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Abstract

Silver nanoparticles have shown success in many applications, especially in the field of biochemistry, by controlling the shape
and size of these nanoparticles, which had a significant impact on the diversity of their antimicrobial properties. Many
different shapes and sizes of silver nanoparticles can be prepared by various techniques, the most important of which is the
use of capping agents, where the role of capping agents is not limited to controlling both sizes and shape only but extends to
the stability of nanoparticles nanostructures. In addition, the type of capping agent has an influential role in the surface
efficiency of the formed silver nanoparticles. However, multiple concerns have been raised regarding the environmental safety
and human health impacts of the use of chemically manufactured capping agents. This review included the manufacture of
silver nanoparticles using aqueous extract of some plants, flowers, or fruits, and their applicability and activity in various
fields such as antioxidants and antibacterials were examined. Also, some of the most common and popular chemical and
physical methodologies are initially described, and the advantages and disadvantages of using these methods to prepare silver
nanoparticles are considered. Green synthesis methodologies have been discussed in detail with emphasis on their benefits
and applications. Much of the recent literature related to the use of plant extracts have been addressed, and the effects of basic
reaction parameters, such as temperature, pH, precursor, and extract concentration, on silver nanostructure size and
morphology have been reported. Moreover, current challenges related to the green synthesis of silver nanostructures and
future directions have been identified. In summary, the review aims to demonstrate the true potential of green nanotechnology
towards the synthesis of silver nanostructures in various morphology and the possibility of moving away from current
chemical techniques towards more environmentally friendly, less hazardous, simpler, and high efficient material as
antimicrobial activity and Anti-oxidant.
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1. Introduction

Nanotechnology is one of the future technologies
that will depend on the human race to simplify its
life. This technology includes the manufacture and
application of nanostructures of various materials in
many life applications. Manufactured and produced
materials in the nano (1-100 nm) range show
amazing physical and chemical properties with the
possibility of wusing small quantities of them
compared to large-scale materials. Multiple nano

shapes also show different properties, especially in
the fields of physics and the medical field, even if the
size of the particles is equal. Researches in the field
of nanotechnology are on the rise, especially in the
medical field, environmental conservation, and water
treatment. The global market value of
nanotechnology has reached nearly $49 billion, and
this value is expected to rise to nearly $76 billion this
year [1].

In short, nanometric materials can be obtained in
two ways; the first is the top-down approach. In this
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approach, nanometric materials are obtained using
physical processes such as milling, plasma etching,
grinding, lithography, etc. The high energy consumed
to get nanomaterials by these methods represents one
of the main shortcomings of this process, besides the
inability to obtain nanoparticles smaller than that
sometimes hinders the use of this method [2, 3].
Second, the bottom-up approach includes starting
with ions or particles of materials to be prepared in
the nano-scale. This approach is distinguished from
the previous one by the ease of controlling the size of
the nanoparticles and adjusting their size as well as
their shapes. Several methods are used in the bottom-
up approach, including sol-gel synthesis, microwave,
chemical vapor deposition (CVD), green synthesis by
plant extracts, laser pyrolysis, and others [4-31].
Physical methods for preparing nanomaterials apply
the use of thermal, electrical, and radiation energy to
dissolve, evaporate or condense nanoparticles.
Chemical processes are the most common and most
suitable for preparing nanoparticles in the desired
shape and size, where chemical ion reducing agents
and various capping agents are used to achieve the
stability of the prepared nanomaterials such as
hydrazine polyphenols, citrates, protein, and
surfactants. Biological methods for preparing
nanoparticles usually use extracts of leaves, seeds, or
even fruits, and sometimes microorganisms such as
algae, fungi, and proteins [32, 33].

