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ABSTRACT:

Nanoparticles (NP) have been shown to have various useful applications. They are generally synthesized using chemical processes
involving hazardous chemicals. Therefore, green synthesis of NPs using natural products can be an environmentally friendly
alternative. The green synthesis of silver nanoparticles from the extract of different plant parts has gained a wide range of
engrossment among the researchers due to its unique optical and structural property. The aim of this study is green synthesis of
silver nanoparticles from the ethanolic seed extract of Sea heart (Entada gigas). The formation of synthesized AgNPs were studied
using different analytical methods, including ultraviolet-visible (UV-VIS) spectroscopy, Particle size analysis, Zeta potential
analysis.

Keywords: silver nanoparticles, Ethanolic seed extract Entada gigas, Green Synthesis and Characterization.

1. INTRODUCTION:

Nanotechnology is a known field of research since last century. Since "nanotechnology" was presented by Nobel laureate Richard
P. Feynman during his well famous 1959 lecture "There's Plenty of Room at the Bottom" (Feynman, 1960), there have been made
various revolutionary developments in the field of nanotechnology. Nanotechnology produced materials of various types at
nanoscale level.'The word "nano" is used to indicate one billionth a meter or 10”.The term Nanotechnology was coined by Professor
Noria Taniguchi of Tokyo Science University in the year 1974 to describe precision manufacturing of materials at the nano meter
level. "Nano" is a Greek word synonymous to dwarf meaning extremely small. Nanoparticles are beginning viewed as fundamental
building blocks of nanotechnology.?

Nanoparticles can be broadly grouped into two, namely, organic nanoparticles which include carbon nanoparticles (fullerenes) while,
some of the inorganic nanoparticles include magnetic nanoparticles, noble metal nanoparticles (like gold and silver) and
semiconductor nanoparticles (like titanium oxide and zinc oxide) There is a growing interest in inorganic nanoparticles of noble
metal nanoparticles (Gold and silver) as they provide superior material properties with functional versatility. Due to their size
features and advantages over available chemical imaging drug agents and drugs, inorganic particles have been examined as potential
tools for medical imaging as well as for treating diseases.3

NPs are not simple molecules itself and therefore composed of three layers i.e. (a) the surface layer, which may be functionalized
with a variety of small molecules, metal ions, surfactants and polymers. (b) The shell layer, which is chemically different material
from the core in all aspects, and (c) The core, which is essentially the central portion of the NP and usually refers the NP itself owing
to such exceptional characteristics, these materials got immense interest of researchers in multidisciplinary fields. Furthermore,
costly purification steps may be necessary if the complete removal of residual chemicals is required.*

Nanotechnology is the synthesis of particles with at least one dimension in the range of 1—100 nm. resulting in high surface to
volume ratios. As the particle size decreases, not only does the ratio of surface area to volume increase but also the physical, chemical
and biological properties of the particles differ compared to their bulk counterparts. Noble-metal nanoparticles exhibit incredible
physicochemical, optoelectronic and biochemical characteristics. They are being used for various purposes in industrial and
pharmaceutical applications. Despite the existence of numerous metals in nature, only a few of them such as gold, silver, palladium
and platinum are synthesized extensively in nanostructure form.3

Due to their extraordinary physicochemical properties, metallic nanoparticles (NPs) have been effectively applied in numerous
fields, including health care, synthetic biology, and cellular transportation. Amongst various nanoparticles, AgNPs have received
particular attention due to their unique morphologies, stability, and controlled geometry. AgNPs have been largely used in various
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electronic and sensing devices, coating materials, data packing, and molecular switches. Apart from this, they have also been applied
in the diagnosis and treatments of various diseases. Particularly, AgNPs possess excellent antimicrobial activities against several
microorganisms which are known to be responsible for several infectious diseases.®

Overall, the use of agro-Industrial wastes for the eco-friendly production of nanoparticles seems to be promising, but the relatively
few studies on these materials make it difficult to draw definitive conclusions. In particular, little is known about how the nature of
the waste affects the size and shape of nanoparticles, and of the possibility to control them by an appropriate selection of the reaction
conditions. Using biological systems such as microorganisms, plants, viruses and animal cell cultures is an alternative procedure for
preparation of NPs. Biosynthesis of NPs is eco-friendly, time affordable, cost effective.’

