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A B S T R A C T

Hydroxyapatite (HAP) nanoparticles were synthesized using pectin from pulp of P. biglobosa as green template.
This was achieved at different concentrations (0.1, 0.5 and 1%) of pectin. The HAP nanoparticles mediated by
pectin were characterized using Fourier Transform infrared (FTIR), Scanning electron Microscopy (SEM) and X-
ray Diffraction (XRD). Structure and morphology of the synthesized HAP indicate that discrete and less ag-
glomerated particles were produced at low concentration (0.1%) of pectin. The HAP nanoparticles produced,
with crystallite size ranging from 17.5 to 26.3 nm, inhibited the growth of selected bacteria used for the study.
Findings from this study suggest that P. biglobosa pulp pectin can serve as a green template for the production of
HAP nanoparticles which are considered to be promising and versatile bioactive materials in enzyme technology,
biomedical and tissue engineering.

1. Introduction

Hydroxyapatite (HAP) is an important biologically active material
that has been extensively used in regenerative medicine, biomedicine,
and dentistry. In terms of chemical composition and its crystal struc-
ture, it is similar to apatite, an inorganic constituent of bone and other
hard tissues, [1]. HAP possesses excellent binding ability with natural
bones and promotes bone growth and integration along its surface
[2,3]. Due to its biocompatibility, osteoconductivity and bioactivity;
HAP serves an important raw material in bone reconstruction, implants,
drug delivery system, scaffolds, cell growth and tissue engineering
[4–7].

Hydroxyapartite nanoparticles offer greater advantage over its mi-
crostructures due to large surface area to volume ratio. They exhibit
distinct improved properties that have attracted the attention of re-
searchers in recent times. They are highly biocompatible and flexible
with good bioactivity [8]. They have been found useful in the stimu-
lation of nanostructure growth of inorganic phase in natural hard tis-
sues. They are also involved in controlled release of antigen in vaccines,
antibiotics delivery, enzyme technology, anticancer pills and growth
factors [9–12]. Synthesis of HAP nanoparticles has been achieved using
various methods including microemulsion, hydrothermal, freezing,

ultrasonic irradiation, sol-gel precipitation, coprecipitation and che-
mical templating method. However, these methods are usually com-
plex, labour-intensive, expensive, and potentially hazardous to the en-
vironment [13]. In addition, toxic substances used for the synthesis
often get adsorbed to the surface of the particles that could have ad-
verse effects in biomedical applications [14]. Consequently, there are
renewed efforts by researchers towards synthesis of HAP nanoparticles
using environmentally friendly, non-toxic and naturally abundant bio-
materials.

Biological materials have been demonstrated to exhibit great po-
tential in the green synthesis of useful and important chemicals in-
cluding HAP nanoparticles. They are safe, abundant, readily available,
totally regenerable, non-exotic, cheap, and able to support rapid growth
[15]. Parkia biglobosa, known as African locust bean, is an important
leguminous tree that is widely distributed across Africa and parts of
Southern America and Asia [16]. It is an abundant economic tree in
Nigeria that is evenly wide spread across the country [17]. P. biglobosa
pulp is the yellowish sweet powder that embedded the economic seed,
used in the production of locust beans [18]. Despite the nutritional
content of the pulp of P. biglobosa, it is usually washed away as waste in
the processing of the commercially valued locust beans. This does not
only lead to environmental pollution (due to improper disposal), it also
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constitutes to economic wastes [17].
Different parts of P. biglobosa have been reported to exhibit wide

range of biological activities including immunomodulating and anti-
inflammatory properties [16]. In Africa, they are used in the treatment
of ailments such as malaria, ulcer, headache, cough and wound healing
[19–21]. Most of these observed effects have been functionally linked to
the polysaccharide content of the plant, especially pectin [22].

