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Abstract 

Seasonal climatic changes in Iraq affected the physiological characteristics and several vital indicators 

of seminal fluid in Awassi rams (n = 10) during the autumn and spring seasons. Semen samples were 

collected over a period of nine weeks; in each season, samples were examined weekly, in addition to 

the quantification of selected amino acids. In the spring season, the results showed a statistically 

significant in sperm concentration and motility (mass and individual), as well as an increase in total 

antioxidant capacity, fertility percentage, and the concentrations of several amino acids, including 

threonine, isoleucine, leucine, aspartic acid, proline, cysteine, and total essential amino acids (1.79 ± 

0.16, 3.43 ± 0.83, 82.00 ± 1.83, 25.36 ± 2.58, 90.00 ± 0.01, 84.6 ± 0.12, 11.12 ± 2.01, 26.99 ± 1.11, 

20.30 ± 2.02, 7.90 ± 2.00, 2.92 ± 1.99, 207.32 ± 1.13), respectively. Conversely, in the autumn season, 

a statistically significant was observed in the percentages of dead sperm, total sperm abnormalities, 

plasma and acrosomal membrane abnormalities, total malondialdehyde concentration, and the 

concentrations of glutamine and glycine (16.33 ± 1.42, 13.00 ± 1.02, 11.60 ± 1.03, 16.22 ± 1.65, 29.55 

± 1.19, 130.20 ± 1.20, 13.90 ± 1.44), respectively. Overall, the amino acid composition of seminal 

plasma may play a significant role in improving fertility and semen quality during the spring season 

due to its antioxidant properties. In contrast, seasonal climatic variations may alter seminal components 

associated with sperm physiology, which are directly or indirectly linked to heat stress and its impact 

on ram fertility. Ultimately, ram fertility may be predicted by the amino acid profile of seminal plasma, 

which may serve as a biomarker of climatic influence, semen quality, Awassi ram fertility, and 

nutritional status. 
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Introduction 

Rams play a vital economic role in global livestock production across all agricultural 

countries (Macias-1). Ram fertility is a crucial factor in sheep flocks and is influenced by 

environmental conditions, male age, nutrition, and their combined effects on animal 

physiology and sexual behavior. These factors ultimately affect the successful insemination 

of ewes. High ram fertility positively impacts overall flock productivity by increasing birth 

rates and improving genetic quality [2-8]. 

Sheep are widely raised in many parts of the world, including Iraq and several Arab 

countries, mainly under grazing systems with little or no concentrated feed supplementation 
[9, 10]. Rams are characterized by an improvement of up to 75% in reproductive performance 

during the breeding season [1]. Seasonality plays a vital role in determining economic 

profitability in sheep farms located in hot regions, although the reproductive performance of 

rams is often less evident than that of ewes [11]. 

Several factors contribute to ram semen quality, including breed [3], photoperiod [12], nutrition 
[13], humidity [14], and heat stress [15]. In addition, geographical location affects the 

development of accessory reproductive glands and sperm production in rams (16). Numerous 

studies have reported significant climatic variations affecting seminal plasma composition 

and sperm parameters, as seasonal changes influence reproductive traits such as sperm 

motility, morphology, libido, mating ability, and scrotal circumference [14, 17-19]. 
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Photoperiod is considered a key environmental regulator of 

ram reproductive activity [20, 21]. The length of daylight 

regulates reproductive hormones such as LH, FSH, 

testosterone, and prolactin. A decrease in photoperiod 

enhances the secretion of LH and FSH from the pituitary 

gland, which stimulates testicular activity and increases 

testosterone production [22]. 

Seminal fluid components, including proteins, lipids, sugars, 

vitamins, enzymes, and other bioactive molecules, regulate 

the metabolic and physiological processes of sperm cells, 

including motility, acrosomal function, and fertilization 

capacity [23, 24]. Amino acids (AAs) are essential building 

blocks for protein synthesis in sheep and goats [25]. From a 

nutritional perspective, amino acids are classified as 

essential and non-essential based on nitrogen balance and 

growth requirements [26]. 

