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ABSTRACT 

This study compares eight extraction protocols for producing hydroxyapatite (HA) from chicken bone waste. Each 

method used a unique combination of preparation steps, such as separating bones by type, removing fat with acetone, 

and cleaning with hydrogen peroxide for different lengths of time, before heating the bones at 800–900 °C, as 

specified by the protocol. Separating the bone segments and applying chemical treatments together resulted in greater 

removal of organic material. The calcined powders showed clear differences in purity and color. The acetone + 

extended H₂O₂ treatment (Method H) produced the lightest and cleanest HA powder. FTIR analyses confirmed these 

results. In Method H, the loss of organic bands and the strong PO₄³⁻ vibrational peaks indicated the highest chemical 

purity. XRD and SEM analyses further confirmed that HA was the dominant phase in all powders, whereas Method 

H exhibited the highest crystallinity together with a submicron particle morphology characteristic of bone-derived 

HA. Overall, the findings demonstrate that Method H is the most effective approach for obtaining high-purity 

biogenic HA and suggest that this material may be a promising candidate for future biomedical design applications 

after further processing and validation, including polymer-based composites, tissue-mimicking structures, and other 

related biomedical systems. 

Keywords: hydroxyapatite, chicken bone waste, calcination, extraction protocols, biomedical design applications 

ÖZET 

Bu çalışma, tavuk kemiği atıklarından hidroksiapatit (HA) üretmek için kullanılan sekiz farklı ekstraksiyon 

protokolünü karşılaştırmaktadır. Her bir yöntemde, kemiklerin türlerine göre ayrılması, yağın aseton ile 

uzaklaştırılması ve kemiklerin protokolde belirtildiği şekilde 800–900 °C’de ısıtılmasından önce, farklı sürelerde 

hidrojen peroksit ile temizlenmesi gibi kendine özgü hazırlık adımlarının bir kombinasyonu uygulanmıştır. Kemik 

segmentlerinin ayrılması ve kimyasal işlemlerin birlikte uygulanması, organik materyalin daha fazla 

uzaklaştırılmasını sağlamıştır. Kalsine edilen tozlar, saflık ve renk açısından belirgin farklılıklar göstermiştir. Aseton 

+ uzatılmış H₂O₂ işlemi (Metot H), en açık renkli ve en temiz HA tozunu vermiştir. FTIR analizleri bu sonuçları 

doğrulamıştır. Metot H’de organik bantların kaybolması ve güçlü PO₄³⁻ titreşim pikleri, en yüksek kimyasal saflığa 

işaret etmiştir. XRD ve SEM analizleri ayrıca tüm tozlarda baskın fazın HA olduğunu doğrulamış, buna karşılık 

Metot H, kemik kökenli HA’ya özgü submikron parçacık morfolojisi ile birlikte en yüksek kristallilik derecesini 

sergilemiştir. Genel olarak bulgular, Metot H’nin yüksek saflıkta biyojenik HA elde etmek için en etkili yaklaşım 

olduğunu göstermekte ve bu malzemenin, polimer esaslı kompozitler, doku benzeri yapılar ve diğer ilgili 

biyomedikal sistemler dâhil olmak üzere, ilave işleme ve doğrulama çalışmalarının ardından gelecekteki biyomedikal  
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tasarım uygulamaları için umut verici bir aday olabileceğini düşündürmektedir. 

Anahtar Kelimeler: hidroksiapatit, tavuk kemiği atığı, kalsinasyon, ekstraksiyon protokolleri, biyomedikal tasarım 

uygulamaları 

INTRODUCTION 

Hydroxyapatite [Ca₁₀(PO₄)₆(OH)₂] (HA) is a calcium phosphate-based bioceramic that constitutes the major 

inorganic component of natural bone tissue (Amjad, 1998). Due to its excellent biocompatibility, osteoconductivity, 

and similarity to the mineral phase of human bone, it has been widely used in biomedical applications, including 

bone grafts, dental implants, and drug delivery systems (Atemni et al., 2023; Mucalo, 2015; Beckham, Greenlee, and 

