ISSN: 2347-467X, Vol. 14, No. (2) 2026, Pg. 873-885
Current Research in Nutrition and Food Science

— www.foodandnutritionjournal.org

Extraction and Characterization of Nanopowder from
Snakehead Fish (Channa Striata) Bones

HERPANDI HERPANDI*, AGUSRIANSYAH SAPUTRA, INDAH WIDIASTUTI,
SABRI SUDIRMAN and CHALIDAZIA

Department of Fisheries Product Technology, Universitas Sriwijaya, Indralaya, Indonesia

Abstract !
This research investigates the extraction and characterization of nanopowder from L
snakehead fish (Channa striata) bones using ultrasonic treatment and variations in
calcination temperatures. The fish bones were calcined at 500°C, 750°C, 1000°C Article History

for 5 hours to eIimingte organic components and improve the <?rys.tallinity of the Egg:;la\gg gg \'}Auirgggggs
nanopowder. Ultrasonic waves were also employed to create cavitation conditions,

promoting the formation of nanoparticles with reduced size. Characterization was

Keywords
performed using Scanning Electron Microscopy-Energy Dispersive X-ray Analysis FTIR;
(SEM-EDX), X-ray Diffraction (XRD), and Fourier Transform Infrared Spectroscopy Nanopowder;
(FTIR). Five samples were analyzed: Sample A (untreated fish bone powder), Sample Snakehead Fish Bone;
B (ultrasonic-treated), Sample X (ultrasonic-treated and calcined at 500°C), Sample )S(E'\E/)I_'EDX’

Y (ultrasonic-treated and calcined at 750°C), and Sample Z (ultrasonic-treated and
calcined at 1000°C). The results showed that increasing calcination temperature drove
morphological transformation from heterogeneous platy fragments toward uniform
spherical nanoparticles, while simultaneously enhancing calcium and phosphorus
content and HAp crystallinity. Calcination at 1000°C yielded the optimal outcome, a
mean particle size of 341 £ 197 nm, Ca and P concentrations of 31.02% and 18.25%,
respectively, and crystallinity reaching 95%. These findings establish ultrasonic-
assisted calcination at 1000°C as an effective and scalable route for producing high-
crystallinity HAp nanopowder from an underutilized fishery by-product, with potential
applications in bone tissue engineering and biomedical implants.
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Introduction

Snakehead fish (Channa striata) is a freshwater
fish species native to Southeast Asia. It is widely
recognized as a popular product and is commonly
found in markets." Due to its high consumption,
Channa striata is commonly utilized as a raw
material in the production of various processed
fish-based products. However, this practice
generates significant by-products, including fish
bones, which are often discarded.? Fish bones hold
high potential for further utilization due to their rich
calcium content, as the primary components of fish
bones are calcium, phosphorus, and carbonates.®
The organic components found in the bones have
smaller proportions compared to inorganic elements.
This is because organic components primarily
function as the matrix that forms the bone or shell,
while inorganic elements act as fillers that provide
mechanical properties.*

Calcium is an essential mineral that plays a crucial
role in the skeletal, cardiovascular, endocrine,
and nervous systems. Around 99% of the body's
calcium is stored in the bones, where it provides
structure and rigidity to the skeletal system. It also
acts as a calcium reservoir. The remaining calcium
is involved in key metabolic processes, including
blood vessel and muscle contraction, nerve
transmission, cellular membrane transport, enzyme
activation, and hormone regulation.® The calcium
content of fish bone powder varies with the species
of fish used and the processing methods applied.®
Several studies have explored the utilization of fish
bone waste as a calcium-rich powder. One such
study involved the extraction of nano calcium from
tilapia bones using acid and alkaline solutions,”?®
while another extracted calcium from tuna bones
through protein hydrolysis.® In addition to employing
different methods, researchers have also processed
various fish species to produce calcium-rich bone
powder using alkaline treatment on bones from
six fish species, including tilapia, catfish, grouper,
snapper, tuna, and mackerel.’® Although these
studies have generally succeeded in utilizing
calcium from fish bone waste, several limitations
remain underexplored. Most studies have focused
on producing conventional bone powder without
reducing particle size to the nanoscale. At the
same time, research that systematically combines
sonication with variations in calcination temperature
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remains very limited, and no study has specifically
characterized nanopowder derived from the bone
waste of snakehead fish (Channa striata).

