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Background: In the present paper, Nano-Hydroxyapatite (n-HAp) is synthesized from Indian Hen (Busra breed) and Hybrid Hen
eggshell waste using chemical precipitation methods. The principal objectives of this research are to synthesize natural HAp from
eggshell waste and comparing with commercial available Hydroxyapatite (HAp) as reference sample (NnanoXIM-Hap-202).

Methods: Analytical methods were used to characterize n-HAp and HAp including Fourier Transform Infrared Spectroscopy (FTIR),
X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy Dispersive Spectroscopy (EDS), Differential Scanning Calorimetry
(DSC) and Thermogravimetry-Differential Thermal Analysis (TG-DTA). Calcinations of eggshell waste at 850 to 900°C yielded HAp

with a calcium / phosphorus ratio of 1.71 to 1.75.

Result: A comparative analysis with a reference sample (commercially available HAp) revealed that the synthesized HAp exhibited
similar structural and chemical properties, with slight variations in their morphological and thermal characteristics.

Key words: Bone graft, Calcium-phosphorus ratio, Eggs shell, Hydroxyapatite, Nanoparticles.

INTRODUCTION

In today’s clinical practices, treating bone abnormalities,
including arthrodesis (fusion), spondylodesis, bone
excision or bone cutting and gelation under bone conditions
is difficult. Bone graft techniques, including demineralization
and deproteinization (xenograft), autogenous bone grafts
(allografts) and bone substitution (autografts), are commonly
used in clinical practice to repair damaged tissue. However,
it is not practical because of the lack of graft material and
the possibility of immunological refusal (Meskinfam et al.,
2018). Undoubtedly, the increasing need for artificial bone
transplantation is a result of longer life expectancies. The
material used for grafting should meet crucial physiological
and biomechanical criteria, including interconnected
porosity with suitable mechanical stiffness, bioactivity,
biocompatibility and biodegradability. Ninety percent of the
minerals in human bone are calcium phosphates, especially
HAp, with the other 10% to 20% being water, inorganic salts,
collagen fibers and proteins (Taz et al., 2019) (Jalageri et
al., 2022) As a consequence, HAp has been recognized as
a bone tissue matrix material. The collagen-hydroxyapatite
composite serves as a synthetic bone graft, replicating the
properties of natural bone and offering excellent
osteoconductivity for enhanced bone regeneration and it is
proven by one study when compared to intramedullary pins
alone, hydroxyapatite-collagen composite with autologus
bone marrow concentrate speeds up the healing of fractures
in dogs (Jain et al., 2023).

Hydroxyapatite implants are widespread in orthopedics,
dentistry and other fields. spondylodesis therapy, synthetic
bone grafts for bone-cutting procedures. Calcium and phosphate
are obtained from a variety of chemical precursors to
produce HAp in large quantities (Venkatesan et al., 2016)
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(Prabakaran et al., 2021). Despite this, the application of
hazardous chemicals and surfactants could affect
biocompatibility, which could interfere with the ability of in
vivo cells to regain their properties (Fihri et al., 2017). In
addition, artificial HAp implants are devoid of rare
ingredients such as Mg (magnesium) and trace amounts
of Cu (copper), Fe (metal), Mg (manganese), Zn (zinc) and
K (potassium) salts are crucial for the construction of new
bone cells. In this context, choosing a calcium source for
ceramics in the biomaterial formation process is fundamental
since it has an immense effect on the purity and
stoichiometry of the final product.
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Since calcium carbonate or CaCO, makes up 95-97%
of natural sources such as chicken eggshells, they can be
used as a source of raw calcium materials. When in contact
with human tissues, these biogenic sources provide swift
biomineralization (Castro et al., 2022). The implants are
nontoxic and maintain MG 63 osteoblast-like cells,
according to the results of a study on the viability of HAp
cells made from eggshells (Krishna et al., 2007).

