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ABSTRACT
A simple one-pot approach for the green synthesis of gold nanoparticles (AuNPs) using
coconut shell extract is reported. This method is rapid, facile, cost effective, non-toxic and ecofriendly and these features make it more attractive for biomedical applications. The reduction
of auric chloride led to the formation of AuNPs within 7 min at room temperature (27 ⁰C),
suggesting a higher reaction rate than chemical methods reported for the synthesis. The
structural characteristics of the AuNPs were analyzed by UV-visible spectroscopy, High
Resolution Transmission Electron Microscopy (HR-TEM), X-ray diffraction (XRD), FT-IR,
SEM and EDAX techniques. Characterization results showed that, AuNPs obtained were
spherical and monodispersed with overall size 10-15 nm. Synthesis can be completed in a very
short period (several min) and exhibits higher reproducibility, which will be more
advantageous for their applications in biomedicine. The antibacterial activity of the
synthesized gold nanoparticles was confirmed against Staphylococcus aureus, Escherichia coli
and Salmonella typhi.
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INTRODUCTION
Gold nanoparticles have become the
focus of intensive research owing to their
wide range of applications (Alric et al.,
2008;Cabuzu et al., 2015; Hainfeld et al.,
2006; Das et al., 2012; Jongjinakool et al.,
2014; Curry et al., 2014; Jiao et al., 2011).
Since the gold nanoparticles (AuNPs) have to

be employed for biomedical applications,
nanoparticles synthesized using physical or
chemical methods can have adverse effects.
Hence alternate methods; preferably synthesis
using plant extracts is greatly explored
nowadays. The use of plants in gold
nanoparticles synthesis is cost effective and
eco-friendly. Plant based synthesis is
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catalyzed by the phytochemicals which act as
reducing as well as stabilizing agents.
Moreover
nanoparticles
prepared
by
biologically active polysaccharides and
phytochemicals might exert synergistic effects
by combining their biological activities with
those of nanoparticles (Bhattacharya and
Mukherjee,
2008).
Researchers
have
introduced the concept of green chemistry
combining the principles of nanotechnology.
For the development of green chemistry,
Raveendran et al (2003) suggested that three
main factors in nanoparticle preparation
should be considered i.e. solvent choice,
environmentally benign reducing agent and
the use of non-toxic material for nanoparticle
stabilization.
Plants have been observed as good
candidates for the synthesis of gold
nanoparticles with well defined dimensions
such as Cinnamomum zeylanicum (Smitha et
al., 2009), Mangifera indica (Philip et al.,
2010), Achillea wilhelmsii (Andeani et al.,
2011), olive (Khalil et al., 2012) and Piper
pedicellatum (Tamuly et al., 2013). Cassia
auriculata leaf extract has been identified
very recently for the production of gold
nanoparticles (Kumar et al., 2011). In this
study gold nanoparticles of size 10-15 nm
were synthesized within 7min at room
temperature. AuNPs are an obvious choice
due to their amenability of synthesis and
functionalization, less toxicity and ease of
detection (Tiwari et al., 2011). AuNPs
synthesized by Bacillus species showed
antibacterial
activity
against
various
organisms, in combination with or without
antibiotics (Singh et al., 2013). There are
several reports on the antibacterial activity of
gold nanoparticles against various pathogens
(Bindhu et al., 2014; Cui et al., 2012). AuNPs
are being used to deliver protein based drugs
like ampicillin for antimicrobial activities
(Chen et al., 2006; Chamundeeshwari et al.,

