
ADVANCES in NATURAL and APPLIED SCIENCES 
 

ISSN: 1995-0772   Published BYAENSI  Publication 
EISSN: 1998-1090             http://www.aensiweb.com/ANAS 

2017 June 11(8): pages 623-630            Open Access Journal 

 

ToCite ThisArticle: Ola Saleh Mahdi., Preparation and Characterization of Hydroxyapatite from Bovine Teeth. Advances in 
Natural and Applied Sciences. 11(8); Pages: 623-630 

 

Preparation and Characterization of 
Hydroxyapatite from Bovine Teeth 

 
Ola Saleh Mahdi 
 
Ola Saleh Mahdi ,Department of Ceramics and Building Materials, University of Babylon, Hilla, Babil , Iraq. 
 
Received 28 March 2017; Accepted 7 June 2017; Available online 12 June 2017 
 
Address For Correspondence: 
Ola Saleh Mahdi, University of Babylon Department of Ceramics and Building Materials. Babil, Iraq. 
E-mail: engoulasaleh.alsaffar@yahoo.com 
 
Copyright © 2017 by authors and American-Eurasian Network for ScientificInformation (AENSI Publication). 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 

 
ABSTRACT 
Background: Hydroxyapatite (HA) is a very interesting bioceramic materials because of its many medical applications. Objective: 
The search focuses on the preparation and characterization of hydroxyapatite (HA) from bovine teeth. Bovine teeth were used as 
the raw material to produced hydroxyapatite after calcination at 800 °C for 2 hours. Results: results show that the(HA) has been 
effectively formed and have phase purity of pure (HA ), crystal construction and thermal constancy at 1200oC. prepared material 
were analyzed by (XRD)analysis. Bioactive properties were analyzed by soaking the samples of the synthesized powder in a 
simulated body fluid (SBF) for dissimilar period extent initial from 7 days to 21 days. The various elemental analysis of the (HA) 
before and after soaking in (SBF) like P, Ca, O ... etc., and their morals were resolute by (EDS). The variations of pH of (SBF) average 
and weight loss were dignified. Bioactive behavior of hydroxyapatite owing toward creation of apatite layer happening in external 
was detected. The apparent porosity and compression strength were measured before and after soaking in (SBF) medium the 
apparent porosity increased and the compression strength reduced with increasing the soaking time than those before soaking. 
Conclusion: Pure and thermally stable hydroxyapatite powder was produced from the bovine teeth and have extraordinary 
bioactivity, virtuous mechanical and physical conduct analogous to that in biological apatite. An endeavor will be made in futurity to 
produce spongy( HA) and realization its biocompatibility and major to estimate the connection between these mensurations and the 
mechanical properties. 
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INTRODUCTION 

 

Bioactive hydroxyapatite has a considerable notice because of its chemical likeness to the calcium 

phosphate minerals in biological hard tissue, and its talent to form a durable natural link with bone. But the 

fracture strength of the hydroxyapatite ceramics does not surpass the value of about 1 Mpa.m1/2. Therefore, the 

hydroxyapatite cannot be recycled as hefty-loaded grafts, such as synthetic bone or teeth. [1]. The inorganic 

ration of bone and teeth is talented of a crystal-like form of calcium phosphate comparable to hydroxyapatite[2]. 

Uncontaminated hydroxyapatite powder is white. Logically happening apatites can though also have brown, 

yellow or green patterns, comparable to the tints of dental fluorosis. It grows in the hexagonal crystal scheme. 

[3]. HA has been produced and used to assembly several formulas of transplants (compact and spongy) and as a 

layer on other implants. [4]. Near exist double foundations apatite: one and only natural the additional inanimate 

payments, for example phosphorite, a alluvial mainstay vital inorganic constituents of carbonate fluoroapatite, 

teeth and bone comprise. Trendy vivo hydroxyapatite identical inorganic part which cares common of freight. 

