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Interest in the biosynthesis of nanoparticles has increased in the last era by researchers. Nanoparticles have
several applications in different fields like optoelectronics, magnetic devices, drug delivery, and sensors.
Nanoparticle synthesis by green methods is safe for the environment and should be explored and encouraged
popularly since various plants’ have the high extent to form these nanoparticles. Worldwide, UV spectroscopy, X-
ray diffraction, Transmission Electron Microscopy (TEM), Scanning Electron Microscopy (SEM), Dynamic Light
Scattering (DLS), Atomic Force Microscopy (AFM) besides Fourier Transform Infrared Spectroscopy (FTIR) are
used in many ways for characterize nanoparticles. The most advantageous use of AgNPs is their great attribution
to be used as antimicrobial agents. Finally, concept of AgNPs synthesis is deserved to be the modern technical
and medical concern. The current review shows a complete comprehensive and analytical survey of the
biosynthesis of AgNPs with a particular focus on their activities as antimicrobials and the possible theories of
their effect on the microbial cell and all influenced secondary metabolites.

1. Introduction

The Nanotechnology field has protruded as a breakthrough tech-
nology in the twenty-first century. It is an integrative field that includes
creating, processing, and deploying materials smaller than 100 nm
scaling size. It deals with materials on molecular basis and has recently
joined diversed broad field of applications (Mansoori, 2005).

Nowadays, many promising technologies that depend heavily on
nanotechnology have emerged, such as biomedical science, optics, me-
chanics, the chemical industry, drug-gene distribution, optoelectronic
systems, catalysis, energy science, photoelectrochemical, and space

industries applications. A particular concern is directed to nanoparticles
owing to their exceedingly small size with higher surface/ volume ratios
which cause physical and chemical variations in their property instead
of the bulk of similar chemical structures and functions (Ray, 2010).
Green Synthesis nanotechnology is used to be more safe to the envir-
noments by utilizing plants bacteria and other different bioresources
(Lateef et al., 2016).

Also, several studies have been conducted to synthesize metal
nanoparticles by using bacteria such as Bacillus subtilis, and fungi such as
Fusarium oxysporum, and Penicillium sp. (Du et al., 2011).

This review focused on using extracts from different plants to
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synthesize nanoparticles since it is the most widely used form of green
chemistry and is eco-friendly. This strategy attracted scientists and re-
searchers’ interest because of the ease of distribution and availability of
plants. It is a source of different metabolites and is safe to use.

2. Green synthesis of nanoparticles

The three most important conditions for synthesizing nanoparticles
are the right choice of a renewable and environmentally safe solvent, a
harmless material, and a powerful reducing agent for stabilization.
Chemical processes are generally too costly and include dangerous and
harmful substances responsible for various environmental hazards (Nath
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and Banerjee, 2013). The biosynthesis method is a green, healthy, bio-
logically compatible, and environmentally sustainable way to synthesize
nanoparticles for biomedical applications using microorganisms and
plants. According to the phytochemicals in their extract, certain plant
parts as stems, roots buds, leaves, seeds and rhizomes have been utilized
to synthesize different nanoparticles (Narayanan and Sakthivel, 2011;
Abdelghany et al., 2018a; Al-Rajhi et al., 2022; Abdelghany et al., 2023).
Various biological methods for technology of nanoparticle synthesis are
shown in (Fig. 1).
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Fig. 1. Biological Synthesis of AgNPs.
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2.1. Role of plants in green nanoparticles synthesis

AgNPs manufacture by plant components is considered one of the
most important sciences of manufacturing processes (Makarov et al.,
2014).

The different bioactive molecules in the plant extracts like alkaloids,
phenols, citric acid, polyphenolic, terpenes, ascorbic acid, flavonoids,
and other components play an crucial value for being reducing agents.
Nanoparticle biosynthesis through phytobiomass is necessary for
nanotechnology because the plant extracts regard as reducing with
capping ability (Haldar et al., 2022).

Moreover, plant extracts are able to provide several phytochemicals
like proteins, amino acids, carbohydrates, saponins, flavonoids, chro-
mone, quinic acid, steroids, saturated besides unsaturated fatty acids,
terpenoids and phytol that have great influence on physical and organic
chemical fundementals. They occupy in the plant chemistry an essential
role in improving reduction size, rate and stabilization by acting as the
perfect surfactant, reducing, capping and structure-directing agent
(Potbhare et al., 2019).

By using of plant extracts in the nanoparticle biosynthesis ap-
proaches many researchers encourage for discovering different appli-
cations which are executed actually and other are already underway)
Fig. 2). Experiments have shown that the metal nanoparticle formation
depends on chemical and physical factors as time, pH, besides type of
mineral (Haldar et al., 2022).

2.2. Possible mechanisms involved in nanoparticles synthesis

It is vital to understand the process and metabolic pathways that
contribute to the manufacture of metal nanoparticles to establish a good
strategy for nanoparticle synthesis. Many other theories about making
nanoparticles have existed in the last few years. However, the specific
process underlying the biological metal nanoparticle synthesis is not yet
cleared, and further research is required to determine this. The Sec-
ondary metabolites and proteins present in the water-soluble portions of
Geranium leaves were investigated. It was hypothesized that reduction
and oxidation of Ag ions and carbonyl groups are caused by terpenoids
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respectively. It was stated that polyols were able to reduce silver by
Cinnamomum camphora leaves extract. The use of stimulant plant ex-
tracts like tea leaves and coffee seeds in the green production of AgNPs
was focused studied. The capping and reduction of AgNPs by oxidized
polyphenols and caffeine have done concurrently after complexation
with Ag metal salts. The cyclic octa-peptide was predominately
responsible for reduction of Ag" to AgNPs. It was assumed that the
curcain enzyme in the latex of Jatropha curcus helps stabilize AgNPs. In
another study, the flavonoids or polyphenols of leaves were responsible
for synthesizing Au and Ag nanoparticles. Also, the citric acids in citrus
plant extracts were reported as the major reducing agents for synthesis
of nanoparticle (Bar et al., 2009; Rao et al., 2021) (Fig. 3).