Silver nanoparticles occupied the widest range in
studies related to the fields of medicine,
biochemistry, = food  preservation, and the
environment, and they showed significant
antimicrobial activity in addition to their
photocatalytic efficiency in the degradation of
organic dyes [19, 31, 34, 35]. Emam et al. [36]
synthesized silver nanoparticles using chitin as
biopolymer (Ag@chitin) in basic media. SEM
analysis indicated a good uniform dispersion of silver
nanoparticles within biopolymer matrix, chitin. By
the same group, many nanoparticles were fabricated
in the presence of chitin, ascorbic acid, sodium
alginate, and pectin [37-39]. Silver nanoparticles or
silver blended zinc oxide have been incorporated into
the fabric, especially cotton, with different methods
in order to reduce the proliferation of bacteria and
germs [40-43]. Several studies have reported that the
number and position of surface plasmon resonance
analysis peaks differ according to the shape and size
of silver nanoparticles, as these particles tend to show
different physical and biological properties that
depend on their size and shape [44-46]. Rapid
advances in nanotechnology have allowed precise
size control of silver nanoparticles to improve the
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stability of colloidal emulsions and maintain their
catalytic efficiency and plasmonic properties [47].

The high energy of the surface of silver
nanoparticles leads to agglomeration or aggregation.
Therefore, there are many studies to avoid this
accumulation. Among these, surface-active agents
(surfactants, especially cationic surfactants), plant
extracts, and sometimes polymers that dissolve in
water to cause a large dispersion of silver particles in
their solutions by encapsulating silver nanoparticles
or surrounding them. The encapsulating results in
reducing charges on the surface of silver
nanoparticles and increasing their compatibility with
the nature of the solution [48].

One of the promising applications of green
chemistry in the preparation of silver nanoparticles is
the use of plant extracts. Plant extracts have a dual
action as a capping agent (for morphology control
and size stabilization) and a reducing agent.
Industrially, surfactants are used in the production
produce silver nanoparticles to prevent their
accumulation (increasing their exposed surface area
and increasing the stability of the colloid) [49].

2. Synthesis of silver nanoparticles

There are many sealing agents that have proven
good efficacy in stabilizing silver nanocolloids,
including phenolic polymers, graphene oxides,
peptides, polymers, fatty acids, and N-acyl tyramines.
It is always interesting to use plant extracts
in the production of silver nanoparticles because of
their good effect on the environment and their
economy, as they have a double effect during
preparation. Biological molecules contain active
chemical groups that reduce silver salts (steroid,
sapogenin, carbohydrate, and flavonoid molecules).
Other chemical groups in plant extracts linked to the
nanostructure of silver particles, such as carboxyl and
amine, provide stability to solutions of silver
particles[50]. The use of Acalypha hispida leaf
extract resulted in the formation of silver
nanoparticles with spherical shapes with dimensions
(20-50 nm) [51] (Figure 1). The authors note the time
taken to complete the preparation of silver
nanoparticles is 45 minutes. The authors examined
the stability of the prepared silver particles after
being prepared for an estimated period of 30 days
under normal atmospheric conditions. They found a
peak intensity decreased with an increase in the
incubation period, which was explained by the
accumulation of some silver particles, which led to

the rise in the size of the silver nanoparticles.
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Figure 1. TEM image of silver nanoparticles prepared using Acalypha hispida leaf extract [51], a, b, ¢ represents different amounts of silver

and extract of Acalypha hispida leaf.

Alomar et al. [52] have attempted to prepare silver
nanoparticles using the green chemistry technique by
using extract of peganum harmala leaves as a
reducing and stabilizing agent. They also examined
the activities of silver particles as antigens for some
pathogenic strains. After washing and drying the
leaves of the peganum harmala, the dried material is
soaked in boiled distilled water in a ratio of 1:10 for
12 hours. Then, peganum harmala mixture was
filtered, and take about 5 ml to add to 50 ml of silver
nitrate (1.0 mmol) at 60° C under stirring until the
start of color change was observed. When the color of
the mixture is stable (brown), the reaction is
separated, which takes about an hour, and the silver

nanoparticles are stored in the dark to reduce further
reduction or aggregation of particles. Dynamic light
scattering (DLS) showed the mean average size of
184 nm with two major sizes at 240 and 30 nm with
ratios of 94.8% and 5.2%, respectively. The UV-vis
spectrum of silver nanoparticle- peganum harmala
leaves extract showed an emission peak at 447.7 nm
during UV-excitation at 320 nm. The TEM image
showed the formation of less agglomeration spherical
nanoparticles (Figure 1). The silver nanoparticle-
peganum harmala leaves extract showed an inhibition
zone of 65 mm and 50 mm against Gram-negative
pathogenic bacterium E. coli and Gram-positive
bacteria S. aureus and Bacillus cereus, respectively.
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Figure 2. DLS data, photoluminescence spectrum, and TEM image the green synthesized silver nanoparticle by aqueous extract of Peganum

harmala leaves [52].