The primary focus of this study is to utilize waste
from snakehead fish (Channa striata) by exploring
the mineral potential in its bones to extract calcium.
By applying nanotechnology methods, this research
aims to produce snakehead fish bone powder
in nano form. Nanoparticles are particles with
nanometer-scale dimensions, typically ranging from
1 to 1000 nm." The application of nanoparticles in
pharmaceuticals and traditional medicine has shown
significant potential in enhancing pharmacological
activity, bioavailability, and drug dissolution. Due
to their extremely small size, nanoparticles can
penetrate biological membranes more efficiently,
including the blood-brain barrier.'? Sonication is
a technique that utilizes sound energy to agitate
particles within a sample for various purposes.
This method employs sound waves to move
particles, accelerating the dissolution process by
breaking intermolecular bonds, thereby producing
nanoparticles.™

Sonication involves applying ultrasonic treatment
to a material under specific conditions, resulting
in chemical reactions induced by the treatment.™
Ultrasonic waves are applied to fish bones immersed
in a liquid solution, creating cavitation conditions.
Due to cavitation and heating, fish bones undergo
structural changes, leading to the formation of
nanoparticles.’™ The most effective method for
reducing organic material in fish bone powder is
by boiling it in a NaOH solvent.'® Additionally, the
optimal sonication duration for synthesizing fish
bone into nanoparticles is 45 minutes.'” Sonication
can disrupt biological materials using high-frequency
sound waves. However, the energy produced
by sonication is often insufficient to break down
hard templates, which are better removed through
alternative methods like calcination and dissolution.'®

Calcination is the process of heating materials at
high temperatures in a controlled environment to
remove volatile components and organic matter,
while also inducing chemical and physical changes,
crystallizing, and densifying the product.'® Organic
material was completely removed from tuna bones
at temperatures above 600°C.2° In another study,
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calcination of fish bone powder at temperatures
above 900°C for 5 hours successfully removed
organic matter and proteins.?' The main factors
influencing the properties of the final product
from calcination include calcination temperature,
duration, extraction method, and bone type.
Higher temperatures tend to enhance crystallinity
and the purity of the calcium phosphate phase.??
Based on this gap, this study investigates the
effect of calcination temperature variation on the
physicochemical characteristics of snakehead fish
(Channa striata) bone nanopowder processed via
sonication, including surface morphology, particle
size, mineral composition, functional groups, and
crystallinity. The findings are expected to address the
lack of data on the characterization of snakehead fish
bone nanopowder and provide a broader reference
for optimizing process parameters in the production
of nano-calcium derived from fish bone waste.

Materials and Methods

Sample Preparation

Snakehead fish (Channa striata) bones were
obtained from 26 llir Market, Palembang, Indonesia,
and then washed thoroughly using running water.
The fish bones were then boiled at 80°C for 30
minutes and washed again until no dirt remained.
After that, the fish bones were boiled in a pressure
cooker (Ramesia, Indonesia) for 3 hours, with lime
juice added as a catalyst. In the next stage, the fish
bones were dried in an oven (Memmert, Germany)
at 80°C for 12 hours. The dried bones were then
ground in a dry food grinder (Ossel, China) and
sieved through a 100-mesh sieve (KZM, Indonesia)
to obtain a uniform particle-size powder.?

