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Zinc oxide nanoparticles (ZnONPs) are anticipated to be one of the three most commonly produced nanomaterials,
alongside TiO, and SiO, nanoparticles. Many methods are used to synthesize the ZnONPs that affect their precise chemical
and physical characteristics. Phyto-mediated synthesis of ZnONPs is one of the most emerging methods nowadays. In the
current study, powder of the seed coat of Prunus domestica L. is extracted using different solvents, namely Petroleum ether
(PE), Diethyl ether (DEE), Ethyl acetate (EA), Methanol (MeOH) and Distilled water (DW). The EA extract has shown the
highest antibacterial activity among all the extracts with a zone of inhibition of 24 mm against P. aeruginosa. The EA
extract of the seed coat of P. domestica is further utilized to synthesize the ZnONPs, regarded as PDEA-ZnONPs. The
Ultraviolet-visible (UV-Vis), Fourier transformation infrared (FTIR), X-ray diffraction (XRD) and Field emission-scanning
electron microscopy (FE-SEM) spectroscopic techniques are used to characterized the synthesized PDEA-ZnONPs. The
morphology of PDEA-ZnONPs is found to be spherical with hexagonal wurtzite structure. The average crystallite size of
PDEA-ZnONPs is found to be 23.485 + 6.446 mm. The PDEA-ZnONPs are further utilized in the photocatalytic degradation
of Methylene blue (MB) and Methyl orange (MO) dyes. The results of photocatalytic degradation of both the dyes displayed
impressive degradation of MB and MO with 88.469 and 91.065 % in 300 min, respectively. Further, the synthesized PDEA-

ZnONPs have shown the best antibacterial activity against E. coli and S. aureus with 28 mm zones of inhibition each.
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In the twenty-first century, nanotechnology emerged as a
scientific accomplishment. This field encompasses
several disciplines and deals with the synthesis, handling
and use of materials smaller than 100 nm called
nanoparticles (NPs). NPs are divided into various
categories namely zero-dimensional (nanoparticles and
quantum dots), one-dimensional (nanorods, nanofibers,
nanopillars and  nanowires),  two-dimensional
(nanosheets, nanoplates and nanopores) and three-
dimensional (nanocomposites and complex hierarchical
structures) depending on their morphology" >

The environment, agriculture, food, biotechnology,
biomedical, pharmaceutical and many other fields
benefit greatly from the use of NPs’. NPs with
biological uses can be synthesized by the process
called biosynthesis, which involves the use of
microorganisms and plants. This strategy is safe,
affordable, biocompatible, green and environmentally
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friendly®. Advanced features of NPs include targeted
drug delivery, hyperthermia, photoablation therapy,
bioimaging, bio-sensoring, antimicrobial, anticancer,
anti-inflammatory activity. The tumour-targeting
attributes of NPs have spurred a rise in the
biotechnological and applied microbiological
applications of NPs™™,

The natural phytochemicals present in plant extract
obtained from different parts of plants (like roots,
leaves, stems, seeds and fruits) act as reducing,
capping or stabilization agents. NPs synthesized via a
green approach (i.e., phyto-mediated synthesis) show
more catalytic activity and limit the use of expensive
and toxic chemicals’,

In the textile and apparel sectors, dyes (i.e.,
organic substances) are used for colouring purposes.
Usually, they are categorized according to the
particle charge produced when they are dissolved in
an aqueous medium. Their primary classifications
were natural and synthetic dyes, which were further
subdivided into anionic, cationic and non-ionic dyes
based on their charges during ionization. Due to the
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intricate structures, most of the dyes are stable and
difficult to degrade'®™"'. According to studies on dye
toxicity, dyes may cause significant harm to aquatic
life even at low concentrations. This is mostly
because they degrade slowly through oxidation,
hydrolysis, physical contact and chemical
interactions,  releasing  harmful = compounds.
Furthermore, dyes negatively impact aquatic life by
preventing light from entering the water system and
decreasing the photosynthetic reaction. In addition,
because dyes have mutagenic and carcinogenic
properties, they are harmful to humans, animals and
aquatic life'”.

