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The effects of nanohydroxyapatite/gelatin (nHA/G) ratio, stirring rate and water/oil
phase ratio (W/O ratio) on particle size and distribution of nanocomposite 
microspheres based on nanohydroxyapatite-in-gelatin were investigated.

Surface response model was used for tests design. The microspheres were fabricated
using water-in-oil emulsion followed by their characterizations using optical microscopy,
scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDXA), X-ray
diffraction analysis (XRD) and Fourier transform infrared spectroscopy (FTIR).
Statistical models with interaction terms were derived to model the particle size and 
distribution of the microspheres. Addition of nHA to gelatin led to larger sizes of 
microspheres, although the higher nHA/G ratio (0.5-1) led to their slightly smaller size.
The data revealed that further increase in stirring rate resulted in microsphere 
size reduction. The results showed that at different stirring rates, W/O ratio has acted
differently. By increasing in nHA/G ratio, the uniformity of the microspheres improved.
The effect of stirring rate was dependent on nHA/G ratio. Various W/O ratios did not
show any significant effect on particle size distribution, and yet their higher ratios
enhanced the uniformity of particle size to some extent. Statistical analysis revealed
that the generated models are valid for modeling of the particle size and its distribution.
SEM images showed that by addition of nHA to gelatin, the microspheres become
smoother. At high ratios of nHA/G (>1) some cracks were observed on the surface of
the microspheres. Calcium mapping of the surface and cross-section of the 
microspheres confirmed the uniform distribution of nHA on the surface and within their
bulk. The XRD and FTIR studies showed that the fabrication process did not affect the
chemical and physical characteristics of gelatin and nHA any longer.

INTRODUCTION

Gelatin is a denatured form of col-
lagen and contains a number of
biological functional groups such
as amino acids which from biolo-
gical point of view make it suitable
for hard tissue applications. It is
also clinically proven that gelatin
may serve as defect filler temporar-
ily and wound dressing because of
its biodegradability and biocom-

patibility [1-4]. However, some of
the mechanical properties of 
gelatin are not suitable for hard 
tissue applications. To overcome
this deficiency, some approaches
are made to fabricate composites
based on gelatin which represent
one of the most promising strate-
gies in bone tissue engineering.
Composite systems have already 
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been introduced to improve the mechanical proper-
ties, osteoblastic cellular responses and in vivo bone
forming ability [3-6]. Gelatin/hydroxyapatite (HA)
composites have been developed into a good 
candidate material for hard tissue repairs [7-9]
because of their similar composition to the hard 
tissues [10,11], good biocompatibility [12] and high
osteoconductive activity [13,14]. Very recently, they
have been also used as a drug delivery system for the
treatment of bone infections and defects [15,16]. 

In particular, compared to micro-scale composites,
nano-scale organized composites have proven to be
more effective, because of their structural similarities
to natural bones and their higher mechanical and 
biological properties [7-9]. Recently, Zandi et al. [7],
Chang et al. [11] and Sivakumar et al. [12] have done
some research works on fabrication and usage of 
composites made up of hydroxyapatite and gelatin for
bone tissue engineering applications.    

Gelatin/HA composites used to be usually pre-
pared in irregular granular forms, densely packed
bodies, pastes, sponges, membranes, and micro-
spheres. Among these different forms, microspheres
have the capability of being used as fillers in bone
defects, either directly or formulated with polymeric
materials. Moreover, the microspheres can hold and
release bioactive moieties in a more controllable
manner than other formulations and thus, are 
suitable for use in growth factor delivery systems
[3,6,12]. It has been shown that releasing rate of
growth factor can affect the tissue formation, 
strongly [17,18].

Difficulty in achieving desired release rates is a
serious limitation in controlled drug delivery. Micro-
sphere size and uniformity which have significant
effects on drug release rate, can be potentially varied
to design a controlled drug delivery system with a
desired release profile.

To date, a significant number of studies have been
carried out on the production of polymeric micro-
spheres with different particle sizes [19] and uni-
formity [20-23]. However, very little is known about
composite microspheres. Based on our current
knowledge no research has been done on the particle
size and distribution modelling of nanohydroxy-
apatite-in-gelatin microspheres as thoroughly as this
work.

