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Abstract

Background: Cases of cruelty can occur in wild animal, livestock, and pet animal. Cruelty to cats choose to be the
background of this research because many cases of cruelty to cats have not been reported although the cases are still
high.

Aim: The aim of this research was to know how much dilution of cat blood can still be detected by Leucomalachite
Green (LMG) and Takayama reagent.

Methods: Three samples of domestic cat blood were diluted with ratios 1:10; 1:100; 1:1,000; 1:10,000; and 1:100,000.
Bloodstain is made by dropping each blood dilution on the filter paper for the LMG test and on the object glass for
the Takayama test. Bloodstain for the LMG test was done with ten repetitions from each sample and Duplo for the
Takayama test. Positive results from the LMG test are presented as a bluish-green discoloration in stains. A positive
result from the Takayama test is the formation of hemochromogen crystals under a microscope with 400x magnification.
Results: Based on this research, cat bloodstain can be detected with LMG reagent until 1:40,000 dilution, while
Takayama reagent only can detect cat bloodstain until 1:1,000.

Conclusion: LMG and Takayama reagents are reagents that are often used in human blood spot testing. If there is a
case of violence against cats and other animals, these two reagents can be relied on to help with the proof process.
Keywords: Bloodstain, Cat, Leucomalachite Green, RGB value, Takayama.

Introduction

People have begun to realize the importance of animal
welfare. Cases of cruelty can occur in wild animal,
livestock, and pet animals. Cruelty to animals is a
violation of animal welfare. Animal violence can be
in the form of actions to omission, teasing to torture,
intentional to the consequences of negligence, and also
including actions to fight animals, confine animals, and
abandon animals (Mota-Rojas et al., 2022). Cruelty
to cats choose to be the background of this research
because many cases of cruelty to cats have not reported
although the cases are still high (Glanville et al., 2019).

Garda Satwa Indonesia (animal rescue organization,
especially dogs and cats) in BBC News on June 20,
2018, said that at least every day they rescued 10 cats
from persecution in major cities in Indonesia conducted
in partnership with various animal lover communities.
The increased number of animal lover communities is a
change for having support to enforce the law of animal
crime.

Crime scene investigation (CSI) is the first step in
revealing crime cases. CSI according to Wickenheiser
(2023) is a series of investigations in which
investigators along with elements of support from
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crime laboratories and forensic medicine try to reveal
cases that have occurred from the evidence obtained
at the crime scene. Forensic evidence used to support
or deny the results of investigations or findings in
investigations such as alibis and witness statements,
help to reconstruct cases and develop investigations
(Halim et al., 2022). Evidence of a crime can help to
determine the alleged cause of the death or injury, the
mechanism of death, and how death or injury occurs
(Armstrong and Erskine, 2018).

Cat cruelty cases are usually in the form of mutilation,
rubber banded, hit and run, or gunshot victims. Those
forms of cruelty can cause bleeding and leave bloodstain
in the crime scene. Zulfiqar et al. (2021) stated that
blood identification in the crime scene is used to ensure
that the stain is blood, if the stain is blood then it can
know the species. Furthermore, the stain can detect the
DNA of the blood. Disclosure of evidence in the form
of bloodstains according to Sijen and Harbison (2021)
can be done by conducting a screening (presumptive
test), confirmation examination, and other additional
examinations. Bloodstain examination in this study is
a screening (presumptive test) and a confirmation test.
This study used Leucomalachite Green (LMG) as a
reagent in a presumptive test and used Takayama reagent
as a confirmation test. The presumptive test with LMG
is sensitive to detect blood and the confirmation test
with Takayama reagent is more specific to detect blood.
False positive can occur in the LMG test because of
contamination of strong oxidizers, such as sodium
hypochlorite, the confirmation test with Takayama
reagent is needed to make sure that the stain is blood
(Lee et al., 2016; Sari and Prawestiningtyas, 2022).
LMG reagent has been commonly used as a reagent in
the blood presumptive test at the investigation of the
human crime scene and the positive reaction by LMG
reagent is easy to see with the naked eye (Gomes et
al., 2017). Takayama reagent has a strong ability to
detect human blood even though bloodstains have
been exposed to non-carbolic domestic floor cleaning
agents, powder detergents, and washing machine
powder detergents (Sari and Prawestiningtyas, 2022).
This research chooses LMG and Takayama reagents to
identify bloodstains. This is because of both reagents
are rarely used for bloodstain analysis in animal cases,
especially for crimes against cats in forensic veterinary
cases. In this experiment, cat blood stains were made
with various dilutions. This adaptation to the conditions
of the actual case might cause blood stains to fade
because the perpetrator is trying to remove the stain
using water or is naturally erased by rainwater.