In recent studies, numerous inorganic metal oxides
NPs, such as ZnO, CuO and TiO, have been
synthesized. Among these, ZnONPs are the most
interesting due to their low cost of production, safety
and ease of preparation". There have been reports on
ZnONPs that depict the variation in the morphologies
of ZnONPs, including nanoflake, nanoflower,
nanobelt, nanorod and nanowire’. The ZnONPs
exhibit tremendous catalytic, anti-inflammatory,
wound healing, anti-cancer, anti-diabetic, antibacterial,
antifungal activities, making them valuable in various
medicinal applications™'*"*. Even though ZnONPs are
also used for targeted delivery of medicines'”.

There are many methods described in literature to
synthesize the ZnONPs such as laser ablation,
hydrothermal technique, electrochemical depositions,
sol-gel technique, chemical vapor deposition, thermal
decomposition, combustion techniques, ultrasound
assisted technique, microwave-assisted combustion
technique,  two-step  mechanochemical-thermal
synthesis,  anodization,  co-precipitation  and
electrophoretic ~ deposition®. The ZnONPs with
different morphologies can be synthesized by
controlling the parameters of the precipitation
process, e.g., solution concentration, pH and washing
medium?®'. Phyto-mediated synthesis of ZnONPs is
one of the most emerging methods nowadays.

Plum (or Prunus domestica L.) is a member of the
Rosaceae family. Its fruit, which may be eaten fresh
or dried, is used as food and medicine. Eating
P. domestica fruit has been linked to several medical
advantages, including improved blood circulation,
immunity to measles and relief from stomach issues®.
Chlorogenic acids, anthocyanins, flavanols and
coumarins are the principal polyphenolic substances
found in P. domestica. Several reports have
demonstrated that the fruit of P. domestica possesses
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numerous noteworthy pharmacological activities,
including antioxidant, antihyperlipidemic, anticancer,
anti-osteoporosis, anxiolytic, antibacterial and
memory-boosting attributes™.

Thus, keeping the above advantages of
P. domestica and ZnONPs in view, first we carried
out the antibacterial activity to find the most
promising extract of the seed coat of P. domestica.
Then, we synthesized the ZnONPs using the EA
extract and characterized using different spectroscopic
techniques. Further, we performed the antibacterial
activity and photocatalytic activity (dye degradation
potential) of PDEA-ZnONPs using MB and MO dyes.

Materials and Methods

Sample Collection and Authentication

The fruits of P. domestica were purchased from the
orchards located in Haridwar, Uttarakhand (India).
The Botanical Survey of India (BSI), Dehradun, has
identified and verified the plant under the accession
number 374.

Chemicals and Reagents

Petroleum ether (SD fine), Diethyl ether (SD
fine), Ethyl acetate (SD fine), Methanol (CDH), 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) (Sigma-
Aldrich), Zinc acetate dihydrate (Fisher), DM SO
(CDH), Methylene blue (Sigma-Aldrich) and
Methylorange (Sigma-Aldrich). The chemicals used
in the study were all analytic grade.

Extract Preparation

Briefly, 200 g of the seed coat powder of
P. domestica was put into the Soxhlet extractor.
Approximately 72 cycles of siphoning were carried
out using PE, DEE, EA, MeOH and DW (or the
process was carried out until the siphoning tube
looked colourless). The extracts were filtered to
remove particulate matter. Then, the extracts were
concentrated using a rotary evaporator under reduced
pressure and the concentrated extracts were stored in
the refrigerator until further examination™.

