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Abstract

The currently used bleaching materials in skeletal preservation are hydrogen and carbamide
peroxide materials with specific concentrations and techniques that impact environmental
sustainability. This research describes a simple and eco-friendly technique for preserving skeletons.
This research used a qualitative approach. Data were collected through observation and
documentation. The collected data were analyzed descriptively. The results show that natural
extracts, such as lemon combined with baking soda and commercial bleaching cloth agent, can
bleach the skull and bone to preserve the skeleton. The commercial bleaching cloth agent is more
capable of bleaching animal skulls and bones to preserve skeletons than natural extracts combined
with baking soda do; however, the result is more brittle skeletons. Although specimens in lemon
extract combined with baking soda solution more slowly clean and bleach skeleton than
commercial bleaching solution, skeletal animals have bond strength and environment-friendly
processes. This study recommends that an eco-friendly bleaching agent for skeletal preservation
should be applied because it can cope with biological practices about osteology and other science
subjects.
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A skeletal system is an animal structure
and development that is major in biology
learning. A skeletal system is built by the rigid
structures of the body that play an essential
role in protecting, supporting, giving, and
maintaining the flexibility of body shape and
helping for the movement of an animal
organism (Herrmann et al., 2020; Mukund &
Subramaniam, 2020). Preservation is a
technique used by humans and uses material
that is not easily damaged. In principle, animal
preservation aims to eliminate or inhibit the
process of destruction (decomposition) by
microorganisms. The skeleton is preserved

Introduction

Biology is a part of natural science that
explore natural phenomena in systematically,
this science is not only a collection of reliable
knowledge in the form of facts, concepts, or
principles but also includes scientific methods
and scientific attitudes (Bonney et al., 2016;
Nuangchalerm & EI Islami, 2018). Students
should directly experience a learning process
based on science process skills and scientific
attitudes. These aspects can be developed
through discussion, experimentation,

observation, simulation, and nature project
activities in the field. In the twentieth century,
these aspects become more crucial and thus,
teachers should prioritize to skills-based
learning (Prachagool et al., 2016; Ritter et al.,
2018). Skills-based learning play an essential
role in students' practical participation and
individual awareness of the surrounding
environment (Hayati et al., 2021). Therefore,
students should be prepared to have that skills
through laboratory activity-based learning for
instance animal skeleton preservation.

through several processes: preparing the
materials, dissecting the organ, skinning and
defleshing, decomposing, arranging of bones,
bleaching, drying, varnishing of bones,
articulating bones, and positioning the skeleton
(Hasan & Islam, 2019). This present study
bleaching techniques of skeleton preservation
to strengthen and promote veterinary anatomy
learning or to teach animal structures.
Bleaching is a common stage in skeletal
preservation and various fields, such as
forensic science, zoology, conservation, and
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anthropology (Bello & Aisha, 2021; Horék et
al., 2022; Mazur et al., 2022; Simonsen et al.,
2011). Generally, bleach agents use harsh,
dangerous, volatile, and quite expensive
chemicals, such as hydrogen peroxide,
trichloroethylene, benzene, and carbamide
peroxide materials with specific concentrations
and techniques that impact environmental
sustainability (Simonsen et al., 2011; Soares et
al., 2014). These limitations, especially the
character of bleaching agents, should be
studied to find an alternative to manufacture a
simple and  environmentally  friendly
preservation framework. This framework can
be utilized as a method of storing animal frame
collections and preparing animal skeletons by
students in learning processes, researchers in
conservation processes, and medical sciences.

Currently, many scientists  work
extremely with the natural bleaching agent,
such as fruits, vegetables and salts. This agent
is used for teeth whitening and practice
learning in osteology. Lemon fruits are
extensively researched due to their bioactive
composition and health benefits. Lemons
contain citric acid and malic acid; the acidity
of lemon juice is mainly attributed to these
acids (Kang et al., 2023). Citric acid is the
most abundant organic acid in lemons, while
malic acid is the main acidic component of
numerous fruits, such as apples, bananas, and
plums, and is identified as a secondary acid
substituting for citric acid in citrus fruits (Jamil
et al., 2020; Savarkar et al., 2019). Malic acid
is a group of carboxylic acids that can whiten
teeth by oxidizing and neutralizing the surface
of tooth enamel to produce a whitening effect
(Junior et al., 2018). Antioxidant include 10%
sodium bicarbonate solution and has been
presented by manufacturers of bleaching
agents as a neutralizer for the adverse effects in
soft tissues. Sodium bicarbonate (SBC) that
combines with other antimicrobials can
increase their potential (Ramos et al., 2014).
According to Keyes et al. (2023), chemical
maceration using laundry detergent and
sodium carbonate can macerate the remains of
infant  skeletal animals for  forensic
anthropological analysis

This study aims to analyze the use of
safe, affordable, and environmentally friendly
bleaching agents as a biology practice. The
bleaching agent used was commercial fabric
bleach, which was often used in the

surrounding community. In addition, lemon
extract and baking soda were selected due to
their availability, low prices, environmentally
friendly nature, and effectiveness as bleaching
agents. The results of this study can ultimately
improve the successful rate of skeletal
preservation using natural bleaching agents,
particularly for biology teaching and other
purposes

Research Methods

Materials

The materials were skeletal animals,
such as eel (Clarias batrachus), and domestic
pigeon (Columba domestica). Other materials
included lemon, papaya leaf, baking soda and a
commercial bleaching cloth agent for
bleaching solution (Proclin), water, a sample
box, set dissection, gloves, mask, glue, wire,
and clean paper. This research employed a
qualitative approach with various bleaching
agents.

