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Synthesis and antimicrobial activity of silver nanoparticles: Incorporated couroupita guianensis

flower petal extract for biomedical applications
Abstract

Recently, numerous plant-based synthesis techniques have been used to develop metal
nanoparticles. The current study uses the medicinal plant extract of couroupita guianensis (CG)

tals to create biogenic silver nanoparticles in an environmentally friendly manner. Different
techniques, including ultraviolet-visible spectroscopy (UV-vis), Fourier Transformation Infrared
spectroscopy (FTIR), X-ray diffraction (XRD), and Dynamic Light Scattering (DLS) analysis, are
used to evaluate synthesized silver nanoparticles. From the XRD results confirm the emergence of
nanosilver crystalline arrangement with the characteristic peaks at the glancing angles of 38.04°,
44.22°,64.40°,and 77.37°. UV-vis spectroscopy displays the spectral absorption at Amax =282 nm
and shows the formation of silver nanoparticles. Images of produced Ag NPs taken with a scanning
electron microscope (SEM) show the creation of flower-shaped particles. The functional behavior
of flavones, triterpenoids, and polyphenols belonging to couroupita guianensis has been observed
by ensuring their selective absaptions in FTIR spectral analysis silver nanoparticles had a
substantial antibacterial effect on Gram-positive (B. subtilis) and Gram-negative (Escherichia coli)
bacteria in general. It is found to become effective when symbiotic with the extract of couroupita
guianensis flower petals for enhancing their antibacterial properties. This composite product gives
a new and cost-effective formulation with more therapeutic possibilities. The observed results wide
open the avenues of research possibilit'&q with a lot of future scopes. The photocatalytic
degradation efficiency of CG-Ag NPs on methylene blue (MB) dye was evaluated under visible
light irradiation and produced indications of the synthesized material for photocatalytic

applications.

Keywords: Couroupita guianensis flower petals, silver nanoparticles, SEM analysis, X-ray, DSL

analysis, antimicrobial activity, and photocatalytic activity.




1. Introduction

Medicinal plants are special elements known for their therapeutical scope and render long-time
remedies for several human diseases. It is mainly because of the healing value of their components
used as a raw material in modern medicine. The couroupita guianensis (CG) is a tree and its parts
are familiar components used for medicinal purposes. Particularly, its chemical ingredients are
responsible for various pharmacological and therapeutic properties. The study used to explore the
characteristic features of couroupita guianensis is essentially required to prove its potential in
clinical applications. Under the discipline of materials science, the nanomaterial is a fast-growing
area that renders various types of materials find application in a wide variety of fields including
medical, chemical, catalytic, mechanical, electronic, and environmental industries [1-4]. Various
synthesis routes are available to produce nanomaterials employing physical, chemical, and
biological methods [5-7]. Nanomaterial synthesis also causes adverse effects producing
environmental (or) pollution-related issues. Nanotechnology also supports rectifying these
pollution-related issues with nanoscale materials of various types. The application potential of
nanomaterials is wide in clinical issues in the field of biomedical. Silver nanoparticle (Ag NPs) is

e of the elements proven their biological characteristic for many clinical issues. The use of
biological sources such as bacteria, fungi, algae, and plants in the green production of silver
nanoparticles is one of the most promising ways. Previous studies have shown that leaf [8], flower
buds [9], fruit [10], stem [11], root [12], and flower extracts are inadequate biological approaches
for producing AgNPs [13-18]. It is generally suggested that the synthesis of silver nanoparticles
using plant materials is a promising, profitable method easy to scale. In the present work, the
extract of a medical plant from the family of Lecythidaceae namely, Couroupita guianensis is
symbiotic with the silver nanoparticle for biomedical applications. Fig. 1 displays the floral flakes
of couroupita guianensis colored with yellow, red, and pink in stunning scenic color. Widely used
medicinal plants in India have indicated a broad spectrum of antimicrobial and antifungal
activities. The flowers of couroupita guianensis have signified sufficient antioxidant activity. The
phenolic compound of petals is active in the treatment of renal and stomach problems and has anti-

inflammatory effects [19].




