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Abstract: The investigation of using medicinal plants for the production and application of silver
nanoparticles (AgNPs) has attracted growing research interest. In this study, AgNPs are synthesized
from the stem barks of the Pyrus pashia medicinal plant using a biosynthetic strategy. The reaction
conditions were optimized under ambient conditions, including concentration, temperature, time,
and pH, and various techniques were employed, such as UV-visible, FTIR, XRD, FESEM, and TEM,
to characterize the synthesized AgNPs. The AgNPs produced through this biosynthesis method were
found to be spherical and polydispersed, with an average size of 23.92 ± 7.04 nm. The synthesized
AgNPs demonstrated an enhanced DPPH free radical scavenging capacity compared to the aqueous
extract, with IC50 values of 10.67 ± 0.05 µg/mL and 13.66 ± 0.35 µg/mL, respectively. In the agar
well diffusion method, the synthesized AgNPs showed higher antibacterial activity than that of the
extract against Escherichia coli (ATCC 25922), Staphylococcus aureus (ATCC 25923), Enterococcus faecalis
(ATCC 29212), Salmonella typhi (ATCC 14028), and Shigella sonnei (ATCC 25931). Based on these
findings, the study suggests that green synthesized AgNPs from P. pashia could be used for biomedical
applications.

Keywords: green synthesis; Pyrus pashia; silver nanoparticles; antioxidant activity; antibacterial activ-
ity

1. Introduction

Nanotechnology is one of the exciting fields of research that deals with novel materials
of unique properties due to their size, which ranges from 1 to 100 nm [1]. Nanomateri-
als exhibit entirely different mechanical, thermal, physicochemical, biological, and other
properties than their bulk constituents due to their large surface area-to-volume ratio and
quantum effect. They have multidimensional applications in the fields of agriculture,
biomedical, food, drug delivery, sensing, etc., due to their significant mechanical, catalytic,
antimicrobial, antioxidant, optical, and catalytic properties, etc. [2,3]. The nanoparticles of
noble metals such as gold, silver, copper, platinum, etc., have drawn attention to biomedical
fields due to their multifunctional theragnostic abilities [4]. Nanomaterials are conven-
tionally synthesized by various physical and chemical methods, but they are not safe,
cost-effective, or eco-friendly [5]. Due to concerns regarding energy consumption, the
practice and release of hazardous chemicals, as well as the complexity of equipment and
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synthetic conditions, traditional physical and chemical methods are gradually being re-
placed by more environmentally friendly approaches, known as green methods. Green
materials, such as polyphenols and proteins, can serve as alternatives to chemical reagents
for reducing metal ions. By optimizing factors such as the temperature, concentration, pH,
and other parameters, the quality of silver nanoparticles (AgNPs) synthesized through
green methods can even surpass those produced using physical or chemical methods [6].
Due to their applications in climate change, contamination, antimicrobial activities, in-
formation storage, biomedical applications, energy generation, clean water technology,
catalysis, biological sensors, optoelectronics, and DNA sequencing, the synthesis of silver
nanoparticles has gained a lot of attention [7]. As a result, scientists are involved in safe
and green methods to produce nanomaterials by using plants, microbes, biomolecules,
etc. These techniques do not practice or exhaust hazardous systems and chemicals in the
process [8].

Silver nanoparticles (AgNPs) have attracted the attention of researchers due to their
significant antibacterial nature [9]. Metallic silver itself is a safe antibacterial agent at low
concentrations because of its oligo-dynamic effect. The presence of toxic silver ions led
them to be used as effective antifungal, anti-inflammatory, and antibacterial agents. In
recent times, AgNPs have been used in wound dressing, ointments, formulation of dental
coatings and bone cement, the lining of food containers, etc., to prevent the growth of drug-
resistant microbes [5,10]. Medicinal plants have long been used in traditional medicine for
the treatment of several diseases. A large number of bioactive plant secondary metabolites,
including alkaloids, flavonoids, steroids, tannins, polyphenols, reducing sugars, glycosides,
proteins, vitamins, etc., are the sources of safer medicines or drug-lead compounds. In the
synthesis of AgNPs, the phytochemicals serve as reducing, capping, and stabilizing agents
to obtain more stable nanoparticles with the desired shape and size. These compounds
are easily oxidized by donating hydrogen atoms or electrons to silver ions in solution and
converting them into silver atoms. Neutral silver atoms are adsorbed by active functional
groups, such as –COOH of glutamine and aspartic acids, and -OH of tyrosine, for the
stabilization and growth of polydisperse Ag nanoparticles. The nature and type of the
phytoconstituents, pH, temperature, parts used, the concentration of extract/Ag+ ion, time
of reaction, etc., greatly influence the properties of AgNPs [11–13].

Pyrus pashia is a medium-sized deciduous plant of the Rosaceae family distributed
in the Himalayan region up to elevations of 2700 m above sea level in Pakistan, India,
Nepal, China, and Vietnam. The leaves are simple and ovate, and the flowers are small
and white and give rise to small pear-shaped green fruits, which mature from November
to December [14]. The leaves, stem barks, flowers, and fruits of the plants have been
extensively used in folk medicine, as fodder, and to make healthy beverages. The leaves are
astringent, laxative, and febrifuge and have sedative properties. The decoction of leaves and
stems is traditionally used for the treatment of sore throat, peptic ulcer, and typhoid fever.
Fruits are used as diuretics, astringents, and for the management of eye problems, gastric
disorders, abdominal pain, and anemia [15]. The presence of important phytochemicals
including alkaloids, polyphenols, flavonoids, terpenoids, tannins, glycosides, reducing
sugars, and saponins were reported in the methanol extract of the stem bark of the plant [16].

