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The present study was designed to synthesize Silver Nanoparticles (Ag-NPs) in aqueous medium using
leaf extract of Gynocardia odorata R. Br. (Achariaceae). The synthesized Ag-NPs were characterized
using different technique such as UV-Visible Spectroscopy, X-Ray Diffraction (XRD) Spectroscopy,
Fourier Transform Infrared Spectroscopy (FTIR) and Transmission Electron Microscopy (TEM). The
reduction of Ag ions to initiate nucleation and subsequent Ostwald Ripening to form nanoparticles was
made possible by the presence of various antioxidants in the leaves of Gynocardia odorata. These
antioxidants served both as reducing and capping agents. The synthesized Ag-NPs were found to be
polydispersed in nature and spherical in shape. With the Surface Plasmon Resonance (SPR) optical
absorption band peak at ~440 nm was observed using UV-Vis spectrophotometer. FTIR confirmed the
presence of methoxy and allyl groups in the synthesized Ag-NPs and nearly 15-45 nm diameter
spherical shaped NPs was validated using TEM. The synthesized Ag-NPs were stable for a long period
(more than six months) and showed good antibacterial activity against both gram positive and gram

negative bacterial strains and the effect was higher as compared to the normal aqueous extract.

Introduction

Nanotechnology is a disrupting technology that has
triggered interest in a number of domains including
medicine, agriculture, food, packaging etc. This field of
science has been receiving a lot of attention in the past
years. It has provided a platform to understand how
physiognomy of nanoparticles (NPs) can dramatically
change the flavour, appearance, sense and aroma of
foodstuffs with an increase in nutrition.
Nanotechnology merged with other pre-existing
technologies is creating innovations which ensure
safety and security (1). The biosynthetic methods for
the synthesis of NPs have gained considerable
attention in the past decade as there is no requirement
of synthetic chemicals for the production protocols.
The synthesis of nanoparticles by chemical route has
the downside that colloidal solutions are tainted with
different by-products of chemical reactions (2). The
chemical treatment method of NPs has contamination
issues with various reaction by-products. Considerable
efforts have already been put to develop environment

friendly protocols for the synthesis of nanoparticles. A
number of works has been done to develop
microorganisms for the manufacture of metal
nanoparticles (3-12). One worth mentioning downside
of the production of nanoparticles using such
microorganisms is the long duration of synthesis
process, ranging from 24 to 120 hrs (13).

In order to limit this problem, very recently, the
attention has been shifted to the application of certain
plants or plant parts for nano-synthesis or simply
nano-biosynthesis (14, 15). Now-a-days, the use of
"green" chemistry laws in nanotechnology and
materials science increases the use of nanomaterials
due to genuinely significant advancement (16). The
application of this eco-friendly synthesis procedure
has developed rapidly as compared to the
microorganism assisted ones as raw materials are
easily available and does not involve maintenance of
highly aseptic conditions (17-20). Development and
documentation of these experimental processes for
the synthesis of NPs is considered as an important
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contribution for nanotechnology research. Ag-NPs
have been widely used in numerous applications
over the last few years, such as biomedicine,
biosensor and catalysis (21, 22). The green synthesis
of Ag-NPs and its application against different
bacteria (23), fungi (24, 25), algae (26), plant extracts
(27-34) as well as biological compounds (16, 30) have
been reported.

Gynocardia odorata is one of the important tree
species under family Achariaceae (earlier in
Flacourtiaceae) is also known as Chaulmoogra (35-
37). It grows in the dense tropical and temperate
forest and also in secondary forest margin (38, 39). It
is cultivated in some parts of Jaintia Hill, Meghalaya
(40). It is an East Indian tree which is fairly common
in the evergreen forests throughout the North
Eastern province of India and is indigenous to this
region (41, 42). This monotypic genus has been
reported to be used in various folk medicines and
also in other community practices (43-48). Initially, it
was believed that the seeds of Gynocardia odorata
was the source of Chaulmoogra oil, but Sir David
Prain in 1901 researched chaulmoogra seeds and
concluded that they were from Taraktogenos kurzii.
From then onwards, Gynocardia odorata became
“False Chaulmoogra” (49). The seeds are grayish,
smooth, irregularly ovoid, compressed, angular and
possess a peculiar nauseous aroma (50, 51). The plant
has long been applied for stiff joints, sprains,
rheumatism, neuralgia and both internally and
externally in secondary syphilis, scrofula, phthisis,
eczema, neuralgia, lupus, psoriasis and other
inflammatory skin diseases (47, 52).

