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In this study, HAP-gelatin and CC-gelatin nanocomposite 
scaffolds, as bioactive inorganic materials, were synthesized 
successfully through a chemical precipitation procedure. Next, 
characterization of the prepared nanocomposite scaffolds was 
completed using scanning electron microscopy (SEM), dynamic 
light scattering (DLS), zeta-sizer (for zeta potential 
measurement), X-ray diffraction (XRD) and Fourier transform 
infrared spectroscopy (FTIR). Then, we soaked the generated 
nanocomposite scaffolds in the simulated body fluid (SBF) for 
several times to investigate and compare the bioactivity of these 
nanocomposites and determine the percent of weight loss. The 
rate of calcium ions dissolution in SBF media was determined 
utilizing atomic absorption spectroscopy (AAS). The findings of 
characterization showed that the preparation of 
nanocomposites was successful with monodispersed nanosized 
particles, uniform agglomerated morphology, crystalline form, 
and negative surface charge. According to the results of the 
bioactivity test, both nanocomposite scaffolds were of high 
bioactivity, corroborated well with the patterns of calcium 
release. Calcium ions released from the HAP-gelatin 
nanocomposite were higher than that of the CC-gelatin. 
However, the bioactivity of CC was comparable with well-known 
bioactive HAP material. Therefore, it could be a promising 
alternative for use compared with HAP, the preparation of which 
is more complicated and expensive. 
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Introduction 

Bone related disorders are most significant 

problem in the modern orthopedic surgery 

due to improper life style, trauma and 

accidental injuries in early and middle age 

stages of life. Calcium phosphate-based 

ceramics are mostly used as orthopedic 

implant alternatives in the hard tissue 

regeneration due to their similar chemical 

composition, size, crystallinity and 

morphology to inorganic components of bone 

together their excellent biocompatibility [7].  

Hydroxyapatite (HAP) is highly 

biocompatible, bioactive, and bio-resorbable. 
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Therefore, it is applicable for the repair of 

injured bone or tooth [9,39,47]. Calcium 

carbonate is known as a safe natural material 

[8,24,25]. Lately, it has been used for making 

microcapsules, nanotablets, composite films, 

and scaffolds [46].  

Nanoparticles as ultrafine sub-micron 

particles may promote having materials, in 

comparison with their counterparts. 

Nanotechnology has shed new light on 

preparing low-priced systems by varying 

approaches [2,3,8,10,14,23-26,34,38,40]. 

Osteoconductive nanoparticles, such as HAP 

and CC can lead to a bond with the bone once 

applied to coat the bone and dental implants. 

Besides, possessing these materials may 

provide a suitable situation for creating new 

bone. These nanoparticles have more surface 

area resulting in higher reactivity. They can be 

used as exceptional structures in various 

arenas, particularly concerning the bone and 

dentistry domains [7,8,24,25,39,47].  

Unfortunately, inorganic materials have 

poor mechanical strength in the aquatic 

environment. As a result, they cannot be 

applied for major load bearing. The seeding of 

the inorganic materials is controlled by 

organic materials through geometric, 

electrostatic, and stereochemical 

complementarities [7,15,37]. According to the 

literature, the biological reaction of inorganic 

nanoscaffolds can be further improved by 

combining the organic constituent materials, 

namely collagen, gelatin, and chitosan 

[32,35,36,50]. Biomimetic reports 

demonstrate that HAP and CC have been used 

to make structures with collagen as artificial 

bone alternates. However, collagen has some 

disadvantages such as the cost and 

problematic availability. Gelatin can be 

utilized as a cost effective substitute material. 

Furthermore, the immunogenicity and 

pathogen transmission issues of collagen are 

eliminated by gelatin [13]. 

In this study, HAP-gelatin and CC-gelatin 

nanocomposite scaffolds were synthesized 

successfully by chemical precipitation 

process.  The synthesized nanocomposite 

scaffolds were then saturated in simulated 

body fluid (SBF) for several times to assess 

and compare their bioactivity. The designed 

simple preparation technique may be utilized 

to start and set up the easy and quick 

techniques for other nanocomposites with 

inorganic bases. 

Materials 

The used materials included commercial type, 

a bovine gelatin (Sigma-Aldrich, Germany). 

Sodium carbonate and calcium chloride were 

purchased from Merck Co. (Darmstadt, 

Germany), glycerin, calcium hydroxide, glacial 

acetic acid [CH3COOH] solution, 

orthophosphoric acid (Sigma-Aldrich, China), 

NaOH (0.1 M, Sigma-Aldrich, China).  