Amino acids play important roles in reducing oxidative 

stress and protecting sperm cells from damage [27]. Certain 

amino acids, such as tryptophan, leucine, and methionine, 

contribute to increasing sperm concentration and improving 

male gamete quality in rams and goats [8, 28, 29]. In addition, 

arginine, serine, alanine, glycine, and proline enhance sperm 

quality by improving motility, viability, membrane integrity, 

and DNA stability [30-32]. Valine, leucine, and isoleucine are 

also involved in regulating endocrine functions 

(hypothalamus–pituitary–adrenal axis) and reducing stress-

related effects on fertility [33]. 

It has been demonstrated that supplementation with amino 

acids in semen extenders or animal diets helps protect sperm 

against oxidative stress, maintain sperm viability and 

fertility, and improve embryonic developmental potential in 

ruminants [34, 35]. The proper balance of metabolic modifiers, 

including amino acids, may enhance sperm efficiency and 

vitality by acting as potent antioxidants that reduce 

oxidative and thermal stress, thereby improving fertility. 

Therefore, the present study aimed to evaluate the effect of 

seasonal variation (autumn and spring) on amino acid 

concentrations in seminal plasma, sperm physiological 

characteristics, and fertility in Iraqi Awassi rams. 

 

Materials and Methods 

Laboratory work was conducted during autumn 2024 and 

spring 2025 at the Khairat Al-Ittihad private station, located 

in the northern part of Babylon Governorate, as well as in 

laboratories affiliated with the Iraqi Ministry of Science and 

Technology. 

 

Measurement of climatic conditions 

Maximum and minimum ambient temperatures were 

recorded using a mercury thermometer throughout the 

breeding seasons. Relative humidity was measured in the 

morning and evening during the semen collection periods in 

both autumn and spring. The arithmetic mean of 

temperature and relative humidity was calculated for each 

period, and the data were subsequently subjected to 

statistical analysis (Table 1). 

 

Experimental animals 

Ten healthy Awassi rams aged 2.5–3.5 years were used in 

this study. The animals were allowed to graze for 6–8 hours 

daily on natural grasses and herbs and were supplemented 

with 200 g of concentrated feed per ram per day during the 

breeding season. Potable water, routine management, and 

veterinary care were provided throughout the experimental 

period. 

In addition, ten healthy Awassi ewes aged 3–4 years were 

inseminated by each ram during each breeding season. The 

ewes were clinically healthy, free from reproductive and 

physical disorders, and had a history of normal parturition. 

 

Semen collection 

Semen samples were collected during the two mating 

seasons using an artificial vagina fitted with a conical glass 

collection tube. The temperature of the artificial vagina at 

the time of collection was maintained between 41 and 42 

°C. Collection was carried out at 7:00 a.m., prior to grazing, 

with one ejaculation obtained from each ram per week. The 

collection site and timing were kept constant throughout the 

experiment. A total of 90 ejaculates were collected per 

season, with an average of 9 ejaculates per ram per season. 

 

Semen analysis 

Immediate examinations 

The volume of each ejaculate was measured immediately 

after collection using graduated glass tubes attached to the 

collection device, and values were recorded to the nearest 

0.1 cm³. Sperm concentration in fresh semen was estimated 

using a Densimeter (Model 591B), and expressed as the 

number of sperm per milliliter. 

 

Microscopic examinations 

Mass motility was assessed immediately after sample 

collection by placing a small aliquot of semen on a pre-

warmed glass slide (37 °C) and examining it under a light 

microscope at 40× magnification. Sperm motility intensity 

was evaluated using a subjective scale ranging from 0 to 5 
[36]. 

Individual sperm motility was assessed by placing a small 

drop of semen on a slide and examining it under a 

microscope using a 400× objective lens [37]. 

Eosin–nigrosine staining was used to determine the 

percentage of live (unstained) and dead (pink-stained) 

spermatozoa. The same staining technique was also used to 

evaluate abnormal sperm morphology (%) according to 

Hancock’s method [38], Using the same prepared slides, 

acrosomal integrity was assessed with Fast Green staining, 

where the acrosome appears light green and the sperm head 

red [39]. Plasma membrane integrity (%) was evaluated 

according to the hypo-osmotic swelling test described by 

Jeyendran et al. [40]. 

