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Abstract. Animal cruelty is a criminal offence under the current legislation of Ukraine. When
investigating criminal proceedings related to animal cruelty, including domestic cats, it is
often necessary to establish the time of death. Therefore, the development of new methods for
determining it and improving existing ones is extremely relevant. The purpose of the study was to
establish the relationship between the obtained values of wet spot area indicators and the time of
death. To achieve this goal, the authors propose a new method for determining the age of death
of domestic cats based on the results of measuring the area of a wet spot obtained from skeletal
muscle tissue samples of corpses (Shkundia method). To do this, samples of muscle tissue were
taken from the corpses of cats, a wet spot preparation was obtained by pressing and its area was
calculated to establish a correlation between the values of this indicator and the time that has
passed since death. The study of the obtained indicators established that these values are constant,
and the features of fluctuations in the values of this indicator with the time elapsed since the death
of the animals were established and shown graphically. Using a number of statistical methods, the
absence of dependence of wet spot area indicators on the muscles from which samples were taken
for research and animal breeds was determined. The nature of changes in the values of the wet spot
area indicator depending on time is established and the features of their fluctuations in different
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periods during 27 days from the moment of animal death were explained. Reference values of these
indicators depending on the time elapsed since the death of animals are presented, which can be
used by forensic veterinary experts in practical work to determine the time of the occurrence of
death of domestic cats. Due to a number of advantages, this method can be widely implemented in

the practice of forensic veterinary medicine

Keywords: forensic veterinary examination; postmortem interval; Felis silvestris catus; Shkundia

method; muscle tissue

Introduction

One of the problems that hinders the devel-
opment of a modern legal society is the cruel-
ty to animals. Cruelty to animals is defined as
the actions of certain persons towards animals
that are committed intentionally and lead to
their injury or death, as defined in Article 299 of
the Criminal Code of Ukraine (Criminal Code of
Ukraine, 2001). W. Huang et al. (2020), I. Yatsen-
ko & O. Parilovsky (2022) report that quite often
domestic cats (Felis silvestris catus) appear as the
object of abuse, which are among the most com-
mon pets. There are known cases of killing cats
as a result of the use of weapons, various tools
or items, as noted by D. Doukas (2022). C.M. Ro-
mano et al. (2020) report that crimes commit-
ted by throwing cats from a height, strangling,
poisoning, torturing, and targeting dogs on cats
are not uncommon, as a result of which the an-
imals die. In the vast majority of cases related
to animal cruelty, it is the cases of their death
that are considered and forensic veterinary
examinations of corpses are appointed. In the
process of investigating such crimes, there are
cases when a body is discovered and sent for
examination after a certain period of time after
death, which raises a number of questions for
the investigation. J. Viciano et al. (2022) con-
sidered one of the most common issues — de-
termination of the time of animal death. The
need to determine the time of death of cats
may be related to the need to obtain informa-
tion necessary for inquiry and investigation
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about the date of death of the animal, with
clarification of the correspondence in time of
the testimony of persons involved in the in-
vestigation and trial. Such data can also refute
or confirm the alibi of one of the participating
parties. In addition, even in cases not related to
criminal proceedings, the determination of the
time of death is necessary to confirm or deny
the reliability of anamnestic data provided for
conducting a pathologic and anatomical autop-
sy of an animal. The determination of the time
of death, therefore, is one of the main issues
to be resolved by a forensic veterinary expert
based on the results obtained after perform-
ing a forensic veterinary autopsy, and during
the inspection of the scene or the discovery of
a corpse, if the expert participates in these ac-
tivities. I. Yatsenko & O. Parilovsky (2022) note
that such questions are often raised before a fo-
rensic veterinary expert in decisions on the ap-
pointment of forensic veterinary examinations.

To solve the issue of establishing the time
of death of animals, in particular, domestic cats,
it is of great importance to choose the method
that allows this to be done. Methods for deter-
mining the time and duration of death are based
on recording the regularities of the dynamics of
cadaveric phenomena, the time of residual vital
activity of various body tissues in the first hours
after death, the nature of biochemical chang-
es that develop in the tissues of the corpse, in
particular, according to E.K. Hryhorian (2019).
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Some of these methods help to determine the
duration of death directly, some - indirectly,
for example, by determining the time of stay of
the corpse in certain conditions, for example, in
water, soil, etc. To more accurately determine
the time of death of animals, it is also neces-
sary to consider natural and other factors that
affect the condition of the corpse. S.]. Jeong et
al. (2020), in particular, note that such factors
can be climatic components, that is, tempera-
ture, humidity and air velocity, the impact of
natural phenomena (rain, snowfall, etc.), the
presence of a corpse in the ground, reservoirs,
premises, under the rubble of buildings, death
in fires and other man-made accidents and ca-
tastrophes. Damage to corpses by representa-
tives of fauna and flora also has a certain im-
pact. All these conditions can accelerate or slow
down the development of cadaveric phenomena,
that is, the criteria by which the time of death
is determined. Of great importance is also the
time interval from the moment of death, during
which each of the methods can provide infor-
mation that can be correlated with the time of
its occurrence. Most methods are suitable for
use only for short periods of time after death.

