
ABSTRACT
In the present paper we discuss about the biogenic synthesis of gold nanoparticles using Aegle marmelos extract. The 
gold nanoparticles were synthesized via eco-friendly and low cost effective method. Preparation of the   aqueous 
leaf extracts of Aegle marmelos was carried out  deionized water and the extracts acted as reducing agent as well 
as capping agent. The synthesized gold nanoparticles were characterized by UV-Visible spectroscopy, Fourier 
transform infrared spectroscopy (FTIR), X-ray Diffraction (XRD), Field emission gun Scanning electron microscopy 
(FEG-SEM) with EDS and High Resolution Transmission electron microscopy (HR-TEM). The elemental composition 
and purity of gold nanoparticles was analysed by EDS.  XRD patterns showed average particle size of 22 nm and 
also UV absorption peak showed around 534 nm. The antibacterial activity of gold nanoparticles was studied 
against micro organisms like against Bacillus subtilis (MTCC 121) and Escherichia coli (MTCC 119).
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INTRODUCTION

nanostructures with various properties like physical, 
chemical and electrical empower broad applications 
such as an antibacterial, catalysis, optical, electrical, as 
an energy transformation as well as reservoir devices 
and production of biomedicals. In the past,  research 
has shown that antioxidant compounds present in Aegle 
marmelos inactivate the free radicals or make them less 
reactive and thus protect against reactive oxygen species. 

Health-promoting compounds present in Bael include 
Terpenoids, Flavonoids, Steroids, Phenolic Compounds, 
alkaloids, Tannins, and Saponins. out of all these, tannins 
have a very strong free radical scavenging property and 
act as a primary antioxidant, (  Iqbal et al.,2015  ashar 
et al.,2016 Cao et al.,2016 Iqbal et al.,2017).

The Bael plant or Aegle marmelos grows in the soil with 
a pH range between 5 – 10. The Aegle marmelos tree 
tolerates all kinds of soil situation and stands water 
logging situation. This tree has a wide tolerance for 
temperature and grows well in the temperature range 
7º C to 48ºC. It grows best on rich, well-drained soil. 
it grows very well in summer and its growth declines 
during winter. The preliminary step in the synthesis of 
aunPs is the reduction of gold ions (au1+) to neutral 
gold atoms (au0). It occurs by reduction of chloroauric 
acid (H [auCl4]) in a solution in the presence of suitable 
reducing agent. The gold nanoparticles synthesized 
using plant extracts do not require reducing agent as 
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allowed to dry in shade for about 3-4 days. When the 
leaves were dried completely they were finely powdered 
using mixer and was used for extract preparation. First 
we cut all the leaf and then Initially 10 gm of leaf 
boiled with 100 ml double distilled water for 60 min. in 
heating on Soxhlet at temperature 600C. The mixture was 
brought to the room temperature and the aqueous leaf 
extract was collected using Whatman filter paper. The 
resulting product was filtered and stored in refrigerator 
for further use. all solutions were prepared using double 
distilled water. Initially 10 gm of leaf aegle Marmelos 
were boiled with double distilled water and heated on 
Soxhlet for 60 min. than  it was filtered using Whatman 
filter paper no.1 after filtration, 20 ml extract was  added 
in 30 ml gold (auno3) which was put on magnetic stirrer 
with hot plate   for around 8 hours. The resultant solution 
was dark black color which turned to dark brownish 
color within one hour. The solid products were obtained 
from it. Subsequently the solution was then centrifuged 
at 12000 rpm for 20 min. The supernated centrifugation 
was used as plant extract. Gold nanoparticles were 
synthesized by adding 20 ml of plant extract to 1x10-3M 
auno3 (aCS extra pure).

RESUlTS AND DISCUSSION

after completion of reaction, reaction mass was observed 
for the colour changes from dark black to dark brownish 
in comparison to the control solution. The colour change 
is the visual method of detection of synthesis of gold 
nanoparticles. The gold nanoparticles were characterized 
by using UV-Vis spectroscopy (Shimadzu UV 1800 
UV-Visible spectrophotometer) reduction of gold ions 
was monitored by measuring the UV-Vis range of the 
reaction mixture at 8 hour (Martínez et al., 2012). FTIR 
spectroscopy analysis was carried out to identify the 
biomolecules responsible for the reduction of au+ ions 
(Elia ET al., 2014). FTIR spectroscopy analysis was carried 
out to find the biomolecules that were bound specifically 
on the gold oxide nanoparticles surface. The morphology 
of the obtained nanoparticles was characterized by using 
a high-resolution transmission electron microscope (HR-
TEM) (Krishnaswamy et al., 2014). Chemical composition 
of the obtained nanoparticles were analysed by EDaX 
technique using scanning electron microscope (FEG-
SEM) (Hezard et al., 2012). The crystallographic structure 
of Gold nanoparticles and the phase properties was 
examined by XRD measurements using Rigaku D/max 
40 kV diffractometer (yan et al., 2005).
 