Pectins are hydrocolloids that are ubiquitously found in cell walls of
most higher plants. They are primarily composed of linear chain of
poly-α- (1→ 4)-D-galacturonic acid interspersed and branched with
units of rhamnose, pentose and hexose [23,24]. As an emerging bio-
material, pectin has the ability to initiate crystal nucleation and growth,
therefore invariably enhances bone regeneration. This is achieved by
promoting the binding of calcium ion from solution to carboxylate ion
[25] due to abundant carboxyl and hydroxyl groups in its structure
[26,27].

In recent times, there are reports of green synthesis of HAP nano-
particles using natural sources as templates [12,14,28,29]. To the best
of our knowledge, reports on the green synthesis of HAP using abun-
dant and readily available but underutilized pulp of P. biglobosa is
scarce. In this paper, we present the synthesis of hydroxyapatite na-
noparticles using pectin from the pulp of P. biglobosa as template. The
synthesized hydroxyapatite nanoparticles were characterized using re-
levant analytical tools and evaluated for antimicrobial properties.

2. Materials and methods

Calcium chloride dihydrate (CaCl2.2H2O) and ethanol were pur-
chased from BDH Chemicals Ltd Poole, England. Di-ammonium hy-
drogen phosphate (NH4)2HPO4, was a product of Sigma Aldrich, UK.
Ammonia was purchased from Prolabo, Normapur. All other chemicals
were of analytical grades and used without further purification.
Deionized water was used throughout the experimental cycle except
where it is stated otherwise.

3. Plant material and pectin extraction

P. biglobosa pods were obtained from the premises of National
Research Institute for Chemical Technology, Zaria, Nigeria. The pulp
was separated from the seed and pulverized. Pectin extraction was
carried out by mixing 100 g of the pulp with 500 ml of HNO3 acidified
water (pH 2). The mixture was boiled for 4 h and filtered using 2-fold
muslin cloth and allowed to cool. The pectin was precipitated by mixing
100 ml of the filtrate with 200 ml of absolute ethanol. The precipitated
pectin was washed repeatedly with ethyl acetate and ethanol to remove
impurities. The residue was then freeze dried, pulverized and kept at
room temperature for further use.

4. Synthesis of hydroxyapatite

Typically, pectin (0.02 g) from the pulp of P. biglobosa was dissolved
in 20 ml water and placed on a magnetic stirrer at 80 °C and 250 rpm
for 10 min CaCl2.2H2O 0.05 M was added to the solution and stirred for
1 h. Then, 0.03 M (NH4)2HPO4 was added in drops for 3 h at 500 rpm.
The pH of the mixture was kept constant at 9 by adding aqueous am-
monia and stirred for 24 h to obtain a dirty white precipitate. The
precipitate was dried in the oven at 80 °C. Ethanol and water were used
to wash the dried powder thoroughly to remove residual pectin and
chloride ion. The HAP powder was then calcined at 500 °C for 24 h and
later sintered at 700 °C for 6 h. These steps were repeated using dif-
ferent concentrations of pectin.

5. Colour test

The colour of the synthesized HAP nanoparticles was evaluated
using CIELAB colorimeter, Lovibond PFXi 880/P, Amesbury, UK. a*

from green (−) to red (+); b* from blue (−) to yellow (+): L* from
black (0) to white (100). The total colour difference (ΔE) was used to
determine the colour of the HAP and WI is the whiteness index of the
samples [25].

= + + bΔE (ΔL*) (Δa*) (Δ *)2 2 2

= − − + +L a bWI 100 (100 )2 2 2

Where ΔL*, Δa* and Δb* are the differentials between the colour
parameters of the standard (L = 98.87, a = 0.00, b = 0.04) and that of
the sample.

6. Fourier Transform Infrared (FTIR) spectroscopy

The Fourier Transform Infrared (FTIR) analysis of the samples was
done using Shimadzu (FT-IR 8400s, Japan). A small amount of sample

Table 1
Colour parameters of P. biglobosa pulp pectin mediated hydroxyapatite nano-
particles.

