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Abstract

The Green synthesis of Silver oxide Nanoparticles serves as an eco-friendly route using phytochemical from plant extract for reduction,
capping and stabilization of nanoparticles. This review highlights the biosynthesis via petals of flowers, leaves, stem and root extract from
herbal plants, focusing their role as bio-reducing agents. Essential variables include the extract concentration, pH, temperature and reaction time
characterized by UV-Vis, XRD, FT-IR, TEM analysis revealing crystalline size with unique morphologies. Herbal part indicated flower extract
yields spherical nanoparticles, leaf & stem extract yields broad spectrum in anti-oxidant activity and root extract yields potential cytotoxic result
from alkaloid and terpenoid. The scope of nanoparticles includes biomedicine, environmental remediation and agriculture. This overview
demonstrated green nanotechnology’s potential for sustainable solution.
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Introduction

The word “Nano” describes itself intern and nanometer range between 10 and 100nm formulated from decades. The unique size and
extended surface area paved new way for new brand applications. The nature of toxicity depends on the optimization and size of the
nanoparticles. The Silver oxide nanoparticles is also called as p-type semiconductor which possess higher bandgap than bulk material with
respect to lack of space between the energy levels. [4]. In addition to different metal oxide nanoparticles, Silver oxide nanoparticles are one of
the most familiar branch of metal oxide nanoparticles with its distinct uses. Even though the nanoparticles possess large surface with quantum
size of crystals. The synthesized nanoparticles possess significant effect because of physicochemical characteristics of the material is largely
affected by their varied crystal size [32]. The plant part such as flower, fruit, stem, leaf and root possess various phytochemicals and biomolecules
such as polyphenols, flavonoids, alkaloids, tannins, terpenoids, saponins, proteins, enzymes, vitamins and polysaccharides take over the
responsibility in converting metal ions into metal oxide nanoparticles [17]. The physical and chemical methods for fabrication of metal oxide
nanoparticles are valuable and threatening to our lives. “Green chemistry suggests numerous strength when compared to physical and chemical
method of nanoparticles because of their environment friendly nature and implementation. The green method of chemistry is essential and safe
approach which can be used to synthesize silver oxide nanoparticle with unique morphology, size and shape[10]. The metal oxide nanoparticles
are highly relevant to industrial applications of applied nanoscience, extensively utilized in diverse industries, in addition to textile, food, health,
agriculture and cosmetics[32]. Amongst various synthesis methods such as physical, chemical and biological routes this review analyzes the
environment friendly biological synthesis method for the fabrication of metal oxide nanoparticles from flower, root, leaves and stem etc. The
essential characterizations and applications of metal oxide nanoparticles are explored with great attention to get visible knowledge.
Nanoparticles synthesis methods

To completely leverage the capacity of Silver oxide nanoparticles from herbal resources, it is essential to understand their fabrication
and characterization methods. The nanoparticles with perfect crystal size are synthesized by the subsequent three methods
Physical methods : The synthesis which facilitates to yield pure nanoparticles without using extra reagents is known as Laser ablation method.
This method controls the shape and size of synthesized nanoparticles by proper excitation and managing the parameters during the process. This
method is quite frequently used by various researchers to improve the quality of the nanoparticles. The nanoparticles synthesized by this method
is used as a bactericidal agent which was demonstrated by various researchers including gram-positive and gram-negative bacteria. [31]
Chemical methods : Hydrothermal method of fabrication is an approach which depends on the reaction carried out within the solution. In general,
this process involves the material preparation through varying temperature from room temperature to high temperature mixture of solution. This
process purely depends on the controlling of vapor pressure to analyze the morphology of the synthesized material. The synthesized nanoparticles
are not stable at extreme temperature. It is involved in the production of nanowires, tubes and complex oxides. [6]

Biological method : Green synthesis methodologies relies on the natural reducing agent from the plant extract through various parameters such
as solvent, temperature, pH condition. In this method biological sources like plants, fungi, starch and bacteria can be chosen as reducing agent
to convert metal ions into metal oxide nanoparticles. [6]

Literature study on Green approach

Leaves based Silver oxide nanoparticles :

Abdulmaleek et al., (2023) reported the synthesized nanoparticles were spherical with size ranges between 20-100 nm by the SEM
analysis. The elemental composition of silver oxide nanoparticles was Ag(80%), O (10.26%) and C (9.74%) revealed by EDX spectroscopy.

