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Abstract. Hydroxyapatite (HAp) from fish by-product exhibits good biocompatibility and bioactivity on implants. The aim
of the study is to investigate the elemental composition, crystalline phases, and functional groups of HAp synthesised from
fringescale sardinella fish bones by heat decomposition method at temperature of 600, 900, and 1200 °C. The synthesised
powders were characterized using fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and energy
dispersive spectroscopy (EDS). After calcination of the raw fish bone to 600, 900, and 1200 °C, the FTIR data showed the
existence of phosphate and hydroxyl peaks in the calcined fish bones. At 900 and 1200°C, the XRD data observed shows
well-defined peaks of HAp pattern. The elemental composition evaluated by EDS provides information on the calcium to
phosphate formation into apatite with a Ca/P ratio of 2.80, 0.98, 1.64 and 1.79 atomic % for raw fish bones and calcined
samples, respectively. It can be concluded that the fringescale sardinella fish bones show promising findings particularly
on the synthesisation of HAp for biomedical applications.

INTRODUCTION

Approximately 70% of fish meal and 73.9% of fish oil are made from the the fish catch [1]. The remaining for
instance bones, skins, heads and viscera were categorized as by-products. Improper management of the waste can lead
to health and environmental problems. Albeit the increasing efforts to convert the by-products into useful commodity,
the major amount is still used for animal foods [2,3]. Fish bones contain high amount of valuable mineral phase HAp.
Highly biocompatible and bioactive properties with human tissue marked HAp as excellent calcium phosphate-based
bioceramic which have been increasingly used and received tremendous attention in the biomedical field in the last
decade [4-7]. The presence of important trace element such as zinc, magnesium, natrium, potassium, silicon, and
carbonate has made fish waste-derived HAp much more bioactive and biocompatible compared to synthetic apatite
[8]. According to the Scopus database, the number of publications that relate to HAp and “biomedical applications”
increased more than two-fold between 2012 (99) and 2021 (232) (Fig. 1). In recent technologies, HAp was used as
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heavy metal remover [9,10], electrodes restoration [11,12], and bone repair [13-15]. In the present study, the extraction
of HAp from fringescale sardinella fish bones was evaluated by using different calcination temperature. The extracted
HAp was characterized using fourier transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD), and energy
dispersive spectrometry (EDS) in order to observe the functional groups, crystalline phases, and elemental
composition, respectively.
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FIGURE 1. Published articles for keyword hydroxyapatite and “biomedical applications” (2012 — 2021)

MATERIALS AND METHODS

Fish wastes were obtained from a fish processing company in Pantai Remis, Perak, Malaysia. The wastes were
cleaned thoroughly and then boiled for 1 hour and washed with tap water repeatedly to remove protein and impurities.
This was followed by fish bones drying at 100°C in an electric oven for 24 h. The dried fish bones were crushed using
a rotor mill at 12,000 rpm to obtain powders prior to calcination. The powders were calcined under atmospheric
condition using an electric furnace at 600°C and heating rate of 10°C/min with 3 h of dwelling time. Calcined powders
were crushed using ball milling to obtain fine raw powders ready for characterization. Figure 2 shows the experimental
procedure for the synthesisation of HAp.

The raw powders were further calcined at 900 and 1200°C to observe the effects of sintering temperature on the
crystalline phases, functional groups, and elemental decomposition relating to produced HAp at different calcination
temperature. The temperature of 600, 900, and 1200 °C was selected for calcination due to high possibility of obtaining
Ca/P stoichiometric molar ratio (1.67) [16-18]. The labelling of synthesised and analysed samples is: RFB (raw fish
bone), HA600 (HAp calcined at 600°C), HA900 (HAp calcined at 900°C) and HA1200 (HAp calcined at 1200°C).
The elemental composition was observed using energy dispersive spectroscopy (EDS). Phase identification and
crystallinity of HAp samples were analyzed using X-ray diffraction (XRD, Bruker D8 Advance, United States). Data
was taken from the diffraction angle 26 between 20° to 80°. The functional groups present in the samples have been
identified by fourier transform infrared spectroscopy (FTIR, Perkin Elmer Spectrum 100, United Kingdom) equipped
with UATR sampling wavelength in the range of 400-4000 cm™'. Samples were grinded and mixed with dried KBr
using ceramic mortar and loaded into a sample holder mounted in the instrument.
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FIGURE 2. Hydroxyapatite preparation

