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ABSTRACT

Background. In sexual assault cases, a medical examination of the victim is often not
conducted timely. This leaves the only chance to spot the ejaculate of the assailant on the
victim’s clothing. Washing the victim’s clothes before the detection of semen in the
forensic laboratory is a challenging task. Therefore, the current study aimed to examine the
persistence of seminal material on seven different types of hand-washed fabrics using five
laundry detergents.

Methods. The presence of seminal material on washed fabrics was determined using an
alternate light source, acid phosphatase test, p30 test, and sperm head count.

Results. The study demonstrated that presumptive testing was not positive for most washed
fabrics. A fairly large number of spermatozoa retained on a few fabrics even after 20
minutes of washing. The cotton yarn fabrics and tight weaving with warf and weft more
than 100x100/inch could retain more sperms. The DNA was also isolated from sample and
quantified using a Quantifiler Duo DNA quantification kit.

Conclusion. Good quality and quantity of human DNA were obtained from most of the
washed fabrics, which could successfully generate the STR profile of the donor. The
current study recommended using hand-washed textile items for forensic analysis in sexual
assault cases.

Keywords: detergents, DNA quantity, semen detection, sexual assault evidence, sperm
count, washed fabrics

Highlights

Fabric type and detergent composition significantly influence the retention of seminal
material, i.e. finer weaves like cotton exhibiting better sperm retention post-washing.

Despite washing, high-quality human genomic DNA was successfully extracted from
several fabrics, enabling the generation of STR profiles, thereby validating the forensic
potential of hand-washed clothing.

Presumptive tests for semen, such as the acid phosphatase (AP) and PSA tests, showed
limited success in detecting seminal material on washed fabrics.
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1. INTRODUCTION

The detection of biological fluid of
human origin from crime scene samples is
the first crucial step towards the
establishment of the identity of a suspect
[1]. The high concentration of acid
phosphatase’s presence of spermine,
flavins, and spermatozoa in semen makes it
distinct from other body fluids [2].
Approximately, 50-200 million sperms/ml
(~5ml on average) are produced in a single
ejaculation [3]. Therefore, it could be the
most potential and abundantly available
biological fluid in sexual assault cases.
Sometimes, it is difficult to find semen on
intimate samples due to washing of the
genital area and urination before the
medical examination. In such scenario,
clothes may contain potential semen stains.
Routinely, forensic laboratories do not
accept washed clothes, although many
reports have been published regarding
spermatozoa being found in machine-
washed clothes [1][4].

Many factors contribute to delayed
medicolegal examination including shame,
social pressure, poverty, and inadequate
awareness [5][8]. This delay destroys
potential biological evidence on or inside
the victim’s body [6]. While due to lack of
proper knowledge, the victim’s clothing is
washed, leaving little chance of recovering
the assailant’s DNA [7][9][10] .

The degree of washing of a stain and
persistence of seminal material on fabrics
depends upon the physical and chemical
nature of the fabric and detergent. It also
depends upon the soaking time and
tumbling during washing [6][11][12].
Handwashing is quite common in different
countries, especially in poor areas. Many
studies have been conducted on the
extraction of semen from machine-washed
clothes, however, scarce literature is

14 —|BSR

available on hand-washed clothes. This
study aimed to investigate the detection of
seminal material on hand-washed fabrics
with different detergents.

The current study primarily focused on
washing semen-stained cloth pieces,
detection of seminal fluid with presumptive
testing (ALS, AP, PSA), and
confirmation/recovery of spermatozoa
from pieces of clothes (KPIC).

2. METHODOLOGY
2.1. Semen Sample Collection

Approximately, 35ml semen was
collected in intervals from a healthy male
donor with a sperm count of 30 million/ml.
A total of 25ul seminal material was
spotted on each fabric type of
approximately 2cm? cuttings and was then
left to dry at room temperature for 24 hours.

2.2. Fabrics and Detergents

Seven different fabrics, pre-treated
with boiling distilled water, commonly
used for manufacturing garments of both
genders were selected for this study. The
general properties of fabrics are shown in
Table 1.

Detergents, such as Ariel (Procter and
Gamble), Brite (Colgate-Palmolive),
Bonus  (Colgate-Palmolive),  Sunlight
(Unilever Limited), and Surf Excel
(Unilever) were used to wash semen-
stained fabrics. All these detergents are
basic in nature, with a pH between 10-11.

