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New Biogenic nanoparticles as natural products in medicine production and water
pathogen elimination, Characterization, Cytotoxic Evaluation and Antimicrobial
Resistivity of Zinc Oxide Nanoparticles from Psidium guajava leaves
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Abstract

Biogenic production of nanomaterials gained great importance in nanotechnology industry. Zinc Oxide is one of the
most effective antimicrobial agents. Zinc oxide nanoparticles (ZnO-NPs) may be produced cheaply and sustainably for a variety
of biomedical uses and water disinfection for removing water pathogens. An efficient reducing and capping agent, Psidium
guajava leaves aqueous extract and zinc sulphate (ZnSOas), as precursors were used in this study to biosynthesizeZnO-NPs.
Several methods were used to characterize PgZnONPs (Psidium guajava zinc oxide nanoparticles) including X-Ray Diffraction
(XRD), Scanning Electron Microscopy (SEM), Transmission Electron Microscopy(TEM) and UV-Vis Spectroscopy. Disc
Diffusion was applied to evaluate Antimicrobial Resistivity of PgZnONPs (Psidium guajava zinc oxide nanoparticles). The
cytotoxicity test preformed against African Green Monkey Kidney cell lines (Vero) using MTT [3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyltetrazolium Bromide]assay by applying different concentrations. Results indicate resistivity of most tested
bacterial and fungal strains with varying degrees. A dose-dependent cytotoxic effect was observed, where 50% cytotoxic
concentration (CC50) for ZnSO4 and PgZnONPs (Psidium guajava zinc oxide nanoparticles) were (13.46pg/ml) and
(785.20pg/ml) respectively.

Keywords: Antimicrobial Activity - Disc Diffusion - Medicine Industry- Green synthesis of Nanomaterial — Zinc oxide
Nonmaterial- guava —Psidium guajava leaves- Water Purification- water disinfection-MTT [3-(4,5-Dimethylthiazol-2-yl)-2,5-
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Introduction

In order to tackle the problems of hazardous waste
and energy, biogenic synthesis of NPs has been
suggested and successfully applied. Plants are the best
biological resource together with bacteria, algae and
fungi for the production of NPs. Although the
biogenic synthesis of ZnO-NPs has already been
proven, there is little information on the variety of
their biological advantages. For material scientists,
the development of environmentally sustainable
methods for the production of nanoscale materials has
recently played a central role. In this perspective, the
rapid, and safe plant-based synthesis of NPs is an
emerging trend in green chemistry [1].

Zn is one of the essential micro minerals
known as antioxidants since it has been shown to have
a key function as a cofactor for more than 300
enzymes, including the crucial ones, in the metabolic
system. Plant secondary metabolites, such as
phytogenic substances derived from plant extracts
that are converted into bio-reducers and bio-

stabilizers during the creation of nanoparticles, can
support metabolic processes in certain concentrations
[2]. Zinc oxide is a semiconductor metal with
extensive diversity in nano-sized structures and have
an important antimicrobial activity. Zinc oxide at the
nanoscale has demonstrated various antibacterial
properties and can be used in food preservation for
prolonged periods of time. ZnONPs have been
embedded in polymeric matrices to aid in packing and
provide antibacterial properties to the components of
the packaging [3]. ZnONPs have established an
effective function against food-borne pathogens, for
example, B. subtilis, S. aureus, L. plantarum, and E.
coli . ZnONPs show a variety of promising
bactericidal potentials against both Gram-positive and
Gram-negative bacteria, as well as other diverse
features such as barrier characteristics, mechanical
strength, and stability. Zinc oxide has the benefit of
containing mineral components essential to humans
and has more potential even at low concentrations as
an antibacterial agent. A combination of frequently
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used chemicals and other physical techniques could
be employed for the synthesis of zinc oxide
nanoparticles [4,5].

An environmentally favorable method is the
phytogenic synthesis using plant extract. Plant
components as terpenoids, alkaloids, flavonoids, and
total phenols were the main participant in
nanoparticles operation. Phytogenic components from
plant extracts are used as stabilizer’s and reductants in
production processes to produce nanoparticles. Guava
leaves, or (Psidium guajava) has been widely reported
to have high quantities of several different phenolic
compounds that enhancing biosynthesis of
nanoparticles [6].

