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Abstract. Nano-hydroxyapatite was synthesized by coprecipitation method and tested its
antibacterial properties. Nano-hydroxyapatite was synthesized using CaO precursors from snakehead
(Channa striata) fish bones and (NH4)2HPO4. The synthesis was carried out with temperature
variations of 30, 60, 80, and 100 °C. Antibacterial activity was determined using two types of bacteria,
namely gram-positive and gram-negative. The XRD spectra show that the highest peak is
hydroxyapatite synthesized at a temperature of 100 °C. Hydroxyapatite produced from various
synthesis temperatures has the size of nanoparticles in the range 37.32-49.27 nm. The nano-
hydroxyapatite functional groups are characterized using FTIR, the analysis indicate the presence of
OH, CO3* and PO4*. The molar ratio Ca/P is obtained of 1.71 approaching theoretical
hydroxyapatite of 1.67. The resulted nano-hydroxyapatite has significant antibacterial properties to
Escherichia coli and Staphylococcus aureus.

Introduction

Hydroxyapatite is the crystalline phase of the most stable calcium phosphate compound. The
chemical formula of hydroxyapatite is Caio(PO4)s(OH)2 [1]. Hydroxyapatite is commonly used in
biomedical applications [2]. Many applications of hydroxyapatite include bone substitution, implant
coating, composite implant components, dental material, and drug delivery [3]. The main component
of enamel is hydroxyapatite which gives a white and bright color to the teeth [4]. In addition, the
hydroxyapatite structure is similar to bone structure [5, 6]. Bone is complex body tissue which is
composed of 65-70% hydroxyapatite, 20% collagen and water [7, §8]. Biomineralization studies show
that the synthesized hydroxyapatite and its derivatives can be implanted in the human body as
artificial bone [7, 9]. Hydroxyapatite is biocompatible and bioactive which can bind to bone tissue in
the human body through osteoconductivity [6].

Hydroxyapatite contains large amounts of calcium and phosphate. Hydroxyapatite can be obtained
from natural ingredients that contain lots of calcium, such as beef bone [10], salmon bones [6] robo
labio bone [2], swordfish and tuna bones [11], eggshell [12], and arck clamshell [5]. The production
of hydroxyapatite from fish bones has the advantage of being low cost and high purity [2]. Snakehead
(Channa striata) fish is one type of fish that is widely consumed in Palembang, South Sumatra.
Calcium content in the fish bone can be used as a precursor in hydroxyapatite synthesis. Other studies
suggest that hydroxyapatite synthesized from lates calcarifer fish bone is noncytotoxic [13].

Hydroxyapatite can be synthesized using various methods such as heat treatment [2], wet ball
milling [14], precipitation [ 15], and calcination [16]. One method that is often used is coprecipitation.
This method is simple with a high success rate. In this study hydroxyapatite synthesis from snakehead
fish bone by coprecipitation method was carried out. The process of calcination of fish bones produces
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CaO. After that, milling was carried out on CaO produced using ball milling to obtain nano-sized
material. Nano-sized materials have different characteristics with bulk size. At a small size, it can
improve the weakness of the mechanical properties of hydroxyapatite, and hydroxyapatite can fill a
small hole on the enamel surface [4, 17].

In this work, the synthesis temperature is varied 30, 60, 80, and 100 °C. Synthesis temperature
affects the crystallinity and particle size of the hydroxyapatite from the cockleshell [18]. Furthermore,
the antibacterial activity was carried out using gram-positive bacteria and gram-negative bacteria.
The bacteria used are Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli). The main
problem with bone reconstruction is infection posted implant.

Experimental Section

CaO preparation. Fish bones were cut to pieces approximately 2-5 mm. 1 kg of fish bone boiled
for 1 h, then washed and dried £1 d. A total of 100 g of fish bone was soaked in 1 M HCI solution for
2 h, then washed until pH +7 and dried at a temperature of 105 °C for 2 h in the oven. Dried fish
bones were crushed and sifted 60 mesh. The fish bone powder was calcined at a temperature of
900 °C for 4 h in the furnace. Calcined CaO powder was smoothed using ball milling for 1 h with a
weight ratio of CaO: the ball is 1:5.

