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ABSTRACT: Green synthesis of nanoparticles using plant extract is a
novel development that has gained significant attention because of its
low cost, nontoxicity, and environmental friendliness. In the present
study, silver-doped stannic oxide (Ag-doped SnO2) nanoparticle was
synthesized by an eco-friendly green synthesis method. The synthesized
samples were characterized using scanning electron microscopy (SEM),
Fourier transform infrared spectroscopy (FTIR), ultraviolet−visible
spectroscopy (UV−vis), X-ray diffraction (XRD), and their antimicro-
bial activities were assessed against two bacteria Escherichia coli (E. coli)
and Staphylococcus aureus (S. aurus) and two fungi Fusarium oxysporum
(F. oxysporum) and Fusarium graminearum (F. graminearum) by using
the disk diffusion method. Ag-doped SnO2 nanoparticles show a strong
and broad absorption from UV−vis spectra when compared to pure
SnO2 nanoparticles. FTIR spectral analysis revealed that the peak at 505.69 cm−1 was assigned to Sn−O and O−Sn−O stretching
vibration of SnO2 nanoparticles. XRD analysis confirmed the formation of a tetragonal rutile structure with average particle size
ranging from 10 to 17 nm. The antimicrobial result indicates that the Ag-doped SnO2 revealed significant antimicrobial activity
against both bacterial and fungi strains with the zone of inhibition of 29 ± 0.54, 27 ± 0.05, 17 ± 0.05, and 15 ± 0.05 mm for S.
aureus, E. coli, F. oxysporum , and F. graminearum, respectively. Thus, the studies suggested that Ag-doped SnO2 nanoparticles exhibit
good activity against both Gram-negative and Gram-positive bacteria and fungi. This is because doping SnO2 nanoparticles with
metallic elements such as Ag has been used to enhance their performance, confirming them as a good candidate for antimicrobial
agents and the development of future therapeutic agents

1. INTRODUCTION
It is quite concerning that infectious diseases continue to
spread and that harmful bacteria and fungi are rapidly
developing medication resistance. Morbidity and mortality
related to microbial infections are still high despite advances in
our understanding of microbial pathophysiology and the
application of contemporary treatments.1 To create the next
generation of medications or agents to control microbial
diseases, it is urgently necessary to identify new antimicrobial
agents from natural and inorganic substances. The toxicity of
organic chemicals used for disinfection is one of its
disadvantages. As a result, inorganic disinfectants like metal
oxide nanoparticles are attracting more attention.2 Bacterial
strains can be effectively inhibited by metal oxide nano-
particles. Metal oxide nanoparticles’ antibacterial activity is
influenced by their size, the presence of light, the makeup of
the aqueous medium used for the test, and other factors.3

Nanoparticles’ (NPs) binding to the bacterium is caused by
electrostatic interactions. By altering the integrity of the
bacteria’s cell membrane and releasing harmful free radicals,
these interactions put the bacteria under oxidative stress.3,4

The number of constituent atoms located surrounding the
surface of the particles increases as the particle size drops to a
certain point, creating highly reactive particles with various
physical, optical, chemical, and electrical properties. Therefore,
it is vital to manipulate and control material properties.5,6 The
synthesis of nanoparticles using chemical approaches is toxic
and produces nonenvironmentally friendly byproducts. Grow-
ing interest in biological methods that do not produce harmful
chemicals as byproducts is being driven by the demand for
ecologically safe synthesis processes for nanoparticle syn-
thesis.7 In order to develop practical, nontoxic, natural
products for the generation of metal oxide nanoparticles in
aquatic environments, the use of green nanotechnology has
attracted attention.6,8 A growing trend in green nano-
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technology is the development of practical, nontoxic, and
natural products for the production of metal oxide nano-
particles in aquatic environment.9

The use of plants in the green synthesis of metal oxide
nanoparticles has drawn increasing attention as a viable
substitute for chemical and physical procedures. The green
synthesis approach for the synthesis of metal nanoparticles has
several advantages over conventional methods among the
various methods described in the literature because it is simple,
economical, environmentally friendly, and uses bioresources
(plants, fungi, algae, and microorganisms) that can act as
reducing agents, stabilizers, and capping agents the formation
of nanoparticles.7,10−14