Nanoparticles have various properties because of
their distinctive characteristics, such as size,
dispersion, and shape. A nanoparticle, also known as
a nanopowder, nanocluster, or nanocrystal, is a
microscopic particle with at least one dimension less
than 100 nm. Nano remediation has been a creative
and effective response to green cleaning, and it
currently plays a significant role in preventing,
detecting, observing, and resolving pollution. It may
be able to resolve some cleanup-related problems and
increase the overall efficiency of remediation efforts.
The toxicants that are dangerous for both chemicals
and catalysts can be reduced by these nanoparticles.
Nanomaterials provide a wide range of predicted

properties for on-site applications [7].

Several investigations on the antibacterial properties
of zinc oxide nanoparticles demonstrated that they
have effective antimicrobial activity against a variety
of bacteria and fungi. The antimicrobial activity of
zinc oxide nanoparticles against Pseudomonas
aeruginosa, Escherichia coli, Klebsiella pneumonia,
Staphylococcus aureus, Bacillus subtilis, Proteus
vulgaris, Candida albicans, Candida tropicalis,
Fusarium oxysporum, and Aspergillus niger was
identified [8,9] .

Many synthetic substances have antibacterial
properties, but only a small number of them can be
utilised as biocides for use in medications or coatings.
Their toxicity in comparison to their bactericidal
action is the main barrier to their usage; some of them
are so poisonous to eukaryotic cells that they cannot
be recommended as antibiotics. ZnO and nano-ZnO
compounds stand out among these materials as
powerful antibacterial agents. These inorganic oxides
have the benefit of containing environmentally
acceptable mineral components that are necessary for
humans and exhibiting high activity even when
delivered in a little amount. In our study Psidium
guajava leaves extract was used as a reducing and
capping agent during the synthesis of zinc oxide
nanoparticles PgZnONPs (Psidium guajava zinc
oxide nanoparticles) from zinc sulphate (ZnSOa),
which served as the precursor material. This was done
in consideration of the benefits of green nanoparticle
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synthesis and social economic problems brought on
by microbes, determining how well it inhibits
bacterial and  fungal  development. Many
characterizations were carried out with antimicrobial
activity and cytotoxicity evaluation to investigate
Psidium guajava zinc oxide nanoparticles to further
save ecological applications as water purification, soil
remediation, food and medical industry.

1. 2. Materials and Methods

2.1 Materials

For biogenic synthesis of the PgZnONPs analytical-
grade compounds were used, zinc sulphates (ZnS0O.)
as a precursor, sodium hydroxide pellets were
purchased from Merck. 2,2-diphenyl-1-
picrylhydrazyl (DPPH) (Sigma Aldrich, Saint Louis,
MO, USA), 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) (Sigma Aldrich,
Saint Louis, MO, USA), dimethyl sulfoxide (DMSO)
> 99.5% Psidium guajava leaves used as a reducing
and capping agent were gathered from a farmin Giza,
Egypt, Fig (1).

2.2 Preparation of Psidium guajava leaves Extract
& Green Synthesis of Zinc Oxide Nanoparticles
(PgZnONPs).

30 g of Psidium guajava leaves was cleaned,
washed with water, then chopped into small pieces,
peeled, and dried in the air. They were then added to
150 ml of distilled water and boiled for 15 minutes at
60°C. The Whatman (No. 1) filter paper was used to
filter the cooled aqueous extract before it was kept at
4 °C and used without any further purification
(*Menna Zayed , 2021, 1). After dissolving 11.5 g of
ZnS0O4 in 40 ml of distilled water producing 1M
mixture, then10 ml of the produced PgLE was added
progressively to the mixture for 10 minutes with
continuous shaking. Finally, adding sodium
hydroxide solution (2 M) to the mixture dropwise.
The mixture was periodically washed with distilled
water and centrifuged at 3000 rpm for 15 minutes
before being dried at 150 °C in a hot air oven.
PgZnONPs, a completely dried nanopowder, was
carefully obtained, Fig (1) [10, 11].

