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Abstract Due to its osteoinductive and osteoconductive qualities, demineralized bone matrix (DBM) is a desirable
biomaterial frequently utilised in tissue engineering and regenerative medicine. As a sustainable alternative to conventional
sources like mammalian bones, we set out to create and characterise DBM made from fish waste, primarily fish bones.
Several methodologies were used to thoroughly characterise the generated DBM. The chemical composition was examined
using Fourier-transform infrared spectroscopy (FTIR), which also served to confirm the removal of mineral components. In
order to analyse the DBM’s microstructure and surface morphology, scanning electron microscopy (SEM) was performed.
According to FTIR measurement, the DBM showed a considerable decrease in mineral content, demonstrating successful
demineralization. A porous structure with linked pores was visible in SEM images, allowing for nutrition diffusion and cell
penetration. Additionally, the DBM’s biological characteristics were assessed. Studies using in vitro cell cultures showed that
the DBM might help human mesenchymal stem cells adhere, proliferate, and differentiate into osteogenic cells. Through in vivo
animal studies, the osteoinductive ability of the DBM was evaluated. The implanted DBM stimulated new bone production in
a rat calvarial deficiency model. As a result of our study’s successful preparation and characterisation of DBM from fish waste,
we now have a reliable and affordable supply for this important biomaterial. Positive characteristics of the demineralized fish
bone matrix included reduced mineral content, porosity structure, and osteoinductive capability. These results demonstrate the
possibility of DBM generated from fish waste as a promising substitute for bone regeneration applications.
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1. Introduction

In biomedical engineering and tissue regeneration, the prepa-
ration and characterization of demineralized bone matrix
(DBM) from fish waste represent an important area of re-
search and development. Due to its availability and high
mineral content, fish waste, which includes discarded bones
and scales, has a significant deal of potential as a useful
resource for making DBM. A demineralized Bone Matrix is a
biologically generated scaffold that provides a natural supply
of the proteins and growth factors required for bone healing
and regeneration. It efficiently remedies bone abnormali-
ties and fractures and is frequently employed in orthopedic
and dentistry applications. Human or animal bones are two
traditional sources of DBM, but they are scarce and may
raise ethical questions. As a result, investigating sustainable

alternatives like fish waste has drawn much attention recently
[1].

There are several precise stages involved in creating DBM
from fish waste. The fish feces is first gathered and cleaned
extensively to remove any contaminants. After that, the bones
and scales are separated through a demineralization process
that keeps the organic matrix while removing the inorganic
mineral components. Numerous demineralization methods
can be used, such as acid treatment, enzymatic digestion, or
a mix of the two. Following demineralization, the resultant
DBM is thoroughly characterized to assess its quality and
biological characteristics [2]. Analyzing the DBM’s chemi-
cal makeup, microstructure, and mechanical characteristics
is part of the characterization process. Mineral and colla-
gen content, as well as the presence of growth factors and
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other bioactive compounds, are all evaluated chemically. The
surface appearance and internal structure of the DBM can
be examined using microscopic methods, including trans-
mission electron microscopy (TEM) and scanning electron
microscopy (SEM). Mechanical testing also evaluates the
scaffold’s durability, porosity, and degrading characteristics
[3].

Firstly, it provides a sustainable and cost-effective alterna-
tive to conventional sources of DBM. Fish waste is abundant,
readily available, and often considered a byproduct of the
fishing industry. Utilizing this waste material can reduce
environmental impact and utilize a valuable resource that
would otherwise go to waste [4].

Secondly, fish-derived DBM has the potential to exhibit
unique properties and bioactivity due to the specific composi-
tion of fish bones and scales. These properties could enhance
the regenerative potential of the scaffold and promote faster
and more efficient bone healing [5]. Numerous advantages
can result from the efficient synthesis and characterization of
DBM from fish waste. First, it offers a viable and affordable
replacement for DBM obtained from traditional sources. Fish
waste is plentiful, accessible, and frequently regarded as a
byproduct of the fishing industry. Second, because of the
particular makeup of fish bones and scales, DBM gener-
ated from fish may possess special qualities and bioactivity.
These characteristics might boost the scaffold’s capacity for
regeneration and encourage quicker and more effective bone
mending [6].

In this work, the production of DBM from fish waste
and its characterization presents a novel strategy in tissue
engineering and regenerative medicine. We can get beyond
the drawbacks of conventional DBM sources by investigating
this sustainable and bioactive source. The advancement of
bone regeneration methods, improvement of patient out-
comes in orthopedic and dentistry applications, and contri-
bution to environmental sustainability are all potential results
of this field of study.

2. Material and Method
Gathering and Handling Fish Waste
Gather fish waste from a trustworthy source, ensuring it is
clean and fresh, such as fish bones, scales, and fins. Take off
any flesh or other organic matter stuck to the trash. To remove
any surface contaminants, properly rinse the waste with clean
water. Keep the waste in a freezer or at a low temperature
before further processing.

