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Abstract: The present work deals with the green synthesis and characterization of silver nanoparti-
cles (AgNPs) using Allium cepa (yellowish peel) and the evaluation of its antimicrobial, antioxidant,
and anticholinesterase activities. For the synthesis of AgNPs, peel aqueous extract (200 mL) was
treated with a 40 mM AgNO3 solution (200 mL) at room temperature, and a color change was
observed. In UV-Visible spectroscopy, an absorption peak formation at ~439 nm was the sign that
AgNPs were present in the reaction solution. UV-vis, FE-SEM, TEM, EDX, AFM, XRD, TG/DT
analyses, and Zetasizer techniques were used to characterize the biosynthesized nanoparticles. The
crystal average size and zeta potential of AC-AgNPs with predominantly spherical shapes were
measured as 19.47 ± 1.12 nm and−13.1 mV, respectively. Pathogenic microorganisms Bacillus subtilis,
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and Candida albicans were used for the
Minimum Inhibition Concentration (MIC) test. When compared to tested standard antibiotics, AC-
AgNPs demonstrated good growth inhibitory activities on P. aeuruginosa, B. subtilis, and S. aureus
strains. In vitro, the antioxidant properties of AC-AgNPs were measured using different spectropho-
tometric techniques. In the β-Carotene linoleic acid lipid peroxidation assay, AC-AgNPs showed the
strongest antioxidant activity with an IC50 value of 116.9 µg/mL, followed by metal-chelating capac-
ity and ABTS cation radical scavenging activity with IC50 values of 120.4 µg/mL and 128.5 µg/mL,
respectively. The inhibitory effects of produced AgNPs on the acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) enzymes were determined using spectrophotometric techniques. This
study provides an eco-friendly, inexpensive, and easy method for the synthesis of AgNPs that can be
used for biomedical activities and also has other possible industrial applications.
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1. Introduction

Nanobiotechnology advancements have resulted in intriguing discoveries in materials
science. Biosynthesis of economically and environmentally beneficial metal nanoparticles
can now be done using this technology in the fields of cosmetics, environmental safety,
defense, food, agriculture, and health [1]. Various plant components including leaves,
roots, and fruits are generally used for biosynthesis applications, also called “green syn-
thesis” [2–6]. Traditional chemical and physical procedures can also be used to produce
nanomaterials. However, chemical approaches have drawbacks such as biotoxicity for the
environment and humans, while physical ones require a great deal of energy. Furthermore,
physically manufactured nanoparticles lack the appropriate morphology, size, composition,
crystallinity, size distribution, and shape distribution [7].

There are several metals and metal-based oxide nanosystems that have been created
and used in the catalytic and antibacterial industries. Silver nanoparticles (AgNPs) have
received particular attention among the many types of nanoparticles because of their unique
physiochemical and optoelectronic characteristics, which make them effective fungicidal,
bactericidal, anticancer, and catalytic agents. AgNPs’ antibiotic resistance capabilities
against multidrug-resistant bacteria also make them more esteemed. Staphylococcus aureus
and Escherichia coli are only two of the pathogenic pathogens that AgNPs show potent
antibacterial activities against [4,8,9].

Remarkably, silver nanoparticles (Ag-NPs) have a narrow plasmon resonance, a
high surface-to-volume ratio, unique physicochemical features, and a variety of uses in
microelectronics, biology, and medical research. Due to their widespread application
in numerous economic and pharmacologically relevant products, AgNPs have attracted
a great deal of interest compared to other metal NPs. The conventional techniques for
synthesis, such as physical, thermal, hydrothermal, and chemical modes, are pricy and
exceedingly risky and rely on harmful substances. Hence, a green synthesis strategy
utilizing biological resources for the effective formation of NPs is the focus. The basis of this
environmentally friendly process is the synthesis of green nanoparticles using chemicals
that are both ecologically safe and renewable as reducing and capping agents. Several
biomolecules, including vitamins, yeasts, enzymes, algae, biodegradable polymers, and
microbes as well as waste plant components, have been successfully used in green synthesis
techniques to create nanoparticles [3,10].

Singlet oxygen, superoxide anion, hydroxyl radical, and other extremely harmful
reactive oxygen species (ROS) are produced in cells during normal metabolic activity. Some
life functions, such as signal transduction and the creation of energy to power biological
processes, need the presence of ROS; nevertheless, at excessive concentrations, ROS can
damage macromolecules such as DNA, proteins, and lipids [11].

