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Abstract

Introduction: Egg yolk is an economical option for farm animal semen extenders. However, there are some
potential disadvantages and concerns associated with whole egg yolk use as a component in extender media.
Preparation of clarified egg yolk by high-speed centrifugation or probe ultrasonic treatment of egg yolk are novel,
low-cost, fast, safe, and effective method in providing high-quality extenders for semen preservation.
Ultracentrifuge and ultrasonic technology are mechanical methods used for separating and dispersing low-density
lipoproteins (LDL), the primary protective component of egg yolk. Each method has its advantages and
disadvantages, and as with any novel technique, it is essential to thoroughly evaluate and optimize the ultrasonic
technology before using it for extender treatment. Therefore, the purpose of this study was to investigate the effect
of ultracentrifuge and ultrasonic treatment of egg yolk before extender supplementation on the ram semen quality
and fertility outcome after storage at 4°C for 72 hours.

Materials and methods: This study was conducted in a completely randomized block design with three
treatments and six replicates. The treatments included: 1) Whole egg yolk (WEY as control), 2) Clarified egg yolk
(CEY) prepared by high-speed centrifuge at 25000 g for 60 minutes, and 3) Ultrasonicated egg yolk (SEY) with
50% power (500 W) for 10 minutes. In the breeding season, semen samples of three fertility-proven Mehraban
rams (live body weight of 76.37 kg, age of 3-4 years, and BCS of 3.5-4) were collected by artificial vagina once
a week, over six consecutive weeks (as an experimental block). Collected ejaculates were passed the minimum
quality requirements before dilution. Ejaculates of rams in each week were mixed and divided equally into three
parts and diluted up to the concentration of 200x10° spermatozoa/mL and stored at 4°C for 72 hours. Semen
qualitative parameters were evaluated every 24 hours. Sperm viability, membrane integrity, and motility
parameters were determined by eosin-nigrosin staining, the hypo-osmotic swelling test (HOST), and computer-
assisted sperm analysis (CASA), respectively. In addition, a total of 42 non-pregnant Mehraban ewes, aged 2-4
years, with almost the same body weight and score, were used for the detection of fertility performance. The ewes'
estrous cycle was synchronized by flurogestone acetate-loaded sponges and eCG (500 IU), and they were
subjected to laparoscopic artificial insemination (LAI) 54 h after sponge removal, and the semen sample of each
treatment was deposited into the uterine horns bilaterally. The pregnancy rate was detected by ultrasound scanning
on d-45 after LAL

Results and discussion: Semen storage for 72 hours in extenders containing ultrasonic and ultracentrifuged egg
yolk (CEY and SEY treatments) significantly showed higher sperm membrane integrity compared to the WEY
(P<0.05). Total motility in the CEY treatment (P=0.0807) and progressively motile spermatozoa in the SEY
treatment (P=0.0897) tended to increase. Stored semen in the SEY extender showed significantly higher
progressively motile spermatozoa compared to the WEY (control), 24 hours after storage (P<0.05). In addition,
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the amplitude of lateral head displacement (P=0.07) and linearity (P=0.09) tended to increase 24 hours after
storage. The highest level of sperm membrane integrity, 48 hours after storage, and the highest viability and total
motility, 72 hours after storage, were related to the SEY treatment (P<0.05). The progressive motility (P=0.10)
and linear velocity (P=0.07) tended to increase 72 hours after sperm storage in the CEY treatment. Other
parameters, as well as the fertility outcome after laparoscopic artificial insemination, were not affected by the
treatments. Very few studies have been conducted on the storage of ram semen with a diluent containing
ultrasonicated or ultracentrifuged egg yolk at 4°C. Most of the studies reported the effect of a diluent containing
ultrasonicated or ultracentrifuged egg yolk after the freeze-thaw process. Consistent with the findings of this study,
a study showed that total motility, progressive motility, and membrane integrity of sperm after freeze-thawing of
dog sperm in a diluent containing ultrasonicated egg yolk were better preserved than in a diluent containing
ultracentrifuged egg yolk. In contrast, another study showed that sperm motility parameters and membrane
integrity of pig sperm after freeze-thawing were improved only in a diluent containing centrifuged egg yolk, which
is contrary to this finding of this study. Consistent with the findings of this study, it has been shown that freezing
of donkey semen in diluents containing ultrasonicated egg yolk with different ultrasonic intensities and durations
increased total and progressive motility, curvilinear line velocity, average path velocity, and straight-line velocity
after thawing. It could be deduced from our results that during the centrifugation process, some constituents of
egg yolk that could be detrimental to sperm cells were pelleted, leaving only LDL molecules in the extender,
which had good results in the kinematic parameters. Ultrasonic treatment of egg yolk improves the dispersion of
egg yolk components in the extender media, and can improve the extender's ability to protect sperm during chilled
semen storage, resulting in increased sperm survival and viability. The sperm plasma membrane is the structure
that is mainly injured during semen preservation. The storage temperature at 4°C causes the membrane to move
into a gel phase, increasing the loss of lipids that are part of the cell structure, causing a loss in membrane integrity.
The results of the present study revealed that ultrasonic and ultracentrifuge treatment of egg yolk were more
efficient in maintaining the sperm plasma membrane integrity than the whole egg yolk, probably due to higher
surface reactivity and a probable increase in the interaction capacity of egg yolk components due to ultrasonic and
ultracentrifuge treatment. In this study, the fertility outcome was not affected by treatments. The reason for this
could be related to the artificial insemination method and the time of storage of the inseminated semen. The quality
of stored semen decreases over time of storage, but the insemination technique used in this study could compensate
for this decline in sperm quality.