2010). Suganya et al (2015) synthesized
AuNPs from blue green alga Spirulina
platensis and its antibacterial activity against
gram positive organisms B. subtilis and S.
aureus were studied. Here the nanoparticles
had an average size of ~5nm. Burygin et al
(2009) showed that the biocidal properties of
AuNPs can be increased by adding antibiotics
and also that for maximum bacterial
susceptibility the
antibiotic-nanoparticle
conjugates should be stabilized.
Cocos nucifera L. (Family Arecaceae)
commonly known as coconut, is considered as
an important fruit crop in the tropical
countries. Cocos nucifera has been recognized
as an entity with multiple uses with every
component being biologically active in one
way or other. Coconut shell is supposed to be
the hardest part of the fruit but ironically
richest source of phenolic and flavonoid
content. Green coconut shell was utilized as a
cheap source of vegetable dye in silk fabric
(Akhter et al., 2014). Preparation of azo dye
from the green coconut shell extract is also an
indication of a source of phenolic compounds
(Ali and Akhter, 1997). Heating the coconut
shells gives oil that is used against ringworm
infections in Indian popular medicine. The
alcoholic extracts of ripe dried coconut shell
possess antifungal activity attributed to the
high content of phenolic compounds
(Venkataraman et al., 1980). Antimicrobial
effect of dry distilled extract of Cocos
nucifera endocarp has also been reported
(Singla and Jagani, 2012). Cocos nucifera
endocarp was also found to have significant
vasorelaxant and antihypertensive effect when
evaluated using isolated rat thoracic aorta and
DOCA salt induced hypertensive rats (Bankar
et al., 2011).
Herein, we report the one pot green
synthesis
of
AuNPs
(Fig.1)
using
antihypertensive potent coconut shell extract
for biomedical applications.
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MATERIALS AND METHODS
Chloroauric acid (HAuCl4·3H2O) was
obtained from Hi Media, India. All other
reagents used in the reaction were of
analytical grade with maximum purity.
Coconut shells were collected from
Alappuzha District, Kerala, India, and was
cleaned with double distilled water and shade
dried. Further coconut shells were ground to
powder and stored at 4°C for further study.
Synthesis and characterization of gold
nanoparticles
Coconut shell extract was prepared by
taking 10g of shell powder with 100 ml
double distilled water in a conical flask. This
was boiled for 20 min at 70°C. The extract
thus obtained was filtered was stored at 4°C.
For the synthesis of gold nanoparticles 1mM
Chloroauric acid was transferred to a 100ml
Erlenmeyer’s flask and incubated with
coconut shell extract for few minutes. The
reaction was rapid as the ruby red color
appeared within 7 min. The appearance of
ruby red color in the reaction confirmed the
formation of gold nanoparticles. The gold
nanoparticles initially identified by color
changes were followed by characterization
using UV-vis spectroscopy. The UV-vis
spectrophotometer readings were recorded for
the samples in the nanometer range of 450–
750
nm
using
Systronics
2202
spectrophotometer. Cocos nucifera shell
reduced AuNPs were centrifuged at 10,000
rpm for 15 min to prepare pellet, washed with
deionized water to remove the remaining
biomass. HR-TEM studies were prepared by
drop coating nanoparticles onto carbon-coated
TEM grids using FEI (TECNAI G² 30STWIN). The film on the TEM grids was
allowed to dry. Extra solution was removed
using a blotting paper. XRD measurement of
the Cocos nucifera shell reduced AuNPs was

