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Abstract
An eco-friendly green mediated synthesis of inorganic nanoparticle is a fast growing research in the limb of
nanotechnology. This study reports the synthesis of silver Nanoparticle by using commercially available spice
Elettaria cardamomom without the use of toxic chemicals. Visually, the formation of silver Nanoparticle was
confirmed by observing the colour changes from pale yellow to dark brown colour and an intense peak was
observed in the UV- spectrophotometer at 460 nm. Further, silver nanoparticle was characterized formation was
confirmed by XRD, SEM and EDAX analysis. The possible functional groups in the plant extracts were
identified by FTIR analysis. Further more the phytosynthesized silver Nanoparticle show the antimicrobial
activity against the pathogenic microbial strains (Bacillus subtilis, Klebsiella planticola). This novel green
approach is a rapid, facile and used for large scale production of metallic Nanoparticle.
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Introduction
The field of nanotechnology is one of the most active areas of research in modern materials science and
technology. It provides the ability to create materials, devices and systems with fundamentally new functions
and properties [1]. In the era of nanotechnology, research on nanomaterials is growing day-to-day with
increasing demand. This is because metals in nanometer size will exhibit special properties that differs and is
more superior from bulk metals [2]. Nanostructured metals are becoming more important in applications of
catalysis, sensors, electronics, biotechnology and biomedicine [3]. Recently, research in synthesis of
Nanoparticle using microbes and plant extracts gaining more importance due to its eco-friendliness, flexible and
main point is the evasion of toxic chemicals [4]. When compare to microbes, plant mediated synthesis is
actively practicing by the researchers for its positive advantages like avoidance of maintaining the microbial
culture, time-consuming and cost effective [5]. Previously, noble Nanoparticle are synthesized by using various
plant materials such as Gliricidia sepium [6], Mucuna pruriens [7],Cassia occidentalis [8], Banana peel [3],
Azadirachta indica [9],Desmodium triflorum [10], Cassia fistula [11], Cinnamomum zeylanicum [12], Opuntia
ficus-indica [13],clerodendrum inerme [5],Magnolia kobus [14], Coriander [15] ,Coriandrum Sativum [16] etc.
Nowadays, medicinal plants [17], Fruits [18,19, 20] ,weeds [21] and spices [22] has been used for production of
Nanoparticle. The spices are the new face in the green synthesis and already Singh et al., [22] have been
reported the synthesis of silver Nanoparticle using the clove buds. Due to the presence of aromatic flavor
compounds in the clover buds were likely to be responsible for the reduction of silver ions to silver Nanoparticle
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[22]. The Cardamom (Elettaria cardamomom) venerated as the 'Queen of Spices’ and belongs to the family,
Zingiberaceae. It is one of the most important and easily available spices. Seeds of cardamom are the source for
its aroma and flavor. Plants synthesize a vast range of secondary metabolites with a significant portion
consisting of phenolic compounds and flavonoid compounds [23].
The present work reports the synthesis of silver nanoparticle by using the seed extract of Elettaria
cardamomom. Herein, we investigated the efficiency of reduction of silver ions (Ag+) as well as formation of
silver-Nanoparticle from the aqueous solution of AgNO3 and extracts of Elettaria cardamomom. Further, silver
Nanoparticle were characterized by UV-vis spectroscopy, XRD, SEM, EDAX and FTIR.
MATERIALS AND METHODS
Preparation of seed broth: Fresh Elettaria cardamomom seeds (Fig.1) were purchased from local market and
it was thoroughly washed with distilled water and dried at 37 C. After that, grind the seeds to make fine powder
using modern pestle. About 10g of freshly prepared dry seed powder were suspended in 100 ml of double
distilled water and boiled at 60° C temperature for 15 minutes. Then filtered the solution through a whatman
filter paper No.1 and the solution was used as stock solution for further experimental use.

