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Abstract: In the present work, synthesized sugarcane juice stabilized hydroxyapatite nanoparticles (HA NPs).
The synthesis was carried out using different concentrations (5, 10, and 15 ml) of sugarcane juice. The HA-NPs
were characterized by Fourier transform infrared (FTIR), X-ray diffraction (XRD), scanning electron microscope
coupled with energy dispersive studies (SEM-EDAX). The morphology and elemental analysis were assessed by
transmission electron microscope attached with selected area diffraction (TEM-SAED). The structure and
morphology analysis of the synthesized HA-NPs indicate that the particles are crystalline in-phase and spherical.
The morphology study of samples indicated that discrete and less agglomerated particles were produced at a high
concentration (15 ml) of juice. This study reveals that sugarcane juice acts as a stabilizing agent as well as an
organic modifier for the synthesis of HA-NPs.
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1. Introduction

Applications of nanomaterials are receiving more attention in the fields of biomedical
optoelectronics, catalysis, and sensor devices, and in the field. The structure and morphology
are significant in addition to the quantum size effects of the nanomaterials for their promising
applications [1]. Calcium orthophosphate is the major constituent in biological systems due to
calcium, which is a main component of the bone. HA-NPs play a key role in the fields of tissue
engineering, dental implant coating, and orthopedic applications. The stoichiometric ratio of
Ca and P in the ratio of 1:67corresponds to the human bone [2, 3]. The HA-NPs have
outstanding biocompatibility and are widely used in bone tissue engineering and drug delivery
systems [4]. It is well recognized that the structure and properties of HA-NPs are similar to
those of bones and teeth. Consequently, HA-NPs are extensively used in orthopedic and dental
applications for repairing the hard tissues and the drug delivery systems [5, 6]. The HA-NPs
are readily biocompatible, making them easy to incorporate into inorganic materials to produce
nanocomposites [7]. The HA-NPs have been synthesized by various methods such as spray
pyrolysis [8], sol-gel method [9], solution combustion [10], hydrolysis [11], microwave [1],
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solid-state reaction [12], hydrothermal reaction [13], mechano-chemical [14], and chemical
precipitation method [15].

Among the synthesis methods, chemical precipitation is one of the common methods
to produce HA-NPs for various applications. In addition to the chemical synthesis, the green
synthesis of HA-NPs is of major interest among researchers due to their eco-friendly process.
Especially, sugarcane juice influences the size, shape, and surface morphology of metal oxide
nanoparticles, which are extremely useful in the evaluation of antibacterial activity [16, 17].
Many organic molecules and plant extracts have been used as stabilizing agents, capping
agents, and surface modifiers to synthesize HA-NPs [18]. Plant extracts are the green substitute
for traditional reagents used to inhibit the agglomeration of the particles during synthesis. Plant
extracts are known to have various water-soluble phytochemicals that have reducing and
antioxidant effects. Consequently, they are used to control the morphology and overcome the
drawback of agglomeration during the synthesis of a wide range of nanoparticles [19].

Various plant extracts such as natural latex rubber, ginger root extract, Tamarindus
indica, Azadirachta indica leaves, Coccinia grandis leaves, carrot peel, and rice seeds have
been used as the green template for the synthesis of HA-NPs [20]. Green synthesis of HA-NPs
has been successfully achieved using fruits such as mango, grapes, and ripe tamarind extracts
[21]. Based on the literature survey, sugarcane juice has not been used as a stabilizing agent or
surface modifier for synthesizing HA-NPs. It was aimed to use sugarcane juice as a green
template to study the effect of size, shape, and morphology on the HA-NPs.

2. Materials and Methods
2.1. Reagents.

Calcium nitrate, diammonium hydrogen phosphate, and ammonium hydroxide were
purchased from LobaChemie, Mumbai, India. Distilled water was used to prepare the solutions.
Fresh sugarcane juice was received from the local vendor. The juice was centrifuged and
filtered to remove solids and other impurities. The purified juice was used as a stabilizing agent
for synthesizing hydroxyapatite nanoparticles.

