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Abstract
Plants have been in use in medicine from time immemorial. Sesamum indicum, an
ancient seed crop, has been widely used mainly for its oil. It is regarded as highly beneficial for
its nutritive value and therapeutic effect. It is known to have anti-allergic, anti-inflammatory, anticancer, analgesic and many other pharmacological activities. In this study, seeds of S. indicum
were subjected to aqueous extraction followed by evaluation for the presence of phytochemical
constituents. The aqueous extract of seeds of S. indicum after phytochemical testing, was found
to contain alkaloids, phenols, steroids, flavonoids, diterpenes, glycosides and tannins. Following
this, silver nanoparticles were biosynthesised from the extract, where the phytochemicals acted
as reducing and capping agents for the nanoparticles formed. The synthesised nanoparticles
were characterised by using UV-visible spectroscopy, energy dispersive X-ray spectroscopy, field
emission scanning electron microscopy and X-ray diffraction. The synthesis of nanoparticles from
plant extract is gaining importance now-a-days owing to the effectual activity elicited by them when
compared to activity of plant compounds alone.
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Traditional medicines, which contain compounds derived from medicinal plants, are
used by approximately 80 per cent of people in developed countries (Yadav and Agarwal, 2011).
Medicinal plants are a valuable source of bioactive compounds with a variety of activities. Secondary
plant metabolites (phytochemicals), as they are commonly known, have been linked to a variety
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Sesame (Sesamum indicum), one of
the world’s important oil crop, is a member of
Pedaliaceae family. It is an annual shrub with
white bell-shaped flowers with a hint of blue,
red or yellow with or without branches. It is
grown for the production of seeds that are rich
in oil content. These seeds are known to have
desirable pharmacological effects. Sesame
seeds are proven for their antioxidant activity
(Anilakumar et al., 2010). The protein from
sesame possesses antihyperlipidemic property
which reduces triacylglycerol and cholesterol
levels in plasma (Biswas et al., 2010). The
antimicrobial activity of sesame has been
reported by Saleem, 2011 against Salmonella
typhi. Anticancer activity has been observed
with myrsitic acid present in sesame seeds
(Shasmitha, 2015). Sesamin from sesame has
been known to have antihypertensive action in
animals (Nakano et al., 2006). Miscellaneous
effects like antipyretic, anti-inflammatory,
wound healing, analgesic activities have been
reported (Mushtaq et al., 2020).
Irrespective of the pharmacological
effects that bioactive plant components
possess, their use in the medicinal field has a
long way to go. Exhaustive research has been
conducted to facilitate nano delivery of these
phyto-constituents. These nano formulations
are known to have increased bioavailability,
solubility, achieving determined target with
reduce dose levels (Subramanian et al., 2016).
Silver nanoparticles play an important role in
the field of nanotechnology because of their
extraordinary properties including chemical
stability, conductivity, catalytic activity and
biological effect such as antibacterial (Qais et
al., 2019), antifungal (Ghojavand et al., 2020),
antiviral (Sujitha et al., 2015), anti-inflammatory
(Moldovan et al., 2017), anti-oxidant (Keshari
et al., 2020), anti-plasmodial, anti- diabetic
(Kuppusamy et al., 2016) and anticancer (Basak
et al., 2018) activities. They are also known
to have larvicidal, acaricidal wound healing
properties and used for the treatment of water
(Firdhouse and Lalitha, 2015). The present
study focused on the production of AgNPs from
the aqueous seed extract of Sesamum indicum

(S. indicum) and their characterisation.
Materials and methods
Collection of seeds and identification
The seeds of S. indicum were collected
from Avalpoondurai, Erode, Tamilnadu (Fig. 1).
The plant along with seeds were authenticated
from Research and PG Department of Botany
St. Thomas College, Thrissur (Fig. 2).