Materials and Methods
Collection and Preparation of plant extract

Fresh leaves of Gynocardia odorata R. Br. were
collected around Kamrup (M) district of Assam. They
were washed thoroughly with tap water and then
rinsed with distilled water to remove dust particles
and were shade dried for 72 hrs at room
temperature. The air dried leaves were ground to
coarse powder using a blender. Five gram of the
dried leaf powder was taken in a beaker and mixed
with 100 ml of distilled water. This mixture was kept
at 40 °C for 30 min. in a water bath and cooled to
room temperature and filtered through Whatman
filter paper No 1. Finally, the extract was refrigerated
and kept for further experiments.

Synthesis of Ag-Nps

1 ml of the leaf aqueous extract was taken and added
9 ml of 1 mM solution of AgNO; in a glass vial. The
reaction was performed in dark at room temperature
and kept overnight to minimize photo-activation of
AgNOs. The aqueous leaf extract of Gynocardia
odorata and AgNO; solution were used as control.
The colour shift of the solution from green to brown
indicated the formation of Ag-NPs. After the desired
reaction period, the dispersion containing Ag-NPs
was centrifuged at 10000 rpm for 15 min. The pellet
was collected and re-dispersed in distilled water to
remove organic materials and debris. The whole

process was repeated thrice to ensure a better
separation of the free entities from the Ag-NPs. The
purified pellets were then kept into petri-plates and
left on the oven for drying at 60 °C for 24 hrs. The
dried Ag-NPs were considered as final product which
was scrapped out for further study and
characterization.

Characterization of Ag-Nps

Characterization of the synthesized Ag-NPs was
carried out using the following techniques:

UV-Visible Spectroscopy

The formation of the pure Ag-NPs (Brown coloured
solution) was  observed under UV-Visible
spectrophotometer (Hitachi U2900 and Elico SL159)
and the absorbance was measured in between 300
nm and 800 nm. The UV-Visible spectra of the leaf
aqueous extract and AgNO; solution were also
recorded using distilled water as blank.

X-Ray Diffraction (XRD)

The crystalline properties of Ag powder were
analyzed by using X-Ray Diffractometer (Philips
X’Pert Pro powder X-ray Diffractometer) with CuKa
radiation (A= 1.5406 A) to know the intensity of
formation of different sized Ag-NPs.

Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectra of the leaf extract and Ag-NPs samples
were obtained using a FTIR spectroscope (Hitachi
Ltd., Tokyo, Japan). The FTIR analysis was performed
using KBr pellets and recorded in the range of 400-
4000 cm™. The various modes of vibrations were
identified and assigned to determine the different
functional groups present in the samples.

Scanning Electron Microscopy (SEM) and Energy
Dispersive X-Ray Analyzer (EDX)

SEM and EDX were performed to study the surface

morphologies of synthesized Ag-NPs and the
elemental analysis (Model no: ZEISS Sigma 3000).
High Resolution Transmission Electron
Microscopy(HRTEM)

HRTEM observations were made to determine the
size of NPs using TECNAI G2 20 S-TWIN TEM
software, operated at 200 kV. A drop of Ag-NPs was
placed on an amorphous carbon coated copper grid
and allowed to stand for 2 min. The excess solvent
was removed using a blotting paper and the grid was
allowed to dry at room temperature.