1.1 Nanoparticles:

The prefix nano is derived from Greek word nanos meaning "dwarf' or extremely small. Nanosized materials, known as NPs, possess
unique and improved properties because of their larger surface area to volume ratio. NPs can be broadly grouped into two, namely,
organic NPs and inorganic NPs which include noble metal NPs (like silver and gold), semi-conductor NPs (like titanium oxide and
zinc oxide) Nanotechnology can be applied to medicine, therapeutics, drug delivery and also in treatment for many diseases and
disorders. Although nanotechnology is a novel field of research, nanoparticles are known to be used for centuries. For example,
Chinese used gold nanoparticles to introduce red colour into ceramic porcelains. The colours in Roman glass artifacts contained
metal nanoparticles, used for decoration of cathedral windows.

Nanoparticles of noble metals have applications in electronics, magnetic, optoelectronics and information storage. Among these,
silver nanoparticles (Ag- NPs) are found to possess unique characteristics of high antimicrobial activity to develop nano silver-
based disinfectant products.Silver nanoparticles (AgNPs) are increasingly used in many fields, including medical, food, healthcare,
and industrial purposes, due to their novel physical and chemical characteristics. 8

»  Silver Nanoparticles

Silver is a soft, white, lustrous transition metal possessing high electrical and thermal conductivity. It has been known longer than
the recorded history due to its medical and therapeutic benefits before the realization that microbes are agents for infections. It is
used in many forms as coins, vessels, solutions, foils, sutures, and colloids as lotions, ointments, and so forth. It is the foremost
therapeutic agent in medicine for infectious diseases and surgical infections. The benefits of silver are more than the risk factors.’

2. EXPERIMENTAL WORK AND METHOD:

>  Materials:

Materials Source

Silver nitrate Merck specifications pvt. Ltd. Mumbai

Lucky beans (Entada gigas)

Paudhshala, Dehradun

Methanol (LR grade) SD-fine Chem. Limited., Mumbai
Acetone (AR grade) Merck specifications Pvt. Ltd. Mumbai
Silica TLC grade CDH New Delhi

Anisaldehyde reagent CDH New Delhi

Ethanol Hong Yung Chem. Corp. China
Toluene Merck specifications Pvt. Ltd., Mumbai
Potassium Hydroxide (KOH) Shah Scientific India, Mumbai

Iron Chloride Merck specifications Pvt. Ltd., Mumbai

Sulphuric acid

Shah Scientific India., Mumbai

Sodium hydroxide

Hi Media Laboratories Pvt. Ltd., Mumbai
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Equipment:

EQUIPMENTS SOURCE
Particle size Microtrac
UV-Visible spectrophotometer Lambda 25
Electronic precision balance Shinko
Electronic precision balance, sensitivity 1.0 mg 200D, Dhona
Hot air oven BT1-10
Micropipette 0.5-10 VERTEX

Rotary Vacuum evaporation

Scientec SE119, Buchi type

Magnetic stirrer with thermostat

Remi

Shaking Incubator

PLT-145, Tanco

Heating mantle

Bio - Technics India, Mumbai

2.1 Method:
2.1.1 Herbal Component of Plant:

a) Procurement of Plant: Plant Material i.e. seeds of Enfada gigas was collected from Paudhshala, serene Doon Valley,
(Dehradun). The plant seeds were dried in a hot air oven at 25° and powdered. Fine powder was obtained and stored in container
for future use. The seed of Entada gigas was Purchased from Paudhshala. While Silver Nitrate Was Purchased from Merck
Specifications Pvt. Ltd., Mumbai.

b) Preparation of Plant Extract: The Entada gigas extract was prepared using Soxhlet extractor using Ethanol as a solvent.
Similarly, Entada gigas extract was prepared using methanol as a solvent crude plant extract was prepared by Soxhlet extraction
method. About 100 gm of powder material was uniform packed in to a thimble and run in Soxhlet extractor. It was extracted with a
solvent for the period of about 48 hours around 28 cycles till the solvent in the siphon tube of an extractor become colour less. The
extracts were filtered with the help of filter paper and solvent was evaporated from extract in Rotary evaporator to get the syrupy
consistency. Then extracts were kept in refrigerator at 4°C for future experiments.

