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Abstract

Background: This study investigated the use of seminal-related enzymes, Prostate Specific Antigen (PSA) and Acid Phosphatase (AP), for detecting semen on male underwear as a potential method for identifying male infidelity. Objective: The primary aim was to assess the effectiveness of PSA and AP enzymes in detecting semen stains on various male underwear after different conditions of use. Method: The research involved four male volunteers from different parts of Bayelsa, categorized into four groups: Group A, Group B, Group C, and Group D. Each participant was given brand-new male underwear. Group A served as the control and did not engage in sexual activity, he wore his boxers and returned it. Group B wore their boxers immediately after engaging in sexual intercourse and returned it. Group C took a bath after sexual activity, wore their boxers, washed them before returning them. Group D took a bath after sexual activity, wore their boxers, but did not wash them before returning them. The underwear from all groups were tested for the presence of semen using PSA and AP enzyme assays. Results: Data were expressed as mean±SD, and statistical significance was determined at a 95% confidence interval, with significance defined as p ≤ 0.05. The results showed no statistically significant difference in enzyme concentrations among the four groups. However, Group B exhibited the highest Acid Phosphatase (ACP) concentration, while Group A had the lowest. The highest PSA concentration was found in Groups C and D, with the lowest concentration in Group A. Conclusion: This study concluded that both ACP and PSA enzymes are not highly effective methods for detecting male infidelity. However, the PSA test proved to be more reliable for detecting seminal stains on fabric, particularly after different washing treatments. These findings could help guide the selection of the appropriate method for detecting semen stains, especially when the amount of semen is low or the fabric has been washed.
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1. Introduction
Infidelity is defined as a breach of the commitment to sexual loyalty within a committed relationship. It can involve sexual, romantic, or emotional involvement with someone outside the primary relationship, violating norms that govern intimacy and exclusivity (Drigotas & Barta, 2001; Glass, 2002; Zare, 2011). Different forms of infidelity include adultery, prostitution of a married partner, casual flirting, engaging in sexually explicit conversations, and sexual exchanges without romantic involvement (Glass & Wright, 1992).
Research has consistently shown that infidelity is more prevalent among men across various cultures (Greely, 1994; Wiederman, 1997), regardless of the type of primary relationship (married or dating) (Blow & Hartnett, 2005; Schmitt, 2003). Human beings are known to fall in and out of love rapidly (Wright, 1994). Men often use their power and resources to attract mates or, in societies that permit polygamy, marry multiple wives (Eagly & Wood, 1999; Geary, 1998; Betzig, 1986; Townsend, 1994).
In medicolegal cases, such as rape, sexual assault, sexual homicide, and adultery, the identification of seminal stains is of great value.  Forensic laboratories often focus on sampling and analyzing stains or smears found on clothing or linen, as these stains could link the evidence to a suspect (Lincoln et al., 2006). The process of identifying seminal stains involves two main steps: first, locating the stain, and second, identifying its origin. Presumptive tests, such as chemical, catalytic, chemiluminescence, or immunological tests, are used to determine the bodily fluid type, followed by confirmatory tests to validate the identification of the substance (Virkler & Lednev, 2009).
This research aims to detect seminal fluid stains on fabrics of infidelities using Prostate Specific Antigen (PSA) and Acid Phosphatase (AP) enzymes. Semen is an organic fluid produced by males,  of spermatozoa (sperm cells) and seminal fluid secreted by various glands. Since the naked eye is sometimes insufficient to identify stains, the use of an Alternate Light Source (ALS) is employed. ALS emits light at specific wavelengths, causing certain fluids to fluoresce or darken when illuminated. Semen, in particular, contains 4-methylumbelliferyl phosphate, which is modified by acid phosphatase (AP), producing fluorescence under ultraviolet light (Robinson & Willcox, 1959). However, ALS helps detect the presence of bodily stains but does not determine their identity.
Presumptive tests for bodily fluids are designed to detect specific components. For instance, blood, which contains hemoglobin, will fluoresce in the presence of Luminol, which reacts with iron (Virkler & Lednev, 2009). The Kastle-Meyer (KM) test is another presumptive test for blood that uses phenolphthalein and hydrogen peroxide to react with hemoglobin, causing a color change (Cox, 1991). Confirmatory tests are essential to conclusively identify stains.
[image: ]Figure 1. A schematic diagram of a mammalian spermatozoa (Jones, 1999).
2. Materials and Methods
2.1 Study group
The study involved four male volunteers from different parts of Bayelsa, who were categorized into four groups: Group A, Group B, Group C, and Group D. Each participant was given a brand-new pair of male underwear. Group A served as the control group, as the individual in this group returned the boxers without engaging in sexual activity. Group B, on the other hand, had sex, wore the boxers, and then returned them. Participants in Group C had sex, took a bath, wore the boxers, washed them, and then returned them. Finally, Group D had sex, took a bath, wore the boxers, and returned them without washing them. Each group’s actions were designed to test the presence of seminal fluid under different conditions.
2.2 Apparatus used
Used male underwear, distilled water, beakers, scissors, a rack of test tubes, PSA and AP enzymes.
2.3 Study locations 
Directorate of Research and Quality Assurance Federal University Otuoke, Bayelsa state, Nigeria. Eni-yimini Medicals Igbogene, yenagoa, Bayelsa state, Nigeria.