Extraction and Calcination Process

10 grams of snakehead fish (Channa striata) bone
powder were weighed and then extracted using 30
mL of 1 N NaOH solution at 40 kHz and 50°C for 45
minutes in an ultrasonic bath. After the extraction
process was complete, the solution was cooled and
filtered (Whatman No. 42), and then the precipitate
obtained was washed with distilled water until it
reached a neutral pH. Next, the precipitate was dried
in an oven at 105°C for 3 hours.?* The calcination
process was followed by a modification method. A
2-gram sample was placed in a crucible and heated
using a furnace (Thermo Scientific FB1410M-33,
USA). Three temperature levels were tested: 500°C,
750°C, and 1000°C, with a heating time of 5 hours
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for each treatment. These conditions are used to
obtain pure HAp.?®

Nanopowder Characterizations

Morphological characterization and particle size
distribution of the nanopowder were analyzed
using a scanning electron microscope (SEM) to
observe the surface structure, while particle size
distribution was determined using ImageJ. Elemental
composition was analyzed using energy-dispersive
X-ray spectroscopy (EDX) integrated with SEM
(JEOL JSM-6510LA, Japan).?® The functional group
of the nanopowder derived from snakehead fish bone
was analyzed using a Fourier transform infrared
spectrometer (FTIR, Brucker Tensor 27) according
to a previously reported method.?” The crystalline
structure of the samples was characterized using
X-ray diffraction (XRD, Rigaku Miniflex 600).2 The
data are presented as the mean of two replicates
and were analyzed descriptively.

Results

SEM-EDX Images Analysis

Morphological characterization is an important
stage in the analysis of calcium phosphate-based
materials (Figure 1), particularly hydroxyapatite
(HAp) derived from biological sources.?' SEM
results on Sample A (untreated fish bone powder)
showed highly heterogeneous particle morphology,
dominated by flat (platy) plates and irregular angular
fragments with a very wide size distribution. Sample
B produced significant morphological changes
compared to Sample A. Sample B exhibited a
flatter and more homogeneous matrix surface.
There was a noticeable reduction in the number
of large agglomerates, although some relatively
large single particles remained on the matrix.
Sample X, which underwent ultrasonic treatment
followed by calcination at 500°C for 5 hours, showed
characteristic morphological changes that differed
from the two previous samples. Sample Y, calcined at
750°C for 5 hours, exhibited a highly porous structure
with a morphology resembling cauliflower formations
or interconnected foam aggregates, forming a
network of submicrometer-sized particles with
significant interparticle space. Sample Z, calcined
at the highest temperature (1000°C for 5 hours),
displayed the most distinct and regular morphology
compared to the other samples. SEM images clearly
showed spherical to semi-oval particles distributed
relatively uniformly with more homogeneous sizes,
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forming a dense and compact mass. The elemental
(mineral) composition analysis conducted using
Scanning Electron Microscopy-Energy Dispersive
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X-ray Spectroscopy (SEM-EDX) revealed an
interesting trend among the five samples (A, B, X,
Y, Z), as shown in Table 1.
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Fig. 1: The representative of nanopowder morphology by scanning electron microscopy (SEM) with
15000x magnification and different treatments. Sample A (untreated fish bone powder), Sample B
(ultrasonic-treated), Sample X (ultrasonic-treated and calcined at 500°C), Sample Y (ultrasonic-treated
and calcined at 750°C), and Sample Z (ultrasonic-treated and calcined at 1000°C)
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Table 1: Mineral Compositions of nanopowder from Snakehead Fish Bones

Mineral Fish Bone Sample (%)
Element Content

A B X Y z
C 32.70 19.33 12.07 7.59 -
N 9.69 - - - -
0} 31.32 51.33 48.41 46.91 49.39
Mg 0.32 0.52 0.44 0.50 0.49
Al 0.07 - - - -
P 9.8 11.62 15 17.09 18.25
Ca 15.63 16.84 23.15 27.61 31.02
Zn 0.46 - - - -
Na - 0.35 0.42 0.29 -

B3 L

Percentage (%)
]

Elements

Fig. 2: Calcium and Phosphorus Content from EDX Elemental Analysis with different treatments.
Sample A (untreated fish bone powder), Sample B (ultrasonic-treated), Sample X (ultrasonic-
treated and calcined at 500°C), Sample Y (ultrasonic-treated and calcined at 750°C), and Sample
Z (ultrasonic-treated and calcined at 1000°C)