Crebo, 1971). While synthetic HA can be produced through various chemical methods, naturally derived HA offers 

structural and biological advantages due to its inherent hierarchical organization and presence of trace elements such 

as Na and Mg, which enhance bioresorbability and biological activity (Sossa et al., 2018; Salma-Ancane,  Stipniece, 

and Irbe, 2016). Bones derived from bovine, caprine, and avian species contain abundant mineralized collagen and 

are widely accepted as natural sources of HA (Castillo-Paz et al., 2024; Atemni et al., 2023; Arellano Ramírez et al., 

2021; Ramesh et al., 2018). The poultry industry produces large amounts of chicken bone waste, much of which 

remains underutilized. With an inorganic mineral content of nearly 70%, bone contains a mineral phase composed 

predominantly of HA (Weinstein & Buckwalter, 2005). Animal bones are commonly converted into HA via 

calcination, a thermal process that eliminates organic components and facilitates the formation of a thermally stable 

crystalline structure. Among the processing parameters, calcination temperature is a key factor affecting the 

physicochemical properties of the final product. Temperatures below 600 °C may leave organic matter, while those 

above 1000 °C can cause excessive sintering and HA structure decomposition. Previous studies have shown that 

calcination at around 700-1000 °C produces HA with optimal crystallinity and minimal impurities (Abd Rahman et 

al., 2024; Arellano Ramírez et al., 2021; Rajesh, Hariharasubramanian, & Ravichandran, 2012). 

 

Recent studies have examined HA extraction from bone-based biowaste (Liaqat et al., 2024). Vijayaraghavan et al. 

(2022) investigated the extraction of HA from chicken bone waste by calcining bones from Black Sumatra and 

Fighting Cock breeds at 700 °C, which produced highly crystalline HA. Furthermore, HA/Ag nanocomposites 

synthesized from Plumbago indica via a green method exhibited strong antibacterial activity against both Gram-

positive and Gram-negative bacteria. Atemni et al. (2023) calcined bovine, ovine, and chicken bones at 600 °C and 

1000 °C. XRD, FTIR, SEM/EDX, and ICP-AES analyses confirmed that pure, highly crystalline HA formed at the 

higher temperature. Their findings show that chicken bone waste yields phase-pure HA under high-temperature 

calcination conditions, confirming its suitability as a reliable biogenic source for biomedical-grade HA. In addition, 

Ramesh et al. (2018) compared the thermal behavior of chicken-derived HA with HA from bovine and caprine bones. 

They found that, unlike bovine HA, chicken bone HA partially decomposes into β-tricalcium phosphate (β-TCP) 

when calcined above 700–850 °C. This observation highlights the temperature sensitivity of galline-derived HA and 

underscores the need to select an optimal calcination range, particularly 600-700 °C, to maintain structural stability 

and phase purity for biomedical applications. Bee et al. (2024) studied the thermal behavior of Catla fish bone-derived 

HA by calcining samples at 650 °C, 750 °C, and 900 °C. They found that 650-750 °C preserved beneficial B-type 

carbonate substitution, while 900 °C removed all organics but also eliminated carbonate species. Their study 

highlighted trace bioactive elements such as Mg, K, Na, Sr, and Si in Catla fish bone–derived HA, which are known 

to enhance biocompatibility and osteoconductivity. 

 

The literature demonstrates that chicken bone waste is a sustainable and low-cost precursor for HA. With proper 

calcination, it produces phase-pure, highly crystalline HA. Its mineral-rich composition, including beneficial trace 

elements, offers intrinsic biocompatibility and functional advantages, making it a reliable biogenic source for 

biomedical applications. The preparation of HA from chicken bones was investigated in this study using eight distinct 

pretreatment protocols. The effects of pretreatment on weight loss, visual appearance, FTIR characteristics, phase 

formation, crystallinity, and morphological development, as determined by XRD and SEM analyses of selected 

samples, were evaluated to optimize processing conditions for producing high-quality and biocompatible HA from a 

sustainable source. 

MATERIALS AND METHODS 

Materials 
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Chicken bones were obtained from local markets in Kayseri, Türkiye, and thigh bones were specifically chosen for 

experimental use. Hydrogen peroxide solution (H₂O₂, 35% w/w, Emprove® grade; Merck KGaA, Darmstadt, 

Germany; cat. no. 1.08600.2500) was employed as the oxidizing agent for the chemical pretreatment of the bones. 