The biological function of flavonoids, in addition to their antioxidants, includes protection against
allergies, inflammation, platelet aggregation, microorganisms, ulcerates, hematoxylin, viruses, and
tumors. Isatin is one of the effective components of the medicinal plant couroupita guianensis,
known well for its cytotoxic action contrary to certain lines of tumor cells and it is found to be a
potential source of new chemotherapy agents. It is used to treat hypertension, tumors, pain,
inflammatory processes, cold, stomachache (norovirus), skin diseases, malaria (rotavirus), wounds
and toothache [20]. E. coli and Bacillus subtilis strains, as well as the effect of AgNPs oné'le
growth of both bacterial, it was a very effective inhibitor of E. coli and B. subtilis growth [21]. The
present study aimed to synthesize silver nanoparticles from aqueous extracts of petals of the
medicinal plant couroupita guianensis. The characterization has been summed up using various
techniques used for assessing their size, morphological characteristics, and antimicrobial activity.
In the current work, we have chosen Couroupita guianensis dopant for silver nanoparticles
(AgNPs) to improve photocatalytic performance. Antibacterial, optical, thermal, and catalytic
characteristics of silver NPs are all controlled by their size and form. Ag is an excellent conductor
with a decent bandgap and opti% properties. The addition of CG to AgNPs will affect their
antibacterial properties as well as the rate of electron-hole pair recombination. The report discusses
visible-light-induced improved photocatalytic degradation utilizing CG doped AgNPs catalyst
produced using the sol-gel method [22, 23].

2. Materials and procedure

2.1 Plant material sampling and identification

Raw chemicals of analytical grade (AR) with a purity of = 99% of silver nitrate have been
purchased from E-Merk life science private limited, Mumbai, India. The fresh and healthy petals
of the couroupita guianensis flowers were collected around the fertile land located in Salem, Tamil
Nadu, India.Following schematic procedures like washing, and sterilizing used to remove
impurities from the fresh floral flakes facilitates the preparation of the flower petals suitable to

collect the extract.




Fig. 1. Couroupita guianensis flower petal

2 2 Preparation of flower petal extract

2
The washed floral flakes were dried and 5 gm weighted flakes were immersed in 50 ml distilled
water taken in100 ml beaker and boiled for 20 minutes. After boiling, the extract was cooled and
atered using a Whatman No 1 filter paper and filter paper (size 0.4 m) in a sequence to create a

final extract, which was then stored at 4 °C.

2.3 Silver nanoparticle synthesis

In a conical flask, 50 ml of 1 mM aqueous silver nitrate was combined with 5 ml of floral flake
extract. The solution mixture has been stirred vigorously in a magnetic stirrer for 15 minutes. The
process lasts for 30 minutes and until the silver ions are reduced to silver particles at room
temperature. The hue of the reaction mixture shifted from blue green to brown after 30 minutes,
according to the researchers. It shows that the UV-visible spectrophotometer can guarantee the

reduction of silver ions into AgNPs.




3. Results and Discussion

3.1 X-ray diffraction analysis

Observed X-ray powder diffraction (XRD) results recorded the details of the crystal lattice and the
structure of the synthesized AgNPs as given in Fig. 2. The X-ray diffractogram evident the
emergence of diffraction peaks at the glancing angles (20) 38.04°, 44.22°, 64 40°, and 77.37°
which parallel to the planes of the cubic structures of silver nanoparticles (111), (200), (220), and
(311). As reported elsewhere [24], the observed peaks and their glancing angles are agreed well
with the previous observations as evident in the emergence of crystalline silver nanoparticles with
cubic structures. The result of XRD agrees with earlier plant-based synthetic reports [25]. The
Scherrer equation was used to calculate the average crystallite size of produced AgNPs, and the
average crystallite size was determined to be 34 nm (Table 1). The existence of prominent
crystalline peaks without any more impurity peaks has proven the emergence of pure crystalline

silver nanoparticles.
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Fig. 2. X-ray diffraction spectrum of Couroupita guianensis flower petal extract synthesized

