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Abstract

The aim of this study was to evaluate the effects of different concentrations of cysteine and tryptophan on individual
motility, dead/alive and sperm abnormalities after diluted and cooled of Awassi ram semen. Ejaculates were collected weekly
using electro-ejaculator from four Awassi rams. Each ejaculate was divided into 5 equal parts and was diluted in a Tris-based
extender, included (control, basic diluents), (basic diluents containing 5 mM cysteine), (basic diluents containing 10 mM
cysteine), (basic diluents containing 5 mM tryptophan) and (basic diluents containing 10 mM tryptophan) diluted and
cooled semen was evaluated for the percentages of sperm individual motility, dead/alive and abnormalities at 0, 24, 48 and
72h. Results show that different concentrations of cysteine added to Awassi ram semen showed a significant decrease (P <
0.05) in individual sperm motility, increases dead, and abnormality compared with control during different storage. While,
during different storage periods, all the quality parameters in diluted semen with concentrations of tryptophan decreased
significantly. In conclusion, the findings of this study show that different cysteine concentrations had not shown the desired
protective effects for 72h on semen parameters of Awassi rams. Nevertheless, some causes may have an effect on the results.
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Introduction

The advantages of artificial insemination (Al) in
animal production are many. The key benefit is really the
transmission of genetic material and the control of
diseases, as a result of which males distinguish superior
genetics (Bailey et al., 2003) to enhance herd productivity
(Mittal et al., 2019). Therefore, for the effective use of
artificial insemination techniques in the sheep, investigation
into methods of dilution of rams semen within the short
time following collection (Salamon and Maxwell, 2000)
to preserve sperm against damage when
cryopreservation (Akcay et al., 2012; Amidi et al., 2016)
reflected in ability to fertility (Ntemka et al., 2018).
Moreover, the importance of extenders in providing the
best possible sperm environment through storage (Paulenz
et al., 2002; Soltanpour and Moghaddam, 2014;
Maksimovic et al., 2018). Other factors are also extended
to support preserved sperm during cooling (Albiaty et
al., 2016; Varisli et al., 2018).

Successful cooled ram semen depends on
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maintaining spermatozoa’s membrane integrity, motility
and fertilizing capacity (Paulenz et al., 2002). The sperm
cells are, however, sensitive to damage by reactive
oxygen species ( ROS) (Ashrafi et al., 2011) As well as
the relatively high level of unsaturated fatty acids in the
sperm membrane phospholipids (Lenzi et al., 2000).
Furthermore, normal cellular metabolism can generate
reactive oxygen species and react with biomolecules such
as protein, lipid, and DNA (Manisha et al., 2017) Leads
to loss of membrane integrity and allows cellular damage
(Jat, 2016). Antioxidants, on the other hand, play an
important role in reducing oxidative damage to sperm
(Agarwal et al., 2005) through motility protection of the
sperm and stability of the membrane (Tvrda et al., 2016)
In processing and storing semen (Tvrda et al., 2018).
Therefore, improve semen during processing and storage
with the use of dilute additions. Cysteine is an important
sulfur source and an essential precursor in the processing
of antioxidant glutathione that protects cells from toxins
such as free radicals (Piste, 2013). Therefore, cysteine
offered substantial support during storage of liquid to the
ram sperm parameters (Gungor et al., 2017) and improved
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post-thaw motility and enhanced buffalo bull semen
membrane and acrosome integrity (El-Sheshtawy et al.,
2008). Tryptophan, on the other hand, is aromatic amino
acid that adds low concentrations (El-Sheshtawy et al.,
2012) therefore the toxicity generally increases with
increasing concentrations (Macmilan et al., 1972). The
main objective of the current study would be to assess
the efficiency of cysteine and tryptophan after dilution
and cooling to protect semen characteristics when applied
to Awassi rams.

