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Abstract: Bioactive plant chemicals are considered to be rich and useful for creating nanomaterials.
The current work investigated the biosynthesis of silver nanoparticles (AgNPs) using ethanolic
flaxseed extract as an efficient reducing factor. The production of AgNPs was verified by color-shifting
observation of the mixture of silver nitrate (AgNO3) from yellow to a reddish suspension after the
addition of the extract and by evaluating it by UV-visible inspection. Additionally, FTIR spectrum
was used to support the identification of functional groups. The morphology and structure of AgNPs
were assessed using scanning electron microscopy (SEM), and X-ray diffraction (XRD) examinations,
which revealed spherical AgNPs with a diameter of 46.98 & 12.45 nm and a crystalline structure.
The zeta potential (ZP) and dynamic light scattering (DLS) measurements of AgNPs revealed values
of —44.5 mV and 231.8 nm, respectively, suggesting appropriate physical stability. The antibac-
terial activity of AgNPs was investigated against Escherichia coli, Klebsiella pneumoniae, Staphylo-
coccus aureus, and Streptococcus pyogenes, while the antioxidant effect was investigated using the
DPPH technique. These obtained AgNPs could potentially be used as efficient antibacterial and
antioxidant nanomaterials.

Keywords: flaxseed extract; green synthesis AgNPs; antioxidant activity; antimicrobial activity

1. Introduction

Nanoparticles are a topic of great interest because of the many applications they
have in a variety of fields, such as biology, optics, catalysis, pharmaceutics and health,
agriculture, and the industrial sectors [1-8]. These NPs are produced using a variety of
physical and chemical procedures; however, these methods have some disadvantages,
including high costs and the requirement for high temperatures and pressures [9]. Addi-
tionally, chemicals used in chemical synthesis processes, such as capped and reductants,
have an influence on both the environment and researchers [10]. Recent developments
in nanobiotechnology and the eco-friendly production of nanoparticles using plants have
received more attention [11-14]. In comparison to chemical and physical methods, biosyn-
thesis processes are quick, easy, cheap, and, most importantly, efficient and environmentally

Appl. Sci. 2023, 13, 2182. https:/ /doi.org/10.3390/app13042182

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app13042182
https://doi.org/10.3390/app13042182
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-6440-507X
https://orcid.org/0000-0002-4189-4800
https://orcid.org/0000-0001-7885-4215
https://orcid.org/0000-0002-2199-9322
https://orcid.org/0000-0001-6388-3849
https://orcid.org/0000-0002-8677-9240
https://orcid.org/0000-0003-1182-8391
https://doi.org/10.3390/app13042182
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app13042182?type=check_update&version=1

Appl. Sci. 2023,13, 2182

2 of 14

friendly [15]. In practice, the extract’s constituents act as potential capping and reducing
agents, limit the over-growth of nanoparticles in colloidal synthesis and prevent their
excessive accumulation. These molecules could also affect and improve the characteristics
of the resulting nanoparticles by enhancing the performance of these molecules to make
them more suitable for a variety of applications [16]. Biogenic synthesis of nanoparticles,
particularly plant-based nanoparticle synthesis, appears to be a more efficient process
because it does not use risky or dangerous chemicals, as utilized in organic synthesis, to
generate nanoparticles [17].