carried out on films of the respective solutions
drop coated onto glass substrate on a Bruker
Advance D8 XRD instrument operated at a
voltage of 40 kV and a current of 30 mA with
Cu Kα radiations. FT-IR was used to identify
the possible biomass at a resolution of 4 cm−1
in the range of 4000–450 cm−1 and the FT-IR
spectrum was recorded by employing KBr
pellet technique using Shimadzu IR Prestige 21
spectrophotometer.
The
surface
morphology of the formed AuNPs was
studied using XL 30 FSEM, Philips. The
presence of elemental gold was determined by
using EDAX, Hitachi H 7650 (D-71).
Coconut shell reduced AuNPs were stored at
room temperature and were found to be stable
for several days.
Antimicrobial activity
The antimicrobial properties of the
synthesized nanoparticles were analyzed
using the Kirby-Bauer disc diffusion method.
Bacterial suspensions of Staphylococcus
aureus (NCIM 2079), Escherichia coli
(NCIM 2685) and Salmonella typhi (NCIM
2501) grown overnight were swabbed on
separate nutrient agar plates using L-rods.
Antibiotic discs were separately impregnated
with 20 µl of gold nanoparticle solution. The
discs were dried and then impregnated on
plates. Norfloxacin (10mcg/disc) was used as
positive control.
RESULTS AND DISCUSSION
Synthesis of gold nanoparticles using
coconut water through microwave irradiation
has been reported (Babu et al., 2011). In our
study of AuNP synthesis using coconut shell
extract, no additional heating was required.
The synthesis was rapid, eco-friendly and the
complete synthesis required only 7 min. The
color change involved during the synthesis of
gold nanoparticles is shown in Fig. 1.
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Figure 1: Graphical representation of GNP synthesis using coconut shell extract.
The appearance of the ruby red color
and the maximum absorbance were
indications of the formation of colloidal gold
particles. It is well known that the optical
properties of metal nanoparticles are
dominated by Surface Plasmon Resonance
(SPR), which shifts to longer wavelength with
increasing particle size. The change in color
was due to the collective coherent oscillation
of conduction electrons at the surface of gold
nanoparticles. The phytochemicals present in
coconut shell extract may be responsible for
the reduction of gold ions into metallic

nanoparticles. This strategy reduces the cost
of production and the environmental impact.
UV–vis spectroscopy could be used to
examine size and shape controlled
nanoparticles in aqueous suspensions (Wiley
et al., 2006). It is well-known that AuNPs
exhibit ruby red color in aqueous solution due
to Surface Plasmon resonance (Guo et al.,
2005). Therefore the reduction of AuCl4 ions
during exposure to the Coconut shell extract
may be easily followed by UV–vis
spectroscopy. The UV- visible spectra (Fig. 2)
indicate a strong plasmon resonance that is
located at 531 nm.
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Figure 2: UV-vis spectrum of coconut shell extract encapsulated gold nanoparticles obtained at
531 nm range.
The size and shape of the bioreduced
AuNPs were elucidated with the help of HRTEM (Fig. 3).The results obtained from the
HR-TEM analysis gives a clear indication
regarding the shape and size of the
nanoparticles. The synthesized particles were
monodisperse, and the AuNPs formed were

predominantly of diameter ranging from 1015 nm. The results clearly illustrates that most
of the particles were spherical and found to be
effective for biomedical applications, similar
to that reported by other workers (Philip,
2010).

Figure 3: HR- TEM images indicating the presence of spherical nanoparticles recorded at various
magnifications
The crystalline nature of the particles
was analyzed using XRD technique. The
XRD spectrum measured in this case resulted
in three intense peaks observed in the
spectrum which agrees to the Bragg’s
reflection of AuNPs. The XRD patterns (Fig.
4) of AuNPs obtained were similar to the
results reported earlier (Dubey et al., 2010)
where three diffraction peaks were observed
in the 2θ range of 30-80°, which can be
indexed as (1 1 1), (2 0 0), (2 2 0) reflections

of fcc structure metallic gold respectively
similar to Joint Committee on Powder
Diffraction Standards (JCPDS, File no: 040784) revealing that synthesized AuNPs are
of pure crystalline gold. The average crystal
size was calculated by applying Scherrer
equation and was found to be nearly 10 nm.
This was in agreement with the particle size
obtained from TEM image of the gold
nanoparticles.
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Figure 4: XRD pattern of gold nanoparticles obtained using coconut shell extract.
FT-IR spectra were analyzed to
identify the possible surface interaction of
biomolecules onto gold nanoparticles. The
interaction of nanoparticles with biomolecules
of coconut shell showed intense peaks at
3352.74, 2935.76, 1619.47, 1516 and 1063.23
cm−1and relative shift in position and intensity
distribution were confirmed with FT-IR (Fig.
5) recorded for dry powder of coconut shell,
where the strong bands were observed at
3331.74, 2934.98, 1593.02, 1334.5 and
1059.34 cm−1. The bands indicated the
presence
of
alcohols
and
phenolic
compounds. The presence of these bands

confirms the biomolecular interaction at the
gold nanoparticle surface. Comparison
between spectra of untreated sample to the
treated samples AuNPs reveal only minor
changes in the positions as well as on the
magnitude of the absorption bands. The
stabilization of nanoparticles and the
functional groups of the compounds
responsible for synthesis were identified using
FT-IR studies and were compared with
previous works carried out to obtain AuNPs
(Philip et al., 2011).

