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ABSTRACT

Hydroxyapatite (HA) has gained significant recognition as a bioceramic with widespread utilization in diverse biomedical 
fields such orthopedics and dentistry. The present study was aimed to isolate hydroxyapatite from rohu fish bones and 
integrate it into biomaterials with the potential for use in dentistry. Nanocomposite films were developed by combining 
hydroxyapatite and irgacure with poly (ethylene glycol) dimethacrylate (PEGDMA) and characterized by SEM, DSC, 
FTIR spectroscopy, and XRD techniques. The SEM study identified HA as nanospheres with crystal sizes below 30 nm. 
When incorporated into PEGDMA, these nanoparticles aggregated, potentially disrupting polymer chain interactions and 
affecting the films’ mechanical properties. The XRD pattern obtained from the fish bone subjected to higher temperature 
calcination exhibited highly intense and sharp peaks, indicating the removal of the organic portion. The FTIR results 
confirmed the disappearance of carbon-to-carbon double bonds due to the successful free radical polymerization reaction. 
The high enthalpy of fusion for PEGDMA and irgacure 2952 (86.1409 kJ/mol) suggested that they required high energy 
to melt, while their exothermic crystallization enthalpy (21.35378 kJ/mol) indicated the heat release upon solidification. 
Adding hydroxyapatite reduced these enthalpies, indicating easier melting and solidification, which may aid processing 
thus opens new possibilities for biomedical applications, particularly in dentistry. 
Keywords: Hydroxyapatite (HA); irgacure; poly (ethylene glycol) dimethacrylate (PEGDMA); rohu fish (Labeo rohita) 
bones

ABSTRAK

Hidroksiapatit (HA) telah mendapat pengiktirafan yang ketara sebagai bioseramik dengan penggunaan meluas dalam pel-
bagai bidang bioperubatan seperti ortopedik dan pergigian. Kajian ini bertujuan untuk mengasingkan hidroksiapatit dar-
ipada tulang ikan rohu dan mengintegrasikannya ke dalam biobahan yang berpotensi untuk digunakan dalam pergigian. 
Filem nanokomposit telah dibangunkan dengan menggabungkan hidroksiapatit dan irgacur dengan poli (etilena glikol) 
dimetakrilat (PEGDMA) dan dicirikan oleh teknik SEM, DSC, FTIR dan XRD. Kajian SEM mengenal pasti HA sebagai 
nanosfera dengan saiz kristal di bawah 30 nm. Apabila digabungkan ke dalam PEGDMA, zarah nano ini terkumpul, ber-
potensi mengganggu interaksi rantai polimer dan menjejaskan sifat mekanikal filem. Corak XRD yang diperoleh daripada 
tulang ikan yang tertakluk kepada pengkalsinan suhu yang lebih tinggi menunjukkan puncak yang sangat sengit dan tajam, 
menunjukkan penyingkiran bahagian organik. Keputusan FTIR mengesahkan kehilangan ikatan berganda karbon-ke-kar-
bon kerana tindak balas pempolimeran radikal bebas yang berjaya. Entalpi pelakuran yang tinggi untuk PEGDMA dan 
irgacur 2952 (86.1409 kJ/mol) mencadangkan bahawa ia memerlukan tenaga yang tinggi untuk mencairkan, manakala 
entalpi penghabluran eksotermiknya (21.35378 kJ/mol) menunjukkan pelepasan haba apabila pemejalan. Menambah hi-
droksiapatit mengurangkan entalpi ini, menunjukkan pencairan dan pemejalan yang lebih mudah, yang boleh membantu 
pemprosesan sekali gus membuka kemungkinan baharu untuk aplikasi bioperubatan, terutamanya dalam pergigian.
Kata kunci: Hidroksiapatit (HA); irgacur; poli (etilena glikol) dimetakrilat (PEGDMA); tulang ikan rohu (Labeo rohita)
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INTRODUCTION