Materials and Methods
Animals and semen collection

The present study was conducted at farm and
laboratory belonging to the College of Veterinary
Medicine/ University of Fallujah, during the period from
15% February to April 2019. The rams were fed
concentrated meal supplemented with lucerne hay and
fresh drinking water was provided. Semen samples from
four Awassi rams (3 years of age) were used in the study.
Ejaculates were collected weekly from each ram using
electro- ejaculator. Immediately after collection, the
gjaculate was incubated in a water bath at 37°C, until
microscopic sperm quality assessments were performed
in the laboratory. The semen samples were evaluated
for volume was measured in a conical tube graduated at
0.1 ml intervals, pH measured directly using indicator
papers range 5.6 - 8.0 (Madaus GmbH, Koeln, Germany),
color, mass and individual motility (Soltanpour and
Moghaddam, 2014). The percentage of dead and
abnormal sperm (%) were assessed by means of the
eosin-nigrosin staining, the sperm concentration was
determined by means of a haemocytometer (Salamon
and Maxwell, 1995).

Semen processing

One ejaculate of each ram was divided into 5 equal
parts and were diluted 1:10 fold with a Tris-based extender
according to the concentration (Tris =2.42g, fructose =1g,
citricacid =1.34g, egg yolk =20 ml, glycerol = 6.4, penicillin
(1000 unit/ ml) streptomycin (1000ug/ml) and distilled
water to make the volume 100 ml. Therefore, control
and 4 parts-containing extenders were prepared for
semen dilution. Groups were; (Control, basic diluents),
(basic diluents containing 5 mM Cysteing), (basic diluents
containing 10 mM Cysteine), (basic diluents containing 5
mM Tryptophan) and (basic diluents containing 10 mM
Tryptophan). Then diluted semen cooled gradually by
addition a piece of ice till it reaches 5°C and maintained
at 4°C in a refrigerator. After cooling semen divided into
5 parts and adding to it as in diluted semen. In addition,
semen parameters were measured after cooling at 0, 24,
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48 and 72 h.
Statistical Analysis

Statistical analysis was performed with the SPSS
Statistics 24.0 (2016). Statistical significance was declared
at P<0.05.

Results and Discussion

In the present study, the parameters of fresh Awassi
rams semen summarized in table 1.

Table 1: The parameters of fresh Awassi rams semen used in
the study (Mean + S.E).

Parameters Means* S.E
Volume ml 1.05+0.08
pH 6.80+0.03
Color Creamy
Mass motility % 77.72+1.23
Individual motility % 82.72+1.23
Concentration x 10° 227.72+6.88
Dead sperm % 20+1.20
Abnormaliy sperm % 15.27+1.45

Throughout this study, the effect of different cysteine
and tryptophan concentrations on percentages of
individual motility, dead/live and Awassi ram semen
abnormalities would be studied. With the addition of these
concentrations to the extender, Awassi ram spermatozoa
stored at 4°C for 72h and evaluated the effect of these
concentrations to support sperm viability during cooling
for 72h.

The cooled diluted combined with cysteine (5 and 10
mM) and tryptophan (5 and 10 mM) refers to the different
percentage of individual motility compared to control in
cooled semen (P < 0,05; table 2) during the period 0-24 —
48 and 72h. Adding tryptophan (10Mm) at different
periods revealed a lower percentage of individual motility
compared to other groups. Contrast, cysteine (5Mm) had
a higher percentage of individual motility (P <0.05) relative
to groups (cysteine 10Mm and tryptophan 5 and 10 mM)
at different periods. Changes in the percentage of
individual motility were shown in table 2. comparing similar
findings between cysteine 5 and 10 mM at 72h with
different tryptophan concentrations. However, the
percentage of individual motility at different cysteine and
tryptophan concentrations were lower (P < 0.05) than
control table 2. The biological function of adding amino
acids belonging to different cysteine (non-aromated amino
acids) and tryptophan (aromated amino acids) to semen
extenders affecting the quality of semen (El-Sheshtawy
et al., 2012) on the percentages of individual motility of
Awassi ram semen. Nevertheless, cysteine 5mM has a
major effect on the percentage of individual sperm motility
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during 72 h. These results were in agreement with the
findings of Khalili et al., (2010) and Memon et al., (2011).
Cysteine is an important sulfur source and an essential
precursor in the processing of antioxidant glutathione that
protects cells from toxins such as free radicals (Piste,
2013) to inhibit oxidative stress or decrease cell damage
(Kim et al., 2020). Maia et al., (2010) reported that
antioxidants could use to control oxidative stress on ram
spermatozoa in the cryopreservation process. On the
others hand, Lone et al., (2018) reported that changed
antioxidant and oxidant balance might be responsible for
difference in the quality of semen during various
preservation stages. The addition of cysteine
hydrochloride to the semen extender, however, established
good functional parameters (Perumal et al., 2012) and
increased survival of sperm (Uysal et al., 2007).
Furthermore, progressive sperm motility, viability, and
membrane integrity with reduced sperm / acrosomal
abnormalities were increased (varghese et al., 2015).

