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ABSTRACT ARTICLE HISTORY

A novel green method was developed to create pure, safe, and stable silver nanoparticles (AgNPs) Received 10 July 2024
using Trema orientalis (L.) leaf extract as a reducing and stabilizing agent and evaluated its Accepted 13 December 2024
antibacterial activity. UV-vis spectroscopy indicated the biogenesis of AgNPs based on the
absorbance in the range of 400-500 nm. The Fourier transform infrared spectroscopy (FTIR)
revealed that flavonoids play a crucial role in the synthesis and stability of green AgNPs, serving
as the primary phytoconstituents involved. AgNPs were spherical, and crystalline in nature. The
size ranged from 14.04-34.38 nm as determined by transmission electron microscopy (TEM). For
phase determination of the crystalline structure, AgNPs were subjected to X-ray diffraction
(XRD). The crystallinity percentage calculated was 79.28%. The investigation using atomic force
microscopy (AFM) measured the average roughness, maximum height, and valley depth of
AgNPs. The mean surface roughness measured was 12.054 nm. The well diffusion method
demonstrated the antibacterial activity of AgNPs against Staphylococcus aureus, resulting in
inhibition zones measuring 9 , 10 , 13 , and 14 mm. These effects were observed at
concentrations of 25 pg/mL, 50 pg/mL, 75 pg/mL, and 100 pg/mL, respectively. The minimum
inhibitory concentration observed against S. aureus was 55.31 pg/ml. This work provides a more
sustainable and efficient method of bacterial treatment.
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1. Introduction

Nanotechnology has developed as a significant field of
study (7-4). Nanotechnology is the technique of fabricat-
ing nanoparticles with sizes on the nanoscale, varying
from 1 to 100 nm (5). When compared to their bulk
form, nanomaterials are more versatile (6, 7). Due to
their high surface area to volume ratio, they possess
optical characteristics. These objects are of such small
size that they can capture electrons and cause
quantum phenomena, which in turn simplifies their
detection (8, 9). Nanoparticles have the ability to be uti-
lized in various fields such as sensors, optics, medicine,
and engineering (10-12). The physiochemical qualities
of metal nanoparticles, like, as high stability, and photo-
thermal and plasmonic capabilities make them effective
therapeutic agents (73). Since transition metals contain
partially filled d-orbitals, they are more redox-active,
which means, they easily get reduced to zerovalent
atoms. Therefore, making transition metals is the best
choice for synthesizing metal-derived nanoparticles
(14, 15).

Silver nanoparticles (AgNPs) are popular among
metal nanoparticles due to their potent antibacterial
and anti-inflammation properties. AgNPs are used in a
variety of biological, physical, and pharmaceutical
domains. For example, AgNPs present in ointments are
used to prevent bacterial infection in burns and
wounds (76). Different techniques, like, laser ablation,
sputtering, mechanical milling, liquid-state synthesis,
solid-state method, and gas phase methods, are
employed for the synthesis of silver nanoparticles (77).
Nevertheless, these approaches proved to be hazardous,
resulting in a desire for biologically derived nanoparti-
cles. Plants, fungi, bacteria, and actinomycetes can be
employed to biosynthesize AgNPs, eliminating the use
of harmful substances and allowing for future appli-
cations in the pharmaceutical and medical fields (78,
19). The use of plants in the fabrication of AgNPs has
received a lot of interest. The use of plant extracts for
AgNP synthesis is based on the presence of high quan-
tities of phytoconstituents, like (20), flavonoids, alkaloids,
terpenes, saponins, and taxanes (27), that act as bio-
capping and reducing agents, therefore, decreasing
the agglomeration and providing better size control of
the nanoparticles (20). The medicinal herbs exhibit anti-
microbial, anti-inflammatory, anti-aging, antiviral, and
anti-cancer properties (22). The leaves, seeds, roots,
and bark of the plants are employed in the bio-synthesis
of AgNPs (5, 23). There are multiple examples of AgNPs
being synthesized from different types of plants, such
as Carica papaya (24), Cinnamon zeylanicum (25),
Datura stramonium (26), Gmelina aroberea (27), Tectona

