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ABSTRACT

This study was investigated the relationship between Holstein bulls' fertility with some biomarkers
(amino« fattyc and organic acids) and semen characteristics. The study included exploring the
relationship among the fertility of Holstein bulls< several biomarkers< and semen characteristics in
straws (20-25 straws/bull) preserved for three years. The cows were artificially inseminated (9-10
cows/bull) from semen. Based on the fertility rate« the bulls were divided into three groups« the first
bulls of medium fertility (<65%)« the second of good fertility (65-79%)¢ and the third of high fertility
(>80%). The semen characteristics were evaluated« and the concentration of some amino acids and
organic fatty acids was measured in the seminal plasma of bulls using gas chromatography and HPLC.
The results revealed significant differences in the fertility rate among the different groups of bulls in
favor of the highly fertile bulls. The results did not show any differences in most of the characteristics
of the semenc« except for a significant increase in the percentage of live sperm in good bulls compared
to highly fertile ones. There were no significant differences for all the concentrations of carboxylic and
most amino and fatty acids concentrations« except for an increase in the concentration of glycine acid
(P<0.05) and a decrease in the concentration of omega 9 (P<0.05) in the highly fertile bulls compared
to the medium fertile ones. In conclusion« glycine and omega-9 in the seminal plasma of bulls can be
regarded as biomarkers of their fertility and the level of carboxylic acids (volatile fatty acids) can be
adopted as an indicator of semen quality or energy level in the diet

Keywords: Conception rate« sperm« seminal plasma attributesc amino acid« carboxylic acids.

e g g sl 216-206:(0ak5 352)55:-2024 4 al) ds) )3 a slal) Alaa
Agpadl AA i s al gsial) Jilud) cliiag dayliall agall
e 534 Sl @l G Jaan 49550
..At\u\ u.uJA.A

8y dsala [ Ao li3l) daaigh agle 44l

oaldiual)
(Appuandly dinally Apiaal) (alaall) dypall cilydipall (s aa cpliddsed) il Lgad Gn 4B Gly Ciagy duhall sda eyl
Cliag 4y SIS gl clpdiall G sy Galidlsgd) Ol Appad G AB) Al Aupall il | gsiall Jilud) ciliag
8 10-9) Lellal JaN) mdli o . Clgha EB Sad (Ugh [ dsad 25-20) wanilly Aighaal) ciluall) A 5giall Jilul
(% 65 oo JB) dysaid) dacgia clpd oY) capalae A3 ) il Crand dypeadl) dpud uld Ao gsiall Jilaad) (e (s
Al cbgl) (B ol LaS ¢ gpiall Jiluadl cliua anl a3 (% 80 (s (o)) Lisuadd) Al AU (%79-65) dusadd bas Lol
\HPLC s Gas chromatography 48k ¢l 4giall Ll A dygdaal) Aaally Lised) Galaal) Gamy 385 uld
) s aly Aigaadd) Adladl ol pllaal ABKAAN Gl asalaa (o Aagadd) Apad B Agina (398 929 Ll ekl
Allally A5jla Baadl Gl ol Lsiee dad) Cilalll dgiad) Al Saly) pliialy godal) Jilud) clia alina b 3908 3sag
3eS55 3L o Uy Aiaally Aua¥) (alaal) 5uS)i alinag Agguanl) alea¥) JSL5 asent dugina (398 dllla oS aly JAgsadl)
Agpadl) Angial) g Ajlie Lgaadl) Adlad) Gl a1 (P<0.05) 9 \Ssag¥) 385 (alidlly (P<0.05) CaadlS aasla
Clar LS gguadd pday) JIVS AL Agial) L) (B 9 Lisag¥ly GaeedlSH Asal) paalal) slaie) AlSaly 7 L) ¢Say
Al B 48Ul (g gina o) (g siall Jilal) Ao gl suigas (5dal) Apiaal) GalanYl) Ayl g Sl (alasd) (g giuna laic)
ggiall L) cilbag cili (A€ galS Galaaly Al Galaa) cJead) daad dalidal) clalsl)