[5]. The hydroxyapatite ceramic can besides equipped via sintering process crops of hydrolysis of 

dicalciumphosphate dihydrate (DCPD, CaHPO42H2O), dicalcium phosphate anhydrous (DCPA,CaHPO4), or 

of CaCO3 in phosphate solutions [6]. Several investigators have used sifted slab-similar HA causes laterally by 

warm-persistent then combustion towards attain luminous HA by decent automatic belongings. The calcined 
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residues incline to collective moreover ensure approximately inhomogeneities trendy their conformation. The 

totaling in, great combustion heat (1100-1200°C) obligatory aimed at extraordinary compaction [7]. HA 

connection to bodily bone 

over an apatite cover that is molded on their planes in the alive body. This apatite creation can be replicated 

in vitro in an acellular SBF with ion absorptions approximately equivalent to those of humanoid blood plasma. 

It is thus fairly beneficial to inspect apatite-creating capability on a substance’s surfaces in SBF to forecast the 

bone-bonding capability of a material as a preliminarily to animal investigates. [8]. The target of the extant 

effort is to organize HA consequent from bovine teeth and appraise the substantial belongings. 

 

MATERIALS AND METHODS 

 

Materials: 

The bovine teeth were bought from the local slaughter market. 

 

Hydroxyapatite preparation: 

The teeth models were eviscerated by steaming to eliminate biological matters and collagen. This was 

complete to elude grime development in the material through the calcinations procedure[9]. Fresh teeth filths 

that were stabbing on the teeth were impassive, and then watered with a skirmish in consecutively water, 

shadowed by steaming in purified water for 30 minutes. This course was recurrent three periods till it produced 

white and sanitary teeth, and then the teeth models were dehydrated in the sun for 2 days. The teeth were 

calcined using protherm electrical kiln at 800 °C, and then grip for 2 hr., then absent to cool. The fresh bovine 

teeth were ground in mortar to adequate powder. The powder was sintered for a second time to 1200 °C (5 

°C/min) for 3 hr. The sintering formula as presented in fig. 1 took place to certify that the material is thermally 

steady, organics are entirely detached , and , to evade any bacterial impurity[10]. 

 

 
 

Fig. 1: The sintering procedure. 

 

Categorization: 

1- X-Ray Deflection (XRD): 

Powder of teeth was analyzed by using XRD, the measurement was carried out by x-ray diffractometer 

(Shimadzo, 6000) at room temperature using Cukα radioactivity (λ = 1.5405 Å), and a perusing speed of 5◦/min 

starting 5◦ to 50◦ of 2Ɵ (Bragg angle) and 40 KV/30 mA was used as the main analytical tool to determine that 

bovine hydroxyapatite was produced and to detect other phases that might be present. 

 

2- Energy Dispersive Spectroscopic (EDX): 

EDX for samples surface before and after soaking in the stimulated body fluid solution, to detect alchemical 

component of crystal-like parts existing next soaking in the solution of (SBF) for duration 7, 14 and 21 days, 

respectively. 

 

3- Bioactivity Estimation (in vitro): 

Bioactivity estimation of produced hydroxyapatite from bovine teeth was executed in the solution of 

stimulated body fluid (SBF) of 37◦C, pH 7.4. The pH of (SBF) solution variations were restrained at specified 

time, utilize the Mettler Toledo pH- meter by amalgamation polymer electrode. The pH-meter was calibrated 

with the ordinary buffer solutions pH = 7.4. Previously to any mensuration . 

 

3-1 Preparation of Stimulated Body Fluid (SBF): 

The substances in the order given in table.1 mellowing in fitting masses of in deionized water to prepare the 

SBF solutions. Substances supplementary in 700 milliliter of water, one by one after apiece substance was 

totally melted [11]. Meantime the elaboration of 1 liter of( SBF) solutions, an entire of 40 milliliter of 1 mol 
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HCl solution was exhausted for pH modulation. Before the addendum of the sixth substance, (CaCl2) 2H2O, 15 

milliliter of HCl solution was supplementary, and minor turbidity exhibition. The following titration process 

was carried out by residual portion of HCl solution. Eighth substance (tris(hydroxymethyl) amino methane) was 

supplementary, the temperature of the solution was elevated of ambient to 37◦C. The solution in titration 

method, too unceasingly diluted with successive trappings of deionized water till create last capacity equivalent 

to 1 liter [12]. Through the test pH of the solution was checked each 4 days intermission for about 21 days. The 

model used in the formula of pellets. Every samples used in the training had nearly equal surface area and 

volume(13 mm in diameter and 13 mm in height). The model was taken out on 7, 14, and 21days later the start 

of the research and splashed carefully by means of distilled water and then desiccated using electrical blast dry 

box (WG43) at 100◦ C for 24 h. 

