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Hydroxyapatite was isolated from the chicken bones of Black Sumatra and Fighter cock by thermal cal-
cinations at 700 �C. The reducing power of Plumbago indica was responsible for the green synthesis of sil-
ver NPs. The isolated hydroxyapatite was used for the preparation of hydroxyapatite doped silver
nanoparticles (HAp/AgNPs) against both Gram-positive and Gram-negative bacteria. The Black Sumatra
bone derived HAp/AgNPs were excellent activity against Klebsiella pneumoniae (28 mm), Staphylococcus
aureus (26 mm), Bacillus cereus (24 mm), respectively. Fighting cock bones derived HAp/AgNPs demon-
strated activity against Staphylococcus aureus (22 mm), Klebsiella pneumoniae (25 mm) and Bacillus cereus
(23 mm), respectively. The MIC value ranged between 45 ± 1.2 mg/mL and 104 ± 0.25 mg/mL. The HAp/
AgNPs were characterized by X-ray diffraction (XRD), Fourier Transformed Infrared spectroscopy
(FTIR), and Scanning Electron Microscopy (SEM). The XRD patterns of the Hap/Ag revealed functional
peaks representing the reflection planes. The HAp/AgNPs showed an ellipsoidal morphology in SEM anal-
ysis. The morphological studies at various magnifications indicated that HAp/AgNPs with good crystal
structure could prepared by using co-precipitation method.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The rapid pace of urbanization and accelerated industrialization
is a great challenge for waste management and environmental sus-
tainability (Koop and van Leeuwen, 2016). Elimination of biological
wastes requires specific techniques owing to the pathogenic traits,
fluid content and their high oxidation rates. Appropriate waste
transformation can augment the profit from the by-products and
also ensure a sustainable environment. The major contributors of
animal wastes are the slaughterhouses; a high percentage of these
wastes cannot be converted into value-added by products. The
wastes from a slaughter house include bones, skins, feathers, ten-
dons, internal organs and blood depending on the food culture of
each region (Adhikari et al., 2018). The fighting cock is a South-
east Asian species that was formerly raised for cockfighting and
now one of the most common sources of poultry food. More likely
the chickens are reared for their meat and wild chickens that have
a life span of 4–6 years have a special price hike in the chicken
markets when compared to the broiler chickens that reach a
slaughter size within 14 weeks of age (Eda, 2021). The Black Suma-
tra has lustrous black plumages and the males often engage in
fights to mark their dominance. Although the poultry slaughter-
house wastes possess a hazard aspect, handling and processing
the wastes can be done efficiently and narrowed down to many
applications such as animal feed, chitosan that can be used in
dielectric products, gelatine and collagen that are extensively used
in cosmetics, medical and pharmaceutical industries (Adhikari
et al., 2018). The contemporary methods employ significant
approaches to extract compounds from chicken bones that have
replaced the traditional methods in dentistry and orthopaedics
(Vinoth Kumar et al., 2021).
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Hydroxyapatite (HAP) can be extracted from biological sources
including mammalian, bovine, fish, cattle and poultry bones. HAP
has a key role in stimulating bone regeneration but they can either
be deficient in calcium or phosphorous in their non-stoichiometric
forms (Shi et al., 2021). HAP synthesized from animal bones can
mimic the natural apatite present in human bones and are required
to enhance bone formation (Malla et al., 2020). Arrays of tech-
niques are employed for the synthesis of HAP such as thermal
treatment, sol–gel method, micro-emulsion technique, chemical-
precipitation and hydrothermal approach. HAP prepared using
chemical synthesis method does not possess significant biological
properties whereas, HAP with desirable biological characteristics
synthesized from natural sources in an eco-friendly manner using
egg shells and animal bones were biocompatible and exhibited
interesting biological activities (Ojo et al., 2021; Yelten-Yilmaz
and Yilmaz, 2018). HAP has several applications in the medical
and pharmaceutical field including scaffold production in tissue
engineering (Shi et al., 2021), yet the amalgamation of HAP with
novel materials with multifaceted applications is limited.

