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Plant-Extract of Mimusops elengi leaves and Flower-Mediated
ZnO Nanoparticles: Synthesis, Characterization, and  Biomedical
Applications

Iram Bashir, Syeda Shaista Gillani”, and Fouzia Majeed
Department of Chemistry, Lahore Garrison University, Pakistan
ABSTRACT

The current study aims to employ an ecologically sustainable method,
utilizing a plant-based extract derived from Mimusops elengi as both a
reducing and capping agent. Synthesis of zinc oxide nanoparticles (ZnO
NPs) was done from aqueous leaves and flower extracts of Mimusops
elengi. Different spectroscopic techniques were used to characterize these
biosynthesized (ZnO NPs) zinc oxide nanoparticles like UV-visible, FTIR,
XRD, SEM, and EDX techniques. UV-visible spectroscopy showed the
absorption wavelength of ZnO NPs at 353nm (leaves extracts) and 365nm
(flowers extracts). FTIR spectra showed the absorption frequency of
different functional groups present in plant extract along with ZnO peak at
637cm™ (leaves extracts) and 643cm™ (flowers extracts). XRD results
revealed the hexagonal structure and crystalline nature of biosynthesized
ZnO NPs. The average grain size calculated for ZnO NPs of leaves and
flower extracts was 10.37 and 15.52nm, respectively. SEM analysis showed
a hexagonal shape. EDX confirmed the formation and purity of ZnO NPs
by showing an abundant % of zinc and oxygen atoms. The significant
bactericidal efficacy of biosynthesized ZnO NPs was found against
pathogens Escherichia coli and Staphylococcus aureus. When compared to
ZnO nanoparticles from flower extracts and biosynthesized ZnO
nanoparticles from leaf extract exhibited substantial suppression. ZnO-NPs
synthesized from leaves and flower extracts of Mimusops elengi can be
subjugated for biomedical and ecologically sustainable applications.
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1. INTRODUCTION

In 1959, at the California Institute of Technology (Caltech), a Nobel
Laureate, Richard Feynman presented a notable speech during a conference
hosted by the American Physical Society titled: There's Plenty of Space at
the bottom [1], in which he explored the groundbreaking concept of
nanotechnology and the potential for crafting intricate molecular machines
with atomic accuracy. Nanotechnology is the atomic-scale manipulation of
matter and has applications in various fields. Nanoparticles (NPs) are
microscopic particles made up of both organic and inorganic materials [2].
Due to their tiny size (1-100 nm), high energy at the surface, and larger
(S/V) surface area to volume ratio, their catalytic capabilities and
interaction with other molecules increased, significantly [3].

In the last decade, comprehensive research concerning metal oxide
nanoparticles has been emphasized due to their myriad applications in
several technology sectors. Zinc Oxide (ZnO NPs) is one of the materials in
nature that show great diversity in the structure, of all known materials and
is an interesting inorganic material with several advantages in current laser
medical, biomedical, and optoelectronic technology [4—7]. ZnO NPs are
categorized as a semiconductor in material science because of their covalent
and ionic bonds. Due to a large energy band (3.37 MeV) and broad energy
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bond (60MeV), ZnO NPs have captivated a lot of consideration because of
their high mechanical capabilities and thermal stability at ambient
temperature. ZnO NPs are more appealing and effective in current laser
medical technology, electronics, and optoelectronic technology because of
this significant characteristic [5].

Cost
E ffective

Properties of Finc Oxid e

Electrochemical
& Optical

Figure 1. Some Appealing Properties of Zinc Oxide Nanoparticles

Zinc Oxide nanomaterials possess a range of structures, which act as a
novel material and have potential uses in a number of nanotechnology
sectors. These particles have showed the potential to photo-oxidize and
photo-catalyze chemical reactions and biological species, as a result of this
ability, they are a key player in cancer therapy [8].

ZnO is one of five chemicals that are classified as "generally regarded
as safe”. ZnO has been widely utilized in cosmetics, sunscreens, lotions,
medication delivery, and bio-imaging due to its bio safe and biocompatible
characteristics [3]. ZnO NPs have been explored as an antibacterial and
anticancer agent in several other research investigations [7].

