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)ere is a need to synthesize eco-friendly nanoparticles with more effective and potent antibacterial activities. A green and cost-
effective method for the synthesis of silver nanoparticles (AgNPs) using4ymus vulgaris,Mentha piperita, and Zingiber officinale
extracts was developed. )e analytical instrumentation, namely, UV/Vis, absorption spectroscopy, FTIR, and scanning electron
microscopy (SEM), was used to determine the developed AgNPs, confirming the functional groups involved in their reduction.
Acidic molybdate, DPPH, and FRAP regents were reacted with AgNPs extract to evaluate their antioxidant, scavenging, and
oxidative activities. )e agar well diffusion method was used to determine the antibacterial potential of AgNPs extracts using
clinical isolates. )e developed AgNPs showed peaks at 25 cum\Diff, 50 cum\Diff, and 75 cum\Diff, respectively, of 16.59± 0.78,
45.94± 1.07, and 81.04± 0.98 nm, for 4ymus vulgaris, Mentha piperita, and Zingiber officinale. SEM revealed uniform prepared
and encapsulated AgNPs by plant extracts matrix. )e FTIR shows the involvement of amide (-CO-NH2), carbonyl (-CO), and
hydroxyl (-OH), which resulted in the reduction of AgNPs. )e AgNPs extract showed significantly higher TAA, DPPH, and
FRAP values than free AgNPs and plant extract (p< 0.05). Antibacterial of AgNPs extracts revealed various degrees of inhibition
zones against Escherichia coli, Acinetobacter baumannii, and Staphylococcus aureus. )e developed AgNPs extract showed
acceptable antioxidant activities and noticeable antibacterial potential. )e prepared green synthesized AgNPs showed a
promising antibacterial activity against four multidrug-resistant clinical isolates, Escherichia coli, Acinetobacter baumannii, and
Staphylococcus aureus. Further, fractionated extracts other than crude extracts will be utilized in the preparation of AgNPs to get
more efficient antibacterial activities for future work.
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1. Introduction

Recently, nanotechnology has become one of the most
important technologies from the last centuries up to date
[1, 2]. )e nanoparticle’s delivered therapies have specific
targeting, accompanied by diminishing the required high
doses and subsequently fewer expected drawbacks of a drug
[2, 3]. Related to the efficacy of a therapy, nanoparticles of
drug delivery can improve a drug’s bioavailability at specific
targets in the body, as well [4]. Generally, two techniques are
used as methods for the preparation and synthesis of the
required nanoparticles, namely, top-down and bottom-up
synthesis methods [5]. In the top-down method, a de-
structive method, the bulk materials, or larger molecules, are
first decomposed into smaller ones and then transformed
into the target size of nanoparticles. Physical vapor depo-
sition, thermal decomposition, mechanical methods, ball-
milling, lithographic, laser ablation, and sputtering methods
have all been used [5, 6]. On the other hand, in the bottom-
up method as a constructive method, the nanoparticles are
formed from relatively smaller substances after being treated
with chemical vapor deposition, sol-gel, spinning, pyrolysis,
and/or biological synthesis.

In the field of biological applications of the bottom-up
technique, the procedures involve the synthesis of nano-
particles incorporated from plant extracts.)is is a branch of
phytonanotechnology, which has been shown as a new field
for the synthesis and utilization of nanoparticles as an eco-
friendly, simple, and cost-effective technology. Different
techniques have been applied to extract certain antioxidants
from their plant parts, such as shaking with a suitable ex-
tractor solvent, homogenization at high speed, and ultra-
sound-, maceration-, stirring-, and microwave-assisted
extraction [7–10]. Some of these plant extracts containing
antioxidant compounds are greatly affected by the extraction
technique used in their preparation. )erefore, the selection
of certain extraction strategies depends on the simplicity of
the extraction technique and its convenience for the pro-
posed study [7]. Recently, other techniques and methods
have been developed, characterized, and optimized to
synthesize different types of nanoparticles. Basically, they fall
into three categories: physical, chemical, and biological
methods [3]. )e hazards associated with the chemicals that
accompanied the physical and chemical methods, as well as
the fact that they may be more expensive and less available in
comparison to the biological method, were responsible for
limiting their use. Utilizing metallic nanoparticles is com-
monly used in nanomedicine for drug delivery and in the
treatment of many physiological troubles and tumors.
Amongst them, silver salt nanoparticles, AgNPs, are less
toxic to mammalian cells than other metal nanoparticles.
Due to their relatively small size, they can easily penetrate
the cell through the cell membrane and serve as a potential
antimicrobial agent [11, 12]. In terms of the reducing agents
used, AgNPs can be synthesized using biological methods
for maximum safety and efficacy [12–14].

With a safe and convenient biological synthesis of green
AgNPs, phytonanotechnology has the advantage of safe
synthesis and applications. On the other hand, the

applications of nanotechnology accompanied by natural
antioxidant plant extracts could be utilized in the man-
agement of different diseases such as tumors, atherosclerosis,
arthritis, diabetes, and other ageing diseases [7, 15–17].
)rough the proposed project, aqueous extracts of three
common medical plants, namely, 4ymus vulgaris (Lam-
iaceae),Mentha piperita (Lamiaceae), and Zingiber officinale
(Zingiberaceae), were used as a green reducing agent to
synthesize AgNPs having antibacterial activities against four
clinical antibiotic-resistant bacterial isolates, one Gram-
positive, namely, Staphylococcus aureus (abscess), and three
Gram-negative, namely, Proteus mirabilis (abscess),
Escherichia coli (urine), and Acinetobacter baumannii
(sputum).