Materials and Methods

Sample collection

This research was conducted in July and August
2023 at the Clinical Pathology Veterinary Laboratory,
Universitas Airlangga. This study used the whole blood
of three cats that were taken from the cephalica vein.

The blood dilution agent was NaCl 0.9%. The reagent
for the presumptive test was LMG and the reagent for
the confirmation test was Takayama reagent.

Cat blood collections

The Institutional Animal Care and Use Committee
(IACUC, 2014) recommends that the cat before taking
a blood collection to be restrained, especially if the cat
is fierce. It is best to do it by two people, one person
for restraint and one person for taking blood. Blood
collection should be done from the cephalica vein as
much as 3 ml/cat and kept in an EDTA tube.
According to TACUC (2014), the blood that can be
taken is 6%—8% of the cat’s body weight. The United
States Department of Agriculture in IACUC (2014)
has said that the maximum amount that can be taken
from a cat is 66 ml/kgBW. After blood collection done,
the needle was pulled from the vein, put pressure on
the part of the puncture for a few minutes to avoid the
occurrence of hematoma, gave disinfectant to the blood
collection area (Nexus Academic Publishers, 2013).
Blood dilution

Dilution of the cat blood using aquadest with a ratio
of 1: 10, 1: 100, 1: 1,000, 1: 10,000, and 1: 100,000.
The first dilution was done by 1 ml of blood with 9 ml
NaCl 0.9%. The second dilution was done by taking
1 ml from the first dilution and then mixing with 9 ml
NaCl 0.9%. The third dilution was done by taking 1
ml from the second dilution and then mixing with 9
ml NaCl 0.9%. The fourth dilution was done by taking
1 ml from the third dilution and then mixing with 9
ml NaCl 0.9%. The fifth dilution was done by taking 1
ml from the fourth dilution and then mixing with 9 ml
NaCl 0.9%.

The results of the last dilution that detected positively
on the dilution series had made higher dilutions with
multiples of two to close to the level of dilution that
was detected negatively. This dilution was made by
mixed 5 ml from the last dilution series that detected
LMG test positive with 5 ml NaCl 0.9% and so on
until it approaches the previous dilution level which
detected negatively on the LMG test. These dilution
series are used for LMG test.

The bloodstains making

Bloodstains are made by taking two drops of each
dilution on the filter paper using a Pasteur pipette
(Pereira et al., 2017). The blood drop method means
that blood is dropped at a distance of 5 cm from the
filter paper and then allowed to dry at room temperature
for at least 1 hour (Borsch-Supan et al., 2021). Each
blood dilution is made 10 repetitions.

Presumptive test of bloodstain using LMG reagent

The use of the presumptive test with LMG was by
dropping the LMG reagent on the bloodstain then
followed by dropping H,O,. Each stain on the filter
paper was given a drop of LMG reagent and followed
by a drop of H,O,. The color changes that occurred
were observed, color changes were the indicator of a
positive reaction.
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The color shift captured using Sony Cyber-Shot
DSC-W570 with ISO200 10 c¢m distance from the
object. All images taken from the same position and
lighting. The digital image was processed with Adobe
Potoshop® to change the background to lift the bluish-
green color as the center of attention of the image.
The adjustment which has been done using Adobe
Potoshop® are brightness 50%, details 100%, and
contrast 50%. The image was then analyzed with red,
green, and blue (RGB). Measure of the NIH Imagel
version 1.52a software to know the RGB value.