AgNPs have attracted more attention than other nanoparticles due to their unique
surface plasmon resonance [18]. Silver nanoparticles are used in antibacterial activities,
sensors, electrical conductivity, and water purification in addition to their catalytic prop-
erties. Furthermore, significant antiangiogenesis, anti-inflammatory, antiplatelet, and
antiviral activity are demonstrated by silver nanoparticles [19-22]. Interesting plants with
pharmacological characteristics may be helpful in the creation of green AgNPs. Flaxseed
(Linumusitatissimum L), often known as the flax plant, is a member of the Linaceae family.
Flaxseed has garnered a lot of attention in the world of food and health research due to its
possible medical advantages. Flaxseeds also contain proteins, soluble and insoluble fibers,
omega-3 fatty acids, short-chain polyunsaturated fatty acids, phytoestrogens lignans, and a
variety of antioxidants [23-26]. Flaxseed offers several functional advantages in addition to
its nutritional benefits, such as antimicrobial activity, and the capacity to emulsify, bind
water, and alter viscosity [27-29]. The bioactive components of flaxseeds have a variety of
functions, including anti-inflammatory (reducing the synthesis of the pro-inflammatory
cytokines IL-6 and TNF-) and antiplatelet (inhibiting the anticoagulant prostacyclin) effects.
The mucilage from soluble flaxseeds has antioxidant properties, regulates digestive func-
tions, safeguards the liver, and reduces the risk of cardiovascular diseases. The antibacterial
activity of flaxseeds may be related to their long-chain unsaturated fatty acids, particularly
linolenic and linoleic acids, lignans, and phenolic acids. The most common application of
flaxseeds is as a dietary supplement to reduce cholesterol or restore normal gastrointesti-
nal function [30]. Therefore, the objective of this research was to produce AgNPs using
flaxseed extract in an environmentally friendly manner. The biosynthesized nanoparticles
were physicochemically evaluated by UV-Vis, FTIR, XRD, DSL-zeta potential, SEM, and
TEM. The antioxidant capacity has been studied using the DPPH free radical scavenging
technique. The ability of the produced AgNPs to inhibit the growth of certain prevalent
pathogenic bacteria that are antibiotic-resistant was also evaluated, Gram-negative, such as
Escherichia coli and Klebsiella pneumonia, in addition to Gram-positive bacteria, including
Staphylococcus aureus and Streptococcus pyogenes.

2. Materials and Methods
2.1. Extract of Flaxseed and Green Synthesis of Silver NPs

The plant was taxonomically identified as flaxseed (Linumusitatissimum L.), which was
recently confirmed at the Department of Plant and Gardening/College of Agriculture, Al-
Qadisiyah University, Iraq. The plant extraction method reported was performed following
recently reported literature [31], with only a few adjustments. Briefly, flaxseed extract was
produced by boiling 50 mL of deionized water with 3 g of finely ground flaxseed. After
cooling, Whatman No. 1 filter paper was used to filter the extract. To produce flaxseed-silver
nanoparticles Fs-AgNPs, 10 mL of extract (filtrate) was combined with 6 mL of made
previously 1 mM AgNOj solution, and the mixture was left to stand for about 5 h until the
solution turned red color, which is a clear indication that AgNPs were being formed with
flaxseed. Because the flaxseed extract contains antioxidants, the Ag ions reductions were
confirmed by producing the solution’s distinctive red color.

2.2. Characterization of Green Synthesized AGNPs

To determine the optimum parameters for the synthesis of AgNPs from flaxseed ex-
tract, several factors that affect the synthesis of AgNPs were studied, including the amount
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of flaxseed extract, the amount of AgINOj3 solution, reaction time, pH, and temperature.
Green fabricated AgNPs were tested using UV-Vis spectroscopy. The functional groups of
the AgNPs were investigated using FT-IR analysis in the 400-4000 cm~! range. Dynamic
light scattering and zeta potential were used to determine the size and surface charge of
the AgNPs; on the other hand, SEM was used to investigate the size and morphology of
the AgNPs. A prepared sample of AgNPs was subjected to a scanning electron microscope
(Carl Zeiss, Jena, Germany) at 20kV (length of 3 x 3 cm) to examine the morphological
characteristics of AgNPs at different magnifications. In addition, the crystalline form of the
powdered AgNPs was evaluated by XRD measurement.

