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Synthesis of zinc oxide nanoparticles (ZnO-NPs) using plants has been suggested to have
biological applications. ZnO-NPs were synthesized using Terminalia catappa (Almond)
methanol leaf extract and Zn(CH3C0OO0)..6H20 as precursors. UV-visible spectroscopy (UV-
vis), X-ray diffraction (XRD), scanning electron microscopy—energy-dispersive X-ray
spectroscopy (SEM-EDX), and Fourier transform infrared (FTIR) were used to characterize the
ZnO-nanoparticles. The antioxidant, GC-MS, and antibacterial activities were determined using
standard methods. The phytochemical screening of the extract shows that it contains alkaloids,
flavonoids, tannins, saponins, etc. The GC-MS analysis of the Almond extract indicated the
presence of 12 different compounds, with the 9, 17-Octadecadienal-Z being the most abundant.
The UV-vis analysis has absorption peaks at 370 nm; SEM shows a quasi-spherical-like shape,
while EDX indicates that the ZnO-NPs contain oxygen (54.93%) and zinc (36.14%). The optical
energy band gap of 3.353 eV was obtained. The average crystallite size of the ZnO-NPs was
53.46 nm with a dislocation density of 0.000349899 (nm)-2. FTIR spectrum revealed the presence
of organic moieties serving as reducing and capping agents. The extract and the ZnO-NPs have
antioxidant scavenging activity. The extract and tetracycline exhibited a moderate and strong
antibacterial response against Klebsiella pneumonia, Salmonella typhi, Pseudomonas
aeruginosa, Escherichia coli, and Staphylococcus aureus, while the nanoparticles exhibited a
weak and moderate response. The MIC and MBC values of the extract against the bacteria strains
ranged from 12.50 to 25, and 25 to 50 mg/mL, respectively. The study supports the plant's
traditional uses for treating infections and other diseases.

Keywords: Terminalia catappa, phytochemical analysis; nanoparticles, antioxidant and
antibacterial activity.

Introduction

These properties are used in applications such as catalysts,®
photocatalysts,”® antibacterial studies,® anti-biofilm,'* and anti-

Recent advances in science have given rise to the area of
nanotechnology, which studies the physical, biological, chemical,
and engineering sciences at the nanoscale.! Because of their
extremely small sizes between 1 and 100 nm and high surface-to-
volume ratio, which leads to an increase in both physical and
chemical variations in their properties such as catalytic properties,
melting points, mechanical properties, biological and sterical
properties, thermal and electrical conductivity, and optical
absorption—nanoparticle research has attracted a lot of attention.?
Because of its adjustable and versatile morphological, photonic, and
spintronic characteristics, zinc oxide (ZnO) is one of the most
researched n-type semi-conducting metal oxide materials.>* It is
distinguished by a high excitation energy of 60 meV and a broad
direct band gap energy of 3.37 eV.5 These properties have numerous
functions, like high room temperature luminescence, good
transparency, electron mobility, etc.
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diabetic activities,? photodetectors,®® solar cells,** drug delivery,
and nanomedicine.'>16

ZnO-NPs can be generated using numerous processes, such as pulsed
laser deposition,'” hydrothermal,'® solvothermal®®, and the sol-gel
method.® Some of these methods are generally labour-intensive,
harmful to living organisms and our environment, and expensive.?
The creation of environmentally friendly nanoparticles without the
use of toxic materials has garnered research attention in recent
years.? Green materials can function as both stabilizing and
reducing agents for the synthesis of different metal oxide
nanoparticles.?®>?* This biological approach looks to be a more
affordable option than traditional physical and chemical methods of
nanoparticle synthesis. Plant leaf extract,®>%® enzymes,?’” and
bacteria,?® play crucial functions in the production of nanoparticles.
The major sources of foodborne diseases in humans are caused by
the consumption of food materials contaminated with foodborne
organisms such as fungi, bacteria, and viruses. Some common
bacteria found in food substances are Escherichia coli, Klebsiella
pneumonia, Staphylococcus aureus, Salmonella typhi, and Bacillus
spp.?>% The control of foodborne diseases is an important aspect of
public health.?® The incidence of antibiotic resistance in these
microorganisms has limited the use of different antibiotics and other
currently used methods to control these diseases. This has resulted in
the emergence of highly resistant bacteria that are resistant to most
antibiotics.?® Most of these microorganisms' antibiotic resistance
mechanisms are irrelevant for most nanoparticles because their
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biochemical mode of action involves making direct contact with the
bacterial cell wall rather than entering the cell.

Medicinal plants used in traditional medicine in most countries of
the world are the major sources of phytochemicals that impede the
growth of microorganisms causing infectious diseases. This has
made researchers focus on plant-derived compounds as possible
bioactive agents against infectious diseases. Numerous studies have
shown that different medicinal plants have antimicrobial activities, 3"
3 antimalarial potentials, 3% hepatoprotective effects, 363
antidiabetic activities, 3*' and inhibition of in vitro glycation
product production.*?

Terminalia catappa L. is a naturally occurring tropical plant in the
Combretaceae family. It is native to Malaysia and found in the West
(countries like Nigeria) and Central Africa. Numerous studies have
shown that T. catappa has aphrodisiac effects, antiviral,
antimicrobial,  anti-diabetic, anti-inflammatory,  anti-cancer,
antioxidant, immunogenicity, dietary, and hepatoprotective
activities.*>*> This study aimed to produce ZnO-NPs utilising
methanol leaf extract of Terminalia catappa and evaluate its
antioxidant and antibacterial activities as well as the plant extract
against four Gram-negative bacteria strains (Salmonella typhi,
Klebsiella pneumonia, Pseudomonas aeruginosa, and Escherichia
coli) and one Gram-positive bacteria strain (Staphylococcus aureus).

Materials and Methods

Chemicals and materials

Sodium hydroxide (NaOH: > 98% purity), zinc ethanoate
hexahydrate (Zn(CH3C0O0)2.6H20:> 98% purity), methanol
(CH3OH:>99.9%  purity), DPPH (2, 2  Diphenyl-1-
picrylhydrazyl:>99.9% purity), potassium ferricyanide
(Ks[Fe(CN)6]:>99.9% purity), trichloroacetic acid (CCIsCOOH : >
98% purity), and ferric chloride (FeCls: > 98% purity) are analytical
grade reagents used in this research, were sourced from Sigma-
Aldrich (St. Louis, Missouri, United States of America (USA).
Nutrient agar, nutrient broths, and deionized water (DW) were also
used in this study.