 
Table 1: alchemical combination of stimulated body fluid solution [13]. 

Demand  1  2  3 4 5 6 7 8 

Substance  NaCl  NaHCO3  KCl  Na2HPO4.2H2O  MgCl2.6H2O  CaCl2 
.2H2O  

Na2SO4  (CH2OH)3CNH2 

Quantity 6.547 2.268 0.373 0.178 0.305 0.368 0.071 6.057 

 

3-2 Biodegradation Examination: 

Biodegradation examination of calcined hydroxyapatite organized starting bovine teeth, was completed as a 

result of taking the weight loss of the models in the procedure of pellets after 7 , 14 , and 21days soaking in( 

SBF) solution using analytical electric balance (M254A). solution pH was kept at 37◦C at 7.4.The models were 

dehydrated at 100 ◦C and the computation of weight scarcity of the model as assumed below: 

 

% Weight scarcity =
( Wi – Wl)

Wl
 × 100           (1) 

 

Where that initial weight of model (Wi ), and the last model weight next drenched in (SBF) sol (Wl) [14]. 

 

4- Thermal Stability: 

The( BHA) thermal stability was considered by by means of protherm electric furnace at 1200 ◦C with an 

average heating level of 5 ◦C/min for 3 hr. as shown in figure (1). XRD verified the crystallographic 

configuration of hydroxyapatite after the heat treatment. 

 

5- Physical and Mechanical Categorization: 

Apparent porosity for the(BHA) models were experienced permitting to ASTM (373-88) by Archimedes 

process before and next drenched in stimulated body fluid sol for a period of (7, 14 and 21 days). Experiment 

samples were oven dried at 150 ◦C for 24 hours, shadowed by cooling to room temperature and their dehydrated 

weight (D) were detailed. Samples were positioned in a cylindrical glass enclosed filtered water and stewed till 

five hours of work, formerly drenched for an extra twenty four hours to greatest the weight suspended (S). Next 

that cotton stuff was used to eliminate the extra water from the surface, and determined the saturated weight 

(M). The apparent porosity was calculated as follow[15]: 

 

P = [(M - D)/ V] x 100              (2) 

 

Where V is the exterior volume, which calculated as shown below: 

 

V = M – S               (3) 

 

Compression strength for the(BHA) samples were established prior and later drenched in stimulated body 

fluid solution during (7, 14 and 21) days using electronic cosmopolitan trials engine for a promptness trial of 0.5 

mm/min, test agreeing to ASTM standard C-773-88. The subsequent equation consuming to intentional strength 

of compression. 

 

(𝝈c)= PF/ A0               (4) 

 

Matter where(𝜎𝑐), is the strength of compression (MPa), pF, load of fracture (N), and A0 is the section part 

of roller model (mm2) [16]. 
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RESULTS AND DISCUSSION 

 

1- X-ray Diffraction: 

Fig. 2 offerings the XRD investigation for bovine hydroxyapatite (BHA) after calcination at 800 °C for 2 

hours. Powder of calcination (BHA) was scanned in diffraction angle (2Ɵ) from 5◦ to 50◦ which demonstration 

that all peaks are fit to the pure (HA) when they associated with the standard ICDD file no. (09-0432). This 

consequence displays that the powder was collected individual of hydroxyapatite, and all organic matter fully 

detached. [17]. 

The thermal investigation of the produced powder was achieved in a calefactory average about 5◦C/min for 

3 hours at 1200◦C. Fig.3 shows XRD investigation with diffraction angle between 20◦ to 50◦. The heat treatment 

creates phase stability for the crystallized apatites without decay of the amorphous phase, and no extra minor 

phases were experiential. 

