pumps (Moscovici et al., 2010) Using the Darcy—Weisbach
equation, one may determine the average velocity inside the microchannel (Munson et
al., 2002).

__ (2pgDhAh)

(1) Vav o

where C is the friction factor (f) x Reynolds number (Re), p is the liquid density,
g is the gravitational acceleration, Dh is the channel hydraulic diameter, Ah is the height
difference between reservoirs, W is the liquid viscosity, and L is the microchannel length
(Munson et al., 2002). For channels with an aspect ratio less than 0.5, equation (2) was
used to determine the velocity profile inside the channel (Shah and AL, 1978).

@ = COED -G - @

where a and b are the channel's width and height, respectively, and V is the liquid
velocity at any point in the channel. However, z and y are the coordinates (measured
from the centerline) of any point in the channel where V is required, and m and n are
numerical parameters dependent on the channel aspect ratio a = b/a according to
equations (3) and (4).

(3) m= 1.7 + 0.5a™ 14
=2
1
a <-
(4) n=2+0.3(a —1/3) :
a=> 3

Average liquid velocity in all experiments reported kept here at 32 + 0.06um/s.
CASA analysis of sperm kinematics and rheotaxis parameters

According to Elsayed ef al. (2015), all recorded videos were examined using a
custom computer-assisted sperm analysis (CASA) system (Department of Mechanical
Engineering, Faculty of Engineering, Assiut University, Egypt). The plugin is available
for download at http://www.assiutmicrofluidics.com/research/casa.

An Optika XDS-3 inverted microscope with phase contrast (also at 40 x
objectives) connected to a Tucsen ISH1000 camera at 30 frames per second was used to
record videos of sperm cells. The following parameters were established after recorded
movies were processed using a custom CASA: curvilinear velocity (VCL, pm/s),
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straight-line velocity (VSL, pm/s), and average path velocity (VAP, um/s) are examples
of velocity parameters. Progression parameters include beat cross frequency (BCF, Hz)
and linearity (LIN = VSL/VCL, %).

Statistical analysis

The mean + (SEM) was used to represent all data. Dunn's multiple comparisons
were used after Kruskal-Wallis ANOVA on ranks to compare mean values. Either
Graphpad Prism v5 (Graphpad Software, Inc.) or JMP v5.0.1 (SAS campus drive) were
used to calculate all statistics. Significant differences were defined as p <0.05.

Results and Discussion

Table 1. The effect of different extenders on total sperm motility and viability (Lsmean +

SEM)
Parameters Soya lecithin 1% Egg yolk 20% P value
Total sperm motility % 51.21+1.21 50.57+0.77 0.8017
Viability 58.20 +£1.65 60.40+1.78 0.7014

Table 2. The effect of different extenders on sperm rheotaxis and sperm kinematics

(Lsmean + SEM)

Parameters Soya lecithin 1% Egg yolk 20% P value
PR % 48.60+0.3555 48.67+0.4856 0.9029
VCL (um/s) 23.66+0.03211" 23.55+0.03830 0.0446
VAP (um/s) 23.30+0.03324 23.24+0.03625 0.2636
VSL (nm/s) 17.60+£0.05119 17.91£0.07995™ 0.0015
LIN (VSL/VCL) 0.7537+0.001707 0.7689+0.003366""" 0.0002
BCF (Hz) 1.4414+0.009253" 1.389+0.01533 0.0050

PR%, positive rheotaxis; VCL, curvilinear velocity; VAP, average path velocity; VSL, straight line velocity; LIN,
linearity; BCF, beat cross frequency. Significance: *p < .05, **p < .01, ***p <.001.

The results of this study showed that total sperm motility and viability after
thawing of sperm showed no statistically significant difference between the two
extenders, with values of soya lecithin (51.21 £ 1.21% and 58.2 +1.68) and egg yolk
(50.57 £ 0.77 and 60.4%1.68) respectively, (Table 1). These results are in agreement
with those obtained by Emamverdi et al. (2013) in sheep and Salmani et al. (2014) in
goats they observed that there was no significant difference between the extender
contained 1% soybean lecithin and extender contained 20% egg yolk for ram total sperm
motility and viability. Also, they found that the similar component found in egg yolk
extender such as (low-density lipoprotein and Phosohatidylcholines) was found in soy
lecithin and may be used in semen cryopreservation extenders in place of egg yolk
(Bergeron and Manjunath, 2006; Forouzanfar et al., 2010 and Salmani et al., 2014).
Therefore, it was concluded previously that a plant-based substitute for soy lecithin is
utilized in semen extenders to protect sperm cell membranes from cold shock during
cryopreservation (Motlagh et al., 2014 and Layek et al., 2016).

As alternatives for extenders containing lecithins of animal origin, commercial soy
lecithin and liposome-based extenders have been developed, for instance, for buffalo
spermatozoa (Kumar et al., 2015) and bull spermatozoa (Leite et al., 2010 and Ropke et
al., 2011). Soy lecithin is believed to function similarly to lecithins found in milk or egg
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yolks (Belala et al., 2016) however Liposomes are molecules with a chemical definition
that can transfer lipid and cholesterol (or other molecules of interest) to the sperm
plasma membrane (Ansari et al., 2016). Soybean lecithin (SL) has been successfully
applied as an extracellular cryoprotectant for cryopreservation of semen in ram (Anel et
al., 2006; Forouzanfar ef al., 2010; Sharafi et al., 2009; Del Valle ef al., 2012 and Sharafi
etal., 2009), goat (Salmani et al., 2013; Jiménez-Rabadan et al., 2012; Roof et al., 2012;
Vidal et al., 2013), bull (Aires et al., 2003), buffalo (Akhter ef al., 2012) and human
(Reed et al., 2009).