FTIR Analysis five samples are presented in Figure 3, revealing
Fourier transform infrared (FTIR) analysis was  differences in the characteristic absorption bands
conducted to identify the functional groups and  with increasing calcination temperature. Overall,
changes in the chemical composition of snakehead  all samples exhibited absorption patterns typical of
fish (Channa striata) bone nanopowders subjected  hydroxyapatite (HAp, Ca, (PO,),(OH),), the primary
to different treatments. The FTIR spectra of the  mineral component of bone.
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Fig. 3: FTIR spectrum of nanopowder derived from Snakehead Fish Bone with different
treatments. Sample A (untreated fish bone powder), Sample B (ultrasonic-treated), Sample X
(ultrasonic-treated and calcined at 500°C), Sample Y (ultrasonic-treated and calcined at 750°C),
and Sample Z (ultrasonic-treated and calcined at

X-Ray Diffraction (XRD) Analysis

X-ray diffraction (XRD) analysis was used to
determine the crystalline phases formed, the
degree of crystallinity, and the lattice parameters
of hydroxyapatite (HAp) nanopowder extracted
from the bones of the snakehead fish (Channa
striata). Hydroxyapatite (HAp) is a crystalline form

of calcium phosphate with a chemical composition
closely resembling the primary mineral found in
human bones and teeth, having the chemical
formula Ca, (PO,) ((OH),. Crystallinity refers to
the percentage of material arranged in an orderly
crystalline structure compared to the amorphous or
disordered regions, as shown in Figure 4.

Intensity

Diffraction Angle (20)

Fig. 4: X-ray Diffraction Pattern of the Crystalline Structure of nanopowder Derived from
Snakehead Fish Bone with different treatments. Sample A (untreated fish bone powder), Sample
B (ultrasonic-treated), Sample X (ultrasonic-treated and calcined at 500°C), Sample Y (ultrasonic-

treated and calcined at 750°C), and Sample Z (ultrasonic-treated and calcined at 1000°C)
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Discussion

SEM-EDX Images Analysis

Sample A (untreated fish bone powder) exhibited
irregular particle morphology with a rough and
heterogeneous surface.?® Organic substances such
as proteins, collagen, and lipids adhering to the bone
matrix caused particles to aggregate and form larger
clusters.®® This is consistent with the fact that fresh
snakehead fish bones contain significant organic
components, including proteins and fats, resulting
in non-uniform particle surfaces prior to chemical
treatment.’ Sample A exhibited an average particle
size of 946 + 348 nm. Ultrasonication during the
synthesis and processing of biological nanoparticles
has been shown to improve particle dispersion,
reduce average particle size, and enhance size
distribution homogeneity.®!

Sample B exhibited an average particle size of
466 * 433 nm. After ultrasonic treatment in 1 N
NaOH solution at 40 kHz and 50°C for 45 minutes
(Sample B), the particles appeared more fragmented
and smaller compared to Sample A. However,
since Sample B did not undergo calcination, the
organic components remained intact, and the
true morphology of the HAp crystals was not fully
revealed. The ultrasonication process generates
acoustic cavitation, the rapid formation and collapse
of microbubbles, which produces significant
mechanical forces at the microscopic scale. This
cavitation effect disrupts particle aggregates
while facilitating NaOH solution penetration into
the bone matrix to dissolve organic components.
Ultrasonication significantly disrupts fish bone
particle surfaces through cavitation, triggering
the release of hydroxyapatite crystals from the
mineralized collagen matrix and increasing the
effective surface area of the particles.*

