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Abstract
Background: Green synthesis of gold nanoparticles (AuNPs) using medicinal plant extract is an 
emerging area of research due to their applicability in nanomedicines.
Methods: In this study, aqueous extracts prepared from fruit-pericarps of two Garcinia species, 
G. indica (GI) and G. cambogia (GC) fruits which are important medicinally and commercially 
have been utilized for the synthesis of AuNPs. Various analytical techniques were utilized to 
characterize the synthesized AuNPs. The synthesized AuNPs were investigated for their biological 
properties such as antioxidant activity using the (2,2-diphenyl-1-picrylhydrazyl) DPPH model, 
cytotoxicity against MCF-7 (breast) cancer cell line, and antibacterial activity against two bacterial 
strains viz. B. subtilis and E. coli.
Results: The absorption peak of the AuNPs was observed at 541 nm using UV–Visible spectroscopy. 
The high resolution – scanning electron microscopy images showed spherical with a triangular 
shape AuNPs and their average sizes were ranging from 2 – 10 nm and it was found to be in good 
agreement with the particle size of 8 – 11 nm determined using X-ray diffraction analysis. Fourier-
transform infrared spectroscopy revealed that water-soluble biomolecules from the aqueous 
extracts of the Garcinia species played a crucial role in the formation of AuNPs.  The synthesized 
AuNPs exhibited considerable cytotoxicity with IC50 values 34.55 µg/ml (GI) and 35.69 µg/ml 
(GC) against the MCF-7 cancer cell line. Furthermore, synthesized AuNPs also demonstrated 
significant antioxidant and antibacterial properties comparable to the standards used.
Conclusion: AuNPs have been synthesized using a simple green approach. The synthesized 
AuNPs demonstrated promising cytotoxicity, antioxidant, and antibacterial properties.
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Introduction
Nanotechnology is a rapidly emerging field of science 
that plays a pivotal role in the development of metal 
nanoparticles (NPs) with higher quality.1-3 Nanomaterial 
based products have a wide spectrum of applications in 
catalysis,4,5 biology,6 coating technology,7 electrochemical,8 

biomedical science,9 pharmaceuticals,10,11 dye-sensitized 
solar cells,12 fabrication of stainless steel,13 and 
biosensors.14,15 Their alluring physico-chemical properties 
rose from quantum confinement impacts and large reactive 
surfaces together with intriguing biological activities have 
been incredibly considered in past few years.16–18 Typically 
metals such as copper, gold, palladium, platinum, and 
silver from the coinage family are used to synthesize NPs. 
NPs synthesis can be achieved using different chemical,19 
physical,20 and electrochemical21 methods. Considering 
the harmful effects that these methods could cause on the 
environment and humans,22,23 researchers have focused on 

