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Abstract 

Breeding soundness evaluation (BSE) is a crucial process that assesses the reproductive potential of 

bulls intended for use as herd sires. This comprehensive method involves a thorough examination of the 

bull's physical health, reproductive organs, and semen quality, including overall examination, scrotal 

assessment, and semen evaluation. Among these components, precise semen evaluation is the most 

critical part of BSE. This method is reliable, cost-effective, and economically prudent for assessing the 

potential fertility of sire bulls. In this review, the information and application of BSE in bulls was 

summarized. Furthermore, knowledge gained from the reproductive biology of domestic animal species 

can be utilized through these BSE guidelines to study and develop assisted reproductive technologies, 

serving as tools for the ex-situ gene conservation of endangered wild animals such as argali sheep, yak, 

reindeer, and Przewalski horses—species that are vital members of Mongolia's wild fauna. 
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Introduction 

According to the United Nations Estimation 

report, the global population in 2023 is 

predicted to be 8.1 billion, and it is expected to 

grow to 9.7 billion people by 2050. This 

increase in population will result in a 70% 

increase in demand for global food production 

to meet the growing population’s needs [1]. 

Animal breeding in developing countries is vital 

for efforts to increase production, as well as in 

addressing challenges related to climate change 

and promoting green sustainable development. 

As such, an increase in food production will 

require an improvement in livestock 

management, including better provender 

manufacturing, reducing gas emissions (carbon 

dioxide and methane etc.,) and waste, animal 

health, and fertility within herds [2].  

Reproductive health in breeding male animals 

plays a key role in successfully breeding and 

maintaining healthy livestock by reducing the 

number of calves to achieve optimal 

reproductive outcomes. However, reproductive 

health of the male animal can be affected by 

genetic, nutritional, infectious disease, and 

traumatic issue factors[3], [4]. For example, 

limited feed conditions might be one of the 

causes of low Body Condition Score (BCS) in 

cattle, resulting in abnormalities of reproductive 

function [5].  

Breeding soundness evaluation (BSE) is an 

essential step in ensuring the reproductive 

success of all species of animals. It is an 

examination that evaluates the physical and 

reproductive soundness of livestock for 

breeding purposes [6]. There are several reasons 

to use this method: initially, it confirms that the 

animal is healthy and free from any physical 

abnormalities. Secondly, it's important to 

identify any reproductive issues in animals, as it 

can affect their ability to mate and reproduce. 

This is especially important for farmers and 

breeders since it can prevent economic loss [7], 

[8]. Ultimately, it can help to prevent or stop 

sexually transmitted diseases [9].  
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It is well known that breeding soundness exams 

are vital for successful reproduction in breeding 

animals. However, they do not replace routine 

health assessments that evaluate overall health. 

Routine health assessments may play a major 

role in detecting and treating diseases and 

conditions that may affect the animal’s overall 

health and well-being. 

Overall evaluation 

Breeding soundness examination (BSE) is a 

method used to evaluate the reproductive health 

of animals, particularly bulls. This approach is 

reliable and efficient for screening bulls 

regarding their fertility. Assessments should be 

performed on each bull within 30 to 60 days 

before each breeding season to allow adequate 

time for breeding [6]. 

Table 1 

Suggested minimum scrotal circumference 

measurement (cm) for best practice guideline 

Age of bull (months) Minimum Scrotal Circumference 

recommendation 

12 30 

13 30 

14 30 

15-20 31 

21-30 33 

>30 34 

Various criteria are evaluated, including 

breeding ability, overall body condition, 

reproductive system examination, and sperm 

production and quality evaluation. The 

fundamental components of semen quality 

assessment encompass macroscopic 

assessment, volume, concentration, sperm 

viability, and the percentage of normal sperm 

morphology and morphometry [6, 10, 11]. 

A physical examination analyzes the bull's 

overall appearance, including attitude, body 

condition, and fecal characteristics. Among 

these, body condition is a critical factor for 

evaluation. To detect female cows in heat, bulls 

must travel long distances; therefore, the health 

of their hooves and legs is crucial for their 

performance [80]. Additionally, the bull's eyes 

should be clear and free from injury or disease 

to effectively detect cows in heat. An early 

study evaluated the frequency of ocular tumors 

across different cattle breeds, revealing that 

Herefords had a higher incidence rate compared 

to the Red Poll breed [12]. Understanding breed 

differences can aid in the effective management 

of bull reproduction. 