Lipid peroxidation in seminal plasma was estimated by 

measuring malondialdehyde (MDA) levels using the 

thiobarbituric acid (TBA) and trichloroacetic acid (TCA) 

method described by Kumaresan et al. [41], but total 

antioxidant capacity in seminal plasma was assessed using a 

commercial assay kit based on 1,1-diphenyl-2-

picrylhydrazyl (DPPH) (Sigma-Aldrich Co., St. Louis, 

USA), which reflects the activity of antioxidant components 

such as vitamins C and E, beta-carotene, glutathione 

peroxidase (GPX), superoxide dismutase (SOD), catalase 

(CAT), and glutathione reductase. 

Sperm chromatin structure assay (SCSA) was performed 

using fluorescence microscopy (BEL Photonics, 40×, Italy) 

to evaluate sperm DNA integrity and quantify the extent of 

genetic material damage. 
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Measurement of amino acid concentration 

High-performance liquid chromatography (HPLC) was used 

to determine the concentrations of amino acids (threonine, 

valine, methionine, isoleucine, leucine, phenylalanine, 

histidine, lysine, aspartic acid, serine, glutamic acid, proline, 

glycine, alanine, cystine, tyrosine, and arginine) in 

cryopreserved seminal plasma, according to the method 

described by Abadi et al. [42]. 

 

Statistical analysis 

To evaluate the effect of season on seminal fluid 

characteristics and the concentrations of essential and non-

essential amino acids in ram seminal plasma, statistical 

analysis was performed using the Statistical Analysis 

System (43) under a completely randomized design (CRD). 

One-way analysis of variance (ANOVA) was applied using 

the following mathematical model: 

 

Yij = μ + Fi + eij 

 

Where: 

Yij=observed value of the jth replicate in the ith group 

μ = overall mean of the trait 

Fi = effect of season (autumn and spring) 

eij = random error, assumed to be normally distributed with 

a mean of zero and variance σ² 

Duncan’s multiple range test [44] was used to determine 

significant differences between means at the appropriate 

probability levels. Least significant difference comparisons 

were also applied where necessary. 

 

Results and Discussion 

Temperature and relative humidity 

Maximum and minimum temperatures recorded during the 

autumn season were higher than those in spring (33.17 ± 

0.73 °C and 29.17 ± 1.01 °C, compared with 19.33 ± 2.22 

°C and 16.67 ± 0.12 °C, respectively). In contrast, relative 

humidity was higher in spring (41.33 ± 2.50%) than in 

autumn (35.67 ± 3.72%) (Table 1). 

According to the Iraqi Meteorological Organization, Iraq 

experienced extremely high temperatures exceeding 40–50 

°C during the summers of 2024 and 2025. These elevated 

temperatures extended into the autumn season, frequently 

exceeding 30 °C. Such climatic conditions may negatively 

affect ram semen quality through heat stress, in addition to 

the reduced availability of green pasture and forage 

resources [45]. 

 
Table 1: Seasonal variations in temperature and relative humidity 

during autumn and spring. 
 

Season 
Temperature 

Relative Humidity 
Maximum Minimum 

Autumn 33.17±0.73 19.33±2.22 35.67±3.72 

Spring 29.17±1.01 16.67±0.12 41.33±2.50 

 

In recent years, Iraqi sheep have been exposed to harsh 

subtropical climatic conditions characterized by high 

temperatures, low rainfall, and reduced water availability in 

the Tigris and Euphrates River systems. These 

environmental constraints have adversely affected grazing 

systems and animal nutrition, in addition to increasing heat 

stress across Iraq, particularly in central and southern 

regions. 

Seasonal variation therefore exerts a direct influence on 

animals through changes in temperature, humidity, rainfall, 

and photoperiod, while also indirectly affecting plant growth 

and the overall soil–plant–animal interaction system. These 

effects vary depending on breed type, geographical location, 

climatic conditions, nutritional management, and 

availability of energy-rich feeds required to sustain 

metabolic processes and provide essential metabolites for 

physiological functions [46, 47]. 

 

Semen characteristics 

Semen samples collected during the spring season showed a 

significant increase in sperm concentration (1.79 ± 0.16 vs. 