The purpose of the study was to correlate
the obtained values of the wet spot area indi-
cator with the time of death of a domestic cat
(F. silvestris catus). To achieve the goal, the fol-
lowing tasks were set: to take material from the
corpses of cats whose time of death is known;
to examine tissue samples of cat corpses using
the wet spot method; to conduct statistical pro-
cessing of the obtained data, with the help of
which to prove their reliability; to find out the
patterns of changes in the studied indicators
relative to the time that has passed since the
onset of death and the presence of correlation.

Literature Review

To date, quite a few methods have been de-
veloped for determining the time of death.

Yu.V. Sarkisova (2021), I.G. Savka et al. (2021),
V.K. Sokol (2022) note that the vast majority of
these methods were invented by scientists in
the field of forensic medicine. These methods
are primarily intended for the study of objects
such as human corpses. E.K. Hryhorian (2019),
Yu.V. Sarkisova & S.M. Malanchuk (2020),
M. Merck & D. Miller (2013) note that only some
of these methods are used by veterinary doctors
in forensic veterinary practice in the case of ex-
amination of animal corpses. The most common
methods in use are classical methods. These
include, for example, the visual and palpation
method, which involves assessing the state of
development of cadaveric changes by exami-
nation and palpation. Thermometry is widely
used, as noted by S.]. Jeong et al. (2020), the es-
sence of which is to measure the temperature of
the corpse at certain points. H. Muggenthaler et
al. (2012) emphasise the need to correlate the
obtained values with tabular data reflecting the
dynamics of postmortem cooling for animals
of a certain species, weight, etc. A variation of
this method is to measure the temperature of
the place of death of an animal or person. Of
the biochemical methods used, as reported by
G. Piegari et al. (2023), studies of protein con-
centrations in cadaveric tissues; a number of
authors, such as M.T. Ave et al. (2021), J. Gar-
land et al. (2020), and M. Nioi et al. (2021),
propose to investigate changes in the vitre-
ous body in the eyeballs; some other methods
have also been developed. There are a number
of methods that are based on image analysis.
E. Watson & J.Kr. Baucom (2020) suggest ana-
lysing data obtained using computed tomogra-
phy, and M. Zhang (2022) — magnetic resonance
imaging. There is also an elastographic method.
J.Byrd & L. Sutton (2021) recommend the wide-
spread use of forensic entomology.

According to S. Matuszewski (2021), this
method consists of estimating the time after
death, which can often coincide with the time of
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colonisation of cadaver tissue by entomofauna.
Such a study is based on determining the activ-
ity and number of insects that contaminate the
corpse, and determination of the age and stage
of development of these insects. M. Heba El-
Sayed et al. (2023) propose to apply DNA studies
in the aspect of assessing the degree of its deg-
radation over the time that has passed since the
onset of death, and to identify the species affil-
iation of the remains of an animal’s corpse. A
number of methods consist in studying the mi-
crostructure of cadaver tissues using light, lu-
minescent, and electron microscopy. A method
for determining the time of death based on the
results of microscopic examination, as reported
by V.K. Sokol (2022), is based on visual and mor-
phometric assessment of tissue-level changes
caused by tertiary cadaveric changes, namely
autolysis and putrefaction. The development
of destructive changes directly depends on the
time of death. In the field of forensic medical
examination today, in addition to histological
examination, some of its varieties are used.
Thus, Yu.V. Sarkisova & S.M. Malanchuk (2020)
suggest using the spectropolarimetric method,
the essence of which is to establish the time of
death in a long-term interval by analysing data
obtained by spectral-selective laser-induced
fluorescence microscopy of tissue sections, and
O.Iu. Lytvynenko (2022) - reconstruction of
the polycrystalline structure of tissue sections,
which consists in determining the relationships
between changes of values that characterise the
distribution of values of the degree of crystalli-
sation of tissue sections of various organs and
the time of death.

D.Yu. Shkundia et al. (2023) proposed a
method for determining the time of death
by measuring the area of a wet spot obtained
from cadaver tissue samples. In turn, the liter-
ature, both Ukrainian and foreign, devoted to
the problem of determining the time of death,
does not reflect the features of such studies of
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cadaveric material, especially in the aspects of
studying corpses of different types and breeds
of animals; their gender and age categories.

Materials and Methods

The study was conducted in 2022-2023 at the
Academician Volodymyr Kasyanenko Depart-
ment of Animal Anatomy, Histology and Patho-
morphology of the National University of Life
and Environmental Sciences of Ukraine, Kyiv.
The selection of cadaveric material from the an-
imals used in the experiment was carried out in
accordance with the ethical norms of interna-
tional and Ukrainian legislation (Law of Ukraine
No. 3447-1V, 2006; European convention...., 1986).

