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Abstract: An attempt was made to synthesize zinc oxide
gum white nanoparticles (ZnO-GWNPs) by the greenway
approach using Aegle marmelos (Bael fruit) juice extract as
a capping and reducing agent. Synthesis of ZnO-GWNPs by
greener approach is safer, more economical, more energy-
efficient, eco-friendlier, and less toxic than chemically
synthesized counterparts. The optical properties of the
ZnO-GWNPswere ascertained through UV-Vis spectroscopy,
Fourier Transform-Infrared (FT-IR), X-ray diffraction (XRD),
High-resolution transmittance electron microscopy (HR-
TEM). A characteristic absorption peak at 385nm confirmed
the presence of ZnO-GWNPusingUV-Vis spectroscopy. FTIR
spectrum revealed that the characteristic absorption peak
of the Zn-O bond was observed at 467 cm-1. The XRD result
for the ZnO showed the tendency of the three most intense
diffraction peaks. The average crystallite size ZnO NPs at
scattering angle (2θ) 22.89 and 32.15 was 39.14 and 26.08 nm
and it showed the presence of miller indices of (100), (002),
(101), (102) respectively. The EDX spectrum gave strong sig-
nals for zinc and oxygen indicating the occurrence of the
nanoparticles in their oxide form rather than the pure zinc
form. The SEM image showed the surface morphology of
ZnO-GWNPs and the HR-TEM image showed the crystalline
nature of ZnO-GW NPs. Cytotoxicity study of ZnO-GW NPs
was determined againstMCF-7 cell lines and the IC50 values
were found to be 40 µg/mL and 60 µg/mL at 24 h and 48 h
respectively.
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1 Introduction
Nanotechnology is an immensely developing field in sci-
ence. It is conducted at the nano-meter scale to explore
several disciplines in the field of research, such as physics,
chemistry, material science and medicine [1, 2]. Nanopar-
ticles are metal particles in nanoscale (1-99 nm) size and
exhibit different structures like spherical, triangular, rod,
etc [3, 4]. Themain advantage of nanoparticles (NPs) is gen-
erally their larger surface to volume ratio when compared
with micron-sized particles. Zinc oxide (ZnO) is a Federal
Drug Administration (FDA) approved inorganic compound
being used in wide range of commercial application such
as food, cosmetics, textile and medicine. Zinc nanoparti-
cles (ZnO NP) are widely used in nano optical and nano
electrical fields because of their high catalytic activity, and
also in food packaging and in medicine as antibacterial
and anticancer agents [5, 6].

The production of nanoparticles through biosynthesis
may actually produce a better defined size andmorphology
as compared to other physical and chemical methods of
production [7]. Aegle marmelos is commonly known as bael
belongs to the family Rutaceae. It is native in Indian sub-
continent and south East Asia. The whole tree such as root,
leaf, trunk, fruit, and seed are used extensively in Indian
ayurveda and folk medicine as a traditional medicine to
cure various human ailments [8] and diseases and scien-
tific data also validated their therapeutic performance that
includes free radical scavenging, antioxidant, inhibition of
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lipid per oxidation, antibacterial, antiviral, anti-diarrheal,
gastro protective, anti-ulcerative colitis, hepatoprotective,
anti-diabetic, and cardio protective uses [9]. Bael is re-
ported to contain biologically important phytochemical-
saegeline, marmelosin, luvangetin, auraptene, psoralen,
marmelide, and tannin [10].

N D Krupa et al., reported the synthesis of spherical
shaped silver NPs with bael fruit extract for antibacterial ac-
tivity on thin films used in food packaging industry [11]. In
2015, K J Rao et al., demonstrated the green synthesis of gold
and silver NPs using bael extract [12]. Recently Devi et al.,
reported the synthesis of AgNPs from bael fruit as a poten-
tial antibacterial agent against humanpathogens [13]. Thus,
the studies showed that nanoparticles biosynthesised from
bael extract possess a good pharmaceutical activity and
can be further researched in neglected diseases. The syn-
thesis of zinc metal nanoparticles (Zn NPs) by bael fruit is
considered to be clean, cost effective, non-toxic and envi-
ronmentally acceptable when compared with physically or
chemically synthesized ZnO nanoparticles and believed to
expect pharmacological activities. In this paper, we have
studied the prospect of green synthesis of ZnO-GWNPs us-
ing bael fruit extracts. The morphology, crystal size, func-
tional groups were investigated and the anticancer activity
of the biosynthesized ZnO-GWNPswas tested against MCF7
cancer cell line.