Ginger extract contains a variety of active metabolites
including volatile and nonvolatile compounds, such as gingerol,
paradols, shogaol, alkaloids, flavonoids, and zingerone, which
are believed to possess distinctive medicinal and biological
properties.15 The bioactive compounds of ginger extract can
serve as reducing and stabilizing agents for the synthesis of
nanomaterials.16−18 The use of ginger extract promotes a green
synthesis approach, aligning with sustainable and environ-
mentally friendly practices. It minimizes the need for harsh
chemicals and reduces the environmental impact often
associated with conventional synthesis.19 The bioactive
compounds in ginger are known for their biocompatibility
and low toxicity, making ginger extract a favorable choice for
biomedical applications.20 Therefore, Ginger extract, chosen as
the raw material for the synthesis of nanomaterials, offers
several distinct advantages owing to its unique chemical
composition and functional properties.
Tin(IV) oxide (SnO2) is an n-type semiconductor with a

band gap Eg = 3.6 eV. Among the nanometallic oxides, SnO2 is
employed for a variety of potential applications in environ-
mental remediation, gas sensing, catalysts, dye-based solar cells,
lithium-ion batteries, light-emitting devices, and optoelectronic
materials.21−26 This metal oxide is being researched for its
potential antibacterial properties in addition to these out-
standing applications.27−29 Ag modified the mechanical
characteristics of nanoparticles and improved their antibacte-
rial activity.30 Silver-doped metal oxide nanomaterials show
outstanding antibacterial properties due to the synergistic
actions of reactive oxygen species (ROS) and Ag+, which can
cause protein and DNA denaturation and speed up bacterial
death.31,32 Ag-doped SnO2 nanoparticles can also exhibit
relatively low cytotoxicity in comparison to other nanomateri-
als.33,34 In addition to antibacterial properties, silver-doped
SnO2 nanoparticles cover a wide range of applications in the
field of sensors, photocatalysis, energy storage, solar cells, and
coating materials.35−39 Doping materials with metal oxide
atoms is a successful method for modifying the structural,
thermal, and morphological qualities to optimize the distinctive
properties, according to earlier studies.40 In order to enhance
the SnO2’s distinctive features, several elements such as Ni, Fe,
Zn, Au, and Co have been doped.27,41−43 To the best of our
knowledge, no studies have been reported on the green
synthesis of silver-doped SnO2 nanoparticles using ginger
(Zingiber officinale) root extraction and assessments of its
antimicrobial activity. As a result, the current work
concentrates on green synthesis, characterization of Ag-
doped SnO2 nanoparticles using the ginger (Z. officinale)
root extracted, and evaluation of antimicrobial efficacy against
human pathogenic bacteria and fungi.

2. MATERIAL AND METHODS
2.1. Chemicals and Reagents. The chemicals and

reagents used in this work are tin chloride (SnCl4·5H2O,
99%), deionized water (DI), nutrient agar granulated (95%),
agar-agar type 1 (95%), bacteria pure culture (100%,), silver
nitrate (AgNO3), ethanol (CH3OH, 98%), nutrient broth,
nutrient agar, agar-agar, petri dishes, antibiotic discs, cotton
swabs. All chemicals were of analytical grade and used without
further purification.
2.2. Preparation of the Ginger Root Extract. The fresh,

ginger (Z. officinale) roots were collected from Nopha district
Ilu Abba Boor Zone, Oromia, Ethiopia. The collected and
dried ginger roots were pulverized to fine dust by using an
electric grinder and preserved in plastic containers. The
extracts of ginger root powder were prepared by mixing 10 g
with 100 mL of 70% acetone under vigorous stirring for 15
min, kept for 48 h at room temperature, and filtered through
Whatman No.1 filter paper. The extract was heated at 70 °C
for 20 min to remove acetone and then cooled at room
temperature. Then the filtrate was stored in a refrigerator at 4
°C in order to be used for further experiments.44,45
2.3. Green Synthesis of SnO2 Nanoparticles. The green

synthesis of pure SnO2 NPs was carried out by taking 20 mL of
ginger and diluted to 100 mL. Then, it was dropwise added
into 60 mL of SnCl4·5H2O (0.5 M) solution with constant
stirring at room temperature for 30 min. The stirring of the
solution continued for another 30 min at 80 °C. Then, the
obtained solution was cooled and then washed the resulting
precipitates several times with double ethanol and dried in an
oven at 70 °C for 36 h. The yielded black solid was then
crushed using a mortar and pestle. Then, the calcination of the
solid was carried out at 350 °C for 2 h.43,46
2.4. Green Synthesis of Ag-Doped SnO2 Nano-