The material was taken from the corpses of
4 domestic cats (Felis silvestris catus), of which
two animals belonged to the Burmese breed,
the other two - to the Maine Coon breed. The
animals involved in the experiment were male,
aged 2.5-3.5 years, of average fatness. Their
corpses were received by the department from
various veterinary clinics in Kyiv after euthana-
sia on the recommendations of veterinarians,
subject to the consent of the animal owners,
and were used by the authors to establish the
time of death. After that, pathologic and ana-
tomical autopsy of cat corpses was performed
according to generally accepted methods (with-
out evisceration). In the future, samples of skel-
etal muscle tissue weighing 3 g were taken from
animal corpses from the shoulder and thigh
area, provided that there were no visible patho-
logic and anatomical changes. Samples were
taken once a day, for 27 days from the moment
of arrival of the corpse. Corpses were stored in
sterile conditions at a stable temperature of
20°C during the material selection period. After
that, the sampling was stopped.

The selected samples were examined using
the Shkundia method (Shkundia et al., 2023).
To do this, each sample was placed in the mid-
dle of a separate sheet of 1010 cm plastic film,
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and then placed between two 1010 cm glass
plates. A sheet of decontaminated filter paper
was previously placed on the bottom plate.
The polyethylene film with the sample was
placed so that the surface of the sample was
in contact with the filter paper. After placing
the sample between two glass plates in the de-
scribed manner, the plates were placed under
a 1 kg press for 15 minutes. Next, the top plate
and plastic film were removed, the contours of
the wet spot and the contours of the pressed
sample were outlined with a simple pencil, the
pressed sample was removed, and then the fil-
ter paper was dried.

The wet spot area was measured using a
polar planimeter PP-2k and calculated using
the equation:

_X1tX

S xPp— 2t¥2 y p, 1)
2

where S - area of the wet spot, cm?; x,, x, — indi-
cators of planimeter divisions when measuring
the external contour of a wet spot; y,, y, — indi-
cators of planimeter divisions when measuring
the internal contour of a wet spot; P - price of

dividing the planimeter in units of measure-
ment (cm?).

Statistical processing of the obtained re-
sults was carried out in the following sequence.
The normality of the distribution was deter-
mined by the Shapiro-Wilk test (Gonzélez-Es-
trada et al.,, 2022; Rodrigues de Souza et
al., 2023). The equality of variances was deter-
mined by the Levene test (Wang et al., 2022). The
T-test (for two independent samples) was used
to compare samples between animals of the
same breed (Novak, 2022). ANOVA (univariate
analysis of variance) was used to compare sam-
ples between animals of different breeds (Em-
erson, 2022). The calculations were performed
using the Real Statistics Resource Pack 2007,
which is an add-on to Excel-2010 software suite.

Results and Discussion

Based on the results of calculating the wet spot
area obtained from samples of skeletal muscle
tissue of cat corpses, their values for various
muscle groups in the animals under study were
obtained (Table 1).

Table 1. Value of the wet spot area obtained from the muscles
of experimental animals at different time intervals from the moment of death, n=4

Wet spot area,

Wet spot area,

Wet spot area, Wet spot area,

Days after death  shoulder muscles, thigh muscles, shoulder muscles, thigh muscles,

Maine Coon,cm? Maine Coon, cm? Burmese, cm? Burmese, cm?
0 3.42 4.01 2.36 3.39
1 4.36 2.34 3.67 2.55
2 2.07 5.62 2.88 4.92
3 9.36 6.53 7.00 6.31
4 5.08 4.45 5.28 7.66
5 3.78 10.67 4.70 9.09
6 8.73 8.05 7.03 7.18
7 6.88 5.22 6.00 5.89
8 9.00 8.10 8.50 8.24
9 7.10 6.58 7.36 6.60
10 6.70 7.89 6.83 7.05
11 10.02 7.24 9.10 8.19
12 5.49 5.04 5.66 5.44
13 7.29 4.45 7.00 5.05
14 6.75 3.06 5.24 3.39
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Table 1. Continued

Wet spot area, Wet spot area, Wet spot area, Wet spot area,

Days after death  shoulder muscles, thigh muscles, shoulder muscles, thigh muscles,
Maine Coon,cm? Maine Coon, cm? Burmese, cm? Burmese, cm?

15 3.11 4.20 3.72 3.48

16 5.00 4.54 4.49 4.01

17 2.25 5.49 3.42 3.65

18 6.34 2.16 5.93 3.92

19 4.05 4.46 4.71 4.09

20 6.35 2.62 6.19 3.62

21 4.05 3.75 5.88 3.83

22 6.17 3.91 5.24 4.00

23 4.23 5.68 5.94 5.86

24 10.58 6.84 8.09 6.51

25 8.73 712 9.12 7.00

26 10.35 8.03 9.86 8.29

27 10.83 9.52 10.59 9.72

Average 6.36 5.63 6.14 5.68

Standard deviation 2.59 2.17 2.10 2.01

Sample variance 6.70 4.70 4.40 4.02

Source: developed by the author

in samples taken from the shoulder muscles of a
Maine Coon cat are graphically shown in Figure 1.

Changes in the wet spot area index depend-
ing on the time elapsed since the animal’s death

—_
N

Wet spot area, cm?