In the previous works we cited in this paper, some re-
searchers tried to synthesize and characterize silver nano-
particles (AgNPs) from individual plant extracts, namely,
Zingiber officinale, Mentha pulegium, 4ymus kotschyanus,
or 4ymus vulgaris [18–22]. In some of them, they used a
large amount of the extracts [19, 22] or sophisticated method
for the preparation of the medicated NPs [18, 21]. All of
these papers did not mention a test for antioxidants activities
of the prepared medicated NPs, but they explained only the
expected antimicrobial and antifungal behaviors of the
loaded plant extracts test; moreover, they limited their ap-
plications in the lab. In our paper, we aimed to introduce a
new and applicable study with many lab tests and real
clinical applications on some known and confirmed drug-
resistance strains to prove the validity of the study to be
antibacterial containing medication NPs.

2. Materials and Methods

2.1. Plant Extracts. )e selected plants’ leaves of 4ymus
vulgaris (Lamiaceae) and Mentha piperita (Lamiaceae) and
the roots of Zingiber officinale (Zingiberaceae) were pur-
chased from the local markets of Saudi Arabia.

2.2. Chemicals. Silver nitrate, AgNO3, was obtained from
VBBNCompany (Hong Kong, China, 99.9% purity) and was
used without purification. )e stock solution of 1.0M was
prepared by adding 16.9mg of AgNO3 crystals into one liter
of distilled water. Ammonium molybdate reagent and hy-
drated ferric chloride (FeCl3·6H2O) were obtained from
Merck (Darmstadt, Germany).)e following chemicals were
purchased: 2,2-diphenyl-1-picrylhydrazyl reagent (DPPH),
2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), gallic acid, and
Trolox (Sigma, USA). Standard control pure powders of
chloramphenicol (2.5mg/mL) and clotrimazole (5mg/mL)
were purchased from Sigma-Aldrich (USA). )e remainder
of the chemicals, solvents, and reagents utilized in this in-
vestigation were of analytical quality and were obtained from
local Saudi companies.

2.3. 4e Clinical Microorganisms. Bacterial clinical isolates
were generously provided by Buraidah Central Hospital in
Qassim Province, Saudi Arabia. )e samples were anony-
mously brought in Petri dishes (with no information about
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the patients); Proteus mirabilis (abscess), Escherichia coli
(urine), Acinetobacter baumannii (sputum), and Staphylo-
coccus aureus (abscess) were the antibiotic-resistant bacteria
provided. Microbial cultures were reidentified again mi-
croscopically and microbiologically in our labs using routine
tests [23]. )e working bacterial specimen was adjusted to
the McFarland standard (about 108 CFU/mL) before the
experiment.

2.4. Instrumentation. )e bioreduction of AgNO3 in
aqueous solution was monitored by assaying the full spec-
trum of the solution within the range of 380–680 nm using
ultraviolet-visible (UV-Vis) spectrophotometry (Jasco, UV-
630, Japan), supported by two matched quartz cuvettes. )e
color change in the reaction mixture (Ag+ in a solution and
plant extracts) was recorded through visual observation. )e
other characterization of the formed AgNPs was done at
room temperature by using a Shimadzu particle size analyzer
(company, city, and country), a surface characteristic using a
scanning electron microscope (JEM-1230, Joel, Japan), and a
Fourier transform infrared (FTIR) spectroscopy (company,
city, and country) used to study to investigate the chemical
functional groups of formed AgNPs involved in the bio-
reduction of silver nanoparticles in the region of
4000–500 cm−1 at a resolution of 1.0 cm−1.

2.5. Preparation of Aqueous Extracts. )e dried leaves of
4ymus vulgaris and Mentha piperita and the roots of
Zingiber officinale were cleaned carefully, washed with
distilled water, and then dried in the dark for three days; they
were sliced and cut into fine pieces. )e dried fine species
were ground carefully into fine powder. One gram of each
fine powder was added to 100mL of a beaker containing
distilled water and stirred at 30°C for 2 days. )ese aqueous
extracts were filtered twice, initially through the Whatman
41 filter paper and finally through a 0.22 μm syringe filter,
just before they were incorporated into the AgNO3 solution.
When the final sterilized extracts were ready, they were kept
in the refrigerator at 4°C wrapped in aluminum foil so they
could be used again.

2.6. Synthesis of AgNPs Incorporated with Extracts. Trial
experiments were conducted to adjust the final preparations.
In brief, the aqueous extract of4ymus vulgaris andMentha
piperita, 5mL, was taken along with 95mL of distilled water
and 16.9mg (100 μL) of AgNO3.)e mixture was kept for 24
hours on the magnetic stirrer to obtain the AgNPs. In
contrast, the aqueous extract of Zingiber officinale, 50mL,
was taken along with 50mL of distilled water and the same
amount of AgNO3. )e molar concentration was calculated
depending on the amount of Ag ion in the solution. A
control of AgNPs using sodium citrate was prepared
similarly.