 
Fig. 2: X-ray diffraction realization for bovine teeth powder next calcinations at 800 °C . 

 
Fig. 3: XRD analysis of bovine hydroxyapatite(BHA) sintered at 1200 ºC. 

 

2- Bioactivity Estimation: 

2-1- EDX Exploration of Bovine Hydroxyapatite (BHA) Afterward Soaking in (SBF) solution: 

EDX exploration was used to detect apatite creation on the bovine hydroxyapatite after soaking in( SBF) 

solution. Fig.4-a indications the energy dispersive spectroscopic spectrum of the of the bovine hydroxyapatite 

models surfaces before soaked in (SBF) solution discloses existence of P, Ca, and O peaks. Fig. 4- b, c , d 

indications the EDX spectra of the surfaces of the(BHA) samples soaked in stimulated body fluid solution at 

diverse period of days (7, 14 and 21, individually). The EDX configuration for such sections after soaking 

expose existence of Ca, P, and O peaks in elevation intensity relate with the sample before soaking. For instance 

the soaking period was intensified the intensity of peaks augmented revenues that the (BHA) samples react with 

the adjacent( SBF) solution to form Ca-rich deposit. The intensity of Ca peak in the (SBF) solution developed 
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than the others owing to dense layer formed when the( BHA) reacts with the immediate solution and offers 

virtuous bioactivity.  

Fig.5 displays the attention of Ca, P, O on the bovine hydroxyapatite samples surface next twenty one days 

of drenched in the (SBF) solution. It is marked the growing in soaking days will reason growth in calcium and 

phosphate gratified. It will be exciting to recognize that the disbanding of hydroxyapatite minerals and high 

relief of Ca2+, PO4 3-. Attentiveness of calcium and phosphorus rise in the nearby solutions and this 

supersaturation encourages reprecipitation of apatite minerals at the (BHA) samples surfaces. The justification 

on the past can be assumed that apatite creation of owing to the communication of electrostatic on the (BHA) 

superficies as a result of phosphate and calcium ions extant in stimulated body fluid which abridged as follows: 

1- The surface of fired hydroxyapatite happening negatively charged primarily and syndicates with 

positively charged Ca2+ions in the immediate fluid. 

2- Amorphous calcium phosphate Ca-rich on the fired hydroxyapatite fashioned. By way of Ca2+ions 

amass, converts positively charged arranged on the fired hydroxyapatite surface and reacts with negatively 

charged phosphate ions. 

3- Formation of formless Ca-poor calcium phosphate. 

4- The ultimately altered amorphous calcium phosphate into extra steady crystalline bone-like apatite[18]. 

 

 
Fig. 4: EDX profile taken from the(BHA) samples surfaces a) prior drenched. b) after drenched till (7 days) . c- 

after drenched till (14 days) . d- after soaking till (21 days). 

 
Fig. 5: Variations of elemental concentration (Wt.%) on the( BHA) samples surfaces at different soaking times 

in the (SBF ) solution. 

 

2-2- The( pH) Significance of Stimulated Body Fluid: 
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The reactions of bovine hydroxyapatite models surface in the( SBF) solution are supposed to source an rise 

in the concentration of cations and alkalization media chief to an increase in (pH) owing to relations between 

Ca+ and H+ in the intermediate [19]. Fig.6 demonstrations the variation in (pH) of stimulated body fluid records 

for 21 days with intermittent of 4 days. The preliminary(pH) value of the solution was 7.4. The (pH) values up 

to 4 days for every samples alter between 8 and 9.5 unpaid to active wildlife of dissolution development which 

really consequences increase the conversation of Ca2+/H+ ion concentration and answerable for the increase in 

the(pH). Next 16 days, shrill reduction in( pH) value of the solution regardless of samples is detected values 

alter between 7.5 and 7.3 for 21 days owing to precipitation of apatite into the surface of the samples follows by 

overriding the Ca2+, P+, and OH- ions in the( SBF) solution. 

 
Fig. 6: Variation of( pH) solution values for ( BHA) samples with soaking time. 