The results of the study indicated that, compared to
tryptophan 5 and 10mM, the addition of cysteine 10mM
to extender semen improved individual motility through
72 h. This result was in disagreement with the findings
Khalili et al., (2010). The authors suggested that adding
10 mM of cysteine to the control extender significantly
enhanced sperm motility. On the other hand, for various
storage periods, the concentration of tryptophan 5 and
10mM seemed to be decreased individual motility.
Macmillan et al., (1972) pointed out that aromatic amino

Table 2: Individual motility % of Awassi rams sperm addition with different
concentrations of cysteine and tryptophan for different storage times

at 4°C (mean £ S.E).

6517

acids produced hydrogen peroxide. Bansal and Bilaspuri
(2011) reported that hydrogen peroxide was considered
a non-radicals influencing sperm activities leading toward
motility inhibition. EI-Sheshtawy et al., (2012) reported
that L-tryptophan (0.5 and 5 mM) tends to cause toxic
effects in the female genital tract during the transportation
of sperm that reduces the rate of conception. Moreover,
catalase-tryptophan combination improves semen quality
without improving conception rate (EI-Sheshtawy et al.,
2013). These evidences had been in agreement with our
results with tryptophan 5 and 10 mM that reduces
percentages of individual motility and increases sperm
dead and abnormalities during different storage.

In the present study, the percentage of dead sperm
was higher in tryptophan (10 mM) (P<0.05) at all periods
than in groups table 3. However, the percentage of dead
sperm were lower (P<0.05) in cysteine (5mM) in different
periods. On the other hand, the findings showed the
percentage of dead cysteine sperm (10mM) similar with
cysteine (5mM), roughly. However, the percentage of
dead sperm in tryptophan (5 and 10 mM) has been
increased significantly (P<0.05) compared to cysteine (5
mM). Based on the fact that the percentage of dead
sperm at different cysteine and tryptophan concentrations
was higher (P < 0.05) than in control table 3.

Table 4 showed the effects of different concentrations
of cysteine and tryptophan in the diluent on the percentage
of ram sperm abnormality for periods 0 — 72h.
Nevertheless, in all periods, tryptophan (10 mM) was

higher percentage of sperm abnormality
(P < 0.05) compared to groups. On the
other hand, cysteine (5mM) showed

Groups Oh 24h 48h 72h significantly lower percentage of sperm
Control 80.0+0.95a | 76.36+1.18a | 70.45+1.05a|67.27+1.40a] abnormality (P <0.05) than tryptophan (5
Cysteine | 5mM | 75.90+1.13b | 69.09+2.31b | 62.72+2.17b |57.72+1.70b | and 10mM) at 72h, whereas cysteine
Cysteine |10mM |75.45+1.05bc | 67.72+2.17bc | 59.09+2.11bc| 53.63+2.03b | (10mM) showed comparable findings at
Tryptophan | 5mM |72.72+0.78cd | 63.18+2.16cd | 55.45+2.07c | 47.72+194c | 48 and 72h with cysteine (5mM).
Tryptophan |10mM | 71.81+1.01d | 59.09+1.76d | 48.18+2.45d | 41.36+2.34d | Nevertheless, the percentage of sperm

abnormality in both different cysteine and

The values mean + S.E a, b, c, d different superscripts within the same column

demonstrate significant differences (P < 0.05).