2.7. Spectrophotometric Characterization of AgNPs. )e
color change of 4ymus vulgaris, Mentha piperita, and
Zingiber officinale extracts and the reduced AgNPs were

detected visually. )e bioreduction of Ag+ in an aqueous
solution was monitored by measuring the spectrum of the
solution within the range of 380–680 nm using a UV-Vis
spectrophotometer and a quartz cuvette with distilled water
as the reference. To study the stability of colloidal AgNPs
solution, the solution was kept at room temperature for one
week. During this period, the UV-Vis spectrum of the so-
lution was measured at different intralaboratory intervals,
after half an hour, 24 hours, and one week.)e color and pH
of the solution were also checked at regular intervals, which
hardly showed any changes.

2.8. Particle Size Determination. )e selected plant extracts
were used to reduce AgNPs and were analyzed to determine
their diameter using a Shimadzu particle size analyzer at
25°C. )e resulting nanoparticles were subjected to a laser
beam using a laser particle size analyzer (SLAD-400 from
Shimadzu, Japan) with a wavelength of 623 nm and an angle
of 90°.

2.9.MorphologyandCharacterizations ofAgNPs. A scanning
electron microscope (SEM) (Jeol, Akishima, Tokyo, Japan)
was used to investigate all types of AgNPs morphology and
particle size. In a carbon-coated copper grid, drops of freshly
prepared AgNPs-EX solution were spotted and left to dry at
room temperature. A 10–100K magnification microscope
power and an accelerating voltage of 100 kV were used to
display the morphology of the samples. )e Fourier
transform infrared spectroscopy (FT-IR) (Nicolet™ iS50
FTIR Spectrometer, )ermo Scientific Co., Twin, USA)
measurements were used to analyze the compatibility of the
biomolecules associated with AgNPs formation. It was
measured with a Bruker Tensor 27 FTIR spectrophotometer
in the wavelength range of 4000–400 cm−1 [24].

2.10. Screening of Antioxidant Activity. As a comparable
assay, three in vitromethods were conducted to evaluate the
total antioxidant activities of the selected extracts incor-
porating AgNPs. )e methods were conducted in triplicate
experiments, and the antioxidant activity was calculated
using standard calibration curves of known standards for
each method.

2.10.1. Total Antioxidant Capacity (TAC). )e TAC of the
extracts and the prepared AgNPs was conducted according
to the reported methods [25–27], with slight modifications.
Briefly, the freeze-derided extracts were diluted with distilled
water to prepare different working solutions (200 μg/mL).
)en, 200 μL of each of these samples’ solutions was
transferred separately into 10 mL capped plastic tubes and
mixed vigorously with freshly prepared acidic solutions of
ammonium molybdate reagent (0.6M sulfuric acid, 28mM
sodium phosphate, and 4.0mM ammonium molybdate,
2mL). )e contents of the tubes were incubated in a water
bath at 85°C for 95min and cooled down to room tem-
perature. )en the absorbance of the arising blue color was
measured spectrophotometrically at 695 nm against blank
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experiments, which were treated similarly. Ascorbic acid
(5.0–100.0 μg/mL and 0.0284–0.568mM, resp.) was used as
the standard. )e TAA is expressed as equivalent to the
ascorbic acid calibration curve. By measuring the absor-
bance at 695 nm (A695) and assessing it intraday using five
replicates, the molar absorptivity coefficient of the calibra-
tion curve, the concentration range for linearity and validity
of Beer’s law, and the precision of the technique were
determined.

2.10.2. DPPH Radical Scavenging Activity. Extract solutions
with 50–200 g/mL were mixed with a solution of fresh-made
DPPH (0.3mg/L) in separate 10 mL plastic tubes. )en, the
mixture was put into a 10 mL capped plastic tube. )e test
tube was then incubated in the dark for 30min at room
temperature to develop the violet color. )e decrease in
absorbance was measured at 515 nm using the spectro-
photometer. )e percentage inhibition of radicals was cal-
culated using the following formula:

%inhibition �
Acontrol − Asample

Acontrol
× 100%, (1)

where Acontrol is the absorbance, UA, of the DPPH reagent
solution without the extract and Asample is the absorbance of
the sample with DPPH solution; the half-maximal inhibitory
concentration (IC50) was reported as the amount of anti-
oxidant required to decrease the initial DPPH concentration
by 50%. All tests were performed in triplicate, and the
analytical figure of the merit was plotted using the average of
three determinations± standard deviation.

2.10.3. Ferric Reducing Antioxidant Power (FRAP). )e
antioxidant capacity of samples was determined according
to the Benzie and Strain method [28] with slight modifi-
cations [29, 30]. )e method is based on the reduction of the
Fe3+-TPTZ complex to the ferrous form at low pH.)e fresh
working solution (FRAP reagent) was prepared by mixing
25mL of acetate buffer (300mM, pH 3.6), 2.5mL of TPTZ
solution (10mM in HCl (40mM)), and 2.5mL of
FeCl3·6H2O solution (20mM) and then warmed at 37°C
before being used. Aliquots of 0.1mL of the diluted working
solution of AgNPs extract samples (50–200 μg/mL) were
added to 4.0mL of FRAP reagent and mixed well to form a
mixture. )e mixtures were incubated at 37°C for 10min in
the dark, and then the absorbance was measured at 593 nm
against the blank experiments, which were treated similarly
using distilled water instead of the AgNPs extracts. )e
results, obtained from triplicate analyses, were expressed as
an aqueous solution of ferrous sulfate (FeSO4·7H2O) and
derived from a calibration curve of the standards
(20∼1,000 μM).