c¢) Phytochemical Screening of Plant Extract of Active Components: Phytochemicals are chemical compounds formed during
the plants normal metabolic processes. These chemicals are often referred to as "Secondary metabolites” which includes tannins,

saponins, flavonoids, alkaloids, proteins, steroids, Quinones, terpenoids, cardio glycosides and phenol.

o  Alkaloids- 1 % HCl was added to the extract in a test tube reacted for 20 minutes, cooled and filtered. About 2 drops of Mayer's
reagent was added to the extract. A creamy precipitate was an indication of the presences of alkaloids.

e  Tannins- Freshly prepared 10% KOH was added to the extract. A dirty white precipitate shows the presences of tannins.

o  Phenolics- Two drops of 5% FeCl; were added to the extract in a test tube. Absence of greenish precipitate indicates the
absence of phenolics.

e Glycosides- 50% was added to the extract and the mixture heated in boiling water for about 15 minutes. Fehling's solution was
then added and the mixtures boiled. A brick-red precipitate was confirmatory for the presence of glycosides.

e  saponins- Frothing test: The extract was vigorously shaken in the test tube for 2 minutes. No frothing was observed.

e  Emulsion test- 5 drops of olive oil was added to the extract in the test tube and vigorously shaken. Absence of stable emulsion
formed indicates the absence of saponins.

e  Flavonoids- 10% NaOH was added to the extract. There was no yellow colouration which is indicative to the absences of
flavonoids.
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e  Steroids- Salkowski test- 5 drops of concentrated will be added to the extract in a test tube. Red colouration was observed
which was indicative for the presence of steroids.

e  Phlobatannins- The extract was added to 1% HCI. Absence of red precipitate shows negative results.

e  Triterpenes- Treat the petroleum ether & H»>S04 with the extract and few drops of concentrated sulphuric acid then shake well,
no colour appears in indicate disappearances of triterpenes. (Yellow colour).

2.1.2 Nano silver Component of Plant:
a) Procurement of Chemicals: Silver Nitrate (AgN03) was used as purchased from Merck Specification Pvt, Ltd., Mumbai.

b) Preparation of 1x10-3Silver Nitrate Solution: 1x10-solution of silver Nitrate was prepared by dissolving 0.169g of silver
nitrate in sufficient water to produce 1000mL.

¢) Preparation of Plant Extracts Solution: A solution of plant extract was prepared by dissolving extract in minimal quantity
of organic solvent, to get slurry. The prepared slurry was mixed by a homogenizer in water to get a suspension. The stock solution
of 30mg/30mL was prepared from ethanolic extract of Entada gigas. From the stock solution different dilutions are prepared ranging
from 40, 60, 80 and 100png/mL, using water as diluents.

d) Biosynthesis of Nano- Silver Particles:100mL aqueous solution of 1x10-3 silver Nitrate was mixed with plant extract
solution of different concentration in Silver Nitrate Solutions. In Silver Nitrate Solution plant extract was added followed by
intermittent stirring at room temperature. By mixing both solutions, Ag" ions were aggregated and clustered together to form
monodispersed nanoparticles as a transparent sol in aqueous medium. The solution was yellow. The solutions were stirred repeatedly
after so up to brown dark colour appeared for approximately after an hour. It keeps in observation until it became stable. At this
point this solution of Ag nanoparticles was so stable that it did not change colour for as long a period of time without any stabilizing
agent. similar procedure was followed for every dilution i.e. 100pg/mL. after every interval sampling was done and studied by UV-
Vis analysis for the formation no of particles with time.

3. RESULTS AND DISCUSSION

3.1 Preparation of Plant Extracts: The plant extract of Entada gigas was prepared by drying the samples in a hot air oven at 25°C
and blended into the powder. The powder was extracted with methanol/ethanol solvent by Soxhlet extractor for 48hours and filtered.
Extraction was repeated until obtaining colourless extract, all extracts were combined and the solvent was evaporated under hot air
oven. Finally, the percentage yield of the crude extract was calculated. The obtained crude extract was sticky and viscous dark
yellowish semisolid.