Collection and identification of plant material

The leaf of T. catappa was obtained from LASUSTECH Ikorodu,
Nigeria (latitude: 6° 35' 59.99" N, longitude: 3° 29' 59.99" E). The
leaves were identified by Mrs. Oluremilekun Olabisi Sokefun, a
botanist from the Department of Biological Sciences, Lagos State
University of Science and Technology (LASUSTECH), lkorodu,
Lagos State, Nigeria.

Preparation and extraction of plant material

The leaves of T. catappa were cleaned and washed with deionized
water and air dried for fourteen days under shade in the Department
of Chemical Sciences at LASUSTECH. 200 g of the ground material
was soaked with 2 L of 80% methanol at 25 + 2°C for seventy-two
hours with intermittent shaking. The extract was filtered using cotton
wool and Whatman No. 1 filter paper and the filtrate was
concentrated at a temperature not exceeding 40 °C using a rotary
evaporator. The concentrated T. catappa extract was then dried for
48 hours at 40 °C in an aerated oven until it was completely dry and
then kept at 4 °C in a refrigerator.

Phytochemical analysis of the extract

Phytochemical analyses were performed on the T. catappa
methanol leaf extract to determine its phytochemical contents using
standard protocols.3* 3. 46

Screening of phytochemicals found in the plant extract using UV-vis
spectrophotometer

The modified method of Theng and Korpenwar,*” was used for the
screening of phytochemicals found in the plant extract using UV-Vis
spectrophotometer. Briefly, the plant extract (0.01, 0.02, and 0.03
mg/10 mL) was filtered through Whatmann No. 1 filter paper after
centrifuging at 3000 rpm for 10 min. The extract was diluted in a
1:10 ratio with the same solvent (DW). Using a 6850 UV/Vis.
Spectrophotometer (JENWAY), the plant extract was examined at
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wavelengths ranging from 200 to 800 nm, and the distinctive peak
values were recorded. The UV-Vis's characteristic peaks were found,
and their wavelength values were noted. The wavelength ranges for
particular phytochemicals or secondary metabolites were recorded.

GC-MS analysis of the leaf extract

GC-MS analysis of the T. catappa extract was examined using an
Agilent Technology 7890 GC machine fitted with a mass
spectrometric detector using the protocol explained by Momoh et
a|.35

Component detection

Interpretation of the mass spectrum: For the GC-MS analysis, more
than 62,000 patterns stored in the National Institute Standard and
Technique (NIST) database were used for the analysis. The spectra
of the known compounds stored in the NIST collection were
compared with those of the undetermined compounds found in the
extract. The test sample's compounds' names, molecular weights,
formulas, and structures were identified.

Biofabrication of ZnO-NPs synthesized from T. catappa extract.
ZnO-NPs were produced with minimal alterations utilizing a
modified hydrothermal chemical precipitation procedure as
described by Gaur et al. (2023).” Briefly, a 0.1 M solution of
Zn(CHsCO0O0)..6H20 was prepared by dissolving 2.3 g of the zinc
acetate salt in 100 mL in a conical flask. 300 mL of the T. catappa
methanol extract (3 g in 300 mL DW) solution was mixed with the
zinc acetate salt solution; the mixture was stirred, and placed on a
magnetic stirrer for 60 min at 60 °C. The phytochemicals present in
the T. catappa extract were used as reducing and capping agents. The
reaction mixture solution pH was adjusted to 10 by adding sodium
hydroxide (0.2 M) drops and cooled down. After 2 h, the colloidal
solution became milky, indicating the formation of ZnO-NPs. After
that, the solution was placed in a centrifuge and run for 15 min at
2000 rpm. The resulting supernatant was poured off, centrifuged
once more, cleaned with DW, and allowed to dry in an oven at 109°C
for 2 h. The precipitate was put in a crucible and heated to 450°C for
2 h in a muffle furnace. ZnO-NPs were obtained by crushing and
powdering the dried precipitate and stored in an airtight container.
The synthesized ZnO-NPs were characterized and the antioxidant,
and antibacterial activity were investigated.

Characterization of ZnO-NPs synthesized from T. catappa extract
6850 UV-visible spectrophotometer (UV/Vis) Jenway was
employed for the spectrometric analysis of ZnO-NPs synthesized
from T. catappa extract measured periodically at a range of 250—430
nm. A spectrum of ZnO-NPs was plotted with wavelength on the x-
axis and absorbance on the y-axis. The absorbance peaks were
recorded. The morphology and chemical content of the
biosynthesized T. catappa/ZnO-NPs were analysed with the Phenom
Prox model Scanning Electron Microscopy-Energy-Dispersive X-
ray spectroscopy (SEM-EDX) equipment (phenomWorld
Eindhoven, Netherlands). The structural properties, like crystallite
size, of the prepared ZnO-NPs synthesized from almond extract were
investigated via XRD (XRD Empyrean Malvern Panalytical
diffractometer).

FTIR analysis

FTIR was used to determine the functional groups of organic
compounds. The ZnO-NPs synthesized from T. catappa extract were
investigated using a Shimadzu FTIR-8400S spectrometer for the
presence of phytochemicals.

Antioxidant assay

DPPH assay

The antioxidant activity of the T. catappa extract and the ZnO-NPs
synthesized from T. catappa was carried out by the Siripi et al.
(2017)*8 method using the DPPH assay to determine the percentage
scavenging capacity. In the current study, 1 mL of 50% methanol
along with ascorbic acid (standard) and different concentrations of
the T. catappa/ZnO-NPs (20, 40, 60, 80, and 100 pg/mL) were added
separately to 1 mL of 1 mM DPPH in different test tubes and
incubated at 37 °C under dark conditions for 30 min, and then the
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absorbance at 517 nm was measured using a UV-visible
spectrophotometer. ABS; is the absorbance of standard ascorbic
acid, while ABS:is the absorbance of the extract and the ZnO-NPs.

% DPPH radical scavenging activity = ABS1-ABS, x 100

ABS;
The concentrations of T. catappa extract in pg/mL and ZnO
nanoparticles in mg/mL needed to scavenge 50% of the DPPH
radical were defined as the I1Cso. Ascorbic acid served as the control.

