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Green synthesis of hydroxyapatite (HA) nanoparticles was followed using various concentrations of pectin extracted 
from the culinary banana bract. The effect of pectin concentrations on purity, crystallinity, particle size, and 
morphology of synthesized HA nanoparticles were studied. The extracted pectin was characterized by proton-1 
nuclear magnetic resonance spectroscopy (1H NMR) and Fourier transform infrared (FT-IR) spectroscopy. FT-IR 
results revealed that increased concentration (0–0.075 % w/w) of pectin substantially improved the purity level of 
synthesized HA nanoparticles. In addition, higher concentration of pectin also reduced the crystallinity and size of 
the synthesized HA nanoparticles, which was confi rmed by X-ray diffraction (XRD) and SEM results, respectively. 
The synthesized HA nanoparticles at increased pectin concentration (HA0.075) evinced high purity, less crystallinity, 
and discrete uniform shape. Results of TEM images have the credence to reveal the presence of nanosized discrete 
particles (20–50 nm) with lattice structure of hydroxyapatite.
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Hydroxyapatite is the most attractive bioactive ceramic material and the main inorganic 
component of bone and human hard tissue. It has been widely used in various biomedical 
fi elds such as dental implants, alveolar bridge augmentation, orthopedics, maxillofacial 
surgery, scaffold materials, and drug delivery agents (SUCHANEK & YOSHIMURA, 1998). The 
excellent biocompatibility, bioactivity, and biodegradability of hydroxyapatite, have made its 
application in bone tissue engineering (WU et al., 2013), drug delivery (YU et al., 2014), and 
cell imaging (HUI et al., 2012; ZHANG et al., 2013). Nanosized hydroxyapatite has raised great 
interests for its outperforming characteristics compared to corresponding counterparts with 
larger dimensions. Nanosized hydroxyapatite could exhibit unique anti-tumour ability (TANG 
et al., 2014). There are several synthesis methods used to generate nano-HA. However, these 
production methods are usually expensive, labour-intensive, and are potentially hazardous to 
the environment and living organisms (NARAYANAN & SHAKTIVEL, 2010). Moreover, the 
chemicals used for the synthesis of hydroxyapatite led to the presence of some toxic 
substances adsorbed on the surfaces that may have adverse effects in biomedical applications 
(ZENG et al., 2011). Currently emphasis has been given on the use of agricultural wastes, 
which have the application potential in biotechnological aspect, because they are non-toxic, 
abundant, easily available, totally regenerable, non-exotic, cheap, and able to support rapid 
growth (DHANASEKARAN et al., 2011). Recently, synthesis of hydroxyapatite nanoparticles was 
achieved using naturally available agricultural banana peel and prickly pear peel as template 
(GOPI et al., 2014; 2015).
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Bracts of banana are abundant residues of banana production, and 300 kg of coloured 
bracts per hectare are disposed as residues during harvesting of banana (PREETHI & 
BALAKRISHNAMURTHY, 2011). However, culinary banana bract is an excellent source of 
anthocyanin (BEGUM & DEKA, 2017). Banana fl ower contains substantial amounts of pectic 
polysaccharide, hemicellulose A and hemicellulose B polysaccharides (JAMUNA et al., 2012). 

As pectin is rich in carboxyl and hydroxyl groups, it can stimulate the binding of calcium ions 
(Ca2+) from the solution to carboxylate ions, which initiates the crystal nucleation and growth 
(GILBERT et al., 2005).

The present study has been focused on synthesizing HA nanoparticle using culinary 
banana bract pectin as template, and the infl uence of pectin concentration on purity, 
crystallinity, size, and morphology of synthesized HA nanoparticles have been studied 
elaborately. The method described here provides a simple, cost effective, and reliable green 
technology approach to synthesize HA nanoparticles as compared to chemical synthesis 
method. Moreover, it gives the best way of exploiting culinary banana bract and is the fi rst 
attempt of synthesizing HA nanoparticles from the pectin of this agro-waste.

1. Materials and methods

1.1. Materials

Ethanol, toluene, acetone, aqueous ammonia, calcium chloride dihydrate (CaCl2.2H2O) and 
diammonium hydrogen phosphate ((NH4)2HPO4) were purchased from Sigma Aldrich. All 
chemicals were of high purity, analytical grade.

1.2. Determination of pectin content as calcium pectate in culinary banana bract

Pectin content was determined by extraction and saponifi cation (RANGANNA, 1986) followed 
by precipitation as calcium pectate by calcium chloride.

1.3. Collection of sample and preparation of plant material

Culinary banana (Musa ABB) fl owers were obtained from Tezpur University Campus, 
Assam. The fl ower was washed with distilled water, rinsed with acetone, and the bract was 
separated from male bud (Fig. 1). The bracts were cut into pieces and kept in oven at 60 °C 
for 24 h, and were ground into fi ne powder by using laboratory grinder.