ZnSO4+2NaOH — Zn (OH)2 + Na2SO4 Eq.1

Zn (OH): — ZnO +H20 Eq.2

Oxide Nanoparticles PgZnONPs

Synthesized PgZnONPs were examined
quantitatively ~ using UV-Vis  spectroscopy
(Shimadzu, Kyoto, Japan) at a wavelength range of
200-800 nm. Their shape was then confirmed using
SEM (Hitachi-Regulus, Tokyo, Japan) by applying
samples directly to a carbon tape without any
coatings. A collection of SEM pictures was used to
calculate the particle diameters. The obtained
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dimensions were approximated using average
measurements. PgZnONPs were sonicated, deposited
onto a copper grid, and suspended in distilled water to
analyze their structure. After drying, TEM
examination was performed on them by (Zeiss,
Oberkochen,  Germany).  Additionally, ~XRD
(Empyrean, Malvern Panalytical, Malvern, UK)
analysis was carried out to confirm the crystallite size
and the phase composition of PgZnONPs using Co-
K1 radiation (= 1.54056 A), and strains. Using Cu-K1
radiation, a current of 40 kV/30 mA was utilized to
test the powder, and the Williamson-Hall method was
employed to determine the crystallite size and lattice
strain of the synthesized PgZnONPs [12].

Collectio

nof 30g of

leaves
added to
150 ml

Filtration
Boiling to
for 15min | remove

Psidium
quajava
leaves
extract

leaves Cleaning
from &
farm at washing at 60°C impuritie
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Egypt. water

Figure (1): Represents steps for biosynthesis of
PgZnONPs from the collection of leaves to obtaining
PgZnONPs.

2.3 Characterization of Green Synthesized Zinc
2.4 Susceptibility Test for determination of
Antimicrobial activity

We evaluated the inhibitory activity of PgZnONPs
against several bacterial and fungal strains using the
disc dilution method. The Clinical and Laboratory
Standards Institute (CLSI) was used to conduct the
assay (M02-Al1). This was the process that was as
followed: First, sterile Sabourdad Dextrose Agar and
Nutrient Agar (20 ml each) for fungi and bacteria
respectively were poured into Petri dishes. After
being prepared about24 hours, the test cultures of
inoculums (certified bacterial and fungal strains) were
swabbed onto the solidified media and given 10
minutes to dry. On separate bacterial and fungal
aseptically prepared sensitized plates, discs were
impregnated with previously generated PgZnONPs
(20 pg/disc), PgLE (20 pg/disc), ZnSO4 (20 pg/disc),
and antibiotic disc. To allow compound diffusion, the
loaded discs were placed on the surface of the medium
and left there for 30 min. at room temperature. The
plates were then subsequently incubated for a further
24 hours at 37°C for bacteria and at 25-28°C from 5-
7 d for fungus. The antibacterial activity was
measured in millimeters by measuring the clear zone
of growth inhibition on the agar surface surrounding
the discs [13, 14, and 15].
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2.4.1. Microorganisms

The disc diffusion method was used to evaluate
the antibacterial and antifungal activity of PgZnONPs
against different certified (bacterial and fungal)
strains in order to assess its efficacy.

2.4.2. Bacterial Strains

All Bacterial certified strains were purchased from
the  Regional Centre for Mycology &
Biotechnology(RCMB), Al-Azhar University, Cairo,
Egypt and Sigma-Aldrich Co., St. Louis, Missouri,

USA, Namely, Pseudomonas aeruginosa
RCMBO005B001(7), Proteus vulgaris
RCMB004B001(2), Klebsiella pneumonia
RCMBO003B001(2), Escherichia coli
RCMB002B001(4), Staphylococcus aureus
RCMB008B001(5), Salmonella  typhimurium
RCMBO006B001(1), Bacillus subtilis NCTC
10400/ATCC6633.

2.4.3. Fungal Strains

All certified fungal strains were purchased from the
Regional Centre for Mycology and Biotechnology
(RCMB), Al-Azhar University, Cairo, Egypt.
Namely, Fungal certified strains: Saccharomyces
Cerevisiae RCMB002Y001(2), Candida albicans

RCMBO001Y003(4), Candida glabrata
RCMBO001Y009(9), Penicillium pinophilum
RCMBO001F042(1)), Fusarium Oxysporum

RCMBO005F002(4), Aspergillus fumigatues RCMB
002009(9), Aspergillus flavusRCMB 002F002(2).
Aspergillus niger RCMBO002F008(4).

2.4.4. Antibiotic Standard Disc
(A) For Bacteria: tetracycline TE

30mcg/disc (B), for fungi ketoconazole 10 mcg/disc.
The generic antibiotic discs were acquired from
Sigma Aldrich Co., St. Louis, Missouri, USA.