2.11. Antibiotics Sensitivity Profile. Clinical isolates were
subjected to antibiotic sensitivity tests, following the Clinical
and Laboratory Standards Institute’s guidelines [31].)e test
was carried out using the MicroScan WalkAway system (96
plus, Bekman Coulter, USA) to evaluate the possible

resistance or susceptibility of the isolated clinical strains. A
referenced broth microdilution assay was employed. An
overnight culture broth of bacterial isolates was adjusted to
be comparable to 0.5 McFarland, the adjusted bacterial
suspension was injected into the panel, and the necessary
antibiotics were also loaded. )e panel was placed in the
MicroScan WalkAway system for 24 hours of incubation,
and the results were recorded by the system itself.

2.12. Evaluation of Antibacterial Activity. )e expected
antibacterial activity of biogenic AgNPs extract was inves-
tigated using clinical bacterial isolates in a standard agar well
diffusion assay [32]. A standard antibiotic (chloramphenicol,
2.5mg/mL) was used as a positive control. As controls,
standard AgNO3 and AgNPs solutions prepared with so-
dium citrate were also used. Before the antibacterial
screening, the previously prepared bacteria were subcultured
and adjusted. A group of 25mL glass bottles containing
autoclaved nutrient agar were loaded into presterilized Petri
dishes and left to solidify at ambient temperature. On the
surface of the plates, a sterile cork borer (6mm) was used to
drill four wells. )e agar plates were spread with 100 μL of a
standardized culture of the organisms (adjusted to 0.5
McFarland, 107 CFU/mL). )en 50 μL of AgNPs extract and
control was loaded into the wells, 50 μL of chloramphenicol
(2.5mg/mL) was loaded into the other wells, and they were
incubated overnight at 35°C. )e inhibition zone was
measured after incubation. )e diameter of the inhibition
zone (mm) was used to represent antibacterial activities, and
the test was repeated three times to obtain the mean reading
(mm± SD). )e antimicrobial inhibitory effect of controlled
AgNPs was previously investigated and adjusted to the
minimum inhibitory effects at a concentration of 1.0mM
(during the preexperimental phase). If the zone was less than
10mm, it was considered weak antibacterial activity,
moderate if it was between 10 and 13mm, and high if it was
13mm or more.

2.13. Determination of the Minimal Inhibitory Concentration
(MIC). )e clinical isolates that showed noticeable sus-
ceptibility to the tested compounds with the agar diffusion
assay were tested using the minimal inhibitory concentra-
tion (MIC) following the microdilution method [33]. Serial
twofold dilutions were made for all the three tested com-
pounds (the extracts alone and the extracts with AgNPs and
AgNPs alone), in descending concentrations of 2.26, 1.13,
0.56, 0.28, 0.14, 0.0716, and 0.04mg/mL, respectively.
Compounds were diluted with dimethyl sulfoxide (DMSO)
99%.

DMSO showed in the preexperimental phase no effect on
microbial growth. )erefore, serial twofold dilutions were
also prepared for DMSO and served as negative controls. An
antibiotic (chloramphenicol 2.5mg/ml) was serially diluted
to serve as a positive control. )en, 100 μL of sterile nutrient
broth was added to all the wells. Plates were then incubated
overnight at 37°C. Bacterial growth was determined by
absorbance at 959 nm using the iMark Absorbance
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Microplate Reader (BIO-RAD Inc.). )e whole test was
repeated thrice to get the accurate MIC.

2.14. Determination of Minimal Bactericidal Concentration
(MBC). MBC was evaluated by subculturing 50 μL of the
test dilution from each of the 96 wells on nutrient agar plates.
MBC was defined as the maximum dilution that revealed no
single bacterial colony. MBC/MIC was determined [32].

2.15. Statistical Analysis. )e results in this study are pre-
sented as mean± standard deviation (SD). )e one-way
ANOVA (analysis of variance) test was performed to de-
termine if there were any statistically significant differences
between the microorganisms tested, and SPSS 14.0 (SPSS
Inc., Chicago, USA) was used to perform the data analysis.

3. Results and Discussion

AgNPs have attracted attention for their health benefits,
environment greenness manners are still required [32]. )e
initial studies demonstrated their effects as antimicrobials
due to the sliver (Ag+) that will be released from the prepared
AgNPs surface [34]. )e Ag+ release rate is a function of the
nanoparticle size, as the smaller particles have a faster release
rate, as well as a higher temperature, which increases the
dissolution and their bioavailability. In the reported liter-
ature [35–38], different suggested mechanisms have been
introduced for the synthesis of AgNPs via natural plant
extracts. Releasing or sharing of electrons from plant extract
is responsible for the reduction of ionized positive ions, Ag+,
and the phenolic compounds that contain OH, C�O, and
CH groups are considered the electron enrichment sup-
pliers. Another factor was mentioned and had a vital role in
the increased rate of prepared AgNPs, which is the elevated
temperature or radiated from the surrounding environ-
mental light. It was suggested that the mechanism of their
antibacterial activity is the binding of negative charge in the
cell wall of the bacteria, with positive charge ions of silver,
which could lead to the death of the bacterial cell [18, 39].
Consequently, in the present work, the aqueous extracts of
4ymus vulgaris, Mentha piperita, and Zingiber officinale
were considered the reducing agents that reduced AgNO3 to
AgNPs.