Methods 

The HA–gelatin nanocomposite scaffold was 

prepared by dissolving 0.35 g calcium 

hydroxide in diluted glacial acetic acid 

solution (2 mL). Then, 0.25 g of gelatin was 

poured to the media and allowed to stir at 55˚C 

for 3 hrs. In a separate flask, the 

orthophosphoric acid solution was prepared 

(0.2 M) in ammonia solution and a pH of 11.5. 

The prepared solutions were added slowly to 

the third beaker and continuous vigorous 

stirring was continued for 20 hrs. Then, the 

top solution was discarded. The precipitate 

was washed and centrifuged to obtain a HAP-

gelatin nanocomposite scaffold. The powder 

was washed with distilled deionized water 

again and ultra-sounded. Finally it was freeze‐

dried to maintain its structure. 

For the preparation of CC–gelatin 

nanocomposite scaffold, gelatin (15% w/w) 

was added into to 100 mL aqueous solution of 

CaCl2 in the presence of glycerol at constant 

magnetic stirring (40 °C for 50 min) to gain a 

homogeneous solution. Then, the obtained 

solution was placed in an oven (37 ± 0.5 °C) for 

5 h. The CC–gelatin nanocomposite scaffold as 

the dried powder was obtained finally. 
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Calcium carbonate and hydroxyl apatite 

materials without gelatin were also prepared 

in the same way without using gelatin. 

Characterization 

The mean nanocomposites size was found 

through the Dynamic Light Scattering (DLS) 

method (Malvern, United Kingdom) at 25 °C. 

In addition, the morphology of the 

nanocomposites was studied using SEM 

images (SEM, TESCAN, Warrendale, PA). 

Transmission electron microscopy (TEM) was 

used to confirm the presence of nanoparticles 

in the matrix of gelatin (JEM-2100F; JEOL, 

Tokyo, Japan). Zeta potential was assessed by 

a zeta-sizer (Malvern, UK) at 25 °C to obtain 

data concerning the surface charge of the 

nanocomposites. To do so, the fresh 

suspension was diluted with distilled water 

and injected into the capillary cell of the zeta-

sizer. The X-ray diffraction (XRD) (Philips TW 

1710) was applied to evaluate the crystallinity 

and phase determination information of the 

nanocomposites, in addition to pure CC and 

HAP materials. Data collection was performed 

at room temperature over the 2θ range of 20-

70° with the scanning rate of 3˚/min. 

Moreover, the molecular structure and 

inter/intramolecular bonding of the 

synthesized nanocomposites were obtained 

through Fourier transform infrared 

spectroscopy (FTIR) (Thermo Nicolet-6700) 

in the range of 4000-400 cm-1  

Bioactivity test 

The produced nano-powders were soaked in 

SBF (pH of 7.4 and 37 °C) over 28 days in order 

to assess their bioactivity (dissolution rate of 

calcium ions) [19,48]. Atomic absorption 

spectroscopy (AAS) was applied for this goal. 

The volume of SBF solution (in proportion to 

the surface area divided by 10) was poured on 

the samples [19]. 

Weight loss percent 

The nanocomposites' weight loss was 

completed in vitro by samples incubation in 

SBF (pH: 7.4 and 37 °C) for 28 days. 

Afterwards, the specimens were dried at 50 °C 

for 24 hrs and the amounts for weight loss was 

calculated using the equation below: 

Weight loss %= (W0-W28)/W0 *100 

where W0 refers to the initial weight of 

composites and W28 represents the weight at 

day 28. 

Results  

The mean size of the prepared materials is 

available in Figures 1 and 2. The results from 

DLS displayed a mean size of 13.84±0.91 nm 

(PDI of 0.23) for HAP-gelatin nanocomposites 

and 14.96±0.86 nm (PDA of 0.35) for CC-

gelatin nanocomposites.  

SEM and TEM results displayed uniform 

agglomerated morphology for both 

nanocomposite scaffolds (Figure 2). The 

presence of the nanoparticles in the gelatin 

matrix is also obvious according to TEM 

images. Zeta potential measurements (Figure 

3) showed a negative surface charge for both 

nanocomposites (-27.80±0.34 mV for HAP-

gelatin nanocomposites and -32.34±0.84 mV 

for CC-gelatin nanocomposites). 
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FIGURE 1 Size distribution of the HAP-gelatin nanocomposite (a) and CC-gelatin nanocomposite 
(b) 

 

FIGURE 2 Microscopic images of the prepared nanocomposites: SEM image of the HAP-gelatin 
nanocomposite (a) and CC-gelatin nanocomposite (b), TEM image of the HAP-gelatin 
nanocomposite (c) and CC-gelatin nanocomposite (d) 

 



P a g e  | 74 Hydroxyapatite-gelatin and calcium carbonate …   
 

 

 

