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Abstract

Metallic nanoparticles (NPs) turned up as indispensable tools across world due to their
unique properties and functionalities. Metallic NPs can be classified as monometallic
(MNPs) or bimetallic (BNPs) based on the number of metal ions they contain. BNPs are more
applicable than MNPs due to their enhanced properties caused by size, quantum and
surface effects.Developing reliable, eco-friendly and sustainable methods for NPs synthesis
is essential for advancing nanotechnology and expanding its applications. Nowadays the
widespread applications of metal NPs are hindered by the limitations of traditional physical
and chemical synthesis methods, which often involve exorbitant costs, ecological hazard and
complex operational procedures.Green synthesis involves using plant extracts containing
various plant parts to create NPs.This review explores the current scenario of synthesis,
morphology and applications of plant mediated synthesised monometallic and bimetallic
nanoparticles within the field of green nanotechnology.Green-synthesized MNPs as well as
BNPs have diverse applications in biomedicine, healthcare, environment, agriculture and
catalysis.

KEYWORDS: Green synthesis, plant-based synthesis, metallic nanoparticles,
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INTRODUCTION

Nowadays, science is growing very rapidly, whereas nanoscience has proved to
be the greatest and fastest growing multidisciplinary field in recent years for the
future developments. Synthesis of novel nanostructures has been an emerging and
potential aspect of research around the world. Nanoscience can be defined as the
study of manipulating materials at nano scale specifically ranging from 1 to 100 nm
(or more precisely, 0.2 to 100 nm) to produce advanced structures, materials and
devices [1]. Nanomaterials manifest exclusive characteristics that are distinct from
bulk materials because of their nanoscale dimensions and larger ratio of surface-
to-volume. With exceptional properties, nanotechnology offers vast opportunities
for innovation across fields like biomedicine, health care and drug delivery [2],
agriculture and food processing [3], pollution remediation, environmental
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sustainability [4], catalysis [5]. Nanotechnology, often seen as the universal
technology of the 21st century, is poised to address many long-standing challenges.
The unique properties of nanoparticles are closely tied to their size, shape, and
morphology, allowing for synthesis in varied forms like spheres, rods, prisms,
cubes, and hexagons. (scheme 1).Interest in nanoscale materials originates from
their unique properties at this scale, which vary with size and shape. By simply
modifying methodologies, the ability to control the shape of synthesized
nanostructured materials unlocks exciting possibilities for various applications. In
other words, how big or small these particles are and the specific configurations
they adopt, significantly influence their behaviour. Traditionally, nanoparticles have
been synthesized using harsh chemicals and energy consuming processes. That’s
why a greener approach is procuring momentum nowadays. However, growing
concern for environmental impact has driven the evolution of green synthesis
methods.

Green synthesis of nanoparticles uses eco-friendly methods to reduce waste
and rely on renewable resources. This approach often utilizes biological materials,
including (a) plant parts and extracts, (b) microorganisms such as bacteria, yeasts,
fungi, or algae, and (c) natural compounds like sugars, proteins, and membranes to
aid nanoparticle formation. Among various green synthesis methods, this review
focuses on the use of plant extracts for the production of metallic nanoparticles.

Oval-shaped
Nanoparticle

[=} .0 [=) Spherical

Nanoparticle

Q A
o 9 Hexagonal ‘
o a Nanoparticle

o®
+

& Pentagonal
‘ ' Rod-shaped Nanoparticle

~’ Nanoparticle
s

@ | core-shell
000 Manoparticle

z3

i
** 9
4
*’** :

S il % Anticance
Biumedicall - ™

" Environment )\ Microbial/

Scheme 1: Diverse shapes of metal nanoparticles and their applications in numerous fields
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This green synthesis method uses plant extracts from various parts of plants,
offering an eco-friendly alternative for nanoparticle production.Recently, it has
gained attention for reducing the environmental impact associated with
conventional methods, which often involve hazardous chemicals and energy-
intensive process.Plant extracts serve dual roles as reducing and stabilizing agents
[6], facilitating metal ion transformation into metal nanoparticles(Scheme 2) while
preventing aggregation, resulting in stable nanoparticles with controlled size,
shape, and surface properties.

Green synthesis produces biocompatible nanoparticles, well-suited for
biomedical and environmental applications. This method offers multiple
advantages: it’s environmentally friendly, cost-effective due to the use of accessible
biological resources, scalable for large production, and allows property
customization. By adjusting biomaterials and synthesis conditions—like reducing
agent concentration, precursor levels, and mixing methods—researchers can fine-
tune nanoparticle size, shape, and surface chemistry for targeted uses. Various
plant parts, including leaves [7], stems [8], barks [8], roots [9], seeds [9] and fruits
have been employed for the synthesis of metal nanoparticles [10].

Scheme 2: Plant extract mediated synthesis of metal nanoparticles from metal precursors

METALLIC NANOPARTICLES

The world of metallic nanoparticles evolves beyond single elements. Metallic
nanoparticles come in various flavours, categorized by their composition:

Monometallic: These consist of a single type of metal.

Bimetallic: Two different metals are combined to form the nanoparticle.
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While monometallic nanoparticles are valuable, research shows that bimetallic
nanoparticles often surpass them in performance, supporting the synergistic
effects of multiple metals. This synergy enhances functionality and allows tailored
properties, as metal combinations and ratios are carefully chosen for specific
applications. This rapidly advancing field holds tremendous promise, particularly in
catalysis, electronics, and medicine, with ongoing research likely to unlock further
groundbreaking applications and insights.

MONOMETALLIC NANOPARTICLES

Monometallic nanoparticles, composed of a single type of metal atom, serve as
foundational elements in the nanoparticle field. Despite their simplicity, they offer
significant potential due to their adjustable properties [11].

A. Ag Nanoparticles

Silver nanoparticles (AgNPs) are renowned mainly for their antimicrobial
properties and wide range of applications in medicine and environment. A variety
of plant parts were used to synthesize AgNPs through green methods (Table 1). For
the synthesis of AgNPs, silver Nitrate [AgNOs] solution is commonly used as a
precursor. Spherical nanoparticles, with their minimal surface area, exhibit
thermodynamic stability. This makes them a common and preferred shape in
various applications.Spherical AgNPs synthesized using aqueous extract of different
plant source like Ocimum sanctum (tulsi) aqueous leaf extract [12], Camellia
sinensis (Chinese tea) [27](Figure 1) are very common.Spherical Ag nanoparticles
can also be synthesized from alcoholic leaf extracts of Eugenia roxburghii DC
(roxburg cherry) [31] and Paulownia Tomentosa (princess tree) [32]. Additionally,
leaf biomass powder from Nigella sativa (Kalonji) [33] and latex from Anogeissus
latifolia (gum ghatti) [34] serve as effective reducing agents for AgNP synthesis.
Mostly spherical AgNPs can be obtained from several fruits like Prunus armeniaca
(apricot) [36], flowers like Jasminum nudiflorum (winter jasmine) [38], Tagetes
erecta (marigold) [39], Achillea biebersteinii (yellow milfoil) [40], seeds like Pistacia
atlantica (Atlantic pistachio) [42]. Besides spherical AgNPs, different shapes like
cubic, oval and triangular, hexagonal AgNPs (Figure 2) can also be obtained from
different plant source [36, 40, 43, 44].
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Fig. 1: Monodisperse Ag nanoaprticles (Ref. 27. Copyright 2012, Dovepress)

Fig. 2: TEM analysis of hexagonal Ag nanoparticles from Rumex hymenosepalus (Ref. 43.
Copyright 2013, Springer)

Table 1: Plant based green synthesis of Ag nanoparticles

Plant Extract Reducing Size Morphology  Applications References
Agent (nm)
Ocimum Leaves 3-20 Spherical Biomedical Mallikarjuna
sanctum (tulsi) Extract (averag Materials etal. [12]
(aqg.) e size
9.5)
Ecliptaprostrata Leaves 35-60, spherical larvicidal Rahumanet
(False Daisy) Extract (averag activity al. [13]
(aq.) e size
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+45)
Eclipta Leaves 2-6 Spherical Ecofriendline  Jha et al. [14]
Extract (averag ss and
(aq.) esizet amenability
3.62)
Panax ginseng Leaves 5-15 Spherical Antimicrobial Sing et al.
(Korean Extract agent [15]
gingseng) (aq.)
Terminalia Leaves 10-30 Spherical Anti-Bacterial Raoetal. [16]
chebula Extract activity
(haritaki) (aq.)
Curcuma longa Leaves 15-40 Spherical Antimicrobial  Maghimaa et
(turmeric) Extract potency al. [17]
(aq.)
Acalypha indica Leaves 20-30 Spherical Inhibitory Mohan et al.
(Harita Extract activity [18]
Manijari) (aq.) against water
borne
pathogens
Artocarpus Leaves 15-25 Spherical Medicinal Nande et al.
Heterophylus Extract and cosmetic [19]
(Jack Fruit) (aq.) purpose
Musa Leaves up to Spherical, Antimicrobial Das et al. [20]
balbisiana Extract 200 triangles, potency
(banana) and (aq.) pentagons,
Ocimumtenuifl hexagons
orum (black
tulsi)
Enicostemmaax Leaves 15-20 Spherical Biomedical Raj et al. [21]
illare (Indian Extract Materials
whitehead) (aq.)
Citrullus Leaves 31 Spherical Antimicrobial ~ Satyavani et
colocynthis Extract , wound al. [22]
(bitter apple) (aq.) healing
potency
Nelumbo Leaves 25-80, Spherical, larvicidal Santhoshkum
nucifera (lotus) Extract (averag triangle, activity aretal. [23]
(alc.) e size truncated
+45) triangles,
decahedral
Aloe vera Leaves 15.2+ Spherical Cancer Ahmad and
Extract 4.2 hyperthermi Sastry et al.
(aq.) a [24]
Aloe vera Leaves +30 Spherical therapeutic Ashraf et al.
Extract role in [25]
(aq.) diabetes-
related
complication
s.
Sapindusmukor Leaves 20-40 Spherical SERS active Suret al. [26]
ossi(Reetha) Extract (averag substrate for
and Acacia (aq.) e size rapid
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concinna 30) detection of
(shikakai) harmful
bacteria
Camellia Leaves 2-10 Spherical Medicinal Raduet al.
sinensis Extract (averag activity [27]
(Chinese tea) (aq.) e size
+4.06)
Honey Aqueous Average Spherical economic Philipet al.
Extract sizet4 viability [28]
Cucumis Leaves 30-50 Spherical, antibacterial ~ Tejavathet al.
Prophetarum Extract ellipsoidal activity [29]
(wild gourd) (aq.)
MurrayaKoenig Leaves 20-40 Nanobun Anti-Bacterial ~ Ankamwaret
i (Curry Leaf) Extract (averag activity al. [30]
(aq.) esize +
30)
Eugenia Leaves 19-39 Spherical Anti-Bacterial  Acharya et al.
roxburghii DC Extract (averag activity [31]
(roxburg (alc.) esize +
cherry) 24)
Paulownia Leaves 10-45 Spherical antioxidant Hernandez-
Tomentosa Extract (averag activity Martinezet al.
(princess tree) (alc.) esize + [32]
25)
Nigella sativa leaf average Spherical, Agricultural  Amooaghaiee
(Kaloniji) biomass size + angular tal. [33]
powder 15
Anogeissus 0.5% Latex 316+ Spherical, Anti-Bacterial Beeduet al.
latifolia (gum powder 21.7 polydisperse activity [34]
ghatti) 0.1% Latex
powder 5.7+
0.2
T. chebula Fruit Average Spherical Anti- Sachivkinaet
(haritaki) extract size + Bacterial, al. [35]
50 antioxidant
activity
Prunus Fruit Less Spherical, Free radical Dauthalet al.
armeniaca extract than 20 Triangular scavenging [36]
(apricot) activity
Abelmoschus Flower 5.52- Spherical Anticancer Devanesanet
esculentus extract 31.96 and al. [37]
(lady’s finger) (averag antimicrobial
e size activity
16.19)
Jasminum Flower 11-78 Spherical Antifungal, Peng et al.
nudiflorum extract (averag antioxidant [38]
(winter e size activity
jasmine) 25)
Tagetes erecta Flower 10-90 Spherical, Antimicrobial ~ Chandaet al.
(marigold) Extract (averag hexagonal [39]
e size
46.11)
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Achillea Flower 5-35 Spherical, Anti- Namvar et al.
biebersteinii Extract (averag Pentagonal, Angiogenic [40]
(yellow milfoil) e size hexagonal activity
12.58)
Canna indica Flower 28.7- Spherical Anti- Cheng et al.
(Canna lily), Extract 5.5 Bacterial, [41]
Cosmos antioxidant
bipinnatus 33.5to activity
(Cosmos), 44.4
Lantana
camara
(Lantana) 21.1to
30.2
Pistacia Seed 10-50, Spherical Anti-Bacterial  Sadeghi et al.
atlantica extract (averag activity [42]
(Atlantic e size
pistachio) +36)