India produces the third most eggs worldwide, behind
the U.S.A. and China, on the basis of an investigation
published by the United Nations Food and Agriculture
Organization. In the fiscal year of 2018-2019, the nation
produced 92 billion eggs. In 2019-2020, the poultry
business in India increased at an approximate yearly growth
rate of 8% and over the next five years, it is projected to rise
by 12%. Because of the microbiological activity of the shell
membrane, shells obtained from hen eggs are regarded
as worthless biowaste material and their amassing poses
a major environmental risk. As a result, the use of shells of
eggs to produce biomaterials on a massive scale, such
as HAp is essential (Kumar et al., 2023).

The mineral impurities in the shells of some Indian
chicken breeds are ten times greater than those in the
shells of boiler (hybrid) eggs (Lordelo et al., 2020). In light
of this, we used Indian native chicken shells from the hilly
parts of Maharashtra, India, for the current study. Rare
minerals such as selenium (Se), magnesium (Mg), fluoride
(F) and strontium (Sr) are found in these calcium-rich shells
and help to generate interfacial bone tissue. Strontium-
substituted hydroxyapatite (SrHAp) was used to assess
how strontium affects osteoblast differentiation. Strontium
promotes the development of osteoblasts into osteocytes
(Stipniece et al., 2020). Utilizing biowaste like eggshells in
sustainable materials synthesis holds significant promise.
Eggshells provide a readily available, renewable resource
for creating valuable products, thereby reducing our reliance
on mined materials. This approach also addresses
environmental concerns related to waste disposal. Furthermore,
eggshell-derived materials exhibit biocompatible properties,
making them suitable for biomedical applications, particularly
as a source of calcium for bone-related treatments
(Abdulrahman et al., 2014).

Biologically sourced n-HAp emerges as a viable
substitute for commercially produced hydroxyapatite in
numerous biomedical applications, with a particular
emphasis on bone regeneration. Empirical evidence
suggests that minimizing the particle size of HAp to the
nanometer scale significantly enhances its osteoconductive
properties (Vani et al., 2021). Moreover, the integration of
inorganic materials has been shown to augment interactions
between osteoblast cells and the material, thereby
promoting bone formation (Vani et al., 2021). Notably, multi-
ion doped nano-hydroxyapatite coatings applied to titanium
implants have yielded outstanding functional results in the
treatment of long bone fractures in canine models,
characterized by early limb utilization and an absence of
post-operative complications (Vani et al., 2021). Additionally,

the application of autologous bone marrow concentrate in
combination with hydroxyapatite-collagen has been
associated with early weight-bearing and successful
fracture union in dogs (Jain et al., 2023).

In this investigation, HAp was synthesized from the
eggshells of Indian hen eggs and the hybrid hen egg shell
and the product was compared with the reference sample
(NnanoXIM-Hap-202).

MATERIALS AND METHODS
Material

Indian hen eggs (Busra breed ) were purchased from a
local market, Diammonium Hydrogen Phosphate (D.A.P.)
Pallav Chemicals and Solvents Pvt Ltd. Mumbai, India.
NnanoXIM-Hap-202 as a gift sample for reference
purposes was obtained from Fluidinova,S. A Maia Portugal
and Double Distil Water (D.D.W).

Method

Various methodologies are employed in the synthesis of
hydroxyapatite (HAP)-like products, including the precipitation
technique, sol-gel approach, hydrothermal technique or
wet method, multiple emulsions, biomimetic deposition and
electrodeposition. Among these, the precipitation technique
is particularly valued for its simplicity and scalability.

In the precipitation method, calcium oxide (CaO) is
obtained from the egg shells of Indian hen egg (IE) and
hybrid hen egg (HE), which is followed by a confirmatory
test of CaO after the test of Hap synthesis as a precipitated
product of CaO and D.A.P. reactions. Fig 1 shows the
process’s visual portrayal. The study was conducted in
Pharmaceutical Department of Satara College of pharmacy
Satara, Maharashtra and study conducted from February
2022 to January 2025.

1) Boiling water was used to clean the egg shells. After
that, the samples were dried at 25°C in an oven.

1) The dried egg shells were crushed via a mortar and
pestle.

