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Abstract

Green tea leaf aqueous extracts of varying volumes (5ml, 10ml, 15ml, 20ml, 25ml) are
outlined for the green synthesis of silver nanoparticles using a 1Mm silver nitrate solution.
UV-visible absorption spectroscopy, FTIR, SEM, and HPLC are utilized to evaluate
synthesized nanoparticles. The synthesis was predicated on the phenomenon of surface
plasmon resonance, as determined by UV- spectra at 200-400 nm, which confirmed the
presence of silver nanoparticles. The Fourier-transform infrared (FTIR) spectrum confirms
the presence of Amine, Alcohol, Aldehyde, Aromatic, C-H bending, and C-O bending
functional groups as concentrations of green tea leaf extracts increase. The Scanning Electron
Microscopy (SEM) analysis reveals a helical structure of silver nanoparticles ranging in size
from 5 to 100 nm, which exhibits good antioxidant and antimicrobial properties against
pathogens such as E. coli and Staphylococcus aureus, as well as good antimicrobial activity.
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1. Introduction

Globally, green tea is one of the most consumed beverages in the culinary industry. Its
consumption has been firmly linked to preventive medicine, as numerous studies have
reported significant health advantages. Such as digestion-enhancing, anti-inflammatory,
antimicrobial, and antioxidant properties. Acceleration of the metabolic rate, regulation of
triglyceride levels, and prevention of the distress caused by obesity, diabetes, cardiovascular
disease, and cancer. (1,2). These benefits are a direct result of the polyphenol content of tea,
which acts as an antioxidant by reducing oxidative stress in cells and lipid peroxidation,
among other mechanisms of action. (3). Thus, new quality standards have become more
stringent by requiring multiple and effective polyphenols characterization techniques,
including high-performance liquid chromatography (HPLC), ultraviolet-visible, scanning
electron microscopy (SEM), and Fourier transform infrared resonance spectroscopy (FTIR)
(4, 5). These methods have demonstrated reliability and precision. However, operation costs
and analyte management are expensive and time-consuming. Due to the presence of alkaloids
(caffeine) and catechin derivatives, green tea has diverse pharmacological effects (6-8). Due
to its antioxidant photoprotection, ageing and antiwrinkle, skin whitening, skin infection, hair
growth, and antidandruff properties, green tea is extensively used in cosmetic formulations.
Ongoing research aims to enhance or uncover the potential biomedical benefits of green tea.
(15). The advantages of plant extracts in nanomaterials synthesis are as follows: (a) they are
very inexpensive; (b) they are readily available; (c) there is no danger of contamination; and
(d) extract preparation does not require expertise, intensive labor, or complicated equipment.
In this context, a number of studies have demonstrated that plant extract-directed, antibiotics-
incorporated nanomaterials and nanoclusters exhibit potent antimicrobial activity against a
variety of microorganisms. (16-23). The analysis of scanning electron microscopy (SEM)
reveals the helical structure of silver nanoparticles ranging in size from 5 to 100 nm, which
exhibits excellent antioxidant and antimicrobial properties against pathogens such as E. coli
and Staphylococcus aureus, as well as good antimicrobial activity.

Green tea (Camelia sinenesis) Unfermented tea is green tea. Tea is an infusion of leaves that
has been ingested as a beverage for centuries and is valued for its medicinal qualities.
Alkaloids, saponins, tannins, catechin, and polyphenols were identified through a
phytochemical analysis of tea (24). Numerous microorganisms are susceptible to the
antimicrobial effects of tea leaves. Green tea contains between 30 and 40 percent of