Table 3: Dead % of Awassi rams sperm addition with different concentrations of
cysteine and tryptophan for different storage times at 4°C (mean * S.E).

tryptophan concentrations were higher (P
< 0.05) than control table 4.

Our results indicated that adding

The values mean + S.E a, b, ¢, d different superscripts within the same column

demonstrate significant differences (P < 0.05).

different cysteine and tryptophan

Groups Oh 24h 48h 72h . e
Control 2054+0980 | 24.45+1.31d | 28.81x1.45d | 3281x150d| concentrations that decreased leading in
Cysteine | 5mM | 23.90+159ab | 29.90+186¢ | 34.63+172¢ | 40.72+207¢| individual motility, increases sperm dead
Cysteine | 10mM | 23.72+1.07ab | 20.90+1.16¢ | 37.45+1.44bc|42.90+161bc| and abnormalities in different storage
Tryptophan | 5mM | 26.27+139% | 35.18+1.400 | 41.27+103b | 46.09+099p| compared to the findings El-Sheshtawy
Tryptophan |10mM | 2645+142a | 4027+189% | 49.81+245a | 5581+206a| et al-, (2012); El-Sheshtawy et al.,

(2013).
It appears that different cysteine
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Table 4: Abnormalities % of Awassi rams sperm addition with different
concentrations of cysteine and tryptophan for different storage times
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Ramukhithi et al., (2011) reported that
after freezing and thawing, South African

at 4°C (mean £ S.E).

indigenous goat fresh semen collected with

Groups Oh 24h 48h 72h electro-ejaculator had an effect on semen
Control 17.27+1.42b | 20.63+1.29c | 25.72+1.10c | 29.81+1.82d | pH towards acidic effect that affected
Cysteine | 5mM |[20.18+1.45ab | 27.18+2.38b | 33.36+2.39b | 38.00+2.10c | sperm motility. Our results, however,
Cysteine |10mM |20.00+1.15ab | 28.09+1.92b | 37.18+2.05b |41.45+2.30bc| showed semen pH to be 6.8 and not altered
Tryptophan | 5mM | 22.36+1.23a | 31.90+1.70ab | 39.63+1.76b | 45.63+1.79b | in the current study. Therefore, suggest
Tryptophan {10mM | 2254+1.37a | 36.72+1.81a | 47.27+2.88a | 53.45+2.59a | excluding the factor. Shannon and Curson,

The values mean+ S.E a, b, c, d different superscripts within the same column

demonstrate significant differences (P < 0.05).
concentrations had not shown the desired protective
effects for 72h on semen parameters of Awassi rams.
Nevertheless, some causes may have an effect on results.
Several studies revealed that cysteine had a negative
effect on vital sperm. Chatiza et al., (2018) observed
that cysteine supplementation was unsuccessful at 17°C
to focus on improving semen liquid preservation longevity
and survivability. Severo et al., (2011) reported that
increased percentage of estrus returns due to cysteine
affect the viability of the sperm. Pinto et al., (2017)
reported that the addition of n-acetylcysteine did not
enhance the parameters of sperm motility at any of the
time points or dosages tested. Consequently, storage of
bull epididymis up to 96 hours did not significantly affect
parameters of sperm. On the other hand, Pilane et al.,
(2019) pointed out that unimproved South African buck
semen exhibits robust resistance to influences of ROS
on sperm parameters.

Previous studies have found that indicated variations
in sperm characteristics between artificial vagina (AV)
and electro ejaculator (EE) collected ejaculates, leading
more successful results when using AV. Bopape et al.,
(2015) who found that positive results semen parameters
when collecting AV semen compared to EE. Jiménez-
Rabadan et al., (2012) observed that following
cryopreservation, sperm quality is higher when AV obtains
ejaculates. Marco-Jimenez et al., (2008) reported that
gjaculates obtained with EE alter the sodium
concentration, change two protein concentrations and
induce one protein loss in seminal plasma. Matthews et
al., (2003) reported that there have been no differences
in the sperm morphology between the two methods of
collecting semen. (Malejane et al., 2014) reported that
the AV collection method produced better overall quality
semen than the EE collection method. However, these
study results are consistent with findings that
demonstrated the effect of EE technique on semen
parameters when cysteine would be add to the extender
compared with the control.

