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Abstract

This work presents an environmentally friendly approach to synthesizing silver-zinc oxide (Ag-Zn) bimetallic nanoparticles
using domestic waste of kiwi (Actinidia chinensis var. deliciosa) peel extract that acts as a reducing and stabilizing agent.
The fabricated nanoparticles were characterized using various techniques such as UV-Vis spectroscopy, Fourier transform
infrared spectroscopy (FTIR), and field emission scanning electron microscopy (FESEM). The antimicrobial and cata-
lytic activity of the fabricated Ag—Zn were investigated. The antimicrobial activity against gram-positive Staphylococcus
aureus (SA), Bacillus subtilis (BS), and gram-negative Klebsiella pneumonia (KP) strains were evaluated and it was found
that KP showed higher zone of inhibition i.e.12 mm, then followed by 11 mm, and 9 mm for SA and BS respectively. For the
catalytic activity, more than 85% of methyl red, 93% of phenol red, and 78% of eosin yellow dyes were degraded in 1 h. The
green synthesis method presented in this study provides a sustainable and non-toxic synthesis route while simultaneously
remediating the environment.
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1 Introduction

Small particles of the size 1-100 nm have gained significant
research interest due to their tremendous specific surface
area which is unique and applicable in a wide range of appli-
cations [1]. Among the different types of nano-sized materi-
als, transitional metal oxide-based nanomaterials like Ag and
Zn are among the most efficient and effective nanomaterials
exhibiting excellent catalytic, antioxidant, electrochemical,
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and antimicrobial activity [2]. This has made nanoparticles
effective in detecting and quantifying many types of toxic
molecules and contaminants found in different items such as
liquid or solid food, drugs, water bodies, and others [3]. This
is due to their cost effectiveness, low toxicity, good stability,
biocompatibility, and excellent electron transfer capabilities.

Due to the low toxicity and small particulate size of nan-
oparticles, they have been used as antimicrobial agents to
protect food, crops, and other products from different patho-
genic microorganisms. For example, a pH-triggered reas-
sembling Ag NPs in a bacteria-infected micro-environment
has been synthesized by [3] and the NPs greatly improved
the antibacterial activity with a minimum inhibitory con-
centration of 4 & 32 um mL~! against methicillin-resistant
Staphylococcus aureus and 8 & 32 um mL™! respectively.
Another Ag nanoparticles synthesized using turmeric extract
was found to possess antibacterial and catalytic activity [4].
Also, green synthesized ZnO was found to exhibit strong
antibacterial activity against B. subtilis, K. pneumonia, P.
aeruginosa, and Proteus mirabilis [1]. Similarly, an Ag
film nanocomposite was developed by [5] to inactivate food
pathogenic and improve the shell life of strawberry fruits.
Moreover, sunlight-activated ZnO has been synthesized and
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used as a bio-fungicide against strawberry plant pathogen
Botrytis cinerea [6] and the results obtained indicated that
ZnO inhibited the growth of Botrytis cinerea by 12% and
80% when used in the dark and sunlight respectively. ZnO
has also been applied in the lining of canned food items like
corn, meat, and fish [6]. In terms of electrochemical, optical
and electron transfer capabilities, Ag and ZnO-modified car-
bon paste electrode with an ionic surfactant was developed
and used for the determination of paraquat (II), nonlinear
absorption with superior optical limitation, and the detection
of trimethoprim (TMP) respectively [7-9]. The developed
electrode shows the highest peak current compared to nas-
cent CPE.

Even though metallic nanoparticles have these advan-
tages, they have some limitations like reusability and poor
recovery, stability, high surface energy, and susceptibility to
oxidation that limit their applications in some fields [10]. To
overcome those problems, scientists have developed some
strategies over the years to overcome them such as entrench-
ing the nanoparticles on a polymer matrix providing support
using a solid material [11], or blending two monometallic
nanoparticles to create a new material called bimetallic
nanoparticles.