2.3. Characterization of nanoparticles

The most famous very common methods which are applied for the
nanoparticle synthesis and characterization are Ultraviolet-Visible (UV)
spectroscopy, (SEM), Photoluminescence (PL), (FTIR), Raman Spec-
troscopy, (XPM), (TEM), (XRD), (EDAX), (DLS) and (AFM). (AgNPs) on
the nanosheet surfaces of Graphene Oxides (GOs) are considered as the
multi-functional antimicrobial materials which were prepared by using
pathogenic bacteria biomass extract that have been fabricated to
nanocomposites. The manufactured materials were characterized by
variety of high spectroscopic techniques, as Raman Spectroscopy,
(XRD), (EDX), (FTIR), (TEM) and (SEM) (Potbhare et al., 2020).

2.4. Ag nanoparticles

Any reducing biological agents with the Ag ions solutions become
essential factors for synthesizing AgNPs eco-friendly. The integrated
biological reaction with phenols, vitamins, amino acids, or proteins
prepared the reduction of AgNPs. Those are the most effortless, least
costly processes for producing silver nanoparticles (Tolaymat et al.,
2010). Biogenic synthesis of AgNPs is a simple one-step protocol that
does not produce harsh or harmful chemicals; they are cost-effective,
ecological, and environmentally friendly. Recently, plants have been
extensively studied for the AgNPs biosynthesis from different sizes,
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Fig. 2. Biological synthesis of AgNPs from different plant parts.
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Fig. 3. Role of capping and reducing agents in AgNPs synthesis.

forms, antimicrobial efficacy, and stability. Different plant portions as
fruits, leaves, stems and flowers have been synthesize AgNPs success-
fully due to presence of many phytochemicals of plant extract which is
fully responsible for AgNPs synthesis (Ahmed et al., 2017).

2.4.1. Biosynthesis of the AgNPs from plant leaves

Many leaf extracts have been used for the AgNPs biosynthesis. It has
been stated that the Skimmia laureola leaf extract was capable of forming
spherical AgNPs in a diameter of 38.2 nm that were measured versus
S. aureus, P. aeruginosa, P. vulgaris, K. pneumonia besides E. coli (Ahmed
et al., 2017). At room temperature, Prosopis farcta leaf extract was able
to establish AgNPs. The analysis of the antimicrobial activity of AgNPs
by using wild leaves indicated that it exhibits antimicrobial activity
against Gram-positive and Gram-negative with an average size of 11.2
nm (Miri et al., 2015).

Spherical biogenic AgNP was also synthesized using Leptadenia
reticulata, Aloe vera and Eclipta prostrata from leaves extract was used for
AgNPs synthesis, and the antibacterial activity results showed inhibition
action is more effective aginst Gram-positive bacteria (Medda et al.,
2014). AgNPs were collected as highly crystals from Canna edulis, which
showed the greatest antimicrobial activity against S. typhimurium (Otari
et al., 2017).

Petiveria alliacea mediated AgNPs evaluated full inhibition versus
E. coli, K. pneumonia besides S. aureus (Lateef et al., 2018). Thymbra
spicata extract decreased sizes of nanoparticles to increase the antibac-
terial activities (Erci et al., 2017). It has been reported that the Solanum
nigrum and Clitoria ternatea leaf extract can synthesize tiny AgNPs, tested
versus P. aeruginosa, K. aerogenes, B. subtilis, E. coli, S. aureus besides
S. pyogenes. Due to their small scale, AgNPs from Clitoria ternatea had
better efficacy against nosocomial pathogens than AgNPs from Solanum
nigrum (Karthiga, 2018). It has been stated that the leaf extract of
Withania somnifera, Grewia flaviscences, Justicia adhatoda, and Prunus

yedoensis could synthesize AgNPs in a size of 8-100 nm mainly spheri-
cally (Sana et al., 2015;. Velmurugan et al., 2015). The AgNPs of Prunus
yedoensis were used for care for P. acnes and S. epidermidis infection.
Moreover, it was discovered that commercial AgNPs are less effective
versus well-known skin bacteria like S. epidermidis and P. acnes than
biosynthesized AgNPs (Bose and Chatterjee, 2015). Ficus recurva, Pista-
cia atlantica, and Tectona grandis have also been reported to synthesize
AgNPs and studied against various microbes (Marslin et al., 2015).
Furthermore, AgNPs have been synthesized using plant leaf extracts
from Cassia fistula, Artocarpus altilis, Terminalia arjuna, Psidium guajava,
and Cardiospermum halicacabum. When the AgNPs were tested against
different bacteria, they demonstrated the largest inhibition zone against
P. aeruginosa and E. coli. Also, it showed less activity against Klebsiella
pneumoniae (Anandalakshmi et al., 2016). Catharanthus roseus was
identified by changed color with Ultra Violet spectrum in XRD, FTIR,
AFM techniques to ensure AgNPs biosynthesis (Sara et al., 2019). Using
ultrasonication in the biosynthesis of AgNPs increases the reaction
conditions by shortening the time and rate of reaction. It has been
exhibited that the extract from leaves of Lantana camara were used to
bio-synthesize spherical AgNPs by ultrasonic assistance. The AgNPs
verified the antimicrobial activity against Gram-positive and Gram-
negative bacteria (Manjamadha and Muthukumar, 2016). The spher-
ical shapes which have diameters with the range of 11-47 nm of AgNPs
by Transmission Electron Microscope (TEM) analysis, was obtained by
Lavandula intermedia (Christophe et al., 2008). Artemisia vulgaris medi-
ated AgNPs revealed significant inhibition activities against tested
bacterial pathogens like S. aureus (Rasheed et al., 2017). Camellia
sinensis was conducted by using AgNPs in antimicrobial fabric tests on
the dyed cloths (Onitsuka et al., 2019).