Fig. 1. Seeds of Sesamum indicum

Fig. 2. Herbarium

Aqueous extract from seeds of S. indicum
The seeds of S. indicum were cleaned,
dried and sieved. Then they were crushed and
defatted using hexane as a solvent. The defatted
residue was then allowed for air drying and kept
in Soxhlet apparatus for hot aqueous extraction.
Subsequently, it was allowed for drying in the
rotary evaporator. The yield of extract was
calculated from the extract obtained (Aathira
et al., 2021). Finally, the resultant product was
stored in refrigerator for further study.
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of biological properties that protect against a
range of diseases (Renjith and Sankar, 2020).
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Phytochemicals analysis
The secondary metabolites like
alkaloids, phenols, steroids, flavonoids,
diterpenes, triterpenes and saponins from
the aqueous extract of seeds of S. indicum
was examined as per method described by
Harborne (1998).
For detecting alkaloids, one gram of
the extract was mixed with 5 mL of ammonia
before being extracted with the same volume of
chloroform. Five millilitres of dilute hydrochloric
acid were added to this extract. The obtained
acid layer was then tested for the presence
of alkaloids by using various reagents as
described below.
Mayer’s test - Eight drops of Mayer’s
reagent were added to 1 mL of acid layer. The
presence of alkaloids was indicated by the
formation of a cream-colored precipitate.
Dragendorff’s test - One mL of
acid extract was mixed with eight drops
of Dragendorff’s reagent. The presence of
alkaloids was indicated by the formation of a
reddish-brown precipitate.
Hager’s test - Eight drops of Hager’s
reagent were added to 1 mL of acid extract.
The presence of alkaloids was indicated by the
formation of yellow precipitate.
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Wagner’s test – Equal amount of extract and
Wagner’s reagent were mixed together. The
presence of alkaloids was indicated by the
formation of a reddish-brown precipitate.
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The presence of steroids was
detected using Salkowski’s test, which includes
adding 3 mL of chloroform to 50 milligrams of
the extract and dissolving it. The solution was
then allowed to stand after adding few drops of
concentrated sulphuric acid. The presence of
steroids was indicated by the formation of a red
colour. Also analysed by Liebermann Burchardt
test by adding 3 mL of chloroform with 50 mg
of extract and mixed. Along the sides of the
test tube, five drops of acetic anhydride and
one millilitre of concentrated sulfuric acid were
added. The presence of steroids was confirmed
by the formation of a reddish ring at the junction
of two layers.

The detection of glycosides was done
by Benedict’s test by mixing the extract (50
mg) with 1 mL of water before adding 5 mL of
Benedict’s reagent. The presence of reducing
sugars was indicated by the formation of brown
or red precipitate.
The detection of phenols was
performed using ferric chloride test by adding
five milligrams of the extract to one millilitre
of water, dissolving it and adding five drops
of 10% ferric chloride. The appearance of a
bluish black colour indicated the presence of
phenols.
The presence of tannins was
confirmed by ferric chloride test by adding two
milligrams of extract to three millilitres of one
per cent ferric chloride solution. The presence
of tannins was indicated by the development of
a blue-black or brownish green coloration.
The flavonoids were detected by ferric
chloride test by adding four drops of neutral
ferric chloride solution to 2 mL of the methanol
extract (0.5-gram extract in 10 mL methanol).
The presence of flavonoids was indicated by
the formation of green colour.
The diterpenes in the extract were
detected by adding five milligrams of extract
with three millilitres of 5 per cent copper
acetate solution. The presence of diterpenes
was depicted by the formation of green colour.
The triterpenes were detected using
Salkowski test, which includes mixing three
milligrams of extract with three millilitres of
chloroform and shaken with three millilitres of
concentrated sulphuric acid. The presence of
triterpenes was indicated by the development of
yellow colour in the lower layer after standing.
The presence of saponins were done
by froth test by adding 5 mL of water to 200
mg of extract and the tube was shaken. It was
identified by the persistence of foam produced
for 10 min.
Biosynthesis of silver nanoparticle from
aqueous extract
The silver nanoparticles were
synthesised by mixing 10 mL of 1 mM silver
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nitrate solution with 10 mL of 2 grams of
aqueous extract, dissolved in deionised water.
It was kept on hot plate and the extract was
added under continuous stirring. Then the
solution was kept under bright sunlight for the
colour change manifesting the development of
nanoparticles.
Characterisation of the synthesised silver
nanoparticles
The synthesised silver nanoparticles
were characterised by UV- visible spectroscopy
(Perkin-Elmer, Lamda 25) with wavelength of
300-700 nm.
The silver nanoparticles
from the plant were examined under field
emission scanning electron microscope at
Amrita Centre for Nanosciences and Molecular
Medicine, Kochi. Using ImageJ software, the
size of the nanoparticles was measured.
The energy dispersive X-ray spectroscopy for
the biosynthesised silver nanoparticle was
performed to detect the presence of specific
elements at Amrita Centre for Nanosciences
and Molecular Medicine, Kochi.
The phase analysis for the
biosynthesised silver nanoparticles was done
using X-ray diffraction spectroscopy at Centre
for Materials for Electronics Technology
(C-MET) Athani, Thrissur. They were verified at
30 kV voltage, 20 mA current at a rate of 10°2θ/
min with CuKα radiation.

