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Abstract: Learning anatomy in medical school is still closely based on the use of cadavers. The burial of preserved cadaver
poses a problem, specifically, it contaminates the soil with formalin. Many studies have been conducted to find an alternative
fixative to update or modify formalin usage. One of them is ethanol-glycerin (EG), which suggests promising results.
Despite that fact, there has yet to be any research comparing the decomposition rate between EG and formalin. This study
is conducted to compare the rate of decomposition between the two fixative solutions, EG and 4% formalin on the hind
limb of mice. The mice were first preserved using a standard primary fixative solution which is 10% formalin, following that
procedure is preservation using advanced fixative solution, EG or 4% formalin. Upon completing the preservation steps, the
mice were buried for 6 weeks and observed weekly. The stages of decomposition were assessed semi-quantitatively depending
on its appearance. The hind limbs of mice that were fixed with EG solution managed to reach the last stage of decomposition,
dry & remains, while the 4% formalin group of mice still remained in the previous stage, advanced decay. It is concluded that
the mice hind limbs that have been previously preserved with EG advanced fixative solution has a faster decomposition rate
compared to 4% formalin.
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Introduction
Anatomy learning methods using cadavers in medical science are still very much needed [1]. The development of anatomy learning methods is very diverse, including the use of
technology that can be accessed easily; however, the benefits
provided in direct learning with cadavers are still irreplaceable because it optimizes the use of the five senses [2]. Before
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the use of cadaver as an educational material, it needs to
first undergo the preservation process. The main ingredient
currently used in preservation is the gold standard which is
10% formaldehyde fixative [3]. However, the Department of
Anatomy has developed the use of 4% formaldehyde. Apart
from being safer, it has also been proven in previous studies
to have a faster decomposition rate on cadavers after burial
[4]. Formaldehyde or formalin has many benefits in cadaver
preservation. The function of formaldehyde as a fixative
solution aims to maintain cadaver integrity by preventing
decomposition. Formalin, has the ability to form cross-links
between proteins so as to prevent the process. Apart from
optimal results, formalin is an accessible and economical
material [5].
Although formaldehyde has many benefits in preserv-
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ing cadaver, its usage can result in harmful effects on the
health of the human body [6]. Low doses of acute exposure
can cause burning sensation in nose, eyes and skin while at
higher doses it can cause irritation of mucous membranes
to the lower airways, causing bronchitis, pneumonia, and
pulmonary edema. International Agency for Research on
Cancer classifies formaldehyde as a carcinogenic substance
[7]. Several studies have shown a link between long-term
formaldehyde exposure and the incidence of leukemia and
brain cancer [6].
Besides having a negative impact on health, the use of formalin as a cadaver preservative is also bad for the environment, for example it causes groundwater pollution. When
the cadaver is buried, formaldehyde will break down [7]
and be oxidized to formic acid and carbon monoxide which
is then dissolved in groundwater. This in turn can lead to
the phenomenon of acid rain [8, 9] Not only that, the use of
formalin will also slow down the decomposition process [5],
which can change the soil composition and adversely affect
the surrounding vegetation [9].
Many attempts have been made to find other safer preservatives to replace the role of formaldehyde. One of the fixative fluid that is being most studied is ethanol-glycerin (EG)
combination [5, 10, 11]. The combination of the two ingredients works as a good preservative by reversibly denaturing
protein; thus, preventing the autolysis process as well as acting as an anti-infective agent against bacteria and other microbes. This has also been proven through the research done
by Hammer et al. [10] EG can replace formalin as a fixative
solution in the preservation process.
It is important for preserved tissue to be able to decompose as well or as close as the natural decomposition process
(without preservatives), to prevent environmental pollution.
However, there is still no research on the effect of EG fixative
solution on decomposition rate after burial. Decomposition
is the process of breaking down organic substances, from
complex forms into simpler forms. This process is important
for returning nutrients from living organisms back to the
earth. Without decomposition process, the trapped nutrients
in the body cannot be released, resulting in low nutrient and
poor quality soil for plant growth [12].
The use of formaldehyde preservatives has the potential
to cause many negative effects, both for the environment
and the human body. Therefore, this study intends to find
an alternative material to reduce the use of formaldehyde.
One of the objectives of studying anatomy with cadavers is
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to see the relationship between organs and their locations [2].
One example is in musculoskeletal modelling. Most studies
of human muscle architecture uses the entire leg, the part of
the leg between 2 joints, or 1 joint as the specimen. For this
reason, this study uses the entire hind limb of mice, which
includes the structures starting from the base of the femur
head to the tip of the toes in order to follow the general
anatomy specimen [13], and the body as a whole. Using the
whole carcass will be beneficial in reflecting the decomposition process that occurs inside the organism and not only in
the muscle tissue. Mus musculus was chosen as the model of
human cadaver due to its similarities in multiple organ systems, such as the nervous, musculoskeletal, gastrointestinal
and cardiovascular system [14, 15] . A study comparing the
microbial activity between humans and mice revealed that
mice and humans share many similar types of bacteria due
to their similar gastrointestinal tract and diet (omnivores).
Despite the differences in genetics and physiology, this allows them to respond to decomposition similarly [15]. This
study aims to compare the decomposition rate of the hind
limbs of mice preserved with EG and 4% formalin advanced
fixative solution.