grandis (5), Carduus crispus (28), and many more. Silver
nanoparticles have been proposed to offer a variety of
antimicrobial actions. Small-sized AgNPs produced by
the plant extract with incredibly large surface area
enable greater contact and interaction with the bacterial
cell than bigger ones, which might explain the good
antibacterial activity of AgNPs (27). It has been studied
that when AgNPs interact with prokaryotic cells, cell div-
ision is inhibited (28). Silver ions produced by AgNPs
may enter into cell membranes, which allows them to
interact with sulfur and phosphorus-containing mol-
ecules such as DNA and proteins, therefore, inhibiting
replication of DNA and eventually causing cell death
(29). It has also been postulated that once within the
bacterial cells, AgNPs can have a persistent release of
silver ions (30), which can interact with thiol groups in
enzymes like NADH dehydrogenases and impair the res-
piratory chain (37). The generation of free radicals by
AgNPs causes oxidative stress, which is likely to be a
second mechanism of cell death (32). Trema orientalis
(L.) is a medicinal plant that belongs to the Ulmaceae
family (33). It is found in Africa and Asia (33). It is often
referred to as a gunpowder tree or a charcoal tree. It
bears the names Gio in Hindi, Chikan or Jibon in
Bengali, and Nalita in English (30). T. orientalis has
pharmacological properties that include, antiplasmodial
(34), antioxidant (35), antimalarial (36), antidiarrheal (36),
and anti-inflammatory and antinociceptive activities
(37).

T. orientalis stem bark extracts have been demon-
strated to have antibacterial action against respiratory
tract bacteria such as Escherichia coli, Klebsiella pneumo-
nia, Pseudomonas fluorescens, Proteus mirabilis, and Sta-
phylococcus  aureus (38). Flavonoids, saponins,
phenolics, tannins, triterpenes, steroids, alkaloids, and
cardiac glycosides are the most abundant phytoconsti-
tuents found in T. orientalis (34). Currently, there is a
lack of research on the production of AgNP using metha-
nolic leaf extract of T. orientalis (MLETO). In this study, we
employed a methanolic leaf extract of T. orientalis
(MLETO) to convert silver nitrate into silver nanoparti-
cles. The nanoparticles were then analyzed using
various techniques including UV-visible spectroscopy,
Fourier transform infrared spectroscopy (FTIR), trans-
mission electron microscope (TEM), X-ray diffraction
(XRD), and atomic force microscopy (AFM). The antibac-
terial efficacy of the synthesized nanoparticles against
both Gram-negative and Gram-positive bacteria, specifi-
cally Escherichia coli and Staphylococcus aureus, was
assessed by the well-diffusion technique. Following the
confirmation of the antibacterial activity of the syn-
thesized AgNPs using the well diffusion method, the
minimum inhibitory concentration (MIC 50) was



obtained. Therefore, the main objective of this work is to
investigate T. orientalis (MLETO) methanolic leaf extract
as a reducing and stabilizing agent for the synthesis of
AgNPs

2, Materials and methods
2.1. Collection of botanical specimens

The fresh leaves of T. orientalis (L.) were collected from
Banaras Hindu University in Varanasi, India. The leaves
were separated from the stem and rinsed extensively
with double-distilled water to eliminate any impurities.
The leaves were subsequently dried in the shade and
then finely cut using a knife. The shredded leaves were
pulverized using mechanical grinders, and the resulting
powder was stored in an airtight bag for future use.

2.2. Preparation of plant extract

The methanolic leaf extract of T. orientalis (MLETO) was
prepared by the previously method described (39, 40).
To determine the existence of several phytochemical
components in MLETO the model Orbitrap Eclipse
Tribrid Mass Spectrometer from Thermo Fischer Scien-
tific was utilized to conduct HRMS. The Dionex Ultimate
3000 RS Series was employed as the UHPLC instrument
for HR-MS analysis. Three different solvent solutions,
namely A, B, and C, were utilized as a mobile phase.
Solvent A is composed of 100% water with 0.1%
formic acid, solvent B is composed of 100% acetonitrile
with 0.1% formic acid, and solvent C is composed of
100% methanol with 0.1% formic acid. The rate of flow
is 0.300 mL per minute. The flow rates of sheath gas,
auxiliary gas, and sweep gas are 50, 10, and 1 arbitrary
unit, respectively. The duration of the run was 12
minutes. The ion source employed was heated electro-
spray ionization (H-ESI).