Hydroxyapatite (HA) is becoming one of the most important 
bioceramic, which is widely used in various biomedical 
applications, mainly in orthopedics and dentistry due 
to close similarities with inorganic mineral content of 
bone and teeth. Naturally occurring hydroxyapatite is 
hexagonal in structure with the chemical formula of one-
unit cell being Ca10(PO4)6(OH)2, possesses exceptional 
biocompatibility and unique bioactivity (Nayak 2010). 
HA is a calcium phosphate-based bioceramic, which has 
been used in medicine and dentistry for over 20 years due 
to its excellent biocompatibility with human tissue (Hench 
1998). Consequently, HA has found extensive application 
in the field of dental implants (Soballe & Overgaard 1996). 

Extensive research has been conducted on this material 
for use in orthopedic and dental implants, and the findings 
have consistently demonstrated its exceptional bioactivity, 
sufficient mechanical strength and structure, ability to 
promote bone growth, support for blood vessel formation, 
lack of toxicity, and absence of inflammatory or immune 
responses (Appleford et al. 2009). It is widely recognized 
that bone tissue forms a direct bond with hydroxyapatite 
(HA) through the presence of a carbonated, calcium-
deficient apatite layer at the interface between the bone and 
the implant. This interaction stimulates the deposition of 
newly generated bone following the implantation procedure 
(Kattimani et al. 2016). In recent years, hydroxyapatite (HA) 
derived from fish bones and scales has gained importance 
as a viable alternative to replace synthetic and bovine-
derived HA. This shift is due to the successful attainment 
of comparable chemical properties through straightforward 
and cost-effective methods. Researchers have confirmed 
that fish-derived sources are safe and involve minimal risks 
associated with disease transmission (Hoyer et al. 2012). 

Moreover, fish are abundant in the environment, and using 
their byproducts in biomedical applications is eco-friendly, 
as it helps to reduce environmental pollution and lowers 
potential biohazards to humans (Venkatesan et al. 2012).

A variety of fish species, including but not limited to 
salmon, carp, Japanese anchovy, sardine, tilefish, and tuna 
have been utilized to acquire HA. To achieve this, numerous 
extraction protocols and chemical analysis methods have 
been suggested in literature, all with the common objective 
of obtaining and characterizing HA extracted from fish 
sources (Hamada et al. 1995). PEGDMA, short for poly 
(ethylene glycol) dimethacrylate, is a monomer belonging 
to the family of poly (ethylene glycol) (PEG) derivatives. 
It holds extensive applications in dentistry and polymer 
chemistry. This monomer is formed by the reaction of poly 
(ethylene glycol) with either methacrylic acid or methacrylic 
anhydride. Consequently, the resulting compound contains 
multiple methacrylate functional groups and poly (ethylene 