There are specific concerns regarding bulls that 

are overly thin or fat: thin bulls may lack the 

stamina to service several cows over large 

distances, while fat bulls may not mate to their 

full potential due to a lack of vigor. The Body 

Condition Score (BCS) method is a common 

practice for assessing fatness in beef cattle. This 

method typically involves a combination of 

visual inspection and palpation techniques, 

which are directly linked to semen quality [13]. 

Research indicates that bulls with a BCS of 5 or 

6 tend to exhibit better sperm quality compared 

to those with scores below 5 or above 7 [13]. 

Scrotal evaluation 

The measurement of scrotal circumference (SC) 

has become widely utilized in the cattle industry 

to assess the reproductive capability of breeding 

bulls. SC is directly linked to sperm-producing 

tissue, spermatozoa normality, and the sexual 

maturity of female relatives [14, 15]. As one of 

the parameters for breeding soundness 

assessment, SC provides important indications 

of a bull's genetic merit. It is essential for 

evaluating testicular volume and is strongly 

associated with sperm output [14].To measure 

scrotal circumference, a self-tension tape (in 

centimeters) is used. The testes are drawn down 

into the lower part of the scrotum, and the tape 

is placed around the widest point to record the 

scrotal size measurement [16]. Bull BSE 

includes SC measurement indices based on age 

and breeding [17].  
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Table 1 provides an overview of scrotal 

measurements according to higher standard 

guidelines (Bull) [6].Larger SC measurements 

correlate with increased sperm output and 

improved fertility results, and they can depend 

on body weight [18], nutrition [19, 20], age 

[21], and breed [20]. Numerous studies have 

reported on the relationship between SC and 

semen quality across different bull breeds [22-

24]. For example, research on crossbred 

Holstein Friesian bulls revealed a positive 

correlation between SC and semen volume. A 

similar study on Bali bulls reported a moderate 

relationship between SC and semen quality, 

with correlation coefficients of 0.63 for semen 

volume and 0.60 for sperm concentration [14] 

A study by Pérez-Osorio et al. (2016) 

investigated the association between scrotal 

circumference and physical characteristics of 

semen and sperm morphology in 191 Guzerat 

bulls, categorized by age into six groups 

ranging from 12 to 36 months [25]. They found 

a nearly perfect correlation (r = 0.94, p < 0.005) 

between SC and sperm motility by age group. 

Additionally, bulls with scrotal circumferences 

greater than 30 cm at 28 months of age 

produced the highest semen volumes under 

healthy conditions. While SC measurement is a 

crucial component of BSE, it should not be the 

sole factor in breeding decisions; other factors, 

such as semen quality and overall health, must 

also be considered for informed decision-

making. 

Furthermore, infrared thermography (IRT) is a 

valuable technique for studying scrotal and 

testicular function in both animal and human 

andrology. This non-invasive method is highly 

sensitive in measuring temperature differences 

across the skin surface, making it effective for 

monitoring scrotal surface temperature. Scrotal 

thermography is a simple, feasible, rapid, and 

cost-effective diagnostic method [26]. Initially 

utilized for assessing scrotal and testicular 

function in humans [27], IRT has also been 

adapted for use in bulls [28]. This technique is 

essential for determining scrotal surface 

temperature in bulls [29]. Research indicates a 

strong correlation between scrotal surface 

temperature and testicular temperature. 

Maintaining an appropriate temperature within 

the testes is crucial for normal spermatogenesis 

[30]. The ideal testicular temperature should be 

between 2°C and 6°C cooler than the normal 

body temperature to produce fertile sperm [20]. 

Sperm Collection Methods 

Currently, there are six primary methods for 

collecting semen from animals: artificial vagina 

(AV) [8, 31], internal artificial vagina (IAV) 

[9], electro-ejaculator (EE) [32], trans rectal 

massage (TM) [33], and post-mortem semen 

collection [34]. Among these, AV and IAV are 

regarded as methods that yield semen samples 

with a high sperm concentration, as they closely 

mimic natural breeding [35]. 

Artificial Vagina (AV) 

The artificial vagina (AV) is designed to 

replicate the vaginal orifice (labia minora) of 

female animals, facilitating artificial 

insemination (AI). This method offers 

numerous benefits, including genetic 

improvement, efficiency, and precise semen 

handling. Compared to other techniques, the 

AV method is more humane and closely 

resembles the natural breeding process, which 

can help prevent the transmission of diseases. 