non-toxic, environmentally benign green chemical routes 
for the synthesis of metal NPs. It has been recognized that 
microorganisms,24,25 plants,26,27 and algae28 are potential 
biological agents and could be used in the synthesis of NPs. 
The green methods offer advantages, including one-pot 
synthesis and eliminate the external addition of reducing, 
stabilizing, or capping agents to the reaction.27,28 Secondary 
metabolites such as flavonoids, alkaloids, terpenoids, and 
tannins present in the plants can efficiently act as reducing 
and capping agents.29 The cytotoxic properties of AgNPs 
(silver NPs), and AuNPs against various carcinomatous 
cells provides medication for mutagenic ailments.30,31 
Besides, the growth of pathogenic microorganisms was 
proficiently inhibited by biogenically synthesized NPs 
using noble metals.32-34 Moreover, the synthesis of NPs 
using plant extracts has been proven to be easy, safe, 
cheap, and non-toxic.35,36 . The stability of the NPs can 
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be upgraded by appropriate capping agents that furnish 
stability and flexibility for binding affinity of molecules. 
The nature of the capping agent controls the uptake of NPs 
into cells, subject to their physico-chemical properties.37 
AuNPs were synthesized exploiting aqueous fruit pericarp 
extracts of two species of Garcinia that is well known to 
have their characteristic phytochemicals with phenomenal 
biological properties. Extracts of G. indica and G. cambogia 
have different phytochemical compositions, therefore the 
AuNPs mediated from the fruit pericarp extracts of these 
plants would have different physico-chemical properties, 
which motivates the investigators to utilize these aqueous 
fruits pericarp extracts in the synthesis of AuNPs. 
Garcinia indica and Garcinia cambogia are the important 
members of the genus Garcinia belonging to the Clusiaceae 
(Guttiferae) family. The genus Garcinia comprises 200 
species and about 36 species occur in India.38 Garcinia 
species are a reservoir of a group of secondary metabolites 
including phenolics, flavonoids, xanthones, organic acids, 
polyisoprenylated benzophenones (PIBs), and lactones.39 
The fruits of Garcinia species are well-known for their 
tremendous anti-obesity activity and hypocholesterolemic 
factor due to the presence of a high amount of (–) - 
hydroxycitric acid (HCA).40 GC is commonly known 
as Malabar tamarind and found in many commercially 
available weight-reducing herbal formulations as a key 
ingredient. Globally, it is distributed in the subtropical 
region of Malaysia, China, Philippines, and evergreen 
forests of southwest India. GI is one of the medicinally 
and commercially appreciated species from the same 
genus known as ‘Kokum’ in India. Kokum was originally 
found only in the western peninsular coastal regions and 
the Western Ghats in the states of Maharashtra, Goa, 
Karnataka, and Kerala, as well as parts of Eastern India in 
the states of West Bengal, Assam, and North Eastern Hill 
regions, but nowadays Kokum trees are found growing 
in other parts of peninsular India.41 The fruits of GI 
contain HCA and garcinia acid which have anti-obesity 
and anticholesterol activities.42 It has been reported that 
the fruit rinds of GI and GC contain 10 – 30% HCA.43 
Phytochemical studies have shown that rinds of GI contain 
the highest concentration of anthocyanins (2.4g /100 g of 
GI fruit) when compared with any other natural sources.44 
Other phytochemicals such as xanthones, PIBs, phenolics, 
and flavonoids have also been reported in GI and GC fruit 
rind extracts. GI fruit rinds contain xanthone namely 
γ-mangostin (0.11 % w/w), PIBs namely xanthochymol 
(1.09 – 18.44 % w/w), and isoxanthochymol (0.07 – 3.07 
% w/w) in extracts of various polarities. In case of GC 
fruit rinds, the content of γ-mangostin was 0.12 % w/w, 
xanthochymol (0.09 – 21.42 %), isoxanthochymol (0.03 – 
0.89 % w/w) were reported.45 GI fruit rind extracts contain 
3.84 – 4.73 % total phenolics46 and 1.43 % total flavonoids;47 
while GC fruit rind extracts 2.07 – 4.60 % phenolics46 and 
1.37 % total flavonoids.48 Various phytochemical studies 
revealed that GI has a slightly higher concentration of 
phytochemicals than GC which may take part in the 