Antibacterial Activity

To evaluate the bactericidal action of the synthesized
Ag-NPs, in vitro antibacterial activity was performed
using Disc Diffusion Method against two gram
positive bacteria viz. Staphylococcus aureus (MTCC
96) and Bacillus subtilis (MTCC 441) and two gram
negative bacteria Enterobacter aerogenes (MTCC 111)
and Escherichia coli (MTCC 739). The strains were
obtained from IMTECH Chandigarh and were
maintained in IBH, Department of Biotechnology,
Gauhati University. Mackonkey broth (HiMedia)
medium was used to sub-culture the bacteria and
were incubated at 37 °C for 24 hrs. The sterilized petri



plates containing 15 ml of molten media of Mueller
Hinton Agar (MHA) were prepared and allowed to
solidify. The dried plates were inoculated with test
strains uniformly over the surface. A sterile 5 mm
Whatman Filter Paper No. 1 saturated with
appropriate solutions of Ag-NPs (positive control) and
a known antibiotic (Ampicillin) was placed on the
surfaces of the inoculums. Approximately 50 ul of the
solutions and antibiotic were loaded on the discs and
were permitted to diffuse for 5 min. Finally, the
plates were incubated at 37 °C for 24 hrs. The
antibacterial activity was measured based on the
inhibition zone around the disc impregnated with Ag-
NPs. The bactericidal activity was evaluated by the
size of clear zone. Greater the zone of inhibition
shows greater bactericidal activity. The whole
experiment was performed in triplicate to avoid
biasness.

Results and Discussion
UV-Vis spectral studies

Aqueous leaf extract of Gynocardia odorata leaf was
mixed with AgNO; at 1 mM showed a change in
colour from light yellow to dark brown (Fig. 1) which
was due to the Surface Plasmon Resonance (SPR) on
the surface of Ag-NPs. Fig. 1 represents different
concentrations of synthesized Ag-NPs with respect to
the shift in colour change. The control solutions i.e.
aqueous Gynocardia odorata extract and AgNOs along
with blank i.e. double distilled water (DI) neither
developed the characteristic yellow colour nor did
they display the characteristic peaks between 300 nm
and 800 nm.

Fig. 1. Synthesized Ag-Nps.
G. odorata (GO)

A. AgNOs,B. 2.5% GO + AgNOs; C. 5% GO + AgNOs,
D. 7.5% GO + AgNOs, E. 10% GO + AgNOs,

Fig. 2 indicated the abiotic reduction of
synthesized Ag-NPs on varying concentrations (2.5%
GO+AgNOs;, 5% GO+AgNOs, 7.5% GO+AgNOs;, 10%
GO+AgNO; respectively). The figure shows that as the
concentration of AgNO; increased, the absorption
peak shifted towards right (from light yellow to
brown coloured solution) in between 300 nm and 800
nm wave length. The reduction of Ag-NPs in the
aqueous solution of Ag complex during the reaction
with the leaf extract of Gynocardia odorata was
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confirmed by UV visible spectra. Sharp peak in the
absorption spectrum of Ag NPs at 430 nm after 24 hrs
indicated that the particles were formed mono-
dispersed. The Surface Plasmon peak for Ag NPs
became distinct with an increasing concentration of
AgNOs. In order to achieve controlled growth and
definite particle size, 10% GO+AgNO; aqueous
Gynocardia odorata (GO) was used for further
antibacterial study.

40
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[—25% GO+AgNO3

3.0 5% GO+AgNO,
|—T7.5% GO+AgN03

25 —10% GO+AQNO9
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Fig. 2. UV- Vis absorption spectra of synthesized Ag-Nps.

X-ray Diffraction

XRD was carried out for phase characteristics
analysis by observing peak shifting patterns of
synthesized Ag NPs (Fig. 3). The XRD pattern displays
four diffraction peaks viz. 111, 200, 220 and 222
corresponding to 2e = 38.9% 44.92° 63.74° and 77.24°
respectively (JCPDS File No0.04-0783). It showed that
the intensity of 111 peak was more sharp for all four
concentrations of Ag-NPs [(a) 2.5%, (b) 5%, (c) 7.5%,
and (d) 10%] than the remaining three peaks. This
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Fig. 3. XRD patterns of synthesized Ag-Nps.