Valsalam et al. [53]presented a study about Musa
acuminata Colla flowers to synthesize silver
nanoparticles. After drying the leaves, the Soxhlet
apparatus was charged with 25 g of dried leaves and
extracted with ethanol or water. The silver
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nanoparticle was prepared by stirring the extract of
M. acuminata colla flowers (10 ml) were added to
1.0mmol AgNO3 (90ml) at 25 °C. The silver
nanoparticles were collected by centrifugation
(10,000 rpm)  for  30min.The activity of
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biosynthesized silver nanoparticles against ESBL
gene-producing bacteria was tested.The silver
nanoparticle showed good antibacterial activities
against Enterococcus faecalis, Proteus mirabilis,
Pseudomonas aeruginosa, and Klebsiella pneumoniae
and moderate activity against Staphylococcus aureus.

Bindhu et al. [54] used the extract of Moringa
oleifera flower to reduce and stabilize monodispersed
silver nanoparticles. The extract of Moringa oleifera
flowers was obtained by soak flowers 20 g of cleaned
Moringa oleifera flowers in boiled distilled water.
The silver nanoparticles are obtained by adding 1
mmol of silver nitrate to 2 ml extract of Moringa
oleifera flowers (reddish-brown color). TEM images
show monodispersed spherical nanosilver of size 13
nm. Silver nanoparticle- extract of Moringa oleifera
flowers were produced the inhibition zone of 17 mm
and 29 mm against Klebsiella pneumoniae and
Staphylococcus aureus, respectively.
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Raja et al. [55] achieved the obtaining of silver
nanoparticles for the first time using leaf extract of
Calliandra haematocephala.The authors cleaned,
dried, and ground Calliandra haematocephala leaves,
added water to them, boiled the mixture for ten
minutes, and filtered it. In order to obtain silver
nanoparticles, a solution of silver nitrate (mmol) was
added to 90 ml of plant leaf extract, and the
temperature of the mixture was raised to 80 °C under
stirring for 10 minutes. The average particle size was
70 nm and showed Uv-vis peak at 414 nm (Figure 3).
One of the plant extract components is gallic acid,
which acts as a reducing agent for silver nitrate
during the formation of silver nanoparticles. Silver
showed antibacterial activity against Escherichia coli,
and also the silver nanoparticle was used as a probe
to detect the presence of hydrogen peroxide (H202)
in different samples.
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Figure 3. SEM image and UV-vis spectra of SNPs synthesized by the Calliandra haematocephala’s leaf extract[55].

Nazeruddin et al. [56] used Azadirachta indica leaf
extract as an alternative to surfactants for the
production of silver nanoparticles. The authors note
the rapid preparation of silver nanoparticles
(approximately 3 minutes). The TEM and SEM
image indicated the formation of different sized and
well-dispersed spherical nanoparticles (Figure 4). The
synthesized AgNPs showed antimicrobial activity
against gram-positive bacteria Bacillus subtilus.Jha
and Shimpi [57] used the extract of M. charantia
fruits to rapidly fabricate crystalline and spherical
silver nanoparticles (5 min) (Figure 5). The authors
noted that flavonoid and protein molecules worked as
reducing and stabilizing agents, respectively, during
the fabrication process. The TEM image showed the
nano-spherical morphology of silver nanoparticles
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(16 nm).Kumar et al. [58] have studied the use of
Araza fruit extract and its anti-oxidant activity in the
preparation of silver nanoparticles. The authors note
that the UV-Vis peak depends on the temperature,
pH, and reaction time. The TEM analysis revealed
the formation of spherical, crystalline, and dispersed
silver nanoparticles with average sizes of 15-45 nm.
The main phytochemicals in the Araza fruit are malic
acid (HO2CCH2CH(OH)CO2H), citric  acid
(HOC(COOH)(CH2COOH)2),and carotenoids [59,
60]. The silver nanoparticles capped with the Araza
fruit extract containing -COOH and -OH groups
generate stable nanoparticles and increase the anti-
oxidant efficacy of silver nanoparticles due to the
synergistic interaction of silver atoms with the Araza
fruit extract.
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Figure 5. Mechanistic of reduction of Ag* to Ag®, and TEM image AgNPs with spherical morphology [57]