Wet spot area, shoulder muscles, Maine Coon

2 3 45 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Day from the onset of death

01

Figure 1. Diagram of changes in the wet spot area indicator depending
on the time since death, Maine Coon, shoulder muscle
Source: developed by the authors

From days 1 to 3 after the death of the
animal, the indicator of the wet spot area first
slightly decreased, and then sharply increased,
t09.36 cm? on day 3. From days 3 to 5, a decrease
was again observed,and fromdays 6 to 12 —a sta-
ble increase to values in the range of 8-10 cm?.
From days 12 to 17, a gradual decrease in the
wet spot area indicator to values in the range of

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1

2-4 cm?was detected, from days 17 to 23, the in-
dicator was consistently in the range of 4-6 cm?,
after which it grew abruptly to values of 10-
11 cm? and remained at this level in the future.
Changes in the wet spot area depending
on the time elapsed since the animal’s death
in samples taken from the thigh muscles of a
Maine Coon are graphically shown in Figure 2.
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Wet spot area, hip muscles, Maine Coon
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Day from the onset of death

Figure 2. Graph of changes in the wet spot area indicator depending
on the time since death, Maine Coon, thigh muscles

Source: developed by the authors

From days 1 to 3 after the death of the an-
imal, the indicator of the area of the wet spot
first slightly decreased, and then increased, to
6.53 cm? on day 3. From days 4 to 5, a sharp
increase to 10.67 cm? was observed, and from
day 6 to 14 — a stable decrease to a value of
3.06 cm?. From days 15 to 17, a gradual increase
in the value of the wet spot area in the range

_ =
[«IE S

Wet spot area, cm?

(= S )

of 4-6 cm? was detected, and from days 18 to
20, this indicator steadily decreased and was in
the range of 2-4.5 cm?, after which it gradually
increased to a value of 9.52 cm?. Changes in the
size of the wet spot area depending on the time
elapsed since the animal’s death in samples
taken from the shoulder muscles of a Burmese
cat are graphically shown in Figure 3.

Wet spot area, shoulder muscles, Burmese

012 3 45 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Day from the onset of death

Figure 3. Diagram of changes in wet spot area indicator depending
on the time since death, Burmese, shoulder muscles

Source: developed by the authors

From days 1 to 2 after the death of the
animal, the indicator of the wet spot area first
slightly decreased, and then sharply increased,
to 7 cm? on day 3. From days 4 to 5, a gradual

decrease in its value to 4.7 cm? was observed,
and from days 6 to 11, an abrupt increase in val-
ues in the range of 6-9 cm? was observed. From
days 12 to 17, first a sharp and then gradual
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decrease in the wet spot area to values in the
range of 3-4 cm? were detected. From days 18
to 24, the parameters of this indicator increased
and were in the range of 5-6 cm?, after which
they sharply increased to 10.59 cm?.

—_ =
o N

Wet spot area, cm?

S N B~ OV

0 1

Changes in the wet spot area indicator de-
pending on the time elapsed since the animal’s
death in samples taken from the thigh mus-
cles of a Burmese cat are graphically shown in
Figure 4.

Wet spot area, hip muscles, Burmese

2 345 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Day from the onset of death

Figure 4. Graph of changes in the wet spot area indicator depending
on the time since death, Burmese, thigh muscle

Source: developed by the authors

From day 1 to 5 after the death of the
animal, the indicator of the area of the wet
spot initially increased very sharply to a val-
ue of 9.09 cm?, and from days 6 to 11 this
indicator remained in the range of values of
6-8 cm?. From days 12 to 14, a sharp decrease
in its value to 5.66 cm? was observed, and then
from days 15 to 22 — the values almost did

—_ =
N

A

7

Wet spot area, cm?

S N B~ O

01

J/’\\%\/\/\/\%v

2 3 45 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

not change and were in the range of 3-4 cm?.
From days 23 to 27, the indicator increased
sharply to a value of 9.72 cm?. Changes in wet
spot area indicators as a function of the time
elapsed since animal death in samples taken
from the shoulder and thigh muscles of Maine
Coon and Burmese cats are graphically shown
in Figure 5.

Day after death

—— Wet spot area, shoulder muscles, Maine Coon

Wet spot area, shoulder muscles, Burmese

Wet spot area, hip muscles, Maine Coon

Wet spot area, hip muscles, Burmese

Figure 5. Diagram of changes in wet spot area indicators depending
on the time since death of all animals under study

Source: developed by the authors
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When assessing the results obtained from
the animals corpses, it is possible to identi-
fy general patterns of changes in the wet spot
area obtained from samples of their skeletal
muscles depending on the time elapsed since
their death. From the onset of death to days
1-2, the indicator was in the range of 2-4 cm?,
sometimes even having a tendency to decrease.
Starting from days 1-2, an abrupt increase
in the values of this indicator was observed,
which reached peak values at days 3-5, in the
range of 8-11 cm?. In the future, their values
with small fluctuations corresponded to the
range of 6-10 cm?, and starting from day 11,
a sharp decrease in the value of these indica-
tors was observed, which corresponded to the
range of 2-4 cm?. The values were in the range
of 2-6 cm? up to days 22-23. Next, there was a
sharp abrupt increase in the size of the wet spot
area obtained from skeletal muscle samples of
cats, depending on the time that has passed

since the death of animals, with a subsequent
tendency to increase.