glycol) chains. The molecular weight and properties of 
PEGDMA can differ based on the number of repeating 
ethylene glycol units (Ilagan & Amsden 2009). PEGDMA 
is widely recognized for its use in dental materials, 
particularly in dental composites and adhesives. Its primary 
function lies in acting as a crosslinking agent that binds 
together the different monomers present in the composite 
or adhesive formulation. Through this crosslinking process, 
dental materials gain enhanced mechanical strength and 
stability (Sania et al. 2012). The inclusion of poly (ethylene 
glycol) chains in PEGDMA imparts several beneficial 
properties to the resulting dental materials. It enhances the 
water solubility of the material, making it more manageable 
during placement. PEGDMA also effectively reduces 
polymerization shrinkage, a common issue in dental 
composites that can lead to marginal gaps and sensitivity. 
Moreover, the presence of PEGDMA contributes to the 
overall enhancement of biocompatibility in dental materials 
(Kumar et al. 2016). The bonding between HA particles and 
the polymer matrix significantly impacted the properties of 
HA/polymer composites, being one of the key factors. To 
enhance the interfacial strength between the two phases, 
several techniques have been employed. For instance, Qiu et 
al. (2005) utilized ring-opening polymerization of L-lactide 
on HA surfaces along with the esterification of poly-L-lactic 
acid (PLLA) and HA and hydroxyapatite nanoparticles 
were evenly distributed within the PLLA matrix and 
demonstrated enhanced adhesion to it. As a result, the HA-
g-PLLA/PLLA composites possessed superior mechanical 
properties compared to the basic n-HA/PLLA blends. 
According to Liu et al. (1998), isocyanate was employed to 
react with hydroxyl groups on the HA surface to make poly 
(ethylene glycol) (PEG)/HA and poly (methyl methacrylate) 
(PMMA)/HA composites by modifying the HA surface with 
diisocyanate and polymer. Pramanik et al. (2009) found that 
the symphonic acid group in 2-carboxyethyl symphonic acid 
could firmly attach to the apatite surface, while the reactive 
carboxyl terminal increased chemical interactions with 
the polymer’s hydroxyl groups. This resulted in improved 
interfacial bonding between HA nanoparticles and the poly 
(ethylene-co-vinyl alcohol) matrix. In another study, HA 
nanoparticles were synthesized in situ within poly (ethylene 
glycol) dimethacrylate (PEGDMA). These composites 
demonstrated superior dispersion of the inorganic phase and 
enhanced mechanical properties compared to those formed 
by physically mixing HA with PEGDMA (Zhou et al. 2009). 
PEGDMA is an unsaturated linear polyether, characterized 
by a polyethylene glycol main chain and methacrylate end 
groups, which can be photocrosslinked in situ (Lin-Gibson 
et al. 2004). In bone tissue engineering, PEG, which forms 
the main chain of PEGDMA, can reduce protein adsorption 
and cell adhesion on the surface of bone substitutes, 
thereby, enhancing bone remodeling (Yang et al. 2005). A 
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photo initiator, also referred as a chemical compound that 
triggers a photochemical reaction when exposed to light. It 
is commonly employed in various industries like printing, 
coatings, adhesives, and 3D printing to initiate or speed 
up the curing or polymerization process. An illustrative 
instance is the Irgacure® 2959, an exceptionally efficient 
radical photoinitiator that finds application in UV curing 
systems (Ge, Trujillo & Stansbury 2005).

In the current study, poly (ethylene glycol) 
dimethacrylate (PEGDMA) was used for cross linking 
with HA, synthesized from an unexplored source of rohu 
fish (Labeo rohita) bones for possible tooth structure 
remineralization applications. Two categories of films 
were developed: The first category was irgacure fabricated 
in PEGDMA, having no HA, while the second category 
incorporated HA nanoparticles along with irgacure in 
PEGDMA. UV light exposure induced the formation of 
crosslinked gels. These gels, with PEGDMA serving as 
a binding matrix, were found to be biocompatible, and 
capable of forming stable networks.

MATERIALS AND METHODS

MATERIALS

Poly (ethylene glycol) dimethacrylate of analytical grade 
having molecular weight 550 g/mol was obtained from 
Sigma Aldrich, (USA). Irgacure 2959, was purchased from 
Sigma Aldrich, (USA). Hydroxyapatite nanoparticles (HA) 
were synthesized in the research lab.

SYNTHESIS OF HYDROXYAPATITE FROM ROHU FISH BONES

To perform the alkaline hydrolysis procedure, rohu fish 
(Labeo rohita) bones were boiled for 15 min to completely 
remove any remaining meat. Subsequently, the fish bones 
were treated with sodium hydroxide (NaOH) at 250 ℃ for 
5 h to eliminate organic components. The resulting mixture 
was filtered using a suction pump and washed continuously 
with water until a neutral pH was achieved. The materials 
were then dried in an oven at 100 ℃. For the thermal 
calcination process, the dried fish bones were placed in a 
silica crucible and heated to 900 ℃ in a muffle furnace, as 
depicted in Figure 1. 