2.4 Procedure
The four pieces of underwear were gathered, and the sections with potential semen stains were carefully cut out with scissors. These pieces were placed in a beaker for 10 minutes to allow the semen to be extracted from the fabric into the water. Afterward, the fabric was removed, and the excess water was poured off, leaving the sediments, which were transferred into small test tube containers. The collected samples were then analyzed using PSA and AP enzyme tests.
3. Result
 3.1 Mean Concentration and Standard Deviation of ACP and PSA
Table 1 presents the mean concentration and standard deviation of each enzyme in the different test groups. Group A represents the no-sex male group, Group B represents the sex group, Group C represents the sex and bath-wash group, and Group D represents the sex, bath, and no-wash group. The results are expressed as mean ± SD. Statistical significance was determined at a 95% confidence interval, with a significance threshold of p≤0.05. According to the results, there was no statistically significant difference in enzyme concentrations among the four groups.

Table 1. Mean concentration and standard deviation of ACP and PSA
	Parameters
	Group A
	Group B
	Group C
	Group D
	F-Test
	P-Value

	ACP
	0.0000±0.0000
	0.0560±0.0901
	0.0073±0.0006
	0.0093±0.0085
	0.956
	0.459

	PSA
	0.0033±0.0041
	7.9367±10.2629
	41.9407±67.9971
	42.0393±67.8235
	0.633
	0.614
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Figure 2. Mean concentration of Acid Phosphatase across the four groups  
[image: ]
Figure 3. Mean concentration of Prostate Specific Antigen (PSA) across the four groups
4. Discussion
 The concentration of these enzymes in sperm deposited on clothing was analyzed for this purpose. However, the results revealed that the concentrations of PSA and ACP in sperm stains on garments were not reliable indicators of infidelity. No significant difference in the enzyme concentrations was observed across the four groups. In Figure 2, the highest ACP concentration was found in Group B (sex male), likely due to ejaculation staining the fabric. The lowest concentration was seen in Group A (no sex), as there was no sexual activity, and therefore, no ACP present. In Figure 3, the highest PSA concentrations were recorded in Groups C (sex + bath wash) and D (sex + no wash). For Group C, this could be explained by the ejaculation stain penetrating deeply into the fabric, with other factors like the type of soap used and the washing time also playing a role. For Group D, the PSA concentration remained due to ejaculation staining the fabric, even though the fabric was not washed after bathing. Group A had the lowest PSA concentration, consistent with the absence of sexual activity. Several factors can affect sperm retention during washing, such as the fabric type, water temperature, and whether the stain is wet or dry.
Jain et al. (2020) discussed some limitations in semen detection methods for stains found on washed fabrics. Washing, especially with varying water temperatures or the stain’s moisture level, can hinder the detection process using the Alternate Light Source method. The ACP test can detect semen regardless of water temperature during washing; however, if the stain is still moist during washing, detection of acid phosphatase can be significantly affected. Additionally, fabric type can influence the results, with the ACP test proving ineffective on polyester fabrics, although cotton fabrics did not show such issues. Jain et al. (2020) recommend further research with improved techniques and larger sample sizes. Garg et al. (2021) reported that washing semen-stained fabrics with detergent generally reduces the detection of semen across most testing methods, including the AP test, PSA test, microcrystal, and microscopic examinations. The ACP test provided more reliable results for detecting semen after washing compared to UV light detection, but the PSA test proved to be the most resilient, yielding positive results on fabrics regardless of washing conditions (with or without detergent). These findings align with the work of Farmen et al. (2008).
Infidelity is often seen as one of the most damaging and feared experiences in a relationship, potentially leading to divorce. Gender has been frequently associated with infidelity, with men being more likely to engage in such behavior than women. This study aimed to detect and assess male infidelity by examining seminal enzymes, specifically Prostate Specific Antigen (PSA) and Acid Phosphatase (ACP).
The limitations of this study in detecting seminal fluid using the ACP and PSA tests may be attributed to insufficient surface wetting and the sampling method used to extract seminal fluid from stains on fabrics. The study also had a small sample size, which means it is important to determine whether the sampling method was responsible for the results. A study with a larger sample size and comparison of sampling methods would provide more reliable insights. Despite the limited number of replicates, the results suggest that the sampling method significantly affects the detection of PSA and ACP in clothing. Other factors, such as the collection procedure or the time elapsed between ejaculation and testing, may have also influenced the results.
5. Conclusion
This study examined methods for detecting male infidelity using seminal enzymes (PSA and ACP). Although both tests were not significantly effective in detecting male infidelity, the ACP test showed more limitations compared to the PSA test, particularly in washed clothing. The PSA test, however, demonstrated more promising results in both washed and unwashed fabrics. Therefore, this study concludes that while neither ACP nor PSA is an ideal method for detecting male infidelity, PSA is the more effective method for detecting seminal stains on fabrics, especially after washing. The findings can guide future decisions on the appropriate methods for detecting semen stains in cases where small amounts of semen remain on fabric after washing.
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