particles. The Ag1−x NO3 (x = 0.2, 0.4, 0.6, 0.8, and 1.0)
dopants were prepared by dissolving 1.60, 2.60, 4.40, 5.28, and
6.60 mmol AgNO3 of solution in the synthesized (6.6 mmol)
of SnO2 nanoparticles in Section 2.3. Then, 60 mL of ginger
extract was added wisely to each solution of AgNO3 (x = 0.2,
0.4, 0.6, 0.8, and 1.0) and (6.6 mmol) SnO2 nanoparticles
under constant stirring at 70 °C for 30 min to complete the
white precipitate of Ag-doped SnO2 composite particles. Then,
the obtained precipitate was filtered and washed five times with
ethanol, followed by air-drying for 48 h at room temperature,
and after grinding, the powder was annealed for 4 h at 400 °C
a dark gray colored powder of Ag-doped SnO2 nanoparticles
was prepared. Finally, the sample was named as 0.2Ag-doped
SnO2, 0.4Ag-doped SnO2, 0.6Ag-doped SnO2, 0.8Ag-doped
SnO2, and 1.0Ag-doped SnO2 nanoparticles.

47,48

2.5. Characterization. Absorption spectra of Ag-doped
SnO2 nanoparticles were analyzed using UV−vis absorption
spectrophotometer T80+ in the range of 200−800 nm. The
crystalline structure of the green synthesized nanoparticles was
analyzed using a Bruker D2 phaser X-ray diffractometer with
graphite monochromatic Cu K-alpha radiation (λ = 1.54056
Å) in the range of 2θ angles 10° to 80°. Fourier Transform
infrared spectrophotometer PerkinElmer LX185255 was used
to measure the bond formation of Ag-SnO2 in the scanning
range of 400−4000 cm−1. The morphologies of the samples
were characterized via scanning electron microscopy (SEM,
SM6500F, JEOL, Tokyo, Japan)
2.6. Evaluation of Antimicrobial Activity. The anti-

microbial activity of synthesized pure SnO2 and Ag-doped
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SnO2 NPs was assessed against bacteria (S. aureus and E. coli)
and fungi (F. oxysporum and F. graminearum) using the disc
diffusion method. For pure SO2 and Ag-doped SO2 nano-
particles, the concentrations (3, 3.5, 4, 4.5, 5, and 5.5 mg/mL)
were prepared separately in distilled water. All the plates are
incubated overnight at 37 °C for 24 h. When the incubation
period was over the Petri plates were taken out from the
incubator and the diameters of zones produced around the
wells were examined and recorded. The zone of inhibitions
around each well is measured by using a caliper in millimeters
(mm). Standard reference antibiotics docymycine and
propiconazole were taken as positive control and distilled
water served as a negative control. The effectiveness of test
samples for pure SnO2 and Ag-doped SnO2, doxycycline,
propiconazole, and distilled water on bacterial and fungi strains
was assessed by measuring zone inhibition of bacterial growth
conditions at 37 °C

3. RESULT AND DISCUSSION
3.1. Qualitative Phytochemical Analysis. Phytochem-

icals are chemical substances derived from plants and used to
describe the large number of secondary metabolic compounds
found in plants. The phytochemical screening assay is a simple,
rapid, and inexpensive procedure that gives researchers a quick
answer to the different types of phytochemicals in a mixture
and is an important tool for the analysis of bioactive
compounds. The presence of secondary metabolite groups in
ginger (Z. officinale) was determined by preliminary
phytochemical analysis using typical prospection standard
methods.49 The presence of the bioactive compound in the
ginger extract can trigger the reduction of metal salts (AgCl
and SnCl4·5H2O) and control the size of synthesized Ag-
doped SnO2 NPs. Furthermore, the results of the qualitative
phytochemical analysis of the ginger root extract are shown in
Figure 1 and (Supporting Information Table S1). The

preliminary phytochemical studies revealed that alkaloids,
tannins, phenols, flavonoids, terpenoids, and glycosides were
present in the plant extract. Thus, the ginger root extracts
consist of phytochemicals capable of reducing Ag+ and Sn4+ by
donating electrons, covering, and stabilizing the nanoparticles
formed.10,50

3.2. Green Synthesis of Ag-Doped SnO2 Nano-
particles. Ginger (Z. officinale) root extract contains
biomolecules such as alkaloids, flavonoids, glycosides,
terpenoids, tannins, and phenols which aid in the synthesis
of Ag-doped SnO2 nanoparticles. These biomolecules present
in the ginger root acted as the reducing, capping, and
stabilizing agents for the synthesis of the nanoparticles.7,45,51