Rumex Root 2-40 Hexagonal Antioxidant IRiguez-
hymenosepalus extract activity Palomares et
(wild rhubarb) al. [43]
Syzygiumcumin Seed and 36-77 Oval and Antimicrobial Bernardo et

i (jamun) flower cylindrical activity al. [44]
Extract

B. Au Nanoparticles

Au nanoparticles (AuNPs), known for their biocompatibility have found
widespread applications in medical diagnostics and drug delivery. Their ability to
bind with biomolecules enables targeted therapies and imaging techniques. Table.
2 summarizes the plant-based synthesis of AuNPs. The concentration of precursor
can significantly influence the size of synthesized spherical AuNPs (Figure 3) for
Acorus calamus (sweet flag) [45] extract mediated synthesis of AuUNPs. Beside this,
some spherical AuNPs can be synthesised from leaf extract of Coreopsis lanceolata
(tickseed) [46], fruit extracts of Areca catechu nut (Supari) [47], Ananas comosus
(pineapple) [48], pomelo (Citrus maxima) [50], Couroupita guianensis (cannonball)
[55].
japonica (Japanese honeysuckle) [53], peel extracts of Annona squamosa (custard

Flower extracts of Gnidia glauca (Fish Poison Bush) [52], Lonicera

apple) [54], and stem extracts of Maytenusroyleanus (prickly spike thorn) [56] can
be employed to obtain different shaped AuNPs.
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Fig. 3: SEM images of Au nanoparticles obtained from (a) 0.001 M and (b) 0.01 M
chloroauric acid (Ref. 45. Copyright 2019, Elsevier)

Table 2: Plant based green synthesis of Au nanoparticles

Plant Extract Reducing Size Morphology Applications References
Agent (nm)
Acorus Rhizome Average Spherical Antibacterial Prabu et al. [45]
calamus (sweet Extract size 10 andUV blocking
flag) activity
Coreopsis Leaf Size Spherical Agriculture Thakur et al. [46]
lanceolata Extract range
(tickseed) 20-30
Areca catechu Fruit Average Spherical Catalytic, Philipet al. [47]
nut (Supari) Extract size antioxidant,
13.75 antibacterial,
anticancer activity
Ananas Fruit 5-20 Spherical, Antibacterial Umadeviet al. [48]
comosus Extract (average  decahedron, activity
(pineapple) size little triangles
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+16)
Benincasa Peel Average Spherical In-vitro Khafagyet al. [49]
hispida (ash Extract size cytotoxicity
gourd) (aq.) 2218+ against human
2 cervical cancer cell
Pomelo (Citrus Fruit Average  Spherical, rod Nanocatalytic Chiet al. [50]
maxima) Extract size activity against
25.77+ organic pollutant
10
Polianthes Flower Average Spherical Antagonistic Rajkuberanet al. [51]
tuberosa Extract size activity
(tuberose) 38.76
Gnidia glauca Flower Average Spherical, Nanocatalytic Chopadeet al. [52]
(Fish Poison Extract size 10 hexagonal, activity against
Bush) pentagonal organic pollutant
Lonicera Flower 10-20 Spherical, Anticancer activity Kim et al. [53]
japonica (Japan Extract Average triangular, on Hela cells
ese size 40 few
honeysuckle) hexagonal.
Annona Peels 5+2 Spherical Nanocatalytic Guttenaet al.
squamosa Extract activity against [54]
(custard apple) (aq.) organic pollutant
Couroupita Fruit Average Spherical, Antioxidant Sivaramakrishnan et
guianensis Extract size 7- triangular, potency al. [55]
(Cannonball) 48 tetragonal,
pentagonal
with irregular
contours
Maytenusroyle Stem Average Hexagonal Antileishmanial Ahmadet al. [56]
anus (prickly extract size 30 activity
spike thorn)
Zingiber Rhizome 5-53 Spherical Antimicrobial, Guibalet al. [57]
officinale Extract (average Antioxidant, In
(ginger) size Vitro Cytotoxic
15.11 +
8.5)

C. Cu Nanoparticles

Copper nanoparticles (CuNPs), an affordable metal are valued for their catalytic
efficiency and antimicrobial properties, making them essential in environmental
and industrial applications. Mainly spherical CuNPs can be formed from leaf extract
of Ecliptaprostrata (false daisy) [58], seed extract of Punica granatum
(pomegranate), flower extract of Eichhornia crassipes (water hyacinth) [62],
rhizome extract of Zingiber officinale (ginger) and Curcuma longa (tumeric) [64]
(Table. 3).
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Table 3: Plant based green synthesis of Cu nanoparticles

Plant Extract Reducin Size Morphology Applications References
g (nm)
Agent
Ecliptaprostrata Leaves 28-45, Spherical Antioxidant and Chunget al. [58]
(false daisy) Extract average cytotoxic
size
36+1.2
Magnolia Kobus Leaves 37-110 Spherical Antibacterial activity Kim et al. [59]
(japanese Extract
magnolia)
Punica granatum Seed 40-80 Spherical Photo-catalytic Bibiet al. [60]
(pomegranate) Extract Average activity against
size 43.9 organic pollutant
Punica granatum Peel 15-20 Spherical Antimicrobial Kaur et al. [61]
(pomegranate) Extract activity
Eichhornia Flower 12-15 Spherical Detection of Royet al. [62]
crassipes (water Extract hazardous H,0,
hyacinth)
Ziziphus spina- Fruit 5-20 Spherical Antibacterialpotenc Khaniet al.
christi (L.) Willd Extract Average y [63]
(Christ's Thorn) size 9
Zingiber Rhizome  Average Spherical Antibacterial Varghese et al. [64]
officinale Extract size 20- potency
(ginger) and 100
Curcuma longa
(tumeric)
Citrus sinensis Fruit Average Globular Antibacterial Isildak et al. [65]
(sweet orange) Extract  size 10.2 potency
Alstoniascholaris Leaves . Triangular, Antimicrobial Labaranet al. [66]
(Blackboard tree)  extract cylindrical, activity
polygonal

D. Co Nanoparticles, Pd Nanoparticles Pt Nanoparticles, Fe Nanoparticles,

Ni Nanoparticles, Se Nanoparticles
This section briefly discusses the green synthesis methods for various

nanoparticles, including cobalt (CoNPs), palladium (PdNPs), platinum (PtNPs), iron

(FeNPs), nickel (NiNPs), and selenium (SeNPs) nanoparticles.

CoNPs are highly regarded for their magnetic properties and catalytic efficiency,

particularly in energy storage and biomedical applications. Few references (Table.
4) are available that report on the green synthesis of CoNPs to date. Palladium
nanoparticles (PdNPs) exhibit unique properties that make them valuable for
various applications exclusively in catalysis. Here, Terminalia chebula (black
myrobalan) extract can be used to synthesize unique triangular and pentagonal
PdNPs (Figure 4) [74]. Platinum nanoparticles (PtNPs) are prized for their
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exceptional catalytic activity, making them crucial in fuel cells and various chemical
reactions. Iron nanoparticles (FeNPs) are recognized for their magnetic properties,
medicinal uses, and effectiveness in environmental remediation. Nickel
nanoparticles (NiNPs) are powerhouses packed into a tiny package. Selenium
nanoparticle (SeNPs) is a vital micronutrient for the health of humans, animals, and
microorganisms. Table. 5, Table 6, Table. 7, Table.8 and Table. 9 respectively
document data on the size, morphology, and applications of PdNPs, PtNPs, FeNPs,
NiNPs, and SeNPs.

