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Abstract

The production of nanoparticles using plant extracts has been the subject of much exploration and study
in recent times since it is a cost-effective and environmentally friendly method that reduces the use of
hazardous chemicals. In this work, Musa paradisiaca (banana) peel extract was used to synthesize Sn-
ZrO, nanocomposites under ultrasonic irradiation. As a capping and reducing agent in the manufacture
of Sn-ZrO, nanocomposites, banana peel extract is crucial. Sn-ZrO, nanocomposites were synthesized
in a green manner were effectively evaluated using a FT-IR spectroscopy, UV-Vis spectrophotometer, X-
ray diffraction analysis (XRD), energy-dispersive X-ray spectroscopy and scanning electron microscopy
(SEM-EDS). Studies have been conducted on the antimicrobial properties of synthesized ZrO,
nanocomposites doped with tin against both Gram positive and Gram negative pathogenic bacteria and
fungus. Furthermore, free radical scavenging activity against the DPPH and ABTS assay was used to
assess the antioxidant activity of green Sn-ZrO, nanocomposites. The biomimetic synthesised Sn-ZrO,
nanocomposites demonstrated robust antioxidant activity and significant antimicrobial activity that was
on par with standard. Further, Sn-ZrO, nanocomposites shows excellent adsorption capacity of

malachite green dye.

Introduction

Nanostructures are essential research tools in various fields, and nanotechnology is a rapidly expanding
discipline with diverse applications in science and technology (Haleem et al. 2023). A great deal of
research has been conducted on metal and metal oxide nanoparticles because of their exceptional
electrical, optical, magnetic, catalytic, and medicinal properties (Bukhari et al. 2021). Conventional
techniques for creating metal and metal oxide nanoparticles use stabilizing and reducing chemical
agents, which can be costly and harmful to the environment (Nair et al. 2022). As a result, scientists are
currently searching for different green synthesis techniques which minimize the hazardous substances
used in the nanoparticles-producing process (Ying et al. 2022). In recent years, there has been extensive
research on the eco-friendly, minimal-use method of green synthesis of metals and metal oxides
nanoparticles employing plant extracts (Shafey et al. 2020).

Zirconium oxide (ZrO,) nanoparticles are a highly valuable material in various fields, particularly in the

dentistry (Kumari et al. 2022). Their unique surface chemistry, high chemical and thermal stability, cost-
effectiveness, non-hazardous and sustainable nature, clean photocatalytic properties, and impressive
morphologies have significantly impacted both academia and industry (Hassaan et al. 2023). ZrO, is a
valuable material for water pollutant removal due to its high electron mobility, direct band gap,
anisotropic growth, chemical stability, high photocatalytic efficiency, and ease of morphological control.
Zirconium oxide is environmentally friendly and possesses outstanding biocompatibility (Bannunah
2023). The usefulness of zirconia is limited by two intrinsic properties: a high band gap and quick
electron-hole pair recombination (Khattab et al. 2021). The synthesis of metal nanoparticles (Ag, Au, Sn,
Cu, Ru, Pd, etc.) doped on metallic oxide surfaces has recently attracted a lot of interest in the fields of
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material science and nanotechnology due to its significantly enhanced applications in a variety of fields
(Szczyglewska et al. 2023).

Furthermore, studies show that tin-doping controls the cytotoxicity of zirconia nanoparticles by killing
human cancer cells alone while leaving healthy cells unharmed (Barbasz et al. 2024). It was recently
discovered that Sn-ZrO, generate a reactive oxygen species (ROS) that can destroy microbial colonies in
the absence of light irradiation (Mammari et al. 2022). Sn-ZrO, nanocomposites formation is a good
choice because of their unique optical-physiological and biological properties, ease of synthesis at a low
cost, high availability, and low toxicity.

Sn-ZrO, nanocomposites have been synthesized using a variety of methods, including the thermal

decomposition, sol-gel process, co-precipitation and electrochemical oxidation process (Narayanan et
al.2019; Bharti and Sadhu 2022). Although, some of these physio-chemical methods not only violate
environmental regulations but also cause poor dispersibility and irreversible nanoparticle agglomeration,
which reduces biological activity (Joudeh and Linke 2022). Consequently, the synthesis of different
nanomaterials utilizing plant extracts has recently caught the interest of researchers as a means of
getting around these limitations (Ying et al. 2022). However, less research has been done on the
synthesis of Sn-ZrO, nanocomposites utilizing plant extracts.