bioreduction of Au+3ions. Moreover, pericarps of these 
fruits are also used in curry preparation as a taste enhancer. 
The fruit rind has a wide spectrum of uses such as food 
preservative, flavoring agent, or food bulking agent49 
and as a traditional remedy to treat constipation, piles, 
rheumatism, oedema, irregular menstruation, intestinal 
parasites, and many liver disorders in many Asian 
countries.50 There are few research article available on 
the synthesis of NPs using different metals and Garcinia 
species namely, G. mangostana – (AgNPs,51,52 AuNPs,53,54 
PtNPs - Platinum NPs55),  G. pedunculata – (PdNPs- 
Palladium NPs),56 G. indica – (AgNPs),57 G. mangostana – 
(ZnONPs - Zinc Oxide NPs),58 G. imberti – AgNPs.59 Desai 
et al. reported the synthesis of AuNPs using G. indica fruit 
aqueous extracts with 20-30 nm size.60 Syed et al.61 reported 
the synthesis of AgNPs using GI aqueous extracts prepared 
from leaves and stem. Raghavendra et al.62 synthesized 
ZnONPs using G. gummi-gutta seed extract.  Rajan et al.63 
reported the synthesis of AuNPs using GC fruit extract 
with significant catalytic properties. Krishnaprabha and 
Pattabi also reported the synthesis of AuNPs utilizing GI 
fruit rind extract with catalytic characteristics. However, 
studies reported by Rajan, Krishnaprabha, and Pattabi 
did not explore any biological activities.63,64 Present 
investigation provides in-depth insight regarding the effect 
of phytochemical composition on the physico-chemical 
properties of AuNPs. In the present studies, the synthesized 
AuNPs were investigated for their cytotoxicity potential, 
antioxidant, and antibacterial activities.
In the present investigations, we report a green synthesis 
of AuNPs using aqueous extracts of two abovementioned 
Garcinia species. Synthesized AuNPs were characterized 
by UV-Visible spectroscopy (UV-Vis), Fourier Transform 
Infrared spectroscopy (FT-IR), X-ray Diffraction (XRD), 
High-Resolution Transmission Electron Microscopy (HR-
TEM), and Energy Dispersive X-ray spectroscopy (EDX). 
In addition to that, a comprehensive study was carried 
out to examine the antioxidant activity using DPPH free 
radical scavenging assay, and cytotoxicity properties of 
AuNPs against MCF-7 cancer cell line using MTT (3-
[4, 5-dimethyl-2- thiazolyl]-2, 5-diphenyltetrazolium 
bromide) assay. Furthermore, antibacterial activity against 
two bacterial strains namely B. subtilis and E. coli were also 
carried out.

Materials and Methods
Analytical grade Chlorauric acid was obtained from 
Sigma Aldrich (Mumbai, India). Authenticated fruit 
pericarp powder of GI and GC was procured from 
the local market. For the cytotoxicity studies, MCF-
7 cell culture was obtained from NCCS (National 
Centre for Cell Science), Pune, Maharashtra, India. 
Dulbecco’s Modified Eagles Medium (DMEM) and 
phosphate buffer solution (PBS) were procured from 
Gibco (USA) fetal bovine serum (FBS) obtained from 
Invitrogen (Karnataka, India).
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Preparation of aqueous extracts of GI and GC fruit 
pericarps
The purchased powder was grounded using an electric 
grinder to obtain a fine powder. 10 g of pericarp 
powder was added into a flask containing 100 ml triple 
distilled water and heated at 70°C for 30 minutes and 
filtered using Whatman No. 1 filter paper. The filtrate 
was stored at 4°C in the refrigerator for further use.

Synthesis of AuNPs using aqueous extracts of GI and 
GC
In a conical flask, 20 ml of each extract was reacted 
with 1 mM of tetrachloraurate at 60°C on a magnetic 
stirrer with constant stirring for 30 minutes. The 
brownish color of the GI extract changed to a violet 
color indicating the formation of AuNPs/GI after an 
hour. The color formation in GC extract was orange 
to dark purple confirming the AuNPs/GC. The 
reduction of Au+3 to Au0 was due to the involvement 
phytoconstituents present in extracts which act as a 
reducing agent and capping agent. The color change 
in the reaction mixtures was observed and the AuNPs 
formation was confirmed using UV-Vis spectrometry. 
Furthermore, each mixture was allowed to centrifuge 
at 6000 rpm for 15 minutes to separate AuNPs from 
unwanted materials. Subsequently, synthesized AuNPs 
and the supernatant were reconstituted in triple 
distilled water. This procedure was repeated thrice 
and the purified AuNPs were dried under vacuum 
and characterized. To study the stability of synthesized 
AuNPs, the colloidal solution solutions were stored at 
4°C in a refrigerator.

Characterization of AuNPs
The UV-Visible spectrum of each synthesized AuNPs 
was monitored using a double beam spectrophotometer 
(Shimadzu 1800 UV-Visible spectrophotometer). 
The absorbance was measured in the wavelength 
range of 200-800 nm. Fourier transform infrared 
spectra were recorded using Shimadzu (FTIR-
8400S) in transmission mode between 400-4000 cm-1 
range. The crystallographic analysis of AuNPs was 
determined by the X-ray diffractometer (Rigaku D/
MAX diffractometer). Elemental analysis of 
synthesized AuNPs was performed using energy 
dispersive X-ray spectroscopy with field emission 
scanning electron microscopy (JEOL JSM-7600F). The 
study of the sizes and morphologies of the biogenically 
synthesized AuNPs has been performed on the Tecnai 
G2-F30 model high-resolution transmission electron 
microscopy. The average size of the synthesized AuNPs 
was measured.