The adjustment of the image was based on Gunawan
et al. (2017) who wrote that some image adjustment
techniques can be done to eliminate unnecessary
artifacts or image details, improve image content for
the disclosure of cases, and changing the background of
the image to lift objects as the center of attention of the
image. Martin and Blatt (2013) also wrote that image
files can manipulated using image processing programs.
Confirmation test of bloodstain using the Takayama
reagent

The hemochromogen crystal examination procedure
used the Takayama test adapted from Veeraraghavan
and Lukose (2010). The procedure was by giving
one drop of diluted blood that has positive reaction
on LMG test into the object glass; add 1 drop of
Takayama reagent (mixture of 7 ml of Aquadest, 3 ml
of pyridine, 3 ml of NaOH, and 3 ml of glucose) then
cover with a cover glass; heat the bloodstained slide
at a temperature of £65°C using bunsen for 10-15
seconds; take one drop of Takayama reagent; and after
cooldown, observe the formation of crystals under the
microscope with 400x magnification.

The positive result of this test was when the crystal
hemochromogen seen under the microscope with
400x% magnification. The positive result means that the
sample was contains blood. The negative reaction seen
nothing under the microscope with 400x magnification,
it means that the blood is not detected from the sample.
Data analysis

The score of color shifts as an LMG test reaction
will be analyzed with Statistical Package for the
Social Sciences (SPSS) 20 program for Windows
using repeated measures ANOVA and continued with
Greenhouse-Greisser test to determine the differences
between each group if the result showed significant
difference (p < 0.05). The Takayama test reaction to
blood dilution is analyzed descriptively.

Ethical approval

Cats obtained from healthy cats that intensively
cared, with previous approval from ACUC, Faculty of
Veterinary Medicine, Universitas Airlangga, Surabaya.
Certificate number: 1.KEH.118.09.2022.

Results

LMG test
The result of LMG reaction on bloodstain with various
dilution series of three cats’ blood (A, B, and C). Cat

A and B are female cat, while cat C is a male. Three
cat blood samples with 10 repetitions in all samples
at dilution of 1:10 (d1); 1:100 (d2); and 1:1,000 (d3)
showed color changes to be bluish-green. Bluish-green
color expression is converted into RGB values through
computer software, the NIH Image] version 1.52a
program. At a dilution of 1:10,000 (d4) sample that had
a color change to be bluish-green in samples Al, A3,
A5, A8, B7, B9, C5, C7, C8, C9, and C10 with average
RGB value 253.970 £ 0.418. At a dilution of 1:100,000
(d8) there was no color change to bluish-green in all
samples with an average RGB value of 255 (Table 1).
Based on the results of the serial dilution above,
a higher series of dilutions between 1: 10,000 and
1:100,000 with a multiple of two times higher is made;
1:20,000 (d5); 1:40,000 (d6) and 1:80,000 (d7). At a
dilution of 1:20,000 there was a color change to be
bluish-green in samples A1, A3, A6, B1, B10, C6, and
C8 with the average RGB value 254.633 + 0.207. At a
dilution of 1:40,000 color changes were obtained only
in sample C10 with an RGB value of 253.386 and the
average RGB value of sample C was 254.946 + 0.054.
At a dilution of 1:80,000 there was no color change to
bluish-green in all samples with RGB value 255.

The color changes of bloodstain from all samples
and repetition in filter paper are shown in Table 1.
Furthermore, the mean score from all dilutions in each
sample result is shown in Table 2.

The number in Table 2 processed with SPSS 20
program for Windows using repeated measures
ANOVA and continued with the Greenhouse-Greisser
test to determine the differences between each group if
the result showed significant difference (p < 0.05).
The result of Within-Subjects Effects test Greenhouse-
Greisser showed significant differences (p < 0.05). This
means that there is a significant difference in the RGB
value of LMG reaction to stains from the blood with
different levels of dilution.

RGB values d1 significant different (p < 0.05) with d4,
d5, d6, d7, and d8. RGB values at d2 are significantly
different (p < 0.05) with d3. RGB d5 values are
significantly different (p < 0.05) with d7 and d§8. RGB
d6 values significant different with d1, d2, d3, d4, d7,
and dS.

Figure 1 shows the sharpness of the average increase in
RGB values of various levels of dilution of cat blood
from the lowest dilution (1:10) to the highest dilution
(1:100,000). Figure 1 places a plot of RGB values
1:10,000; 1:20,000; and 1:40,000 blood dilution in
almost the same line with plots of RGB values 1:80,000
and 1:100,000 blood dilution.