Table 4: Plant based green synthesis of Co nanoparticles (CoNPs)

Plant Extract Reducing  Size Morphology Applications References
Agent (nm)

Trianthemaportulacastrum Leaf - Spherical, Antimicrobial, Prakash et al.
(Desert horsepurslane) Extract monodispersed antioxidant [67]
activity
Sechium edule (chayote) Fruit 13.2—- Prism Antibacterial Golderet al.
Extract 26.4 activity [68]
Mangifera indica (mango) Leaf 25— Cubic, lons detection  Okwunoduluet
Extract 40 pentagonal in Industrial al. [69]
Wastewater

Table 5: Plant based green synthesis of Pd nanoparticles (PdNPs)

Plant Extract Reducing Size Morphology Applications References
Agent (nm)
Anogeissus latifolia Latex Average Spherical Antibacterial, Kora et al. [70]
(gum ghatti) Powder size 4.8 environmental
16 remediation of
organic
compounds
Piper longum (Indian Fruit 5-40 Spherical Environmentally ~ Nasrollahzadehet
long pepper) Extract friendly al. [71]
recyclable
catalyst
Catharanthus roseus Flower Average Spherical Photo-catalytic Ramalingamet al.
(Madagascar Extract size38 + activity against [72]
periwinkle) 2 organic
pollutant
Origanum vulgare Leaves 2-20, Spherical Catalytic activity Adilet al. [73]
(oregano) Extract average
size
~2.2
Terminalia chebula Fruit Below Hexagonal, Catalytic activity ~ Mandalet al. [74]
(black myrobalan) Extract 100 triangular
Chrysophyllumcainito Leaves _ Nanoflower Catalytic activity Majumdar et al.
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(Star apple) Extract against organic [75]
pollutant
Table 6: Plant based green synthesis of Pt nanoparticles (PtNPs)
Plant Extract Reducing Size Morphology Applications References
Agent (nm)
Sechium edule Fruit 28.6 Nanospheres Antibacterial Golder et al.
(chayote) Extract activity [68]
Bacopa monnieri Leaf 5-20 Spherical Antioxidant, Nelloreet al.
(Brahmi) extract neuroscience [76]
activity
Quercus glauca (ring- Leaf 5-15 Spherical Water Chenet al. [77]
cupped oak) Extract remediation
Gloriosa superba (fire Tuber 0.8-3 Spherical Anticancer Rokadeet al.
lily) Extract activity [78]
JatropaGlandulifera Leaf Below Spherical, Antibacterial Jeyapaulet al.
(glandular jatropha) Extract than dodecahedron, activity [79]
100 cubic
Anacardium Leaf _ Irregular rod Catalytic Philipet al. [80]
occidentale (cashew) Extract activity against
organic
pollutant

Table 7: Plant based green synthesis of Fe nanoparticles (FeNPs)

Plant Extract Reducing Size Morphology Applications References
Agent (nm)
Terminalia arjuna Bark 20-80 Globular Catalytic activity Manjannaet al.
(Arjun tree) Extract against organic [81]
pollutant
Artocarpus Peel average Spherical Catalytic activity Srivastavaet al.
heterophyllus Extract size ~33 against organic [82]
(jackfruit) pollutant
Arachis hypogaea Skin 25-77 Spherical Water Chen et al. [83]
(red peanut) Extract Average remediation
size 43.5
Phoenix dactylifera 58-79 Spherical Antibacterial Qadiret al. [84]

(date palm)

activity

Table 8: Plant based green synthesis of Ni nanoparticles (NiNPs)

Plant Extract Reducing Size Morphology Applications References
Agent (nm)

Ocimum sanctum Leaf 12-36 Spherical, Dye and Palanivel et al.

(holy basil) Extract polygonal, pollutant [85]
cylindrical adsorption

Zingiber officinale Rhizome 74.85+2.5 Spherical Biomedical and Abdullahet al.
(Ginger) Extract environmental [86]
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Azadirachta indica Leaf 17-77 Spherical Anticancer Mariamet al.
(neem) and Extract activity against [87]
Psidium guajava HT-29 colon
(guava) cancer cell
Peumusboldus Leaves 15-20 Spherical Antibacterial Taset al. [88]
(boldo) Extract activity
Citrus paradise Peel 50-70 Spherical Catalytic activity Kiranet al. [89]
(grapefruit) Extract against organic
pollutant

Table 9: Plant based green synthesis of Se nanoparticles (SeNPs)

Plant Extract Reducing Size Morphology Applications References
Agent (nm)
Allium sativum (garlic) Bulb 21-50 Spherical Antimicrobial Jirasripongpunet
Extract activity al. [90]
Ceropegia bulbosa Tuber Average Spherical Antimicrobial, Cittrarasuet al.
(lantern flower) Extract size 55.9 larvicidal [91]
activity
Syzygium nervosum Leaf 50-200 Spherical Antimicrobial Laet al. [92]
(cleistocalyxoperculatus) Extract activity
Trigonella foenum- Seed 50-150 Oval Anticancer Ramamurthyet
graecum (fenugreek) Extract activity al. [93]
Citrus paradise Fruit . . Antibacterial Alviet al. [94]
(grapefruits) and Citrus Extract activity

limon (lemons)

BIMETALLIC NANOPARTICLES

In recent years, bimetallic nanoparticles featuring alloy or core-shell structures
have garnered significant interest. This attention stems from their potential
applications across various fields such as catalysis and medical science. Therefore,
leveraging our "Nature" (mainly plants) is crucial for the development of nontoxic,
environmentally friendly and cost-effective green methods to synthesize bimetallic
nanomaterials. Here are a few instances showcasing environmentally friendly
methods for producing bimetallic nanoparticles (NPs). Bimetallic Ag-Au and Au-Ag
nanoparticles are composed of a combination of silver (Ag) and gold (Au) atoms.
Their structure and arrangement can vary, forming either core-shell structures
(with one metal at the core and the other forming an outer shell) or alloyed
structures where the two metals are uniformly mixed. This combination enhances
their optical, catalytic, and biocompatible properties, making Ag-Au nanoparticles
valuable in fields like biomedicine, catalysis, and environmental sensing. Table 10
provides an overview of studies documenting various bimetallic nanoparticles like
Ag-Pt, Ag-Pd, Au-Pd, Au-Pt, Pt-Co nanoparticles.
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Table 10: Plant based green synthesis of bimetallic nanoparticles (BNPs)

Plant Extract Reducing Size Nanoparticles Applications References
Agent (nm) type &
Morphology
Solidago canadensis Leaf Average Ag-Au Cytotoxic against rat Bothaetal.[95]
(Canada goldenrod) Extract size ~15 Spherical, hepatoma cells and
triangular, rod HuTu-80 (human
intestinal) cell
Stigmaphyllonovatum Root 9.1- Ag-Au Anticancer potential Elemikeet al.
(amazonvine) Extract 20.4 Triangular [96]
Average
size ~¥15
Asparagus racemosus Root 10-50 Ag-Au Antibacterial and Aminaetal.[97]
(Shatavari) Extract Spherical Immunomodulatory
Potentials
Artocarpus Latex Average Ag@AuSpheri Antibacterial and Sundarrajanet
heterophyllus Extract size ~15 cal antioxidant activity al.[98]
(jackfruit)

Gloriosa superba Leaf Average  Ag/AuSpheric Antibacterial and Arumugaet
(flame lily) Extract size 10 al antibiofilm activity al.[99]
Punica granatum Fruit 1-100 Au-Ag Radical scavenging Philipet al. el

(pomegranate) Extract Spherical, activity [100]
pentagonal,
rod
Pulicaria undulata Plant 10-20 Au- Catalytic activity Tahiret al. [101]
(desert Golden Daisy) Extract AgSpherical against organic
pollutant
Commelinanudiflora Plant 10-50 Au- Antibacterial against Kuppusamy et
(carolina dayflower) Extract AgSpherical, oral pathogens al.[102]
rod,
triangular
Vernonia mespilifolia Plant Average Ag- Antioxidant, Oladipo et
(Blue bitter tea) Extract size PtSpherical antimicrobial, and al.[103]
355+ cytotoxic activities
0.8
Crocus sativus Plant Average  Ag/PtSpheric Biological efficacy Fakhri et
(saffron) Extract size ~36 al and catalytic activity al.[104]
Terminalia chebula Fruit Average Ag- anticancer and Suganthyet
(Haritaki or Extract size ~20 PdSpherical antimicrobial activity al.[105]
Myrobalan)
Citrus limon (lemon) Leaf ~1.5- Au-Pd larvicidal activity Minalet al. [106]
Extract ~18.5d. Spherical
nm
Citrus sinensis Peel Average Au-Pd Antiairpollution Wicaksonoet.al.[
(orange) Extract size 150  Spherical core activity 107]
shell
Asarum europaeum Rhizome 5-6 Au-Pt Catalytic activity Dobruckaet
(european wild Extract Irregular against organic al.[108]
ginger) shape pollutant
Dioscorea bulbifera Tuber 20-25 Pt-PdlIrregular Anticancer and Ghoshet al.
(air potato) Extract shape antioxidant activity [109]
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Aerva Plant 7-12, Ag—Cu Cytotoxic and Thirumoorthyet
lanata (mountain Extract average Spherical antimicrobial al. [110]
knotgrass) size activities
~9.5
Sechium edule Fruit 13.2- Pt-Co Antibacterial activity ~ Golderet al. [68]
(Chayote) Extract 26.4 Spherical
core-shell

APPLICATIONS OF PLANT MEDIATED SYNTHESISED MONOMETALLIC AND
BIMETALLIC NANOPARTICLES

This part of the review covers a comprehensive analysis of diverse applications
for biosynthesized nanoparticles across the biomedical, antimicrobial, antifungal,
agriculture and environmental sectors.

A. Larvicidal Activity: Plant extracts mediated synthesised metal nanoparticles
have shown assurance in the fight against mosquito-borne diseases. Studies have
demonstrated that AgNPs [13,23,44] and SeNPs [91] synthesized from different
plant extractexhibited potent larvicidal activity against Culex tritaeniorhynchus,
Aedes subpictus, Aedes subpictus, Culex quinquefasciatus, Anopheles
stephensiand Aedes albopictus mosquitoes. This eco-friendly approach holds
promise for controlling mosquito populations and reducing the global disease
burden.

B. Antimicrobial Antibacterial Activity: The rising predominance of multi-drug-
resistant microorganisms across various microbial systems emphasizes the urgent
need for developing innovative antimicrobial agents. Nowadays metallic
nanoparticles have emerged as potent antimicrobial agents, demonstrating
potency against bacteria, fungi and viruses. These nanoscale materials offer a
promising alternative to traditional antibiotics in combating infectious diseases.
AgNPs [15,16,17,18,20,22,29,30,31,35], AuNPs [47,57], CuNPs [59,61,63,64,65,66],
CoNPs [67,68],PdNPs [70], PtNPs [68,79], FeNPs [84], NiNPs [88], SeNPs
[90,91,92,94], BNPs [68,110]exhibited potent antimicrobial properties against a
range of dangerous pathogens, including Escherichia coli, Salmonella enterica,
Vibrio parahaemolyticus, Staphylococcus aureus, Bacillus anthracis and Bacillus
cereus.

C. Medicinal Activity: Nanoparticles truly have the potential to revolutionize
healthcare. Their unique properties, such as small size, large surface area and
ability to interact with biological systems, make them ideal candidates for
developing innovative medical solutions. Some AgNPs [12, 21], NiNPs [86]
nanoparticles have also biomedical properties. Some nanoparticles (AgNPs [12, 19,
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27, 37], AuNPs [56]) also have valued medicinal properties. AgNPs from Aloe vera
leaves extract have shown promising anti-glycation properties [25]. These
nanoparticles effectively reduced the consequences of uncontrolled blood sugar
levels, indicating their potential as therapeutic agents for diabetes-related
complications. Various studies documented the anticancer potential of
biosynthesized AgNPS [24, 37], AuNPs [47, 49, 53, 57], PtNPs [78], NiNPs [87],
SeNPs [93], BNPs [96,105,109] nanomaterials against a wide range of life-
threatening cancer cell lines. Notably, these nanoparticles outperformed the skin
cancer chemotherapy drug, 5-fluorouracil, in inhibiting cancer cell growth.

D. Antioxidant Activity: Antioxidants play a crucial role in protecting our bodies
from oxidative damage. By effectively neutralizing harmful free radicals, they help
to safeguard our cells and tissues from a range of health issues. AgNPs [32, 35, 38,
41, 43], AuNPs [47, 55, 57], CuNPs [58], CoNPs [67], PtNPs [76], BNPs [98, 103, 109]
exhibited potent antioxidant activity effectively scavenging both DPPH and hydroxyl
free radicals.