Antibacterial Activity of the Various Extracts and PDEA-
ZnONPs

The antibacterial activity was performed by the
agar-well diffusion method”. The antibacterial
activity was assessed using four Gram-negative
bacteria (E.coli, S. typhi, K. Pneumonia and
P. aeruginosa) and three Gram-positive bacteria
(L. monocytogenes, S. aureus and S. pyogenes). For
the test microorganisms, Muller Hinton Broth and
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Muller Hinton Agar (MHA) were utilized as cultures.
Petri plates were filled with the sterilized MHA,
which were then allowed to solidify for a while. On
MHA plates, fresh overnight cultures of every strain
were equally swabbed, having turbidity equal to the
McFarland standard (0.5). Following that, a cork
borer was used to pierce the wells in the Petri plates.
200 pL of each extract solution (100 mg/ml of
extracts/PDEA-ZnONPs in DMSO) was then added to
the wells and left to incubate for 24 h at 37°C.
Commercially available discs of Gentamicin 30 ug
and Chloramphenicol 25 pg served as standards, i.e.,
positive controls, while the negative control was
DMSO. The whole test procedure of antibacterial
activity was performed in laminar air flow (LAF).

Zinc Oxide Nanoparticles Using the Ethyl Acetate Extract of
Seed Coat of P. domestica (i.e., PDEA-ZnONPs)

Based on the antibacterial activity, we selected the
EA extract for the synthesis of ZnONPs. PDEA-
ZnONPs were synthesized wusing Zinc acetate
dihydrate [Zn(OAc),.2H,0] as the precursor. Briefly,
100 ml of 0.6 M MeOH was used to dissolve 13 g of
[Zn(OACc),.2H,0]. 400 mg of EA extract of the seed
coat was added to this and stirred for 3 h. The solution
was filtered and the filtrate was titrated with 10% NH;
solution until the precipitation stopped. The
precipitate was filtered and washed with hot water to
remove the excess NH;. To dry out the precipitate,
left it for a whole night at 105°C. Following that, the
dried precipitate was calcined at 400°C for 4 h**?’.

Characterization of Synthesized PDEA-ZnONPs

The absorption spectrum of PDEA-ZnONPs was
measured using a UV-Vis-NIR spectrophotometer
(Shimadzu, UV-3600) at a resolution of 0.5 nm to
validate their fabrication. The Fourier transform infrared
spectroscopy (FTIR) spectrum was recorded in the
region from 400 to 4000 cm ' range (Perkin Elmer,
FTIR spectrum version 10.4.00 by KBr pellet method).
The crystal structure investigation of the fabricated
PDEA-ZnONPs was done by the powder X-ray
diffraction (p-XRD) pattern recorded on the Xray
diffractometer (Panalytical X-Pert Pro) in continuous
scan mode from 5° to 100° of 20. Field emission-
scanning electron microscopy (FE-SEM) was used to
assess the size and morphology of the fabricated PDEA-
ZnONPs (FE-SEM Supra 55, Karl Zeiss).
UV-Assisted Dye Degradation Activity (Methylene Blue-MB
and Methyl Orange-MQO)

Photocatalytic performance of the synthesized
PDEA-ZnONPs was evaluated under UV-light
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illumination®™. Briefly, 0.09 g of ZnONPs was
dispersed in 150 mL of 20 uM MB and MO dye
solutions. Preceding to the photocatalytic experiment,
dye solutions with PDEA-ZnONPs were subjected to
stirring in the dark for 1 hour to attain adsorption-
desorption equilibrium. During the stirring in the
dark, 5 mL of each dye solution was withdrawn and
the absorbance was recorded using UV-Vis
Spectrophotometer (Systronics—2205). Then, the
dye solutions with PDEA-ZnONPs were kept under
UV light and changes in concentrations of the dye
solutions were recorded at different time intervals.
The degradation percentage of dye solutions was
calculated by the following equation:

% dye degradation
__ Abs (control) — Abs (sample)

Abs (control)