DPPH free radical scavenging activity
The free radical activities of the synthesized AuNPs 
were studied using DPPH assay.65-67 One ml of 
test solution from extracts/AuNPs of different 

concentrations (20-100 µg/ml) was mixed with 2 ml 
0.1 mM DPPH methanolic solution. The reaction 
mixture was allowed to incubate for 30 minutes in the 
dark. The optical density (OD) was measured using a 
UV-Vis spectrophotometer at 517 nm. The antioxidant 
activity of the synthesized AuNPs can be expressed as 
a given formula in terms of (%) radical scavenging 
activity (RSA).68 Ascorbic acid (20-100 µg/ml) was 
used as a standard.

517 517

517

Control OD  –  Sample OD
% RSA  *100

Control OD
 

=   
 

Cytotoxic activity
The cells were cultured in DMEM low glucose with 
glutamine supplemented with 10 % FBS, 5 % penicillin, 
and streptomycin. The cultures were incubated at 
37°C in a humidified 5 % CO2 atmosphere. To prevent 
aggregation, 20 minutes sonication was done before 
preparing the stock solution of 1000 μg/ml of AuNPs.
Cell viability assay was determined using MTT assay as 
reported by Patil et al. with few modifications. MCF-7 
cell lines were seeded in each well of a 96 – well culture 
plate (5 × 104 cells/ per 100 µl).27 Cell cultures were 
incubated for 24 hours at 37°C and 6.5% CO2. After 
that, cells were treated with various concentrations 
(0.05-1000 µg/ml) of AuNPs’ solutions. Then again cell 
cultures were incubated for 24 hours under the same 
conditions. 10 µl MTT solution (5 mg/ml in PBS) was 
added to each well, and incubated for 4 hours at 37°C. 
The resulted formazan crystals were solubilized by 
adding 150 μl DMSO. The OD was measured at 570 
nm (reference wavelength 655 nm) using the ELISA 
reader (Thermo-Fisher Scientific, USA). A control 
was prepared without treatment. The efficacy of 
AuNPs on the MCF-7 cell lines was expressed as the 
% of cell viability using the following formula. The 
concentration causing 50 % cell growth inhibition 
(IC50) was determined from the dose-response curve 
using GraphPad Prism software (Ver. 5.04) (USA). 
The IC50 value was calculated using the nonlinear 
regression program origin. 

570

570

Sample OD  
% cell viability  *100 

Control OD
 

=   
 

Antibacterial activity
The antibacterial activities of synthesized AuNPs 
at different concentrations against bacterial strains, 
viz. Escherichia coli (MTCC 119) and Bacillus 
subtilis (MTCC 121), were determined by the agar 
well diffusion method.69-71 The pathogenic bacteria 
used in the study were obtained from the Microbial 
Type Culture Collection and Gene Bank (MTCC), 
Chandigarh, India. Fresh overnight culture of each 
bacterial strain swabbed uniformly by cotton on plates 
containing sterile Muller Hinton Agar (MHA) and 4 
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well was prepared using a cup borer with a diameter 
size of 6 mm. 50 µl of AuNPs synthesized from each 
plant was poured into each well and incubated the 
plates for 24 hours at 37°C, after the incubation period 
zone of inhibition (ZOI) was observed around each 
well with the diameter in millimeter. Gentamicin was 
used as a positive control.

Results and Discussion
Biogenic synthesis of AuNPs
The present investigation demonstrates the simple, 
rapid, and cost-effective green synthesis of AuNPs 
using fruit pericarp extracts of two important Garcinia 
species. These fruit pericarp extracts contain various 
phytochemical constituents such as organic acids, 
vitamins, amino acids, PIBs, xanthones, phenolic, and 
flavonoids that could be responsible for the synthesis 
of AuNPs.54,62 Various analytical techniques could 
confirm the formation of synthesized AuNPs.