0.75 ± 0.43) and sperm motility (mass and individual) 

compared with the autumn season (3.43 ± 0.83 vs. 2.63 ± 

0.93 and 82.00 ± 1.83 vs. 66.00 ± 3.36, respectively). 

Conversely, a significant reduction was observed in the 

percentages of dead spermatozoa, sperm morphological 

abnormalities, acrosomal damage, and plasma membrane 

damage during the spring season compared with autumn 

(12.66 ± 2.03 vs. 16.33 ± 1.44; 6.00 ± 0.02 vs. 13.00 ± 1.02; 

4.66 ± 0.01 vs. 11.60 ± 1.03; and 10.10 ± 1.45 vs. 16.22 ± 

1.66, respectively). 

Ejaculate volume showed a non-significant increase in 

spring compared with autumn, whereas seminal pH values 

remained similar between the two seasons. In contrast, 

seminal plasma antioxidant levels were significantly higher 

in spring (25.36 ± 2.58) than in autumn (12.16 ± 3.25). 

Malondialdehyde (MDA) levels were significantly elevated 

in autumn compared with spring (29.55 ± 1.19 vs. 21.16 ± 

2.50), indicating higher lipid peroxidation under autumn 

conditions. However, no significant seasonal effect was 

observed on sperm DNA integrity. 

Overall, fertility rates were higher in ewes inseminated 

during the spring season compared with those inseminated 

in autumn (90.00 ± 0.01 vs. 75.00 ± 0.02) (Table 2). 

 
Table 2: Effect seasonal changes on semen Awassi rams 

(Means±SE) 

 

Traits 
Season 

Significance 
Autumn Spring 

Volume (ml) 1.76±0.96a 2.3±1.0a NS 

Concentration (10⁹ sperm /ml) 0.75±0.43b 1.79±0.16a * 

PH 7.16±0.2a 7.1±0.20a NS 

Mass activity(score) 2.63±0.93b 3.43±0.83a * 

Sperm individual activity (%) 66.00±3.36b 82.00±1.83a * 

Dead sperms (%) 16.33±1.42a 12.66±2.03b * 

Total Sperm abnormalities (%) 13.00±1.02a 6.00±0.02b * 

Acrosome integrity (%) 11.60±1.03a 4.66±0.01b * 

Plasma membrane integrity 

(%)  
16.22±1.65a 10.10±1.45b * 

Total antioxidants capacity 

(µg/dl)  
12.16±3.25b 25.36±2.58a * 

Malondialdehyde (µm/10⁹ 

sperm)  
29.55±1.19a 21.16±2.50b * 

DNA damage (%) 9.15±1.11a 9.73±0.23a NS 

Conception rate (%) 75.00±0.02b 
90.00±0.01a

  
* 

a, b, c: means with same superscripts are significantly different 

(P<0.05, P<0.01) from one another. 
* (P<0.05) ** (P<0.01), NS: Non-significant. 
 

The improvement observed during spring may be attributed 

to the increased availability of natural and cultivated forage 

resources, including wheat, barley, clover, and seasonal 
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grasses that become abundant after winter. These feed 

resources enhance the nutritional status of sheep and provide 

more favorable grazing conditions. This was further 

supported by moderate temperature and humidity conditions 

during winter and spring. 

These favorable environmental and nutritional conditions 

positively influenced male spermatogenesis, a process that 

requires approximately 50 days for complete sperm 

formation in rams prior to ejaculation [48]. In addition, the 

availability of post-harvest cereal residues, particularly after 

the fourth month, further enhanced feed availability 

compared with other seasons. 

As a result, the enhanced nutritional environment likely 

supported metabolic processes and increased the availability 

of biologically important compounds in both blood and 

seminal plasma, which was reflected in better semen 

characteristics and improved reproductive performance, 

particularly through improved sperm motility. 

In contrast, Exposure to elevated environmental 

temperatures can adversely affect the process of sperm 

production, and recovery of normal reproductive function 

may require several weeks following the cessation of 

thermal stress, due to its impact on all stages of sperm 

development [49]. Furthermore, heat stress contributes to 

reduced reproductive performance and economic losses by 

impairing semen quality and prolonging the period required 

to restore optimal semen characteristics suitable for 

fertilization and cryopreservation after exposure to thermal 

stress [45, 50]. 