In this study, AgNPs were fabricated by using the stem barks of the plant that con-
tained the essential compounds required for the synthesis of AgNPs. The parameters
affecting the synthesis, such as the pH, concentration, the ratio of the reactants, and the
reaction times, were also explored. The synthesized AgNPs were characterized by using
UV-visible and Fourier-transform infrared (FTIR) spectroscopy, field emission scanning
electron microscopy (FESEM), transmission electron microscopy (TEM), and X-ray diffrac-
tion (XRD) analysis. The antioxidant and antibacterial activities of the synthesized AgNPs
were evaluated by the 2-2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and agar
well diffusion methods, respectively.
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2. Results and Discussion
2.1. Macro- and Micro-Morphological Analysis

The topology, shape, and size of silver nanoparticles synthesized by using PPAE were
analyzed by scanning electron microscopy imaging. The AgNPs were spherical, irregular-
shaped, and had quite a disparity in size, which can be seen in the images at different
resolutions (Figure 1a–c). The elements in the biosynthesized silver nanoparticles were
detected by the energy-dispersive X-ray (EDX) spectrum (Figure 1d–d3). As shown in
Figure 1e, silver was present in the highest quantity (66.75%) at an intense peak at around
3 keV in the EDX spectra, followed by carbon (22.02%) and oxygen (11.23%).

Inorganics 2023, 11, x FOR PEER REVIEW  3  of  18 
 

 

2. Results and Discussion 

2.1. Macro- and Micro-Morphological Analysis 

The topology, shape, and size of silver nanoparticles synthesized by using PPAE were 

analyzed by scanning electron microscopy imaging. The AgNPs were spherical, irregular-

shaped, and had quite a disparity  in size, which can be seen  in the  images at different 

resolutions  (Figure 1a–c). The elements  in  the biosynthesized silver nanoparticles were 

detected by the energy-dispersive X-ray (EDX) spectrum (Figure 1d–d3). As shown in Fig-

ure 1e, silver was present in the highest quantity (66.75%) at an intense peak at around 3 

keV in the EDX spectra, followed by carbon (22.02%) and oxygen (11.23%).   

 

Figure 1. (a–c) FESEM images of biosynthesized AgNPs, (d–d3) elemental color mapping of biosyn-

thesized AgNPs, and (e) EDX spectrum of biosynthesized AgNPs. 

The X-ray diffraction crystallography (XRD) study determines the crystalline nature 

of the as-synthesized materials [17]. Therefore, the crystalline nature of the silver nano-

particles synthesized using the stem bark extracts of P. pashia was confirmed by the XRD 

analysis. Figure 2a shows clear diffraction peaks at 2θ angles of 38.09°, 44.53°, 64.61°, and 

77.50°, corresponding to the crystal planes (111), (200), (220), and (311) of the nanoparti-

cles. The XRD pattern of the synthesized AgNPs is analogous to the face-centered cubic 

structure of JCPDS file No. 030921 [18]. The same type of crystalline AgNPs were formed 

in the synthesis by using the leaves of Millettia pinnata [19]. Transmission electron micros-

copy (TEM)  is another powerful tool used for determining the morphology and size of 

metallic nanoparticles. In this study, TEM images revealed the formation of spherical par-

ticles with an average size of 23.92 ± 7.04 nm (Figure 2b). The size variation of the synthe-

sized AgNPs from 11.78 to 32.27 nm is shown in the histogram in Figure 2c. The AgNPs 

synthesized by using different concentrations of Flos sophorae immaturus had average sizes 

of 27.8, 28.5, and 36.5 nm, analogous  to our results  [20]. Similarly, silver nanoparticles 

synthesized by using the root barks of Rubus ellipticus were spherical and had an average 

size of 25.20 ±7.01 nm [21]. The selected area electron diffraction (SAED) pattern of the 

synthesized silver nanoparticles showed clear concentric rings corresponding to the hkl 

values of (111), (200), (220), and (311), confirming the FCC crystalline geometry (Figure 

2d). 

Figure 1. (a–c) FESEM images of biosynthesized AgNPs, (d–d3) elemental color mapping of biosyn-
thesized AgNPs, and (e) EDX spectrum of biosynthesized AgNPs.

The X-ray diffraction crystallography (XRD) study determines the crystalline nature of
the as-synthesized materials [17]. Therefore, the crystalline nature of the silver nanoparti-
cles synthesized using the stem bark extracts of P. pashia was confirmed by the XRD analysis.
Figure 2a shows clear diffraction peaks at 2θ angles of 38.09◦, 44.53◦, 64.61◦, and 77.50◦,
corresponding to the crystal planes (111), (200), (220), and (311) of the nanoparticles. The
XRD pattern of the synthesized AgNPs is analogous to the face-centered cubic structure
of JCPDS file No. 030921 [18]. The same type of crystalline AgNPs were formed in the
synthesis by using the leaves of Millettia pinnata [19]. Transmission electron microscopy
(TEM) is another powerful tool used for determining the morphology and size of metallic
nanoparticles. In this study, TEM images revealed the formation of spherical particles
with an average size of 23.92 ± 7.04 nm (Figure 2b). The size variation of the synthesized
AgNPs from 11.78 to 32.27 nm is shown in the histogram in Figure 2c. The AgNPs syn-
thesized by using different concentrations of Flos sophorae immaturus had average sizes
of 27.8, 28.5, and 36.5 nm, analogous to our results [20]. Similarly, silver nanoparticles
synthesized by using the root barks of Rubus ellipticus were spherical and had an average
size of 25.20 ± 7.01 nm [21]. The selected area electron diffraction (SAED) pattern of the
synthesized silver nanoparticles showed clear concentric rings corresponding to the hkl
values of (111), (200), (220), and (311), confirming the FCC crystalline geometry (Figure 2d).
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2.2. UV-Visible Spectroscopy