 

2-3 (BHA) Biodegradation in the Artificial Body Fluid: 

Degradation of (BHA) with increase in total soaking days displays in fig.7. From the figure it is perfect that 

there is escalation in weight scarcity with increase in total soaking days. The degradability value next 21 days 

of(BHA) of touched to (6%). The produced (BHA) possess a excessive efficacy during vitro trial parallel to the 

organic apatite that might possess unlimited influence onto graft cell contact through milieu of body [20]. The 

results directed that the produced (BHA) powder from bovine teeth exposed high bioactivity in (SBF) solution. 

 

 
Fig. 7: Variation of weight scarcity value for (BHA) samples with soaking time. 

 

3- Porosity and Compression Strength: 

The relative among the (BHA) samples next drenched in simulated body fluid during the period of days ( 7, 

14 and 21) and porosity appearances in fig.8. The increasing in soaking time foundation growth in porosity 

significance of the (BHA) samples. It will be remarkable to distinguish that the creation of porous apatite cover 

on the ( BHA) surface sample owing to the electrostatic communication owing to phosphate and calcium ions 

existing from simulated body fluid, the extreme porosity value for (BHA) sample (before soaking) was 

(35.34%), while for (BHA) sample soaking for 21 days was (48.66%).The porosity essentially develops the 

bioactive properties, for the reason that the pores growth the dispersion of biological solutions in the samplings 

and authorization the mineral evolution of the bone-like apatite concerning the surface, ensuing in extra 

effective bioactive properties [21]. 

Fig.9 illustrations the relative among the (BHA) samples next drenched in the simulated body fluid medium 

during the period of days (7, 14 and 21) and compression strength ,an extreme compression strength value for 

(BHA) sample (before soaking) was (37.18 MPa), whereas for (BHA) sample soaking for 21 days was (25. 

13MPa). A tendency in the decrease in compression strength is detected as the soaking time rises. Typically the 

decrease in compressive strength of the (BHA) samples after soaking owing to the controls of the porosity on 
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the mechanical properties of the ceramics materials that is the advanced the porosity and lesser mechanical 

strength[22]. The results shown in table. 2. 

 
Table 2: Summary of the physical and mechanical properties for the (BHA) samples after soaking in the SBF medium. 

Soaking period 

(day) 

Compression 

strength(MPa) 

Porosity% 

7 31.00 39.12 

14 28.63 44.75 

21 25.31 48.66 

 
Fig. 8: Variation of porosity value for (BHA) samples with soaking time after soaking in (SBF). 

 

 
Fig. 9: Variation of compression strength value for( BHA) samples with soaking time after soaking in (SBF). 

 

Conclusion: 

The present investigation was done on the physical mechanical, and bioactive properties of HA produced by 

cost effective , and simple procedure from bovine teeth, led to the specific conclusions:  

1-XRD exploration for the bovine teeth calcinations at 800°C for 2 hours allowable to gain bovine 

hydroxyapatite(BHA). Completely the powders are composed of matching phase of pure hydroxyapatite 

Ca10(PO)6(OH)2, thermally stable quiet displays phase stability for the apatites without decomposition and not 

affected by the heat treatment sintering at1200°C for 3 hours. 

2- The EDS analysis of the (BHA) in vitro by drenched in simulated body fluid during the period of days 

(7, 14, and 21) directed that capability of ( BHA) models to form Ca-P-rich layer on the surface after soaking in 

the (SBF), and foremost existence of P, Ca and O peaks, with high intensity of Ca peak. 

3- The (pH) values of simulated body fluid rises with elevation in drenched period. This could be qualified 

to the matching performance to form Ca-P-rich layer on the surfaces.  

4- The great degradation level characterized by highest weight loss after 21soaking days in the( SBF) 

solution for the produced hydroxyapatite powder. 

5- The consequences of physical and mechanical properties prior and later drenched in simulated body fluid 

for ( BHA) revealed that the (BHA) samples later drenched in simulated body fluid during the period of days (7, 

14, and 21) have expressively higher porosity while the compression strength reduced with increasing the 

soaking time than individuals before soaking. 
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