Nano-hydroxyapatite synthesis. CaO powder (6 g) and 5 mL demineralized water were heated
at a temperature of 30 °C for 30 min. 50 mL (NH4)2HPO4 1.66 M was added in the mixture. NH4«OH
1 M solution was added gradually until pH 10 into the mixture while stirring using a magnetic stirrer
and heated for £2 h. After that, the solution was left for 24 h. The white-colored precipitate formed
(nano-hydroxyapatite) was separated by filtering. The precipitate was dried using an oven at 105 °C
for 2 h. The synthesis temperature was varied at temperatures of 30, 60, 80 and 100 °C. The
hydroxyapatite synthesis reaction is as follows:

CaO + H20 — Ca(OH)2
10Ca(OH)2 + 6(NH4)2HPO4 — Cai0(PO4)s(OH)2 + 6H20 + 12NH4OH

Characterization. Hydroxyapatite products were observed for particle size and crystallinity using
XRD Rigaku Miniflex 600. The nano-hydroxyapatite (nm) particle size can be determined using the
following Scherrer equation:

092
"~ B cos(6)

(1)

Where d is particle size, A is the wavelength of XRD radiation, 0 is diffraction angle of diffraction
peak, and B is full width at the half-maximum value of hydroxyapatite diffraction peak (211).
Crystallization phase (X,) is calculated using the following equation:

X, = M )

300
Where I3, = intensity at peak (300) and vy /300 = intensity at peak (112) and (300). The function

group was determined using FTIR Thermo Scientific Nicolet iS10 at wavenumber 500-4000 cm.
Morphology and elements were determined using SEM-EDS JEOL JSM 6510-LA.

Antibacterial activity. Antibacterial activity tests were carried out using the diffusion method.
The bacteria species of E. coli ATCC 25922 (gram-positive) and S. aureus ATTC 6358 (gram-
negative) were obtained from PT Bio Farma. Variation in nano-hydroxyapatite concentrations was
12.5, 25, 50, 100, and 200 pg mL!' using DMSO as a solvent. The test bacteria (0.1 mL) were each
put into a petri dish containing 10 mL of nutrient agar. The mixture was homogenized by shaking
until it freezes. After that, paper discs were placed on the surface of the media and pressed with a test
solution (nano-hydroxyapatite) using a 10 puLL micropipette. Petri dishes were wrapped in paper, for
24 h incubated at 37 °C in the incubator. The inhibitory diameter formed in millimeters was used to
determine antibacterial activity.
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Results and Discussion

Characterization of nano-hydroxyapatite. Fig. 1 shows the XRD pattern of nano-
hydroxyapatite synthesized at temperatures 30, 60, 80, and 100 °C. The main diffraction peak of
nano-hydroxyapatite at various temperatures following JCPDS No. 09-432. The nano-hydroxyapatite
phase is characterized by the main intensity at a 26 value 25.889°,31.773°, 32.196°, 32.902°, 46.771°,
and 49.468° which correlate with the field of hkl i.e. (002), (211), (112), (300), (222), and (213). The
temperature of synthesis affects the intensity of the peak. It can be seen that the increase of synthesis
temperature, the high the peak intensity. The highest peak is hydroxyapatite which is synthesized at
100 °C. Other research reported that hydroxyapatite synthesized in temperature 25 °C has an
amorphous peak [19]. The heating process of fish bones releases collagen and proteins that are bound
to fish bones.
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Figure 1. XRD spectra of nano-hydroxyapatite

Peak intensity affect on particle size and crystallinity. Table 1 show particle size and crystallinity
increased with increasing synthesis temperature. Diffractogram of hydroxyapatite with sharp and
narrow peaks shows that the compounds formed have high crystallinity [20]. Hydroxyapatite particle
sizes at all synthesis temperatures are in nanoscale size (<100 nm), so it is classified as nano-
hydroxyapatite. This particle size is greater than the hydroxyapatite from seashell with the same
method, namely 101 nm [21]. The biggest crystallinity is obtained at 100 °C.

Table 1. Particle size and crystallization nano-hydroxyapatite at various synthesis temperatures

Temperature (°C)  The crystallite size (nm)  Crystallinity (%)