The reaction between PPAE and silver nitrate was confirmed by the visual change of
color, from the light-yellow color of the extract to reddish brown. The transformation of
color is associated with the strong surface plasmon resonance (SPR) phenomenon, which
was further confirmed by UV-visible spectroscopy. The surface plasmon resonance of the
silver nanoparticles is associated with the interaction of electromagnetic radiation and the
electrons in the conduction band around the AgNPs. When the free electrons of metal
nanoparticles absorb visible light, they are excited to a higher energy level, and upon
returning, they emit light of a particular frequency. The change in optical property is an
important parameter that is proportional to the shape and size of the nanoparticles [22].
The highest SPR peak of 0.561 at 436 nm was observed in the reaction mixture containing
extract and silver nitrate in the ratio of 1:9, at 25 ◦C, and the neutral pH indicated an
optimized dose for the reaction (Figure 3a). The reaction condition was further tested
by changing to pH values of 5.5, 7, 8, and 10 by maintaining the ratio of 1:9 at the same
temperature. A narrow peak at 428, with the highest absorption peak for the reaction
mixture maintained at a pH of 7, was observed (Figure 3b). The observation of narrow
peaks is attributed to the formation of monodispersed and small-sized nanoparticles. There
was a very mild and unrecognizable peak at a low peak, but in basic conditions (pH = 10),
the formation of nanoparticles was immediate, but precipitation was observed. This
might be due to the formation of AgOH and agglomeration. A similar observation of the
optimization of the synthesis of silver nanoparticles at a neutral pH of 7 was observed
in the synthesis by using the leaf extracts of Polyalthia longifolia [23]. In a similar study,
the synthesis of silver nanoparticles by using Terminalia chebula extract was optimized at a
pH of 6.8, with the appearance of a prominent peak in the range of 440 nm on the UV-visible
spectra, which is analogous to our observation [24]. Highly stable silver nanoparticles
were synthesized by the reaction of 1 mM of AgNO3 with Acalypha indica leaf extract. The
pH of the reaction was optimized by conducting the reactions at the pH values of 2, 5,
7, 9, 11, and 13. At acidic conditions, synthesis of AgNPs was not reported, while at a
higher pH, agglomerations were observed, but no alteration in the peak of the UV-visible
spectra at 420 nm was observed even after 2 months. The reaction was instantaneous,
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and conversion of the brown color was observed within 30 min of incubation [25]. The
formation was proportional to pH up to 8, and then decreased in the synthesis of AgNPs
using the aqueous extracts of Seripheidium quettense, which was speculated to be due to the
ionization of phenolic compounds in the extract.
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Figure 3. UV-visible spectra of AgNPs (a) at different proportions of the reactants (temper-
ature: 25 ◦C, pH: 7, time = 1 h), (b) at different pH ranges of the solutions (temperature:
25 ◦C, ratio: 1 (extract):9 (AgNO3), time: 1 h), and (c) at different times (temperature: 25 ◦C,
ratio: 1 (extract): 9 (AgNO3), pH: 7).

Many literature reports show that acidic pH favors the formation of larger-sized
particles, while the higher pH of alkaline conditions favors smaller-sized particles [26].
Although several researchers have reported different optimized conditions for the synthesis,
pH 7 is considered an optimal condition for the synthesis at 25–40 ◦C to obtain spherical
and smaller-sized nanoparticles that absorb at lower wavelengths [27]. The UV-visible
spectra of the reaction mixture were taken at intervals of 1, 2, 24, 48, and 72 h of the
reaction mixture. The intense peaks were obtained at around 428 to 435 nm (Figure 3c).
The intensity of the absorption peaks increased with time since more time was available for
the reaction to accumulate a higher concentration of AgNPs in the mixture. A narrow peak
at a lower wavelength indicates the formation of smaller-sized and broader peaks at higher
wavelengths, implying a larger sized and agglomerated AgNPs [28]. The observation of
similar peaks in the UV-visible spectroscopy after 48 and 72 h of the reaction indicated the
completion of the formation and stability of AgNPs. The observation of peaks at the same
position with increased intensities indicated the formation of polydisperse nanoparticles,
which is similar to the results of in the synthesis of AgNPs using the extracts of Sargassum
longifolium [29].

2.3. FTIR Spectroscopy

The existence of functional groups of the nanomaterials can be observed using FTIR
spectroscopy. Hence, functional groups in the biomolecules present in the PPAE in the
reduction, capping, and stabilization of silver nanoparticles were assessed using this
technique. The spectra were taken from 500 to 4000 cm−1, which led to the observation of
prominent peaks at different positions, corresponding to the particular functional groups.
Certain specific peaks of the PPAE were found to be shifted in the biosynthesized AgNPs
(Figure 4).
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Figure 4. FTIR spectra of AgNPs using PPAE.

A shift towards a lower wavelength at 3271.27 cm−1 to 3263.55 cm−1 indicates the
contribution of the O-H or N-H stretching of phenolics present in the extract [8]. The bands
at 1597.05 cm−1 and 1604.77 cm−1 correspond to C-H stretching, C=O, and C=C bonds in
amides of protein molecules in the extract [30]. Other peaks were observed at 1728.21 cm−1,
1180.43 cm−1, and 1026.33 cm−1, due to the presence of carboxylic C=O or ester, (N-H)
stretching of amines of proteins, polypeptides, and amino acids [31,32].

2.4. Detection of Phytochemicals in the Extract

The different phytochemicals present in the aqueous stem bark extract of the plant are
summarized in Table 1. The results of the phytochemical screening showed the presence of
alkaloids, polyphenols, flavonoids, reducing sugars, glycosides, terpenoids, and tannins.
These compounds are well-known for their various biological activities, such as antioxidant,
antibacterial, anti-inflammatory, antidiabetic, anticancer, etc.