Ferric-reducing power assay (FRAP)

The FRAP assay was carried out with a minor modification utilizing
ascorbic acid as the standard control, as previously reported by
Momoh et al. (2023).*? Briefly, separate test tubes were filled with
2.5 mL of deionized water, diluted T. catappa extract, and ZnO-NPs
(50-300 mg/mL.) together with 2.5 mL of Ka[Fe(CN)s (2.5 mL, 1%
wi/v) and 2.5 mL of phosphate buffer with a concentration of 0.2 M
at pH 6.6. The mixture in the individual test tubes was then mixed
with 2.5 mL of 10% w/v CCIsCOOH after it had been incubated at
50 °C for 20 min. This was later centrifugation at 3000 rpm for 10
min. 2.5 ml of deionized water and 0.1 % wi/v of FeCls solution were
combined with 5 mL of the supernatant. A 6850 UV-visible
spectrophotometer (JENWAY) was used to measure the absorbance
of the resultant solution at 700 nm following 30 min of incubation at
room temperature in the dark. The ferric-reducing power capacities
of T. catappa extract, ZnO-NPs, and the standard control were
expressed graphically by plotting the absorbance against
concentration. The assays were repeated three times.

Test organisms used for the study.

The antibacterial activity of T. catappa/ZnO-NPs and the leaf extract
of T. catappa against four Gram-negative bacteria strains (Klebsiella
pneumonia, Salmonella typhi, Escherichia coli, and Pseudomonas
aeruginosa) and one Gram-positive bacteria strain (Staphylococcus
aureus) was investigated. The five different bacteria used in this
study were maintained at 4 °C on five different nutrient agar slants
in the Biochemistry laboratory, and fresh subcultures of these
bacteria were made before use.

Inoculum preparation

Test tubes containing a loopful of isolated colonies of each of the
five different bacteria were inoculated individually with 4 mL of
purified peptone water and incubated for 4 h at 37 °C. Using the
standard procedure described by Momoh et al.,® these bacterial
suspensions were then adjusted with peptone water to generate
turbidity visually comparable to that of 0.5 McFarland standards.
About 1 x 108 colony forming units per milliliter (CFU/mL) was the
solution's turbidity.*

Determination of the zones of inhibition

Antibacterial activities of the synthesized T. catappa-mediated ZnO-
NPs and the methanol leaf extract of T. catappa were performed
against all five different bacteria strains. ZnO nanoparticles and T.
catappa extract were tested for antibacterial activity using the
standard procedure of the agar well diffusion method. The five
distinct microorganisms were cultured in broth for eighteen hours,
with each being suspended in a different sterile nutrient broth. To
standardize the broths, 9% normal saline was added, and their
turbidity was measured against the McFarland standard. 25 mL of
the autoclaved nutritional agar were loaded into Petri dish plates, and
the agars were allowed to harden. 100 pL of different standardized
cultures (adjusted to 0.5 McFarland) of the five different organisms
were added to the different nutrient agar plates. Next, a cork borer
was used to punch three wells out of the surface of each plate. To
stop nanoparticles from leaking out of the bottom of the 6 mm wells
punched into the nutrient agar plates to assess the antibacterial
activity of ZnO nanoparticles; one drop of melted agar (0.8% agar)
was used to seal the wells.

100 pL (100 and 200 mg/mL of the extract of T. catappa and 1 mg/L
of T. catappa mediated ZnO-NPs) of the nanoparticle suspension and
that of the extract solution were poured into each of the three wells
on all the plates and allowed to diffuse for 2 h at room temperature.
For the antibacterial investigation, the plates were incubated at 37 °C
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for 18 to 24 hours. The inhibitory zone's sizes were measured in
millimetres. The susceptibility of the five different organisms (S.
aureus, K. pneumonia, S. typhi, E. coli, and P. aeruginosa) to the T.
catappa mediated ZnO nanoparticle and that of the extract of T.
catappa was assayed using the modified standard method illustrated
by Momoh et al.®> The average values were recorded after the
experiment was conducted three times. There were five categories
used to categorize the inhibitory responses: little or no response
(zone diameter <10 mm); weak response (zone diameter between 10-
15 mm); moderate response (zone diameter between 16-20 mm);
strong response (zone diameter between 21-30 mm); and potent
response (zone diameter > 30 mm). Deionized water served as the
negative control. Tetracycline was used as a positive control.
Minimum inhibitory concentration (MIC) of T. catappa extract

The absence of any visible turbidity in the experimental tube when
compared to the control tube indicates the MIC of the extract, which
stopped the test organisms from growing. The MIC values of the T.
catappa extract against the five different bacterial strains were
determined using the standard method.3? Serial dilution was used to
measure the extract's MIC values against each of the five species. A
series of various test tubes were filled with 1 mL of Mueller-Hinton
broth and autoclaved. After that, 1 mL of 100% of the T. catappa
extract solution (2 g/mL) was poured into the first separate test tubes
to make a concentration of 50 %, and serial dilutions were carried
out on all the test tubes. Overnight broth cultures of the five different
Gram-negative and Gram-positive bacteria strains were adjusted to
the McFarland turbidity standard, and 100 pL of the various cell
suspensions were added to each of the separate test tubes. All the test
tubes were incubated in an ovum aerobically at 37 °C for 18 h. A
negative control tube was used in the experiment by adding 1 mL of
normal saline to all the bacterial strains in separate tubes. The lowest
concentrations of the extract solutions without bacterial growth for
all the organisms were considered the MIC.

Minimum Bactericidal Concentration (MBC) of T. catappa extract
The T. catappa extract's MBC value was performed using standard
procedure.® 0.1 mL aliquots of test samples from the MIC assay
non-turbid tubes were subcultured onto nutrient agar plates. The
resultant nutrient agar plates were incubated aerobically for 24 h at
37 °C. The extract solution's lowest concentration at which no
colonies of Klebsiella pneumonia, Salmonella typhi, Staphylococcus
aureus, Pseudomonas aeruginosa, and Escherichia coli were taken
as the MBC. Sterilized deionized water was used as a negative
control tube, and the findings were compared with it. On a set of new
agar plates, the concentration of the extract solution that did not
exhibit any growth was taken to be the MBC. The MBC is defined
as the lowest MIC value that showed no visible growth. The
MBC/MIC value was determined to be either bacteriostatic or
bactericidal. The MBC/MIC ratio is considered bacteriostatic if its
value is greater than 4 and bactericidal if its value is less than or equal
to 4.

Statistical analysis

A P value < 0.05 was considered significant. All analyses were
conducted in triplicate, and the mean + SD was used to express the
results. The student's t-test was used for comparison. A one-way
analysis of variance (ANOVA) post-hoc Turkey test was used to
analyze the data using GraphPad Prism computer software version
5.01 (USA).