During the synthesis of Ag-doped SnO2 Nps the color changed
from an orange color to a white precipitate after constant

stirring for 30 min indicating the formation of Ag-doped SnO2
as shown in Figure 2. Finally, the color of synthesized Ag-

doped SnO2 changed from white to dark gray after calcination
at 400 °C for 4 h. The color change may be due to the
plasmonic properties of silver nanoparticles.52 Moreover, the
schematic representation for the synthesis of Ag-doped SnO2
nanoparticles is shown in Figure 2.
3.3. Characterizations of the Samples. The UV−vis

absorption spectra of pure SnO2 and Ag-doped SnO2
nanoparticles are presented in Figure 3A in order to confirm
the absorption capability of prepared samples. The obtained
result showed that the Ag-doped SnO2 nanoparticles exhibit
broad absorption in the wavelength range of 300−800 nm
when compared to pure SnO2 nanoparticles. Moreover, as the
concentration of Ag dopant increases, the absorption spectra
wavelength switches to a higher wavelength or causes a
redshift. Thus, increasing the silver doping causes a rise in O
vacancies and likely creates a new doubly occupied O vacancy.
This implies that the band gap shift and absorption of the
doped nanoparticles may be influenced by surface effects,
doping-induced vacancies, and lattice strain.53

Moreover, the band gap energy (Eg) of the prepared samples
was determined by using Tauc’s equation48 and presented in
Figure 3B. The band gap energy (Eg) values were estimated by
extrapolation of the linear part of the curves obtained by
plotting (αhν)2 versus hν, where α is the absorption coefficient
and hν is photon energy. Therefore, the calculated band gap
energy (Eg) is 3.57, 3.41, 3.29, 3.19, and 3.08 eV for pure
SnO2, 0.2Ag-doped SnO2, 0.4Ag-doped SnO2, 0.6Ag-doped
SnO2, 0.8Ag-doped SnO2 nanoparticles, respectively. The band
gap energy decreased to 3.08 eV when Ag is doped into the
SnO2 matrix and this is due to electron transition energy.

54,55

FTIR spectra of undoped SnO2 and Ag-doped SnO2
nanoparticles were recorded in the range of 4000−400 cm−1

and presented in Figure 4. As can be seen, the peaks observed
at 3380.658, 1629.584, 1366.05, 1236.73, 1083.69, and
505.6956 cm−1 are attributed to green synthesized pure
SnO2 Nps. The broad band around 3380.68−1618 cm−1 is due
to stretching vibrations of Sn−OH groups and O−H stretching
vibrations of water molecules may be absorbed on the surface
of nanoparticles. The vibration bands at 505.69 cm−1,
particularly, were attributed to the O−Sn−O bending and
stretching vibration of Sn−O, which made up the band
between 400 and 700 cm−1. These bands indicate the
formation of SnO2 nanoparticles.

56,57 Similarly, the peak
observed between 400 and 622.239 cm−1 is ascribed to the
metal−oxygen (M−O) bond of Sn−O stretching vibrations.

Figure 1. Qualitative phytochemical analysis for the presence of (A)
alkaloids, (B) tannins, (C) flavonoids, (D) saponins, (E) terpenoids,
(F) phenols, (G) carbohydrates, (H) steroids, and (I) oils and fats in
ginger (Z. officinale) root extract.

Figure 2. Schematic representation for green synthesis of Ag-doped
SnO2 nanoparticles.
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The absorption peaks observed at 622.239 cm−1 are assigned
to the Ag−O−Sn bonding of the Ag-doped SnO2 composite
particles.48,58

The crystal structure of green synthesized pure SnO2 and
Ag-doped SnO2 nanoparticles were investigated by X-ray
diffraction pattern and shown in Figure 5. The 2θ values of the
prepared samples were scanned in the range of 10° to 80°. As
can be seen in Figure 5, the diffraction peaks at 2θ values of
27.03°, 28.27°, 29.50°, 32.68°, 34.31°, 38.49°, 42.01°, 46.70°,
52.15°, 55.27°, 57.95° can be assigned to lattice plane
reflections of (111), (110), (200), (002), (210), (211),
(220), (221), (300), (311), and (231) respectively for both
pure SnO2 and Ag-doped SnO2 nanoparticles based on the
JCPDS card No. 41-1445.48 This confirms that the prepared
samples are naturally well crystalline and have a tetragonal
structure32 Therefore, the characteristic peaks that have been
obtained for Ag-doped SnO2 nanoparticles are in good
agreement with the previously reported literature.59,60 Addi-
tionally, as the silver dopant increased (0.2, 0.4, 0.6, and 0.8),
the diffraction peak’s intensity decreased relative to pure SnO2.
Similarly, there is a slight broadening in XRD peaks at different
diffraction peaks of silver doping revealing that the particle size
decreased, and this is due to the impacts of disruptions or
defects generated by silver ions in the structure of the