X 100

Results and Discussion
Antibacterial Activity of Different Extracts of Seed Coat

The antibacterial activity was tested against the three
Gram-positive and four Gram-negative bacteria. The
Gram-positive and Gram-negative bacteria can be
differentiated by their morphology. The fundamental
features of Gram-positive cell walls include a thick
coating of peptidoglycan and the absence of an outer
membrane; instead of lipopolysaccharides, these
consist of teichoic acid and lipoteichoic acid localized
in the cell wall of bacteria”. The Gram-negative
bacteria have a thin cell wall of peptidoglycan. In
addition to an inner membrane, they also have an outer
membrane, which contains lipids and is separated from
the cell wall by the periplasmic space filled with
periplasmic enzymes and binding proteins®” *'. The
results of the antibacterial activity of the different
extracts of the seed coat are depicted in (Table 1, and
Figs 1 & 2) show the Petri-plates and (Fig. 3) depicts
the graphical representation of the antibacterial activity
of different extracts. All the extracts of seed coat have
shown good antibacterial activity against all the tested
bacterial strains except the aqueous extract, which did
not show antibacterial activity against S. pyogenes. The
EA extract has shown the best antibacterial activity
against P. aeruginosa (zone of inhibition i.e., ZOI of
24 mm), followed by DEE (ZOI of 21 mm), MeOH
(ZOI of 21mm), PE (ZOI of 11 mm) and DW (ZOI of
7 mm).

The amount of the secondary metabolites in the
extract is responsible for its optimal antibacterial
action. The growth and metabolic activities of bacteria



1420 INDIAN J. BIOCHEM. BIOPHYS., VOL. 62, DECEMBER 2025

Table 1 — Antibacterial activity of different extracts of seed coat of P. domestica

Bacterial strain Type MTCC No. Zone of inhibition (mm)
Standard Extract
Chloramphenicol Gentamicin PE DEE EA MeOH DW

L. monocytogenes + MTCC-657 20 17 3 2 7 4 2
S. aureus + MTCC-96 21 26 8 14 17 11 3
S. Pyogenes + MTCC-442 20 27 5 14 17 8 -
E. coli - MTCC-571 25 28 7 11 14 7 4
K. pneumonia - MTCC-432 21 27 10 11 21 10 2
P. aeruginosa - MTCC-741 26 23 11 21 24 21 7
S. typhi - MTCC-98 36 35 7 10 13 14 5

L. monocytogenes = Listeria monocytogenes, S. aureus = Staphylococcus aureus, S. pyogenes = Streptococcus pyogenes, E coli =
Escherichia coli, K. pneumonia = Klebsiella pneumonia, P. aeruginosa = Pseudomonas aeruginosa, S. typhi = Salmonella typhi, MTCC
= Microbial type culture collection and gene bank, PE = Petroleum ether; DEE = Diethyl ether; EA = Ethyl acetate; MeOH = Methanol
and DW = Distilled water

L. monocytogenes S. aureus S. pyogenes E. coli

N

K. pneuonia P. aeruginosa S. typhi

Fig. 1 — Petri-plates of antibacterial activity of different extracts of seed coat of P. domestica

L. monocytogenes S. aureus S. pyogenes
(Standards) (Standards) (Standards)

K. pneumonia P. aeruginosa S. typhi (Standards)
(Standards) (Standards)

Fig. 2 — Petri-plates of antibacterial activity of Chloramphenicol and Gentamicin
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Fig. 3 — Antibacterial activity of different extracts of seed coat of
P. domestica

are inhibited by these secondary metabolites®. It is
challenging to summarize the antibacterial activity of
plant extract to a small number of active principles
since an extract usually demonstrates the complex
combination of secondary metabolites, making the
involvement of the other minor metabolites
impossible to negate. The antibacterial activity data
indicates that the extracts of mid-polar solvent are
more active than the most polar solvent and the least
polar solvent. Since EA extract has demonstrated the
highest antibacterial activity, we have selected it for
the manufacture of ZnONPs.

Characterization of Synthesized PDEA-ZnONPs

UV-Visible Spectroscopy

Figure 4 shows the UV-Vis spectrum of the
synthesized PDEA-ZnONPs, which is recorded from
200 to 800 nm. The UV-Vis spectrum revealed the
surface plasmon resonance (SPR) peak of PDEA-
ZnONPs between 311-357 nm. This is in line with the
earlier research that found the SPR peak to be
between 360 and 380 nm®. The bioactive
phytochemicals found in the EA extract of the seed
coat of P. domestica first changed the Zn*" ions into
zero-valent Zn atoms. The PDEA-ZnONPs are
synthesized when the zero-valent Zn atoms convert
the remaining Zn>" ions to ZnO and finally form a
cluster structure. Phytochemicals act as capping and
stabilizing agents during the manufacture of stable
nanomaterials®. The biosynthesized PDEA-ZnONPs
have shown strong UV absorbance suggesting
thatthey are appropriate for use in UV protection
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Fig. 4 — UV-Visible spectrum of synthesized PDEA-ZnONPs
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Fig. 5 — FTIR spectrum of synthesized PDEA-ZnONPs