Received: 6/11/2022, Accepted:8/2/2023

206


mailto:fowzeia.jameel@atu.edu.iq
mailto:sajeda.mahdi@coagri.uobaghdad.edu.iq

Iragi Journal of Agricultural Sciences —2024:55(Special Issue):206-216

AL-Gebouri & Eidan

INTRODUCTION

The bull's fertility is critical in cows’ artificial
or natural insemination. Its economic
importance within sustainable development
systems (12¢ 18¢ 26¢ 27¢ 45). The bull's
fertility is related to producing sperm and
fertilizing the egg. Artificial insemination (Al)
technology has become principal and
commercially available for cow breeders
through its efficient use of genetically superior
bulls¢ genetic factors improvement< and
productive cows' characteristics. The success
of Al technology depends on the quality of
fresh semen and the ability to dilute and
maintain its good quality post-
cryopreservation and thawing. (220 24
32¢33¢35). Moreover« success also depends
on the sperm freeze ability and enhancing the
cow's pregnancy rate consequently (20¢ 21«
24¢ 29). Male and female fertility is affected
by many factors like management: feedings
season« disease« stress¢ age¢ genetics¢ and
hormones (7¢ 8¢ 9¢ 22¢ 23¢ 43¢ 44). The use of
sperms originating from low-fertility bulls
caused a great economic loss (36). So« the
main objective of semen evaluation is to
predict the bull's fertile ability by finding
correlation coefficients between semen quality
and fertility (18¢36). The classical methods of
evaluating semen for predicting bull fertility
are still inaccurate. Some bulls produce high-
quality sperm but are infertile. Genes:
reproduction factors« proteins¢ and metabolites
are factors that influence bull fertility
(18¢23¢35¢45¢46). The seminal plasma
contains proteins« steroid hormones« ions¢< and
metabolites. Amino« fatty« carboxylic acids:
monosaccharides« nucleotides¢ and minerals
are regarded as metabolites (6¢ 15¢ 21).
Metabolites are the end products of metabolic
pathways. Metabolites play a crucial role in
regulating sperm metabolic activities and their
physiology. Fatty acids provide energy and
maintain sperm membrane integrity« fluidity«
and permeability under freezing conditions.
Fatty acids are associated with the membrane's
phospholipid bilayer (32). Sperm can benefit
from the fatty acids in the surrounding media
to maintain integrity« viabilityc and membrane
effectiveness. Seminal plasma fatty acids
predict to cryopreserve ability in males and
bulls (21¢ 34). Semen amino acids have
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antioxidant properties and protect against
sperm freezing. Recentlyc 63 metabolized
compounds¢ including 21 amino acids¢< were
identified in the seminal plasma of high- and
low-fertility bulls (48). Ugur et al. (47) and
Abdulkareem et al. (6) indicated that there is a
relationship between the concentration of
amino acids in seminal plasma and the
different sperm-freezing abilities of Holstein
bulls. The semen carboxylic acids are a source
of sperm energy. Menezes et al. (37) showed
small quantities of acetic< benzoic« carbonate«
and 2-keto butyric carboxylic acids in the bull
semen« but Kumar et al. (30) reported that
citrate has a high relationship with increasing
the fertility of bulls. Velho et al. (48) showed
that lactic and citric acids are among the five
most abundant metabolites in the seminal
plasma of bulls. Citric acid is a bull fertility
indicator because of its effect on transport:
acrosomal reactions« and fertilization. Also« it
serves as an energy source and pH regulator by
binding or chelating calcium¢ zinc¢ and
magnesium ions. Meneze et al. (37) found that
the percentage of carboxylic acids was 9.1% of
the total metabolites. Klein et al. (28) showed
that the seminal plasma of bulls contained
17% carboxylic acids. Because of their
positive effects on sperm cryopreservation
resistance« measuring metabolic markers in
seminal plasma has become a quick guide for
identifying fertile or infertile males (6:21).
Previous studies did not investigate the
relationship of these biomarkers with different
types of bull fertility. Limited studies
investigated the relationship of these markers
with high and low-bulls fertility without
addressing medium and good fertility.
Therefore« this experiment was conducted to
study the relationship of several fatty< amino«
and carboxylic acids as metabolite markers
and post-cryopreservation semen
characteristics in Holstein bulls’ seminal
plasma with high¢ good« and medium fertility
percentages.