TEM study of AgNP synthesized by Jatropha curcas leaf extract
indicated variance in particle sizes (20-50 nm) and form. In contrast,
SEM study revealed that the diameter of AgNP was in the between of
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50-100 nm (Chauhan et al., 2016). The sensitivity test revealed that it’s
susceptible to E. coli but showed less activity against S. aureus. Lawsonia
inermis, Urtica dioica, and Ziziphus oenoplia are mediated to produce
AgNPs with the great antibacterial activities (Ali et al., 2016). Sesbania
grandiflora, Indigofera articulata, and Phlomis cancellat extracts were
useful for the reduction of AgNO3 to AgNP biologically (Ajitha et al.,
2016). Small-size AgNPs of Caesalpinia pulcherrima showed antimicro-
bial activity versus K. pneumonia and E. coli. (Kuppurangan et al., 2016).
Aspilia pluriseta, Melia azedarach, Mikania micrantha, and Scoparia dulcis
were proven to be excellent antimicrobial activity versus numerous
common pathogenic microbes like E. coli and B. subtilis when mediated
with AgNPs (Nyabola et al., 2020; Saratale et al., 2017).

Recently, Solanum nigrum plant leaf extract was used to form AgNO3
with an average diameter of 3.46 nm (Vijilvani et al., 2020). The
biogenic AgNPs are one of the smallest reported NPs, as small as 1.74
nm. E. coli (DH5a) was used to study the antimicrobial activity of the
produced AgNPs. 5 pg/mL is a MIC value which significantly reduced
the growth on an agar plate. Azadirachta indica was able to synthesize
AgNPs and evaluated pH effects on the formation of nanoparticles. The
produced Pedalium murex nanoparticles were tested against many
pathogenic microorganisms and exhibited the largest ZOI of 10.5 mm (in
15 mL for 1 scale) versus P. aeruginosa and E. coli (Ghotekar et al., 2018).
Mediated AgNPs of Croton bonplandianum were reported to be highly
active particles against several pathogenic microorganisms (Mudasir
et al., 2017). In addition, Tamarix gallica was used to synthesize AgNPs
to evaluate the activity against E. coli (Lopez-Miranda et al., 2016).
Taraxacum sect. Taraxacum mediated AgNPs were the best synergistic
antibacterial activity against several standard commercial antibiotics
(Jyoti et al., 2016). Salvia leriifolia, Tecoma stans, Leucaena leucocephala,
and Galega officinalis produced spherical AgNPs with size-dependent
antibacterial activities (Baghayeri et al., 2018; Manosalva et al.,
2019). Various antimicrobial AgNPs were synthesized by Capparis pyr-
ifolia, Kleinia grandifiora and Corymbia citriodora (Kanagamani et al.,
2019; Nilavukkarasi et al., 2020). Ligustrum lucidum expressed Syner-
gistic antimicrobial activity after mediation with AgNPs against
S. turcica (Huang et al., 2020). Aesculus hippocastanum (horse chestnut)
was able to mediate the unique size of AgNPs (0.00019 ug/ml) to have
the highest antibacterial activity acheived versus Gram (-) bacteria
(Fatma et al., 2020). Green AgNPs synthesis promoted the antibacterial
activity of Melaleuca alternifolia versus many resistent skin bacteria
involving S. epidermis besides methicillin-resistant Staphylococcus aureus
(Ramadan et al., 2020). Interestingly, biogenic AgNPs derived from
Bergera koenigii extracts displayed the highest activity versus
P. aeruginosa (Chahande et al., 2020). The Biosynthesis of AgNPs using
Curcuma longa investigated AgNPs-coated cotton fabric with high anti-
microbial activity (Maghimaa and Ali, 2020). Synthesis of spherical
CuNPs, FeNPs and AgNPs with different sizes using leaf extract of
Syzygium cumini leaf extract was confirmed to have antibacterial prop-
erties against vancomycin and methicillin resistance S. aureus (Asghar
et al., 2020). Cestrum nocturnum and Cleistanthus collinus also have
produced AgNPs (Keshari et al., 2020; Lourthuraj et al., 2020). Mentha
aquatica extract produced an ultra sound-assisted AgNPs as a reducing
agent with capping ability (Nouri et al., 2020). Ceropegia thwaitesii and
Salvia rosmarinus extract-mediated AgNPs revealed constant higher ac-
tivity versus Gram (-) bacteria (Muthukrishnan et al., 2015). Other plant
species in this study were prepared as AgNPs with cubic, pentagonal,
and hexagonal shapes of various sizes against several microbes
(Chhangte et al., 2021) (Table 1 & Table 7).