Results and Discussion

The phytochemical screenings of the leaf extract of T. catappa
showed that the extract contains secondary metabolites like tannins,
flavonoids, alkaloids, phenolic compounds, anthraquinones,
triterpenoids, saponins, and reducing sugar, as shown in Table 1.
Several studies have shown that T. catappa contains secondary
metabolites like tannins, gallic tannins, catechin, tannins, glycosides,
carbohydrates, and triterpenoids.**%* Secondary metabolites like
alkaloids, tannins, cardiac and cyanogenic glycosides, steroidal
aglycone, and saponins have been associated with the antimicrobial
activities of different herbal products.5? According to a study, the
presence of saponins and flavonoids found in garlic plants helps in
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the treatment of bacterial and related human diseases used in
traditional medicine.® It has been documented that phenolic
compounds may integrate into Gram-positive bacteria lipid
monolayers, perhaps increasing the fluidity of the membrane.
Furthermore, phenolic compounds have the potential to disrupt
lipoproteins and increase membrane fluidity, which could impact
their cellular metabolism and later lead to bacterial cell death.* Gill
and Holley's study,>* has shown that antimicrobial compounds found
in plant extracts may interact with proteins and enzymes found in the
cell membrane of microorganisms, causing it to rupture and leading
to the release of protons toward outside the cells, which may destroy
enzymatic architecture or prevent the production of essential amino
acids needed for cell growth, and this deficiency may lead to cell
death.>

Table 1: The qualitative phytochemical constituents
of T. catappa methanol leaf extract

Phytochemical constituent Test performed Inference
Tannins Ferric chloride test +
Saponins Froth test +
Flavonoids Ferric chloride test +
Alkaloids Mayer’s test +
Phenolic compounds Ferric chloride test +
Anthraquinones Borntrager's test +

+

Triterpenoids Sulphuric acid test

Reducing sugar Fehling’s test +

+ = mean present

Table 2: UV-Vis spectrum peak values of the T.
catappa methanol leaf extract

SN Wavelength ~ Absorption  Absorption  Absorption
(nm) Peak Peak Peak

0.01mg/10  0.02mg/10  0.03 mg /10

mL mL mL
1 200 1.198 0.790 1.091
2 250 0.794 1.002 0.752
3 300 1.377 1.532 1.400
4 350 1.590 1.315 1.424
5 400 1.004 0.850 0.983
6 650 1.389 2.558 1.741
7 750 1.836 2.367 2.146
8 800 1.305 1.874 1.759

This study also employed the UV-Vis approach to identify molecules
containing lone pairs of electrons, pi-bonds, s-bonds, chromophores,
and aromatic rings in the UV-Vis area of the electromagnetic
spectrum, thereby verifying the presence of phytochemicals or
secondary metabolites. The T. catappa methanol extract's UV-Vis
profile (Table 2), was chosen from 200 to 800 nm because of its
broad range of distinguishing peaks and appropriate baseline.

The UV-Vis results revealed the presence of 8 peaks at 200, 250,
300, 350, 400, 650, 750, and 800 nm with absorption ranging from
0.752 to 2.558 a.u., as shown in Table 2. It has been stated that the
peaks at 200, 250, 300, and 350 nm are flavonoids and their
derivatives and that their occurrence ranges from 230 to 290 nm
(band 1) and 300 to 350 nm (band I1).5° According to Johnson and
Syed8, phenolic compounds and their derivatives are characterized
by the presence of peaks between 280 and 330 nm. Thus, this implies
that the T. catappa extract contains phenolic compounds and their
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derivatives. The peaks at 400 nm and 650 nm indicate that the extract
contains terpenoids and chlorophyll since UV-Vis analysis with
absorption bands at 400-550 nm and 600-700 nm shows the presence
of terpenoids and chlorophyll.55:56

The methanol leaf extract of T. catappa was subjected to GC-MS
analysis, which revealed the presence of 12 compounds, with 5 major
prominent compounds (Table 3). Identification of bioactive
chemicals, acids, volatile matter, branched chain hydrocarbons
found in medicinal plants, alcohols, esters, and long-chain fatty acids
can be achieved by combining gas chromatography and mass
spectrometry. The GC-MS chromatogram of the T. catappa extract
is displayed in Figure 1. Twelve compounds were found in all, five
of which were major and seven minor (Table 3), and their structures
are shown in Figure 2. The five prominent compounds constitute
70.49% of the extract of T. catappa. The 5 compounds and their %
abundance are 9,17-Octadecadienal, (2)- (23.18%), Epilupeol 20
[29]-Lupen-3alpha-ol, acetate (22.46%), 5-Hydroxy-1-(4-hydroxy-
3-methoxyphenyl) decan-3-one (10.05%), n-Hexadecanoic acid
(7.56%), and 1-(4-Hydroxy-3-methoxyphenyl)dec-4-en-3-one
(7.24%). These prominent compounds were represented by peak
numbers of 2, 6, 5, 1, and 4 with retention times of 8.237, 9.501,
9.415, 7.235, and 8.935, respectively.

Asundarce TIC: ALMOND LEAVES Diata ms

500200

ga 'L’

Figure 1: GC-MS Chromatogram of methanol extract of T.
catappa

The high percentage of 9, 17-Octadecadienal (CigH320) in the
methanol extract of T. catappa may be responsible for the
antibacterial activities of the plant because a study has shown that
the compound has antimicrobial activity.>” 5-Hydroxy-1-(4-
hydroxy-3-methoxyphenyl) decan-3-one is also called gingerol and
is one of the active components found in ginger. In one of our
research projects, we observed that aqueous ginger extract showed
poor antibacterial activity against Staphylococcus aureus and
Escherichia coli.5® The hexadecanoic acid found in the extract has
been shown to have antifungal, antibacterial, and anti-inflammatory
activities.** UV-Vis absorption techniques were used to examine the
optical characteristics of T. catappa /ZnO-NPs.
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Figure 2: Structure of compounds obtained using GC-MS
analysis of methanol extract of T. catappa

The production of T. catappa/ZnO-NPs from the methanol leaf
extract of T. catappa was verified by the existence of the absorbance
band between 250 and 430 nm.” Figure 3 illustrates the UV-Vis
absorption spectra, which show a distinct absorption band at about
370 nm. This absorption band is caused by electron transitions from
the valence band to the conduction band, which is linked to the
fundamental band gap energy of ZnO crystals.

1.5,
)-max = 370 nm

Absorbance (a.u.)

250 270 230 310 330 350 370 390 410 430
Wavelength (nm)

Figure 3: UV-Vis spectrum of ZnO-NPs prepared using T.
catappa methanol extract.