2 Methods

2.1 Chemical and reagents

All chemicals utilized in this study were of analytical grade.
Zinc acetate Zn(CH3CO2)2and (3-[4,5-dimethylthiazol-2-yl]-
2, 5-diphenyl tetrazolium bromide) were purchased from
Merck, Mumbai, India. Cell lines of MCF-7 were obtained
from National Centre for Cell Science (NCCS), Pune, In-
dia. Foetal Bovine Serum (FBS) was obtained from Sigma-
Aldrich Chemicals, USA. Phenol red, Foetal Calf serum,
L-glutamine, Trypsin, Glucose, Rosewell Park Memorial
Institute Medium (RPMI), Nutrient Agar (NA), Barium Chlo-
ride, Casein acid Hydrolysate, Starch soluble, Agar were
obtained from Himedia Laboratories, Pune, India.

2.2 Green synthesis of ZnO-GW
nanoparticles

Matured bael fruit were collected from the region of Pol-
lachi in Coimbatore district, Tamil Nadu, India during the

month of December 2019. The bael fruit slices were thor-
oughly washed and dried in the oven at 60∘C for one week.
Then they were ground with a manual mixer to obtain fine
powders. Twenty gramof the powderwas heated in a closed
flask containing 500 mL distilled water for a period of 1h at
90∘C under moderate agitation. After which the coloured
solution was cooled to room temperature and filtrated with
a WhatmanNo.1 filter paper. This filtrate would serve as
bael gum extract and freshly prepared bael gum extract
(325 mL) was mixed with a 100 mL of zinc acetate (1M) solu-
tion under continuous stirring at 60∘C for 1 h. The colour
of the solution turned to red. The resultant precipitate was
stand in mother liquor overnight. The precipitate has been
separated using a centrifuge and washed many times with
demineralised water. The synthesized particles were dried
in oven at 60∘C during 48 h andwere used for further exper-
iments. The obtained ZnO Nano powder synthesized with
green ways method is hereafter termed as ZnO-GW NPs.

2.3 Characterization of ZnO-GW
nanoparticles

The synthesis of ZnO-GW NPs were monitored by peri-
odic sampling of the reaction mixture in double beam
UV/Vis spectrophotometer (UV-1601, Shimadzu Corpora-
tion, Japan), at a wavelength range 200 to 900 nm at 1 nm
resolution. The bio molecules responsible for the synthe-
sis of ZnO-GW NPs nanoparticles and capping structure
on the nanoparticles were determined through FTIR analy-
sis by KBr (FTIR grade) pellet method (Perkin Elmer, USA,
Model Y 40). The FTIR analysis was performed with KBr
pellets in the range of 400 cm−1–4000 cm−1 with 32 scans
at a resolution of 2 cm1. The crystalline nature of the phyto
synthesized nanoparticles was analyzed by subjecting the
sample to X-ray diffractometer of an analytical X’pert PRO
diffractometer with monochromatic Cu-Kα1 radiation (λ =
1.5418 Å), 2θ ranging from 10∘ to 80∘C in steps of 0.017∘/s.
The accelerating voltage was set at 40 kV and the current
flux at 30 mA (Shimadzu, Japan). Complete separation of
solid phase from aqueous solution was obtained by cen-
trifugation using CRPM 2000, Rankim. The surface mor-
phology of the material was studied. The size and shape
of the nanoparticles were analysed using High resolution
transmission electron microscopic analysis (FEI TECNAI
G2S-TWIN, 250 Kv, FEI, USA). The sample preparation for
HR-TEM analysis was carried out by filtering the synthe-
sized nanoparticles through 0.2 µm sterile membrane filter
(Uniflo TM, USA), and the filtrate was placed on the carbon
coated copper grid. The excess solution was removed by
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blotting with the cone of filter paper and observed under
HR-TEM.