2.3. Antioxidants Evaluation

The antioxidant capacity of the AgNPs and flaxseed extract was evaluated using the
DPPH free radical scavenging technique, with ascorbic acid serving as the positive control.
In all, 1 mL of biosynthesized AgNP solution was diluted with methanol to acquire different
concentrations (10-100 pg/mL), then mixed with 2 mL of DPPH solution (0.1 mM), and
the standard solution of ascorbic acid was used as a positive control. The mixture was
then agitated and kept at room temperature in the dark. The measurements of radical
scavenging activity were determined by measuring the absorbance (A) of each sample
with a UV-visible spectrophotometer at 517 nm, after 1 h of incubation. Calculating the
percentage inhibition (I%) using the following equation:

(A of Control- A of Sample)

Inhibition % = A of control

% 100

2.4. Antibacterial Activity

The bacterial strains include Gram-negative, such as Escherichia coli and Klebsiella
pneumonia, in addition to Gram-positive bacteria, including Staphylococcus aureus and
Streptococcus pyogenes, were provided by the Laboratory of Bacteriology, Zoonotic Disease
Unit, College of Veterinary Medicine, University of Al-Qadisiyah. AgNPs’ antibacterial
effect was evaluated using the disk-diffusion tests [32]. Mueller-Hinton agar plates were
quickly sterilized and allowed to culture the bacterial strains. First, sterile glass rods were
used to inoculate the plates with 35 pL of suspensions of the bacteria with a concentration
of about 10° cfu/mL. In all, 100 mg of the dry AgNPs was dissolved in 1 mL of distilled
water to create the AgNP suspension. After being thoroughly cleaned, the disks were
placed on the agar plates and immersed in the nanoparticle suspension. Finally, distilled
water and AgNOj solution were utilized as negative and positive controls in addition to
flaxseed extract.

2.5. Statistical Analysis

One-way ANOVA was used to evaluate the differences between the groups, and
Tukey’s test and the Student’s t-test were used to compare the groups. Test results were
presented as the mean standard error of the three replicated as-say-specific mean values.

3. Results and Discussion
3.1. UV-Vis Spectroscopy

An essential and effective technique for the comprehensive categorization of synthe-
sized nanoparticles is UV-vis spectroscopy. It is also used to examine AgNPs’ stability
and manufacturing process [33]. Due to the distinct optical characteristics of AgNDPs, they
strongly interact with specific light wavelengths [34]. Moreover, UV-Vis spectroscopy is
said to be quick, easy, and simple to use. It is quick to measure different types of NPs
and is both sensitive and selective for them. Additionally, colloidal suspension particle
characterization does not require calibration [35].

According to the reports, since the valence band and conduction band are so close
together in AgNDPs, electrons can move freely between them. An SPR absorption band is
formed when the electrons of silver nanoparticles collectively oscillate in resonance with
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the light wave, which is caused by the free electrons discussed here [36]. The chemical
environment, particle size, and dielectric medium all play a role in the absorption of Ag-
NPs [37]. When the extract was incorporated into the AgNOj3 solution, the color gradually
changed from yellow to reddish-brown due to the reduction of silver salts Agl+ to Ag0 by
the bioactive compound present in the flaxseed extract.

The successful production of AgNPs was shown by the identification of the surface
plasmon resonance which generates a single broad peak at 530 nm after 25 min (Figure 1).
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Figure 1. Shows the color change patterns of silver nitrate (AgNO3) (A), flaxseed extract (B), and
biosynthesized AgNPs (C). As well as (D). Illustrates the UV-Vis spectrophotometer measurement of
the biosynthesized AgNPs (a), AgNOj (b), and flax-seed extract (c).

According to a study by Nandi, I., and Ghosh, M., sesame husk, rice bran, and flaxseed
are good fiber sources that can be added to a variety of foods (2015) [38]. It has been noted
that flaxseed contains phytochemicals such as phenolic acids, cinnamic acids, flavonoids,
and lignins that can act as reducing agents due to its capacity to donate electrons, the
phenolic group enhances the transformation of silver nitrate into AgNPs [39], whereas
proteins and several other phytochemicals act as capping agents for AgNPs [40]. The
generation of the SPR peak is affected by variables such as size, shape, and particles
produced. Furthermore, the variations in absorbance peak are directly correlated with
changes in nanoparticle concentration. More AgNPs are produced as a result, which leads
the peak intensity to increase over time as the extracted content becomes active [41]. When
assessing these synthesized NPs, it is important to take into account several variables that
impact the release rates of Ag ions. These variables primarily include particle size and
environmental variables, including pH, temperature, time, radiation, dissolved oxygen,
and capping agents [42].