The synthesis of nanocomposites typically requires two or more phases and a lengthy reaction
procedure, although plant mediated synthesis support green approaches (Ying et al.2022). The
ultrasonic energy used as a non-conventional source act as a workable and environmentally beneficial
alternative for material production (Shen et al. 2023). Some research indicates that the cavitational
action of ultrasonic waves during nanomaterial manufacturing reduced the reaction time and produced
smaller particles (Sandhya et al. 2021). During cavitation, bubbles form and burst, rapidly producing
large quantities of non-aggregated nanoparticles (Khairani et al. 2023).

In light of the many uses and paucity of research on plant-mediated nanocomposites synthesis and as
part of our continuing endeavour on the designing and green synthesis of functional nanocomposites
(Bhardwaj et al. 2021; Bhardwaj et al. 2019), we have shown here for the first time a green banana peel
extract assisted synthesis of Sn-ZrO, nanocomposites under sonication. Biomolecules included in
banana peel extract serve as stabilizing and reducing agents in the synthesis of nanomaterials
(Ohiduzzaman et al. 2024; Bao et al. 2021).

Materials and Methods

Bananas were collected from the local area of Jaipur district, Rajasthan, India. The chemicals used in
this study were zirconyl nitrate [ZrO(NO3),.xH,0], stannous chloride (SnCl,), ethanol, Zr0,, 2, 2-
Diphenyl1-picrylhydrazyl (DPPH), ABTS (2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)), etc. were
purchased from Merck Chemical Company (Darmstadt, Germany) and used as such without further
purification.
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Characterization methods and Instruments

UV-Vis, FTIR, XRD, and SEM-EDS studies were used to characterize Sn-ZrO, nanocomposites that were
green-synthesised. Using a quartz cuvette filled with de-ionized water as a reference, UV-Vis NIR

spectrophotometer was employed. FTIR spectra were captured in a spectral range of 4000-400 cm’”
using KBr pellets. The X-ray diffractometer, which was outfitted with a CuKa radiation (A=1.54060 A) was
used to perform XRD measurements. Surface morphology and form of the nanocomposites were
evaluated using FE-SEM. The FE-SEM and EDS detector are connected so that elements included in
nanoparticles can be identified and their chemical composition can be examined. The ultrasound
assisted reactions were performed using an ultrasonic processor probe system. For ten minutes, the
operating conditions involved a 30-second on and 30-second off pulse with 50% amplitude.

Preparation of Musa paradisiaca (Banana) peel extract

After gathering the Musa paradisiaca peels, they were carefully cleaned under running water to get rid of
any associated dust particles, and then dried. About 20 gm of dried banana peel were powdered, and
100 ml of deionized water was added. In order to prepare the peel extract, the mixture was heated at
80°C for ten minutes. After allowing the combination to cool to room temperature, Whatman No. 1 filter
paper was used to filter the mixture. After the residue was eliminated, the filtrate was utilized to create
nanocomposites.

Synthesis of Sn-ZrO, nanocomposites using Musa paradisiaca peel extract

To create Sn-ZrO, nanocomposites in an environmentally friendly manner, a cylindrical glass vessel
containing a precursor solution of 0.1M zirconyl nitrate and 15 ml deionized water was subjected to a
10-minute sonication period. Subsequently, a T mM stannous chloride solution was applied dropwise
while being continuously sonicated to a 25 ml banana peel extract. The solution turned gray after ten
minutes as a result of surface plasmon resonance (SPR) activation, which showed that Sn-ZrO,
nanocomposites were forming. The precipitation of Sn-ZrO, nanocomposites was completed by
centrifuging the solution for 20 minutes at 6000 rpm. After three water washes to eliminate byproducts,
the precipitate was dried in an oven at 80 °C for an entire night, and it was then annealed for two hours at
500 °C.