3.1. Synthesis of AgNPs Incorporating Plant Extracts. As
previously stated [19], the influence of reducing agents and
their stability on the physicochemical characteristics of
AgNPs was deemed to be relevant criteria in this work. As a
result, the reaction conditions were originally optimized
using a variety of different kinds and amounts of plant
extracts, as well as various concentrations of silver nitrate, in
order to get stable nanoparticles. )e colors of the original
materials altered reproducibly at the endpoint of the final
synthesized AgNPs during the green synthesis of the natural
extracts reduced AgNPs. )e gray or white initial hues of
4ymus vulgaris, Mentha piperita, and Zingiber officinale
aqueous extracts have been altered to olive green, dark olive

green, and dark orange, respectively, indicating the creation
of decreased AgNPs, as illustrated in Figure 1. )ese results
were also agreed with our previous results, which showed
changing color from yellow to red color when reducing
Allium cepa L. to AgNPs reduced with A. cepa L. [40].
Moreover, other confirmations when reducing the AgNO3
with Salsola vermiculata also showed green and stabilized
AgNPs red color AgNPs after reduction with Salsola [41].

In the previous methods, different types of tedious and
expensive materials for preparing AgNPs, as well as the
concentration of the selected extracts, were used, from the
side of AgNO3 and/or extracted solutions [42]. Moreover, in
the present study, we used a simple and rapid method for the
synthesis of plant extracts incorporated with AgNPs by using
a simple and readily available tool such as a magnetic stirrer.

3.2. Characterization of AgNPs. Different analytical and
spectroscopic techniques are used to characterize the
morphology, shape, size, and stability or aggregation of the
formed monodisperse AgNPs.

3.3. Spectrophotometric Characterization. UV-Vis spectro-
photometry is the principal tool for elucidating the pro-
duction of AgNPs during the early synthesis phase [43]. )is
test demonstrated that the smaller (spherical) AgNPs
absorbed the light photons at a wavelength of 400 nm, while
the bigger AgNPs had a redshift and more wide peaks. )ese
findings demonstrated the stability of manufactured AgNPs
containing natural extract, as the peaks began to weaken and
widen with the formation of secondary peaks at longer
wavelengths as the particles aggregate. Additionally, the
color change in the solutions of 4ymus vulgaris, Mentha
piperita, and Zingiber officinale extracts during synthesis is
size and shape-specific, confirming the progress of their
reduction to AgNO3 throughout synthesis processes. )e
quantity of aqueous extracts utilized and their wavelengths,
in nm, are listed in Table 1. )ese results were confirmed by
Sadeghi et al. [44], who showed that the colorless AgNO3
solution was turned from yellow to brown to deep red as an
indication of the formation of AgNPs. Moreover, the ap-
pearance of the brown color is due to the excitation of the
surface plasmon resonance (SPR). Further, the SPR absor-
bance was particularly sensitive to the type, size, and shape of
the particles formed and their interparticle.

3.4. Particle Size Determination. Using the Shimadzu par-
ticle size analyzer, Figures 2(a)–2(c) depict the patterns of
decreased AgNPs at the peaks of 16.59± 0.78, 45.94± 1.07,
and 81.04± 0.98 nm, respectively, for 4ymus vulgaris,
Mentha piperita, and Zingiber officinale. A substantial
change in size was detected when the size of spherical AgNPs
from the same sample with various natural extracts was
examined using a particle size analyzer. )ese differences
were within the range of AgNPs nanosized, reported to be
between 40 and 145 nm [45].

For 4ymus vulgaris, Figure 2(a) shows the pattern of
AgNPs with the peak at 25 cum\Diff, 50 cum\Diff, and
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75 cum\Diff of 16.595, 45.936, and 81.045 nm, respectively.
)e median diameter was 45.936 nm, while the mean vol-
ume was 31.423, and the standard deviation was 0.568 nm.
For Mentha piperita, Figure 2(b) shows the peak at
25 cum\Diff, 50 cum\Diff, and 75 cum\Diff of 67.084 nm,
99.224 μm, and 134.219 nm, respectively. )e median di-
ameter was 99.224 nm, while the mean volume was 87.597,
and the standard deviation was 0.291. For Zingiber officinale,
Figure 2(c) shows the peak at 25 cum\Diff, 50 cum\Diff, and
75 cum\Diff of 8.782, 33.470, and 65.602 nm, respectively.
)e median diameter was 33.470 nm, while the mean vol-
ume was 20.342, and the standard deviation was 0.703 nm.

3.5. Particle Size Morphology and Characterization. )e
scanning electron microscopy (SEM) was employed in this
investigation to describe the surface morphology, size, ag-
gregation, and dispersion of nanoparticles using electron
beams as imaging probes. It generates high-resolution
pictures at the nanoscale scale, demonstrating the bio-
matrix’s function in the encapsulation of AgNPs, and is used
to determine the size of nanoparticles [46, 47]. )e SEM for
the prepared AgNPs incorporating natural aqueous extract
revealed the encapsulation of AgNPs by the plant extracts
matrix. )is clearly indicates the spherical morphology of
AgNPs coated by the extract (Figure 3). SEM images showed
round to cubic shape, particle with rode-like shape, and
cubic structure for AgNPs reduced with 4ymus vulgaris,