Bimetallic nanoparticles are nanoparticles that are made
up of two different types of metal. This combination results
in the creation of new properties and characteristics that cur-
tail the synergy between the two metals. As such, bimetallic
nanoparticles have found significant research interest and
application in many fields including electrochemical sensors,
catalysis, and biosensors. The properties of the bimetals
can be adjusted by adjusting the percentage of composition
while the morphology such as size and structure depends
on the synthesis parameters like the concentration of the
metal salts/reducing and stabilizing agent and the method of
synthesis [12]. For instance, zinc oxide and silver-zinc oxide
bimetallic nanoparticles were green synthesized by [13] and
the resulting bimetallic nanoparticles were smaller in size
and had better antibacterial activity as compared to the zinc
oxide monometallic nanoparticles. Similarly, Au—Ag were
synthesized using the leaf extract of Ocimum tenuiflorum
and the bimetallic nanoparticles good antibacterial activ-
ity against gram —ve E.coli, gram + ve Bacillus subtilis and
showed good degradation activity against Coomassie bril-
liant blue R250 dye [14].

Although, bimetallic nanoparticles can be synthesized
via physical, chemical, or biological methods. The physical
method has the advantage of maintaining a constant chemi-
cal composition but has the disadvantage of variation in
particle size. Chemical synthesis on the other hand, while
being effective in producing the desired nanoparticles, the
process usually involves the use of chemicals during the
production process that when discarded into the environ-
ment, can become harmful to animals and human health.

However, in contrast to the chemical method, the biologi-
cal method of nanoparticle synthesis utilizes reducing and
stabilizing agents of biological origin like plant extract or
microbes. This serves as an alternative for producing bime-
tallic nanoparticles that are more stable and biocompatible.
For instance, silver and silver-oxide (Ag & AgO), zinc-oxide
(Zn0O), silver-zinc (Ag—Zn), and silver-zinc oxide (Ag—Zn0O)
bimetallic nanoparticles have been synthesized using Sola-
num elaeagnifolium [15], Ocimum lamifolium Leaf [16],
Annona muricata [17], and Urginea epigea bulb extract
[13] respectively. It is believed that the presence of phyto-
chemicals and biomolecules in the plant extract made the
reduction and stabilization of bimetallic nanoparticles to be
possible. However, bio-waste like fruit or vegetable peels is
another rich source of phytochemicals that can be utilized
for bimetallic nanoparticle synthesis [18]. These bio-wastes
have zero market value and are rich in phytochemicals. Thus,
by utilizing and exploring their reduction potential, the cost
of nanoparticle production can be further reduced while
simultaneously remediating the environment. They can
also serve as an alternative for nanoparticle synthesis using
medicinal or endangered plant species. For instance, orange
peels, pomegranate peels, avocado fruit peels, eggshells, and
silkworm cocoons have been used to synthesize Au—Pd [19]
and Ag—CuO [20], Ni-Fe [21], Ag—Au [22], NiO-ZnO [23]
and Fe—Cu [24] respectively.