Antimicrobial activities

The traditional well-diffusion method was employed to examine the antimicrobial potential of produced
Sn-ZrO, nanocomposites, as previously described (Sharma et al. 2018; Sharma et al. 2019; Sharma et al.
2022). Two distinct fungi, C. albicans and C. tropicalis, were evaluated for their antifungal activity, while
pathogenic microorganismes classified as Gram-negative (K. pneumonia & P aeruginosa) and Gram-
positive (B. subtilis & S. aureus) were tested for their antibacterial activity. Every strain was evenly
swabbed onto the sterilized nutritional agar petriplates using cotton swabs. Then, using a sterile plastic
rod, 8 mm diameter wells were pierced into the inoculation plates. Four concentrations (20, 40, 60, and
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80 pg/ml) of produced Sn-ZrO, nanocomposites were added, accordingly, to the specified wells using a

micropipette. After incubating for 24 hours at 37°C, the antimicrobial activity was assessed by
measuring the diameter of the inhibitory zone in millimeters (mm) using a standard scale. The
antimicrobial activity of the resulting Sn-ZrO, nanocomposites was compared with that of ZrO,

nanoparticles in order to measure the effectiveness of Sn loading in nanocomposites and also
compared with reference standard.

Antioxidant activity

The antioxidant potential of the green produced ZrO, nanoparticles and Sn-ZrO, nanocomposites was

evaluated and compared with standard using DPPH and ABTS tests.
DPPH assay

According to a previous approach (Verma et al. 2022), the antioxidant activity of green synthesized Sn-
ZrO, nanocomposites and ZrO, nanoparticles was examined using DPPH assay. One milliliter of DPPH
solution (0.1 millimeter of DPPH in methanol) was filled with different concentrations of synthesized Sn-
ZrO, nanocomposites and ZrO, nanoparticles, and the test tubes were labeled appropriately. After

shaking the reaction mixture, it was left at room temperature for 30 minutes in a dark environment. At
517 nm, the absorbance was measured spectrophotometrically.

ABTS assay

The ABTS free radical scavenging activity of ZrO, nanoparticles and green synthesised Sn-ZrO,
nanocomposites was examined using the previously reported methodology, with some minor
adjustments (Haq et al. 2021). By reacting 2.45mM of potassium persulfate (K,S,0g) with 7.mM of the
ABTS stock solution, ABTS radical cation (ABTS™) stock solution was prepared. The absorbance at 734
nm was measured following an overnight incubation period at room temperature. ZrO, nanoparticles
and synthesized Sn-Zr0O, nanocomposites were added individually with ABTS™ at varying concentrations,

and they were once more incubated for 15 minutes in a dark environment. As a control solution, ABTS
reagent was employed without sample.

Batch Adsorption Studies: Malachite green (MG) dye was made as a stock solution (100 ppm) in
deionized water, and subsequently diluted to yield a range of samples from 1 to 12 ppm. The effects of
various parameters on the removal of MG dye using Sn-ZrO, nanocomposites during the batch
adsorption method are investigated. These parameters include adsorbent dosage (5, 10, 15, 20, 25, 30,
35 and 40 mg), contact time (5, 10, 15, 20, 25, 30 min), pH (2 to 12), and temperature (303, 323 and 353
K).

The adsorption capacity of MG dye was determined using Equation 1, while the removal efficiency (%)
was calculated with Equation 2.
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(9e) = (Cy-Ce) VIM Equation (1)
Removal (%) = (C,-C,) / C, x 100 Equation (2)

where M (mg) is the mass of the Sn-ZrO, nanocomposites, V (L) is the volume of MG dye obtained in an
aqueous solution, and C, (mg/L) and C, (mg/L) are the initial and equilibrium concentrations,
respectively, of MG dye.

Results and discussion

UV-Vis Spectrophotometer: Fig. 1, comprises the room-temperature optical absorption of Sn-ZrO,
nanocomposites in the range of 200—800 nm. The sharp absorption peak seen at around 260 nm can be
attributed to ZrO, (Chelliah et al. 2023). The synthesized nanocomposites demonstrated absorbance

band from 280-550 nm shows deposition of Sn nanoparticles on the surface of nanocomposites
successfully (Sohail et al. 2020).