As shown in Table 2, the percentage of positive rheotaxis (PR%) showed no
statistically significant difference between the two extenders, with values of
48.60+0.36% for soya lecithin and 48.67+0.49% for egg yolk (P = 0.9029). This
indicates that both extenders maintain comparable levels of forward motility. Positive
rheotaxis is an important parameter for assessing sperm motility, as it reflects the ability
of spermatozoa to swim against fluid flow, which is crucial for successful fertilization
(Garcia-Alvarez et al., 2011). The comparable PR% values between the two extenders
suggest that both soy lecithin and egg yolk similarly support the maintenance of forward
motility in ram spermatozoa during preservation.

This finding aligns with previous studies demonstrating that plant-based extenders,
such as that containing soy lecithin, can effectively replace traditional egg yolk-based
extenders without compromising sperm motility (Aboagla & Terada, 2003; Najafi et al.,
2013). The lack of significant differences may be attributed to the similar protective
effects of soy lecithin and egg yolk lipoproteins on sperm membrane integrity, which is
essential for maintaining motility (Bergeron et al., 2004).

Further research could explore the long-term effects of these extenders on sperm
functionality, including capacitation and acrosome reaction, to ensure that soy lecithin
is a viable alternative to egg yolk in semen preservation protocols.

The results demonstrate that curvilinear velocity (VCL, um/s) was significantly
higher (P < 0.05) in the soy lecithin extender group (23.66 = 0.03 um/s) compared to
the egg yolk group (23.55 £ 0.04 um/s) (Table 2). These suggest slightly enhanced
movement dynamics in the former. VCL is a key parameter of sperm kinematic activity,
reflecting the actual path taken by spermatozoa, including all deviations and lateral
movements (Mortimer, 1997). The higher VCL observed in the soy lecithin group
suggests that this extender may better preserve sperm hyperactivation potential, which
is crucial for sperm penetration through the female reproductive tract (Suarez and Ho,
2003).

The slight but statistically significant improvement in VCL with soy lecithin could
be attributed to its phospholipid composition, which may provide better membrane
fluidity and energy metabolism support compared to egg yolk (Aboagla & Terada,
2003). Previous studies have reported that plant-based extenders, such as that containing
soy lecithin, can enhance sperm motility parameters by reducing oxidative damage and
maintaining mitochondrial function (Najafi ef al., 2013).

Further studies should investigate whether this slight increase in VCL translates
into improved fertilization rates in vivo or in vitro.
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The average path velocity (VAP, um/s) showed no statistically significant
difference (P = 0.2636) between the soy lecithin (23.3 + 0.03 um/s) and egg yolk (23.2
+ 0.04 um/s) extenders (Table 2), indicating a stable velocity parameter across both
treatments. VAP represents the smoothed trajectory of sperm movement and is an
important indicator of progressive motility, which is essential for sperm migration
through the female reproductive tract (El-Sherry et al., 2014). The lack of significant
variation suggests that both extenders similarly support the maintenance of sperm
progressive motility during preservation.

This finding aligns with previous studies indicating that soy lecithin-based
extenders can effectively replace egg yolk-based extenders without compromising key
sperm kinematic parameters (El-Sherry et al., 2014; Najafi et al., 2013). The comparable
VAP values between the two groups imply that both extenders provide adequate
protection to sperm membranes, ensuring consistent energy metabolism and flagellar
function (Aboagla and Terada, 2003).

The stability in VAP across both treatments reinforces the potential of soy lecithin
as a viable alternative to egg yolk in semen extenders, particularly in terms of
maintaining progressive motility. Future research could explore the long-term effects of
these extenders on sperm functionality, including their impact on fertility rates in
artificial insemination trials.

The results demonstrate a statistically significant difference (P =0.0015) in straight
line velocity (VSL, um/s) between the two extenders, with higher values observed in
the egg yolk group (17.91 £ 0.08) compared to the soy lecithin group (17.60 £ 0.05)
(Table 2). This suggests that spermatozoa preserved with egg yolk move in a straighter
trajectory. VSL is a critical parameter that measures the straight-line distance traveled
by spermatozoa per unit time, reflecting their ability to maintain linear progressive
motility (Amann and Waberski, 2014). The superior VSL values in the egg yolk group
suggest that this extender better supports the maintenance of straight-line movement
patterns in preserved ram spermatozoa.

This finding is consistent with previous research indicating that egg yolk-based
extenders may provide better protection for sperm membrane integrity during
cryopreservation (Muifio-Blanco et al., 2008). The phospholipid composition of egg
yolk, particularly its high content of phosphatidylcholine and cholesterol, may help in
stabilizing sperm membranes and maintain the structural organization of the flagellum,
thereby promoting straighter swimming trajectories (Purdy and Graham, 2004). In
contrast, while soy lecithin provides similar membrane protection, its different lipid
profile might result in slightly altered motility characteristics (Bousseau et al., 1998).

The observed difference in VSL could have important biological implications.
Spermatozoa with higher VSL values are generally more efficient at navigating the
female reproductive tract and reaching the site of fertilization (Holt and Van Look,
2004). This may be particularly relevant for ovine reproduction, where sperm transport
mechanisms favor progressively motile spermatozoa (Gadella, 2013). However, it's
important to note that while statistically significant, the absolute difference in VSL
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values between groups was relatively small (0.31 um/s), and the clinical significance of
this difference warrants further investigation.