Actinidia chinensis var. deliciosa, commonly known as
‘Kiwifruit’, is a delicious and highly nutritious fruit that
belongs to the Actinidiaceae family. It is widely recognized
for its vibrant green flesh and unique flavor which has gained
popularity due to its exceptional nutritional value, health
benefits, and numerous applications. The fruit is considered
a nutritional powerhouse, packed with essential vitamins
(like vitamin C, K, E, and B-complex including folate),
minerals (like copper, potassium, magnesium, calcium,
phosphorus, and iron), carbohydrate, protein, water, sugar,
dietary fiber, amino acids, flavonoids, and antioxidants
with a single fruit containing more than the recommended
daily nutritional intake [25]. These nutrients are essential
for a wide range of pharmacological applications includ-
ing anti-cancer, antioxidant, anti-tumor, anti-inflammatory,
anti-diabetic, hypolipemic, maintaining proper heart func-
tion, maintaining a healthy digestive system, boosting the
immune system, preventing constipation, regulating blood
sugar levels and blood pressure, and protecting against oxi-
dative stress [26]. In addition to its nutritional value, kiwi-
fruit has gained attention for its potential applications in
nanoparticle synthesis. The bioactive compounds present in
kiwifruit, such as phenolic compounds and enzymes, can act
as reducing agents and stabilizers for nanoparticle synthesis.
The fruit is mostly eaten as a whole or processed into jam
or juice after peeling the skin which leads to the accumula-
tion and generation of a substantial amount of bio-waste
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(peels). The kiwifruit peel, which is often discarded, has
been investigated for its potential use in nanoparticle syn-
thesis. The peel contains high concentrations of bioactive
compounds like dietary fiber, antioxidants, folate, vitamin
E, flavonoid, and phenolic compounds making it a valu-
able resource for sustainable nanoparticle production [25].
Researchers can reduce environmental impact and promote a
circular economy approach by utilizing kiwifruit waste. For
instance, silver (Ag) [27], zinc oxide (ZnO) [28], titanium
dioxide (TiO,) [29], tin oxide (SnO,) [30], and sulfur (S)
[31] nanoparticles have all been synthesized using kiwifruit
peel extract as the reducing and as well as the stabilizing
agent. This shows that kiwi peel extract has a lot of potential
for nanoparticle synthesis. In this study, potential of kiwi
peel extract to synthesize silver-zinc bimetallic nanoparti-
cles were evaluated. To our knowledge, there is no report
of bimetallic nanoparticle synthesis of Ag—Zn bimetallic
nanoparticles from kiwi peel extract. Thus, this study aims
to explore the reduction potential of kiwifruit (Actinidia
chinensis var. deliciosa) peel extract for the synthesis and
application of Ag—Zn bimetallic nanoparticles.

2 Materials and Methods
2.1 Materials

Kiwifruit (Actinidia chinensis var. deliciosa) peel. Silver
nitrate (AgNO;) purity 99.8% and zinc sulphate pentahy-
drate (ZnS0O,.7H,0) purity 99.6% were used as the metal
salt precursors, and methyl red (MR), and phenol red (PR),
dyes were purchased from Himedia. All of the chemicals
were of analytical grade and didn’t undergo any further
purification. Double distilled water was used throughout
the entire experiment.

2.2 Extract Preparation

Kiwifruit peel extract was collected domestically in a zip-
lock bag. The peels were washed and rinsed with double
distilled water before drying in a hot air oven at 70-80 °C.
The dried peels were then pulverized using a mortar and pes-
tle. The extract was obtained by adding 1 g of the kiwi peel
powder to 25 ml of double distilled water and then boiling
for 3-5 min on a heating mantle. The mixture was allowed to
cool down and then filtered using Whatman’s Grade 1 filter
paper to obtain the final extract. The extract was then stored
at 4 °C for further use.

2.3 Synthesis of Ag-Zn Bimetallic Nanoparticles

The Ag—Zn was prepared using a single-pot simultaneous
co-reduction method. A stock solution of 3 mM of AgNO,
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and ZnSO,.7H,0 was made separately at room temperature.
The solutions were subsequently mixed in a beaker at room
temperature. To that mixture, an aqueous solution of the
kiwifruit peel extract was added on a ratio of 9:1 while sub-
jected to heating at 70-80 °C. A visible color change was
observed in the aqueous solution turning from pale yellow to
a-dark brown color within 30 min. The color stayed the same
even after heating for 1 h. The solution was then purified
by centrifuging at 10,000 RPM for 5 min. The supernatant
was discarded and then rinsed with distilled water before
centrifuging again. The process was repeated 3 times before
drying the particles in a hot air oven at 80 °C. The final par-
ticles were stored in an air-tight container until further use.

2.4 Characterization of Ag-Zn Bimetallic
Nanoparticles

The synthesized Ag—Zn was characterized with different
characterization techniques, namely; Uv—visible spectro-
photometer, FTIR, FESEM, EDX, and DLS. The initial
UV-vis analysis was carried out in the range of 200-800 nm
wavelength using a Shimadzu UV-1800 spectrophotometer,
Japan. The resulting absorbance graph on the y-axis was
plotted against the wavelength on the x-axis. The FESEM
analysis of the synthesized Ag—Zn was carried out using
field emission scanning electron microscopy in conjunc-
tion with EDX (Carl Zeiss Model Supra 55, Germany). The
Ag—7n FTIR analysis was carried out using a Cary 630
Agilent FTIR spectrometer ranging from 4000 to 700 cm-1
wavelengths. The particle size analyzer (Litesizer 500) was
used to analyze the particle size distribution of the synthe-
sized Ag—Zn bimetallic nanoparticles.