In samples subjected to ultrasonic treatment
followed by calcination at 500°C (Sample X), 750°C
(Sample Y), and 1000°C (Sample Z), progressively
more dramatic morphological changes were
observed. Samples X and Y exhibited average
particle sizes of 863 + 1207 nm and 769 = 515
nm, respectively. Calcination at 500°C removed
residual organic components that remained in
Sample B, resulting in a cleaner particle surface and
increased porosity.** However, 500°C remains below
the threshold for complete HAp recrystallization,
which typically occurs above 600°C; consequently,
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these particles retain irregular, angular morphology
with low porosity.** Research on Catla fish bones
demonstrated that within the temperature range of
650-750°C, most organic matter undergoes thermal
degradation, resulting in more uniform and compact
morphology.® In agreement with this, that increased
calcination temperature promotes HAp particle
grain growth and partial sintering, characterized
by progressively denser morphology and enlarged
grain size due to thermal recrystallization.3¢:7
Large, elongated particle shapes with small surface
protrusions were also observed, characteristic of the
HAp recrystallization transition stage at elevated
temperatures.*®

The very significant morphological transformation in
Sample Y is directly related to two main processes:
(1) the complete thermal decomposition of all organic
components, which releases volatile gases (COx,
H20, NOx) on a massive scale, leaving macro-
and mesopores in the particle structure, and (2)
accelerated recrystallization and growth of HAp
crystals at 750°C, resulting in larger crystal domains
with more defined crystal boundaries.® Sample Z
exhibits an average particle size of 341 + 197 nm.
In Sample Z (1000°C), the particles exhibit a more
compact structure with increased agglomeration.
This phenomenon occurs because at elevated
temperatures, nanoparticles undergo intense
surface diffusion, causing sintering and coalescence
of crystal grains.*® Previous study reported that
calcination at temperatures 2900°C of various fish
bone sources produces a more regular hexagonal
morphology, consistent with the formation of a purer
and more crystalline HAp phase.*® Overall, the SEM
results indicate that the combination of ultrasonic
treatment and calcination successfully transformed
the morphology of cork fish bone particles from
irregular shapes with high organic content into
nanoscale particles with homogeneous and pure
structures.

The carbon (C) content decreased significantly
from Sample A (untreated fish bone powder) to
Sample Z (calcined at 1000°C), indicating that
the removal of organic materials became more
effective at each stage of synthesis. Sample A,
with untreated fish bone powder, had the highest
carbon content at 32.70%, whereas in Sample Z,
carbon was not detected at all. Oxygen (O) content
remained relatively high across all samples, ranging
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from 31.32% to 51.33%. In Sample A, phosphorus
and calcium were present at 9.80% and 15.63%,
respectively, while in Sample Z, these elements
reached 18.25% and 31.02%. This increase
indicates a higher purity in Sample Z, suggesting that
the synthesis process at 1000°C was more optimal,
as shown in Figure 2. Other elements (Table 1),
such as magnesium (Mg), were present in small but
consistent amounts across all samples, indicating
that magnesium content remained relatively stable
throughout the synthesis process. Sodium (Na)
was detected in small amounts only in Samples
B (ultrasonic-treated), X (ultrasonic-treated and
calcined at 500°C), and Y (ultrasonic-treated and
calcined at 750°C), likely due to the use of ultrasonic
waves in the presence of a NaOH solution during
synthesis.

FTIR Analysis

Sample A (untreated fish bone powder) exhibits
absorption bands at approximately 1630-1650 cm™
and 1540 cm™, corresponding to C=0 stretching
(Amide 1) and N-H bending (Amide Il), respectively,
which are characteristic markers of collagen in the
bone matrix. Absorption bands at 2850-2960 cm"
reflect C—H stretching from lipids and aliphatic
compounds, while the broad band at 3200-3600 cm'
indicates O—H stretching from water molecules and
organic hydroxyl groups.*' Phosphate (PO+*) bands
at approximately 900-1150 cm™ (P-O stretching) and
560-600 cm (O-P-O bending) confirm the presence
of HAp mineral, albeit embedded within the organic
matrix. Carbonate (COs*) bands at 1410-1450 cm*
and 873 cm™ indicate carbonated hydroxyapatite
(B-type substitution), which is typical of biogenic
HAp from animal sources.™

After ultrasonic treatment with NaOH (Sample B),
the intensity of the Amide | and Amide Il bands
decreased dramatically, confirming successful
deproteinization. A noticeable decrease in the C-H
stretching bands was also observed, indicating
partial elimination of lipids. The relative intensity
of the phosphate bands at ~1030 cm™ (va POs*)
and 560-600 cm™ (va PO+*) increased markedly,
consistent with purification of HAp minerals from
the organic matrix." NaOH treatment effectively
removed protein components from fish bones, as
evidenced by the disappearance of amide bands in
the FTIR spectra of the treated samples.*?