Figure 1 - Showing the nature of (a) E. cardamomom seeds with coat, (b) E. cardamomom seeds

Phyto-assisted Synthesis of silver Nanoparticle: The silver nitrate (AgNO3) was purchased from Himedia
Laboratories, Mumbai, INDIA and it was used as a precursor in the silver nanoparticle synthesis process. About
5 ml of Elettaria cardamomom seed extract was added to 20 ml of different concentration of AgNO3 (0.16, 0.18,
0.20, 0.22 and 0.24 gm) aqueous solution in conical flask. The mixture was boiled at 80°C for 20 minutes, while
heating the colour of solution was changed from pale brown to dark brown. The reduction of Ag+ ions to Ag0
was monitored by measuring the UV-vis spectrum of various concentration of reaction mixture (silver nitrate
solution + seed extract).
CHARACTERIZATION STUDIES
The reduction of silver metal ions to silver Nanoparticle was preliminary analyzed by using UV-visible
Spectrophotometer (Perkin-Elmer) of wavelength about 360-700 nm at regular time intervals. After that, the
solution mixture (Seed extract and Silver nitrate) was centrifuged at 15,000 rpm for 20 min and repeated the
centrifugation process for 3 to 4 times and filtered the resulting solution through Whatman No.1 filter paper and
dry the pellet in hot air oven. Furthermore, the dried particles were characterized by (SEM) were performed
using a Philips model CM 200 instrument to study the morphological nature of the nanoparticle. EDAX analysis
was performed to verify the crystallinity of the particles Ag Nanoparticle. The X-ray diffraction patterns were
recorded on an X-ray diffractometer. The XRD pattern proposes the crystalline nature of the Ag Nanoparticle
synthesized from aqueous extracellular Elettaria cardamomum seed extract. The FTIR measurements (PerkinElmer) were carried out to identify the potential possible biomolecules of Elettaria cardamomom seed extract
responsible for the reduction, capping of and efficient stabilization of the bio-reduced silver Nanoparticle.

RESULTS AND DISCUSSION
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UV–visible spectroscopy is an important technique to determine the formation and stability of metal
Nanoparticle in aqueous solution. The reaction mixture changes the colour by adding various concentrations of
metal ions. These color changes arise because of the excitation of surface plasmon vibrations in the silver
Nanoparticle [24]. It shows yellowish to dark brown in colour (Fig. 2). The dark brown colour of silver colloid
is accepted to surface plasmon resonance (SPR) arising due to the group of free conduction electrons induced by
an interacting electromagnetic field [2]. The strong surface plasmon resonance band appears at the range of 440480 nm and the broadening of peak indicated that the particles are monodispersed.

Figure 2 - UV-Visible absorption spectra of biosynthesized silver Nanoparticle from E.cardamomom depicting peak at 460 nm. The inset
shows extract before (left) and after (right) exposure to silver nitrate.

After the reduction of silver ions by the Elettaria cardamomom seed extract, the solution was
centrifuged at 10,000rpm for 15minutes. Repeat the centrifugation process to separate silver nanoparticle free
from other organic compounds present in solution. The Ag Nanoparticle pellet obtained after centrifugation
were redispersed in distilled water and washed for 2 or 3 times. The synthesised Nanoparticles morphology were
characterised by scanning electron microscope, this micrograph was taken using a Philips model CM 200
instrument. The silver Nanoparticle formed were predominantly spherical with uniform shape (Fig. 3).It is
known that the shape of metal Nanoparticle considerably change their optical and electronic properties [25].The
SEM image exposed that the formed nanoparticle was spherical in shape formed with the size range of 40-70
nm.

Figure 3 - The SEM images of silver Nanoparticle synthesized from the E. cardamomom seed extracts at various magnification.
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The EDAX attachment on the SEM provided chemical analysis of the field of view as well as spot
analyses of minute particles and confirmed the presence of specific elements. The presence of elemental silver
in the reaction mixture was confirmed by EDAX analysis (Fig. 4). The dried silver Nanoparticle were mounted
on specimen stubs, and examined under a Philips XL-30. The silver Nanoparticle was exhibited an optical
absorption band peaking at 3 keV which is typical of the absorption of metallic silver Nanoparticle. The SEMEDAX analysis displayed signature spectra for silver and thus convincingly evidenced the presence of this noble
metal in the microcubes and microwires These results are consistent with other reports on the EDAX analysis of
silver structures synthesized by using extracts derived from the leaves of Cassia fistula , Catharanthus roseus
[11, 26].