For mathematical processing of data as a
null hypothesis, the statement was taken as a
basis that according to the results of measuring
the area of a wet spot obtained from samples of
muscle tissue of cat corpses, there should be no
significant difference between the indicators tak-
en from animals of different breeds, and the dif-
ference between the indicators obtained during
the study of samples taken from different skele-
tal muscles. Thus, the values obtained at certain
time intervals, regardless of the breed of cats
and the muscle group from which the samples
were taken, should correlate with the time that
has passed since the onset of death, and these
indicators can be used to calculate the time of
death of animals, using the data obtained by the
authors as a reference. Using the Shapiro-Wilk
test, the distribution normality was established
in all the data samples under study (Table 2).

Table 2. Normality of the distribution of samples of wet spot area values obtained from the
muscles of experimental animals at different time intervals from the moment of death, n=4

Wet spot area,

Wet spot area,

Wet spot area, Wet spot area,

Shapiro-Wilk test shoulder muscles, thigh muscles, shoulder muscles, thigh muscles,
Maine Coon Maine Coon Burmese Burmese
Distribution
normality indicator 0.957271813 0.969241318 0.979122624 0.940969325
(W-stat)
Sgm ez e 0.299880488 0.560395402 0.828890163 0.11699154
(p-value)
Threshold
significance level 0.05 0.05 0.05 0.05
(alpha)
Normality Yes Yes Yes

Source: developed by the author

The Shapiro-Wilk test (Table 2) shows that
the distribution is normal in all the data samples
under study, i.e.,no sample has values that differ

significantly from all the others. Using the Lev-
ene test, equality of variances was established
in all the data samples under study (Table 3).
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Table 3. Equality of sample dispersions of wet spot area values obtained from the muscles
of experimental animals at different time intervals from the moment of death, n=4

Variance between wet
spot area samples of
shoulder and thigh
muscles, Maine Coon

Levene test

Average values (means) 0.325441

Threshold significance

level (alpha) s

Source: developed by the author

The Levene test (Table 3) determined the
equality of variances between the values of the
wet spot area of the shoulder and thigh mus-
cles in animals of the same breed and between
the animals of different breeds. The average
values of variances exceeded the threshold
level of significance. Since the difference in
variances in the cases was not statistically
significant, the variances can be considered

Variance between wet
spot area samples
of Maine Coon and

Burmese cats

Variance between wet
spot area samples of
shoulder and thigh
muscles, Burmese

0.798616 0.492355

0.05 0.05

homoscedastic. Thus, with the normality of
the distribution and equality of variances, the
null hypothesis is confirmed. Using the T-test
(for two independent samples with equal var-
iances in the Student’s distribution), the ab-
sence of differences between the samples of
these values of the wet spot area of the shoul-
der and thigh muscles in animals of each breed
was established (Table 4).

Table 4. Value of the t-criterion for samples of wet spot area indicators obtained from
the muscles of experimental animals at different time intervals from the moment of death, n=4

Resulting value of the

Critical value of the

Significance level

il Student’s criterion (t-stat) Student’s criterion (t-crit) (p-value)
Maine Coon 1.1474 2.0048 0.2562
Burmese 0.8375 2.0048 0.4060

Source: developed by the author

Using the T-test, it was found that in an-
imals of each studied breed there was no dif-
ference between the samples of data on the
area of the wet spot of the shoulder and thigh
muscles, since the obtained values of the Stu-
dent’s criterion for the data samples of each
breed compared with each other were less than
the corresponding critical values of this varia-
ble. Therefore, the values of the wet spot area
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indicator do not significantly depend on which
group of skeletal muscles (shoulder or thigh) to
take samples for research using this method.

As a result of using univariate analysis of
variance (ANOVA) with the calculation of the
Fischer criterion, there was no difference be-
tween the samples of these values of the wet
spot area of the shoulder and thigh muscles in
cats of different breeds (Table 5).
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Table 5. Value of the F-criterion for samples of wet spot area indicators obtained from
the muscles of experimental animals at different time intervals from the moment of death, n=4

Resulting value of the

Source of variation s ..
Fischer criterion (F)

Between groups, Maine

Coon and Burmese breeds 0.7179

Source: developed by the author

Based on the results of univariate variance
analysis, it was found that there is no difference
between the value of the wet spot area of the
shoulder and thigh muscles in cats of different
breeds, since the obtained values of the Fischer
criterion for comparable data samples obtained
from cats of different breeds were less than the
corresponding critical values of this variable.
Thus, the breed of cats whose corpses were used
for research by this method did not significant-
ly affect the value of the wet spot area indicator.
Thus, the null hypothesis, according to the cal-
culations performed on the Shapiro-Wilk, Lev-
ene, t-test, and univariate analysis of variance
(Wang et al; 2022, Emerson, 2022; Rodrigues de
Souza et al., 2023), it is confirmed that the val-
ues obtained at certain time intervals, regard-
less of the breed of cats and the muscle group
from which the samples were taken, correlate
with the time elapsed since the onset of death.