Figure 5: FT-IR spectra for a coconut shell extract and b gold nanoparticles.
The formation of gold nanoparticles as
well as their morphological dimensions in the
SEM study demonstrated that the particles
were not in direct contact with each other.
This
indicates
the
stabilization
of
nanoparticles by a capping agent. The capping
agents are various phytochemicals based
nanostabilizers present in the coconut shell.
These phytochemicals are responsible for the
creation of a robust coating on the gold
nanoparticles and thus rendering the
nanoparticles
highly
stable
against

agglomeration. This infers the presence of
stabilizing molecules on nanoparticles (Fig.
6a). EDAX results gives a clear indication
regarding the other elements involved in the
synthesis of nanoparticles. The presence of
some carbon and oxygen along with
numerous gold signals suggests the presence
of biomolecules in the gold nanoparticles,
which were not observed in many
biosynthesis of nanoparticles (Fig. 6b). These
results are in agreement with previous report
(Babu et al., 2011).
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Figure 6:

(a)
(b)
(a) SEM and (b) EDAX images showing the presence of gold nanoparticles and bioorganic nanostabilizers of coconut shell.

To the best of our knowledge, this is
the first report on synthesis of mono disperse
and spherical gold nanoparticles using
coconut shell extract for biomedical
applications. The synthesized gold nano-

particles also exhibited excellent activity
against different bacteria, namely S. aureus,
E. coli and S. typhi (Fig. 7).

Figure 7: Antibacterial activity of Gold nanoparticles against various pathogens
The antibacterial study indicates that
antibiotic with gold nanoparticles extracted
from coconut shell extract exhibits more zone
of inhibition when compared with standard
antibiotic Norfloxacin. Gold nanoparticles are
harmful to bacteria and fungi. They bind
closely to the surface of microorganisms,
causing visible damage to cells, with
complete destruction of flagella, stimulated
production of biofilm, and aggregation within
the biofilm (Ghosh et al., 2008). Bindhu and
Umadevi, 2014 recently synthesized gold
nanoparticles that revealed optimum bacterial
activity against gram positive and negative
pathogens, which are found in water. Rajeev
et al. (2011) studied the antimicrobial activity

of Cocos nucifera endocarp extracts (Rajeev
et al., 2011). They showed that the shell
extracts exhibits strong activity against B.
subtilis, P. aeruginosa, S. aureus and M.
luteus. The activity was mainly attributed to
the high content of phenolic compounds. Gu
et al. synthesized stable gold nanoparticles
covered with vancomycin and showed
significant enhancement of antibacterial
activity for this conjugate, in comparison with
the activity of the free antibiotic (Gu et al.,
2003). Our study indicates that antibiotic with
gold nanoparticles extracted from coconut
shell extract exhibit more zone of inhibition
compared to standard antibiotics used.
Moreover, our antimicrobial study results
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suggest that coconut shell mediated GNPs
could act as an effective antimicrobial agent
and prove as an alternative for the
development of new antimicrobial agents to
combat resistance problem, as well as aid to
engineering of drugs for anticancer
applications
CONCLUSION
Biocompatible synthesis of AuNPs
using coconut shell extract resulted in
spherical, monodisperse gold nanoparticles of
average size 10–15 nm, which may have the
potential to be used in anti-hypertensive
applications. Overall, this novel one-pot
method is rapid, cost effective, non-toxic,
eco-friendly, stable and these features make it
more attractive for biomedical applications.
Furthermore the low cost of the
method as well as its simplicity and efficiency
offers an alternative to other methods used for
gold nanoparticle synthesis.
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