2.3. Synthesis of AgNPs

The synthesis of AgNPs was achieved through the
photoinduced method. Firstly, we prepared 5 mg/mL
solution by adding 50 mg of methanolic leaf extract in
1 mL of distilled water in Eppendorf tube. Mix it well.
The remaining 9 mL of distilled water was added to
get the desired concentration of 5 mg/mL. In the next
step, 100 mL of 1 mM AgNOs (16.987 mg ~17 mg) was
prepared in distilled water. AQNO3 was obtained from
Qualigens. To this, 5 mL of methanolic leaf extract (5
mg/mL) was added. The solution was exposed to sun-
light for 3 minutes. After being exposed to daylight,
the reaction mixture’s color changed to dark brown
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from pale yellow. Upon reaction completion, centrifu-
gation was performed for 10 minutes at 12,000 rpm.
To eliminate the contaminants associated with AgNPs,
the pellets were rinsed with deionized water about 2-4
times, after which the nanoparticles were vacuum-
dried and preserved for subsequent use.

2.4. Characterizations of synthesized AgNPs

The change in color of the reaction mixture provided pre-
liminary information on AgNPs green synthesis, which
was validated by the absorbance of the mixture recorded
by an Agilent Cary UV-Vis (ultraviolet-visible) spectro-
photometer. FTIR spectroscopy was performed on
powder samples of methanolic leaf extract of
T. orientalis and AgNPs using Nicolet iS5, THERMO Elec-
tron Scientific Instruments LLC, to evaluate the presence
of functional groups that are participating in the
reduction and encapsulation of Ag* ions during the syn-
thesis of AgNPs. An X-ray diffractometer (Rigaku Miniflex
600) coupled with a radiation source called Cu Ka and Ni
filter in the range between 30-90° was used to determine
the XRD pattern at 2° min™' scanning rate. OriginPro 2023
was employed to determine the crystallinity index of the
AgNPs. Transmission electron microscopy (TEM) was con-
ducted through Technai 20G2. For sample preparation, a
drop of synthesized AgNPs was put onto a copper grid
that is coated with carbon and allowed to dry for 120
minutes at room temperature. A specimen holder was
used onto which the sample was mounted. Image J soft-
ware 1.8.0 version was used to obtain the size distribution
histogram that helps us to determine the average size of
AgNPs. Selected area electron diffraction (SAED) was
merged with TEM to analyze the crystallinity of the nano-
particles. The topological properties of AgNPs were inves-
tigated using atomic force microscopy (NT-MDT,
Hillsboro, Russia). Nova software 3.2.5 version was used
to access the images of AFM in order to calculate the
roughness, height, and depth of AgNPs.

2.5. Test organisms

The bacterial pathogens, Gram-positive (Staphylococcus
aureus) and Gram-negative (Escherichia coli) were
acquired from the Centre of Experimental Medicine
and Surgery (CEMS), Institute of Medical Sciences (IMS),
Banaras Hindu University, Varanasi, Uttar Pradesh,
India, and maintained on nutrient agar.

2.6. Antibacterial assay (well diffusion method)

The antibacterial activity of methanolic leaf extracts, bio-
synthesized AgNPs, and commercially available
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streptomycin (positive control) was compared against
Gram-positive (Staphylococcus aureus) and Gram-nega-
tive (Escherichia coli) bacteria using the agar-well
diffusion technique. Streptomycin was used as a positive
control, while distilled water served as a negative
control. The bacteria were dispersed using Mueller-
Hinton agar (MHA) plates. Following the spreading
process, wells were created on each plate using a well
borer with a diameter of 10 mm. Different amounts of
methanolic leaf extract, silver nanoparticles (AgNPs),
and positive control were added to the wells. The exper-
iment utilized positive controls, methanolic leaf extract,
and AgNPs at doses of 25ug/mL, 50ug/mL, 75ug/mL,
and 100ug/mL. The experiment utilized the following
concentrations of Streptomycin: 25ug/mL, 50ug/mL,
75ug/mL, and 100ug/mL, which served as the positive
control. The plates were placed in an incubator and
kept at a temperature of 37°C for 24 hours. After the
incubation period, the zone of inhibition was visualized.