FTIR analysis: Fig. 2 reveals the FTIR spectrum of green synthesis Sn-ZrO, nanocomposites. The

characteristic broad peaks of OH groups are found at 3428.71 and 1628.34 cm™ corresponds to the
water molecules that have been absorbed on the surface of the nanoparticles. The stretching and
bending vibrational modes of the water molecule are responsible for these broad peaks (Sagadevan et

al. 2016). The weak bands at 2922.36, 2852.34, and 1384.31 cm™'were associated with the vibrations of
organic residuals (Alharthi et al. 2020). The absorption band that was most prominent and sharpest
emerged at 1121.69 and 617.74, cm™! potentially indicating a correlation with the Zr-0 bonds. The
bending vibration of hydroxyl groups attached to ZrO, is responsible for the peaks at 1121.69 cm-1 and
617.74 cm™'. The Zr-0 vibration is represented by the band at 617.74 cm™', and the breadth of the band
indicates that the ZrO, powders are nano crystals (Yakout et al. 2014).

XRD: X-ray diffraction measurements were used to investigate the crystallinity and phase form of the
synthesised nanomaterials. Fig. 3 demonstrate the XRD pattern of Sn-ZrO, nanocomposites and bare

ZrO, nanoparticles. The diffraction peaks in a wide range angle of 26 are at 30.64°, 35.22°, 50.26°, and
60.17° corresponds to the crystal planes of (101), (110), (112), and (211), respectively, attributed to the
preparation of monoclinic phase of ZrO, nanoparticles (Horti et al. 2020) (JCPDS card no. 01-075-2550).

Comparison of XRD pattern reveals the appearance of strong intense peaks at 26 = 30.10° and 35.05° to
be (101) and (110) crystal planes of Sn doping on ZrO, as shown in Fig. 3 (Dtugosz et al. 2021). The XRD

patterns do not exhibit distinctive peaks associated with Sn, indicating that all Sn atoms have
successfully integrated into the ZrO, lattice. Additionally, the absence of any other diffraction peaks

confirms the synthesized nanocomposites high purity.

SEM and EDS analyses
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The detailed morphology, particle size, and shape of the biomorphic Sn-ZrO, nanocomposites were
examined using SEM analysis. The results revealed a non-uniform distribution of spherical tin particles
on the surface of zirconia nanoparicles. The average size of Sn-ZrO, nanocomposites is 25nm-50nm
(Fig. 4a, b). The elemental composition of the Sn-ZrO, nanocomposites was determined by EDS analysis,
confirming the presence of zirconium (Zr), tin (Sn), and oxygen (0) as shown in Fig. 5. Additional
presence of elements (calcium) is also observed due to the presence of some phytochemicals from
extract.

Adsorption performance of Sn-ZrO, nanocomposites: This experimental work was conducted using a 10
ppm MG dye solution. 30 mg of Sn-ZrO, nanocomposites were put to a beaker containing 20ml of MG

dye solution. The mixture is shaken constantly for 25 minutes or until equilibrium is reached. The Sn-
ZrO, nanocomposites was used to study the adsorption of MG dye from an aqueous solution at different
dye concentrations, contact times, dosages of the adsorbent, pH levels, and temperatures. The
absorbent was changed from 5 to 40 mg/L while all other parameters remained same. The pH was
adjusted to a range between 3 and 10 ppm using 0.1 M HCl and 0.1 M NaOH solutions. The shake took
longer than five minutes to complete. The adsorbate solution was taken out and filtered once the allotted
time had elapsed in order to isolate the adsorbent. Following filtering, a UV-Vis spectrophotometer that
had previously been calibrated was used to measure the solution's concentration at 615 nm.

Alterations in adsorbent dose: Doses are crucial during the adsorption process. To investigate the effect
of the Sn-ZrO, nanocomposites dosage on the adsorption of MG dye (10 mg/L), adsorbent dosages
ranging from 5 mg to 40 mg were used. The removal effectiveness was increased from 5 to 40 mg of Sn-
ZrO, nanocomposites, as shown in Fig. 6(a). This is because larger surface areas and more active sites
are present in adsorbent. It was shown that the Sn-ZrO, nanocomposites had an optimal dose of 30 mg.
Once the optimal adsorbent dose has been reached, the removal efficiency falls.

Variation with pH: Since pH influences the surface charge of the adsorbate (MG dye) and Sn-ZrO,

nanocomposites adsorbent, it plays a significant part in adsorption processes. The influence of pH on
the effectiveness of nanocomposites' removal of MG dye is shown in Fig. 6b. To adjust the required pH,
0.1 M sodium hydroxide or 0.1 M hydrochloric acid was used. As the pH rose from 8 to 10, the removal
efficiency significantly declined after increasing from 3 to 8.

