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ABSTRACT 

 

 

 

 
Hydroxyapatite (HAp), Ca10(PO4)6(OH)2, is extensively utilized in biomedical field 

because it mimics inorganic part of human bone and teeth. Synthetic HAp is difficult 

to produce and costly. Large volumes of by-product waste from fishery factories have 

a negative impact on the environment. Hence, this research has extracted the halal HAp 

from waste black tilapia fish bones, characterized the properties of that HAp powder 

and determined their bioactivity. The bones were calcined at 600 °C to 1000 

°C with a heating rate of 10 °C/min. Characterized by using Thermogravimetric 

Analysis (TGA) for thermal stability, Scanning Electron Microscopy (SEM) for 

morphology, X-ray Diffraction (XRD) for mineralogy, Fourier-transform Infrared 

Spectroscopy (FTIR) for chemical bonding and Energy Dispersive Spectroscopy 

(EDX) for elemental analysis. The extracted HAp was immersed in a simulated body 

fluid (SBF) solution for 3, 7, and 14 days to evaluate their bioactivity. The Kirby- 

Bauer test assessed the antimicrobial behaviour of the samples against Staphylococcus 

aureus and Escherichia coli bacteria. The cytotoxicity effect of the sample was tested 

using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte tetrazolium bromide (MTT) 

assay with human fetal osteoblast cells (hFOB 1.19). There are three stages of weight 

loss found by TGA which are dehydration, decomposition of organic compounds, and 

decarbonization. The derived HAp was compatible with standard HAp and the 

biphasic material was found at 900 and 1000 °C. Raw samples have denser and less 

porous microstructures than calcined samples, with grain size rising as temperature 

increases. Organic chemicals were gradually eliminated during the calcination process. 

The presence of magnesium and sodium showed as their trace elements and the Ca/P 

molar ratio is 1.63 (1000 °C). Then, apatite formed on the surface of pellet after the 

immersion in SBF. The extracted HAp does not possess any antimicrobial properties 

against both bacteria. The sample is non-toxic as the cell viability were 

120.10 % and 162.62 % for Day 1 and Day 2 of incubation respectively. Thus, these 

findings have potential as biomaterial for biomedical applications. 
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ABSTRAK 

 

 

 

 
Hidroksiapatit (HAp), Ca10(PO4)6(OH)2, digunakan secara meluas dalam bidang 

bioperubatan kerana ia menyerupai sifat bahagian bukan organik tulang dan gigi 

manusia. HAp sintetik sukar untuk dihasilkan dan mahal. Alam sekitar terjejas akibat 

sejumlah besar sisa sampingan produk daripada kilang perikanan. Oleh itu, kajian ini 

telah mengekstrak HAp halal daripada sisa tulang ikan tilapia hitam, mencirikan sifat 

serbuk HAp tersebut dan menentukan bioaktivitinya. Tulang telah dikalsin pada suhu 

600 °C sehingga 1000 °C dengan kadar pemanasan 10 °C/min. Dicirikan dengan 

menggunakan Analisis Termogravimetri (TGA) untuk kestabilan terma, Mikroskop 

Elektron Pengimbas (SEM) untuk morfologi, Belauan Sinar-X (XRD) untuk 

mineralogi, Spektroskopi Inframerah Transformasi Fourier (FTIR) untuk ikatan kimia 

dan Spektroskopi Sinar-X Sebaran Tenaga (EDX) untuk analisis unsur. HAp yang 

diekstrak telah direndam di dalam larutan Simulasi Cecair Badan (SBF) selama 3, 7, 

dan 14 hari untuk menilai bioaktiviti sampel. Ujian Kirby-Bauer menilai tingkah laku 

antimikrob sampel terhadap bakteria Staphylococcus aureus dan Escherichia coli. 

Kesan sitotoksisiti sampel telah diuji menggunakan ujian 3-(4,5-dimethylthiazol-2-yl)- 

2,5-diphenylte tetrazolium bromide (MTT) dengan sel osteoblas janin manusia (hFOB 

1.19). Terdapat tiga peringkat penurunan berat yang ditemui iaitu dehidrasi, 

penguraian sebatian organik, dan penyahkarbonan. HAp yang diperolehi adalah 

sepadan dengan HAp standard dan bahan dwifasa ditemui pada 900 dan 1000 °C. 

Sampel mentah mempunyai struktur mikro yang lebih tumpat dan kurang berliang 

daripada sampel dikalsin, dengan peningkatan saiz butiran apabila suhu meningkat. 

Bahan kimia organik dihapuskan secara beransur-ansur semasa proses pengkalsinan. 