Figure 4 - EDAX spectra of prepared silver Nanoparticle by Elettaria cardamomom .

A representative XRD profile of the silver nanoparticle displaying the structural information and
crystalline nature of the silver Nanoparticle synthesized from aqueous extracellular E. cardamomom seed extract
(Fig.5). The XRD measurements of film of the biologically synthesized silver Nanoparticle cast onto glass slides
were done and examined on a Phillips PW 1830 instrument. The XRD pattern showed three intense peaks at
38, 47, and 77 corresponding to 111, 200 and 311 planes in the whole spectrum of 2θ. The average particle
size of the silver Nanoparticle was identified by using the following Debye-Scherrer's equation (1) and it
follows [13].

D

K
1/ 2COS

(1)

The equation uses the reference peak width at angle θ, D- Average grain size of crystallite, K is a shape factor
which is 0.9 for spherical particles, λ - Incident wavelength, and β1/2 is the Diffracted Full Width at Half
maximum (in radians). The XRD patterns displayed are consistent with earlier reports on microstructures [27,
20].

Figure 6 - FTXRD patterns of silver Nanoparticle synthesized using E. cardamomom seed broth.
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FTIR measurement was carried out to identify the possible biomolecules responsible for capping and
efficient stabilization of Ag Nanoparticle synthesized using Elettaria cardamomom. This spectrum shows lot of
absorption bands (Fig. 6) indicates the presence of active functional groups in the synthesized silver
Nanoparticles. The intensity peaks are slightly increased for the period of silver nanoparticle synthesis like
3429, 1637, 1382, 595 cm-1 as well as some intensity peaks decreased like 1045, 2080, and 2359 cm-1. Fig 5
shows the band at 3429 correspond to N-H, O-H Stretching vibrations of alkanes, amide, alcohol and H–bonded
to phenols. The peak at 1637 indicate to C=C, C=O stretching vibrations to alkenes and amide. The peak at 1382
represents to C-H in plane bend to alkenes. The peak at 595 corresponds to C- Cl, C-Br stretching vibrations to
alkyl halides. The band at 2080 corresponds to C-N stretching vibration. The weak band at 1045 indicates C-O,
C-N stretching vibrations and it corresponds to the presence of alcohols, carboxylic, acids, ethers, esters and
aliphatic amines in the seed extract. The presence of active functional groups in seed extract results in the swift
reduction of silver ions to silver Nanoparticle. To obtain good signal to noise ratio of silver nanoparticle were
taken in the range 500–3400 cm−1.
1.2

Transm ittance[% ]

1

0.8

2080

1045.41

2359.06

1382.96
0.6 595.00

0.4

1637.31

0.2
3429.86
0
500

1000

1500

2000

2500

3000

3500

4000

Wavenumber cm-1

Figure 5 - FT-IR spectrum of silver Nanoparticle synthesized by reacting AgNO3 with E.cardamomom seed extract.