2) For the formation of CaO powder, crushed egg shells
were sintered for four hours at 850-900°C.

3) Different concentrations of diammonium hydrogen
phosphate (D.A.P.) solution, as shown in Table 1, were
used to treat the calcium oxide solution with a magnetic
stirrer for 1 hr. at 100°C

4) After one hour, the precipitate of hydroxyapatite was
prepared.

5) The resulting HAp precipitate was filtered through
Whatman filter paper and dried for four to five hours at
100°C in an oven.

Physicochemical characterization

The synthesis of HAp was confirmed via the conventional
FTIR spectroscopic technique. XRD was used to identify
the phases of the crystalline material. SEM was used to
study the morphology of the HAp particles, including their
shape, size and surface texture and EDS was used to
determine the weight and atomic percentages of all the
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elements in the HAp, which can be used to calculate the
calcium-to-phosphate ratio. To examine the thermal stability
and thermal response of the synthesized HAp powders,
DSC, TG and DTA were performed.

Characterization of HAp
FTIR

HAp was investigated via FTIR using a KBr pellet. The
sample preparation involved grinding HAp into a fine
powder, mixing it with KBr powder and compressing the
mixture into a thin pellet. The pellet was then inserted into
a SHIMADZU IR Prestige 21 spectrometer (SHIMADZU
Cooperation, Japan) and the 4000-400 cm wavenumber
range was used to record the FTIR spectra.

XRD

The obtained HAp powder was structurally characterized
via XRD analysis. The XRD pattern was recorded via a
Rigaku Ultima (Version-IV) diffractometer (Rigaku, Japan)
with Cu Ka radiation (A = 1.5406 A) at 40 KeV and 40 mA.
The XRD patterns of the samples were compared with the
reference sample diffraction data.

SEMand EDS
SEM

SEM was used to analyze the surface structure and
properties of the HAp powder. A [FEI Nova NanoSEM 450]
SEM instrument operating at 1.0 nm at 15 kV, 1.4 nm at 1 kV
and 1.8 nm at 3 kV and 30 Pa was used. With the use of a
sputter coater, a small layer of gold was applied to the
samples to improve conductivity and stop charging.

EDS

EDS was used to verify the fundamental constitution of the
HAp powder. The samples were evaluated at 123 eV with
Mn Ka radiation and 45 eV with C Ka radiation via an EDS
detector [Bruker XFlash 6130], with element detection
ranges ranging from 4 Be to 95 Am. FESEM: XT microscope

Control EDS: Espirit 1.9 software was used to find and
investigate the EDS spectra.

DTA-TG and DSC

The thermal properties of Standard Hap, IE 1 and HE1
were investigated via DTA-TG and DSC techniques. DTA
and TG analysis were performed via Thermogravimetric
Analyzers model number SDT 650 (Waters) and Trios
software. The sample was heated from room temperature
to 1200°C/min at a rate of 5°C/min. DSC analysis was
performed via a DSC 1 star system (Mettler Toledo) and
samples were prepared from room temperature to 300°C
at a heating rate of 10°C/min.

RESULTS AND DISCUSSION
FTIR

The molecular structures of the materials were investigated
via Fourier transform infrared (FTIR) spectroscopy. The FTIR
spectrum of HAp typically exhibits several characteristic
peaks. The broad peak at 3500-3600 cm™ indicates the
presence of hydroxyl ions due to hydroxyl (-OH) stretching.
Strong peaks between 1000-1100 cm? and 500-600 cm*
correspond to the symmetric and asymmetric stretching of
phosphate (PO4) groups. Additionally, the peaks at 1400-
1500 cm™ and 800-900 cm™ indicate the presence of
carbonate (CO,) ions, if present. Furthermore, the peaks
between 600 and 800 cm™ are attributed to the bending
vibrations of phosphate and hydroxyl groups, (Venkatesh
et al.,, 2002). Whereas the peaks below 500 cm™? are
associated with the lattice vibrations of the HAp crystal
structure (Fathi et al., 2007).