1.4. Extraction of pectin from banana bract powder

Banana bract powder containing pectin (3.97%) was heated with 1:2 ratio of toluene-ethanol 
for 5 h and fi ltered through Whatman No.1 fi lter paper. The residue was extensively washed 
with 60% of aqueous ethanol to remove impurities, pigments, and free sugars until the fi ltrate 
was colourless. The residue was dried by solvent exchange with 95% ethanol and acetone, 
and fi nally, dried in an oven at 40 °C for 24 h.

The dried cell wall material was suspended in double distilled water (solid–liquid ratio 
1:25, w/v) and the suspension was stirred at 60 °C for 4 h. The residue was resuspended in 
double distilled water (solid–liquid ratio 1:25, w/v), and same procedure was repeated as 
mentioned above. The supernatant from the second extraction was added to the fi rst extract 
and mixed with four volumes of ethanol to precipitate the water soluble pectin. The obtained 
precipitate was fi ltered and dried at 40 °C and used for further experiments (GOPI et al., 2014).
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Fig. 1. Culinary banana bract with male fl ower bud

1.5. Synthesis of HA nanoparticles

In a typical HA synthesis process, CaCl2.2H2O and (NH4)2HPO4 were taken as precursors for 
Ca and P with a molar ratio of 1.67 and dissolved in double distilled water to form 0.05 M 
and 0.03 M solution, respectively (GOPI et al., 2014). Various concentrations of pectin (0% 
w/w, 0.025% w/w, 0.05% w/w, and 0.075% w/w) was dissolved in 50 ml of double distilled 
water and heated to 60 °C. After that 0.05 M CaCl2.2H2O was added to the pectin solution and 
stirred for 1 h to ensure the cooperative interaction and self-assembly process. Subsequently, 
0.03 M (NH4)2HPO4 solution was added drop wise into the above mixed solution under 
continuous and vigorous magnetic stirring for 3 h and yielded a dirty white suspension. The 
pH of the above suspension was maintained at 9 by using aqueous ammonia solution and 
stirred for 24 h. The obtained white precipitate was kept in an ultrasonicator for 1 h at 45 °C 
to ensure the homogeneous mixture and dried in a hot air oven at 80 °C. The dried powder 
was washed three times with ethanol and followed by deionized water to remove the residual 
pectin and chloride ions. It was then calcined for 24 h and sintered at 600 °C for 6 h. HA 
nanoparticles synthesized in various concentrations of pectin, viz. 0.025% w/w, 0.050% w/w, 
and 0.075% w/w coded as HA0.025, HA0.050, and HA0.075, respectively. One set of HA 
nanoparticle was also synthesized without addition of pectin (control) and coded as HA0.

1.6. Characterization techniques for pectin

1.6.1. NMR analysis. 1H NMR was carried out for structural analysis of extracted pectin from 
the bract of culinary banana. 1H NMR was performed in JNM-ECS400 spectrometer (JEOL, 
Japan) operating at 399.78 MHz frequency. Dry pectin sample (5 mg) was dissolved in D2O 
(Acros) at 10 mg ml–1 concentration and the NMR spectra were recorded at 23.4 °C. The 
spectra were accumulated with a 4.75 μs pulse, an acquisition time of 2.18 s, a recycle time 
(relaxation delay) of 5 s, 8 scans and a sweep width of 7.50 kHz. 1H chemical shifts were 
expressed in parts per million (ppm).
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1.6.2. FT-IR analysis. The characterization of the extracted pectin was done using FT-IR 
Spectrum 100 spectrophotometer (Perkin Elmer, USA) in the region of 400–4000 cm–1 with 
4 cm–1 resolution and 16 scans were collected.

1.7. Characterization of HA nanoparticles by FT-IR, XRD, SEM, and TEM

The characterization of the synthesized HA nanoparticles was done as referred in the 
preceding section 1.6.2.

The investigation of the phase composition and crystallinity of the synthesized HA 
nanoparticles was performed using Rigaku MiniFlex model (Japan) and operated at 30 kV 
and 15 mA. The analysis was recorded over the 2ө range of 10–60 °C at a scan rate of 2.0° 
min–1. The crystallite size and crystallinity were determined based on Debye–Scherrer’s 
equation as follows

  0.9λ  0.243

 Xs= ________ ; Xc=
 (_______)

  β cosӨ  β

where, Xs is the crystallite size (nm), Xc is the crystallinity, λ is the wavelength of X-ray beam 
(λ=0.15406 nm for Cu Kα radiation), β is the full width at half maximum (FWHM) for the 
diffraction peak under consideration (rad). The diffraction peak at 25.80 °C was chosen for 
the calculation of crystallite size and crystallinity.