These results are aligned with studies comparing different cryoprotectants in small
ruminant semen preservation (Salvador et al., 2006). The superior performance of egg
yolk in maintaining VSL may be attributed to its ability to better protect sperm
membranes from cold shock and ice crystal damage during the freezing process
(Watson, 2000). However, the growing interest in plant-based extenders due to sanitary
concerns and regulatory restrictions continues to drive research into optimizing soy
lecithin formulations (Bergeron and Manjunath, 2006).

Future studies should examine whether these differences in VSL translate to
improved fertility outcomes in artificial insemination programs. Additionally, research
could focus on modifying soy lecithin formulations to better mimic the beneficial effects
of egg yolk on sperm motility patterns (Aires ef al., 2003).

The results revealed a statistically significant difference (P = 0.0002) in linearity
(LIN = VSL/VCL) between the two extenders, with higher values observed in the egg
yolk group (0.7689 + 0.0034) compared to the soy lecithin group (0.7537 + 0.0017)
(Table 2), reflecting improved directionality of sperm movement under egg yolk-based
preservation. This parameter, which represents the straightness of sperm movement by
calculating the ratio of straight-line velocity to curvilinear velocity, indicates that

spermatozoa preserved in egg yolk exhibit significantly improved directional movement
(El-Sherry et al., 2014).

The superior LIN values in the egg yolk group suggest that this extender better
maintains the structural integrity of sperm flagella during preservation, enabling more
linear swimming patterns (Gillan et al., 2005). This finding aligns with previous work
demonstrating that egg yolk components, particularly low-density lipoproteins, provide
superior protection to sperm membranes during cryopreservation (Bergeron et al.,
2004). The enhanced directionality observed may be attributed to egg yolk's ability to
better stabilize the axonemal structure and mitochondrial sheath, which are crucial for
maintaining straight swimming trajectories (Verstegen et al., 2002).

From a biological perspective, the improved linearity observed with egg yolk
preservation could have important implications for sperm transport within the female
reproductive tract (Suarez, 2008). Spermatozoa with higher linearity values are
generally more efficient at navigating cervical mucus and progressing through the
uterotubal junction, which may enhance their fertilizing potential (Katz et al., 1990).
This is particularly relevant for ovine reproduction, where efficient sperm transport is
critical for successful fertilization (Holt, 2000).

The difference in LIN values between extenders may reflect variations in their
protective mechanisms. While both extenders provide membrane stabilization, egg yolk
appears to better preserve the structural components responsible for flagellar beating
patterns (Rijsselaere et al., 2003). This could be due to specific interactions between egg
yolk lipoproteins and sperm membrane domains that influence motility characteristics
(Muino-Blanco et al., 2008).
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These findings support the continued use of egg yolk-based extenders in
applications where optimal preservation of sperm motility patterns is crucial (Salamon
and Maxwell, 2000). However, the relatively small absolute difference in LIN values
(0.0152) suggests that soy lecithin may still be a viable alternative for many applications,
particularly where regulatory or sanitary concerns favor plant-based extenders (Aires et
al., 2003).

Future research should investigate whether these differences in linearity translate
to improved fertilization rates in vivo and explore modifications to soy lecithin
formulations that might better preserve sperm movement characteristics (El-Sherry et
al., 2014).

The results demonstrate a statistically significant difference (P = 0.0050) in Beat
cross frequency (BCF, Hz) between the two extenders, with higher values observed in
the soy lecithin group (1.441 + 0.009) compared to the egg yolk group (1.389 + 0.015)
(Table 2; Fig.3), indicating increased tail-beating activity and potentially higher
energetic motion. BCF, which measures the frequency of sperm tail beats across their
average path, suggests that spermatozoa preserved in soy lecithin exhibit more vigorous
tail movement patterns (El-Sherry ef al., 2017). This finding indicates that soy lecithin
may better maintain the metabolic activity necessary for flagellar beating during
cryopreservation.

The elevated BCF in the soy lecithin group could be attributed to differences in the
lipid composition between the two extenders (Yeste et al., 2017). Soy lecithin's specific
phospholipid profile may enhance mitochondrial function and ATP production, leading
to more frequent tail beats (Ortega Ferrusola et al., 2009). This increased flagellar
activity might reflect better preservation of axonemal structure and dynein ATPase
activity in the soy lecithin-preserved spermatozoa (Mata-Campuzano et al., 2012).

From a biophysical perspective, higher BCF values suggest greater energy
expenditure and potentially improved sperm penetration capability (Mortimer and
Mortimer 2021). However, it's important to note that excessive tail beating frequency
doesn't always correlate with improved fertility, as optimal sperm movement requires
coordination between beat frequency and progressive motility (Boryshpolets et al.,
2013). The observed differences may reflect variations in how each extender modulates
calcium flux and membrane fluidity, both of which influence flagellar beating patterns
(Marquez and Suarez, 2007).

These findings align with emerging research on plant-based extenders showing
they can effectively maintain sperm kinematic parameters. The increased BCF with soy
lecithin might be particularly advantageous in cervical mucus penetration, where higher
frequency beats could aid in overcoming viscous resistance (Suarez and Dai, 1992).
However, the clinical significance of this 0.052 Hz difference warrants further
investigation through fertility trials.
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Figure 3. Beat Cross Frequency (BCF) of Ram Spermatozoa Preserved in Soybean
Lecithin and Egg Yolk Extenders. Values are expressed as mean * standard error
of the mean (SEM). A statistically significant increase in BCF was recorded in the
soybean lecithin group compared to the egg yolk group (*P < 0.05), indicating
enhanced flagellar activity and potential energy output in the soybean-based
medium.