UV-Vis spectroscopic analysis
UV-Visible spectroscopy was used to determine 
the formation and stability of biogenic AuNPs. The 
color change from brown to violet in GI and orange 
to dark violet in GC was due to the surface plasmon 
resonance (SPR) band. Particle size, shape, and the 
reaction medium are the key components responsible 
for the SPR pattern.72 Reports showed that in aqueous 
solution AuNPs exhibits violet color due to the 
excitation of surface plasmon vibrations phenomena 
in the metal NPs.73 The SPR of the AuNPs involves 
two phenomena: scattering and absorption. The 
scattering phenomenon is known to be responsible 
for fluorescence enhancement and the absorption 
phenomenon fluorescence quenching.74 AuNPs 
absorption band occurs around 541 nm (Figure 
1). The stability of AuNPs was also checked after 13 
months using UV-Vis spectroscopy (Figure 2). The 

terminologies “Old” and “New” denote the UV-
Vis spectra taken after 13 months and immediately 
after the preparation, respectively. The stability, size, 
and shape of the AuNPs are commonly affected by 
factors such as the concentration of plant extract and 
tetrachloraurate, pH, temperature, and exposure time. 
After a long period of 13 months, the synthesized NPs 
have neither completely degraded nor agglomerated.

FT-IR analysis
FT-IR spectra of both extracts and AuNPs were 
performed to get information about extract 
constituents involved in the reduction of Au+3 to Au 
and/or stabilization of AuNPs. The FT-IR spectra are 
shown in Figure 3(a) and 3(b). The FT-IR spectra 
of extracts and AuNPs are very similar. Despite the 
similarity in the spectra of extracts and AuNPs, some 
absorption peaks exhibited shifts in their position and/
or decrease in their intensity. The decrease in relative 
intensities and absorption frequencies at 3369 cm-1 and 
3376 cm-1; 1738 cm-1, 1633 cm -1 and 1077 cm -1 suggests the 
involvement of the biomolecules containing O-H groups 
(polyols), -C=O group (flavonoids), -C-N and -N-H 
(proteins) in bioreduction and/or in stabilizing NPs. The 
absorption peaks at 2356 cm-1 and 2357 cm-1 are due 
to atmospheric carbon dioxide.75 The absorption peak 
shifts/decrease in intensity and their interpretation are 
shown in Table 1.

X-ray diffraction analysis
XRD analysis plays a key role to define the phase 
structure and purity of the synthesized NPs. The XRD 
pattern for the AuNPs, synthesized utilizing aqueous 
extract of Garcinia shows intense diffraction peaks 
[Figure 4(a) and 4(b)] at 2θ (degrees) of 38.13̊, 44.28 ̊, 
64.52̊, 77.57̊, and 81.69̊ which corresponds to the 
(1 11), (2 0 0), (2 2 0), (3 1 1), and (2 2 2) (Joint Committee 
on Powder Diffraction Standard, JCPDS no. 01-1174) 

Figure 1. UV-Vis spectra of the synthesized AuNPs. Figure 2. Comparison of UV-Vis spectra of AuNPs at two dif-
ferent time intervals.
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planes of Bragg reflections of face-centered cubic 
(FCC) structure of AuNPs. The intensity of the peaks 
further indicates that the synthesized AuNPs are of a 
high degree of crystallinity and hence the responsible 
phytochemicals can reduce Au3+ and stabilize the 

AuNPs formed. Following Debye-Scherrer formula 
was used to calculate an average particle size of the 
AuNPs:76,77

D=Kλ/βcosθ     
Where, D is the average crystalline size, K is the 

Figure 3. FT-IR spectra of the (a) AuNPs/GI and (b) AuNPs/GC.