applications”. The energy band gap (Ebg) of the
synthesized PDEA-ZnONPs ranged between 3.47 and
3.98 eV, which is calculated by using the equation
Ebg = 1240/\ eV, where A is the wavelength in nm™.
In another investigation, the Ebg was found to be 3.33
and 3.39 eV, respectively, for ZnONPs synthesized by
utilizing the Cassisa fistula and Peltophorum
pterocarpum leaf extract’” **. Hence, the UV-Vis
spectroscopy results are quite consistent with the
researches that have already been published.

FTIR (Fourier Transform Infrared) Spectroscopy

The FTIR technique is used to study the various
functional groups of plant extract that were involved in
the synthesis (i.e., stabilizing and reducing) of PDEA-
ZnONPs. The FTIR spectrum of PDEA-ZnONPs is
displayed in (Fig. 5). Various bands at 3433.38 cm™ (OH
stretching of carboxylic acid or phenol), 2924.15cm™
(C-H stretching of alkyl group)™®, 2333.68 cm™ (CN
stretching nitrile)’’, 1742.49 cm™ (C=O of stretching),
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Table 2 — Miller indices, full width half maxima (FWHM), peak positions and average crystallite size of PDEA-ZnONPs

Miller indices (hkl) FWHM (degree) Peak position (26 in degree) Crystallite size (nm)
100 0.4133 31.978 204
002 0.3838 34.605 22.1
101 0.4133 36.474 20.7
102 0.3542 47.684 25.1
110 0.4428 56.784 20.8
103 0.4723 63.044 20.1
200 0.5314 66.516 18.2
112 0.3247 68.204 30.3
201 0.4723 69.250 20.8
004 0.2952 72.772 34.4
202 0.2952 77.018 354
104 0.8266 81.633 12..8
203 0.4723 89.857 242
Average crystallite size 23.485 +6.441 nm

Average crystallite size is represented as mean =+ standard deviation.

1626.68 cm™ (NH bending of amide or amine), 1383.86 1000 -

cm’' (N-O stretch of nitro compound or weak C-H 900 - z

rocking of alkane), 1029.86 cm™(C-O stretch of alcohol, 800 I

carboxyl or ether)*****', 540.37 and 422.63 cm™ (metal =0 .

oxide or Zn-O vibrations)*"~>*" are appeared in the FTIR z o T

e’

spectrum of PDEA-ZnONPs. These unique bands thus
imply that a variety of biomolecules found in the EA
extract of the seed coat of P. domestica were involved in
the synthesis of PDEA-ZnONPs*™. There are several
advantages of fabricating the NPs using natural plant
extract. One such advantage is that the pharmacological
entities, including phenolic and polyphenolic
compounds, can be coated on the metal oxide layer
of the NPs”. During the synthesis process, carboxylic,
amino and phenolic acids are essential for bio-
capping. They also interact with the ZnONPs surface
and help to stabilize the ZnONPs®. This allows the NPs
to connect with their receptors on the bacterial
membranes”.

XRD (X-Ray Diffractometry)

As can be seen in Figure 6, the XRD pattern
produced by PDEA-ZnONPs offers an unambiguous
description of their crystalline structure. Table 2
demonstrates the Miller indices (hkl), full width half
maxima (FWHM), peak position and crystallite size of
the synthesized PDEA-ZnONPs. Different diffraction
peaks are appeared at 20 values of 31.978, 34.605,
36.474, 47.684, 56.784, 63.044, 66.516, 68.204, 69.250,
72.772, 76.018, 81.633 and 89.857 degrees. These peaks
have the miller indices (i.e., diffraction lattice planes)
corresponds to (100), (002), (101), (102), (110), (103),
(200), (112), (201), (004), (202), (104) and (203),
respectively. This demonstrates that the synthesized
PDEA-ZnONPs have a hexagonal wurtzite structure.