In this study, response surface method was 
adopted to model and investigate the effect of nano-
hydroxyapatite content, stirring rate and volumetric
phase ratio of water/oil on the size and uniformity of
microspheres.

EXPERIMENTAL

Materials
Gelatin and acetone were purchased from Merck
(Germany). Nano-particles of hydroxyapatite (size <
200 nm) and olive oil were purchased from Sigma
(Germany).

Experimental Design
Central composite design based on response surface
method with 3 factors (nanohydroxyapatite/gelatin
weight ratio (nHA/G ratio), stirring rate and water/oil
volumetric phase ratio (W/O) in 3 levels was used to
design the experiments (Table 1).

The least squares method was used to estimate the
parameters in polynomials approximation. The
response surface analysis was then performed using
the fitted surface. If the fitted surface is an adequate
approximation of the true response function, then
analysis of the fitted surface would be approximately
equivalent to analysis of the actual system [24]. 

Analysis of variance, which was done using a 
statistical software package (Design of Expert 6) was
applied to generate a model for modelling of particle
size determination of nHA/G microspheres, investi-
gating the validity of the generated models and 
determining the main effects and interactive factors
of the responses.

Microsphere Preparation
The microspheres were fabricated using water-in-oil
emulsion method introduced by Adhirajin et al. [23]
with some modifications. Briefly, the nanohydroxy-
apatite (nHA) was dispersed in water by an 
ultra-sonic device (Bandehine Jonplus, HD2200,
Germany) for 1 min. Then, gelatin was added to the
suspension to form a solution with 15 w/v% gelatin
concentration with different nHA/G ratios of 0, 0.5
and 1 (w/w). The nHA/G solution was added at 60°C
to olive oil (in W/O ratios of 0.1, 0.2 and 0.3 v/v) 
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pre-heated to 60°C. The two phases were emulsified
for 30 min using a mechanical stirrer (IKA, Germany)
(rotating at 400, 800 and 1200 rpm, consecutively).
The emulsion was then rapidly cooled to 5°C in an ice
bath and stirring was continued for 30 min to allow
the spontaneous gelation of the nHA/G aqueous 
solution. The microspheres were dehydrated after
addition of 25 mL acetone pre-cooled at 5°C while
stirring was continued for a further 30 min. The
microspheres were then collected from the suspension
by filtration and washed several times with acetone to
remove residual oil on their surface. The washed
microspheres were finally vacuum-dried for at least
one day.

Particle Size Measurements
Particle size analysis of microspheres was performed
using an optical microscope (Nikon, USA). Images
were captured and processed by Image ProPlus 
software. A small amount of dry microspheres was

suspended in acetone. A small drop of suspension was
placed on a clean glass slide. The slide containing
nHA/G microspheres was mounted on the stage of the
microscope [26]. Images of microspheres were 
captured using a CCD camera (Sony, Japan). The
diameter of at least 600 particles was measured via
image analysis using Image ProPlus software.

The median of particle size (D50) was reported as
the particle size of microspheres. In order to describe
particle size distribution, the size range variation 
coefficient Sv, was used. This coefficient was 
calculated by eqn (1) as follows:

(1)  

where D84 is P(X < x) = 84% and D16 is P(X < x) =
16% (X is the particle size, P is the percentage by
number of particles smaller than the screen size x)
[27]. The lesser value of Sv shows that there is more
uniformity in the particle size of microspheres.
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Standard

order

Run 
order

nHA/G 
Ratio
(w/w)

Shaking 
rate

(rpm)

W/O 
Ratio
(v/v)

Particle size (μm) Sv

Actual 
value

Predicted
value

Actual 
value

Predicted
value

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

4
15
13

9
11
8
1
2
3

10
17
12
16
18
14

6
7
5

0.0
0.0
0.0
0.0
0.0
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
1.0
1.0
1.0
1.0
1.0