2.4 In Vitro Cytotoxicity (MTT) Assay

In vitro cytotoxicity of ZnO-GW NPs prepared using Aegle
marmelos fruit extract was investigated by the conventional
MTT reduction assay. MCF-7 cells (5 ×103) were seeded in
flat-bottom 96-well plates for 24 h in 200 µL of RPMI with
10%FBS. After 24 h, various concentrations of ZnO-GWNPs
(20-100 µg/mL) were added to the wells and subsequently
incubated at 37∘C for 24 h and 48 h. At the end of the incu-
bation period, 10 µL MTT solution (5 mg/mL) was added to
the wells, and the plate was incubated for 4 h. The super-
natant was replaced by DMSO (150 µL) and incubated for 1h
at room temperature, then the absorbance was measured
at 545 nm using a scanning multi-well spectrophotome-
ter UV-1601 spectrophotometer (Shimadzu, Japan). Trials
were performed in triplicate and repeated three times. IC50

(half-maximal inhibitory concentration) value of ZnO GW
nanoparticles, which inhibits 50% of the cells were found
out using the following formula:

Growth Inhibition = OD of control−OD of treated sample
OD of control (1)

3 Results and Discussion

3.1 Synthesis of ZnO-GW nanoparticles

The conversion of zinc acetate to ZnO by the aqueous bael
fruit extract was marked by a visible colour change from
deep green to red of the reaction mixture (Figure 1). The
synthesis of ZnO-GW nanoparticles occurred rapidly after
the addition of the extract to the zinc acetate solution. The
formation of ZnO-GWnanoparticles in the reactionmixture,
exhibiting a visible colour change, was confirmed by the
occurrence of characteristic surface plasmon resonance
(SPR) peak.

Figure 1: Graphical representation of synthesis of ZnO-GW nanoparticles.
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3.2 UV-Vis Spectroscopy

Zinc oxide nanoparticles synthesized usingAeglemarmelos
fruit extract exhibited characteristic maximum absorbance
at 385 nm (Figure 2). The wide bandwidth energy of 3.187
eV as estimated using E = hc/λ (h = planck constant; c =
velocity of light; λ = absorption maxima) suggests the nar-
row size distribution of nanoparticles. Previously, ZnO NPs
synthesized usingAeglemarmelos extract andmicrowave ir-
radiationmethod had an absorption maxima of 377 nm and
3.29 eV [14]. Similarly ZnO NPs synthesized using Euphor-
biajatropa latex showed absorption maxima in the range
of 300 to 400 nm and had a band width in the range of 3.1
to 4 eV [15].

Figure 2: UV-Visible absorbance of Bael fruit extract showed charac-
teristic peak of ZnO GW nanoparticles at 385nm.

3.3 Fourier transformed infrared
spectroscopic (FTIR) analysis of ZnO- GW
nanoparticles

FT-IR was carried out in order to find out the functional
groups which are responsible for the reduction of zinc
ions into nanoparticles and also ascertain the purity and
nature of the nanoparticles. IR spectrum of ZnO-GW NPs
shows that the strong and broad spectral bands observed
at 3406 cm−1 was assigned to the N-H stretching which
corresponds to aliphatic primary amine groups (Figure 3).
The bands at 2928 cm−1 correspond to the C-H stretching
vibrations which corresponds to alkane groups. The skele-
tal vibrations of the aromatic rings show band 1636 cm−1

which is assigned to C = C stretching vibrations which

Figure 3: FTIR spectra of ZnO GW nanoparticles prepared using
Aeglemarmelos (Bael fruit) fruit extract.