S. Shakya et al. [61] reported the preparation of
silver nanoparticles with high antibacterial and anti-
oxidant activity using Helicteres isora stem bark
extract. The UV-Vis of silver nanoparticles was
observed at 419-431 nm, while the steroid sapogenin
binding silver atom was identified using FTIR
spectroscopy. Through the availability of the alcohol
and alkene groups in Helicteres isora stem bark
extract, the chemical bonding between silver ions and
the Helicteres isora stem bark extract is made. This
binding enables controlling the particle size (25.55
nm) and dispersion of the silver nanoparticles.
Biocomposite silver particles have shown multiple
functions as anti-oxidant and antimicrobial. The
nanosilver coated with stem bark extract solution
showed a dose-dependent cytotoxic effect on KB
cells. Where significant mortality was shown after
exposure to silver nanoparticles for 108 hours; thus,
the authors reported that colloidal silver is not acutely
toxic to Artemia. The authors recommend scaling up
this green method for industrial production and
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manufacturing of ultrafiltration membranes and food
packaging.

Ahmed et al. [62] reported a quick and simple applied
approach using Azadirachta indica aqueous extract to
prepare silver nanoparticles. Azadirachta indica plant
extract acts as a reducing agent as well as a capping
agent. The chemical groups responsible for the
reduction of silver ions in the plant extract are NH2
and OH groups. The TEM analysis revealed that
silver nanoparticles are well dispersed, most of them
are spherical in shape, and few have irregularly
shaped  structures.  The  nanoparticles are
homogeneous and spherical, and the particle size
corresponds to the DLS analysis with an average
diameter of 34 nm (Figure 6). The synthesized silver
nanoparticles showed efficient antimicrobial against
both S. aureus and E. coli bacteria.Alkhalaf et al. [63]
studied the effect of silver nanoparticles prepared
using Nigella sativa extract on anti-diabetics and anti-
inflammatory. The plant extract (Nigella sativa) was
prepared by placing 100 g of Nigella sativa seed
powder in a Soxhlet device pre-charged with ethanol
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(70%). The amount of the final extract is 32%, then
the extract is concentrated under reduced
pressure.Silver nanoparticles were also obtained by
adding 50 mmol of silver nitrate solution to the
extract at 100 °C.The authors report that Nigella
sativa extract capped silver has a promising anti-
diabetic effect, with particular reference to diabetic
neuropathy, through its ability to attenuate
hyperglycemia, oxidative stress, inflammation, and
apoptosis.Hashim et al. [64] have used the green
synthesis method to prepare silver nanoparticles from
silver nitrate compound, using Vitis vinifera fruit skin
extract as a reducing agent. The results showed that

silver nanoparticles were well-formed by mixing the
methanolic extract of Viti’s vinifera fruit with silver
nitrate. The TEM images showed that shapes were a
circle, triangle, and oval, but most of them were a
circle, and the sizes of the nanoparticles were in the
range of 30 - 65 nm. It has been observed that silver
nanoparticles are able to act as anti-microbials
(Staphylococcus aureus, Listeria monocytogenes, and
Staphylococcus  epidermidis);  moreover, the
anticancer screening of silver nanoparticles was
found to effectively inhibit the proliferation of cancer
cells (HeLa cells and MCF-7 cells) (Figure 7).
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Figure 7. TEM, antibacterial, and cytotoxicity assay of grape tannin mediated silver nanoparticles[64].