Researchers discovered a relationship between oxidative damage and the pathogenesis
of oxidative illnesses such as cancer, vascular issues, and diabetes. Antioxidants have been
shown to have a significant function in protecting against various illnesses. Antioxidants
can delay or postpone the start or propagation phases of an oxidative chain reaction, thus
preventing ROS-mediated damage. AgNPs inactivate the respiratory chain in mitochondria
by generating reactive oxygen species (ROS). In this way, they can also damage cancer cell
DNA and inhibit cell proliferation by inducing apoptosis [12]. Cancer is estimated to be the
cause of one out of every six deaths worldwide. According to reports, 10 million individuals
died as a result of cancer-related causes in 2020 [13]. As is well known, almost all cancers
(90–95%) are caused by gene changes under the impact of environmental factors. Most
recently, interest in AgNPs has been increasing, especially due to their antimicrobial [14],
antioxidant [15], and anticancer [8] activities.
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In addition, the increase in the resistance of bacteria to antibiotics due to their exces-
sive/incorrect consumption is considered a sign of the beginning of the end for existing
antibiotics that are widely used around the world. AgNPs, which have the potential to be
used instead of antibiotics, can interact with the cell membrane surface and penetrate the
bacterial cell membrane [16].

Alzheimer’s disease (AD), a fatal neurodegenerative condition that is progressive
in nature, has emerged as a significant public health issue, particularly in industrialized
nations where living standards are higher. It is also a common form of dementia, particu-
larly among the elderly population, and is characterized by irreversible neuronal loss and
abnormal behavioral changes. Psychosocial interventions, disease-modifying therapies,
psychiatric drugs, and particularly cholinesterase inhibitors that prevent the hydrolysis of
the two chemical neurotransmitters acetylcholine (AChE) and butyrylcholine are among
the treatments for AD (BuChE). Numerous research has been carried out demonstrating the
potential of plant-based synthetic metallic nanoparticles as anticholinesterase drugs [17].
Many studies have been conducted showing that plant-based synthesized metallic nanopar-
ticles can be used as anticholinesterase agents [17–21].

A. cepa, also known as onion, Egyptian onion, and shallot, is regarded as both a
spice and a vegetable. Typically, onions come in a range of hues, including white, red,
yellow, green, and purple [22]. The onion is cultivated as an annual or biennial and
can reach a height of 15–45 cm. It has six-part white blossoms, glossy black seeds,
and coiled yellowish-green leaves that are flat and fan-shaped [23]. Onions are rich
in bioactive phyto compounds such as anthocyanins, flavonoids, phenolic acids, and
organosulfur compounds [24]. Allium species were used in traditional/complementary
medicine treatment of some diseases such as asthma, cough, and vascular disease due
to the antioxidant, antiobesity, anti-inflammatory, antimicrobial, antidiabetic, cytotoxic,
reproductive-protective, immunomodulatory, hepatorenal-protective, digestive system-
protective, respiratory-protective, cardiovascular-protective, and neuroprotective effects
of identified bioactive compounds [25]. There were many studies in which Allium species
were used as coating and reducing agents due to their rich chemical compositions. In these
studies, many biological activities were tested in metallic nanoparticles synthesis research
with extracts obtained from different parts of Allium species using different solvents. These
studies had shown that Allium species could be used as suitable coating and reducing agents
for green synthesis studies [26–31]. Therefore, the current work intends to evaluate the
potential of A. cepa aqueous yellow-colored peel extracts’ anticholinesterase, antibacterial,
and antioxidant properties utilizing affordable, environmentally acceptable AgNPs.

2. Results and Discussion
2.1. Analysis of UV-Vis Spectroscopy

Using a UV-Vis spectrophotometer, it was possible to see the reaction that was brought
on by the color shift in the mixture made from Allium cepa peel extract and AgNO3 solution.
AC-AgNPs’ surface plasmon resonance (SPR), which occurs throughout the reaction period,
caused a color shift from bright yellow to dark black (Figure 1). To find the highest
wavelength in the 300–700 nm region, samples collected at intervals of 10, 15, and 30 min
were scanned. A total of 438.90 nm was found to be the maximum wavelength of biogenic
AgNPs. This value was found to be in accordance with the highest absorbance values for
AgNPs generated from plant extracts of Calophyllum tomentosum (438 nm) [32], Gymnema
sylvestre (442 nm) [33], Cocos nucifera (380 nm) [34], and Cicer ariet [35]. A 2.4 GHz laser
beam was used to measure the colloidal solution’s light transmittance after the reaction.



Molecules 2023, 28, 2310 4 of 17

Molecules 2023, 28, x FOR PEER REVIEW 4 of 18 
 

 

Calophyllum tomentosum (438 nm) [32], Gymnema sylvestre (442 nm) [33], Cocos 
nucifera (380 nm) [34], and Cicer ariet [35]. A 2.4 GHz laser beam was used to measure 
the colloidal solution’s light transmittance after the reaction. 

 
Figure 1. (a) Tyndall effect and visible laser beam path on colloidal AgNPs. (b) Time-dependent 
UV-Vis spectrum data of synthesized AgNPs. 

2.2. FE-SEM, TEM, and AFM Analysis 
To evaluate the size and shape of the produced metallic nanoparticles (MNPs), FE-

SEM (Figure 2) and TEM (Figure 3) methods were utilized. The synthetic AgNPs appear 
to be mostly spherical. Numerous studies reported that AgNPs made from diverse 
biological sources ranged in size from 14 to 61 nm and were generally spherical [36–38]. 

 
Figure 2. AC-AgNPs FE-SEM image at 500 nm scale. 