corresponds to alkenes [17]. The band at 1382 cm−1 corre-
sponds to the asymmetric and symmetric (COO−) carbonyl
bonds [18, 19]. The band at 1315 cm−1 is due to C-O stretch-
ing vibration [20, 21]. The band present at 1114 cm−1 is due
to the (C-O) stretching vibrations which corresponds to
the secondary alcohol. The band at 1069 cm−1 is due to
C-C stretching vibration [22, 23]. The band at 897 cm−1 cor-
responds to C-H bending vibration which corresponds to
alkene groups. The band at 599 and 509 cm−1 corresponds
to deformation δ (COO−) [24]. The Zn-O stretching vibration
bandwas found at 435 cm−1 for ZnO-GWNPs [21, 22, 25]. The
shifts in Zn-O band is due to the variations of biomolecules
present in the bael fruit extract. FT-IR spectra of ZnO-GW
confirmed that thepreparednanoparticleswere coatedwith
bio-molecules which were responsible for the reduction of
zinc acetate and the prevention of the nanoparticles against
oxidation. In Adansonia digitata, the hydroxyl groups of
phenols and amide groups of proteins have been shown to
act as capping agent which prevented agglomeration and
provided stability to the nanoparticles [26]. Thus, from the
IR spectrum it is evident that the biomolecules present in



48 | M. Dhayalan et al.

the fruit extract ofAeglemarmelous plays amajor role in the
reduction as well as stabilization of ZNO GW nanoparticles.

3.4 X-ray diffraction analysis (XRD) of
ZnO-GW nanoparticles

XRD patterns showed the ZnO-GW NPs were semi-
crystalline in nature. The XRD result for the ZnO GW
nanoparticles shows the tendency of the three most in-
tense diffraction peaks. The peaks for the synthesized ZnO-
GW NPs were observed at scattering angle (2θ) of 23.96,
24.68, and 24.33. The crystalline ZnO nanoparticles dis-
played sharp and intense diffraction peaks that perfectly
matched with the standard JCPDS file no:00-027-1401 -. It
shows the presence of miller indices of (100), (002), (101),
(102) and sharp peaks in the diffraction pattern indicates
the purity of the product (Figure 4). The peaks of ZnO-GW
NPs were broadened that may be due to the binding of ZnO
with bio-molecules present in the bael fruit extract. The
average crystallite size (D in nm) of ZnO-GW NPs was deter-
mined from XRD pattern from diffraction peak full width at
half maximum (FWHM) according to the Debye – Scherrer
equation (2)

D = Kλ/β · cos θ (2)

Where K is Scherrer constant (0.9), it can be affected with
the lattice direction and crystallite morphology. λ is the
wavelength of the target Cu-Kα = 1.54 A. β refers to the peak
width at half maximum (FWHM) which is determined in
radians. θ is the diffraction angle based on the Scherrer
equation, the average grain size at scattering angle (2θ)
24.78 and 31.20 of ZnO-GW NPs nm, respectively. The aver-
age grain size of the biosynthesized AgNPs was determined
as 24 to 38nmand is in accordancewith the results obtained
in TEM studies. The sharp peaks clearly confirmed the crys-
talline nature of the synthesized nanoparticles which is in

Figure 4: XRD peaks for ZnO GW nanoparticles prepared using
Aeglemarmelos (Bael fruit).

good agreement with the earlier reports. ZnO NP synthe-
sized using Aegle marmelos fruit extract showed the miller
indices at (100), (002) and (101) showed sharp peaks in
diffraction pattern [27].

3.5 High resolution transmission electron
microscopic (HR-TEM)

Zn nanoparticles synthesized using Euphorbia Jatropa latex
were hexagonal in shape and particleswere in the size order
of 500 nm [28]. The HR-TEM image showed the particles
were polydispersed in nature (Figure 5). The TEM images
of ZnO GW NPs prepared from the bael fruit extract were
irregular cubic shapes with slight variations in thickness.
The particle size was in the range of 50 nm and it agrees
well with the average crystallite size calculated from the
XRD pattern which in fact, makes the particles suitable for
biological applications.