Additionally, unlike natural methods, the AV 

approach does not require an expert palpatory. 

However, a disadvantage of natural breeding 

methods is the time needed to train bulls. 

The AV consists of various components, 

including a rigid casing, inner rubber liner, 

rubber bands, valve, director cone, semen vial, 

and warming bag [36]. The AV requires thermal 

and mechanical stimulation to induce 

ejaculation. The pressure within the AV is 

crucial for obtaining ejaculates of optimum 

quality. For instance, the AV is filled with warm 

water (42 to 48°C), and temperature checks 

should be conducted at each semen collection 

[37]. Several studies have successfully 

employed the AV method in bulls [31, 38]. For 

example, when comparing the quality of bull 

semen collected via AV and EE methods, the 

AV method yielded a lower volume (2.8 ml vs. 

6.3 ml) but a higher concentration (625 vs. 299 

million sperm/l) [38]. However, this approach 

necessitates the use of previously trained bulls 

and a mount cow, bull, or a so-called phantom. 

It is important to note that bulls are powerful 

animals, and even seemingly docile individuals 

can become aggressive.  
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Consequently, this method may not be suitable 

for bulls that are not accustomed to human  

handling [7]. 

Electro-Ejaculator (EE) 

Electro-ejaculators (EE) are designed to 

stimulate the pelvic splanchnic nerves with low 

electromotive force and amperage, resulting in 

ejaculation. An EE set comprises several 

components, including a carrying case, rectal 

probe, control devices, battery charger, power 

cord, probe cord, semen collection handle, 

collection cone, and collection vial [37]. In the 

field of animal reproduction, EE is a remarkable 

method for collecting semen from both 

domestic and wild animals. This technique is 

safe, easy to employ, and requires minimal 

facilities. 

Sarsaifi et al. (2013) assessed the response of 

Bali bulls to different semen collection 

techniques (EE, RM, and RM+EE) and their 

effects on sperm cell characteristics [33]. The 

study found that Bali bulls responded better to 

EE and the combination of RM+EE than to RM 

alone. Although the EE method produced better 

semen characteristics than RM [33], the quality 

of semen collected was not as high as that 

obtained from the AV method [39]. It is worth 

noting that while EE may seem less humane due 

to the associated pain, understanding the pain 

experience in animals remains complex. 

Research has indicated that nerve stimulation 

for semen release in humans is often associated 

with discomfort [40]. Moreover, complications 

may arise from natural animal behaviors, such 

as lying down, struggling, or becoming 

recumbent. Palmer et al. (2005) recommended 

that operators apply electrical stimulation as 

gently as possible [41]. One advantage of the 

EE method is that bulls do not require prior 

training [40]. 

Internal Artificial Vagina (IAV) 

The internal artificial vagina (IAV) method is 

simple, easy to use, repeatable, and cost-

effective. It allows for semen collection from 

bulls without the critical skills typically 

required by a technician [9]. This method 

mimics natural mating, facilitating 

simultaneous semen collection and evaluation 

of libido and mating ability. The IAV consists 

of a flexible plastic tube and a wire frame 

supporting a 7.5 cm diameter rubber tubing that 

can be placed into a cow’s vagina [42]. 

In terms of instrument and labor costs, the IAV  

may be more expensive than the EE method due 

to the need for additional mount cows. Potential 

limitations of the IAV method include disease 

transmission and animal welfare issues [9]. 

Nevertheless, it offers several advantages, such 

as being a cost-effective and more humane 

semen collection technique compared to EE. 

Additionally, the IAV method allows for semen 

collection while simultaneously assessing the 

bull's sexual drive and serving ability, 

enhancing the selection process for healthy 

breeding bulls [9]. 

Rectal Massage (RM) 

The rectal massage (RM) method requires two 

personnel: one to perform the massage and 

another to collect the semen [37]. Initially, the 

bull is placed in a chute, and feces must be 

cleared from the rectum before semen can be 

collected by massaging the internal 

reproductive structures (vesicular glands, 

ampullae, pelvic urethra). This technique has 

been successfully employed in several studies 

[7, 33]. A combination of massaging both the 

seminal vesicular glands and the ampullae has 

proven effective in collecting spermatozoa from 

various bull breeds [7, 33]. 