2.5. Cytotoxicity.

The cytotoxicity of the synthesized PgZnONPs,
ZnS0y in the African Green Monkey Vero Cell Line
was evaluated separately using an MTT [3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide] assay. The cells were cultivated at a density
of (1.2 * 108 cells/ml) in 96-well microplates and then
kept in an incubator at 37 °C with 5% CO, for 24 hr.
PgZnONPs were introduced to fresh DMEM media in
the wells at final concentrations ranging from 6.25 to
800 pg/ml.100 pL fresh medium was added to 10-pL
MTT (5 mg/ml). Additionally, 4 h later, the medium
was discarded again and another 100-uL DMSO was
added to dissolve the formazan crystals.The cells
were left to mature for 24 or 48 hours [10]. A
microplate reader was used to calculate the optical
density at 570 nm (BioTek, USA). The formula used
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to determine cell viability (%) was calculated using
the formula:

Cell viability (%) = OD of sample/OD of control x
100%, Eq.2

Cytotoxicity % = 100 — Viability%, EQq.3
Where OD of control is the absorbance of the
untreated cells and OD of sample is the sample
absorbance of the treated cells.

3. Results and Discussion

3.1. Characterization of synthesized PgZnONPs

Figure 2a

The flavonoid-mediated ZnO NPs were found to be
fiber-shaped, single-crystalline, and used as a
reducing agent for a zinc precursor (zinc sulphates),
with an average diameter of 31.24 nm. A number of
kinetic factors, such as the originating plant species,
reactant concentration, and pH, affect the shape and
size of ZnO NPs. In this investigation, we used a one-
pot green reaction with PgLE as the reducing agent.
PgLE 's capacity to bioaccumulate metal ions, as well
as their bioreduction and stabilization during the
process, can be used to fabricate PgZnONPs. PgLE 's
hydroxyl (OH) groups cause the formation of a
[Zn(OH)4s] > complex, which is essential for
PgZnONPs ' abilityfor confirm. Then, by adjusting the
zinc-base ratio, one can induce preferential growth
along a single crystalline plane that influences both
the nucleation and subsequent growth of ZnO
nanostructures [17].

12001 (8)
g
nl . I\

36258

Intensity (a.u)
g £

$

M
g

2]

p— {7474

S — Y ]
25T
|=—rr i

10004
20 30 40 50 60 70 80 20 100
2-theta (degree)

Figure (3) indicate XRD pattern for PgZnONPs
An X-Ray diffraction analysis (XRD) pattern was
used to physically characterize the synthesized
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Using Transmission Electron Microscope (TEM) and
the Scanning Electron Microscope (SEM) images, it
was possible to determine the nanofabrication of
PgZnONPs, as shown in Fig (2a&2b). NPs with a
light oval form were found, according to SEM scans.
SEM measurements revealed that the PgZnONPs had
a diameter of 35.82 £10.17 nm. The TEM images
showed that PgZnONPs also had spherical
morphologies, with a diameter of 44.68+ 11.60 nm
(Figure 2b).

4 Figure 2b
Figure (2) revealed (a): SEM (b): TEM image of biogenic syntheses PgZnONPs

nanoformulation, as shown in Figure 3. All of the
diffraction peaks were located at the following
coordinates: 31.806, 34.457, 36.258, 47.474, 56.434,
62.671, 67.711 and 68.999, which correspond to the
(110), (002), (101), (102), (110), (103), (200), and
(112) orientation planes. This indicates a typical ZnO
structure diffraction with hexagonal phase [16].

a7o nm

Absarbance (a.u)

200 200 400 s00 o0 700 aca
Wavelength (nm)

Figure (4) Figure (4): The absorption spectrum
of PgZnONPs at UV-Visible region

PgZnONPs in Fig(4) exhibits a distinctive absorption
peak in the spectrum at a wavelength of 370 nm,
which can be attributed to the material's inherent
band-gap absorption caused by electron transitions
from the valence band to the conduction band. [18].
Chemical preparation is time-consuming, costly, and
involves hazardous reducing agents, all of which have
a negative impact on the environment. Whereas green
synthesis was determined to Pseudomonas aeruginosa
RCMBO005B001 (7)e a cheap and cost-effective
technology. As efficient reducing agents, plant
extracts were utilized to cause physiochemical
changes in nanoparticles [17].
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3.2. Antimicrobial (Antibacterial &Antifungal)
Activity
3.2.1. Antibacterial Activity

The antibacterial activity of the produced
PgZnONPs was evaluated using the disc diffusion
Susceptibility Test method Bauer et al., 1966 [19].
The zone of inhibition that PgZnONPs create for
bacteria was used to detect antibacterial activity. The
sterilized cotton swabs were used to spread the

bacterial culture on nutrient agar. The agar plate was
divided into four sections, one of them included
impregnated disc with C1: tetracycline TE 30 mcg,
C2:ZnS04, PgZnONPs, and PgLE were incubated at
37 oC for 24 hours. For each microbial strain
separately, the inhibitory zones that formed were
measured and evaluated [14] & [20].