2.7. Minimum inhibitory concentration (MIC50)
determination

The process is based on the growth of microorganisms
in suspension with variable AgNP concentrations, per-
formed by Shanmugam and associates (47). In LB
broth, the bacteria were cultivated for 24 hours under
aerobic conditions at 37 °C. The cell count was achieved
using a hemocytometer, and a standard suspension of
cells (1 x 105 cells/mL) was obtained. The cell suspen-
sion in the concentration of 100 pL, including the
control, was introduced in triplicate in the microtiter
wells. Excluding the control, a 100 pL suspension of
various AgNP concentrations was added to these.
Wells lacking AgNPs were used as control. The inocu-
lation wells and control were incubated for 24 hours at
room temperature. The different concentrations of
AgNPs utilized were as follows, 0.37, 0.78, 1.56, 3.12,
6.24, 12.5, 25, 50, and 100 ug/mL. The following day,
absorbance was measured at 600 nm with a UV-visible
spectrophotometer.

2.8. Statistical analysis

The groups were compared using Tukey’s and Student’s
t-tests, and the differences between the groups were
assessed using a one-way ANOVA. Test results were rep-
resented by the mean standard error of the three repli-
cated assay-specific mean values. For each result that
was achieved, the means of three replications were cal-
culated along with the standard deviation (mean + SD).
Microsoft Excel 2016 program was used to perform stat-
istical analysis on the data obtained. Analysis of variance

(ANOVA) was used to compare the mean differences
between the treatments at p < 0.05.

3. Results and discussion

3.1. Phytochemical analysis of methanolic leaf
extract using HR-MS

The phytoconstituents were identified based on reten-
tion time, M/Z ratio, and negative and positive ion
modes. HR-MS study of the MLETO identified the pres-
ence of a total of 954 compounds. The HR-MS analysis
indicated the presence of the following classes of phyto-
constituents in the methanolic leaf extract, flavonoids,
phenolics, terpenoids, and alkaloids.

3.2. Green synthesis and UV-Vis spectroscopy
analysis of AgNPs

The reducing feature of the T. orientalis extract was
exploited and used for synthesizing AgNPs using silver
nitrate as a precursor. It has been observed that
T. orientalis possesses phytochemicals such as tremetol,
quercetin, myricetin, and amentoflavone that can act
as reducing agents due to its potential to donate elec-
trons, the phenolic group improves the transformation
of silver nitrate into AgNps. Several published reports
have been confirmed this hypothesis on reducing
different metal ions, including Zn**, Cu®*, Fe**, Ti**,
and Se?", using plant extracts (42). The shift in color to
dark brown from pale yellow shows the involvement
of a redox event in which the phytoconstituents of the
plant reduced silver ions to silver nanoparticles. The
color shift caused by sunlight is mediated by the oscil-
lation of all free electrons in nanoparticles, a process
known as surface plasmon resonance (SPR) with AgNPs
(43). UV - Vis spectrophotometer was employed to
study the reduction of Ag™ ions to Ag by MLETO. A nano-
particle’s electron cloud can oscillate on its surface,
absorbing electromagnetic waves at a specific frequency
as a result of the SPR phenomenon and being detected
as electromagnetic wavelengths by a UV-Vis spectropho-
tometer (44). The absorbance was recorded in the range
of 200-800 nm. Because of the presence of polyphenols,
the UV-Vis spectra of the methanolic leaf extract
revealed a strong absorption peak at 270 nm and 330
nm. Green synthesis relies on them to play a crucial
part in the generation of AgNPs (45). The absorbance
within the wavelength range of 400-500 nm is indicative
of the green synthesis of AgNP, as shown in Figure 1A.
The band gap energy is 2.253 eV which indicates that
green synthesized nanoparticles can be used for optoe-
lectronic and sensor development (Figure 1B).
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Figure 1. A) The absorbance between 400-500 nm suggests the green synthesis of silver nanoparticles (AgNPs) and B) band gap

energy green synthesis of silver nanoparticles.