2.4.2. Biosynthesis of the AgNPs from seeds

Durio zibethinus seed extract had the ability to synthesize spherical
and polygonal AgNPs with 25-35 nm diameter. The extract’s poly-
saccharides induced bio-reduction, and amino acids stabilized the
AgNPs.The produced NPs showed great inhibitory ability exclusively
against four bacteria: A. punctat, V. alginolyticus, V. parahaemolyticus,
and V. anguillarum (Xu et al., 2014). AgNPs with strong antibacterial
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activity were generated by seed extracts of plants such as Trigonella
foenum-graecum, Persea americana, Trachyspermum ammi and Salvia his-
panica, (Giron—Vazquez et al., 2019; Hernandez et al., 2019; Rautela
etal., 2019; Varghese et al., 2019). The size of AgNPs was dependent on
the Persea americana seed extract concentration. Small AgNPs were
observed at low concentrations of aqueous extract, while larger NPs
were observed at high concentrations of aqueous extract. In the AgNPs
produced by Trifolium resupinatum seeds extracts, the maximum inhibi-
tory effect of 94.1 percent and 84 percent was obtained against
N. parvum and R. solani, respectively (Khatami et al., 2016). Moreover,
spherical AgNPs were synthesized by many plant seeds such as Embelia
ribes, Myristica fragrans, and Nigella arvensis were used (Chahardoli et al.,
2017; Dhayalan et al., 2016; Haseeb et al., 2017). In most cases, AgNP
technique is more effective as antimicrobials than other metal-NPs; it is
worth noting that E. coli is less susceptible to Embelia ribes derived
AgNPs, with a less ZOI than for AuNPs (Dhayalan et al., 2016).
Compared to P. aeruginosa, AgNPs mediated by Alpinia katsumadai seed
extract had excellent antibacterial activity. Those produced from Myr-
istica fragrans seed extract were reported to be particularly sensitive to
S. typhi a multidrug-resistant (MDR) strain with the highest inhibition
zone at concentration 100 mg mL~! (He et al., 2017). Leucaena leuco-
cephala exhibited the lowest toxicity versus S. aureus besides E. coli
(Varghese et al., 2019). It has been shown that the AgNPs size was varied
on Persea Americana extract concentration where low concentration
resulting in small NPs and high concentration resulting in larger NPs
were appeared. It studied synergistic antibiotic action on the bacterial
strains S. aureus, B. cereus plus E. coli with AgNPs in seeds of Hibiscus
cannabinus. At the same time, they were in vitro applied with antibiotics.
Carum copticum mediated AgNPs suppressed the biofilm formation of
P. aeruginosa through an additional percent in different Carum copticum
mediated AgNPs concentration respectively (Qais et al., 2020). The ef-
fect of several parameters such as time, temperature, solvent besides
solvent/plant ratio have been studied for AgNPs biosynthesis from
Pimpinella aromatica seeds extracts (Zayed et al., 2020).

Similarly, roasted and dried coffee seeds (Coffea arabica) were used
to reduce and stabilize the eco-friendly AgNPs. The researchers are able
to raise the bactericidal effect versus S. aureus besides E. coli. The results
displayed that the AgNPs had the high ZOIs at a concentration between
0.04 M and 0.1 M. (Dhand et al., 2016).Other plant seeds in this
investigation used as reducing as well as stabilizing agents for AgNPs
biosynthesis (Md et al., 2022) (Table 2 & Table 8).