Takayama reagent test

The result of Takayama reagent test reaction on
bloodstain with various dilution series of three cats
blood (A, B, and C) that been observed under the
microscope can be seen in Table 3. All samples had
a positive result in the dilution of 1:10, 1:100, and
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Table 1. LMG reaction result from three samples in 8th dilution with 10 repetition from each sample.

Repetition Blood dilution
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A =sample 1; B =sample 2, C = sample 3, d1 = 1:10 dilution, d2 = 1:100 dilution; d3 = 1:1,000 dilution, d4 = 1:10,000 dilution; d5 = 1:20,000
dilution; d6 = 1:40,000 dilution; d7 = 1:80,000 dilution; and d8 = 1:100,000 dilution.
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Table 2. Average and standard error RGB value of LMG test result.

Dilution

Sample

1:10 1:100 1:1000 1:10,000 1:20,000 1:40,000 1:80,000 1:100,000
A 135.909 178.342 245.350 253.823 254.838 255.000 255.000 255.000
B 134.622 174.869 238.363 254.757 254.844 255.000 255.000 255.000
C 145.309 157.824 225.631 253.330 254.219 254.839 255.000 255.000
X +SE 138.613+ 170345+ 236.448+  253.970 + 254.633 + 254.946 + 255.000 + 255.000 +

3.368 6.340 5.772 0.418 0.207 0.054 0.000 0.000

A =sample 1; B =sample 2; C = sample 3.

Estimated Marginal Means of RGB Value
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Fig. 1. Estimated marginal means of RGB value of bloodstain analysis with LMG reagent.

1:1,000. All samples in the dilution 1:10,000 had a
negative result.

The expression of the Takayama reagent test can be
seen in Figures 2, 3, and 4. Blood dilutions 1:10, 1:100,
and 1:1,000 were detected positively by the Takayama
reagent. Blood dilution 1:10,000 and so on is not
detected positively by the Takayama reagent under the
microscope with 400x magnification.

Based on this study the bloodstain that can still
be detected by Takayama reagent was at 1:1,000
dilution. Hemochromogen crystals that appear under a
microscope with 400x magnification are pink-colored
needles. Takayama is a solution of pyridine that added
on the bloodstain if there is blood detected it will appear

pink crystals of a complex between pyridine and haem
form as the slide is warmed.

Discussion

LMG test

The change in bloodstain color to be bluish-green was
the result of an oxidation reaction from LMG which is
reduced by hemoglobin and peroxidase. H,O, breaks
down resulting the substance in the mixture being
oxidized and producing color (P¢dziwiatr ef al., 2018).
The darker the bluish-green color, the RGB value is
lower. The lower RGB value indicates there is more
hemoglobin in the stain. The white color or in this
study indicates that no hemoglobin detected will get
the highest RGB value, which is 255.
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Table 3. Takayama reagent test result based on hemochromogen crystal appearance

Dilution
Sample
1:10 1:1000 1:10,000
A ++ + =
B ++ + =
C ++ + =
A =sample 1; B =sample 2; C = sample 3 = ++ = dense appearance; + = a little appearance; — = no
appearance.
)
’
- i y N
Ry ;

Fig. 2. Crystal hemochromogen appearence on 1:10 cat blood
dilution under the microscope with 400> magnification.
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Fig. 3. Crystal hemochromogen appearence on 1:100 cat
blood dilution under the microscope with 400x magnification.

Sample C was the only one sample that detected
LMG test positive in the blood dilution 1:40,000 with
the average RGB value 254.946 + 0.054. It means
that in sample C in dilution 1:40,000 still contained
hemoglobin. It could happen because sample C was
taking from a male cat, while sample A and B from

Fig. 4. Crystal hemochromogen appearence on 1:1,000 cat
blood dilution under the microscope with 400x magnification.

female cat. Based on Masucci et al. (2022) research
result male cat have a concentration of hemoglobin
more higher than female cat. Male cat have hemoglobin
10.18 + 1.52 g/dl, while female cat 9.30 £ 1.46 g/dl.
Testosterone, male hormon, can increase kidney ability
to produce erythropoietin, a glycoprotein hormone that
stimulates the formation of erythrocytes, so the number
of hemoglobin in males is higher than in females
(Bachman et al., 2014).