In comparison to other studies, where AgNPs were
synthesized using Aloe barbadensis extract, an absorp-
tion maximum was observed at 439 nm (46), Similarly,
AgNPs synthesized with Thymus vulgaris extract dis-
played optical properties characteristic of silver nanopar-
ticles, with an absorption maximum within 450 nm
range (47).

3.3. FTIR spectra analysis

The FT-IR spectroscopy is conducted to identify the likely
functional groups in the plant extract responsible for
capping, which leads to the enhanced stability of
AgNPs (48). The FTIR spectra of both MLETO and
AgNPs were collected in the 4000-400 cm™' area,
which corresponds to the stretching vibration of
various functional groups. The FTIR spectra of MLETO
exhibit peaks at specific wavenumbers, namely 668.2,
781, 1074, 1383, 1620, 2850, 2928, 2952, and

\
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3428 cm™'. The peaks in the FTIR spectra of AgNPs
were seen at the following wavenumbers: 719.3, 833.6,
1052, 1382, 1649, 2850, 2921, 2959, and 3397 cm™'
(Figure 2). The peaks correspond to distinct functional
groupings, as illustrated in Table 1. The signal observed
at 1052 cm™' corresponds to C-O stretching, which
specifically indicates the presence of aliphatic alcohols.
The signal observed at 1382 cm™' corresponds to the
C-H bending group, which is indicative of aliphatic
and aromatic compounds. The peak observed at
1649 cm™" corresponds to C=C bond, which is charac-
teristic of alkenes. In addition, a clear and sharp peak
observed at 1670 cm™', clearly corresponds to the pres-
ence of aldehydes or ketones compounds. The peaks at
2850, 2921, and 2959 correspond to C-H stretching
group, which is indicative of aliphatic compounds. The
peak observed at 3397 cm™' corresponds to O-H bond,
which is characteristic of phenol, hydroxy, and carboxylic
acids compounds. AgNPs mediated by Cestrum
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Figure 2. FTIR spectra of methanolic leaf extract of Trema orientalis and AgNPs.



6 R.DAS ET AL.

Table 1. FTIR profiling of MLETO and AgNPs.

Frequency (cm- Peak wavenumber of Peak wavenumber of

Functional group/Type of

1) MLETO AgNPs bond Compounds
3550-3200 3428 3397 O-H stretching (Broad Peak) Phenol, hydroxy, and carboxylic acid
compound

3000-2800 2952 2959 C-H stretching Aliphatic and aromatic compounds
2928 2921
2850 2850

1680-1600 1620 1649 C=C stretching Aliphatic Alkenes

1700-1550 1670 1580 C =0 stretching (sharp peak) Carbonyl compounds

1450-1300 1320 1430 C-H bending Aliphatic and aromatic compounds

nocturnum L. showed comparable outcomes, as stated
in a previous study (49). Based on the aforementioned
findings, it can be inferred that the peaks at 719.3,
833.6, 1070, 1649, and 3397 correspond to the
flavonoid group (50, 57). This suggests that the primary
plant compound, flavonoid, found in MLETO, has a role
in the creation and durability of green AgNPs.

3.4. XRD analysis

XRD was performed to determine the crystallinity of
AgNPs. AgNPs are mostly employed in powdered form
for crystallinity analysis of biogenic AgNPs (52). The XRD
pattern of AgNPs showed distinct peaks at 38.23°
44.54°, 64.48°, 77.41°, and 81.61°, corresponding to the
(111), (200), (220), (311), and (222) Bragg reflections,
respectively. These results are consistent with the data
provided in the JCPDS file no. 00-004-0783 (Figure 3).
These reflections align with the crystallographic planes
of metallic silver's face-centered cubic (fcc) crystal struc-
ture. The presence of these peaks suggests that silver
plays a substantial role in the green synthesis of AgNPs.
The XRD data of AgNPs synthesized from Cestrum noctur-
num plant leaf extract showed similar results (48). The
crystallinity index of the AgNPs is 79.28%.

