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Nanoparticles produced from plants are
highly stable and the rate of green synthesis is
relatively faster. The green synthesis of metal
nanoparticles are reliable and eco-friendly.[10],[11]

Abstract- Green synthesis of nanoparticles is an
emerging branch of nanotechnology. Synthesis
of nanoparticles by plants is a green chemical
approach where in plant extracts are commonly
used. Nickel oxide nanoparticles are prepared
by green chemistry approach using the leaf
extract of Costus igneus. The phytochemical
analysis of fresh and dried Costus igneus leaves
in different extracts like water, acetic acid and
acetic acid in water (1:1) was done to analyze
and compare the presence of essential
phytochemicals in different extracts. The green
synthesized nickel oxide nanoparticles were
characterized by UV-Vis spectroscopy, FESEM
studies.

Nickel oxide is the chemical compound
with the formula NiO. It is an important transition
metal oxide with cubic lattice structure. The
mineralogical form of nickel oxide is bunsentite,
which is very rare. Nickel oxide nanoparticles
appear in green powder form and has average size
less than 50 nm.[12]-[14]

Journal o f Enginee ring Sciences

Keywords – Green synthesis, nickel oxide
nanoparticles, Costus igneus, phytochemicals.
1.

INTRODUCTION

Nanotechnology is an emerging field in
recent years. Nanoparticles have specific
characteristics, size, distribution, morphology. [1]
They have a wide range of applications in magnetic
storage media, sensors, target drug delivery,
magnetic resonance
imaging
etc.
Metal
nanoparticles have been used in wide range
applications in various fields. Specifically, as
shapes, sizes and composition of metallic
nanoparticles which are significantly linked to their
physical,
chemical,
optical
properties.[2]Technologies based on nanoscale
materials have been exploited in a variety of fields
from chemistry to medicine. Nano-sized drug
delivery of herbal drugs has a potential future for
enhancing the activity and overcoming the
problems associated with plant medicines which
are essential to treat more chronic diseases like
asthma, diabetes, cancer and others.[3],[4]

Due to their special structure and
properties, they have been widely used in various
fields, such as photoelectric, recording materials,
catalysts, sensors, ceramic materials, etc.
Recently nickel oxide nanoparticles are
studied widely because of their electro catalysis,
high chemical stability, super conductance
characteristics
and
electron
transfer
capability.[15]Nickel
oxide
is
a
p-type
semiconductor metal oxide having a band gap
ranging from 3.6 to 4.0 eV. It is an
antiferromagnetic material.[16],[17]
Costus igneus is known as Insulin plant in
India. It belongs to Costaceae family.[18] It is
closely related to ginger family Zingiberaceae,
Insulin plant is edible in nature. The large green
leaves are nutritious and has antidiabetic property.
Costus igneus is a perennial, upright,
tropical evergreen herb. The maximum height of
insulin plant is about two feet. The plant
reproduces by vegetative method and the
propagation is by stem cutting. The plant grows
very quickly. The Fig. 1 shows the Costus igneus
plant. The taxonomic position of Costus igneus is
given in Table1.

The need for the synthesis of nanoparticles
through green chemistry arose as the physical and
chemical methods were costly. Plant sources are
widely available and are the store houses of
essential phytochemicals.[5]-[9]
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into small pieces for the extraction process. After
drying, the leaf samples (150 gm) were ground into
powder form using a grinder for 30 seconds.
2.3 Extraction procedure for dry leaf powder
samples:

Fig. 1.Costusigneusplant

The dried leaf powder samples (0.5gm)
were extracted with water by heating under reflex
for 3 hours. The extract was then filtered with filter
paper (WhatmannNo.41). A similar methodology
was carried out for the extraction of dry leaf
powder in acetic acid and mixture of acetic acid in
water (1:1).

Table1. Taxonomic position of Costus igneus

2.4 Extraction procedure for fresh leaf samples:

Kingdom

Plantae

Order

Zingiberales

Family

Costaceae

Genus

Costus

Species

C.igneus

The leaves were cut into small pieces and
extracted with water by heating under reflex for 3
hours. The extract was then filtered with filter
paper (Whattmann 41). The filtrate was used for
the further preliminary analysis.
2.5 Preliminary Phytochemical screening:
The prepared extracts were subjected to the
following phytochemical screening tests to find out
the presence of phytochemicals.