SnO2.
61,62 The crystalline sizes of the as-synthesized samples

were calculated using Scherer’s equation.63

=D
K( )
cos (1)

where D is the average particle size, K is a dimensionless factor,
which is close to unity, λ is the wavelength of X-ray radiation, β
is the full width at half-maxima (fwhm) of the diffraction peak
of highest intensity, and θ is the Bragg angle of X-ray. Thus, the
average crystallite sizes for pure SnO2, 0.2Ag-doped SnO2,
0.4Ag-doped SnO2, 0.6Ag-doped SnO2, and 0.8Ag-doped
SnO2 were found to be 16.79, 12.88, 11.29, 10.29, and 9.59
nm, respectively.
The morphology of the green synthesized SnO2 and Ag-

doped SnO2 nanoparticles was investigated by using Scanning
Electron Microscopy (SEM) and shown in Figure 6A,B. It is
clearly seen that the SEM image of pure SnO2 and Ag-doped is
agglomerated and shows an irregular shape of morphology.
The average particle size of the nanoparticles ranged from 15
to 30 nm. The particles exist as the tetragonal structure of
SnO2 nanoparticles

64,65 which is a good agreement with X-ray
diffraction analysis.
The elemental composition of Pure SnO2 and Ag-doped

SnO2 nanoparticles was examined using energy-dispersive X-
ray (EDX), as shown in Figure 6C,D. Accordingly, the EDX
spectra of pure SnO2 nanoparticles showed that they were

Figure 3. (A) UV−vis spectra of undoped SnO2 and Ag-doped SnO2, Nps and (B) plots of the (αhν)2 versus photon energy (hν) for the band gap
energy of undoped SnO2 and Ag-doped SnO2 NPs with (0.2Ag-doped SnO2, 0.4Ag-doped SnO2, 0.6Ag-doped SnO2, 0.8Ag-doped SnO2 NPs).

Figure 4. FTIR spectra of green synthesized pure SnO2 and 0.8Ag-
doped SnO2 NPs.

Figure 5. XRD of patterns of green synthesized pure SnO2, 0.2Ag-
doped SnO2, 0.4Ag-doped SnO2, 0.6Ag-doped SnO2, and 0.8Ag-
doped SnO2 nanoparticles.
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entirely composed of Sn and O elements. as shown in Figure
6C. Similarly, the EDS spectra of Ag-doped SnO2 nanoparticles
presented in Figure 6D confirm the presence of Ag, Sn, and O
elements, suggesting that Ag has been successfully doped into
SnO2. Therefore, this results in strong evidence that the silver
ions have been successfully incorporated into the SnO2
nanoparticle.36,38,48 The presence of signal carbon may come
from the sample holder during the characterization of the
samples.66

In addition, in order to confirm that Ag was successfully
incorporated into SnO2 nanoparticles EDX mapping analysis
were performed for Ag-doped SnO2 nanoparticles. Accord-
ingly, the elemental mapping analysis on the dopant nano-
particles reveals the presence of Ag, Sn, and O in Ag-doped
SnO2 nanoparticles and it is depicted in Figure 7A−D. These
all findings provided conclusive proof that Ag nanoparticles
were effectively doped into SnO2 nanoparticles

36

3.4. Evaluation of Antimicrobial Activity. The anti-
microbial activity of the prepared Ag-doped SnO2 NPs was
examined against two pathogenic bacteria (S. aureus and E.
coli) and two pathogenic fungi (F. oxysporum and F.
graminearum) and shown in Table 1 and (Figure S1 in the
Supporting Information). After 24 h of incubation at 37 °C,
the growth of the bacterial samples was evaluated against the
green-produced Ag-doped SnO2 nanoparticles. By establishing
the zone of inhibition against S. aureus, E. coli, and fungi, the
antibacterial activity of Pure SnO2, 0.2Ag-doped SnO2, 0.4Ag-
doped SnO2, 0.6Ag-doped SnO2, 0.8Ag-doped SnO2, and
1.0Ag-doped SnO2 was assessed using the disk diffusion
method. Table 1 and (Supporting Information, Figure S1)
showed the antimicrobial inhibition zone for undoped SO2 and
Ag-doped SnO2 nanoparticles at concentrations ranging from 3
to 5.5 (mg/mL). Accordingly, for Undoped SO2 nanoparticles,