1II] Illl _ll[l 4.[I Slll 6I[I TI[I S:li ‘JI[I
20 (degrees)
Fig. 6 — XRD pattern of synthesized PDEA-ZnONPs

Figure 7 shows the XRD pattern that corresponds to the
Joint Committee on Powder Diffraction Standards
(JCPDS) card number 96-210-7060. The synthesized
PDEA-ZnONPs have shown an average crystallite size
of 23.485 + 6.441 nm and it was calculated using the

Debye-Scherer equation as below™ **:
D= KA
~ BCosH

Where: D = Crystal size, A = X-ray wavelength coming
from Cu-K, (0.1540560 nm), 6 = Bragg’s diffraction
angle, K = Shape factor or Scherrer constant (0.89) and
S = Full width at half maxima of the diffraction peak in
radian.

FE-SEM (Field Emission-Scanning Electron Microscopy)
The FE-SEM images of the fabricated PDEA-
ZnONPs are displayed in (Fig. 8), which make it clear
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that the synthesized PDEA-ZnONPs have a spherical
shape. Using Image] software, the average diameter
of PDEA-ZnONPs is measured to be 41.713 + 6.796
nm. The hexagonal structure of the fabricated PDEA-

Peak List

L

96-210-7060

Fig. 7 — JCPDS card number matching of synthesized PDEA-
ZnONPs
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Fig. 8 — FE-SEM images of synthesized PDEA-ZnONPs

1.8+

1464

144 —DMB
15 min {Dark)
129 — 30 min (Dark)

45 min (Dark)
—— &l min (Dark)

120 min (LY light)
—— 180 min (UW light)
240 mum (LY light)
300 min (UW light)
Orvernight (LY light)

=
L

Absyrbance
=
)
i

&
L3

Wavelength (nm)
Fig. 9 — Time dependent UV-Vis absorption spectra and time dependent % degradation of MB by synthesized PDEA-ZnONPs
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ZnONPs is determined by XRD examination.
This clarifies the overall morphology of nanoparticles
to be spherical hexagonal wurtzite. The physical
appearance of the NPs determines how well they fight
infections. Spherical nanoparticles offer a more potent
antibacterial impact because of their ability to easily
penetrate the pathogen cell wall. Furthermore, the
large surface area of spherical NPs shows promise as
a practical material for dye removal (waste water
treatment)®. The ZnO nanorods have been the focus
of much study because of their exceptional versatility
in a variety of fields, such as solar cells, sensors, photo
detectors, photocatalysts and microchip technology™.
Photocatalytic Performance

The synthesized PDEA-ZnONPs are used as a
photocatalyst for the degradation of MB and MO dyes
under direct UV-light illumination. The mechanism for
the photodegradation of MB and MO dyes in the
presence of PDEA-ZnONPs can be clarified as follows:

ZnO + hv> ZnO (h',, + e'p)
OH_ads + thvbeOH.ads

MB/MO + OH 4> Degradation of dye

The formation of an electron (¢") in the conduction
band and a hole (h") in the valence band occur when
radiation of a certain energy strikes the catalyst surface
with enough energy to match or exceed the band gap
energy. Water is oxidized by the hole to form OH
radicals and the oxygen adsorbed on the catalyst is
reduced by the electron in the conduction band’®.

