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Abstract. The sea contains marine natural resources with a massive potential, including fish, which are 
mainly exploited to meet human food needs. Fish body parts such as bones, however, are often unused. 
The study was aimed to synthesize an antibacterial composite material based on hydroxyapatite (HAp) 
from skipjack tuna (Katsuwonus pelamis) bones and synthetic A-type zeolite (ZA). HAp was obtained 
from calcined fish bones and the mixtures of HAp/ZA in different ratios were prepared through a one-
step procedure using silica gel and aluminum hydroxide as precursors for ZA. The antibacterial composite 
material was then obtained by reacting the mixture with silver nitrate (AgNO3). The synthesized 
composite was characterized using X-ray diffractometry (XRD) and scanning electron microscope-energy 
dispersive X-ray (SEM-EDX). The antimicrobial activity of the composite was tested against Gram-
positive Staphylococcus aureus and Gram-negative Escherichia coli bacteria. XRD characterization 
showed the presence of HAp, Ag-ZA, Ag3PO4 and Ag, and SEM-EDX confirmed the ZA in cubic shape and 
other particles in irregular-shaped granules. The antibacterial test showed that the best antibacterial 
activity against the two bacteria was exhibited by the composite having a HAp:ZA ratio of 1.5:1. 
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Introduction. Oceans contain extraordinary quantities of still unused high quality 

natural resources of importance for the mankind welfare. Fish, a part of the marine 

biodiversity, is exploited on a large scale to meet various human needs. In the Fishbase 

database (Froese & Pauly 2019), it was noted that up to 2019, at least 34,300 species of 

marine and freshwater fish were identified in waters around the world, including skipjack 

tuna (Katsuwonus pelamis), which were mostly caught to fulfill human needs for food. 

Fish processing as food leaves out the bones, often wasted despite their hydroxyapatite 

(HAp) biomineral content, which has many uses. HAp generally contributes by up 60-

70% to the weight of fish bones (Piccirillo et al 2013) and this mineral is easily extracted 

and exhibits biocompatibility with human bone tissue (Granito et al 2018). Studies were 

widely conducted in order to investigate the potential of HAp from fish bones as material 

for bone tissue engineering (Venkatesan et al 2011; Boutinguiza et al 2012; Venkatesan 

et al 2015; Piccirillo et al 2015; Yamamura et al 2018) and to provide enhanced 

biocompatible materials combining HAp with other substances such as zinc (Yang et al 

2018), chitosan (Wikanta et al 2013), gelatin (Senthil et al 2018), wollastonite (Chen et 

al 2018), and ZSM zeolite (Iqbal et al 2016).  

In the present study, a composite material based on HAp K. pelamis bones and A-

type zeolite (ZA) was synthesized, and its ability to inhibit the growth of Staphylococcus 

aureus and Escherichia coli bacteria was examined to explore the potential of this 

composite as a biomedical material. 

 

Material and Method. All the chemicals used were of analytical grade and deionized 

water was used for preparing the solutions in the experiment. 45 uniform size fresh K. 
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pelamis with a fork length of 30-40 cm were obtained in early July 2020 from a fish 

auction in Bitung, North Sulawesi, Indonesia. Subsequent work including composite 

synthesis and its characterization and antibacterial activity analysis was conducted in the 

next four months. 

 

Fish bones preparation. The vertebrae were part of the bones used in this experiment. 

The bones were separated from the meat, boiled, cleaned of the still attached meat, air-

dried for 24 hours, and then dried in an oven at 100oC for 12 hours. The dried bones 

were then calcined at 1,000oC for 5 hours to obtain HAp, which was then ground and 

sieved with a 100 mesh sieve. 

 

Ag-treated HAp/ZA mixture. Silicate and aluminate solutions were adequately 

prepared by dissolving SiO2 and Al(OH)3, respectively, into NaOH 12 M solutions each. 

The two solutions were then mixed to initiate the formation of ZA and HAp was directly 

added to the solution. The amount of HAp added was adjusted to obtain mixtures of HAp 

and ZA having HAp:ZA mass ratio of 0.5:1, 1:1, and 1.5:1. The mixtures were then 

immediately heated in an oven at 90oC for 4 hours, stirring periodically. After completion 

of heating, the existing precipitates were separated through filtering, rinsed with 

deionized water so that the pH of the filtrate becomes neutral, and then dried in an oven 

at 100oC for 6 hours. The HAp/ZA mixtures were then reacted with AgNO3 solution with a 

mole ratio of Ag:HAp=5:1, through stirring at 65oC and 300 rpm for 24 hours. 

Subsequently, the mixtures were filtered, and the solids were heated in an oven at 90oC 

for 6 hours. The obtained composites were characterized using X-ray diffractometry 

(XRD) (PanAnalytical E'xpertPro) to identify the crystalline phases present in the material 

and the XRD patterns were analyzed with reference the Crystallography Open Database 

(COD), using the Match!3 software. The composites were subsequently investigated 

according to the Rietveld refinement method, using the software, as well. A scanning 

electron microscope (SEM) (FEI Inspect-S50) equipped with energy dispersive X-ray 

(EDX) was also employed to explore the surface morphology and the elemental 

composition. 