UV-Vis spectroscopy measurements (Shimadzu UV 
1800)   were carried out at room temperature in the 
region 800–200 nm as a function of time of the reaction. 
The UV–Visible absorption spectrum was used for the 
analysis of optical properties of Biogenic synthesized 
Gold oxide nanoparticles. The mono dispersed Gold 
oxide nanoparticles are shown in synthesis figure-1. 
The room temperature spectra exhibited strong excitonic 
absorption peaks at 534 nm for samples respectively, 
which is in good agreement with previous work (Islam 
et al., 2015).

the compounds which readily exists in plants acts 
as reducing agents as well as stabilizing agents. The 
synthesis of gold nanoparticles using plant extracts has 
been tried and it has become successful. Biosynthesis of 
gold nanoparticles from plants like Hibiscus rosa-sinensis 
(Daizy et al., 2010), Cinnamomum camphora, Azadirachta 
indica (Shankar et al., 2004), Geranium, (Shankar et al., 
2003), lemon grass (Grunwald et al., 2004), Aloe vera 
(Chandran et al., 2006), Moringa pterygosperma and 
Boerhavia diffusa (Vaghela et al., 2018), Crateva Religiosa 
(Parmar et al., 2016), and Bauhinia variegate (Vaghela 
et al. (2017,2018).

Recently, synthesized agnPs using fresh fruit extract of 
Phyllanthus emblica have been and evaluate for their 
antibacterial efficacy against pathogen Acidovorax 
oryzae strain RS-2 of rice bacterial brown stripe (Masum 
et al., 2019). Balasubramanian et al., (2020) have reported 
biogenic synthesis of gold nanoparticles using Jasminum 
auriculatum leaf extract and  have reported their 
catalytic, antimicrobial and anticancer activities. Vo et 
al. (2020) have reported biosynthesized silver and gold 
nanoparticles from Lactuca indica leaf extract and their 
applications in catalytic degradation of toxic compounds. 
Uzma et al. (2020) have reported biogenic synthesis of 
gold nanoparticles using Commiphora wightii and their 
cytotoxic effects on breast cancer cell line (MCF-7).  
Similarly, aisida et al. (2020) have  reported biogenic 
synthesis of iron oxide nanorods using Moringa oleifera 
leaf extract which  showed good antibacterial activity. 
Siddiquee et al. (2020) have reported green synthesis of 
silver nanoparticles from Delonix regia leaf extract and 
its application in cytotoxicity interaction studies with 
bovine serum albumin.

In this study, we report the plant-mediated synthesis 
of gold nanoparticles using the aqueous leaf extracts 
of Aegle marmelos an evergreen shrub which is found 
in many parts of India. We prepared metallic gold 
nanoparticles via green biogenic synthesis. The reduction 
of aqueous au+ ions with the thallus broth of marine 
algae, P. pavonica its characterization and tested its 
anti-microbial activity tested against microorganisms 
namely Escherichia coli and Bacillus subtilis. The gold 
nanoparticles (aunPs) synthesized were characterized 
by UV-Vis spectroscopy, SEM, TEM, XRD, EDaX, and 
FTIR. The antibacterial/antimicrobial activity effects of 
gold nanoparticles.

MATERIAlS AND METhODS

all the chemical reagents used in this experiment were 
of analytical grade purchased from s.d. fine chemicals. 
The fresh and healthy leaves were collected around 
patan (n.G.) and washed with distilled water to remove 
dust particles.all the chemical reagents used in this 
experiment were of analytical grade purchased from 
s.d. fine chemicals. The fresh and healthy leaves were 
collected around patan (n.G.) and washed with distilled 
water to remove dust particles.after washing the leaves 
were spread evenly in a clean paper and the leaves were 
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Rigaku D/max 40 kV diffractometer equipped with the 
graphite mono chromator and au target. Fig. 3 shows 
the XRD analysis of Biogenic synthesized Gold oxide 
nanoparticles. This is used for further confirmation of 
Gold oxide phase of nanoparticles. The observed intense 
peaks are 380, 440, 640 and 770respectively representing 
the (111), (200), (222) and (311)reflections indicating the 
face centered cubic (fcc) structure of aunPs XRD pattern 
reveals the face centered cubic structure indicating 
the crystalline nature of aunPs and the particle size 
calculated using Debye-Scherrer equation,

    (1)

Where, D is average Particles size, λ is wavelength 
(1.5418 Å), θ is the Bragg’s angle and β is full width half 
maximum (FWHM) of corresponding peek. The Scherer’s 
formula was used to estimate the particles sizes and was 
found to around 22 nm (Dubey et al., 2010).

Shah et al.,

2θ Particle size (nm) (h k l)

38 19.94 (111)
44 16.34 (200)
64 20.68 (222)
77 34.24 (311)

average Particle size D = 22 nm

Table 1. XRD spectral data of gold nanoparticles

FTIR spectroscopy analysis was carried out to identify 
the biomolecules of extract responsible for the reduction 
of au+ ions. FTIR spectroscopy analysis was carried out 
to find the biomolecules that were bound specifically on 
the Gold nanoparticles surface. Fig. 2 shows the FTIR 
spectra of Biogenic synthesized Gold nanoparticles. The 
spectrum showed sharp bands at 873 cm-1 corresponding 
to metal–oxygen (M–o). Strong bands were observed at 
1033, 1074 and 1450 cm-1 and have been referred to as 
alcohols and phenolic groups, C–n stretching vibrations 
of aliphatic and aromatic amines, respectively. The 
bands obtained at 3000 cm-1 have been representing 
to stretching vibrations of primary alkanes, amines and 
water molecules.