SYNTHESIS OF BIONANOCOMPOSITES BY CROSSLINKING

Two categories of films were generated: The first 
consisted of blank films without hydroxyapatite, while 
the second comprised films loaded with hydroxyapatite. 
For the blank film preparation, irgacure was introduced 
into poly (ethylene glycol) dimethacrylate (PEGDMA 
550). Simultaneously, an additional film was developed 

by incorporating irgacure into PEGDMA along with 
hydroxyapatite nanoparticles. This film was then exposed 
to ultraviolet light for 3 h. Crosslinked gels were formed 
and allowed to solidify completely at ambient temperature 
for a period of 2 h. Following this, the resultant gels were 
subjected to washing with distilled water, as shown in Figure 
2. The PEGDMA component within the nanocomposites 
functioned as a binding matrix, effectively holding together 
the hydroxyapatite nanoparticles. PEGDMA attributes, 
include its favorable biocompatibility, low toxicity, and 
capacity to make stable crosslinked networks as shown in 
Figure 3.

CHARACTERIZATION OF SYNTHESIZED BIONANOCOMPOS-
ITES

The qualitative structure of the hydroxyapatite nanoparticles 
was analyzed by FTIR spectroscopic measurements (Perkin 
Elmer, Spectrum 100 model, Waltham, MA, USA). The 
instrument was operated in transmission mode with a 
resolution of 1 cm⁻¹ and covered a wavelength range of 
450-4000 cm⁻¹. To analyze the samples, small pieces 
were prepared and placed in a palette holder, which was 
then mounted in the FTIR instrument, and all spectra were 
recorded at room temperature. The X-ray diffraction (JDX-
3532, JEOL, Japan) analysis patterns of hydroxyapatite 
and nanocomposites were recorded at room temperature 
on 2theta-range (0 to 160°) with CuKα λ (1.5418 Å) 
radiations. The current and operating voltage were 2.5-30 
mA, and 20-40 kV. The morphology of hydroxyapatite 
nanoparticles and PEGDMA/HA nanocomposites was 
determined using SEM (Jeol, JSM-5910 LV, Japan). It was 
operated at an energy level of 30 kV, allowing for detailed 
imaging and analysis of samples. The maximum achievable 
magnification was 300,000 times, enabling the examination 
of fine structural features. Additionally, the SEM exhibited 
a maximum resolving power of 2.3 nm, ensuring high-
resolution imaging and the ability to distinguish fine details 
in the samples. Differential scanning calorimetry (Perkin-
Elmer USA) was utilized to determine the heat of reaction 
of each sample. About 10-12 mg of samples were placed 
in DSC aluminum pans, hermetically sealed, and then 
transferred to the instrument’s sample holder. The curing 
experiments were conducted under nitrogen at heating rates 
ranging from 20 to 50 °C/min.

RESULTS AND DISCUSSION

The FTIR spectra (as shown in Figure 4(a)) showed distinct 
peaks related to the OH group at 3511 cm-1, the phosphate 
group at 500 to 1100 cm-1, and carbonate group at 1459 
cm-1 (Figure 4(a)). From the results of alkaline hydrolysis 
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FIGURE 2. Synthesis of HA/PEGDMA bionanocomposite films

FIGURE 1. Synthesis of hydroxyapatite (HA) from rohu fish bones
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FIGURE 3. Photo crosslinked HA/PEGDMA bionanocomposite polymer

