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ABSTRACT

The swine industry plays a major role in livestock production and contributes to food security in the Philippines, but its recovery is constrained by animal diseases, production barriers, reproductive inefficiencies, and difficulties in applying reproductive technologies. This review examines the relevance of semen analysis to swine reproduction and industry recovery. This review focuses on Western Visayas, an important hog-producing region comprising Iloilo, Antique, Aklan, Capiz, and Guimaras. Statistics from the Philippine Statistics Authority indicate that Western Visayas produced 57,112.81 metric tonnes of hogs in 2025. Preliminary data for the second quarter of 2026 indicate a 40.1% increase in production compared with the corresponding quarter of the previous year. Nevertheless, sustained production requires attention to herd health and biosecurity, alongside improvements in reproductive efficiency and genetic quality. Artificial insemination is an important component of modern pig breeding, and boar semen quality influences the effective dissemination of selected genetics.
Conventional semen-evaluation methods, including the assessment of volume, colour, concentration, motility, and morphology, remain important but do not fully characterise sperm function. Computer-assisted semen analysis, flow cytometry, assessments of membrane and acrosome integrity, mitochondrial function, oxidative stress, and sperm DNA integrity provide additional information that may guide semen-quality management. Emerging methods, including proteomics, metabolomics, seminal plasma biomarkers, extracellular-vesicle analysis, artificial intelligence, microfluidics, and portable semen analysers, may improve the accuracy and accessibility of semen assessment.
The review also considers factors influencing boar semen quality, including genetics, age, nutrition, management, heat stress, and bacterial contamination. Particular attention is given to tropical climatic conditions and their relevance to regional semen production. A regional reproductive-biotechnology programme is proposed, incorporating boar selection, semen-quality evaluation units, and artificial insemination. Proposed research priorities include establishing a local semen-quality database, investigating infertility, assessing heat stress, and improving semen preservation under local climatic conditions. The review concludes that strengthening semen-analysis capacity may support effective swine reproductive management and regional production initiatives involving artificial insemination.
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1. Introduction

The productivity of commercial swine production depends largely on reproductive efficiency. Modern intensive pig production relies heavily on artificial insemination (AI), which aims to disseminate desirable genetics, increase the use of selected boars, reduce the number of boars required on farms, and improve breeding management. Artificial insemination has therefore become a major technology in the contemporary swine industry, especially with regard to the number of females that can be impregnated with a single high-quality boar using extended semen doses from that boar (Knox, 2016; Roca et al., 2011).

However, the effectiveness of AI depends on semen quality, which reflects the biological condition of the sperm. A semen dose might meet minimum standards for concentration and motility but still have a high proportion of sperm with damaged plasma membranes, acrosomes, mitochondria, chromatin, or other components of the cell. This has led to a gradual shift from subjective sperm morphology evaluation under the microscope to multiparametric assessment of sperm structure and function. While traditional semen analysis is still essential, objective methods such as computer-assisted sperm analysis (CASA) and flow cytometry offer valuable and reproducible data on sperm populations (Boe-Hansen & Satake, 2019; Maside et al., 2023). Assessment of extended boar semen has included progressive motility, viability, morphology, acrosome integrity, and bacterial load, illustrating the relevance of examining several quality indicators during storage (Ilori et al., 2018). Recent methodological reviews also emphasize that CASA measurements of boar sperm motility depend on standardised sample preparation, acquisition conditions, and analytical settings (Hackerova et al., 2025).

When semen is used for AI at reduced sperm numbers or after preservation, the importance of semen quality becomes more apparent (Knox, 2015). In this case, the reproductive outcome might be more closely tied to the functional characteristics of the sperm population. Sperm motility, velocity, trajectory, membrane integrity, mitochondrial activity, acrosomal status, and chromatin integrity can all affect the likelihood of sperm survival during storage, sperm reaching the site of fertilisation, sperm–oocyte interactions, and the sperm contribution to embryo development (Fair & Romero-Aguirregomezcorta, 2019; Roldan, 2020). Liquid storage can expose boar spermatozoa to cold-shock and oxidative damage, which may compromise membrane integrity and other functional parameters (Mili et al., 2025).

The Philippine swine industry has been severely affected by African swine fever (ASF), production constraints, market conditions, and other factors. The Philippine Department of Agriculture has therefore developed the Philippine Hog Industry Roadmap 2022–2026, which recognizes recovery measures, genetic improvement, production efficiency, research and development (R&D), and other interventions as key components of the development of the hog industry (Department of Agriculture, 2022). Additionally, the government has introduced several initiatives, such as AI-based technologies, aimed at supporting swine repopulation and enhancing access to reproductive technologies.

