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Abstract 
 
Objective(s): The production of nano-hydroxyapatite by two encapsulated bacterial strains 

was the goal of current research.  

Materials and Methods: Serratia marcscens ATCC 14756 and Pseudomonas aeruginosa 

PTCC 1570 were used by two methods including encapsulated form in 2% (w/v) alginate 

sodium powder and inoculated form (10%) in nutrient broth medium containing alginate 

sodium blank beads. In both cases alginate beads transferred to calcium and phosphorus 

precursors mineral medium for 48 h and were incubated at 32-35 °C for 14 days. To obtain 

hydroxyapatite powder, alginate beads were dried at 60 °C and rubbed. Sol-gel as chemical 

method was used for comparing with microbial analysis. The nature of produced powders 

was evaluated in each step by XRD, FTIR and scanning electron microscopy. 

Results: The results showed that the yield rate of sol-gel method was 18.3% and it was much 

more than encapsulated method (3.032 and 3.203 w/w dried alginate bead). The size of the 

particles in microbial method were smaller (8-68 nm cylindrical particles and 12-55 and 15-

37 nm spherical particles) than chemical method (350-880 nm of cylindrical and 34-67 nm of 

spherical particles).  

Conclusion: Nanoparticle sizes and distribution of microbial nano-hydroxyapatite powder 

samples shows that it has excellent physical properties similar to natural bone and may be to 

produce dense and porous bioactive bone implants with desired properties.  
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Introduction 
Hydroxyapatite (HA) or bioceramics [Ca10 

(PO4)6(OH)2] was first identified as being 

the mineral component of bone in 1926 by 

DeJong (1, 2). But now due to its similarity 

to the main mineral of bone, extraordinary 

bioactivity, biocompatibility, osteo cond- 

uctivity, noninflammatory, nontoxicity,  

nonimmunogenic nature, great thermo 

dynamic stability at physiological  pH (1-

4). It is specially developed for medical 

and dentistry applications such as used in 

bone substituent materials (5-8), 

constituent implants and dental materials 

(3), scaffolds for tissue engineering (6, 

9), deliver pharmacological matters with 

sustained release capacity for the treatment 

of osteoporosis, osteomyelitis, osseous 

cancers  and etc (2). The property of 

hydroxyapatite including its high 

bioactivity and particular adsorb ability 

for various ions and organic molecules 

has suited it for  non-medical applications 

like packing media for  chromatography 

column, gas sensors, catalysts and etc (6). 

Production of materials with 

nanostructures for biomaterials application 

has been interested in this century (3). 

Calcium phosphate presence in bone is in 

the form of nano-sized needlelike crystals 

of nearly 5-20 nm width and 60 nm 

lengths, with an inconsiderable crystallized 

nonstoichiometric apatite phase 

containing CO
2-

, Na
+
, F

-
 and other ions in 

a collagen fiber matrix (8). Scale of nano is a 

very important parameter to enhance the 

contact and stability at the natural/artificial 

interface of bone (6, 8). Nano HA particles 

are similar to the apatite crystals of tooth 

enamel in morphology, crystal structure 

and crystallinity (6, 10). Moreover, 

studies on the in vitro and in vivo Ca
2+ 

ions release from  the  nano HA powders 

were discovered to be similar to bone 

apatite and meaningfully faster than 

micro scale sized counterparts (6). 

Several methods have been developed for 

calcium phosphate synthesis, considering 

its multiple applications in biomedical 

fields. These methods include 

mechanochemical synthesis (11-13), 

hydrothermal synthesis (14, 15), multiple 

emulsion technique (16), deposition 

technique (17, 18), precipitation (19, 20), 

electrodeposition technique (21), 

hydrolysis (22, 23), Sol-gel procedure as a 

preferred method over the chemical 

methods (24-27) and biomineralization as 

a new cost effective and versatile 

method (28, 29). 

These techniques lead to generation of 

nano to micrometric size HA crystals 

(6).  