AgNPs
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Table 1. Crystallite size estimated from the XRD of AgNPs

S.No  Pos. [2° degree] = FWHM. [2° degree] d-spacing [A] Crystallite size

1 38.0421 0.2460 236545 35.69
2 44.2284 0.2952 2.04789 3035
3 64.4014 0.2460 144672 39.88
4 77.3702 0.3444 123342 30.88

3.2 UV-visible spectroscopy analysis

UV spectrum obtained from the synthesized sample of silver nanoparticles with the incorporation
of petal extract of couroupita guianensis is represented in Fig. 3. It reveals the traces of silver ions
as evident of bio-reduction from silver oxide. It also could be visually observed with color
variations in the solution combination from light blue to dusky brown after 30 minutes of the
reaction process. Observed changes in solution color may be because of bilateral electromagnetic
fields generated by coordinated oscillations of free electro heads in surface plasmon resonance
[26]. Spectral absorption of AgNPs depends mainly on the particle size, medium, and chemical
environment. Hence, UV-vis spectroscopy analysis facilitates the identification of the reduction of
silver ions while scanning in the wavelength range of 200 to 600 nm. It is known from the standards
data that characteristic absorption of silver nanoparticles is found to be existing in the range around

212 and 281 nm as shown in Fig. 3.
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Fig. 3. UV visible spectrum of synthesized AgNPs using flower petal extracts of Couroupita

guianensis.

3.3 FTIR analysis

Biosynthesis silver particles on the nanoscale are usually stabilized by phytochemical compounds
through molecular interactions with metal surfaces. FTIR analysis can be used to explore the
nature of the molecular interaction and its functionalities as reported in the literature based on the
functional group reference peaks. This analysis also could reveal the interacaﬁn between silver
nitrate and boilers present in the flower extract from couroupita genesis. Fig. 4 shows the observed
FTIR spectrum of the sample showing the peaks at wavenumbers 3939 cm™, 3336 cm™!, 3018 em
1,2765 em’!, 2039 em’!, 1475 em’!, 969 cm™. All characteristic peaks evident the existence of

ilver nanoparticles from biosynthesis and the peaks corresponding to the molecules that can be
ﬁ'olved in the synthesis and stabilization of silver nanoparticles. The absorption bands at 3939
cm’! parallel to the vibrations of O-H between the molecules (amines of phenolic and alcoholic

compounds). The peaks in rang 3336 cm' are among the flavones, triterpenoids, and




polyphenols. Thus, the interaction between the ions of metals and the group of amides in the flake
extract of couroupita genesis is involved in the synthesis and stabilization (capping) of the
nanosilver formation, as previously described [26]. Peaks located at wavenumbers 3018 Cm'léld
2765 cm’! represented groups of phenols, amines, and the presence of stretching alkanes. The
absorption bands at 2765 cm™' and 2039 cm™! on the other hand, correspond to asymmetric and
symmeﬁ'c stretching of -CHz and -CH, respectively. C-H aliphatic vibrations may be responsible
for the absorption band at 2039 cm™ . The peak at 1475 cm! investigates the vibrations C=0 of -
COOH. The carbon-carbon double bond C=C is responsw for the bands at 1475 cm™!. The C-N
tensile aromatic amines are represented by the strong peaks at 1074 cm™ and 969 ¢m''. The
presence of amino (-N-H) functional groups accounts for the absorbance at 824 cm™'. The 767 cor’
"and 668 cm™ characteristic bands were identical to the alkane’s groups discovered in the plant