Our study is consistent with Al-Obaidi et al. [51], who 

reported higher sperm concentration during the spring 

season. Similarly, Malejane et al. [14] observed that the 

highest sperm concentration occurs in spring, when 

environmental temperatures are optimal for 

spermatogenesis. 

Male reproductive function is strongly influenced by 

testosterone, which regulates sperm production and supports 

the secretory activity of testicular tissues. Therefore, the 

significant increase in sperm concentration observed in 

spring in the present study may be attributed to elevated 

testosterone levels in rams during this season. Testosterone 

enhances sperm production within the seminiferous tubules 

and stimulates testicular function, resulting in increased 

sperm concentration and ejaculate volume [52]. Alternatively, 

this improvement may also be associated with higher 

concentrations of essential amino acids in seminal plasma 

during spring (Table 2). 

Mass motility also increased significantly in spring, which is 

in agreement with the findings of Al-Bity et al. [53], who 

reported similar results under comparable climatic 

conditions. 

Individual sperm motility increased during the spring 

season, which is consistent with the findings of Al-Obaidi et 

al. [51], but contrasts with the results reported by 

Moghaddam et al. [54] in a crossbred population of Awassi 

sheep in Iran. These discrepancies may be attributed to 

genetic variation and differences in geographical location 

between studies. 

In this context, Benmoula et al. [19] and Cardenas-Gallegos 

et al. [15] reported no clear seasonal relationship between 

semen volume and both mass and individual sperm motility 

across different ram breeds. In contrast, Juma and Al-

Kassab [55] observed a pronounced seasonal effect on semen 

volume, color, and both mass and individual motility in 

Hamdani rams. Similarly, Malejane et al. [14] reported 

significant seasonal variation in semen volume and sperm 

motility in Dorper rams, while notable differences in these 

traits were also observed in Naeemi and Najdi rams [56]. 

Furthermore, some studies have indicated that seasonal 

variation affects only semen volume, while mass and 

individual motility remain unaffected [57, 58]. Ali and Tou [59] 

reported a decrease in sperm concentration accompanied by 

an increase in ejaculate volume, which was associated with 

negative and positive correlations, respectively, with 

testosterone levels. In contrast, Chella et al. [60] reported 

seasonal differences in both mass and individual sperm 

motility, whereas climatic variation did not significantly 

affect semen volume. 

In the present study, marked seasonal differences were 

observed in sperm density, mass and individual motility, and 

pH, with improved spring temperatures contributing to 

enhanced semen quality, particularly sperm concentration. 

This improvement may be linked to increased utilization of 

available nutrients for energy production required for 

spermatogenesis. 

No significant differences in semen pH were observed 

between the two seasons, possibly because pH is relatively 

stable and less influenced by environmental temperature or 

geographical variation [61]. 

Overall, discrepancies among previous studies may be 

explained by differences in breed, seasonal conditions, 

animal age, semen collection methods, collection intervals, 

and geographical location [3, 14, 62-65]. 

In the present study, the percentage of dead sperm was 

consistent with the findings of Al-Obaidi et al. [51], but 

differed from those reported by Hassani et al. [66], who 

observed that winter recorded both the highest and lowest 

percentages of dead sperm. This discrepancy may be 

attributed to differences in environmental temperatures 

during the months preceding semen collection, as well as 

variations in the concentration of male sex hormones during 

spermatogenesis [67]. 

The variation in acrosomal abnormalities may be related to 

the decline in peak ambient temperatures and the overall 

improvement in semen quality during the spring season. 

The increased percentage of sperm plasma membrane 

damage observed in autumn may be associated with 

elevated levels of free radicals in seminal plasma during this 

season. These reactive oxygen species can induce lipid 

peroxidation of sperm membranes, leading to increased 

production of malondialdehyde (MDA) as a final product of 

oxidative stress [68-71]. 

The present findings further confirm higher MDA levels in 

the seminal plasma of Awassi rams during autumn 

compared with spring (Table 2), supporting the role of 

oxidative stress in seasonal variations in semen quality. 