Three semen-stained pieces of each
fabric were soaked in a 2% solution of each
detergent for three different periods, for
instance, 05, 10, and 20 minutes with
continuous manual agitation, to mimic
routine hand-washing practices. After
completing the soaking period, these cloth
pieces were rinsed with plenty of distilled
water thrice with vigorous agitation.
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Distilled water washing in a similar manner
was considered a negative control.

Table 1. Physical Parameters of various fabric types and retention of sperm after

detergent washing
. Average
Sr. Fabric Common Thread . .
No. Name Warf/Weft Products Name/Gauge Sperm Microscopic Image
count
120x96/inc Shorts,
1 Staple e Leggings Staple/40x40 1682
. - Socks Acrylic/40.2x
2 >
2 Acrylic  52x46/inch Sweaters 30,1 891
150x96/inc Shirts, Pure
3 Cotton h? Trousers Cotton/52x52 4166
., Bra, Pure
4 Vale 80x70/inch Panties Cotton/40x40 499
200x80/inc  “'Dopatta, Polyester/46x
5 Crabe he Bedding 46 596
- M Polyester
6 Fabron ! 14X£28/1nc Bl(:;rsﬁi’ s Viscose 3038
/30x30
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. Average
Sr. Fabric Common Thread . .
No. Name Warf/Weft Products Name/Gauge Sperm Microscopic Image
count
Bed
Poly .o Pure
7 cottor 44x34/inch sheetg, Cotton/16x16 3760
Curtain

*I Female specific clothing
2.3. Serological Examination

After washing, all fabrics were air-
dried for two hours at room temperature
and subjected to Alternate Light Source
(ALS) in order to locate semen stain, and an
acid phosphatase test was performed
[13][14]. Furthermore, a PSA test was also
performed on all fabrics to detect p30
proteins. Microscopy examination was
done using the Christmas tree staining
method to detect the presence of sperm
heads, and the score was calculated
[15]16].

2.4. Isolation and Quantification of
DNA

Quantifiler Duo DNA quantification
kit (Thermo Scientific, USA) was used to
quantify  human/human male DNA
according to  the  manufacturer’s
instructions. DNA from all fabric samples
was isolated with an organic extraction

protocol. The isolated DNA was dissolved
in TE-4 buffer and stored at -20C° for
further processing!”.

3. RESULTS

In the current study, pieces of seven
fabrics used in the clothing of both genders
were stained with semen. The fabrics used
in the study had different textures and
compositions of yarn, interlaced at a right
angle with variable numbers of warf and
weft per inch. The yarns used to
manufacture these fabrics included linen,
polyacrylonitrile, cotton, polyester, and
polyester viscose, which confer different
water absorbance and retention capabilities
to fabrics (Table 1). The verification of
each test result was confirmed with positive
and negative samples to determine the
efficiency and contamination of chemicals,
respectively (Figure-1).

Vale
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No stain was observed with the naked
eye on any piece of fabric after washing
with any detergent. The fluorescence was
observed on almost all fabrics soaked for 10
minutes in  detergents, while no
fluorescence was observed after 20 minutes
of soaking. A slight fluorescence was
observed on acrylic, cotton, vale, fabron,
and poly cotton even after 20 minutes of
washing.

AP test was negative for all fabrics and
washed for any time interval. A slight violet
color appeared on cotton after 5 minutes of
washing with Arial and on Fabron after 5
and 10 minutes of washing with Arial. This
color intensified after 5 minutes. AP test
was positive for all fabrics washed with
distilled with water for any time interval.

PSA test was negative for all fabrics,
indicating that detergents successfully
removed or destroyed prostate-specific
antigens on each fabric treated with
detergents. PSA and AP were protein in
nature and usually lost their activity even
after trivial washing.

Spermatozoa are hard cells that persist
on fabric even after washing with
detergents.  Different fabrics showed
different capacities to retain spermatozoa
when soaked in different detergents. High
sperm counts, that is, up to a few hundred,
were observed on fabrics washed with
Bright and Sunlight. Surf Excel and
Sunlight removed spermatozoa from
fabrics in a better way though, sperm heads
recovered after washing with these
detergents were enough to get DNA for
STR profiling.