Sample L* a* b* ΔE WI

0.1% pectin-HAP 0.14 −1.6 −0.73 98.75 0.12
0.5% pectin-HAP 0.15 0.21 2.31 98.75 0.12
1% pectin-HAP 0.20 2.78 10.36 99.25 −0.38

Fig. 1. Fourier Transform spectra of (a) P. biglobosa pulp pectin (b) the syn-
thesized HAP nanoparticles.
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was blended with KBr and pressed into a pellet prior to analysis. The
spectral were collected over the range from 4000 to 400 cm−1 with 10
scans and resolution of 2.

7. Scanning Electron Microscopy

The morphology and microstructure of the synthesized HAP nano-
particles were examined using Scanning Electron Microscope (Phenom
World X, Netherlands). The samples were mounted on sputter coated
gold, standard double faced-holder at the accelerating voltage of 15 kV.

Table 2
Peak attributes of the FTIR bands of synthesized hydroxyapatite nanoparticles.

Sample OH Stretch P=O P-O bending Degenerate bending P-O Non-degenerate P-O bending

0.1% pectin-HAP 3402 1149-1041 563 725-671 972-941
0.5% pectin-HAP 3410 1157-1033 563 725-671 972-941
1% pectin-HAP 3402 1157-1041 570 725-671 972-941

Fig. 2. Scanning electron micrographs of cross section of HAP using (a) 0.1% (b) 0.5% and (c) 1.0% pectin at magnification of ×350 (left) and ×2000 (right).
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The images were recorded at different magnification from ×350 to
×2000.

8. X-ray diffraction (XRD) analysis

X-ray diffraction (XRD) pattern of the powdered samples were ob-
tained using Rigaku Miniflex 300 (Japan) equipped with Cu-Kα;
1.540598 nm. The scanning was done between 3 and 80 degrees (2θ) at
an interval of 0.02 degree per second, 30 kV and 10 mA. The results
obtained were collated and analysed using HighScore Plus Software and
the spectra matched with the database.

9. Antimicrobial studies

The HAP samples were tested for antimicrobial activity by agar
well-diffusion method [30] against Gram positive and negative bac-
terial strains which include Staphylococcus aureus, Bacillus subtilis,
Pseudomonas aeruginosa and Escherichia coli. The pure cultures of the
organisms were sub-cultured on nutrient broth and incubated at 35 °C
for 24 h. Sterile nutrient agar was dispensed into the sterile petri dishes
and allowed to solidify, after which 5 mm wells were bored on the agar
plates using a sterile cork-borer. Aliquots of the organisms in broth
(0.1 ml) were evenly spread on each plate using sterile swab sticks. The
wells were filled with 100 mg/ml concentration of the HAP at four
different volumes (25, 50, 75 and 100 µl) using a sterile micropipette.
Ciprofloxacin (5 μg/ml) was used as the control. The Petri-dishes were
left for 45 min at room temperature to allow proper diffusion of the
extract to occur in the medium and then incubated at 37 °C for 24 h.
After incubation, the diameters (mm) of the zones of inhibition were
measured.

10. Results and discussion

10.1. Optical properties of the HAP nanoparticles

Table 1 shows the colour parameters of the synthesized HAP na-
noparticles using pectin from pulp of P. biglobosa as green template. The

degree of total colour difference (ΔE) from the standard colour plate did
not change when the concentration of pectin was increased from 0.1 to
0.5%. However, there was a slight increase when higher concentration
of the pectin (1%) was used for the synthesis. WI, which indicates the
degree of whiteness was reduced from 0.12 to −0.38 when the pectin
concentration increased from 0.5 to 1%, respectively. ΔE showed the
contrast pattern to WI indicating that the colour difference of HAP
nanoparticles was due to changes in the whiteness of the samples. These
results agree with the visual observations of the synthesized HAP. The
finding suggests that high concentration of pectin impacts on the colour
of the product formed probably due to impurities which the tempera-
ture at which the sample were calcined could not remove. Depending
on the area of application, sensory property may play a significant role
in the level of success of emerging technologies [25]. HAP nano-
particles have been reported to have wide area of applications including
drug delivery, antimicrobial, metal immobilization, coatings and films
[31,32]. Therefore, hydroxyapatite synthesized at low pectin con-
centration can be recommended for use in biomedical sciences.