Effect of temperature: Temperature is thought to be a significant element that affects how well the MG
is adsorbed and removed. At various temperatures between 303 and 353 K, the adsorbent dosage (30
mg/L), pH (8), contact period is 25 min, and constant agitation speed (450 rpm) were maintained in
order to assess the impact of temperature on MG dye adsortion. As the temperature was elevated from
303 to 353 K, the rate of MG adsorption on Sn-ZrO, nanocomposites decreased, as shown in Fig. 7(a).

This suggests that the adsorption process was somewhat endothermic.

Influence of contact time: Analyzing the effect of the time of contact is important because the results of
this type of study provide basic information about the rate at which the adsorption process reaches
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equilibrium. The effect of altering the contact time within the range of 15 to 20 minutes on the
adsorption capacity was examined, keeping all other parameters fixed. The experiment started with fast
dye adsorption, which gradually slowed down when the equilibrium condition was approached after
around 15-20 minutes, based on the results displayed in Fig 7(b).

Fig. 8 outlines a proposed mechanism for the formation of Sn-ZrO, nanocomposites. Amorphous
hydrous oxide precipitates are formed when zirconium nitrate is hydrolyzed in aqueous circumstances,
resulting in Zr(OH),, which is naturally unstable and prone to condensation processes (Muthulakshmi et
al. 2023; Chelliah et al. 2023). These condensation reactions are catalyzed by the hydroxyl groups
present in banana peel extract, which are renowned for their antioxidant properties.

Meanwhile, in the aqueous solution, tin chloride quickly separates into tin and chloride ions. As seen in
the Fig. 8, the reducing phytochemicals in the extract bind and cap the tin ions to produce stable
nanoparticles. The primary organic substances accountable for this process include the carotenoids and
other phytonutrients found in banana peel extract, as well as anthocyanins, delphinidin, cyaniding, and
catecholamines (Hikal et al 2022). The resultant Sn-ZrO, nanocomposites are then subjected to a 500°C

calcination process in order to remove remaining phytochemical residue and water molecules.
Antimicrobial activities of synthesised Sn-ZrO, nanocomposites

Green synthesized Sn-ZrO, nanocomposites and ZrO, nanoparticles were tested against Gram positive
and Gram negative bacteria, including B. subtilis, S. aureus, K. pneumonia and P, aeruginosa. Fig. 9
illustrates the zone of inhibition observed in bacteria due to the synthesized Sn-ZrO, nanocomposites at
four different concentrations, compared to ZrO, nanoparticles. At an 80 pg/mL concentration of Sn-ZrO,
nanocomposites, the largest zone of inhibition was recorded for K. pneumoniae (21 mm), followed by B.
subtilis (20 mm). The smallest inhibitory zone was observed for S. aureus (5 mm) at a 20 pg/mL
concentration of Sn-ZrO, nanocomposites. Through conducting studies with varying concentrations of
nanocomposites, we discovered that the zone of inhibition rises as the concentration of Sn-ZrO,
nanocomposites increases (Table 1). Bacterial membrane integrity is further compromised by lipid
peroxidation, which is influenced by elevated levels of ROS. As the concentration of nanoparticles rises,
the breakdown of the bacterial cell wall causes the bacteria to die (Ozdal et al. 2022). The likelihood that
the nanoparticles will penetrate and harm the bacterial membrane increases with their size (Ozdal et al.
2022). The passage of nanoparticles across the plasma membrane has been facilitated by the presence
of ion channels and transporter protein (Chen et al. 2020). The increase level of ROS affects lipid
peroxidation in bacteria which further influence the integrity of bacterial membrane. The destruction of
the bacterial cell wall results bacterial death with increase in concentration of nanoparticles (Juan et al.
2021).

In comparison to ZrO, nanoparticles, the Sn-ZrO, nanocomposites exhibits a larger zone of inhibition.
When tin ions are released from a Sn-ZrO, nanocomposites, it strengthens its ability to connect with
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bacterial enzymes that inactivate bio cells by breaking through their cell walls and damaging the
bacteria. (Nikolova et al. 2020).

Table 1: Zone of inhibition (mm) at various concentrations of green-synthesised Sn-ZrO,
nanocomposites and ZrO, nanoparticles.