2.5 Catalytic Activity

The catalytic efficiency of the Ag—Zn bimetallic nanoparti-
cles was evaluated in an aqueous solution by the reduction
and degradation of methyl red and phenol red dyes. In a
typical experiment, a stock solution of 30 mM of NaBH,,
1 mg/ml of Ag—Zn bimetallic nanoparticles, and 1 mM of
MR, PR, and EY dyes were prepared. In separate test tubes,
1 ml of NaBH, was added to 1 ml of MR, PR, and EY stock
solution. The mixture was brought to 9 ml by adding 7 ml
of distilled water. Then 1 ml of Ag—Zn was added and the
entire solution was brought to 10 ml. UV-vis spectropho-
tometer readings (200-800 nm) of the mixture were taken
at regular time intervals after keeping it in the dark. The
mixture without the bimetallic nanoparticles was used as
a control. The decrease in absorbance peak indicates the
nano-catalytic efficiency of the bimetallic nanoparticles in
the presence of NaBH4.
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2.6 Antibacterial Studies

The in vitro antibacterial studies of the synthesized Ag—Zn
bimetallic nanoparticles were evaluated against S. aureus, K.
pneumonia, and B. subtilis using the disk diffusion method.
The microbial cultures were grown overnight before spread-
ing on agar plates. Ag—Zn bimetallic nanoparticles (1 mg/
ml) stock solution was freshly made with doubled distilled
water and different concentration of 25, 50, 100, and 200 pg/
ml was used as treatment before incubating the agar plates
for 24 h at 37 °C. Ampicillin (10 mg c) was used as the
positive control and distilled water as the negative control.
By measuring the zone of inhibition (ZOI), the antibacterial
activity of the Ag—Zn bimetallic nanoparticles was quanti-
fied. The zone of inhibition is directly proportional to the
bactericidal potential of the Ag—Zn bimetallic nanoparticles.

3 Results and Discussion
3.1 UV-Visible Spectrometric Analysis

Nanoparticle synthesis generally requires a reducing agent
that can reduce metal ions into their respective nanoparti-
cles. The reducing agent can also serve as the stabilizing
agent, preventing the nanoparticles from forming agglom-
eration. But at times, a separated stabilizing agent is required
to stabilize the nanoparticles depending on the method of
synthesis used. Kiwifruit peel extract has been demonstrated
to aid the synthesis of bimetallic nanoparticles. As reported
in previous literature, kiwifruit peel extract contains differ-
ent kinds of plant phytochemicals like flavonoid, tannin, and
phenolic compounds [25] which are more than capable of
reducing metal ions effectively while simultaneously stabi-
lizing them. Before the synthesis began, the appearance of
the aqueous solution of the metal precursors and extract was
pale yellow. After it was subjected to the reaction process, it
became opaque, and a dark brown precipitate was observed
after 30 min. The precipitate remains even after the reac-
tion time elapsed for more than 1.5 h. The precipitate that

physically appeared in the solution, however, suggests the
formation of the bimetallic Ag—Zn nanoparticles (Fig. 1).
UV and visible light are known to be energetic while having
the ability to increase the electron energy level. The absorb-
ance of the synthesized bimetallic nanoparticles was meas-
ured in the range of 200—800 nm. Similar results have been
reported by [32] (Fig. 2.)