10.2. FTIR spectrum for pectin

The FTIR spectrum for pectin from the pulp of P. biglobosa is shown
in Fig. 1a. The broad and intense absorption peak at 3400 cm−1 in-
dicates OH stretching vibration of carboxylic acids while C-H stretching
of methyl ester of galacturonic acid (the major repeating unit in pectin)
can be seen at peak 2800 cm−1 [33]. The peak detected at peak
1700 cm−1 is assigned to C]O stretching vibration of esterified car-
boxyl group while peak 1600 cm−1 corresponds to C]O stretching
vibration of ionic carboxyl group [34]. The peak observed at
1400 cm−1 could possibly depict an aromatic or aliphatic CeH vibra-
tion of methyl, methylene and methoxy groups. The characteristic peak
of C-O-C stretching vibration is found at peak 1238 cm−1 which in-
dicate the presence of –OeCH3 group while the peak found at 955 cm−1

corresponds to the presence of glycosides [27]. Pectin contains various
functional groups including carboxyl, hydroxyl, ketones and aldehydes
[35]. All the above peaks strongly suggest the presence of pectin in the
extracted material.

Fig. 1 b shows the FTIR spectra of the synthesized HAP. The major
relevant peaks in the spectrum are summarized in Table 2. All the
samples exhibit peaks at 3402 and 1643 cm−1 which are characteristic
of an eOH group stretching and bending vibration respectively. Peaks
found between 1200 to 1000 cm−1 suggest asymmetric stretching vi-
bration mode (v3) of phosphate group (P]O) while the peaks at 972
and 941 cm−1 were attributed to non-degenerate symmetric stretching
modes (v1) of phosphate group. Characteristic peaks of doubly degen-
erate bending modes (v4) of PeO bond are found at 725 and 601 cm−1

whereas peak at 563 cm−1 suggest a bending mode (v2) of PeO group.
These peaks strongly suggest that the HAP has been synthesized.

The surface and structure micrographs of the synthesized hydro-
xyapatite at different concentrations of Pectin from P. biglobosa are
shown in Fig. 2. HAP synthesized with 0.1% pectin seems slightly
porous, discrete and flake-like with less degree of agglomeration
(Fig. 2a). The particles appear to be non-uniform in terms of shapes and
sizes. At 0.5 % pectin, the morphology of the HAP appeared to be
spherical and agglomerated compared with HAP synthesized using 0.1
and 1 % pectin (Fig. 2b). This suggests that pectin did not only serves as
template for HAP synthesis, it also influences the nature of the particles

Fig. 3. XRD pattern for the synthesized HAP nanoparticles.

Table 3
Structural properties of the synthesized hydroxyapatite powders.

Pectin concentration (%) Peak position Plane FWHM (deg.) Crystallite size (nm) Crystallinity (%)

0.1 32.8331 030 0.47232 17.5 0.131
0.5 32.8624 030 0.31488 25.3 0.443
1 32.8331 030 0.47232 17.5 0.131
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formed. Polysaccharides have been reported to influence the physical
properties of nanomaterials when act as templates [27]

The XRD pattern of the HAP synthesized at different concentrations
of pectin from P. biglobosa pulp is presented in Fig. 3. At 0.1% pectin
template, the diffractions (2θ) at 28.10, 29.32, 31.80, 32.83, 39.47,
46.77 and 64.45 correspond to h k l plane of 012, 210, 211, 030, 212,
222 and 323 respectively of HAP (COD file 96-101-1243). The peaks
observed at 31.92, 32.86, 35.63, 46.85, 50.16 and 52.06 were matched
with planes 211, 030, 031, 222, 231 and 402 respectively at 0.5%

pectin. The 1% pectin-template HAP powder produced diffraction peaks
at 28.09, 29.32, 31.79, 32.83, 39.46, 46.77 and 64.21. The patterns
appear similar and the major characteristic peaks indicate the forma-
tion of HAP (COD 96-101-1243). The broadening peaks observed at
32.83 (2θ) with 0.1 and 1% pectin compared to 0.5% indicate decrease
in crystallinity and crystallite size. This is supported by the calculated
crystallite size and crystallinity according to Scherrer's equation
(Table 1). The most intense peak corresponding to plane 030 was used
for the determination of the crystallite size and crystallinity of the HAP.