Zone of Inhibition in mm
Gram negative bacteria Gram positive bacteria
Concentration K. pneumoniae P, aeruginosa B. subtilis S. aureus

Zr0, Sn-ZrO, ZrO, Sn-ZrO, Zr0, Sn-ZrO, ZrO, Sn-ZrO,

20pg/ml 8 12 5 8 7 9 4 5
40 pg/ml 10 13 7 10 12 14 6 8
60 pg/ml 14 17 10 15 16 18 9 12
80 pg/ml 16 21 11 18 18 20 10 13

Similarly, ZrO, nanoparticles and green-synthesised Sn-ZrO, nanocomposites were tested for their

antifungal properties against two different fungi, C. albicans and C. tropicalis, as shown in Fig. 10. The
synthesized Sn-ZrO, nanocomposites had strong antifungal activity against C. albicans, but only weak

activity against C. tropicalis. As shown in Table 2, a relatively small amount of green Sn-ZrO,
nanocomposites (20 pg/mL) was sufficient to disrupt the fungal cell membrane and ultimately kill the
fungi. Comparing the antifungal activity of the synthesized Sn-ZrO, nanocomposites to ZrO,
nanoparticles, it demonstrates a greater zone of inhibition of Sn-ZrO, nanocomposites much like the
antibacterial assay. The higher antifungal activity of synthesised Sn-ZrO, nanocomposites was partly
attributed to the smaller particle size attained through sonication. This is because smaller particles have
a larger surface to volume ratio, which permits more drug molecules to be adsorbed on the surface.
These molecules are anticipated to act as a powerful agent in breaking down cell walls (Bruna et al.
2021). The findings show that, in comparison to ZrO, nanoparticles, synthesized Sn-ZrO,

nanocomposites is a more effective antimicrobial agent with a greater potential to kill germs.

Table 2: Zone of inhibition (mm) at different concentrations of green synthesised Sn-ZrO,
nanocomposites and ZrO, nanoparticles against C. albicans and C. tropicalis
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Concentration Zone of Inhibition in mm
C. albicans C. tropicalis
Zr0, Sn-ZrO, Zro, Sn-ZrO,
20ug/ml 4 8 2 4
40 pg/ml 6 9 42 6.5
60 pg/ml 9.2 11 6 8.3
80 pg/ml 11.5 13 9 10.4

Nonetheless, Musa paradisiaca has long been a well-known traditional herb used in medicinal field. Its
exceptional biological potentials are an added benefit, and combined with the potent biological
properties of tin and ZrO,, these properties would greatly encourage the green synthesis of Sn-ZrO,

nanocomposites utilizing this well-known herb. Previous research has also shown that biosynthesised
nanoparticles have potent antimicrobial efficacy than pure chemically synthesized nanoparticles. (Khan
et al. 2020).

Antioxidant activity of Sn-ZrO, nanocomposites

Free radicals are neutralized by an antioxidant substance, which halts the oxidation process. Green
synthesised Sn-ZrO, nanocomposites and ZrO, nanoparticles were tested against DPPH at various

doses in an antioxidant assay (Fig. 11a). Significantly, Sn-ZrO, nanocomposites showed higher radical
scavenging activity than ZrO, nanoparticles, indicating that the inclusion of tin particles improves the

antioxidant nature of nanocomposites by effectively separating electron-hole pairs (Tran et al. 2022).
The findings demonstrated that the Sn-ZrO, nanocomposites inhibits DPPH activity in a dose-dependent

manner, means that radical scavenging assay enhances with the increase in concentration of the
nanocomposites.

The antioxidant experiment was conducted against ABTS using varying quantities of ZrO, nanoparticles
and green synthesised Sn-ZrO, nanocomposites (Fig. 11b). Peels of Musa paradisiaca are rich in

bioactive substances (polyphenols and oils containing essential fatty acids) that may be able to be
scavenged because of their hydroxyl groups (Widoyanti et al. 2023). Similar to DPPH scavenging, dose-
dependent action for ABTS was also observed. At greater concentrations, the green-synthesised Sn-ZrO,
nanocomposites demonstrated stronger activity in blocking the ABTS radical than ZrO, nanoparticles.