Maity et al. [65] have reported a green synthesis of
silver nanoparticles from silver nitrate and
arabinoxylan (isolated from the green stem of
Andrographis paniculata). The UV-visible spectra of
silver nanoparticles showed that the maximum
intensity of the absorption peak (450 to 410 nm) was
by conducting the reaction at 75 °C. Also, the
absorption spectrum analysis showed that the
intensity of the absorption increases with time due to
the reduction of silver ions to the silver element even
90 minutes, indicating a near-complete decrease of
Ag + (ions) to Ag0 (element). HR-TEM images of
the as-prepared silver revealed that the silver particles
are spherical in shape with an average size of 24.5
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nm. The silver nanoparticle-arabinoxylan compound
showed tremendous antibacterial activity against
Streptococcus pneumoniae and Escherichia coli and
good antifungal against Candida albicans.The silver-
arabinoxylan ~ complex causes damage (4%
hemolysis) to human erythrocytes at 12.5 mcg/mL at
LD50 dose (Figure 8).

Tamilarasi and Meena [66] prepared silver
nanoparticles using silver nitrate as a chemical
precursor and aqueous extract of fresh leaves of
Gomphrena globosa (Globe amaranth) as reducing
and stabilizer agents. The active phytochemicals
compounds (ketone, aldehyde, terpenoid, flavone,
amide, phenol, carboxylic acid, and ascorbic acids
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compounds) present in the leaves cause silver ions
(Ag+) to be reduced to metallic silver nanoparticles
(Ag0), and the formation of silver nanoparticles has
been confirmed by changing the color of the mixture.
The Gomphrena globosa extract was prepared from
the finely chopped and dried leaves by adding 10 gm
to 100 ml deionized water and raising the mixture’s

temperature to 65 °C. When the water turns greenish-
yellow, the mixture is cooled and filtered. Silver
nanoparticles were prepared by adding 5 ml of G.
globosa leaf extract to 50 ml of aqueous silver nitrate
solution (2 x 10—3 M) and stirred for 1 hour at room
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Figure 8. Antibacterial activity, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (M.T.T.)
Assay and Haemolysis assay and of silver nanoparticles -arabinoxylan conjugates [65].

HR-TEM images show a mixture of silver
nanoparticles; Spherical triangle, hexagon, and
triangle. These shapes are very similar to silver
nanoparticles made from Cannonball leaves. Many
forms may result from the presence of different
bioactive compounds in Gomphrena globosa leaf
extract, such as polysaccharides, polyphenols, and
proteins [67-69]. The antibacterial activity showed
that the silver nanoparticles synthesized by adding a 5
mL leaf extract concentration had great activity due
to the low particle size (15.6 nm) than others.

Katta and Dubey [70] discussed silver
nanoparticles’ optical and morphological properties
prepared using marigold flower extract. To prepare
the leaf extract, the flower leaves were separated
from the fresh marigold flowers, and 10 gm of them
were added to boiling water (200 ml) for a third of an
hour and then separated by filtering. The resulting
extract was mixed with 5 mL of 0.1M AgNO3 and
left for two days in the dark to slow the removal
process. Silver nanoparticles were harvested by
centrifugation. The synthesized silver nanoparticles
had a crystalline nature. The UV-vis study showed a
broad peak at 420 nm dedicated to the surface
plasmon resonance induced by silver nanoparticles.
The photodegradation of rhodamine B dye by silver
nanoparticle-mediated flower leaves showed good
photocatalytic activity degradation due to the
guantum confinement effect.