During the UV reading analysis, two distinctive peaks
were observed (Fig. 2). The increasing peak that was
observed at 278 nm confirmed the presence of zinc (Zn)
nanoparticles. This is in line with the absorbance range
of 263-339 nm for ZnO as reported by [16] depending on
the concentration of Zn. Other studies, however, suggested
absorbance peaks of 267 nm [33], 270 nm [34], 376 nm
[1], 378 nm [35], and 385 nm [36] for ZnO respectively.
Another distinct peak at 418 nm was characterized as the
formation of silver nanoparticles. It has been reported that
the absorption band of Ag nanoparticles is between 415 and
425 nm [37] depending on the molar concentration of Ag.
However, a report suggested the absorption band of Ag at

UV-vis Spectrum of Ag-Zn and Kiwi Peel Extract
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390 nm, 430 nm, 431 nm, and 460 nm respectively [38].
Another study also reported the absorption of Ag at 430 nm
[39]. However, when Ag is doped with Zn, the absorption
band broadens due to strong interfacial electronic cou-
pling between Ag & Zn. This leads to stronger light scat-
tering showing a typical band gap in the visible region of
400-525 nm for Ag@Zn [36]. All these findings are consist-
ent with the current findings in our study as well.

3.2 DLS Analysis

The dynamic light scattering analysis was employed to study
the size distribution of the synthesized Ag—Zn bimetallic
nanoparticles. The synthesized Ag—Zn bimetallic nano-
particles were found to possess a larger size distribution
with an average hydrodynamic diameter of 272 nm which
is larger than expected as shown in the Fig. 3. The larger
size distribution of the bimetallic nanoparticles is due to the
agglomeration of the nanomaterials. As a result, the size of
the bimetallic nanoparticles will appear to be much larger
than the expected size. Similar hydrodynamic diameter of
188 + 18 nm for Ag—Zn has been reported by [40].

3.3 FTIR Analysis

Figure 4 shows the FTIR spectra of both the kiwifruit
peel extract and the synthesized Ag-Zn bimetallic nano-
particles. The FTIR spectra were recorded in the range
of 400-4000 cm™!. A broad spectrum within the range of
3000 to 3500 cm™~! was observed with a distinctive peak at
3352 cm-1 on both the extract and synthesized bimetallic
nanoparticles respectively thus, indicating the presence of
phenols and as well as the bending mode of the OH group
[41]. This result is similar and was observed during the syn-
thesis of Ag—ZnO using Urginea epigea extract where the
FTIR spectrum shows a broad band in the 3294 cm™! region
indicating the presence of OH group [13]. The intense peak
at 1637 cm™! is attributed to C=C stretching vibration [13].
This is in line with the report of Zn synthesis using Cayra-
tia pedata leaf extract [42]. The FTIR spectrum of Ag-Zn
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Fig. 3 DLS Characterization of Ag-Zn nanoparticles
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bimetallic nanoparticles shows identical peaks to kiwifruit
peel extract with a slight shift in the position in which they
appear. This could be possible as a result of the interaction
between the Ag—Zn bimetallic nanoparticles and the func-
tional groups.

3.4 XRD Analysis

In order to evaluate the crystalline nature of the synthesized
bimetallic nanoparticles, the XRD analysis was employed.
The XRD spectrum in Fig. 5 shows a weak peak at 38.44°
and did not exhibit any other diffraction peak. The peak at
38.44 might be attributed to the (111) lattice plane of Zn
[43]. We are not sure of the reason why the XRD spectrum
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Fig.5 XRD Spectrum of Ag-Zn nanoparticles
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didn’t show much peaks but a similar XRD spectrum of
Ag—7n was also observed by [32].

3.5 FESEM and EDX

The characteristics of the surface morphology of the synthe-
sized Ag—Zn bimetallic nanoparticles were analyzed using
FE-SEM. As shown in Fig. 5, the Ag—Zn bimetallic nano-
particles were dispersed evenly. The bimetallic nanoparti-
cles were photographed at 200 nm, WD-9 mm, 10 kV, and
Mag-100 and 75 K X, which reveals spherical and irregular
morphology. It also suggests uniform particle formation
with a size variation in their sizes. The morphology also
revealed a smooth surface of the bimetallic nanoparticles.
EDX analysis further estimated the presence of the bimetals
in a designated region of the FE-SEM image. After further
examination of the EDX data (Fig. 6), the Ag—Zn bimetallic
nanoparticles produced are made up of 75.24 wt% of Ag and
24.76 wt% of Zn which deviated from the stoichiometric
standard that was used during synthesis (1:1). This may have
happened as a result of the crystallographic orientation or
surface energies of the metal atoms. However, the overall
result suggests a crystalline nature of the Ag—Zn nanoparti-
cles of which the Ag has higher peak intensity as compared
to Zn peaks (Fig. 7).