The structural and morphological features of the synthesized HA nanoparticles were 
analysed by JSM-6390LV (Jeol, Japan) scanning electron microscope. SEM was operated 
with 20 kV at magnifi cation of ×20000.

The size and morphology of HA nanoparticles were further investigated by JEM-2100 
(Jeol, USA) transmission electron microscope operated with 200 kV.

2. Results and discussion

2.1. 1H NMR for the extracted pectin

Culinary banana bract contains 3.97 g/100 g (Table 1) pectin as calcium pectate, and NMR 
spectroscopy is capable of providing detailed information about the proton environment of 
the extracted pectin. As illustrated in Figure 2, a sharp signal at 3.67 ppm was responsible for 
the protons in the methoxy groups of the esterifi ed pectin (WINNING et al., 2007). The signal 
found around 3.7, 4, 4.6–4.8, 4.4, and 5.0 ppm corresponded to the protons of H-2, H-3, H-4, 
H-5 protons adjacent to the free carboxylate, and H-5 protons adjacent to the ester groups, 
respectively (ROSENBOHM et al., 2003; GOPI et al., 2014). The entire signal in 1H NMR 
confi rmed the presence of D-galacturonic acid in the extracted material from the bract of 
culinary banana.
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Fig. 2. 1H NMR spectrum of pectin extracted from culinary banana bract

Table 1. Crystallinity of the synthesized HA nanoparticles

Pectin as calcium 
pectate in culinary 
banana bract (%)

Concentration of 
pectin (w/w %)

Full width half 
maximum (°)

Crystalline size 
Xs (nm)

Crystallinity Xc (%)

3.97 0 0.264 32.26 0.786

0.025 0.290 29.36 0.565

0.05 0.500 17.03 0.110

0.075 0.684 12.45 0.042

2.2. FT-IR spectrum of the extracted pectin

Functional groups of pectin extracted from banana bract were identifi ed by FT-IR, and the 
spectrum is presented in Figure 3. A broad peak observed at 3438 cm–1 and a peak found at 
2929 cm–1 are responsible for the characteristic stretching frequency of –OH group and C–H 
stretching of the methyl esters of galacturonic acid (LIU et al., 2010). The absorption band at 
1737 cm–1 and 1620 cm–1 was attributed to the absorption of carboxylic groups and carboxylate 
(INBAR et al., 1989; CHATJIGAKIS et al., 1998). The peaks found at 1409 cm–1, 1238 cm–1, 
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1108 cm–1, 1016 cm–1, and 950 cm–1 were due to the vibration of the C–O–H in plane bending, 
asymmetric C-O-C stretching vibration, and indicated the presence of –O–CH3 (methoxyl) 
groups, bending modes of acetal, ethereal groups and glycosidic group (GOPI et al., 2014). 
Thus, the presence of pectin was suggested in the extracted cell wall material of banana bract 
by the above characteristic peaks in the spectrum.

Fig. 3. FT-IR spectrum of the pectin extracted from culinary banana bract

2.3. FT-IR spectra of the synthesized HA nanoparticle

FT-IR spectra of the HA synthesized in the absence and presence of different concentrations 
of pectin extracted from the bract of culinary banana are shown in Figure 4A–D. The FT-IR 
spectrum (Fig. 4A) revealed the presence of HA along with tricalcium phosphate (TCP) in 
absence of pectin (GOPI et al., 2008). The characteristic peaks of hydroxyl stretching and 
bending vibration modes were detected at 3570, 628, 1088, 1037, and a minor peak at 960 
cm–1 corresponded to hydroxyl stretching, bending vibration modes, and stretching vibrational 
modes of PO4

3– (GOPI et al., 2010). The peaks resulted from the doubly degenerate bending 
mode of the P–O bond were found at 602 and 563 cm–1, and the peak at 474 cm–1 resembled 
to the doubly degenerate bending mode of the same group (MAISARA & PAT, 2011). All peaks 
found in this spectrum strongly confi rmed the formation of HA, and the peaks were identifi ed 
with improved purity as evidenced from Figure 4D at 0.075% w/w of pectin. Hence, the 
formation of HA preferred high concentrations of pectin.
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Fig. 4. FT-IR spectrum of HA nanoparticles synthesized in various concentrations of pectin (A: HA0; B: HA0.025; C: 
HA0.050 and D: HA0.075)