Table 1. Qualitative presence of phytochemicals in PPAE.

S. N. Phytoconstituents PPAE

1 Alkaloids +

2 Polyphenols ++

3 Glycosides +

4 Reducing sugars +

5 Terpenoids ++

6 Tannins ++

7 Flavonoids +
Where (+) = present in trace amounts, (++) = present in abundance.

The polar groups, such as alcohols, phenols, carboxylic acid, amines, etc., present in
these molecules reduce and prevent agglomeration, as well as stabilize the silver nanoparti-
cles from silver nitrate solution [8].
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2.5. Antioxidant Activity

The in vitro antioxidant capacity of the synthesized silver nanoparticles was evaluated
by the DPPH free radical scavenging method, with ascorbic acid as a standard. When the
synthesized AgNPs scavenged the free radicals, the color of the DPPH changed to pale
yellow. The scavenging capacity of the AgNPs gradually increased with the concentration,
that is, proportional to the intensity of color and measured by the absorbance at 517 nm. The
dose-dependent variation of the percentage of scavenging capacity with the concentration
of the PPAE-synthesized AgNPs and the standard is shown in Figure 5. The graph shows
that the synthesized silver nanoparticles had a DPPH free radical scavenging capacity
comparable to that of the standard. A similar trend of increase in the scavenging capacity
of AgNPs synthesized from Allium cepa with concentration was reported by Jini and
Sharmila [33]. The half-maximal concentration quenching 50% of the DPPH radical (IC50)
value of the synthesized AgNPs (10.67 ± 0.05 µg/mL) was slightly lower than that of its
aqueous extract (13.66 ± 0.35 µg/mL) (Table 2).

Inorganics 2023, 11, x FOR PEER REVIEW  7  of  18 
 

 

The polar groups, such as alcohols, phenols, carboxylic acid, amines, etc., present in 

these molecules reduce and prevent agglomeration, as well as stabilize the silver nanopar-

ticles from silver nitrate solution [8].   

2.5. Antioxidant Activity 

The in vitro antioxidant capacity of the synthesized silver nanoparticles was evalu-

ated by the DPPH free radical scavenging method, with ascorbic acid as a standard. When 

the synthesized AgNPs scavenged the free radicals, the color of the DPPH changed to pale 

yellow. The scavenging capacity of the AgNPs gradually increased with the concentration, 

that is, proportional to the intensity of color and measured by the absorbance at 517 nm. 

The dose-dependent variation of the percentage of scavenging capacity with the concen-

tration of the PPAE-synthesized AgNPs and the standard is shown in Figure 5. The graph 

shows that the synthesized silver nanoparticles had a DPPH free radical scavenging ca-

pacity comparable to that of the standard. A similar trend of increase in the scavenging 

capacity of AgNPs synthesized from Allium cepa with concentration was reported by Jini 

and Sharmila [ 33]. The half-maximal concentration quenching 50% of the DPPH radical 

(IC50) value of the synthesized AgNPs (10.67 ± 0.05 µg/mL) was slightly lower than that of 

its aqueous extract (13.66 ± 0.35 µg/mL) (Table 2).   

 

Figure 5. DPPH radical scavenging activity of aqueous extract and Pp-AgNPs. 

Table 2. Antioxidant capacity of AgNPs and ascorbic acid. 

Samples  IC50 (μg/mL) 

Ascorbic acid  8.19 ± 0.13 

Pp-AgNPs  10.67 ± 0.05 

P. pashia (aq.)  13.66 ±    0.35 

Where values are the mean ± SD (n = 3). 

In our previous work, we reported a slightly higher antioxidant activity (13.85 ± 0.34 

µg/mL) of AgNPs synthesized by using root extracts of Rubus ellipticus, in comparison to 

its aqueous extract (IC50 = 15.86 ± 4.14 µg/mL) [21]. In a similar study, the AgNPs synthe-

sized by using Prosopis farcta fruit extract exhibited a comparable antioxidant activity to 

Figure 5. DPPH radical scavenging activity of aqueous extract and Pp-AgNPs.

Table 2. Antioxidant capacity of AgNPs and ascorbic acid.

Samples IC50 (µg/mL)

Ascorbic acid 8.19 ± 0.13

Pp-AgNPs 10.67 ± 0.05
P. pashia (aq.) 13.66 ± 0.35

Where values are the mean ± SD (n = 3).

In our previous work, we reported a slightly higher antioxidant activity (13.85 ±
0.34 µg/mL) of AgNPs synthesized by using root extracts of Rubus ellipticus, in comparison
to its aqueous extract (IC50 = 15.86 ± 4.14 µg/mL) [21]. In a similar study, the AgNPs
synthesized by using Prosopis farcta fruit extract exhibited a comparable antioxidant activity
to that of standard ascorbic acid [34]. The silver nanoparticles synthesized by using the
leaf and bark extracts of Olea ferruginea Royle also exhibited higher antioxidant activities in
comparison to their corresponding crude extracts [35].