Conclusion

In conclusion, the extenders were supplemented with 20% egg yolk and 1.0%
soybean lecithin had relatively similar effects on total sperm motility, viability and
reheotaxis parameters. We concluded that a commercially available soybean lecithin
(1%) was an alternative to an egg yolk-based extender in preserving motility, viability
and reheotaxis parameters of semen.

References

Aboagla, E. M. E., and Terada, T. (2003). Trehalose-enhanced fluidity of the goat sperm
membrane and its protection during freezing. Biology of Reproduction, 69(4): 1245-
1250.

Aires, V. A., Hinsch, K. D., Mueller-Schloesser, F., Bogner, K., Mueller-Schloesser, S., and
Hinsch, E. (2003). In vitro and in vivo comparison of egg yolk-based and soybean

lecithin-based extenders for cryopreservation of bovine semen. Theriogenology, 60: 269-
279.

Akhter S., Ansari, M., Andrabi, S., Rakha, B., Ullah, N. and Khalid, M. (2012). Soya-lecithin
in extender improves the freezability and fertility of buffalo (Bubalus bubalis) bull
spermatozoa, Reprod. Domest. Anim. 47: 815-819.

Althouse G.C. (2008). Sanitary procedures for the production of extended semen. Reprod
Domest Anim; 43: 374-8.

Alves, M.A.G.; Anzar, M.; Rajapaksha, K. and Boswall, L. (2019). Egg yolk-free
cryopreservation of bull semen. PLoS ONE, 14: €0223977.

Amann, R. P., and Waberski, D. (2014). Computer-assisted sperm analysis (CASA):
capabilities and potential developments. Theriogenology, 81: 5-17.

Assiut J. Agric. Sci. 56 (4) 2025 (36-55) 48



Comparison Between Egg Yolk and...

Anel, L., Alvarez, M., Martinez-Pastor, F., Garcia-Macias, V., Anel, E. and de Paz, P. (2006).
Improvement strategies in ovine artificial insemination. Reprod Domest Anim 41: Suppl
2:30-42.

Ansari, M. S., Rakha, B. A., Akhter, S., and Ashiq, M. (2016). OptiXcell improves the postthaw
quality and fertility of buffalo bull sperm. Theriogenology, 85: 528-532.

Barbas, J.P, Mascarenhas, R.D. (2009). Cryopreservation of domestic animal sperm cells. Cell
Tissue Bank 10, 49-62.

Beccaglia M., Anastasi, P., Chigioni, S. and Luvoni, G.C. (2009). TRIS-lecithin extender
supplemented with antioxidant catalase for chilling of canine semen, Reprod. Domestic
Anim. 44: (Suppl. 2) 345-349.

Belala, R., Delay, J., Amirat, L., Ropers, M. H., Guillou, J. L., Anton, M. and Bencharif, D.
(2016). The benefits of liposomes for chilling canine sperm for 4 days at 4°C. Animal
Reproduction Science, 168: 100-109.

Bencharif, D., Amirat-Briand, L., Garand, A., Anton, M., Schmitt, E., Desherces, S.,
Delhomme, G., Langlois, M.L., Barriere, P., Destrumelle, S., Vera-Munoz, O., Tainturier,
D. (2010). Freezing canine sperm: comparison of semen extenders containing equex and
LDL (low density lipoproteins), Anim. Reprod. Sci. 119: 305-313.

Bergeron A., Crete M.H. and Brindle, P Y. (2004). Manjunath, Low-density lipoprotein fraction
from hen’s egg yolk decreases the binding of the major proteins of bovine seminal plasma
to sperm and prevents lipid efflux from the sperm membrane, Biol. Reprod. 70: 708-717.

Bergeron, A., and Manjunath, P. (2006). New insights towards understanding the mechanisms
of sperm protection by egg yolk and milk. Molecular Reproduction and Development,
73:1338-1344.

Boryshpolets, S., (2013). Different swimming behaviors of sterlet spermatozoa close to
surfaces. Theriogenology, 79 (1): 81-86.

Bousseau S., Brillard J.P., Guienne M., Guerin B., Camus A. and Lechat M. (1998).
Comparison of bacteriological qualities of various egg yolk sources and the in vitro and
in vivo fertilizing potential of bovine semen frozen in egg yolk or lecithin-based diluents.
Theriogenology, 50: 699—706.

Chelucci, S., Pasciu, V., Succu, S., Addis, D., Leoni, G.G. and Manca, M.E. (2015). Soybean
lecithin-based extender preserves spermatozoa membrane integrity and fertilizing
potential during goat semen cryopreservation, Theriogenology 83: 1064-1074.

Del Valle, 1., Gomez-Duran, A., Holt, W.V., Muino-Blanco, T. and Cebrian-Perez, J.A. (2012).
Soy lecithin interferes with mitochondrial function in frozen-thawed ram spermatozoa, J.
Androl. 33: 717-725.

Dufty, D.C., McDonald, J.C., Schueller, O.J., and Whitesides, G.M. (1998). Rapid prototyping
of microfluidic systems in poly (dimethylsiloxane). Analytical chemistry, 70(23): 4974-
4984.

Elsayed, M., El-Sherry, T. M., and Abdelgawad, M. (2015). Development of computer-assisted
sperm analysis plugin for analyzing sperm motion in microfluidic environments using
Image-J. Theriogenology, 84(8): 1367-1377.