¢ The percentage yield of crude extract was calculated by following equation:
% Yield = Weight of crude extract x 100

Weight of dry Powder

¢ The percentage yield of batches of Ethanolic extract of Entada gigas& methanolic extract of Entada gigas, were 15.29%.

Table 3.1.1: Percentage Yield of Plant Extract:

. Weight of crude
Plant extract Weighedof powder Extract % Yield
(gm) (gm)
Ethanolic extract of Entada gigas | 100 15.29 15.29
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c¢) seed extract of Entada gigas Biosynthesis of silver nano-particles from

plant seed extract of Entada gigas

Figure 3.1.1: Procurement of plant seed:
3.2 Phyto - Chemical Studies:

o  Ethanolic extract of Entada gigas were subjected to various chemical tests for the preliminary determination of
Phytoconstituents.

o  Ethanolic extract of Entada gigas, was mixed with equal proportion of alcohol and water (to get hydro alcoholic sample) before
subjected to various chemical test. Results of phytochemical studies were shown in below table.

e  Above studies confirms the presence of Glycosides, Tannins Steroids and Terpenoids, Saponins, Phenol, Flavonoids,
Protein and amino acid in methanolic extract of Entada gigas.

>  Table 3.2.1: Phyto chemical studies:

Test Performed Entada gigas

Tannins

Phenolic compound
Glycosides

Saponin

Flavonoids
Phlobatannins
Terpenoids

Steroids

Protein

Amino acid

]|+

+ |+ ]+ ]+
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(+) Present, (-) Absent

3.3 UV —Visible Spectral Analysis of Nano silver Particles:

particles were confirmed by taking UV-vis spectrum. The bio aggregation of Ag+ in aqueous solution was monitored by periodic
sampling of aliquots (0.2mL) of the suspension. The sample was diluted with 2mL deionizes water and subsequently measuring
UV-Vis spectra of the resolution diluents. Change the 1Nm EGa max was observed, which indicates was carried out as a function
of bio aggregation time at room temperature on Lambda 25 UV spectrophotometers. There was a gradual increase in colour
development in the reaction mixture (silver nitrate solution + plant seed extract).

R/

s For Entada gigas extract:

e  Different concentration of ethanolic extract of Entada gigas was added to 1x10-silver nitrate solution. There was a gradual
increase in colour development due to the particle size, dielectric medium and chemical surroundings.

e  SampleEG1(1mM) shows a shift in max with increase in reaction time. There was increase in intensity of the peak showing at
280 nm.

e  The colour change was from light yellow to brown. There was peak after 24hrs and 48hrs period showing stability. Hence
further analysis was done.

o Insample EG2, it was observed that with time there is shifting in peak intensity at 280 nm due to the surface Plasmon resonance
(SPR) phenomenon of silver nanoparticles. But after 24hrs, characteristic peak due to SPR was not observed. The sample was
rejected.

»  Table 3.3.1: Observation of colour development in sample of Entada gigas with time:

Sno Sample code Colour intensity

15min 30min 1hr
1 EG1 Yellowish Brown Yellowish Brown Reddish Brown
2 EG2 Yellowish Brown Reddish Brown Reddish Brown

»  Table 3.3.2: UV-Spectrophotometric Data of Nano silver from Entada gigas extract:

Wavelength (nm)
S.no. Absorption (A) Concentration (g/M)

24 hrs
1 0 0 0
2 24213 1 280.42
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Figure 3.3.2: UV Spectroscopy of 1 M Entada gigas sample
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1. Zeta potential: Zeta potentialis the electric potential at the boundary (slipping plane) between a charged particle's surface and
the surrounding fluid, indicating the net surface charge and predicting colloidal stability by measuring electrostatic repulsion
between particles; high absolute values (e.g., >|30] mV) suggest good stability, while low values mean particles might clump
(flocculate), crucial in industries from food to pharma.

e  The test result show that the zeta potential of the test sample found to be 75.3 mv.

e  This indicating that size of particles in sample are unstable at nano range.

il
|

‘JII[
1k lll

Figure 3.4.1:Zeta potential analysis

3.5 Particle Size Analysis:

Size of the synthesized silver was determined using microtrac total solution in particle characterization measurements in
nanotechnology laboratory of Shri G.S. Institute of Technology and Science Department of Pharmacy. Fig 7.8 shows the Particle
Size Distribution Analysis of Entada gigas extract. This result shows a wider hydrodynamic size range for silver nanoparticles;
approximately 5 to 100 nm. On the other hand, the results show that the sizes of silver nanoparticles are influenced by a number of
factors including reaction temperature and extract concentration.