The idea of this study was based on the as-
sumption that changes in wet spot area indica-
tors over time would represent uniform growth
in the form of a linear relationship. However,
the data obtained had a slightly different trend.
The wet spot area increased on day 3-5 and re-
mained relatively stable for days 5-11, slight-
ly decreased from day 11 to day 15, stabilised
again between days 15 and 22-23, and began
to increase sharply thereafter. The increase
in the area of the wet spot on days 3-5 can be
explained by the release of water due to the
collapse of the structures of intermuscular con-
nective tissue, and the result of the diffusion of
the liquid part of the blood after death from the

Critical value of the
Fischer criterion (F-crit)

Significance level
(p-value)

2.6887 0.5433

vessels that supply blood to the muscles into
the intermuscular space. At this time, water
remained in the muscle fibres, and their struc-
ture was preserved in this period of time from
the moment of death. The relative stability of
the indicators during days 5-11 after the death
of the animals can be explained by the limited
amount of water in the intermuscular space, as
muscle fibres are not yet destroyed during this
period. The decrease in the area of the wet spot
during days 11-15 from the moment of death
is explained by the loss of a certain amount of
water through diffusion to other parts of the
corpse and through its surface. The stability of
indicators from days 15 to 22-23 may be asso-
ciated with the beginning of the breakdown of
muscle fibres, which compensates for the dif-
fusion of water to other parts of the corpse and
through its surface. An abrupt increase in the
area of a wet spot, starting from days 22-23,
can be the result of the breakdown of a large
number of muscle fibres, and the destruction of
macromolecules of proteins and lipids, as a re-
sult of which liquid is released. However, in all
data samples under study, the described trend
was clearly observed, so the data obtained can
serve as a reference against which to compare
the data from the corpses of cats obtained by
the Shkundia method (Shkundia et al., 2023),
whose time of death must be established for fo-
rensic examinations.

Based onthe above,itis proposedto calculate
the time of death in cats based on the wet spot area
obtained from skeletal muscle samples of corps-
es, using the reference values given in Table 6.
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Table 6. Reference values of the wet spot area indicator obtained
from skeletal muscle samples from cat corpses, M*¥m

Days after Reference Days after
death values, cm? death
0 3.30%0.33 10
1 3.23%0.56 11
2 3.87%1.01 12
3 7.30+0.74 13
4 5.62%0.73 14
5 7.06%2.04 15
6 7.75%0.46 16
7 6.00+0.32 17
8 8.46%0.20 18
9 6.91+0.23 19

Source: developed by the author

A specialist who performs a forensic vet-
erinary examination, if representatives of the
investigative authorities are tasked with estab-
lishing the time of the occurrence of death in
a cat, can, after performing a study using the
Shkundia method, compare the obtained in-
dicator with the reference value, and establish
the time that has passed since the death of the
animal, with an accuracy of one day. The data
obtained can be compared with data obtained
using other methods for determining the time
of death, in order to exclude possible errors.
Thus, the method of determining the area of a
wet spot is informative and can be implement-
ed in forensic veterinary practice. Compared
to other methods of determining the time of
death, the advantage of such studies is a long
time interval — about 1 month from the moment
of death, while thermometry is suitable in the
time interval of 1-3 days, which is indicated, for
example, by S.]. Jeong et al. (2020), microscopic
examination — 1-18 days, and a method based
on determining the state of entomofauna of the
corpse, according to J. Byrd & I. Sutton (2021)
and S. Matussewski (2021) — no more than 10-
15 days. In addition, the equipment required for
working with the wet spot method is not diffi-
cult to use and expensive, as, for example, for
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Reference Days after Reference
values, cm? death values, cm?
7.120.27 20 4.70%1.13
8.64+0.66 21 4.38%0.54
5.41+0.13 22 4.83%0.63
5.95+0.86 23 5.43+0.43
4.61%£1.01 24 8.01+0.96
3.63+0.24 25 7.99+0.67
4.51%0.18 26 9.13+0.71
3.70%0.64 27 10.17#0.39
4.59+1.11
4.33+0.18

studies using computer or magnetic resonance
imaging, which are proposed by E. Watson &
J.Kr. Baucom (2020) and M. Zhang (2022).

J. Serdioucov et al. (2023) note that one of
the most common and accurate methods for
determining the time of death — histological
examination of postmortem changes in various
tissues and organs of the corpse — provides valid
results only during the first 18 days after death.
It is characteristic that the results presented
by J. Serdioucov et al. (2023) are obtained spe-
cifically on the corpses of domestic cats. The
wet spot method proposed by the authors has
a number of advantages over the histologi-
cal method. The postmortem interval, which
can be determined by the Shkundia method, is
significantly longer than that that can be de-
termined histologically — 27 days and 18 days,
respectively. The time required to make a wet
spot preparation is approximately 1 hour, while
a histological preparation, depending on the
latest equipment used by the researcher, takes
from 2 to 14 days. Although, according to most
researchers, for example, V.K. Sokol (2022),
histological examination is a widely available
diagnostic method, but the amount of equip-
ment required for histology (automatic filling
of material and staining of histoses, microtoms,
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microscopes, photo nozzles, etc.) is several
times greater than that required for the wet
spot method (glass plates, planimeter). In addi-
tion, the wet spot method does not require the
use of chemical reagents. Wet spot preparations
are better preserved than histopreparations.
Quantitative data, as noted by D. Shkundia et
al. (2023), also easier to get by the wet spot
method. However, histopreparations have much
greater visibility than wet spot preparations. In
addition to classic micrographs, as reported
by Yu.V. Sarkisova & S.M. Malanchuk (2020),
microscopy of histopreparations can produce
spectropolarimetric images and reconstruction
of their polycrystalline structure, as noted by
O.Iu. Lytvynenko (2022).