Ravichandran et al. [71] presented an eco-friendly,
one-step, cost-effective and non-toxic method for the
preparation of silver nanoparticles. The bio-inspired

Egypt. J. Chem. 65, No. 5 (2022)

synthesis of silver nanoparticles was done using an
aqueous extract of Parkia Speciosa leaves. Parkia
speciosa belongs to Fabaceae family. It should be
mentioned that with the administration of Parkia
speciosa pod extract with chloroform to a rat with
alloxan-induced diabetes, a decrease in blood glucose
level was observed [72]. To produce the extract from
fresh leaves of Parkia speciosa, 25 gm of thoroughly
washed leaves were weighed and added to boiling
water (100 ml) for 5 minutes. This is followed by
filtration, centrifugation for 2 minutes at 3000 rpm,
and the extract stored at 4 °C. Silver nanoparticles
were prepared by adding 1 ml of Parkia speciosa leaf
extracts to 1 ml of 0.01 M AgNO3 solution, then
increasing the volume of the solution with distilled
water to a volume of 10 ml and keeping it at room
temperature for 24 hours to complete the reduction
process.

The authors investigated the mechanism of the
formation of silver nanoparticles using aqueous
Parkia speciosa leaf extract. The authors reported that
phenols and flavonoids are the ones that perform the
process of reducing silver ions. The most active of
these substances are flavonoids. The protein
molecules are responsible for the non-aggregation of
the formed silver nanoparticles as they act as a
covering agent. The enol moieties (C=C(OH)) in
flavonoid and phenol compounds may release
electrons by breaking the hydroxyl bond, and the
liberated electron can be used to reduce silver ions to
silver element [73, 74] (Scheme 1).
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The authors concluded that the silver nanoparticles-
P. Speciosa leaf aqueous extract have an amazing
antibacterial effect similar to streptomycin, and they
also showed remarkable activity in removing free

radicals. In addition, it had a catalytic activity in the
photodegradation of methylene blue dye under solar
radiation and pH 11.
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Scheme 1. Proposed mechanism of aqueous extract P. Speciosa leaf mediated formation of silver nanoparticles [72].

Kazlagi¢ et al. [75] prepared silver nanoparticles
using apple extract. Apple fruits (100 g) were cut into
small pieces and washed with a water well to remove
contaminants. Then, water was added at 75 °C under
stirring for an hour. Through the filtration process,
apple extract is obtained in order to use as a reducing
agent for silver ions. An apple extract (10 ml) is
added slowly to silver nitrate solution (90 mL of 1
mol/L) under stirring, and after complete addition,
the temperature is raised to 75°C, until the pale
brown color is observed. The silver nanoparticle
inhibited Salmonella spp and Escherichia coli
growth.

The effect of the main factors in the preparation of
silver nanoparticles, such as temperature and silver
nitrate concentration, as well as the concentration of
plant extracts in the green synthesis of plant extracts,
was studied. The reaction temperature and the
concentration of plant extract directly affect the
formation of silver nanoparticles. The most
influential is the temperature, without neglecting the
other factors, as the size of the nanoparticles and the
reaction rate are increased at 90 °C compared to room
temperature. Also, the high concentration of plant
extracts leads to an increase in the size of silver
nanoparticles to speed up the reduction process of
silver ions, which facilitates the growth and assembly
of nanoparticles through a phenomenon called
Ostwald ripping [51, 76, 77]. The chemical
composition of the plant extracts controls the shape
of the synthesized nanoparticles due to the different
ratios of protein and reducing agents [78]. Dutta et al.
[79] reported the preparation of silver nanoparticles
with particle size less than 5 nm using leaf extract of
S. Jambos. In this study, the phenolics moieties in
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the S. Jambos extracts had major contributors to
reducing and stabilizing silver nanoparticles. The
silver nanoparticles-S. Jambos extracts were non-
toxic against HeLa and L6 cell lines.

Singh et al. [80] attempted to control the size and
shape of silver nanoparticles and perform surface
modification to enhance the antimicrobial activity of
silver nanoparticles toward E. coli, P. aeruginosa,
Kocuria, Myroides, and Promicromonospora. The
tissues were ground and mixed with water under
stirring for an hour. Then centrifugation was used to
separate the solids from the mixture to obtain a
transparent extract to prepare silver nanoparticles.
The silver nanoparticles were prepared by adding
tissue extract (50-400 uL) to 0.3-0.9 mM of silver
nitrate at 0-80 °C, and pH ranged from 8, 10, and12.
The high temperature enables the formation of silver
nanoparticles within 8-10 minutes. The silver
nanoparticle had 4-18 nm with spherical shapes. The
authors concluded that silver nanoparticles were
promising as an antibacterial against Gram-positive
and Gram-negative bacteria and showed better
antimicrobial efficacy than chemically made silver
nanoparticles.