At the very beginning of the biosynthesis, silver ions were reduced to metallic silver by certain
components existing in the broth of Fresh Elettaria cardamomom seeds extract solution. And silver nuclei were
formed at the initial reaction stage. By gathering the surrounding silver atoms, the nuclei gradually grew into
relatively small Nanoparticle which may act as the seeds for the growth of larger Nanoparticle. Then, as it was
stated in the very beginning of this section, large Nanoparticle with main two distinctive sizes were generated
after 1 hrs of reaction. It is well known that the surface energy of larger particles is lower than that of smaller
ones, therefore these small Nanoparticle were apt to dissolve into the solution and grow onto larger ones via an
Ostwald ripening process [28, 11].
Afterwards, the adjacent large Nanoparticle moved, met and then adhered to form a short chain-shape
structure. Zhao et al [29] observed similar phenomenon by employing N, N-dimethylformamide to prepare
silver nanowires. They proposed that Van der Waals forces induce the aggregation of Nanoparticle through the
so-called depletion flocculation. By prolonging the reaction time, the newly formed silver atoms deposit onto
the concave regions of the connected Nanoparticle through capillary phenomenon, leading to the formation of
long nanorods.
The antibacterial activity of the silver Nanoparticles was examined against Bacillus subtilis (MTCC
3053) and Klebsiella planticolla (MTCC 2277) by using standard zone of inhibition (ZOI) microbiology assay.
The Nanoparticles showed inhibition zone against all the studied bacteria (Fig.7). Maximum zone of inhibition
was found to be 23-25 mm for Bacillus subtilis (MTCC 3053) and Klebsiella planticolla (MTCC 2277). This
assay was carried out according to the method of Arya et al [8]. The sterile discs (HiMedia-5 mm) were
impregnated with different concentrations (1:5diluted) of silver nanoparticle colloids like 10 µl, 20 µl, 30 µl, 40
µl and 50 µl and dried for 10-15 minutes. The dried discs were placed on MH agar surface. Chloromphinicol
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(Hi-Media, Mumbai) were used as control and the plates were incubated at 37ºC for 24-48 hours. After
incubation, the zone was observed around the Nanoparticles coated discs and measured the zone of inhibition.
The seed extract of E. cardamom mediated synthesized silver nanoparticle showed minimum inhibition rate
against B. subtilis and K. planticola and it was represented in Table 1.The Silver nitrate which is readily soluble
in water has been exploited as an antiseptic agent for many decades [30, 31]. Dilute solution of silver nitrate has
been used since the 19th century to treat infections and burns [32].

Figure 7 - Antibacterial activity of various concentrations of Ag Nanoparticle against selective bacterial pathogens (Bacillus subtilis.
Klebsiella planticola).

Table 1
The antimicrobial activity of Ag nanoparticle synthesized using seed extract of E.cardomomom (mm).

Bacterial Sp
Silver nanoparticle
Concentration (μl)

10 µl
20 µl
30 µl
40 µl
50 µl
Control

Bacillus subtilis
(Zone of inhibition-mm)

Klebsiella planticola
(Zone of inhibition-mm)

8
10
10
11
12
23

9
10
11
12
12
25

The exact mechanism of the antibacterial effect of silver ions is partially understood. Literature survey
reveals that the positive charge on the Ag ion is crucial for its antimicrobial activity. The antibacterial activity is
probably derived, through the electrostatic attraction between negative charged cell membrane of
microorganism and positive charged Nanoparticles [33, 34, 35, 31]. However, Sondi and Salopek-Sondi [36]
reported that the antimicrobial activity of silver Nanoparticles on Gram-negative bacteria was dependent on the
concentration of Ag Nanoparticles and was closely associated with the formation of pits in the cell wall of
bacteria. The antibacterial efficacy of the biogenic silver Nanoparticles reported in the present study may be
ascribed to the mechanism described above but it still remains to clarify the exact effect of the Nanoparticles on
important cellular metabolism like DNA, RNA and protein synthesis.
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CONCLUSION
In the present investigation, a facile, environmentally benevolent green synthetic route is used for synthesis of
silver Nanoparticle. The Phytofabrication of silver nanoparticle by using seed extract of E. cardamomom
without involvement of any toxic chemicals. The metal ions reduction occurs very rapidly, and the reduction of
Ag ions will be completed within 4 hours. The synthesized silver Nanoparticle distinct monodispersity as they
show particle size between the range of 40-70nm. The EDAX investigation confirmed a pure phase and high
silver content. Water soluble heterocyclic compounds such as flavones were mainly responsible for the
reduction and stabilization of the Nanoparticle. Assessment on the antibacterial effect of nanosized silver
colloidal solution against Bacillus subtilis and Klebsiella planticola reveals high efficacy of silver Nanoparticle
as a strong antibacterial agent. The present used seeds of E.cardamomom as a source which is easily obtainable
and extensively useful in biomedical application.
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