These efforts offer a regional context in Western Visayas. The Philippine Statistics Authority (PSA) reported production of 57,113 metric tons of hogs in Western Visayas in 2025. Iloilo contributed 43.7% of the region's production, with Antique at 25.6%, Aklan at 15.6%, and Capiz at 8.6%, while Guimaras contributed 6.6% (Philippine Statistics Authority, 2026a). Hog production also saw a significant rise in the region in the second quarter of 2026. Preliminary PSA data indicated 17,424 metric tons, representing an increase of 40.1% from the preliminary figure of 12,440 metric tons in the second quarter of 2025 (Philippine Statistics Authority, 2026b).

These developments reflect substantial production activity and ongoing recovery across the region. However, higher production does not necessarily indicate optimised reproductive efficiency, genetic improvement, or semen-quality management. Reproductive technologies must evolve as part of repopulation. Semen analysis can then offer a valuable research and quality-control platform in this context. Research on pig farms outside the Philippines has also documented differences in reproductive monitoring, biosecurity practices, and technical capacity, underscoring the importance of considering local production conditions when designing interventions (N’glouan et al., 2026). Emerging artificial-intelligence approaches may support more objective analysis of boar sperm characteristics, although data standardisation and field validation remain necessary before routine application (Hensel et al., 2026).
 Although artificial insemination initiatives are being developed in Western Visayas, locally established semen-quality reference values and fertility-linked assessments remain insufficiently addressed in the regional context described above. This gap warrants an examination of semen-evaluation methods that could support quality control and future validation under local swine-production conditions.
Thus, this review aims to examine the current status of semen analysis (SA) in swine, outline emerging technologies and their applications, identify factors affecting semen quality, and discuss the potential for SA capacity in the recovery of the swine industry in Western Visayas. The review also highlights research gaps and suggests a framework that brings together semen analysis, reproductive performance monitoring, and genetic improvement in a regional approach using AI.

2. SWINE INDUSTRY RECOVERY AND REPRODUCTIVE CONSTRAINT IN WESTERN VISAYAS
Western Visayas is an agriculturally significant area with established livestock and swine production. The provincial distribution of hog production suggests that reproductive interventions might have regional, not just farm-level implications. The region is an important hog-producing area, with Iloilo contributing about 43.7% of its 2025 production, followed by Antique (25.6%), Aklan (15.6%), and Guimaras (6.6%) (Philippine Statistics Authority, 2026a).

Production recovery has varied over time and between provinces. Although hogs continued to account for the largest component of livestock production, with a reported 888,658 head, Aklan experienced a decrease of 8.5% in hog production from 9,716.09 metric tons in 2024 to 8,886.58 metric tons in 2025 (Philippine Statistics Authority, 2026a). At the regional level, hog production decreased by 13.2 per cent compared with the same period of 2024. Second-quarter production increased by 40.1%; however, in the first quarter of 2025, production rose by 40.2% (Philippine Statistics Authority, 2026b).

These fluctuations provide an indication of the need to differentiate between short-term production increases and long-term improvements in production efficiency. While repopulation programmes can increase herd numbers, enhancing breeding efficiency, herd health, genetic quality, nutrition, housing, biosecurity, and reproductive management may help to improve long-term productivity.

This is especially important because semen from selected boars can be used to inseminate many females. The Swine Artificial Insemination sa Barangay (SWAIB) initiative under the Integrated National Swine Production Initiatives for Recovery and Expansion (INSPIRE) is being implemented through ATI Western Visayas. In 2023, a SWAIB facility was opened in Dingle, Iloilo, with AI laboratory equipment and other facilities. The programme was established as part of the government response to the effects of ASF and efforts to improve local pig production (Agricultural Training Institute–Western Visayas, 2023).

SWAIB-related interventions have since expanded to other parts of Western Visayas. In July 2024, the Agricultural Training Institute–Western Visayas (2024) announced procurement for a SWAIB housing facility in Capiz. In January 2025, the institute reported the inauguration of an upgraded SWAIB project in San Remigio, Antique (Agricultural Training Institute–Western Visayas, 2025). These developments illustrate the role of AI in regional reproductive development.

However, AI infrastructure alone does not guarantee semen quality. Boar selection, semen collection, dilution, evaluation, storage, transport, and administration are essential for the success of an AI program. Thus, semen-level quality control is essential as part of the reproductive chain.

3. ARTIFICIAL INSEMINATION AND THE BIOLOGICAL IMPORTANCE OF BOAR SEMEN
Artificial insemination (AI) enables the genetic material of selected boars to be distributed to many females. Its benefits include reducing the number of boars maintained for breeding, enabling efficient use of selected males, improving genetic dissemination, and facilitating more systematic reproductive management. 