Based on the results obtained from this study

(1981) reported that the percentage of dead
spermatozoa between bulls had variations.
The parameters of fresh Awassi rams semen were within
natural range in the present study, and the difference
between the rams seemed to be limited. However, the
percentage of dead sperm increased with different
cysteine and tryptophan concentrations compared with
control during periods 0 -72h.

Conclusion

It can be concluded that the findings of this study
show that different cysteine concentrations had not shown
the desired protective effects for 72h on semen
parameters of Awassi rams.

Nevertheless, some causes may have an effect on
the results.

References

Agarwal, A., S.A. Prabakaran and T.M. Said (2005). Prevention
of oxidative stress injury to sperm. J. Androl., 26(6): 654-
660.

Akcay, E., R. Kulaksyz, A. Daskin, C. Cebiand K. Tekin (2012).
The effect of different dilution rates on post- thaw quality
of ram semen frozen in two different egg yolk free extenders.
Slov Vet Res., 49(2): 97-102.

Albiaty, N.M.H., H.J.K. Alobaidi, A.F. Kareem, A.M. Al-Hakim,
A.Y. Alnaeb and A.A.H. Alkhazraji (2016). Effect of
extenders and preservation periods in some semen
characteristics of Awassi rams. World. J. Pharm. Res., 5(2):
234-243.

Amidi, F.,, A. Pazhohan, M.S. Nashtaei, M. Khodarahmian and
S. Nekoonam (2016). The role of antioxidants in sperm
freezing. Cell Tissue Bank, 17(2): 4-15.

Ashrafi, I., H. Kohram, H. Naijian, M. Bahreini and M.
Poorhamdollah (2011). Protective effect of melatonin on
sperm motility parameters on liquid storage of ram semen
at5°C. Afr. J. Biotechnol., 10(34): 6670-6674.

Bailey, J., A. Morrier and N. Cormier (2003). Semen
cryopreservation: Successes and persistent problems in
farm species. Can. J. Anim. Sci., 83(3): 393-401.

Bansal, A.K. and G.S. Bilaspuri (2011). Impacts of oxidative
stress and antioxidants on semen functions. Vet Med Inter.,
ID686137: 1-7.



Effect of addition of cysteine and tryptophan to diluted and cooled semen of awassi rams

Bopape, M.A., K.C. Lehloenya, T.C. Chokoe and T.L.
Nedambale (2015). Comparison of electro ejaculator and
artificial vagina on semen collection from South African
indigenous goat following assessment by computer aided
sperm analysis. Open J. Anim Sci., 5: 210-218.

Chatiza, F., PW. Mokwena, T.L. Nedambale and C. Pilane (2018).
Effect of antioxidants (taurine, cysteine, a-tocopherol) on
liquid preserved Kolbroek boar semen characteristics. Afr.
J. Biotechnol., 17(4): 65-72.

El-Sheshtawy, R.1., GA. EI-Sisy and W.S. El-Nattat (2008). Use
of selected amino acids to improve buffalo bull semen
cryopreservation. Global Veterinaria, 2(4): 146-150.

El-Sheshtawy, R.1., W.S. El-Nattat, H.A. Sabra and A.H. Ali
(2012). Cryopreservation of extended bull semen using
aromated and non-aromated amino acids with emphasis
on conception rate. Global Veterinaria, 9(5): 508-511.

El-sheshtawy, R.1., W.S. EI-Nattat and H.A. Sabra (2013). Effect
of addition of catalase with or without L-tryptophan on
cryopreservation of bull extended semen and conception
rate. Global \eterinaria, 1(3): 280-284.

Gungor, S., C. Ozturk and A.D. Omur (2017). Positive effects of
trehalose and cysteine on ram sperm parameters. Vet
Medicina, 62(05): 245-252.

