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ABSTRACT 

This study investigated the effect of different sperm freezability on some semen characteristics 

and amino acid concentrations in the seminal plasma of Holstein bulls cryopreserved for two 

years. The semen straws (0.25 ml) that cryopreserved for two years were divided into three 

equal groups (7 bulls per group) according to the sperm’s freezability: medium (73.02%; F1), 

good (83.76%; F2), and high (91.20%; F3). The F1 bulls were superior (P≤ 0.05) in sperm’s 

cell individual motility (SCIM) for fresh semen as compared with F2 and F3 bulls. The F2 and 

F3 groups were superior (P≤ 0.01) to the F1 group in live sperm percentage at 

cryopreservation. The sperm’s DNA damage percentage was lesser (P≤ 0.05) in the F1 and F3 

groups as compared with the F2 group. The differences among groups in normal sperm 

percentage, sperm’s plasma membrane and acrosome integrity percentage, malondialdehyde, 

and total antioxidant concentrations lacked significance. The essential and non-essential 

amino acid concentrations in seminal plasma did not differ among groups. In conclusion, 

sperm freezability influenced some semen attributes but did not affect amino acid 

concentrations in the seminal plasma of Holstein bulls.  

Keywords: Sperm characteristics, metabolic markers.  

 
 عبدالكريم واخَرون                                                                              674-665(:2(55: 2024 -مجلة العلوم الزراعية العراقية

 تأثير قابلية تجميد النطف في بعض خصائص السائل المنوي وتركيز الأحماض الأمينية في البلازما المنوية لثيران الهولشتاين
 2يمنتظر علي عون العز                    2إبراهيم خليل رائد                         1طلال أنور عبد الكريم

 باحث                           أستاذ                                 استاذ                            
 جامعة ديالى   /كلية الزراعة الحيواني،  سم الإنتاجق2     جامعة بغداد /كلية علوم الهندسة الزراعية قسم الإنتاج الحيواني، 1

 المستخلص
 الأمينية فيلبيان تأثير قابليات تجميد نطف مختلفة في بعض صفات السائل المنوي وتركيز الأحماض اجريت هذه الدراسة 

بالتجميد لمدة تم استعمال قصبات السائل المنوي المحفوظة .  المحفوظة بالتجميد لمة سنتين البلازما المنوية لثيران الهولشتاين
 73.02ثيران لكل مجموعة( حسب قابلية التجميد: متوسطة ) 7مل، قسمت الى ثلاث مجاميع متساوية ) 0.25سنتين بسعة 

%; F1،) ( 83.76جيدة % ; F2( وعالية )91.20 %; F3.) تفوقت (P≤0.05 لثيران المجموعة )F1  على المجموعتين
F2 وF3 ( في النسبة المئوية لحركة النطف الفردية للسائل المنوي الطازج، في الوقت الذي تفوقتP≤0.01 فيه ثيران )

( P≤0.05في النسبة المئوية للنطف الحية بعد الحفظ بالتجميد، مع انخفاض ) F1على المجموعة  F3و F2المجموعتين 
انعدمت الفروق المعنوية بين  .F2مقارنةً بالمجموعة  F3و F1ان النسبة المئوية لضرر المادة الوراثية لدى مجموعتي الثير 

مجاميع الثيران الثلاثة في كل النسبة المئوية للنطف الطبيعية والسليمة الغشاء البلازمي والأكروسوم وتركيز المالون ثنائي 
وفي الوقت نفسه، لم يختلف تركيز الأحماض الأمينية الأساسية وغير  الألديهايد ومضادات الأكسدة الكلية في البلازما المنوية.

الأساسية في البلازما المنوية بين المجاميع المختلفة. يمكن الاستنتاج ان قابلية تجميد النطف كان لها تأثير في بعض صفات 
 ان الهولشتاين.السائل المنوي لكنها لم تؤثر في تركيز الأحماض الأمينية في البلازما المنوية لثير 
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INTRODUCTION 

Nowadays, artificial insemination has become 

a stable technology and has been commercially 

available for dairy cattle owners worldwide for 

more than 60 years, enabling them to use elite 

bulls efficiently and making a rapid 

improvement for the genotypes and the 

productive characteristics of the cows without 

purchasing elite bulls (38). Moreover, it has 

become necessary to see more development in 

semen analysis procedures, semen extenders, 

adding antioxidants, sperm selection, sperm 

sexing, and storage, accompanied by early 

prediction of bull fertility by determining some 

genes and biomarkers in seminal plasma (3, 4, 

8, 9, 19, 27, 38).  The seminal plasma of bulls 

is composed of testicular, epididymal, and 

accessory sex glands secretions. These contain 

proteins, ions, and metabolites like amino 

acids, lipids, monosaccharides, fatty acids,  

nucleotides, minerals, and steroid hormones 

(2, 11, 27, 28). The metabolites are the final 

products of metabolic pathways that play 

principal role in sperm physiology and 

metabolic activities (14). Some seminal 

plasma components have positive effects in 

resisting the conditions of sperms 

cryopreservation, and others have harmful 

effects (23, 26, 30). Sixty-three metabolized 

compounds were identified, including 21 

amino acids, in the seminal plasma of bulls 

with different fertility rates (37), explaining 

the importance of estimating the metabolites in 

seminal plasma between high and low-fertile 

bulls. The sperm cryopreservation technique is 

of great importance in increasing the 

production of cows and improving the quality 

of their products, as it accelerates genetic 

diversity by inseminating a large number of 

cows and facilitates the spread of genetically 

superior bulls worldwide (35). Bull’s sperms 

are greatly affected by decreasing temperature, 

especially the sperm’s plasma membrane, as 

cryopreservation leads to significant changes 

in the activity of membrane proteins and the 

consequent change in the permeability of 

water and solutes, which in turn will lead to 

the loss of sperm’s viability (10). Excluding 

data from Ugur et al. (36), who studied the 

relationship of amino acid concentration in the 

seminal plasma of bulls with different sperm 

freezability of these bulls, no previous trial 

studied the relationship between the 

concentration of amino acids in the seminal 

plasma of Holstein bulls of different 

freezability and post-cryopreserved semen 

characteristics for two years. Therefore, this 

study explored the influence of different sperm 

freezability on some semen characteristics and 

amino acid concentrations in the seminal 

plasma of Holstein bulls cryopreserved for two 

years. 