Kehadiran magnesium dan natrium ditunjukkan sebagai unsur surihnya dan nisbah 

molar Ca/P ialah 1.63 (1000 °C). Kemudian, apatit terbentuk pada permukaan pelet 

selepas rendaman dalam SBF. HAp yang diekstrak tidak mempunyai sebarang sifat 

antimikrob terhadap kedua-dua bakteria. Sampel ini tidak toksik kerana daya maju sel 
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masing-masing adalah 120.10 % dan 162.62 % untuk Hari 1 dan Hari 2 pengeraman. 

Oleh itu, penemuan ini berpotensi sebagai biomaterial untuk aplikasi bioperubatan. 
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CHAPTER 1 

 

 

 

INTRODUCTION 
 

 

 

 

1.1 Background of Study 

 
 

According to The State of World Fisheries and Aquaculture 2020 from the Food and 

Agriculture Organization (FAO), 179 million tons of global fish production is 

estimated in 2018. In most regions of the world, total fish loss and waste lie between 

30 % and 35 %. The waste generates an undesirable environmental impact and over- 

exploitation. Therefore, high added-value products should be produced from the waste 

of fish by-products to minimize those impacts. Tilapia fish (Oreochromis) is a major 

species produced in world aquaculture (FAO, 2020). Typically, it will be 

commercialized after extracting the bones as frozen-at-sea-fillets. The bones were 

considered impracticable, worthless, and dismissed as a waste. However, the bones 

can be used as a cheap source of calcium phosphate (Boutinguiza et al., 2012). 

Hydroxyapatite (HAp) is a naturally taken form of calcium phosphate, the 

largest amount of inorganic components in human bones and teethes (Sadat-Shojai et 

al., 2013). It has been widely used in orthopedic and dental applications due to its close 

similarity in composition with natural bone and teeth, Ca/P molar ratio = 1.67 (Sunil & 

Jagannatham, 2016). In addition, HAp is biocompatible, non-toxic, bioactive, non-

immunogenic and non-inflammatory (Prabakaran & Rajeswari, 2006). Due to those 

properties, HAp has attracted interest for use in biomedical applications. But there are 

some differences between synthetic HAp and natural HAp: metabolic activity and 

dynamic response of natural HAp are better than synthetic HAp (Boutinguiza et al., 

2012). In general, HAp can be prepared either by chemical synthesis or extraction of 

HAp from natural sources. There are some methods used to synthesize HAp 

chemically, such as microwave irradiation (Indira & Malathi, 2021), chemical 
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precipitation (Grande et al., 2009), sol-gel (Jang et al., 2021), hydrothermal processing 

(Xu et al., 2011; Lin et al., 2013), and solid-state reaction (Rhee, 2002). 

Natural HAp bioceramics are usually extracted from natural sources like bovine 

bones (Luthfiyah et al., 2022; Herliansyah et al., 2009), porcine bones (Yunoki et al., 

2006), fish bones and scales (Zainol et al., 2019; Sunil & Jagannatham, 2016), corals 

(Nandi et al., 2015), cuttlefish shells (Venkatesan et al., 2018; Cozza et al., 2018), 

eggshells (Pu et al., 2019), natural gypsum (Sassoni, 2018), and natural calcite 

(Herliansyah et al., 2007). Chemical synthesis might be a complicated, time- 

consuming and expensive method. But the extraction of HAp from bio-wastes is 

considered a safe method because no foreign chemical is required and economically 

desirable due to the high global demand for HAp (Muthu et al., 2020; Barakat et al., 

2008). Furthermore, natural sources are easy to obtain, low cost, simple to process, and 

available in unlimited supply, especially from waste by-products. The method for 

extraction of natural HAp commonly used are by calcination process, alkaline 

hydrolysis, hydrothermal or a combination of methods (Pu et al., 2019). The 

calcination process (heat treatment) was done in a furnace in an atmosphere 

environment without any chemical solution, which was classified as a safe method. 

 
 

1.2 Problem Statement 

 

 
HAp is a significant material for normal bone and teeth in biomedical applications. 

After implantation, HAp with good affinity and high biocompatibility will promote 

osteoconduction and slowly replace the host bone. Due to its excellent bioactive 

properties, various investigations have been carried out to produce this material by 

conducting chemical processes or extracting the HAp from natural sources. However, 

the chemical synthesis process of HAp might be complicated, time-consuming, and 

require high costs (Bas et al., 2020). Most chemical synthesis methods can produce 

stoichiometric HAp but without other minerals. For example, Na, Mg, K, and Cl 

accelerate bone generation (Arokiasamy et al., 2022). 

Moreover, it is challenging to enhance the mechanical strength and stability of 

HAp structures, requiring additional chemical treatment (Boutinguiza et al., 2012). 

Nevertheless, the natural-biological method requires low-cost materials, available in 

unlimited supply and needs a simple process to transform the raw materials into HAp 
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