30 37.32 73.8
60 44.19 78.8
80 45.99 80.2
100 49.27 89.3

Fig. 2 shows the nano-hydroxyapatite FTIR spectra at wavenumbers 500-4000 ¢cm™'. The
characteristic feature of the phosphate group can be observed in wavenumbers 500-1100 cm™ [20].
The wavenumbers at 551-559 cm™! and 597-599 cm™! indicate the P-O group bending absorption.
The wavenumber at 960-984 and 1050-1060 cm™! correlated with stretching vibration of C—O bond.
The OH stretching group appears at wavenumbers 3000-3500 cm™' [22]. The carbonate group
(CO3%") derived from fish bone is still detected at wavenumbers 1400-1450 cm™! where the peak
intensity decreases as synthesis temperature increase. Natural bones contain carbonates in the amount
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of 4-8% which are substituted by several elements such as Na*, K*, Mg**, F-, CI', etc [23]. The
presence of COs3? is also thought from reaction CO: in the atmosphere with precursors and
substituting PO4>~ [24].
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Figure 2. FTIR spectra of nano-hydroxyapatite

The morphology and element of nano-hydroxyapatite were analyzed using SEM-EDS. In this
study, the analysis was carried out on nano-hydroxyapatite synthesized at a temperature of 100 °C.
Morphology with a magnification of 40,000 times and spectra of EDS nano-hydroxyapatite can be
seen in Fig. 3. The surface of nano-hydroxyapatite appears solid and shows the presence of pores in
several locations.
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Figure 3. SEM micrograph and EDS spectra of nano-hydroxyapatite

The content of the nano-hydroxyapatite element is presented in Table 2. The molar ratio of Ca/P
for theoretical nano-hydroxyapatite is 1.67 [25]. From EDS data can be calculated the molar ratio of
Ca/P hydroxyapatite. The value of the molar ratio obtained is 1.71. A larger molar ratio indicates that
some Ca did not react with the phosphate groups because they were still bound to the carbonates. The
presence of carbonate ions appears in FTIR spectra. The carbonate group is often found in natural
nano-hydroxyapatite [22].

The antibacterial effects of nano-hydroxyapatite have been extensively studied with various
methods and types of bacteria [26]. These antibacterial properties are important in biomedical
applications. Nano-hydroxyapatite has antibacterial ability better than its bulk size [4]. FTIR spectra
indicated that hydroxyapatite contains carbonate. The presence of carbonate can increase
hydroxyapatite bioactivity. Incorporation of hydroxyapatite with carbonates increases solubility,
increasing the concentration of Ca and phosphate ions are important in bone formation [27].
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Inhibitory diameter after the addition of nano-hydroxyapatite in S. aureus and E. coli bacteria shown
in Fig. 4. The size of the inhibition zone is influenced by the type of test bacteria, size, and
concentration of nanoparticles [28]. The higher concentration of antibacterial compounds used, the
higher antibacterial activity produced [29]. The largest inhibition diameter at concentrations of
200 ug mL" ie 14.1 and 10.2 mm for S. aureus and E. coli.

Table 2. The elements of nano-hydroxyapatite

Elements Mass (%)
O 53.07
Ca 32.29
P 14.64
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Figure 4. Antibacterial activity of nano-hydroxyapatite to S. aureus and E. coli

The mechanism inhibition can occur through several mechanisms namely, the OH group on
nano-hydroxyapatite destroys the cell wall and the structure of bacterial proteins. In this study, the
increase of temperature synthesis, the water evaporates so the OH group decreases but hydroxyapatite
has greater crystallinity and purity which is suitable for bone implants. The OH group destroys
bacterial cell walls by combining N-acetyl muramic acid into mucopeptide structures while the
destruction of bacterial protein structures is caused by the occurrence of protein denaturation due to
chemicals. Other literature states that inhibition is related to bacterial cell walls through the
mechanism of peptidoglycan destruction. Hydrogen bonds between H atoms in hydroxyapatite and
O atoms in peptidoglycan interfere with tetra-peptide bonds so that the bonds in peptidoglycan
become unstable, and therefore peptidoglycan is easily destroyed [30]. The difference in diameter
inhibition of the two bacteria is different due to differences in the membrane structure of the
bacterial [31]. Gram-positive bacteria are bacteria that have a cell wall consisting of the main
component of peptidoglycan which are permeable which usually does not limit the penetration of
antimicrobial [32].

Summary

Nano-hydroxyapatite has been successfully synthesized from snakehead fish bone at various
synthesis temperatures (30, 60, 80, and 100 °C) by coprecipitation method. The highest crystallinity
was obtained from the synthesized nano-hydroxyapatite at the temperature of 100 °C with the
crystallinity of 89.3% and particle size 0of 49.27 nm. Nano-hydroxyapatite has antibacterial properties
in both test bacteria, gram-positive and gram-negative bacteria. Thus, nano-hydroxyapatite has the
potential to be applied in biomedical.
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