The goal of current research was focused 

on ability of two biofilm producing 

bacterial strains, Serratia  marcescens 

ATCC 14756 and Pseudomonas 

aeruginosa PTCC 1570,  to biosynthesis 

hydroxyapatite (HA) in nano scale via 

encapsulation in alginate beads and its 

comparison with Sol-gel procedure as a 

common chemical method. 

 
Materials and Methods 
Materials 
All of following chemicals were supplied 

by Merck, Germany.  
Two standard bacterial strains, Serratia 

marcescens ATCC 14756 and 

Pseudomonas aeruginosa PTCC 1570, 

were originally obtained from Pasteur 

Institute of Iran and Persian Type Culture 

Collection (PTCC), Tehran-Iran 

respectively.   

The purity of each bacterium was 

confirmed by standard biochemical tests 

(30). 

 
Preparation n-HA Ca-mineralized 

alginate beads 

Cultures were grown in shaking incubators 

at 27 °C and 120 rpm for 24-48 h in 

capped 250 ml Erlenmeyer flasks 

containing nutrient broth medium (Merck, 

Germany).  

Bacterial cell density was adjusted on 0.8-

1 at 600 nm by UV-VIS scanning spectro-

photometer, UV 2101 pc, Shimadzu (31). 
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Encapsulating bacteria in alginate 

beads 

Alginate powder (Sigma–Aldrich Co.) 2% 

(w/v) was papered and autoclaved at 121 

°C for 15 min. Bacterial inoculum was 

added to the alginate solution. The 

alginate/bacteria mixture (with stirring) 

was added drop by drop into a cold, sterile 

0.2 M CaCl2 solution through a sterile 

1000 µL sampler. Gel beads of 

approximately 3 mm diameter were 

obtained. The beads were hardened by 

maintenance at downstairs fridge at 4 °C 

for 24 h. After that time, beads were 

transferred to BHI medium (50 ml) and 

were incubated at 32-35 °C. After 

approximately 48 h, the biofilm-coated 

alginate beads were transferred to mineral 

medium, which included calcium chloride 

(25 mM) and B-glycerophosphate 

disodium salt hydrate (50 mM) were used 

as calcium and phosphorus precursors, 

respectively at  pH 8.6. After 14 days, 

alginate beads were dried at 60 °C for 5 h. 

Finally, dried beads were rubbed on each 

other to obtain the HA powder for 

analysis. The above-mentioned procedure 

was repeated for preparing control alginate 

beads to determine production ability of 

HA by two mentioned bacteria (32). 
 

Preparation by transmitting alginate 

beads to medium contains 10% 

inoculation cultures of bacteria 

For preparation n-HA by this procedure, 

alginate beads were prepared by pure 

alginate with 2% concentration then these 

beads were transferred to NB medium 

which contain 10% inoculation cultures of 

each bacterial strains, separately and the 

rest of test was repeated same major 

process (32). 
 

Sol-gel as chemical method 

The precursors used for preparation 

hydroxyapatite in this experiment were 

urea as ammonia donor and EDTA as the 

chelating agent to prevent immediate 

precipitate formation calcium in the course 

of gel formation ions, respectively. 

Calcium nitrate tetrahydrate [Ca (NO3)2. 

4H2O] and ammonium dihydrogen 

phosphate [(NH4) H2PO4] were used as 

calcium and phosphorus donors, 

respectively and ammonium solution as a 

basic solvent. (33). 

 
Preparation of hydroxyapatite powder 

EDTA (4.525 g/ml) ammonium solution 

(pH 9) was prepared and added to aqueous 

solution [calcium nitrate tetrahydrate (12.9 

g), ammonium dihydrogen phosphate (3.9 

g) and urea (4.25 g)] 2:1 (v/v).  

Solution was remained at 95 °C and 

continuously stirred for 2 h to produce 

milky white gel. According to calcinations 

procedure, gel was dried at 350 °C and 800 

°C for 1 and 2 h, respectively (33).       