Figure 1. (a) Tyndall effect and visible laser beam path on colloidal AgNPs. (b) Time-dependent
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2.2. FE-SEM, TEM, and AFM Analysis

To evaluate the size and shape of the produced metallic nanoparticles (MNPs), FE-SEM
(Figure 2) and TEM (Figure 3) methods were utilized. The synthetic AgNPs appear to be
mostly spherical. Numerous studies reported that AgNPs made from diverse biological
sources ranged in size from 14 to 61 nm and were generally spherical [36–38].
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The TEM was used to analyze the shape and size distributions of biosynthesized Ag-
NPs. Separate silver particles and the polydispersity of nanoparticles were seen in the TEM
images (Figure 3a–d). According to TEM metrics, the dimensions of the synthesized nano-
material were measured as a minimum of 8.44 nm and a maximum of 19.93 nm (Figure 3).
Depleting the A. cepa extract throughout the synthesis time resulted in a reduction in reduc-
ing agents, which resulted in varied sizes of AC-AgNPs. We observed that there was no
direct contact between nanoparticles even inside the aggregates, indicating that AC-AgNPs
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were covered by a thin layer of functional material originating from organic compounds
that were typical of the creation of metallic nanoparticles from plant extracts [39].
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To analyze metallic nanoparticles in contact mode, AFM was used as a structural
characterization tool. AFM’s surface pictures and spatial resolution at the lateral and
vertical nanometer scales enable it to quantitatively give significant information about
the specifics of the surface topography. AC-AgNPs’ two- and three-dimensional (2D-3D)
topographic characteristics were identified with the use of AFM (Figure 4). Color changes
in the scale bar provide information about the size of the particles.
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2.3. EDX Analysis of the AC-AgNPs

The EDX spectrum (Figure 5) revealed strong signals indicating the presence of Ag
atoms in the biosynthesized nanomaterial. The presence of carbon, chlorine, and oxygen
elements in the spectrum, which were sources of weak signals, was due to the plant extract.
AgNPs showed a characteristic optical absorption peak at about 3 KeV dependent on SPR,
as reported in many studies with different plants [3,40,41].
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Figure 5. EDX spectrum demonstrating the presence of silver in AC-AgNPs.

2.4. X-ray Diffraction (XRD) Analysis of A. cepa-AgNPs

Figure 6 shows the XRD spectrum pattern of AC-AgNPs. According to the spec-
trum data, the diffraction peaks at 37.89◦, 44.02◦, 64.25◦, and 77.04◦, which represent
the cubic crystal structure of silver (Ag JCPDS No. 65–2871) at 2θ, index the planes
(111), (200), (220), and (311), respectively. The peaks representing the crystal structure
of silver were reported in many herbal silver nanoparticle synthesis studies such as
Cinnamomum camphora [42], Crossopteryx febrifuga, Brillantaisia patula, Senna siamea [43],
Cicer arietinum [44], Prunus dulcis [45], and Allium ampeloprasum [46]. The peak angle
of 37.89 (highest peak) was taken to calculate the average particle size of AC-AgNPs.
It was calculated to be around 19.47 ± 1.12 nm using the Debye–Scherrer equation
(D = Kλ/(β cosθ)).

2.5. FT-IR Analysis

FT-IR spectroscopy was used to identify the functional groups responsible for the synthe-
sis and stability of AgNPs produced during biosynthesis (Figure 7). It is clear that a variety of
functional groups were engaged in the reduction of Ag+ ions when the frequency range of
4000–650 cm−1 shifts in the spectra of A. cepa peel aqueous extract (Figure 7a) and AC-AgNPs
(Figure 7b) were examined. The bands at 1635 cm−1 in the FT-IR spectrum may represent
ketone groups due to -C=O stretching, alkynes due to C-C stretching, and alcohol or phenol
groups due to -OH stretching in the bands at 2134 cm−1 and 3317 cm−1, respectively [3,47].
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2.6. TG and DT Analyze

AgNPs’ heat resistance as well as the weight loss that occurs when being heated to
various temperatures were both determined using TG analysis (Figure 8). This method
was used to determine the total amount of phytochemical residues present on AgNPs’
surface [48,49]. Furthermore, DT analysis indicated temperature fluctuations caused by
exothermic/endothermic processes (Figure 8b). According to the findings, a mass loss of
2.5% happened in the sample at temperatures ranging from 24 ◦C to 250 ◦C, a mass loss
of 5.5% occurred at temperatures ranging from 250 ◦C to 425 ◦C, and an 8.5% mass loss
occurred at temperatures ranging from 425 ◦C to 889 ◦C (Figure 8a). These mass losses
imply that the nanomaterial degrades slowly, indicating that the AgNPs generated are
stable and durable even at high temperatures.