400
400
800

1200
1200
400
800
800
800
800
800
800

1200
400
400
800

1200
1200

0.1
0.3
0.2
0.1
0.3
0.2
0.1
0.2
0.2
0.2
0.2
0.3
0.2
0.1
0.3
0.2
0.1
0.3

239
220

36
14
23

264
83
84
91

102
105

68
49

320
244

80
43
40

234.4
216.9

46.8
11.6
22.0

276.6
94.2
87.1
87.1
87.1
87.1
73.4
53.0

316.7
242.1
85.8
41.8
40.3

62.5
62.3
64.4
63.4
50.1
33.0
44.5
44.9
46.4
43.7
42.0
43.1
46.3
32.5
29.7
32.4
47.7
46.5

64.4
60.6
60.5
60.4
56.6
39.5
44.8
42.9
42.9
42.9
42.9
41.0
46.3
30.8
27.0
37.7
48.4
44.6

Table 1. The central composite design of experiments and comparison of the actual and predicted values of 
microspherical size.



SEM and Energy Dispersive X-ray Analysis
The morphology of nHA/G microspheres was studied
using scanning electron microscopy (SEM; Vega II
XMU instrument Tescan, Czech Republic). In order
to study the nano-particle distribution within and on
the surface of the microspheres, energy dispersive 
X-ray analysis (EDXA) for elemental mapping was
performed using an EDXA system (Rontec,
Germany).

FTIR and X-ray Diffraction Analysis
In order to follow the chemical changes after prepa-
ration of the nanocomposite microspheres and chem-
ical interactions between crystalline nHA and func-
tional groups of gelatin, the FTIR analysis (Bruker
FRA model 106/5, Germany) was performed using
KBr. The X-ray patterns were obtained using a
Siemens D-5000 (USA) diffractometer with radiation
CuKα (λ = 15.4 nm, 40 kV and 30 mA) at 25°C. The 
relative intensity was registered in a dispersion range
(2θ) of 5-65°.

RESULTS AND DISCUSSION

Particle Size Modelling
In this study, the effects of 3 variations including
nanohydroxyapatite/gelatin ratio, stirring rate and
volumetric phase ratio of water/oil on the particle size
of microspheres were investigated. The mean sizes
and Sv values of microspheres are presented in 
Table 1.

In order to evaluate the response (mean particle
size of nHA/G microspheres) different statistical
models containing: linear interaction (eqn (1)), two-

factor interaction (2FI) (eqn 2) and quadratic models
(eqn 3) were generated by regression analysis [28] as
follows: 

where b0 is the arithmetic mean response of 18
runs and b1, b2, and b3 are the estimated coefficients
for the factors x1, x2 and x3, respectively. The main
effects represent the average results of changing one
factor at a time from its lowest to highest values. The
interactions show the changes in particle size where
two or more factors vary simultaneously [28].

In order to evaluate the generated models, an
analysis of variance (ANOVA) was applied. The
validity of models was investigated by calculating the
amount of P value of the model, R2, “adjusted R2”, 
“predicted R2” and adequate precision of the model
which are presented in Table 2.

The P value of the model represents the level of
significance of generated model and the values under
0.05 indicate that it is significant. R2 and “adjusted R2”
of the generated model should be close to unity
[24,29,30]. In addition, the difference between
“adjusted R2” and “predicted R2” should be under
0.20. Adequate precision which is a signal-to-noise
ratio compares the range of predicted values at the
design points to the average prediction error. It is
desirable to obtain adequate precision above 4 [24].
Comparing P value of the model, R2, “adjusted R2”,
“predicted R2” and adequate precision of different
models it may be suggested that quadratic model is
the best generated model for evaluating the particle
size of nHA/G microspheres. The P value of 
quadratic model in this study is below 0.0001 which
shows the good level of significance of the model.
Values of 0.993, 0.983 and 0.930 corresponding to
R2, “adjusted R2” and “predicted R2” of the 
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quadratic model are obtained accordingly. As can be
seen all of these values are close to one and the value
of “adjusted R2” is in good agreement with the value
of “predicted R2”. The adequate precision of the 
quadratic model is 31.11 which is an indication of the
validity of the results. 