2.4.3. Biosynthesis of the AgNPs from flower

Flower extracts have recently been extensively used in NP biosyn-
thesis by using Tagetes erecta leaf extracts to synthesize AgNPs. They
evaluated the bactericidal activity versus Gram (-) besides Gram (+)
bacteria E. coli, C. neoformans, C. albicans, Staphylococcus aureus,
P. glabrata, and B. cereus. The results exhibited that P. aeruginosa and
E. coli have higher bactericidal activity than other pathogenic microor-
ganisms. The authors also observed the antifungal activity of antibiotics
and AgNPs versus Gram-negative bacteria compared to antibiotics
alone, demonstrating significant activity. Flower extracts from Alcea
rosea, was also reported for the biogenic synthesis AgNP (Ebrahimi-
nezhad et al., 2017; Chandrasekhar et al., 2017). It has been revealed
that Moringa oleifera leaf extract produced ultra-small AgNPs with a 29
mm ZOI against S. aureus. Due to its small size, this has one of the
greatest ZOIs yet seen utilizing biogenic AgNPs. According to (Ajitha
et al., 2015), leaf extract of Turnera ulmifolia was able to be as a capping
agent and bio-reducing produced polydisperse AgNPs. The antibacterial
activity of the AgNPs was evaluated versus different pathogens and was
found to be maximal in Pseudomonas spp. Tecoma stans flower extract
synthesized spherical AgNPs of 50-60 nm. The antibacterial activity
versus Gram (+) and Gram (-) bacterial species was tested. The result
indicated that the ZOI is lower for Gram (-) than Gram (+) (Ngoan et al.,
2022) (Tables 3 & 9).
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Table 1
Examples of leaf extract used and families with MIC for the green synthesis of AgNPs.
No. Plant Species Family MIC pg/ml Ref.
1 Aesculus hippocastanum L. Hippocastanaceae 0.00019 Fatma et al., 2020
2 Aloe vera (L.) Burm.f. Asphodelaceae 6.25 Medda et al., 2014
3 Aloysia citrodora Palau Verbenaceae 0.02 Aditi et al., 2021
4 Amaranthus tricolor L. Amarnthaceae 8.5 Aditi et al., 2021
5 Andrographis echioides (L.) Nees Acanthaceae 1.5 Aditi et al., 2021
6 Argemone mexicana L. Papaveraceae 0.01 Aditi et al., 2021
7 Artemisia vulgaris L. Asteraceae 50 Mollick et al., 2019
8 Artocarpus altilis (Parkinson) Fosberg Moraceae 100 Bose and Chatterje, 2015
9 Aspilia pluriseta Schweinf. ex Engl. Asteraceae 6.26 Nyabola et al., 2020
10 Atalantia monophylla DC. Rutaceae 2.0945 Aditi et al., 2021
11 Azadirachta indica A. Juss. Meliaceae 5 Verma, and Mehata, 2016
12 Bergera koenigii L. Rutaceae 133.33 Chahande et al., 2020
13 Brassica oleracea L. Brassicaceae 10 Aditi et al., 2021
14 Caesalpinia pulcherrima (L.) Sw. Fabaceae 100 Kuppurangan et al., 2016
15 Camellia sinensis (L.) Kuntze Theaceae 12.5 Onitsuka et al., 2019
16 Canna indica L. Cannaceae 150 Otari et al., 2017
17 Capparis pyrifolia Lam. Capparaceae 0.025 Nilavukkarasi et al., 2020
18 Cardiospermum halicacabum L. Sapindaceae 20 Aditi et al., 2021
19 Carya illinoinensis (Wangenh.) K.Koch Juglandaceae 0.005 Aditi et al., 2021
20 Cassia fistula L. Fabaceae 20 Bose and Chatterje, 2015
21 Catharanthus roseus (L.) G.Don Apocynaceae 0.01112 Sara et al., 2019
22 Ceropegia thwaitesii Hook. Apocynaceae 200 Muthukrishnan et al., 2015
23 Cestrum nocturnum L. Solanaceae 80 Keshari et al., 2020
24 Cleistanthus collinus (Roxb.) Benth. ex Hook.f. Phyllanthaceae 100 Lourthuraj et al., 2020
25 Clematis zeylanica (L.) Poir. Ranunculaceae 200 Aditi et al., 2021
26 Clitoria ternatea L. Fabaceae 10 Lateef et al., 2018
27 Corymbia citriodora (Hook.) K.D.Hill & L.A.S.Johnson Myrtaceae 100 Qais et al., 2020
28 Croton bonplandianus Baill. Euphorbiaceae 100 Alfuraydi et al., 2019
29 Curcuma longa L. Zingiberaceae 39.06 Maghimaa and Ali, 2020
30 Dracocephalum moldavica L. Lamiaceae 300 Aditi et al., 2021
31 Eclipta prostrata (L.) L. Asteraceae 4.5 Aditi et al., 2021
32 Erythrina abyssinica Lam. Fabaceae 100 Aditi et al., 2021
33 Ficus recurva var. recurva Moraceae 40 Marslin et al., 2015
34 Galega officinalis L. Fabaceae 50 Manosalva et al., 2019
No. Plant Species Family MIC pg/ml Ref.
35 Grewia flavescens Juss. Malvaceae 50 Sana et al., 2015
36 Indigofera articulata Gouan Fabaceae 0.039 Andra et al., 2019
37 Jatropha curcas L. Euphorbiaceae 0.005 Anandalakshmi et al., 2016
38 Justicia adhatoda L. Acanthaceae 40 Velmurugan et al., 2015
39 Kleinia grandiflora (Wall. ex DC.) N.Rani Asteraceae 100 Kanagamani et al., 2019
40 Lantana camara L. verbenaceae 100 Manjamadha and Muthukumar, 2016
41 Lavandula x intermedia Emeric ex Loisel. Lamiaceae 0.5 Masum et al., 2019
42 Lawsonia inermis L. Lythraceae 50 Aditi et al., 2021
43 Leptadenia reticulata (Retz.) Wight & Arn. Apocynaceae 25 Ajitha et al., 2016
44 Leucaena leucocephala (Lam.) de Wit Fabaceae 0.2407 Mahendran et al., 2016
45 Ligustrum lucidum W.T.Aiton Oleaceae 0.001 Huang et al., 2020
46 Melaleuca alternifolia (Maiden & Betche) Cheel Myrtaceae 0.02 Ramadan et al., 2020
47 Melia azedarach L. Meliaceae 100 Jebril et al., 2020
48 Melissa officinalis L. Lamiaceae 100 Aditi et al., 2021
49 Mentha aquatica L. Lamiaceae 0.0625 Nouri et al., 2020
50 Mikania micrantha Kunth Asteraceae 300 Biswas et al., 2019
51 Nyctanthes arbor-tristis L. Oleaceae 25 Aditi et al., 2021
52 Ocimum tenuiflorum L. Lamiaceae 3.90 Rupali et al., 2012
53 Oryza sativa L. Poaceae 100 Aditi et al., 2021
54 Paederia foetida L. Rubiaceae 50 Aditi et al., 2021
55 Pedalium murex L. Pedaliaceae 0.005 Ghotekar et al., 2018
56 Petiveria alliacea L. Phytolaccaceae 10 Lateef et al., 2018
57 Phlomis cancellata Bunge Lamiaceae 160 Aditi et al., 2021
58 Phyllanthus amarus Schumach. & Thonn. Phyllanthaceae 5 Aditi et al., 2021
59 Pistacia atlantica Desf. Anacardiaceae 20 Marslin et al., 2015
60 Prosopis farcta (Banks & Sol.) J.F.Macbr. Fabaceae 620 Miri et al., 2015
61 Prunus x yedoensis Matsum. Rosaceae 250 Velmurugan et al., 2015
62 Psidium guajava L. Myrtaceae 83.33 Aditi et al., 2021
63 Raphanus raphanistrum subsp. sativus (L.) Domin Brassicaceae 50 Aditi et al., 2021
64 Ricinus communis L. Euphorbiaceae 0.01 Aditi et al., 2021
65 Salvia leriifolia Benth. Lamiaceae 40 Baghayeri et al., 2018
66 Salvia rosmarinus Spenn. Lamiaceae 50 Hernandez-Morales et al., 2019
67 Scoparia dulcis L. Plantaginaceae 100 Saratale et al., 2017
68 Sesbania grandiflora (L.) Poir. Fabaceae 100 Ajitha et al., 2016
69 Skimmia laureola (DC.) Decne. Rutaceae 32 Ahmed et al., 2017
70 Solanum nigrum L. Solanaceae 25 Karthiga, 2018
71 Syzygium cumini (L.) Skeels Myrtaceae 25 Asghar et al., 2020
72 Talinum fruticosum (L.) Juss. Talinaceae 0.05 Aditi et al., 2021
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No. Plant Species Family MIC pg/ml Ref.
73 Tamarix gallica L. Tamaricaceae 20 Lopez-Miranda et al., 2016
74 Taraxacum sect. Taraxacum F.H.Wigg. Asteraceae 4 Jyoti et al., 2016
75 Tecoma stans (L.) Juss. ex Kunth Bignoniaceae 200 Biswas et al., 2018
76 Tectona grandis L.f. Lamiaceae 60 Marslin et al., 2015
77 Terminalia arjuna (Roxb. ex DC.) Wight & Arn. Combretaceae 12,000 Aditi et al., 2021
78 Terminalia chebula Retz Combretaceae 0.25 Aditi et al., 2021
79 Thymbra spicata L. Lamiaceae 0.0125 Erci et al., 2017
80 Urtica dioica L. Urticaceae 0.01 Mane et al., 2015
81 Withania somnifera (L.) Dunal Solanaceae 40 Erci et al., 2017
82 Ziziphus mauritiana Lam. Rhamnaceae 0.007812 Soman et al., 2016
Table 2 pubescens demonstrated excellent antimicrobial properties (Markus