Measurement of cadaveric cooling rate by
thermometry, by definition of C. HenfSge &
B. Madea (2004), is the most commonly used
method for determining the time of death of
humans and animals. The features of postmor-
tem cooling in domestic cats have not yet been
practically studied. The wet spot method pro-
posed by the authors has a number of advan-
tages over the thermometric method. The most
important of these is that the time interval for
the onset of death, which can be determined by
the Skundia method, is much longer than that
which, in particular, according to S.]. Jeong et
al. (2020), can be recorded by thermometry — 27
days and 1-3 days, respectively. Domestic cats
are small animals and therefore a complete
equalisation of the temperature of the corpse
with the ambient temperature occurs at most
during the 2™ day after death. In addition, as
noted by S.]. Jeong et al. (2020), the depend-
ence of the accuracy of determining the time of
death by the thermometric method on climatic
conditions is very significant, which affects the
measurement results, often not allowing to es-
tablish a correlation between the obtained and
tabular data. The results of the thermometric
study are particularly negatively affected by

the air temperature both in open areas and in
various rooms, the humidity level and speed of
air movement, weather conditions (rain, snow,
etc.). The data obtained by the wet spot meth-
od are much less affected by these factors, es-
pecially when preparations are obtained from
cadaveric skeletal muscle, as recommended by
D. Shkundia et al. (2023). In addition, there is
a dependence of the validity of indicators ob-
tained using thermometry on the causes of
death, especially diseases, the symptoms of
which, in particular, are characterised by a pro-
nounced increase or decrease in body temper-
ature. The authors are not aware of any such
influence on the results obtained by the wet
spot method. In addition, the wet spot prepa-
ration can be used as physical evidence, while
the reliability of temperature measurements,
especially in the field, sometimes raises doubts
among law enforcement officials. Thermometry
also has a number of advantages over the wet
spot method. This is significantly less time, as
noted by C. Henfsge & B. Madea (2004), which
takes from 1 to 5 minutes depending on the
design features of the thermometers, while the
production time of the wet spot preparation is
approximately 1 hour; simple portable equip-
ment that allows on-site measurements, etc.

Entomological method, according to J. Byrd
& L. Sutton (2021), is extremely common in fo-
rensic and veterinary medicine. When compar-
ing it with the wet spot method, the obvious
advantage of the latter is one thing: an even
greater dependence on climatic conditions and,
even, the time of year than with the thermo-
metric method, which is associated with the
seasonality of the insect life cycle, as noted by
S. Matuszewski (2021). For these two methods,
the measurement range of the postmortem
interval and the time spent on conducting re-
search are approximately the same. The advan-
tage of the entomological method is also the
low need for equipment.
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This study presents a proprietary method.
It is based on determining the moisture-re-
taining ability of animal body tissues, which
changes after the death of an animal, since lig-
uid is released during the breakdown of cellular
structures and macromolecules. When compar-
ing the wet spot method with other widely used
methods for determining the time of death, a
number of advantages over each one are re-
vealed, however, as well as some disadvantages.
Therefore, the authors consider it appropriate
to use it widely, in particular, in the practice of
forensic veterinary examination.

Conclusions

The proposed method for determining the time
of death by measuring the area of a wet spot
obtained from skeletal muscle tissue samples
from domestic cat corpses is informative and
has a number of advantages over other meth-
ods for determining the time of death. The most
important advantage is the long time interval
in which results can be obtained that correlate
with the time of death. In addition, the validity
of this method is much less dependent on cli-
matic conditions, such as temperature and hu-
midity, weather conditions in the place where
the corpse of the animal was found, being in the
room, packing corpses in plastic bags, wrapping
in blankets, clothing elements, etc. Wet spot
preparations obtained when working with fab-
rics using this method can be stored for a long
time and serve as material evidence in the in-
vestigation and judicial review of criminal cases.

An explanation is found for fluctuations
in the values of the wet spot area indicator de-
pending on the time that has passed since death.
Statistical studies have shown that the data ob-
tained by measuring the area of a wet spot cor-
relate with the time of death. Reference values
of the wet spot area obtained from samples of
skeletal muscle of cat corpses have been devel-
oped, which forensic veterinarians can use in
their practical activities to compare with the data
obtained by this method of examining material
from cat corpses in specific cases that become
the basis for investigating criminal proceedings.