MATERIALS AND METHODS
Experimental design

The study was carried out at the Artificial
Insemination Department belonging to the
Directorate of Animal Resource« Ministry of
Agriculture. Twenty-one Holstein bulls of 2-7
years old and 538-750 kg body weight were
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used currently. All Holstein bulls were

healthy« disease-free« and under constant
veterinary  supervision. All  bulls were
allocated on a standardized dietc as a

concentrate ration (protein18% and 2146 kcal)
was provided daily at a rate of 4-6 kg/bull.
Roughage consisted of alfalfa hay (7-9
kg/bull/day) besides green forage (50-60
kg/bull/day). Fresh water and salt blocks were
available ad libitum to the bulls. Ten
multiparous crossbred Holstein cows (with
body condition scores between 2.75 and 3)
were artificially inseminated by each bull with
cryopreserved semen. Cows were selected:
followed by checking the uterus and ovaries
before insemination. Pregnancy was confirmed
by rectal palpation at 60—-65 and 85-90 days
post-insemination. The semen straws that
cryopreserved for three years were divided
into three groups according to the bull’s
fertility: medium fertility (< 65%¢ MF¢ n=6)«
the second of good fertility (65-79%:¢ GF«
n=7)¢< and the third of high fertility (>80%:¢
HF< N=9).

Semen characteristics

Semen straws were thawed in a water bath
(37°C for 30 seconds). Semen characteristics
were evaluated after thawing (sperm’s cell

individual motilityc live sperm¢< abnormal
sperm¢« sperm’s plasma membrane and
acrosome integrityc DNA damage). The

seminal plasma was separated from straw
semen by centrifugation(3000 rpm for 20
min.) for total antioxidant capacity:
malondialdehyde concentration< and aminos
fatty< and carboxylic acid determinations.
Determination of amino« fattyc and
carboxylic acids concentrations: Some
amino acids concentration (alanine« glycines
leucine« serine« proline« asparagine« aspartic«
methionine« glutamic:« tryptophan«< and lysine)
in the seminal plasma were estimated using
high-performance  liquid  chromatography
The fat seminal plasma extraction
was calculated using the AOAC method (13).
Some fatty acid and carboxylic acid
concentrations (acetice butyrice propanoic«
palmitice oleice linoleic¢ stearice linolenic:
arachidic< myristice rvonic¢ cisdocosadienoic«
tricosanoic« erucic< undecanoic) in seminal
plasma  were  estimated using  gas
chromography (GC-2010¢ 17)..
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Statistical analyses.

Statistical computations were carried out using
the General Linear Model procedure in the
SAS program¢ using CRD to examine the
influence of sperm fertility on semen
characteristics and some amino« fatty< and
carboxylic acid concentrations in seminal
plasma. The statistical model for the analysis
of variance was as follows:

Yij= U+ Gj + g
Where:
Yij = dependent variable  (semen

characteristics)

p= Overall mean

G= Effect of sperm fertility (MF< GF« and HF
groups).

RESULTS AND DISCUSSION

Semen characteristics

Non-significant differences were observed
among the three groups in sperm cell
individual motility« freezability« total sperm
abnormalities¢ acrosome:« plasma membrane
integrity« total antioxidant capacityc DNA
damage« and malondialdehyde concentration
(Table 1). The HF group exhibited higher
(P<0.01) fertility rates than MF and GF groups
(Table 1).

Amino acids

There were no significant differences in most
amino acid concentrations among the three
groups (Table 2). The HF group recorded a
higher glycine concentration (P< 0.05) than
the MF group (Table 2).