the highest concentration was found at 5 mg/mL, with the
inhibition zones 11 ± 0.5 and 9.3 ± 0.35 mm for S. aureus and
E. coli respectively. Similarly, for Ag-doped SnO2 contents with
0.2Ag-doped SnO2, 0.4Ag-doped SnO2, 0.6Ag-doped SnO2,
0.8Ag-doped SnO2, and 1.0Ag-doped SnO2, the corresponding
inhibition zone at a concentration of 5 mg/mL was 18.3 ± 0.1,
21 ± 1.09, 24 ± 0.23, 29 ± 0.54, and 23.7 ± 0.45 mm for S.
aureus, respectively, while for E. coli bacterial strain the
corresponding inhibition zone was 17 ± 0.56, 20 ± 0.80, 23 ±
0.55, 27 ± 0.05, and 22.3 ± 0.63 mm, respectively. Among the
Ag-doped SnO2 contents, 0.8Ag-doped SnO2 had the highest
antibacterial activity with inhibition zones of 29 ± 0.54 and 27
± 0.05 mm for S. aureus and E. coli, respectively, at a
concentration of 5 mg/mL. From tested samples’ the results of

Figure 6. Scanning electron microscopy (SEM) of undoped SnO2 (A) and Ag-doped SnO2 Nps (B) and energy-dispersive X-ray (EDX) spectrum
of undoped SnO2 (C) and Ag-doped SnO2 Nps (D).

Figure 7. EDX mapping of Ag-doped SnO2 NPs control (A),
mapping area of Sn (B), mapping area of Ag (C), and mapping area of
oxygen (D).
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zone inhibition are typically displayed in the following order:
0.8Ag-doped SnO2 > 0.6Ag-doped > 0.4Ag-doped > 0.2Ag-
doped > undoped SnO2 NPs. Thus, Ag-doped SnO2
nanoparticles appeared to be more toxic to Gram-negative
bacteria than to Gram-positive bacteria. The differences
between these two different types of bacteria can be explained
by the distinct structures and chemical compositions of the cell
surfaces. In contrast to Gram-positive bacteria, which lack an
outer membrane covering the peptidoglycan layer, Gram-
negative bacteria have a layer in their cell walls. Thus, the outer
membrane of Gram-negative bacteria may easily be damaged
by Ag-doped SnO2 NPs.

67 Furthermore, the green synthetic
method of silver-doped tin oxide was reasonable for the
nanoparticles’ enhancement of the antibacterial activity. The
reason for the high antibacterial activity of green synthesized
Silver-doped Tin oxide is that the ginger plant extract contains
a stabilizing agent that prevents agglomeration, which in turn

reduces the particle size of the synthesized nanoparticles.68

Moreover, Docymycine and propiconazole were used as
standard controls to compare the antibacterial activity of Ag-
doped SnO2 Nps, and the detailed results are shown in Table
1. The antifungal activity of the undoped SnO2 NPs and Ag-
doped SnO2 NPs against F. oxysporum and F. graminearum)
was also presented in Table 1 and (Figure S2 Supporting
Information). The obtained result showed that the 0.8Ag
doped SnO2 exhibit highest antifungal activity among Ag-
doped SnO2 contents with inhibition zones of 17 ± 0.05 and
15 ± 0.05 mm for F. oxysporum, and F. graminearum,
respectively.
The effect of Ag doping into SnO2 on antimicrobial activities

may enhance the surface area and reactivity of SnO2
nanoparticles, leading to increased contact with microbial
cells and improved antimicrobial efficiency. In addition, Ag
doping facilitates the sustained release of silver ions,

Table 1. Inhibition Zone (mm) of Pure SnO2, and 0.2Ag-Doped SnO2, 0.4Ag-Doped SnO2, 0.6Ag-Doped SnO2, 0.8Ag-Doped
SnO2, and Control Docymycine, Propiconazole, and Distilled Watera

samples conc. (mg/mL)

microbial and inhibition zone (mm)