Examples of seed extract and families with MIC for the green synthesis of AgNPs.

No.  Plant Species Family MIC ug/ Ref.
ml
1 Alpinia hainanensis K. Zingiberaceae 83.33 He et al., 2017
Schum.
2 Coffea arabica L. Rubiaceae 0.8 Md et al., 2022
3 Descurainia sophia (L.) Brassicaceae 100 Ngoan et al.,
Webb ex Prantl 2022
4 Durio zibethinus L. Malvaceae 2000 Xu et al., 2014
5 Embelia ribes Burm.f. Primulaceae 2000 Chahardoli
et al., 2017
6 Hibiscus cannabinus L. Malvaceae 100 Qais et al., 2020
7 Leucaena leucocephala Fabaceae 6.25 Varghese et al.,
(Lam.) de Wit 2019
8 Linum usitatissimum L. Linaceae 82 Ngoan et al.,
2022
9 Mpyristica fragrans Houtt. Myristicaceae 100 Dhayalan et al.,
2016
10 Nigella arvensis L. Ranunculaceae 8 Haseeb et al.,
2017
11 Persea americana Mill. Loranthaceae 100 Hernandez-
Morales et al.,
2019
12 Phoenix sylvestris (L.) Arecaceae 344 Ngoan et al.,
Roxb. 2022
13 Pimpinella aromatica M. Apiaceae 12.5 Zayed et al.,
Bieb. 2020
14 Rhamphospermum Brassicaceae 100 Ngoan et al.,
arvense (L.) Andrz. ex 2022
Besser
15 Salvia hispanica L. lamiaceae 40 Rautela et al.,
2019
16 Sesamum indicum L. Pedaliaceae 50 Ngoan et al.,
2022
17 Trachyspermum ammi Apiaceae 250 Varghese et al.,
(L.) Sprague 2019
18 Trifolium resupinatum L. Fabaceae 0.0025 Khatami et al.,
2016
19 Trigonella foenum- Fabaceae 0.00125 Giron-Vazquez
graecum L. et al., 2019

2.4.4. Biosynthesis of the AgNPs from root

Nowadays, the root plant extracts were used for AgNPs biosynthesis,
and their application as antimicrobials has received much concern. The
root extract of Alpinia calcarata was used as a stabilizing and bioreducing
in the biosynthesis of spherical shape AgNPs. Antimicrobial activity was
determined versus P. mirabilis, B. cereus, S. aureus besides E. coli. The
results indicated that AgNPs have a high evaluation for cell lysis of the
bacteria and have a shelf life of up to six months. Root-derived AgNPs
from Annona muricata, Asparagus racemosus, Pelargonium endlicherianum
Fenzl. were also highly sensitive to tested microorganisms (Kantipudi
et al., 2018; Wang et al., 2016). The AgNPs from Rheum palmatum had a
high ZOI but were less active than the antibiotic chloramphenicol
(Srashti et al., 2022). Phoenix dactylifera, Angelica pubescens, Lespidium
draba, root extracts were also shown to have antibacterial activity by
AgNPs (Markus et al., 2017; Ovais et al., 2018). Although AuNPs and
root extract have no antibacterial effect versus the studied Gram (-)
besides Gram (+) bacterial strains, the AgNPs synthesis of Angelica

et al., 2017). Lysiloma acapulcensis root extract was used to greenly
synthesize AgNPs 3.2-6.0 nm. In other words, the researchers found that
AgNPs induced by Lysiloma acapulcensis root extract had increased
antibacterial activity. Many different types of bacteria were used to
assess antimicrobial activity. The inhibitory potency was determined to
be high in C. albicans, medium in S. aureus and low in E. coli. A research
article denoted that there was a binding effect of reducing agents of
Raphanus sativus on the size and shape of final nanoparticles (Garibo
et al., 2020) (Tables 4 & 10).

2.4.5. Biosynthesis of the AgNPs from fruits

The fruit extracts are extensively studied in green nanoparticle syn-
thesis (Alfuraydi et al., 2019). It has been stated that Helicteres isora,
Emblica officinalis, Solanum trilobatum, guava, and carambola fruit ex-
tracts were used for spherical shape AgNPs synthesis (Mapara et al.,
2015). The antibacterial activity of the fruit extract was explored against
B. subtilis, E. coli, K. pneumonia, S. aureus, B. cereus, S. typhi besides
S. mutans. The studies showed that while the fruit extract concentrations
increase, the AgNP sizes decrease, sequentially increasing antibacterial
activity (Mane et al., 2015).