polyphenols that can be extracted with water. According to previous research, four
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polyphenol compounds, Epigallocatechin gallate (EGCG), Epicatechin gallate (ECG),
Epigallocatechin (EGC), and Epicatechin (EC), are potent antioxidants (25). Recent interest
has been drawn to the use of plant extracts as a reducing and encapsulating agent for metallic
nanoparticles due to the protocol's speed, simplicity, environmental friendliness, and
economic viability. (26-28). In contrast, biogenic or biological routes to synthesize metallic
nanoparticles, such as silver nanoparticles, are becoming an economically viable alternative
in the field of green chemistry (29,26,30). Biogenic synthesis of metallic nanoparticles is
known to be straightforward, environmentally benign, cost-effective, and scalable.
Phytochemicals and aqueous environments additionally supplant chemical compounds and
organic solvents, respectively. (31). For the synthesis of metallic nanoparticles, plant extracts
such as seed powder, fruit, bran, rind, bark, flower, and leaf are currently utilized. The
presence of phenolic compounds, amino acids, and vitamins confers medicinal value upon
plant extract. (27-32). The green tea plant (Camellia sinensis) is an abundant source of
polyphenolic compounds. Green tea is primarily composed of the reducing and capping
agents’ epigallocatechin, epigallocatechin-3-gallate, epicatechin, and eoicatechin-3-gallate
(33,34,35). This plant is a member of the Theaceae family and is abundant in bioactive
phytochemicals that make it an effective antiseptic, anticancer, and antimicrobial agent. (36).
Green tea's chemical composition is complex and incompletely defined. Polyphenols,
specifically flavonoids such as catechins, catechin gallates, and proanthocyanins, are the most
prevalent constituents of green tea. The fresh leaves contain caffeine (approximately 3.5% of
the total dry weight or about 50mg/cup when brewed), the bromine (0.15-0.2%), theophylline
(0.02-0.045%) and other methyl xanthene’s, lignin (6.5%), organic acids (1.5%), chlorophyll
(0.5%), and free amino acids (1-5.5%), in addition to the unique amino acid theanine (4%),
numerous flavor compounds are also present in much lower amounts. Many of the biological
benefits of green tea have been attributed to the catechin fraction, which accounts for up to 30

percent of the leaf's dry weight. (37).
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Figure 1: Structure of Epicatechin and Epigallocatechingallate.

Antibacterial activity of nanoparticles against various bacterial isolates was demonstrated at
concentrations that were non-toxic to mammalian cells. Using plant leaf extracts, this study

confirms previous findings regarding the biosynthesis of nanometals with potent antibacterial

properties and high biocompatibility.

Taxonomic profile:

Taxonomy of Camelia sinenesis
Kingdom Plantae
Phylum Spermatophyta
Subphylum Angiospermae
Class Dicotyledonae
Order Theales
Family Theaceae
Genus Camelia
Species Camelia sinenesis
Kingdom Plantae

2. MATERIALS AND METHODS
2(a) Plant collection
Fresh green tea leaves were procured from the Mangalore plantation for this experiment.
Supermarket green tea leaves and green tea particles were purchased. Air-dried, chopped, and

pulverized into powder were the fresh green tea leaves. Green tea leaves and green tea
particles were directly brewed.

Figure 2: Dried green tea leaf
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2(b) Aqueous extraction

In a 250ml sterile conical flask, 10g of each of the pulverized leaves were extracted by
soaking for two days in 100 ml of distilled water. The filtrates were then concentrated using
rotavapor, placed in universal flasks, and chilled to 40C prior to use. As a preliminary

investigation, aqueous extraction was conducted.

Figure 3: Aqueous Extraction of Pulverized green tea leaves.
2(c) Methanol Etraction:

Ten grams of powdered samples of each were successively extracted with 70% and 50%
methanol to generate crude extracts containing a broad spectrum of active compounds. The
extracts were made by macerating plant material with solvents for two days in a shaker. The
respective extracts were filtered through Whatmann No. 1 filter paper and desiccated in
rotavapor at temperatures below 450°C under reduced pressure to produce a dense residue.
2(d) Test Organism:

This experiment's pathogens were obtained from Kurnool Medical College. Both Escherichia

coli and Streptococcus aureus are bacterial strains. The bacterial strains were maintained by
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weekly transfer into nutrient broth, and the fungal strains were maintained in Sabouraud's
dextrose broth.

2(e) Minimum inhibitory concentration:

The minimal inhibitory concentration (MIC) of crude extracts was determined using the broth
dilution method. In sterile test containers, 5 milliliters of sterile nutrient were added to a
loopful of test bacterial strains. Increasing concentrations of leaf extract were introduced to
each test tube (201, 40I, 60I, 80I, 1001). The contents of the containers are gently shaken to
ensure that the leaves extract is thoroughly mixed. The test containers were incubated for 24
hours at 370C. A control tube containing no test organisms was maintained.

2(f) Synthesis of Silver nanoparticles:

Using a pipette, 60 ml of green tea extract was transferred to a volumetric flask, diluted to ml,
and homogenized by hand. The resulting solution was made alkaline by adding a minute
amount of potassium carbonate (K,CO3) until the PH reached 10 (pH=10). Then, 20 ml of the
silver nitrate stock solution was added all at once. It can be seen below in Figure 4.

Figure 4: Synthesis of Ag-NP (Silver Nanoparticles) from reaction between AgNO; and
green tea extract.