Fig. 4. Zone of inhibition of the sample against Escherichia coli.

Fig. 5. Zone of inhibition of the sample against Pseudomonas aeruginosa.

Fig. 6. Zone of inhibition of the sample against Staphylococcus aureus.
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Low crystalline HAP is needed in biomedical sciences because of their
high resorbable property in vivo [9]. At low concentration of pectin
(0.1%), discrete particles of nano HAP with low crystallinity and high
purity are produced. This is in agreement with a report that asserted
that cross linked pectin molecules provided size effect due to three-
dimensional network structure [36] (Table 3).

10.3. Antibacterial activity of the HAP

The antimicrobial activity of HAP synthesized with 0.1g, 0.5g and

1.0g pectin at four different volumes were measured against four bac-
terial strains. The results are presented in Figs. 4–7. It is apparent that
the HAP nanoparticles synthesized in the presence of 1.0 g of pectin
showed better antibacterial activity evident from the wide zone of in-
hibition when compared to HAP synthesized in the absence of pectin.
HAP inhibited the growth of E. coli with zones of inhibition ranging
from 10.00 mm to 24.00 mm. The highest zone of inhibition
(24.00 mm) was recorded when the volume of the extract was increased
to 100 µl. The control (Ciprofloxacin) had the highest zone of inhibition
(24.80 mm) when compared with the highest volume (100 µl) of the
nanoparticle.

The zones of inhibition recorded for P. aeruginosa ranged from
6.00 mm to 18.60 mm. The zone of inhibition of P. aeruginosa recorded
by the lowest volume of the sample (25 µl) were 10.00 mm, 11.00 mm,
15.80 mm and 17.00 mm for HAP, 0.1% pectin-HAP, 0.5% pectin-HAP
and 1% pectin-HAP respectively. Increasing the volume of sample to
50 µl showed zones of inhibition ranging from 8.00 mm to 16.00 mm
for all the samples. On successive increase of the HAP volume to 75 µl
and 100 µl, the zones of inhibition ranged from 8.06 mm to 17.00 mm
and 11.00 mm to 18.60 mm respectively for HAP, 0.1% pectin-HAP,
0.5% pectin-HAP and 1% pectin-HAP. The inhibition recorded by
100 µl of HAP+0.5 g Pectin is the same as that of the control (18mm).

For S. aureus the zones of inhibition ranged from 5.00 mm to
20.00 mm with the highest inhibition observed in 1% pectin-HAP when
the volume was increased to 100 µl. However, the highest inhibition
recorded was still lower than the zones of inhibition shown by the
control (Ciprofloxacin).

The highest volume of the sample (100 µl) gave the highest zones of
inhibition of 12.00 mm, 13.00 mm, 16.00 mm and 22.60 mm for HAP,
0.1% pectin-HAP, 0.5% pectin-HAP and 1% pectin-HAP respectively for
B. subtilis. The zones of inhibition of the samples were lower when
compared with Ciprofloxacin (control).

HAP synthesized with 1.0 g of pectin showed the highest anti-
bacterial activity with zones of inhibition ranging from 12.00 mm to
24.00 mm. Among the four volumes used, 100 µl showed the widest
zone of inhibition against B. subtilis (22.60 mm), P. aeruginosa
(18.60 mm), S. aureus (20.00 mm) and E. coli (24.00 mm), while 25 µl
showed the least antibacterial activity with zones of inhibition ranging
from 12.00 mm to 19.00 mm. The zones of inhibition are higher than
those reported ranging from 5.0 mm to 10.2 mm for S. aureus and E.
coli, respectively using banana peel pectin synthesised hydroxyapatite
[27].