2.4. XRD patterns of the synthesized HA nanoparticles

The crystallinity of the synthesized HA nanoparticles is an important factor for its biomedical 
uses. The XRD patterns of synthesized HA nanoparticles in the absence and presence of 
different concentrations of pectin extracted from bract of culinary banana are illustrated in 
Figures 5A–5D. The XRD pattern of the HA nanoparticle synthesized in absence of pectin 
are shown in Figure 5A. The diffraction peak at 25.80 °C was an isolated sharp one and was 
selected for the calculation of crystallite size and crystallinity. XRD results demonstrated 
(Table 1) the crystallinity of 0.78% for HA nanoparticle synthesized in absence of pectin, 
whereas this was found to be 0.04% for the HA nanoparticles synthesized with 0.075% w/w 
of pectin. GOPI and co-workers (2015) also found decrease in crystallinity with increasing 
pectin concentration from 0.04 to 0.15 w/w %. Furthermore, by increasing the concentration 
of pectin to 0.2 and 0.25% w/w, crystallinity was found to increase. The reason for the lower 
crystallinity might be the size effect owing to the three-dimensional network microstructure 
provided by the cross-linked pectin molecule (CHRISTENSEN, 1986). Usually, the HA with low 
crystalline nature is desirable for biomedical purposes due to their high in vivo resorbable 
property (DOROZHKIN & EPPLE, 2002). Hence, higher concentration of pectin exhibits poor 
crystallinity and therefore the addition of 0.075% w/w of pectin has a signifi cant effect on 
decreasing the crystalline nature of the synthesized HA nanoparticles.
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Fig. 5. XRD patterns of HA nanoparticles synthesized in various concentrations of pectin (A: HA0; B: HA0.025; C: 
HA0.050 and D: HA0.075)

2.5. SEM analysis of the HA nanoparticles

SEM micrographs of HA nanoparticles synthesized in the absence and presence of various 
concentrations of pectin are shown in Figures 6A–6D. HA nanoparticle synthesized in 
absence of pectin seems to be spherical and agglomerated (Fig. 6A), discrete particles were 
seen in the micrograph (Fig. 6B) with certain levels of agglomeration at 0.025% w/w of 
pectin concentration. As the pectin concentration increased to 0.05% w/w, the size of the 
particles decreased and the morphology seemed to be spherical (Fig. 6C). Further increase of 
pectin concentration to 0.075% w/w resulted smaller sized and uniform discrete spherical-
like nanoparticles (Fig. 6D) with size ranges of 50–60 nm. Therefore, the optimum 
concentration for obtaining the uniform sized pure HA nanoparticles was 0.075% w/w. The 
importance of pectin concentration from banana peel in facilitating the synthesis of nanosize 
hydroxyapatite was shown by GOPI and co-workers (2014).
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Fig. 6. SEM micrographs of HA nanoparticles synthesized various concentrations of pectin (A: HA0; B: HA0.025; C: 
HA0.050 and D: HA0.075)

2.6. Transmission electron microscopy (TEM) analysis of the HA nanoparticle

The results of FT-IR, XRD, and SEM revealed that HA nanoparticles with 0.075% w/w of 
pectin (HA0.075) were found best in terms of purity, crystallinity, and morphology. Therefore, 
HA0.075 was chosen for its size and morphology analysis by TEM, and its images are presented 
at various dimensions in Figures 7A–7D. HA0.075 showed particles with the size ranged of 20 
to 50 nm, which was evident from TEM micrograph. HA synthesized at the optimized 
concentration of pectin extracted from banana peel (0.15% w/w) showed particles with size 
range from 35 to 55 nm (GOPI et al., 2014).

The TEM images in Figures 7A–7C revealed that the HA particles synthesized in this 
study was nanosized and had irregular to spherical shape. In addition, the selected area 
electron diffraction (SAED) in Figure 7D of the precipitates showed the diffraction dots or 
rings refl ect, which implies that the precipitates were crystalline in nature. The SAED results 
of nano HA favourably corroborate the lattice structure of hydroxyapatite.
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Fig. 7. A, B, and C are TEM images of HA0.075 at various nanometer ranges and D is selected area electron 
diffraction (SAED) of HA nanoparticle

3. Conclusions

HA nanoparticle was successfully synthesized using green technology with culinary banana 
bract pectin. Pectin extracted from cell wall material of banana bract was characterized by 1H 
NMR and FT-IR. The concentration of pectin is very crucial in the synthesis of nano 
hydroxyapatite. FT-IR analysis showed that pectin concentration plays signifi cant role in 
improving purity of HA nanoparticle. Additionally, pectin concentration infl uenced 
crystallinity and size of synthesized HA nanoparticles, which were evidenced from XRD and 
SEM, respectively. The synthesized HA nanoparticles with 0.075% w/w of pectin 
concentration (HA0.075) were found with discrete uniform shape and were highly pure with 
less crystallinity. TEM morphology of synthesized HA nanoparticles confi rmed ceramic 
structure of HA nanoparticles with a size range of 20–50 nm. The synthesized nano HA has 
a great potential in biomedical fi elds, and more in depth characteristics assessment of these 
nanoparticles will bring more value addition.
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