A. Test for Tannins:
The rhizome of Costus igneus is
mucilaginous and feebly astringent. It has purgative
and tonic properties. Root is also used to treat
catarrhal fever, cough, dyspepsia, worms, skin
diseases and snake-bites. Alkaloids from rhizomes
have been found to possess antispasmodic,
cardiotonic and diuretic activities. It is also
essential in treating central nervous system.
In traditional medicine Costus igneus is
appreciated mainly for its tonic, stimulant,
antiseptic, anodyne, antibacterial, antispasmodic,
aphrodisiac, stimulant, stomachic, tonic and
carminative properties.[19],[20]
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B.

C.

D.

2. MATERIALS AND METHODS:
2.1 Collection of Plant materials:
The fresh leaves of Costus igneus (Insulin
plant) were collected from Kaundampalayam,
Coimbatore on September 26, 2019. The leaves
were packed instantly in polythene bags to avoid
decomposition of some bioactive compounds.

E.

2.2 Preparation of samples:
The leaves were washed carefully with
water to remove dust and foreign materials. Then
the washed leaves were divided into two parts. One
part of the leaf sample (200gm) were dried under
shade at temperature (25°C) for 7 days. The other
parts consisting of fresh sample (200 gm) were cut
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F.

Ferric chloride test:2ml of the extract was
mixed with 2ml of FeCl3. A blue or greenish
black precipitate indicates the presence of
tannins.
Test for Alkaloids:
Wagner’s test:To the extract, 2ml of
Wagner’s reagent (2.5gm of iodine is
dissolved in 12.5gm of potassium iodide) was
added, the formation of a reddish brown
precipitate indicates the presence of alkaloids.
Test for Saponins:
Foam Test: Extract was shaken well with 2ml
of water. The produced foam continues for ten
minutes it indicates the presence of saponin.
Test for Glycosides: A small amount of
extract was dissolved in 1ml water and then
aqueous sodium hydroxide was added.
Formation of a yellow colour indicates the
presence of glycosides.
Test for Steroid:
Liebermann Burchard Test:To 1ml of the
extract, 1ml of glacial acid and 1ml of acetic
anhydride and two drops of concentrated
sulphuric acid were added. The solution
becomes red, then blue and finally bluish
green, indicates the presence of steroids.
Test for Terpenoid:
Salkowski test: To 1ml of extract, tin (one
bit) and thionyl chloride were added.
Appearance of pink colour indicates the
presence of triterpenoids.
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2.6
Characterization
nanoparticles:

G. Test for Proteins and amino acids:

Biuret’s test:To 2ml of sample extract add
1ml of sodium hydroxide solution (40%) and
2 drops of copper sulphate solution (1%) and
mixed properly. Presence of proteins shows
pinkish-violet and purple-violet colour.
H. Test for Phenols:
Ferric chloride test: To the extract few drops
neutral ferric chloride was added. Appearance
of blue or green colour indicates the presence
of phenol.
I. Test for Cardiac glycosides:
Keller – Killani test: 5ml of extract is treated
with 2ml of glacial acetic acid, containing one
drop of ferric chloride solution and 1ml of
concentrated sulphuric acid. A browning of
the interface indicates a deoxysugar
characteristic
of
‘cardiac
glycosides’
(cardenolides). Below the brown, a violet ring
was observed while in the acetic acid layer, a
greenish ring was observed.
J. Test for Carbohydrates:
Fehling’s test:To the extract, equal quantities
of Fehling’s solution A and B were added.
Formation of yellow colour indicates the
presence of carbohydrates.
K. Test for Fats or Fixed oils:The extract was
mixed in 1ml of 1% of copper sulphate
solution and then 10% sodium hydroxide
solution was added. Appearance of blue
colour shows the presence of glycerine.
L. Test for Flavanoids:
Lead acetate test: The extract is treated with
few drops of lead acetate solution and the
formation of yellow colour solution indicates
the presence of flavanoids.
2.5 Green synthesis
nanoparticles:

of

Nickel

nickel

oxide

of

The synthesized nickel oxide nanoparticle is
characterized by Ultra-Violet visible spectroscopy,
field emission scanning electron microscopy
(FESEM) studies to analyze its size, shape and
structure. FESEM studies gives the structural
morphology of the synthesized nickel oxide
nanoparticles.
3. RESULTS AND DISCUSSIONS:
3.1 Phytochemical Screening:
Phytochemical screening was done to find out
the presence and absence of phytochemicals in
different extracts of Costus igneus leaves. The
prepared fresh and dried Costus igneus leaves in
aqueous, acetic acid, acetic acid in water (1:1)
extracts were subjected to phytochemical screening
process. Table 2 shows the phytochemicals present
in aqueous, acetic acid and acetic acid in water
(1:1) extracts of fresh Costus igneus leaves and
Table 3 shows the phytochemicals present in
aqueous, acetic acid and acetic acid in water (1:1)
extracts of dried Costus igneus leaves.
Table 2. Phytochemical screening of
fresh Costus igneus leaf extracts
Journal o f Enginee ring Sciences

oxide

The fresh Costus igneus leaves were
washed with distilled water thoroughly and cut into
small pieces. The cut leaves were grinded in a
mortar and mixed with 50 ml distilled water in a
beaker, to get the aqueous extract of fresh leaves.
0.001 M of 100 ml Nickel sulphate solution was
prepared in standard flask using distilled water. To
the salt solution, aqueous extract was added drop
by drop with constant agitation on a magnetic
stirrer bath at 640 rpm for 3 hours. The aqueous
extract of Costus igneus leaves acts as capping
agent. The formation of nickel oxide nanoparticles
was observed from the precipitation of particles at
the bottom of the beaker. The formation of NiO
particles causes a change in colour of the starting
black nano particles to olive green nano particles,
which is the colour of nickel oxide nanoparticles.
The reaction mixture was filtered using Whattman
filter paper No.41. The filter residue was kept in
desiccator for 8 hours and stored in a quad.
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Table 3. Phytochemical screening of dried Costus
igneus leaf extracts

3.3 Field Emission
Microscopy (FESEM):

Scanning

Electron

The surface morphology and the size of the
nanoparticles were obtained by field emission
scanning electron microscopy (FESEM) analysis.
Fig. 3 – Fig. 6 shows FESEM images of NiO NPs
synthesized by the plant extract of Costus igneus in
the range of 20 µm – 1µm, The FESEM images
show agglomerations of individual nickel oxide
nanoparticles. A closer look at the agglomerated
lump shows the presence of several nanoparticles.

Fig 4. SEM images of NiO NPs at 20μm
The phytochemicals like alkaloids, saponin,
glycosides, terpenoids, proteins and amino acids,
fats and fixed oils, flavonoids were present in all
the different extracts of fresh and dried Costus
igneus leaves.
3.2 Ultra Violet -Visible spectroscopy:
UV-Vis spectroscopy is one of the most
convenient technique for characterization of
nanoparticles. It observed that the reduction of
nickel ions to nickel oxide nanoparticles started at
the beginning of the reaction and was completed at
almost 2 min at the room temperature, indicating
the rapid biosynthesis of nickel oxide
nanoparticles. The synthesized nickel oxide
nanoparticle was confirmed by the absorption peak
at 324 nm, indicating the reduction of nickel
sulphate into nickel oxide nanoparticles.The UVVisible spectrum of nickel oxide nanoparticle is
shown in the Fig. 2.
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Fig 5. SEM images of NiO NPs at 5μm

Fig 6. SEM images of NiO NPs at 2 µm

Fig 2.UV-Vis spectrum of nickel oxide
nanoparticle
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Fig 7. SEM images of NiO NPs at 1 µm
The electrostatic interactions and hydrogen
bonding between the bio-organic capping
molecules bond are responsible for the synthesis of
nickel oxide nanoparticles using the plant extract.
The spherical and relatively uniform shape of the
nickel oxide nanoparticles was found in the range
of 20 µm – 1 µm.
4. CONCLUSION:
In this study, nickel oxide nanoparticles
were successfully green synthesized using the
aqueous extract of Costus igneus leaves through a
cost effective, environmental benign, simple
method. Synthesis of nanoparticles using this
method was completed after 24 hours. Different
extracts of Costus igneus leaves were prepared and
the phytochemical screening was done to confirm
the presence of essential phytochemicals
responsible for antibacterial, antihypoglycemic,
antioxidant activity of the plant.
The leaves of Costus igneus plant prove to
be a good source for synthesis of nickel oxide
nanoparticles. In a broader view, the green
synthesis approach has potential for fabricating
other nanoparticles, such as cobalt, iron and so
forth just by changing the precursor metal salt and
in different plant extracts.
Further, the important outcome of the
study will be the development of value added
product from Costus igneus for biomedical and
nanotechnology based industries.
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