Table (1): The Disc Diffusion assay of The piogenic synthesis PgZnONPs with PgLE, Cl:tetracycline TE
30mcg and C2:ZnSo4with for evaluating antibacterial resistivity.

Certified Bacterial Strains Inhibition Zones in milimiters
tetracycline TE ZnSOy: PgZnONPs PLE
30mcg:C1 C2
Pseudomonas aeruginosa | 50+ 0.25 90+ 0.09 | 98+0.16 10+ 0.10
Proteus vulgaris 5+ 0.02 40+0.13 | 35+0.38 15+ 0.10
Klebsiella pneomoniae 50+ 0.11 28+ 0.44 | 15%0.27 5+ 0.01
Escherichia coli 10+ 0.14 40+ 0.27 | 25+0.31 10+ 0.10
Staphylococcus aureus 20+ 0.18 38+0.38 | 10+0.21 2+0.08
Salmonella typhimurium) 5+0.01 20+ 0.17 | 42+£0.20 5+ 0.27
Bacillus subtilis 50+ 0.46 30+ 0.14 | 63+0.76 10+ 0.12

Figure (4) The Disc Diffusion assay of Biogenic synthesis PgZnONPs with PgLE, tetracycline TE
30mcg:C1 and ZnSO4: C2 for evaluating antibacterial activity for (a) Bacillus subtilis, (b) Escherichia coli
(c) Salmonella typhimurium (d) Staphylococcus aureus (e)Pseudomonas aeruginosa (f) Klebsiella
pneomoniae (g) Proteus vulgaris.

The findings of the PgZnONPs disc
diffusion test are summarized in Table (1), Fig. 5.
According to the results, Pseudomonas aeruginosa
RCMBO005B001(7), Bacillus  subtilis NCTC
10400/ATCC6633, and Salmonella typhimurium
RCMBO006B001(1) had the strongest antibacterial
activity, with inhibition zones of 98+ 0.16, 63+ 0.76
and 42+ 0.20 respectively, compared to C1:50+ 0.25,
50+ 0.46 and 5+ 0.01. Staphylococcus aureus
RCMBO008B001 (5) had the lowest antibacterial score
with 10+ 0.21. The disc diffusion test revealed that
PgZnONPs exhibited antibacterial activity that might
prevent the growth of water bacterial pathogens
because a clean zone appeared around the PgZnONPs
disc. Our outcome displays the apparent clear zone
produced by PgZnONPs against Pseudomonas
aeruginosa, Salmonella typhimurium, Proteus
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vulgaris, Klebsiella pneomoniae, and Escherichia
coli are some examples of different types of Gram
negative bacteria that are in agreement with [18,19].
Proteus vulgaris RCMB004B001(2) had the greatest
values for PgLE's antibacterial activity when
compared to PgZnONPs, with an inhibition zone of
15+ 0.10mm [20, 21].

Changes in shape, size, surface area and the surface
charge of PgZnONPs enhance the antibacterial effect
by rupturing the microbe's cell membrane and
resulting in cell death. Many different types of
pharmaceutical formulations contain plant leaves as
Herbal remedies for chronic bronchitis, whooping
cough, fever, cold, cough, jaundice, asthma, diarrhea,
and excruciating rheumatic inflammatory swellings
are mostly made from plant leaves because they
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contain secondary metabolites and phytochemicals
that have biological effects [22, 23].

3.2.b. Antifungal Activity
The antifungal activity of the produced
PgZnONPs was evaluated using the disc diffusion
Susceptibility Test method Bauer et al., 1966. The
zone of inhibition that PgZnONPs create for testing
fungi was used to detect antifungal activity. The

sterilized cotton swabs were used to spread the fungal
culture on Sabroud dextrose agar. The agar plate was
divided into four sections, one of them included
impregnated disc with C1: ketoconazole 10 mcg/disc,
C2:ZnS0s4, PgZnONPs, and PgLE were incubated at
28 oC for 5-7d. For each microbial strain separately,
the inhibitory zones that formed were measured and

evaluated [14] & [20].

Table (2): The Disc Diffusion assay of biogenic synthesis PgZnONPs with PgLE, ketoconazole 10 mcg
(v1/50) D.:C1 and ZnSO4: C2 for evaluating antifungal activity.