The RM method has its pros and cons. 

Advantages include inexpensive devices and 

reduced pain compared to the EE method. 

Disadvantages include the necessity for an 

expert palpator, the requirement of libido for 

mating, potential contamination of samples, and 

variable semen volume and concentration [44]. 

Nonetheless, the primary consideration is 

obtaining a representative semen sample with 

accurate semen quality measurements. 

A study by Sarsaifi et al. (2013) reported that 

the success rate for semen collection using EE 

was 100%, whereas the RM method achieved 

an approximately 80% success rate [33]. In 

another study comparing EE and RM methods 

for semen collection in beef bulls, the RM 

method required more time, and the viability of 

sperm and live sperm in the samples was lower; 

however, no differences in sperm morphology 
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were noted [7]. 

Post-Mortem Semen Collection 

Post-mortem semen collection involves several 

attempts to harvest semen samples from wild 

animal species after culling or castration, 

primarily from the epididymis. This method 

was applied in the cryopreservation of 

epididymal spermatozoa from white-tailed deer 

(Odocoileus virginianus), with semen 

collection and processing completed within 1 to 

5 hours post-mortem for two Virginian deer 

[44]. In another study, spermatozoa were 

collected from the epididymis of two different 

deer species: red deer (Cervus elephus 

hippelaphus) and fallow deer (Dama dama). 

The sampling time for red deer ranged from 1.5 

to 15 hours, whereas for fallow deer, it ranged  

from 3 to 11 hours [34]. 

Other researchers have successfully applied this 

approach to other species, including reindeer 

(Rangifer tarandus), wild sheep or argali (Ovis 

Ammon), and yaks (Bos grunniens) [45-47]. 

The characteristics of sperm cells collected, 

such as concentration, motility percentage, and 

intact acrosome status, were satisfactory [34]. 

Numerous studies have focused on bull semen 

collection, highlighting both advantages and 

disadvantages associated with the process. The 

existing literature suggests that while there are 

benefits to semen collection in bulls, further 

research is warranted to fully understand the 

implications (see Table 2). 

 Table 2 

The pros and cons of semen collection method 

Semen collection 

Methods 

Advantages Disadvantages 

Artificial vagina 

- Mimics natural breeding 

- More humane 

- To prevent disease transmission 

- No need specialist palpatory 

- High concentration  

Inexpensive  

- more time to train bull 

- low semen volume 

Internal artificial 

vagina 

- Mimics natural mating  

- Evaluation of libido and mating ability 

simultaneously 

Expensive  

- Expensive  

- Disease transmission  

- Animal welfare problem 

Electro-ejaculator 

- Safe to employ 

- Easy, and require minimal facilities 

- High quality semen 

- High semen volume 

- Not needed to be trained 

- Time-consuming 

Not seems more humane 

Transrectal massage 

- Inexpensive 

- Time-consuming 

- Only two people required  

- to collect semen 

- No need to be trained 

- No expensive equipment is required 

No pain 

- Skilled palpators are 

needed 

- Need for libido, mating 

or breeding 

- Potential contamination 

of samples 

- Variable semen volume 

and concentration 

Post mortem 

- To save the genetic diversity of 

endangered species 

- High quality sperm cell 

- No need to train 

Cost-effective  

- Culling or castration 

- Time limitation  

- Time consuming 
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Sperm Analysis 

Semen is a body fluid composed of a suspension 

of spermatozoa in seminal fluid. A 

comprehensive assessment of semen requires 

consideration of several factors, including 

volume, color, consistency, density, smell, and 

the presence of foreign materials or blood. 

Proper documentation of these observations is 

crucial for accurate analysis and diagnosis, 

typically conducted through visual assessment 

[31]. 

3.1 Volume 

Semen volume can be influenced by various 

factors such as the season, breed, size, age of the 

animal, and collection methods [48, 49]. A 

study by Abah et al. (2023) reviewed 

approximately 100 papers and found that the 

average ejaculate volume from bulls ranges 

between 2 ml and 10 ml [49]. Notably, the 

volume of semen tends to increase with age, 

with bulls around five years old generally 

producing higher-quality semen [48, 49]. 

3.2 Macroscopic Evaluation 

The color of bull semen typically ranges from 

creamy white to yellow-gray or even greenish. 

A normal ejaculate is usually creamy white and 

should have a uniform, opaque appearance, 

indicative of high sperm concentration. 