and thermal calcination techniques as shown in Table 1, 
it was deduced that the organic portion was eliminated, 
thus, confirming the existence of carbonated HA crystals. 
The FTIR analysis showed that the chemical compositions 
of films containing HA did not exhibit any new peaks. 
This is because most of the HA peaks were overlapping 
with those of PEGDMA, and there were no significant 
shifts in peaks when HA was added. Therefore, it can be 
concluded that the addition of HA did not significantly 
alter the chemical composition of the PEGDMA-based 
hydrogel as shown in Figure 4(b). The FT-IR analysis of the 
PEGDMA component gave important information about 
crosslinking and shape changes in the nanocomposite. 
Significant changes, like shifts or changes in intensity in 
the C=C double bond region, and the appearance of new 
bands, suggested that crosslinking reactions might have 
happened within the PEGDMA molecules (Arslan et al. 
2022). These changes can significantly affect the overall 
strength and stability of the nanocomposite structure 
(Maleki et al. 2022). Additionally, the changes observed in 
the FT-IR spectrum of PEGDMA in the nanocomposite also 
suggested alterations in the polymer’s shape or flexibility, 
possibly due to the interactions with the hydroxyapatite 
component (Raguraman & Rajan 2023). The noticeable 
shifts and broadening of peaks related to the O-H stretching 
vibrations strongly indicated the formation of hydrogen 
bonds between the hydroxyapatite (HA) and poly (ethylene 
glycol) dimethacrylate (PEGDMA) components. This 
establishment of hydrogen bonds plays a crucial role in 
strengthening the overall stability and cohesiveness of the 
nanocomposite structure, thereby potentially enhancing its 
mechanical properties (Jin et al. 2022). This observation 
aligns with prior reported research, which has indicated 
that hydrogen bonding enhances the mechanical properties 
of polymer-ceramic composite system (Huang et al. 2022).

X-ray diffraction (XRD) is a reliable, non-destructive 
method for assessing the phase purity and crystallinity of 
materials (Moureen et al. 2024). In this study, XRD was 
used to confirm the phase and purity of hydroxyapatite (HA) 
crystals. Three samples were analyzed including untreated 
bone, HA synthesized through alkaline hydrolysis, and 
HA derived from thermal calcination. According to 
Pupilli et al. (2022), the untreated bone exhibited broad 
reflections, suggesting biologically mineralized, low-
crystalline HA mixed with organic material. However, 
the thermally calcined bone displayed sharp, well-defined 
peaks indicative of organic component removal and a 
higher crystallinity level. The alkaline hydrolyzed bone 
showed less distinct peaks compared to the calcined 
sample, indicating a lower degree of crystallinity. The XRD 
pattern from the fish bone subjected to high-temperature 
calcination showed intense and sharp peaks, indicating 
that the organic material was effectively removed (Jamila 
et al. 2021). This implies that the hydroxyapatite (HA) in 
the bone remained stable during calcination up to 900 °C, 
with no other peaks detected besides those of HA. Key 
parameters in the XRD analysis of HA included peak shape, 
position, width, and intensity, which were critical for its 
characterization (Figure 5(a)) (Table 2). The XRD pattern 
exhibited distinct peaks at 2θ angles around 25.8°, 31.8°, 
32.2°, 32.9°, 34.0°, and 39.8°, corresponding to the (002), 
(211), (112), (300), (202), and (310) crystallographic planes 
of hydroxyapatite, respectively. These characteristic peaks 
strongly indicated the formation of hydroxyapatite as the 
main crystallographic phase. Using the Scherrer equation 
to analyze the (002) peak, the estimated average crystallite 
size of the hydroxyapatite sample was found to be between 
20 and 30 nm, which was consistent as reported in literature 
for nanocrystalline hydroxyapatite produced (Venkatesan 
et al. 2011). By comparing the XRD pattern, the obtained 
standards listed in the Joint Committee on Powder 
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FIGURE 4. FT-IR spectra of pure hydroxyapatite, blank sample and blank sample 
 loaded with hydroxyapatite, (a) FT-IR spectra of pure hydroxyapatite, (b) FT-IR  

spectra of blank sample and hydroxyapatite loaded sample

TABLE 1. Assignment of the FTIR spectra of hydroxyapatite from rohu fish bones

Methods IR absorption bands (cm−1) Description
Thermal calcination 1050, 1089 ν3(PΟ4

3−)
962 ν1(PΟ4

3−)
571 ν4(PΟ4

3−)
1415, 1459 ν3(CΟ3

2−)
634 Bending OH−

Alkaline hydrolysis 1044, 1099 ν3(PO4
3−)

963 ν1(PO4
3−) 

566 ν4(PO4
3−)

1417, 1455 ν3(CO3
2−)

875 ν2(CO3
2−)

632 Bending OH−

3568 ν(OH)
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(a) (b)

(c)