MATERIALS AND METHODS 

Experimental animals and design 

The study was conducted at the Artificial 

Insemination Department (AID) in the Iraqi 

Ministry of Agriculture. Twenty-one Holstein 

bulls of 2-7.5 years old and 650-1000 kg body 

weight used currently. The semen straws (0.25 

ml) that cryopreserved for two years were 

divided into three equal groups (7 bulls per 

group) according to the sperm’s freezability: 

medium (73.02%; F1), good (83.76%; F2), and 

high (91.20%; F3). All bulls were healthy, 

disease-free, and under constant veterinary 

supervision. All bulls were allocated on a daily 

concentrate ration (4-6 kg/bull). The ration 

consisted of 35% barley, 33% wheat bran, 

10% maize, 20% soybean meal, 0.5% CaCl2, 

0.5% salt, 1% vitamins, and minerals. 

Roughage consisted of alfalfa hay (7-9 

kg/animal per day), with the green forage at a 

rate of 50-60 kg/animal per day. Salt blocks 

and freshwater were available ad libitum to the 

animals. 

Semen evaluation 

Percentages of sperm cell individual motility, 

livability, and normality were assessed 

according to Al-Nuaimi (5). Also, percentages 

of the sperm plasma membrane and acrosome 

integrity were tested based on Sultan (34). 

Moreover, Sperm DNA damage percentage, 

malondialdehyde, and total antioxidant 

concentrations were determined currently 

according to Sultan (34) and Al-Nuaimi (5). 

Determination of amino acids 

concentrations in seminal plasma: The 

concentration of amino acids in the seminal 

plasma was estimated using high-performance 

liquid chromatography HPLC). Concurrently, 

the concentration of essential amino acids 

(tryptophan, lysine, threonine, valine, 

methionine) and non-essential amino acids 

(serine, glutamine, glycine, arginine, and 
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alanine and cysteine and aspartic) were 

calculated based on the method of Mohammad 

et al. (25). 

Statistical analyses 

Statistical computations were carried out using 

General Linear Model (GLM) procedure in the 

SAS program (32), using CRD to examine the 

influence of sperm freezability on semen 

immediate and microscopic characteristics and 

amino acid concentrations in seminal plasma. 

The statistical model for the analysis of 

variance was as follows: 

Yij = µ + Gi + eij 

Where: 

Yij = dependent variable (semen immediate 

and microscopic characteristics)  

µ= Overall mean 

G= Effect of sperm freezability (F1, F2, and 

F3 groups). 

eij= error term 

Differences among means were compared 

using Duncan multiple range test 

RESULTS AND DISCUSSION 

Sperm cell individual motility: The F1 group 

exhibited a higher (P≤0.05) sperm cell 

individual motility (SCIM) of the fresh semen 

(67.85 ± 1.48 %) as compared with the F2 

(62.85 ± 1.48 %) and F3 (57.14 ± 1.01%) 

groups however, the differences among groups 

in SCIM at 48 hours, and two years’ post-

cryopreservation (PC) lacked significance 

(Table 1). The absence of a significant effect 

of freezability on SCIM percentage, 48 hours 

and two years PC may return to the selection 

of good ejaculates in terms of SCIM by AID 

staff with no less than 50 % that are 

cryopreserved and neglect the others of poor 

quality.  The results of SCIM for the fresh 

semen ranged between 57.14 ± 1.01 - 67.85 ± 

1.48 % (Table 1), confirming this notion. The 

careful selection of good-quality sperms 

increased pregnancy rates for cows 

inseminated with these straws. The pregnancy 

rate results (62%) of cows inseminated with 

these bulls (5) confirmed the current results. 

The study involved 1014 owners in 12 Iraqi 

provinces. The SCIM percentage of fresh 

semen for the current three groups of bulls 

were higher than that of Al-Saedy and 

Abdulkareem (6) for Holstein bulls (22.09-

48.37%) and similar to what Eidan (12) 

obtained for these bulls (59.87 ± 0.69%). The  

differences  among studies may be due to the 

various management practices and feeding 

levels provided to animals in the different 

studies. The SCIM percentage is one of the 

most common criteria for assessing semen 

quality after the freezing and thawing 

protocols (17).  However, it is not an accurate 

predictor of fertility when artificially 

inseminating cows (22). Methods for 

evaluating sperm motility have developed after 

using a computer-assisted sperm analysis 

(CASA) technique, which measures different 

types of sperm motility closely related to 

fertility compared to the traditional 

microscopic evaluation (19). It is well-known 

that the semen of bulls are not resistant to 

stressors resulting from long-term 

cryopreservation like cold shock, osmotic 

disturbance, and ice crystal formation. These 

will consequently affect the sperm function 

resulting from high membrane fluidity and its 

reflection on its physiology and male fertility 

(29). The presence of good-quality semen 

extenders that provide a suitable pH, 

cryoprotectants, and appropriate antioxidants 

will reduce these stressors, positively 

reflecting an increase in sperm freezability 

(13). The absence of differences in SCIM 

percentages between the 48 hours and two 

years PC for the F2 (52.85 ± 1.48 vs. 52.85 ± 

1.48%) and F3 (52.15 ± 1.01 vs. 50.71 ± 

1.30%; Table 1) groups confirms the presence 

of superior semen extenders and 

cryopreservation steps at the AID for 

maintenance of the long-term freezability of 

sperms. 
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Table 1. Effect of sperm freezability on sperm cell individual motility in fresh and 