Total antioxidant concentrations in seminal plasma 

increased significantly during the spring season compared 

with autumn, whereas malondialdehyde (MDA) levels were 

significantly higher in autumn than in spring. However, no 

significant seasonal differences were observed in sperm 

DNA damage in Awassi rams (Table 2). 

A significant negative correlation has been reported between 

seminal antioxidant capacity and the percentage of dead 

spermatozoa [72]. Antioxidants play a crucial role in 

protecting sperm cells and enhancing mitochondrial 

function, thereby improving overall sperm quality [73]. They 

also improve sperm motility and plasma membrane integrity 
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while inhibiting lipid peroxidation processes [74]. In addition, 

antioxidants prevent oxidative damage to spermatozoa, 

thereby prolonging motility duration [75], and contribute to 

improved seminal plasma quality compared with control 

group [76]. 

These beneficial effects may be explained by their 

protective role in supporting epididymal function, sperm 

maturation, and cytoplasmic droplet removal, ultimately 

leading to higher sperm viability and a reduced percentage 

of abnormal spermatozoa. Casagrande et al. [77] also 

reported that antioxidants reduce sperm morphological 

abnormalities. 

The elevated MDA concentration observed in autumn 

semen samples may be attributed to exposure to high 

ambient temperatures during the preceding summer, when 

temperatures exceeded 50 °C. Spermatogenesis occurs over 

this period and is completed in autumn; therefore, heat stress 

during summer may adversely affect sperm development. 

High environmental temperatures, particularly in central and 

southern Iraq, can induce oxidative stress by increasing 

reactive oxygen species (ROS) production, disrupting 

mitochondrial function, increasing membrane fluidity, and 

causing structural damage to sperm membranes [78]. 

Sperm membranes are rich in phospholipids and 

polyunsaturated fatty acids, making them highly susceptible 

to oxidative attack. Consequently, excessive oxidative stress 

impairs spermatogenesis, damages sperm membranes, and 

reduces plasma membrane integrity. This was confirmed in 

the present study, where the percentage of intact sperm 

membranes was significantly lower in autumn compared 

with spring (Table 2). 

Alternatively, elevated MDA levels during autumn may also 

be associated with nutritional deficiencies and limited 

management practices due to environmental constraints, 

including water scarcity and reduced rainfall, which impose 

physiological stress on Awassi rams. 

Moreover, heat stress is known to increase cortisol 

secretion, which negatively affects reproductive hormone 

release, including GnRH, FSH, and LH. A marked reduction 

in these hormones, as well as in steroid hormone levels, has 

been reported under heat stress conditions, leading to 

impaired semen quality [79]. GnRH regulates FSH and LH 

secretion, which in turn control Sertoli and Leydig cell 

activity, both essential for normal spermatogenesis [80-82]. 

Elevated MDA levels in seminal plasma are strongly 

associated with reduced sperm motility and viability [83]. 

This relationship was also observed in the present study, 

where both mass and individual sperm motility in autumn 

samples were below optimal levels. MDA is a final product 

of lipid peroxidation occurring in sperm membranes and 

seminal plasma, leading to loss of membrane integrity and 

selective permeability [84]. 

Regarding amino acids, seminal plasma concentrations of 

threonine, leucine, and isoleucine were significantly higher 

in spring than in autumn (84.60 ± 0.12 vs. 76.70 ± 1.01; 

11.12 ± 2.01 vs. 5.39 ± 0.10, respectively). In contrast, 

valine, histidine, methionine, phenylalanine, and lysine 

showed no significant seasonal variation (Table 3). 

 
Table 3: Effect seasonal changes on amino acids of seminal plasma of Awassi rams (Mean ±SE). 