(Figure 3(a)) Mentha piperita, (Figure 3(b)) and Zingiber
officinale (Figure 3(c)). Moreover, the SEM confirmed the
formation of the green synthesized and stabilized AgNPs.
)e formulated AgNPs were clearly in the form of separated
NPs; also, no aggregations were observed through the im-
aged AgNPs. )e SEM recorded size differences in the
prepared AgNPs compared with that obtained by the size
analyzer. )ese sizes also are suitable for the interaction and
internalization of cells. )e particle diameters measured by
the size analyzer are smaller than those measured by SEM
imaging, which is thought to be related to the presence of the
coating layer around AgNPs, which also reduces overall
particle density. )e size analyzer calculates average particle
sizes, which differ dramatically from those obtained by SEM.
Because the nanosuspension may agglomerate and impact
the average distribution of size, the average size estimations
of AgNPs may fluctuate and not be reproducible [24, 48].

Fourier transform infrared spectroscopy (FTIR) was
used to characterize the role of natural extracts in their
degradants or other coeluted components involved in re-
ducing or capping of AgNPs and/or present on the surface of
AgNPs. Moreover, the study revealed the potential bio-
molecules that participated in the bioreduction of silver and
stabilization of AgNPs.)e interaction of the nondestructive
IR radiation with the bonding in the formed molecules takes
the form of stretching and bending vibrations (in the region
of 4000–400 cm−1) [12]. )e FTIR spectral analysis shows
the involvement of amide (-CO-NH2), carbonyl (-CO), and

Thymus vulgaris Mentha piperita Zingiber officinale

Stirring
overnight

at 35°C

Convective
air-drying
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Drying & Grinding

Dry powder

Aqueous
Extraction

Overnight
100 mL water

Thymus Vulgaris (Th.V.)
Mentha Piperita (M.P.)
Zingiber officianales (Z.OF)

1 mM
AgNO3

1- �.V. extract
2- AgNPs-�.V.
3- M.P. Extract
4- AgNPs-M.P.
5- Z.Of Extract
6- AgNPs-Z.OF

1

2 3 4

5

Figure 1: Schematic diagram for the aqueous extraction of the selected plant and AgNPs reduced with the extracts.

Table 1: )e exact amounts of AgNO3 and natural extracts in the synthesized AgNPs and their wavelength.

Plant Amount of AgNO3, mg Amount of aqueous
extract/100mL (mg)

Wavelength of each aqueous
extract

Wavelength of synthesized
AgNPs (nm)

T. vulgaris 16.9 116 394 nm 412
M. piperita 16.9 276 389 nm 433
Z. officinale 16.9 286 287 400
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hydroxyl (-OH) functional groups responsible for the re-
duction, capping, and stability of AgNPs [49, 50]. )e re-
duction and formation of AgNPs were investigated (FTIR).

Figure 4(a) shows the bands of4ymus vulgaris extract and
its AgNPs. )e band at 3393.24 cm−1 indicates the presence of
an OH bond. )e peak at 2195.05 cm−1 indicates the presence
of CH stretching vibration related to CH2 and CH3 groups.)e
peak at 1973.01 cm−1 is due to C�O stretching. )erefore, the
reduction in peak intensity could indicate the formation of
AgNPs that its peak has occurred at 646.93 cm−1. )e weak
peaks at 595.84 cm−1 and 574.92 cm−1 are interrelated to the
OH bond of the phenolic group. As shown in Figure 4(b), the
FTIR spectrum of Mentha piperita aqueous extract incorpo-
rated into AgNPs indicates the presence of the AgNPs on the
biomolecules because the band absence at 2400 cm−1 from
Mentha piperita extract (attributed to the C�O group) in the
FTIR spectrum of Mentha piperita extract incorporated into
AgNPs confirms the involvement of C�O groups in the
decoration step of Mentha piperita extract with AgNPs.
Figure 4(c) shows the FTIR analysis of Zingiber officinalis

extract and AgNPs synthesized via ginger extract. )e spec-
trum at 3167.90 cm−1 belongs to the OH stretch bonds. )e
weak peaks at 2919.59 cm−1 are related to the OH stretching of
the carboxylic acid group [51]. )e bands at 1627.77 cm−1 are
related to the presence of the C�O stretch of alkyne, and the
band at 1610 cm−1 is related to the C�O stretch [52]. )e band
appears at 1055.66 cm−1 with CH3 symmetric bonds in the
alkene group. Other weak peaks after this band are related to
stretching C�O, and OH phenolic bonds have been seen at
617 cm−1 and 618 cm−1 [22].

We demonstrated that the extracts are responsible for
the decrease of the produced AgNPs based on the FTIR
findings of the extracts and the AgNPs created through
extracts.)e change in the bond shows that extracts offer the
necessary electrons for the production of AgNPs through
OH bond splitting. Additionally, this bond breakdown re-
sults in the attachment of extracts to AgNPs. As a result, the
FTIR indicates that the extracts are adsorbed to the surface
of AgNPs and operate as a capping agent in addition to the
presence of coeluted components in the extract.
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Figure 2: )e graph shows the particle diameter of AgNPs reduced by4ymus vulgaris (a),Mentha piperita (b), and Zingiber officinalis (c).
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3.6. Antioxidant Activity Screening. )e total antioxidant
capacity (TAC) of the AgNPs extract reducing species was
evaluated based on the molar absorptivity coefficient of the
formed phosphomolybdenum complex. An appropriate re-
ducing power of standard ascorbic acid was used to make
calibration curves that were used to compare the standard
ascorbic acid with the samples. )e determined molar ab-
sorptivity coefficient and the concentration range for the
validity of Beer’s law of the phosphomolybdenum method
applied to the determination of ascorbic acid, respectively, were
(3.4± 0.2)× 103M−1Cm−1 and 0.0284–0.568mM, with a cor-
relation coefficient (R2) of 0.998. )e difference between the
free aqueous extract compared with the incorporated AgNPs
showed a significantly higher TAA in the case of extracts-
AgNPs than the free AgNPs and plant extract (p< 0.05).