In order to evaluate the capacity of generated 
models to predict the response within the design
space, the P value of “lack of fit” was calculated. If a
model has a significant “lack of fit” P value, it is not
a good predictor of the particle size of microspheres
[24]. The P values of 0.0132, 0.0099 and 0.278 
correspond to the “lack of fit” of the linear, 2FI and
quadratic models. Among them, P value of the “lack
of fit” of quadratic model is insignificant, which 
indicates that this model is a good predictor of the
response. 

The following equation was provided by the least
squares method based on quadratic model to describe
the correlations among mean particle size of micro-
spheres (y), nHA/G ratio (x1), stirring rate (x2) and
W/O ratio (x3):

The values of particles size that were predicted by
using this model are compared to the actual (or
observed) data (Table 1). As can be seen, the pre-
dicted particles sizes are in good agreement with the

actual data. All these results indicate that this model is
valid and is a good predictor of the mean size of
nHA/G microspheres within the design space. 

In order to observe the main effect and interaction
of factors on the size of nHA/G microspheres, the
interactive graphs, obtained from generated model are
presented in Figure 1.

In Figure 1a, the effect of nHA/G ratio on particle
size at two different W/O ratios is shown. By addition
of nHA to gelatin, the particle size of microspheres
increases, at first, but further increase in nHA/G ratio
from 0.375 to 0.75 resulted in slight decrease in the
particle size of microspheres.         

Addition of nHA to gelatin has two different
effects on the viscosity of aqueous phase that has a
direct influence on the particle size. Firstly, as the
concentration of gelatin solution is considered con-
stant, addition of nHA to gelatin solution causes an
increase in the viscosity of aqueous phase. Secondly,
as Tuteja et al. [31,32] have shown, by increasing the
volume fraction of the nano-particles in the melt poly-
meric phase, the viscosity is reduced and the melt
shows some deflections from Stock-Einstein model.
Presence of nHA causes easier movement of the
chains and hence reduction of viscosity. 

It seems that at low levels of nHA/G ratios (0-0.5),
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Table 2. The results of analysis of variance for the generated models and their "lack of fit" values.

P value R2 Adjusted R2 Predicted R2 Adequate
precision

P value of 
"lack of fit"

Particle size
Linear
2FI
Quadratic

< 0.0001
0.0004
< 0.0001

0.840
0.860
0.993

0.810
0.780
0.983

0.73
0.35
0.93

14.60
11.10
31.11

0.0132
0.0099
0.2780

Particle size 
distribution (Sv)

Linear
2FI
Quadratic
Modified quadratic

0.0004
0.0770
0.0614
< 0.0001

0.0235
0.0362
0.0683
0.0957

0.713
0.842
0.933
0.911

0.651
0.756
0.859
0.874

0.416
0.099
0.326
0.760

-
-

11.788
16.733

2
3

2
2

2
1321323121321

5.3280004857.0

1.83281.0175.05.3970931.03.261.11.231585

xx

xxxxxxxxxxxxxy

−+

−++−−−−+=

Scheme II

(5)



the increasing effect of concentration on the viscosity
and therefore on particle size, is overwhelming. In
other word, addition of nHA to gelatin into some
extent increased the particle size, while by rise of
nHA/G ratio to 0.75, the reduction effect is dominant
and the particle size is decreased.

It may be observed in Figure 1a, the W/O ratio
does not have any significant effect on the nHA/G
ratio with its influence on the size of their micro-
spheres. The P value of term x1x3 is about 0.092
which represents the level of significance of the inter-

actions of terms x1 and x3 in the generated model
(Table 3). This point confirms that the interaction
effect of nHA/G and W/O ratios on the size of micros-
pheres is not significant.

Figure 1b demonstrates the effect of stirring rate
on the particle size of nHA/G microspheres at two dif-
ferent nHA/G ratios. By increasing the stirring rate,
the size of nHA/G microspheres has decreased 
significantly. Obviously, any increase in the stirring
rate results in higher efficient shearing of gelatin 
solution which further leads to the formation of 
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(a) (b)

(c)

Figure 1. The interaction graphs of variables generated using statistical model: (a) effect of nHA/G ratio on the
particle size in two different W/O ratios of 0.1 ( ) and 0.3 ( ) and stirring rate of 800 rpm, (b) effect of stirring
rate on the particle size in two different nHA/G ratios of 0 ( ) and 1 ( ) and W/O ratio = 0.2, and (c) effect of
W/O ratio on the particle size in two stirring rates of 400 ( ) and 1200 rpm ( ) and nHA/G ratio = 0.5.



smaller particles.
Figure 1b depicts that nHA/G ratio does not

behave simultaneously on the stirring rate and on the
particle size of nHA/G microspheres. The P value of
term x1x2 is 0.140 which represents the level of 
significance of the interactions of terms x1 (nHA/G
ratio) and x2 (stirring rate) in the generated model and
confirms that this interaction effect is not significant.