Acetone (≥99.9% purity, Wogens, Türkiye; CAS No. 67-64-1) was used for degreasing and initial cleaning of the 

samples. Distilled water was prepared in the laboratory using a Nüve NS108 distillation device. 

 

Hydroxyapatite Extraction Procedures 

This study compares HA production strategies reported in the literature by applying a series of controlled 

pretreatment and calcination protocols to chicken bone samples. The entire workflow is illustrated in Figure 1. 

 
Figure 1. General Process For Hydroxyapatite Extraction From Chicken Bone Waste 

 

First, after boiling, the bones are mechanically cleaned to remove remaining soft tissue. The bones are then cut into 

small, homogeneous pieces (approximately 3-4 cm) to ensure uniform chemical and thermal processing across the 

sample (Izra et al., 2024). Two different strategies for removing organic matter have been used in different test 

batches. In one set of studies, bone fragments were immersed in acetone for a defined period (usually 1-2 hours) to 

allow for effective dissolution of lipids and fatty acids and partial incorporation into porous matrix. In the second set, 

aqueous hydrogen peroxide solution (usually 30-35% w/v) was administered for a few days to oxidize surface-bound 

and intramuscular proteins, including collagen, the major organic component of bone. According to previous studies, 

this oxidative treatment not only removes residual protein but also contributes to sample bleaching, yielding a whiter 

final product (Barua et al., 2019; Owuor et al., 2019). As described in previous work (Barua et al., 2019; Ramirez-

Gutierrez et al., 2017), between each chemical step—whether acetone removal,  hydrogen peroxide treatment, or 

subsequent washing—the bone fragments were thoroughly rinsed with high-purity distilled water. Following the 

washing steps, the fragments were dried at moderate temperatures (typically 100–200 °C) for approximately 2 hours 

to eliminate residual solvents, reaction by-products, and soluble ions that may affect the purity or crystallinity of the 

final HA phase. This drying step, as noted in the literature, is essential for removing moisture while preventing 

overheating of organic matter and preserving sample integrity before grinding and calcination. 

To evaluate a combined set of HA extraction strategies reported in the literature, eight different approaches were 

applied to chicken bone waste. Figure 2 illustrates selected transformation stages of chicken bones in the process of 

obtaining HA powder. In all eight protocols (Methods A–H), the bones were first boiled for two hours, mechanically 
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cleaned to remove soft tissues, washed with distilled water, and cut into small pieces, followed by oven drying, 

grinding, and calcination. The methods differed mainly in the use and sequence of defatting agents (none, acetone, 

H₂O₂, or acetone + H₂O₂), the rinsing step after defatting, drying conditions, calcination temperature, and the 

anatomical region and size of the bone fragments. Table 1 summarizes the various methods A–H used to extract HA 

from chicken bones. 

 

 
Figure 2. Transformation Stages of Chicken Bones During HA Preparation: a) Raw Bones, b) H₂O₂-Treated 

Bones, c) Final HA Powder, d) Bones Immersed In Acetone, e) Bones and Acetone After Fat Dissolution, f) 

Acetone-Treated Ground Bones Before Calcination, g) Bones in H₂O₂ During Chemical Defatting, h) Epiphysis 

And Diaphysis Regions, And i) Epiphyseal And Diaphyseal Bone Segments Before Calcination 

 

RESULTS AND DISCUSSION 

Weight Losses 

Figure 3 summarizes the evolution of bone mass across all extraction routes (Methods A–H) at each processing step, 

with the raw bone mass set to 100 g (100%). After the common boiling and knife-cleaning step, the remaining mass 

converges to ≈70 g for all methods, indicating that about 30% of the initial bone is removed as loosely attached soft 

tissue, fat, and marrow. 

 

After 20 hours of calcination, the final residue, which is the HA-rich mineral fraction, ranges from 35.8 g for Method 

A to 15.6 g for Method G. Taken together, protocols that combine anatomical segment removal with intensive 
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chemical cleaning (Methods F–H) yield the lowest remaining mass after calcination, indicating the most extensive 

elimination of organic and non-mineral components from the chicken bone waste. 

