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DESCRIPTION

Nanohydroxyapatite (nano-HAp) has emerged as a significant 
biomaterial due to its biocompatibility, bioactivity, and structural 
similarity to human bone mineral. It is widely used in medical 
applications such as bone repair, dental implants, and drug 
delivery systems. An innovative and sustainable approach to 
producing nano-HAp involves utilizing fish bones and mussel 
shells, which are often considered waste products in the seafood 
industry. This article describes the extraction, properties, and 
applications of nano-HAp derived from these natural sources, 
highlighting their potential to contribute to sustainable practices 
and biomedical advancements. Fish bones and mussel shells are 
rich in calcium phosphate, the primary component of hydro- 
xyapatite. The extraction process involves several steps to obtain 
high-purity nano-HAp. Fish bones and mussel shells are collected 
from seafood processing facilities. They are thoroughly cleaned to 
remove any organic matter, which could interfere with the 
extraction process. The cleaned bones and shells are subjected to 
calcination at high temperatures. This process removes any 
remaining organic material and converts calcium carbonate in 
the shells to calcium oxide. The calcined material is then 
hydrated to form calcium hydroxide. Phosphoric acid is added to 
this solution to precipitate hydroxyapatite. This step is carefully 
controlled to ensure the formation of nano-sized particles. The 
precipitated nano-HAp is purified to remove any impurities and 
then dried to obtain the final product.

Nano-HAp is highly compatible with human tissues, minimizing 
the risk of rejection or adverse reactions when used in medical 
implants and bone grafts. Nano-HAp promotes the growth of 
new bone tissue by facilitating the deposition of calcium and 
phosphate ions, essential for bone mineralization. The nano 
structure of HAp provides a high surface area and porosity, 
enhancing its interaction with biological tissues and improving 
its efficacy in drug delivery systems. Nano-HAp derived from 
natural sources exhibits good mechanical strength, making it 
suitable for load-bearing applications in bone repair. The material 
supports the attachment,  proliferation, and differentiation of 

osteoblasts, which are vital for bone regeneration. Nano-HAp is 
extensively used in bone grafts and scaffolds to support the repair 
and regeneration of damaged or diseased bone. Its 
biocompatibility and osteoconductivity promote the integration 
of the graft with the host bone. Nano-HAp coatings on dental 
implants enhance their stability and longevity by improving the 
bonding between the implant and the surrounding bone tissue. 
The high surface area and porosity of nano-HAp make it an ideal 
carrier for drugs. It can be used to deliver antibiotics, anti-cancer 
agents, and other therapeutic compounds directly to the target 
site, improving treatment efficacy and reducing side effects. 
Nano-HAp can be used to coat medical devices and implants to 
improve their biocompatibility and reduce the risk of infection 
or rejection. Nano-HAp scaffolds provide a conducive 
environment for the growth and differentiation of stem cells, 
making them useful in tissue engineering applications. This 
approach helps reduce the amount of waste generated by the 
seafood industry. By converting waste materials into valuable 
biomaterials, it promotes a circular economy and reduces the 
environmental impact of seafood processing. Fish bones and 
mussel shells are abundant and readily available resources. Using 
them to produce nano-HAp is a cost-effective and sustainable 
alternative to traditional methods that rely on synthetic or mined 
raw materials. The extraction process for nano-HAp from natural 
sources can be optimized to reduce energy consumption. For 
instance, lower calcination temperatures and shorter processing 
times can be achieved compared to synthetic methods. The 
production of nano-HAp from fish bones and mussel shells can 
create new economic opportunities for coastal communities and 
seafood processing industries. It can add value to by-products and 
create new revenue streams. Ensuring the consistency and quality 
of nano-HAp produced from natural sources can be challenging 
due to variations in the raw materials. Standardizing the 
extraction process and implementing rigorous quality control 
measures are essential. Scaling up the production of nano-HAp 
to meet industrial demand requires further research and 
development. Efficient and cost-effective methods for large-scale 
production need to be developed.
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