Materials and Methods
Ethics approval

This research was approved by the FMUI Ethics Committee with the letter number 828/UN2.F1/ETIK/2017. It was
then extended in 2019 with letter number ND- 1390/UN2.
F1/ETIK/PPM.00.02/2019.

Place and time of research

This research was conducted at Department of Anatomy,
Faculty of Medicine, University of Indonesia, and it took
place from August 2019 through April 2020.

Population and research subjects

The target population is all preserved hind limbs of mice.
Reachable population is all 18 pairs of Mus musculus hind
limbs preserved in the Department of Anatomy, FMUI. The
inclusion criteria used were samples extracted from adult
male mice aged 3-6 months with body mass ranging from
20-30 g [16]. Exclusion criteria were samples with abnormalities in the limbs, especially in the hind limbs.
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Sample size estimation

The sample used was the hind limbs of Mus musculus.
The formula to calculate the total minimum samples for this
research design is still underdeveloped. Therefore, the number of samples was calculated based on the formula used in
the Data and Information Center of Indonesian Ministry of
Health, which is the Federer formula [15]. With the presence
of three treatment groups, the minimum sample obtained is
more than or equal to 8.5 mice. The value is rounded to 9 for
convenience. The following is the calculation:
(t−1)(r−1) ≥15
(3−1)(r−1) ≥15
2(r−1) ≥15
r ≥8.5

Note: r=number of replications (sample size); t=number of
treatment groups.
The total number of samples obtained above, is re-entered
into the Mead formula, and the value must range from 10–20
for the data to be significant. It was found that 9 mice did not
produce a significant number. Therefore, the value of E was
set to be 15 in order to obtain a more significant result. Here
is the calculation:
E=N−T
15=N−3
N=18
Note: (E=degree of freedom; N=number of samples used
in the study; T=number of treatment groups).
From this calculation, the value of N=18 was obtained.
Hence, the number of mice used was 18. This is in accordance with the provisions of FMUI Ethics Committee regarding the use of mice in each experimental group which
is as many as 4 to 6 mice. This study uses 18 mice in total,
among them are 6 mice that were not treated with preservatives (control group), 6 mice that were treated with formaldehyde fixative, and the remaining 6 mice that were treated
with EG fixative.

Fixation of mice

Mice were anesthetized by injecting 100 mg/kg ketamine
and 10 mg/kg xylazine. After sedation, the mice were connected to the continuous pump tube. With surgical instruments, the chest of the mouse was dissected, exposing the
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heart. An incision was made in the front wall of the right
atrium, causing blood to flow. The 0.9% NaCl solution was
immediately flowed, where it continued to flow inside the
mice’s systemic tract until all blood were replaced. Through
the apex of the heart, the syringe needle was inserted into
the left ventricle. Upon completion, the mice were then immersed in primary fixative fluid, namely 10% formaldehyde,
with a volume of 10 times of the mice. After one week, they
were taken out from the 10% formaldehyde solution and
rinsed with water to wash off the excess solution. Following
that, they were then re-immersed in either 95% EG or 4%
formalin advanced fixative solution at 4°C for another week.