cryopreserved semen of Holstein bulls for 48 hours and two years PC (Mean ± SE). 
Sperm cell individual 

motility percentage two 

years hours post-

cryopreservation 

Sperm cell individual 

motility percentage 48 

hours post-

cryopreservation 

Sperm cell individual 

motility percentage in 

fresh semen 

 Trait                               

 

Bulls         

 with different freezability 

49.28±1.30 51.42±0.92 67.85±1.48 

A 

F1 

(n=7) 

52.85±1.48 52.85±1.48 62.85±1.48 

B 

F2 

(n=7) 

50.71±1.30 52.14±1.01 57.14±1.01 

C 

F3 

(n=7) 

N.S N.S P≤0.05 Level of significance 

Means with different superscripts within each column differ significantly (P≤0.05). 

F1: Medium sperm freezability (73.02 %), F2: Good sperm freezability (83.76 %). 

F3: High sperm freezability (91.20 %). 

Percentages of live, normal, plasma 

membrane integrity and acrosome integrity 

of sperms: Greater (P≤0.05) live sperm 

percentage was observed for the F2 (81.78 ± 

0.63 %) and F2 (82.85 ± 1.07 %) groups as 

compared with the F1 group (77.35 ± 0.63 %; 

Table 2). The differences among groups in the 

percentages of the normality, plasma 

membrane integrity, and acrosome integrity of 

sperms lacked significance; however, they 

tended to be higher in the F2 group than in the 

F1 and F3 groups (Table 2). To the best of our 

knowledge, this is the first study in Iraq and 

internationally that deals with the influence of 

freezability on semen attributes of Holstein 

bulls. Studying the relationship of freezability 

with semen characteristics has become 

necessary to improve bull fertility, assisted 

reproductive technologies, and artificial 

insemination success. These will enhance the 

bull selection programs and improve the dairy 

cattle industry (35). The freezability 

percentages under the current study (73.02 - 

91.20%) for two years PC were higher than 

that recorded by Eidan et al. (17), ranging 

between 43.58 - 68.36% after 48 hours and 

three months PC. The current study 

demonstrated a clear relationship between 

sperm freezability and semen characteristics 

like live sperm, sperm plasma membrane, and 

acrosome integrity percentages with varying 

degrees of significance and numerical effect. 

These will indicate the possibility of using it as 

a criterion for the fertility of bulls. Moreover, 

the sperm's plasma membrane integrity is 

necessary for good motility and a high sperm 

fertilization rate. Semen samples with low 

sperm progressive motility often suffer from a 

defect in the plasma membrane. The current 

results agreed with those reported by Hitit et 

al. (18), who did not find significant 

differences in acrosome integrity percentage 

between the two groups of bulls with high and 

low freezability, with a tendency to increase 

this percentage in bulls with high freezability. 

The current results of live sperm percentage at 

48 hours PC  (77.35 - 82.85%) were higher 

than those obtained by Al-Nuaimi et al. (6; 

44.28 ± 3.62%). On the other hand, the current 

plasma membrane integrity percentage (81.42 

- 83.28%) is higher than what was obtained by 

Eidan (15; 48.17 ± 2.94%). 

Table 2. Effect of sperm freezability on Percentages of live, normal, plasma membrane 

integrity and acrosome integrity of sperms of Holstein bulls for two years PC (Mean ± SE). 

Means with different superscripts within each column differ significantly (P≤0.05). 

F1: Medium sperm freezability (73.02 %), F2: Good sperm freezability (83.76 %). 

 F3: High sperm freezability (91.20 %). 

Sperm 

acrosome 

integrity 

percentage  

Sperm plasma 

membrane 

integrity 

percentage  

Normal sperm 

percentage  

Live sperm 

percentage  

Trait                               

  Bulls     

with different 

freezability 

91.92±0.36 81.42±0.66 82.01±1.10 77.35±0.63 

B 

F1 

(n=7) 

92.41±0.64 83.28±1.37 82.10±1.58 81.78±1.07  

A 

F2 

(n=7) 

91.07±0.57 82.14±0.25 82.93±1.33 82.85±0.66 

A 

F3 

(n=7) 

N.S N.S N.S P≤0.05 Level of significance 
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Malondialdehyde and total antioxidants 

concentrations in seminal plasma and 

sperm DNA damage percentage: Non-

significant differences were observed among 

groups in malondialdehyde concentrations in 

seminal plasma, despite a tendency to decrease 

in the F2 group (15.30 ±2.00 µmol/10
9
 sperm) 

by 26.7 and 4.38 % compared to the F3 (19.39 

± 1.83 µmol/109 sperm) and F1 (15.97 ± 2.29 

µmol/10
9
 sperm) groups (Table 3). 