Due to its stability as an organic free radical, DPPH has
radical scavenging action. )e scavenging activity of the
produced AgNPs was determined in this work by measuring
the reduction in the absorption peak of its purple hue at
517 nm after an electron of hydrogen radical from a reducing
species discolored it to yellow [53, 54]. )e DPPH scav-
enging capabilities of the free extracts and AgNPs extracts at

various concentrations are shown in Figure 5. At a proba-
bility of p< 0.05, it is demonstrated that there are significant
variations in the values of the tested items.

)e results obtained thus indicate that AgNPs extract has
antioxidant activity, indicated by their scavenging abilities
evaluated against the DPPH free radical. )e selected plant
extracts have been reported to contain flavonoid and iso-
flavonoid glycosides, which are well-known antioxidants.

)e Ferric reducing antioxidant power (FRAP) assay is
simple and reliable in that it measures the reducing power of
an antioxidant reacting at low pH with the Fe(III)-TPTZ
complex and can be monitored at 593 nm after producing
the colored Fe(II)-TPTZ complex. A higher absorbance
power indicates a higher ferric reducing power. In the
present work, the FRAP values for free extracts, AgNO3, and
AgNPs extract were estimated, as shown in Figure 6.

All types of AgNPs showed singnificantly (p< 0.05)
antioxidant activities higher than either the AgNO3 or free
plant extracts, indicating, indicating that incorporation of
free extract with AgNPs possesses a higher reducing capacity
than their free form due to the synergistic activities
[12, 13, 20].

(a) (b)

(c)

Figure 3: SEM for the prepared AgNPs incorporating natural aqueous extract of (a-c) 4ymus vulgaris, Mentha piperita, and Zingiber
officinalis.
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3.7. In Vitro Antimicrobial Activity of Green Synthesized
AgNPs. )e clinical isolates’ antibiotic sensitivity test results
are provided in (Table 2), indicating their probable resis-
tance to several common antibiotics. Only Staphylococcus

aureus was shown to be resistant to two antibiotics, whereas
the other three bacteria are multidrug-resistant. )e mul-
tidrug-resistant pathogens are a serious concern in a large
number of long-term care facilities and hospitals worldwide
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Figure 4: FTIR spectroscopy of AgNPs incorporating natural aqueous extract of 4ymus vulgaris (a), Mentha piperita (b), and Zingiber
officinalis (c).
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[55]. Phytonanotechnology, on the other hand, is gaining a
lot of attention because of its quick, eco-friendly, nontoxic,
and cost-effective process [56].

)e antibacterial activity of AgNPs extracts is summa-
rized in Tables 3 and 4.)e agar well diffusion test revealed a

substantial advantage for 4ymus vulgaris AgNPs over
4ymus vulgaris solution (1M) against Staphylococcus au-
reus (p< 0.05). Additionally, Mentha piperita AgNPs
showed a strong antibacterial activity to varying degrees
against all pathogens examined except Proteus mirabilis.
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Figure 5: DPPH radical scavenging activities of the tested compounds.
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Figure 6: Ferric reducing antioxidant power (FRAP) of the tested compounds.

Table 2: Antibiotics susceptibility profile of clinical bacterial isolates.

Clinical isolate Source Standards agents resistance
Staphylococcus aureus Abscess Ampicillin, penicillin, and other beta-lactamases, tobramycin, trimethoprim/sulfa agents
Proteus mirabilis Abscess Gentamicin/ampicillin, ampicillin/sulbactam, and amoxicillin/clavulanic acid
Escherichia coli Urine Ciprofloxacin, levofloxacin, tigecycline, amikacin, ampicillin/sulbactam, and cefepime
Acinetobacter
baumannii Sputum Ceftazidime, ciprofloxacin, gentamicin, levofloxacin, meropenem, tobramycin, and trimethoprim/

sulfa agents
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Furthermore, AgNPs from Zingiber officinale showed sub-
stantial action against Staphylococcus aureus, Escherichia
coli, and Klebsiella pneumonia, respectively. )ese findings
were achieved in comparison to extract solutions alone. )e
MIC and MBC values indicated the effectiveness of AgNPs
extracts since they were much lower than those of non-
AgNPs extracts, except for M. piperita, which showed some
similarity. )e MIC and MBC values supported the effec-
tiveness of AgNPs extracts (4ymus vulgarisAgNPs,Mentha
piperita AgNPs, and Zingiber officinale AgNPs) since they
were much lower than those of non-AgNPs extracts, except
for Mentha piperita. )e MBC/MIC values for AgNPs ex-
tracts were 2 and 4, respectively, while those for non-AgNPs
extracts varied from 2 to 16. It is known that when the MBC/
MIC ratio is less than 4, the extract is deemed bactericidal;
when the MBC/MIC ratio is more than 4, the extract is
regarded as bacteriostatic [57]. )us, their bactericidal ef-
fects were enhanced when AgNPs were combined with plant
extracts.