Nanotechnology is an emerging field that has grabbed the
attention of researchers around the globe and nanomaterials are
widely employed in scientific approaches due to their unique prop-
erties such as small size, large surface area and target-specific
mechanism of action (Kaviyarasu et al, 2020). Metallic-
nanoparticles are efficiently synthesized using eco-friendly materi-
als and are comparatively less toxic than nanoparticles synthesized
using physical and chemical methods. Plants, microbes and other
natural sources are constantly being exploited for the synthesis
of nanoparticles that can potentially overcome the threats of toxi-
city and environmental hazards (Panimalar et al., 2020). However,
using wastes to augment the production of nanoparticles can rev-
olutionize the field of nanotechnology by reducing the cost of
investment in raw-materials and alternatively reduce environmen-
tal pollution and promote sustainability. Amidst other metallic
nanoparticles, Silver nanoparticles (AgNPs) have gained the spot-
light owing to their exclusive biological properties (Rathnakumar
et al., 2019; Amanulla et al., 2018). The antibacterial properties
of AgNPs against multidrug resistant strains are interesting and
appreciable. Since the search for new antibacterial agents contin-
ues due to the upsurge and outbreak of contagious diseases caused
by microorganisms and lack of effective antimicrobial agents/an-
tibiotics, pharmaceutical industries and research arenas indulge
in developing novel drugs that can effectively tackle antimicrobial
resistance (Ciobanu et al., 2012). Silver and gold nanoparticles have
antibacterial activities against multi drug resistant bacterial strains
detected from various environments (Bindhu et al., 2020; Bindhu
and Umadevi, 2014a; Bindhu and Umadevi, 2014b). The emerging
problem of multi-drug resistance and the consequences that the
food, health and various other sectors stimulate researchers to
search effective alternative and safe approaches to fight biofilm
formation and antimicrobial resistance. Silver nanoparticles have
been widely investigated because of antimicrobial properties.
However, recently, it has been recommended to create synergistic
composite materials, because bacterial pathogens can effectively
develop resistance against metal nanophases; hence, it could be
very important to improve and maintain their antibacterial poten-
tial. The complex synergistic composite materials comprised
AgNPs and one of the active organic molecules (Kukushkina
et al., 2021; Uma Maheshwari Nallal et al., 2021). However the
use of HAP extracted from chicken bones to prepare HAp/AgNPs
has been rarely investigated and its biological properties are
uncharted. The emerging trend of the drug resistance development
and the consequences that the food, health and other sectors face
stimulate biologists to search effective alternative methods to
combat drug resistance and biofilm formation. In this study an
attempt was made to use Plumbago indica for the green synthesis
2

of AgNPs and chicken bone for hydroxyapatite preparation. The
main aim of this study is to develop HAp/AgNPs and to investigate
synergistic antibacterial properties.
2. Materials and methods

2.1. Preparation of hydroxyapatite from the natural sources

The chicken bones of Black Sumatra and Fighter cock were pur-
chased from a slaughterhouse and washed with tap water several
times, followed by distilled water to remove meat and adhered
skin and hair on the surface of the bones. Chicken bone was boiled
with double distilled water for 1 h and the adhered meat was
removed. The bones were broken mechanically and removed bone
marrow. It was further treated with acetone for 2 h at 28 ± 1 �C and
the bone was washed with double distilled water until the con-
tents on the bones removed. Then it was dried at 80 ± 2 �C for
2 h and the moisture content was removed. The dried chicken bone
was ground into small pieces and the bone was placed in silica cru-
cible and calcination process was performed in optimum tempera-
ture (700 �C) with adequate holding time as suggested previously
(Rajesh et al., 2012; Vinoth Kumar et al., 2021). The schematic pre-
sentation of hydroxyapatite preparation was described in Fig. 1.
2.2. Preparation of hydroxyapatite doped silver nanoparticles