Similarly, spherical shapes of AgNPs were synthesized from fruit
extracts, including Carissa macrocarpa and Rosa canina extract, and the
antimicrobial activity was performed (Soman et al., 2016; Kumar et al.,
2017; Rashid et al., 2017). Several reports have shown that the fruit
extracts of Carissa macrocarpa and Rosa canina, were successfully used in
the antibacterial activity and the biosynthesis of AgNP studied (Andra
et al.,, 2019; Du et al., 2019; Masum et al., 2019). The results displayed
that the AgNPs of fruit extracts had significant antibacterial efficacy
versus Gram (-) besides Gram (+) bacteria. The microwave was used for
the biosynthesis of AgNPs by using cherry extracts. It was revealed to be
less cost-effective processes and time. The synthesized NPs’ size was
tiny, which caused the cell of the human pathogen to lysis. Additionally,
the antimicrobial activity of other fruit extracts like Areca catechu and
Capsicum frutescens, mediated AgNPs was evaluated. The result revealed
that AgNPs exhibited significant cell lysis of bacterial strains (Mollick
et al., 2019; Odeniyi et al., 2020).

Besides, fruit extract of Citrus limon was treated for the AgNPs syn-
thesis (Rahisuddin et al., 2015; Biswas et al., 2018). The lemon extract
was combined with the shape directive CTAB to control the AgNP’s
shape. The results indicated that if the extract was directly applied to the
various bacterial strains, it demonstrated the most potent activity
against them [80In another study, the citrus extracts were used as a
reducing material for the biosynthesis of AgNPs to study the antimi-
crobial activities versus P. aeruginosa, E. coli, and S. aureus. Fruit extracts
from Fragaria vesca were (Mahendran et al., 2016). It was stated that the
synthesized AgNPs size depends on multiple factors, including the
AgNOg3 concentration, AgNOg ratio, the plant extract, time, the tem-
perature of incubation and the pH (Dobrucka et al., 2018). The standard
conditions for AgNPs synthesis showed the best incubation were at pH
10, 37C, 1:1 AgNOs/Kokum fruit extract, 1.5 mM AgNOgs, for 24 h
(Andra et al., 2019) (Tables 5 & 11).
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2.4.6. Biosynthesis of the AgNPs from stem

The stem extract of plants has been widely used in the biosynthesis of
AgNPs. Green synthesis of AgNPs was investigated through using
C. pulcherrima stem extracts and evaluated its antimicrobial activities
against various pathogenic microorganisms (Ahluwalia et al., 2018).
Additionally, AgNPs biosynthesis was exhibited using different stem
extracts such as Fumariae herba, and Garcinia mangostana (Moteriya and
Chanda, 2020; Karthiga, 2018). The biosynthesized AgNPs were tested
versus multiple Gram (+) besides Gram (-) bacterial strains. The results
revealed that it’s very effective in disrupting Gram-negative bacteria cell
walls. The antimicrobial activities of AgNPs against various pathogenic
bacterial strains was done by using synthesized AgNPs from aqueous
extracts of Swertia paniculate besides Cynodon dactylon. The study indi-
cated that the Cynodon dactylon extract mediates the synthesis of AgNPs,
which was smaller than those mediated by Swertia paniculate. This
implies that AgNPs of waste grass extract exhibit more significant
antimicrobial activity owing to their ability to disrupt the bacterial cell
wall structure easily. Another study used Anthemis atropatana extract to
biosynthesize AgNPs. It evaluated the antimicrobial activities of the
produced AgNPs versus many pathogenic bacteria, including S. aureus,
P. aeruginosa, E. coli and S. pyogenes.. The results displayed that
P. aeruginosa besides S. aureus have the lowest and highest MIC values,
respectively (Table 6) (Khandel et al., 2018) (Tables 6 & 12).

2.5. Applications of silver nanoparticles

Many works of literature have been focusing on the useful applica-
tion of AgNPs. It has been exhibited that the applications of silver
nanoparticles are in the field of bio-medicine which includes cancer
treatment, dental technology, bio-imaging, and other applications.
Recently, cancer treatments have been attracted by the research of
AgNPs owing to their high unique chemical and physical characters
(Amarasinghe et al., 2020). Previous studies indicated that AgNPS have
an obvious effect on cancer cells such as colon, uterine, and lung cancer.
Also, AgNPs are considered one of the best great attractive and cheap
particles, which have a wide range in environmental applications like
repurification of wastewater treatment, agriculture and aqua mining.
Silver nanoparticles can purify water and waste water by activating
photolysis and adsorption (Castillo-Henriquez et al., 2020).

In agriculture, AgNPs are used to manufacture bio-fertilizers to
control the absorption of plants, which helps preserve soil fertility
through reducing nutrient loss in the soil (Martinez-Fernandez et al.,
2018). Silver nanoparticles are used now instead of inorganic and
organic acids, because they are resistant to high temperatures, making
them suitable in the food packaging industry. This increases its shelf life
in preservation and makes it free from microbes (Jebril et al., 2020).

2.6. Antimicrobial mechanisms of silver nanoparticles

The real mechanisms of antibacterial, antifungal and toxic activities
which carried out through AgNPs are nearly well-debated topic. Ag™
ions are suggested to have the great essential role in antimicrobial ac-
tivities. Silver ions can form different complexes with nucleic acids such
as DNA and RNA and preferentially interact with the phosphate group
rather than nucleosides of nucleic acid. Some literatures show the
electrostatic attractions among negatively charged bacterial cells be-
sides positively charged nanoparticles which leads to be the most
favorable suggested bactericidal agent (Biswas et al., 2019). Then, they
have been exhibited to be accumulated inside the membrane in addition
to diffuse inside the cells causing denature to the membranes or bacterial
wall. It is proposed that Ag atom binds to thiol groups (-SH) of enzyme to
form a stable S-Ag bond with thiol-containing structures. It may cause
the inhibition of enzyme activity of the cell membrane that involves in
transferring energy besides ions. It was also thought that Ag-I ion can
enter the cell membrane and intercalate among the pyrimidine and
purine base pairs distorting the hydrogen bonds between each two anti-
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parallel strand for denaturation of DNA molecules immediately. Nano-
particles are able to modify the phosphor-tyrosine profiles of bacterial
peptides which influence on signal transduction lead to inhibit micro-
organism increment and growth. The antimicrobial effect is such a dose
dependent with an independent of bacteria’s acquisition of resistance
versus antibiotics. Treatment of E. coli cells with AgNPs accumulating in
its bacterial membranes causes increasing permeability and death of the
cell (Parvataneni, 2020; Ganash et al., 2018; Abdelghany et al., 2018b).