E. Catalytic Activity: The escalating environmental crisis caused by organic dye
pollution from industries like textiles, paper, and food demands innovative
solutions. Nanoparticles have emerged as promising candidates for remediating
this issue. Their catalytic properties enable the degradation of various dyes, toxins,
and other contaminants, offering a sustainable approach to environmental
cleanup. The catalytic efficiency of AuNPs [47, 50, 52, 54], CuNPs [60], PdNPs [72,
73, 74, 75], PtNPs [80], FeNPs [82, 84], NiNPs [89] and BNPs [101, 104, 108] was
demonstrated in degrading model dye pollutants. These nanoparticles have
demonstrated significant potential for environmental remediation, including water
purification and soil decontamination.

CHALLENGES AND FUTURE PERSPECTIVES

Green synthesis presents an attractive and sustainable alternative to traditional
nanoparticle synthesis methods. These approaches are cost-effective,
environmentally friendly and scalable, while also prioritizing human health and
safety. The extensive exposure of living organisms to the metal nanoparticles
requires a thorough understanding of their potential toxicity. Although
nanoparticles offer immense potential benefits across various fields, ensuring their
safe and responsible use is crucial. Despite progress in understanding nanoparticle
behaviour, significant gaps remain in our knowledge of their long-term impacts on
human health and the environment. To mitigate potential risks, it is essential to
establish stringent guidelines for their production, application and disposal.
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Green nanotechnology, with its focus on eco-friendly and sustainable
approaches, is addressed for significant growth. Future research will likely explore a
wider range of biological sources, including diverse plant extracts, microbes, and
biowastes, to further enhance the sustainability of nanoparticle synthesis. As the
demand for biocompatible and non-toxic materials rises, green nanotechnology
will play a vital role in addressing global challenges, particularly in biomedical
applications, environmental remediation, and renewable energy. The integration of
green nanotechnology into circular economy principles will contribute to a more
sustainable future.

CONCLUSIONS

Nature has perfected the art of creating functional materials on a minuscule
scale. We have reported that green route of plant extracts mediated synthesis
process (derived from various plant parts like leaves, stems, roots, flowers, barks
and seeds) which is capable of producing metallic nanoparticles composed of
single metal and bi metals. Green synthesis presents a sustainable and eco-friendly
alternative to traditional nanoparticle production methods by offering a promising
pathway to create diverse nanomaterials with tailored properties and minimal
environmental impact. In addition to these, green synthesis of metal nanoparticles
offers several advantages including reduced ecological impact, minimal waste
generation and the production of highly stable nanoparticles. This review explores
the diverse morphologies of plant-based metal nanoparticles, aiming to inspire
innovative applications and foster a deeper understanding in the field of green
nanotechnology.

REFERENCES

1. lJiang, P, Li, S-Y., Xie, S-S., Gao, Y., & Song, L., (2004). Machinable Long PVP-
Stabilized Silver Nanowires. Chem. Eur. J., 10, 4817-4821.
https://doi.org/10.1002/chem.200400318

2. Ponchel, G., &Cauchois, 0., (2017). Shape-Controlled Nanoparticles for Drug
Delivery & Targeting Applications, Polymer Nanoparticles for Nanomedicines., 159-
184.
https://doi.org/10.1007/978-3-319-41421-8 6

3. Neme, K., Nafady, A., Uddin, S., & Tola, Y. B., (2021). Application of nanotechnology
in agriculture, postharvest loss reduction & food processing: food security
implication & challenges, Heliyon, 7, e08539.
https://www.sciencedirect.com/science/article/pii/S2405844021026426

4. Das, P. K, Mohanty, C., Purohit G K, Mishra S & Palo S, (2022). Nanoparticle
assisted environmental remediation: Applications, toxicological implications &

PANCHAKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


https://doi.org/10.1002/chem.200400318�
https://doi.org/10.1007/978-3-319-41421-8_6�
https://www.sciencedirect.com/science/article/pii/S2405844021026426�

Page 35

Debasmita Sardar

10.

11.

12.

13.

recommendations for a sustainable environment, Environ. Nanotechnol. Monit.
Manage, 18, 100679.

https://doi.org/10.1016/j.enmm.2022.100679

Lim, J., Shin, H., Kim, M., Lee, H., Lee, K., Kwon, Y., Song, D., Oh, S., Kim, H.,& Cho,
E., (2018). Ga-doped Pt-Ni octahedral nanoparticles as a highly active & durable
electrocatalyst for oxygen reduction reaction, Nano Lett., 18(4), 2450-2458.
https://doi.org/10.1021/acs.nanolett.8b00028

Tamuly, C., Hazarika, M., Borah, S. C., Das, M. R.,& Boruah, M. P., (2013). In situ
biosynthesis of Ag, Au & bimetallic nanoparticles using Piper pedicellatumC.DC:
Green chemistry approach, Colloids Surf, B: Biointerfaces, 102, 627-634.
https://doi.org/10.1016/j.colsurfb.2012.09.007

Parveen, M., Ahmad, F., Malla, A. M.,& Azaz, S., (2016). Microwave-assisted green
synthesis of silver nanoparticles from Fraxinus excelsior leaf extract & its
antioxidant assay, Appl. Nanosci., 6, 267-276.
https://doi.org/10.1007/s13204-015-0433-7

Jobie, F. N., Ranjbar, M., Moghaddam, A. H.,& Kiani, M., (2021). Green synthesis of
zinc oxide nanoparticles using Amygdalus scoparia Spach stem bark extract & their
applications as an alternative antimicrobial, anticancer, & anti-diabetic agent, Adv.
Powder Technol., 32,2043-2052.

https://doi.org/10.1016/j.apt.2021.04.014

Saeed, S. Y., Mazhar, K., Raees, L., Mukhtiar, A., Khan, F.,& Khan, M., (2022). Green
synthesis of cobalt oxide nanoparticles using roots extract of Ziziphus
OxyphyllaEdgew its characterization & antibacterial activity, Mater. Res. Express, 9,
105001-105010.

https://iopscience.iop.org/article/10.1088/2053-1591/ac9350

Faisal, S., Jan, H., Shah, S. A, Shah, S., Khan, A., Akbar, M, T., Rizwan, M., Jan, F.,
Wajidullah, Akhtar, N., Khattak, A.,& Syed, S., (2021). Green Synthesis of Zinc Oxide
(ZnO) Nanoparticles Using Aqueous Fruit Extracts of Myristica fragrans: Their
Characterizations & Biological & Environmental Applications, ACS Omega, 6, 9709-
9722.

https://doi.org/10.1021/acsomega.1c00310

Jing, H., Zhang L.,& Wang. H., (2013). Geometrically Tunable Optical Properties of
Metal Nanoparticles, UV-VIS & Photoluminescence Spectroscopy for Nanomaterials
Characterization,Springer, 1-74.
https://link.springer.com/chapter/10.1007/978-3-642-27594-4_1

Mallikarjuna, K., Narasimha, G., Dillip, G. R., Praveen B, Shreedhar B, Lakshmi C S,
Reddy B V' S & Raju B D P (2011). Green synthesis of silver nanoparticles using
ocimumleaf extract & their characterization, Digest J. Nanomater. Biostruct., 6(1),
181-186.

https://www.semanticscholar.org/paper/GREEN-SYNTHESIS-OF-SILVER-
NANOPARTICLES-USING-LEAF-Mallikarjuna-
Narasimha/c512e166798f9c54ec89975a7acaf82df7d5db2c?utm_source=direct_lin
k

Rajakumar, G., Rahuman, A. A., (2011). Larvicidal activity of synthesized silver
nanoparticles using Ecliptaprostrata leaf extract against filariasis & malaria vectors,
Acta Tropica, 118, 196-203.

https://doi.org/10.1016/j.actatropica.2011.03.003

PANCHAKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


https://www.sciencedirect.com/journal/environmental-nanotechnology-monitoring-and-management/vol/18/suppl/C�
https://doi.org/10.1016/j.enmm.2022.100679�
https://doi.org/10.1021/acs.nanolett.8b00028�
https://doi.org/10.1016/j.colsurfb.2012.09.007�
https://doi.org/10.1007/s13204-015-0433-7�
https://doi.org/10.1016/j.apt.2021.04.014�
https://iopscience.iop.org/article/10.1088/2053-1591/ac9350�
https://doi.org/10.1021/acsomega.1c00310�
https://link.springer.com/chapter/10.1007/978-3-642-27594-4_1�
https://www.semanticscholar.org/paper/GREEN-SYNTHESIS-OF-SILVER-NANOPARTICLES-USING-LEAF-Mallikarjuna-Narasimha/c512e166798f9c54ec89975a7acaf82df7d5db2c?utm_source=direct_link�
https://www.semanticscholar.org/paper/GREEN-SYNTHESIS-OF-SILVER-NANOPARTICLES-USING-LEAF-Mallikarjuna-Narasimha/c512e166798f9c54ec89975a7acaf82df7d5db2c?utm_source=direct_link�
https://www.semanticscholar.org/paper/GREEN-SYNTHESIS-OF-SILVER-NANOPARTICLES-USING-LEAF-Mallikarjuna-Narasimha/c512e166798f9c54ec89975a7acaf82df7d5db2c?utm_source=direct_link�
https://www.semanticscholar.org/paper/GREEN-SYNTHESIS-OF-SILVER-NANOPARTICLES-USING-LEAF-Mallikarjuna-Narasimha/c512e166798f9c54ec89975a7acaf82df7d5db2c?utm_source=direct_link�
https://doi.org/10.1016/j.actatropica.2011.03.003�

Page 36

Debasmita Sardar

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Jha, A. K., Prasad, K., Kumar, V.,& Prasad, K., (2009). Biosynthesis of Silver
Nanoparticles Using Eclipta Leaf, Biotechnol. Prog., 25(5), 1476-1479.
https://doi.org/10.1002/btpr.233

Singh, P., Kim, Y. J.,& Yang, D. C., (2015). A strategic approach for rapid synthesis of
gold & silver nanoparticles by Panax ginseng leaves, Artif. Cells Nanomed.
Biotechnol., 44(8), 1949-1957.

https://doi.org/10.3109/21691401.2015.1115410

Espenti, C. S., Rao, K. S. V. K.,& Rao, K. M., (2016). Bio-synthesis & characterization
of silver nanoparticles using Terminalia chebula leaf extract & evaluation of its
antimicrobial potential, Mater. Lett.,174, 129-133.
https://www.infona.pl//resource/bwmetal.element.elsevier-96ccfcdb-f8a3-39ee-
b55a-e4113b2a5c3f

Maghimaaa, M.,& Alharbi, S. A., (2020). Green synthesis of silver nanoparticles
from Curcuma longa L. & coating on the cotton fabrics for antimicrobial
applications & wound healing activity, Journal of Photochemistry & Photobiology,
204, 1118-1129.