Certified Bacterial Strains Inhibition Zones in milimiters

ketoconazole 10 mcg (vI/50) D.:C1 | ZnSO,4: C2 | PgZnONPs PLE
Saccharomyces Cerevisiae RCMB002Y001(2) 15+ 0.44 50+0.11 35+£0.28 | 2+0.24
Candida albicans RCMB001Y003(4) 10+ 0.09 40+ 0.10 25+ 0.08 0+ 0.0
Candida glabrata RCMB001Y009(9) 30+ 0.27 67+0.14 19+ 0.21 0+ 0.0
Penicillium pinophilum RCMB001F042(1) 15+ 0.13 60+0.25 | 45++0.38 | 5+0.07
FusariumOxysporum RCMB005F002(4) 5+ 0.16 20+ 0.20 10+ 0.06 0+ 0.0
Aspergillus fumigatues RCMB 002009(9) 5+ 0.18 28+0.18 12+0.13 0+ 0.0
Aspergillus flavus RCMB 002F002(2) 5+ 0.12 15+ 0.10 19+0.21 0+ 0.0
Aspergillus nigerRCMB002F008(4) 2+ 0.2 46+0.25 18+ 0.2 0+ 0.0

Figure (5) The Disc Diffusion assay of Biogenic synthesis PgZnONPs with PgLE, tetracycline TE
30mcg:C1l and ZnSO4: C2 for evaluating antifungal activity for (a) Saccharomyces Cerevisiae (b) Candida
albicans (c) Candida glabrata(d) Penicillium pinophilum (e) Fusarium Oxysporum (f) Aspergillus fumigatues

(9) Aspergillus flavus (f) Aspergillus

From the results shown in table (2), Figures (5) from
(a:h) it can be concluded that the following organisms
have antifungal activity with different degrees against
PgZnONPs and PgLE compared with C1:
ketoconazole 10 mcg/disc D&C2:ZnS0..

It is clear that PgZnONPs have strong antifungal
activity against Fig (5d):Penicillium pinophilum
RCMBO001F042(1) 45+ 0.38 mm, Fig (5a):
Saccharomyces Cerevisiae RCMB002Y001(2) 35+
0.28 mm and Fig(5b): Candida albicans
RCMBO001Y003(4) 25+ 0.08mm recoded highest
antifungal values respectively.

On the other hand the lowest antifungal
activity obtained at Fig (5e) :Fusarium Oxysporum
RCMBO005F002(4) with inhibition zone 10+ 0.06 mm
compared with 5+ 0.16 mm for ketoconazole 10
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mcg/disc and 20+ 0.20 mm for ZnSO4 respectively
with no inhibition zone , while inhibition zones for
Aspergillus flavus, Aspergillus niger and Aspergillus
fumigatus were recorded as 19+ 0.21, 18+ 0.2 and 12+
0.13 respectively.

The rapid rate of reproduction of bacteria and fungi is
one of the main causes of their infectivity. Given that
PgZnONPs were effective in inhibiting and killing
bacteria and fungi in a dose- and time-dependent
manner, limiting the microorganism's ability to
reproduce hence it would be a good way to avoid a
viable infection. Smaller PgZnONPs may be more
toxic to bacteria and fungi due to their increased
surface area, which makes them preferable to larger
particles in terms of bactericidal or fungicidal
properties, according to [24].
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The inhibitory effect of ZnO particles is usually
inversely related to their size. Therefore, ZnO
nanostructures should exhibit greater antibacterial
activity than bulk ZnO. In general, Gram-negative
bacterial species are less sensitive to ZnO than Gram-
positive bacterial strains. This could result from the
differences in the nature and organization of microbial
cell walls, which confirm our results [25,26].

Due to fungi's resistance to several common
fungicides, including benzimidazoles  and
dicarboximides, it is difficult to control the growth of
fungi. Investigating innovative antifungal drugs that
could take the place of present control methods is
crucial to overcoming this resistance. Due to their
distinct physical and chemical characteristics, which
differ greatly from those of their conventional
counterparts, nanoparticle (NP) materials have
attracted more interest recently. Silver, copper,
titanium dioxide, and zinc oxide have all been shown
in recent studies to exhibit antibacterial and antifungal
properties [27,28].