Figure 1c shows the effect of W/O ratio on the size
of nHA/G microspheres at two different stirring rates.
As can be seen, the W/O ratio has different effects on
the particle size of nHA/G microspheres depending
on the magnitude of stirring rate. At low level of 
stirring rate (400 rpm), W/O ratio shows a negative
effect and by having a higher ratio it leads to further
reduction in the particle size of nHA/G microspheres.
Meanwhile, at high level of stirring rate (1200 rpm)
the W/O ratio becomes important in relation to its
effect on the mean particle size of nHA/G 
microspheres. The P value of the term x2x3 is 0.0248
which indicates that the interaction effect of W/O
ratio (x3) and stirring rate (x2) is significant.

The positive effect of W/O ratio on the size of
nHA/G microspheres in high level of stirring rate
(1200 rpm) is in agreement with the results reported
by Dinarvand et al. [19]. By increasing the W/O ratio,
the volume of internal phase increases and thus the
mean distance between the droplets is decreased. 
At high level of stirring rate (1200 rpm), the probabil-
ity of coalescence between the micro-bubbles may

increase, hence, leading to aggregation of the micro-
bubbles and increase in the size of microspheres.

At low level of stirring rate (400 rpm), further
increase in W/O ratio and hence, the internal phase,
may result to improvement of the shearing efficiency
of the mixture, which in turn, leads to formation of
smaller microspheres.

Particle Size Distribution Analysis
As it is given in Table 2, the best statistical model
(among other models) to evaluate the particle size
distribution is a quadratic model. The following equa-
tion is provided by the least squares method to
describe the relationship between Sv (y), nHA/G ratio
(x1), stirring rate (x2) and W/O ratio (x3):

Although, the quadratic model is found to be the
best model among the other models, still it does not
possess the reasonable quality statistically. In order to
improve the quadratic model, parameters with higher
P value were omitted and the new modified model
was investigated, likewise. 

As can be seen in Table 3, parameters that have
significant effects on particle size distribution are:  x1,
x2, x12 and x1x2. In order to modify the quadratic
model, the insignificant terms (including x22, x32,
x2x3 and x1x3) were omitted. The term x3 was used in
the modified model due to its hierarchical impor-
tance. The final derived modified model is as follows:

The P value of modified model is less than 0.0001
which presents its good level of significance. Values
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Table 3. The P values of the main effects and interactions of variables for quadratic model 
generated for evaluating particle size and particle size distribution (Sv).

Terms Particle size Particle size distribution (Sv)

P value P value

x1 (nHA/G ratio)
x2 (stirring rate)
x3 (W/O ratio)
x12

x22

x32

x1x2
x1x3
x2x3
x1x2x3

0.0017
< 0.0001

0.0343
0.0294

< 0.0001
0.6793
0.1402
0.0929
0.0248
0.2452

Significant
Significant
Significant
Significant
Significant

-
-
-

Significant
-

< 0.0001
0.0286
0.1704
0.0304
0.3617
0.4663
0.0058
0.4190
0.3332
0.2257

Significant
Significant

-
Significant

-
-

Significant
-
-
-



of R2, “adjusted R2” and “predicted R2” of the gener-
ated model are 0.911, 0.874 and 0.760, respectively
which are all close to unity and the value of “adjusted
R2” is in good agreement with the value of “predicted

R2”. The "adequate precision" of the generated model
is 16.733 which is an indication of good validity of
the generated model.