 

Amino acids 
Seasons 

Significance 
Autumn Spring 

Threonine 76.70±0.01b 84.6±0.12a * 

Valine 6.22±3.11a 7.01±2.11a NS 

Methionine 5.43±2.12a 5.11±0.71a NS 

Isoleucine 5.39±0.10b 11.12±2.01a * 

Leucine 13.78±0.71b 26.99±1.11a * 

Phenylalanine 23.33±0.71a 21.34±0.05a NS 

Histidine 25.22±1.01a 29.82±1.91a NS 

Lysine 21.31±1.34a 21.33±1.03a NS 

Aspartic acid 11.70±1.11b 20.30±2.02a * 

Serine 69.80±1.01b 90.10±0.75a * 

Glutamine 130.20±1.20a 89.30±0.99b * 

Proline 3.80±1.75b 7.90±2.00a * 

Glycine 13.90±1.44a 7.53±0.80b * 

Alanine 14.22±1.02a 13.32±0.89a NS 

Cystine 1.12±2.11b 2.92±1.99a * 

Tryptophan 2.89±1.33a 2.47±1.05a NS 

Arginine 21.89±1.33a 21.55±1.98a NS 

Sum EAAs 177.38±1.14b 207.32± 1.13a * 

Sum NEAAs 247.63 ±1.36a 255.39±1.39a NS 

Sum AAs 425.01±1.34a 462.71±1.28a NS 

a, b, c: means with same superscripts are significantly different (P<0.05, P<0.01) from one another. 

* (P<0.05) ** (P<0.01), NS: Non-significant. 
 

The concentrations of non-essential amino acids (NEAAs), 

including aspartic acid, serine, proline, and cysteine (20.30 

± 2.02 vs. 11.70 ± 1.11; 90.10 ± 0.75 vs. 69.80 ± 1.01; 7.90 

± 2.00 vs. 3.80 ± 1.75; and 2.92 ± 1.99 vs. 1.12 ± 2.11, 

respectively), were significantly higher in seminal plasma 

during the spring season compared with autumn. 

In contrast, glutamic acid and glycine concentrations were 

significantly higher in autumn than in spring (130.20 ± 1.20 

vs. 89.30 ± 0.99; 13.90 ± 1.44 vs. 7.53 ± 0.80, respectively). 

No significant seasonal differences were observed in 

alanine, tyrosine, or arginine levels. 

Consistent with this pattern, total NEAA concentrations in 

seminal plasma were higher in spring than in autumn 

(207.32 ± 1.13 vs. 177.38 ± 1.14). In contrast, essential 

amino acid (EAA) levels showed a non-significant increase 

in spring compared with autumn. No significant seasonal 

differences were observed in total amino acid concentrations 

in seminal plasma (Table 3). 
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The higher EAA concentrations observed in spring may be 

related to improved nutritional status and metabolic activity 

during this season. Amino acids are fundamental units of 

protein metabolism and serve as energy substrates in 

ruminants, participating in numerous biological processes, 

including thermoregulation, gametogenesis, and embryonic 

development [85]. 

Essential amino acids such as tryptophan and leucine play 

important roles in stimulating protein synthesis, whereas 

leucine also inhibits protein degradation and contributes to 

neurological and immune functions through serotonin and 

melatonin pathways [86]. Branched-chain amino acids 

(BCAAs), including valine, leucine, and isoleucine, have 

been reported to improve fertility by modulating the 

neuroendocrine stress axis [87]. These amino acids also 

enhance sperm survival and reproductive performance in 

rams and bucks [8]. 

Non-essential amino acids such as glycine, serine, and 

proline play critical roles in improving sperm quality by 

enhancing motility, plasma membrane integrity, DNA 

stability, mitochondrial efficiency, and antioxidant capacity, 

thereby contributing to improved fertility and reproductive 

performance [30-32].  

Amino acids contribute to improving sperm function (88, 

89) and to the epididymal and seminal morphological 

characteristics in Awassi rams [90]. They act synergistically 

to neutralize reactive oxygen species or to protect the sperm 

plasma membrane from oxidative damage. In addition, they 

contribute to increasing sperm concentration [28, 29]. 

Cysteine and glutathione play an important role in activating 

mitochondrial function and providing continuous protection 

to sperm membranes [91]. Lysine has been reported to 

enhance sperm motility, while histidine improves seminal 

plasma characteristics [29, 92, 93]. 

Fertility rates in the present study were higher in spring 

compared with autumn (Table 2). Seminal plasma serves as 

an essential medium supplying energy and bioactive 

compounds required for sperm function, including motility, 

fertilization capacity, acrosome reaction, and subsequent 

embryonic development [94, 95]. 