3. Characterization of silver Nanoparticles
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Various techniques, including colour change, UV- Visible Spectroscopy, Scanning Electron
Microscopy (SEM), Infrared Spectroscopy, and High-Performance Liquid Chromatography,
were used to characterize the synthesized silver nanoparticles (HPLC).

3(a) Formation of Silver nanoparticles:

The colour change was observed visually in the Erlenmeyer flask containing green tea extract
and AgNO3 solution.

3(b) UV-Visible Spectroscopy:

Uv-Visible Spectroscopy confirmed the reduction of silver ions in the colloidal solution. A
small sample of Ag Nps was placed in a quartz cuvette and scanned between 200 and 400 nm
using distilled water as a reference. After adding green tea extract to AgNO3 solution, the
UV-Vis absorption spectrum of the sample was measured using a Perkin Elmer
Spectrophotometer at various times (5, 10, 15, 20, 25 min) and concentrations (20I, 40 1, 60 |,
801,1001).

3(c) Scanning Electron Microscopy:

By means of scanning electron microscopy, the surface morphology of silver nanoparticles
was observed. After 4 hours of reaction, the sample was prepared by centrifuging colloidal
solution at 12000rpm for 4 minutes. The particle was dispersed in deionized water before
being centrifuged once more. The procedure was repeated four times before being completed
with an acetone cleaning. To create the suspension, purified silver nanoparticles were
sonicated for 10 minutes. A very small amount of the sample was deposited on glass plates
and then allowed to dry at room temperature to produce the thin coatings. The sample was
exposed to light until it was thoroughly dry. The produced sample was analyzed with the

Zeiss 700 Scanning Electron Microscope using SEM.
3(d) Fourier transform infrared (FTIR) Spectroscopy

Three-dimensional transform infrared (FTIR) spectroscopy: For the infrared Fourier
transform spectroscopy analysis, the residual solution was centrifuged at 10,000 revolutions
per minute for 10 minutes. To eliminate any residual free biomass, the resulting suspension

was resuspended in 1 mL of sterile distillated water. After purification, the suspension was
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freeze-dried to produce powder. Mixing dried Ag NPs with potassium bromide (KBr) and

recording the spectra with a Perkin Elmer Spectrum.
3(e) High performance liquid chromatography (HPLC)

When dissolved in acetone, the sample exhibited a broad retention peak at 10.233 and 9.097

minutes. A climax of low intensity was observed at 2.21 and 11.398 minutes.

4. Results

4(a) UV Spectroscopy:

UV-Visible spectrometers are commonly used to confirm the formation of AgNps in a
colloidal solution by observing metallic nanoparticles' surface phenomena. This optical
property is sensitive to the nanoparticles' size, shape, concentration, and agglomeration state.
(40) The change from a yellowish to a brownish hue indicates the formation of AgNps, as
depicted in fig. The UV scan of the silver nanoparticles in green tea solution revealed a

distinct Gaussian-shaped peak at 21nm.
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Figure 5: UV-Visible Spectra of AgNPs
4(b) FTIR analysis:

The FTIR spectra of desiccated green tea AgNPs and green tea extracts are illustrated. In
Figure 6. By correlating the absorption bands to the corresponding compounds, the
photochemical constituents involved in the reduction and capping of AgNPs were studied.
Green tea extract exhibited distinct peaks at 3308, 2983, 2851, 1655, 1383, 1106, 1038,
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and 969 cm -1. The broad band at 3308 cm -1 is attributable to the O-H stretching of
alcohol in polyphenols and the N-H stretching of amines. The broad bands at 2983 cm -1
and 2851 cm -1 are the result of C-H stretching in alkanes and O-H stretching in
carboxylic acids, respectively. The peaks at 1106 and 1038 cm -1 correspond to C-O-C
stretching, and the peak at 969 cm -1 corresponds to C=C bending. Green tea aqueous
extract phytochemical analysis reveals the presence of polyphenols including gallic acid
(GA), Gallocatechin (GC), Catechin (CE), epigallocatechin, protein, flavonoid, saponin,
and glycosides. Green tea AgNPs exhibit peaks at 2919, 1609, 1244, 1017, and 753 cm-1
in their FTIR spectra. The peaks at 2919 cm -1 and 1609 cm -1, respectively, correspond
to (C-H) stretching and N-H bending. By comparing the FTIR spectra of green tea and
green tea AgNPs, variations in their chemical constituents can be identified. The peaks at
1244 and 1017 cm-1 can be attributed to C-O stretching and C=0 ketone stretching,

respectively, while the peak at 753 cm-1 corresponds to C-H bending.
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Figure 6: FTIR analysis of AgNPs

4(c) SEM analysis

The SEM images of silver nanoparticles in green tea with varying sizes 70 nm is
predominately dispersed as aggregates. The nanoparticles were not in direct contact with one

another within the aggregates, which can be attributed to the stabilizing effect of the extract's
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encapsulating agents. It is known that these phytochemicals actively reduce and stabilize

metal nanoparticles (41).