Concomitantly, the differences among groups 

in total antioxidant concentrations in seminal 

plasma lacked significance, with the trend of 

increase in the F2 group (144.278 ± 6.39 

µg/dl) by 21 and 5 % compared to the F3 

(119.16 ± 6.27 µg/dl) and F1 (137.26 ± 9.44 

µg/dl) groups (Table 3).  On the other hand, 

the F3 and F1 groups recorded lesser (P≤0.01) 

sperm DNA damage percentages (7.02 ± 0.65 

and 8.44 ± 0.99 %, respectively) compared to 

the F2 group (12.42 ± 1.78 %; Table 3).  The 

absence of a significant effect among the three 

bull groups in the malondialdehyde 

concentrations confirms that the semen straws 

with different freezability do not suffer from 

oxidative stress because this compound is 

considered a by-product for lipid peroxidation, 

generation of free radicals, and oxidative stress 

(30). The non-significant differences among 

groups in the percentages of normality, the 

plasma membrane, and acrosome integrity of 

sperms (Table 2) confirmed this notion. The 

non-significant differences among bull groups 

in the total antioxidant concentrations indicate 

adequate amounts of natural antioxidants in 

the seminal plasma, like catalase, glutathione 

peroxidase, glutathione reductase, and 

superoxide dismutase (SOD). These will 

prevent the oxidative stress of sperms (31).  

Mahmood et al. (24) recorded values of some 

natural antioxidants in frozen seminal plasma 

for Holstein bulls, being 0.84 ± 0.24 unit/mol 

for catalase and 30.87 ± 11.11 unit/mol for 

SOD enzymes. Concomitantly, Sultan (34) 

recoded values of these two enzymes in 

seminal plasma of frozen straws for Holstein 

bulls, namely 34.48-48.29 µmol/ml for 

catalase and 449.42-790.64 µmol/ml for SOD 

enzymes. The current total antioxidant 

concentrations in seminal plasma (Table 3) 

were higher than those obtained by Sultan (34; 

1.72 - 1.80 mg/dl) for Holstein bulls. These 

differences may be due to the variation in the 

duration of cryopreserved straws and the kit 

used for analysis. Ahmed et al. (1) found that 

prolonging the cryopreservation process 

increases the lipid peroxidation and 

malondialdehyde concentrations in Nili Ravi 

buffalo bulls.    On the other hand, the current 

malondialdehyde concentrations in seminal 

plasma (15.30-19.39 µmol/10
9
 sperm; Table 3) 

were higher than those obtained by Sultan (40; 

8.46-12.18 µmol/10
9
 sperm) and Mahmood et 

al (24; 11.73 ± 2.68 µmol/10
9
 sperm), and 

approach to what was obtained by Al-Nuaimi 

(6; 15.25 ± 2.18 µmol/10
9
 sperm) in Holstein 

bulls.  The current sperm DNA damage 

percentage (7.02-12.42 %; Table 3) is within 

the normal range for bull sperms. It is well-

known that this percentage is 15% or less in 

highly fertile bulls, 15-25% in medium-

fertility bulls, and 25– 50% in low-fertility 

bulls. The intact and undamaged DNA 

indicates its capability to synthesize cellular 

proteins and fats. The damaged DNA 

stimulates factors that modify manufacturing 

proteins and lipids inside the cells and produce 

substances that stimulate the occurrence of 

pro-inflammatory, antioxidants, and cytokines 

(12). 

Table 3. Effect of sperm freezability on the concentrations of malondialdehyde and total 

antioxidants and sperm DNA damage of Holstein bulls for two years PC (Mean ± SE). 
Sperm DNA damage 

percentage 

Total antioxidant 

concentration  

(μg /dl) 

 

Malondialdehyde 

concentration in seminal 

plasma 

(μmol/109sperm) 

      Trait           

  

 Bulls 

 with different 

 freezability 

8.44±0.99 

A 

137±9.44 15.97±2.29 F1 

(n=7) 

12.42±1.78 

B 

144.29±16.39 15.30±2.00 F2 

(n=7) 

7.02±0.65 

A 

119.16±6.27 19.39±183 F3 

(n=7) 

P≤0.05 N.S N.S Level of significance 
Means with different superscripts within each column differ significantly (P≤0.05). 

F1: Medium sperm freezability (73.02 %), F2: Good sperm freezability (83.76 %). 

F3: High sperm freezability (91.20 %). 
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Essential amino acids concentrations in 

seminal plasma: The differences among 

groups in tryptophan concentrations in seminal 

plasma lacked significance, despite a tendency 

to be higher in the F2 group (149.17 ± 6.07 

ppm) by 8 and 3 % than in F1 (136.51 ± 4.5 

ppm) and F3 (144.00 ± 9.93 ppm) groups 

(Table 4). Similarly, non-significant 

differences were observed among groups in 

lysine concentration. However, it tended to be 

higher in the F2 group (131.87 ± 14.43 ppm) 

by 7 and 1% than in the F1 (122.27 ± 38.36 

ppm) and F3 (130.44 ± 43.12 ppm) groups 

(Table 4). Concomitantly, the differences 

among groups in threonine, valine, and 

methionine concentrations in seminal plasma 

lacked significance despite a tendency to be 

higher in the F2 group compared with F1 and 

F3 groups (Table 4).   

Table 4. Effect of sperm freezability on the essential amino acid concentrations in seminal 

plasma of Holstein bulls for two years PC (Mean ± SE). 

F1: Medium sperm freezability (73.02 %), F2: Good 

sperm freezability (83.76 %). 

 F3: High sperm freezability (91.20 %). 