extract, which could alter nanoparticle production.
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Fig. 4. FTIR spectra of synthesized AgNPs using flower petal extracts of Couroupita guianensis.
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Using an extract from the ﬂo»ﬁ petals of Couroupita guianensis, the surface morphology images
investigate the size and shape of the produced silver nanoparticles. The SEM characteristics of the
prepared nanoparticles Ag are found in Fig. 5(a-b). The SEM illustration exhibited a sponge-like
structure of nanoparticles ranging up to 20 nm. The result of hydrodynamic size estimation of
silver nanoparticles employed using DLS analysis is given in Fig. 5(c). It shows the average
particle size distribution of silver nanoparticles (diameter = 3.2 nm and Standard Deviation = 1.9
p#m) is signified within the range of 3.2 nm as listed in Table 2. It ensures the screening of small

particles by larger phytochemicals of couroupita genesis attached to the surface of AgNPs [25].
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Fig. 5(a-b). Scanning electron microscopy images of silver nanosponges synthesized from
Couroupita guianensis flower petal extracts; (c) Dynamic Light Scattering of AgNPs using
flower petal extracts of Couroupita guianensis.

Table 2. Dynamic light scattering (DLS) of AgNPs synthesized from flower petal extract of

Couroupita guianensis indicating the average particle size and distribution of nanoparticles




S.No Peak Diameter (nm) Std.Dev.

1 1 3.2 19
2 2 0 00
3 3 0 00
4 4 0 00
5 5 0 00
35 Antibacterial Average 32 19 activities

Although there are numerous analytical procedures for evaluating AgNPs' antibacterial activity,
the standard and the most susceptible process is the plate diffusion mﬁod. Observed results of
antibacterial activities of flake extract containing silver nanoparticles against Gram-positive (B.
Sublimus) and Gram-negative (E. Coli) are shown in Fig. 6 with the zone of inhibition. AgNPs
have strong inhibitory activity against Gram-positive bacterial species. For Bacillus subtilis (Table
3) a maximum inhibition zone is observed to be 16 mm. AgNPs have shown higher bactericidal
activity in Bacillus subtilis compared to the negative Escherichia coli Gram. As reported in the
literature, different mechanisms for the antibacterial activity of similar compounds from the
flowers of croupier guianensis. The major bacteriological activity of the floral extract against
bacterial species is mainly because of the existence of numerous antibacterial compounds, such as
flavonoids, phenols, flavor compounds, isatin, and indiglumin. As reported in the literature, the
antibacterial activity of identical extracts is possible from combinations of the croupier guianensis
[27,28]. The plants containing phenolic compounds are known well for their bio-related activities,
such as antibacterial, fungicide, antibacterial, anti-mutagen, and anti-inflammatory drugs, which
have been assigned to their hydroxyl groups (-OH) [29]. Many aliphatic hydrocarbons, quercetin,
and stigmainol from extracts of floral flakes, as mentioned earlier, also support antibacterial
activity. Quinine is the main phenolic compound of a flower which leads to the loss and
deactivation of its functions. In antibacterial activity, the most common targets are surface
adhesion, cellular wall polypeptides, and membrane-related enzymes. Flazonide is known for the

restriction of B. subtilis and Escherichia in respect of the class of flavonoids E. Coli by binding
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with ATP to the party. Induced DNA also increases the melting capacity of bacterial membranes
and the loss of potential membranes. The antimicrobial action was responsible for the multiple and
exhibited effects of the compounds in floral extracts [30-32]. The combined effect of a floral

mixture and nano form can be explained by the increased proportion of surface to volume of the

nanoparticles, which provides the largest contact area with bacteria [33-36].

Fig. 6. Antibacterial activity of AgNPs against Gram Positive (Bacillus subtilis) and Gram

Negative (Escherichia Coli) stains.

