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Abstract: The identification of semen is crucial in sexual 
assault investigations. This article reviews current 
methods for the forensic identification of seminal 
stains, encompassing initial detection, confirmatory 
testing, and DNA analysis. We discuss the principles, 
applications, and limitations of each technique. A 
comprehensive approach is essential, starting with 
initial detection methods like alternate light sources 
(ALS) to locate potential stains. Confirmatory tests, 
including microscopic identification of spermatozoa 
and biochemical assays for prostate-specific antigen 
(PSA) or semenogelin, provide more specific evidence. 
DNA analysis, particularly autosomal and Y-STR 
profiling, offers the highest level of individualization. 
This review highlights the importance of these 
techniques in providing evidence for legal proceedings, 
while also acknowledging factors that may complicate 
semen detection, such as the absence of spermatozoa 
or degradation of seminal components. 
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INTRODUCTION 

Sexual assault investigations often rely heavily on the 
identification and analysis of biological evidence, 
particularly seminal fluid. The presence of semen can 
establish sexual contact and corroborate victim 
testimony (Raymond et al., 2009). A comprehensive 
approach to semen identification involves a series of 
steps, beginning with initial detection and progressing 
to confirmatory testing and, ultimately, DNA profiling 
(Virkler & Lednev, 2009). 

Human semen is a complex biological fluid containing 
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spermatozoa and seminal plasma, a mixture of 
secretions from various glands in the male reproductive 
system (Johnson & Everitt, 2013; Kumar et al., 2015). 
The male reproductive system consists of the testes, 
epididymis, vas deferens, seminal vesicles, prostate 
gland, and bulbourethral glands. Each component 
contributes to the formation of semen. The testes 
produce spermatozoa, the male gametes, through a 
process called spermatogenesis. The epididymis is 
responsible for sperm maturation and storage. During 
ejaculation, sperm travels through the vas deferens, 
and fluids from the seminal vesicles, prostate gland, 
and bulbourethral glands are added to form the 
seminal plasma. Seminal plasma provides a nourishing 
and protective medium for the spermatozoa, 
containing a complex mixture of substances, including 
enzymes, proteins, sugars, lipids, and inorganic ions. 
These components play crucial roles in sperm motility, 
viability, and fertilization. Seminal vesicles contribute 
fructose, a primary energy source for sperm. The 
prostate gland secretes enzymes like prostate-specific 
antigen (PSA), which liquefies the semen, aiding in 
sperm movement. The bulbourethral glands secrete a 
clear fluid that lubricates the urethra. 

Spermatozoa are highly specialized cells designed for 
fertilization, possessing unique morphological and 
functional characteristics (Suarez & Pacey, 2006). A 
mature spermatozoon consists of a head, midpiece, 
and tail. The head contains the genetic material (DNA) 
and is capped by an acrosome, a structure containing 
enzymes essential for penetrating the egg. The 
midpiece contains mitochondria, which provide energy 
for sperm motility. The tail, or flagellum, is responsible 
for the sperm's movement. Sperm motility, the ability 
of sperm to move effectively, is a critical factor in 
fertilization. 

Sperm capacitation, a series of physiological changes 
that occur in the female reproductive tract, prepares 
them for fertilization (Aitken & Nixon, 2013). These 
changes involve alterations in the sperm plasma 
membrane, ion fluxes, and protein phosphorylation, 
ultimately enabling the sperm to undergo the acrosome 

reaction and fuse with the egg. 

This article aims to provide an overview of the current 
methods used in forensic science for the identification 
of semen, emphasizing the importance of accurate and 
reliable techniques in sexual assault investigations. 

Methods 

The forensic identification of semen typically involves a 
multi-stage process: 

• Initial Detection: 

o Visual Examination with Alternate Light 
Sources (ALS): This technique involves examining the 
evidence, such as clothing or skin, under various 
wavelengths of light, including ultraviolet and blue 
light. Seminal fluid often fluoresces under these 
conditions due to the presence of certain components. 
ALS is a non-destructive method used to locate 
potential areas of interest for further testing (Virkler & 
Lednev, 2009). 

• Confirmatory Testing: 

o Microscopic Identification of Spermatozoa: 
This is a highly specific test for the presence of semen. 
A small portion of the suspected stain is dissolved in a 
saline solution, and a slide is prepared and stained. The 
slide is then examined under a microscope to identify 
spermatozoa, which have a distinctive morphology 
(White et al. 2010; World Health Organization, 2021). 

o Biochemical Tests: These tests detect specific 
substances found in seminal plasma: 

 Prostate-Specific Antigen (PSA) Test: PSA is a 
protein produced by the prostate gland and is present 
in high concentrations in semen. Immunological assays, 
such as ELISA (enzyme-linked immunosorbent assay) or 
immunochromatographic assays (rapid tests), can be 
used to detect PSA. The presence of PSA strongly 
suggests the presence of semen (Wilson & Laing, 2016). 