glycosides, saponins, coumarins and flavonoids.
These compounds exhibited anticancer activity
in Human larynx epidermoid carcinoma (Hep-2
cell line), murine Mammary Adenocarcinoma
(AMN-3) and human Rhabdomyosarcoma
(RD). This is also in accordance with the work
done by Usha et al. (2013) from the hot aqueous
extract of seeds of Butea monosperma.
Biosynthesis of silver nanoparticles from
aqueous extract
The manifestation of colour change
was analysed by exposing the solution to
sunlight that revealed the colour change
for yellow to dark red solution (Fig. 3). This
indicated the formation of silver nanoparticles.
Alfuraydi et al. (2019) described similar colour
change reaction with silver nanoparticles
from sesame oil cake and determined that
the transition was caused by surface plasmon
resonance and free electron modifications. The
aqueous extract containing phytochemicals
reduced the silver nitrate to metallic silver and
acted as reducing and capping agents for the
nanoparticles produced as reported by Basu et
al. (2016).

Results and discussion
Phytochemical analysis
Fig. 3. Colour change from yellow to dark red
Characterisation of silver nanoparticles
from aqueous extract
The silver nanoparticles from the
sesame seeds were analysed using UVvisible spectrophotometer. It showed peak of
absorption at 432 nm (Fig. 4). Similar peaks
have been observed with Meena and Chouhan
(2015). They described that dark red colour was
due to the excitation of electrons resulting from
the surface plasmon resonance when analysing
the fenugreek seed aqueous extract. Azizi et al.
(2013) also noticed peak at 420 nm with silver
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The yield of the extract was calculated
as 13.63 percent. Similar extract yield of 13.37
per cent has been reported from aqueous
extract of sesame seeds (Hussain et al., 2018).
The aqueous extract from the seeds showed
the presence of steroids, alkaloids, glycosides,
flavonoids, phenols, diterpenes and tannins.
Phytochemicals analysis by Narasimhan and
Mohan (2012) from hexane and methanolic
extract of seeds of sesame revealed presence of
alkaloids, polyphenols, glycosides, flavanoids,
carbohydrates, proteins, phytosterols and
terpenoids. Ghani et al. (2012) examined the
ethanolic defatted extract of Sesamum indicum
and found to have alkaloids, tannins, phenols,

265

nanoparticles prepared from aqueous extract
of Sargassum muticum.
The micrographs of FESEM were
used to determine the size of the nanoparticle,
which was biosynthesised from sesame
seeds. They showed a range of 14 - 48 nm in
nano scale (Fig. 5). This has been measured
using ImageJ software with 64-bit JAVA. The
analysis indicated the spherical nanoparticles
in solitary and cluster form. This result was
similar to consistent silver nanoparticles from
Delphinium denudatum root produced by
Suresh et al. (2014), where the FESEM analysis
exhibited the nanoparticles in spherical shape.
Benakashani et al. (2016) also obtained similar
spherical nanoparticle of 10 to 40 nm size.

oxygen. This might be acquired from the plant
extract (Fig. 6 and 7). The findings of this study
were in accordance with Bhagat et al. (2019).

Fig. 6. EDS analysis of S-AgNPs

Fig. 7. Diffraction peak for S-AgNPs

Fig. 4. Absorption spectra for S-AgNPs

With X-ray diffraction analysis, the
diffraction analysis for silver nanoparticles
produced distinct peaks at 27.8 ˚, 32.3 ˚, 38.4
˚ and 46.3˚. Similar peaks were seen with silver
nanoparticles from S. indicum oil cake as done
by Alfuraydi et al. (2019). He also added that
those nanoparticles from sesame oil cake were
analysed to have better antimicrobial and antitumour activity. Miscellaneous peaks with peaks
of silver nanoparticles were due to presence of
phytochemicals from the seed extract (Ibrahim,
2015).
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Conclusion
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Fig. 5. FESEM images for S-AgNPs- A-100X,
B- 10,000 X and C- 20,000 X magnification
With the energy dispersive X-ray
spectroscopy, the main peak observed in the
graph was silver. Miscellaneous peaks were
noticed along the peak of silver. The other
peaks were carbon, sulphur, chlorine and

The aqueous extract from seeds of S.
indicum analysed for phytochemicals (steroids,
alkaloids, glycosides, flavonoids, phenols,
diterpenes and tannins) is known to have many
pharmacological activities like anti-cancer, antiinflammatory, anxiolytic, thrombolytic actions.
The silver nanoparticles prepared from the
aqueous extract was characterised by using
UV-visible spectroscopy, energy dispersive
X-ray spectroscopy, field emission scanning
electron microscopy and X-ray diffraction.
Characterisation of nanoparticles is imperative
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