3.5. TEM analysis

The shape, size, and morphology of green AgNPs are
commonly studied using transmission electron
microscopy (TEM) (53). It is observed that AgNPs are
mostly in spherical shape. The size of the AgNPs
ranges from 14.04-34.38 nm (Figure 4). With a decrease
in the particle size of AgNPs, the surface area-to-volume
ratio increases. AgNPs with sizes ranging from 10 to 100
nm display good antibacterial activity (54). The crystalli-
nity of the AgNPs is confirmed by selected area electron
diffraction analysis (SAED) (55). SAED technique is used
in TEM to determine the lattice parameters, crystal struc-
ture, and degree of crystallinity of nanoparticles, using a
parallel beam of electrons having high energy to target
the sample (56). The SAED pattern and results from the
XRD are in strong agreement, suggesting that AgNPs

are polycrystalline as evidenced by the numerous
bright concentric rings (Figure 5A). The average size of
AgNPs recorded was 26.81 nm, confirmed by the size
distribution histogram (Figure 5B). Energy dispersive X-
ray (EDX) analysis showed the percentage relative com-
position of elements. The composition of elements and
chemistry of the substance can be characterized using
the analytical technique known as EDX. It frequently
works in tandem with a TEM and a SEM. By irradiating
the sample with an electron beam of high energy, the
substance is subjected to the analytical process. X-rays
are ejected from the atoms on the substance’s surface
as a result of electron bombardment (57). In our study,
the composition of the following elements was
recorded: carbon (C) 84.10%, oxygen (O) 06.20%, and
silver (Ag) 11.70% (Figure 5CQ).

3.6. AFM analysis

Atomic force microscopy was used to analyze the topo-
graphical properties of AgNPs. The 2D photos (Figure 6A
and B) and 3D images (Figure 6C and D) clearly demon-
strated the spherical shape of the AgNPs, which is con-
sistent with the results obtained from TEM analysis.
The surface texture of AgNPs was highly evident. The
Nova software was utilized to do image analysis on
AgNPs, which involved calculating the average rough-
ness, maximum profile peak height, and valley depth.
The mean surface roughness of AgNPs was measured
to be 12.054 nm. In the 2D image (Figure 6A and B),
the highest height of the profile peak was 61.192 nm
and the depth of the valleys was 42.719 nm. In the 3D
image (Figure 6C and D), the average roughness of
AgNPs was measured to be 19.489 nm. Additionally,
the maximum profile peak height was found to be
189.260 nm, while the valley depth was reported as
109.856 nm.

3.7. Antibacterial assay (well diffusion method)

The agar-well diffusion technique was employed to
assess the antibacterial activity of the biosynthesized
AgNPs, against Gram-positive (Staphylococcus aureus)
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Figure 3. The XRD pattern of green synthesized AgNPs showed the diffraction peaks at 2© angles of 38.23°, 44.54°, 64.48°, 77.41°, and
81.61°, which are attributed to (111), (200), (220), (311), and (222) Bragg reflections, respectively.

Figure 4. TEM images of green AgNPs. (A) TEM images of green AgNPs at 100 nm. (B) TEM image at 20 nm (C) and (D) TEM images at
10 nm.
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Figure 5. (A) SAED patterns of green AgNPs. (B) Size distribution histogram of green AgNPs. (C) EDX spectrum of green synthesized

AgNP.

and Gram-negative (Escherichia coli). No inhibitory
activity was recorded for E. coli (Figure 7A and Table 2)
at 25 pg/mL, 50 pg/mL, 75 pg/mL, and 100 pg/mL of
AgNPs. However, for S. aureus inhibitory activity was
recorded at different concentrations of AgNPs used. At
a concentration of 25 pg/mL, the zone of inhibition
recorded was 9 mm. Likewise, for concentrations at 50
pg/mL, 75 pg/mL, and 100 pg/mL of AgNPs, the zone
of inhibitions recorded were 10 mm, 13 mm, and 14
mm respectively (Figure 7B and Table 2). It means that
zone of inhibition increases with increasing concen-
tration AgNPs. The action mechanism of AgNPs is a
result of numerous effects. It is widely acknowledged
that nanoparticles have a large surface area that either
permeates through the cell or adheres to the cell wall
(58), disrupting the permeability of the membrane and
making it leaky (59), which causes the further release
of cell content. Additionally, the development of mem-
brane pores causes nanoparticles to diffuse into the
cell where they bond with proteins that contain phos-
phorus and sulfur, therefore, inactivating DNA and