Assiut J. Agric. Sci. 56 (4) 2025 (36-55) 49



Al-hajri et al., 2025

El-sherry, T., Abdel-Ghani, M., Abou-Khalil, N., Elsayed, M., and Abdelgawad, M. (2017).
Effect of pH on rheotaxis of bull sperm using microfluidics. Reproduction in Domestic
Animals, 52(5): 781-790.

El-Sherry, T.M., Elsayed, M., Abdelhafez, H. K., and Abdelgawad, M. (2014). Characterization
of rheotaxis of bull sperm using microfluidics. Integrative Biology, 6(12): 1111-1121.

Emamverdi, M., Zhandi, M., Zare Shahneh, A., Sharafi, M. and Akbari-Sharif, A. (2013).
Optimization of ram semen cryopreservation using a chemically defined soybean lecithin-
based extender, Reprod. Domest. Anim. 48: 899-904.

Evans, G. and Maxwell, Salamons’ W.C. (1987). Artificial Insemination of Sheep and Goats,
Butterworths.

Forouzanfar, M., Sharafi, M., Hosseini, S.M., Ostadhosseini, S., Hajian, M., Hosseini, L.,
Abedi, P., Nili, N., Rahmani, H.R. and Nasr-Esfahani, M.H. (2010). In vitro comparison
of egg yolk-based and soybean lecithin-based extenders for cryopreservation of ram
semen, Theriogenology. 73: 480-487.

Gadella, B. M. (2013). Sperm membrane physiology and relevance for fertilization. Animal
Reproduction Science, 143: 2-14.

Gangwar, C., Saxena, A., Patel, A., Singh, S.P., Yadav, S. and Kumar, R. (2018). Effect of
reduced glutathione supplementation on cryopreservation induced sperm cryoinjuries in
Murrah bull semen. Anim Reprod Sci. 192:171-8.

Garcia-Alvarez, O., Maroto-Morales, A., Ramon, M., del Olmo, E., Montoro, V., Soler, A. J.,
and Garde, J. J. (2011). Analysis of selected sperm by density gradient centrifugation
might aid in the estimation of in vivo fertility of thawed ram
spermatozoa. Theriogenology, 76(5): 901-910.

Gil, J., Rodiguez-Irazoqui, M., Lundeheim, N., Soderquist, L. and Rodriguez-Martinez, H.
(2003). Fertility of ram semen frozen in Bioexcelll and used for cervical artificial
insemination. Theriogenology, 59: 1157-70.

Gillan, L., Evans, G., and Maxwell, W. M. C. (2005). Flow cytometric evaluation of sperm
parameters in relation to fertility potential. Theriogenology, 63: 445-457.

Grossfeld, R., Sieg, B., Struckmann, C., Frenzel, A., Maxwell, W.M. and Rath, D. (2008). New
aspects of boar semen freezing strategies, Theriogenology, 70: 1225-1233.

Haubert, K., Drier, T., and Beebe, D. (2006). PDMS bonding by means of a portable, low-cost
corona system. Lab on a Chip, 6(12): 1548-1549.

Holt, W. V. (2000). Basic aspects of frozen storage of semen. Animal Reproduction Science,
62: 3-22.

Holt, W. V., and Van Look, K. J. (2004). Concepts in sperm heterogeneity, sperm selection and
sperm competition as biological foundations for laboratory tests of semen
quality. Reproduction, 127: 527-535.

Hu, J. H., Zan, L. S., Zhao, X. L., Li, Q. W,, Jiang, Z. L., Li, Y. K., and Li, X. (2010). Effects
of trehalose supplementation on semen quality and oxidative stress variables in frozen-
thawed bovine semen. Journal of Animal Science, 88(5): 1657—1662.

Januskauskas, A., Johannisson, A. and Rodriguez-Martinez, H. (2003). Subtle membrane
changes in cryopreserved bull semen in relation with sperm viability, chromatin structure,
and field fertility. Theriogenology, 60:743-58.

Assiut J. Agric. Sci. 56 (4) 2025 (36-55) 50



Comparison Between Egg Yolk and...

Jiménez-Rabadan, P., Ramon, M., Garcia-Alvarez, O., Maroto-Morales, A., Del Olmo, E.,
Pérez-Guzman, M., Bisbal, A., Fernandez-Santos, M., Garde, J. and Soler, A. (2012).
Effect of semen collection method (artificial vagina vs. electroejaculation), extender and

centrifugation on post-thaw sperm quality of Blanca-Celtibérica buck ejaculates, Anim.
Reprod. Sci. 132: 88-95.

Johnston, S.D., Zee, YP, Lopez-Fernandez, C. and Gosalvez, J. (2012). The effect of chilled
storage and cryopreservation on the sperm DNA fragmentation dynamics of a captive
population of koalas. J Androl. 33:1007-15.

Katz, D. F., Drobnis, E. Z., and Overstreet, J. W. (1990). Factors regulating mammalian sperm
migration through the female reproductive tract and oocyte vestments. Gamete Research,
22:443-469.

Kumar, P., Saini, M., Kumar, D., Balhara, A. K., Yadav, S. P., Singh, P. and Yadav, P. S.
(2015). Liposome-based semen extender is suitable alternative to egg yolk-based
extender for cryopreservation of buffalo (Bubalus bubalis) semen. Animal Reproduction
Science, 159: 38-45.

Layek, S.; Mohanty, T.; Kumaresan, A. and Parks, J. (2016). Cryopreservation of bull semen:
Evolution from egg yolk based to soybean based extenders. Anim. Reprod. Sci. 172: 1—
9.