Jat, D. (2016). Mechanism of action of antioxidants against free
radical mediated damage to biomolecules. M.B. J. Sci.,
60(1): 6-8.

Jiménez-Rabadan, P., M. Ramon, O. Garcia-Alvarez, A. Maroto-
Morales, E. del Olmo, M.D. Pérez-Guzmén, A. Bisbal, M.R.
Fernandez-Santos, J.J. Garde and A.J. Soler (2012). Effect
of semen collection method (artificial vagina vs. electro
ejaculation), extender and centrifugation on post-thaw
sperm quality of Blanca-Celtibérica buck ejaculates. Anim.
Reprod. Sci., 132(1-2): 88-95.

Khalili, B., M. Jafaroghli, A. Farshad and M. Paresh-Khiavi
(2010). The effects of different concentrations of glycine
and cysteine on the freezability of moghani ram
spermatozoa. Asian-Aust. J. Anim. Sci., 23(3): 318-325.

Kim, J.H., H.J. Jang, W.Y. Cho, S.J. Yeon and C.H. Lee (2020). In
vitro antioxidant actions of sulfur-containing amino acids.
Arabian J. Chem., 13: 1678-1684.

Lenzi, A., L. Gandini, M. Picardo, F. Tramer, G. Sandri and E.
Panfili (2000). Lipoperoxidation damage of spermatozoa
polyunsaturated fatty acids (PUFA): scanvenger
mechanisms and possible scavenger therapies. Front in
Biosci., 5: 1-15.

Lone, S.A., J.K. Prasad, S.K. Ghosh, GK. Das, B. Balamurugan
and M.R. Verma (2018). Study on correlation of sperm
quality parameters with antioxidant and oxidant status of
buffalo bull semen during various stages of
cryopreservation. Andrologia., €12970: 1-8.

Macmillan, K.L., J.L. Tiku and N.L. Hart (1972). Toxic effects
aromatic amino acids on the livability of bull spermatozoa.
Aust. J. biol. Sci., 25: 1039-45.

6519

Maia, M.D.S., S.D. Bicudo, C.C. Sicherle, L. Rodelloand I.C.S.
Gallego (2010). Lipid peroxidation and generation of
hydrogen peroxide in frozen-thawed ram semen
cryopreserved in extenders with antioxidants. Anim.
Reprod Sci., 122: 118-123.

Maksimovic, N., A. Milovanovic, T. Barna, V. Caro Petrovic, V.
Pantelic, M. Lazarevic and I. Stojanov (2018). Short-term
liquid storage of ram semen in various extenders. Afr. J.
Anim. Sci., 48(4): 717-723.

Malejane, C.M., J.P.C. Greyling and M.B. Raito (2014). Seasonal

variation in semen quality of Dorper rams using different
collection techniques. S. Afr. J. Anim. Sci., 44(1): 26-32.

Manisha, N., W. Hasan, R. Rajak and D. Jat (2017). Oxidative
stress and antioxidants. IJARR., 2(9): 110-119.

Marco-Jime'nez, F., J.S. Vicente and M.P. Viudes-de-Castro
(2008). Seminal plasma composition from ejaculates
collected by artificial vagina and electro ejaculation in
guirra ram. Reprod. Dom. Anim., 43: 403- 408.

Matthews, N., N. Bester and L.M.J. Schwalbach (2003). A
comparison of ram semen collected by artificial vagina
and electro-ejaculation. Sa-Anim Sci., 4: 28-30.

Memon, A.A., H. Wahid, Y. Rosnina, Y.M. Goh, M.b. Ebrahimi,
F.M. Nadia and G. Audrey (2011). Effect of hypotaurine
and cysteine on sperm cytological parameters of cooled
and post thaw boer goat semen. Elixir Semen Dilu. and
Freez., 38: 4100-4104.

Mittal, P.K., A.K. Madan, V. Sharma, GS. Gottam and B. Gupta
(2019). Cryopreservation of buffalo bull semen- restriction
and expectation. Int. J. Curr. Microbiol. App. Sci., 8(1):
1351-1368.