In HAp, carbonate groups (if present) exhibit a frequency
range of 1400-1500 cm-13. This phenomenon is observed
when eggshell calcinations are inadequate. CaCO, was
detected in samples IE2, IE3, HE2 and HE3, with
corresponding frequencies of 1408.75, 1464 and 1415.49
cm?, respectively. Conversely, the presence of phosphate
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Fig 1: Chart representation of the HAp synthesis process.
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and hydroxyl groups is denoted by frequencies of 3500- 1032.49, 1027.98, 1027.87, 1030.57 and 1031.27 cm™?,
3600 cm™ and 1000-1100 cm?, respectively. All the prepared  corresponding to hydroxyl stretching. The peaks within the
samples displayed distinctive peaks at 3652.30, 3639.02, frequency range of 500-600 cmindicate the formation of
3640.87, 3641.10, 3517.52, 3647.42 and 3650.74 cm™, the HAp crystal lattice structure (Venkatesan et al., 2016).
attributed to phosphate stretching and at 1024.83, 1028.84, (Table 2 and Fig 2) Consequently, the FTIR analysis of the
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Fig 2: FTIR spectrum of the IE 1, HE1 and reference sample.
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HAp powder samples revealed that samples IE1 and HE1
yielded appropriate results, whereas the other samples
exhibited some degree of deviation.

XRD

Fig 3 displays the XRD pattern of the calcined HAp sample.
High crystallinity is indicated by the appearance of distinct,
sharp peaks in the diffraction pattern. The maximum intensity
well-resolved characteristic peak is observed at 26 = 31.74°
(IE) and 31.70° (HE), which corresponds to the pure HAp
data and the standard HAp sample (JCPDS# 72-1243). The
synthesis of stoichiometric HAp in the apatite phase was
confirmed by the existence of this distinctive HAp peak in
addition to other peaks. Every diffraction peak is in good
agreement with the standard apatite HAp diffraction data.

SEM

The SEM micrographs of the reference HAp powder
revealed a uniform morphology with regularly shaped

Table 1: Batches of IE and HE with different concentrations of
D.A.P and D.D.W.

particles, and the average particle size ranged between
825 nm and 9.1 um, as shown in Fig 4. The particles
exhibited a rough surface texture, indicating a high surface
area with a porous nature. The particles of IE-1 and HE-1
have rough surface textures, irregular shapes, and average
sizes between 16.9 and 37.77 nm and between 26.9 and
37.77 nm, respectively.

EDS

The EDS spectra of the reference, IE-1 and HE-1 HAp powders
presented calcium (Ca), phosphorus (P) and oxygen (O)
peaks, confirming the composition of HAp presented in Fig 5.
Compared with those of the reference samples, the atomic
percentages of Ca, P and O and the Ca/P atomic ratios of the
IE-1 and HE-1 samples were found to be satisfactory in Table
3. The elemental map images show the distributions of Ca,
P and O within the sample and the reference images are
shown in Fig 6. X-ray map images show the distribution of X-
rays emitted by the sample, which represent the presence of
specific elements within the synthetic sample and reference
HAp sample, as presented in Fig 7.

Compound  Cao(g) DDM (ml) D.AP(@ D.D.W(ml) Thermal analysis
IE1 4 240 75 95 TGand DTA
IE2 4 240 3.75 48 The weight losses of 0.032%, 0.0711% and 0.054% in the
IE3 4 240 1.875 24 temperature range of room temperature to 1200°C are
HE1 4 240 7.5 95 shown by the TG and DTA curves in Fig 8. This loss is
HE?2 4 240 3.75 48 caused by the breakdown of organic contaminants and the
HE3 4 240 1.875 24 loss of adsorbed water.
Table 2: FTIR interpretation data.
Frequencies
. IE1 IE2 IE3 HE1 HE2 HE3 Reference
Required
3500-3600 3647.42 3639.02 3640.87 3641.10 3517.52 3639.02 3650.74
1400-1500 - 1408.75 1400.00 - 1415.49 1405.85 -
1000-1100 1100.87 1028.84 1032.49 1027.98 1083.83 1030.57 1031.27
800-900 - 872.631 875.760 - 873.596 872.639 -
31.76
25.76
1066 4506
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=