However, in most cases, the bioreduction of silver ions to create silver nanocrust by
biocompounds derived from a biological source of plant or organism is rarely achieved.

Generally, flavonoids, membrane proteins, NAD (P)+ reductases, dehydrogenases,
citric acid, polyphenols, and secondary metabolites are examples of reducing agents [43],



Appl. Sci. 2023,13, 2182

5o0f 14

whereas extracellular proteins, enzymes, peptides, and tannic acids are examples of capping
agents [44].

3.2. XRD Assay

Figure 2 displays the XRD results, which demonstrate the crystal structure of AgNPs
produced using flaxseed extract. It can be attributed the planes (11 1), (200), (22 0), and
(31 1) to the diffraction peaks at 2 of 38.06, 44.24, 64.45, and 77.61, respectively, which
indicated the face-centered cubic (fcc) structure of flaxseed-mediated silver nanoparticles
as reported in the reference (JCPDS: file No-087-0720). The diameters of particle size of
silver nanoparticles were determined using Scherrer’s Equation:

D = KA/Bcosb

where D is the crystallite size, k is the shape factor, which is assumed to be 0.89 for silver, X
is the X-ray wavelength (1.5406 A), is the half-height width of the XRD peak, and 6 is the
diffraction angle.
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42.59 0.67943 13.11
63.12 0.61562 15.82
75.94 0.70888 14.85

Figure 2. XRD of the biosynthesized AgNPs.

AgNPs’ predicted average crystallite size was estimated to be around 15.07 nm.
Researchers can follow the guidelines of green chemistry and use less energy for syn-
thesis by operating at temperatures, pressures, and pH that are close to those found in the
ambient environment.

This method can improve nanoparticles in some ways, including crystallinity, stability,
size, and shape. Biomolecules (large macromolecules such as proteins, polysaccharides,
lipids, and nucleic acids, and small natural molecules such as primary and secondary
metabolites) produced by living organisms can convert the positive oxidation state of silver
ion Ag* into the zero-oxidation state of atoms Ag0 and form the nanosilver particles in the
biosynthesis of colloidal dispersions of AgNPs [18].
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3.3. Zeta Potential and DLS Characterization

Zeta potential and DLS measurement of nanoparticles are appropriate for characterizing
nanoparticles and identifying the particle size and surface charge of the fabricated AgNPs.

Figure 3a shows the AgNPs” hydrodynamic size distribution as determined by DLS.
AgNPs’ average size was determined to be 231.8 nm. Zeta potential measurements were
used to test the colloidal stability of the AgNPs, as shown in Figure 3b, where the obtained
value of —44.5 mV indicates a high level of stability. Because of the formation of a hydrody-
namic sphere around particles in aqueous media, which leads to a larger interpretation of
the particle diameter when analyzing the scattered light in a DLS measurement, the mean
size of the nanoparticles obtained by DLS tends to be larger than the values obtained from
electron microscopy. It is believed that the zeta potential values reported above 30 mV in
magnitude demonstrate that the nanoparticle sample is basically stable concerning colloidal
stability [45].
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Figure 3. DLS (A) and Zeta potential (B) distribution of biosynthesized AgNPs.