Prathna et al. [81]studied the effect reductant
concentration, ratios of the silver salt to extract, and
reaction time to optimize the bio-based synthesis of
silver nanoparticles using fruits of C. Limon (lemon).
TEM images showed spherical nanoparticles with a
size of 25-50 nm. The reaction time of 4 h gave silver
nano-spherical particles with a size below 50 nm.Bio-
organic components acted as stabilizers for silver
nanoparticles.

In order to identify the stability of silver-coated by
bio extract, it is important to differentiate the changes
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of the SPR (Surface Plasmon Resonance) peak
position values with the time change during the
reaction procedure or the storage period, as well as to
identify the zeta potential. The zeta potential is the
net surface charge of nanoparticles in the solution.
The zeta potential gives information about the
stability of silver nanoparticles in solutions in values
of +30 mV or 30 mV. For the nanoparticles to be
considered stable, the zeta potential must be either
higher than +30 mV or less than -30 mV.

The zeta potential of silver nanoparticles coated
with citric acid was —29 mV at pH ~ 4. This value is
an indication that the silver particles are covered with
negative citrate ions [81]. In another study done by
Ali et al. [77], the effect of different ratios of
Artemisia absinthium extract to silver nitrate was
evaluated, and the study concluded that the
hydrodynamic sizes of silver nanoparticles increased
by increasing the concentration of the plant extract,
and the  potential values were obtained from 32.4 to
40.4 mV. Also, the decrease in Surface Plasmon
Resonance was associated with the particles’ size,
and that the high potential { values indicated more
stability of the silver particles.

Organic components with plant extracts represent
the main player in reducing silver ions to silver
element and sometimes encapsulating them as
polyphenols. Coordination bonds are formed between
silver and chemical compounds that contain active
oxygen, sulfur, or nitrogen atoms. For example, silver
nanoparticles become negatively charged by bonding
the carboxyl groups of the citrate compound, which

allows electrostatic stabilization of the particles and
prevents their aggregation. Along the same lines, it
was observed that the protein in lemon juice causes
stabilization of silver particles, indicating the
chemical binding of silver nanoparticles to the
functional groups of the protein. used the aqueous
extract of Cinnamomum Tsoi leaves to prepare silver
nanoparticles. The authors reported that the hydroxyl
group of the phenol polymer reduces silver ions and
does not form a complex with them. After the silver
ions are reduced, the carbonyl groups of the polymer
coordinate with the silver nanoparticles, and thus the
polyphenols reduce the silver ions and oxidize to
limit the growth of the silver particles.Maddinedi et
al. [82] used the agueous extract of Cinnamomum
Tsoi leaves to prepare silver nanoparticles. The
authors reported that the hydroxyl group of the
polyphenol reduces silver ions and does not form a
complex with silver. After the silver ions are reduced,
the carbonyl groups of the polymer coordinate with
the silver nanoparticles, and thus the polyphenols
reduce the silver ions and oxidize to limit the growth
of the silver particles. The terpenoids in chamomile
extract have two actions simultaneously; a capping
agent and a reducing agent, where the results proved
its contact or adsorption on the surface of silver
nanoparticles [83].

Table 1 presents some recent references on the use
of plants in the phytosynthesis of silver nanoparticles,
including the phytochemicals responsible for the
reduction, stabilization and stabilization of silver
nanoparticles.