Fatty and carboxylic acids

There were no significant differences in most
fatty acid and all carboxylic acid
concentrations among the three groups (Table
3). The HF (28.86+0.12%) and GF
(28.73£0.09%) groups recorded a lesser
(P<0.05) omega 9 concentration than the MF
group (29.33+0.22%; Table3). The differences
among the three groups in semen
characteristics lacked significance (Table 1).
These results are anticipated due to the higher
sperm cell individual motility (>50%)¢ live
sperm (>80%)¢« and lower abnormalities
(<20%) of fresh and cryopreserved semen
produced at the artificial insemination
department. When assessed at 48 hours’ post-
cryopreservation« all semen samples will reject
if the sperm cell individual motility is <40%:¢
live sperm is <70%¢ and total abnormalities
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are >20%. High-fertile bulls (HF) had the
lowest decrease in their progressive motility at
post-cryopreservation (higher freezability) as
compared with fresh semen (13.99%). The
values for individual progressive motility
decreases for medium and good fertility are
17.45% and 16.66%:- respectively. The semen
cryopreservation processes are characterized
by changes in osmotic pressure« ice granule

formation: reactive oxygen species
production« acrosome damage« DNA damage:«
and mitochondrial function damage. Mostek et
al. (40) reported that fresh semen with high
sperm progressive motility is more sensitive to
cryopreservation due to adding carbonylated
proteins (an irreversible oxidation process) in
semen which is associated with energy
metabolism and regulation of the sperm tail.

Tablel.Effect some semen characteristics and biochemistry on Holstein bull sperm fertility

(Mean + SE).
Bulls Fertility Level
Traits Medium Good fertility High fertility of sig.
fertility(<65%)  (65-79%) (>80%)
Sperm individual motility 61.43t1.43a 60.00 + 1.29a 58.13+0.91a NS
(Fresh)
Post-cryopreservation
Sperm individual motility 50.71+0.71a 50.00 £ 1.29a 50.00 £ 0.94a NS
(%)
Freezability 82.77+1.82a 83.42+2.02a 86.17+2.10a NS
Live sperm (%) 75.43+£0.75ab  77.50 £ 0.67a 74.50+ 0.82b P<0.05
Total sperm abnormalities 18.43+0.99a 18.16+1.25a 17.13+0.91a NS
(%)
Acrosome integrity (%) 86.14 £ 1.16a 85.50 £ 0.56a 85.25+0.77a NS
Plasma membrane 87.57+ 0.84a 85.33+0.71a 85.25 +1.11a NS
integrity (%)
DNA damage (%) 7.82 £0.95a 8.53+£0.93a 8.39 +0.66a NS
Total antioxidants capacity 41.65+11.16a  46.86+ 8.58a 75.93+ 1.10a NS
(Hg/d)
Fertility rate (%) 58.62+2.75¢ 74.72£1.11b 94.16£3.01a P<0.01

Means with small superscripts within each row indicated significant differences among fertility group< NS: Non-

significante MDA: Malondialdehyde:- sig.: significance.
The source of the carbonyl group is the
oxidation of the unsaturated fatty acid process
in sperm and seminal plasma. Carbonyl
oxidation affects the fertility rate. The slightly
increased freezability in the high-fertile bull
group may be due to a significant increase in
the concentration of glycine and the numerical
of glutamic¢ alanine« and leucine (Table 2).
Glutamine and glycerol work synergistically to
protect sperm from the harmful effects of
freezing. Argov-Argaman et al. (14) indicated
that the deterioration of individual motility of
bulls' sperm is due to a significant increase in
the concentration of polyunsaturated and
monounsaturated fatty acids in semen. The
slightly increased freezability in the third
group may be due to having a significantly
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lower concentration of omega-9 compared to
the first group (Table 3). The efficiency of
fertility assessment and semen
cryopreservation depends on the better
evaluation of the quality of both fresh and
frozen semen« in addition¢ to detect of other
components like proteins< minerals¢ fatty and
amino acids (6:21¢42). The fertility rate is
affected by several factors« including nutrition:
environmental conditions« heredity« hormones«
stress¢ reproductive organ efficiency« health
and body condition score« semen quality« and
sexual receptivity (23¢45¢46). The fertility rate
of Holstein bulls for the artificial insemination
center was 75.17 percent (58.62-94.16%) in
our current studies.
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Table 2. Effect of Holstein bull fertility in some of semen amino acid concentration (Mean + SE).