Bleaching agent solution preparation

Natural bleach solution was made from
two tablespoons (15 g) of baking soda
(NaHCO3) and two tablespoons (15 mL) of
lemon extract to the distilled water (500 mL).
The bleaching agent solution was prepared
according to the method of Jeffers (1943) with
some modifications. Meanwhile, commercial
bleaching cloth were sodium hypochlorite
(NaClO,) and dissolved water.

Skeletal preservation preparation

Firstly, all tools and materials were
prepared. Then, the animals were sedated by
damaging parts of the brains of fish and by
properly —and accordingly  slaughtering
domestic pigeons. After death, the samples
were boiled for about 10 minutes. The bird
sample was boiled in papaya leaves so that the
skinning step was easy. Afterward, the
animals’ bone was cleaned and kept in a
bleaching agent for about 30 minutes, and then
the samples were sun-dried. The bones were
arranged and connected using glue and wire.
Finally, the skeleton was fixed on a wooden
stand; thus, animal structure can be stored
easily for teaching purposes or animal
veterinary practices.
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Method of Analysis

This research collected data, including
bone color post-bleaching, bone strength, and
characteristics. The data were then analyzed
descriptively.

Result and Discussion

The present study revealed that natural
extracts, such as lemon combined with baking
soda, can bleach skull and bone and create eco-
friendly skeleton preservation. This method
can enhance biology teaching, osteology
practices, and other purposes in other sciences.
The present study confirms the findings of
Allouch (2014), who revealed that dissection,
skinning, boiling, drying, bleaching, and
skeleton installation were the steps of skeleton
preservation and preparation technigues. The
animal skeletons were prepared by dissecting
and skinning processes and removing the
muscles, ligaments, tendons on the bones, and
visceral ~organs. This stage requires
thoroughness and patience to produce clean
bones. Thereafter, the bone was boiled in water
to complete the bone cleanliness. Next, the
skinned skeleton was boiled at a high
temperature to increase the breakdown of
animal skeleton. The high temperatures (60°C
and 55°C) had a shorter duration of maceration
(one day) the low temperatures, which had
three days (Mahon et al., 2021; Triaca et al.,
2022).

The next step was bleaching skeletons to
avoid further decomposition by
microorganisms. The decomposition occurs
because bones generally contain a lot of
grease. This study revealed that the total
duration for the animal preparation required
different soaking times in different bleaching
agents. A commercial bleach cloth agent needs
15 minutes to soak skeletal animals while
natural bleach needs 30 minutes. According to
Bemis et al. (2004), household ammonia or
detergent strongly degreases skeletons of small
animals and birds so that it needs a shorter
time than natural bleach. For large skeletons or
exceptionally greasy ones, further degreasing
may be needed. After bleaching, the bones
were dried using sunrays. Every process was
finished very timely and quickly; thus, the
bleaching bones in water solution required less
time (Gofur & Khan, 2010). The results

showed the color of skeletal animals in
commercial bleaching cloth solution was
whiter than that in natural bleaching solution.
The skeleton in commercial bleaching solution
is fast and clean, but the condition of the bones
begins to brittle, such as the ribs, which are
easily broken for two reasons. First,
commercial bleach contains 5.25% sodium
hypochlorite, which serves as a color pigment
remover in fibers. Second, commercial bleach
has high oxidation, which results in thinning
bone if used too much or soaked for too long.
The skeleton becomes pungent-scented due to
immersion. In addition, the content can reduce
the number of microorganisms on the
specimen. Sodium hypochlorite is one of the
ingredients that have a high oxidation power
and a large redox potential. The substance is
yellowish-white with a pungent aroma. This
substance can be stable below 20°C (Muslim
& Inayah, 2018). Sodium hypochlorite
effectively removes fat and whitens specimens,
although the bones will continue to break
down after the process is completed
(Thompson, 2015). Hot water used in the
maceration step effectively and quickly
removes soft tissue, and as heat increase the
rate of tissue breakdown (Mairs et al., 2004;
Steadman et al., 2006).