Liquid-preserved sperm is commonly used in modern AI for pigs. A boar ejaculate typically contains a large number of spermatozoa and can therefore be diluted to produce multiple doses. The number of doses from one ejaculate depends on several factors, including the number of spermatozoa, the number of sperm required per dose, storage duration, and methods of insemination (Knox, 2016; Roca et al., 2011).

This shows that there is a strong connection between sperm analysis and the efficient dissemination of genetics. Accurate assessment of sperm quality may therefore help optimise semen utilisation (Knox, 2016).

Sperm analysis has at least four roles in breeding:
1. Ensuring the quality of collected semen;
2. Monitoring sperm quality during processing;
3. Evaluating boar fertility through reproductive outcomes; and 
4. Supporting genetic research and improvement by identifying traits associated with fertility.

This broader perspective is important for the effective use of reproductive technologies in the areas where AI is being developed.

4. CONVENTIONAL METHODS OF BOAR SEMEN ANALYSIS
4.1 Macroscopic Evaluation
The initial step of semen evaluation consists of analysing the general characteristics of the ejaculate. Semen volume, colour, appearance, consistency, and visible contamination provide helpful information about ejaculate quality. Changes in colour or visible contamination may reflect the presence of blood, urine, inflammation, faeces, or other factors. Although these criteria are simple, they provide useful preliminary information before more complex testing.

4.2 Sperm Concentration
Sperm concentration refers to the number of sperm cells per unit volume of semen and is important for determining the total sperm count in an ejaculate and the dilution required to prepare AI doses.  Several methods are available for determining sperm concentration, including counting chambers, photometric devices, and automated systems. Accurate concentration measurements are particularly important for reduced-dose AI because measurement errors can alter the number of sperm cells delivered to females (Maside et al., 2023).
4.3 Sperm Motility
Sperm motility has been one of the most frequently assessed characteristics of boar semen. Conventional assessment of motility involves light microscopy to determine the percentage of motile sperm. Although useful, subjective motility assessment is observer-dependent. CASA systems can reduce the observer dependence of traditional techniques, which digitally track spermatozoal movement and measure parameters such as total motility, progressive motility, curvilinear velocity, straight-line velocity, average path velocity, amplitude of lateral head displacement, and linearity (Boe-Hansen & Satake, 2019; Fair & Romero-Aguirregomezcorta, 2019). Motility is important in the biological sense, as sperm must travel through the female reproductive system to reach the oocyte. However, sperm motility does not provide complete information on fertilising ability.

4.4 Sperm Morphology
Morphological assessment helps determine the proportion of sperm with normal morphology. Abnormal sperm morphology may disrupt membrane function and interactions with the female reproductive tract, potentially affecting fertilisation. Morphology is usually assessed using microscopy and stained smears. A major limitation is observer subjectivity, especially when many cells must be differentiated. Digital image processing can help with the consistency of results (Maside et al., 2023).

4.5 Viability and Plasma Membrane Integrity
For spermatozoa to function adequately, they must remain structurally intact and capable of regulating ion transport, maintaining their metabolic functions, and interacting effectively with their environment. Sperm viability is typically assessed using dyes that distinguish cells with intact membranes from non-viable cells. Membrane integrity is crucial for maintaining sperm viability during semen storage because cooling, dilution, osmotic changes, and oxidative stress may damage the membrane (Boe-Hansen & Satake, 2019).

5. ADVANCED TECHNOLOGIES FOR SEMEN EVALUATION
5.1 Computer-assisted sperm analysis
CASA has shifted semen evaluation from subjective estimates towards digital measurement of individual sperm movement. CASA provides objective measurements under standardised conditions. This technology can identify sperm subpopulations that may not be distinguishable from overall motility measurements. For example, an ejaculate may consist of rapidly moving sperm, slowly moving sperm, poorly motile sperm, and immotile sperm. Each of these subgroups can have different biological significance. Nevertheless, parameters such as sample preparation, chamber depth, sperm concentration, temperature, image acquisition, frame rate, and software settings affect the results obtained by CASA (Boe-Hansen & Satake, 2019).

5.2 Flow Cytometry
Flow cytometry enables rapid analysis of thousands of sperm cells using fluorescent probes. Different dyes can be used to assess the plasma membrane, acrosome, mitochondrial membrane potential, reactive oxygen species, and markers of apoptosis. A key benefit of flow cytometry is the possibility of conducting multiparametric analysis at high throughput. Rather than assessing only sperm motility, flow cytometry provides an opportunity to distinguish between different types of sperm based on their individual structure and functional attributes. According to Boe-Hansen and Satake (2019), conventional CASA methods are limited to the description of sperm motility, while flow cytometry contributes significantly to the analysis of sperm cellular functions.