Translucent semen may suggest a lower sperm 

count [6]. Semen should be free of 

contaminants, such as blood, urine, pus, or hair. 

Pathological colors and their implications 

include: 

• Pink or red: Indicates blood, often due to

penis abrasion or urinary stones.

• Green: Suggests the presence of pus.

• Yellow: Indicates potential contamination

with urine.

• Watery white: Suggests a low spermatozoa

count [31, 50].

The smell of normal semen is similar to cow's 

milk [31]. Kocks et al. (2014) established a 

standard density value for whole bull semen at 

1.053 g/ml, serving as a benchmark for routine 

bovine artificial insemination practices [51]. 

3.3 Concentration 

Sperm concentration is a critical measure for 

determining fertility levels, expressed as the 

number of sperm cells per milliliter of ejaculate. 

Various methods can be employed to determine 

sperm concentration, including: 

• Hemacytometer: A traditional method

involving a specially designed microscope

slide for manual counting.

• Spectrophotometer and Colorimeter:

More precise and rapid techniques that

require calibration for accurate results.

• Computer-Aided Sperm Analyzer

(CASA): Automated methods like flow

cytometry provide accurate and efficient

assessments.

In young and mature bulls, normal sperm 

concentration ranges from 2×10⁸ sperm/ml to 

1.8×10⁹ sperm/ml, respectively [6]. 

3.4 Motility and Viability 

Sperm motility evaluation estimates the 

percentage of active spermatozoa, providing 

insight into viability and quality. Light 

microscopic analysis is commonly used for 

assessing motility in both raw and extended 

semen [10, 12]. However, measuring motility in 

raw semen can be challenging due to high 

sperm concentrations, necessitating dilution 

with a quality extender [11, 34]. Standard 

practice involves incubating sperm samples at 

37°C for 2 minutes before measurement. 

Viability is determined by placing a drop of 

semen on a clean slide and observing it under a 

phase-contrast microscope at 37°C [11, 47]. 

Sperm motility is typically classified as follows: 

• Very good: 80-100% motile sperm

• Good: 60-80% motile sperm

• Fair: 40-60% motile sperm

• Poor: 20-40% motile sperm

• Very poor: <20% motile sperm [6, 31].
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3.5 Morphology 

Sperm morphology refers to the physical shape 

of spermatozoa, with normal sperm featuring a 

head, neck, and tail. Abnormalities can occur, 

and while light microscopy is commonly used 

for initial assessments, electron microscopy 

(EM) provides higher resolution images for 

detecting subtle defects [52]. Phase-contrast 

microscopy at 1000× magnification or higher is 

typically used for detailed morphological 

assessments [10, 11, 47, 53]. Abnormalities 

may include: 

• Head defects: Knobbed acrosome, pear-

shaped heads, and detached heads.

• Tail defects: Distal midpiece, coiling, or

double bends.

• Cytoplasmic droplets: Indicating

immaturity during spermatogenesis [10,

11, 34, 52, 54].

3.6 Morphometry 

Sperm morphometry involves measuring the 

physical dimensions of sperm cells to assess 

their quality and fertilization potential. Various 

microscopy techniques, including light and 

electron microscopy, are utilized alongside 

specific morphometric analysis software [55]. 

While electron microscopy is costly and time-

consuming, light microscopy combined with 

analysis software provides a more practical 

solution for routine assessments [34, 47, 55]. 

Computer-assisted sperm morphometry 

analysis (ASMA) has been adopted across 

various species, including bulls [57, 58]. Flow 

cytometry has also emerged as an essential tool 

for rapid, precise analysis of sperm cells, 

enabling the assessment of multiple parameters 

simultaneously [54, 59]. 

3.7 Chromatin Status 

Sperm chromatin, a complex of DNA and 

protein, undergoes significant changes during 

spermatogenesis, with histones being replaced 

by protamines. This condensation is crucial for 

sperm function, and any abnormalities can lead 

to reduced fertility and poor embryo quality [62, 

63]. Techniques for assessing chromatin status 

include: 

• Fluorescent microscopy and flow

cytometry: Common methods for

• evaluating chromatin condensation.

• Staining techniques: silver nitrate,

acridine orange, aniline blue, and

chromomycin A3 are employed to assess

DNA integrity and chromatin structure.