Ciprofloxacin (control) showed a higher antibacterial activity
against the organisms used in this study. This is may be due to the fact
that ciprofloxacin is the most potent fluoroquinolone, active against a
broad range of bacteria [37]. The most susceptible being the aerobic
Gram-negative Bacilli, especially the Enterobacteriaceae [38]. It has

Fig. 7. Zone of inhibition of the sample against Bacillus subtilis.

Fig. 8. Possible mechanism of biosynthesis of hydroxyapatite nanoparticles
using P. biglobosa pulp pectin.
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often been used as the drug of choice for bacterial infections. The an-
tibacterial activity against E. coli was higher than other organisms
probably due to the difference in the cell walls between Gram negative
(Pseudomonas aeruginosa and Escherichia coli) and Gram positive (Ba-
cillus subtilis and Staphylococcus aureus) organisms [27]. Gram negative
organisms have a relatively thin cell wall made of peptidoglycans and
lipopolysaccharides while Gram positive organisms have a thick cell
wall, consisting of a large amount of mucopeptides, murein and lipo-
teichoic acids [30]. Under certain conditions, the Gram-negative bac-
teria are more resistant to many chemical agents than Gram-positive
cells [39]. Furthermore, the golden carotenoid pigments and the anti-
oxidant enzymes (catalase) of Bacillus subtilis give these bacteria a bit
stronger oxidant resistance. Also, cell-wall properties, like cell perme-
ability and capability of solubilizing HAP might also be considered
[40]. The difference in the antibacterial activity depends on the parti-
cles size, nature of the particles, and types of bacteria used for the
antibacterial test [41]. The HAP nanoparticles synthesized using pectin
as template showed enhanced antibacterial activity against all the or-
ganism when compared with the HAP synthesized in the absence of
pectin. Remarkably, pectin extracted from various plants have been
recorded to possess antibacterial activity due to the presence of some
organic components like uronic acid, polyphenols and the presence of
minerals such as K−, Na+ and Mg2+ [27,42-48]. The antibacterial
activity of the HAP synthesized with pectin may be due to the presence
of these organic compounds and minerals which may be released during
the extraction of pectin from Parkia biglobosa. Neirynck et al. [49] re-
ported that the presence of elements like K−, Na+ and Mg2+ are very
helpful in improving the biological activities of pectin. The presence of
these elements even in trace amounts may play a vital role in enhancing
the antibacterial activity of HAP nanoparticles. Presently, many or-
ganisms, including bacteria, fungi and plants, have been investigated
for the synthesis of metallic nanoparticles and superior antibacterial
agents for diagnostic applications. There are several reports on anti-
bacterial properties of nanoparticles [50–54].

10.4. Mechanism of biosynthesis of hydroxyapatite nanoparticles

As shown in Fig. 8, pectic biomolecules possess free reactive car-
boxylic groups in addition to the esterified carbonyl group. This pro-
vides the electrostatic interaction between the carboxyl group (COO−)
and calcium ion introduced in form of calcium chloride [55]. The cal-
cium pectinate complex formed initiates the ionic interaction with
phosphate ion (PO3−

4 ) in order to nucleate the HAP-pectin composite.
Subsequently, via calcination process at high temperature, pectin is
decomposed and hydroxyapatite formed.

11. Conclusion

This study explores the possibility of using pectin derived from pulp
of P. biglobosa as green template for the synthesis of hydroxyapatite
nanoparticles. Despite the fact that the pulp is abundant, nutritionally
rich and contains biologically active components, it is yet to be fully
exploited for economic benefits. The synthesized HAP nanoparticles
were pure as observed from spectroscopic studies but the size, shape
and level of agglomeration depend on the concentration of the pectin
used. Reduced size and discrete particle were obtained at 0.1% pectin.
This appears to be the optimum concentration of P. biglobosa derived
pectin template for HAP synthesis. The pulp of P. biglobosa seems to be a
promising biomaterial for the production of HAP nanoparticles with
desired properties for application in tissue engineering.
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