4 Dye Degradation

4.1 Methyl Red

Methyl red is an organic dye that is also known as azo
dye. Its chemical name is 2-(N, N-dimethyl-4-aminophe-
nyl) azobenzenecarboxylic acid, serving as a standard pH

Signal A=InLens Mag=10000KX WD= 3.0mm

200 nm EHT = 10.00 kV

indicator. Although it is not classified as a highly hazard-
ous chemical, it is widely used in many industries like the
textile industry to impact color on fabrics, ink, and print-
ing industry and used in research and development in the
fields of chemistry and biology. However, methyl red is a
significant cause of water contamination when industrial
or textile wastewater pollutants are discharged into the
environment which may subsequently find their way to
underground or open water bodies causing harm to the eco-
system. As a result, treatment of methyl red contaminated
water is of great importance. The reaction of Ag—Zn bime-
tallic nanoparticles as nano-catalyst to degrade methyl red
was achieved and within 1 h, more than 85% was degraded
in the presence of NaBH,. The UV absorption spectra are
shown in the Fig. 8§ below. When methyl red was treated
with NaBH,, there was an insignificant reduction in the
absorption peak. However, when the methyl red dye was
treated with Ag—Zn bimetallic nanoparticles in the pres-
ence of NaBH,, a reduction was observed which tends to
decrease with time. The experiment was carried out at
room temperature using doubled distilled water and 1 mM
concentration of the dye solutions.

Several previous studies have reported the degradation
of dyes. For instance, a research reported the synthesis
of gold nanospheres and Fe—Cu bimetallic nanoparticles
using Cyclea peltata extract and resulting nanoparticle was
found to degrade up 86.02% and 82% of methyl green dye
in 105 min respectively [44, 45]. Similarly, green synthe-
sized Ag nanoparticles were investigated for their catalytic
activity against methylene blue dye and were observed to
have positive reduction potential [4].

Fig.6 FESEM characterization of Ag-Zn nanoparticles
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4.2 Phenol Red

Phenol red is a pH indicator that appears as a dark red pow-
der. It is usually used to track and monitor the pH of growth
media and physiological fluids in biological and cell culture
applications. It transitions from yellow to red when the pH
increases. Typically, red is around 8.0-8.2 and becomes yel-
low below 6.8. Phenol red is a stable organic compound that
is widely used in many industries and when the wastewater
is released into the environment, it is difficult to degrade by
natural process. Therefore, efforts have been made to break
down its chemical structure. The Ag—Zn bimetallic nano-
catalyst was found to be effective and degraded more than
93% of phenol red in 10 min as shown in the UV absorption
spectra Fig. 9.

4.3 Eosin Yellow
Eosin yellow is a yellow powder or crystal that can serve as a

pH indicator and is also used in histology and microbiology
to stain certain biological specimens and to indicate the pH
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of a certain media. It is a synthetic ionic dye that is usually
yellow in an acidic solution and turns pink in the alkaline
solution used in textile, food, and cosmetic industries. It is
a potential pollutant due to its toxicity and persistence in
water bodies. As such, Ag—Zn bimetallic nano-catalyst was
employed for the degradation of eosin yellow dye. As shown
in the UV spectra in Fig. 10 below, eosin yellow had more
than 78% degradation in 1 h.