Musa paradisiaca peel extract contains phytochemicals, which are well-known for their antioxidant
qualities. Tin and ZrO,'s inherent antioxidant properties also contributes to the extract's increased
scavenging activity, making it more powerful and active. Based on the aforementioned findings, it can be
concluded that the environmentally friendly green Sn-ZrO, nanocomposites, synthesized using Musa
paradisiaca peel extract under ultrasound irradiation, is a more viable option for antioxidant drugs
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compared to ZrO, nanoparticles and serves as a superior alternative to chemically synthesized options.

Plausible mechanism responsible for the different applied dimensions of Sn-ZrO, nanocomposites

Fig. 12 illustrates a plausible mechanism for the application of Sn-ZrO, nanocomposites in the
adsorption potential, antimicrobial activity and antioxidant activity. Through metabolic processes,
biogenic Sn-ZrO, nanocomposites most likely interacts with the membranes and cell walls of bacteria.
They are more likely to produce ROS, which can lead to a variety of problems, including the deactivation
of vital enzyme and protein functions. Consequences include rupture of the cell membrane, cytoplasmic
leakage, damage to proteins, DNA, and mitochondria, and finally, cell death (Kumar et al. 2020). The Sn-
ZrO, nanocomposites, which was created from banana peel extract, demonstrated superior efficacy in

scavenging a range of ROS when tested for antioxidant activity using the ABTS and DPPH free radical
assay (Kumar et al. 2020). The adsorption mechanism of MG dye on nanocomposites surfaces is
influenced by various interactions, which are affected by specific phytochemicals. These include n—-n
stacking interactions between the surface of Sn-ZrO, nanocomposites and aromatic rings of MB,

hydrogen bonding interactions between the functional groups on the nanocomposites surface and the
nitrogen atoms of MG dye, and electrostatic interactions between the positively charged nitrogen atoms
present on the dye and the negatively charged functional groups on the nanocomposites surface (Trieu
et al. 2023).

Conclusion

This work presents the synthesis of Sn-ZrO, nanocomposites by means of a straightforward,

economical, and environmentally sustainable method that employs Musa paradisiaca peel extract as a
bio-reductant under ultrasonic irradiation. The reduction and stability of the nanocomposites were

accomplished using the aqueous peel extract that contained phytoconstituents. The newly synthesized
Sn-ZrO, nanocomposites was characterized by using FTIR, UV-Vis, XRD, and SEM-EDS techniques. The

Sn-ZrO, nanocomposites was tested for antimicrobial and antioxidant properties, and dose-dependent
variation was observed. When compared to ZrO, nanoparticles, the green-synthesised Sn-ZrO,
nanocomposites shown superior biological activities that were comparable to benchmark. It is observed
that Sn-ZrO, nanocomposites possess excellent adsorption capacity than ZrO, for MG dye. The current

sonochemical synthesis process has many benefits, including low temperature, fast reaction times, and
good surface dispersibility of the doped metal, which results in smaller particles with higher yields.
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Figure 1

UV-Vis absorption spectrum for Sn-ZrO, nanocomposites
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Figure 2

FTIR spectrum for green synthesised Sn-ZrO, nanocomposites
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XRD patterns of Sn-ZrO, nanocomposites and ZrO, nanoparticles
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Figure 4

(a) SEM image of Sn-ZrO, nanocomposites with magnification at 500nm; (b) SEM image of Sn-ZrO,
nanocomposites with magnification at Tuym.
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Figure 5

EDS spectrum of green synthesised Sn-ZrO, nanocomposites
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Mechanism for the formation of Sn-ZrO, nanocomposites using banana peel extract
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Figure 9

Green-synthesised Sn-ZrO, nanocomposites and ZrO, nanoparticles exhibit antibacterial activity against
four pathogens: (a) K. pneumoniae, (b) P aeruginosa, (c) B. subtilis, and (d) S. aureus, at varying doses.
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Figure 10

Antifungal activity of green synthesised Sn-ZrO, nanocomposites and ZrO, nanoparticles at different
concentrations against two fungi (a) C. albicans and (b) C. tropicalis
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Figure 11

Comparision of antioxidant activity of green synthesised Sn-ZrO, nanocomposites with bare ZrO, at
different concentrations showing by (a) DPPH and (b) ABST assay
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Figure 12

Plausible mechanism for the applied dimensions of Sn-ZrO, nanocomposites in the fields of adsorption,
antioxidation and antimicrobial potential.
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