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ABSTRACT: Cotton tree (Bombax ceiba L.) flower stamen has been used widely as a northern Thai food ingredient.
In this work, microwave extraction was applied to obtain the Bombax ceiba L. (BOMBAX) flower stamen extract for
use as a reducing agent in the green synthesis of silver nanoparticles (AgNPs). The concentration of BOMBAX used
was in the range of 0.05 to 0.25 wt%. Quasi-spherical and semi-rectangular shapes of AgNPs were obtained. The
synthesized AgNPs showed a high mean zeta potential value of more than —30 mV, indicating the long-term stability
and superior dispersity of AgNPs due to the repulsion of negative charges. Furthermore, the antibacterial potency of
the synthesized AgNPs affords a good inhibition zone for both gram-negative and gram-positive bacteria, especially
the gram-negative and antibiotic-resistant bacteria Pseudomonas aeruginosa, showing an inhibition zone diameter of
19.44 0.4 mm compared with that of chlophenicol (13.0+0.0 mm). This result suggests that the synthesized AgNPs
present good colloidal stability and show good potential as an antibacterial agent for antibiotic-resistant bacteria,

especially P. aeruginosa.
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INTRODUCTION

Bombax ceiba L. (BOMBAX) recognized as the “sumbal
tree” or “silk cotton tree” is an Asian tropical plant, also
known as the cotton tree or red cotton tree, due to
the physical characteristics of red flowers and white,
cotton like fibers. This plant has been used in the
wooden furniture manufacturing industry and as a
spice ingredient in cooking such as the main ingredient
in “nam ngiao” spicy noodle soup in the northern part
of Thailand. In ancient times, B. ceiba L. was called
the “silent doctor” because every part of it, including
the flowers, stem, bark, and leaves, exhibits numerous
pharmacological properties that can be used in many
medicinal applications [1]. Phytochemical screening
has indicated that there are a variety of useful phyto-
chemicals present in the flowers such as polyphenols,
alkaloids, flavonoids, coumarins, glycosaponins, tan-
nins, terpenoids, and cardiac glycosides [2].

Green synthesis of metal nanoparticles is popu-
larly used in many scientific fields, including pure
sciences and applied sciences involving nanoscale syn-
thesis of metals. Green synthesis is a process that
involves the reduction of metal nanoparticles using
plant extracts instead of chemical-reducing agents.
Nowadays, green synthesis has become more popu-
lar in an increasing number of research areas [3].
The replacement of physical and chemical synthesis

by green synthesis has become more attractive due
to environmental concerns such as the use of toxic
and harmful chemicals, high energy consumption, and
sustainability. Most of the metal nanoparticles de-
veloped through green synthesis are silver (AgNPs)
[4, 5], gold (AuNPs) [6, 7], copper (CuNPs) [8, 9], cop-
per oxide (CuONPs) [10,11], iron (FeNPs) [12,13],
iron oxide (IONPs) [14,15], and palladium (PdNPs)
[16,17]. There have been several studies on the use
of green synthesis of AgNPs employing many kinds of
plant extracts as reducing and stabilizing agents; these
studies have shown antibacterial activity effecting both
gram-positive and gram-negative bacteria [18, 19]. For
example, Ajitha et al [18] used the Tephrosia purpurea
leaf extract to synthesize nano-scale AgNPs for antimi-
crobial activity. The Hagenia abyssinica (Bruce) J.E
Gmel plant leaf extract has been utilized for green syn-
thesis of AgNPs; antibacterial and antioxidant activities
were investigated [20]. Extract of Eugenia roxburghii
DC. was used for the synthesis and characterization
of AgNPs, and the activity against biofilm-producing
bacteria was also studied [21]. In another study,
Taghavizadeh et al [22] utilized Helichrysum graveolens
extract for green synthesis of AgNPs, which showed an-
ticancer activity against the colon cancer cell line (C26)
and also acted as a green catalyst for the acceleration
of methylene orange degradation. Ranjan et al [23]
reported synthesis of AgNPs using the extract of Nigella
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sativa. The results showed an antibacterial reaction of
AgNPs against urinary tract infection causing bacteria.
The synthesized AgNPs using neem leaf extract demon-
strated an optimum surface plasmon resonance (SPR)
behavior due to the presence of a high concentration
of diterpenoids in the extract. Potential biosensing and
photocatalytic applications were also reported in this
work [24]. Microwave synthesis has been employed in
the formation of spherical-like AgNPs using curcumin
biomaterial as a reductant and stabilizer for improving
antibacterial properties against Staphylococcus aureus
and Escherichia coli natural rubber/Ag composite ma-
terials [25].