Leite, T.G., do Vale Filho, V.R., de Arruda, R.P., de Andrade, A.F.C. and de Andrade, V.J.
(2010). Effects of extender and equilibration time on post-thaw motility and membrane
integrity of cryopreserved Gyr bull semen evaluated by CASA and flow cytometry. Anim.
Rreprod. Sci. 120:31-38.

Liu, C-H., Dong, H-B., Ma, D-L., Li, Y-W., Han, D. and Luo M-J., Chang, Z-Le and Tan, J-
He (2016). Effects of pH during liquid storage of goat semen on sperm viability and
fertilizing potential. Anim Reprod Sci. 164:47-56.

Lone, S.A., Mohanty, T.K., Bhakat, M., Baithalu, R.K. and Kumar, R. (2017). Effect of dilution
on cryosurvival of low sperm doses: a review, Cryo Lett. 38: 71.

Lv, C., Wu, G., Hong, Q. and Quan, G. (2019). Spermatozoa cryopreservation: state of art and
future in small ruminants, Biopreserv. Biobanking, 17: 171-182.

Mafolo, K.; Pilane, C., Chitura, T. and Nedambale, T. (2020). Use of phosphatidylcholine in
tris-based extender with or without egg yolk to freeze bapedi ram semen. S. Afr. J. Anim.
Sci. 50, 389-396.

Malik, A., Jaelani, A., Widaningsih, N., Ni’mah, G.K., Raviani, S. (2018). Effect of different
concentration of fish oil in skim milk-egg yolk extenders on post- thawed semen qualities
of kalang swamp buffalo bull. Asian Pac J Reprod. 7:233576.

Manafi, M. (2011). Artificial Insemination in Farm Animals: Artificial Insemination in Pigs,
https://doi.org/10.5772/713.

Manjunath, P., Nauc, V., Bergeron, A. and Menard, M. (2002). Major proteins of bovine
seminal plasma bind to the low-density lipoprotein fraction of hen’s egg yolk, Biol.
Reprod. 67: 1250-1258.

Marquez, B., and Suarez, S. S. (2007). Bovine sperm hyperactivation is promoted by alkaline-
stimulated calcium influx. Biology of Reproduction, 76(4), 660-665.

Assiut J. Agric. Sci. 56 (4) 2025 (36-55) 51



Al-hajri et al., 2025

Mata-Campuzano, M. (2012). Quality, oxidative markers and DNA damage in ram sperm
cryopreserved with non-enzymatic antioxidants. Animal Reproduction Science, 134(3-
4), 198-203.

Mohamed, M., Abd El-hafeez, A.M. and Shaarawy, A. (2019). Influence of adding different
energy sources to the bull and ram spermatozoa exposed to different refrigerating times.
Egypt Sheep Goats Sci. 14:1-18.

Mortimer, D., and Mortimer, S. T. (2021). Routine application of CASA in human clinical
andrology and ART laboratories. In XIIIth International Symposium on
Spermatology (pp. 183-197). Springer International Publishing.

Mortimer, S. T. (1997). A critical review of the physiological importance and analysis of sperm
movement in mammals. Human Reproduction Update, 3(5): 403-439.

Moscovici, M., Chien, W.-Y., Abdelgawad, M., and Sun, Y. (2010). Electrical power free, low
dead volume, pressure-driven pumping for microfluidic applications. Biomicrofluidics,
4(4): 046501.

Motlagh, M.K.; Sharafi, M.; Zhandi, M.; Mohammadi-Sangcheshmeh, A.; Shakeri, M.;
Soleimani, M.; Zeinoaldini, S. (2014). Antioxidant effect of rosemary (Rosmarinus
officinalis L.) extract in soybean lecithin-based semen extender following freeze—thawing
process of ram sperm. Cryobiology, 69: 217-222.

Mousavi, S.M., Towhidi, A., Zhandi, M., Amoabediny, G., Mohammadi-Sangcheshmeh, A.
and Sharafi, M. (2019). Comparison of two different antioxidants in anano lecithin-based
extender for bull sperm cryopreservation. Anim Reprod Sci. 209:106171.

Moussa, M., Marinet, V., Trimeche, A. and Tainturier, M. D. (2002). Anton, Low density
lipoproteins extracted from hen egg yolk by an easy method: cryoprotective effect on
frozen-thawed bull semen, Theriogenology 57: 1695—-1706.

Muifio-Blanco, T., Pérez-P¢é, R., and Cebrian-Pérez, J. A. (2008). Semen plasma proteins: what
role do they play? American Journal of Reproductive Immunology, 58: 11-22.

Munson, B., Young, D., and Okiishi, T. (2002). Fundamentals of Fluids Mechanics, Edisi 4,
Jhon Wiley & Sons. Inc, New York.

Najafi, A., Zhandi, M., Towhidi, A., Sharafi, M., Sharif, A.A., and Khodaei-Motlagh, M.
(2013). Soybean lecithin-based extender preserves spermatozoa membrane integrity and
fertilizing potential during goat semen cryopreservation. Animal Reproduction Science,
137(1-2): 14-19.

Nasser, G. A., Fath El-Bab, A. M., Abdel-Mawgood, A. L., Mohamed, H., and Saleh, A. M.
(2019). CO2 laser fabrication of PMMA microfluidic double T-junction device with
modified inlet-angle for cost-effective PCR application. Micromachines, 10(10), 678.