Several techniques are reported for the synthesis of nanoparticles, which
are classified into three types: Physical (mechanical), chemical, and
biological [9]. Green synthesis is a relatively recent phrase that refers to the
employment of ecologically sustainable methods for the creation of new
products that do not affect the environment. In physical and chemical
methods dangerous substances are being absorbed on the surface [10].
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As physical and chemical procedures became more expensive day by
day, the necessity for biosynthesis of nanoparticles emerged as a new trend.
Chemical synthesis processes usually result in dangerous substances being
absorbed on the surface, which may have negative consequences in clinical
uses [11, 12]. In order to find cost-effective ways to make nanoparticles,
scientists turned to microbial enzymes and plant extracts (phytochemicals),
which are generally responsible for the reduction of metals into their
respective nanoparticles, due to their antioxidant or reducing capabilities.
Green synthesis is less expensive, more eco conscious, and simpler for high
yield production than chemical or physical synthesis as it does not need the
use of high pressure, power, temperature, or dangerous substances.

The current study focused on the leaves and flowers of Mimusops elengi
Linn. (M. elengi), which is a fragrant ornamental tree belonging to the
Sapotaceae family. Hindus regard Mimusops elengi as a holy plant and a
symbol of love and beauty [13]. The bark of Mimusops elengi is used as a
cooling agent, a cardiotonic, the blossoms are used to treat asthma, and are
smoked [14]. The fruit of Mimusops elengi is edible; it has astringent
properties, is excellent for the teeth and produces flatulence, the seed is used
to repair loose teeth and to treat headaches [15]. The phytochemicals present
in the aqueous extract of Mimusops elengi, functions as an oxidizing,
reducing, and stabilizing agent for the biosynthesis of these zinc oxide
nanoparticles (ZnO NPs).

2. MATERIALS AND METHOD

Chemicals: Zinc acetate dihydrate [Zn (C2H302)2.2H20] and sodium
hydoxide (NaOH) were purchased from Sigma-Aldrich

All of the reagents and solvents used for this research work were of
excellent analytical quality and purchased from Sigma-Aldrich. Solvents
were refined by distillation before usage. The leaves and flowers of
Mimusops elengi were collected from Baagh-e-Jinnah, Lahore, Pakistan.

2.1. Aqueous Extraction of Leaves and Flowers of Mimusops elengi

Freshly collected leaves and flowers of Mimusops elengi were
scrupulously washed with water to remove debris on the surface and then
rinsed with distilled water. After that, leaves and flowers were shade-dried
for a week, weighed (12g), and crushed to a fine powder, separately. Then,
the powder of leaves and flowers was mixed and heated with 100 mL
distilled water at 20°C for an hour, while swirling constantly with vigorous
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stirring, separately. The mixtures were filtered twice, first with muslin cloth
and once with Whatman No. 1 filter paper, separately. Dark green extracts
(leaves) and pale orange extracts (flowers) were obtained and stored at 4 °C
for further processing.

2.2. Preparation of Salt Solution

5.48g of zinc acetate dihydrate was dissolved in 100 mL of distilled
water to produce 0.25M zinc acetate dihydrate (Zn (C2H302)2.2H20)
solution.

2.3. Green Synthesis of Zinc Oxide Nanoparticles

A 100 mL of 0.25M zinc acetate dihydrate (Zn (C2H302)..2H20)
solution was mixed with 50 mL leaves extract and 50 mL flowers extract in
a 250 mL flask, separately. The colour of the mixture changed from dark
green to brown for the leaves and pale orange to brown for the flower
extracts after 1 hour of incubation at 40°C with continual shaking,
suggesting that green manufactured zinc oxide nanoparticles had been
generated. Then 0.02 M NaOH was added drop by drop to keep the pH of
the solution at 12. As a result, bio-reduced salt sank to the flask's bottom.
After that, the sample was washed with distilled water before being exposed
to ethanol. The washing procedure was repeated three times to ensure that
all contaminants were eliminated. The washed ZnO NPs were then oven-
dried for 24 hours at 60°C. The powdered ZnO NPs were then kept for
future analysis.

2.4. Antibacterial Assay

The antibacterial activity of biosynthesized ZnO nanoparticles was
tested using two bacterium strains. The antibacterial activity was measured
using the Agar well diffusion method. The antibacterial activity of
biologically produced zinc oxide (ZnO) nanoparticles against gram-positive
(Staphylococcus aureus) and gram-negative (Escherichia coli) bacterial
strains was tested. Three wells were made on each agar plate, added 10 pL
ZnO NPs, Ciprofloxacin (standard reference), and left it for 24 hours.