Abhasi et al., (2020) synthesized the silver oxide nanoparticles using aqueous and ethanolic leaves extract as reducing agent. The
synthesized nanoparticles were investigated for anti-cancer potential and exhibited 79.4% scavenging activity and 87.54% brine shrimp assay
against HUH-7 and HepG2 cell line.

Archana et al., (2020) revealed the face centered cubic structure of nanoparticles by XRD analysis. It highlighted their potential in
fuel cells, sensor due to their semiconducting properties.

Asif et al., (2024) fabricated the chemical and green synthesis of silver oxide nanoparticles using Datura innoxia leaves. The green
synthesized nanoparticles exhibited small size, spherically agglomerated shape, high anti-cancer and anti-viral activity compared to chemically
synthesized silver oxide nanoparticles.

Dhoondia et al., (2012) investigated the synthesis of metal oxide nanoparticles using Lactobacillus mindensis from an X-ray
photographic labroratory. The biosynthesized nanoparticles are considered safe for human medical application like coating of catheters or wound
dressing etc.

Fayyadh et al., (2021) investigated the surface morphology and size of nanoparticles using FE-SEM method. The synthesized metal
oxide nanoparticle have shown excellent anti-microbial activity against the tested microbe’s strain.

Iqgra et al., (2023) synthesized nanoparticles represented the complete removal of malachite green in the presence of persulfate ion.
Photocatalysis method acted as a good eliminator of toxic organic pollutant from the environment.
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Korkmaz et al., (2021) revealed the microwave assisted silver oxide nanoparticles with good absorbance peak and crystallite size. The
nanoparticles showed widespread usage in medical polymers and nano drugs.

Latif et al., (2023) studies showed the anti-leishmanial activity of synthesized nanoparticles was significant with good inhibitory
concentration. The physicochemical parameters were analyzed using TGA, FT-IR and Zeta potential.

Mahadevan et al., (2023) investigated the photoluminescence and optical properties of synthesized nanoparticles revealed distinct
emission peak with strong absorption. The silver oxide nanoparticles have great impact in controlling and preventing infections.

Mohanaparameswari et al., (2024) revealed the energy band gap and morphology of the nanoparticles synthesized from leaves extract
as stabilizing agent. The anti-bacterial activity of synthesized nanoparticles from P. amboinicus have better activity with good inhibition zone
than S. trilobatum.

Muruganantham et al, (2019) exhibited the higher concentrated nanoparticles have sheet shaped appearance whereas lower
concentration showed spherical shaped nanoparticles. The anti-bacterial activity of E. coli and S. aureus are also evaluated.

Pradeesh et al., (2020) synthesized nanoparticles by chemical precipitation using herbal extract and silver nitrate solution. It reveals
that the increase in concentration of nanoparticles increases the anti-cancer efficiency.

Redijili er al., (2024) evaluated the anti-microbial test and demonstrated the effectiveness of silver oxide nanoparticles against both
gram-positive and gram-negative bacteria. The photocatalytic test revealed moderate efficiency with synthesized silver oxide nanoparticles in
dye degradation.

Saka et al., (2024) synthesized polycrystalline and rod shaped nanoparticles using P. macrosolen leaves extract. The prepared
nanoparticles was highly sensitive to E. coli than S. aureus.