 

Table 1. HA Extraction Protocols (Methods A–H) Applied To Chicken Bone Waste 

 Method 

A 

Method  

B 

Method 

C 

Method 

D 

Method  

E 

Method  

F 

Method 

G 

Method 

H 

1. Boiling & 

Cleaning 

2 hrs, 

knife 

cleaning 

2 hrs, 

knife 

cleaning 

2 hrs, 

knife 

cleaning 

2 hrs, 

knife 

cleaning 

2 hrs, 

knife 

cleaning 

2 hrs, 

knife 

cleaning 

2 hrs, 

knife 

cleaning 

2 hrs, 

knife 

cleaning 

2. Washing 
twice with 

water 

twice with 

water 

twice with 

water 

twice with 

water 

twice with 

water 

twice with 

water 

twice with 

water 

twice with 

water 

3. Initial Size 

(Used Bone 

Part) 

Total 

Bone 

Total 

Bone 

Total 

Bone 

Total 

Bone 

Total 

Bone 

Total 

Bone 

Epiphysis 

part of the 

bone 

Diaphysis 

part of the 

bone 

4. Drying 

(Initial) 

Air-dried 

for several 

days 

Air-dried 

for several 

days 

Air-dried 

for several 

days 

Air-dried 

for several 

days 

None None None None 

5. Cutting Size 3–4 cm 3–4 cm 3–4 cm 
(grinding 

directly) 
3–4 cm 3–4 cm 1–2 cm 3–4 cm 

6. Defatting 

Agent 
None 

Acetone 

(2 hrs) 

Acetone 

(2 hrs) 

Acetone 

(2 hrs) 

H₂O₂ 

3 days 

Acetone 

for 2 hrs + 

H₂O₂ for 

3 days 

Acetone 

for 2 hrs + 

H₂O₂ for 

3 days 

Acetone 

for 2 hrs + 

H₂O₂ for 

3 days 

7. Rinsing After 

Defatting 
None None 

Two 

washes 

with 

distilled 

water 

Two 

washes 

with 

distilled 

water 

Two 

washes 

with 

distilled 

water 

Two 

washes 

with 

distilled 

water 

Two 

washes 

with 

distilled 

water 

Two 

washes 

with 

distilled 

water 

8. Drying (Post-

Defatting) 

200°C for 

24 hrs 

80°C for 

2 hrs 

80°C for 

2 hrs 

200°C for 

24 hrs 

200°C for 

2 hrs 

200°C for 

2 hrs 

200°C for 

2 hrs 

200°C for 

2 hrs 

9. Grinding 

Stage 

Grinding 

into small 

pieces 

Grinding 

into small 

pieces 

Grinding 

into small 

pieces 

None 

Grinding 

into small 

pieces 

Grinding 

into small 

pieces 

Grinding 

into small 

pieces 

Grinding 

into small 

pieces 

10. Calcination 

Temp. 
900°C 900°C 900°C 900°C 800°C 900°C 900°C 900°C 

11. Calcination 

Time 
20 hrs 20 hrs 20 hrs 20 hrs 20 hrs 20 hrs 20 hrs 20 hrs 

12. Ball Milling 

and Sieving 
Done Done Done Done Done Done Done Done 

13. Extracted 

Color 
Cream Cream 

Yellowish 

White 

Yellowish 

White 
Ivory Off-White Cream 

Pure 

White 
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Figure 3. Remaining Bone Mass Values Of All Methods At Each Processing Stage, Including Raw, Boiling, 

Segment Removal, Chemical Cleaning, And Calcination 

 

 
Figure 4. Visual Comparison of HA Powders Produced By Methods A–H After Calcination 

 

This multi-stage weight-loss pattern aligns with previous thermogravimetric studies on dried raw chicken bone, 

which reported a total mass loss of approximately 49% between 25 and 1000 °C due to the removal of adsorbed water 

and combustion of organic constituents (Izra et al., 2024). Figure 4 comparatively presents the macroscopic 

appearance of the HA powders obtained after calcination as a function of the applied methods. When the images are 

evaluated alongside Table 1, it is evident that there are pronounced differences among the methods, particularly in 

color and visual purity. Figure 4 shows that changes in the chemical defatting steps directly affect the visual purity 

and color of the final HA. In particular, protocols that include prolonged H₂O₂ treatment in addition to acetone 

(especially Method H) are most effective for removing organic residues and pigments, thereby yielding high-purity, 

light-colored HA powders that are preferable for biomedical applications. 