Amino acids (ppm) Fertility Level of
Medium (MF) Good F(GF) High F(HF) sign.
Total amino acid 2388.17+87.86a 2475.75+166.7a 2648.3+144.17a NS
concentration

Essential amino acid 1157.49+40.91a 1186 68+68.28a 1273.63+£60.22a NS
Non-essential amino acid 1230.69+47.92a 1289.07+98.71a 1374.76+£84.55a NS
Alanine 128.37+ 8.01a 127.80+ 18.90a 149.08+ 12.3a NS

Glycine 115.87+ 7.58b 132.37+12.24ab 147.93+ 10.4a P<0.05
Valine 137.21+ 6.55a 213.88+ 17.81a 161.49+ 10.39a NS
Leucine 202.83+17.08a 152,73+ 11.73a 216.26+ 21.26a NS
Serine 149.16+ 7.165a 166.15+ 10.77a 170.66+ 10.32a NS
Proline 190.22+ 10.55a 189.53+ 21.33a 202.69+ 14.90a NS
Asparagine 205.06+ 8.44a 195.23 + 14.60a 208.89 + 18.54a NS
Aspartic acid 245.09+ 8.01a 276.03+ 14.60a 275.29+ 12.28a NS
Methionine 194.80+ 19.69a 194.80+ 20.97a 219.3+ 14.86a NS
Glutamic acid 196.91+ 10.27a 201.95+ 16.15a 219.96+ 12.52a NS
Tryptophan 215.44+ 5.63a 217.30+ 11.90a 231.80+ 9.26a NS
Phenylalanine 209.9+ 6.66a 212.02+ 13.53a 233.8+ 9.65a NS
Lysine 197.27+ 4.15a 197.37+£ 8.21a 210.93+9.72a NS

Means with small superscripts within each row indicated significant differences among fertility group< NS: Non-

significant. sig.: significance.

Our fertility rate results for bulls were
comparable to the previous study. Eidan (18)
exhibited a 75-80% fertility rate for artificially
inseminating cows with Holstein bull straw.
Accurate selection of semen quality for
cryopreservation in the artificial insemination
center with an increased concentration of
sperm in straw (15 million sperm per straw)
led to an increase in pregnancy or fertility rates
for cows inseminated by these straws. The
differences in fertility among the three bull
groups could attribute to the rich metabolites

(amino¢ fatty< and carboxylic acids) and
antioxidants in the semen of highly fertile
bulls. These metabolites provide protection
and nutrients to sperms during
cryopreservation« thawing« transportc and
fertilization. This indicates that there are other
factors than the classical characteristics that
are used in evaluating semen characteristics
related to sperm fertility. Genetic or metabolite
factors in semen may play a role in the fertility
of bulls when semen is good at different

Table 3. Effect of Holstein bull fertility in some of semen fatty and carboxylic acid
concentration (Mean + SE).