Table. 3. Zone of Inhibition of AgNPs against Gram - positive and Gram - negative bacteria

strain
S. No. Bacteria Zone of Inhibition (mm in diameter)
Control Stand* Sample
1 Bacillus subtilis - 16 16
2 Escherichia coli - 16 14

3.7. Photocatalytic Studies

Fig. 7 shows the absorption spectra of MB at regular intervals Lmughout the whole degradation
reaction with CG-Ag nanoparticles. The CG-Ag NPs were then kept under visible light radiation
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at the start of the reaction with the fluid. 100 ml of methylene blue dye (MB) solution was swirled

with 0.1g of generated CG-Ag nanoparticles at a concentration of 5 ppm ﬂ a conventional
photocatalytic dye degradation procedure. Before being exposed to visible light, the stable weous
dye solution was agitated for 50 minutes. Every 50 minutes, the experiment was repeated, and the
UV-vis absorption spectra were recorded. The experiment lasted 150 minutes (one cycle), with the
absorption spectrum collected every 50 minutehln a probable graphic illustration of MB dye
degradation, visible light irradiation produces an electron-hole (e/h*) pair between the conduction
band and the valence ba“of CG-Ag nanoparticles. MB dye is degraded into less harmful organic
solutions or minerals by the active oxygen spices Oz, Oze-, HOOe-, and -OH [37, 38]. The pseudo-
first-order model was used to investigate the reaction kinetics of MB dye using equation (1).
In (C/Co) =kt ... (1)

Where Co is the initial dye concentration, C: is the dye concentration after various irradiation
durations, and ‘k’_is the photodegradation rate constant (min™') [39, 40]. Using an Ag catalyst
generated from a solution ~pH 9 with :ﬂlaximum degradation of about 84% is shown in Fig. 8,
the stability of CG-Ag NPs against MB dye in a five-cycle process is examined. The CG-Ag NPS
catalyst waﬁ'ecycled five times from the preceding patch of the experiment in this experiment. In
this study, the reaction rate constant was calculated using the equation. A graph of In(Co/C) vs

reaction time is shown in Fig. 9(a-b).
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Fig. 8. Photocatalytic degradation efficiency bar diagram of CG-Ag nanoparticles.
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From photocaﬁlytic investigations of CG-AgNPs, we disco‘ﬁred that the rate constant for varying
doses of MB dye is in the range of 0.0714 - 0.0592 min"'. The photocatalytic efficiencies of the
catalyst may be reduced because of the following possible cause. Continuous dye adsorption on

e catalyst surface can deplete the active sites, reducing photocatalytic activity. Furthermore,
incident light penetration to the catalyst surface can be reduced by the surface adsorbed dye,
impacting the production of electron-hole pairs [41, 42]. This could explain why near the
conclusion of the fifth cycle, the photodegradation efficiency of CG-Ag nanoparticles decreased.
Fig. 10 depicts the reaction pathway that occurred during the photocatalytic activity of the CG-Ag

nanoparticles photocatalyst under visible light.
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Fig. 10. Proposed photocatalytic reaction mechanism of CG-AgNPs photocatalyst
4. Conclusion

The present work is an attempt at plant-mediated nanoparticle synthesis and its characterization.
The current study revealed that the extracts of the flower petals from Couroupita guianensis can
synthesize Ag NPs fast, ecologically, economically, and in a renewable way. The produced silver
nanoparticles were discovered to be crystalline with a face-centered culﬁ'c (FCC) shape. The

typical crystallite size is 34 nanometers. The morphology showed that nanoparticles with an
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average size of 32 nm have a trim dispersed flower shape, and the EDX validated the presence of
elemental composition. The adequate reduction and stabilization of silver nanoparticles are due to
phytochemicals, such as flavonoids, proteins, and phenolic compounds, which are produced in the
extract of ﬂﬁer petals from Couroupita guianensis. Silver nanoparticles had remarkable
antibacterial action against gram-positive bacteria when compared to Gram-negative bacteria
(Escherichia coli) (Bacillus subtilis). The photocatalytic activity compared to CG-Ag NPs
exhibited degradation of methylene blue dye. The degradation efficiency is found to be 90 % was
witnessed on ﬁnhancecl photocatalytic activity of CG-Ag NPs are suitable materials for

environmental applications.
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