The aim of the current work was to perform
the green synthesis of AgNPs by using B. ceiba L.
flower stamen extract (BOMBAX) as a reducing and
stabilizing agent for the first time. The resultant AgNPs
were characterized, and their formation, stability, size,
shape, and antibacterial activity were observed.

MATERIALS AND METHODS

Chemicals and materials

AR-grade silver nitrate (AgNO,) was purchased from
Labscan (RCL Labscan Limited, Bangkok, Thailand).
The dried flower stamen of the cotton tree (B. ceiba
L.) was purchased from a local market in Phayao
province, Thailand. The nutrient agar (Muller Hinton
agar (MHA) and Muller Hinton broth (MHB) were
purchased from HiMedia Laboratories (HiMedia Lab-
oratories Pvt. Ltd., Mumbai, India). Deionized water
(RCL Labscan Limited, Bangkok, Thailand) was used
in all the experiments.

Preparation of flower stamen extract of B. ceiba L.

The 100 g of dried flower stamen of B. ceiba L. were
cut into small pieces in a Moulinex blender and were
heated in the microwave for 15 min at 130 W with
deionized water. The ratio of dried flower stamen
to deionized water was 1 g:10 ml. The obtained
solution was filtered until it became clear and then
lyophilized to obtain the extracted powder of B. ceiba
L. (BOMBAX) that was brown in color.

Synthesis of silver nanoparticles

The green synthesis of AgNPs using BOMBAX as a re-
ducing and stabilizing agent was performed as follows:
Solution of silver nitrate 10 ml, 0.025 wt% of AgNO,
was added to 10 ml of BOMBAX solution. The con-
centration of BOMBAX in the mixture was prepared as
follows: 0.05, 0.10, 0.15, and 0.25 wt%. The solution
mixture was then stirred until it became homogeneous.
The reaction mixture was stirred overnight for 12 h
at an ambient temperature, and then the temperature
was increased to 80°C for 1 h in the final step. The
AgNP formation was observed by the appropriate color
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change from light brown to dark brown depending on
the BOMBAX concentration used as a reducing agent.
AgNP colloidal solution was kept away from light at
ambient temperature prior to use.

Antimicrobial activity

The antibacterial activity of the obtained AgNPs was
assessed using the disc diffusion method following
standards and guidelines from the Clinical Laboratory
Standards Institute (CLSI). The overnight-grown bac-
teria used in this study were gram-negative bacteria
(P aeruginosa, Shigella sp., S. enteritidis, E. coli, and
K. pneumoniae) and gram-positive bacteria (S. aureus
and E. faecalis), which were standardized using the Mc-
Farland standard (McFarland standard No. 0.5). These
microorganisms were collected, cultured, and main-
tained at the Department of medical microbiology and
parasitology, School of Science, University of Phayao,
Phayao, Thailand. The bacteria suspensions were
diluted 1:10 to obtain 1.5 x 107 colony forming units
per milliliter (CFU/ml) and plated on the nutrient agar
using sterile cotton buds. Antibacterial testing samples
were prepared by adding a small volume (50 nl) of
chloramphenicol, NaCl, AgNO, (0.025 wt%), BOM-
BAX solution (0.25 wt%), and the different dilutions
of obtained biosynthesized AgNPs varied from 0.05,
0.10, 0.15 and 0.25 wt%; these were then dropped
onto the antibiotic test plate, sheet, grade MN 827
ATD, 6 mm. Each Petri plate containing nutrient agar
was loaded with 4 antibacterial testing samples. The
Petri plates were incubated at 37°C for 18 h and then
examined for the appearance of a clear area around
the disc by measuring the diameter of inhibition zones
using a ruler, which was recorded and expressed in
millimeters. The antibacterial activity of AgNPs was
compared to the size and diameter of inhibition zones.