3.4. FTIR Assay

FTIR spectra of the flaxseed extract revealed a variety of distinctive IR absorption peaks
at wave numbers of 3400 cm—1, 2928 cm~1, 1742 cm ™!, and 1020 cm~! in the aromatic
and fingerprint areas of the IR band (Figure 4). The broad peak at 3400 cm~! results
from -OH groups, the 3010 cm ! peak from aromatic C-H bonds, and the 1743 cm ! and
1030 cm~! wave-number peaks result from the presence of C = O (carbonyl groups) and
C-O stretching vibrations of alcohols, carboxylic acids, ester, or ethers of biomolecules
found in the flaxseed. The interaction of metal ions with the various functional groups
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presents accounts for the minor displacement in the peaks of the FTIR spectrum of the
NPs relative to the extracted curve. The peak for silver oxide, which was seen at 518 cm ™!
and 446 cm ™!, is in close accord with the FTIR for AgNPs reported by Chettri, Prajwal,
et al. [46]. Plant extracts are favored over microbial creation of nanoparticles because of
their low synthesis rate, rapidity, high efficiency, and low toxicity. Synthesis of AgNPs
from plant extract is likely to occur via an enzymatic process, the same as that used by
microbes. Due to the presence of a complex of diverse antioxidant metabolites in plant
cells that prevent oxidation and damage to biological components, the chemicals used
for the stabilization and final capping of the nanoparticles must be distinct from those
used for microbes. This means that biomolecules, including enzymes, glycosides, and
saponins, can help to stabilize the nanoparticle. The literature suggests that when metal
salts are added to a herb extract, silver ions bind to water-soluble chemicals through -OH
and -COOH groups.

= AgNPs

Flaxseed extract

3500 3000 2500 2000 1500 1000 500

Wavenumber (Cm'1)

Figure 4. FT-IR spectroscopic analysis of green synthesized silver nanoparticles, and flaxseed extract.

3.5. Morphology of the AGNPs

The SEM image was captured to examine surface characteristics and determine the
size of AgNPs produced at the optimal concentration ratio of flaxseed extract and AgNO3
mixture. The image that was acquired is shown in Figure 5, and the presence of white color
dots in the image demonstrated the synthesis of AgNPs. The particles were spherical in
shape and had an average size of 46.98 &+ 12.45 nm. The capping reagent employed to
stabilize the NPs did not interact even in the collected aggregates, proving that only the
extracts were responsible for the reduction. The agglomeration of smaller NPs resulted in
the formation of some bigger AgNP aggregates that can be seen in the SEM image.
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Figure 5. SEM images of green synthesized AgNPs 0.2% flaxseed extract as illustrated in (A) low and
(B) high SEM magnification SEM images, respectively.

3.6. Antioxidant Activity

The antioxidant activity of flaxseed extract and biosynthesized AgNPs was evaluated
using the DPPH method and ascorbic acid was used as a standard reference. The effect of
various green synthesized AgNPs concentrations on the DPPH free radical inhibitory is
shown in Table 1 and Figure 6. Our results indicate that both flaxseed extract and manu-
factured AgNPs are effective scavengers of free radicals. However, AgNPs outperformed
flaxseed extract in terms of DPPH scavenging efficacy. The AgNPs and extract of flaxseed
both increased their DPPH activity dose-dependently. Green-produced AgNPs exhibited
scavenging activity ranging from 17% to 97% at doses of 10-100 ug/mL, with an average
ICsp value of 44.56 & 0.02 pug/mL. The antioxidant activity was significantly less than
that of conventional ascorbic acid. Our findings are consistent with those of Yangqing He,
et al., who investigated the antioxidant activity of AgNPs using Alpinia katsumadai seed
extract [47].

There is a difference in the antioxidant potential of flaxseed extract and AgNPs, as
demonstrated in Table 1 and Figure 6, and both samples directly reacted and inhibited a
variety of DPPH free radicals, and the scavenging activity raised as the concentration of
the tested sample increased (46.38 £ 2.16%, 53.8 & 2.22%, and 98.12 & 1.31% at 20, 50, and
100 pg/mL) with flaxseed extract and (28.09 = 0.95%, 62.81 % 2.02%, and 97.4 + 0.92%
at 20, 50, and 100 ug/mL) with AgNPs. Furthermore, AgNPs had the best antioxi-
dant activity; whose ICsy was 44.56 + 0.02 ug/mL compared to 82 + 0.079 ug/mL for
flaxseed extract.