In this study, the phytochemicals found in the methanol leaf extract
of T. catappa were used as capping, reducing, and stabilizing agents
for preparing T. catappa/ZnO-NPs. During the biosynthetic process,
zinc ions were reduced to neutral zinc atoms, which led to the
nucleation and development of ZnO-NPs. ZnO-NPs and non-
oxidized ZnO-NPs with defects were biosynthesized as a result of
the extract's bioactive constituents. Research has indicated that ZnO-
NPs produced from extracts from Artocarpus gomezianus,
Euphorbia hirta, and Cassia fistula were estimated to exhibit a
redshift of approximately 5 nm.5%-61 Zinc oxide nanoparticles' optical
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band gap energy was determined using the following formula
(Eqn.1):

E=— (Egn 1)

Where; h=6.626 x 1073 Js, which is the Plancks constant, c is the
velocity of light (3 x 108 m/s), and A is the wavelength with a value
of 370 nm. The band gap energy of the synthesized zinc oxide
nanoparticles was calculated to be 3.353 eV. The band at 370 nm
indicates the production of hexagonal wurtzite zinc oxide and also
shows the development of a considerable number of O-Zn?*
tetrahedrons.5? When comparing the absorption peak (370 nm) to the
bulk zinc oxide (365 nm), a redshift of -5 nm was seen.%® The
observed shift may be explained by shallow levels (the existence of
oxygen defect states) inside the band gap and the large percentage of
02 concentration (54.93%) in zinc oxide relative to zinc (36.14%).5
Also, the morphological uniformity and chemical makeup of
nanoparticles that have been biosynthesized were examined using
SEM-EDX. Figure 4 displays the SEM micrographs and the findings
of the EDX investigation of the T catappa/ZnO-NPs, which were
produced under ideal conditions using T. catappa methanol extract.
A good representative SEM image of the ZnO-NPs sample is shown
in Figure 4(a—c).

Element | Weight (%) | Atomic (%)

CK 8.93 1572

0K 54.93 72,59

Ink 36.14 1169

Total 100 100

[ 1 2 3
19,215 counts in 30 seconds.

Figure 4: SEM images (a-c) and EDX spectrum and
guantitative analysis of ZnO-NPs biosynthesized using T.
catappa methanol extract (d).

These images show that the synthesized nanomaterial was dense and
agglomerated (gathered into a ball, mass, or cluster), with irregular
particle morphology and a quasi-spherical shape. Using EDX, ZnO-
NP purity was also examined. The elemental composition of ZnO-
NPs was ascertained by EDX analysis, as shown in Figure 4d. The
spectrum produced by the EDX study showed the characteristic
peaks for oxygen and zinc. The percentage weights of zinc and
oxygen were determined to be 36.14% and 54.93%, respectively,
based on the EDX spectra, which showed the presence of distinct
peaks for both zinc and oxygen. These demonstrated the production
of pure ZnO-NPs from T. catappa's methanol extract.
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Table 3: Chemical composition of methanol leaf extract of T. catappa

P RT Name of compound Molecular Molecular Peak  Ref# CAS# Qu
K Formulae Weight Area a
no (g/mol) (%)
1 7.235  n-Hexadecanoic acid C16H3202 256.4241 7.56 14351  000057-10-3 94
0
2 8237 9,17-Octadecadienal, (Z)- CisH320 264.4461 231 15347  056554-35-9 95
8 2
3 8363 2-Methyl-Z,Z-3,13-octadecadienol Ci9H360 280.50 441 17370 1000130-90- 70
6 5
4  8.935  1-(4-Hydroxy-3-methoxyphenyl)dec-4-en-3- C17H2403 276. 3707 7.24 16868 000555-66-8 99
one 5
5 9.415  5-Hydroxy-1-(4-hydroxy-3-methoxyphenyl) C17H2604 294.40 10.0 19153  039886-76-5 95
decan-3-one 5 4
6 9.501  Epilupeol 20[29]-Lupen-3alpha-ol,acetate Ca2Hs5202 468. 7541 224 33141  1010513-01-8 43
6 9
7 9.598  Methyl 5-methyl-2-ethenyl-cyclohexane-1-  Ci11H1g02 182.26 343 56685  1000144-54-1 53
carboxylate
8 13.203 gamma.-Sitosterol Ca29Hs002 414.7067 5.24 31059  000083-47-6 59
8
9 13461 9,19-Cyclolanost-24-en-3-ol,(3.beta.)- CsoHs00 426.7174 3.25 31652  000469-38-5 94
5
10 19.635 1,3-Dithiolane, 2-(28-norurs-12-en-17-yl)- Cs2Hs2S2 500.89 6.12 33809 010153-89-6 38
6
11 22.353 2(1H)-Naphthalenone, octahydro-4a-methyl-7-  Ci14H240 208.34 250 85288  054594-42-2 87
(1-methylethyl)-, (4a.alpha.,7.beta.,8a.beta.)-
12 22811 2,2-Dimethylpropanoic acid, 2,6-dimethylnon-  CisH2602 250.3764 456 13600  1000299-33-6 32
1-en-3-yn-5-yl ester 3

Table 4: FTIR peak value related functional groups and phytocompounds in the T. catappa mediated ZnO-NPs

SN Wave number cm?  Wave number Functional group Intensity Phytocompound identified

(reference article) (cm™) for Assignment
T. catappa

1 3550-3200 3287.51197 O-H Stretching 83.81438 Alcohol

2 2344.49550 C-H stretching 92.77462 Aromatic aldehydes

3 - 2113.40055 - 93.98595 Unknown

4 2000-1650 1990.39841 C-H Bending 94.75427 Aromatic compound

5 2000-1650 1654.93800 C-H Bending 87.57402 Aromatic compound
1610-1680 C=C stretch Alkene

6 1550-1475 1546.84520 N-O asymmetric stretch 74.45133 Nitro compound
1475-1550

7 1440-1395 1435.02507 O-H bending 64.21308 Carboxylic acid
1340-1470 C-H bend Alkanes

8 1085-1050 1084.65531 C-O stretching 87.13735 Primary alcohol
1000-1150 C-F stretch alkyl halides

9 868.46972 C-H Bending 83.17930 Aromatic compound
650-1000 C-H bend alkenes

10 730-665 708.19419 C=C bending 84.71747 Alkenes
650-1000

The structural properties, like crystallite size and strain, of the
prepared T. catappa/ZnO-NPs synthesized from almond extract
were investigated via XRD. The x-ray diffraction examination of the
T. catappa/ZnO-NPs produces a plot of intensity versus the angle of
diffraction. Figure 5(a) shows the x-ray diffraction pattern of the
ZnO-NPs in the 26 range of 30°-80°. The characteristic peaks at
31.70°, 34.40°, 36.22°, 47.46°, 56.58°, 62.54°, 66.32°, 67.42°, 69.40°,
72.14° and 77.48° were attributed to the (100), (002), (101), (102),
(110), (103), (200), (112), (201), (004), and (202) Bragg reflection

planes, respectively. The obtained XRD pattern of our result was
compared to the conventional zinc oxide pattern using JCPDS
Reference Number 00-036-1451. The produced ZnO-NPs' wurtzite
hexagonal crystal structure was revealed by the value. The highly
crystalline nature of the nanoparticles was suggested by the sharp
and narrow peaks. With the aid of the Debye-Scherrer formula, the
nanoparticles' crystallite size was determined.