The P value of “lack of fit” of the generated model
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(a) (b)

(c)

Figure 2. The interaction graphs of variables generated using statistical model: (a) effect of nHA/G ratio on the
Sv in two different W/O ratios of 0.1 ( ) and 0.3 ( ) and stirring rate of 800 rpm, (b) effect of stirring rate on the
Sv in two different nHA/G ratios of 0 ( ) and 1 ( ) and W/O ratio = 0.2, and (c) effect of W/O ratio on the Sv in
two stirring rates of 400 ( ) and 1200 rpm ( ) and nHA/G ratio = 0.5.
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is 0.0957. The "lack of fit" value is insignificant
which indicates that this model is a good predictor of
the response. In comparison with other models, this
model seems to be more perfect to evaluate and 
predict the particle size distribution of microspheres. 

Table 3 presents the standardized effect of each
term on the particle size distribution. The nHA/G ratio
has the most significant effect on the particle size 
distribution. In Figure 2a, the effects of nHA/G ratio
on Sv with two different W/O ratios are shown. By

addition of nHA to gelatin solution, the Sv is
decreased which means that the uniformity of particle
size distribution has increased. By addition of nHA
particles to gelatin solution of the emulsion and 
distribution of nano-particles within the polymeric
chains, shear stress distributes more uniformly within
the micro-bubbles. As further uniform distribution of
shear stresses leads to formation of microspheres with
a narrower size distribution, the increase in nHA
content increases the uniformity of the microspheres.
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(a) (c) (e)

(b) (d) (f)

Figure 3. SEM Micrographs of microspheres prepared with W/O ratio = 0.2, stirring rate of 800 rpm and the nHA/G
ratios of (a and b) 0, (c and d) 0.5, and (e and f) 1.
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Also, as the nHA concentration increases the solid
content of the aqueous phase is similarly increased
which leads to harder fusion process for microspheres
to coalesce. This in turn, results in the formation of
more uniform microspheres.

In addition to the main effect of nHA/G ratio, the
stirring rate and the interaction of nHA/G ratio and
stirring rate have significant effects on Sv (Table 3).
The stirring rate has different effects on Sv at different
levels of nHA/G ratios. At low level of nHA/G ratio
(i.e., nHA/G = 0) stirring rate has a negative effect on
Sv which means that by increasing the stirring rate, the
uniformity of microspheres is improved. In contrast,
at high level of nHA/G ratio (i.e., nHA/G = 1), the 
stirring rate has a positive effect on Sv and the 
uniformity of microspheres is weakened (Figure 2b).
This can be related to cohesion of micro-bubbles with
different levels of uniformity within the emulsion.   

As it is explained above, when the nHA/G ratio is
low (0-0.5), the micro-bubbles are formed in emulsion
with less uniformity where by cohesion of such non-
uniformed micro-bubbles, the microspheres are 

created with a narrower size distribution. In contrast,
at high level of nHA/G ratio (i.e., nHA/G = 1) the
micro-bubbles are formed constantly and their greater
cohesion leads to formation of microspheres with less
uniformity.

As Table 3 demonstrates the W/O ratio has not any
significant effect on the particle size distribution and
by increasing the W/O ratio, the uniformity of micro-
spheres is slightly improved (Figure 2c).

Morphological and Structural Studies
The effect of nanohydroxyapatite content on the 
morphology of nHA/G microspheres was investigated
by studying the SEM micrographs of microspheres
with different nHA/G ratios of 0, 0.5 and 1 prepared
at constant stirring rate of 800 rpm and W/O ratio of 0.2.

As can be seen in Figure 3a, when nHA/G ratio 
= 0, there are appeared some irregular grooves on the 
surface of microspheres. By addition of nHA to 
gelatin at nHA/G ratio = 0.5, microspheres with
smoother surface have been obtained (Figure 3b). By
increasing the nHA/G ratio to 1 some micro-cracks
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Figure 4. Calcium mappings of microspheres prepared with W/O = 0.2, and stirring rate of 800 rpm: (a) nHA/G
ratio = 0.5, (b) nHA/G ratio =1, and (c) the cross-section of the microsphere with nHA/G ratio = 1.

100 μm 100 μm                      1000×
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would form on the structure of the microspheres
(Figure 3c).