Extract source Peaks in extract  
(cm-1)

Peaks in AuNPs  
(cm-1) Types of chemical bond

GI

3376 3369 O-H (alcohols/Phenols), N-H (amines/amides)

2940 2939 =C-H (alkenes)

2357 2356 Absorption doublet band of CO2

1738 1732 C=O (carboxylic acid/ester/flavonoids)

1633 1633 Decrease in intensity, C=C stretching, N-H bending

1401 1401 Decrease in intensity, C-H bending

1204 1204 Decrease in intensity, O-CH3 stretching

1077 1071 C-O stretching

GC

3369 3365 O-H (alcohols/Phenols), N-H (amines/amides)

2940 2937 =C-H (alkenes)

2357 2356 Absorption doublet band of CO2

1738 1735 C=O (carboxylic acid/ester/flavonoids)

1633 1633 decrease in intensity, C=C stretching, N-H bending

1401 1397 decrease in intensity, C-H bending

1204 1197 decrease in intensity, O-CH3 stretching

1077 1077 decrease in intensity, C-O stretching

Table 1. Significant absorption peaks with shift in their position/decrease in their intensity in the AuNPs with respect to the 
extracts.

Figure 4. XRD pattern of biologically synthesized (a) AuNPs/GI and (b) AuNPs/GC.
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Scherrer constant, λ is the X-ray radiation wavelength 
(1.54 Å), β  is the full width at half maximum (FWHM) 
intensity of the diffraction peaks of (1 1 1) Bragg 
reflection, and θ is the diffraction angle. From the 
calculations, the average particle sizes of synthesized 
AuNPs were found to be 11 nm and 8 nm for AuNPs/
GI and AuNPs/GC respectively, which were found 
close to the average particle size ~10 nm measured 
using HR-TEM.

EDX analysis
The compositional analysis of AuNPs was studied 
using EDX analysis as shown in Figure 5(a) and 5(b). 
EDX spectrum illustrated the presence of the Au at 
1.5 keV for AuNPs/GI and at 2.2 keV for AuNPs/GC. 
The elemental compositions of Au in AuNPs/GI and 
AuNPs/GC were found to be 53.49 % and 57.36 % 
respectively. Other weak/moderate signals, i.e. C, O, 
K, Ca, and C were also observed; this may arise from 
plant extract that bound to the surface of AuNPs or 
were present in the vicinity of the particles for the 
stabilization of the nanoparticles.78

HR-TEM analysis
HR-TEM analysis is one of the important techniques 
which gives information about the average particle 
size, and particle size distribution of synthesized NPs. 
The synthesized AuNPs are mostly spherical with 

a triangular shape, the average sizes of the AuNPs 
were ranging from 2 – 10 nm and it was found to be 
in good agreement with the particle size of 8 – 11 nm 
determined using XRD analysis. The crystallinity of 
AuNPs evidenced by the XRD pattern was further 
confirmed by selected area electron diffraction 
(SAED) which accounted for bright circular rings that 
were indexed to the FCC structure of AuNPs [Figures 
6(a-d) and 7(a-d)].

DPPH free radical scavenging activity
The human body during the respiration process 
produces harmful free radicals viz. reactive oxygen 
species (ROS), reactive nitrogen species (RNS), and 
reactive sulfur species (RSS).79 Active phytoconstituents 
such as phenolics and flavonoids play an important 
role to neutralize these harmful free radicals in the 
human body. DPPH is a violet-colored, stable free 
radical which turns yellow when gets scavenged by 
a scavenger typically by an antioxidant compound. 
Radical scavenging assay by DPPH free radical was 
used to evaluate the antioxidant activity of synthesized 
AuNPs. The AuNPs showed 51.05 % (GI) and 44.05 
% (GC) scavenging activity compared with standard 
ascorbic acid (94.11 %) at 100 μg/ml concentration. 
Aqueous extracts of GI and GC showed 45.90 % and 
36.49 % inhibition respectively at 100 μg/ml, which is 
comparably lower than that of AuNPs (Figure 8). The 

Figure 5. EDX spectrum of synthesized (a) AuNPs/GI and (b) AuNPs/GC.
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Figure 6. (a), (b), (c) are HR-TEM and (d) SAED images of synthesized AuNPs/GI.

Figure 7. (a), (b), (c) are HR-TEM and (d) SAED images of synthesized AuNPs/GC. 
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DPPH free radical scavenging activity was found to 
be more in AuNPs/GI compared to AuNPs/GC. The 
free radical scavenging activities of the AuNPs can 
be attributed to the presence of functional groups 
of various secondary metabolites involved in the 
synthesis NPs. 