Fatty acids (%0) Fertility(F) Level of
Medium F. Good F. High F. sign.
Total fatty acid 70.19+1.78a 70.42+0.90a 70.36+1.09a NS
Saturated fatty acid 31.32+0.79a 31.32+0.43a 31.56+0.53a NS
Unsaturated fatty acid 38.87+1.0a 38.84+0.49a 38.80+0.57a NS
Stearic 5.34+ 0.23a 5.44+ 0.12a 5.37+0.12a NS
Butyric 4.26+ 0.10a 4.22+ 0.04a 4.34+ 0.09a NS
Palmatic 7.23+0.10 7.42+0.0.08 7.39+0.11 NS
Myristic 8.36+ 0.09a 8.33+ 0.06a 8.34+ 0.07a NS
Arachidic 2.31+0.07a 2.43 £0.05a 2.41 + 0.06a NS
Tricosanoic 2.60 +0.09a 2.66+ 0.07a 2.63+0.08a NS
Undecanoic 1.21+ 0.09a 1.11+ 0.02a 0.08+ 0.03a NS
Oleic 2.40+ 0.06a 2.39+ 0.03a 2.38+0.03a NS
Nervonic 245.09+8.01a 276.03% 14.6a 275.29+12.28a NS
Erucic 521+ 0.14a 5.23+ 0.09a 5.16+ 0.10a NS
Linoleic 15.91+ 0.41a 16.17+0.17a 16.13+ 0.15a NS
Linolenic 0.67+ 0.03a 0.67+ 0.04a 0.63+ 0.02a NS
Cisdocosadienoic 1.71+ 0.06a 1.76+ 0.07a 1.73+ 0.04a NS
Omega 3 3.38 +0.05a 3.45 +0.08a 3.36+ 0.05a NS
Omega 6 22.67+0.15a 22.97+0.10a 22.93+0.10a NS
Omega 9 29.33+0.22a 28.73+0.09b 28.86+0.12b P<0.05
Total carboxylic acid 19.06+ 0.32a 20.56+ 1.46a 19.10+0.17a NS
Propionic 2.68+0.12a 2.82+0.08a 2.75+0.06a NS
Butyric 4.22+0.07a 5.61+1.40a 4.21+ 0.06a NS
Acetic 12.16+0.13a 12.13+0.13a 12.13+0.10a NS

Means with small superscripts within each row indicated significant differences among fertility group< NS: Non-

significant: sig.: significance.