indicated slight anisotropy along the 111 direction
perpendicular to the 26 plane. Similarly, XRD
patterns of other concentrations of Ag-NPs samples
showed the existence of four well-defined diffraction
peaks viz. 111, 200, 220 and 222 almost at the same
angles as it was obtained for Ag-NPs (2.5%). The peak
due to 111 plane for the three Ag-NPs samples (5%
GO, 7.5% GO and 10% GO) compared to that for 2.5%
GO sample was found to be shifted towards lower
angle. This shift may be due to the formation of small
sized Ag-NPs with the increase in the concentration
of Gynocardia odorata sample solution. Thus,
increase in the concentration may result into
sharpness of peak intensity.
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Fourier Transform Infrared Spectroscopy

Fourier Transform Infrared Spectroscopy spectrum
(Fig. 4) explains the interaction of Ag-NPs with
biomolecules present in Gynocardia odorata leaf. The
broadband at 1680-1710 cm™can be attributed to the
stretching vibrations of strong C=0 stretching of
conjugated acid, while the absorption band at 2830-
2695 cm™'to medium C-H stretching of Aldehyde
group. A major absorption band is observed at 3200-
3550 cm™ due to the strong O=H stretching vibration
for alcohol group. The FTIR results confirm the
presence of C=0, C-H, and O=H groups, which
indicates that the plant extract contains conjugated
acid, aldehyde and alcohol groups. Thus, the FTIR
study reveals the multi-functionality of the aqueous
extract of Gynocardia odorata that allow reduction
and stabilization to occur simultaneously during
nanoparticle (NPs) synthesis.

Scanning Electron Microscopy
Typical SEM images (Fig. 5) of the synthesized Ag-NPs
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Fig. 4. FTIR spectra of synthesized Ag-Nps.

using 10% aqueous Gynocardia odorata and 10 mM
AgNO; at above mentioned conditions are presented
in Fig. 5 using different magnification scale. It was
observed that the surface morphology of Ag-NPs
biosynthesized from Gynocardia odorata solution
clearly showed that they were in irregular shapes.
Here, some smaller particles (black circles) of
spherical and irregular shapes were also seen with
different sizes. A few traces of Ag-NPs
microstructures (white circles) probably due to the
aggregation of NPs which might be induced by the
evaporation of solvent during sample preparation
which resulted into particle agglomeration with
variation in particle size.

The SEM-EDAX (Fig. 6) spectrum shows a single
peak for Ag, indicating that the synthesized Ag-NPs
were free from impurity. The elemental composition
of powdered samples was determined using SEM
equipped with an EDAX detector. The energy
dispersive X-ray analysis (EDAX) shown in Fig. 6
revealed the strong signal in the Ag region and
confirmed the formation of Ag-NPs. Spectral signals
were also observed for Mg, Cr, As, Si, Ca, K and C
indicating that the extracellular organic moieties
from Gynocardia odorata were adsorbed on the
surface or in the vicinity of the metallic NPs. Au
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Fig. 5. SEM image of synthesized Ag-Nps.
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Fig. 6. SEM-EDAX of synthesized Ag-Nps.

however, comes from the artefact during sample
preparation.

Transmission Electron Microscopy

Transmission Electron Microscopy technique was
employed to estimate the shape and size of the
synthesized Ag-NPs (Fig. 7 (a)). The Ag-NPs were
irregular in shapes ranging from spherical to ovoid
as well as rectangular with sizes ranging from 3 to 25
nm with ~11 nm average size. The particles were
predominantly spherical in shape. The calculation of
the size of NPs was done based measurements
carried out on different TEM images. It was visible
that the edges of the particles were lighter than the
centres, suggesting that the biomolecules aqueous



Gynocardia odorata have capped the Ag-NPs and
were stick on to their surfaces.

Selected Area Electron Diffraction (SAED)

pattern of Ag-NPs was done to confirm Ag crystal
formation (Fig. 7(b)). The polycrystallinity depicted in
the diffraction rings may possibly because of the
formation of small and single crystalline particles. A
few of such particles came within the beam spot used
for diffraction confirmed the crystal formation.