Cytotoxic activity
An MTT was performed to investigate the cytotoxic 
activity of the synthesized AuNPs. As presented 
in Figure 9(a) and 9(b), biogenic AuNPs, the 
concentration required to cause 50 % cell death was 
more than standard drug doxorubicin (IC50 = 38.75 
µg/ml). IC50 values of AuNPs mediated through GI 
and GC were found to be 34.55 µg/ml and 35.69 µg/
ml respectively for the MCF-7 cancer cell line. An 

inverted microscope was used to study morphology at 
different time intervals (Figure 10).

Antibacterial activity
There are various perspectives on the antibacterial activity 
of AuNPs. The principle mechanism by which NPs exhibit 
antibacterial action may be through oxidative stress 
created by ROS. This factor can destroy proteins and DNA 
in bacteria. AuNPs have good chemical stability, increased 
surface area, and small size which boost faster association 
with microorganisms.80,81

In the present investigation, the average ZOI for AuNPs/
GI and AuNPs/GC showed 9 mm and 13 mm for B. subtilis 
when compared to 10 mm and 12 mm for E. coli. The average 
ZOI values for GI extract were found to be 6 mm and 5 
mm; for GC extract were 4 mm and 6 mm for B. subtilis 

Figure 8. DPPH free radical scavenging activity.

Figure 9. Cell viability (a) AuNPs/GI (b) AuNPs/GC of human breast cancer cell lines (MCF-7) after treatment with various co-
centrations (0.05-1000 µg/ml).
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and E. coli respectively (Table 2). Figure 11 shows ZOI on 
bacteria due to the effect of synthesized AuNPs. Contrary 
to anticancer activity, the antibacterial property also did 
not show any linear relationship between antioxidant 

activity and total phenolics of AuNPs mediated through 
aqueous extracts of GI and GC in respect of percentage 
free radical scavenging capacity and ZOI. The zone of 
inhibition of AuNPs is far better than aqueous extracts.

Figure 11. Culture plate showing antibacterial activity AuNPs against (a) B. subtilis (b) E. coli.

Bacterial strains
Average ZOI (mm)

GI extract AuNPs/GI GC extract AuNPs/GC *Control

B. subtilis 6 9 4 13 14

E. coli 5 10 6 12 16

Table 2. Antibacterial activity of Garcinia-mediated AuNPs against two pathogenic bacteria (zone of inhibition in mm).

Figure 10. Microscopic images of (a) Control (b) MCF-7 cells after treatment with AuNPs/GI and (c) MCF-7 cells after treatment 
with AuNPs/GC.
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Conclusion
We have reported the one-pot green synthesis of AuNPs 
using aqueous extract of pericarp powder of two commercial 
and therapeutically important Garcinia species. The availed 
method for the synthesis of AuNPs is simple, eco-friendly, 
and cost-effective. FT-IR spectroscopy recommended the 
involvement of mainly phenolic compounds in the synthesis. 
The synthesized AuNPs were spherical and triangular and 
the average sizes of AuNPs were found to be 2 –10 nm by 
HR-TEM, which is in good agreement with the particle size 
of 8 – 11 confirmed by XRD analysis. The cytotoxicity and 
antibacterial properties showed a positive linear relationship 
between antioxidant activity and total phenolics of AuNPs 
indicating the crucial role of the antioxidants/phenolics of 
the GI/GC extracts on anticancer and antibacterial activity. 
AuNPs showed promising cytotoxicity against MCF-7 cancer 
cell lines with IC50 values 34.55 µg/ml and 35.69 µg/ml for 
AuNPs/GI and AuNPs/GC, respectively which is better 
than that of standard drug doxorubicin. Dissimilarity in 
biological property of AuNPs mediated through aqueous 
fruits pericarp extracts of GI and GC recommending the 
effect of phytoconstituents on the functionality/ physico-
chemical properties of AuNPs. It is needed to explore 
the exact mechanism of synthesis of AuNPs and also to 
perceive the precise role of phytochemicals involved in the 
reduction and stabilization of AuNPs. Furthermore, it is 
superficially promising; the large-scale production of AuNPs 
expending plant extracts has not been achieved so far. The 
biocompatibility of the synthesized AuNPs has to be well 
documented regularly for a better understanding of their 
fortune in the human body.
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