https://doi.org/10.1016/j.jphotobiol.2020.111806

Krishnaraj, C., Jagan, E. G., Rajasekar, S., Selvakumar, P.,, Kalaichelvan, P. T &
Mohan, N., (2010).Synthesis of silver nanoparticles using Acalypha indica leaf
extracts & its antibacterial activity against water borne pathogens, Colloids Surf, B:
Biointerfaces, 76, 50-56.

https://doi.org/10.1016/j.colsurfb.2009.10.008

Manik, U. P., Nande, A,, Raut, S.,&Dhoble, S. J., (2020). Green synthesis of silver
nanoparticles using plant leaf extraction of Artocarpus heterophylus&Azadirachta
indica, Results in Materials, 6 100086-100090.
http://dx.doi.org/10.1016/j.rinma.2020.100086

Banerjee, P., Satapathy, M., Mukhopahayay, A.,& Das, P.,, (2014). Leaf extract
mediated green synthesis of silver nanoparticles from widely available Indian
plants: synthesis, characterization, antimicrobial property & toxicity analysis,
Bioresources & Bioprocessing, 1:3, 1-10.
https://doi.org/10.1186/s40643-014-0003-y

Raj, S., Mali, S. C.& Trivedi, R., (2018).Green synthesis & characterization of silver
nanoparticles using Enicostemmaaxillare (Lam.) leaf extract, Biochemical &
Biophysical Research Communications, 503(4), 2814-2819.
https://doi.org/10.1016/j.bbrc.2018.08.045

Satyavani, K., Ramanathan, T.,&Gurudeeban, S., (2011).Plant Mediated Synthesis
of Biomedical Silver Nanoparticles by Using Leaf Extract of Citrullus colocynthis,
Research Journal of Nanoscience & Nanotechnology, 1(2), 95-101.
https://doi.org/10.3923/rjnn.2011.95.101

Santhoshkumar, T., Rahuman, A. A., Rajakuma, G., Marimuthu, S., Bagavan, A.,
Jayaseelan, C., Zahir, A. A., Elango, G.,& Kamaraj, C., (2011). Synthesis of silver
nanoparticles using Nelumbo nucifera leaf extract & its larvicidal activity against
malaria & filariasis vectors, Parasitol Res, 108, 693-702.
https://doi.org/10.1007/s00436-010-2115-4

Chandran, S. P, Chaudhary, M., Pasricha, R.,, Ahmad, A.& Sastry, M., (2006).
Synthesis of Gold Nanotriangles & Silver Nanoparticles Using Aloe Wera Plant
Extract, Biotechnol. Prog. 22, 577-583.

PANCHAKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


https://doi.org/10.1002/btpr.233�
https://doi.org/10.3109/21691401.2015.1115410�
https://www.sciencedirect.com/journal/materials-letters�
https://www.sciencedirect.com/journal/materials-letters/vol/174/suppl/C�
https://www.infona.pl/resource/bwmeta1.element.elsevier-96ccfcdb-f8a3-39ee-b55a-e4113b2a5c3f�
https://www.infona.pl/resource/bwmeta1.element.elsevier-96ccfcdb-f8a3-39ee-b55a-e4113b2a5c3f�
https://doi.org/10.1016/j.jphotobiol.2020.111806�
https://doi.org/10.1016/j.colsurfb.2009.10.008�
http://dx.doi.org/10.1016/j.rinma.2020.100086�
https://doi.org/10.1186/s40643-014-0003-y�
https://www.sciencedirect.com/journal/biochemical-and-biophysical-research-communications�
https://www.sciencedirect.com/journal/biochemical-and-biophysical-research-communications�
https://www.sciencedirect.com/journal/biochemical-and-biophysical-research-communications�
https://www.sciencedirect.com/journal/biochemical-and-biophysical-research-communications/vol/503/issue/4�
https://doi.org/10.1016/j.bbrc.2018.08.045�
https://doi.org/10.3923/rjnn.2011.95.101�
https://doi.org/10.1007/s00436-010-2115-4�

Page 37

Debasmita Sardar

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

https://doi.org/10.1021/bp0501423

Ashraf, J. M., Ansari, M. A., Khan, H. M., Alzohairy, M. A.& Choi, I., (2016). Green
synthesis of silver nanoparticles & characterization of their inhibitory effects on
AGEs formation using biophysical techniques, Sci. Rep., 6(20414),1-10.
https://doi.org/10.1038/srep20414

Sur, U. K., Ankamwar, B., Karmakar, S., Halder, A.,& Das, P., (2018). Green synthesis
of Silver nanoparticles using the plant extract of Shikakai& Reetha, Mater. Today:
Proc. 5, 2321-2329.

https://doi.org/10.1016/j.matpr.2017.09.236

Loo, Y. Y., Chieng, B. W., Nishibuchi, M.,& Radu, S., (2012). Synthesis of silver
nanoparticles by using tea leaf extract from Camellia Sinensis,Int. J. Nanomedicine,
7, 4263-4267.

https://doi.org/10.2147/ijn.s33344

Philip, D., (2010). Honey mediated green synthesis of silver nanoparticles,
Spectrochimica Acta Part A. 75, 1078-1081.
https://doi.org/10.1016/j.saa.2009.12.058

Hemlata, Meena, P. R., Singh, A. P.,&Tejavath, K. K., (2020).Biosynthesis of Silver
Nanoparticles Using Cucumis prophetarum Aqueous Leaf Extract & Their
Antibacterial & Antiproliferative Activity Against Cancer Cell Lines, ACS Omega, 5,
5520-5528

https://doi.org/10.1021/acsomega.0c00155

Ankamwar, B., Mandal, G., Sur, U, K.,& Ganguly, T., (2012), An effective biogenic
protocol for room temperature one step synthesis of defective nanocrystalline
silver nanobuns using leaf extract,Digest J. Nanomater. Biostruct. 7(2), 599-605.
https://www.semanticscholar.org/paper/AN-EFFECTIVE-BIOGENIC-PROTOCOL-
FOR-ROOM-TEMPERATURE-Ankamwar-
Mandal/21c0001e502144eb48280ac3db6a3bb3a77b7003?utm_source=direct_lin
k

Giri, A. K., Jena, B., Biswal, B., Pradhan, A. K., Arakha, M., Acharya, S.,& Acharya, L.,
(2022). Green synthesis & characterization of silver nanoparticles using Eugenia
roxburghii DC. extract & activity against biofilm-producing bacteria, Sci. Rep., 12,
8383.

https://doi.org/10.1038/s41598-022-12484-y

Pontaza-Licona, Y. S., Ramos-Jacques, A. L., Cervantes-Chavez, J. A., Lopez-
Miranda, J. L., Ruiz-Baltazar, A. D. J., Maya-Cornejo, J., Rodriguez-Morales, A. L.,
Esparza, R., Estevez, M., Pérez, R.,&Hernandez-Martinez, A. R., (2019). Alcoholic
extracts from Paulownia tomentosa leaves for silver nanoparticles synthesis,
Results Phys. 12, 1670-1679.

https://doi.org/10.1016/j.rinp.2019.01.082

Amooaghaie, R., Saeri, M. R.,& Azizi, M., (2015). Synthesis, characterization &
biocompatibility of silver nanoparticles synthesized from Prunus armeniaca leaf
extract in comparison with chemical silver nanoparticles, Ecotoxicol. Environ. Saf.
120, 400-408.

https://doi.org/10.1016/j.ecoenv.2015.06.025

Kora, A. J., Beedu, S. R.,& Jayaraman, A., (2012). Size-controlled green synthesis of
silver nanoparticles mediated by gum ghatti (Anogeissus latifolia) & its biological
activity, Organic & Medicinal Chemistry Letters, 2(17), 1-10.

PANCHAKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


https://doi.org/10.1021/bp0501423�
https://doi.org/10.1038/srep20414�
https://doi.org/10.1016/j.matpr.2017.09.236�
https://doi.org/10.2147/ijn.s33344�
https://doi.org/10.1016/j.saa.2009.12.058�
https://doi.org/10.1021/acsomega.0c00155�
https://www.semanticscholar.org/paper/AN-EFFECTIVE-BIOGENIC-PROTOCOL-FOR-ROOM-TEMPERATURE-Ankamwar-Mandal/21c0001e502144eb48280ac3db6a3bb3a77b7003?utm_source=direct_link�
https://www.semanticscholar.org/paper/AN-EFFECTIVE-BIOGENIC-PROTOCOL-FOR-ROOM-TEMPERATURE-Ankamwar-Mandal/21c0001e502144eb48280ac3db6a3bb3a77b7003?utm_source=direct_link�
https://www.semanticscholar.org/paper/AN-EFFECTIVE-BIOGENIC-PROTOCOL-FOR-ROOM-TEMPERATURE-Ankamwar-Mandal/21c0001e502144eb48280ac3db6a3bb3a77b7003?utm_source=direct_link�
https://www.semanticscholar.org/paper/AN-EFFECTIVE-BIOGENIC-PROTOCOL-FOR-ROOM-TEMPERATURE-Ankamwar-Mandal/21c0001e502144eb48280ac3db6a3bb3a77b7003?utm_source=direct_link�
https://doi.org/10.1038/s41598-022-12484-y�
https://doi.org/10.1016/j.rinp.2019.01.082�
https://doi.org/10.1016/j.ecoenv.2015.06.025�

Page 38

Debasmita Sardar

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

https://doi.org/10.1186/2191-2858-2-17

Tharani, M. S., Rajeshkumar, Al-Ghanim, K. A., Nicoletti, M., Sachivkina,
N.,&Govindarajan., (2023). Terminalia chebula-assisted silver nanoparticles:
biological potential, synthesis, characterization & ecotoxicity, Biomedicines, 11,
1472, 1-18.

https://doi.org/10.3390/biomedicines11051472

Dauthal, P.,& Mukhopadhyay, M., (2013). In-vitro free radical scavenging activity of
biosynthesized gold & silver nanoparticles using Prunus armeniaca (apricot) fruit
extract, J. Nanopart. Res. 15, 1366, 1-11.
http://dx.doi.org/10.1007/s11051-012-1366-7

Devanesan, S., AlSalhi, M. S., (2021). Green Synthesis of Silver Nanoparticles Using
the Flower Extract of Abelmoschus esculentus for Cytotoxicity & Antimicrobial
Studies, Int. J. Nanomedicine, 16, 3343-3356.

https://doi.org/10.2147/ijn.s307676

Yang, Q., Guo, J.,, Long, X., Pan, C,, Liu, G.,& Peng, J., (2023). Green Synthesis of
Silver Nanoparticles Using Jasminum nudiflorum Flower Extract & Their Antifungal
& Antioxidant Activity, Nanomaterials, 13, 2558.
https://doi.org/10.3390/nan013182558

Padalia, H., Moteriya, P,& Chanda. S., (2015). Green synthesis of silver
nanoparticles from marigold flower & its synergistic antimicrobial potential, Arab.
J. Chem., 8, 732-741.