Ntemka, A., I.A. Tsakmakidis, E. Kiossis, A. Milovanovic and
C.M. Boscos (2018). Current status and advances in ram
semen cryopreservation. J. Hellenic Vet Med Soc., 69(2):
911-924.

Paulenz, H., L. Soderquist, R. Perez-pe and K.A. Berg (2002).
Effect of different extenders and storage temperatures on
sperm viability of liquid ram semen. Theriogenology, 57:
823-836.

Perumal, P., S. Selvaraju, A.K. Barik, D.N. Mohanty, S. Das, P.C.
Mishraand M. Veeraselvam (2012). Cysteine hydrochloride
on post-thawed seminal characters of jersey crossbred
bull. 1. J.B.S.M., 3(2): 232-235.

Pilane, C.M., M.A. Bopape, B. Ntombizodwa and M.H. Mapeka
(2019). Buck semen does not easily succumb to oxidative
stress. Open J. Anim. Sci., 9: 65-75.

Pinto, E.M., L. Gonzélez-Fernandez, N.H. Rollan, C.T. Vega, V.
Calle-Guisado, J.M. Gordin, F.M.S. Margallo, I.S.A. Miguel
and B. Macias-Garcia (2017). N-acetyl cysteine does not
improve sperm motility of lidia bull after prolonged
epididymal storage. J. VET and ANDRO, 2(1): 23-29.

Piste, P. (2013). Cysteine —master antioxidant. IJPCBS, 3(1):
143-149.



6520

Ramukhithi, F.V., T.L. Nedambale, B. Sutherland and K.C.
Lehloenya (2011). Cryopreservation of South African
indigenous goat semen. Afr. J. Biotechnol., 10(77): 17898-
17902.

Salamon, S. and W.M.C. Maxwell (1995). Frozen storage of ram
semen Il. Causes of low fertility after cervical insemination
and methods of improvement. Anim. Reprod Sci., 38: 1-
36.

Salamon, S. and W.M.C. Maxwell (2000). Storage of ram semen.
Anim. Reprod Sci., 62: 77-111.

Severo, C.K., GR. Pereira, A.M. Pereira, GF. llha, J.F.C. de
Oliveira, M. Soares, R.P. de Arruda and P.B.D. Goncalves
(2011). Cysteine addition on short-term cooled boar semen
preservation and its relationship with swine field fertility.
Pesq. \et. Bras., 31(Supl.1): 25-32.

Shannon, P. and B. Curson (1981). Site of aromatic L-amino
acid oxidase in dead bovine spermatozoa and determination
of between-bull differences in the percentage of dead
spermatozoa by oxidase activity. J. Reprod. Fert., 64: 469-
473.

Soltanpour, F. and G. Moghaddam (2014). Effect of diluents on
storage of ram semen. J. Agri-Food and Appl. Sci., 2(6):

Maad H. Al-Ameri et al.

179-183.

SPSS (2016). Statistical Packages of Social Sciences. Version
24.

Tvrda, E., A. Mackovich, H. Hana Greifovaand N. Lukac (2016).
Lycopene offers protection against oxidative damage in
frozen-thawn bovine semen. Anim. Sci. and Biotech.,49(1):
115-118.

Tvrda, E., H. Greifova, A. Mackovich, F. Hashim and N. Lukac
(2018). Curcumin offers antioxidant protection to
cryopreserved bovine semen. Czech J. Anim. Sci., 63(7):
247-255.

Uysal, O., M.N. Bucak, I. Yavas and O. Varish (2007). Effect of
various antioxidants on the quality of frozen-thawed bull
semen. JAVA, 6(12): 1362-1366.

Varghese, O., A.J. Dhami, K.K. Hadiya, J.A. Patel and S.C.
Parmar (2015). Role of antioxidants cysteine and taurine in
tris egg yolk based extender for cryoprseseration of surti
buffalo semen. Indian J. Anim. Sci., 36(2): 39-45.

Varisli, O., A Taskin and N. Akyol (2018). Effects of different

extenders and additives on liquid storage of Awassi ram
semen. Turk. J. Vet. Anim. Sci., 42: 230-242.