The absorption spectra of photocatalytic
suspensions are recorded under dark and UV-light
illumination conditions are shown in (Figs 9 and 10)
for MB (Apo= 764 nm) and MO (A= 464 nm),

1004
-4~ Methylene Blue (MB)

804

60

Yo degradation

0 I I I I I I I I I
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Time (minutes)
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Fig. 10 — Time dependent UV-Vis absorption spectra and time dependent % degradation of MO by synthesized PDEA-ZnONPs

respectively. It can be observed from (Fig. 9) that
photocatalyst PDEA-ZnONPs under the dark
conditions with MB unveiled a slight decline in
concentration as a consequence of adsorption of MB
on the surface of PDEA-ZnONPs. During the
experiment, only a slight portion (up to 8.963 %) of
MB was degraded in the dark. As the MB dye
solution with PDEA-ZnONPs was exposed to the UV-
light, the degradation of MB dye was 88.469% and
98.788 % after 300 min and overnight, respectively.
Our findings demonstrate the time-dependent dye
degradation under UV light as reported in some
previous reports™. In a previous study, ZnONPs
synthesized using Artocarpus gomezianus showed
81% degradation of MB in 100 min under sunlight
conditions”’. It is evident from Figure 10 that under
the dark conditions, up to 12.485 % degradation of
MO dye took place. As the MO dye solution with
PDEA-ZnONPs was exposed to UV-light, the
degradation was 91.065 and 95.226 % after 300 min
and overnight, respectively. In a previous report, MO
dye degraded up to 92.10 % under solar illumination
by the Fe-doped ZnONPs synthesized using wild
olive leaf extract®™. The variations of % degradation
of the MB and MO dyes concerning time are depicted
in (Table 3). This study reveals the good
photocatalytic performance of the synthesized PDEA-
ZnONPs by degrading the MB and MO dyes, which
are tremendously toxic to human beings. The
synthesized PDEA-ZnONPs may also be effective in
the purification of the water as these NPs have
efficiently degraded the MB and MO dyes.

Kinetics of the Photochemical Reaction
The kinetics of the photochemical degradation
of the MB and MO by the PDEA-ZnONPs

Table 3 — Degradation (%) of MB and MO by synthesized

PDEA-ZnONPs
Time (min) Degradation (%)
MB MO
15 3.163 2.203
30 5.917 5.998
45 6.913 8.935
60 8.963 12.485
120 27.837 22.277
180 58.827 53.611
240 76.743 67.197
300 88.469 91.065
1440 (Overnight) 96.788 95.226

was estimated using the pseudo-first-order kinetic
equation:

In(C/Co) =kt +b

Where: C, is the concentration of MB and MO at
time ‘t’ after completing the photochemical reaction
in UV light, C, is the initial concentration of MB and
MO, £k is the photochemical reaction rate constant,
t is the time of the reaction and b is a constant. The
graphs are found to be linear in the time range
120 — 300 min, which resembles the pseudo-first-
order kinetics. Figures 11 and 12 show the graphical
representation of -In(C/Cy) vs t for MB and
MO, respectively. Table 4 shows the wvalue of
rate constants of the photocatalytic degradation of
MB and MO. The rate constants for the degradation
of MB and MO are found to be k= 1.7 x 10™
and kyo = 1.9 x 10* sec™, respectively. In a
previous study, the rate constant for the
photocatalytic degradation of MB is reported to be
10.8x 107 (sec™)™.
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Fig. 12 — Graphical representation of -In(C/Cy) vs time for MO

Table 4 — Rate constants of MB and MO degradation by the
synthesized PDEA-ZnONPs

Table 5 — Antibacterial Activity of the synthesized PDEA-

Rate constant

kMB
kMO

secC

-1

1.7 x 10
1.9 x 107

kv = rate constant for the degradation of MB and kyo= rate
constant for the degradation of MO.

Antibacterial Activity of PDEA-ZnONPs

The results of the antibacterial activity of the
synthesized PDEA-ZnONPs are depicted in (Table 5).
Figure 13 shows the Petri-plates and Figure 14 depicts
the graphical representation of the antibacterial
activity of the synthesized PDEA-ZnONPs. The
synthesized PDEA-ZnONPs have shown decent
antibacterial activity against all the tested pathogens.
For Gram-positive bacteria, the synthesized PDEA-
ZnONPs have shown the highest ZOI of 28 mm
against S. aureus, followed by L. monocytogenes and
S. pyogenes with ZOI of 21 and 20 mm, respectively.
For Gram-negative bacteria, the synthesized PDEA-
ZnONPs have shown the highest ZOI of 28 mm
against E. coli, followed by P. aeruginosa, S. typhi
and K. pneumonia with zone of inhibition of 25, 25