3. RESULTS AND DISCUSSION
3.1. Characterization Techniques

UV- Visible Spectroscopy (Ultra-3000), Fourier transforms infrared
(FTIR) spectroscopy, X-ray Diffraction (XRD) (Bruker AXS D8), Scanning
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Electron Microscopy (SEM) (HITECH-3400-N), and Energy dispersive X-
ray (EDX) analysis was used to characterize the synthesized zinc oxide
nanoparticles (ZnO NPs).

3.2. UV-Visible

The UV-visible spectra were recorded on an Ultra 3000 UV-Vis
spectrophotometer for these green synthesized ZnO NPs. The
spectrophotometer was allowed to scan at wavelength ranges from 200-
800nm. The Amax at 353 nm (a) and 365 nm (b) [16] depicts the Surface
Plasmon Resonance (SPR) phenomena when the ground state non-bonding
electrons excited to a higher energy state [17, 18], as a result, a change in
colour was noticed from dark green to brown, while the colour of the flower
extract changed from pale orange to light brown. The monodispersed
character of NPs distribution is confirmed by the strong absorption peaks of
ZnO.

ZnONPs les |ZnONP's flower|

200 300 a0

s00

00 o0 500 00
Wav elength (nm) Wavelength (nm)

Figure 2. UV-Vis Spectra: (a) Zn ONPs for Leaves Extract and (b) Zn
ONPs for Flower Extract

3.2.1. Fourier Transforms Infrared (FTIR). Fourier transforms
infrared spectroscopy (4000-400 cm™) was used to categorize functional
groups in aqueous extract and zinc oxide nanoparticles (ZnO NPs). (FTIR)
spectrum of biosynthesized Zn ONPs was used for the leaf extract, which is
given in Figure 3. By using the FTIR technique, the phytochemical
composition of biomolecules resulted in the reduction and stability of ZnO
NPs. The broad peak at 3085cm links to the OH [19] group of carboxylic
acid along with C=0 stretching at 1560cm™ [20]. The peak at 1560cm™ may
also be due to the N-H bending of alkaloids or the N=O group showing
asymmetric stretching vibrations. The peak at 2313cm™ resulted from =C-
H stretch of aromatic aldehyde. The sharp peak at 1408cm™ showed
symmetric stretching of the N=O bond or C-N stretch and the peak at
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1014cm™ was because of C-O stretching vibration [21], which represent
acidic, alcoholic, phenolic, and aromatic nitro compounds. The fingerprint
region of the spectrum contained a peak at 637cm-1 confirming the presence
of Zn-O. Previous literature has reported, the range of 400-500 cm-1for the
absorption bands [22] or for higher frequencies, however, 608-731 cm™ [23]
were indicated for the distinctive peaks for ZnO vibrations.

105

ZNONPs leaf

95 —H

90

Transmittance %

85 —H

80 T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm-1)

Figure 3. FTIR Spectrum of ZnO NPs (leaves Extract)

Figure 4 shows the IR spectrum of zinc oxide nanoparticles for the
flower extract. It showed some characteristic peaks, which were observed
because phytochemicals exist in extract and are accountable for
nanoparticle fabrication and maintenance. The broad peak at 3120cm™* was
because of the phenolic or alcoholic hydroxyl (OH) group. A small peak at
2868cm resulted from —CH stretching frequency. The high-pitched peak
at 1609cm-1 was observed due to carbonyl stretch, aromatic C=C
stretching, or N-H bending vibrations. Another sharp peak at 1326¢cm™
showed the presence of the C-N group as well as the amide band of proteins
[24]. The medium-strong peak at 1103cm™ links to a stretch of the C-O
bond. The signal at 643cm™ was caused by a Zn-O link, indicating that zinc
oxide nanoparticles were synthesized [23].