Non-essential amino acids concentrations in 

seminal plasma:  Non-significant differences 

were noticed among groups in serine 

concentrations in seminal plasma, despite a 

tendency to be higher in the F3 group (309.38 

± 7.68 ppm) by 56 % than in F1 (136.84 ± 

6.56 ppm) and F2 (135.57 ± 5.56 ppm) groups 

(Table 5). Similarly, the differences among 

groups in glutamic acid concentrations in 

seminal plasma lacked significance. However, 

it tended to be higher in the F2 group (1156.44 

± 112.70 ppm) by 20 % compared with the F1 

(925.27 ± 132.02 ppm) and F3 (922.82 ± 64.62 

ppm) groups (Table 5). Also, non-significant 

differences were shown among groups in 

glycine concentrations in seminal plasma, 

despite a tendency to be higher in the F1 group 

(541.75 ± 39.54 ppm) by 20 and 3 % than in 

F3 (451.74 ± 73.93 ppm) and F2 (527.80 ± 

23.26 ppm) groups (Table 5). The arginine 

concentrations in seminal plasma did not differ 

among groups, despite a tendency to be higher 

in the F2 group (274.50 ± 42.36 ppm) by 19 

and 15 % compared to the F1 group (221.51 ± 

5.93 ppm) and F3 (232.40 ± 8.01 ppm) groups 

(Table 5). The differences among alanine, 

cysteine, and aspartic acid groups lacked 

significance (Table 5).  

Table 5. Effect of sperm freezability on the non-essential amino acid concentrations in seminal 

plasma of Holstein bulls for two years PC (Mean ± SE). 

F1: Medium sperm freezability (73.02 %), F2: Good sperm freezability (83.76 %). 

F3: High sperm freezability (91.20 %). 

Methionine Valine Threonine Lysine Tryptophan       Essential amino 

acid           

Bulls 

 with different 

 freezability 

256.42±17.58 427.50±11.18 651.62±114.75 122.27±38.36 136.51±4.5 F1 

(n=7) 

248.71±9.73 426.00±20.06 631.22±116.63  131.87±14.43 149.17±6.07 F2 

(n=7) 

252.14±14.86 434.55±9.22 636.24±110.68  130.44±43.12 144.00±9.93 F3 

(n=7) 

N.S N.S N.S N.S N.S Level of significance 

Aspartic acid Alanine Arginine Glycine Glutamic 

acid 

Serine Non-   essential   Amino 

acids 

  Bulls 

 with different 

 freezability 

225.14 

± 

7.18 

256.42 

± 

17.58 

221.51 

± 

5.93 

541.75 

± 

39.45 

925.27 

± 

132.02 

136.84 

± 

6.56 

F1 

(n=7) 

232.48 

± 

15.26 

248.71 

± 

9.73 

274.50 

± 

42.36 

527.80 

± 

23.26 

1156.44 

± 

112.70 

135.57 

± 

5.56 

F2 

(n=7) 

229.40 

± 

10.07 

252.14 

± 

14.86 

232.40 

± 

8.01 

451.74 

± 

73.93 

922.82 

± 

164.62 

309.38 

± 

7.68 

F3 

(n=7) 

N.S N.S N.S N.S N.S N.S Level of significance 
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The non-significant differences among bull 

groups in essential and non-essential amino 

acids were consistent with the current semen 

characteristics, which did not differ 

significantly among the three bull groups. Two 

reasons behind non-significance. The current 

Holstein bulls were imported from well-known 

global cattle stations in Australia and obtained 

form the embryo transfer technology of pure 

Holstein-Friesian cows imported from New 

Zealand. No random cross-breeding trials 

conducted on these bulls, and no genetic 

variations occurred over the past period. The 

second reason is that the superior ejaculates 

are cryopreserved only by the AID staff. The 

poor-quality ejaculates were neglected to 

preserve the quality of the straws produced for 

artificial insemination. Therefore, it may be 

difficult to find differences in the quality of 

ejaculates among bulls. The current results did 

not agree with those reported by Ugur et al. 

(36), who found a relationship between the 

percentage of sperm freezability and the 

concentration of amino acids in the seminal 

plasma of bulls. They investigated that the 

phenylalanine concentration was higher in 

bulls with high sperm freezability than those 

with low sperm freezability. Concurrently, 

similar authors found non-significant 

differences in amino acid concentrations 

between high and low sperm freezability, 

which were in line the current results.      The 

numeric increase (+56%) in the concentration 

of serine in the seminal plasma of bulls with 

high freezability (F3) compared to the 

remaining two groups indicates the possibility 

of its role in maintaining the sperm quality 

during cryopreservation. It is well-known that 

the electrostatic interactions among the 

phospholipids in the sperm cell membrane and 

most of the amino acids in the seminal plasma, 

including serine, help form a layer on the 

surface of the sperm that protects them from 

cryopreservation damage (21). On the other 

hand, some inhibitors of serine proteases 

secreted in bull semen, including anti-pain and 

plasminogen activator inhibitors-1 (PAI-1), 

increased the sperm acrosome integrity 

percentage during cryopreservation (7, 33). 

The numeric increase (+20%) in the 

concentration of glutamic acid in the seminal 

plasma of bulls of the good freezability (F2) 

explains the role of glutamic acid in 

maintaining good sperm freezability. Glutamic 

acid has a relationship with some genes and 

enzymes that occur in the mitochondria, which 

confirms its oxidative and reductive activity, 

regulation of cell death, and the metabolism of 

oxygen-containing amino acids (Oxoacids 

metabolic process). These compounds react 

with water to form acid oxides. Moreover, 

glutamic acid has a role in cell energy 

production (36). On the other hand, glutamic 

acid is the main compound of glutathione that 

inhibits sperm cellular damage from lipid 

peroxidation and the production of reactive 

oxygen species (Ugur et al., 36).  