The nature of fabric and detergent
contributed to the holding of spermatozoa
by fabrics. Staple, cotton, fabron, and poly
cotton showed a good ability to seize
sperms after washing. Except poly cotton,
these fabrics have a high number of warf
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and weft per inch? as well as high gauge
compared to other fabrics. Furthermore, it
was also observed that soaking fabrics for 5
minutes removed the spermatozoa more
effectively as compared to soaking fabrics
for 20 minutes in detergent in staple,
acrylic, and cotton. These fabrics retained
more sperm heads when washed with Arial,
Brite, and Bonus for 20 minutes as
compared to 5- or 10-minute washing.
Results suggested that the detergent might
help attach spermatozoa with the fabric
yarn due to opposite charges.

The genomic DNA was isolated from
washed pieces of fabric using organic
extraction methods and quantified using
Quantifiler® Duo DNA Quantification Kit.
A high concentration of human genomic
DNA was obtained from staple, cotton,
fabron, and poly cotton. The quantity and
quality of isolated human DNA were so
good that STR profiles could easily be
generated. A low quantity of human
genomic DNA was obtained from fabrics
washed with distilled water, Surf Excel,
and Bonus, that is, 0.19ng from crabe, 0.15
from cotton, and 0.02 from poly cotton,
when these fabrics were washed for 20
minutes. Except for a few fabrics, a
sufficient amount of DNA was obtained
from all others, which could be used as STR
profile of the donor.

4. DISCUSSION

Many reports are present on the
persistence of seminal material after
laundering clothes in washing machines
with or without wusing detergents
[5][17].The spermatozoa yield depends
upon the type of yarn, weaving, nature of
detergent, and time of washing [18].

Karadayi et al. reported that semen
stains could be visible on clothes washed at
30°C and 60°C in washing machines [19].
No semen stain was visible with the naked
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eye on any fabric post-washing, however,
slight fluorescence was observed on a few
washed fabrics under ALS. Cotton
florescence was more intense than on the
fleece, nylon, and polyester fabrics
[10][20]. The nature and color of material
on which semen is deposited also play an
important role in developing
photoluminescence [21].

Proteins are more sensitive to washing
conditions and lose most enzyme activity,
making it difficult to identify the stains on
the basis of presumptive tests. The PSA test
was negative for all fabrics in this study,
while in previous studies PSA test was
found to be positive on machine-washed
clothes [1][12][22]. Cotton, vale, and poly
cotton gave light color for the AP test,
while the AP test was negative on all other
fabrics. Cotton yarn was the major
constituent of these fabrics having negative
charges, which may help phosphatases to
establish a bond with yarn and provide
positive results for AP'°. Few researchers
have suggested monitoring change in color
up to 10-16 minutes, as the appearance of
violet color may take a little longer than
recommended time[15][18].

Spermatozoa are known to stay on
laundered clothes and many factors, such as
washing time, nature of cloth and detergent,
as well as temperature play vital roles in the
attachment of sperm with cloth [20].
Moreover, the chemical nature of detergent
(acidic or basic nature), ionic strength, and
addition of any additive (ionic charge) may
affect sperm recovery form washed
evidence items [6][7]. This study detected a
sperm range from few to many
spermatozoa (Table-I) on fabrics after
washing with different detergents. Some
detergents helped bind sperm with the
fabrics. The warf and weft/inch [2] of
staple, cotton, crabe, and fabron were
higher than other fabrics used in the study.
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Therefore, there was a high probability of
the entrapment of more sperm heads on
these fabrics. The ability of a fabric to
retain water, weaving properties, gauge,
surface, and type of yarns also contributes
to the retention of sperm on fabric [12]. The
recovery of spermatozoa is low from
machine-washed cloths as compared to
hand-washed clothes [13][20].

The genomic DNA isolated from
sperm heads obtained from hand-washed
clothes was of good quality and quantity. A
low yield of DNA was obtained from
fabrics washed with water. An insufficient
amount of DNA was obtained from acrylic
and poly cotton after washing with water
for 10 and 20 minutes. From the rest of the
fabrics, enough DNA was obtained, which
could be used to generate an STR profile.
Beckwith et al. reported that a good
quantity of human DNA could be obtained
from clothes washed with tape, river, and
seawater after soaking up to 96 hours [20].
These results are consistent with the
findings of Beckwith et al. 2008, who
reported that tap water did not completely
remove sperm from clothes, so it yielded a
good amount of human genomic DNA [23].