2.2.1. Synthesis of AgNPs
P. indica was collected at Kanyakumari, India between January

2021 and February 2021. The aerial part of the plant was removed
(100 gm), dried (sun drying) and powdered by mechanical grind-
ing. The powdered material was used for the preparation of
nanoparticles. About 1.0 g powder was suspended in 99 mL double
distilled water and stirred for 2 h. It was filtered using a Whatman
No 1 filter paper and used as the natural bioreductor for the prepa-
ration of silver nanoparticles. Plumbago extract has been widely
used for the green synthesis of nanoparticles due to high phenolic
content (Singh et al., 2018). The plant extract (2 mL, 1%) was mixed
with aqueous silver nitrate solution (100 mL, 1 mM), followed by
microwave assisted green NPs synthesis (Fatimah et al., 2018;
Garibo et al., 2020). The development of NPs was monitored using
UV–Visible spectra.
2.2.2. Hydroxyapatite doped – silver nanoparticles
The hydroxyapatite doped silver nanoparticles (HAp – AgNPs)

was prepared by co-precipitation method. The HAp doped – AgNPs
were synthesized from CaO as suggested previously with little
modifications from Black Sumatra and Fighting cock with the
atomic ratio of Ag/[Ag + Ca] was 0.2. Then it was dissolved in dou-
ble distilled water (200 mL) and was continuously stirred at room
temperature. To the solution, (NH4)2HPO4 was continuously added
until the atomic ratio of [Ca + Ag]/P was 1.67. It was maintained at
150 �C for overnight in an oven and the final slurry was dried at
80 �C and finally HAp – AgNPs were obtained (Zhou et al., 2020;
Ciobanu et al., 2013).
2.3. Antibacterial activity of HAp doped – AgNPs

2.3.1. Bacterial strains
Three Gram-positive bacteria (Staphylococcus aureus, Streptococ-

cus pyogenes and Bacillus cereus) and three Gram-negative bacteria
(Klebsiella pneumoniae, Escherichia coli, and Enterobacter aerogenes)
were used for the determination of antibacterial activity. The bac-
teria were sub cultured and transferred to 50 mL Mueller-Hinton
broth (MHB) and the culture was incubated for 18 h at 37 ± 1 �C.



Fig. 1. The schematic presentation of hydroxyapatite preparation.
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2.3.2. Disc diffusion method
Gram-positive and Gram-negative bacterial strains were tested

for susceptibility to determine antibacterial activity of HAp –
AgNPs. Disc diffusion method was used for the determination of
antibacterial activity as described previously. The MIC value was
determined by analyzing the number of culturable bacterial cells
which developed as single colony after in the presence of HAp –
AgNPs. Overnight culture of Gram-positive and Gram-negative
bacterial strains were cultured in 100 mL Erlenmeyer flask contain-
ing 50 mL LB broth medium and incubated at 37 ± 1 �C at 150-rpm
for 24 h at various concentrations of HAp – AgNPs. The growth of
bacteria was visually analyzed after 24 h and the minimum inhibi-
tory concentration (MIC) was determined as described earlier.
2.3.3. Characterization of HAp – AgNPs
CaO prepared from Black Sumatra mediated particles (HAp –

AgNPs) were used for structural characterization. The morphology
of HAp – AgNPs microparticles was analyzed using a Scanning Elec-
tron Microscopy (SEM, S 4800) operated at 5 kV with 2.4Kx, 5Kx,
12Kx and 25 Kx magnification. The FT-IR spectrum of the sample
was registered from 500 to 4500 cm�1 on dried KBr pellets using
Fourier Transform Infrared analysis. The crystalline nature and lat-
tice factors of HAp – AgNPs were analyzed using XRD analysis.
3

3. Results

3.1. Extraction of natural hydroxyapatite

Black Sumatra and Fighter cock bones were suitable source of
hydroxyapatite. The colour of the Black Sumatra cock bone was
black after deproteination, whereas the fighting cock bone was thin
pale yellow in colour. The yield of the deproteinized bone of Black
Sumatra and Fighting cock was 25 g, 19 g, respectively. The depro-
teinized bone was subjected to thermal treatment at 700 ◦C and a
colourless (white) crystalline powder was obtained.