2.7. Zeta Size and Potential of AC-AgNPs

AC-AgNPs exhibited an average particle size of 134.6 nm and a zeta potential
of −13.1 mV (Figures 9 and 10). The negative zeta potential of AgNPs shows that
the material was stable and that the particles did not adhere to one another [50,51].
Researchers reported studies that support our findings: Origanum vulgare (136 nm,
−26 mV) [52], Andrographis paniculata (68.06 nm, −21.4 mV) [53], Convolvulus arvensis
(90.9 nm, −18.5 mV) [54] and Matricaria chamomilla (45.12 nm, −34 mV) [55].
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2.8. Antimicrobial Activity

Silver ions produced at the micro level in the aqueous media are primarily respon-
sible for AgNPs’ antibacterial capabilities [56]. One of the possible scenarios where
plant-mediated AgNPs with ultrasmall sizes and large surface areas suppress the ac-
tivities and proliferation of microorganisms is that AgNPs bind to negatively charged
cell surfaces and change the physical and chemical properties of the cell membrane and
wall, thereby weakening the basic functions of the cell such as permeability, electron
transport, osmoregulation, and respiration. The second is that AgNPs prevent the forma-
tion of the organism by interacting with DNA, proteins, and cell components containing
sulfur/phosphorus [55,56].

Salomoni et al. [56] confirmed that AgNPs bind to bacterial DNA and subsequently
attach to bacterial ribosomes, where they inhibit DNA replication and induce bacterial
death. The most constant theme of an antibacterial investigation is the relationship be-
tween positively charged ions on Ag nanoparticles and negatively charged bacteria, which
may also kill the bacterium [9]. AC-AgNPs suppressed yeast and bacterial growth more
effectively than AgNO3 (except E. coli) and antibiotics (Table 1). When compared to the stan-
dard antibiotics, biogenic AC-AgNPs had the strongest inhibitory effect against B. subtilis
(0.0625 µg/mL) and S. aureus (0.125 µg/mL).

Table 1. MIC values (µg/mL) of AC-AgNPs, AgNO3 solution, and standard antibiotics.

Pathogenes AC-AgNPs
µg mL−1

AgNO3 Solution
µg mL−1

Control Antibiotics
µg mL−1 *

Staphylococcus aureus ATCC 29213 0.125 ± 0.1 2.65 ± 0.2 2.00 ± 0.2
Bacillus subtilis ATCC 11774 0.0625 ± 0.2 1.32 ± 0.1 1.00 ± 0.1
Escherichia coli ATCC 25922 1.00 ± 0.1 0.66 ± 0.2 2.00 ± 0.2
Pseudomonas aeruginosa ATCC 27853 0.25 ± 0.2 1.32 ± 0.2 4.00 ± 0.2
Candida albicans ATCC 10231 0.50 ± 0.1 0.66 ± 0.1 2.00 ± 0.1

* Colistin was used to treat Gram-positive (B. subtilis and S. aureus) strains, fluconazole was used to treat yeast
(C. albicans), and vancomycin was used to treat Gram-negative (E. coli and P. aeruginosa) strains. All the treatments
were performed in triplicate. Means and standard deviations were reported as mean ± SD.

The effectiveness of AC-AgNPs on the growth of microorganisms used in the study
was found to be more effective than the standard antibiotics tested. These values were
calculated to be 8, 8, 2, 16, and 4 times more effective for S. aureus, B. subtilis, E. coli,
P. aeruginosa, and C. albicans, respectively. AgNPs’ MIC values (µg/mL) against the growth
of E. coli and P. aeruginosa bacterial strains and C. albicans yeast were 0.25, 1.00, and 0.50,
respectively (Table 1). AgNPs were shown to be particularly efficient at inhibiting the
growth of B.subtilis (0.0312 µg/mL) and S. aureus (0.125 µg/mL). In another investigation,
AgNPs were shown to be more effective at inhibiting S.aureus (6.25–50 µg/mL) and E.coli
(2.5 µg/mL) [57].
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2.9. Antioxidant Activity of AC-AgNPs

The existence of distinct types of functional groups, as indicated in FTIR, may
be responsible for the maximum activity of AgNPs. This shows that AgNPs may be
employed as an alternative antioxidant in the treatment of disorders induced by free
radicals. Many studies have shown that AgNPs derived from plant extracts have high
antioxidant activity [58,59]. A. cepa includes a variety of chemicals that may donate
hydrogen from their hydroxyl group (−OH) to free radicals, forming stable, highly
reactive hydroxyl radicals [25].

Table 2 shows the antioxidant activity findings of AC-AgNPs assessed using five
different techniques. As a result, when compared to the reference substances BHA, α-
tocopherol, and EDTA, the nanoparticle demonstrated mild antioxidant activity. The
antioxidant properties of AC-AgNPs were most powerful in the β-Carotene–linoleic acid
test, the metal-chelating test, and the ABTS test, with IC50 values of 116.9 ± 1.20 µg/mL,
120.4 ± 0.98 µg/mL, and 128.5 ± 1.17 µg/mL, respectively.

Table 2. Antioxidant activity of AC-AgNPs as determined by DPPH•, ABTS•, CUPRAC, and metal-
chelating assays (µg/mL).