Sample characterization

The formation of Ag nanoparticles was observed using
a UV-Vis spectrometer (Jusco, V530, Jasco Interna-
tional Co., Ltd., Tokyo, Japan) in dual beam mode.
The functional groups on AgNPs were validated using a
Fourier-transform infrared (FTIR) spectrometer (Nico-
let 6700, Thermo Fisher Scientific, Massachusetts,
US). A laser particle sizer (Malvern Zetasizer Nano
7S, Malvern Instruments Limited, Worcestershire, UK)
equipped with a He-Ne laser at 633 nm, 4 mW was
used to determine particle size and zeta potential
at 25°C through dynamic light scattering (DLS) in
backscattering mode. An X-ray diffractometer (Rigaku
Miniflex 600 X-ray diffractometer using Cu Ka x-ray
radiation, Rigaku Corporation, Tokyo, Japan) was used
to obtain the diffraction patterns of the AgNPs on a
glass slide. The surface morphology, size, and struc-
tural properties of AgNPs were characterized by SEM
(SEM, Philips Tecnai 12, FEI Company, Oregon, US).
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Fig. 1 UV-Vis spectra of AgNPs reduced by BOMBAX with
concentration range from 0.05 wt% to 0.25 wt%.

RESULTS AND DISCUSSION
Spectroscopic measurements

The formation of green synthesized AgNPs using
B. ceiba L. (BOMBAX) extract was investigated using
UV-Vis spectroscopy. The synthesis of AgNPs was
carried out in a dark room, and the obtained AgNP
colloidal solution was kept under dark conditions at
ambient temperature to protect the photosensitive na-
ture of the silver until use. AgNP colloidal solutions
with different BOMBAX concentrations were charac-
terized with UV-Vis spectroscopy on the first day after
heat treatment. The effect of BOMBAX concentration
on the formation of AgNPs is shown in the UV-Vis
spectra (Fig. 1). The absorbance intensity of the AgNP
colloidal solution increases with respect to BOMBAX
concentration, which can be interpreted that the for-
mation rate of AgNPs is slower at the lowest con-
centration of BOMBAX and gradually increases when
BOMBAX concentrations are increased. The SPR peaks
at a wavelength of around 450 nm for the whole con-
centration range of BOMBAX indicated the maximum
formation of AgNPs and the color became brown. In
terms of AgNP shape and the number of SPR bands,
the more dimensions that exist for the AgNP shape,
the more SPR bands appear [26]. Spherical, rod, and
triangular shapes can produce one, two and three SPR
bands, respectively. A single SPR band was observed in
each concentration of BOMBAX, indicating the spher-
ical shape or quasi-spherical shape of AgNPs [27,28].
Furthermore, red shifting in the SPR band indicated
that a larger particle size was observed with respect
to the concentrations of BOMBAX. The peak position
between 450-460 nm can also be used to predict AgNP
size, which should be approximately 70 nm [29]. The
UV-Vis spectroscopy result can be used as evidence of
the reduction of silver ions (Ag*) to AgNPs, which is
promoted by the functional groups of phytonutrients
in BOMBAX. The phytochemical compounds found in
BOMBAX such as flavonoids and phenolic acids are rich
in hydroxyl groups (—OH group), which can be associ-

Fig. 2 Changes in color intensity of AgNP aqueous colloidal
solution reduced by BOMBAX before reduction (A), after
overnight reduction (B), and after overnight reduction fol-
lowed by heating at 80 °C for 1 h, then left aside for 24 h (C).
From left to right, BOMBAX concentration starts from 0.05 to
0.25 wt%.

ated with electron transfer in the reduction of Ag* to
silver (Ago), leading to the formation of silver nuclei
and production of silver nanoparticles (AgNPs) [30].
Fig. 2 shows the series of color intensity increases
in the AgNO, aqueous solutions reduced by BOMBAX
extract: before reduction, after overnight reduction,
and after overnight reduction followed by heating at
80°C for 1 h. The samples that were left for over
24 h show more intense changes in colors in all the
series from the beginning (left) to the end (right) of
the synthesis steps as shown in Fig. 2(A-C). Further-
more, the color intensity of the final products after
the reduction shows the most intense color changes
from yellow to dark brown (Fig. 2C) when compared
with AgNO, aqueous solution reduced by BOMBAX
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Fig. 3 Changes in color intensity of AgNP aqueous colloidal
solution reduced by BOMBAX before reduction (A), after
overnight reduction (B), and after overnight reduction fol-
lowed by heating at 80 °C for 1 h, then left aside for 24 h (C).
From left to right, BOMBAX concentration starts from 0.05 to
0.25 wt%.

before reduction (Fig. 2A) and after overnight reduc-
tion (Fig. 2B). This result suggests that AgNPs can be
successfully synthesized using BOMBAX extract and
this can be confirmed based on the surface plasmon
resonance absorption.