 Semenogelin Detection: Semenogelin is 
another protein found in high concentrations in seminal 
plasma. Like PSA, its detection confirms the presence of 
semen. Immunological methods are also used for 
semenogelin detection (Sato et al., 2016). 
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Fig. Semen As A Forensic Evidence 

DNA ANALYSIS 

o Sample Extraction: DNA is extracted from the 
sample containing the suspected semen. Various 
extraction methods exist, including organic extraction, 
Chelex extraction, and solid-phase extraction, 
depending on the nature and condition of the sample. 

o DNA Quantification: The amount of DNA in the 
extracted sample is measured to optimize the 
subsequent PCR amplification process. 

o PCR Amplification: Polymerase Chain Reaction 
(PCR) is used to amplify specific regions of the DNA. 

 Autosomal STR Typing: Short Tandem Repeats 
(STRs) are highly polymorphic regions of DNA that vary 
in length between individuals. Autosomal STR analysis 
involves amplifying and analyzing a panel of these STRs 
located on non-sex chromosomes. This provides a 
unique DNA profile that can be compared to a suspect's 
DNA profile (Butler, 2005). 

 Y-STR Typing: Y-STRs are located on the Y 
chromosome and are passed down from father to son. 
Y-STR analysis can be useful in cases involving multiple 
male contributors, as it can help to differentiate 
between male DNA profiles within a mixed sample 
(Roewer, 2013). 

o Capillary Electrophoresis: The amplified DNA 
fragments are separated based on their size using 
capillary electrophoresis, and the resulting data is 
analyzed to generate a DNA profile. 

• Semen Characteristics Evaluation: 

o If a liquid semen sample is available (e.g., from 
a recent assault), it may be analyzed according to WHO 
guidelines. This involves assessing: 

 Volume: The amount of semen. 

 Sperm Concentration: The number of sperm 
cells per unit volume of semen. 

 Sperm Motility: The percentage of sperm cells 
that are moving and how well they are moving 
(Bjorndahl et al., 2010). 

 Sperm Morphology: The shape and structure of 
the sperm cells (Cooper et al., 2010; World Health 
Organization, 2021). 

RESULTS 

The following methods are commonly employed in 
forensic semen identification: 

• Visual Examination with ALS: Seminal stains 
may exhibit fluorescence when illuminated with 
specific wavelengths of light. This method is non-
destructive and can help locate potential stains. 

• Microscopic Identification of Spermatozoa: The 
presence of spermatozoa is considered a definitive 
indication of semen. Microscopic examination involves 
staining the sample and searching for the characteristic 
head, midpiece, and tail of sperm cells (White et al. 
2010; World Health Organization, 2021). 

• PSA and Semenogelin Detection: 

o PSA is a protein produced by the prostate gland 
and is highly specific to seminal fluid. Immunological 
assays, such as immunochromatographic tests, can 
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rapidly detect PSA (Wilson & Laing, 2016). 

o Semenogelin is a major protein component of 
seminal plasma. Its detection can also confirm the 
presence of semen, particularly in cases where 
spermatozoa are absent (Sato et al., 2016). 

• DNA Profiling: 

o DNA analysis provides a highly specific and 
sensitive method for identifying the source of a semen 
sample. 

o Autosomal STR analysis is used to compare the 
DNA profile of the semen sample with that of the 
suspect. 

o Y-STR analysis can be particularly useful in 
cases involving multiple male contributors (Roewer, 
2013). 

• RNA-based detection: mRNA markers can also 
be used for semen identification (Hanson & Ballantyne, 
2010). 

DISCUSSION 

The forensic identification of semen plays a critical role 
in sexual assault investigations. The combination of 
initial detection methods, confirmatory tests, and DNA 
analysis provides a robust approach to establishing the 
presence and origin of seminal fluid. 

• Initial detection methods, such as ALS, are 
valuable for locating potential evidence but are not 
specific to semen. 

• Confirmatory tests, such as microscopic 
identification of spermatozoa and PSA/semenogelin 
detection, provide more specific evidence of semen. 
However, factors such as the absence of spermatozoa 
(e.g., in cases of aspermia) or degradation of seminal 
components may limit their effectiveness. 

• DNA profiling offers the highest level of 
specificity and sensitivity, allowing for the 
individualization of semen samples. Advances in DNA 
technology have significantly enhanced the ability to 
obtain DNA profiles from even small or degraded 
samples (Butler, 2005; McCord et al., 2011; Zadora et 
al., 2018). 

It is important to note that the absence of semen does 
not necessarily indicate the absence of sexual contact. 
Factors such as the use of condoms, azoospermia, or 
the presence of only the pre-ejaculatory fluid, which 
may contain some genetic material, should be 
considered. 

CONCLUSION 

The accurate and reliable identification of semen is 
essential for providing critical evidence in sexual assault 

investigations. Forensic scientists employ a range of 
techniques, from initial detection to advanced DNA 
analysis, to establish the presence and origin of seminal 
fluid. Continued advancements in forensic science are 
crucial for improving the sensitivity and specificity of 
semen identification methods, ensuring justice for 
victims of sexual assault. 
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