5.3 Acrosome Integrity
Enzymes present in the acrosome contribute to interactions between sperm and oocytes. Damage to the acrosome may impair fertilisation even when the sperm remains motile. Assessment of the acrosome can be performed using fluorescent lectins or other probes. Acrosome assessment can therefore provide information that conventional motility analysis cannot detect (Kruit et al., 2022).

5.4 Mitochondrial Function
The movement of sperm is an energy-intensive process, and midpiece mitochondria contribute to ATP production. Mitochondrial membrane potential may therefore be used as a marker of the functional state of sperm. In addition, mitochondria are a source of reactive oxygen species. Oxidative stress is harmful to lipids, proteins, membranes, and DNA . Therefore, the assessment of semen quality has increasingly incorporated assessment of mitochondrial function and oxidant-antioxidant balance (Roldan, 2020).

5.5 Oxidative Stress
Boar sperm have a high proportion of polyunsaturated fatty acids and is vulnerable to oxidative damage. Antioxidant systems are important for sperm quality (Surai & Fisinin, 2015). Oxidative stress influences, among other factors, membrane integrity, motility, mitochondrial activity, and chromatin, and can be evaluated by measuring reactive oxygen species and antioxidant status.

5.6 DNA and Chromatin Integrity
DNA integrity is one factor associated with male reproductive potential. Semen parameters may not provide complete information about chromatin damage. Sperm chromatin-structure analysis and terminal dUTP nick-end labelling can provide additional information on DNA integrity. According to Llavanera (2024), assessment of pig sperm chromatin integrity may contribute to estimating fertilising potential.

6. WHY CONVENTIONAL SEMEN ANALYSIS MAY BE INSUFFICIENT
One of the central issues related to semen evaluation is the assumption that semen fertility potential can be assessed accurately using a single quality parameter. A highly motile ejaculate may, for example, still contain a substantial proportion of sperm affected by mitochondrial dysfunction or membrane injury. On the other hand, a moderately motile ejaculate may still contain a substantial proportion of functionally competent sperm. Therefore, fertility is a complex trait. Roldan (2020) stated that evaluating sperm quality requires considering morphology, swimming behaviour, cell signalling and bioenergetics. This does not mean that conventional methods should be abandoned entirely. Instead, they must be combined with advanced technologies. Thus, a practical semen laboratory can employ a tiered approach:
Tier 1 – Standard assessment: volume, appearance, concentration, motility, morphology.
Tier 2 – Functional assessment: CASA, viability, membrane integrity, acrosome integrity, mitochondrial function.
Tier 3 – Advanced research assessment: DNA integrity, oxidative stress, proteomics, etc.

The tiered approach to semen evaluation is more suitable for local laboratory development than an attempt to employ all modern technologies from the outset.

7. FACTORS AFFECTING BOAR SEMEN QUALITY
7.1 Genetics and Boar Characteristics
There are considerable differences in semen quality between boars. Genetics has a significant impact on sperm production, sperm count, semen volume, and overall semen quality, influencing the ability of boars to reproduce. Identifying genetic or molecular markers associated with semen quality may improve boar selection for breeding. However, these indicators must be validated against reproductive outcomes before they can be introduced into practice (Flowers, 2022).

7.2 Age and Reproductive Maturity
Boar age influences sexual development and semen production. Young boars may produce smaller semen volumes during the early reproductive period while older ones might have fluctuations in sperm output. Therefore, databases of boar semen quality must include information about their age and reproductive background rather than treating individual collections as independent observations (Flowers, 2022).

7.3 Nutrition
Nutrition influences reproductive development and semen quality. Micronutrients and antioxidants, including selenium, are of particular interest because of their roles in antioxidant protection and reproductive processes (Surai & Fisinin, 2015). Nonetheless, it is important to study nutritional interventions under specific production conditions, because nutritional responses may vary with the nutritional status of a farm, environmental conditions, and other factors affecting nutrition and management.

7.4 Heat Stress
Heat stress is especially significant in tropical and subtropical production systems. High environmental temperatures may adversely affect on spermatogenesis and on the quality of semen. Flowers (2022) identified seasonal reductions in semen quality as an important factor affecting ejaculates after puberty and noted that nutritional supplementation may provide temporary benefits under heat stress. Heat-tolerant genetic traits may offer longer-term approaches to this challenge.

7.5 Semen Collection 
Collection frequency and collection procedures influence semen characteristics. Excessive collection frequency may reduce sperm output. At the same time, collection intervals may influence the age of sperm obtained. Collection frequency should therefore be standardised and carefully controlled when assessing the quality of semen (Lopez Rodriguez et al., 2017).

