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ABSTRACT

Objective: In the present scenario, biogenic production of gold nanoparticles (AuNPs) and silver nanoparticles (AgNPs) has evoked considerable
interest in terms of their diverse biomedical applications because of their extremely small size and large surface to volume ratio. Hence, the aims of the
current study were to use the plant extract for the biosynthesis of AgNPs and AuNPs and to evaluate their antibacterial and antioxidant activity in vitro.

Methods: First, aqueous silver nitrate and chloroauric acid solutions have been treated with wheat bran extract; a reduction of the silver nitrate and
chloroaurate ions is witnessed resulting in the formation of highly stable AgNPs and AuNPs in solution. Characterization of synthesized silver and
gold nanospheres is made using ultraviolet visible (UV-VIS), scanning electron microscopy, and transmission electron microscopy analysis. The free
radical scavenging potential has been also investigated using 2,2-diphenylpicrylhydrazyl (DPPH) assay, examined by a UV-VIS spectrophotometer.
Antimicrobial efficacy against dental disease-causing pathogens - Staphylococcus aureus (microbial type culture collection [MTCC] 7443) and
Streptococcus mutans (MTCC 497) was tested using agar diffusion method.

Results and Conclusion: Characterization of silver and gold nanospheres indicated that they ranged from 30-55 nm to 45-70 nm in size, respectively.
The synthesized AgNPs and AuNPs efficiently inhibited the growth of respective pathogens. It is found that AgNPs and AuNPs exhibited exceptionally
effective antimicrobial potential-compared to wheat bran extract alone. In DPPH scavenging activity, the percentage of inhibition increases with
increase in the concentration of synthesized Ag and Au NPs proved that synthesized NPs possessed high antioxidant activity. It could be concluded

that these nanospheres can be act as a potent antioxidant and antimicrobial agents for commercial application.
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INTRODUCTION

Nanotechnology has been entitled as the next industrial revolution
and is centered on the production of nanomaterial or particles with
as a minimum of one dimension between 1 and 100 nm [1,2]. Unique
physicochemical characteristics of metal nanoparticles (NPs) including
catalytic activity, electronic, optical, magnetic, and antibacterial
properties differ from the bulk metals when the particle size decreases,
specifically at sizes between 1 and 100 nm [3,2], and these novel
properties have gaining the interest of scientists and made NPs
attractive for research in various fields.

Recent studies showed that NPs those made from noble metals, silver
(Ag) [4], and gold (Au) exhibit unique antimicrobial property. Silver
is known for its bactericidal effects because it is safe and non-toxic
to animal cells and extremely toxic to bacteria [5,6]. AgNPs are one of
the most commonly used nanomaterials as they have antioxidant and
antimicrobial properties. The most extensively used applications of
AgNPs and AuNPs are in coating or embedding for medical purposes [7]
and to prevent the infection of burns and wounds [8]. Similarly,
progress has been achieved in the evaluation of properties of Au NPs
for the control of pathogenic bacteria indicator strains as well as to
scavenge radicals formed during cellular metabolism. It was reported
that high aspect ratio Au nanorods can act as an effective antioxidant
and antibacterial agent and it makes the NPs as the most promising
candidate for biomedical applications [9]. Thus, nanoscale silver and
gold particles represent a new era of cost-effective antimicrobial and
antioxidant technologies.

Numerous procedures have confirmed that NPs can be synthesized
using chemical and physical techniques, but it is mandatory to discover
an alternative method due to the fact of usage of an enormous amount

of toxic chemicals and high-temperature conditions in chemical and
physical methods [10]. The aims of green synthesis or biosynthesis of
NPs are - an eco-friendly fabrication and uses of extracts from plants,
organisms [i.e., biomolecules], and non-toxic reductants for particle
stability [11].

Synthesis of NPs by green chemistry approach lay emphasis on the
usage of microorganisms, enzyme and plant or plant extract, makes
the process reliable, simple, and nontoxic and has been recommended
as potential eco-friendly substitutes to chemical and physical
methods [12,13]. Thus, researchers in the last years have turned to
biological systems for NP synthesis [14].

Wheat (Triticum aestivum) is an earliest known food crop which
belongs to the family Poaceae, cultivated since the beginning of human
civilization and positions first among world cereal crops. Whole-grain
wheat contain three layers; 80-85% endosperm, 10-14% bran, and
2.5-3% germ [15]. The bran layers enclose the endosperm and are
abundant in vitamins, minerals protein, and large amounts of insoluble
dietary fiber [16].