RESULTS AND DISCUSSIONS

The characteristic peaks of calcium and phosphorus are present with the weight and atomic percentages which
provides the mean relative calcium to phosphate ratios as shown in Tables 1 and 2. Tables 1 and 2 represent the
elemental composition of the raw biowastes and synthesised HAp with their corresponding calcium to phosphate
(Ca/P) ratios obtained by energy dispersive spectroscopy (EDS). Weight percentage and atomic percentage were
considered to give Ca/P approximations. It was revealed that Ca/P ratios for sample HA900 were 2.12 and 1.64 for
weight and atomic percentages respectively. Comparatively, the atomic Ca/P ratio (1.64) of HA900 was the closest to
stoichiometric Ca/P ratio (1.67) amongst all the HAp samples investigated in this study. HA600 and HA900 were
considered as calcium deficient samples due to the Ca/P ratio of lower than 1.67, while RFB and HA1200 were
phosphorus deficient (Ca/P > 1.67). Calcium deficient HAp has Ca/P ratio lower than 1.67 and it has high ability in
assisting ion-exchange to various cations [19]. It has been reported that calcium deficient HAp plays essential roles in
bone formation and bone remodelling [20]. The Ca/P ratio was higher than 1.67 owing to the exchange of ions such
as carbonate in the HAp structure [21]. There was also trace element magnesium detected in HA900 and HA 1200
samples, which is important for bone density and osteoporosis prevention [22,23].

TABLE 1. Calcium/Phosphate Ratio (Weight %)

Element
Sample Calcium, Ca Phosphorus, P Ca/P
RFB 12.55 3.46 3.63
HA600 10.10 7.98 1.27
HA900 25.01 11.80 2.12
HA1200 19.11 8.26 2.31

TABLE 2. Calcium/Phosphate Ratio (Atomic %)

Element
Sample Calcium, Ca Phosphorus, P Ca/P
RFB 4.62 1.65 2.80
HA600 4.00 4.08 0.98
HA900 11.04 6.74 1.64
HA1200 8.72 4.88 1.79
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XRD patterns of HAp powders as shown in Fig. 3 revealed no secondary phases besides HAp. The pattern of the
HAp powder obtained at 600 °C is characterized by broad and has poor crystalline structure, that were indexed as
diffraction peaks of HAp. Rietveld refinement revealed that the sample of fish bone treated at 600 °C was composed
by poorly crystalline HAp. Besides, the samples obtained at 900 and 1200°C are characterized by HAp as the main
crystalline phase. The obtained patterns resemble standard HAp powder pattern. A previous study by Rozaini et al.
presents almost similar hydroxyapatite pattern at calcination temperature of 900°C [24].

Parallel to the increase of calcination temperature, the HAp contained in the samples derived from fringescale
sardinella fish bones displays more intense and sharper peaks. This reveals an increase of structural order and crystal
growth upon increase of calcination temperature. In terms of crystallinity, fringescale sardinella fish bones samples
treated at 900°C and 1200°C are very similar to a commercial HAp material, presenting narrow and well-defined
peaks.

Hydroxyapatite A\

HA1200

HA600
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FIGURE 3. XRD Patterns of Hydroxyapatite Powder — RFB, HA600, HA900, HA1200

Figure 4 shows the fourier transform infrared (FTIR) spectrogram of synthesised HAp of RFB and calcined fish
bone powders. Typical characteristic bands corresponding to the carbonate groups of the CaCO3 component of HAp
are located around 1465 cm™ and 1535 cm!. The bands at 568.9 and 601.7 cm™! corresponds to bending mode of POy
group [25]. The prominent band for all samples at 3450 cm! is due to the vibratory stretching of OH group of HAp
while the bands at 1631 cm™! was attributed to adsorbed water molecules. The bands at 1631 cm-1 and 3450 cm-1 for
all samples with broader band for RFB and HA600 samples correspond to the disappearance of absorbed water after
sintering [26,27].

The wavenumber with an explicit peak at 3575 cm™, and a weaker peak at 630 cm™! corresponded to the stretching
and bending vibrations of the hydroxyl in the molecular structure of HAp. The sintered sample showed frequency
bands around 2326 and 2360 cm™' ascribed to the release of CO; during heat treatment [28]. The formative indicator
of HAp at all point of calcination (600, 900, 1200°C) was in the form of pronounced broad bands around 1000-1100
cm! can be ascribed to asymmetric stretching mode of vibration of PO4 group. Nevertheless, a small band noticed at
945 cm™! for RFB indicates a deficient asymmetric stretching mode of vibration of phosphate group that was made
pronounced by heat treatment.
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FIGURE 4. FTIR spectra for RFB, HA600, HA900, and HA 1200 powder

CONCLUSIONS

Natural HAp from fringescale sardinella fish bones was synthesised using the calcination method. This is a low-
cost method for the formation of HAp. According to EDS analysis, composition of powder from HA900 (1.64) is
closer to the ideal stoichiometric Ca/P ratio (1.67) for HAp. XRD pattern of HA900 and HA1200 fit very well with
the typical XRD pattern for HAp with narrow and well-defined peaks. FTIR results confirmed the presence of a
carbonated group (preferable for biomedical applications). The successful characterization of this important
nanomaterial will be useful in biomedical applications, especially in bone tissue engineering through its development.
This material may reduce the environmental effect of by-products from the fish processing industry while efficiently
safeguarding industrial pollution and waste management. This research suggests that fringescale sardinella fish bones
is an alternative biomaterial with promising potential for biomedical applications in the field of bone tissue
engineering.
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