210




Iragi Journal of Agricultural Sciences —2024:55(Special Issue):206-216

AL-Gebouri & Eidan

fertility bulls. (11« 23¢ 30). The current results
revealed higher total antioxidants (Table 1)
and total amino acid content with a significant
glycine concentration increase (P< 0.05) in
highly fertile bulls than in medium and good-
fertile bulls (Table 2). Antioxidants play a role
in scavenging ROS and controlling the lipid
oxidation processes of the sperm and seminal
plasma. Antioxidants maintain the ability of
sperm to fertilize. There were small quantities
of antioxidants in fresh semen (23). As a
resultc many studies have suggested the
importance of adding antioxidants to sperm
extenders. (2¢ 3¢ 4¢ 5¢ 13¢ 19¢ 22¢ 29¢ 38« 39).
Seminal plasma amino acids have various
functions¢ including reducing free radicals¢
protecting cells from protein denaturation« and
providing an oxidative substrate for sperm.
The results showed no significant differences
for most acid concentrations in the seminal
plasma of the bull groups. Tryptophan«
leucine« phenylalanine< methionine« lysine«
glutamic acid¢« aspartic acid¢< and serine had
higher numerical concentrations. Glycine had
a higher (P<0.05) concentration in HF bull's
seminal plasma (Table 2). The highest fertility
was in the third group« perhaps due to having
more amino acids¢ followed by good and then
medium bull fertility. Ugur et al. (47) showed
that glutamic acid was the most abundant
amino acid in the seminal plasma of bulls
(3366x 547.3 nmol) compared to the rest of
the amino acids estimated. The current results
were consistent with those of Abdulkareem et
al (6)¢ who found numerical increases of
valine« serine¢ glutamic acid< and glycine in
bulls with high sperm freezability (91.20%)
compared to those of good (83.76%) and
medium freezability (73.22%). Glutamic acid
plays a crucial role in sperm metabolism
during the production of ATP as a source of
energy for sperm. Glutamic acid is necessary
to protect the sperm membrane from lipid
peroxidation damage and scavenges ROS from
the sperm membrane. Glutamic acid« glycine«
and cysteine are the main constituents of
glutathione« which is a major antioxidant that
maintains the redox balance within cells and
inhibits cell damage resulting from lipid
peroxidation and ROS production (47). Serine
has been stimulating glutathione synthesis
(31)¢ and indirectly through its role in glycine
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and cysteine formation (49)« serine also plays
a role in stimulating genes and proteins that
protect cells from oxidative stress. Glutamic
acide« serine« and glycine play a critical role in
the antioxidant production of bull semen. The
current study recorded a higher numerical
antioxidant concentration in HF bulls than in
MF and GF bulls. Some amino acids have a
role in energy production (gluconeogenesis):
such as methionine« cysteine« taurine«
phenylalanine« valine« alanine< asparagine«
glutamine« chlorine« proline« and aspartic acid
(37). Further¢ proline« glycine« and carnitine
have a significant biological role in preventing
cell damage during the stress of
cryopreservation (2¢ 50). The presence of
proline in the seminal plasma improves sperm
motility and fertilization (50). Proline
increased by 6.6 and 6.9% in the HF group
compared to the GF and MF groups (Table 2).
Amino acids proteins play a key role in the
function and characteristics of the sperm
membrane and facilitate sperm-egg
penetration. As a result¢ amino acids:
particularly those found in seminal plasma« are
good predictors of bull fertility (25). The Al
with  semen straws from HF bulls¢
characterized by an abundance of essential and
non-essential amino acids in the seminal
plasma« may increase the number of amino
acids in the uterine cavity. The amino acid has
an importance in the growth and development
of embryos. Embryos depend on the
nourishment of uterine secretions. Amino
acids are the crucial components of uterine
secretions. They contribute to protein synthesis
and the regulation of the growth¢
development« and implantation of embryos in
the uterus (35). Many essential amino acids
(arginine«  histidine«  isoleucine«  lysine«
methionine«  phenylalanine<  valine«  and
threonine) and non-essential amino acids
(alanine« asparagine« glutamine« chlorines
proline«  serine<  tyrosine< taurinec and
hydroxyproline) were detected in the uterine
cavity after fertilization and in the different
stages of the estrus cycle. Some amino acids
like  glycine: glutamine:« asparagine«
phenylalanine« valine« proline« serine« aspartic
acid¢ arginine« histidine«< threonine< and
alanine can serve as an energy source
(gluconeogenesis). Meier et al. (35) showed a
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numerical increase in leucine« serine« glycine«
glutamine« alanine« and valine concentrations
in the uterine fluids of fertile cows compared
to those of low fertility (sub-fertile). They also
indicated that most of the essential and non-
essential amino acids decreased in the uterine
cavity of pregnant cows compared to non-
pregnant cows and before the embryos'
implantation in the uterus due to their intake
by the fetus. It was worth that glycine and
glutamine play a significant role in increasing
the cleavage rate and the number of
blastocysts (33.53 vs. 27.09%) in the in vitro
fertilization of bovine embryos (51). On the
other hand« glycine« glutamine« histidine« and
proline are functional as protective factors
against freezing damage. They inhibit
hydrogen peroxide and neutralize the
mechanical osmosis of sperm. Accordingly:s

adding glycine« glutamine« alanine< and
cysteine to semen extenders  before
cryopreservation  improves  sperm  cell