Wheat bran consists of aleurone and pericarp and is the hard outer
layer of wheat grain. Wheat bran is produced in enormous quantities
as a major by-product of the milling process for the production of white
wheat flour. Due to its enormous production in the milling process,
wheat bran has also been considered to have a potential as a valuable
and versatile feedstock for future biorefineries [17]. It is not only
the good supplier of dietary fibers in addition to their physiological
functions but it also contains a significant amount of natural
antioxidants [18]. A recent study of Swiss red wheat grain and fractions
indicated that phenolic antioxidants are concentrated in the aleurone
fraction of wheat bran [19]. The antioxidants play a chemoprotective
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key role in human against the risk of oxidative stress-related diseases
such as cancer and cardiovascular diseases [20].

Keeping this in view, we have discovered for the first time the green
synthesis of silver and gold nanospheres using wheat bran extract and an
investigation is focussed to evaluate the potential use of silver and gold
nanospheres as an antibacterial and antioxidant agent against dental
disease-causing pathogens, namely Staphylococcus aureus (microbial type
culture collection [MTCC] 7443) and Streptococcus mutans (MTCC 497).

METHODS

Wheat bran used for the preparation of the extract was procured from
the local supermarket. Silver nitrate and chloroauric acid were supplied
by Sigma-Aldrich Chemicals. The bacterial strains used in this work were
obtained from IMTECH, Chandigarh, India. For anti-oxidative studies, all
chemicals and reagents used in the study were of analytical grade.

Preparation of sample extract

About 5 g of wheat bran was accurately weighed, mixed in 100 ml of
double deionized water and heated over a water bath maintained at
60°C for 30 minutes. Wait for temperature to normal down. The extract
obtained was filtered through muslin cloth and then centrifuged at
10,000 rpm for 15 minutes. The supernatant was collected and used for
the biosynthesis of gold NPs and AgNPs.

Synthesis of AgNPs

An aqueous solution of 1 mM silver nitrate solution (AgNO3) was
prepared and used for further experiment. 10 ml of wheat bran extract
was mixed with 90 ml of AgNO3 (1:9 ratio), and the resulting solution
was incubated overnight at 50°C for the synthesis of AgNPs. The
formation of AuNPs was confirmed by color change from colorless to
reddish brown and by ultraviolet visible (UV-VIS) spectroscopy.

Synthesis of AuNPs

Wheat bran extract was mixed with aqueous solution of HAuCl4 (1 mM)
in the ratio of 1:1, and the reaction volume was made up to 100 ml. The
mixture solution was left overnight at 50°C for the synthesis of AuNPs
and observed for change in color from colorless to wine red color.

Characterization of biosynthesized AgNPs and AuNPs
UV-VIS spectroscopy

UV-visible spectroscopy is used for monitoring the formation of NPs
using wheat bran extract by measuring spectrum of the reaction mixture
after diluting a small aliquot of the sample with deionized water. The
measurements are recorded on UV-VIS dual beam spectrometer
(Systonic 2203 Double Beam).

Scanning electron microscopy (SEM)

This study was undertaken to identify the size and shape of the NPs
biosynthesized using wheat bran extract by SEM analyzer SEM-Zeiss
machine. The sample was prepared by placing a drop of solution
containing NPs on carbon coated copper grid; extra solution was
removed using a blotting paper. Then, the film on the SEM grid was
allowed to dry and the images of NPs were taken.

Transmission electron microscopy (TEM)

TEM is a technique of producing images of a sample by illuminating the
sample with electronic radiation (under vacuum), and detecting the
electrons that are transmitted through the sample. The 200KV high-
resolution TEM (TEM-FEI Tecnai G2 S-Twin) was used. TEM grid was
prepared by placing a drop of the particle solution and drying under
an IR lamp.

Pharmacognostic evaluation of synthesized NPs

Determination of free radical scavenging activity by
2,2-diphenylpicrylhydrazyl (DPPH) assay

Antioxidant activity of the synthesized NPs and standard was measured
on the basis of the radical scavenging effect of the stable DPPH free radical.
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Gallic acid was used as the standard in solutions ranging from 1 to 50
pg/ml. 0.135 mM DPPH solution in methanol was prepared. Then, 2 ml
of this solution was mixed with 2 ml of sample solutions (ranging from
50 pg/ml to 250 pg/ml) and the standard solution to be tested separately.
These solution mixtures were kept in the dark for 30 minutes, and optical
density was recorded at 517 nm using an SEM-Zeiss spectrophotometer
against methanol. The control was used is 2 ml of methanol with 2 ml
of DPPH solution. The optical density was recorded and percentage of
inhibition was calculated using the formula given below:

% of inhibition = (A of control - A of test) /A of control x 100, where A
is absorbance

Determination of antibacterial activity

The in-vitro antimicrobial activity of Ag and Au NPs synthesized using
wheat bran extract was determined on Muller and Hinton Agar (Hi-
Media Pvt., Ltd. Mumbai) using agar diffusion method. Test pathogens
S. aureus (MTCC 7443) and S. mutans (MTCC 497) were spread on the
test plates - Muller-Hinton agar for bacteria using sterile swabs. Sterile
wells were prepared with the help of a sterile cork borer at aseptic
conditions. Samples were added to the wells at aseptic conditions. The
test plates were incubated and the zone of inhibition was taken as the
activity of the extract against the organisms.