7.6 Semen Handling
Sperm survival may be affected by temperature, dilution, extender brand, mixing, transport, storage, and handling. Even if the ejaculate is of high quality at the beginning, quality may deteriorate if the semen is not processed and stored correctly. According to Lopez Rodriguez et al. (2017), semen quality is affected by boar-related factors and semen-processing and management practices.

8. SEMEN PRESERVATION, STORAGE AND TRANSPORTATION
Liquid semen preservation remains predominant in commercial swine AI programmes (Waberski et al., 2019). The use of semen extenders provides nutrients, buffering capacity, and osmotic protection to maintain sperm function during storage. Boar spermatozoa are sensitive to changes in temperature and osmolality, which makes preservation challenging (Pezo et al., 2019). Traditionally, liquid storage at a temperature range of 15–20°C has been used for the short- and medium-term preservation of semen (Wiebke et al., 2022).

Recent studies suggest that lower storage temperatures may be feasible. According to Waberski and Luther (2024), storage at 5°C has been reviewed as an option for reducing bacterial growth in semen extenders and dependence on antibiotics. Field data also provide evidence of favourable performance with antibiotic-free preserved semen stored at 5°C (Jäkel et al., 2021).

For Western Visayas, the transportation of semen is particularly important. Temperature fluctuations and transport delays may compromise semen quality, making appropriate packaging, temperature control and handling procedures essential.

Thus, studies evaluating the following factors are needed: transport time; temperature stability; packaging systems; rates of cooling and warming; storage time; extender type; sperm concentration; bacterial load; and fertility after AI.

9. BACTERIAL CONTAMINATION AND SEMEN QUALITY
Bacterial contamination poses a major biosecurity concern for semen quality. Contaminants may originate from several sources, including the boar, preputial area, collection facilities and equipment, personnel, water, containers, and the processing environment. Althouse et al. (2000) documented associations between bacterial contamination of diluted semen and sperm agglutination, loss of motility, reduced longevity of sperm, and reproductive problems. More recent studies have emphasised the preventive role of hygiene during semen handling. A retrospective study in 28 European AI centers showed that hygiene practices at critical control points were related to bacterial load in AI doses (Nitsche-Melkus et al., 2020).

Antibiotics have traditionally been incorporated into semen extenders to limit bacterial contamination. Growing concerns about antimicrobial resistance have prompted consideration of alternatives and changes to preservation systems (Contreras et al., 2022). This issue is relevant to regional semen laboratories. Preferably, microbiological monitoring should be incorporated into overall semen quality control and not be treated as a distinct procedure.

Laboratories in resource-limited locations may adopt basic quality-control procedures covering:
1. Sanitation and selection of collection areas; 2. Sterilisation or adequate sanitation of collection equipment; 3. Staff hygiene; 4. Water quality; 5. Bacterial culture or other means of microbiological surveillance; 6. Assessment of bacterial viability; 7. Investigation of contamination incidents; and 8. Evaluation of antibiotic-reduction techniques.

10. SEMEN QUALITY AND FERTILITY
The purpose of semen analysis extends beyond obtaining laboratory measurements to informing assessments of reproductive performance.

Relevant outcome measures include: conception or pregnancy rate; farrowing rate; total piglets born; piglets born alive; stillbirths; weaning performance; return-to-oestrus rate; number of inseminations per pregnancy.

The relationship between semen quality and fertility is complex. Indeed, a single semen indicator cannot fully explain reproductive outcomes, because there are other factors influencing the fertility result such as female-related factors, insemination timing, AI technique, sperm dose, semen preservation, herd health, nutrition, and environmental conditions. 

Sperm movement characteristics are of particular interest because CASA can provide detailed movement profiles. Fair and Romero-Aguirregomezcorta (2019) reviewed the relationships among sperm motility, kinematics, rheotaxis, and fertility, and emphasised that appropriate selection of functionally effective sperm is vital in cases where the number of sperm is low.

Therefore, in Western Visayas it is necessary to link laboratory semen parameters with measured reproductive outcomes.

An example is as follows: 
Semen quality → AI dosage → insemination → pregnancy → farrowing → litter size. When these stages are documented, statistical models may help identify semen parameters associated with reproductive outcomes under specific conditions.

11. SEMINAL PLASMA AS A SOURCE OF FERTILITY INFORMATION
Semen consists of more than sperm cells. It contains various biological materials released by the male reproductive system including proteins, metabolites, lipids, and extracellular vesicles. Several studies have shown that seminal plasma influences sperm viability and capacitation, interactions with the female reproductive tract, and fertilisation. Proteomic studies have identified proteins associated with sperm function (Druart et al., 2019; Parrilla et al., 2019).