Concerning antioxidant capacity, the biosynthesized AgNPs made from flaxseed
extract exceeded the extract, and this difference may be explained by the chemical makeup
of the various samples used in the experiment [48]. Previous investigations have shown
that flaxseed extract has substantial antioxidant activity [49]. The presence of a complex
of diverse antioxidant metabolites in plant cells that prevent oxidation and damage to
biological components, such as flavonoid and phenolic compounds, may be related to the
antioxidant capacity of AgNPs. These compounds formed a coat over the silver nanoparticle
and gave it a spherical morphology with a larger surface area after the physicochemical
interaction of Ag ions with the functional groups of the plant extract [50].

Table 1. ICs5 values of flaxseed extract, AgNPs, and ascorbic acid.

Flaxseed Extract AgNPs Ascorbic Acid
ICs50 (ng/mL) 82 + 0.079 44.56 £ 0.02 26.6 £ 0.06
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Figure 6. The graph represents the percentage of Antioxidant (DPPH) scavenging activity of green
synthesized silver nanoparticles and flaxseed ethanolic extract.

3.7. Antimicrobial Activity

In this study, the antimicrobial activity results of inhibition zones induced by distilled
water, flaxseed extract, AgNO3, and AgNPs are shown in Table 2. The positive control
(AgNO3) presented antibacterial activity against E. coli, K. pneumoniae, S. aureus, and
S. pyogenes. However, the biosynthesized AgNPs exhibit stronger antibacterial activity
than AgNOj3 and flaxseed extract with values of 8.9 £ 1.08 and 8.7 + 1.04 for Gram-positive
(S. aureus and S. pyogenes) bacteria and 11.0 £ 0.42, 10.8 & 1.02 for Gram-negative (E. coli
and K. pneumoniae) bacteria, respectively (Table 2). Gram-positive bacteria have a thick
peptidoglycan layer in their cell walls, whereas Gram-negative bacteria have a thinner
one. In a related investigation, it was discovered that the bactericidal effects of AgNPs
made by using Alpinia galangal rhizome extract were more efficient against Gram-negative
bacteria. The biosynthesized AgNPs often exhibit better antibacterial effects against Gram-
negative bacteria because of the nature of the peptidoglycan layer in their cell walls [51]. A
recent study suggests that decreasing the rate of agglomeration by including supporting
components in the form of nanocomposites is an effective way to increase the antibacterial
activity of AgNPs [52]. The mechanism by which AgNDPs affect bacteria is yet to be
understood. One theory proposes that AgNPs can bind to the cell membrane surface
and alter the permeability and respiration properties of the membrane. It is simple to
conceive that a particle’s interactions rely on how accessible its surface area is. Because of
this, smaller particles have greater antibacterial activity than larger particles because of
their large surface area [53]. Several investigations, including those using a wide variety
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of plant extracts, suggest that AgNPs may physically interact with the cell surfaces of
various bacteria. The biological effects of AgNP occur through several different pathways.
Intracellular adhesion, penetration, and disruption of organelles and biomolecules [54], as
well as oxidative stress, are essential regulators of many bacterial functions. AgNPs were
found attached to and deposited on the cell surface of bacteria, especially Gram-negative
bacteria. AgNPs can enter Gram-negative bacteria cells through a water-filled channel,
called a porin, in the outer membrane. The primary role of porins is the passive transport
across the membrane of hydrophilic molecules of varying sizes and charges. Because
silver ions are less likely to penetrate the thicker cell wall of Gram-positive bacteria, their
action from AgNPs is more pronounced in Gram-negative bacteria. Since the negative
charge of lipopolysaccharides encourages AgNP adherence, it is likely that they also
strengthen the cell walls of Gram-negative bacteria, making them more vulnerable to silver
nanoparticles [55]. Some studies have suggested that the ability of silver nanoparticles to
adhere to the bacterial cell wall is due to an electrostatic interaction between the positively
charged silver ions and the negatively charged surface of the cell membrane caused by
the carboxyl, phosphate, and amino groups in the cell wall. Because of their electrostatic
attraction to one another, silver nanoparticles can cross the cell membrane and alter its
molecular composition and permeability. This causes the proton motive force (PMF)
to dissipate and the membrane to degrade [56]. New biological applications, such as
therapeutic drugs, diagnostics, antimicrobial substances, medication delivery systems,
bio-imaging devices, labeling reagents, cancer medicines, etc., have been developed as a
result of the development of new substances with synergistic effects, particularly naturally
derived chemicals mixed with NPs [57]. Plant extracts are preferred over microbial creation
of nanoparticles because of their low synthesis rate, rapidity, high efficiency, and viability.
Synthesis of AgNPs from plant extract is likely to occur by an enzymatic process, the
same as that used by microbes, due to the presence of a complex of diverse antioxidant
metabolites in plant cells that prevent oxidation and damage to biological components.