)e present research sought to determine the antibac-
terial activity of AgNPs extracts and non-AgNPs extracts at
low concentrations (about 1m molar). Previous investiga-
tions employed larger concentrations, and their findings on
4ymus vulgaris AgNPs, Mentha piperita AgNPs, and
Zingiber officinale AgNPs are generally consistent with ours.
4ymus vulgaris-biosynthesized AgNPs showed exceptional
antibacterial efficacy against Escherichia coli and Staphylo-
coccus aureus [58]. AgNPs from Mentha piperita have been
demonstrated to exhibit antibacterial activity against Ba-
cillus cereus, Staphylococcus aureus, Escherichia coli, and
Salmonella typhimurium [59]. Additionally, antibacterial
action against Staphylococcus aureus and Escherichia coliwas
increased by Zingiber officinale AgNPs [60]. AgNPs have
antibacterial action in general; however, the mechanism by
which they do so is uncertain. However, the mechanism by

which they are antibacterial has been postulated to be the
binding of negative charge on the bacteria’s cell wall to
positive charge silver ions, which may result in the bacteria’s
cell death [18].

)e antibacterial activity of AgNPs-sodium citrate
against a broad spectrum of microorganisms has been well
known for decades. On the other hand, medicinal plants
have a well-documented antibacterial capability [61]. )e
extract and devices based on AgNPs have found widespread
use in water, air modification, food production, preserva-
tives, cosmetics, clothing industry, and biomedicine
[19, 62, 63]. Several mechanisms have been reported for the
antibacterial activity of AgNPs, including direct damage to
the bacterial cell membrane. )e release of Ag+ ions causes
the generation of reactive oxygen species, which leads to
increased membrane permeability and DNA damage [64]. It
has been established that the size, shape, and surface
chemistry of AgNPs significantly affect their potential for
cell penetration as well as their cytotoxicity and antibacterial
activity. )erefore, selecting suitable stabilizing reducing
agents for efficient penetration of the nanoparticles into the
bacterial cells can improve their antibacterial activity,
consequently leading to a decrease in their therapeutic dose
[63]. Moreover, the use of natural organic compounds, with
defined and known antimicrobial activity [18–20], for the
functionalization of AgNPs may potentiate their therapeutic
effects, which are known as capping agents. )ese capping
agents could also improve the colloidal stability of the
AgNPs by avoiding their aggregation and significantly affect
their interactions with in vivo components [65]. In the
current study, to investigate the net hypothesis, the anti-
bacterial activities of the biogenic AgNPs extracts were
evaluated and confirmed during the present study.

)e current results showed that AgNPs prepared using
sodium citrate were used as a control for examination of the

Table 3: Antibacterial activity of clinical strains of AgNPs extracts compared to aqueous extracts alone and standard antimicrobial drugs,
shown as inhibition zone in mm± SD at concentration 1mg/mL.

Tested compound
Mean zone of inhibition of clinical isolates (mm)

S. aureus∗ A. baumannii∗ K. pneumonia∗ E. coli∗ P. mirabilis∗

T. vulgaris —∗∗ — — — —
T. vulgaris AgNPs 8.5± 0.7 — — — —
M. piperita — — — — —
M. piperita AgNPs 12.5± 0.7 8.0± 0.0 10.0± 0.0 9.0± 0.0 —
Z. officinalis — — — — —
Z. officinalis AgNPs 10.0± 0.0 — 7.2± 0.3 8.2± 0.3 —
∗∗Staphylococcus aureus, Acinetobacter baumannii, Klebsiella pneumonia, Escherichia coli, and Proteus mirabilis; ∗∗(—)� 6.0mm well diameter (no activity),
mean of three replicates± SD.

Table 4: )e MIC, MBC, and MBC/MIC values of Staphylococcus aureus clinical strain with tested compounds.

Tested compound MIC (mg/mL) MBC (mg/mL) MBC/MIC
T. vulgaris 0.1412 0.2825 2.0
T. vulgaris AgNPs 0.0353 0.0706 2.0
M. piperita 0.5650 2.2600 4.0
M. piperita AgNPs 0.5650 2.2600 4.0
Z. officinalis 0.1412 2.2600 16.0
Z. officinalis AgNPs 0.1412 0.5650 4.0
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antibacterial effect of AgNPs solution. Prior to the further
experiments, the feeble inhibitory effect was recorded at a
low concentration of 1.0mM, as well as the minimum in-
hibitory concentration (MIC). )en, the effect of the free
selected plant extracts and their effect after being incor-
porated into AgNPs could be analyzed for their synergic
association.

4. Conclusions

In the present work, we deliver AgNPs containing aqueous
extracts of 4ymus vulgaris, Mentha piperita, and Zingiber
officinale, with the assistance of a simple magnetic stirrer
procedure. We confirmed the purity of the natural, medi-
cated extracts to be used as reducing agents to synthesize
AgNPs, as well. )e prepared medicated AgNPs were ap-
plicable as an antibacterial for some multidrug-resistant
clinical isolates. For fractionating these extracts, other than
crude extracts, further work will be conducted for the
preparation of AgNPs to get more efficient, sensitive, and
specific explanations as antibacterial and anticancer
activities.
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