individual motility. Glycine is synthesized
from choline« serine«< hydroxyproline« and
threonine. It is considered an antioxidant and
anti-inflammatory and protects cellular and
immune tissues (10). Serine is a cofactor with
the sulfur transporter enzyme in the
glutathione synthesis process. Both glycine
and serine are significant for their roles in the
glycolysis process in mitochondria. The
mechanism by which proline works is due to
its secondary amino composition. The
pyrrolidine present in proline« distinguished by
its low ability to provide an electron¢« has the
primary advantage of scavenging ROS in
animal cells¢ including sperm. Adding proline
to the semen increases proline dehydrogenase
activity (PDA). The PDA is located at the
acrosomal cap and the midpiece of the sperm
tail (50). Proline could remove the harmful
effect of hydrogen peroxide« which reduces
the sperm’'s progressive motility. Proline
protects spermatozoa from oxidative shock
during cryopreservation (50). It acts as a
secondary compound and precursor of the
enzyme proline dehydrogenase. Proline
dehydrogenase enzyme converts proline to
glutamate in several stages (41) with cofactors
Al-pyrroline-5-carboxylate dehydrogenase
(P5CDH). Amino acids work to stabilize and
maintain the structure and function of sperm
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during freezing. Mohammed et al. (39) pointed
out that adding 40 mmol/L glutamic acid to
Tris extender resulted in superiority (P< 0.05)
in the individual motility and live sperm of
Holstein bulls post-cryopreservation« as well
as an increase in the percentage of the sperm
acrosome integrity and a decrease total sperm
abnormalities  post-cryopreservation.  The
metabolism of alanine< aspartatec and
glutamine is associated with different cellular
processes and sperm vital activities (37). The
highest estimated concentration of glutamic
acid in seminal plasma was found in Holstein
bulls with HF« then GF and MF. These results
are consistent with what was found by Ugur et
al. (47)¢ who showed that glutamic acid had
the highest concentration in the seminal
plasma of bulls (3366 + 547.3 nmol). On the
other hand¢< glutamic acid is necessary to
protect the sperm cell membrane from damage
by lipid peroxidation«< as it is an effective
antioxidant to remove free radicals from the
sperm cell membrane. Glutamic acid is one of
the main components of the glutathione
compound¢« which works to inhibit cell damage
resulting from lipid peroxidation and the
production of reactive oxygen species. The
glutamic acid concentration in seminal plasma
is a vital indicator for a selection bull with a
high fertility rate. ~ The lack of significant
differences in amino acid concentrations
between the three groups of bulls is most
likely because the other standard amino acids
were unavailable for evaluation. Highly fertile
bulls had the lowest (P<0.05) concentration of
omega-9 compared to the medium fertility
group (Table 3). Argov-Argaman et al. (14)
pointed out that the high concentration of
polyunsaturated and monounsaturated fatty
acids in bull sperm significantly (P<0.01)
reduces sperm motility. Our results somewhat
agreed with Argov-Argaman et al. (14)
discovered no significant differences in most
fatty acid concentrationsc except for
arachidonic acid¢ which was significantly
decreased (P <0.01) in seminal plasma of bulls
with different sperm motility percentages.
Moreover« the current results were slightly
consistent with Eidan et al. (21)< who
indicated non-significant differences in the
concentration of linoleic: palmitice
arachidonic« oleice citrice linolenice and
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linoleic fatty acids among medium« good« and
high freezable bulls. Martinez-Soto et al. (32)
indicated that low temperatures change the
semen lipid and antioxidant components to
make them more viable during freezing and
thawing. Polyunsaturated fatty acids are
related to the motility and viability of sperm
post-cryopreservation and thawing processes.
At post-cryopreservation and thawing¢ an
adverse effect of omega9 was observed on
sperm cell individual motility and viability.
The lack of significant differences in fatty acid
concentrations among the three groups of bulls
is most likely because the other standard fatty
acids were unavailable for evaluation. There
were no significant differences in carboxylic
acid concentrations between the three groups
(Table 2). These carboxylic acids are volatile
fatty acids that ruminants depend on as an
energy source. The lack of significant
differences in carboxylic acids among the
three groups of bulls may indicate that the
energy level in the diet was balanced. As a
resultc the bulls produced good-quality fresh
semen and maintained their quality post-
cryopreservation (Table 1¢ 2). The high-energy
diets hurt the quality of bull sperm produced
(16). A high-energy diet causes increased
adipose tissue deposition in the scrotal neck
which weakens thermoregulation in the scrotal
region. High testicular temperatures reduce
sperm production efficiency« viabilityc and
fertility. There were no significant differences
in fresh semen characteristics or post-
cryopreservation among the three groups of
bulls. The energy consumed was balanced for
semen production. The lack of significance in
carboxylic acid concentrations may return to
the other undiagnosed carboxylic acids. In
conclusion« the glycine and omega-9 in the
seminal plasma of bulls can be used as
indicators of their fertility. Carboxylic acid is a
good indicator of semen quality or diet energy
level. Moreover< other metabolic indicators
like amino¢ fattyc and carboxylic acids
appeared in the chromatographic analysis but
were undiagnosed.
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