Different growth morphologies of these fungi could,
however, be the cause of the various antifungal
effects. P. expansum has a tendency to grow more
densely on the surface of agar plates than other strains,
giving it more exposure to ZnONPs. In our study, it
was evident that P. expansum had an inhibition zone
of 10+ 0.06 mm, which is the lowest value when
compared to other strains. The inherent tolerance of
each fungus to ZnONPs may also be a factor in the
differences. Due to their distinctive qualities, namely
their huge surface area, ZnO NPs in our study exhibit
a significant improvement in the antimicrobial
activity. However, [28] discovered that nano and bulk
Zn0O were equally hazardous to S. cerevisiae, which is
consistent with our findings of 35+ 0.28 mm was the
second higher values for the inhibition zone obtained
by applying PgZnONPs.

3.3. Cytotoxicity
3.3.a. cytotoxicity of PgZnONPs
Vero cell line was tested at various concentrations
(6.25-800 pg/ml) to see whether the biosynthesized
PgZnONPs had any cytotoxic effects. When
compared to untreated cells, as shown in Fig (6&7)
the produced PgZnONPs showed a significant
increase in cytotoxicity the results revealed that the
50% cytotoxic concentration (CC50) was found up to
(785.20pg/ml), with viability % 59.11 which
indicated that higher cell mortality occurs at
increasing concentrations of the utilized nanoparticles
for the investigated cell lines ,whereas the highest
inhibition % obtained at 800 pg/ml  with value
40.81%. Additionally, the reaction was retained and
incubated for 24 hours to check the effect of the
inhibition.The variability in the level of inhibition
valuable in medication. Figure (7): indicated the
cytotoxic effect of different concentrations of
PgZnONPs on Vero Cell Line variability where a:
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Control, non-treated b: treated with PgZnONPs 6.25
pg/ml C: treated with PgZnONPs 50 pg/ml d: treated
with PgZnONPs 600 pg/ml, which revealed that
PgZnONPs could be useful in many applications as
water purification, food perseverate and medical
applicationsafely.To assess the toxicity of the
obtained nanoparticles, the dose-dependent approach
(MTT assay) was applied. The observed mortality
data demonstrated the potential antimicrobial activity
of the biosynthesized PgZnONPs [29].

Cytotoxic effect of PgZnONPs
on Vero Cell Line 96.6100

@3.487.89-1
) 100 72_58.%2
c’\a 80 59.11
£ 60
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& 40
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Figure (6): The cytotoxicity for different
concentration of Biogenic PgZnONPs on Vero
Cell Line viability.

Figure (7): The cytotoxic effect of different
concentrations of PgZnONPs on Vero Cell Line
variability where a: Control, non-treated b:
treated with PgZnONPs 6.25 pg/ml C: treated
with PGZnONPs 50 pg/ml d: treated with

PgZnONPs 600 pg/ml
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3.3.2. Cytotoxicity of ZnSO4

Vero cell line was tested at various concentrations
(6.25-800 pg/ml) to see ZnSO4 cytotoxic effects.
When compared to untreated cells, as shown in Fig (8)
& (9) the produced ZnSO, showed a significant

increase in cytotoxicity, the results revealed that the
CC50 was found up to (13.54pg/ml), with viability %
27.11 which indicated that higher cell mortality
occurs at low concentrations, as extremely toxic,as the
highest inhibition % 72.89% [30,33].

Cytotoxic Effect of ZnSO, on Vero Cell Line

9228 979 100
100
L 80
£ 60
Té; 40 c gy 1598 1656 23.54 275
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800 400 200 50 25 125 6.25 control

Concentration pg/ml

Figure (8): The cytotoxic effect for different concentration ZnSO4 on Vero Cell Line variability%

The primary cause of cytotoxicity in vitro is the
solubility of ZnO NPs. Zn*?is required for
maintaining cellular functions and metabolism at low
concentrations, but at excessive concentrations, it can
be harmful. Through the intrinsic mitochondrial route,
ZnO NPs can cause apoptosis in cells. It has been
demonstrated that ZnO NPs treatment lowers the
potential of the mitochondrial membrane in vitro.
Furthermore, the mitochondrion was found to adsorb
excessive  Zn*’releases. The  mitochondrion's

generation of ROS and ATP is controlled by the
presence of cations. In contrast, the quick Zn*2 influx
causes a quick drop in mitochondrial membrane
potential, which then triggers caspase-dependent
apoptosis and the release of LDH. The results of this
investigation support those found in [10], which
indicated that which demonstrated that ZnO
nanoparticles can be lethal by ER stress, cytotoxicity,
and genotoxicity, which are strongly related to ROS
formation and invariably result in cell death in vitro
[25,34].