Sample/Standard β-Carotene/Linoleic
Acid Assay DPPH• Assay ABTS•+ Assay CUPRAC

Assay
Metal-Chelating

Assay a

IC50 IC50 IC50 A0.50 IC50

Sample AC-AgNPs 116.9 ± 1.20 151.3 ± 1.65 128.5 ± 1.17 143.8 ± 1.67 120.4 ± 0.98

Standards
α-Tocopherol 2.10 ± 0.05 38.15 ± 0.45 35.50 ± 0.56 61.40 ± 0.75 NT b

BHA 1.45 ± 0.03 19.82 ± 0.33 12.80 ± 0.08 25.50 ± 0.43 NT

EDTA NT NT NT NT 5.50 ± 0.45
a The values represent the means ± SEM of three parallel sample measurements (p < 0.05). b NT: Not tested.

2.10. Anticholinesterase Activity of Biosynthesized AgNPs

Alzheimer’s disease (AD), the most common kind of dementia, is characterized by
oxidative stress and progressive neuronal degeneration and is typically accompanied by
visible beta-amyloid deposits in the brain and low acetylcholine levels [60]. The most often
used method in the management and treatment of AD is acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) inhibitors such as donepezil, rivastigmine, and galantamine [61].
Table 3 displays the anticholinesterase activity of A. cepa-AgNPs. According to the data, the
nanoparticle inhibited both enzymes to a small extent. A. cepa-AgNPs inhibited AChE and
BChE with IC50 values of 87.250.56 µg/mL and 71.330.98 µg/mL, respectively.

Table 3. The anticholinesterase activity of A. cepa-AgNPs.

AChE BChE

Extracts/Standards Inhibition (%)
(at 200 µg/mL) IC50 (µg/mL) Inhibition (%)

(at 200 µg/mL) IC50 (µg/mL)

A. cepa-AgNPs 62.20 ± 0.47 87.25 ± 0.56 66.27 ± 0.44 71.33 ± 0.98

Galantamine 85.50 ± 0.60 5.50 ± 0.20 74.65 ± 0.25 42.20 ± 0.45
The values represent the average ± SEM of three parallel sample measurements (p < 0.05).

3. Materials and Methods
3.1. Materials and Reagents

A. cepa peels used in the reduction reactions of AgNO3 salt were obtained from
local markets in Diyarbakır (Turkey). The Microbiology Research Laboratory at Mardin
Artuklu University provided the pathogenic bacterial strains (Bacillus subtilis ATCC 11774,
Staphylococcus aureus ATCC 29213, Escherichia coli ATCC 25922, and Pseudomonas aeruginosa
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ATCC 27853) and yeast (Candida albicans ATCC 10231), which were utilized to test the
growth-suppressing impact of produced AgNPs. Sigma Aldrich-Merck (KGaA, Darmstadt,
Germany) was used to get the chemicals, reagents, and standard antibiotics (colistin for
Gram-positive (B. subtilis and S. aureus) strains, fluconazole for yeast (C. albicans), and
vancomycin for Gram-negative (E. coli and P. aeruginosa) strains) required for the testing of
the antimicrobial, antioxidant, and anticholinesterase activities.

3.2. Extraction Process

Fresh A. cepa peels were thoroughly cleaned in deionized water and dried at 30 ◦C. An
amount of 1000 g of dry leaves was mixed with 2 L of distilled water and 2 L of deionized
water and boiled at 85 ◦C for 10 min. The A. cepa peel extract obtained was brought to room
temperature. Then, it was filtered and kept in a cold environment (+4 ◦C) to be used in the
biosynthesis of AgNPs.

3.3. Biosynthesis of AC-AgNPs

A 40-millimolar (mM) AgNO3 aqueous solution was prepared using solid AgNO3
to perform the green synthesis of AgNPs. At 40 ◦C, 200 mL of A. cepa peel extract and
200 mL of AgNO3 solution were mixed and allowed to react. The solution was centrifuged
at the required speed and time (4500 rpm, 10 min). The solid phase accumulating at the
bottom was washed many times with deionized water. It was dried for 12 h at 55 ◦C and
pulverized in a mortar.

3.4. Structural and Thermal Characterization of AC-AgNPs

Identification of synthesized AgNPs was done with an Agilent CARY 60 model spec-
trophotometer (300–800 nm). Powder crystal structures, morphologies, surface distribu-
tions, sizes, and values of NPs were measured with XRD (Rigaku), EDX (Quanta FEG240),
AFM (PARK NX10), FE-SEM (Quanta FEG240), TEM (HITACHI 7700), and Zetasizer
(Malvern). The Debye–Scherrer equation was used to compute the powder crystal size
of AgNPs [4].

D = Kλ/(β cosθ)

where D = consistent diffraction area size (nm), K = Scherer constant (K = 0.94), λ = wavelength,
β = the reflection width (2θ).

FT-IR (Agilent Cary 630) analysis was applied to identify the groups causing the
reduction in the extract. TG/DT analysis (Instruments Q600) was applied to determine the
stability and durability of the synthesized nanoparticle.