X-ray diffraction (XRD) measurement of the Biogenic 
synthesis of Gold nanoparticles carried out on a 

Figure 3: XRD spectra of Biogenic synthesized Gold 
nanoparticles.

Figure 1: Uv-visible spectra of Biogenic synthesized Gold 
nanoparticles

Figure 2: FTIR spectra of Biogenic synthesized Gold 
nanoparticles

Figure 4: FEG-SEM spectra of Biogenic synthesis of Gold 
nanoparticles
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Field emission gun scanning electron microscope 
(FEG-SEM) and EDS images were recorded on a JSM-
7600F series instrument. FEG-SEM spectra of Biogenic 
synthesis of Gold nanoparticles are shown in Fig.4. 
Gold nanoparticles by this method show nearly mono 
dispersed distribution of particle sizes. The average 
particle size of the au nanoparticles is around 15-30 
nm. The composition of Gold nanoparticles was further 
probed by energy-dispersive X-ray (EDS) analysis. Fig. 
5 shows the EDS pattern of aunPs prepared using Gold 
sulphate, which indicates the presence of au and small 
amount of oxygen. EDS spectrum of Gold nanoparticles 
shows the peaks for Gold and respective elements 
indicating the formation of Gold nanoparticles. Peak 
indexing of the elements is oxygen 0.5 keV and Gold 1.5 
& 2.2 keV. The compositions in the mass percentage of 
the elements are oxygen 45.12% and Gold 41.21 %. The 
experimental composition matches with the theoretically 
calculated composition.

High-resolution Transmission electron microscope (HR-
TEM) images were recorded on a Tecnai G2-F30 electron 
microscope. Fig. 6 shows the HR-TEM images of au nPs 
prepared using Mixtures. The sample preparation was 
carried out via the coating on carbon coated grid Cu 
Mesh 300 prior to the measurement. High-resolution 
Transmission electron microscopy (HR-TEM) has been 
employed to characterize the size, shape and morphology 
of synthesized Gold nanoparticles. The antibacterial 
screening test of the synthesized Gold nanoparticles 
was performed by both agar well diffusion method 
against Bacillus subtilis (MTCC 121) and Escherichia coli  
(MTCC 119). The antibacterial activity of Gold 
nanoparticles was carried out by agar cup plate method. 
The antibacterial activity of Gold nanoparticles was 
evaluated against Bacillus subtilis and Escherichia coli. 
Fresh overnight Culture of each strain swabbed uniformly 
by cotton on plates containing Mueller Hinton agar and 
4 wells (diameter size- 6 mm) were prepared using cup 
borer. Different concentration (20, 40, 60 μl) samples 
of nanoparticles pour into each well and incubated it 
for 24 hr at 370C, after that around the well diameter 
of inhibition zone was observed in millimeter (Figure 
7)(Table 2). Inhibition zone of bacterial growth is due 
to inhibitory compounds from the tested sample. We 
concluded that agar well diffusion method exhibited 

good antibacterial activity in which Escherichia coli 
showed excellent zone of inhibition and Bacillus subtilis 
showed weak results compare to Escherichia coli bacteria. 
Plant extract didn’t give any results (Bhawasar et al., 
1965, Behl and Srivastava, 2002, Shah and Qadry, 1971, 
zafar, 1994).  Experiments with each strain performed 
three times for good results.

Figure 5: EDS spectra of Biogenic synthesis of Gold 
nanoparticles

Figure 6: HR-SEM spectra of Gold nanoparticles

Table 2. Antimicrobial activity data for synthesized gold 
nanoparticles.

Bacteria  Zone of Inhibition of  Average
Inhibition  Biosynthesized Gold zone of
  Nanoparticles with
  different concentrations
 20 μL 40 μL 60 μL 

B. subtilis 4mm 8mm 13mm 8.3 mm
E. Coli 7mm 12mm 17mm 12mm

Figure 7: Antimicrobial activity of Au nanoparticles

In summary, the biogenic synthesis of gold nanoparticles 
was  performed using Aegle marmelos extracts without 
involving any toxic chemicals. In this reduction 
reaction metal ions were reduced (au+2 to au+1) very 
rapidly and reaction was finally completed within 8 
hours to produce Gold nanoparticles. Synthesized gold 
nanoparticles mediated from aegle marmelos leaves 
exhibited  excellent antibacterial activity against gram-
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positive (Bacitilillus subs) and gram negative (Escherichia 
coli) bacteria which exhibited considerable zone of 
inhibition. Increase in the dose of aunPs resulted in the 
rise in antibacterial activity. So it can concluded that 
biologically synthesized gold nanoparticles using aegle 
marmelos extracts can be used as environment-friendly  
low cost formulation with excellent antibacterial activity 
against Escherichia coli microorganisms.
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