The search for molecular markers is thus an important area of research for the future. The review by Maside et al. (2023) describes the potential of omics techniques – genomics, transcriptomics, proteomics, and metabolomics – for identifying markers associated with boar sperm quality and fertility. However, the authors noted that these methods need to be validated and made cost-effective before they can contribute to routine AI practice. Extracellular vesicles in seminal plasma provide another area for investigation. Recent findings suggest that extracellular vesicles in boar seminal plasma may influence sperm function and fertility.

12. PROTEOMICS, METABOLOMICS AND OTHER OMICS TECHNOLOGIES
Proteomics enables large-scale analysis of proteins in sperm samples. The identified proteins may be involved in processes including sperm maturation, sperm motility, membrane functionality, capacitation, fertilisation, and storage. Parrilla et al. (2019) reviewed the application of proteomics to boar sperm preservation.

Metabolomics provides a complementary level of information. Metabolites can serve as indicators of energy metabolism, oxidative status, cellular signalling, and sperm function. Mateo-Otero (2024) described metabolomics as a potential approach for studying sperm metabolism and searching for metabolites associated with fertility.

Overall, these technologies should currently be regarded as research methods rather than routine diagnostic approaches for local laboratories. In this regard, these methods could contribute to a local database that may support the future identification of markers associated with reproductive problems.

13. EMERGING TECHNOLOGIES IN SEMEN ANALYSIS
13.1 Artificial Intelligence and Machine Learning
AI and machine learning may be applied to automated sperm identification, morphology classification, motility analysis and prediction of sperm quality. Traditional CASA uses pre-programmed algorithms for image processing. Machine learning methods may use large image datasets for sperm cell classification and identifying patterns that may be difficult to detect through traditional thresholds. In recent years, the development of animal semen diagnostics has increasingly involved deep learning-based image analysis systems, portable imaging systems, microfluidic devices and smartphone-based systems. These technologies may eventually facilitate multiparametric semen analysis in locations without advanced laboratories. Nevertheless, technological novelty does not guarantee immediate suitability for routine practice. Emerging technologies still need independent validation, standardisation and verification of their performance in field conditions (Hensel et al., 2026).

13.2 Smartphone and Portable Semen Analysis
Portable imaging technology appears practical in remote production facilities. Smartphone applications could provide information about motility or morphology without requiring expensive laboratory equipment. Imaging systems can meet the needs created by the absence of AI facilities in the Western Visayas region, although complex assessments may still require centralised specialist laboratories (Lin et al., 2025).

13.3 Microfluidic Technologies
Microfluidic technologies enable the manipulation of small amounts of semen and may facilitate sperm separation and assessment of concentration, motility, and function. These technologies require small sample volumes and may allow rapid processing, imaging, or biosensing; however, further studies are needed to assess their application in the evaluation of boar semen in routine production conditions (Dabiri et al., 2026; Kruit et al., 2022; Lin et al., 2025).
14. CURRENT CHALLENGES IN APPLYING ADVANCED SEMEN ANALYSIS
Several factors limit the use of these technologies in livestock production.

14.1 Equipment Cost
CASA, flow cytometry, fluorescence microscopy, molecular assays, proteomics, and metabolomics require different levels of investment. It is important for a laboratory to prioritise instruments according to their intended use.

14.2 Technical Expertise
The use of the technologies described above requires highly skilled personnel. Even the most sophisticated equipment may produce unreliable results without adequate operator training.

14.3 Standardisation
Different CASA devices and procedures may provide different results. Differences may occur in sample preparation, chamber type, temperature, speed, and software settings. Therefore, standardised procedures are essential.

14.4 Lack of Local Reference Values
Reference values derived from production systems in Western Europe or North America may not be directly applicable to boars raised in the Philippines.

14.5 Limited Fertility-linked Datasets
One major limitation is the lack of large datasets linking laboratory semen parameters and actual reproductive performance. In the absence of such data, it becomes difficult to identify which semen parameters best predict fertility under local production conditions.

15. APPLICATION TO WESTERN VISAYAS
The current AI development projects in Western Visayas serve as a basis for the integration of improved semen analysis practices into regional pig farming. The development of SWAIB facilities in Iloilo, Antique, and Capiz shows that AI has already started to be used in local production systems. A further step would be to establish a quality control and data management system for AI.

More specifically, a regional semen laboratory could support the following activities:
1. Evaluation of the quality of semen 2. Conducting trials on the characteristics of semen 3. Training of livestock workers and producers 4. Development of standard procedures 5. Quality control of semen 6. Research on the storage of semen 7. Microbiological control 8. Collection of data on fertility 9. Conducting research on heat stress and other tropical conditions 10. Development of locally appropriate reference values for semen quality.