For instance, silver nitrate can detect chromatin 

proteins, while acridine orange distinguishes 

between normal and damaged DNA, emitting 

different fluorescence colors based on the DNA 

structure [10, 63] 

Importance of Sperm Morphology and Morphometry 

Semen samples typically contain abnormal 

sperm cells, and there is a strong correlation 

between morphological abnormalities and 

fertility in livestock. Consequently, a reliable 

method for assessing male animal subfertility 

and sterility is essential, particularly in 

morphometric evaluations. Computer-assisted 

sperm image analysis has emerged as a 

promising approach to reduce subjectivity and 

variability in evaluating sperm morphometry, 

particularly regarding the percentage of normal 

spermatozoa within a sample. However, the 

effectiveness of this method hinges on proper 

sample preparation and staining techniques, 

with accuracy influenced by the staining 

properties of the spermatozoa (e.g., Giemsa, 

India ink, William’s Karras, nigrosin-eosin, 

eosin-aniline blue) [10, 52].  

Staining Techniques 

A significant challenge in assessing sperm 

morphology and morphometry is the lack of 

standardization in staining techniques. The 

precision of sperm morphology assessments is 

contingent upon the staining method employed, 

as different chemical compositions of reagents 

can lead to varying effects on the stained 

cells.For instance, Banaszewska et al. (2015) 

evaluated four different staining techniques 

(SpermBlue®, Papanicolau, eosin + gentian 

violet complex, and silver nitrate) on 

spermatozoa from Holstein-Friesians. Their 

findings revealed that while SpermBlue and 

eosin + gentian violet complex yielded similar 
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sperm head dimensions, significant differences 

were observed across all staining techniques. 

Eosin + gentian violet complex has been 

commonly utilized to assess the morphology of 

Black-and-White breed bulls [68, 69]. 

The eosin + gentian violet complex is 

particularly valuable for sperm quality 

assessment, but it complicates the observation 

of acrosome and midpiece structures in bulls. 

Moreover, this technique, alongside trypan blue 

staining, can effectively distinguish between 

live and dead sperm cells [68, 70]. Other 

notable staining methods include Giemsa and 

eosin-nigrosine approaches, as well as the 

Rapiddiff (Diff-Quik) method, which was 

previously applied to human spermatozoa 

morphology assessment [10, 70, 71]. 

• Eosin-Nigrosin Stain Method: This two-

step technique differentiates live from dead

sperm cells based on membrane

permeability. Eosin penetrates the 

membranes of dead cells, coloring them 

pink, while live cells remain colorless. The 

procedure involves mixing eosin and 

nigrosine with a semen sample, smearing it 

on a slide, and evaluating 200 spermatozoa 

[73, 74].  

• Papanicolau Staining Technique: This

method is labor-intensive, requiring over

20 processing stages, including air-drying

slides, fixation in ethanol, and staining.

The complexity and use of numerous

chemicals can hinder its application [68].

• SpermBlue® Staining Technique: A

straightforward two-stage process

involving fixation and staining. The slides

are air-dried, fixed in SpermBlue fixative,

and stained, taking only 12-15 minutes for

completion [68].

Image Analysis Options 

Various image analysis software, such as 

Sperm Sizer, enable precise measurements of 

sperm components (head, midpiece, tail) by 

allowing users to select key points for analysis. 

This software facilitates the visualization of 

measurements as digital photos, which can be 

saved for further analysis【75】. 

Importance of Chromatin Status and DNA Fragmentation 

DNA fragmentation is a critical biomarker in 

sperm cells, with approximately 15% of sperm 

in standard semen samples exhibiting 

fragmented DNA. While some degree of 

fragmentation is considered normal, an increase 

is often associated with age. Notably, DNA 

fragmentation correlates with decreased 

fertilization rates, reduced pregnancy rates, and 

diminished embryo quality, emphasizing that 

sperm with fragmented DNA should be avoided 

in in vivo fertilization [76, 77]. Importantly, 

DNA fragmentation is independent of sperm 

morphology and viability, necessitating specific 

staining for assessment. 

Analysis Techniques 

Three primary categories of tests exist for 

evaluating sperm quality: 

1. Sperm Chromatin Structural Probes.

2. Direct Evaluation Assays for Sperm

DNA Fragmentation.