 
Stereomicroscopy 

 Stereomicroscopic study was carried out 

by STMPRO-B, Italy instrument to 

distinguish bacterial growth and 

transfiguration of alginate beads at the end 

of test (34).  

 
X-Ray Diffraction analysis 

The crystal structure and the content phase 

present in prepared samples were analyzed 

with X-ray diffraction (XRD) by 

PANalitical, X'Pert PRO MRD (XL), 

Netherlands. The crystallite size of the 

powder was calculated from the XRD data 

by using the Scherrer equation as follow:  

         D = 0.9 k/b cos h 
Where: 

D: the average crystallite size 

k: the wavelength of X-rays (0.154 nm) 

b:  is the full width was measured at half-

maximum of the HA, and  

h; is the peak diffraction angle (7). 

 
Fourier transform infra-red spectroscopy 

(FTIR) 

The structure of obtained powders were 

determined by FTIR spectroscopy. These 

samples were analyzed by FTIR analysis 

(ASTM D3677, Germany) spectrometer in 

scanning range of 400-4000 cm
-1 

(34).  
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Electron microscopy analysis 

Scanning electron microscopy (EM3200, 

KYKY China) was used to characterize 

the morphology and determine the size of 

nanoparticle. Completely dried powder of 

hydroxyapatite obtained from chemical 

and microbial procedures, was mounted on 

aluminum specimen stub using an 

electrically conductive double-sided 

adhesive tape, and sputter-coated with 

gold alloy before examination in the 

microscope (34). 

 
Thermogravimetric analysis 

Thermogravimetric analysis (TGA) carried 

out by STA1500, Shinko Korea, in 

temperature region from 20 to 900 °C with 

heating rate 20
◦
C/min for HA produced by 

sol-gel method (35). 

 

Results and Discussion 
Stereomicroscopic analysis 

The results showed that the surface of 

alginate beads encapsulated by two 

bacterial strains were covered with white 

precipitation of HA (Figure 1). In 

compared with the blank sample, it seems 

that metabolic and enzymatic activities of 

bacteria in the medium causes 

bioconversion of minerals precursor to HA 

and in this situation alginate works as an 

absorbent surface for precipitating this 

product. In this method the product is 

completely separated from medium and 

bacterial samples. 

The existence of pure bacteria of each 

strain and their viability was confirmed by 

light microscopy through the direct 

examination of beads; and culturing of 

encapsulation bacteria separately in NA 

medium, Gram stain and observing under 

light microscope.  

 
XRD analysis 
The XRD patterns are shown in Figure 2 

and 3, respectively. 

 

 

                                  

a                   b                        c 
Figure 1. Alginate beads entrapped bacterial cells. 

a) Encapsulated form of Ps. aeruginosa, b) Control 

sample and c) Encapsulated form of S. marcescens. 

 
In XRD patterns of obtained n-HA 

powders from sol-gel process and S. 

marcescense, there were some peaks 

indicating the presence of other phases 

such as calcium carbonate (CaCO3) and 

small amounts of sodium chloride 

(approximately 1%) as impurity.  

Although the presence of sodium ions 

within sample may not have adverse 

clinical effects because bone contains 

approximately 1% sodium (34) but the 

level of carbonate impurities in sol-gel 

methods can be controlled by regulating 

the aging time, solution and calcination 

temperatures (36).  

However, the XRD pattern of n-HA 

produced by P. aeroginosa confirmed the 

purity of the prepared sample which is 

depicted in Figure 4.  

The high intensity and broadening of the 

peaks show that the particles are highly 

crystalline in nano-scale size.  

Second approach using S. marcescens had 

an ability to produce n-HA without 

impurity such as NaCl indicated by XRD. 

The average of crystallite size which was 

calculated by Scherrer equation was 4 nm. 

The XRD spectrum is shown in Figure 5. 

The average crystallite sizes of n-HA 

obtained using either sol-gel or 

encapsulation method by S. marcescens 

and P. aeruginosa estimated by Scherrer 

equation were 57, 5.8, 19.3 nm, 

respectively.  

http://en.wikipedia.org/wiki/Sputter_coating
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Figure 2. The XRD pattern of HA produced 

by S. marcescens encapsulated in alignate. 