3.2. Antimicrobial activity of HAp – AgNPs against Gram-positive and
Gram-negative bacteria

The bacteria such as, S. aureus, S. pyogenes, B. cereus, K. pneumo-
niae, E. coli, and E. aerogeneswere selected to investigate the mech-
anism of action because of different cell structures. From the
inhibitory zone on MHA plates, it can be evidenced that the ana-
lyzed HAp – AgNPs showed potent bactericidal activity on both
Gram-negative and Gram-positive strains. From the results, it can
be seen that the Black Sumatra bone derived HAp – AgNPs were
excellent activity against K. pneumoniae (28 mm), S. aureus
(26 mm), B. cereus (24 mm), respectively. Fighting cock bones



Table 1
Minimum inhibitory concentration of chicken bone derived HAp/AgNPs against
Gram-positive and Gram-negative bacteria.

Bacteria Minimum Inhibitory Concentration (mg/mL)

Black Sumatra-HAP-AgNPs Fighter Cock-HAP-AgNPs

S. aureus 45 ± 1.2 49 ± 2.5
K. pneumoniae 49.5 ± 3.1 53 ± 1.8
S. pyogenes 63 ± 2.5 68 ± 0.35
E. coli 72 ± 0.5 79 ± 2.5
B. cereus 46 ± 1.25 68 ± 1.25
E. aerogenes 89 ± 5 104 ± 0.128
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derived silver HAp – AgNPs demonstrated activity against S. aureus
(22 mm), K. pneumoniae (25 mm) and B. cereus (23 mm), respec-
tively (Fig. 2). The MIC value ranged between 45 ± 1.2 mg/mL and
104 ± 0.25 mg/mL (Table 1). It is also to be explained that Black
Sumatra bone derived HAp – AgNPs showed excellent antibacterial
activity than Fighter cock, hence further characterization experi-
ments were performed only with Black Sumatra bone derived
HAp – AgNPs. Hydroxyapatite-Ag composite materials have the
ability to affect biofilm formation and antimicrobial resistance.
These synergistic composite materials have activity against both
Gram-positive and Gram-negative bacterial pathogens and the
result was compared with other fabricated materials (Table 2).
3.3. Doping and characterization of HAp – AgNPs

The colour of the green synthesized AgNPs was changed from a
pale yellow to a deep brown colour after 10 min microwave
assisted bioreduction indicating the development of AgNPs. The
reducing power of P. indica extract is mainly due to the presence
of phenolic compound in the extract. The XRD patterns of HAp –
AgNPs described in Fig. 2 revealed functional peaks characteristics
of HA at 2h values of 18.2�, 23�, 26.8�, 32.4�, 39.1�, 42.8�, 47.6�,
49.2�, 57.2�, 62.3� and 79.2�, representing the reflection planes
(001), (002), (111), (211), (110), (301), (200), (222), (004),
(322) and (313), respectively (Fig. 3). From the above results,
the reflection (211) was for HAp – AgNPs and (200) for Ag crystal
lattice, respectively. The present finding demonstrated suitability
of Black Sumatra bone to produce HA with appreciated level of
crystallinity. The characteristic reflections were noticed for HAp –
AgNPs. The HAp – AgNPs samples showed open-porous structure
which indicated higher porosity and this porosity was developed
because of sintering process. FT-IR spectrum of HAp – AgNPs
revealed intense band and symmetric stretching. The sharp and
intense band at 554 cm�1 and 1074 cm�1 revealed symmetric
stretching of –P-O. The broad band at 3405 cm�1 revealed the pres-
ence of –OH group. The bands occurred in the spectra of 1415,
1634 and 2354 cm�1 (Fig. 4). As described in Fig. 5, the doped
HAp-Ag nanoparticles showed an ellipsoidal morphology in SEM
analysis. The morphological studies at various magnifications indi-
Fig. 2. Antibacterial activity of HAp/AgNPs against Gram-positive and Gram-negative bac
cereus).

4

cated good crystal structure of HAp – AgNPs and co-precipitation is
one of the suitable methods for the preparation of HAp – AgNPs.