Shirazi et al., (2022) bioengineered the silver oxide nanoparticles with the use of ultrasonic irradiation and the prepared leaves extract.
The ultrasound introduced nanoparticles gave a uniform and spherical shaped nanoparticles than heating method.

Sultan et al., (2023) evaluated the strong cytotoxicity of the nanoparticles using breast cancer cell line (MCF-7) and concluded that it
can be used for treating many infectious disease and cancer.

Ullah et al., (2023) bio-synthesized multifunctional silver oxide nanoparticles which exhibited excellent anti-microbial efficiency. The
a-amylase inhibition reported 66% inhibition in cyto-toxicity assay.

Widyaningtyas et al., (2018) fabricated the silver oxide nanoparticles using V. amygdalina extract as bio-reductant. The designed metal
oxide nanoparticles degraded 71.59% of methylene blue in the photocatalytic activity.

Flower and Fruit based Silver oxide nanoparticles :

Abad et al., (2023) proposed the significance of pomegranate peel extract through the synthesis of silver oxide nanoparticles. The
synthesized nanoparticles revealed effective zone of inhibition against four bacterial strain and one fungus strain.

Hattab et al., (2025) developed nanoparticles from Hibiscus flower extract. The synthesized cubic crystal can be used in catalysis,
biomedical device for sustainable nanotechnology.

Mahlambi et al., (2022) investigated the starch-capped silver oxide nanoparticles. The synthesized nanoparticles exhibited absorbance
peak between 350-366 nm and particle size ranged between 2- 14 nm which was characterized by UV-Visible and TEM analysis.

Miranda et al., (2024) synthesized nanoparticles exhibited the Zeta potential at -10.2mV with electrostatic repulsion between them.
It exhibited potential anti-bacterial effect against both non-resistant and multi-drug resistant strains.

Zareiyan et al., (2023) investigated the morphology of nanoparticles using Opuntia humifusa fruit extract. The total phenol content,
flavonoid and anthocyanin content were evaluated and found to be high in extract solution.

Stem and Root based Silver oxide nanoparticles :

Ghmari et al., (2021) reported the green synthesis of silver oxide nanoparticles with spherical shape and crystalline nature. The FT-IR
spectroscopy revealed that the functional groups in the extract are responsible for the stability of nanoparticles.

Ismail et al., (2019) evaluated the anti-leishmaniasis activity of synthesized silver oxide nanoparticles. the nanoparticles showed
significant effect on the parasite growth compared to anti-leishmanial drug leishmania donovani.

Kalaivani et al., (2024) reported the anti-bacterial activity of synthesized silver oxide nanoparticles. The face centered cubic crystal
of nanoparticles was revealed by X-ray diffraction spectroscopic studies.

Manikandan et al., (2017) investigated the use of silver oxide nanoparticles using Ficus root extract as a stabilizing agent. This
suggested that the nanoparticles will be useful in toothpaste as germicidal agent after extensive investigation.

Muhammad et al., (2023) compared the anti-inflammatory properties of synthesized silver oxide nanoparticles against standard
pharmacological drugs. The results revealed that the silver oxide nanoparticles are compatible with diclofenac sodium and can cure inflammation
related diseases.

Sujatha et al., (2023) investigated the green synthesis of silver oxide nanoparticles using Diospyros Montanna bark extract. This study
highlighted the significant effect against hepatocellular(HepG2) carcinoma cell through autophagy and decreased mitochondrial membrane
potential.

Conclusion

In conclusion, the synthesis of silver oxide nanoparticles offers various advantages in terms of safety, cost-effectiveness and
sustainability. Green resources acts as reducing and stabilizing agent for the fabrication of controlled nanoparticles. This paper exhibits both
natural and artificial synthesis of silver oxide nanoparticles using different methods. The future prospect of plant-mediated nanoparticles
fabrication includes a laboratory work for characterizations and elucidation of phytochemicals involved in the synthesis of nanoparticles using
this bioinformatics tools.
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