'
m

15.0kV 11.5mm x60 SE 500u

Figure 7: Scanning Electron Microscope analysis of AgNPs.
4(d) HPLC analysis:
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Figure 8: Graph representation of HPLC analysis
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PeakName| RT | Area |[%Area|USP Plate Count | USP Tailing | USP Resolution

1|Peak1 1.725| 236748| 3.78 998 1.06

2 | Peak2 2.213| 139814 223 667 1.03 167
3 | Peak3 2.921(1288889 | 20.55 2079 107 2.28
4 | Peakd 7.165| 400239 6.38 6515 0.73 13.38
5 | Peakb 9.097 (1470991 | 2346 22174 103 6.22
6 | Peakb 10.233 | 2368264 | 37.76 33729 103 478
7 |Peak? 11.057 | 248578 3.96 31643 114 340
8 | Peaks 11.398| 117835| 1.88 36063 112 1.37

Table 2: Various peaks and their different characteristics
4(f) Antibacterial activity

Several studies have documented the antibacterial properties of green tea silver nanoparticles
(42-45).

5. Discussion

The straightforward and practical photosynthetic method became an alternative to chemical
and physical processes. In green synthesis, it was believed that the plant extract functions as a
reducing and stabilizing agent for the production of metal nanoparticles. Such consistent and
environmentally friendly technologies help to boost the synthesis and application of
nanoparticles that are food for. (46). Various natural products, such as green tea (Camellia
sinensis) (47), starch (48), lemon grass leaves extract, and leguminous shrub (Sesbania
drummondii), have been used to synthesize green silver nanoparticles (49). Silver
nanoparticles in the range of 70 nm can be produced with less leaf extract and without the
addition of chemicals and physical processes such as centrifugation, sonication, and
annealing (50). In this study, we describe a straightforward one-step method for the synthesis
of silver nanoparticles by the reduction of aqueous silver ions with green tea extract at room
temperature without the use of an additive that prevents silver nanoparticle aggregation.
Through the reduction of silver ions, green-tea-capped silver nanoparticles have been created.

When the aqueous extract and silver nitrate solution were combined, the colour of the extract
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began to change. The dark brown colour of silver nanoparticles in aqueous solution was
previously known. A yellowish-brown hue in the reaction vessels indicated the formation of
silver nanoparticles (51). Due to the excitation of surface Plasmon resonance, a colour change
occurred, which may be indicative of the formation of silver nanoparticles (48). The UV-Vis
spectra revealed a maximal absorbance at 217nm, which increased with incubation time of
silver nitrate with plant extract. Observations suggested that the reduction of Ag® ions
occurred extracellularly. It was previously reported that absorbance at approximatelynm is a
characteristic of silver particles (52). The SEM analysis of the brown colour stable samples
revealed the formation of silver nanoparticles, which were well dispersed in samples treated
with silver nitrate. Since the silver colloidal particles possessed a negative charge due to the
adsorbed ions, one can deduce that a repulsive force precluded particle aggregation.
Numerous researchers have cited the biosynthesis of nanoparticles using plant extract as an
example of a biosynthesis reaction. Synthesis of spherical silver nanoparticles at ambient
conditions using a purified compound extracted from henna leaf (53). Using C. sinensis
extract from green tea as reducing and stabilizing agents, gold and silver nanoparticles can be
produced in aqueous solution under ambient conditions (52).
6. Conclusion
Using green tea extracts, we have proposed an environmentally benign method for the
synthesis of silver nanoparticles. This basic, efficient, and environmentally friendly silver
nanoparticle synthesis can be utilized in a variety of biomedical and biotechnological
applications. The outcome demonstrated that green tea extract can be utilized in the synthesis
of silver nanoparticles. UV-Visible spectroscopy confirms the formation of silver
nanoparticles, and SEM measurements of the nanoparticles' crystalline nature and average
particle size demonstrate the formation of nanoparticles without aggregation. The synthesis of
silver nanoparticles utilized an environmentally friendly method that minimized the addition
of hazardous residues to the environment. The synthesized nanoparticles were 5-100 nm in
size, crystalline, and exhibited an absorption spectrum at 217 nm, as determined by a variety

of techniques.
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