Amino acids also reduce free radical activity and protect 

cells from oxidative degeneration [27]. Glutamine contributes 

to glutathione synthesis, acting as a strong antioxidant 

against reactive oxygen species [96]. Arginine enhances 

sperm motility by stimulating mitochondrial activity and 

reducing structural deterioration of sperm cells [97-100]. It also 

regulates superoxide (O₂⁻) and hydrogen peroxide levels, 

thereby protecting sperm integrity [101]. Furthermore, 

arginine serves as a precursor for nitric oxide (NO), which 

helps maintain sperm motility and function within the 

female reproductive tract by scavenging reactive oxygen 

species and protecting the sperm plasma membrane [102]. 

Aspartate provides protection against oxidative stress–

induced damage by reducing lipid peroxidation and DNA 

damage, thereby maintaining sperm viability [34, 35]. It is also 

involved in the acrosome reaction and fertilization processes 
[103- 105]. 

Alanine contributes to protecting sperm from oxidative 

stress in rams [106], improves individual motility and live 

sperm percentage, reduces abnormal sperm forms, and 

enhances plasma membrane integrity [107-111]. 

In recent decades, the Earth, including Iraq, has experienced 

significant climatic changes, most notably global warming 
[112]. These changes negatively affect blood biochemical 

parameters and increase oxidative stress at the cellular level, 

ultimately contributing to male infertility [113, 114]. 

Consequently, considerable attention has been directed 

toward the role of antioxidants in regulating physiological 

functions, either through dietary supplementation or 

endogenous synthesis in animals exposed to harsh 

environmental conditions [115, 53]. 

Iraqi sheep have been exposed to multiple environmental 

and socioeconomic stressors that negatively affect sperm 

production. These include economic instability and 

increased feed prices due to shortages, high ambient 

temperatures that directly and indirectly affect both animals 

and plants, and reduced water availability resulting from 

limited rainfall and dam construction on the Tigris and 

Euphrates rivers, in addition to regional water resource 

challenges. These combined factors, along with the extreme 

climatic conditions of subtropical regions such as Iraq, 

particularly during summer, have led to heat stress that 

adversely affects the fertility of Awassi rams. The impact of 

these conditions often persists into mid and late autumn, 

resulting in reduced feed intake. 

During the hot summer months, temperatures exceed the 

optimal threshold for spermatogenesis (approximately 24.4 

°C), and their effects may extend into autumn. Such 

environmental stressors negatively influence semen quality 

and fertilization efficiency [116]. Reduced feed intake, 

whether due to heat stress or feed scarcity, leads to 

decreased calcium levels in blood and seminal plasma, 

which in turn impairs sperm motility [117, 118]. 

Calcium and bicarbonate ions stimulate adenylate cyclase 

activity upon entering sperm cells, leading to increased 

cyclic adenosine monophosphate (cAMP) production. 

cAMP serves as an essential intracellular energy mediator 

involved in protein phosphorylation pathways that enhance 

sperm motility, mass activity, and fertilization capacity. 

 

Conclusion 

It is evident from the present study that temperature and 

relative humidity are key environmental factors influencing 

the reproductive performance of Awassi rams, particularly 

under the tropical and subtropical climatic conditions 

prevailing in Iraq. 

The evaluated semen characteristics, including sperm 

concentration, individual and mass motility, sperm 

morphological abnormalities, plasma and acrosomal 

membrane integrity, essential and non-essential amino acids, 

malondialdehyde levels, total antioxidant capacity, and 

fertilization rate, were all affected by seasonal variations 

between spring and autumn. These effects are likely 

attributed to climatic conditions in the preceding 

spermatogenic period, during which sperm formation 

occurs, as well as indirectly to seasonal changes in forage 

availability driven by rainfall in winter and drought in 

summer. 

Accordingly, it can be concluded that temperature is a major 

limiting factor affecting the reproductive efficiency of sheep 

in hot climates. 

Furthermore, this study recommends further research on the 

influence of additional climatic factors, such as photoperiod, 

as well as the effects of environmental conditions outside 

the breeding season on reproductive performance. Such 

investigations, together with advances in assisted 

reproductive technologies (ART), may contribute to 
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improving both natural and artificial breeding programs in 

Awassi rams. 
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