2.2. Synthesis of hydroxyapatite.

Calcium nitrate (1.0 M) and diammonium hydrogen phosphate (DAHP) solution (0.6
M) were taken as precursors of Ca and P for the synthesis of HA-NPs by precipitation method
[22]. The molar ratio of 1.67 was maintained during the synthesis. Briefly, 5, 10, and 15 ml of
sugarcane juice were added to the calcium nitrate solution. Homogeneous mixing of the juice
with calcium nitrate was confirmed. Afterward, 0.6 M of DAHP solution was added dropwise
into the sugarcane juice-calcium nitrate mixture and constantly stirred for 4 h. The pH of the
reaction mixture was maintained above 9 by adding ammonium hydroxide solution and then
stirred for 12 h. As a result of stirring, the white precipitate obtained was thoroughly washed
with distilled water. The precipitate was removed by centrifugation at 5000 rpm for 20 min.

Further, the precipitate was washed with acetone to remove organic impurities and then
dried in a hot air oven at 110°C for 4 h, crushed, and sintered at 500°C for 3 h. The HA-NPs
synthesized using 5, 10, and 15 ml of juice were named HA5, HA10, and HA15. A blank
sample also synthesized with the same procedure without using sugarcane was named HAO.
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2.3. Characterization methods.

Fourier transform infrared (FT-IR) spectrum was taken with a Jasco 6300 FT-IR
spectrometer by the KBr technique. X-ray diffraction (XRD) was done using (Model: X’Pert-
PRO) with Cu-Ka radiation at 30 kV. Diffraction angles scanned at 25 mA were 20- 80° at
ambient temperature. The diffraction peak at 26=25.80°, matching (002) Miller’s plane of HA-
NPs, was chosen to calculate the crystallite size. Morphology, size, and shape were studied by
scanning electron microscopy (JEOL Model JSM-6390LV). The SAED pattern is either a ring
pattern or spots with variable orientation. The morphological feature was studied by the JEM
JEOL-2100 transmission electron microscope (TEM). The elemental conformations were
obtained by energy-dispersive X-ray spectroscopy (EDS).

3. Results and Discussion
3.1. Functional group analysis.

FT-IR spectroscopy analysis was carried out in the range of 400-4000 cm™ to study the
functional group transformation in sugarcane juice-stabilized HA-NPs, as shown in Figure 1.
A broad peak at 3441 cm™ was attributed to the absorbed moisture content in the samples. A
narrow band at 565 cm™ due to the OH™ deformation mode. The peak at 1637 cm™* was
attributed to the bending mode of water. The triply degenerate stretching bands at 1169, 1072,
and 913 cm are characteristic of P-O vibration. The bands noticed at 448, 500, and 521 cm
are due to the bending vibration mode of P-O of the (PO4>") phosphate group [23].
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Figure 1. FTIR spectrum of hydroxyapatite; (HAQO) HA-NPs without sugarcane juice; (HA5- HA15) HA-NPs
with 5, 10, and 15 ml sugarcane juice.

3.2. Crystalline phase analysis.

TheXRDpattern of the HA-NPs synthesized with and without sugarcane juice is shown
in Figure 2. Phase analysis was performed using PDF card no. 009-0432 for providing the
information in the 20 range of 10-80°. For HA-NPs produced with and without sugarcane juice,
the diffraction pattern is in good agreement with the standard HA crystallites, which are well-
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matched (JCPDS no. 009-0432). The corresponding planes were (002), (102), (210), (211),
(202), (301), (310), (311), (312), (320), (004) and (420). This indicates that the synthesized
nanoparticles are in hexagonal structures [24]. Extra peaks were observed due to a trace amount
of calcium hydrophosphate. The sharp peaks observed in the XRD pattern of HA10 and HA15
synthesized in the presence of 10 and 15 ml juice reveal higher crystallinity. It was noticed that
the increase in juice concentration promotes the growth of (102) and (301) planes [25]. The
average crystallite of HAO, HA5, HA10, and HA15 was 24.27, 19.21, 15.38, and 13.85 nm,
respectively.
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Figure 2. XRD spectra of hydroxyapatite; (HAQ) HA-NPs without sugarcane juice; (HA5- HA15) HA-NPs with
5, 10, and 15 ml sugarcane juice.