Enhanced antioxidant activities of the synthesized AgNPs in comparison to their
corresponding crude extracts were reported by Phull et al. by using rhizomes of Bergenia
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ciliata, and by Dipankar et al. by using the leaf extracts of Iresine herbstii [36,37]. Different
biomolecules in the plant extract are adsorbed on silver nanoparticles, and the increased
surface area of AgNPs allows a greater interaction to neutralize free radicals. A variety
of polyphenols, alkaloids, terpenoids, flavonoids, and proteins on the surface of AgNPs
donate hydrogen atoms to free radicals and break the chain reactions, as well as catalyze
the activities of antioxidant enzymes. Moreover, the unique physicochemical properties
of silver nanoparticles, such as the size, shape, surface charge, as well as elemental silver,
also contribute to the enhanced antioxidant activity [37]. The free radicals produced in
cellular reactions are controlled by the self-antioxidant system of the human body. With
increasing age, the concentration of free radicals is not balanced by the body system,
leading to oxidative stress. The excess of free radicals in the human body leads to several
adverse effects on the biomolecules, such as proteins, DNA, RNA, etc. The deterioration
of biomolecules causes cell damage, leading to metabolic disorders and diseases such as
Parkinson’s disease, Alzheimer’s disease, autism, neurodegenerative disorder, and cancer.
Antioxidants provided by food supplements either scavenge the free radicals or activate the
antioxidative enzymes, to reduce the risk of disease associated with oxidative stress [20].

2.6. Antibacterial Activity

Silver nanoparticles are usually recognized for their strong antibacterial qualities, mak-
ing them a popular choice for use in various biomedical applications. Their effectiveness
comes from their relatively large surface area-to-volume ratio, which allows them to interact
more extensively with sulfur- and phosphorus-containing components in bacterial cells,
thereby disrupting and killing them [37]. The results of the antibacterial test performed
by the agar well diffusion method are shown in Table 3. The test was performed against
three Gram-negative and two Gram-positive strains. The results show that for all the
bacteria, the activity of the AgNPs was higher than that of the crude extract (Figure 6). The
zone of inhibition of E. coli (ATCC 25922) increased from 8.5 ± 0.5 mm to 11.5 ± 0.5 mm,
S. aureus (ATCC 25923) from 7.5 ± 0.5 mm to 11.5 ± 0.5 mm, E. faecalis (ATCC 29212) from
6.0 ± 0.0 mm to 9.5 ± 0.5 mm, S. typhi (ATCC 14028) from 7.5 ± 0.5 mm to 12.5 ± 0.5 mm,
and S. sonnei (ATCC 25931) from 8.0 ± 1.0 mm to 12.5 ± 0.5 mm.

Table 3. Antibacterial test results of aqueous extracts and AgNPs.

Samples

Zones of Inhibition (mm)

E. coli PC S. aureus PC E.
faecalis PC S. typhi PC S. sonnei PC

PPAE 8.5 ± 0.5
18.0

7.5 ± 0.5
15.0

6.0 ± 0.0
12.0

7.5 ± 0.5
18.0

8.0 ± 1.0
18.0

AgNPs 11.5 ± 0.5 11.5 ± 0.5 9.5 ± 0.5 12.5 ± 0.5 12.5 ± 0.5

Where, PA = P. pashia aqueous extract, PN = AgNPs, and PC = positive control. Concentration = 5 mg/mL.

The highest enhancement was observed for S. typhi. Similar to our observation, the
antibacterial activity of synthesized AgNPs of Holoptelea integrifolia leaves against E. coli
and S. typhi was higher than the crude extract [38]. Silver nanoparticles synthesized
by using the leaves of Semecarpus anacardium, Glochidion lanceolarium, and Brideia retusa
exhibited enhanced antibacterial and anti-biofilm formation activity against three human
pathogens, namely Pseudomonas aeruginosa, E. coli, and S. aureus [39]. In a separate study,
AgNPs synthesized by using aqueous leaf extract of Cestrum nocturnum exhibited higher
antibacterial activity against Citrobacter, S. typhi, E. faecalis, E. coli, Proteus vulgaris, and
Vibrio cholera on ZOI and MIC measurements. The plant extract was neutral towards all
of the bacteria, but the synthesized AgNPs exhibited quite significant activity against all
of the tested bacteria [40]. In another study, the AgNPs synthesized by using leaf extract
of Carissa carandas collected from India also exhibited higher zones of inhibition against
Enterobacter faecalis, Gonococci spp., Salmonella typhimurium, Citrobacter spp., and Shigella
flexneri [41]. Several published papers have reported higher antibacterial activity of AgNPs
against Gram-negative bacteria than Gram-positive bacteria.
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The authors have explained that the thinner peptidoglycan layer of Gram-negative
bacteria was easily penetrated by the AgNPs. Interestingly, in this study, both of the bacteria
had similar activities against the AgNPs, which corroborates the observation of the parallel
antibacterial activity of AgNPs synthesized by using Carduus crispus against E. coli and
Micrococcus luteus [42]. Various accounts have been put forward by several researchers to
illustrate the antibacterial mechanism of AgNPs. Wong and Liu describe that the large
surface area of AgNPs facilitates contact with bacteria, allowing the nanoparticles to attach
to and penetrate the cell membrane [43]. Another possibility is that the nanoparticles
or Ag+ ions interrupt the respiratory chain in the bacteria’s mitochondria, ultimately
causing cell death. Silver nanoparticles interact with sulfur-containing proteins present
in the bacterial membrane and phosphorus-containing components of DNA. When silver
nanoparticles enter the bacterial cell, silver ions as well as the AgNPs attack the respiratory
chain reactions and inhibit cell division, leading to cell death [44]. This study showed
that the antibacterial properties of AgNPs were greater than those of the aqueous extracts.
This was likely because the active metabolites present in the extract, such as alkaloids,
polyphenols, terpenoids, steroids, and flavonoids, worked together, and might have altered
the mechanism. The actual antibacterial mechanism of AgNPs is still a complex and heavily
researched topic [7]. The antimicrobial activity of nanoparticles is greatly influenced by
various factors, such as size disparity, morphology, shape, and size. Generally, smaller, and
monodispersed AgNPs with relatively smaller sizes have been reported to exhibit better
biological activities.