It is likely that in the absence of nHA, surface of
gelatin microspheres is vulnerable to shears during
gelation and dehydration processes. By addition of
nHA, rigidity of microspheres increases, therefore,
microspheres are formed with smoother surface.
Further increase in nHA content can reduce the 
elasticity of the microspheres. As the microspheres
endure shear stress during the fabrication process,
more reduction in elasticity of microspheres can
result in the induction of some micro-cracks in
microspheres surface.

In order to investigate the distribution efficiency
of mixing the nano-particles by an ultrasonic device,
the calcium elemental mapping and EDXA analysis
were used. The calcium maps of the surface and
cross-section of microspheres confirmed that the
nanoparticles are distributed uniformly within and on
the surface of the microspheres (Figures 4a-4c).

As the ultrasonic devices elevate the temperature
of the suspension of nHA in water, it can affect the
chemical composition and crystallinity of the nano-
particles. For avoiding such problems, the ultrasonic
pulses are applied with pulse duration of 0.6 s for 
1 min.

In order to study the effect of ultrasonic treatment
and fabrication process on the chemical and physical
properties of gelatin and nanohydroxyapatite, FTIR
and XRD analyses were applied. In Figure 5, the
FTIR spectra of gelatin, nHA and nHA/G micro-
spheres are presented. The gelatin spectrum shows
peaks at 1228, 1450, 1540 and 1650 cm-1 related to
amide group, at 667 and 1081 cm-1 attributed to 
primary amine, and at 2923 and 3420 cm-1 related to
aliphatic alkynes and -OH groups, respectively [33].
The nHA spectrum shows peaks at 570, 603, 958,
1054 and 1090 cm-1 are attributed to PO4

3-, at 1374,
1403 and 1461 cm-1 are related to CO3

2- and at 3435 
and 3570 cm-1 are attributed to -OH and lattice water,
respectively [33]. All specific peaks of nHA and 
gelatin are appeared in the spectrum of nHA/G
microspheres. 

The XRD patterns of gelatin, nHA and nHA/G
microspheres are presented in Figure 6.  The gelatin
pattern shows no specific peak which in turn shows
that the primer gelatin is completely amorphous. The 

Figure 5. FTIR Spectra of nHA, gelatin, and nHA/G 
microspheres (prepared at W/O ratio = 0.2, stirring rate of
800 rpm, and nHA/G ratio = 1).

crystalline peaks of hydroxyapatite at 2θ = 25.8°,
28.2°, 29°, 31.7°, 33°, 34.03° and 40.01° exhibit its
typical structure [34]. All the characteristic peaks of
nHA are observed at XRD pattern of nHA/G 
micro-spheres, as well. Comparing the XRD patterns
of nHA and nHA/G microsphere reveals that no 
significant change has happened in the crystalline
phase of nHA during the fabrication process and all
characteristic peaks of nHA are present in the XRD
pattern of nHA/G microspheres.

All these results indicate that the ultrasonic 
treatment and fabrication process have no 

Figure 6. XRD Patterns of nHA, gelatin, and nHA/G 
microspheres (prepared at W/O ratio = 0.2, stirring rate of 
800 rpm, and nHA/G ratio = 1).
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undesirable desirable effects on the chemical and
physical characteristics of the gelatin and nHA
phases. This clearly shows that using ultrasonic 
mixing is a reliable method to distribute nano-
particles within the gelatin.

CONCLUSION

This study has demonstrated that it is possible to 
fabricate nHA/G microspheres with particle sizes in
a wide range of 14 μm to 320 μm. Statistical 
models are generated to predict the size  and distribu-
tion of microspheres. The analyses of variances and
F statistic test showed that the quadratic and 
modified quadratic models are the most valid and
best predictors of particle size and its distribution
within the design space, respectively. SEM studies
indicate that nHA content can change the mor-
phology of the microspheres and the smoothest
microspheres are obtained at nHA/G ratio = 0.5. The 
calcium elemental mapping of microspheres shows
that nano-particles are distributed uniformly within
the microspheres. The XRD and FTIR studies show
that the ultrasonic treatment and fabrication process
no longer affect the chemical and physical 
characteristics of gelatin and nHA.
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