ZNONPs flower

Transmitiance %

1103
1609 1326
ao000 3500 3000 2500 2000 1500 1000
WwWave number (cm-21)

s4a43
80 —

Figure 4. FTIR Spectrum of ZnO NPs (Flowers Extract)
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3.2.2. X-ray Diffraction. XRD examination was done to evaluate the
crystallographic nature and phase purity of these biosynthesized zinc oxide
nanoparticles (see Figure 5). The XRD peaks of ZnO NPs for the leaves
extract diffracted at 20 angle are 31.63° 34,31° 37.12° 47.80° 57.68°,
63.52° , and 68.84° that showed 100, 002, 101, 102, 110, 103, and 112
Miller indexes planes, respectively. The obtained peaks were consistent
with those reported in [25]. The hexagonal wurtzite structure of zinc oxide
nanoparticles is represented by all sample's diffraction peaks. Planes of
hexagonal ZnO nanoparticles significantly matched with standard card
values (JCPDS PDF No 36-1451). The size of the crystalline nanoparticles
was enumerated by using the Debye—Scherrer formula [25, 26].

500

(101) ZNONPs leaf

400 -
E (002)
= 300 —
2 (100) (11.0) (1129
E (1o2)

200 — (103)

100 -

T T T T L T 1
20 30 40 50 60 70 80

Peak position(20)

Figure 5. XRD Graph of ZnO NPs (Leaves Extracts)

The X-ray diffraction peaks of green synthesized zinc oxide
nanoparticles for the flower extract given in Figure 6 at 20 diffracted angle
are 32.93, 34.70, 37.68, 49.25, 57.67, 63.86, and 69.98 exhibiting 100, 002,
101, 102, 110,103,and 201 Miller indexes planes, respectively. The Peak
search approach was used to compare the peak pattern with the previously
reported patterns (found in the library), confirming that the synthesized
product has a hexagonal structure due to its distinctive pattern. The
crystalline nature of ZnO NPs was revealed by the strong peaks. The single-
phase purity of the ZnO NPs is also shown by the placement and sharpness
of the peaks [27]. The obtained peaks were consistent with those reported
in [25]. The average size calculated was 15.52 nm (Debye Scherrer
equation).
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Figure 6. XRD Graph of ZnO NPs (Flowers Extracts)

3.2.3. Scanning Electron Microscopy (SEM). The surface
morphology of ZnO NPs from leaves and flower extracts was hexagonal
wurtzite (see Figure 7). The average grain size calculated for ZnO NPs of
leaves and flower extracts was 10.37 and 15.52nm, respectively. SEM
analysis showed a hexagonal shape. Altered forms of ZnO NPs have
previously been observed, with sphere-shaped, hexagonal, and flower-like
shapes being the most prevalent among them [28, 29].

ZnQNPs le 3f

-~

Figure 7. SEM Images of ZnONPs Leaves and Flowers Extracts

3.2.4. Energy Dispersive X-ray (EDX). This technique was utilized to
recognize different types of elements present in the selected sample. This
study revealed that the current sample contains a significant amount of zinc
(52.94% in the leaf and50.96% in the flower) and oxygen (40.94% in the
leaf and 40.08% in the flower) with a trace amount of C, Pb, K, CI, and P
elements. The trace elements may come from the soil and environment of
the plant. The elemental distribution of the ZnO NPs was confirmed by the
EDX spectra, which indicated the main peaks between 0.5-8.5 keV [30].
The purity of zinc oxide nanoparticles (ZnO NPs) was revealed [31] with
high Zn and oxygen element composition and the synthesis of ZnO NPs was
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confirmed. The purity of ZnO NPs from the leaf was 93.88%
(40.94%+52.94%) and 91.04% (40.08%+50.96%) for the flower ZnO NPs.

5 10 15 20
ull Scale 11717 cts Cursor: 0.000 ke

Figure 8. EDX Spectrum of ZnO NPs (Leaves Extracts)

5 10 15 20

ull Scale 11717 cts Cursor: 0.000 ke

Figure 9. EDX Spectrum of ZnO NPs (Flowers Extracts)
3.3. Measurement of Antibacterial Activity

Biosynthesized zinc oxide nanoparticles from leaves have antibacterial
action against pathogens of importance (see Figure 10). The antibacterial
activity of ZnO NPs from the leaves at 100ug/mL concentration was 13mm,
leaves extract showed 6mm, while the reference (Ciprofloxacin) was
measured at 20mm zone of inhibition against E.coli (Gram-negative)
bacteria. Also, S.aureus (Gram-positive) bacteria showed 15mm for ZnO
NPs, 5mm for leaves, and 22mm zones of inhibition against the reference.