ZnONPs
Bacterial Strain Type  MTCC No. Zone of Inhibition
(mm)

L. monocytogenes + MTCC-657 21

S. aureus + MTCC-96 28

S. pyogenes + MTCC-442 20

E. coli - MTCC-571 21

K. pneumonia - MTCC-432 23

P. aeruginosa - MTCC-741 25

S. typhi - MTCC-98 25
L. monocytogenes = Listeria monocytogenes, S. aureus =

Staphylococcus aureus, S. pyogenes = Streptococcus pyogenes,
E coli = Escherichia coli, K. pneumonia = Klebsiella pneumonia,
P. aeruginosa = Pseudomonas aeruginosa, S. typhi = Salmonella
typhi and MTCC = Microbial type culture collection.

and 23 mm, respectively. In early research, the
antibacterial activity of ZnONPs was carried from 50
to 400 pg/mL, and it demonstrated that the ZOI varied
from 0 to 22.67 mm for E. coli, 0 to 20.87 mm for
S. aureus, 0 to 18.57 mm for P. aeruginosa and 0 to
21.47 mm for K. Pneumonia in a dose dependant
manner”. The antibacterial activity of ZnONPs
against S. typhi was assessed in an early investigation
at five concentrations: 0.625, 1.25, 2.5, 5 and
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Fig. 13 — Petri-plates of antibacterial activity of PDEA-ZnONPs

30+
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Fig. 14 — Antibacterial activity of the synthesized PDEA-
ZnONPs

10 mg/mL, correspond to 16, 18, 20, 28 and 31 mm of
ZOI. In prior research, the agar well diffusion
technique demonstrated dose-dependent antibacterial
activity against L. monocytogenes at different
concentrations (0.05, 0.10, 0.50 and 1 mg/mL) of
ZnONPs synthesized using leaf extract of Raphanus
sativus”’. The ZnO nanosheets synthesized using
the aqueous leaf extract of Phyllanthus emblica
checked at different concentrations 30, 50 and
100 pg/mL for their antibacterial activity against
S. pyogenes showed a dose dependant response
with ZOI of 9, 12 and18 mm, respectively’>. From
above discussion, it can be concluded that the
phytochemicals present in the different extracts are
primarily responsible for the exceptionally good
varied antibacterial activity of ZnONPs. This is
certainly the reason for the decent antibacterial
activity of PDEA-ZnONPs.

Conclusion

In summary, the phyto-mediated synthesis of
PDEA-ZnONPs is successfully carried out using the
EA extract of the seed coat of P. domestica. The
synthesized PDEA-ZnONPs are characterized by UV-
Vis, FTIR, XRD and FE-SEM techniques.
UV-vis spectroscopy showed the SPR peak between
311-357 nm. The FTIR spectrum showed the presence
of different functional groups, e.g., -COOH, -OH, -
CN, -NH,, -NO,, Zn-O, etc. The XRD analysis
confirmed the structure of PDEA-ZnONPs to be
hexagonal wurtzite. The shape of the PDEA-ZnONPs
is found to be spherical by the FE-SEM analysis.
Further, the PDEA-ZnONPs were analyzed for UV-
assisted photocatalytic activity using MB and MO
dyes. The synthesized PDEA-ZnONPs have shown
nice dye degradation activity, which shows the
significance of the synthesized PDEA-ZnONPs for
the treatment of water for the removal of the toxic
substances (MB and MO). Against the Gram-positive
and Gram-negative bacterial pathogens, the
synthesized PDEA-ZnONPs have demonstrated a
broad spectrum of antibacterial activity. These results
provide credence to the idea that the PDEA-ZnONPs
may be a promising option for medicinal and
biological applications. In the era of antimicrobial
resistance, the use of NPs to attack bacterial infections
could be a viable and effective technique.
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