3.5. Antimicrobial Activity or Antibacterial and Antfungal Activity of AC-AgNPs

To evaluate the antibacterial efficacy of AC-AgNPs, the modified MIC assay was
applied [62]. The Mueller Hinton Broth medium for bacterial strains and RPMI 1640
for yeast in 96-well microplates were used. Afterward, the medium was mixed with
the appropriate amounts of bacteria and AgNP solution. It took a day for the media to
incubate. Measuring the concentration in the well where the growth started allowed for
the MIC value to be calculated. AC-AgNPs’ antibacterial activity was assessed using the
conventional antibiotics fluconazole, colistin, and vancomycin (128 µg/mL each) as well as
a 5 mM AgNO3 solution.

3.6. Anticholinesterase Activities of AC-AgNPs

The Ellman technique, with slight changes, was used to measure the inhibitory po-
tential of AC-AgNPs on cholinesterase enzymes (AChE and BChE) spectrophotometri-
cally [63,64]. Amounts of 130 µL of sodium phosphate buffer (pH 8.0, 100 mM) and 10 µL
of sample solution were combined in various quantities. The combination was mixed and
incubated at 25 ◦C for 15 min before being added 20 µL of 0.5 mM DTNB (5,5′-dithiobis(2-
nitrobenzoic) acid). This was done after adding 20 µL of enzyme (AChE or BChE) buffer
solution. The reaction was started by adding 20 µL of the substrates acetylthiocholine io-
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dide (0.71 mM) or butyrylthiocholine chloride (0.2 mM). Using a 96-well microplate reader,
the absorbance and appearance of the yellow 5-thio-2-nitrobenzoate anion produced by
the reaction of DTNB with thiocholine were determined at 412 nm. The outcomes were
expressed as an enzyme inhibition percentage (percent) at a concentration of 200 g/mL and
an inhibitory concentration for nanoparticles (IC50) of 50%.

3.7. Antioxidant Activities of AC-AgNps

The DPPH (2,2-Diphenyl-1-picrylhydrazyl) free radical scavenging activity was as-
sessed spectrophotometrically [65]. The technique described by Erel [66], was used to
assess the radical scavenging activity of ABTS+ cations. Using the method created by
Apak et al. [67], the cupric reducing antioxidant capacity (CUPRAC) was calculated. Spec-
trophotometric analysis was used to determine the extracts’ metal-chelating activity for
Fe2+ [68]. EDTA was used as the control chemical in a comparison of the metal-chelating
activity. To analyze the ABTS+, DPPH, β-carotene-linoleic acid, and CUPRAC assays, the
common antioxidants BHA and α-tocopherol were used. The data for antioxidant activity
was calculated as the 50% inhibitory concentration (IC50).

4. Conclusions

This research revealed that AgNPs can be synthesized from Allium cepa (AC) peels,
which are considered biological waste, in an ecologically acceptable, low-cost and simple
method. Characterization studies were performed with UV-Vis, EDX, FE-SEM, TEM, AFM,
FTIR XRD, and Zetasizer. The FE-SEM and TEM images demonstrated that the produced
AgNPs were predominantly in spherical morphology. The particle sizes of A. cepa-AgNPs
were determined to be 8.44–19.93 nm based on TEM images and 19.47 nm based on XRD
data. AgNPs with a zeta potential of −13.1 mV were thought to be resolute and stable. It
was found that A. cepa-AgNPs had a greater biocidal impact on P. aeruginosa, B. subtilis, and
S. aureus. The nanoparticle from A. cepa was shown to have the potential to be employed
as an antioxidant agent. In addition, the capacity of nanoparticles to inhibit AChE and
BChE shows that AC-AgNPs could be used to manage Alzheimer’s disease. This was
also the first investigation of the anticholinesterase activity of AC-AgNPs. Even though
AgNPs have numerous features that make them an ideal candidate for novel and potential
medicinal applications, their toxicity has subsequently become an area of attention. AgNPs
are commonly advertised as very efficient antibacterial agents that are safe for healthy
mammalian cells, but the toxicity of AgNPs is connected with their conversion to biological
and environmental systems.

The findings showed that biologically synthesized AgNPs have the potential to be
used in many fields such as the biomedicine, pharmaceutical, and food industries, and
their in-depth investigation is of critical importance. Nevertheless, the potentially toxic
effects of AgNPs should be recognized before use, and it is suggested that the appropriate
concentration of silver be known so it can perform skillfully without damaging individuals
and their surroundings.

Potential applications for silver nanoparticles in the medical industry include cancer
therapies and fluorescence imaging, where the nanoparticles allow for targeted drug
administration, higher bioavailability and prolonged drug release in target tissues, and
improved drug stability. However, more research is required to explore the mechanism of
plant-mediated AgNPs implicated in biological applications, which is currently unknown.
Such research might provide precise knowledge of the workings and efficiency of AgNPs.