FIGURE 5. XRD pattern of hydroxyapatite, blank sample and hydroxyapatite loaded sample,  
(a) XRD pattern of hydroxyapatite, (b) XRD pattern of blank sample, (c) XRD pattern  

of hydroxyapatite loaded sample

TABLE 2. XRD data of standard hydroxyapatite JCPDS-090432—HA

Crystallographic plane (h k l) Angle (θ) d-Spacing (nm) Intensity (%)
0 0 2 25.879 0.3440 40
2 1 1 31.774 0.2814 100
1 1 2 32.197 0.2778 60
3 0 0 32.902 0.2720 60
2 0 2 34.049 0.2631 25
3 1 0 39.819 0.2261 20
2 2 2 46.713 0.1943 30
2 1 3 49.469 0.1841 40
3 2 1 50.494 0.1806 20
0 0 4 53.145 0.1722 20

TABLE 3. XRD data of blank sample without hydroxyapatite

Crystallographic plane (h k l) Angle (θ) d-Spacing (nm)  FWHM
1 1 0 18.4 4.3 0.96
1 2 0 22.4 4.02 0.83
0 3 2 25.3 4.02 0.83
1 0 5 36.5 2.4 1.15
1 1 0 44.4 2.08 1.15
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TABLE 4. XRD data of hydroxyapatite loaded sample

Crystallographic Plane (h k l) Angle (θ)   d-Spacing (nm)             FWHM 
1 0 2 28.1 3.40  0.787
2 1 0 30.3 3.08  0.31
2 1 1

1 1 2

33.2

35.2

2.79

2.6

0.078

0.393
2 0 2 36.8        2.6 0.393
1 3 0

1 1 3

2 1 3

41.1

48.3

51.3

2.24

1.93

1.33 

0.196

0.236

0.236

 
FIGURE 6. DSC graphs of pure hydroxyapatite, blank sample and hydroxyapatite loaded  

sample, (a) DSC graph of pure hydroxyapatite, (b) DSC graph of blank sample, and  
(c) DSC graph of hydroxyapatite loaded sample

TABLE 5. Data of blank sample, hydroxyapatite loaded sample and pure hydroxyapatite

Parameter Enthalpy of fusion Enthalpy of crystallization
Blank sample 86.1409 21.35378

HA loaded 3.54094 0.00189
Pure HA 66.23 25.121
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(a)

(b)

(c)

FIGURE 7. SEM micrographs pure hydroxyapatite, blank sample and hydroxyapatite loaded sample, 
 (a) SEM micrograph of pure hydroxyapatite, (b) SEM micrograph of blank sample,  

(c) SEM micrograph of hydroxyapatite loaded sample

Diffraction Standards (JCPDS) database, can be applied 
for a qualitative analysis. As the temperature increases, the 
intensity of the peaks usually rises, and the peaks become 
narrower. Table 2 shows the high-intensity peak of reference 
hydroxyapatite (HA) from the JCPDS (Barakat et al. 2023). 
While Barakat et al. (2023) have reported in literature that 
the thermal calcination method led to the near-complete 
removal of the carbonate group from bovine bone, our 
investigation unveiled a differing outcome. Specifically, 
when subjecting fish bone to elevated temperatures (900 
°C for 5 h), the carbonate group was found to be retained 
rather than eliminated (Brahimi et al. 2022). In the x-ray 
diffraction analysis of the prepared blank sample (Figure 
5(b)), five prominent peaks were observed at precise 
2θ values: 15.18°, 23.24°, 25.22°, 34.38°, and 42.45°, 
corresponding to specific Miller indices (110), (120), (032), 
(105), and (110) (Table 3). The analysis also showed that 
the average crystallite size of the blank sample measured 
approximately 12 nm. The observed peak positions, 
d-spacing values, and peak intensities collectively signify 
the unequivocal crystalline nature of the synthesized 

films. Specifically, the presence of these peaks aligns with 
the expected characteristics of an orthorhombic crystal 
structure. Moreover, these findings support the assertion 
that the synthesized material demonstrates orthorhombic 
properties, substantiating the XRD analysis results.