Preservation observation

After the preservation process is complete, the mice were
buried for 1.5 months in standardized soil approximately
25 cm deep. The humidity of soil in the location of burial
ranges from 80% to 90% with fluctuations of temperature
that ranges from 25°C to 27°C, which is representative of
the natural conditions in Indonesia with a tropical climate.
The mice were also wrapped in a shroud upon burial to ease
excavation. Observations were carried out every week where
the mice were re-excavated to assess the decomposition stage
of mice hind limb. The decomposition stages are assessed according to the color, texture, odor, presence of visible decomposers, such as fungi and maggots, and any other defining
characteristic of a certain stage. There are 5 stages of decomposition, the operational definition are as follows [18, 19]:
Fresh
At this stage, not many changes can be observed. Slight
changes that may be visible are minimal greenish discoloration in the abdominal area, caused by sulfhemoglobin produced by intestinal bacteria invading the tissues after death.
In addition, livor due to gravity, cracked skin, and tache noir
may be observed. Autolysis begins immediately at the fresh
stage, algor mortis, livor mortis, and rigor mortis are clearly
visible. Insects begin to appear near the openings of the
corpse, especially flies from the family Sarcophagidae and
Calliphoridae. The presence of putrid odor has not yet been
detected.
Bloated
The onset of putrefaction begins at this stage. The discoloration is clearly visible, unlike the fresh stage. The corpse
appears to expand like a balloon due to the accumulation of
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metabolic gases produced from anaerobic bacteria activity in
various locations of the body. The increase in body pressure
causes fluid to leak out of the body’s openings, giving rise to
an ammoniac scent. Bodily fluids seep into the soil, converting the soil pH to alkaline, leading to an invasion of other
decomposing organisms. A defining characteristic of the
bloated stage is the presence of degloving or skin slippage.
Few maggots may be observed invading the tissues.
Active decay
Decomposition is accelerated during this stage, marked
by the destruction of the outer layer of the skin due to a combination of maggot activity and bacterial putrefaction which
causes the gas and fluid to seep out, deflating the body back
to its original size. Hair loss and black discoloration of the
ruptured skin are clearly visible. The stinging smell of ammonia is even more pronounced and the amount of decomposing organisms increase. By the end of this stage, most of
the corpse’s mass have been eaten away by the maggots.
Advanced decay
At this stage, the remaining body parts are skin, cartilage,
and skull. The black discoloration of the corpse will become
more even in various locations of the body, Maggots will appear less visible while the putrid odor has disappeared. The
body will begin to dry out and give bones a clean polished
appearance. The decomposition process decelerates during
this stage.
Skeletal and remains
This stage is characterized by mostly bones and hair remaining, while little amount of remaining tissues are dry
and flakey. The rate of decomposition significantly decreases
at this stage. It takes years for bones to be crushed completely.
After categorizing the decomposition stages, it was then
converted into numerical scores presented in Table 1.

SPSS Statistics for Windows, Version 24.0 (IBM Co., Armonk, NY, USA) with nonparametric Mann-Whitney Utest.

Results
Observation of mice decomposition stages

Observation of the decomposition rate of the mice’s hind
limbs and body was carried out every week for 6 weeks by
assessing the overall decomposition stage of each variable
group. The body and hind limbs of mice did not experience

Table 2. Observation results of the hind limb decomposition stage of mice
Week

Control

Ethanol-glycerin

Formalin 4%

1

2

3

4

5

Statistical analysis

The decomposition stages data was analyzed using IBM

Table 1. Stages of mice preservation decomposition
Decomposition stages
Fresh
Bloated
Active decay
Advanced decay
Skeletal/remains
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Scores
0
1
2
3
4

6
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Decomposition stage

4

Discussion

Control
Formalin
EG

3

2

1

0
0

1

2

3

4

5

6

Week

Fig. 1. Mice’s hind limb decomposition stage each week. EG, ethanolglycerin.