 

FTIR Spectral Characterization 

To elucidate the influence of the different extraction routes on the chemical structure, FTIR analysis was performed 

on a subset of representative samples. Measurements were conducted on the raw chicken bone and on the HA 

powders obtained using Methods C, D, and H. Methods C and D use acetone-based defatting and produced powders 

with moderate visual purity. Method H uses acetone along with extended H₂O₂ treatment and results in the whitest 

and cleanest HA powder. Figure 5 shows the FTIR spectra for these four samples. 
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(a) 

 
(b) 

 
(c) 
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(d) 

Figure 5. FTIR Spectra Of a. The Raw Chicken Bone Sample And HA Extracted Using b. Method C, c. Method D, 

And d. Method H 

 

In the FTIR spectrum of the raw chicken bone sample (Figure 5a), several bands are observed that confirm the 

composite organic–inorganic nature of the tissue. The broad band around 3300 cm⁻¹ together with the peaks at 2923.5 

and 2851.2 cm⁻¹ arises from O–H/N–H and CH₂ stretching vibrations associated with collagen and residual lipids. 

The bands at 1742.5, 1634.7, and 1440.9–1399.2 cm⁻¹ correspond to ester C=O groups and amide/CH₂ vibrations, 

further supporting the presence of the organic matrix. In contrast, the strong peak at 1011.3 cm⁻¹ and the doublet at 

600.8 and 558.0 cm⁻¹ represent the stretching and bending modes of PO₄³⁻ groups of apatite, while the band at 868.7 

cm⁻¹ indicates the presence of carbonate-substituted apatite. These results are largely consistent with FTIR findings 

reported in the literature for raw Catla fish bone (Bee et al., 2024). In contrast to the raw bone spectrum, the FTIR 

profiles of the samples processed using Methods C, D, and H (Figures 5b–d) show a complete disappearance of the 

organic absorption bands, confirming the successful removal of collagen, lipids, and proteinaceous residues through 

the defatting and calcination procedures summarized in Table 1. Method C (Figure 5b), which uses a 2-hour acetone 

defatting step followed by moderate thermal drying, produces a spectrum mainly showing the phosphate vibrational 

modes typical of HA. The pronounced ν₃ and ν₁ stretching peaks at 1127.2, 1086.3, 1028.8, and 978.9 cm⁻¹, together 

with the ν₄ bending modes at 628.4, 600.5, and 565.6 cm⁻¹, indicate a well-developed mineral phase. The flattened 

baseline between 4000–1500 cm⁻¹ demonstrates that only trace amounts of organics remain, consistent with the 

yellowish-white color of the extracted powder reported in Table 1 and Figure 4. 

 

A similar spectral pattern is observed for Method D (Figure 5c), which differs from Method C primarily by the ground 

bone pieces being ground before acetone treatment. The phosphate peaks at 1084.6, 985.7, and 1023.5 cm⁻¹ are 

clearly visible and well defined. Nevertheless, the presence of faint perturbations in the 3000–1500 cm⁻¹ region 

suggests that Method D remains somewhat less effective than the H₂O₂-enhanced route in eliminating tightly bound 

organic moieties. Consistent with Table 1 and Figure 4, the powder obtained by Method D retains a yellowish-white 

appearance.  

 

Among the evaluated protocols, Method H (Figure 5d) produced the cleanest FTIR profile and the whitest HA 

powder, in line with its prolonged oxidative treatment. This method uniquely combines 2 h acetone defatting with an 

extended 3-day H₂O₂ oxidation step, which aggressively degrades remaining proteins, lipids, pigments, and other 

carbonaceous species before calcination. Consequently, the Method H spectrum exhibits the sharpest and most 

intense PO₄³⁻ peaks (1127.2, 1087.2, 1023.8, and 980.5 cm⁻¹) and an exceptionally flat baseline across the entire 

spectral range. The near-absence of carbonate-related features and any trace organic bands indicates an almost 

complete purification of the mineral phase. This observation directly correlates with the pure white, extracted powder 

reported in Table 1 and Figure 4, confirming Method H as the most efficient route for producing high-purity, visually 

clean HA from chicken bone waste. 
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XRD and SEM Characterization 