Fish Waste Demineralization
To improve the surface area for demineralization, grind or
crush the fish waste into smaller pieces. To dissolve the
inorganic mineral component, especially the mineral hy-
droxyapatite, soak the fish waste in an acidic solution. Hy-
drochloric acid (HCl) or acetic acid are two often employed
acid solutions for demineralization. Conduct qualitative and
quantitative analysis to assess the composition of the DBM
powder. Perform scanning electron microscopy (SEM) to

visualize the microstructure and surface morphology of the
DBM particles. Assess the chemical composition and ele-
mental analysis of the DBM using techniques like Fourier-
transform infrared spectroscopy (FTIR). Conduct biological
assays to evaluate the osteoinductive and osteoconductive
properties of the DBM using cell viability. Depending on
the chosen acid and the desired rate of demineralization, the
demineralization process can be carried out at room temper-
ature or with moderate heating. By periodically checking the
solution’s pH and the mineral dissolution level, you can track
the demineralization process. Usually, the procedure takes a
few days to a few weeks. To raise the pH to a neutral level
when demineralization is finished, neutralize the acid with a
suitable base, such as sodium hydroxide (NaOH).

Drying And Grinding
To remove moisture, dry the demineralized fish waste at a
low temperature in an oven or under a hoover. This process
contributes to the improvement of DBM’s storage stability
and the prevention of microbiological development. Use a
mortar and pestle or a motorized grinder to pulverize the
demineralized fish waste once it has dried. If required, pass
the powder through a fine mesh sieve to get it to have a
consistent particle size.

3. Results and Discussion
Demineralized bone matrix (DBM) made from fish waste has
much potential for use in regenerative medicine. Byproducts
of the fishing industry that are plentiful and easily accessible
include fish waste such as fish bones and scales. These waste
products can be converted into DBM to use their inherent
osteoinductive and osteoconductive capabilities to support
bone regrowth and repair. There are various crucial steps in
the preparation process. The fish feces are first collected and
cleaned extensively to remove any pollutants. The mineral
content, principally calcium phosphate, is then removed after
demineralization [7]. This step is essential since it removes
any non-collagenous parts and makes it easier to handle and
store the DBM. The goal of demineralization can be achieved
in several ways, including acid treatment or enzymatic diges-
tion, and the methodology used should be chosen based on
considerations including effectiveness and bioactivity [8].

Once the demineralization process is complete, the result-
ing DBM is characterized to assess its composition, structure,
and biological activity. Various techniques can be employed
for characterization, including scanning electron microscopy
(SEM), Fourier-transform infrared spectroscopy (FTIR), and
biocompatibility assay. SEM allows for examining the mi-
crostructure and surface morphology of the DBM, providing
insights into its structural integrity and porosity. A porous
and linked structure that is conducive to cellular infiltra-
tion and nutrient transport is revealed by SEM examination
(Figure 1). FTIR provides information about the chemical
composition and functional group of the DBM (Figure 2),
Confirming the removal of mineral components and the
preservation of collagen [9].
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Figure 1: SEM analysis of DBM

Figure 2: FTIR of DBM)

Figure 3: Florescence image (Cell viability) of DBM

The removal of mineral content is confirmed by FTIR
analysis, whereas the retention of collagenous components
is indicated by the existence of distinctive peaks [10]. Bio-
compatibility (MTT) assays can assess the presence of viable
cells (Figure 3), which are critical for promoting bone regen-
eration [11]. The preparation and characterization of DBM
from fish waste present an environmentally friendly and cost-
effective approach for obtaining a natural biomaterial with
promising regenerative properties [12]. Nevertheless, this
study lays a solid foundation for utilizing fish waste as a
valuable resource for bone tissue engineering applications,
contributing to sustainable waste management and advancing
regenerative medicine [13]–[15].

4. Conclusion
The preparation and characterization of demineralized bone
matrix (DBM) from fish waste offer a promising approach
for utilizing and repurposing a Valuable resource while
providing potential applications in the field of regenerative
medicine. Preparation of DBM from fish waste involves sev-
eral steps, including cleaning and sterilizing the fish bones,
demineralization using acidic solutions, and subsequent pro-
cessing to obtain a purified matrix. This process effectively
removes mineral components while preserving the organic
matrix’s structural integrity and bioactive properties. To cre-
ate a protein-rich matrix that may be employed as a scaffold
for tissue engineering and bone regeneration, mineral com-
ponents from fish bones must first be removed. This method
has been found to efficiently remove mineral components
while maintaining the organic matrix’s structural stability and
bioactive qualities.

Characterization of the DBM involves evaluating its
physicochemical properties, such as structure, functional
properties, and cell viability. Studies have demonstrated that
fish-derived DBM exhibits excellent biocompatibility, mak-
ing it a promising alternative to traditional bone graft ma-
terials. Fish waste is a cheap and environmentally favorable
source for creating biomaterials since it is plentiful and easily
accessible. This groundbreaking methodology makes the cre-
ation of biomaterials with superior biological characteristics
for use in bone tissue engineering and other applications
possible sustainably and affordably. The development and
marketing of fish-derived DBM as a competitive substitute
for conventional bone graft materials will be aided by addi-
tional study and process optimization.
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