S. aureus E. coli F. oxysporum F. graminearum

SnO2 3 9 ± 0.02 7 ± 0.94 4 ± 0.30 3 ± 0.13
3.3 9 ± 0.15 7 ± 0.25 4 ± 0.03 3 ± 0.61
4 10 ± 0.5 7.5 ± 0.36 5.5 ± 0.29 3 ± 0.40
4.5 10.5 ± 0.2 9 ± 0.69 60 ± 0.51 3 ± 0.20
5 11 ± 0.5 9.3 ± 0.35 6 ± 0.13 4.5 ± 0.61
5.5 10.5 ± 0.12 8.5 ± 0.17 7 ± 0.22 5 ± 0.24

0.2Ag:SnO2 3 12 ± 0.3 11 ± 0.26 5 ± 0.36 4 ± 0.46
3.3 12.5 ± 0.4 11.5 ± 0.71 6.45 ± 0.15 5.5 ± 0.77
4 16 ± 0.25 11 ± 0.38 7 ± 0.03 6 ± 0.26
4.5 17.5 ± 0.45 16 ± 0.42 7 ± 0.28 6 ± 0.60
5 18.3 ± 0.1 17 ± 0.56 7.5 ± 0.22 6 ± 0.75
5.5 17 ± 0.51 16.5 ± 0.11 8 ± 0.07 7.5 ± 0.20

0.4Ag:snO2 3 17 ± 0.32 16 ± 0.43 7 ± 0.12 6.5 ± 0.75
3.3 17.5 ± 0.35 17 ± 0.25 7 ± 0.30 6.5 ± 0.20
4 19 ± 0.79 17 ± 0.33 7 ± 0.78 6 ± 0.38
4.5 19 ± 1.10 19 ± 0.50 7 ± 0.30 7 ± 0.10
5 21 ± 1.09 20 ± 0.80 8.5 ± 0.19 7 ± 0.44
5.5 20 ± 0.52 19.5 ± 0.81 9 ± 0.52 8 ± 0.41

0.6Ag:SnO2 3 20 ± 1.12 18 ± 0.39 10 ± 0.14 8.5 ± 0.42
3.3 20 ± 0.34 20 ± 0.65 9.5 ± 0.73 8 ± 0.05
4 22.5 ± 0.90 21.5 ± 0.11 10.5 ± 0.5 9 ± 0.35
4.5 23 ± 0.23 21 ± 0.21 11 ± 0.22 9 ± 0.26
5 24 ± 0.23 23 ± 0. 55 11 ± 0.55 9 ± 0.31
5.5 23 ± 0.45 21.5 ± 0.45 12 ± 0.16 11 ± 0.52

0.8Ag:SnO2 3 26.5 ± 0.97 23 ± 0.01 11 ± 0.41 10 ± 0.26
3.3 27 ± 0.80 24 ± 0.61 13 ± 0.29 11 ± 0.37
4 27 ± 0.46 25.5 ± 0.22 13 ± 0.21 12 ± 0.21
4.5 27.5 ± 0.56 26 ± 0.13 14 ± 0.04 12 ± 0.16
5 29 ± 0.54 27 ± 0.05 14.5 ± 0.24 13 ± 0.12
5.5 28 ± 0.71 26 ± 0.34 17 ± 0.05 15 ± 0.05

1.0Ag:SnO2 3 23 ± 0.71 19 ± 0.79 14 ± 0.17 11 ± 0.28
3.3 23 ± 0.33 19 ± 0.11 11 ± 0.17 12.5 ± 0.85
4 23 ± 0.30 21.5 ± 0.44 12 ± 0.10 13 ± 0.27
4.5 22 ± 0.50 20 ± 0.23 12 ± 0.45 13 ± 0.68
5 23.7 ± 0.45 22.3 ± 0.63 15 ± 0.34 13.5 ± 0.09
5.5 22 ± 0.21 21 ± 0.24 16 ± 0.76 14 ± 0.50

docymycine - 36 ± 0.01 35 ± 0.03 - -
propiconazole - - - 29 ± 0.02 29 ± 0.01
deionized water - - - - -

aNote: “-” sign indicates no inhibition zone.
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prolonging the antimicrobial effects of SnO2 nanoparticles and
enabling continuous interaction with microbial cells.33,69 The
possible mechanism of antibacterial activity of green
synthesized Ag-doped SnO2 is presented in Figure 8.