3. Data analysis

In the present study, 62 % of the mentioned plant species are
considered introduced cultivated hybrids. They are more represented in
dicot plant families (91 %) (Fig. 4). many reasons enhance the concluded
facts. First, monocot cells are unlike dicot ones in losing the ability to
differentiate at an early level of development (Ajay et al., 2009).
Different cell wall compositions among monocots and dicots govern the
success of the AgNPs in vivo treatments. The cell wall of dicots is
composed of g-linked glucose residues with chains of g-D-xyloglucans,
glucuronoarabinoxylans and linear chains of p-D-xylose that charac-
terize and polarize the interlocking toxicity of the Ag compounds. The
AgNPs were prepared using either cysteamine hydrochloride (CHSB-
AgNPs), tannic acid (TA-AgNPs) or trisodium citrate (TCSB-AgNPs).
They showed comparable shape, size, distribution and nearly sizes equal
to 15 + 3 nm, which was reported by utilization of (TEM). The electro-
kinetic characteristics exhibited that TA-AgNPs and TCSB-AgNPs have
negative charges, while CHSB-AgNPs have positive ones (Ewelina et al.,
2022). Therefore, the types of secondary metabolite phytochemicals
derived can be affected; moreover, charged ions can alter the active
functional groups. In this investigation, alkaloids and phthalides are
regarded as the most effective phytochemicals which show potential
interactions in bacterial degradation and inhibition growth (Lucie et al.,
2016) (Fig. 5). Second, the meristematic response of monocot cells to be
hybrid and transgenic are less than dicot ones. This confirms why most
silver nanoparticle research involves dicot plant species. Fabaceae and
Lamiaceae are the most studied families in this field because Fabaceae
plant members are the most adaptable plants in the world. In contrast,
most medicinal plants are integrated in Lamiaceae (Fig. 6). On the other
hand, Arecaceae, Poaceae, and Zingiberaceae are the most monocot
families presented in this study (Fig. 7). Palm trees are the most evalu-
ated monocot plants and grasses are the most abundant plants having
highly sufficient dispersal mechanisms. The world map exhibits the
studied plant families’ distribution in all world countries. Africa, the
Middle East, South Asia, southeastern Asia, the Far East, Eastern Europe,
the USA, and the Southern American continent are concerned with
invasive wild plant species. At the same time, western and northern
Europe, Russia, Canada, Australia, New Zealand, and the Caribbean
region trap most of the introduced cultivated hybrids (Map 1). This may
refer to the nature of geographical areas and the use of the most
advanced methods of genetic engineering and tissue culture approaches.
The most commonly studied bacteria species was E. coli. (Fig. 8). MIC
leaf values ranged (0.001-12,000 pg/ml) while other plant parts, seed
(0.00125-20,000 pg/ml), flower (10-30,000 pg/ml), root
(0.06-100,000 pg/ml), fruit (6.25-780 pg/ml), stem (3-500 ug/ml). The
analysis of variance for all MICs is achieved. ANOVA test observed
highly significant differences to leaves against other plant parts (F test =
134.24) (P value < 0.0001). Correlation analysis showed a very slightly
negative value (-0.0197), which reflected that MIC values for all studied
plant parts are more or less compatible. These values were represented
graphically by regression. Regression describes the co-variation between
MIC values of leaves and other plant parts (Al faifi et al., 2023). A simple
Linear Regression (SLR) curve indicates the significant relationship be-
tween them, which forms a single horizontal line to show that the
studied data was neutral and directed toward other plant parts (Fig. 9).
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4. Conclusions

The increase in demand for green nanotechnology and chemistry has
pushed toward adopting a green synthesis direction to synthesize
nanomaterials via plants, microorganisms, and others over the last
several decades. Considerable studies have been behaved on AgNPs
synthesis through various plant extracts and their potency applications
in other different fields like bioengineering sciences, biotechnology,
catalysis, dye degradation medicine, electronics, imaging, sensors,
textile engineering, water treatment, and optics. Additionally, plants
contain various unique compounds that aid synthesis and speed up the
synthesis rate. Sequentially, the process which is used to establish the
nanoparticles does not necessitate using any nontoxic or toxic com-
pounds that is why it is regarded as one of the significant defects of
physical and chemical methods. Nano-technology is contniung in
expanding and evolving in different fields. The findings of any nano-
research project may improve other future studies and understand the
technology in details moreover, educe the physical plus chemical
properties of different compounds in plant extracts.

Nonetheless, novel and unique NPs will protect the environment
while meeting the high needs for biomedical and clinical researches and
drug developments. Bulk mass production of green material synthesis
could improve people’s general health in high densely populations
distributed throughout under-developed countries. On account of the
abundance of plant extracts, it may significantly reduce drug develop-
ment costs and provide employment opportunities in remote source
regions. Finally, the natural nanoparticles can improve world health by
increasing the human’s immunity with less drug toxicity and high bio-
compatibility enhancing establishment of a pure green environments
for all living organisms on our planet.
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