It is important to note that the Ag—Zn bimetallic nano-
particle act as a catalyst for methyl red, phenol red and eosin
yellow dye degradation. This is true because, nanoparticles
are known for their high surface area which facilitates the
breaking down of NaBH, (electron donor) and transfer

of electrons to the dyes (electron acceptor) thus, causing
a reduction reaction. Although, it has been reported that
NaBH, on its own can’t reduce dyes due to redox potential
differences while a catalyst, whose redox potential is in-
between the electron donor and acceptor is required to have
a smooth electron transfer [44, 45]. This makes bimetallic
nanoparticles a very good nano-catalyst for degradation of
dyes. However, in another research, NaBH, was replaced
with solar radiation while the Ag metal nanoparticles play
the role of a photocatalyst. The visible light illumination
propagated the SPR (Surface Plasmon Resonance) of the Ag
metal nanoparticles which in return, increased the adsorp-
tion of the Ag metal nanoparticles on to the dye solution
and subsequently, decolourization of the dye. It is believed
that Ag nanoparticles are also stable, and good photocata-
lysts solar radiation for degradation of organic dyes [46, 47]
(Fig. 11).

5 Antibacterial Studies

The biogenic Ag—Zn bimetallic nanoparticles’ antimicrobial
effect was tested against gram-positive bacterial strains (S.
aureus, B. subtilis) and gram-negative (K. pneumonia) bac-
teria using the disk diffusion method which demonstrates the
microorganism susceptibility. A diffused ring was created by
the aqueous solution of the Ag-Zn on all the bacterial strains
ranging from a minimum of 0 mm to a maximum of 18 mm
against all the bacterial strains. The Ag—Zn bimetallic nano-
particles show greater inhibitory on K. pneumonia (12 mm)
to compared B. subtilis (9 mm), and S. aureus (11 mm).
Ampicillin effect was also observed (2-11 mm) against the
bacterial pathogen (Table 1) (Fig. 12).

In literature various studies reported the antimicrobial
properties of nanoparticles. For example, a study reported
Ag nanoparticles synthesie using Jatropha curcas seed
cake extract and the resulting nanoparticles were found to
be effective against P. aeruginosa, E. coli and B. subtilis
bacterial strains [48]. Similarly, green synthesized Au—Ag
bimetallic nanoparticles were found to possess substantial
bactericidal effect against all bacterial strains used for the
study [14]. Nanoparticles are able to exhibit antibacterial
activity via a variety of mechanism. They can be able to
release ROS, depletion of ATP or interact with the cell mem-
brane of the bacteria, thus, causing physical damage and
compromising the integrity of the bacteria that can result
to bacteria death [49, 50]. The nanomaterials can interact
with the bacterial cell membrane, causing physical dam-
age and compromising the integrity of the bacterial. These
mechanisms make metallic nanomaterials effective against
bacteria, and they are being researched for their potential in
combating antibiotic resistance.
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Bacteria Control Zone of Inhibition (in mm)
— ve control (dis-  + ve Control 25 ul 50 ul 100 pl 200 pl
tilled water) (ampicillin)

S. aureus 0 6 2 4 11

K. pneumonia 0 6 0 2 12

B. subtilis 0 2 0 2 6 9
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Fig. 12 a Bacillus subtilis b Staphylococcus aureus. ¢ Klebsiella pneumonia

6 Conclusion

This study summarized the a safe, simple, and environ-
mentally friendly route for the synthesis of Ag—Zn bime-
tallic nanoparticles using kiwifruit peel extract as the
reducing and stabilizing agent. The bimetallic nanopar-
ticles were successfully synthesized and characterized
using UV spectroscopy, DLS, FESEM, and FTIR. The
antimicrobial activity and catalytic activity of the bimetals
were studied. The bimetallic nanoparticles showed effec-
tive catalytic activity against methyl red, phenol red, and
eosin yellow. More than 85% of methyl red, 93% of phenol
red, and 78% of eosin yellow dyes were degraded in 1 h.
Furthermore, Ag-Zn shows a promising inhibition against
gram-positive bacterial strains (S. aureus, B. subtilis) and
gram-negative (K. pneumonia) bacterial strains with the
zone of inhibition on K. prneumonia (12 mm), compared
to B. subtilis (9 mm), and S. aureus (11 mm) respec-
tively. Ampicillin was used as a control and the effect was
observed (2—-11 mm). This study demonstrated the green
synthesis approach of Ag—Zn bimetallic nanoparticles and
its potential application in many fields.
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