Nishijima, K., Kitajima, S., Koshimoto, C., Morimoto, M., Watanabe, T., Fan, J., and Matsuda,
Y. (2015). Motility and fertility of rabbit sperm cryopreserved using soybean lecithin as
an alternative to egg yolk. Theriogenology, 84(7): 1172-1175.

N. R. C. (1985). Nutrition Requirement of Domestic Animals. No.4.Nutrients performance.

Ortega Ferrusola, C., Gonzdlez Ferndndez L., Morrell J. M., Salazar Sandoval C., Macias
Garcia B., Rodriguez-Martinez H., TapiaJ. A. and Pefia F. J. (2009). Lipid peroxidation,
assessed with BODIPY-C11, increases after cryopreservation of stallion
spermatozoa. Theriogenology, 72(4): 590-597.

Assiut J. Agric. Sci. 56 (4) 2025 (36-55) 52



Comparison Between Egg Yolk and...

Paulenz, H., Séderquist, L., Pérez-P¢é, R. and Berg, K.A. (2002;). Effect of different extenders
and storage temperatures on sperm viability of liquid ram semen. Theriogenology, 57:
823-836

Polge, C., Smith, A.U. and Parkes, A.S. (1949). Revival of spermatozoa after vitrification and
dehydration at low temperature. Nature, 164:666-8.

Purdy, P. H., and Graham, J. K. (2004). Effect of adding cholesterol to bull sperm membranes
on sperm capacitation, the acrosome reaction, and fertility. Biology of Reproduction, 71,
522-527.

Raheja, N., Choudhary, S., Grewal, S., Sharma, N., Kumar, N. (2018). A review on semen
extenders and additives used in cattle and buffalo bull semen preservation. J Entomol
Zool Stud. 6:239-45.

Reed, M.L., Ezeh, P.C., Hamic, A., Thompson, D.J. and Caperton, C.L. (2009). Soy lecithin
replaces egg yolk for cryopreservation of human sperm without adversely affecting

postthaw motility, morphology, sperm DNA integrity, or sperm binding to hyaluronate,
Fertil. Steril. 92: 1787-1790.

Rijsselaere, T., Van Soom, A., Maes, D., and de Kruif, A. (2003). Effect of technical settings
on canine semen motility parameters measured by the Hamilton-Thorne
analyzer. Theriogenology, 60(8): 1553-1568.

Roof, D.J., Bowley, S., Price, L.L. and Matsas, D.J. (2012). Comparison of two commercial
extenders for cryopreservation of goat semen without sperm washing, Theriogenology,
77: 412-420.

Ropke, T., Oldenhof, H., Leiding, C., Sieme, H., Bollwein, H., and Wolkers, W. F. (2011).
Liposomes for cryopreservation of bovine sperm. Theriogenology, 76: 1465—-1472.

Salamon, S., and Maxwell, W. M. C. (2000). Storage of ram semen. Animal Reproduction
Science, 62: 77-111.

Salmani, H., Towhidi, A., Zhandi, M., Bahreini, M., Sharafi, M. (2014). In vitro assessment of
soybean lecithin and egg yolk based diluents for cryopreservation of goat semen,
Cryobiology, 68: 276-280.

Salmani, H., Nabi, M.M., Vaseghi-Dodaran, H., Rahman, M.B., Mohammadi-Sangcheshmeh,
A., Shakeri, M., Towhidi, A., Shahneh, A.Z. and Zhandi, M. (2013). Effect of glutathione
in soybean lecithin-based semen extender on goat semen quality after freeze—hawing,
Small Ruminant Res. 123-127.

Salvador, 1., Yaniz, J., Viudes-de-Castro, M. P., Gomez, E. A., and Silvestre, M. A. (2006).
Effect of solid storage on caprine semen conservation at 5°C. Theriogenology, 66: 974-
981.

Schulze, M., Nitsche-Melkus, E., Hensel, B., Jung, M., Jakop, U. (2020). Antibiotics and their
alternatives in artificial breeding in livestock. Anim Reprod Sci. 220:106284.

Shah, R., and Al, L. (1978). Laminar Flow Forced Convection in Ducys. A Sorce Book
Compact Heat Exchanger Analytical Data.

Sharafi, M., Forouzanfar, M., Hosseini, S.M., Hajian, M., Ostadhosseini, S., Hosseini, L.,
Abedi, P., Nili, N., Rahmani, H.R. and Javaheri, A.R. (2009). In vitro comparison of
soybean lecithin based-extender with commercially available extender for Ram semen
cryopreservation, J. Fertil. Steril. 3: 149-152.

Assiut J. Agric. Sci. 56 (4) 2025 (36-55) 53



Al-hajri et al., 2025

Sharafi, M., Zhandi, M., Sharif, A.A. (2015). Supplementation of soybean lecithin-based semen
extender by antioxidants: complementary flowcytometric study on post-thawed ram
spermatozoa, Cell Tissue Bank. 16: 261-269.

Suarez, S.S. (2008). Regulation of sperm storage and movement in the mammalian
oviduct. International Journal of Developmental Biology, 52: 455-462.

Suarez, S.S., and Dai, X. (1992). Hyperactivation enhances mouse sperm capacity for
penetrating viscoelastic media. Biology of Reproduction, 46(4): 686-691.

Suarez, S.S., and Ho, H. C. (2003). Hyperactivated motility in sperm. Reproduction in domestic
animals, 38 (2): 119-124.

Sun, L., Fan, W., Wu, C., Zhang, S., Dai, J., Zhang, D. (2020). Effect of substituting different
concentrations of soybean lecithin and egg yolk in tris-based extender on goat semen
cryopreservation. Cryobiology, 92: 146-150.