 

Antibacterial activity test. The antibacterial activity of the materials was tested against 

Gram-positive S. aureus and Gram-negative E. coli bacteria following the procedure 

described by Aritonang et al (2019). Distilled water and ciprofloxacin were used as 

negative and positive control, respectively. The diameter of the clear inhibition zone was 

measured using JMicroVision software. 

 

Statistical analysis. Data of clear zone diameter reflecting the ability of the composites 

to inhibit bacterial growth with comparison to ciprofloxacin as positive control and 

distilled water as negative control were analyzed statistically using the Tukey test at the 

95% confidence level. 

 

Results and Discussion 

 

XRD characterization. The XRD patterns of the composites are depicted in Figure 1 

showing the existence of HAp, Ag-ZA (dehydrated), Ag3PO4 and Ag, which are compared 

to patterns from COD. HAp is the main biomineral component in fish bones, and its 

presence in the synthesized composites was confirmed by the diffraction peaks in terms 

of standard HAp (COD-ID 9002213). AgNO3 treatment on the HAp/ZA mixtures resulted 

in Ag-ZA and Ag3PO4, which were identified by the diffraction peaks of standard Ag-ZA 

(COD-ID 4119066) and Ag3PO4 (COD-ID 2106404), respectively. The formation of Ag-ZA 

by ionic exchange of Ag+ in the structure of ZA was shown by some researchers (Nosrati 

et al 2015; Bedi et al 2012; Cerrillo et al 2018). The formation of Ag3PO4 by treating fish 

bones with AgNO3 was also demonstrated by Piccirilo et al (2014) using cod fish bones 

treated with the chemical before calcination. In our work, it was demonstrated that 

Ag3PO4 could also be generated from K. pelamis bones employing a slightly different 

method involving AgNO3 treatment on the calcined bones. The components’ relative 
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weight (%) in the composites was estimated by using the Rietveld refinement method, as 

shown in Table 1. The increasing HAp and the decreasing ZA were in line with the 

elevation of the HAp:ZA ratio. The increasing Ag3PO4 in the composites was also 

consistent with the increasing amount of precursor AgNO3 accompanying the increased 

ratio of HAp:ZA. On the other hand, the presence of Ag, referring to standard Ag (COD-

ID 1509145), was found in a small amount because it was consumed in the formation of 

Ag-ZA and Ag3PO4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. XRD patterns for the synthesized composites and comparison with the 

standard diffraction patterns for HAp, Ag-ZA, Ag3PO4, and Ag. 

 

Table 1 

Composition (% weight) of the composites estimated by the Rietveld refinement method 

 

Component HAp:ZA=0.5:1 HAp:ZA=1:1 HAp:ZA=1.5:1 

HAp 56.9 65.3 71.8 

Ag-ZA 41.5 31.1 22.8 

Ag3PO4 0.4 2.2 4.6 

Ag 1.2 1.4 0.8 

 

Morphlogy and elemental composition. The morphology of the composite particles 

analyzed by SEM is shown in Figure 2. Careful observation of the morphology of the 

composites clearly revealed the presence of Ag-ZA in cube-shaped particles which are 

typical of ZA, most of them sizing 0.5-1.5 m. This cubic shape was also observed by 

Cerrillo et al (2018) on Ag-ZA synthesized using commercial ZA. Other particles observed 

were smaller spherical grains consisting of HAp and Ag3PO4 particles. Piccirillo et al 

(2014) showed that HAp particles are larger and could be distinguished from smaller 

Ag3PO4. Metallic silver might exist as nanoparticles, below the resolution of SEM 

technique, and in amounts so small that it was not observed. The presence of more 

spherical grains with increasing HAp: ZA ratio was a response to the increase of the HAp 

added and to the increase of the Ag3PO4 formed. The tendency of increased HAp 

concentrations could also be noted from the elemental analysis (% weight) of the 
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composites using EDX (Table 2). The increase in the HAp concentrations with the HAp:ZA 

ratio was revealed by the increase in the concentrations of P and Ca. On the other hand, 

the sodium in the ZA structure appeared to be completely removed by Ag+ via a cation 

exchange to produce Ag-ZA.  

 

       
 (a) (b) 

 

 
 (c) 

Figure 2. SEM images of Ag-treated HAp/ZA-based composites. (a) HAp:ZA=0.5:1, (b) 

HAp:ZA=1:1, (c) HAp:ZA=1.5:1. 