Fig. 3 shows FTIR spectra of pure BOMBAX and
dried powder obtained from AgNP colloidal solu-
tions reduced using BOMBAX at different concentra-
tions. A broad absorption peak is observed at around
3450 cm™!, which is attributed to the OH functional
group of alcoholic and phenolic compounds. Fre-
quency of the amide I band is found in the range
between 1600 and 1700 cm™!, which is mainly asso-
ciated with the stretching vibrations of C=0. Peaks at
1639 cm™* represent a C=0 stretch of the carboxylic/
carbonyl group. Peaks at 1384 cm™! indicate the
bending of C—H asymmetric in CH, and CH, groups.
Moreover, the peak at 1070 cm™' represents C—O
stretching. FTIR spectra revealed the different types
of functional groups (—OH, C—H, C=0, and C—O)
on AgNPs that are involved with bio-reduction and
stabilization of AgNPs. The similarity of the IR spectra
between BOMBAX and AgNPs indicates that the com-
pounds found in BOMBAX existed in all samples. The
marked shifts observed from the FTIR results confirm
that the AgNPs were biosynthesized and coated with
different functional groups of phytochemicals found in
Bombax.

X-ray diffraction

X-ray diffraction (XRD) is a characterization technique
used in materials science to investigate the primary
crystallographic structure of a material. AgNP pow-
der (after heat treatment) reduced by BOMBAX at
the different concentrations was subjected to analy-
sis of their crystalline structure; the result in Fig. 4
confirms that all AgNP samples reduced by BOMBAX
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Table 1 Mean zeta potential values and mean particle sizes
(1st peak and 2nd peak in nm) of AgNP colloidal solutions
obtained from BOMBAX bio-reduction (after heat treatment)
at different concentrations ranging from 0.05 to 0.25 wt%.

Concentration Mean zeta Mean particle Mean particle
of BOMBAX potential size (1st size (2nd
(Wt%) (mV) peak-nm) peak-nm)
0.05 wt% BOMBAX -34.2+0.4 4.3+£0.0 73.2+36.4
0.10 wt% BOMBAX -30.9+1.6 5.3+0.4 80.6+41.5
0.15 wt% BOMBAX -32.9+1.8 7.7+1.4 78.7+35.8
0.25 wt% BOMBAX -30.4+1.6 10.0%+1.8 88.3+45.2

extract are crystalline in nature. The XRD patterns
showed peaks at (20) around 38°, 44°, 64°, and
78°, which could be indexed as (111), (200), (220),
and (311) Bragg reflections, respectively. The sets
of these diffraction peaks agreed with the standard
data file (JCPDS No. 04-0783, International Centre for
Diffraction Data (ICDD), Newton Square Pennsylvania,
USA) of the Joint Committee on Powder Diffraction
Standards and were consistent with other literature
reports [31]. However, other additional unassigned
peaks, especially found in the XRD patterns of AgNPs
reduced by BOMBAX at the concentration of 0.25 wt%,
are also observed; this may be due to the formation of
the crystalline metallo-protein in BOMBAX extract [32]
or AgNO,, which had not been reduced and remained
in the sample [33].

Zeta potential and size distribution

Dynamic Light Scattering (DLS) technique was used
to determine the zeta potential and size of AgNPs.
Particles in a colloidal solution containing a large neg-
ative or positive zeta potential value can lead to high
stability of the colloidal particles due to their repulsion
of each other, resulting in the prevention of coalescence
of the colloidal particles. However, at small negative or
positive zeta potential values, agglomeration and floc-
culation can occur due to charge and force minimiza-
tion allowing particles to come close together [34, 35].
Surprisingly, all synthesized AgNP colloidal solutions
show high negative zeta potential values (Table 1),
supporting high stability, good colloidal solution, and
superior dispersity of AgNPs due to the repulsion of
negative charges.