They easily enter the cell and interact with the exocyclic nitrogen in the adenine,
cytosine, and guanine bases of DNA [45]. The toxicity of silver nanoparticles to mammalian
cells and the environment should be properly assessed before the incorporation of many
consumer products. The toxicity of AgNPs can be minimized by the prevention of Ag+,
which can easily cross the mammalian cells [7].

Based on the above result and discussion and the further comparison presented in
Table 4, Pyrus pashia is a prominent medicinal plant and has traditionally been utilized for
treating various ailments. Our previous study confirmed the presence of essential phyto-
chemicals, including alkaloids, polyphenols, flavonoids, terpenoids, tannins, glycosides,
reducing sugars, and saponins, in the methanol stem bark extract of this plant. Additionally,
the extract demonstrated significant antibacterial properties. By utilizing this plant for
the synthesis of silver nanoparticles (AgNPs), we aim to not only employ an eco-friendly
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method but also tap into Nepal’s sustainable resources for biomedical applications. The
improvement in antibacterial activity observed in the AgNPs synthesized using this green
approach was a significant factor contributing to the selection of Pyrus pashia for our study.

Table 4. Comparative table for the synthesis and application of the AgNPS from different parts of
plants.

S.
No.

Parts of the
Plant Family Solvents Shape and Size Application References

1. Leaves of
Citrus sinensis Rutaceae Distilled water

(1 mM), AgNO3

Spherical,
78.12 nm

Antioxidant
and anticancer [46]

2.
Leaves of
Murraya
koegnigii

Rutaceae Distilled water
(1 mM), AgNO3

Spherical,
anisotropic,

13.54 nm

Antibacterial
against MDR

bacteria
[47]

3.
Petals of
Hibiscus

rosa-sinensis
Malvaceae Distilled water

(1 mM), AgNO3

Spherical,
anisotropic,

76.25 nm

Antibacterial
activity against
E. coli, S. aureus,
V. cholera, and
K. pneumoniae

[48]

4. Peels of Citrus
sinensis Rutaceae

1 mM AgNO3,
nano-cellulose,
and hesperidin

from orange
peel

Spherical and
nonuniform,

size = 48.11 ±
20.5 nm

Antibacterial
against

Xanthomonas
axonopodis

pv. citri (Xac)

[49]

5.

Leaves of
Pelargonium

hortorum
(Geranium)

Geraniaceae

25 mM AgNO3,
distilled water,
and ethylene

glycol

Spherical,
anisotropic, size

= 35–50 nm

Antifungal
against

Candida albicans
[50]

6.
Rhizome of

Zingiber
officinale

Zingiberaceae
70% ethanol

extract +
1 mM AgNO3

Polygonal,
heterogenous,

size = 20–80 nm

Antimicrobial
against Vibrio

anguillarum, Vib-
rioalginolyticus,

Aeromonas
punctata, Vibrio
parahaemolyti-

cus,
Vibrio

splendidus, and
Vibrio harveyi

[51]

7.
Stem barks of

Pongamia
pinnata

Fabaceae Distilled water,
1 mM AgNO3

Polydispersed,
size = 5–55 nm

Antibacterial
against

Klebsiella
planticola and
Staphylococcus

aureus

[52]

8. Stem barks of
Picea abies Pinaceae

Distilled water,
1 mM AgNO3/

AgC2H3O2

Spherical/
polygonal

Size = 44 nm

Antioxidant,
and

antibacterial
against MRSA,

S. aureus, K.
pneumoniae, and

Pseu-
domonasaerugi-

nosa

[53]
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Table 4. Cont.

S.
No.

Parts of the
Plant Family Solvents Shape and Size Application References

9. Seeds of
Coffea arabica Rubiaceae

0.1–0.05 M
AgNO3 and

hydroalcoholic
extract

Spherical to
ellipsoidal

Antibacterial
against E. coli
and S. aureus

[54]

10.
Roots of
Potentilla

fulgens
Rosaceae Distilled water,

1 mM AgNO3

Spherical size =
10–15 nm

Antibacterial
against E. coli
and Bacillus

subtilis

[55]

11. Stem barks of
Pyrus pashia Rosaceae Distilled water,

1 mM AgNO3

Spherical
size,

average
diameter =
23.92 nm

Antioxidant,
and

antibacterial
against E.coli,

S. aureus,
E. faecalis,

S. typhi,and S.
sonnei

This Work

3. Materials and Methods
3.1. Materials

Dimethyl sulfoxide (DMSO; Me2SO), silver nitrate (AgNO3), and methanol (CH3OH)
were purchased from Thermo Fisher Scientific, India, Pvt. Ltd. The 2,2-diphenyl-1-
picrylhydrazyl (DPPH; C18H12N5O6) was obtained from Tokyo Chemical Industries Co.
Ltd., Japan. Muller Hinton Agar (MHA), Muller Hinton Broth (MHB), and neomycin were
obtained from Himedia Pvt. Ltd., India. Deionized (DI) water obtained from the Central
Department of Chemistry Lab (T.U., Kathmandu, Nepal), and stem bark of Pyrus pashia was
sampled from Rupa village (Rupa village, Gandaki Province, Nepal). The herbarium of the
plant was deposited for botanical authentication (Voucher No. L14; National Herbarium
and Plant Laboratories, Godawari, Nepal).

3.2. Preparation and Phytochemical Screening of Plant Extract

Initially, the stem barks were cut into small pieces, washed, and rinsed with DI wa-
ter. The sample was shade-dried for four weeks and ground into a fine powder using a
mechanical mill. Aqueous extract of the plant was prepared by heating 10 g of the sample
with 100 mL of DI water in an Erlenmeyer flask of 250 mL capacity. The mixture was
carefully heated for about 15 min and filtered through a Whatman No. 1 filter paper. The
fresh filtrate of P. pashia aqueous extract (PPAE) was used for the synthesis of AgNPs. The
qualitative detection of different phytochemicals was performed by adopting standard
protocols [56,57]. The test was performed for the presence of alkaloids, flavonoids, polyphe-
nols, terpenoids, reducing sugars, glycosides, and tannins. These secondary metabolites in
the PPAE would have a potential role in the reduction of Ag+ ions and stabilizing the silver
nanoparticles.