https://doi.org/10.1016/j.arabjc.2014.11.015

Baharara, J.,, Namvar, F., Ramezani, T., Hosseini, N.,& Mohamad, R., (2014).Green
Synthesis of Silver Nanoparticles using Achillea biebersteinii Flower Extract & Its
Anti-Angiogenic Properties in the Rat Aortic Ring Model, Molecules, 19, 4624-
4634,

https://doi.org/10.3390/molecules19044624

Cheng, H-J,, Wang, H.&Zhang, J-Z, (2020). Phytofabrication of Silver
Nanoparticles Using Three Flower Extracts & Their Antibacterial Activities Against
Pathogen alstonia solanacearum Strain YY06 of Bacterial Wilt, Front. Microbiol.,
11, 2110.

https://doi.org/10.3389/fmicb.2020.02110

Sadeghi, B., Rostami, A.,& Momeni, S. S., (2015). Facile green synthesis of silver
nanoparticles using seed aqueous extract of Pistacia atlantica & its antibacterial
activity, Spectrochim. Acta A Mol. Biomol. Spectrosc., 134, 326-332.
https://doi.org/10.1016/j.saa.2014.05.078

Rodriguez-Ledn, E., Ifiguez-Palomares, R., Navarro, R. E., Herrera-Urbina, R.,
Tanori, J., Ifiguez-Palomares, C.,& Maldonado, A., (2013). Synthesis of silver
nanoparticles using reducing agents obtained from natural sources (Rumex
hymenosepalus extracts), Nanoscale Res. Lett., 8, 318.
https://doi.org/10.1186/1556-276x-8-318

Bernardo, W. L. D. C,, Boriollo, M. F. G., Tonon, C. C,, Silva, J. J. D., Cruz, F. M.,
Martins, A. L., Hofling, J. F.,&Spolidorio. D. M. P., (2021). Antimicrobial effects of
silver nanoparticles & extracts of Syzygiumcumini flowers & seeds: Periodontal,
cariogenic & opportunistic pathogens, Archives of Oral Biology, 125, 105101.
https://doi.org/10.1016/j.archoralbio.2021.105101

PANCHAKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


https://doi.org/10.1186/2191-2858-2-17�
https://doi.org/10.3390/biomedicines11051472�
http://dx.doi.org/10.1007/s11051-012-1366-7�
https://doi.org/10.2147/ijn.s307676�
https://doi.org/10.3390/nano13182558�
https://doi.org/10.1016/j.arabjc.2014.11.015�
https://doi.org/10.3390/molecules19044624�
https://doi.org/10.3389/fmicb.2020.02110�
https://doi.org/10.1016/j.saa.2014.05.078�
https://doi.org/10.1186/1556-276x-8-318�
https://doi.org/10.1016/j.archoralbio.2021.105101�

Page 39

Debasmita Sardar

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

Ganesan, R.M.,& Prabu, H. G., (2019). Synthesis of gold nanoparticles using herbal
Acorus calamus rhizome extract & coating on cotton fabric for antibacterial & UV
blocking applications, Arab. J. Chem. 12, 2166-2174.
http://dx.doi.org/10.1016/j.arabjc.2014.12.017

Abhijith, K.S., Thakur, M.S., (2012). Application of green synthesis of gold
nanoparticles for sensitive detection of aflatoxin B1 based on metal enhanced
fluorescence, Anal. Methods., 4. 4250-4256

https://doi.org/10.1039/C2AY25979F

Rajan, A., Vilas, V.,& Philip, D., (2015). Studies on catalytic, antioxidant,
antibacterial & anticancer activities of biogenic gold nanoparticles, J. Mol. Lig. 212,
331-339

http://dx.doi.org/10.1016/j.molliq.2015.09.013

Bindhu, M. R.,& Umadevi, M., (2014). Antibacterial activities of green synthesized
gold nanoparticles, Mater. Lett. 120, 122-125.
http://dx.doi.org/10.1016/j.matlet.2014.01.108

Sagr, A. A, Khafagy, E-S., Alalaiwe, A., Aldawsari, M. F., Alshahrani, S. M., Anwer,
M. K., Khan, S., Lila, A. S. A,, Arab, H. H., & Hegazy., (2021). Synthesis of Gold
Nanoparticles by Using Green Machinery: Characterization & In Vitro Toxicity,
Nanomaterials, 11, 808.

https://doi.org/10.3390/nan011030808

Yu, J., Xu, D., Guan, H. N., Wang, C., Huang, L. K.,& Chi, D. F., (2016). Facile one-step
green synthesis of gold nanoparticles using Citrus maxima aqueous extracts & its
catalytic activity, Mater. Lett. 166, 110-112.
http://dx.doi.org/10.1016/j.matlet.2015.12.031s

Alghuthaymi, M. A., Rajkuberan, C., Santhiya, T., Krejcar, 0., Kuca, K,
Periakaruppan, R., Prabukumar.S., (2021). Green Synthesis of Gold Nanoparticles
Using Polianthes tuberosa L. Floral Extract, Plants, 10, 2370.
https://doi.org/10.3390/plants10112370

Ghosh. S., Patil, S., Ahire, M., Kitture, R., Guray, D. D., Jabgunde, A. M., Kale, S.,
Pardesi, K., Shinde, Bellare, J., Dhavale, D. D., &Chopade, B. A., (2012). Gnidia
glauca flower extract mediated synthesis of gold nanoparticles & evaluation of its
chemocatalytic potential, J. Nanobiotechnology, 10, 17.
https://doi.org/10.1186/1477-3155-10-17

Patil, M. P, Bayaraa, E., Subedi, P, Piad, L. L. A., Tarte, N. H.& Kim, G-D., (2019).
Biogenic synthesis, characterization of gold nanoparticles using Lonicera japonica
& their anticancer activity on Hela cells, J. Drug Deliv. Sci. Technol., 51, 83-90.
https://doi.org/10.1016/j.jddst.2019.02.021

Gangapuram, B. R., Bandi, R., Madhusudhan, A., Dadigala, R., Kotub, G.
M.&Guttena, V., (2018). Microwave assisted rapid green synthesis of gold
nanoparticles using Annona squamosa L peel extract for the efficient catalytic
reduction of organic pollutants, J. Mol. Struct. 1167, 305-315.
https://doi.org/10.1016/j.molstruc.2018.05.004S

Sathishkumar, G., Jha, P. K., Vignesh, V., Rajkuberan, C., Jeyaraj, M., Selvakumar,
M., Jha, R., Sivaramakrishnan, S., (2016). Cannonball fruit (Couroupita guianensis,
Aubl.) extract mediated synthesis of gold nanoparticles & evaluation of its
antioxidant activity, J. Mol. Lig., 215, 229-236.
https://doi.org/10.1016/j.molliq.2015.12.043

PANCHAKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


http://dx.doi.org/10.1016/j.arabjc.2014.12.017�
https://doi.org/10.1039/C2AY25979F�
http://dx.doi.org/10.1016/j.molliq.2015.09.013�
http://dx.doi.org/10.1016/j.matlet.2014.01.108�
https://doi.org/10.3390/nano11030808�
http://dx.doi.org/10.1016/j.matlet.2015.12.031�
https://doi.org/10.3390/plants10112370�
https://doi.org/10.1186/1477-3155-10-17�
https://doi.org/10.1016/j.jddst.2019.02.021�
https://www.sciencedirect.com/journal/journal-of-molecular-structure�
https://doi.org/10.1016/j.molstruc.2018.05.004�
https://doi.org/10.1016/j.molliq.2015.12.043�

Page 40 Debasmita Sardar

56

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

. Ahmad, A., Syed, F,, Imran, M., Khan, A. U,, Tahir, K., Khan, Z. U. H.,& Yuan, Q.,
(2015). Phytosynthesis& antileishmanial activity of gold nanoparticles by
maytenusroyleanus, J. Food Biochem. 40(4), 420.
https://doi.org/10.1111/jfbc.12232

Fouda, A., Eid, A. M., Guibal, E., Hamza, M. F,, Hassan, S. E-D., Alkhalifah, D. H. M.&
El-Hossary, D., (2022). Green Synthesis of Gold Nanoparticles by Aqueous Extract
of Zingiber officinale: Characterization & Insight into Antimicrobial, Antioxidant, &
In Vitro Cytotoxic Activities, Appl. Sci. 12, 12879.
https://doi.org/10.3390/app122412879

Chung, I-M., Rahuman, A. A., Marimuthu, S., Kirthi, A. V., Anbarasan, K., Padmini,
P.,& Rajakumar, G., (2017). Green synthesis of copper nanoparticles using
Ecliptaprostrata leaves extract & their antioxidant & cytotoxic activities, Exper.
Med., 14, 18-24.

https://doi.org/10.3892/etm.2017.4466

Lee, H-J., Song, J. Y, Kim, B. S., (2013). Biological synthesis of copper nanoparticles
using Magnoliakobus leaf extract & their antibacterial activity, . Chem. Technol.
Biotechnol. 88(11), 1971-1977.

http://dx.doi.org/10.1002/jctb.4052

Nazar, N., Bibi, I., Kamal, S., Igbal, M., Nourend.S., Jilani, K., Umair, M.,& Ata, S.,
(2018).Cu nanoparticles synthesis using biological molecule of P. granatum seeds
extract as reducing & capping agent: Growth mechanism & photo-catalytic activity,
Int. J. Biol. Macromol., 106, 1203-1210.
https://doi.org/10.1016/j.ijbiomac.2017.08.126

Kaur, P., Thakur, R.,& Chaudhury, A., (2016). Biogenesis of copper nanoparticles
using peel extract of Punica granatum & their antimicrobial activity against
opportunistic pathogens, Green Chemistry Letters & Reviews, 9(1), 33-38.
http://dx.doi.org/10.1080/17518253.2016.1141238

Roy, K., Ghosh, C. K.,& Sarkar, C. K., (2019).Rapid detection of hazardous H,0, by
biogenic copper nanoparticles synthesized using Eichhornia crassipes extract,
Microsyst. Technol., 25, 1699-1703.

https://doi.org/10.1007/s00542-017-3480-z

Khani, R., Roostaei, B., Bagherzade, G.,&Moudi, M., (2018). Green synthesis of
copper nanoparticles by fruit extract of Ziziphus spina-christi (L) Willd.:
Application for adsorption of triphenylmethane dye & antibacterial assay, J. Mol.
Lig., 255, 541-549.

http://dx.doi.org/10.1016/j.molliq.2018.02.010

Varghese, B., Kurian, M., Krishna, S.,& Athira, T. S., (2020).Biochemical synthesis of
copper nanoparticles using Zingiber officinalis & Curcuma longa: Characterization
& antibacterial activity study, Materials Today: Proceedings, 25, 302-306.
http://dx.doi.org/10.1016/j.matpr.2020.01.476

Jahan, I, Erci, F.,,& Isildak, I., (2021).Facile microwave-mediated green synthesis of
non-toxic copper nanoparticles using Citrus sinensis aqueous fruit extract & their
antibacterial potentials, J. Drug Del. Sci. Tech. 61, 102172.
https://doi.org/10.1016/j.jddst.2020.102172

Labaran, A. N., Zango, Z. U,, Tailor, G., Alsadig, A., Usman, F., Mukhtar, M. T., Garba,
A. M., Alhathlool, R., Ibnaouf, K. H.,&Aldaghri, O. A., (2024). Biosynthesis of copper