3.3. SEM analysis.

The SEM images of the synthesized samples are shown in Figure 3 (HA0-HA15). HAO
represents the HA-NPs synthesized without sugarcane juice, exhibiting square-shaped
nanoparticles. HA5 shows the SEM images of HA-NPs synthesized in the presence of 5 ml
juice, which exhibits perfect square shape particles. When the juice volume was increased from
5 ml to 10 ml, irregular shape particles were observed, as shown in Figure 3 (HA10).
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Figure 3. SEM images of HA synthesized without sugarcane juice (HAO) and with sugarcane juice (HA5-
HAZ15) of 5, 10, and 15 ml sugarcane juice.
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Visual inspection of the images indicates that the size of the particles observed in HA15
is smaller than those of the previous three samples (Figure 3 (HA15). Elemental compositions
of HAO, HA5, HA10, and HA15 are shown in Figure 4. The EDS spectrum of each sample
confirmed the presence of calcium, oxygen, and phosphorus.
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Figure 4. EDS spectrum of HA nanoparticles; (HAQ) without juice (HA5-HA15) of 5, 10, and 15 ml sugarcane
juice.

3.4. TEM morphology study.

The TEM morphology features of HA-NPs were analyzed using the TEM images
(Figure 5(a-c)). The nanoparticles synthesized without juice show the existence of
agglomerated particles (HAO). When the juice volume was 5 ml, the particles were found to be
irregular and agglomerated. With the increase in juice concentration, the size of particles
slightly increased with better dispersion. When the juice volume was 10 ml, the particles
became spherical and well dispersed. The spherical particles continued to grow and became
irregular when the juice volume was 15 ml (HAS). The reason is that sugarcane juice provides
more nucleation sites at higher concentrations.
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Figure 5. TEM images of hydroxyapatite; (HAO) without sugarcane juice; (a-c) TEM images taken at 200, 100,
and 100 nm magnification; (HA5) with 5 ml sugarcane juice; (a-c) TEM images taken at 100, 50 and 20 nm
magnification; (HA10) with 10 ml sugarcane juice, and (HA15) with 15 ml sugarcane juice: (a-c) TEM images
recorded at 200, 100 and 50 nm magnification.

When the sugarcane juice concentration increased from 5, 10, and 15 ml, the shape of
the particles transformed from irregular to spherical, the reason is that glucose, fructose, and
other biomolecules present in the juice interact with the reaction mixture during the nucleation
of particles, which leads to the formation of spherical-shaped particles. This indicates that the
size and morphology of the nanoparticles can be controlled by adjusting the amount of
sugarcane juice.
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Figure 6. SAED pattern of HA nanoparticles; (HAQ) without juice; (HA5-HA15) synthesized using 5, 10, and
15 ml sugarcane juice.

The size of the nanoparticles varies from 15 to 25 nm, according to TEM analysis.
TheSAEDpattern of HA NPs is shown in Figure 6. The SAED pattern of all the HAO, HAS5,
HA10, and HA15 exhibits rings around the sharp spot, which displays the polycrystallinity of
the samples. When sugarcane juice was used as a stabilizing agent, the formation of HA-NPs
with smaller particles was due to the interaction between the OH andCOOHgroups and HA-
NPs, which efficiently controlled the development of HA-NPs.