LMG was originally a colorless reagent when it was
first applied to stains (Farrugia et al., 2011). LMG
discoloration after added H,O, becomes bluish-
green when detecting blood appears as a result
of LMG oxidation which is catalyzed by heme
arising from hemoglobin. A blood stain that tested
presumptively sometimes requires re-confirmation of
the truth that the stain was blood. There are several
categories of bloodstain confirmation tests, including
microscopic tests, crystal tests, spectroscopic methods,
immunological tests, and spectroscopic tests (Sandran
et al., 2020).

In this study bloodstain that can still be detected by
LMG is in bloodstain with a blood concentration of
1:40,000. At 1:80,000 and 1:100,000 dilutions there
is no color change in all samples and repetition with
the proven value of RGB 255 so that there were no
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hemoglobin detected. This result was different with de
Almeida et al. (2011) in their research of the human
bloodstain analysis with LMG reagent in the filter
paper, cotton cloth, and blood dilution solution gave
a positive reaction at a dilution until 1:5,000 and at a
dilution of 1:10,000, there is no positive reaction. This
research result is also different from Arzi et al. (2016)
that written in the 1:10,000 cat blood dilution there is
no positive reaction. Whereas, Boyd et al. (2013) quote
that LMG had a sensitivity limit of 1:100,000 dilution
of human blood.

This research had the same result as Tobe et al. (2007)
in LMG reacted at a dilution factor of 1:10,000. The
LMG reagent did not show a positive reaction at
dilution factors of 1:100,000 and higher. The difference
in these results can be affected by differences in the
temperature of LMG reagent storage, time of making
bloodstain, time of making LMG reagents, how to
make bloodstain or making reagents, or because of the
different amounts of hemoglobin from various species
and individuals.

Takayama reagent test

Hemochromogen crystals appeared from blood,
hematin, and other derivatives of hemoglobin utilizing
pyridine, piperidine, and a number of other nitrogenous
compounds, with ammonium sulfide, hydrazine
hydrate, and ammonium sulfide in NaOH as reductants
(Ahmed et al., 2020).

Takayama test reagent is one of the confirmation tests
of blood-based hemochromogen crystal formation
by heating dried blood stains and adding pyridine
and glucose in an alkaline. Positive results in the
confirmation test with Takayama reagent when
hemochromogen crystals appear. Crystals are obtained
from the reaction of small amounts of blood or
fragments of stains with Takayama reagent in the form
of shallow salmon-pink rhomboids (Gupta et al., 2021).
Gupta et al. (2021) stated that the Takayama reagent
is sensitive until the dilution of 1:1,000 human blood.
Hossain et al. (2003) results showed the same result of
this research. It can happen because between human
and cat have an almost similar number of hemoglobin.
Based on Bucknoff and Rolph (2024) revealed that cat
hemoglobin is between 9.3 and 15.9 g/dl and Gest et
al. (2015) revealed that cat hemoglobin is 11.63 £ 2.05
g/dl. While, Normal values for human hemoglobin
according to Gligoroska et al. (2019) are 13—18 gm per
100 ml of blood (g/dl) in adult males and 12—16 g/dl in
adult females.

Benefits of both tests

LMG and Takayama reagents are reagents that are often
used in human blood spot testing (Charles et al., 2021).
The ability of the LMG reagent to detect up to the highest
dilution can be relied on for testing the presence of
blood spots. However, the LMG reagent has limitations
in that false positives can still occur if it is mixed with
chemicals such as bleach or body fluids such as semen
(Lee et al., 2016). Meanwhile, the Takayama reagent

is more specific in detecting blood because the results
obtained are a picture of hemochromogen crystals, but
its sensitivity is low when compared to LMG (Sari and
Prawestiningtyas, 2022). If there is a case of violence
against cats and other animals, these two reagents
can be relied on to help with the proof process. Those
who commit violence against cats and other animals
can be prosecuted in accordance with applicable laws,
especially in terms of animal welfare. It is hoped that
the results of this research can support ensuring animal
welfare in society.

Conclusion

Based on this research, cat bloodstain can be detected
with LMG reagent until 1:40,000 dilution, while
Takayama reagent only can detect cat bloodstain until
1:1,000.
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