Commercial  detergents  containing
additives enzymes, bleaching agents, and
corrosion inhibitors can improve the bone
maceration process and lift the stench in the
sample. However, applying these agents for
too long may damage the specimen and
decalcification (Malesky et al.,, 2009).
Moreover, it has been proved that detergent
agents have side effects, namely causing
irritation and soft tissue peeling (Api et al.,
2016; Mazur et al., 2022).

Although specimens in natural bleach
solution have a slower process of cleaning and

bleaching than commercial bleach
solution, it results in stronger bone and offers
environment-friendly processes. Baking soda
or sodium bicarbonate is biologically
compatible with acid-buffering capacities, a
safe ingredient in dentifrice, and an
antibacterial material. Its low abrasiveness can
remove stains on the bones so that the bones
become more sturdy and cleaner (Ahrari et al.,
2017; Buelo et al., 2016). Baking soda
containing NaHCO3; can be useful as a stain
remover on teeth and whitener because it
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contains dentifrices (Li, 2017). Bicarbonate
ions from sodium bicarbonate are attached and
can be incorporated into the surface layers of
the bones so that they affect the process of
whitening skeleton (Muller-Heupt et al., 2023).
Lemon (Citrus limon) extract is the major fruit
crops cultivated and consumed worldwide and
contains natural antioxidant agents; for
example,  Oligomeric  Pro-anthocyanidin
Complexes (OPCs) are a class of polyphenolic
bioflavonoids. The majority (>90%) of the
ingredients are bioflavonoids, including
hesperidin (vitamin P), neo hesperidin, and
naringin. Meanwhile, the structures of more
than 60 ingredients have been revealed. The
ingredients not only have physiological
activities, such as antibacterial, antiviral, anti-
inflammatory, antiallergic, anticarcinogenic,
and vasodilatory actions (Mukka et al., 2016;
Safranko et al., 2023) but also function as their
whitening agent. Jeong (2021) and Savarkar et
al. (2019) state that lemon extract is an
effective and safe natural tooth bleaching and
result in the greatest teeth-bleaching effect
when combined with NaHCOs or salt. The
natural agents combined with peroxide
potentially improve tooth bleaching (Ram,
2023) and reduce its toxicity (Soares et al.,
2019).

After the bleaching step, stuffing and
mounting steps were conducted to sundry bone
animals and arrange and connect bones using
glue and wire according to the concept of Van
Cleave (2010) as cited in Gofur & Khan (2010)
and Jannat et al. (2023). Finally, the skeleton
was fixed on a wooden stand so that it could be
stored easily for animal structure teaching
purposes (Figure 1). The result shows that
preserving skeletons using a natural bleaching
agent is a simple, fast, eco-friendly, and low-
cost method because this method uses
materials available at home and does not
require laboratory facilities. This method is
preferable to biological and physical processes
and can be an alternative in teaching biology,
especially animal structure studies. Moreover,
this method enables students to understand the
characteristics of skeletal structure in the
observed animals. According to Eshach and
Fried (2005), using original specimens in
science learning has more significant
advantages than using sketches, drawings, or
books. Moreover, using original specimens can
attract learners’ interest in understanding

specimens. In  addition, the skeleton
preparation and preservation techniques of
skeletal models of small and large animals
enhance the teaching process in veterinary
anatomy courses (Javid, 2023) or medical
college and provide a deep understanding of
osteology and scientific research for bone-
related designs (Kaliyamoorthy et al., 2023).

Using a natural bleaching agent as
material in animal skeletal preservation is
important information for those concerned
with ecological and environmental issues. This
objective agrees with the three principles of the
Sustainable Development Goals (SDGS),
namely improving health and welfare, creating
clean water, and developing economic, social,
and environmental conditions for a complete
global vision. A simple skeletal preservation
technique using natural resources in the
bleaching step can minimize toxic materials
used as well as waste and pollutants generated
from production and consumption processes.
The use of safer and environmentally friendly
chemicals can address economic and social
impacts of the chemical cycle on life (Chen et
al., 2020; Marion et al., 2017). The knowledge
about the efficacy of skeletal preservation for
teaching and learning also needs to know
archaeological animal skeletal remains and
learn veterinary anatomy (Javid, 2023). Further
research should study the various types of
animal skeletons under various conditions. It
offers great advantages for coping with skeletal
pathology and applying morphogenetic
contexts.
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Figure 1. Skeletal preservation (A) domestic pigeon (Columba domestica) and (B) Eel (Clarias batrachus); (1)
Baking soda and lemon extract solution and (2) Bleach cloth solution.

Conclusion

Commercial bleaching cloth agent more
significantly  preserves the skeleton of
bleaching skull and bone animals than lemon
extract combined with baking soda. Although
specimens in lemon extract combined with
baking soda solution more slowly clean and
bleach bone than commercial bleach solution,
the previous method results in stronger bonds
and offers an environmentally friendly process.
This study proved that eco-friendly bleaching
agents can bleach skull and bone in skeleton
preservation and significantly cope with
osteology practices in biology education and
other science subjects.
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