 

Table 2 

Elemental composition (% weight) of the composites analyzed using EDX 

 

Element HAp:ZA=0.5:1 HAp:ZA=1:1 HAp:ZA=1.5:1 

O 29.51 32.97 31.47 

Na 2.16 0.00 0.33 

Al 11.33 9.41 8.00 

Si 9.84 7.81 7.44 

P 1.99 3.96 5.69 

Ag 40.59 37.90 36.71 

Ca 4.58 7.95 10.37 

 

Antibacterial activity. The antibacterial test by measuring the diameter of the clear 

zones, around the wells containing the synthesized antibacterial composites, showed that 

these composites had the potential as an antibacterial material against Gram-positive S. 

aureus and Gram-negative E. coli bacteria (Figure 3). The distinct zones around the wells 
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containing the compounds ciprofloxacin (as a positive control) and distilled water (as a 

negative control) reflect the ability of antibacterial agents to inhibit bacterial growth. It 

was obvious that the zones were only formed around the wells containing the antibiotic 

ciprofloxacin and the materials synthesized in this study, but not around the wells 

containing the dispersing agent (distilled water). The diameter of the inhibition zone 

formed around these wells is shown in Table 3. 

 

     
 (a) (b) (c) 

 

     
 (d) (e) (f) 

Figure 3. Antibacterial activity of (a) HAp:ZA=0.5:1, (b) HAp:ZA=1:1, (c) HAp:ZA=1.5:1 

against Staphylococcus aureus and (d) HAp:ZA=0.5:1, (e) HAp:ZA=1:1, (f) 

HAp:ZA=1.5:1 against Escherichia coli. 

 

Table 3 

Diameter (mm) of the inhibition zone 

 

Bacteria Replication 
Negative 

control 

HAp:ZA= 

0.5:1 

HAp:ZA= 

1:1 

HAp:ZA= 

1.5:1 

Positive 

control 

Staphylococcus 

aureus 

1 0 10.68 11.92 11.66 17.43 

2 0 10.81 12.83 13.12 17.26 

3 0 11.62 11.92 13.85 18.54 

Mean 0a 11.04b 12.22b,c 12.88c 17.74d 

Escherichia coli 

1 0 12.34 13.08 13.56 14.68 

2 0 12.66 14.47 12.67 14.78 

3 0 13.09 13.51 15 15.44 

Mean 0f 12.70g 13.69g,h 13.74g,h 14.97h 

Values indicated with the different letters shows significant difference at the 95% confidence level.  

 

Table 3 shows that the composites had an antibacterial activity. Those with the ratios of 

HAp:ZA=1:1 and HAp:ZA=1.5:1 gave the best results and were not significantly different 
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from the ciprofloxacin’s antibacterial activity against E. coli bacteria. On the other hand, 

the antibacterial activity of the composites with the HAp:ZA ratios of 1:1 and 1:1.5 were 

not significantly different, although their activity was significantly lower than the 

antibacterial activity of ciprofloxacin against S. aureus bacteria. The metallic Ag, despite 

its small concentration in the composites, was very effective as antibacterial agent 

(Junping et al 2015), but the Ag3PO4 and Ag-ZA had the main contribution to the 

bacterial inhibition. It was shown by Wu et al (2013) that Ag3PO4 could have antibacterial 

activity against E. coli bacteria. The antibacterial activity of Ag3PO4 involved the release 

of Ag+ ions from Ag3PO4, which then attacked the bacteria. Another study by Cerrillo et al 

(2018) showed that Ag-ZA was also a material that had the ability to inhibit the growth 

of S. aureus and E. coli bacteria. The antibacterial mechanism of this material was also 

preceded by the release of Ag+, but it was not fully understood (Yang & Hu 2015), a 

study by Feng et al (2000) suggesting that Ag+ caused DNA molecules to condense so 

that the bacteria lose their ability to replicate. Besides, Ag+ ions could interact with thiol 

groups in bacterial proteins, inactivating them. Jung et al (2008) showed that Ag+ 

entering the media could interfere with the mechanism required by the bacteria in the 

uptake and utilization of substrates for cell division, causing the shrinkage of the 

cytoplasmic membrane and the separation of the cell wall, which determined the outward 

diffusion of the cellular content and the subsequent cellular death. While the composites 

synthesized in this study were more effective in inhibiting the growth of E. coli bacteria, 

the ciprofloxacin, in contrast, showed a better antibacterial activity against S. aureus 

(Table 3). Similar results were found by previous researchers (Cerrillo et al 2018; 

Siddiqui et al 2013; Jung et al 2008) who suggested that the antibacterial effectiveness 

was related to the structure of the bacterial cell wall. 

 

Conclusions. Antibacterial composites containing HAp, Ag-ZA, Ag3PO4, and Ag could be 

synthesized from HAp derived from K. pelamis bones and synthetic ZA. The synthesis 

procedure by direct application of AgNO3 on mixtures containing HAp (from calcined K. 

pelamis bones) and synthetic ZA resulted in Ag3PO4 and Ag-ZA (via Na substitution). The 

composite with a HAp/ZA ratio of 1.5:1 exhibited the best antibacterial activity. The 

performance, however, was not significantly different from that of the composite with a 

HAp/ZA ratio of 1:1 against S. aureus and E. coli bacteria. 
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