3. Sperm Nuclear Matrix Tests.

These tests, commonly employed in male 

fertility diagnostics, include methodologies 

such as the Sperm Chromatin Structure Assay 

(SCSA), TUNEL Assay, In Situ Nick 

Translation (ISNT), and Comet Assay [78]. 

These assays assess sperm fertility by 

measuring DNA damage, with TUNEL and 

SCSA being particularly favored for their 

reliability and sensitivity [76, 85]. 

• TUNEL Assay: A fluorescence-based

technique used to detect DNA damage in

individual sperm cells.

• SCSA: A flow-cytometry-based analysis

assessing sperm chromatin susceptibility to

acid-induced denaturation.

• Comet Assay: An electrophoresis method

distinguishing intact DNA from damaged

DNA but requires specialized software for

image analysis [64].

The Feulgen Technique 

The Feulgen staining procedure is rapid and 

cost-effective, aiming to mitigate the effects of 

staining on sperm morphometry outcomes. It 

labels chromatin to reduce variations caused by 
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staining and membrane integrity. The procedure 

involves thawing frozen sperm, preparing 

smears, and employing a series of staining steps 

to achieve the desired results [10]. 

Figure 1. Scheme of the Feulgen staining procedure 

Practical Importance of Breeding Soundness Evaluation in Mongolian Animal Husbandry 

Animal husbandry is a cornerstone of 

Mongolia's economy, contributing over 10% to 

the Gross Domestic Product (GDP) and 

employing approximately one-third of the 

country's labor force. In light of food safety 

concerns, with more than 20% of food products 

imported, enhancing domestic animal 

production is crucial. Therefore, breeding 

soundness evaluation (BSE) plays a pivotal role 

in improving livestock fertility and 

productivity, particularly in the harsh and 

variable climate of Mongolia, which presents 

unique challenges for animal husbandry. 

1. Significance of Animal Husbandry in Mongolia

The Mongolian agricultural sector is deeply 

intertwined with the nation’s cultural and 

economic fabric. Livestock species, such as 

yaks, goats, sheep, and horses, not only serve as 

vital food sources but also support traditional 

nomadic lifestyles. With extreme weather 

conditions and the rising threat of climate 

change, effective management practices, 

including breeding soundness evaluations, 

become essential for maintaining healthy and 

productive livestock populations. 

2. Challenges in Animal Reproduction

Given Mongolia’s unique geographical 

landscape, including mountains and steppes, 

conducting breeding soundness evaluations 

presents several challenges. Factors such as: 

• Logistics: Difficulties in transportation

can hinder access to remote herds,

complicating the sampling process. For

example, significant distances must be

traveled on horseback to reach herders.

• Specialized Training: There is a

scarcity of qualified specialists in the

field, making it difficult to train local

veterinarians or herders in effective 

breeding soundness evaluation 

techniques. 

• Infrastructure: The lack of adequate

facilities and testing equipment limits

the ability to conduct thorough

evaluations.

These challenges highlight the necessity for 

practical, standardized protocols to improve the 

efficiency and accuracy of breeding soundness 

evaluations. 
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3. Benefits of Breeding Soundness Evaluation (BSE)

Breeding soundness evaluation is a relatively 

simple, cost-effective method for assessing 

sperm quality in livestock. Key benefits 

include: 

• Field Applicability: BSE can be

performed in field conditions with minimal

resources. Typically, only two people and

basic equipment (microscopes, slides, and

mobile CASA) are required, making it

accessible for rural veterinarians and

herders.

• Rapid Assessment: This evaluation

method is reliable and efficient, allowing

for quick decision-making regarding 

animal breeding. By identifying sub-fertile 

or infertile males, farmers can make 

informed breeding decisions that enhance 

herd fertility and productivity. 

• Long-term Genetic Improvement: 

Regular BSE enables herders to select for 

superior breeding stock, ultimately 

improving the genetic quality of livestock 

over time. This is especially important in 

the context of conserving genetic diversity 

among native breeds. 

Conclusion 

The practical importance of breeding soundness 

evaluation in Mongolian animal husbandry 

cannot be overstated. Given the critical role of 

livestock in the economy and the unique 

challenges posed by climate and geography, 

implementing effective BSE practices is 

essential for ensuring sustainable and 

productive animal husbandry. By addressing 

logistical, training, and infrastructural 

challenges, BSE can significantly enhance 

reproductive performance and contribute to the 

overall resilience of Mongolia's agricultural 

sector. 
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