RESULTS

Characterization of biosynthesized AgNPs and AuNPs

Results indicated that change of reaction mixture’s color from colorless
to intense yellow was the evidence of reduction of silver ions into AgNPs
using wheat bran extract. The UV-VIS spectra showed an absorption
band at 448 nm, confirmed the presence of Ag NPs. For AuNPs, the
spectrophotometric study of bio-reduced dark brown colored reaction
mixture through the range spectra 300-700 nm showed a maximum
absorption at 551 nm which confirmed the presence of AuNP in the
reaction mixture.

SEM and TEM analysis provided further insight into the morphology
and size of the synthesized NPs. Experimental results revealed that the
diameter of synthesized Ag and Au NPs ranged from 30 to 55 nm and
45-70 nm, respectively, and both were spherical in shape as shown in
Figs. 1 and 2.

ENT=2000V  SgalA=SE Ode 26hpr 200 usic,

‘
TN T
e i S

Fig. 1: Micrograph of biosynthesized silver nanospheres. (a) SEM
image, (b) TEM image
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Fig. 2: Micrograph of biosynthesized gold nanospheres. (a)
scanning electron microscopy image, (b) transmission electron
microscopy image
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Pharmacognostic evaluation of synthesized NPs

The antioxidant activity of Ag and Au NPs was evaluated using DPPH
scavenging assay. As shown in Table 1 and Fig. 3, the percentage of
inhibition increases with increase in the concentration of synthesized
Ag and Au NPs proved that synthesized NPs possessed high antioxidant
activity which augmented in a dose-dependent manner.

The in-vitroantimicrobial activity of synthesized Agand Au NP were carried
out on two dental disease-causing pathogens - S. aureus (MTCC 7443)
and S. mutans (MTCC 497). Biosynthesized AgNPs and AuNPs showed
clear zone of inhibition as indicated in Fig. 4 against the pathogenic test
bacteria. The results suggested that these 2 test bacteria were susceptible
to the synthesized Ag and Au NPs of the wheat bran extracts.

CONCLUSION
The current study revealed that wheat bran extract is a reliable and

eco-friendly source for biosynthesis of Ag and Au NPs. Here, we have

Table 1: DPPH free radical scavenging activity of biosynthesized
silver and gold nanoparticles

Sample Concentration Average inhibition IC,,
(ml) absorbance %

AgNP 0.5 0.487 21.19 1.0879
1.0 0.303 50.97
1.5 0.210 66.01

AuNP 0.5 0.529 14.40 0.92915
1.0 0.349 43.53
1.5 0.241 60.84

Control absorbance=0.618. AuNP: Gold nanoparticle, AgNP: Silver nanoparticle
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Fig. 3: Graphical representation of 2,2-diphenylpicrylhydrazyl
scavenging activity of biosynthesized silver nanonspheres and
gold nanonspheres

Fig. 4: The antibacterial effect of biosynthesized Silver and gold
nanospheres on test organisms. (a) Staphylococcus aureus and,
(b) Streptococcus mutans
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reported a simple reproducible and cost-effective method for the
synthesis of stable Ag and Au NPs using aqueous wheat bran extract
as the reducing, stabilizing, and capping agent. This is the first study
in which green synthesis of silver and gold nanorods is reported from
wheat bran extract. The biologically synthesized AgNPs and AuNPs
exhibited exceptional antioxidant potential and antimicrobial activity
against S. aureus (MTCC 7443) and S. mutans (MTCC 497) - dental
disease causing pathogens. Moreover, diameter of synthesized Ag
and Au NPs ranged from 30-55 nm to 45-70 nm, respectively, hence
these NPs would be a more competent in the drug delivery process.
Thus, summarizing all the outcomes, it can be concluded that Ag and
Au nanospheres can act as an effective antibacterial and antioxidant
agent thus making the NP as a substitute for the development of novel
biomedical drugs in near future. Therefore, further studies are required
to entirely characterize the molecular mechanisms associated with the
antimicrobial and antioxidant activities of these NPs.
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