The mean particle sizes of AgNP colloidal solution
show polydispersity in nature as shown in Table 1. The
mean particle sizes of the 1st and 2nd peaks of AgNPs
reduced by BOMBAX at different concentrations are
also shown in Table 1. When the concentration of
BOMBAX increases, AgNP size also increases. This can
be explained by the influence of phytochemicals (triter-
penoid saponins, flavonoids, and glycosides) found in
BOMBAX in the bio-reduction of AgNPs.

SEM Morphology

An SEM was used to determine the size and morphol-
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Fig. 4 Powder XRD pattern of AgNPs obtained from AgNP colloidal solution reduced and stabilized by BOMBAX of different
concentrations: (A) 0.05 wt%, (B) 0.10 wt%, (C) 0.15 wt%, and (D) 0.25 wt%.

Table 2 Inhibition zone diameters (mm, average value & standard deviation) of all samples.

Sample Gram-negative bacteria Gram-positive bacteria
P aeruginosa Shigella sp. S. enteritidis  E.coli K. pneumoniae S. aureus E. faecalis
Chloramphenicol (positive control)  13.0£0.0 30.0+£0.0 29.8+0.0 30.0+0.0 25.9+0.0 25.0+0.0 26.5+0.0
NacCl (negative control) 0 0 0 0 0 0 0
BOMBAX extract (0.25 wt%) 0 0 0 0 0 0 0
AgNO, (0.025 wt%) 18.0£0.0 11.3£0.0 8.3+£0.0 9.9£0.0 9.6+0.0 10.4+0.0 9.8+0.0
AgNP 0.05 wt% BOMBAX extract 18.6+0.8 13.5£0.4 9.3+£0.7 12.3+£0.6 9.0+0.7 11.7£0.5 10.0£0.3
AgNP 0.10 wt% BOMBAX extract 19.3+0.6 13.6+£0.6 10.3+£0.4 12.5+0.6 10.0+0.7 11.4+0.4 9.9+1.0
AgNP 0.15 wt% BOMBAX extract 19.4£0.4 14.0+2.6 9.7+0.8 11.8+£0.5 10.2+0.1 11.4+0.4 10.6+0.8
AgNP 0.25 wt% BOMBAX extract 19.0£0.0 13.9+1.9 8.9+1.0 11.8+0.2 10.5+0.0 11.3+£0.4 10.0+1.4

ogy of the obtained AgNPs. Fig. 5 shows SEM images
of the synthesized AgNPs. Structural studies observed
by the SEM showed an agglomeration of AgNPs and
many lumps or clusters that are characteristic of phy-
tonutrients such as phenolic compounds, flavonoids,
waxes, and amino acids. At the lowest BOMBAX
concentration of 0.05 wt%, most of the AgNPs were
spherical shaped and some flat needles with average
sizes of 70 to 80 nm and 300 to 500 nm, respectively,
as shown in Fig. 5(AB). Noticeably, SEM images and
their magnified images for sizes observed in spherical
and quasi-spherical shapes of AgNPs over the whole
concentration range of BOMBAX correspond to sizes
observed in the size distribution in Table 1. When the

concentration of BOMBAX increases to 0.10 wt%, the
size and shape of AgNPs are similar to those of the Ag-
NPs synthesized using the previous concentration, ex-
cept for the additional growth of the needle structured
AgNPs, as shown in Fig. 5(CD). The size of the needle
structure shown by SEM imaging in Fig. 5(D) was
2 pm. When the concentration of BOMBAX reaches
0.15 wt%, the spherical shape of AgNPs becomes more
quasi-spherical with enlarged sizes ranging from 80 to
100 nm (Fig. 5E). Surprisingly, quasi-rectangular and
cubic structures of AgNPs on a micrometer scale are
observed at this concentration (Fig. 5F). As mentioned
earlier, B. ceiba L. contains a variety of useful phyto-
chemical compounds that can act as reducing agents
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Fig. 5 SEM images of AgNPs (different magnifications of: (A) to (C) 150k X, (D) 60k X, (E) 100k X, (F) and (G) 25k X, and
(H) 100k X) prepared using different BOMBAX concentrations of:d (A) and (B) 0.05 wt%, (C) and (D) 0.10 wt%, (E) and