FIGURE 3 The amounts of zeta potential of the HAP-gelatin nanocomposite (a) and CC-gelatin 
nanocomposite (b) 

The X-ray diffraction (XRD) patterns of the 

nanocomposites gives information about the 

degree of crystallinity. The results for the XRD 

outline showed the occurrence of sharp and 

high intensity patterns with no additional 

peaks (Figure 4). The XRD pattern of the 

samples can be completely indexed with the 

standard card (JCPDS file No.24-0033) for HAP 

and (JCPDS file No 47-1743) for CC. The peaks 

at 2θ of 26, 31.6, 32.92, 35.7, 40, 46.74, and 

54.10° indicate the HAP [4, 42] peaks at 2θ of 

29.4°, 39.4° and 56.5° shows that the 

composition of the CaCO3 in nanocomposite is 

pure phase of calcite [30]. To assess the 

molecular structure of the synthesized HAP-

gelatin nanocomposites, FT-IR was applied. 

Figure 5 shows FTIR results of the prepared 

nanocomposites. FT-IR peaks displayed all 

typical peaks of the nanocomposites with no 

additional peaks. 

Figure 6 shows the releasing of calcium 

ions from nanocomposite scaffolds into SBF. 

More calcium ions were released from the HA-

gelatin nanocomposite scaffold as compared 

with the CC-gelatin nanocomposite scaffold. 

The bioresorbability of the prepared 

nanocomposites is shown in Figure 7. The 

amount of calcium release from both 

nanocomposites agreed well with the calcium 

release outline of biological apatite [16,22].  

Figure 8 displays the weight loss behavior 

of the prepared nanocomposites. The weight 

loss of the both nanocomposites showed a 

decreased curve compared with the pure CC 

and HAP materials (according to previous 

reports) [27,49].  

 

FIGURE 4 X-ray peaks for Calcium carbonate material (a), hydroxyl apatite material (b), CC-

gelatin nanocomposites (c) and HAP-gelatin nanocomposites (d) 
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FIGURE 5 FT-IR spectra for CC-gelatin nanocomposites (a) and HAP-gelatin nanocomposites (b) 

 

FIGURE 6 Release of calcium ions from the prepared nanocomposites 

 

FIGURE 7 The pH changes of SBF solution versus time for prepared nanocomposites 
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FIGURE 8 The weight loss percent versus time for the prepared nanocomposites 

Discussion 

Most types of the expanded scaffolds are not 

able to mimic the bone nanostructure [5,20]. 

Consequently, a scaffold with the capacity of 

mimicking the bone structure at the nano-

scale level could be a favorable alternative to 

conventional bone grafts [6,18]. 

The biocompatibility and bioactivity 

possessions of HAP and CC nanoparticles have 

been outstanding concerning bone tissue 

engineering owing to their similarity with 

body hard tissues [11,44]. These 

nanoparticles can enhance the contact 

reaction and stability at the interface of 

artificial and natural bone [28]. The size of a 

particle is a remarkable variable for 

controlling the behavior of the HAP and CC 

powders in dental and orthopedic fields. The 

nanometer size of HAP and CC particles results 

in enhanced surface wettability improving 

vitronectin adsorption (osteoblast adhesion 

protein). In addition, the conformations might 

alter as a result of nanometer size improving 

osteoblast performance [45]. 

Precipitation procedure is an easy, quick, 

low cost and size-controllable method for 

synthesizing nanoparticles. The prepared 

nanocomposites in the current study indicated 

a particle size of narrow distribution (PDI 

values of 0.23 and 0.35). Some researchers 

believe that PDI values of 0.1–0.25 and over 

0.5 show narrow and broad size distribution, 

respectively [8, 25]. As a result, the generated 

nanocomposites with PDI values of 0.23 for 

HAP-gelatin nanocomposites and 0.35 for CC-

gelatin nanocomposites had a narrow size 

distribution. SEM images reveal aggregates 

with spherical and uniform morphology with 

a narrow size distribution confirming the 

findings of DLS examination. 

The zeta potential for the colloidal particles 

plays a major part in determining their 

possessions. Zeta potential is one of the main 

factors commonly used for predicting 

suspension stability. Generally, an amount 

larger than ±60 mV indicates high stability, 

while a zeta potential lower than ±5 mV 

usually results in low stability. Zeta potential 

for the prepared nanocomposites was 

obtained as -27.80±0.34 mV for HAP-gelatin 

nanocomposites and -32.34±0.84 mV for CC-

gelatin nanocomposites. Moreover, the 

reports have revealed that negative zeta 

potentials show a significantly promising 

influence on the attachment and proliferation 

of the osteoblasts. Based on these reports, a 
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negative zeta potential value might enhance 

the in vivo biological features. Consequently, 

the nanocomposites prepared in the present 

investigation may be superiorly attached to 

the bone cells [7,8,25,32]. 