This laboratory would not necessarily replace existing AI facilities; however, it could serve as a research and reference centre to support decentralised AI practices.

16. RESEARCH GAPS SPECIFIC TO WESTERN VISAYAS
16.1 Regional Semen-quality Datasets
A database is needed that includes semen parameters such as volume, concentration, motility, morphology, and viability of breeding boars bred in Western Visayas. 

Variables include: breed or genetic line; age; body condition; farm; province; collection frequency; environmental temperature;  nutrition; semen extender; storage duration; bacterial load; CASA parameters; and fertility outcomes.

16.2 Fertility Validation Studies
Laboratory results must be correlated with field results. Long-term studies can provide data about semen characteristics of individual boars and their AI outcomes. Relevant outcomes include farrowing rates and the average number of piglets per litter.

16.3 Heat-stress Research
Due to the warm, humid climate in Western Visayas, researchers should analyse the influence of temperature and humidity on semen quality.

Research could compare conventional housing; improved ventilation; cooling systems; seasonal conditions; antioxidant supplementation; and different genetic lines.

16.4 Semen Transportation
Transport procedures should be evaluated before routine implementation. Research must determine the maximum feasible semen transport time under different temperatures and packaging methods.

16.5 Microbiological Quality
It is necessary to characterize the local bacterial microbiota in boar semen. Researchers may also investigate antimicrobial activity and alternatives to conventional methods of mitigation.

16.6 CASA Validation
CASA results should be validated against manual assessments and reproductive outcomes.

16.7 Flow-cytometric Assessment
Flow cytometry could initially be introduced at a research centre to support further investigations.

16.8 Molecular Biomarkers
Biotechnological methods may be used to identify proteomic markers associated with semen quality in boars raised in the Philippines.

17. PROPOSED REGIONAL REPRODUCTIVE BIOTECHNOLOGY FRAMEWORK
A prospective biotechnology framework in Western Visayas is outlined in seven steps.

Stage 1: Boar Selection
Boars are chosen on the basis of genetic performance, health status, reproductive background, and appearance.

Stage 2: Semen Collection
Semen collection protocols are standardised with respect to hygiene, equipment, training, and documentation.

Stage 3: Semen Screening
Each ejaculate is evaluated using standard procedures for assessing volume, appearance, motility, and morphology.

Stage 4: Advanced Semen Analysis
Selected samples are analysed using CASA and, where necessary, additional functional tests.

Stage 5: Semen Processing
Semen is diluted using approved extenders, and it is packaged, stored, and transported under appropriate temperature conditions.

Stage 6: AI
Semen is used for artificial insemination according to established insemination protocols, followed by outcome assessment.

Stage 7: Feedback on Fertility and Genetic Progress
Semen characteristics can be examined for associations with pregnancy, farrowing, and litter outcomes, and these data may inform future boar selection.

18. RECOMMENDED RESEARCH AGENDA
A strategic research plan could support an approach to reproductive biotechnology in the region of Western Visayas that without requiring substantial initial investment in advanced technologies.

Phase
Research priority
Main outputs

Phase 1: Conventional semen quality / Regional baseline database
Phase 2: CASA validation / Standardised motility and kinematic parameters
Phase 3: Preservation and transport / Local storage and transportation protocols
Phase 4: Microbiological monitoring / Regional bacterial-quality profile
Phase 5: Flow cytometry / Functional sperm-quality profiles
Phase 6: Fertility validation / Semen-quality–fertility prediction models
Phase 7: Proteomics/metabolomics / Candidate molecular biomarkers
Phase 8: AI and machine learning / Automated semen-quality classification
Phase 9: Regional integration / Reproductive biotechnology reference centre

The approach underlying this methodology is that laboratory developments should be evidence-based. The introduction of technologies should be guided by scientific validity, practical utility, and suitability for local conditions.

19. IMPLICATIONS FOR SWINE INDUSTRY RECOVERY
Semen analysis should not be considered a comprehensive solution to the difficulties faced by the swine sector. Recovery requires disease control, biosecurity, herd repopulation, and improvements in nutrition, housing, genetics, market access, farm economics, and other areas. However, semen analysis may contribute to recovery in several ways. Firstly, it enhances breeding efficiency by ensuring that AI doses are composed of sperm of satisfactory quality. Secondly, it improves genetic dissemination through the effective use of selected breeding boars. Thirdly, it enhances the quality control process by revealing quality losses during the processes of semen preparation, storage, and delivery. Fourthly, it can generate local data to support reference values and breeding practices tailored to the Philippine environment. Fifthly, it contributes to research and development of new technologies and innovations by establishing a platform for CASA, flow cytometry, molecular markers, and preservation. Lastly, it helps build human resources by providing training for students, researchers, veterinarians, livestock workers, and AI practitioners in the field of reproductive biotechnology. The Philippine Hog Industry Roadmap identifies R&D, technological capacity, improvement of animal genetics, and modernization as relevant components of the industry development strategy. Hence, semen-quality research could be incorporated into the national and regional strategies described above.