REFERENCES   

1. Ahmed, S., M. I. U. Khan, M. Ahmed and 

S. Iqbal. 2017. Effect of age on lipid 

peroxidation of fresh and frozen-thawed 

semen of Nili-Ravi buffalo bulls. Italian J. 

Anim. Sci., 17 (3), 730-735 

2. AL-Gebouri, F.G. and. S.M. Eidan. 2023. 

Metabolites and semen characteristics in 

different bulls fertility. Iraqi Journal of 

Agricultural Sciences, 55(Special Issue), 206-

216. 

https://doi.org/10.36103/ijas.v55iSpecial.1899.   

3. Al-Helal, A. M. and T. A. Abdulkareem. 

2023. Effect of adding resveratrol to soybean-

lecithin extender on semen attributes of 

buffalo bulls. Iraqi Journal of Agricultural 

Sciences, 54 (4): 1074-1083.       

https://doi.org/10.36103/ijas.v54i4.1797       

4. Ali, M. D., F. F. Ibrahim, T. A. 

Abdulkareem, S. M. Eidan, Q. A. Ameen, M. 

G. Abdul-Karim, and O. A. Mohammed. 2015. 

Evaluation of Artificial Insemination 

Activities for Cattle in Iraq: Survey Study. 

Ministry of Agriculture, pp. 48-51 

5. Al-Nuaimi, A. J. J. 2019. Effect of adding 

Olea europaea and Rosmarinus officinalis 

aqueous extracts and calcium to Tris and 

Soybean-Lecithin extenders on activating 

cooled and post-cryopreserved low-semen 

quality of Holstein bulls. Ph. D. Dissertation. 

College of Agricultural Engineering Sciences, 

University of Baghdad. pp: 86 

6.Al-Nuaimi, A. J., T. A. Abdulkareem, F. F. 

Ibrahim, Z. A. Humade and F. A. Hussein. 

2020. effect of adding Olea europaea and 

Rosmarinus officinalis aqueous extracts and 

calcium chloride to Tris extender on post-

https://doi.org/10.36103/ijas.v55iSpecial.1899
https://doi.org/10.36103/ijas.v54i4.1797
https://doi.org/10.36103/ijas.v54i4.1797


Iraqi Journal of Agricultural Sciences –2024:55(2):665- 674                                    Abdulkareem & et al. 

672 

cryopreserved sperm’s cell individual motility 

and live sperm percentage for low semen 

quality of Holstein bulls.   Biochem. Cell. 

Arch., 20 (1), 519-524.         

https://doi.org/10.35124/bca.2020.20.1.519  

7. Al-Saedy, A. J. A. and T. A. Abdulkareem. 

2022. Comparison of semen quality for three 

lines of Holstein bulls. 1. Some immediate and 

microscopic characteristics. Iraqi Journal of 

Agricultural Sciences, 53 (4), 752-759. 

https://doi.org/10.36103/ijas.v53i4.1585  

8. Alwaeli, S. N. and S.M. Eidan.2024. 

Synergistic effect of sperm filtration technique 

and antioxidants added to extender of Iraqi 

buffalo semen. Iraqi Journal of Agricultural 

Sciences, 55(1), 413-421. 

https://doi.org/10.36103/kc809146.   

9. Alwaeli, S.N. and Eidan, S.M. 2023. Effect 

of Glass wool and Sephadex sperm separation 

techniques on improving the poor quality 

semen of Iraqi buffalo bulls (4th–ICMTAS) 

IOP Conference Series: Earth and 

Environmental Science 1262(7), 072003. 

https://doi.org/10.1088/1755-

315/1262/7/072003  

10. Bailey, J., A. Morrier and N. Cormier. 

2003. Semen cryopreservation: successes and 

persistent problems in farm species. Canadian 

Journal of Animal Science, 83: 393-401. 

https://doi.org/10.4141/A03-02 

11. Bieniek, J. M., A. P. Drabovich and K. Lo. 

2016. Seminal biomarkers for the evaluation 

of male infertility. Asian J. Androl., 

18(3),426–433. https://doi.org/10.4103/1008-

682X.175781   

12. Birben, E., U.M. Sahiner, C. Sackesen, S. 

Erzurum and O. Kalayci. 2012. Oxidative 

stress and antioxidant defense. World Allergy 

Organ. J., 5(1), 9-19.  

DOI: 10.1097/WOX.0b013e3182439613 

13. Bustani, G. S and Baiee, F. H. 2021. 

Semen extenders: An evaluative overview of 

preservative mechanisms of semen and semen 

extenders. Veterinary World, 14(5), 1220-

1233. 

https://doi.org/10.14202/vetworld.2021.1220-

1233  

14. Cheng, Y., X. Yang, X. Deng, X. Zhang, 

P. Li, J. Tao, C. Qin, J. Wei and Q. Lu. 2015. 

Metabolomics in bladder cancer: a systematic 

review. Int. J. Clin. Exp. Med. 8, 11052–11063 

15. Eidan, S. M.2016. Effect on post-

cryopreserved semen characteristics of 

Holstein bulls of adding combinations of 

vitamin C and either catalase or reduced 

glutathione to Tris extender. Anim. Reprod. 