Table 1. Plant-mediated fabrication of silver nanoparticles, reductant, shape, and sizes of silver

nanoparticles

Reducing agents (Plant name) Phytochemicals Silver nanoparticles Ref.
morphology
shape Size (hm)

Caesalpinia pulcherrima Alcohol, amine, ester, carbonyl, | Spherical 2-22 [84]
nitro groups

Vitis vinifera tannin fruit tannins  (with  ferric  chloride), | Circle& 40-60 [64]
flavonoids triangle

Datura inoxia Amine, ketone, nitro | Polygonal 15-73 [85]
compounds

Gomphrena globosa campesterol, B-sitosterol and | Spherical 15-25 [66]
stigmasterol triangle

Ipomoea digitata Linn. Aromatic amine, amides, carbonyl, | spherical ~100 [86]
polyphenol, alcohol, and protein

apple quercetin, catechin, phloridzin, and 16 [75]
chlorogenic acid

Carrot pomace Carotenoids Spherical 330-780 [87]

Myristicafragrans fruit Phenols and fatty acid Spherical 10-15 [88]

Fritillaria sp. Hydroxyl, amine, and carbonyl | Spherical 5-10 [89]
groups

Malva verticillata leaves extract | tetracontanyl Spherical 20 [90]
palmitate and dotriacontyl
tetracosanoate
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Conclusion

In light of the current pollution conditions that the
whole world suffers from, attention is directed
towards nature and reducing the use of chemicals in
order to avoid their negative effects on the
environment and humans. Attention is directed to
obtaining nanoparticles, especially silver
nanoparticles, using extracts of different plants due to
the availability of these plants in various parts of the
world. Besides, the extract of plants contain
substances useful to humans, so plant extracts are
considered economical materials compared to
chemicals that perform the same role. It has been
proven that many plant extracts can be used
successfully in the synthesis of silver nanoparticles.
Still, some of them have demonstrated antimicrobial
efficiency superior to some surfactants due to the
synergistic effect between plant extracts and silver
nanoparticles. Mostly, spherical shapes of silver
nanoparticles are formed using plant extracts, and a
wide size range of sizes can be obtained, but most of
these sizes are within the range of 2-80 nm. The
dimensions of silver nanoparticles depend on the
decoration of silver salts, the plant extract, and the
temperature at which the reaction occurs. As
mentioned above, green methods for the synthesis of
silver nanoparticles with a size of less than 100 nm
are promisingbecause the plant extracts are dual-
performance. It can reduce silver ions and stabilized
nanoparticles in  solutions by encapsulating
nanoparticles to ensure that silver particles do not
accumulate as a result of the high charge of their
surface. Silver nanoparticles coated with extract of
several plants have been reported as good
antimicrobial. Finally, some biological applications
of silver nanoparticles coated with extracts and their
antimicrobial, anti-oxidant, and toxicity activities are
summarized.

Future prospects

There is almost stability in many international
kinds of literature about the superiority of
nanomaterials over large-sized materials, and there is
consensus in studies and references about the power
of nanotechnology in overcoming biological and
environmental problems. Simply put, there is a way
to prepare nanomaterials “top-down approach” such
as grinding, and there is another way called “down-
top approach” methods. Silver nanoparticles coated
by plant extract exhibit amazing antimicrobial
activity against microorganisms with much lower
chances of resistance due to their novelty, as well as
better safety for non-target organisms or cells.
Despite the trend towards nanotechnology to find
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opportunities for appropriate solutions to some
issues, the application of this technology faces giant
challenges. For example, by following up on several
studies towards the use of different plant extracts in
preparing silver nanoparticles and comparing them,
we find that there is a noticeable discrepancy in many
of the results. Therefore, current research lacks
attention to analytical methods. Extremely accurate
dosimetry is another variable challenge as most
scientific groups rely on mass in calculating their
experimental doses, while the consideration of
surface area or the number of particles in dosimetry is
very accurate. Simply, nanomaterials of different
sizes and constant mass have different surface areas
and varying particles concentration. Therefore,
dosimetry by mass correlated with surface area is
very important in setting up the experimental
approach, especially when assessing the toxicity of
the tested nanomaterials. In addition, the wide gap in
the interpretation of results based on laboratory and
real-world field data is another challenge that cannot
be neglected. Finally, studies that prove the
compliance of silver nanoparticles prepared using
plant extracts with current market regulations should
be conducted, and increased investment in
conducting research that determines the fate of
nanoparticles after use (safe disposal of
nanoparticles).
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