Table 2. Antimicrobial activity of flaxseed extract and green synthesized AgNPs.

Flaxseed

Bacteria Ag NPs Extract AgNO3 D.W
Escherichia coli 11.0 £0.42 74+£20 10.5+4.0 6.2+0.1
Klebsiella pneumoniae 10.8 £ 1.02 73+£25 102 +1.2 6.2+0.1
Staphylococcus aureus 8.9 £1.08 6.8 2.0 83+£0.5 6.2+0.1
Streptococcus pyogenes 8.7 = 1.04 6.6+7.0 82424 6.2+0.1

The search for new sources of antimicrobial drugs has increased in recent years to
tackle pathogenic infections with resistance to existing drugs. This has led to substan-
tial research on medicinal plants, and plant-mediated nanomaterials with antimicrobial
properties, as they contain a wide variety of bioactive compounds with well-known thera-
peutic properties. The effectiveness of green-fabricated nanoparticles exhibits great activity
against a wide range of food-borne pathogens, including Salmonella, Bacillus, Escherichia
coli, Shigella, proteus, as well as Staphylococcus species [58].

4. Conclusions

The development of eco-friendly green techniques for creating nanoparticles is a cru-
cial step in the progress of nanotechnology as a dependable, environmentally sustainable
method for producing a large variety of biocompatible materials and nanomaterials, in-
cluding metal /metal oxide nanomaterials and nanocomposites. Therefore, green synthesis
is viewed as a crucial technique to minimize the adverse effects related to the conventional
methods of synthesis for nanoparticles that are frequently used in laboratories and industry.
The green synthesis method offers a fast, safe, and affordable alternative when compared to
other available physical and chemical approaches. Antibiotic-resistant bacteria are a global
problem, but silver nanoparticles may provide a way to combat this problem. Making silver
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nanoparticles through synthesis provides access to a vast new realm of possibilities. The
biosynthesis of nanoparticles using reducing and capping agents derived from biological
sources such as plants, plant extracts, and microbes has gained a great deal of attention
during the past ten years. Since no harmful or poisonous chemicals are used in natural
green synthesis, it is also very cost-effective. When trying to create better treatments for
bacterial infections, knowing how an antibacterial system works is a crucial first step. In
general, nanoparticles have proven to be an effective replacement for antibiotic therapy and
combinational therapy due to their astounding potential to address the issue of antibiotic-
resistant microorganisms [59,60]. In conclusion, silver nanoparticles (AgNPs) are a product
with potential uses in medicine and hygiene, and their eco-friendly synthesis can open
the way for these applications. According to the findings of our research, flaxseed extract
was a powerful reducing and capping agent for the production of AgNPs. Analytical
methods such as FTIR, SEM, XRD, Zeta potential, and DLS were used to characterize the
produced AgNPs. The spherical and triangular shapes of AgNPs, which have a size of
roughly 46.9812.45 nm, were discovered using SEM research. According to the antibacterial
tests, flaxseed extract shows promising antioxidant activity as well as antibacterial activity
against both Gram-positive and Gram-negative bacteria.
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