g —HE-1HP

& =—]E-1 HaP

Rafarancs HaP

26 Deg)

Fig 3: XRD patterns of HE-1, IE-1 and Reference HAp.
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Fig 4: SEM micrographs of A) reference samples B) IE-1 and C) HE-1.
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Fig 5: EDS spectra of A) reference sample B) IE-1 and C) HE-1, which represent the elemental composition of Ca, P and oxygen
O with the corresponding Ka peaks.

Table 3: Estimation of the atomic percentage and Ca/P ratio via EDS.

Sample Element Atomic percentage Ca/P ratio
Reference HAp powder O 67.72 1.71
Ca 22.63
P 10.26
Total 100
IE-1 HAp powder (¢} 69.73 1.74
Ca 20.98
P 9.29
Total 100
HE-1 HAp powder (¢} 72.15 1.72
Ca 19.23
P 8.63
Total 100
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DSC

The DSC curves for the three HAp samples (A, B and C)
are shown in Fig 9. Exothermic peaks are observed in the
DSC curves at 90.20°C, 91.16°C and 99.59°C. Curves
indicate the occurrence of exothermic reactions, such as
crystallization or decomposition, in the HAp samples.
The results of this study provide a comprehensive
evaluation of the potential of biologically derived
nanohydroxyapatite (n-HAp) synthesized from Indian hen
and hybrid hen eggshell waste as a viable alternative to
commercially available hydroxyapatite (HAp) (Kumar et al.,
2010) ( Prakash et al., 2024). The successful synthesis of
n-HAp from eggshells was confirmed through multiple
characterization techniques. Fourier Transform Infrared
(FTIR) spectroscopy revealed distinct peaks corresponding
to hydroxyl and phosphate groups, characteristic of
hydroxyapatite. Minor peaks attributed to residual carbonate
ions in some batches (e.g., IE2, IE3, HE2 and HE3) suggest

incomplete calcination, emphasizing the importance of
precise control over the synthesis conditions to eliminate
impurities (Francis et al., 2024) (George et al., 2020).
The presence of essential functional groups and the
absence of significant contamination validate the chemical
suitability of the synthesized n-HAp for biomedical
applications. X-ray Diffraction (XRD) analysis demonstrated
high crystallinity in the synthesized samples, with diffraction
patterns closely matching those of the commercial
reference sample (NnanoXIM-Hap-202) (Fitriyana et al.,
2024). The primary peak at 26 = ~31.7° aligns well with the
apatite phase, confirming the successful formation of
stoichiometric hydroxyapatite. High crystallinity is crucial
for the mechanical stability and bioactivity of HAp,
suggesting that the synthesized material meets the
structural requirements for orthopedic and dental
applications. Scanning Electron Microscopy (SEM) revealed
significant differences in the morphology of synthesized

Fig 7: EDS X-ray map images of A) reference sample B) IE-1 and C) HE-1.
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and commercial HAp (Mondal et al., 2023). While the
reference sample exhibited uniform, spherical particles
with smoother surfaces, the n-HAp samples displayed
rougher surfaces and irregular shapes.

The particle size of the synthesized HAp was in the
nanoscale range (~16.9 to 37.77 nm), smaller than the
commercial counterpart (~825 nm to 9.1 um), indicating
enhanced surface area. The nanoscale size and increased
surface roughness of synthesized HAp are advantageous
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Fig 8: TG and DTA graphs of A) reference sample B) IE-1 and C) HE-1.