4.1. Conclusion

Washed cloth items can be a useful
piece of evidence to detect seminal
material In Pakistan, forensic laboratories
often implement stringent policies
regarding the submission of biological
samples, particularly when such evidence
has been exposed to water or other
chemicals. Unfortunately, these policies
frequently result in the rejection of
evidence that has been subjected to
washing, leading to the loss of critical
forensic information. Given the potential
significance of washed clothing in the
investigation of sexual crimes, it is essential
that forensic laboratories reassess and
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modify their current policies. By doing so,
they could better utilize this type of
evidence, ensuring that vital forensic data is

not discarded prematurely, thereby
enhancing the accuracy and
comprehensiveness of criminal
investigations.

CONFLICT OF INTEREST

The authors of the manuscript have no
financial or non-financial conflict of
interest in the subject matter or materials
discussed in this manuscript.

DATA AVAILABILITY STATEMENT

The data associated with this study will
be provided by the corresponding author
upon request.

FUNDING DETAILS

No funding has been received for this
research.

REFERENCES

1. Beveridge T, Szkuta B, van Oorschot
RA, Durdle A. The detection of blood,
semen and saliva through fabrics: A
pilot study. Forensic Sci Int.
2024;361:112153. https://doi.org/
10.1016/j.forsciint.2024.112153

2. Tomaiuolo G, Fellico F, Preziosi V, et
al. Post-liquefaction normospermic
human semen behaves as a weak-gel

viscoelastic  fluid. Soft Matter.
2023;19(27):5039-5043.  https://doi.

org/10.1039/D3SM00443K

3. Malathi A, Iyer RP, Mohan R,
Balakrishnan S. Impact of seasonal
variations on semen parameters: A
retrospective analysis of data from
subjects attending a Tertiary Care
Fertility Centre. J Hum Reprod Sci.
2023;16(2):114-120.  https://doi.org/
10.4103/jhrs.jhrs 20 23

Department of Life Sciences

10.

Harbison S, Fleming R. Forensic body
fluid identification: State of the art.
Res Rep Forensic Med Sci. 2016;6:11-

23.  https://doi.org/10.2147/RRFMS
.S57994

Daud SMSM, Sundram S.
Identification of bloodstains on

different fabrics after washing with
commonly used detergent in Malaysia.
J Manag Sci. 2019;17(1):9-9.

Mushtaqg S, Rasool N, Firiyal S.
Detection of dry bloodstains on
different fabrics after washing with
commercially available detergents.
Aust J Forensic Sci. 2016;48(1):87-94.
https://doi.org/10.1080/00450618.201
5.1029971

Simon L, Ge SQ, Carrell DT. Sperm
selection based on electrostatic charge.
In: Spermatogenesis: Methods and
Protocols. New York, NY: Springer;
2013:269-278. https://doi.org/10.1007
/978-1-62703-038-0_25

Stewart S, Willmott D, Murphy A,
Phillips C. “I thought I’m better off just
trying to put this behind me” — A
contemporary approach to
understanding why women decide not
to report sexual violence. J Forensic
Psychiatry Psychol. 2024;35(1):85-
101. https://doi.org/10.1080/
14789949.2023.2292103

Brayley-Morris H, Sorrell A, Revoir
AP, et al. Persistence of DNA from
laundered semen stains: Implications
for child sex trafficking cases. Forensic
Sci Int Genet. 2015;19:165-171.
https://doi.org/10.1016/j.fsigen.2015.0
7.016

Nolan AN. The detection of
spermatozoa on washed forensic
exhibits. Murdoch University; 2016.

UMT— 19

Volume 7 Issue 2, 2025



https://doi.org/%2010.1016/j.forsciint.2024.112153
https://doi.org/%2010.1016/j.forsciint.2024.112153
https://doi.org/%2010.4103/jhrs.jhrs_20_23
https://doi.org/%2010.4103/jhrs.jhrs_20_23
https://doi.org/10.2147/RRFMS%20.S57994
https://doi.org/10.2147/RRFMS%20.S57994
https://doi.org/10.1080/00450618.2015.1029971
https://doi.org/10.1080/00450618.2015.1029971
https://doi.org/10.1007%20/978-1-62703-038-0_25
https://doi.org/10.1007%20/978-1-62703-038-0_25
https://doi.org/10.1080/%2014789949.2023.2292103
https://doi.org/10.1080/%2014789949.2023.2292103
https://doi.org/10.1016/j.fsigen.2015.07.016
https://doi.org/10.1016/j.fsigen.2015.07.016

Detection of Seminal Material...