HV  Mag
200 kW 150000 x

Fig. 7. (a) TEM image, and (b) SAED pattern of synthesized Ag-Nps.

Antibacterial Studies

For the antimicrobial studies, 24 hrs of incubation
with the Ag-NPs was carried out at 37 °C and the
resulting zone of inhibition was measured (Fig. 8, Fig.
9). The Ag-NPs showed more activity as compared to
the antibiotic and control. The zone of inhibition was
found to be more or less same in the control group

PLANT SCIENCE TODAY [23 758

and AgNO; as compared to the synthesized Ag-NPs
The zone of inhibition of the synthesized Ag-NPs (10%
GO + AgNO3) was found to be highest in E. coli (16.00
+ 0.50 mm) and lowest against S. aureus (12.83 + 1.53
mm) (Table 1). The data are presented in terms of
triplicate (mean + SD) and is supported by the
findings of previous workers (53-57).

Table 1. Antibacterial activity of the synthesized Ag-NPs

Diameter of growth of zone (mm)
10%

Test organisms

Control AgNO;

GO + AgNO;
(Gram ‘Z;ari’;)s’ lococcus 1017+ 0.58 10.50+1.00 12.83 +1.53
N
Ve)  Bacillus subtilis  9.67 029 12.50 £ 0.50 14.50  0.50
(Gram — nterobacter 1o 058 12.67+1.61 14.33 +0.76
VE) aerogenes
Escherichia coli 10.33+0.29 12.67+0.29 16.00 £ 0.50
Conclusion

In the present study, demonstration on an eco-
friendly, rapid green chemical synthesis approach of
Ag-NPs using Gynocardia odorata R. Br. has been
reported. It provides a simple, low cost and efficient
way for the synthesis of Ag-NPs utilizing the leaves of
Gynocardia odorata which otherwise has no
significant use. The results of this study demonstrate
that the synthesis of Gynocardia odorata Silver
nanoparticles is impacted by a range of experimental
operational parameters. Different spectroscopic and

Fig. 8. Antibacterial activity of the synthesized Ag-NPs against test bacterial strains. (A, S. aureus, B. B. subtilis, C. E. coli, D. E. aerogenes).
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Fig. 9. Graphical representation of zone of inhabitation shown by the Ag-Nps.
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microscopic methods were used to characterize
Gynocardia odorata Silver nanoparticles. The
formation of Ag-NPs was first confirmed by a reddish
brown colour change due to SPR peak in the UV-Vis
spectrum observed in between 400-500 nm
wavelengths. The resultant Ag-NPs was characterized
using XRD, FTIR, SEM, EDX and TEM. FTIR spectrum
confirmed the presence of Ag-NPs and their
interactions with the functional biomolecules present
in Gynocardia odorata leaf. The SEM confirmed the
irregular shaped (spherical to ovoid as well as
rectangular) nanoparticles whereas the TEM analyses
revealed their sizes (sizes ranging from 3 to 25 nm
with ~11 nm average size). The EDX analysis verified
the elemental composition of synthesized Ag-NPs
with a strong Ag signal at 3.0 keV, whereas XRD
analysis determined the crystallinity of Ag-NPs. The
antimicrobial efficacy of synthesized Gynocardia
odorata Ag-NPs compared favourably with the
conventional antibiotic drug. As a result, our
investigation revealed that the produced silver
nanoparticles (Ag-NPs) are effective antimicrobial
agents. The present study has opened up an
innovative way for synthesizing antibacterial Ag-NPs
using natural products which can be used in various
biomedical applications. As the plant is commonly
used in by different ethnic tribes for the treatment of
different cutaneous disorders as well as tooth related
issues (39); hence it can further be used for the
treatment of other health related issues due to its
antibacterial potential. Thus, in the domain of
nanobiotechnology and nanomedicine it may be
suggested as a product of value but to do this a
thorough molecular characterization of the
phytoconstituents is also necessitated.
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