Currently, the reported literature states that a number of
mechanisms, including the production of reactive oxygen
species (ROS), large small particle size or surface area of the
nanoparticles, and efflux mechanisms leading to the release of
constituent ions, have been proposed for the antimicrobial
activity.70

In this study, it is possible that the direct interaction of Ag-
doped SnO2 nanomaterials with the bacterial cell wall, followed
by membrane penetration or disruption, may cause the
membrane to become disorganized, inhibiting cell growth or
ultimately resulting in cell death.69 Furthermore, Ag can easily
release Ag+ when it reacts with the cell membrane, then enters
the cell, and may damage DNA, leading to mutation or death.
In addition, according to reported literature, Ag-based
nanoparticles have the ability to damage mitochondria in
cells which causes a lack of energy and leads to cell death.
Similarly, the destruction of the internal structure of cells
caused by the interaction of Ag+ with the reactive oxygen
species (ROS) generated by cells is another factor contributing
to cell death.48,59,71 Generally, the antibacterial activity of Ag-
doped SnO2 nanoparticles likely involves a combination of
ROS generation, cell membrane damage, release of silver ions,
nanoparticle uptake, and potential synergistic effects, all
contributing to the disruption and eventual death of bacterial
cells.
Table 2 displays a comparison of the currently studied green

synthesis of SnO2 and Ag-doped SnO2 nanoparticles with
previously reported using chemical methods against E. coli and
S. aureus. Thus, the inhibition zone of silver-doped tin oxide
produced using the green synthesis approach is higher than
that of all chemically produced silver-doped Tin oxide
nanoparticles, this indicates that the green-generated silver-
doped tin oxide exhibits higher antibacterial activity when
compared to previously reported chemically synthesized silver-
doped tin oxide.

4. CONCLUSIONS
In this study, an Ag-doped SnO2 nanoparticle was synthesized
by an ecofriendly green approach using mediated ginger (Z.

officinale) root extract. The as-prepared samples were
characterized by using UV−vis spectroscopy, X-ray diffraction
(XRD), Fourier transforms infrared spectroscopy (FTIR), and
scanning electron microscopy (SEM), and their antimicrobial
activity was examined. According to XRD analysis, the green
synthesized undoped and Ag-doped SnO2 nanoparticles
showed a tetragonal structure with an average crystallite size
of between 10 and 17 nm. The vibration bands at 505.69 cm−1

are particularly attributed to the O−Sn−O bending and
stretching vibration of Sn−O and the absorption peaks
observed at 622.239 cm−1 are assigned to the Ag−O−Sn
bonding of the Ag-doped SnO2 composite particles. From
EDX mapping and elemental analysis, strong evidence was
confirmed that the silver ions have been successfully
incorporated into the SnO2. The green-synthesized Ag-doped
SnO2 nanoparticles showed significant antimicrobial activity
against Gram-positive (S. aurus) and Gram-negative (E. coli)
bacteria and fungi (F. oxysporum and F. graminearum). Ag-
doped SnO2 Nps relatively exhibit higher antibacterial activity
against S. aureus and E. coli, indicating that bacteria are more
sensitive to nanoparticles than fungi. Gram-negative bacteria’s
impermeable cell wall makes them more immune to antibodies
than Gram-positive bacteria. Moreover, it was found that the
direct interaction of Ag-doped SnO2 nanomaterials with the
bacterial cell wall, followed by membrane disruption, may
cause the membrane to become disorganized, inhibiting cell
growth or ultimately resulting in cell death. This is because Ag
can easily release Ag+ when it reacts with the cell membrane
and then enters the cell and may damage DNA, leading to
death. Thus, the current green synthesized Ag-doped SnO2
nanoparticles have good prospects for the use of antimicrobial
agents and other biomedical applications.
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Figure 8. Possible schematic representation of the antimicrobial
mechanism for Ag-doped SnO2 nanoparticles.

Table 2. Comparison of Antibacterial Activity of Green
Synthesis Ag-Doped SnO2 with Other Reported Literature
Values

nanoparticle synthesis method
size
(nm)

inhibition
zone (mm)

ref
S.
auras

E.
coli

Ag-doped SnO2 coprecipitation 30 8 12 72

Ag-doped SnO2 electro spinning 47 15 12 59

Ag-doped SnO2 sol−gel 35 18 19 57

SnO2 sol−gel 21 10 9 73

Ag-doped SnO2 vapor phase growth 29 17 18 71

SnO2 gel combustion 41 9 8 74,75

Ag-doped SnO2 coprecipitation 23 20 15 76

Ag-doped SnO2 green method 15 29 27 this
workSnO2 green method 20 11 9
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