4. Discussion

Natural HAp was isolated from chicken bone of Black Sumatra
and Fighting cock at optimized temperature (700 �C) and yielded
white crystalline powder from both bones. The colour and the yield
of HAp were comparable with previous studies on waste chicken
bone of other breeds (Rajesh et al., 2012). The colour of the HAp
was related to sintering temperature and time of bone. In the case
of HAp preparation from bones, sintering time was mainly related
to the availability of ash content as a consequence of incomplete
organic combustion in the bone sample of chicken. Appearance
of white colour at 700 �C indicated complete calcinations. The pre-
sent finding and previous results reported by Rajesh et al. (2012)
revealed prolonged and low temperature for better calcinations
(Ramirez-Gutierrez et al., 2017). XRD analysis revealed diffrac-
togram of calcined bone sample heated at 700 �C.

In this study, the chicken bone treated at 700 �C of thermal
treatment sharply increased the diffraction peaks and this is attrib-
uted to the strong elimination of various amorphous organic sub-
stances from the sample. It has been previously reported a
narrower and sharper diffractogram peak in various calcinated
samples at high thermal treatment deduces the maximum crys-
tallinity in the treated human and animal bone (Figueiredo et al.,
2010). At lower thermal treatment, the presence of inorganic ions
teria (a: K. pneumoniae; b: E. coli; c: E. aerogenes; d: S. aureus; e: S. pyogenes and g: B.



Table 2
Biological activity of AgNPs-composite materials prepared by various methods.

Nature of the composite material Method Size (nm) Susceptible bacteria Reference

Silver-doped hydroxyapatite Coprecipitation 5 –15 K. pneumoniae, C. krusei 963 Costescu et al., 2013
Silver doped hydroxyapatite Sol-gel method 25 E. coli, S. aureus Jadalannagari et al., 2014
Silver-doped hydroxyapatite Sol-gel dip coating 100 S. aureus 0364, E. coli ATCC 25,922 Predoi et al., 2016
Silver-hydroxyapatite Co-precipitation 100 S. aureus, Pneumococcus Díaz et al., 2009
Hydroxyapatite-Ag composite Adsorption 22.03 P. aeruginosa, E. coli Silva-Holguín and Reyes-López, 2020
Silver nanoparticle-doped hydroxyapatite Co-precipitation 550 E. coli, S. aureus. Zhou et al., 2020
Silver-doped hydroxyapatite sol-Gel Spin Coating 21 ± 1.7 Candida albicans Prodan et al., 2020
Silver nanoparticle-doped hydroxyapatite Coprecipitation 4–12 E. coli, K. pneumoniae Citradewi et al., 2021
Silver-hydroxyapatite One-pot method 20–40 S. mutans Hou et al., 2021
Hydroxyapatite-Ag composite Coprecipitation 20–30 K. pneumoniae, S. aureus Present study

Fig. 3. XRD pattern for Black Sumatra chicken bone derived plant mediated HAp/AgNPs.
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such as, CO3
2+ and Mg2+ were determined in the bone samples, and

these minerals leads to the destabilization and distortion of HA
structure, hence optimum thermal dissociation at higher calcina-
tions temperature and is preferred for better stable HAp lattice
(Tõnsuaadu et al., 2012). The XRD patterns of doped NPs revealed
the presence of characteristics peak at better reflection plates
and these are similar with previous reports (Reddy et al., 2007;
Türk et al., 2017). The reflection (111) and (200) revealed the
presence of Ag crystal lattice in the XRD analysis and this has been
previous reported (Hassan et al., 2021; Silva-Holguín and Reyes-
López, 2020). The antibacterial activity of HAp – AgNPs was ana-
lyzed using various human pathogenic bacteria. Nanoparticles
have large surface area with bacterial cells and, hence a good inter-
action with the bacterial target will occur. The inhibitory effect of
NPs varied based on the size of the NPs (Raimondi et al., 2005).
Plant extracts have been previously used for the green synthesis
of silver and gold nanoparticles and the complex synergistic com-
posite materials showed antimicrobial properties (Bindhu and
Umadevi, 2015; Bindhu et al., 2014; Bindhu and Umadevi, 2013).
Hydroxyapatite doped silver nanoparticles were excellent activity
against Klebsiella pneumoniae (28 mm), Staphylococcus aureus
(26 mm), Bacillus cereus (24 mm), respectively. The antimicrobial
5