20. FUTURE PROSPECTS
Future semen analysis may involve wider use of several technologies. Semen quality reports may extend beyond sperm concentration and total motility to include progressive motility; sperm kinematics; morphology; viability; membrane integrity; acrosome integrity; mitochondrial activity; oxidative stress; DNA integrity; seminal plasma proteins; metabolites; extracellular vesicles; and reproductive history.

Developments concerning the above-mentioned aspects of semen quality may support statistical and machine-learning models for fertility prediction. Recent studies indicate potential for rapid, portable, multiparametric semen evaluation. Emerging technologies include deep learning-assisted imaging, microfluidics, smartphone-based analysis, biosensors, and molecular markers. However, in practice, the effectiveness of these technologies depends on their validation in real conditions, standardisation, cost, and operator training. These considerations are particularly important for regional production systems. A sophisticated method that cannot be maintained, calibrated, or interpreted locally may be less useful than a simpler method that is consistently available. Hence, development in Western Visayas should follow the principle of optimal technology development: develop reliable conventional testing first and then introduce CASA and functional tests while gradually developing molecular and AI-based technologies.

21. PROPOSED CONCEPTUAL MODEL
The main idea of this review is that semen analysis should form part of an ongoing reproductive-information system.

This can be formed as follows: Genetic selection → boar management → semen production → semen examination → semen storage → AI → sow reproduction → farrowing and litter outcomes → fertility database → evaluation of boar fertility → genetic and reproductive decision-making.

This concept generates a feedback loop. It allows semen-quality information to be incorporated into a broader reproductive database rather than treated as isolated laboratory measurements. In the future, such a database could help identify fertility predictors based on semen characteristics measured in Western Visayas.

22. LIMITATIONS AND CONSIDERATIONS
The following limitations should be considered when evaluating the proposed framework. First, advanced semen analysis methods have been developed and tested mainly in specialised research laboratories and AI centres. However, their performance may differ when used on farms in the Philippines. In addition, the quality of semen varies considerably between boars and ejaculates, which means reference values from other countries may not be directly applicable. Furthermore, semen parameters do not determine fertility independently, and factors such as female reproductive performance, insemination timing, the amount of sperm used, storage, the health of the herd, and husbandry practices should also be taken into account. Moreover, the use of molecular biomarkers is indeed promising; however, it requires rigorous validation before it can be used on a daily basis. Additionally, establishing a regional semen laboratory also requires sustained funding, trained personnel, equipment maintenance, quality control, and cooperation with institutions. Finally, the available evidence suggests that semen analysis should be regarded as one component of reproductive improvement rather than a standalone solution to the sector’s wider challenges.

23. CONCLUSION

In the field of swine production, recovery and sustainable development of pig farming in Western Visayas entail improving different aspects of swine husbandry such as animal health, biosecurity, genetics, nutrition, management, reproduction, and technical capability. Artificial insemination plays an important role in disseminating desirable genetics and improving reproductive efficiency. However, the success of artificial insemination is largely determined by the quality and functional competence of boar sperm. Standard semen analysis includes assessment of volume, concentration, motility, and morphology and remains necessary to assess sperm quality. However, these parameters only partially assess sperm functionality. CASA and flow cytometry technologies can provide additional insight into sperm functionality, particularly when combined with assessments of sperm membranes, acrosomes, mitochondria, oxidative stress, and chromatin integrity. There are also more recent technologies such as proteomics, metabolomics, and artificial intelligence, which may further improve sperm quality assessment. However, all new technologies must first be validated, standardised, and tested under local conditions. For the region of Western Visayas specifically, there is great potential in the development of a comprehensive semen quality assessment system in line with regional artificial insemination initiatives. Such a system would contribute to the creation of local reference values and standard laboratory practices necessary for semen quality evaluation and testing, as well as support investigation of relationships between sperm quality and pregnancy, farrowing, and litter outcomes. The framework proposed therefore implies the transformation of semen assessment from a simple laboratory operation to an integrated reproductive-information system where all variables are assessed – from boar selection to sow reproductive outcomes after insemination. One of the priorities for the Philippines at this stage is to establish reliable baseline data for standardised semen analysis rather than implement all emerging technologies immediately. Once such data are established, emerging technologies could be introduced and evaluated under local conditions.
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