Similarly, the XRD pattern of HA-loaded samples 
exhibited a broad band from 2θ = 26.2° to 50.3° (Figure 
5(c)). The peak positions, d-spacing, intensities, and the 
average crystallite size of HA-loaded samples (13 nm) 
suggested the crystalline nature of the synthesized films, 
with orthorhombic characteristics, also indicated by the 
primitive factor (Table 4). This suggested that the existence 
of HA crystals might disrupt the arrangement of PEGDMA-
based polymer chains, leading to diminished crystalline 
characteristics within the composite scaffolds. 

Figure 6(a)-6(c), display DSC curves for HA, PEGDMA, 
and HA/PEGDMA films, respectively, showed distinct 
melting points and glass transition temperatures. Notably, 
the enthalpy of fusion (86.1409 kJ/mol) for PEGDMA 
and Irgacure 2952, along with the exothermic enthalpy of 
crystallization (21.35378 kJ/mol), highlights their energy 
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requirements for melting and solidification, crucial for 
material stability and processing. The incorporation of 
hydroxyapatite results in reduced enthalpies of fusion 
(3.54094 kJ/mol) and crystallization (0.00189 kJ/mol), 
suggesting easier melting and solidification, potentially 
aiding material processing. For hydroxyapatite, the enthalpy 
of fusion (66.23 kJ/mol) signified the energy needed for its 
melting, while the enthalpy of crystallization (25.121 kJ/
mol) denoted the heat release upon solidification, both are 
important for applications such as dental materials. 

This DSC analysis explained material behavior and 
suitability for specific applications. The morphological 
examination of hydroxyapatite nanoparticles was 
conducted using a scanning electron microscope (SEM). 
The hydroxyapatite nanoparticles exhibited significant 
agglomeration. The structure and morphology of HA 
depends upon the source and reaction conditions like pH. 
Therefore, the MP of HA was not so sharp. It is also possible 
that HA might have started breaking down before it melts, 
thus preventing a clear melting peak.

The SEM analysis showed spherical particles with 
clustered distributions, classifying the HA particles as 
nanospheres with crystal sizes below 30 nm as illustrated 
in Figure 7(a). Figure 7(b) and 7(c) was taken to investigate 
the morphology of hydrogels without and with HA. Films 
lacking HA displayed small, smooth blocks without 
noticeable surface variation within the SEM observable 
size range (Khan et al. 2022). The HA particles were added 
to the PEGDMA networks, causing some aggregation. 
The clustered HA particles might have interfered with the 
polymer chains, causing the cross-linked film network to 
separate. This can affect the mechanical properties and the 
temperature at which the hydrogel reactions happen.

CONCLUSIONS

The primary aim of this study was to extract pure natural 
hydroxyapatite (HA) from Rohu fish bones using a 
combination of alkaline hydrolysis and thermal calcination 
methods and the successful incorporation of hydroxyapatite 
(HA) into poly (ethylene glycol) dimethacrylate (PEGDMA)-
based films which has led to significant advancements in 
biocompatibility. The introduction of HA into the films 
resulted in a remarkable improvement in biocompatibility 
compared to films without HA. This enhancement opens 
new possibilities for biomedical applications, particularly 
in dentistry. The FTIR findings demonstrated that the 
introduction of HA did not significantly alter the chemical 
composition of PEGDMA-based films, while SEM and 
XRD results exhibited changes in morphology which 
emphasized the compatibility of HA with the existing film 
structure, reinforcing the stability of the composite material. 
Additionally, the composite hydrogels of PEGDMA 

and HA, exhibiting enhanced biocompatibility, hold 
tremendous potential for applications such as tooth structure 
remineralization. Beyond its biomedical significance, 
the study’s dual impact in addressing environmental 
concerns by using Rohu fish bone waste highlights its 
broader implications. This work lays the foundation for 
future research and applications, emphasizing the synergy 
between environmental sustainability and advancements in 
biomedical materials.
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