AgNPs can be used for the production of many commercial and biomedical products
on a large scale, because this protocol is simple and economical and the raw material
is cheap.
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46. Hatipoğlu, A. Green Synthesis of Silver Nanoparticles and Their Antimicrobial Effects on Some Food Pathogens. SDU J. Nat.
Appl. Sci. 2022, 26, 106–114. [CrossRef]

47. Wanjari, A.K.; Patil, M.P.; Chaudhari, U.E.; Gulhane, V.N.; Kim, G.D.; Kiddane, A.T. Bactericidal and photocatalytic degradation
of methyl orange of silver-silver chloride nanoparticles synthesized using aqueous phyto-extract. Part. Sci. Technol. 2022,
40, 1033–1040. [CrossRef]

48. Hamelian, M.; Varmira, K.; Veisi, H. Green synthesis and characterizations of gold nanoparticles using Thyme and survey
cytotoxic effect, antibacterial and antioxidant potential. J. Photochem. Photobiol. B 2018, 184, 71–79. [CrossRef]

49. Aljabali, A.; Akkam, Y.; Al Zoubi, M.; Al-Batayneh, K.; Al-Trad, B.; Abo Alrob, O.; Alkilany, A.M.; Benamara, M.; Evans, D.
Synthesis of Gold Nanoparticles Using Leaf Extract of Ziziphus zizyphus and their Antimicrobial Activity. Nanomaterials 2018,
8, 174. [CrossRef]

50. Jebril, S.; Khanfir ben Jenana, R.; Dridi, C. Green synthesis of silver nanoparticles using Melia azedarach leaf extract and their
antifungal activities: In vitro and in vivo. Mater. Chem. Phys. 2020, 248, 122898. [CrossRef]

51. Sankar, R.; Karthik, A.; Prabu, A.; Karthik, S.; Shivashangari, K.S.; Ravikumar, V. Origanum vulgare mediated biosynthesis of silver
nanoparticles for its antibacterial and anticancer activity. Colloids Surf. B Biointerfaces 2013, 108, 80–84. [CrossRef]

52. Sharma, V.; Kaushik, S.; Pandit, P.; Dhull, D.; Yadav, J.P.; Kaushik, S. Green synthesis of silver nanoparticles from medicinal plants
and evaluation of their antiviral potential against chikungunya virus. Appl. Microbiol. Biotechnol. 2018, 103, 881–891. [CrossRef]

53. Rasheed, T.; Bilal, M.; Li, C.; Nabeel, F.; Khalid, M.; Iqbal, H.M.N. Catalytic potential of bio-synthesized silver nanoparticles using
Convolvulus arvensis extract for the degradation of environmental pollutants. J. Photochem. Photobiol. B 2018, 181, 44–52. [CrossRef]

54. Dadashpour, M.; Firouzi-Amandi, A.; Pourhassan-Moghaddam, M.; Maleki, M.J.; Soozangar, N.; Jeddi, F.; Nouri, M.; Zarghami,
M.; Pilehvar-Soltanahmadi, Y. Biomimetic synthesis of silver nanoparticles using Matricaria chamomilla extract and their potential
anticancer activity against human lung cancer cells. Mater. Sci. Eng. C 2018, 92, 902–912. [CrossRef]

55. Parvekar, P.; Palaskar, J.; Metgud, S.; Maria, R.; Dutta, S. The minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of silver nanoparticles against Staphylococcus aureus. Biomater. Investig. Dent. 2020, 7, 105–109. [CrossRef]
[PubMed]

56. Salomoni, R.; Léo, P.; Montemor, A.; Rinaldi, B.; Rodrigues, M. Antibacterial effect of silver nanoparticles in Pseudomonas
aeruginosa. Nanotechnol. Sci. Appl. 2017, 10, 115. [CrossRef] [PubMed]

57. Arsène, M.; Podoprigora, I.V.; Davares, A.; Razan, M.; Das, M.S.; Senyagin, A.N. Antibacterial activity of grapefruit peel extracts
and green-synthesized silver nanoparticles. Vet. World 2021, 14, 1330–1341. [CrossRef] [PubMed]

58. Nagaich, U.; Gulati, N.; Chauhan, S. Antioxidant and Antibacterial Potential of Silver Nanoparticles: Biogenic Synthesis Utilizing
Apple Extract. J. Pharm. 2016, 2016, 7141523. [CrossRef] [PubMed]

59. Yousaf, H.; Mehmood, A.; Ahmad, K.S.; Raffi, M. Green synthesis of silver nanoparticles and their applications as an alternative
antibacterial and antioxidant agents. Mater. Sci. Eng. C Mater. Biol. Appl. 2020, 112, 110901. [CrossRef]

60. Adu, O.T.; Mohamed, F.; Naidoo, Y.; Adu, T.S.; Chenia, H.; Dewir, Y.H.; Rihan, H. Green Synthesis of Silver Nanoparticles
from Diospyros villosa Extracts and Evaluation of Antioxidant, Antimicrobial and Anti-Quorum Sensing Potential. Plants 2022,
11, 2514. [CrossRef]

61. Breijyeh, Z.; Karaman, R. A comprehensive review on Alzheimer’s disease: Causes and treatment. Molecules 2020, 25, 5789.
[CrossRef]