D = K\/BCosd (Eqn. 2)
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Figure 6: FTIR spectrum of ZnO-NPs produced from T. catappa methanol extract

The above equation, where D is the zinc oxide nanoparticles'
crystalline size, K is the Scherrer constant (0.89), A is the wavelength
(1.54056 A), 0 is the Bragg angle in radians, and § is the ZnO-NPs'
full width at half maximum (FWHM), was used to determine the
nanoparticles' crystalline size. The crystalline hexagonal Wurtzite
particle structure was confirmed by the XRD spectrum. Equation 2
was used to determine the average crystallite size D, which came out
to be 53.46 nm. The conventional hexagonal Wurtzite crystal
structure of ZnO-NPs is confirmed by the diffraction pattern of ZnO-
NPs synthesized from T. catappa; these results are in agreement with
those previously reported in other investigations.”® The number of
dislocation lines per unit volume of the crystal, or the size of the
crystal defects the crystal possesses, is indicated by the dislocation
density value (8np). Stated otherwise, the ZnO nanoparticle profile's
degree of crystallinity will be shown by the dislocation density value.
The dislocation density (6np) of the ZnO-NPs that were produced
was determined by applying the formula.
(8np) =1/D? (Eqgn 3)

D is the crystallite size. For the ZnO-NPs produced in this research,
the dislocation density averaged 0.000349899 (nm)2 was obtained.
The dislocation density (8np) Of the nanoparticle is small, and the
small dislocation density value indicates that the ZnO-NPs produced
have a high degree of crystallinity.

FTIR was used to analyze the functional group of the ZnO-NPs
surface mediated by T. catappa. Research has indicated that
phytochemicals found in plant extracts can stabilize ZnO-NPs by
decreasing Zn?* ions.% Ten distinct peaks were revealed by FTIR

analysis of ZnO nanoparticles made from T. catappa leaf extract
(Table 4). Figure 6 indicates a wide band of O-H stretching of
intermolecular bonds with peaks at 3287.512 c¢cm™ (3550-3200
cm™).8 The absorption peak at 2344.49550 cm* was ascribed to the
C-H stretching of aromatic alkanals.® The band that falls within the
range of 2000-1800 cm™ (1990.40) was due to the weak C-H bending
of aromatic compounds.” Rani et al. (2021),% study shows that
1654.94, 1546.85, 1435.025, and 708.19 cm™ have C-H bending,
nitrogen-oxygen asymmetric stretch, oxygen-hydrogen bending, and
C=C bending with aromatic, nitro, carboxylic acid, and alkene
functional groups, respectively.® A band at 1084.66 cm™* may be due
to the carbon-oxygen and carbon-carbon extended vibrations and
carbon-hydrogen twist of starch.5” A study has shown that distinct
bands at 1029.61 cm™ and 1084.85 cm™* could be due to the presence
of carbon-oxygen stretching vibration due to secondary alkanol or an
ester group. The band at 868.47, close to 881 cm™ obtained by Rad
et al.%8 was shown to be an aromatic organic ring and the functional
group present in some organic compounds. Theng and
Korpenwar’s,*” study shows that identified bands at 1654.94 (1610-
1680), 1546.85 (1475-1550), 1435.025 (1340-1470), 1084.66 (1000-
1150), 868.47 (650-1000), and 708.19 (650-1000) cm™ could be due
to the presence of carbon-carbon double bond stretch, nitrogen-
oxygen asymmetric stretch, carbon-hydrogen bend, C-F stretch, C-
H bending, and C=C bending leading to an alkene, nitro compound,
alkanes, alkyl halides, alkenes, and alkenes functional groups,
respectively. FTIR examination of the ZnO-NPs generated from T.
catappa's methanol leaf extract revealed the presence of functional
groups such as alkanol, aromatic aldehydes, aromatic compounds,
nitro compounds, alkanoic acids, alkyl halides, alkanes, and alkenes.
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The occurrence of all these compounds on the surface of the ZnO-
NPs revealed that the nanoparticles contain a plethora of
phytochemicals. The proposed mechanism of the synthesized T.
catappa /ZnO nanoparticles is shown in the equations below;

() ZN(CH;COO0),.6H,0 + 2NaOH ™~ Zn(OH); +
2CH3;COONa + 6H,0 Eqn. 4
(b)Zn(OH), + 2CH;COONa + 6H,0 Plantextract  zno-
Nanoparticles Eqn. 5

During the creation of zinc oxide nanoparticles, phenolic compound
derivatives like flavonoids and thymol found in plant extracts
function as size-reducing agents to inhibit further growth of zinc
oxide crystals. Carboxylic and hydroxyl groups that are present in
phenol derivatives found in plant extract are linked to the surface of
ZnO nanoparticles, where they act as stabilizers, surfactants, capping
agents, and size reducers.®

DPPH and FRAP radical scavenging activities of T. catappa
extract and biosynthesized ZnO-NPs

Antioxidants are substances that scavenge reactive oxygen species
(ROS) by inhibiting oxidative reactions, thereby shielding cells from
the detrimental effects of ROS overproduction. Numerous naturally
occurring substances found in plants and their extracts have the
potential to function as antioxidants because of their effective
capacity to mitigate ROS-mediated pathogenesis of several
degenerative diseases, including cancer and cardiovascular ailments.
Several metabolic activities require large quantities of natural
antioxidant molecules. Natural antioxidant molecules are in high
demand for different metabolic processes.”®’* DPPH, total
antioxidant capacity (TAC), and total reducing power (TRP) are
some of the different tests used to verify the antioxidant capacity of
biosynthesised ZnO-NPs. The potential of antioxidants found in
varieties of foods, such as vegetables, juices, plant extracts, and
biosynthesized nanoparticles, is tested using these techniques. These
methods are very sensitive, easy to use, and not expensive.’?