Sci., 167, 1-7.           

https://doi.org/10.1016/j.anireprosci.2016.01.0

14  

16. Eidan, S.M., O.A.A. Sultan, F.F. Ibrahim, 

K.F. Hurish, and H.H. Naseer. 2017a. Effect of 

adding Manganese chloride and Co-enzymes 

(α-lipoic acid and Q10) on post-

cryopreservation semen quality characteristics 

of Holstein bulls. Iraqi J. Vet. Med., 41(2), 86-

93. https://doi.org/10.30539/iraqijvm.v41i2.53  

17. Eidan, S. M., O. H. Al-Zaidi, F. F. 

Ibrahim, B. A. R. Al-Timimi, and W. E. 

Lateef. 2015.  Effect of adding catalase and 

glutathione reduce to Tris extender on freezing 

ability of Holstein bulls following different 

cryopreservation periods. The Iraqi J. Vet. 

Med., 39 (2), 19-24.             

https://doi.org/10.30539/iraqijvm.v39i2.161      

18. Hitit, M., M. R. Ugur, T. T. N. Dinh, D. 

Sajeev, A. Kaya, E. Topper, W. Tan and E. 

Mimili. 2020. Cellular and functional 

physiopathology of bull sperm with altered 

sperm freezability. Front. Vet. Sci., 7, Article 

# 581137.             

https://doi.org/10.3389/fvets.2020.581137  

19. Kumar D, P. Kumar, P. Singh, SP. Yadav, 

SK. Sarkar, A. Bharadwaj and PS. Yadav. 

2014. Characteristics of frozen-thawed semen 

in predicting the fertility of buffalo bulls. 

Indian J. Anim. Sci., 84, 389–92. 

https://doi.org/10.56093/ijans.v84i4.39838  

20. Kumaresan, A., A. Johannisson, E. M. Al-

Essawe and J. M. Morrell.2017. Sperm 

viability, reactive oxygen species, and DNA 

fragmentation index combined can 

discriminate between above-and below-

average fertility bulls. J. Dairy Sci., 100 (7), 

5824-5836. https://doi.org/10.3168/jds.2016-

12484    

21. Kundu, C. N., K. Das and G. C. Majumder. 

2001. Effect of amino acids on goat cauda 

epididymal sperm cryopreservation using a 

chemically defined model system. 

Cryobiology, 42 (1),21-27.          

https://doi.org10.1006/cryo.2001.2296   

 

https://doi.org/10.35124/bca.2020.20.1.519
https://doi.org/10.35124/bca.2020.20.1.519
https://doi.org/10.36103/ijas.v53i4.1585
https://doi.org/10.36103/kc809146
https://doi.org/10.1088/1755-315/1262/7/072003
https://doi.org/10.1088/1755-315/1262/7/072003
https://doi.org/10.4141/A03-0211
https://doi.org/10.4141/A03-0211
https://doi.org/10.4103/1008-682X.175781
https://doi.org/10.4103/1008-682X.175781
https://doi.org/10.14202/vetworld.2021.1220-1233
https://doi.org/10.14202/vetworld.2021.1220-1233
https://doi.org/10.1016/j.anireprosci.2016.01.014
https://doi.org/10.1016/j.anireprosci.2016.01.014
https://doi.org/10.1016/j.anireprosci.2016.01.014
https://doi.org/10.30539/iraqijvm.v41i2.53
https://doi.org/10.30539/iraqijvm.v39i2.161
https://doi.org/10.30539/iraqijvm.v39i2.161
https://doi.org/10.3389/fvets.2020.581137
https://doi.org/10.3389/fvets.2020.581137
https://doi.org/10.56093/ijans.v84i4.39838
https://doi.org/10.3168/jds.2016-12484
https://doi.org/10.3168/jds.2016-12484
https://doi.org10.1006/cryo.2001.2296
https://doi.org10.1006/cryo.2001.2296


Iraqi Journal of Agricultural Sciences –2024:55(2):665- 674                                    Abdulkareem & et al. 

673 

22. Leushuis, E., J. W. Van Der Steeg, P. 

Steures, S. Repping, P. M. Bossuyt, M. A. 

Blankenstein and P. G. Hompes. 2010. 

Reproducibility and reliability of repeated 

semen analyses in male partners of subfertile 

couples. Fertil. Steril., 94(7), 2631-2635. 

https://doi.org/10.1016/j.fertnstert.2010.03.021  

23. Lone, S.A., T.K. Mohanty, R.K. Baithalu 

and H.P. Yadav. 2019. Sperm protein 

carbonylation. Andrologia, 51, e13233. 

https://doi.org/10.1111/and.13233  

24. Mahmood, N. M., S.M. Eidan, R. I. Khalil, 

F. F. Ibrahim, W.Y. Lateef and T. A. Shihab. 

2019. Effect of melatonin hormone on long-

term cryopreserved semen: 2-characteristics of 

semen Holstein bulls. Biochem. Cell. Arch., 

19 (1), 1429-1434.               

https://doi.org/10.35124/bca.2019.19.1.1429    

25. Mohammad Abadi, F., A. Mirfazeli, H. 

Zaeri, M. Nejabat, M. Ariaie  and H. 

Joshaghani. 2016. Analysis of plasma amino 

acids using RP-HPLC and pre-column 

derivatization with OPA/3-MPA. Medical 

Laboratory Journal, 10(2), 52-57 

26. Mostek, A., M.A. Dietrich, M. Słowi´nska 

and A. Ciereszko. 2017. Cryopreservation of 

bull semen is associated with carbonylation of 

sperm proteins. Theriogenology, 92, 95–102. 

https://doi.org/10.1016/j.theriogenology.2017.