(F) 0.15 wt%, and (G) and (H) 0.25 wt%.
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and surfactants to control the growth of nanoparticles
by behaving as capping agents [36]. The phyto-
chemical compounds of flavonoids and phenolic acids
are involved in the reduction process of Ag*, while
xanthones and some carbohydrates can act as capping
and stabilizing agents [37,38]. It has been reported
that capping agents act as binding molecules that
mainly modulate the surface chemistry, morphology,
and size distribution of nanoparticles and maintain
the stabilization process [38]. The biogenic capping
agents found in various plant extracts used in green
synthesis can affect the morphology and size of AgNPs
[39,40]. Therefore, it can be implied that capping
agents found in different concentrations of BOMBAX
used in this research could have contributed to the
different sizes and shapes of the AgNPs. Importantly,
there are many research works reporting on the use
of surfactants to control the growth of nanoparticles
[41,42]. These findings might explain why the size
of AgNPs in this work (approximately 70 to 100 nm
observed by SEM for spherical and quasi-spherical
shape) does not vary significantly with reference to the
concentration range of BOMBAX extract and why some
other quasi-rectangular shapes and cubic structures
of AgNPs are observed. This is because AgNPs are
capped by surfactants found in the phytochemicals
in BOMBAX. Finally, when the final concentration of
BOMBAX reaches 0.25 wt%, the AgNPs are mostly
semi-rectangular and cubic in shape, as shown in
Fig. 5(GH). The particle size distribution is in the range
of 20 to 260 nm, and their average size is 88 nm, as
shown by the mean particle sizes in Table 1.

Antimicrobial activity

The antimicrobial properties of AgNPs have been uti-
lized widely in many industries such as the health,
medicinal product, food storage, packaging, wound
dressing, textile, and dye reduction industries as well
as for environmental applications. In this work, we
investigated synthesized AgNPs as antibacterial agents,
and antimicrobial activities toward both gram-negative
bacteria and gram-positive bacteria were tested com-
pared with chloramphenicol (positive control), NaCl
(negative control), and AgNO, as shown in Table 2.
The synthesized AgNPs exhibit good antimicrobial ac-
tivities toward the tested bacteria. Synthesis of AgNPs
using BOMBAX extract at the concentration range be-
tween 0.10 wt% and 0.15 wt% is the optimal condition
to obtain good antibacterial activity shown as the large
inhibition zone observed by the disc diffusion method,
which can be explained by the extremely large surface
area of AgNPs providing effective binding to the bac-
terial cell wall or ease of reaching cellular proximity.
The decrease in the inhibition zone observed in AgNPs
synthesized using 0.25 wt% BOMBAX extract comes
from the larger size of AgNPs obtained when using
a higher concentration of the extract. Although the

BOMBAX extract is assumed to possess antibacterial
activities that should be reflected through a greater in-
hibition zone, it shows no antibacterial activity, which
might be due to the medium used in extraction. The
inhibition zone diameters (average value + standard
deviation) of the synthesized AgNP samples show su-
perior antibacterial activity (greater inhibition zone)
than those of AgNO, alone, but lower activity (smaller
inhibition zone) when compared to chloramphenicol.
Surprisingly, the synthesized AgNPs show superior
antibacterial activity toward P aeruginosa compared
with chloramphenicol and AgNO,. It should be noted
that P aeruginosa is a gram-negative bacterium found
commonly in the environment causing infections in
humans (blood, lungs, and other parts of the body
after surgery) and is remarkably capable of resisting
antibiotics. [43]. Furthermore, gram-negative bacteria
are more resistant than the gram-positive counterparts
due to the negatively charged lipopolysaccharide [44].
The superior antimicrobial resistance to P aeruginosa
of the synthesized AgNPs will be of advantage for
potential use as an antimicrobial agent in health and
medicine applications.

CONCLUSION

In this research, AgNPs were successfully synthesized
using green synthesis from extract of the flower stamen
part of the Cotton Tree (B. ceiba L.). Synthesized
AgNPs with different BOMBAX concentrations showed
various shapes of AgNPs (spherical, quasi-spherical,
quasi-rectangular, and cubic structures). The zeta
potential values were high, indicating good stability of
AgNP colloidal solution after synthesis. The antibacte-
rial effect of synthesized AgNPs predominantly affected
the gram-negative bacteria, especially the antibiotic-
resistant P aeruginosa which is superior to chloram-
phenicol. In conclusion, synthesizing AgNPs from the
flower stamen part of the Cotton tree is a convenient,
cost-effective, and environmentally friendly method to
produce a colloidal solution that exhibits good stability
with outstanding antibiotic activity toward P aerugi-
nosa.
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