Swelum, A. A.-A., Saadeldin, I. M., Alanazi, M. B., Ba-Awadh, H., Afifi, M., and Alowaimer,
A. N. (2018). Effects of adding egg yolks of different avian species to tris glycerol
extender on the post-thawing quality of buck semen. Animal Reproduction Science, 195,
345-354.

Tariq, A., Ahmad, M., Igbal, S., Riaz, M.1., Tahir, M.Z. and Ghafoor, A. (2020). Effect of
carboxylated poly L-lysine as a cryoprotectant on post-thaw quality and in vivo fertility
of nili ravi buffalo (Bubalus Bubalis) bull semen. Theriogenology. 144:8-15.

Ustiiner, B., Algay, S., Nur, Z., Sagirkaya, H., Kemal SOYLU, M. (2014). Effect of egg yolk
and soybean lecithin on tris-based extender in post-thaw ram semen quality and in vitro
fertility, Katkas Univ. Vet. Fak. Derg. 20 (3): 393-398

Ustuner, B.; Alcay, S.; Toker, M.B.; Nur, Z.; Gokce, E.; Sonat, F.A.; Gul, Z.; Duman, M.;
Ceniz, C.; Uslu, A. (2016). Effect of rainbow trout (Oncorhynchus mykiss) seminal
plasma on the post-thaw quality of ram semen cryopreserved in a soybean lecithin-based
or egg yolk-based extender. Anim. Reprod. Sci. 164: 97-104.

Verstegen, J., Iguer-Ouada, M., and Onclin, K. (2002). Computer assisted semen analyzers in
andrology research and veterinary practice. Theriogenology, 57, 149-179.

Vidal, A.H., Batista, A.M., da Silva, E.C.B., Gomes, W.A., Pelinca, M.A. and Silva, S.V.
(2013). Soybean lecithin-based extender as an alternative for goat sperm
cryopreservation, Small Rum. Res. 109: 47-51.

Vishwanath, R. and Shannon, P. (2000). Storage of bovine semen in liquid and frozen state.
Anim Reprod Sci 62:23-53.

Watson, P.F. (2000). The causes of reduced fertility with cryopreserved semen. Animal
Reproduction Science, 60-61: 481-492.

Yeste, M., Rodriguez-Gil, J. E., Bonet, S. (2017). Artificial insemination with frozen-thawed
boar sperm. Molecular Reproduction and Development, 84 (9): 802-813.

Assiut J. Agric. Sci. 56 (4) 2025 (36-55) 54



Comparison Between Egg Yolk and...

ag giall Ul gaall Basa o i) Cilda B Ll Jgb o andy Gl Sl ua o 4G lha

pall ae Al Bagana 5 h Jlaa Si AR de G (25l daaa e A5 jalgd) (dlha gala (3lhaa
25..

& ASand) 55 il g el 3 dalall Rigll!
s e saul oo gl daala (g k) alall IS ¢ e lilaaY) plil] 5 Qi 5 o sl and?
s saul oo gl daala el 0 2K () gaal) LY and3
gadlall

& (%1) bisall Jsd i 5 (%20) Candl Jliaa G 43 )l 4l )2 8 4l jall (e Caagl)
el 38 ja e bl Qlaasy) cilald 5 4 el (g siall B3l 40K 48 jal) e Trjs adda
((VCL) diaidl de ol (PR%) s bl laaiDU doa sall 4y siall Al 1 e g (QunsSl 59 )l))
Lhallde pull (VSL) dusiall bl soall adivsall badll de s ((VAP) ahaddl Ll 4oy Jass sia
Glanil) 23 55 Jana 5 4 giall Al gall dpiaiall A o) e adi wall adll de o a5 (LIN)
(BCF) & siall i) guall

SaanaSl) alasiuly (oLl laasY) g 4y siall i) gaal) S ja il i g Jidad aladin o
AlaAinls & ) JS 0 ye (5 siall Bl paead (5 siall Bl (3835 Ae w3 2Kl aa (CASA)
oaull e aa e (5 gl Tris adda 8 s siall Jiudl a_al_\:u:uésaieischb_m‘ﬁ\ el

JS 4 L sall J8 Caidia s Gl Jlia Chidie (i 4y sina (35 )8 J5a g ade gl < yekil
f ol 4 siall dasill Jia g Ll Y Ll ey IS 5 Cpalal] 4 a5 A0S0 Sl e
Aoyl (A4 gina 83k ) 2 g 4 glall U gaall apdadll il Aoy da i gl g (s lal) laasBl
oanll i Caiday 45 Hlaa b guall 58 caidia 8 4 giall Ol gaaldl chlianill a0 55 Joma g dvisiall
ol A 4y il AU gall apdadll de ) g el Jadl) Ao pr A 4y giaa 330 ) 2 g Sall e
Liseall J6b Chidia 45 )i () jliia

&M\M\}(%QO)M\JM@;L;):;A\Trisg_aésﬁqi‘;;@uma_msj
Gl 5 (5 giall Jilall a4y ol 5 4l 48 jall o agliie il il ad Ty 58 (% 1) Lissall Jsb e
RENCSL PO REE IR

Ja casdal (gl S S L lat 3 sial) (Y1) sl Jsd Cpfla o f oiliil) oda i
Gl ) g A gl s giall JSL Wl AN S el e Lalaal) )
(oS 5 0)
Losall S5 G o and] lia cidie i ikl g pio Silul] rdualidad) CilalS

Assiut J. Agric. Sci. 56 (4) 2025 (36-55) 55