3.3. Preparation of Silver Nanoparticles

Several parameters, including the concentration of the extract and silver nitrate, tem-
perature, pH, reaction time, etc., play crucial roles in the formation of AgNPs of varying
size, shape, and dimension [58]. In this study, we performed the synthesis by varying the
concentrations of the reactants, the pH, and the reaction times at lab temperature.

3.4. Effect of Concentration

The reaction was carried out by mixing the plant extract and 1 mM of AgNO3 solution
in the ratios of 1:4, 1:5, 1:6, and 1:9, at 25 ◦C and pH = 7. The aqueous extract of the
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plant was dropped into the silver nitrate solution with constant stirring over a magnetic
stirrer in the dark. The formation of AgNPs in the solution was indicated by the change of
light-yellow to reddish brown color. The reaction mixture was taken after one hour and
UV-visible spectra were taken within 300–650 nm. The maximum absorbance observed at
436 nm by the 1:9 reaction mixture indicated the synthesis of AgNPs in the solution.

3.5. Effect of pH

The appearance of the highest peak at 428 nm by the reaction mixture of 1:9 was
allowed to react at varying pH values of 5.5, 7, 8, and 10 at the same temperature of 25 ◦C.
The maximum absorbance was observed for the reaction mixture of pH 7.

3.6. Effect of Reaction Time

The reaction between PPAE and the silver nitrate solution was examined at intervals
of 1, 2, 24 h, 48 h, and 72 h by UV-visible spectra. The maximum absorbance observed at 48
and 72 h at 430 nm indicated the most favorable condition for the synthesis of the AgNPs.

3.7. Biosynthesis of Silver Nanoparticles (AgNPs)

The optimized conditions were employed for the biosynthesis of silver nanoparticles.
A burette was filled with 20 mL of PPAE, and 180 mL of AgNO3 (1 mM) solution was
added in a 500 mL conical flask over a magnetic stirrer at room temperature (25 ◦C). All of
the PPAE was carefully dropped into the conical flask, covered with an aluminum foil with
constant stirring [32,59]. The change of the light-yellow color into reddish brown within
an hour was the visual sign of the development of AgNPs in the solution. After 48 h, the
reaction mixture was centrifuged at 8000 rpm for 35 min at 20 ◦C and successively washed
with DI water 3 times. It was collected and centrifuged at 14,000 rpm with double DI water
for 35 min. Finally, the solid mass of AgNPs was collected, dehydrated by using ethanol
and dried into a desiccator, and stored for characterization and biological studies. Many
secondary metabolites such as alkaloids, terpenoids, and steroids with polar groups such as
quercetin containing –OH groups reduce silver nitrate into neutral silver atoms (Figure 7).
This silver atom is adsorbed by many cyclic peptides and heterocyclic compounds. The
capped silver atoms grew into AgNPs of different shapes and sizes depending on various
parameters, such as the pH, temperature, reaction time, and concentration [60].

Inorganics 2023, 11, x FOR PEER REVIEW  13  of  18 
 

 

 

Figure 7. Molecular mechanism of the synthesis and stabilization of AgNPs. 

3.8. Characterization of Silver Nanoparticles   

The reduction of silver nitrate solution was monitored by visual observation of the 

color change and UV-visible spectra taken at various intervals of time. The reaction mix-

ture was diluted with DI water and the spectra were taken using the Bio Tek Synergy LX 

multimode reader at the intervals of 1, 2, 24, 48, and 72 h of the reaction. The functional 

groups that have a potential role in the reduction, capping, and stabilization of silver na-

noparticles were identified by the comparative observation of the FTIR spectra of PPAE 

and  the synthesized AgNPs. The spectra were taken by a Shimadzu IRTracer-100  from 

4000 to 400 cm−1. The crystallinity of the silver nanoparticles was confirmed by taking the 

diffractogram using an X-ray diffractometer (Rigaku Co., Japan). The diffractogram was 

taken through a dried layer of the sample over the sample holder by using a current of 30 

mA, and a voltage of 40 kV with radiation of CuKα (λ = 1.5406 Å), with the scan rate of 

10° per minute across the 2θ angle from 0 to 90°. The FESEM images were taken using the 

Hitachi S-7400 (Japan), equipped with EDX. The TEM images and selected area electron 

diffraction (SAED) pattern were taken by a JEM-2100 plus at 200 kV (JEOL Ltd., Japan). 

The suspension of the sample was layered onto the copper tape coated with carbon and 

mounted in the sample holder of the microscopes. The sizes of the AgNPs were measured 

from the TEM images by using ImageJ software.   

3.9. In Vitro Antioxidant Activity 

The antioxidant capacity of  the biosynthesized AgNPs was assessed by  the DPPH 

free radical scavenging method, using ascorbic acid as a standard [61,62]. The synthesized 

AgNPs were dissolved  in 50% DMSO and diluted  to different concentrations by serial 

dilution. Each of the solutions were mixed with 0.1 mM of DPPH solution (100:100 µL) in 

the bores of a 96-well plate, in triplicates. The mixtures were incubated in the dark for 30 

min at lab temperature. Then, optical density was measured by using a microplate reader 

at 517 nm against the blank. The percentage of scavenging of all the test solutions and the 

standard was calculated by using the formula: 

Percentage scavenging ൌ
Aሺblankሻ െ Aሺsampleሻ

Aሺblankሻ
 ൈ  100  (1)

Figure 7. Molecular mechanism of the synthesis and stabilization of AgNPs.