Sample X (500°C), the Amide and C—H stretching
bands have almost entirely disappeared, indicating
nearly complete thermal decomposition of organic
components. The PO+* bands at ~1030 cm™ and
~960 cmvs PO#*" (v1 PO+*, symmetric stretching)
have become sharper and more intense. Carbonate
bands remain detectable in this sample. The
previous study reported that calcination at 650—
750°C produces type-B carbonated hydroxyapatite
in HAp from Catla fish bones, with carbonate bands
persisting at those temperatures.® Calcination at
950°C completely eliminates all organic components
in HAp from carp bones, resulting in highly resolved
characteristic phosphate (632 cm™) and hydroxyl
(3572 cm™) bands.?'

Samples Y (750°C) and Z (1000°C), the FTIR
spectra show increasingly sharp and well-defined
PO+*bands at 1090 cm™, 1046 cm™, 962 cm™ (vs and
v1), as well as 602 cm™ and 571 cm™ (va). The OH-
bands at ~3572 cm™ and ~630 cm™ progressively
intensified with increasing temperature, confirming
elevated hydroxyl group content characteristic
of stoichiometrically pure HAp. Carbonate bands
(1410-1450 cm™ and 873 cm™) weakened with
increasing calcination temperature, indicating
decomposition of substituted carbonates. Previous
research reported that HAp from black tilapia bones
confirmed that higher calcination temperatures
produce sharper PO.* bands, with the molar
Ca/P ratio approaching 1.67 at optimal calcination
temperature.®” Overall, the FTIR analysis confirms
that the combination of ultrasonic-NaOH treatment
and calcination successfully produced biological
HAp with a functional group profile progressively
approaching that of stoichiometric pure HAp as the
calcination temperature increased.

X-Ray Diffraction (XRD) Analysis

HAp is composed of calcium, phosphate, and
hydroxyl (OH") ions in a specific ratio, making it
highly similar to the mineral components of human
bone.* The diffraction peaks were indexed to JCPDS
standard No. 09-0432, confirming the presence of
HAp. The degree of crystallinity was calculated by
comparing the crystalline area fraction with the sum
of the crystalline and amorphous area fractions.*
Based on the analysis results, Sample A (untreated
fish bone powder) exhibited a diffraction pattern with
broad and weak HAp peaks, indicating a largely
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amorphous structure with very low crystallinity. This
composition is characteristic of fresh biological bone,
where the collagen matrix predominates. Research
by Fatmawati on biogenic HAp from various animal
bone sources confirmed that raw bone powder
exhibits broad XRD diffraction peaks due to very
small crystallite sizes and high amorphous phase
content.*®

Sample B (ultrasonic-treated) showed slight
improvement in the clarity of diffraction peaks
compared to Sample A, though the resulting
structure remained relatively amorphous. The
identified characteristic HAp peaks include the
crystallographic planes (002), (211), (112), (300),
(202), (310), (222), (213), and (004), located at their
characteristic 26 angles. This pattern is consistent
with the hexagonal crystal system of HAp (JCPDS
Card No. 09-0432) with lattice parameters a = b
=0.418 A and ¢ = 6.884 A. The slight increase in
peak intensity in Sample B relative to Sample A
can be attributed to the ultrasonication effect, which
removed the protein matrix previously covering
the HAp crystal surface, thereby exposing the
underlying crystalline structure. Sample B has a
crystallinity of 75%. The decrease in crystallinity in
Sample B is not an anomaly but rather evidence
that ultrasonication without subsequent calcination
can damage the crystalline integrity of the HAp
naturally present in fish bone. This phenomenon has
important implications for the fabrication process.
Ultrasonication should be treated as a stage for
particle preparation and homogenization, not as an
independent method for increasing crystallinity.*