The X-ray diffraction picks of the prepared 

nanocomposites were compared with the 

standard file showing a good match for the 

intensity and position of peaks. In addition, the 

X-ray diffraction picks could be utilized to 

calculate the percent of crystallinity in the 

structures by the XRD deconvolution 

technique, in which the amorphous and 

crystalline contributions to the diffraction 

spectrum were separated. The X-ray pattern of 

both nanocomposites demonstrated the 

dominance of the crystalline phase over the 

amorphous phase for both nanocomposites. It 

should be noted that the percent of 

crystallinity was higher for the CC-gelatin 

nanocomposite, compared with the HAP-

gelatin nanocomposite. The crystallinity of 

both nanocomposites was lower than the pure 

HAP and CC, which could be attributed to the 

amorphous nature of gelatin [29]. 

According to Figure 5, the FT-IR spectrum 

of the generated nanocomposites indicated 

the numbers of all main bands. An amide I 

mode specified that HAP-gelatin composites 

had mostly an α-helical configuration, which 

was further confirmed by the appearance of 

amide II at ~1550 cm-1. The hydroxyl group (-

OH) of HAP was shown to have a stretching 

bond (4000-3300 cm-1). The phosphate band 

was found at 1032 cm-1  [17]. The CC-gelatin 

composites had the amide I band showing C=O 

stretching/hydrogen bonding coupled with 

COO at the wavenumbers of 1650 cm-1. Amide 

II that demonstrates the bending vibrations of 

N-H groups and stretching vibrations of C-N 

groups is at 1560 cm-1. We obtained the 

vibrations of C-N and N-H groups of bound 

amide (amide-III) or vibrations of CH2 groups 

of glycerol in the gelatin matrix at the 

wavenumbers of 1250 cm-1. Moreover, peaks 

at 3280–3290 cm-1 showed NH-stretching 

coupled with hydrogen bonding [43].  

The findings indicated that both fabricated 

nanocomposites had high bioactivity in the 

SBF solution. Based on the results, the HAP-

gelatin nanocomposite released more calcium 

ions than the CC-gelatin nanocomposite. The 

level of calcium release from both synthesized 

nanocomposites was verified well with the 

outline of the calcium release of biological 

apatite reported by other investigators [16, 

22]. Calcium ions released from both prepared 

nanocomposite scaffolds into SBF was 

quantitatively estimated to support the in 

vitro bio-resorbability [33]. The structural and 

chemical compositions of the materials may 

greatly affect solubility. Then, the size of 

crystallite is a remarkable strategic variable 

for HAP and CC behavior in vitro. As a result, 

the engineering of the nano-crystallite size can 

stimulate the resorbability of HA. 

Solubility of the materials determines the 

pH values. As a physicochemical rule, 

solubility increases with decreases in the pH 

[12]. Figure 7 shows that the bioresorbability 

rate of the HAP is higher than that of the CC. 

Furthermore, the obtained data suggest that 

CC should be classified as a bioactive material. 

Some reports presented that the new bone 

formation reaction of CC is similar to that of 

the bioactive hydroxyapatite [21, 31]. Ohgushi 

et al. reported that the interaction of 

osteogenic cells derived from porous brain 

cells and porous CC was confirmed without 

affecting existing host bone  [31]. Besides, the 

chemical or surface alteration of gelatin can 

affect solubility rate significantly to provide 

slow biodegradation profile over several 

months in vivo [41].  

The weight loss of both nanocomposites 

had a diminishing curve (Figure 8), compared 

with pure CC and HAP materials that proved 

that gelatin amount augmented the 

interaction between CC and HAP particles, 

leading to low degradation and high stability 

of the nanocomposites [1]. 
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Conclusion 

HAP-gelatin and CC-gelatin nanocomposite 

scaffolds were generated successfully by 

chemical precipitation procedure as an easy 

and rapid method. Both nanocomposite 

scaffolds were found to have high bioactivity, 

corroborated well with the pattern of the 

calcium release of biological amounts. HAP-

gelatin nanocomposite released more calcium 

ions than the CC-gelatin nanocomposite. It 

could be concluded that the prepared 

nanocomposite scaffolds might be more 

beneficial for bone defects treatment, 

compared with conventional HAP. In addition, 

the close competitive bioactivity of CC with 

well-known bioactive HAP material is 

promising for the application of this available 

material instead of HAP, the preparation of 

which is more complicated and expensive. The 

designed simple preparation technique may 

be utilized to start and set up the easy and 

quick techniques for other nanocomposites 

with inorganic bases. 
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