 

 
Figure 3. The XRD pattern of HA 

synthesized by sol-gel process. 

 

 
Figure 4. The XRD pattern of HA produced 

by P. aeruginosa encapsulated in alignate.  
 

FTIR analysis 
The FTIR spectroscopy has provided 

valuable information about the structure of 

HA powder. The FT-IR spectra of 

prepared samples from sol-gel process, 

S. marcescens and P. aeruginosa are 

shown in Figure 6, 7 and 8, respectively. 
 

 
Figure 5. The XRD pattern of HA produced 

by inoculum of S. marcescens on alginate 

surface beads. 
 

Presence of a weak peak in the region 

around 8 7 3 c m
- 1  

indicates CO3
-2 

band 

in sol-gel's sample confirming the minor 

amount of carbonate which was indicated 

in sol-gel XRD pattern.  

The peak at 1104-1043 cm
-1

, 572-596 cm
-

1
 and 470-471 cm

-1
 regions is indicative 

of P-O band in PO4
-2 

and P-O-P band in 

PO4
-3

 groups. 

The peak at 860-877cm
-1
 region indicates P-

O-H band in HPO4
- 
and the peak at 2600-

3500 cm
-1
 regions is due to  O-H bands. 

These peaks confirm the presence of HA 

phase in each sample (34). 

The XRD patterns and FTIR spectra of 

synthesized HA were well consistent with 

reported values in the literature (9, 34, 37, 38).  

 
SEM analysis  
SEM micrographs of the n-HA powder from 

chemical and microbial procedures are 

shown in Figure 9, 10 and 11, respectively. 

The size of the particles were estimated 

around 37-67 nm for sol-gel sample. As 

compared to microbial samples, more 

agglomerate shapes were observed in 

chemical sample.    
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Figure 6. The FTIR spectrumof HA 

synthesized by sol-gel process. 

 

 
Figure 7. The FTIR spectrumof HA 

produced by S. marcescens encapsulated in 

alignate. 

 

 

 
Figure 8. The FTIR spectrumof HA 

produced by P. aeruginosa encapsulated in 

alignate. 

 

The presence of calcium carbonate crystal 

impurity was observed in HA synthesized by 

chemical method. The SEM images of HA 

were produced by S. marcescences and P. 

aeruginosa have shown uniform and 

homogeneous distribution with circular 

shape in dimension around 8-55 nm and 15-

37 nm, respectively. 

Nanoparticle sizes and distribution of 

samples prepared by S. marcescens and P. 

aeruginosa showed comparable results 

with those reported previously (28, 29, 34) 

as well as with those prepared by chemical 

methods such as Sol-gel (11-27). 

 
TGA Analysis 
According to TG analysis, the HA sample 

was produced by sol-gel method showed 

little weight loss of around 1.169% up to 

872 °C which is due to water evaporation 

demonstrating thermal stability of HA 

powder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

Figure 9. SEM images of HA synthesized by 

sol-gel method with 5.00 and 20.0 KX 

magnifications. 

 

The presence of stoichiometric HAP with 

Ca/P ration: 1.67). The TGA pattern is 

shown in (Figure 12).  
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Figure 10. SEM images of HA produced by S. 

marcescens with 20 and 40 KX 

magnifications. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 11. The SEM images of HA produced 

by Ps. aeruginosa with 20.0, 40.0 and 60.0 

KX magnifications. 

Figure 12. TGA pattern of the sol-gel sample. 

 

Conclusions  
According to the results, it seems chemical 

methods such as Sol-gel required more 

control over experimental variables. 

However, it is not economical because of 

expensive precursors.  

The results of this study indicates that by 

using bacteria for the production of HA is  

cheap and the procedure is non-toxic  

resulting in HA similar to natural bone 

making it a suitable candidate for dental 

and medical applications.  
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