As the concentration of the T. catappa extract and ZnO-NPs
increased, the absorbance of the DPPH decreased at 517 nm. The
mechanism of reaction showed that the DPPH free radical contains

70
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60 R?=0.9867
o 50 e
9
2 40
S
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Figure 8a: DPPH radical scavenging activity of T. catappa
methanol leaf extract
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an odd electron based on the n—n* transition, and the T. catappa
extract and the synthesized ZnO-NPs transfer electrons from the
oxygen atom to the nitrogen atom of DPPH, leading to suppression
of oxidation (Figure 7). The in vitro antioxidant activity evaluated
by antioxidant assay demonstrated that the extract and ZnO-NPs
showed prominent antioxidant properties. The concentrations of the
T. catappa extract and ZnO-NPs showed 50 percent inhibition (1Cso)
of DPPH scavenging activity at 79.50 ug/mL and 59.86 mg/mL,
respectively (Figures 8a and 8b). The T. catappa extract showed
better DPPH radical scavenging properties when compared to the
ZnO-NPs. Bikanga et al.* research work shows that ethanol extract
of T. catappa has DPPH scavenging activity with 1Cso = 0.270+0.144
mg/mL.
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Figure 7: The mechanism of action for DPPH radical
scavenging activity of T. catappa extract and ZnO-NPs

o

2, 2-diphenyl-1-picrylhydrazyl

The capacity of antioxidant substances to reduce the oxidative
damage of reactive oxygen species (ROS) is measured by the FRAP
test. Antioxidants' capacity to reduce Fe®*, or ferricyanide complex,
to the iron (ii) cation, or ferrous form (Fe?*), is the basis for this test.
By monitoring Perl's Prussian blue production at 700 nm, the
reduction process can be ascertained. Increased ferric-reducing
power is typically indicated by increased absorbance. A rise in
absorbance signifies a rise in reductive capacity. As seen in Figure
9, the FRAP increases in this order: ZnO-NPs< T. catappa extract<
ascorbic acid.
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Figure 8b: DPPH radical scavenging activity of ZnO-NPs
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Figure 9: Reducing power of ascorbic acid, T. catappa extract, and ZnO-NPs at different concentrations. Each value represents
mean = SD (n = 3)

Plant-based antibacterial agents play a crucial role in supplying
novel compounds to chemists, enabling them to enhance bioactivity
through research into the chemical and pharmacological activities of
antibacterial plants and their potential utility in the development of
novel drugs that combat antibiotic-resistant bacteria. In this study,
the antibacterial activity of T. catappa methanol extract and ZnO-
NPs produced from T. catappa methanol extract against four Gram-
negative bacteria strains (E. coli, S. typhi, K. pneumonia, and P.
aeruginosa) and one Gram-positive bacteria strain (S. aureus) was
studied using the agar well diffusion method (Figure 10 a-h).

The extract of T. catappa showed a strong antibacterial response
against S. aureus, P. aeruginosa, and E. coli with zones of inhibition
of 21.33+0.38, 23.54+0.78, and 23.66+0.43 mm at 100 mg/mL and
24.00+0.85, 27.33+0.93 and 28.50+1.23 mm at 200 mg/mL,
respectively. These microorganisms are highly susceptible to the
extract. At 100 and 200 mg/mL K. pneumoniae and S. typhi showed
moderate and strong responses with zones of inhibition of
20.43+0.42, 18.36+0.65, 25.75+0.86, and 21.66+1.46 mm,
respectively (Table 5).

Table 5: Zone of inhibition for T. catappa methanol extract, ZnO-NPs, and tetracycline solution against Gram-negative and
Gram-positive bacteria

Test organisms Zone of inhibition for Zone of inhibition Zone of Zone of inhibition
methanol leaf extract of T.  for methanol leaf inhibition for for tetracycline
catappa at 100 mg/mL extract of T. catappa ZnO-NPs at solution at

(mm) at 200 mg/mL (mm) 1 mg/mL (mm) 30 mg/mL (mm)
Escherichia coli 23.66+0.432 28.50+1.23% 16.33+0.36% 33.33£0.84°
Staphylococcus aureus 21.33+0.38° 24.00+0.85 11.63+0.43¢ 29.03+0.70¢
Salmonella typhi 18.36+0.65¢ 21.66+1.46° 13.58+0.72° 32.40+0.66°
Klebsiella pneumonia 20.43+0.42° 25.75+0.86% 15.70+0.532 34.68+0.56%
Pseudomonas aeruginosa 23.54+0.782 27.33+0.932 13.83+0.96° 35.30+0.822

Data represent means + SD. a=highest, c= medium, d=lowest. Those alphabets that have different letters across each column are statistically
significant (p<0.05).

The Gram-negative bacteria (E. coli and P. aeruginosa, with a p-
value of 0.001) were more susceptible to T. catappa extract at both
concentrations when compared to the Gram-positive bacterium, as
shown in this study. In research carried out by Muthulakshmi and
Neelanarayanan,* the antibacterial activities of ethanol, methanol,
petroleum ether, and aqueous extracts of T. catappa were evaluated
against five different bacterial pathogens such as P. aeruginosa, P.
mirabilis, K. pneumoniae, S. aureus, and S. paratyphi A at four
different concentrations (standard drug, 100 pL, 250 pL, and 500 pL)
of the test samples, of all the antimicrobial tests carried out, the
highest antibacterial activity was observed with methanol, ethanol,
aqueous, and petroleum ether extracts of T. catappa against K.
pneumonia (29+0.57, 28.67+0.66, 27+1.00, 25.67+0.33) in 500 pL
concentrations, respectively. In another study, it was observed that
the isolated fraction from T. catappa showed antimicrobial activity,
with the most sensitive being Methicillin-resistant Staphylococcus
aureus, and Staphylococcus aureus at 0.097 mg/mL, while the fungi
Candida albicans and Trichophyton rubrum were inhibited at 0.097
mg/mL, respectively.*

The zinc oxide nanoparticles used in the experiment at 1 mg/mL
concentration against S. aureus, S. typhi, P. aeruginosa, K.
pneumonia, and E. coli exhibited weak and moderate antibacterial
activities with zones of inhibition of 11.63+0.43, 13.58+0.72,
13.83+0.96, 15.70+0.53, and 16.33+0.36 mm, respectively. E. coli
and K. pneumonia (p-value of 0.001) were more susceptible to the
ZnO-NPS synthesized from T. catappa extract when compared to S.
aureus. It is expected that the bio-functionalized ZnO-NPs should be
more active against E. coli compared to S. Aureus since Gram-
negative bacteria contain a thin peptidoglycan layer, a
heteropolysaccharide that contains monomers of repeating N-
acetylglucosamine and N-acetylmuramic acid residues joined by f-
1-4-glycosidic bonds. Awe et al.”® study shows that ZnO-NPs
synthesized from T. catappa exhibited antibacterial activities against
S. aureus, E. coli, P. aeruginosa, and S. typhi, with zones of
inhibition of 29, 25, 30, and 26 mm, respectively. ZnO nanoparticles'
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Figure 10a: Zone of
inhibition at 200 mg/mL for
methanol extract of T.
catappa against K.
pneumonia.