11.

12.

13.

14.

15.

16.

17.

18.

20

Gunn A. Essential Forensic Biology.
Hoboken, NJ: John Wiley & Sons;
2019.

Onder E, Berkalp APDOB. Weaving
Technology II. 2017.

Jones S, Logan M, Davidson G,
Murphy C, Strahorn P. Vaginal
drainage of semen in underwear: A
forensic study. Sci Justice.
2024;64(6):605-613.  https://doi.org/
10.1016/j.scijus.2024.09.003

Yudianto A, Wibowo A, Nuraini I,
Aung HH, Kuntaman K. Acid
Phosphatase and Zinc Tests Are
Effective for Semen Examination and
Identification to Prove Intercourse.
Folia Medica Indonesiana.
2020;56(3):192-196.  https://doi.org/
10.20473/fmi.v56i3.24546

Redhead P, Brown MK. The acid
phosphatase test two minute cut-off:
An insufficient time to detect some
semen stains. Sci Justice. 2013;53:187-
191.  https://doi.org/10.1016/].scijus.
2012.09.004

Schlagetter TG, Glynn CL. The effect
of fabric type and laundering
conditions on the detection of semen
stains. 2017.  Available from:
https://digitalcommons.newhaven.edu
[forensicscience-facpubs/27

Noél S, Lagacé K, Raymond S, et al.
Repeatedly washed semen stains:
Optimal screening and sampling
strategies for DNA analysis. Forensic
Sci Int Genet. 2019;38:9-14. https://
doi.org/10.1016/j.fsigen.2018.10.002

Ajay S, Priyanka V, Hiren V, Priyanka
M. Study on Acid Phosphatase
Enzyme Activity in Semen Mixed with
Various Body Fluids. J Forensic Sci
Crim Investig. 2019;11(5):555-558.

20.

21.

22.

23.

. Nolan A, Speers SJ, Murakami J, et al.

A pilot study: The effects of repeat
washing and fabric type on the
detection of seminal fluid and
spermatozoa. Forensic  Sci  Int.
2018;289:51-56. https://doi.org/10.
1016/j.forsciint.2018.05.021

Beckwith S, Murakami J, Chapman B.
The persistence of semen on cotton
fabric in various water environments.
Aust J Forensic Sci. 2018:1-10.
https://doi.org/10.1080/00450618.201
8.1484164

Sakurada K, Watanabe K, Akutsu T.
Current methods for body fluid
identification related to sexual crime:
Focusing on saliva, semen, and vaginal
fluid. Diagnostics. 2020;10(9):693.
https://doi.org/10.3390/diagnostics 100
90693

Noél S, Lagacé K, Rogic A, et al. DNA
transfer during laundering may yield
complete genetic profiles. Forensic Sci
Int Genet. 2016;23:240-247. https:/
doi.org/10.1016/j.fsigen.2016.05.004

Karadayi S, Moshfeghi E, Arasoglu T,
et al. Evaluating the persistence of
laundered semen stains on fabric using
a forensic light source system,
prostate-specific antigen semiquant
test and DNA recovery-profiling. Med
Sci  Law. 2020. https:/doi.org/
10.1177/0025802419896935

BioScientific Review

—lBSP,

Volume 7 Issue 2, 2025


https://doi.org/%2010.1016/j.scijus.2024.09.003
https://doi.org/%2010.1016/j.scijus.2024.09.003
https://doi.org/%2010.20473/fmi.v56i3.24546
https://doi.org/%2010.20473/fmi.v56i3.24546
https://doi.org/10.1016/j.scijus.%202012.09.004
https://doi.org/10.1016/j.scijus.%202012.09.004
https://digitalcommons.newhaven.edu/forensicscience-facpubs/27
https://digitalcommons.newhaven.edu/forensicscience-facpubs/27
https://doi.org/10.%201016/j.forsciint.2018.05.021
https://doi.org/10.%201016/j.forsciint.2018.05.021
https://doi.org/10.1080/00450618.2018.1484164
https://doi.org/10.1080/00450618.2018.1484164
https://doi.org/10.3390/diagnostics10090693
https://doi.org/10.3390/diagnostics10090693
https://doi.org/%2010.1177/0025802419896935
https://doi.org/%2010.1177/0025802419896935

	BSR 7-2-2 md
	2_BSR_Formatted