3.5. Formation mechanism of HA-NPs.

Sugarcane juice is a healthy and suitable drink with nutritional value. A tentative
mechanism for synthesizing nanoparticles using sugarcane juice may be due to the presence of
carbohydrates, which have functional groups such as carboxylic acid (COOH) and a hydroxyl
group (OH). When the juice was added to the reaction mixture of calcium nitrate and
ammonium phosphate, a calcium-hydroxyl/carboxyl complex was produced. Perhaps,
electrostatic interaction between the carboxyl groups and Ca?" ions present in the calcium
nitrate takes place to produce a calcium-HA complex. Carbohydrate was eliminated from the
calcium-juice complex during calcination at 500°C. Therefore, through this mechanism, it can
be concluded that sugarcane plays a reactive agent in the formation of nanoparticles.

Various plant extracts and biomaterials have been used as natural stabilizing agents to
fabricate HA nanorods. Moringa oleifera flower extract has been used as a stabilizing agent to
produce crystalline HA nanorods for bactericidal activity [1]. Gobi et al. have synthesized
nano-HA using malic acid as a stabilizing agent and are recommended for biomedical
applications [26]. Pectin isolated from the Paprika biglobosa has been used as a green template
to produce HA-NPs. They reported nanoparticles from 17.5 to 26.3 nm [27].
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Figure 6. Mechanism and schematic diagram of the synthesis of hydroxyapatite nanoparticles

Anita Lett et al. Have synthesized mesoporous HA-NPs using stearic acid as an organic
modifier by the sol-gel method and have suggested that it can be used for biomedical
applications [28].

Table 1. Comparison of sugarcane juice with chemical stabilizers

S.No Stabilizing agent Effect of stabilizing agents Ref.
Chelating agents affect the
1 EDTA morphology of HA and improve the [31]
crystallinity
2 Carboxymethyl cellulose HA-NPs using CMC as stabilizing [32]
(CMQ) agent
Citric acid and sodium citrate
3 Citric acid or sodium citrate | addition improved the crystallinity [33]
and produced smaller sized HA-NPs
Influence the size and shape of the
4 Tween-20 HA-NPs [34]
L Influence the size and shape of the
5 Sulfonic acids and sulfonates HA-NPs [35]
6 Tween 20, trisodium citrate, | Influence the size and shape of the [36]
and D-sorbitol HA-NPs
L Influence the size and shape of the
7 Sugarcane juice HA-NPs [37]
8 Sugarcane juice Stab|I|Z|r_lg agent for silver [38]
nanoparticles
9 Sugarcane juice Stabilizing agent for CuO NPs [39]
L Stabilizing and capping agent for
10 Sugarcane juice CuO NPs [16]

Gum-acacia-assisted gold-HA-NPs with the range of 9-13 nm have been synthesized
and explored its efficiency in the hydrogenation of nitrobenzene to aniline formation through
gas-phase reaction [29]. Besides, the effects of metal oxide nanoparticles' size, shape, and
morphology have been proved [30].

In addition, sugarcane juice has been used as stabilizing and capping agent for
synthesizing metal and metal oxide nanoparticles (Table 1). Sugarcane juice is a very good
source of carbohydrates. Carbohydrates present in the juice played a vital role as stabilizing
https://biointerfaceresearch.com/ ‘8of11
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agents [40]. The effect of sugarcane juice on the size, shape, and morphology of silver
nanoparticles, copper oxide nanoparticles, and hydroxyapatite nanoparticles has been reported.

4. Conclusions

Sugarcane juice stabilized synthesis of HA-NPs was carried out, and the structure of
the HA-NPs was confirmed by using various spectral techniques. Among the synthesized
samples (HAO, HA5, HA10, and HA15), no variations were found in the FT-IRanalysis. From
the XRD pattern, the average size of the HAO, HA5, HA10, and HA15 was found to be 24, 19,
15, and 13, respectively. This confirms that there are size variations among the samples due to
juice concentration. The SEM morphology of HA-NPs shows that at lower concentrations (5
ml), the particles were found to be spherical, whereas, at higher concentrations (15 ml), the
particles became irregular in shape. Similarly, the TEM morphology results were similar to the
SEM analysis. Both SEM and TEM morphology confirm sugarcane juice's role in forming
particles.
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