% For Sample Entada gigas:

e  when sample of Entada gigas extract with 5 mM silver nitrate solution, particle size analysis was performed. On this analysis
lower temperature was 20°C and higher temperature was 30°C.

e Average number of particles having size of 4460nm and minimum particles were found to be size of 568nm and maximum
particles found in range of 1662nm.

e Around 95% of particle having size of 510nm.

e refractive index of sample was 1.33.

o  Lower temperature viscosity was 1.002 cP and higher temperature viscosity was 0.797cP.

e  Because the sample was unstable so that it was show is the different particles size range.
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Fig 3.5.1: Particle Size Distribution Analysis
4. SUMMARY &CONCLUSION:

v' However, understanding the mechanism by biomolecules of these organisms are involved in synthesis is lacking. A progress
in this area will green paths in the development of controlled shape and size AgNPs. Moreover, the synthesis of nanostructures of
Ag in high yield and in a wide range of shapes is challenging tasks. This requires the understanding of the nuclei formation and the
influence of reaction species on nuclei morphology. Thus, have studied synthesis of silver nanoparticles by the extract of Entada
gigas faster aggregation rate of silver ions into silver particles.

v' The plant extract was prepared by Soxhlet extractor, the percentage yield of Entada gigas, was 15.29%. The Phyto-chemical
studies of ethanolic extract of Entada gigas, shows absence of phlobatannins. Tannins, glycosides, flavonoids and steroids are
present in plants extract.

v The aggregation of silver ion was confirmed by colour change from yellow to brown of the solution. The particles thus formed
is a subjected to UV- Spectrum analysis, Particle size &zeta potential. The aggregation of the Ag ions through Plant extracts leading
to the formation of silver particles of fairly well-defined dimensions. A strong, broad absorption band with a maxima located around
280 nm was observed due to formation of silver particles produced by the herbal extract. This peak is assigned to a surface plasmon,
phenomenon that is Well-documented for various metal nanoparticles with sizes ranging from 2 nm to 100 nm.

v' The particle size of the synthesized silver particles was determined using microtrac total solution in particle characterization
measurements in nanotechnology laboratory of Shri G.S. Institute of Technology and Science Department of Pharmacy. The analysis
showed a wider hydrodynamic size range for silver particles; In the sample average particle size was found to be 568 nm. During
study it is observed Entada gigas sample has given nanoparticles at faster rate but found out to be unstable for long period of time.
Extracts from bio-organisms may act both as reducing and capping agents in Ag NPs synthesis. The aggregation of Ag+ ions to form
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Ag particles occurs by combinations of biomolecules found in these extracts such as enzymes/proteins, amino acids,
polysaccharides, and vitamins, Flavonoids and terpenoids. Proteins in the extract provide dual function of Ag+ aggregation and
shape-control in the nano silver synthesis. The carboxyl groups in aspartic and or glutamine residues and the hydroxyl groups in
tyrosine residues of the proteins were suggested to be responsible for the Ag+ ion aggregation.

v The following result of particle size determination shows that the particle size ranging from 510 nm to 6333nm which is above
the nano range ie.,100 nm, means the particles formed during the reaction of 1pg/mL plant extract and1x10- silver nitrate solution
is not under the nano range.

v" The zeta potential result shows the particle having charge of 75.3 mv which means the solution is unstable.
v" UV spectroscopy results show absorption peak on 280.92 nm at 2.4213 A.

v' The silver particles were not stable under nano range while using 1ug/mL Entada gigas as herbal drug to synthesis silver nano
particles from 1x1073 silver nitrate solution.
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