Conclusions: Ultrasonic and ultracentrifugation processing of egg yolk with a change in its functional
characteristics exert a positive effect on membrane integrity and some sperm motility characteristics, and can be
used as a suitable approach to improve sperm preservation for artificial insemination.
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Table 1. Effect of ultrasonic or ultracentrifuge treatment of egg yolk before utilizing in extender on viability, membrane integrity, an
Mehraban ram semen across the time of storage at 4°C for 72 hours'

Viability =~ Membrane Integrity ™ PM VCL VSL VAP STR
Ttem () (%) (%) @) s s s (%)
Treatment
WEY (Control) 72.28 73.17° 68.14 53.42 81.75 29.10 35.26 78.55
CEY 71.57 72.56° 66.44 55.66 85.91 30.50 37.04 78.61
SEY 75.40 76.31* 70.92 56.71 83.78 30.24 36.52 79.07
SEM 1.85 1.803 1.813 1.073 2.131 0.615 0.774 0.601
Time
24 h 74.41 70.28 70.20 58.23¢ 88.26* 31.57¢ 38.13¢% 79.20
48 h 73.19 69.21 69.07 56.37* 84.88% 30.30° 37.99* 78.71
72 h 71.64 65.91 65.62 51.42° 78.30b¢ 28.09% 33.78° 78.50
SEM 1.708 1.674 1.671 1.102 2.280 0.695 0.892 0.561
P-value
Treatment 0.1538 0.0094 0.0807 0.0897 0.6278 0.5160 0.5869 0.7117
Time 0.5838 0.6786 0.2189 0.0003 0.0072 0.0015 0.0013 0.7492
Treatment xXTime 0.9589 0.8218 0.8460 0.1109 0.6726 0.1083 0.3052 0.4077

I'TM: Total motile spermatozoa, PM: Progressively motile spermatozoa, VCL: Curvilinear line velocity, VSL: Straight-line velocit
Straightness, LIN: Linearity, ALH: The amplitude of lateral head displacement, WOB: Wobble, BCF: Beat cross frequency, WEY:
yolk by ultracentrifugation, SEY: Ultrasonicated egg yolk.

*¢Different superscript letters in each column for each item indicated significant differences (£<0.05).
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Table 2. Effect of ultrasonic or ultracentrifuge treatment of egg yolk before utilizing in extender on viability,
membrane integrity, and CASA detected parameters in Mehraban ram semen at different storage times at

4ocl
Item WEY (Control) CEY SEY SEM  P-value
Viability (%)
24 h 74.59 72.94 75.69 2.136  0.6683
48 h 71.12 70.37 73.43 2335  0.6516
72 h 71.09 71.41 77.07 1.767  0.0655
Membrane integrity (%)
24 h 75.13 72.99 75.80 1.102 02193
48 h 71.02° 71.43° 76.90° 1342 0.0197
72 h 73.36 73.26 76.23 1.892  0.4893
Total Motility (%)
24 h 70.86 68.74 71.23 2263 07118
48 h 65.43 64.74 67.55 2.143  0.6405
72 h 68.12° 65.53° 73.99* 1.573  0.0099
Progressive Motility (%)
24 h 55.63° 57.30% 61.90* 1.395  0.0194
48 h 57.13 54.56 56.46 2.011 0.6631
72 h 48.41 54.08 51.76 1.690  0.1055
VCL (um/s)
24 h 87.29 89.94 86.50 3.812  0.7960
48 h 84.58 84.64 84.69 3.670  0.9943
72 h 72.69 82.12 80.14 3.092  0.1219
VSL (um/s)
24 h 30.83 31.68 31.97 1.351 0.8584
48 h 30.91 29.72 30.14 1.050  0.6829
72 h 25.54 30.12 28.61 1.277  0.0779
VAP (um/s)
24 h 37.24 38.29 38.48 1.971 0.8756
48 h 37.47 36.48 36.79 1.358  0.8634
72 h 31.08 35.99 34.29 2.501 0.1105
STR (%)
24 h 78.25 79.11 80.17 0.789  0.2446
48 h 79.69 78.19 78.55 0.895  0.4690
72 h 77.89 79.13 78.49 0.883  0.6200
ALH (pm)
24 h 1.69 1.98 1.77 0.081 0.0718
48 h 1.69 1.75 1.72 0.062  0.8537
72 h 1.48 1.69 1.63 0.065  0.1249
LIN (%)
24 h 34.19 35.00 37.28 0912  0.0902
48 h 36.80 34.38 34.93 1.121 32.81
72 h 34.40 35.20 34.57 1.339  0.9061
BCF (Hrtz)
24 h 15.40 14.43 15.20 0311 0.1180
48 h 15.38 15.14 15.20 0.284  0.7874
72 h 15.02 15.15 15.27 0.191 0.6788

! VAP: Average path velocity, VSL: Straight-line velocity, STR: Straightness, LIN: Linearity, ALH: The amplitude of
lateral head displacement, BCF: Beat cross frequency, WEY: Whole egg yolk as control, CEY: Clarified egg yolk by
ultracentrifugation, SEY: Ultrasonicated egg yolk.

b Different superscript letters in each row for each item indicated significant differences (P<0.05).
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Table 3. Effect of ultrasonic or ultracentrifuge treatment of egg yolk before utilizing in extender on fertility
rate of Mehraban ram semen after storage at 4°C!

Item WEY (Control) CEY SEY P-value
Number of inseminated ewes 12 15 15
Number of pregnant ewes on d-45 6 8 8
Pregnancy rate on d-45 50.00 53.33 53.33 0.9811

'WEY: whole egg yolk considered as control, CEY: Clarified egg yolk by ultracentrifugation, SEY: Ultrasonicated egg
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