The disadvantages of the method for deter-
mining the time of death by measuring the area
of a wet spot obtained from skeletal muscle tis-
sue samples from cat corpses are its specificity
for certain animal species and certain tissues. In
addition, to perform research using this meth-
od, it is necessary to have a device (planimeter),
which is not widely used equipment. The influ-
ence of climatic and other conditions in which
the animal’s corpse is located on the reliability
of the results obtained by applying this meth-
od remains unclear. The prospects for further
research are to determine the time of death
by measuring the area of the wet spot from
the material of various organs, species, breeds,
sex and age categories of animals, developing
amendments to reference values that take into
account climatic conditions and the environ-
ment in which the corpse can be located, etc.
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AHoranis. )KopcToke MOBOIYKeHHS 3 TBAPMHAMMU, BiJITOBiIHO 10 YMHHOTO 3aKOHOJABCTBA YKpaiHu,
€ KpUMiHaJbHUM 3JI0uMHOM. ITim vac po3cligyBaHHS KpPUMiHAJIbHUX TPOBAKEHb, TOB’SI3aHUX
i3 JKOPCTOKMM ITOBOJIKEHHSIM i3 TBapMHaMM, B TOMY YMCIi KOTaMM CBiliCbKMMM, YACTO BUHUKAE
HeOOXiHICTh BCTAHOBJIEHHSI MAaBHOCTI HAcTaHHS cMmepTi. TOMy Haa3BMYAHO aKTyaTbHUMMU €
pPO3poOKa HOBMX METOZiB ii BM3HAUEHHS Ta BIOCKOHAJEHHS BXXe iCHYIOUMX. MeTOI0 JOCTiIKeHHS
6Yy/10 BCTAaHOBJIEHHST 3a/IEKHOCTI M3k OTpMMaHMMM 3HAU€HHSIMU ITOKa3HMKIB TUIOMIi BOJIOTOI TUISIMU
Ta YaCoOM HaCTaHHS CMePTi. [IJis MOCSITHEHHSI TOCTaBIEHOT METY aBTOPaMM 3aITpOIIOHOBAHMIT HOBUIT
MeTOJ, BU3HAUeHHSI JaBHOCTI HAaCTaHHSI CMepTi KOTIiB CBiliCbKMX 3a pe3y/abTaTaMM BMMipHOBaHHS
TJIONIi BOJIOTOI TUISIMM, OTPUMAHOI 3i 3pa3KiB TKAHMHM CKeJeTHUX M’sI3iB TpymiB (MeTop IIKyH/Ii).
st bOTO BimGupany Bif TPYIiB KOTiB 3pa3sKy M’S30BOI TKAaHMHM, 3@ JOIIOMOTOI0 MPECYBaHHS
OTPUMYBAJIM TIperapar BOJOTrOi TUISIMM Ta BUPAXOBYBaIM il IJIONIY, 3 METOK BCTAHOBJIEHHS
KOpeJisiiiii 3HaueHb 11bOTO TTOKa3HMKa 3 YaCOM, SIKMI MPOMIIOB 3 HACTaHHS CMepTi. JoCTiIkeHHIM
OTPUMaHMX IMOKA3HUKIB BCTAHOBJIEHO, IO Ili 3HAUEHHS € CTAJMMM, BCTAHOBJIEHO i TOKa3aHO
rpadiuHO 0CcO6IMBOCTI KOMMBAaHb 3HAUEHb JAHOTO IMOKA3HMKA 3 YacOM, L0 MPOJIIOB 3 MOMEHTY
cMepTi TBapuH. 3a JOMOMOT0I0 HM3KM CTAaTUCTUYHMX METO/iB BM3HAUEHO BiCYTHICTh 3aJIEKHOCTI
ITOKa3HVKIiB IO BOJIOTOT IJISIMM Bifi M’sI13iB, i3 IKMX Bim6MpaloTh 3pa3Kiu AJis JOCTiIKEHHS, Ta TOpif,
TBapuH. BcTaHOB/IEHO XapaKTep 3MiH 3HaUeHb [TOKAa3HMKA TUIOIIIi BOJIOTOI TUISIMM 3aJI€KHO Bif, yacy
i mpoaHaisoBaHO 0COGAMBOCTI X KOMMBAHb Y pi3Hi mepiogyu mpoTsarom 27 ai6 3 MOMEHTY 3aru6erti
TBapuHU. [IpeCcTaBIeHO eTaIOHHI 3HAUeHHST JaHMX MMOKa3HMKIB 3aJIeKHO BiJI yacy, 1o MmpoiIios 3
MOMEHTY CMEPTiTBapuH,IKiCyI0BO-BeTepMHAPHI €KCIIEPTY MOXKYTh BUKOPUCTOBYBATH BITPAKTUYUHI i1
po6OTi 111 BCTAHOBJIEHHS AABHOCTI HACTaHHS CMEPTi KOTIiB CBilfichbKMX. 3aBASIKM HM3II IlepeBar
JaHuil MeTon Moke OYTH IIMPOKO BIIPOBA/KEHMIA Y MPAKTUKY CYI0BOi BETEPMHAPHOI MeOULIHUI

KniouoBi ¢1oBa: cymoBo-BeTepMHApHa eKCIepTu3a; MoCcTMOopTanbHuil iHTepBan; Felis silvestris
catus; metop, lIIKyHzi; M’s130Ba TKaHMHA
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