Figure 6 shows the XRD patterns of the powders obtained by Methods C, D, and H, which revealed that HA was the 

dominant crystalline phase in all samples. The characteristic diffraction peaks observed at approximately 25.9°, 31.8–

33.0°, 39.9°, 46.8°, 49.6°, 50.6°, and 53.3° 2θ were found to be consistent with the reference patterns of HA. Among 

the three methods, Method H exhibited the most pronounced diffraction profile, particularly in the main HA region 

at 31.8–33.0° 2θ, with higher and sharper peak intensities. This suggests that the powder obtained by Method H 

possessed a higher degree of crystallinity and/or a greater relative HA phase content compared with those produced 

by Methods C and D. In contrast, although the same principal HA peaks were observed in Methods C and D, their 

lower peak intensities indicate a more limited development of the apatite phase under these pretreatment conditions. 

In addition, the overlap of several weak reflections with the merrillite phase suggests the possible presence of a minor 

secondary calcium phosphate phase in the samples. This observation is also largely consistent with the literature, 

which reports that raw fish bone–derived apatite may undergo phase-related changes at high calcination temperatures 

(Bee et al., 2024). 

 
Figure 6. XRD Patterns Of Powders Obtained By Methods C, D, And H. 

 

As shown in Figure 7, the SEM image of Method H obtained at 10.00 KX magnification reveals irregular/cuboidal 

HA particles, predominantly in the submicron range and locally approaching approximately 1 µm, which are closely 

packed and form localized agglomerates; this morphology is generally consistent with the literature on bone-derived 

HA, where cuboidal particles of around 0.5 µm, structures reaching up to 1 µm due to partial sintering, and an average 

particle size of approximately 0.5 µm have been reported (Ghazizadeh, Jabbari, & Sedighi, 2021; Tyliszczak et al., 

2012). 

 
Figure 7. SEM Image Of Method H Hydroxyapatite Powder. 
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CONCLUSION 

In this study, eight extraction methods (A–H) were comparatively evaluated for producing HA from chicken bone 

waste. The mass-loss results demonstrated that the pretreatment steps play a decisive role in removing non-mineral 

components. Methods involving anatomical segmentation and more intensive chemical cleaning (particularly 

Methods F, G, and H) led to greater reductions in mass throughout the processing stages, indicating more efficient 

elimination of organic matter prior to calcination. The macroscopic appearance of the calcined powders supported 

these findings. Methods that included acetone defatting and especially prolonged H₂O₂ treatment produced noticeably 

lighter, visually cleaner HA powders, reflecting more complete removal of fats, proteins, and pigments. Among all 

protocols, Method H yielded the most homogeneous and whitest product. FTIR analyses further confirmed these 

observations by directly revealing the chemical purity of the final powders. While Methods C and D, which rely on 

acetone-based defatting, were effective to some extent, their spectra still contained minor traces of organic features. 

In contrast, Method H exhibited complete disappearance of organic bands and the sharpest, most well-defined PO₄³⁻ 

vibrational peaks, along with a flat and clean baseline—clear evidence of a highly purified mineral phase. XRD 

results showed that HA was the dominant crystalline phase in all samples obtained by Methods C, D, and H; however, 

Method H exhibited higher crystallinity and more pronounced HA phase development, as evidenced by its higher 

and sharper diffraction peaks. SEM observations further supported the structural superiority of Method H by 

revealing densely agglomerated, irregular/cuboidal HA particles in the submicron range, locally reaching 

approximately 1 µm, which are characteristic of bone-derived HA. Taken together, the mass-loss behavior, visual 

assessment, FTIR, XRD, and SEM results consistently identify Method H as the most effective protocol. This method 

stands out as the most successful approach among the protocols examined, providing the highest purity, the lightest 

color, and the most favorable physicochemical characteristics for obtaining HA from chicken bone waste. The 

resulting material is anticipated to be a promising candidate for future biomedical design applications, such as 

composite biomaterials, computed tomography phantoms, and tissue-mimicking structures. 
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