Figure 10c: Zone of
inhibition at 200 mg/mL for
methanol extract of T.
catappa against E. coli

Figure 10e: Zone of
inhibition at 200 mg/mL
for methanol extract of T.
Catappa
against S. typhi.

Figure 10b: Zone of
inhibition at 200 mg/mL for
methanol extract of T.
catappa against P.
aeruginosa.

Figure 10d: Zone of
inhibition at 200 mg/mL for
methanol extract of T.
catappa against S. aureus.

Figure 10f: Zone of
inhibition at 30 mg/mL for
tetracycline

against S. aureus.

Figure 10g: Zone of Figure 10h: Zone of
inhibition at 1 mg/mL for inhibition at 1 mg/mL for
ZnO-NPs against S. typhi ZnO-NPs against E. coli

exceptional antibacterial activity may be attributed to many reasons,
each of which might be examined separately. Firstly, research has
shown that ZnO nanoparticles have high surface energy, which
enhances their ability to adhere to bacterial cell walls.”* Secondly,
the ZnO nanoparticle has an electrical effect and can easily penetrate
the bacterial cell wall with ease.” The third and most significant
reason for the antibacterial activity of ZnO-NPs is the formation of
ROS. ROS, also known as secondary active agents, change the
membrane's penetrability, causing proteins and lipids to be released
from the cell and ultimately causing microbial cells to die.” Lastly,
the nanostructured zinc oxide nanoparticles allow the production of
reactive oxidative free radicals that damage the bacterial cell wall.””
The larger K* ion gradient inside the bacterial cell, which holds the
cellular matrix in place, is lost when the cell walls are damaged. A
K* ion deficit stops respiration, cell division, and other metabolic
functions. This eventually causes the death of the bacterial cell.”” The
extract showed stronger antibacterial activity against the tested
bacteria compared to the synthesized ZnO-NPs. The tetracycline
solution used at 30 mg/mL against S. aureus, S. typhi, E. coli, K.
pneumonia, and P. aeruginosa exhibits strong and potent
antibacterial activities with zones of inhibition of 29.03+0.70,
32.40+0.66, 33.33+0.84, 34.68+0.56 and 35.30+0.82 mm,
respectively. K. pneumonia and P. aeruginosa (p-value of 0.001)
were more susceptible to tetracycline (Table 5). MIC is the lowest
concentration of an antimicrobial agent needed to stop a
microorganism from growing visible. Based on the degree of
turbidity in the T. catappa methanol extract dilution, the MIC value
was calculated. The MIC of T. catappa methanol extract was
assessed in this investigation against five different bacteria. The
result in Table 6 showed that the T. catappa extract showed
antibacterial activity against S. aureus, S. typhi, P. aeruginosa, K.
pneumonia, and E. coli with MIC and MBC values of 25, 25, 12.50,
12.50, 12.50, and 50, 50, 25, 25, and 25 mg/mL, respectively. The
MBC/MIC ratio obtained in our study for all the organisms tested
was 2, and this is an indication that the T. catappa leaf extract has
bactericidal effects on all the tested bacteria used in this study since
their MBC/MIC values are less than 4. In a study carried out by
Sowmya and Raveesha,* they observed that fraction TCAF2 from
T. catappa exhibited very good inhibitory activity against all of the
tested microorganisms, with MIC values ranging from 0.097 to 0.390
mg/mL. The most sensitive were MRSA 1503, S. aureus (clinical
isolate), and S. typhi (MTCC 733), which had the lowest inhibitory
concentration of 0.097 mg/mL. With MICs of 0.390, 0.195, and
0.781 mg/mL, respectively, MRSA 1007, S. aureus (MTCC 7443),
and P. vulgaris (clinical isolate) had moderate inhibitory action.*®
The MBC values for the bacteria tested range from 6.25 to 25
mg/mL. P. vulgaris (clinical isolates) and S. aureus exhibited MBCs
at 25 and 0.39 mg/mL, respectively. MRSA 1007 and MRSA 1503
exhibited bactericidal effects at 6.25 and 25 mg/mL, while S. typhi
(MTCC 733) and S. aureus (MTCC 7443) exhibited bactericidal
properties at 0.78 and 12.25 mg/mL, respectively.*
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Table 6: MIC and MBC for T. catappa extracts against Gram-negative and Gram-positive bacteria

Test organisms Staphylococcus Escherichia coli  Klebsiella Salmonella typhi Pseudomonas
aureus pneumoniae aeruginosa
MIC for methanol extract 25 12.50 12.50 25 12.50
of T. catappa (mg/mL)
MBC for methanol extract 50 25 25 50 25
of T. catappa (mg/mL)
MBC/MIC for T. catappa 2 2 2 2 2

Conclusion

This study demonstrates the production of ZnO-NPs using an eco-
friendly T. catappa methanol extract. The extract serves as a
reducing and capping agent for the production of ZnO-NPs. The
phytochemical screenings of the plant showed that it contains
important phytochemicals serving as strong capping and stabilizing
agents. The GC-MS analysis of the leaf extract of T. catappa
revealed the presence of 12 different compounds, with 9, 17-
Octadecadienal (Z) compound as the major component. The UV-vis
spectrum demonstrated a distinct band for the synthesized hexagonal
pure ZnO. The SEM shows irregular ZnO-NPs morphology, a quasi-
spherical-like shape that is dense and agglomerated; while the EDX
indicates that the ZnO-NPs contain zinc and oxygen as the major
elements. The FTIR analysis shows that the synthesized ZnO-NPs
contain some important phytochemicals responsible for their
biological properties. The T. catappa extract and the biosynthesized
ZnO-NPs exhibited notable antioxidant activity; they also showed
antibacterial properties against specific microorganisms. The
aforementioned findings demonstrated that biosynthesized ZnO-NPs
can significantly advance a wide range of biological applications.
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