Figure (9): The cytotoxic effect of different concentrations of ZnSO4o0n Vero Cell Line variability% where
a: Control, non-treated b: treated with 6.25 pg/ml ZnSO4 C: treated with 25 pg/ml ZnSO4 d: treated
with 400 pg/ml ZnSO4
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Table (3): A Comparison between our study and other studies:
Antibacterial activity
Zone of inhibition Ref.
P aeruginosa E. coli Staph. S. typhimurium | P. vulgaris K. B.
aureus pneomoniae | subtilis
- 24 22 - 14 16 24 [23]
11 9 - - - 9 9 [26]
13 11 - - - - 61 [27]
30 17 21 - - 13 - [25]
98 25 10 42 35 15 63 This study
Antifungal activity
S. C. C. P. F. A A A niger. Ref.
Cerevisiae | albican glabrata | pinophil | Oxysporum flavus
um fumigatu
es
- 18 - - - - - [23] [23]
- - - - 13 11 11 13 [26]
- 10 - - - - - - [27]
35 25 19 45 10 12 19 18 This study
cytotoxicity
Cell line Type Concentration (pg/ml) CC 50% Ref.
Normal lung epithelial cell (WI38) 1000 902.83 [33]
Human leukemia monocytic cell 200 107 [35]
(THP-1)
Vero cell (monkey kidney) 100 16.42 [34]
Vero cell (monkey kidney) 800 785.20 This study
Through disruption of cell function and
4. Conclusion deformation of fungal hyphae, PgZnONPs
1. Biogenic PgZnONPs were effectively could prevent the growth of fungus. higher

created utilizing Psidium guajava L extract
(PgLE) and ZnS0O4 synthesizing NPs can be
done in an uncostly, because the reducing
agent can also be derived from trees ,
Ecologically friendly, and non-toxic manner.
UV spectroscopy revealed photocatalytic
activity, suggesting it might be used in water
treatment. The generation of biogenic
ZnONPs is confirmed by XRD, TEM, and
SEM.

Studies on antifungal and antibacterial
resistance against produced PgZnONPs were
conducted using the agar disc diffusion
method with a variety of certified bacterial
and fungal strains (Escherichia coli,
Staphylococcus  aureus,  Pseudomonas
aeruginosa,  Salmonella  typhimurium,
Escherichia coli, Bacillus subtilis, and
Proteus vulgaris) (Saccharomyces
Cerevisiae , Aspergillus niger , Candida
albicans , Candida glabrata , Penicillium
pinophilum ,  Fusarium  Oxysporum,
Aspergillus  fumigatudes ). The results
support the high level of activity against
numerous tested strains.

Biogenic PgZnONPs have  powerful
antifungal capabilities against the majority
of the studied fungal strains, and the
inhibitory effects are stronger as PgZnONP
concentrations increased.
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ZnO NP concentrations result in a full
inhibition of fungal growth by blocking the
growth of conidiophores and conidia. These
findings imply that ZnONPs nanoparticles
could be utilized as a potent fungicide in
agricultural and food safety applications.
The present finding clearly revealed that the
prepared PgZnONPs using Pg L could be
applied as a coating against that enhances the
effect of antibacterial activity in paints,
cosmetics, food preservatives, flavoring
agents, as well as for fabrics, pipe
manufacture  and water  treatment
purification.

PgZnONPs can be applying to process and
detoxify pollutants in nanoremediation.
Nanotechnology can also offer successful
solutions to contamination-related problems
such heavy metal pollution, the negative
impacts of chemical poisons, and oil
contamination and used as a tools for
reducing it.

Due to its many advantageous properties,
including as its superior  thermal
conductivity, ZnO is commonly used in a
range of applications, including sensors, thin
film electronics, and solar cells. In terms of
their chemical and physical properties,
ZnONPs have a relationship between their
shape and crystallinity, are excellent
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photocatalysts, and are useful for reducing
environmental contaminants. The
photocatalysis process is used to drive
electrons from the valence to the conduction
band and can form a hole in the surface of
ZnO by the use of solar light irradiation. The
radical that is created can then be used to
eliminate pollutants.

10. The cytotoxicity study was conducted using
PgZnONPs revealed a significantly lower
CCs values. However, it demonstrated no
significant toxicity towards Vero Cell line.
These results highlight the biogenic ZnO
NPs and their possible medicine and water
purification potential.
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