The most dramatic changes occurred in the calcined
samples. In Sample X (500°C), the HAp diffraction
peaks became sharper, and their intensities
increased significantly. The main diffraction peaks
at 26 = 25.9° (002), 31.8° (211), 32.2° (112), and
32.9° (300) became increasingly distinct. This
sharpening and intensification reflect the onset
of thermal recrystallization, which transforms the
amorphous phase into a crystalline one. The study
of HAp from horse bone reported that at 500°C
calcination, apatite crystallization had already
increased significantly, as evidenced by a more
structured diffractogram; however, some transitional
phases remained. Sample X exhibited a crystallinity
of 85%.4°

In Sample Y (750°C), the XRD pattern shows
sharper and more intense HAp peaks with a smaller
Full Width at Half Maximum (FWHM) compared
to Sample X. This reduction in FWHM correlates
directly with an increase in crystallite size according
to the Scherrer equation: D = KA/(B-cos8), where D
is crystallite size, K is the Scherrer constant (=0.9),
A is the X-ray wavelength (0.1542 nm for Cu-Ka),
B is the FWHM in radians, and 6 is the diffraction
angle. Higher calcination temperatures promote
greater crystal growth, as reported by a previous
study for HAp derived from tilapia bones, where both
crystallinity and crystal size increased monotonically
with calcination temperature.’” Sample Y exhibited
a crystallinity of 93%. This indicates that nearly
all the material in these samples is arranged in
a highly ordered crystalline structure. Crystalline
regions consist of tightly packed molecular chains
arranged in an orderly manner, endowing them with
higher tensile strength than amorphous regions.*”
Amorphous regions have a disordered arrangement
of molecular chains.

Sample Z (1000°C) exhibited the sharpest and most
intense XRD pattern among all samples, with very
narrow peaks at 26 = 25.9°, 31.8°, 32.2°, 32.9°,
39.9°, 46.7°, 49.5°, 53.2°, and 56.5°, all consistent
with the pure hexagonal HAp phase (P63/m). The
absence of B-tricalcium phosphate (3-TCP) peaks,
which typically appear at temperatures >1000°C,
indicates that the formed HAp remains stable at
1000°C. Previous study reported that at 900°C, the
apatite structure is highly crystalline with very narrow
and sharp diffraction peaks, indicating a high crystal
quality of 95%.%° The well-formed hexagonal crystal
structure of HAp in Sample Z holds great biomedical
potential; it has minimal amorphous content, thereby
providing superior physical properties, including
good stability and mechanical strength

XRD analysis confirmed the progressive
transformation of the amorphous structure in fish
bone powder (Sample A) into highly crystalline HAp
(Sample Z) through a series of ultrasonic treatments
and increasing calcination temperatures. Thermal
treatment, specifically calcination, consistently
produces more crystalline HAp compared with
alkali hydrolysis or physical treatment.*® This
transformation is supported by an increase in
the Ca/P ratio, which approaches the theoretical
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stoichiometry of HAp in Sample Z (1.7), consistent
with the EDX data. Thus, this study successfully
demonstrates that corkfish bones are a promising
source of biological HAp, with XRD characterization
confirming the formation of a high-quality crystalline
phase under optimized treatment conditions.

Conclusion

The calcination temperature for synthesizing
nanopowder from snakehead fish (Channa striata)
bones was determined to be 1000°C. SEM analysis
revealed a more symmetrical and uniformly
distributed particle morphology, with a mean particle
size of 341 + 197 nm, indicating smaller, more
homogeneous particles than those produced at
other calcination temperatures. The phosphorus
and calcium contents were 18.25% and 31.02%,
respectively. Furthermore, calcination at 1000°C
yielded hydroxyapatite with a crystallinity of 95%.
Future research should explore incorporating the
optimized HAp nanopowder into bio ceramic- or
polymer-based composite scaffolds to evaluate
its biocompatibility, mechanical performance, and
osteogenic potential for bone tissue engineering
applications.
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