PANCH

AKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


https://doi.org/10.1111/jfbc.12232�
https://doi.org/10.3390/app122412879�
https://doi.org/10.3892/etm.2017.4466�
http://dx.doi.org/10.1002/jctb.4052�
https://doi.org/10.1016/j.ijbiomac.2017.08.126�
http://dx.doi.org/10.1080/17518253.2016.1141238�
https://doi.org/10.1007/s00542-017-3480-z�
http://dx.doi.org/10.1016/j.molliq.2018.02.010�
http://dx.doi.org/10.1016/j.matpr.2020.01.476�
https://www.sciencedirect.com/journal/journal-of-drug-delivery-science-and-technology�
https://doi.org/10.1016/j.jddst.2020.102172�

Page 41

Debasmita Sardar

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

nanoparticles using Alstoniascholaris leaves & its antimicrobial studies, Sci. Rep.,
14, 5589.

https://doi.org/10.1038/s41598-024-56052-y

Prakash, A,, Sur, S., Dave, V., Sharma, P,, Das, S., Roy, P.,& Hegde, G., (2024). Green
synthesized cobalt nanoparticles from Trianthemaportulacastrum L. as a novel
antimicrobials & antioxidants, Prep. Biochem. Biotechnol., 54(3), 328.
https://doi.org/10.1080/10826068.2023.2238306

Chelli, V. R.,& Golder, A. K., (2019). One Pot Green Synthesis of Pt, Co &Pt@Co
Core-Shell Nanoparticles using Sechium edule, Journal of Chemical Technology &
Biotechnology, 94(3), 911.

http://dx.doi.org/10.1002/jctb.5838

Okwunodulu, F. U., Chukwuemeka-Okorie, H. O.,& Okorie, F. C., (2019). Biological
Synthesis of Cobalt Nanoparticles from Mangifera indica Leaf Extract & Application
by Detection of Manganese (ll) lons Present in Industrial Wastewater, Chem., Sci.
Int. J. 27(1), 1-8.

http://dx.doi.org/10.9734/CSJ1/2019/v27i130106

Kora, A. J.,& Rastogi, L., (2018). Green synthesis of palladium nanoparticles using
gum ghatti (Anogeissus latifolia) & its application as an antioxidant & catalyst,
Arab. J. Chem. 11(7), 1097-1106.

https://doi.org/10.1016/j.arabjc.2015.06.024

Nasrollahzadeha, M., Sajadi, S. M., Maham, M.,& Ehsani, A., (2015). Facile &
surfactant-free synthesis of Pd nanoparticles by extract of fruits of piper longum &
their catalytic performance for Sonogashira coupling reaction in water under lig&-
& copper-free conditions, RSC Adv., 5, 2562-2567.
https://doi.org/10.1039/C4RA12875C

Kalaiselvi, A., Roopan, S. M., Madhumitha, G., Ramalingam, C.& Elango, G., (2015).
Synthesis & characterization of palladium nanoparticles using Catharanthus roseus
leaf extract & its application in the photo-catalytic degradation, Spectrochim. Acta
A Mol. Biomol. Spectrosc. 135, 116-119.

https://doi.org/10.1016/j.saa.2014.07.010

Shaik, M. R., Ali, Z. J. Q., Khan, M., Kuniyil, M., Assal, M. E., Alkhathlan, H. Z., Al-
Warthan, A., Siddiqui, M. R. H., Khan, M.,& Adil, S. F., (2017). Green Synthesis &
Characterization of Palladium Nanoparticles Using Origanum vulgare L. Extract &
Their Catalytic Activity, Molecules, 22, 165.
https://doi.org/10.3390/molecules22010165

Kumar, K. M., Mandal, B. K., Kumar K. S., Reddy, P. S.,&Sreedhar, B., Bio based
green method to synthesise palladium and iron nanoparticles using Terminalia
chebula aqueous extract, Spectrochim. Acta A Mol. Biomol. Spectrosc., 102, 128-
133.

https://doi.org/10.1016/j.saa.2012.10.015

Majumdar, R., Tantayanon, S..& Bag B G. (2017) Synthesis of palladium
nanoparticles with leaf extract of Chrysophyllumcainito (Star apple) & their
applications as efficient catalyst for C—C coupling & reduction reactions, Int. Nano.
Lett., 7, 267-274.

http://dx.doi.org/10.1007/s40089-017-0220-4

Nellore, J., Pauline, C.,& Amarnath, K., (2013). Bacopa monnieri Phytochemicals
Mediated Synthesis of Platinum Nanoparticles & Its Neurorescue Effect on 1-

PANCHAKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


https://doi.org/10.1038/s41598-024-56052-y�
https://doi.org/10.1080/10826068.2023.2238306�
http://dx.doi.org/10.1002/jctb.5838�
http://dx.doi.org/10.9734/CSJI/2019/v27i130106�
https://www.sciencedirect.com/journal/arabian-journal-of-chemistry�
https://doi.org/10.1016/j.arabjc.2015.06.024�
https://doi.org/10.1039/C4RA12875C�
https://doi.org/10.1016/j.saa.2014.07.010�
https://doi.org/10.3390/molecules22010165�
https://doi.org/10.1016/j.saa.2012.10.015�
http://dx.doi.org/10.1007/s40089-017-0220-4�

Page 42

Debasmita Sardar

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Methyl 4-Phenyl 1,2,3,6 Tetrahydropyridine-Induced Experimental Parkinsonism in
Zebrafish, J. of Neurodegener. Dis. 972391.

https://doi.org/10.1155/2013/972391

Karthik, R., Sasikumar, R., Chen, S-M., Govindasamy, M., Kumar, J. V.,& Muthuraj,
V., (2016). Synthesis of Platinum Nanoparticles Using Quercus Glauca Extract & Its
Electrochemical Oxidation of Hydrazine in Water Samples, Int. J. Electrochem. Sci.
11, 8245-8255.

https://doi.org/10.20964/2016.10.62

Rokade, S. S., Joshi, K. A., Mahajan, K., Patil, S., Tomar, G., Dubal, D. S., Parihar, V.
S., Kitture, R., Bellare, J. R.,,& Ghosh, S., (2018). Gloriosa superba Mediated
Synthesis of Platinum & Palladium Nanoparticles for Induction of Apoptosis in
Breast Cancer, Bioinorg. Chem. Appl., 4924186.
https://doi.org/10.1155/2018/4924186

Jeyapaul, U., kala, M. J., Bosco, A. J., Piruthiviraj, P.,,&Easuraja, M., (2018). An Eco-
friendly Approach for Synthesis of Platinum Nanoparticles Using Leaf Extracts of
Jatropagossypifolia&Jatropaglulifera& their Antibacterial Activity, Orient. J. Chem.,
34(2), 783-790.

http://dx.doi.org/10.13005/0jc/340223

Sheny, D. S., Philip, D.,& Mathew, J., (2013). Synthesis of platinum nanoparticles
using dried Anacardium occidentale leaf & its catalytic & thermal applications,
Spectrochim. Acta A Mol. Biomol. Spectrosc. 114, 267-271.
https://doi.org/10.1016/j.saa.2013.05.028

Dobrucka, R., (2019). Biofabrication of platinum nanoparticles using Fumariae
herba extract & their catalytic properties, Saudi Journal of Biological Sciences, 26,
31-37.

https://doi.org/10.1016/].sjbs.2016.11.012

Jain, R., Mendiratta, S., Kumar, L.,& Srivastava, A., (2021). Green synthesis of iron
nanoparticles using Artocarpus heterophyllus peel extract & their application as a
heterogeneous Fenton-like catalyst for the degradation of Fuchsin Basic dye,
Current Research in Green & Sustainable Chemistry, 4, 100086.
https://doi.org/10.1016/j.crgsc.2021.100086

Pan, Z., Lin, Y., Sarkar, B., Owens, G.,& Chen, Z., (2020). Green synthesis of iron
nanoparticles using red peanut skin extract: Synthesis mechanism,
characterization & effect of conditions on chromium removal, J. Colloid. Interface
Sci., 558, 106-114.

https://doi.org/10.1016/j.jcis.2019.09.106

Batool, F., Igbal, M. S., Khan, S-U-D., Khan, J.,, Ahmed, B.,& Qadir, M. 1., (2021).
Biologically synthesized iron nanoparticles (FeNPs) from Phoenix dactylifera have
anti-bacterial activities, Sci. Rep., 11, 22132.
https://doi.org/10.1038/s41598-021-01374-4

Pandian, C. J., Palanivel, R.,&Dhananasekaran, S., (2015). Green synthesis of nickel
nanoparticles using Ocimum sanctum & their application in dye & pollutant
adsorption, Chin. J. Chem. Eng. 23(8), 1307-1315.
http://dx.doi.org/10.1016/j.cjche.2015.05.012

Abdullah, Hussain, T., Faisal, S., Rizwan, M., Almostafa, M. M., Younis, N. S.,&
Yahya, G., (2023). Zingiber officinale rhizome extracts mediated Ni nanoparticles

PANCHAKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


https://doi.org/10.1155/2013/972391�
https://doi.org/10.20964/2016.10.62�
https://doi.org/10.1155/2018/4924186�
http://dx.doi.org/10.13005/ojc/340223�
https://doi.org/10.1016/j.saa.2013.05.028�
https://doi.org/10.1016/j.sjbs.2016.11.012�
https://doi.org/10.1016/j.crgsc.2021.100086�
https://www.sciencedirect.com/journal/journal-of-colloid-and-interface-science�
https://www.sciencedirect.com/journal/journal-of-colloid-and-interface-science�
https://www.sciencedirect.com/journal/journal-of-colloid-and-interface-science�
https://www.sciencedirect.com/journal/journal-of-colloid-and-interface-science/vol/558/suppl/C�
https://doi.org/10.1016/j.jcis.2019.09.106�
https://doi.org/10.1038/s41598-021-01374-4�
https://www.sciencedirect.com/journal/chinese-journal-of-chemical-engineering�
http://dx.doi.org/10.1016/j.cjche.2015.05.012�

Page 43

Debasmita Sardar

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

& its promising biomedical & environmental applications, BMC Complementary
Medicine & Therapies, 23, 349.

https://doi.org/10.1186/s12906-023-04182-7

Mariam, A. A., Kashif, M., Arokiyaraj, S., Bououdinad, M., Sankaracharyulu, M. G.
V., Jayachandran, M.,& Hashim, U., (2014). Bio-synthesis of NiO& Ni nanoparticles
& Their Characterization, Digest J. Nanomater. Biostruct., 9(3), 1007-1019.
https://chalcogen.ro/1007_Ayeshamariam.pdf

Tas, R., Koroglu, E.,&Celebioglu, H. U., (2021). Green synthesis of nickel
nanoparticles using peumusbolduskoch. extract & antibacterial activity,
International Journal of Innovative Engineering Applications, 5(2), 152.
http://dx.doi.org/10.46460/ijiea.929625