01.011  

27. Musa, K.S., and T.A. Abdulkareem. 2023. 

Protein profiles in seminal plasma of Iraqi 

buffalo bulls (Bubalus bubalis) associated with 

fresh and cryopreserved semen quality. IOP 

Conf. Series: Earth and Environmental Science 

1262 (2023), 072095.           

https://doi.org/10.1088/1755-

1315/1262/7/072095    

28.  Musa, K.S., and T.A. Abdulkareem. 

2024a. Regression coefficient of fresh and 

cryopreserved semen attributes of Iraqi buffalo 

bulls (Bubalus bubalis) on protein types in 

seminal plasma. IOP Conf. Series: Earth and 

Environmental Science 1302 (1), 012055.      

https://doi.org/10.1088/1755-

1315/1302/1/012055    

29. Oberoi, B., S. Kumar, and P. Talwar. 2014. 

Study of human sperm motility post 

cryopreservation. Med. J. Armed. Forces. 

India 70, 349–353.                

https://doi.org/10.1016/j.mjafi.2014.09.006  

30. Recuero, S., B. Fernandez-Fuertes, S. 

Bonet, L. Barranco and M. Yeste. 2019. 

Potential of seminal plasma to improve the 

fertility of frozen-thawed boar spermatozoa. 

Theriogenology, 137, 36–42.        

https://doi.org/10.1016/j.theriogenology.2019.

05.035  

31. Sharma, R., G. Ahmad, S. C. Esteves, and 

A. Agarwal. 2016. Terminal deoxynucleotidyl 

transferase dUTP nick end labeling (TUNEL) 

assay using bench top flow cytometer for 

evaluation of sperm DNA fragmentation in 

fertility laboratories: protocol, reference 

values, and quality control. J. Assist. Reprod. 

Genet., 33(2), 291-300.             

https://doi.org/10.1007/s10815-015-0635-7  

32. SAS. 2012. Statistical Analysis System, 

User's Guide. Statistical.  Version 9.1th ed. 

SAS. Inst. Inc. Cary. N.C. USA 

33. Souza, A. L. P., G. L. Lima, G. C. X. 

Peixoto, A. M. Silva, M. F. Oliveira and A. R. 

Silva. 2016. Use of Aloe vera–based extender 

for chilling and freezing collared peccary 

(Pecari tajacu) semen. Theriogenology, 85(8), 

1432-1438. 

https://doi.org/10.1016/j.theriogenology.2016.

01.007  

34. Sultan, O. A. A. 2018. Relationship of 

osteopontin, CD9 and COX-2 genes with 

semen characteristics of Holstein bulls. Ph.D. 

Dissertation, College of Agricultural 

Engineering Sciences, University of Baghdad 

35. Ugur, M. R., A. S. Abdelrahman, H. C. 

Evans, A. A. Gilmore, M. Hitit, R. I. 

Ariflantini, B. Purwantara, A, Kaya and E. 

Memili. 2019. Advances in cryopreservation 

of bull sperm: A review. Front. Vet. Sci., 6, 

Article # 268.             

https://doi.org/10.3389/fvets.2019.00268    

 

https://doi.org/10.1016/j.fertnstert.2010.03.021
https://doi.org/10.1111/and.13233
https://doi.org/10.35124/bca.2019.19.1.1429
https://doi.org/10.35124/bca.2019.19.1.1429
https://doi.org/10.1016/j.theriogenology.2017.01.011
https://doi.org/10.1016/j.theriogenology.2017.01.011
https://doi.org/10.1088/1755-1315/1262/7/072095
https://doi.org/10.1088/1755-1315/1262/7/072095
https://doi.org/10.1088/1755-1315/1262/7/072095
https://doi.org/10.1088/1755-1315/1302/1/012055
https://doi.org/10.1088/1755-1315/1302/1/012055
https://doi.org/10.1088/1755-1315/1302/1/012055
https://doi.org/10.1016/j.mjafi.2014.09.006
https://doi.org/10.1016/j.mjafi.2014.09.006
https://doi.org/10.1016/j.theriogenology.2019.05.035
https://doi.org/10.1016/j.theriogenology.2019.05.035
https://doi.org/10.1016/j.theriogenology.2019.05.035
https://doi.org/10.1007/s10815-015-0635-7
https://doi.org/10.1007/s10815-015-0635-7
https://doi.org/10.1016/j.theriogenology.2016.01.007
https://doi.org/10.1016/j.theriogenology.2016.01.007
https://doi.org/10.3389/fvets.2019.00268
https://doi.org/10.3389/fvets.2019.00268


Iraqi Journal of Agricultural Sciences –2024:55(2):665- 674                                    Abdulkareem & et al. 

674 

36. Ugur, M. R., T. Dinh, M. Hitit, A. Kaya, E. 

Topper, B. Didion and E. Memili. 2020. 

Amino acids of seminal plasma associated 

with the freezability of bull sperm. Front. Cell 

Dev. Biol., 7, Article #347.           

https;//doi.org/10.3389/fcell.2019.00347     

37. Velho, A. L. C., E. Menezes, T. Dinh, A. 

Kaya, E. Topper, A. A. Moura and E. Memili. 

2018. Metabolomic markers of fertility in bull 

seminal plasma. PLoS One, 13(4), e0195279. 

https://doi.org/10.1371/journal.pone.0195279  

38. Zuidema, D., K. Kern, and P. Sutovsky. 

2021. An exploration of current and 

perspective semen analysis and sperm 

selection for livestock artificial insemination. 

Animals, 11, Article # 3563.             

https://doi.org/10.3390/ani11123563   

    

       

https://doi.org/10.1371/journal.pone.0195279
https://doi.org/10.3390/ani11123563
https://doi.org/10.3390/ani11123563