proteins (60, 61). The oxidation dissolution process,
which releases Ag + ions, also contributes to the antibac-
terial action. The main interaction between the oxidized
silver ions from AgNPs and the thiol groups of different
enzymes and proteins is what interferes with the respir-
atory chain and damages the cell wall. Additionally,
silver ions promote the formation of reactive oxygen
species (ROS), which is thought to be the primary
factor in the majority of cell deaths by inhibiting replica-
tion and ATP synthesis (62). The bacteria were not inhib-
ited by the crude methanolic leaf extract in our
investigation. A summary of antibacterial activity is
depicted in Table 2.

3.8. Minimum inhibitory concentration (MIC50)
determination

Following the confirmation of the antibacterial activity
of the synthesized AgNPs using the well diffusion
method in S. aureus, the minimum inhibitory concen-
tration (MIC) of the AgNPs was measured. MIC is the
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lowest concentration of an antimicrobial drug that pre-
vents the growth of bacteria (63, 64). The MIC measured
in S. aureus is 55.318 pg/mL.

For MIC, serial dilutions of a solution are used to find
the lowest concentration of material that would still
exhibit antibacterial qualities. A valid MIC assessment
significantly impacts the choice of therapeutic approach,
which influences the effectiveness of an infection
therapy. Recent studies have focused on MIC assessment
of Ag NPs against pathogenic bacteria. Recent work con-
ducted by Ba Long Do et al, (65) demonstrated that MIC
for silver nanoparticles is in concentrations of 8.27 pg/
mL, against S. aureus. Another recent study by Imath
et al. (66) showed that Ag-NPs efficiently inhibited Sta-
phylococcus aureus and Escherichia coli at 100 ug/mL,
with maximum inhibition zones of 15 mm and 17 mm,
respectively.

4. Conclusions

The synthesis of AgNPs was achieved through the
photoinduced method. UV-vis spectroscopy confirmed
the green synthesis of AgNPs with the help of an absor-
bance peak recorded at 400 and 500 nm. Possible phyto-
constituents in the leaf extract to reduce Ag+ions to
Ag° are identified from the FTIR spectrum. Flavonoids

are the key phytoconstituents that are involved in the
synthesis and stability of green AgNPs. XRD determined
the crystallinity of the AgNPs, which is, 79.28%. TEM indi-
cated that the nanoparticles had a size ranging from
14.04-34.38 nm and exhibited a spherical morphology.
The majority of the AgNPs seen had an average size of
26.81 nm. The AFM was used to analyze the topographi-
cal characteristics of AgNPs that were synthesized using
a green method. The Nova software was utilized to do
image analysis on AgNPs, which involved calculating
the average roughness, maximum profile peak height,
and valley depth. The mean surface roughness of
AgNPs was measured to be 12.054 nm. In the 2D
image, the highest point of the profile reached a
height of 61.192 nm, while the valleys had a depth of
42.719 nm. The 3D image revealed that the average
roughness of AgNPs was 19.489 nm. Additionally, the
maximum height of the profile peak was recorded as
189.260 nm, while the depth of the valley was measured
at 109.856 nm. The synthesized nanoparticles exhibited
antibacterial activity against S. aureus, as determined by
the agar well diffusion method. The zone of inhibition
measured 9, 10, 13, and 14 mm at concentrations of
25, 50, 75, and 100 pg/mL, respectively. The minimum
inhibitory concentration (MIC50) recorded against
S. aureus is 55.31 ug/ml. Our research is significant as a
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Figure 7. Antibacterial activity against (A) E. coli and (B) S. Aureus.

Table 2. Antimicrobial activity of Trema orientalis against

S. aureus.
Concentration of AgNPs Diameter of zone of

Bacteria (png/mL) inhibition (mm)
Escherichia coli 25 0
50 0
75 0
100 0
Staphylococcus 25 9
aureus 50 10
75 13
100 14

'UI'I"
PG

~v“

9

7

first finding that suggests that silver nanoparticles made
from Trema orientalis leaf extract have the potential to
be used as an antimicrobial agent. Further testing of
the antimicrobial activity of AgNPs in different microor-
ganisms can yield more useful results.
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