Figure 5: HR-TEM image of ZnO GW nanoparticles.

3.6 Cell proliferation assay

The cytotoxic studies of ZnO-GW NPs were investigated in
MCF-7 cells by using MTT assay. Viability of MCF-7 cell lines
was found to decrease with increase in concentration of
ZnO-GW NPs as dose dependent manner (20 µg/ml – 100
µg/ml). The graph shows inhibition of cell proliferation in
MCF-7 cell in dose depended manner (Figure 6). The MCF-7
cell proliferation was considerably lower, when compared
to untreated (MCF-7) cell. After the treatment for 24 h and
48 h lower concentration (40 µg/ml and 60 µg/ml) killed
more than 70% of cancer cells. The maximum inhibitions
of cell proliferations were obtained at the concentration of
(40 µg/ml) after 24 h and 48 h. The ZnO-GW NPs concentra-
tion at 40 µg/ml exhibited 87% cell viability and 60 µg/ml
concentration showed 77% cell viability. It was observed
from the results that ZnO-GW nanoparticles have imparted
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a remarkable effect over MCF7 cells by creating cell damage,
which agreeswell with the literature [29]. NiOnanoparticles
synthesized using Aegle marmelos leaf extract was shown
to have cytotoxicity effect on A549 cell lines. The cell viabil-
ity was observed to be 20% when treated with 1000 µg/mL
of NiO nanoparticles and increased gradually to the maxi-
mum of 64.6% at the concentration of 7.8 µg/mL [30]. The
exact mechanism for the cytotoxic effect of NP is not clearly
known but few reports suggest that the metal ion which
is released from the nano metal oxides plays a key role in
cytotoxicity [31]. Hence the cytotoxicity of ZnO GW NP syn-
thesized from Aegle marmelos could be from the release of
Zn ions which will induce higher cytotoxicity effects than
the micron sized particles. Release of metal ion creates ox-
idative stress by supporting the movements of exogenous
materials inside the cells. Different mechanisms have been
proposed based on the metal ion release. This includes
the activation of calcium dependant and stress-inducible
signalling cascades, which interferes with DNA repair path-
ways and causes epigenetic changes [32, 33]. The excess
production of reactive oxygen species (ROS) and oxidative
stress can cause DNA damage and apoptosis. The ROS pro-
duction could damage the cell wall, DNA and eventually
lead to cell death [34–36].

Figure 6: Cytotoxicity of different concentrations of ZnO GW NPs
measured by MTT assay on MCF-7 cell lines.

4 Conclusion
Green synthesis of nanoparticles by biological systems es-
pecially plant extracts has become an emerging field in
nanotechnology. In this study, zinc oxide nanoparticles
were synthesized using Aegle marmelos L. fruit extract. UV-
Vis spectrum showed the characteristic peak at 385 nm.
FT-IR spectra of ZnO-GW NPs confirmed the group’s char-
acteristics of plant metabolite which were liable for the
reduction of zinc acetate to ZnO-GW NPs. The manifesta-
tion of the optical absorption peak of UV-Vis spectral anal-
ysis proves the synthesis of ZnO GW nanoparticles. XRD
pattern evidently illustrated the high crystallinity of the
nanoparticles and the peaks of ZnO-GW NPs were broad-
ened and weakened which may be due to the binding of
ZnO with bio-component groups of bael fruit extract. The
nanoparticle was found to be cytotoxic to MCF-7 tumor cells
and has abridged the viability in MTT assay. ZnO GW NPs
were found to be superior anticancer agents, a greenway
technique for the synthesis of ZnO GW NPs is proposed for
future studies. This pristine method is rapid, facile, conve-
nient, less time-consuming, and environmentally safe. The
process for the synthesis of nanoparticles on large scale
using these readily available plant extracts may have com-
mercial viability and would develop studies in the interface
between biology and material science. Hence, the biologi-
cal method of developing silver nanoparticles would be a
cost-effective alternative to other approaches.
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