62. Tamfu, A.N.; Kucukaydin, S.; Yeskaliyeva, B.; Ozturk, M.; Dinica, R.M. Non-Alkaloid Cholinesterase Inhibitory Compounds from
Natural Sources. Molecules 2021, 26, 5582. [CrossRef] [PubMed]

63. Ellman, G.L.; Courtney, K.D.; Andres, V.; Featherstone, R.M. A new and rapid colourimetric determination of acetylcholinesterase
activity. Biochem. Pharmacol. 1961, 7, 88–95. [CrossRef] [PubMed]

64. Bousetla, A.; Keskinkaya, H.B.; Bensouici, C.; Lefahal, M.; Atalar, M.N.; Akkal, S. LC-ESI/MS-phytochemical profiling with
antioxidant and antiacetylcholinesterase activities of Algerian Senecio angulatus L. f extracts. Nat. Prod. Res. 2021, 37, 123–129.
[CrossRef] [PubMed]

65. Blois, M. Antioxidant determinations by the use of a stable free radical. Nature 1958, 181, 1199–1200. [CrossRef]

http://doi.org/10.3390/cryst12050603
http://doi.org/10.1016/j.bcab.2020.101689
http://doi.org/10.1016/j.heliyon.2020.e04493
http://doi.org/10.3389/fbioe.2022.855136
http://www.ncbi.nlm.nih.gov/pubmed/35330628
http://doi.org/10.52520/masjaps.120
http://doi.org/10.19113/sdufenbed.970654
http://doi.org/10.1080/02726351.2022.2056552
http://doi.org/10.1016/j.jphotobiol.2018.05.016
http://doi.org/10.3390/nano8030174
http://doi.org/10.1016/j.matchemphys.2020.122898
http://doi.org/10.1016/j.colsurfb.2013.02.033
http://doi.org/10.1007/s00253-018-9488-1
http://doi.org/10.1016/j.jphotobiol.2018.02.024
http://doi.org/10.1016/j.msec.2018.07.053
http://doi.org/10.1080/26415275.2020.1796674
http://www.ncbi.nlm.nih.gov/pubmed/32939454
http://doi.org/10.2147/NSA.S133415
http://www.ncbi.nlm.nih.gov/pubmed/28721025
http://doi.org/10.14202/vetworld.2021.1330-1341
http://www.ncbi.nlm.nih.gov/pubmed/34220139
http://doi.org/10.1155/2016/7141523
http://www.ncbi.nlm.nih.gov/pubmed/28018705
http://doi.org/10.1016/j.msec.2020.110901
http://doi.org/10.3390/plants11192514
http://doi.org/10.3390/molecules25245789
http://doi.org/10.3390/molecules26185582
http://www.ncbi.nlm.nih.gov/pubmed/34577053
http://doi.org/10.1016/0006-2952(61)90145-9
http://www.ncbi.nlm.nih.gov/pubmed/13726518
http://doi.org/10.1080/14786419.2021.1947274
http://www.ncbi.nlm.nih.gov/pubmed/34219549
http://doi.org/10.1038/1811199a0


Molecules 2023, 28, 2310 17 of 17

66. Erel, O. A novel automated direct measurement method for total antioxidant capacity using a new generation, more stable ABTS
radical cation. Clin. Biochem. 2004, 37, 277–285. [CrossRef] [PubMed]

67. Apak, R.; Güçlü, K.; Özyürek, M.; Karademir, S.E. Novel total antioxidant capacity index for dietary polyphenols and vitamins C
and E, using their cupric ion reducing capability in the presence of neocuproine: CUPRAC method. J. Agric. Food Chem. 2004,
52, 7970–7981. [CrossRef]

68. Varadharaj, V.; Ramaswamy, A.; Sakthivel, R.; Subbaiya, R.; Barabadi, H.; Chandrasekaran, M.; Saravanan, M. Antidiabetic and
antioxidant activity of green synthesized starch nanoparticles: An in vitro study. J. Clust. Sci. 2020, 31, 1257–1266. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.clinbiochem.2003.11.015
http://www.ncbi.nlm.nih.gov/pubmed/15003729
http://doi.org/10.1021/jf048741x
http://doi.org/10.1007/s10876-019-01732-3

	Introduction 
	Results and Discussion 
	Analysis of UV-Vis Spectroscopy 
	FE-SEM, TEM, and AFM Analysis 
	EDX Analysis of the AC-AgNPs 
	X-ray Diffraction (XRD) Analysis of A. cepa-AgNPs 
	FT-IR Analysis 
	TG and DT Analyze 
	Zeta Size and Potential of AC-AgNPs 
	Antimicrobial Activity 
	Antioxidant Activity of AC-AgNPs 
	Anticholinesterase Activity of Biosynthesized AgNPs 

	Materials and Methods 
	Materials and Reagents 
	Extraction Process 
	Biosynthesis of AC-AgNPs 
	Structural and Thermal Characterization of AC-AgNPs 
	Antimicrobial Activity or Antibacterial and Antfungal Activity of AC-AgNPs 
	Anticholinesterase Activities of AC-AgNPs 
	Antioxidant Activities of AC-AgNps 

	Conclusions 
	References