Inorganics 2023, 11, 263 13 of 17

3.8. Characterization of Silver Nanoparticles

The reduction of silver nitrate solution was monitored by visual observation of the
color change and UV-visible spectra taken at various intervals of time. The reaction mixture
was diluted with DI water and the spectra were taken using the Bio Tek Synergy LX
multimode reader at the intervals of 1, 2, 24, 48, and 72 h of the reaction. The functional
groups that have a potential role in the reduction, capping, and stabilization of silver
nanoparticles were identified by the comparative observation of the FTIR spectra of PPAE
and the synthesized AgNPs. The spectra were taken by a Shimadzu IRTracer-100 from
4000 to 400 cm−1. The crystallinity of the silver nanoparticles was confirmed by taking the
diffractogram using an X-ray diffractometer (Rigaku Co., Japan). The diffractogram was
taken through a dried layer of the sample over the sample holder by using a current of
30 mA, and a voltage of 40 kV with radiation of CuKα (λ = 1.5406 Å), with the scan rate of
10◦ per minute across the 2θ angle from 0 to 90◦. The FESEM images were taken using the
Hitachi S-7400 (Japan), equipped with EDX. The TEM images and selected area electron
diffraction (SAED) pattern were taken by a JEM-2100 plus at 200 kV (JEOL Ltd., Japan).
The suspension of the sample was layered onto the copper tape coated with carbon and
mounted in the sample holder of the microscopes. The sizes of the AgNPs were measured
from the TEM images by using ImageJ software.

3.9. In Vitro Antioxidant Activity

The antioxidant capacity of the biosynthesized AgNPs was assessed by the DPPH
free radical scavenging method, using ascorbic acid as a standard [61,62]. The synthesized
AgNPs were dissolved in 50% DMSO and diluted to different concentrations by serial
dilution. Each of the solutions were mixed with 0.1 mM of DPPH solution (100:100 µL)
in the bores of a 96-well plate, in triplicates. The mixtures were incubated in the dark
for 30 min at lab temperature. Then, optical density was measured by using a microplate
reader at 517 nm against the blank. The percentage of scavenging of all the test solutions
and the standard was calculated by using the formula:

Percentage scavenging =
A(blank)− A(sample)

A(blank)
× 100 (1)

where A (blank) = absorbance of the blank, and A (sample) = absorbance of the test
solutions.

The dose-dependent variation of the DPPH free radical scavenging capacity of the
synthesized AgNPs was compared with ascorbic acid. The concentration of AgNPs that
inhibited 50% of the DPPH radical (IC50) was calculated by using the GraphPad Prism 9
software.

3.10. Antibacterial Activity

The antibacterial susceptibility of the green synthesized silver nanoparticles was
evaluated by the agar well diffusion method [63,64]. The test was performed against both
Gram-negative and Gram-positive bacteria (Table 5). The bacteria were cultured into the
fresh Muller Hinton Broth (MHB) solution overnight at 37 ◦C to equalize the turbidity to
that of 0.5 McFarland’s standard. The suspension was uniformly coated onto the surface
of sterile Muller Hinton Agar (MHA) discs with sterile cotton swabs. Using a sterile cork-
borer, 6 mm-diameter wells were punched on the MHA plates at equal spaces. The wells
were filled with 50 µL of the AgNPs (1 mg/mL) in duplicates, along with a blank and
neomycin as a positive control, and incubated for one day at 37 ◦C. On the next day, the
discs were taken out, and the clear circles around the sample holes corresponding to the
specific inhibition zones were measured and recorded.
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Table 5. List of bacteria used in the study.

S. No. Name of Bacteria ATCC Type

1 Escherichia coli 25922 Gram-negative

2 Staphylococcus aureus 25923 Gram-positive

3 Enterococcus faecalis 29212 Gram-positive

4 Salmonella typhi 14028 Gram-negative

5 Shigella sonnei 25931 Gram-negative

3.11. Statistical Analysis

The experiments for the antibacterial tests were performed in duplicates and the
results were expressed as mean ± SD. The optical density of the DPPH test was processed
by Gen5 Microplate Data Collection and Analysis and Microsoft Excel. The tests were
performed in triplicates, and the half-maximal concentrations (IC50) were calculated by the
GraphPad Prism 9 software.

4. Conclusions

This study successfully developed a rapid and environmentally friendly method to
synthesize silver nanoparticles (AgNPs) using the stem bark extracts of P. pashia. The
AgNPs produced were stable, well-dispersed, and highly pure. This plant extract-mediated
synthesis of AgNPs offers a promising alternative to conventional chemical processes,
which can be harmful to the environment and health due to their toxic nature. By utiliz-
ing plant extracts as reducing agents and stabilizers, this green synthesis technique can
be easily scaled up for large-scale production, making it an eco-friendly approach with
wide applicability. The synthesized AgNPs had a face-centered crystalline nature with an
average size of 23.92 ± 7.04 nm. The green synthesized AgNPs exhibited an enhanced an-
tioxidant activity (IC50 = 10.67 ± 0.05 µg/mL) compared to the crude extract (IC50 = 13.66 ±
0.35 µg/mL). The antibacterial susceptibility of the synthesized silver nanoparticles was
also higher than that of the plant extract. Moreover, the antibacterial test performed by the
agar well diffusion method revealed that the AgNPs had similar activities against both the
Gram-negative and Gram-positive bacteria. The study emphasizes the need for additional
exploration into the potential use of plant extracts in the eco-friendly production of various
metallic nanoparticles. Further studies would involve optimizing the process to enhance
its effectiveness and assess its toxicity for use in different biomedical applications.
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