significant differences in terms of decomposition stage from
one another which is why they were observed as a whole.
Slight differences that were found still reflected the same
decomposition stage. Since the first week, the 4% formalin
group and EG group of mice had experienced different stages
of decomposition. Apart from the significant difference in
size reduction, morphologically, the mice preserved with EG
nor 4% formalin still retained the initial tissue conditions, in
terms of color, shape, and size (Table 2). The difference in the
stage of decomposition was more pronounced in the third
week when the mice of EG group experienced a blackish color change in the abdomen, indicating active decomposition,
while the mice of 4% formalin group did not experience the
discoloration. In determining the stages of decomposition,
the operational definition becomes the standard of judgment. Based on qualitative observations, each decomposition
stage is is given a numerical score from 0–4 where 0=fresh,
1=bloated, 2=active decay, 3=advanced decay, and 4=dry,
remains/skeletal.
From the observations, the data were processed into
graphs to see the increase of the decomposition stages per
week for each group. In the last week, two groups, namely
control and EG group, were classified in the dry, remains/
skeletal decomposition stage, indicating the final stage of
decomposition, while the 4% formalin group was still in the
advanced decay stage with 4 mice being in the late advanced
decay stage (Fig. 1).
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Since ancient times, formalin fixative solution has been
the gold standard used for cadaver preservation. Although
it acts as an excellent preservative, formalin has numerous
negative side effects for health and especially the environment. Besides being able to pollute groundwater, formalin
slows down the cadaver decomposition process after burial.
This will change the composition of the soil which can adversely effect the surrounding vegetation. Therefore, various attempts have been made to find an alternative fixative
solution that can replace formalin, one of them is EG. The
use of EG is expected to reduce the negative impact of formaldehyde, especially in increasing the cadaver decomposition
process. Furthermore, this mixture is not only for safety
purposes, but also to improve other weaknesses of formaldehyde, namely stiffness and increase its anti-fungal ability [20].
Based on the results of the study, there was a significant
difference in the stage of decomposition between the 4%
formalin and EG groups. Observed from the fresh stage in
week-0, before burial of the mice, the texture of the formalin group is more rigid and stiff compared to the EG group,
although visually there were no difference. In the first and
second weeks, both groups still retained the initial tissue
appearance. This is due to the preservative effect that is still
present in mice cadavers. Signs of decomposition can only be
seen from the decrease in size and skin slippage. Besides size
and appearance, other parameters used are presence of putrid odor and the presence of decomposing organisms. In addition, decomposition signs can be followed by mass loss of
the hind limb [21]. The 4% formalin group started to give out
a mild putrid odor during the bloated stage at week 3, while
the EG group started in the second week. As a comparison,
ever since the first week, the control group experienced massive discoloration, and gave out a strong putrid odor, indicating the active decay stage [18].
The most significant difference in the decomposition
stages between the formalin and EG groups occurred in the
third week. The mice in EG group was at the active decay
stage. This stage of decomposition is characterized by accelerated decay when the tissue loss is greatest, black discoloration of damaged tissue, and the presence of decomposing
organisms. In contrast, the mice in formalin group were still
in the bloated stage. In this study, prominent bloating did not
seem to develop, but there were other signs of this stage such
as mild putrid odor and skin degloving [18]. In addition, ex-
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ternal appearance such as tissue integrity and color are still
well maintained.
At week-4, mice in EG group has entered advanced decay
decomposition stage. This is shown by the deceleration of
decomposition such as minimal smell, if any, and the lack of
decomposing organisms. Meanwhile, mice in the formalin
group, previously from the bloated stage just entered active
decay stage, indicated by the presence of putrid odor and
maggots. After 6 weeks, the mice in EG group had entered
the dry and remains decomposition stage. At this stage, the
body of the mice felt very brittle and dry, while the limbs
were only shreds of dry muscle and bone. The mice in formalin group only reached the late advanced decay stage. The
stage was characterized by the loss of most tissue, decomposing organisms, and pungent odor [19] .The result of mass
measurement and mice observation for 6 weeks provide an
explanation for the differences in the rate of hind limb decomposition of mice preserved with EG and formalin. The
explanation are as follows:
1. There is a difference in the fresh stage in the hind limbs
of mice preserved with EG and formalin. The formalin
group is more rigid than the EG group.
2. There was a different bloated stage in the hind limbs of
mice preserved with EG and formalin. The EG group had a
bloated stage duration that was 1 week faster and the putrid
odor appeared more quickly which was during the second
week, compared to the formalin group that survived the
bloated stage for 2 weeks and the pungent odor appeared at
week
3. There is a difference in the active decay stage in the
hind limbs of mice preserved with EG and formalin. The EG
group had more prominent discolorations and decomposing
organisms than the formalin group.
4. There are differences in the advanced decay stage in the
hind limbs of mice preserved with EG and formalin. The EG
group had more size reduction than the mice in the formalin
group at the same stage.
5. The dry and remains stage on the hind limbs of mice
preserved with EG and formalin could not be compared because at week 6 the formalin group was still in the late stage
of the advanced decay where it was only slightly dry.
From the statistical tests and explanation above, it is
concluded that there is a significant difference between the
decomposition rate of the hind limbs of mice preserved with
EG and formalin.
The difference in decomposition rate may be caused by
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how each of the two preservative solutions work. Formalin
prevents the decomposition process by forming cross-links
between proteins through the insertion of methylene groups
between nitrogen bonds. The formation of this covalent bond
provides more durable tissue fixation effect [4]. In contrast to
EG, this organic solution works by stopping cell metabolism
and autolysis through the process of protein denaturation,
especially the hydrolytic enzymes released by cells after
death, in a reversible manner [10, 18]. Denatured proteins
may return to their initial structure once the concentration
of EG within the mice is reduced over time. The reversibility
effect due to the decrease in the EG concentration makes
decomposition easier to occur compared to the 4% formalin
group.
The benefit of this research is that it can be used as reference for future research regarding alternatives for advanced
fixative solution of formalin, especially solutions that are
EG-based. Moreover, in contrast to existing research on the
fixative ability of EG tissue, this study examines another effect of EG fixative solution that is the effect on tissue decomposition after burial.
In conclusion, there was a difference in decomposition
rate in the hind limbs of mice preserved with 4% advanced
fixative formalin and EG. The hind limbs of mice fixed with
EG solution had a faster decomposition rate after burial
compared to 4% formalin.
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