Kiran, S., Rafique, M. A,, Ashraf, A,, Farooq, T., Igbal, S., Afzal, G., Ajmal, S.,& Naz,
S., (2021).Green Synthesis of Nickel Nanoparticles using Fruit Peels of Citrus
Paradise for Remediation of Congo Red Dye ). Mex., Chem. Soc., 65(4), 507-515.
http://dx.doi.org/10.29356/jmcs.v65i4.1572

Sribenjarat, P., lJirakanjanakit, N.,& lJirasripongpun, K., (2020). Selenium
nanoparticles biosynthesized by garlic extract as antimicrobial agent, Science,
Engineering & Health Studies, 14(1), 22-31.

https://doi.org/10.14456/sehs.2020.3

Cittrarasu, V., Kaliannan, D., Dharman, K., Maluventhen, V., Easwaran, M., Liu, W.
C., Balasubramanian, B.,& Arumugam, M., (2021). Green synthesis of selenium
nanoparticles mediated from Ceropegia bulbosa Roxb extract & its cytotoxicity,
antimicrobial, mosquitocidal& photocatalytic activities, Sci. Rep. 11, 1032.
https://doi.org/10.1038/s41598-020-80327-9

Vu, T. T., Nguyen, P. T. M., Pham, N. H,, Le, T. H., Nguyen, T. H., Do, D. T. & La, D. D.,
(2022). Green Synthesis of Selenium Nanoparticles Using Cleistocalyxoperculatus
Leaf Extract & Their Acute Oral Toxicity Study, J. Compos. Sci., 6, 307.
https://doi.org/10.3390/jcs6100307

Ramamurthy, CH., Sampath, K. S., Arunkumar, P, Kumar, M. S., Sujatha, V.,
Premkumar, K., Thirunavukkarasu, C. (2013). Green synthesis & characterization of
selenium nanoparticles & its augmented cytotoxicity with doxorubicin on cancer
cells, Bioprocess Biosyst. Eng., 36, 1131-1139.
https://doi.org/10.1007/s00449-012-0867-1

Alvi, G. B., Igbal, M. S., Ghaith, M. M. S., Haseeb, A., Ahmed, B., & Qadir, M. I.
(2021). Biogenic selenium nanoparticles (SeNPs) from citrus fruit have
anti-bacterial activities, Sci. Rep. 11, 4811.
https://doi.org/10.1038/s41598-021-84099-8

Botha, T. L., Elemike, E. E., Horn S, Onwudiwe D C, Giesy J. P. & Wepener, V. (2019).
Cytotoxicity of Ag, Au & Ag-Au bimetallic nanoparticles prepared using golden rod
(Solidago canadensis) plant extract, Sci. Rep., 9, 4169.
https://doi.org/10.1038/s41598-019-40816-y

Elemike, E. E., Onwudiwe D C, Nundkumar N, Singh M &lyekowa O. (2019). Green
synthesis of Ag, Au & Ag-Au bimetallic nanoparticles using Stigmaphyllonovatum
leaf extract &their in vitro anticancer potential. Mater. Lett., 243, 148-152.
https://doi.org/10.1016/j.matlet.2019.02.049

Amina, M., Musayeib, N. M. A,, Alarfaj, N. A., El-Tohamy, M. F,, & Al-Hamoud, G. A.,
(2020). Antibacterial & Immunomodulatory Potentials of Biosynthesized Ag, Au,

PANCHAKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


https://doi.org/10.1186/s12906-023-04182-7�
https://chalcogen.ro/1007_Ayeshamariam.pdf�
http://dx.doi.org/10.46460/ijiea.929625�
http://dx.doi.org/10.29356/jmcs.v65i4.1572�
https://doi.org/10.14456/sehs.2020.3�
https://www.nature.com/srep�
https://doi.org/10.1038/s41598-020-80327-9�
https://doi.org/10.3390/jcs6100307�
https://doi.org/10.1007/s00449-012-0867-1�
https://www.nature.com/srep�
https://doi.org/10.1038/s41598-021-84099-8�
https://doi.org/10.1038/s41598-019-40816-y�
https://doi.org/10.1016/j.matlet.2019.02.049�

Page 44 Debasmita Sardar

Ag-Au Bimetallic Alloy Nanoparticles Using the Asparagus racemosus Root Extract,
Nanomaterials, 10, 2453.
http://dx.doi.org/10.3390/nan010122453

98. Sundarrajan, S. K.,& Pottail, L., (2021). Green synthesis of bimetallic Ag@Au
nanoparticles with aqueous fruit latex extract of Artocarpus heterophyllus
and their synergistic medicinal efcacies. Appl. Nanosci., 11, 971.
https://doi.org/10.1007/s13204-020-01657-8

99. Gopinath, K., Kumaraguru, S., Bhakyaraj, K., Mohan, S., Venkatesh, K. S,
Esakkirajan, M., Kaleeswarran, P. R., Naiyf, S. A., Kadaikunnan, S., Govindarajan,
M., Benelli, G.,& Arumugam, A., (2016). Green synthesis of bimetallic Ag@Au
nanoparticles with aqueous fruit latex extract of Artocarpus heterophyllus & their
synergistic medicinal efficacies, Appl. Nanosci., 11, 971.
https://doi.org/10.1016/j.micpath.2016.10.011

100.Kumari, M. M., Jacob, J.,& Philip, D., (2015). Green synthesis & applications of Au-
Ag bimetallic nanoparticles, Spectrochim. Acta A Mol. Biomol. Spectrosc. 137, 185-
192.
https://doi.org/10.1016/j.saa.2014.08.079

101.Khan, M., Al-hamoud, K., Liagat, Z., Shaik, M. R., Adil, S. F., Kuniyil, M., Alkhathlan,
H. Z., Al-Warthan, A., Siddiqui, M. R. H., Mondeshki, M., Tremel, W., Khan, M.,&
Tahir, M. N., (2020). Synthesis of Au, Ag, & Au—Ag Bimetallic Nanoparticles Using
Pulicaria undulata Extract & Their Catalytic Activity for the Reduction of 4-
Nitrophenol, Nanomaterials, 10, 1885.
http://dx.doi.org/10.3390/nan010091885

102.Kuppusamy, P, llavenil, S., Srigopalram, S., Kim, D. H., Govindan, N., Maniam, G. P,,
Yusoff, M. M., & Choi, K. C., (2017). Synthesis of Bimetallic Nanoparticles (Au-Ag
Alloy) Using Commelinanudiflora L. Plant Extract & Study it’s on Oral Pathogenic
Bacteria, J. Inorg. Organomet. Polym., 27, 562-568.
https://doi.org/10.1007/s10904-017-0498-8

103.Unuofin, J. 0., Oladipo, A. O., Msagati, T. A. M., Lebelo, S. L., Meddows-Taylor, S.,
More, G. K., (2020). Novel silver-platinum bimetallic nanoalloy synthesized from
Vernonia mespilifolia extract: Antioxidant, antimicrobial, & cytotoxic activities,
Arab. J. Chem., 13, 6639-6648.
https://doi.org/10.1016/j.arabjc.2020.06.019

104.Yang, M., Lu, F., Zhou, T., Zhao, J., Ding, C., Fakhri, A.,& Gupta, V. K., (2020).
Biosynthesis of nano bimetallic Ag/Pt alloy from Crocus sativus L. extract:
Biological efficacy & catalytic activity, J. Photochem. Photobiol. B, 212, 112025.
https://doi.org/10.1016/j.jphotobiol.2020.112025

105.Sivamaruthi, B. S., Ramkumar, V. S., Archunan, G., Chaiyasut, C.,& Suganthy, N.,
(2019). Biogenic synthesis of silver palladium bimetallic nanoparticles from fruit
extract of Terminalia chebula— In vitro evaluation of anticancer & antimicrobial
activit, J. Drug Del. Sci. Tech., 51, 139-151.
https://doi.org/10.1016/j.jddst.2019.02.024

106.Minal, S. P, Prakash, S., (2020). Laboratory analysis of Au—Pd bimetallic
nanoparticles synthesized with Citrus limon leaf extract & its efficacy on mosquito
larvae & non-target organisms, Sci. Rep., 10, 21610.
https://doi.org/10.1038/s41598-020-78662-y

PANCHAKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


http://dx.doi.org/10.3390/nano10122453�
https://doi.org/10.1007/s13204-020-01657-8�
https://doi.org/10.1016/j.micpath.2016.10.011�
https://doi.org/10.1016/j.saa.2014.08.079�
http://dx.doi.org/10.3390/nano10091885�
https://doi.org/10.1007/s10904-017-0498-8�
https://doi.org/10.1016/j.arabjc.2020.06.019�
https://doi.org/10.1016/j.jphotobiol.2020.112025�
https://doi.org/10.1016/j.jddst.2019.02.024�
https://www.nature.com/srep�
https://doi.org/10.1038/s41598-020-78662-y�

Page 45 Debasmita Sardar

107.Wicaksono, W. P., Kadja, G. T. M., Amalia, D., Uyun, L., Rini, W. P., Hidayat, A,,
Fahmi, R. L., Nasriyanti, D., Leun, S. G. V., Ariyanta, H. A.&Ivandini, T. A., (2020). A
green synthesis of gold—palladium core—shell nanoparticles using orange peel
extract through two-step reduction method & its formaldehyde colorimetric
sensing performance, Nano-Structures and Nano-Objects,24, 100535.
https://doi.org/10.1016/j.nan0so.2020.100535

108.Dobrucka, R., (2018). Biofabrication of Au—Pt Nanoparticles Using Asarum
europaeum Extract & Evaluation of Their Activity in Degradation of Organic Dyes, J.
Inorg. Organomet. P,, 28, 1953-1961.
https://doi.org/10.1007/s10904-018-0858-z

109.Ghosh, S., Nitnavare, R., Dewle, A., Tomar, G. B., Chippalkatti, R., More, P., Kitture,
R., Kale, S., Bellare, J.,&Chopade, B, A., (2015). Novel platinum—palladium
bimetallic nanoparticles synthesized by Dioscorea bulbifera: anticancer &
antioxidant activities, Int. J. Nanomed., 10, 7477-7490.
http://dx.doi.org/10.2147/1JN.S91579

110.Thirumoorthy, G., Balasubramanian, B., George, J. A., Nizam, A., Nagella, P,
Srinatha, N., Pappuswamy, M., Alanazi, A. M., Meyyazhagan, A., Rengasamy, K. R.
R.,& Lakshmaiah, V. V., (2024). Phytofabricated bimetallic synthesis of silver-copper
nanoparticles using Aerva lanata extract to evaluate their potential cytotoxic &
antimicrobial activities, Sci. Rep., 14, 1270.
https://doi.org/10.1038/s41598-024-51647-x

PANCHAKOTesSAYS Vol-15, No.-2, November 2024 ISSN : 0976-4968


https://doi.org/10.1016/j.nanoso.2020.100535�
https://doi.org/10.1007/s10904-018-0858-z�
http://dx.doi.org/10.2147/IJN.S91579�
https://www.nature.com/srep�
https://doi.org/10.1038/s41598-024-51647-x�

