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Abstract

In this study, the authors aimed to expand a sustainable and gainful methodology for the purpose of synthesizing silver nano-
particles (AgNPs) using polyphenol bioactive compounds extracted from Eichhornia crassipes. The eco-friendliness of this
method was also emphasized. The ethanol leaf extract with silver nitrate solution heated and filtered then the AgNPs produced
were extensively the samples were thoroughly nanoparticles charaterized using a range of analytical techniques, including UV
(nanoparticles wavelength measured), FTIR (functional groups), SEM (morphology, size, range, etc.,), TEM (morphological
size of nanoparticles), XRD (crystaline sturcture), EDX (elemental composition), and AFM (irregular shape). In results the
characterization process revealed the presence of secondary metabolites, total phenol content (TPC) observed that the highest
value of 212.47+7.07 (GAE). Additionally, through GC-MS analysis 12 major bioactive compounds were identified; In UV-
Visible spectrum analysized its confirmed that size of nanoparticles in 448 nm absorption of the surface Plasmon resonance
band by observed. The dimension of AgNPs was analyzed through SEM was found 11 nm. TEM and SAED analyses revealed
the high crystallinity of AgNPs with homogeneous polycrystalline components and lattice spacing at 0.295. XRD patterns
displayed four Bragg reflections at 38.45 (111), 46.35 (200), 64.75 (220), and 78.05 (301). Energy synthesis in EDX was
observed in 8.79 nm. The AFM analysis the irregular shapes noticed. The synthesized AgNPs tested antimicrobial properties
against various strains of microorganisms, including Staphylococcus aureus and Fusarium graminium. The synthesized AgNPs
demonstrated potent antimicrobial activity, as evidenced by the highest zones of inhibition observed against Staphylococcus
aureus (16.8 +0.03 mm) bacteria and Fusarium graminium (12.01 £0.01 mm) fungi at a concentration of 80 ug/mL. Our find-
ings concluded that polyphenolic compounds are mostily in high amount reported in fresh fruits and vegetables so for that its
having biological properties, same polyphenolic compounds we identified from leaf ethanolic extract of E. crassipes.
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1 Introduction

Water hyacinth (Eichhornia crassipes) is an aquatic plant
species that is well-known for its rapid spread in water
environments, its used for removal of contaminants from
water bodies its cost-effective and environmentally pleasant
method. It has excellent properties for growing in contami-
nated water and absorbing inorganic toxicants. Biomass
can be used by cultivating plants in contaminated environ-
ments or employing dry biomass as an adsorbent for natural
compounds in nanomaterial synthesis. [1, 2]. E. crassipes
plants can trap organic matter, and the bacterial colonies
on their surface can lead to the formation of methylmer-
cury (CH;Hg). The plant materials also exhibit plasmon
resonance peaks around the morphological diameter, as
seen through UV-Visible absorption. Additionally, there
is connectivity of (AgNPs) silver nanoparticles synthesized
surface of the E. crassipes plant materials [3, 4]. In compar-
ison to chemical synthesis, green synthesis methods have
biocompatibility and can reduce ions into nano-sized atoms
without the use of harmful chemicals [5]. The application
of microbes and plants for the synthesized of nanoparticles
offers a promising avenue in biological methods [6]. AgNPs
(silver nanoparticles) have bactericidal characteristics and
may emit Ag+, which is harmful to bacteria [7]. Various
biologically methods for the Trigonella incise synthesiz-
ing are currently focusing on the green synthesis of silver
nanoparticles (Ag NPs) and studying their potential antimi-
crobial properties [8]. The combined effect of chitosan and
polyphenols derived from seaweed in synthesizing (AgNPs)
silver nanoparticles with enhanced antibacterial activity.
The biosynthesis of AgNPs was carried out the possess of
properties a green synthetic route, utilizing the synergistic
potential of chitosan and seaweed-derived polyphenols [9].
The production of polyphenol-coated silver nanoparticles
(PAgNPs) through the utilization of an aqueous extract
obtained from yerba mate tea energy of (Ilex paraguarien-
sis) as a natural stabilizing agent and reducing [10]. This
study focus on the phenol red removal of green synthesis of
Ag NPs using Eichhornia crassipes ethanol extracts, syn-
thesized AgNPs exhibit distinct morphological, optical, and
geometrical characteristics by analytical techniques. These
techniques such as UV-Visible Spectrophotometer, FTIR,
TEM, SEM, XRD, EDX, and AFM. Furthermore, the anti-
microbial properties of the synthesized silver nanoparticles
AgNPs was assessed.
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2 Material methods

2.1 Sample collection and preparation of Eichhornia
crassipes extract for phytochemical analysis

The medicinal plant Eichhornia crassipes was collected
from the post in the Saliyamangalam, Thanjavur District,
Tamil Nadu, India, collected plant materials shade dried.
After collecting the plant materials using, they were
dried in the shade and utilized for phytochemical analy-
sis. To extract the phytochemicals, a Soxhlet extractor
was utilized with 500 g of dried E. crassipes leaf extract.
The extraction process involved exposing the sample to
1250 ml of ethanol solvent for a duration of two hours.
Following this, the obtained crude E. crassipes extract
was filtered and individually using Whatman No. 41 filter
paper. The resulting filtrate was then evaporated at 60 °C
using a rotating evaporator to obtain a concentrated sam-
ple. This concentrated sample was subsequently stored
for future analysis, ensuring its preservation. Collected
crude Eichhornia crassipes leaf ethanol extract stored for
further analysis.

2.2 Estimation of Total Phenol Content

Expending The strength of character of the total phe-
nolic content was carried out Expending a slightly mod-
ified Folin-Ciocalteu technique. Initially, E. crassipes
leaf weighing 200 mg were homogenized with a 1:1
(v/v) mixture of acetone and water (2 mL) at 25 °C for
1 h. The obtained mixture was subjected to centrifu-
gation at 6000 rpm for 10 min, followed by vacuum
drying. Then, a combination of 9 pL of the E. cras-
sipes extract (1 mg/mL) and 109 pL of Folin-Ciocalteu
reagent was prepared. After incubating for 3 min at
25 °C, a solution of 180 pL of 7.5% (w/v) Na2CO3
was added. The mixture was left to stand for 5 min at
50 °C and subsequently cooled to 25 °C. Finally, the
absorbance was measured at 760 nm using the Zenyth
200rt Microplate Reader. To calculate the total phenolic
content, a gallic acid standard curve was employed, and
the results were communicated as milligrams of Gallic
Acid Equivalents (GAE) per gram of fresh weight (FW).
It is important of the ensure accuracy and reliability
of the measurements, the analysis was conducted on
triplicate samples. [11].
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2.3 Gas chromatography with Mass spectrometry

The E. crassipes samples were diluted in n-hexane (10
pL/300 pL) for analysis used to gas chromatography (GC)
and gas chromatography-mass spectrometry (GC-MS). GC
analysis was performed on an Agilent Technologies 7890
Apparatus, equipped with a split-splitless injector and an
HP-5 column (30 m X 0.32 mm, film thickness 0.25 pm),
coupled with a flame ionization detector. Helium was used
as the carrier gas with a flow rate of 1 mL/min. The injec-
tor and detector temperatures were set at 250 °C and 280
°C, respectively. The column temperature was programmed
to increase from 40 °C to 260 °C at a rate of 4 °C/min. The
percentage composition of the E. crassipes samples was
determined by analyzing peak areas without applying cor-
rection factors. For GC-MS analysized, an HPG 1800 C
Series II GCD analytical system with an HP-5SMS column
was utilized in the mass spectra were recorded in Electron
Ionization (EI) mode with an energy of 70 eV, covering the
mass-to-charge ratio (m/z) range of 40—-450. The identifica-
tion of volatile constituents in the oils involved calculating
in their Kovats retention index (RI) and comparing of their
mass spectra with reference compounds from the used to
Nirst and Willey libraries [11].

2.4 Synthesises silver nanoparticles
from Eichhornia crassipes

The preparation of the ethanol extract from E. crassipes
achieve this, 15 g of rinsed and dried plant samples were
refluxed in 150 mL of deionized water at 60 °C with continu-
ous shaking for 15 min. This refluxing process resulted in
the formation of a clear, pale yellow solution. Subsequently,
the solution was allowed to cool to room temperature and
then filtered using Whatman No.1 filter paper (Whatman,
Fisher Scientific, Pittsburgh, PA, USA) to eliminate any
suspended particles. The resulting E. crassipes extract was
divided into two portions: one portion was stored at 4-8 °C
for future use, while the other portion underwent vacuum
drying in an oven at 40 °C for 48 h. This drying procedure
yielded a powdered lemon zest extract suitable for the FTIR
analysis [12].

2.5 Green Synthesis of Silver Nanoparticles

The green synthesis of (AgNPs) silver nanoparticles with
slight modifications. In a 250 mL flask, 10 mL of E. cras-
sipes ethanolic extraction was mixed with 90 mL of freshly
prepared silver nitrate aqueous solution (AgNO?3) at a con-
centration of 1 mM. The mixture was stimulated using a hot
plate magnetic stirrer at 200 rpm and 60 °C in the absence
of light. After 30 min, the solution exhibited turbidity and
acquired a reddish-brown color, indicating the successful

formation of silver nanoparticles. To purify the AgNPs, the
mixture underwent centrifugation three times at 15,000 rpm
for 20 min, resulting in the formation of a dark brown pre-
cipitate. The using precipitate was subsequently washed
with sterilized water and methanol, and then dried to obtain
pure silver nanoparticles. The optimization of synthesis
conditions involved varying to the concentration of the E.
crassipes plant extract, the contact time, and the AgNO3
concentration. The size and morphology of the synthesized
AgNPs were analyzed using UV-visible spectroscopy [13].

3 Characterization of silver nanoparticles
[AgNPs]

3.1 Spectroscopy Characterization of Green AgNPs
3.1.1 UV-Vis spectrophotometry and FT-IR

The surface plasmon resonance (SPR) of the silver nano-
particles (AgNPs) synthesized through green methods was
examined used to a UV-Vis spectrophotometer (Thermo
Fisher Scientific UviLine 9400C, Loughborough, UK). To
analyze the functional groups and surface chemistry of the
dried E. crassipes extract obtained from Citrus limon zest
and the synthesized AgNPs, FT-IR spectroscopy analysis
was conducted using an Agilent Cary 640 FTIR spectrom-
eter. The spectra were recorded to at room temperature
in the range of 400-4000 cm-1. Furthermore, the parti-
cle size and dynamic light scattering of the AgNPs were
determined using a nano zeta sizer instrument (Malvern)
to at a temperature of 25 °C and a detection angle of 90
degrees [13].

3.1.2 X-ray Differaction method (XRD)

XRD measurements were conducted using a Philips (PW
1710) Diffractometer operating at 40 kV and 40 mA, with
Cu(Ka) radiation (A =1.5406 A), covering a diffraction
angle (20) range of 10° to 90°. The purpose of this analy-
sis was to determine in the crystalline nature and purity
of the (AgNPs) silver nanoparticles. The particle size of
the AgNPs was calculated using the Scherrer equation
(D =KMpcosB), where D represents the average crystal-
lite size. The Scherrer constant (K), typically ranging from
0.68 to 2.08, was set to 0.94 for cubic symmetry spheri-
cal crystallites. The X-ray wavelength (A) was denoted
as CuKo=1.5406 A, p represented the line broadening
at the full width at half maximum (FWHM) in radians,
and 0 indicated the Bragg angle in degrees. Additionally,
Bragg's equation (nA =2d sinf) was employed to calculate
the d-spacing value, which is related to the diffraction of
light from particles [14].
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3.1.3 Scanning Electron Microscopy (SEM), X-ray
spectrometer (EDX) and Atomic Force Microscope
(AFM)

The morphology and elemental composition of the silver
nanoparticles (AgNPs) were investigated using a JEOL
JSM-5910 scanning electron microscope (SEM) in con-
junction with an energy dispersive X-ray spectrometer
(EDX). The SEM analysis was performed at an accelera-
tion voltage of 20 kV, with a resolution of X 30,000 for
image capture. In addition, the morphological form, size,
and shape of the silver nanoparticles were investigated
using a transmission electron microscope (TEM) (Zeiss
EM 900 instrument model). Furthermore, the Atomic
Force Microscopy (AFM) measurement was conducted
morphology of the E. crassipes samples was character-
ized using an AFM-Agilent 7500 AFM/SPM 3D operating
in tapping mode. The maximum scan areas available were
90 pm X 90 pm. The E. crassipes sample and cantilever
positioning were accomplished using a charge-coupled
device monitor. Scans were conducted at different widths,
including 10 pm, 5 pm, 2 pm, and 1.2 pm. The obtained
phase and height images were analyzed using software
based on Asylum Research IGOR PRO.[15, 16].

3.2 Antimicrobial activity

The preparation of antimicrobial activity of the ethanolic E.
crassipes leaf extract was assessed in vitro using the disk dif-
fusion method. Sterile petri dishes with a diameter of 90 mm
were filled with Muller Hinton Agar (MHA) medium and
allowed to solidify at room temperature. Cultures of four
human pathogenic bacterial strains, namely Pseudomonas
aeruginosa, Salmonella typhi, Staphylococcus aureus and
Klebsiella pneumonia, were evenly spread on the surface
of the MHA plates using swabs. To create wells in the
Mueller—Hinton agar (MHA), a sterile cork borer with an
8 mm diameter was used. Various concentrations (20, 40,
60, 80 pg/mL) of the ethanolic leaf extract of E. crassipes
were into loaded the wells used as a sterile micropipette.
The inoculated plates were initially incubated at room tem-
perature for 15 min, followed by further incubation at 37 °C
for 24 h. To ensure consistency, the turbidity of the bacte-
rial cultures was adjusted with sterile broth to match the
0.5 McFarland standards. After the incubation period, at the
diameter of the growth-free zones was measured into assess
the antibacterial activity, including the well diameter, was
recorded as inhibition zones to measure the antimicrobial
activity [17, 18].

Antifungal activity The antifungal activity of the etha-

nolic E. crassipes leaf extract was evaluated following the
described protocol. Sterile petri dishes with a diameter of
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Fig. 1 Phytochemical analysis of secondary metabolites

90 mm were prepared and filled with Sabouraud Dextrose
Agar (SDA). The objective was to assess the antifungal effi-
cacy of the E. crassipes extract against three human patho-
genic fungi: Candida albicans, Fusarium graminearum,
and Alternaria alternata. Fresh fungal cultures were evenly
spread on the surface of in the SDA plates using a sterile
swab. Wells, measuring 8 mm in diameter, were carefully
created in the SDA using a sterile cork borer. Subsequently,
different concentrations of the E. crassipes leaf extract (20,
40, 60, 80 ug/mL) were into loaded the wells using a sterile
micropipette. The plates were then incubated at room tem-
perature for 15 min, followed by further incubation at 37 °C
for 24 h. After the incubation period, the plates were exam-
ined to identify any zones of growth inhibition. The diam-
eter of the growth-free zones, including the well diameter,
measured was recorded and inhibition zone. The percentage
of inhibition to calculate in the following mthods of formula
was applied: % of inhibition = (zone of inhibition diameter
in mm / petri plate diameter in mm) X 100 [17].

Statistical analysis The statistical analysis employed tools
in this study consisted of conducting a One-way Analysis
of Variance (ANOVA) to the assess significance of differ-
ences among the various treatment groups. To determine

Table 1 Phytochemical analysis of plant leaf ethanolic extract

S.NO Secondary metabolites Ethanol
1 Tannin +
2 Alkaloids +
3 Flavonoids +
4 Steroids +
5 Poly-phenol +
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Table 2 TPC of plant Extract E.crassipes using ethanol solution

S.No Solvents TPC (mg GAE™)

1 Ethanol 212.47+7.07

specific variations between the different treatment groups,
Duncan's Multiple Range Test (DMRT) was conducted using
SPSS (Statistical Package for the Social Sciences) software,
Version 16.0, with a significance level of 5%. Results were
deemed statistically significant if the p-value was below 0.05
(P<0.05) [19].

4 Result and Discussion
4.1 Phytochemical testing

In qualitative phytochemical analysis of secondary metab-
olites tested in ethanolic E. crassipes leaf extract of E.
crassipes, plant extract unveiled the presence of bioactive
compounds; flavonoids, alkaloids, tannins, and saponins
polyphenols, identified secondary metabolites are recog-
nized for its anti-cancer and anti-inflammatory properties
as secondary metabolites. Identified secondary metabolites
contain lot of biological properties, we focused antimicro-
bial activities against human pathogens. (Fig. 1; Table 1).

The study highlights the novel approach of utilizing
computational methods to screen and manage the drug
discovery process using the plant extract. The results sug-
gest that this approach could lead to the improvement of
new and successful treatments for viral infections. Identi-
fied alkaloids are used for including pain relief, psycho-
active effects, stimulation, anesthesia, and antibacterial
agents. Additionally, glycosides also contain antibacterial
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properties. Tannins exhibit antibacterial properties that
make them effective against bacterial infections, while
phenolics possess strong antioxidant capacity that com-
bats free radical production in the body. These plant
metabolites offer promising health benefits [20]. The
potential of these natural resources for therapeutic appli-
cations, Black liquor from traditional alkaline cellulose
extraction contains phytochemicals with multiple appli-
cations [21].

4.2 Total Phenol Content (TPC)

In total phenolic content analysis of ethanolic leaf extract of E.
crassipes plant used the well-known Folin—Ciocalteu technique.
the highest TPC value was observed that 212.47+7.07 mg
GAE™!. These exogenous cell reinforcements are regularly
called "nourishing cancer prevention agents." Cell fortifications
benefit the body by killing and expelling free radicals from the
circulatory framework (Table 2).

4.3 Compounds identification by GC-MS of E.
crassipes

In ethanolic leaf extract the 12 bioactive compounds are
identified, retention time ranging in (RT) from 8.95 to 38.87.
The highest RT compound was identified as 17-Pentatriaco-
ntene, while the lowest RT compound was Cyclohexasilox-
ane and dodecamethyl. Notably, Phytol, 9,12,15-Octadec-
atrienoic acid, and Hexadecanoic acid methyl ester remained
identified compounds are pharmacological activity potential,
similar compounds previously reported in other species of
E. crassipes plant. The results of the GC-MS analysis were
further analyzed using histogram analysis to obtain a more
detailed understanding of the chemical profile of the E. cras-
sipes sample (Fig. 2; Table 3).
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Fig.2 Histogram analysis of GC-MS of ethanolic leaf extract of E. crassipes
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Table 3 Analysis of GC-MS of E. crassipes

List of Compounds Retention time Molecular Formula Molecular  Bio activity
weight g/
mol
1 Cyclohexasiloxane, dodecamethyl 8.95 C,,H3¢0¢Si¢ 444 Anti-inflammatory and human pathogen [22]
2 Phytol 15.10 CyoHyoO 296 Anti-bacterial [23]
3 Hexadecanoic acid, methyl ester 15.97 C,7H3,0, 270 Anti-cancer and inflammation [24]
4 Dibutyl phthalate 16.45 CiH0, 278 Cyto-toxicity [25]
5 Tetracosamethyl-cyclododecasiloxane 24.24 CyH7,0,,51;, 889 Anti-fungal assay [26]
6 Hexasiloxane 29.52 O5Sig 248 Anti-bacterial and cyto-toxic [27]
7 9,12,15 Octadecatrienoic Acid 30.24 C,gH3,0, 278 Anti-microbial assay [28]
8 Octasiloxane 32.81 C;3,H;,0,,Sig 873 Anti-oxidant [29]
9 Stigmasterol 35.87 CyH,50 412 Hypo-cholesterol emic [30]
10 Acetic acid 37.19 C,H,0, 60 Chemopreventive and pesticides [29]
11 Oleic acid, eicosyl ester 38.37 CyH7,0, 563 Anticancer [31]
12 17-Pentatriacontene 38.37 C;5Hyp 490 Antimicrobial [32]

The investigation of the bioaccumulation capaci-
ties of E. crassipes focused on four different types of
compounds:pentabromodiphenyl ether (1), di-n-hexyl
phthalate (2), acetamiprid (3), nitenpyram and (4). Com-
pound 1 is a monomer utilized in plastic production,
while compound 2 is a flame retardant. Both compounds
is known to been docrine-disrupting substances. On the
other hand, compounds 3 and 4 are neonicotinoid insec-
ticides that are neurotoxic. All four compounds have aro-
matic cycles and share similarities with phthalates. E.
crassipes was found to have the capacity to accumulate
these pollutants [33, 34]. GC-MS analysis of mentha leaf
extract methanol solvents are namely ( #+) neoisomethanol
(+) [R.T-24.3] is methanol is two enantiomer couples of
peppermint and (1R,3S,4S)-(+) neo methanol seven mins
plant sample (1R,3R,4S)-(-) methanol showing on the bio-
logical activity of antimicrobial properties [35]. Show-
ing on Murraya koenigii plant on [R.T 23.5] 4,5-dihydro
(3.68%) the bioactive compounds and majority of mixer
C.gigantea plants using secondary [R.T 23.5] 1-Hexade-
cyne (51.92), cyclohexane (3.45) and L-Glutamic acid
(49.87), the biological activity of anti-cancer and anti-
diabetic[32]. Showing on Achillea millefolium flower
extract in GC-MS analysis identify of namely 7 monoter-
pene ketone 35.74% and alcohols 41.02%, Sesquiterpene
hydrocarbons 2.62% and ketones 0.39%, 5.32% biological
activity of alcohols and essential oil analysis of phyto-
compounds. The S.marianum plant ethanol extract con-
tains bio-active compounds [R.T-19.7], namely a-pinene
24.5% and y-cadinene 49.8% analysis of fatty acids com-
position is the predominance of oleic 30.2% and linoleic
50.5% acids are major compounds of hydrocarbon, ster-
oids, fatty acids and presence of plant extract P.farcta
genetic resources of purification and development natural
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anti-oxidant in biomedicine food chemicals which on
99.4%, 99.2% and 99.1% biological property of antioxi-
dant activity [36]. Upon analyzing the methanolic root
extract of E.crassipes using GC-MS, analysis of Di-
n-hexyl phthalate 1 was detected at a retention time of
4.88 min.Additionally, an observed characteristic frag-
ment in the phthalate structure (ion C8H4034) at 148.84
indicated its presence. Furthermore, a co-injection of the
extract with the marketable bioactive compound di-n-
hexyl phthalate was conducted, resulting in yielding sup-
ported this interpretation, as reported [34]. Four phenolic
compounds were identified in the extract of Sharlyn melon
peels, namely, coumaric acid, vanillin, chlorogenic acid,
and 4-hydroxybenzoic acid. Gas chromatography-mass
spectrometry (GC-MS) analysis was conducted to iden-
tify the chemical composition of the samples. The GC-MS
results revealed the presence of various compounds with
potential biological activity, including isovanillic acid,
luteolin-7-O-glucoside, quercetin-3-galactoside, neo-
chlorogenic acid, chlorogenic acid, apigenin-7-glucoside,
and 3-hydroxybenzoic acid. These compounds have been
reported to possess antioxidant, anti-inflammatory, and
antimicrobial properties, indicating their potential for
beneficial biological effects [37]. The presence of in the
extract confirms the ability of E. crassipes to bioaccumu-
late this compound, in line with our initial hypothesis.

4.4 UV-Visible Spectrophotometer

The bioreduction of AgNPs was evaluated using the UV
visible technique. The AgNPs synthesis confirmation based
on the observation of an absorption band at 448 nm, which
corresponds to the surface plasmon resonance (SPR) phe-
nomenon exhibited by the Ec-AgNPs. The development of



Silicon (2023) 15:7415-7429

7421

1.24

Extract
0.9

/ ¢ E C-AgNPs
/

0.64

Absorbance

0.34

0.0
200 300 400 500 600 700 800

Wavelength (nm)

Fig.3 Analysis of E. c-AgNPs UV — wavelength

observation indicates the successfully synthesized of AgNPs
formation (Fig. 3).

The plant extraction carried out the Rumex dentatus Ru-
AgNPs green synthesized was confirmed by the observed
color change and UV visible which (PDI) value of 0.754 in
Poly-Dispersity Index) as a size distribution of AgNPs was
analyzed using dynamic light scattering (DLS).These find-
ings are consistent with a recent study conducted [38]. The
UV-Vis absorption spectrum of synthesized AgNPs exhib-
ited a prominent peak at 454 nm, atom-to-metal transition
indicating the presence of surface plasmon resonance. This
finding is consistent with previous reports on nanoparticles
of different sizes, as documented [39]. In another study, flax
seed extract was used for the successful synthesis of AgNPs,
synthesized was confirmed by the observation of surface
plasmon resonance A single broad peak at 530 nm emerged
after 25 min of synthesizing the AgNPs, as documented
in the study. This peak indicates the presence of the silver
nanoparticles and confirms their successful formation [40].

4.5 FT-IR analysis of Ec-AgNPs synthesized

FTIR spectrometry was performed of E. crassipes leaf
extract and synthesized AgNPs, in FTIR spectra the sample
displayed characterization of peaks, indicating the occur-
rence of polyphenolic compounds. Strong evidence for the
presence of these compounds was observed through the
peaks at 3165 cm™! (-OH stretching), 1722 em™! (-C-H
stretching), 1615 cm™! (-<C =0 stretching of -COOH group
of polyphenols), 1039 cm~! and 1400 cm™! (—C-O stretch-
ing). These identified polyphenolic compounds are likely
to composition a vital character in the bioreduction process
of silver nitrate, facilitating the formation of AgNPs. In a
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Fig.4 FT-IR analysis of synthesized Es-AgNPs

similar manner, the FTIR spectra of the AgNPs displayed
peaks at 3165, 1615, and 1400 cm™!, which corresponded
to the stretching of -OH, -C =0, and —O-C—, respectively.
These findings served as additional confirmation of the
presence of polyphenolic compounds on the surfaces of the
AgNPs. Furthermore, the presence of a peak at 1112 cm™!
indicated the stretching of -C—O bonds, while the peaks at
617 cm™! and 482 cm™! suggested the existence of an -O—-H
bond between the oxygen atom of Ag,0 and the hydrogen
particle of the phenolic compound on the nanoparticle sur-
face. These additional observations provided further support
and confirmation regarding the presence of AgNPs (Fig. 4).

Analysis of FT-IR was conducted on Es-AgNPs to
identification functional group, is a accountable for cap-
ping and reduction of nanoparticles. The result absorption
bands was spectra exhibited at 3455, 1672, 1428, 1109,
850, and 619 cm™! [41]. The FTIR analysis of the bio-
synthesized Es-AgNPs revealed the occurrence of phyto-
compounds that could Performance such as caping agents,
as indicated by the primary absorption bands observed
at 3392, 1527, 1361, 1032, 832, and 647 cm™'[42].
Notably, a shift in the band absorption at 3455 cm~! to
3392 cm~! was detected, which can be attributed absorp-
tion bands present in the phenolic compounds can be
attributed to the NH bondthis suggests the participation
of these compounds in the form of reduction and main-
tenance of the synthesized Es-AgNPs [43, 44]. The FTIR
analysis of Ca-AgNPs showed shifts in various absorp-
tion bands compared to the leaf extract. Specifically, the
band observed at 2995 cm™! was attributed to the stretch-
ing C-H vibration of the methylene group or aliphatic and
triterpenoid, saponins, was observed. The band observed
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at 1672 cm™!, which indicates the stretching vibration of
aromatic C =C bonds, shifted to 1527 cm~'. Addition-
ally, the peak observed at 1428 cm™"! shifted to 1361 cm™!,
indicating the occurrence of tertiary alcohols with C-O
stretching. Furthermore, the absorption peak observed at
1109 cm™" shifted to 1032 cm™!, indicating the occurrence
of stretching O-H vibration in the phenolic compounds.
These shifts in the absorption bands signify changes in the
functional groups and molecular environment during the
Ca-AgNPs, synthesiszed of indicating the involvement of
different chemical species and interactions in the reali-
zation and stabilization from the nanoparticles [45]. The
functional groups O—H and N-H have a strong affinity for
metal ions, making them essential in oxidation processes.
Chitosan and polyphenolic compounds derived from algae
FTIR spectroscopy is utilized to analyze functional groups

EHT = 10.00 kV

Signal A= SE1
WD = 10.5 mm Mag= 170X

Date :22 Dec 2018
Time :11:15:57

in compounds, providing insights into their chemical com-
position and potential activities. Phlorotannins, such as
dieckol, phloroglucinol, and eckol, exhibit characteristic
FTIR bands indicating the presence of electron-donor
amine groups (-NH2) and hydroxyl groups (-OH). These
functional groups are associated with antioxidant, antimi-
crobial, and anti-inflammatory properties. Analyzing the
FTIR bands of compounds like dieckol, phloroglucinol,
and eckol offers valuable information about their potential
activities based on their specific functional groups of the
compounds contain a substantial amount of these groups,
which contribute to their reactivity with metal ions [46,
47]. The secondary metabolites of plant extract E. cras-
sipes leaf exposed the occurrence of polyphenols,tannins,
alkaloids, steroids, and triterpenoids, which were utilized
in the diminution of silver nitrate to AgNPs- E. crassipes.

Fig.5 Synthesized AgNPs characterized by (a) SEM, (b) TEM, (¢) SAED of E.crassipes
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4.6 Structural characterization of SEM, TEM, SAED
of E. crassipes leaf ethanolic extract

The structural study carried out on E. crassipes leaf etha-
nolic extract [FCC-Centered Cubic] of XRD pattern of bio-
synthesized, SEM of AgNPs analysis of particle size of 11 nm
emission is examined on the surface of morphological and
characterization analysis of AgNPs in the form of average
in diameter 50-20 nm. In TEM, the analysed components in
homogeneous polycrystalline potential shapes and showing on
lattice spacing are 0.295 with spacing values (Fig. 5).

SEM images confirmed that the Ag NPs had an irregular
morphology with size ranges of 20-80 nm, and a random
spherical shape was observed [48]. The morphological char-
acterization of using SEM structure, shape and sizesynthesized
of silver nanoparticles (AgNPs) were analyzed [49]. The char-
acterization of 25 nm size and a spherical shape were formed
usingplant extraction Boerhaaviadiffusa of silver nanoparticles
(AgNPs) synthesized [50]. Showing on TEM images revealed
synthesized of nanoparticles (Nps) were spherical, polydis-
persed, and well-crystallized [51]. It is a commonly used
technique in medicinal applications. The analysis of AgNPs
synthesized from E. crassipes leaves revealed an estimation of
their potential as a good source for glycol-oxidative damage
protection. The synthesized silver nanoparticles using kraft
lignin from the hardwood fraction as a stabilizing agent without
the utilize of chemical reagents. The synthesized of (AgNPs)
silver nanoparticles using were particle size at 24.7 nm and
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showed antimicrobial activity under microwave irradiation
[52]. Phenolic compounds with higher levels of hydroxyla-
tion in their chemical structures exhibit enhanced capacity for
scavenging radicals and a greater tendency to reduce Ag+to
AgNPs. Additionally, when chitosan and polyphenols are com-
bined, they synergistically enhance the bactericidal properties
of biogenic AgNPs [9, 53]. Synthesized AgNPs confirmed on
cellulose Nanocomposite, particle size ~24 nm in spherical
shapes [54]. Green synthesized silver nanoparticles (AgNPs)
remain spherical cutting-edge shape with an average diameter
size of 32.75 nm were obtained using Naringi crenulata leaf
ethanol extract. The morphological characterization showed
the spherical shape. The AgNPs exhibited significant (AgNPs)
Green-synthesized nanoparticles exhibit potent anti-bacterial
activity against multidrug-resistant bacteria [55]. Copper oxide
were synthesized of nanoparticles utilizing E. crassipes (Water
hyacinth) leaf extract an environmentally friendly approach
of a size range of 10-100 nm they are resulting nanoparticles
exhibited [51].

4.7 XRD, EDX and AFM characterization
of synthesized AgNPs of E.crassipes

Based on XRD patterns the synthesized silver nanoparticles
(AgNPs) had crystalline structures, with narrow diffraction
peaks at four Bragg reflections. In EDX designated that the
irregular shapes of Ag-NPs were formed by the major ele-
ments of silver (70.2%), copper (28.80%), and oxygen (0.89%),

v +———
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Fig.6 Synthesized AgNPs characterization by (a) XRD, (b) EDX and (¢) AFM
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Staphylococcus aureus

Pseudomonas aeruginosa

Klebsiella pneumoniae

Fig. 7 Antibacterialpotential of the synthesized AgNPs

along with other biomolecules on the surfaces of silver. AFM
images showed irregular shapes and sizes of synthesized silver
nanoparticles utilized at 36-46.5 nm stretched, with an average
size at 46.5 nm. These findings indicate that E. crassipes serve
as a valuable source for silver nanoparticle synthesizing with
potential applications in various fields (Fig. 6).
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Salmonella typhi

XRD analysis of Persea americana seed aqueous extract
revealed diffraction peaks at (210), (111), (200), (220), (311),
and (222), indicating AgNPs synthesized crystal structure was
analyzed [56]. Aqueous leaf extract of Anacardium occiden-
tale plant was utilized the synthesis of bimetallic nanoparticles
(BMNPs) with a ratio of Au/Ag: 1:1. XRD analysis of the
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Alterneria alternata

Candida albicans

Fig.8 Antifungalactivity of synthesized AgNPs

BMNPs revealed prominent peak values at (111), (200), (220),
and (311), confirming their crystalline nature [57]. Tagetes
erecta extracts analysis revealed the synthesis of FCC silver
nanoparticles (AgNPs) with a crystallite size of 11.87 nm, its
confirmed by XRD pattern analysis [58]. The synthesis of Zinc
oxide nanoparticles involved characterization of their structure
and chemical properties using Miller indices and crystallo-
graphic planes. XRD analysis revealed a pattern position of

peaks without significant differences in peak intensity, with
high peaks value at 20 values of 38.49°, 44.09°, and 78.31° for
reflections, indicating potential applications in thermo-fluids
industries. The antibiotic cefotaxime was also tested for its
effect on the nanoparticles, and both showed peaks at the same
values as the standard card [59]. Characterization of Termina-
lia arjuna and Thespesia populnea fruits extracts revealed high
purity of elemental constituents and dominant peaks, AgNPs
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synthesized were employed catalyst photo-degradation of B
dye, specifically Rhodamine[60].

XRD analysis was performed to the presence of both
amorphous and crystalline matrices before and after adsorp-
tion. Prior to adsorption, distinct high-intensity peaks
were observed at 20 angles of 15°, 23°, 28°, 41°, 50°, and
67°. After adsorption, a significant number of peaks were
detected at 20 angles of 15°, 24°, 29°, 36°, 40°, 43°, 47°,
64°, and 77°. The presence of these intense peaks in both
analyses indicates the presence of a crystalline structure,
as confirmed by the obtained results. [61]. Finally, AFM
analysis was conducted, which showed the spherical shape
of biosynthesized AgNPs layered with a thin film on thick
aluminum foil using material the E. crassipes plant. The
analysis also revealed the presence of both impure and
highly pure nanoparticles.

4.8 Antibacterial activity Potential of Synthesized
Ag NPs

AgNPs demonstrated effective antibacterial activity
against four strains of human pathogenic bacteria such
as Salmonella typhi, Pseudomonas aeruginose, Staphy-
lococcus aureus, and Klebsiella Pneumonia. The synthe-
sized silver nanoparticles (Ag NPs) demonstrated potent
antimicrobial activity against Staphylococcus aureus;
as evidenced by a zone of inhibition measuring from
the 16.8 +0.03 mm at a high concentration 80 pg/mL
(Fig. 7). The antimicrobial properties of AgNPs need
remained extensively studied, with amoxicillin com-
monly used as a standard [62]. However, in one study,
none of the synthesized Ag NPs showed a higher inhibi-
tion zone than the standard antibiotic, although the maxi-
mum zone of inhibition was observed by increasing the
concentration of Ag NPs [63, 64]. This study evaluated
the antimicrobial activity of Ag NPs against E. coli; P.
aeruginosa; S. aureus, and B. subtilis at different con-
centrations of ranging from 5 pg/mL to 40 pg/mL. The
results showed that S. aureus exhibited strong antimi-
crobial resistance to AgNPs at different concentrations
[18, 65].

This study aimed to assess the efficacy of a specific inter-
vention or treatment involving (AgNPs) silver nanoparticles
synthesized from Hibiscus flowers against Staphylococcus
aureus; Escherichia col;, Vibrio cholera; and Klebsiella
pneumonia [66]. The synthesized silver nanoparticles
(AgNPs) demonstrated remarkable antibacterial activity,
exhibiting the greatest zone of inhibition at a concentration
of 100 pg/mL. These findings highlight the potent effective-
ness of the AgNPs in suppressing bacterial growth. Further-
more, the antibacterial activity against the different patho-
gens exhibited a dose-dependent response.

@ Springer

4.9 Antifungal Activity of Synthesized Ag NPs

The antifungal properties of synthesized AgNPs against
multiple fungal pathogens are Candida albicans; Alter-
naria alternata; and Fusarium graminium. The antifungal
efficacy of synthesis AgNPs was evaluated using the agar
dilution technique, with fluconazole serving as a standard
drug for comparison. The findings of the study indicated
demonstrated of effectiveness on the AgNPs against all
three fungal strains. Fusarium graminium exhibited the
highest the inhibition observed zone of 12.1 +0.01 mm at
a concentration of 80 pg/mL. Minimum inhibition zones
of 9.8 +0.04 mm and 10.7 +0.03 mm were observed
against Alternaria alternata and Candida albicans,
respectively, also at a concentration of 80 pug/mL. These
findings highlight indicate the synthesized AgNPs parti-
cals hold potential as findings demonstrate the effective-
ness antifungal agents against a diverse range of fungal
strains (Fig. 8). The mechanism of action of silver-based
nanoparticles involves binding of Ag+ions to the thiol
group of different proteins, which denatures them and
leads to inhibition of DNA replication and microbial
death. Furthermore, the nanoparticles induce alterations
of cell layer and modify shapes of electron-thick gran-
ules through interaction with sulphur [67]. Research has
shown that increasing the concentrations of AgNPs sig-
nificantly inhibits the growth of fungi [68]. Additionally,
several studies have shown significant antifungal activ-
ity of the synthesized AgNPs. To evaluate their antifun-
gal potential, the AgNPs were tested against selected
pathogenic fungi, including F. oxysporum; C. albicans;
C. glabrata; and A. alternata. Among these, the lowest
antifungal activity was observed against C. albicans;
followed by C. glabrata and F. oxysporum [69]. These
findings suggest that silver-based nanoparticles important
implications for the development of new antimicrobial
drugs in pharma industries.

Environment Ag NPs synthesis of human energy metabo-
lites and Environmental factor and anti-microorganism using
from green synthesis (AgNPs) synthesized.

5 Conclusions

The ethanolic leaf extract of E. crassipes focused different
secondary metabolites by qualitative methods identified
alkaloids, phenols, flavnoids etc., with this extract and sil-
ver nitrate solution nanoparticles prepared. The effectiveness
of AgNPs was confirmed through different characterization
by various analytical techniques; includs UV, FT-IR, XRD,
SEM, TEM, EDX, and AFM. In UV analysis confirmed
nanoparticles, functional groups are identified by FT-IR, in
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SEM analysis AgNPs size (11 nm) confirmed and identified.
TEM analysis average size (20—50 nm) and spherical shape
noticed. Further confirmation of nanoparticles by XRD
EDX and AFM analyses morphology, synthesized nanopar-
ticles and images show irregular shapes and sizes ranged
(36-46.5 nm). Synthezied AgNPs of E. crassipes focused
for antimicrobial activity of selected human pathogenic bac-
teria and fungus, confirmed very stong antimicrobial activ-
ity against pathogens. From our work we confirmed that
selected plant potentially used for human society in related
to pharma, medical industries.
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