AGRICULTURAL SCIENCE DIGEST - A Research Journal of Agriculture, Animal and Veterinary Sciences




Biologically Derived Nanohydroxyapatite: A Comparative Analysis with a Commercial Counterpart

for cellular interactions, bone integration and bioactivity,
despite minor deviations in morphology from the
commercial sample (Damiri et al., 2024). Energy Dispersive
Spectroscopy (EDS) confirmed the presence of calcium,
phosphorus and oxygen in the synthesized n-HAp, with a
Ca/P ratio ranging from 1.71 to 1.75-closely matching the
ideal ratio for biological HAp. This ratio ensures optimal
biocompatibility and mechanical properties. The close
match in elemental composition and Ca/P ratio
underscores the potential of eggshell derived HAp as a

functional material for bone regeneration. Thermal analysis
(TG-DTA and DSC) indicated excellent thermal stability of
the synthesized n-HAp, comparable to the commercial
reference. Weight loss profiles due to water and organic
material decomposition were minimal, demonstrating the
material’s resilience under physiological conditions.
Thermal stability supports the application of synthesized
HAp in high-temperature processes such as sintering for
implant fabrication. The utilization of eggshell waste
addresses two major challenges: reducing environmental
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Fig 9: DSC graphs of A) reference sample B) IE-1 and C) HE-1.
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impact from biowaste and providing a cost-effective raw
material for HAp synthesis (Ammar et al., 2023).

The study’s findings highlight the potential of using a
readily available, renewable resource to meet the growing
demand for biocompatible materials in healthcare. Although
the synthesized HAp showed slight morphological and
thermal deviations from the commercial reference, the
structural and chemical similarities suggest that it can serve
as a comparable alternative in biomedical applications. The
minor differences may even provide unique advantages,
such as enhanced cell adhesion due to surface roughness.
These results position eggshell-derived n-HAp as a
promising candidate for replacing or complementing
commercially produced HAp in applications such as bone
grafts, implants and tissue engineering scaffolds. To build
on the current findings, future research should prioritize
optimizing the synthesis conditions to minimize residual
impurities, ensuring the purity and consistency of the
synthesized hydroxyapatite (HAp).

Investigating the in vitro and in vivo biocompatibility
and bioactivity of the material is crucial to validate its
performance in biological systems and establish its
suitability for clinical applications. Additionally,
incorporating trace elements such as magnesium and
zinc could enhance the osteoconductivity and overall
functionality of the HAp, mimicking the natural composition
of bone tissue. Exploring these enhancements could
further improve the material’'s efficacy in promoting bone
regeneration and integration. Scaling up the production
process for industrial and clinical use is another essential
step, which will involve developing cost-effective, efficient
and environmentally friendly manufacturing techniques.
This will not only ensure the widespread availability of
eggshell-derived HAp but also position it as a sustainable
and competitive alternative in the biomedical market.
Furthermore, advanced studies into the long-term stability
and mechanical properties of the material under
physiological conditions are needed to confirm its
durability for orthopedic and dental applications. By
addressing these areas, future research can maximize
the potential of eggshell-derived nanohydroxyapatite and
expand its role in regenerative medicine (Kumar et al.,
2023) (George et al., 2020) (Ammar et al., 2023).

CONCLUSION

This study successfully synthesized nanohydroxyapatite
(n-HAp) from Indian hen and hybrid hen eggshell waste
using a sustainable and scalable chemical precipitation
method. The synthesized n-HAp was characterized using
advanced analytical techniques such as FTIR, XRD, SEM, EDS,
DSC and TG-DTA. These analyses confirmed the structural,
chemical and morphological properties of the synthesized n-
HAp and revealed its close resemblance to commercially
available hydroxyapatite, with minor differences in thermal and
morphological attributes. The calcium/phosphorus ratio and
crystalline characteristics of the synthesized n-HAp

demonstrated its suitability for biomedical applications. The
findings underscore the potential of utilizing eggshell waste as
an eco-friendly and cost-effective source for hydroxyapatite
production. This approach not only addresses environmental
concerns associated with eggshell disposal, but also offers
significant promise in developing biocompatible materials for
applications in bone grafts, implants and tissue engineering.
Future research could explore optimization of the synthesis
process and clinical validations to further establish the
synthesized n-HAp as a viable alternative to commercial
hydroxyapatite in biomedical applications.
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