Inhibition zones of zinc oxide nanoparticles (ZnO NPs) produced from
Mimusops elengi flowers were equally impressive (see Figure 12). Against
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E.coli, the ZOI for floral ZnO NPs was 10mm, 15mm for the reference, and
3mm for the flower extract. Additionally, the ZOI against S. aureus was
measured at 16mm for ZnO NPs 20mm for reference, and 8mm for flowers
extract. As the size of ZnO NPs from the leaves is less as compared to ZnO
NPs from the flowers, it showed a greater antibacterial effect. Nanoparticles'
antibacterial activity is a size-dependent on the characteristics, which
gradually improves when the particle size is reduced [32].

210 NPs Leaf |

Gram-negative Escherichia coli ~ Gram-positive Staphylococcus aureus
Figure 10. Zone of Inhibitions by Zn ONPs (Leaves Extract)

Table 1. Measured ZOI against E.coli and S.aureus

ZOl (mm)
Clinical pathogenic strains | eaves 7n0O NPs Reference
extract  (Leaves extracts) (Ciprofloxacin)
(a) Escherichia coli 6mm 13mm 20mm
(b) Staphylococcus aureus  5mm 15mm 22mm
25 -
20 -
15
10 - E. coli
5 - =S| aureus
o , . m
ZOl1 of Z Ol of NPs Leaf extract
Ciprofloxacin (1)

Figure 11. Bar Graph for the Measured Zone of Inhibition
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Gram-negative Escherichia coli  Gram-positive Staphylococcus aureus
Figurel2. Zone of Inhibition by ZnO NPs (Flowers Extract)
Table 2. Measured Zones of Inhibition of ZnO NPs from Flower
Zone of Inhibition (ZOI) (mm)

Clinical pathogenic strains ~ Flowers ZnO NPs Reference
extract  (Flowers extract)  (Ciprofloxacin)
(a) Escherichia coli 3mm 10 mm 15mm
(b) Staphylococcus aureus 8 mm 16 mm 20mm
25 1
20 -
15
E. coli
101 HS. aureus
5 - l
0 : .

ZOI of Ciprofloxacii¥. OI of NPs (mm) fower extract
Figure 13. Bar Graph Representing the ZOl against E.coli and S.aureus

The presence of an inhibitory zone indicates that ZnO nanoparticles'
biocidal action involves membrane rupture with a greater rate of surface
oxygen species, which results in pathogen loss. ZnO nanoparticles produced
from Mimusops elengi leaves and flower extract exhibit antibacterial
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properties. According to the findings, ZnO nanoparticles were made from
Mimusops elengi leaf and flower extract against E.coli and S.aureus. In
comparison to ZnO nanoparticles (flowers), biosynthesized ZnO
nanoparticles (leaves) exhibited substantial suppression [33].

4. CONCLUSION

Conclusively, this study provided a convenient and cost-effective
method to synthesize ZnO NPs by using Mimusops elengi as a novel
reducing and stabilizing agent. The ZnO NPs were characterized by SEM,
UV-Vis, FTIR, XRD, and EDX spectroscopy. UV-visible spectroscopy
showed the maxima absorption of ZnO NPs at 353nm (leaves extracts) and
365nm (flowers extracts). FTIR spectra showed the absorption frequency of
different functional groups present in plant extract along with ZnO peak at
637cm-1 (leaves extracts) and 643cm-1 (flowers extracts). XRD results
revealed the hexagonal structure and crystalline nature of biosynthesized
ZnO NPs. The average grain size calculated for ZnO NPs of leaves and
flower extracts was 10.37 and 15.52nm, respectively. SEM analysis showed
a hexagonal shape. EDX confirmed the formation and purity of ZnO NPs
by showing an ample % of zinc and oxygen atoms. ZnO NPs showed
significant antibacterial activity against clinical pathogens Escherichia coli
and Staphylococcus aureus. ZnO NPs synthesized from flowers showed a
higher bactericidal impact on the tested pathogens in comparison to ZnO
NPs synthesized, which was synthesized from leaves. Certainly, green -
synthesized zinc oxide nanoparticles (ZnO NPs) were ecologically
sustainable, and can be employed in various biological applications.
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