properties of gold and silver composite materials have been
demonstrated previously. The synthesized silver, gold, and palla-
dium composite materials were active against various drug resis-
tant Gram-positive and Gram-negative bacterial strains (Anjana
et al., 2019). Green synthesised NPs and preparation of composite
materials using organic sources add additional advantages. Sola-
num lycopersicums fruit extract has been used for the green synthe-
sis of silver nanoparticles and capping agent. These green
synthesized nanoparticles have various biological activities,
including antibacterial and antifungal activities (Umadevi et al.,
2013). About 12.5 lg spherical shaped silver NPs is required to kill
bacteria, whereas about 50–100 lg of silver ions at increased size
(Pal et al., 2007). The activity of HAp – AgNPs varied based on the
silver concentration and shape of the composite materials. Ciobanu
et al. (2013) reported antimicrobial properties of silver doped
hydroxyapatite NPs against Gram-positive, Gram-negative and
fungal pathogens. Gram-positive and Gram-negative bacterial
strains have been selected to determine the interactive effect based
on cell wall. The doped NPs showed antibacterial activity on the
Gram-negative and Gram-positive bacterial strains. However,
Gram-negative bacteria was highly susceptible than Gram-
positive bacteria and the bactericidal activity has been described



Fig. 4. FTIR spectrum for chicken bone derived plant mediated HAp/AgNPs.

Fig. 5. Scanning Electron Microscopy images of HAp/AgNPs (2400X, 5000X, 12000X
and 25,000 X).
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previously (Franci et al., 2015). The ionic form of Ag/HAs disrupts
the bacteria cell wall and binds to RNA and DNA and inhibits bac-
terial replication (Kolanthai et al., 2017; Liu et al., 2013).

Morphological studies were performed by SEM imaging at var-
ious magnifications. The calcinated chicken bone analyzed in this
6

study revealed spheroidal-like structure with various porosities.
At higher temperatures, the inter-granular holes of the bones are
more apparent and the grain size increased at higher sintering
temperatures. This increased size can be achieved as the result of
decarbonation and decomposition process in the HA lattice and
increased temperature improved the growth of HA structure
(Ramirez-Gutierrez et al., 2017). The SEM analysis revealed the
presence of uniform sized HAs from chicken bone and revealed
the presence of open porous structure. The increased porosity of
the sample derived from bone showed similarity to the previous
findings indicated the influence of sintering process (Ciobanu
et al., 2014; Hassan et al., 2021). In this study, the absorbance peak
was observed in the region between 1600 and 1700 cm�1 revealed
to O–H bending which confirmed absorption of water by the syn-
thesized materials (Kreibig and Vollmer, 1995; Predoi et al.,
2007). The XRD results of HAp – AgNPs revealed that powders pre-
pared by co-precipitation did not show any impurities and this
result was in accordance the observations made previously
(Ciobanu et al., 2012). In the XRD patterns, absence of various other
phases of HAp – AgNPs in bones sample revealed that the silver
ions have substituted with HAPs without affecting the crystal
structure of the HAp. This result was in accordance the observa-
tions made previously by Ravindran et al. (2010). The morpholog-
ical analysis of HAp – AgNPs revealed good crystal structure and
are useful for various applications.
5. Conclusions

In this study, chicken bone was used for the extraction of
Hydroxyapatite. The bioprocessing of naturally available bio-
waste is useful to reduce environmental pollution. The thermal cal-
cinations treatment was effective at 700 �C and results revealed the
absence of any organic matter at this thermal temperature. The
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analyzed HAp – AgNPs showed potent bactericidal activity on both
Gram-negative and Gram-positive strains. The doped HAp – AgNPs
revealed an ellipsoidal morphology in SEM analysis. The structural
analysis of composite materials revealed good crystal structure and
are useful for various applications. Further, the material exhibited
promising activity towards anti adipogenic activities against the
cell lines, therefore, further studies are in progress.
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