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Abstract

To promote a healthy and disease free life, the Mother Nature has gifted mankind medicinal plants. A large
number of medicinal plants used in a collection of herbal preparations of the Indian traditional health care
system (Ayurveda) named Rasayana, are suggested for their interesting antioxidant and antimicrobial activities.
Triphala is an Indian and Thai traditional herbal formulation composed of Emblica officinalis Gaertn.,
Terminalia belerica Roxb. and Terminalia chebula Retz.. Amongst these natural therapeutic agents, Amla
showed the highest antibacterial activity followed by Triphala powder, Bahera and Harad. In case of
Antifungal activity, it was Bahera which showed the highest activity against the available test organisms
followed by Amla, Harad and Triphala powder. Phyto-synthesized metallic nanoparticles have many
applications such as antimicrobial, biomedical, agriculture, bio-insecticides, catalyst, biosensor, etc. The
antibacterial activities were inversely proportional to the average nanoparticle sizes. Bimetallic nanoparticles
possessed better antimicrobial activity as compared to monometallic nanoparticles. Gram negative
(Escherichia coli and Pseudomonas aeruginosa) bacteria were more susceptible to gram positive
(Staphylococcus aureus and Bacillus subtilis) bacteria. The order for antibacterial efficacies is as follows:
Ag@AuNPs> AgNPs>AuNPs. In case of antifungal activities, AuNPs were better than AgNPs, i.e., the order is
Ag@AuNPs> AuNPs>AgNPs. Aspergillus niger was most susceptible fungal organism as compared to Aspergillus
flavus and Candida albicans to the action of these plant derived therapeutic agents. The use of these
compounds as therapeutic agents will open a chapter of cheaper and safe herbal substitute of antibiotics and
may prove as a tool to check the problem of increasing antimicrobial resistance in pathogens.
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1. Introduction

Infectious diseases are a serious reason of morbidity and mortality
globally. It accounts for roughly 50% of all deaths in tropical
countries and the maximum amount as 20% of deaths within the
America (Bhandari and Kamdod, 2012). Notwithstanding the
noteworthy advancement made in microbiology additionally to the
control of microorganisms, intermittent occurrences of epidemics
because of drug resistant microorganisms and previously unknown
disease causing microbes pose an enormous risk to public health.
These adverse health developments demand a universal initiative
for the advancement of novel approaches for the prevention and
treatment of these diseases.

For over 100 years, chemical compounds which are isolated from
medicinal plants along with some modifications can be served as the
models for a number of clinically proven drugs, and are now being re
assesed as antimicrobial agents. The reasons for this revival include a
decrement in the new antibacterial drugs within the pharmaceutical
pipeline, a proliferation in antimicrobial resistance, and therefore,
the necessity of treatments for new growing pathogens. Factually,

thousands of plant species had been tried against a number of bacterial
strains in vitro and lots of medicinal plants are active against a wide
range of gram positive as well as gram negative bacteria (Mahady,
2005). Antimicrobial assay is to work out in terms of measuring zone
of inhibition (mm), where larger the zone of inhibition indicates the
greater antimicrobial activity. Plant-derived drugs have a crucial place
in both traditional and modern medicine. Medicinal plants comprise
the base of health care systems in numerous societies. These are
important source for finding new antimicrobial agents with significant
activity against infective microbes. Drugs isolated from the plants
are easily available, inexpensive, safe, efficient and with fewer side
effects. Today’s, microbial infections, resistance to antibiotic drugs,
have been the major challenges, which menace the health of societies.
Microbial infections are liable for millions of deaths per annum
worldwide. In 2013, 9.2 million deaths are reported due to infections,
i.e., about 17% of total deaths. The two mechanisms mainly ascribed
to the antibacterial activity of an agent may include intervening
chemically with the synthesis or function of vital components of
bacteria, and/or evading the usual mechanisms of antibacterial
resistance (Khameneh et al., 2019).

In addition, bacteria may show resistance to antibacterial agents
through a number of mechanisms. Some bacterial species are
inherently resistant to one or more classes of antimicrobial agents.
A serious concern is that the bacteria acquire resistance, where
initially susceptible bacterial populations become resistant to the
antibacterial agent.



200

Green synthesis of metallic NPs by using plant extracts gained
significant interest over the years due to the remarkable antibacterial
and anticancer properties of these nanoparticles. The excellent
antibacterial activity and anticancer activity of metallic nanoparticles
are mainly attributed to their high surface area-to-volume ratio
which enables greater presence of atoms on the surface and, in turn,
greater contact with the environment.

Herein, we have compared the antimicrobial activity of as
synthesized metallic/bimetallic nanoparticles using plant derived
antioxidants or secondary plant metabolites by measuring the zones
of inhibition (ZOI) recorded for the doses of 10 mg, 20 mg, 30 mg
and 40 mg against each isolates for 48 h along with the crude plant
extracts of Amla, Bahera, Harad and Triphala powder. The antibiotic,
Gentamycin was taken as a reference or control for the experiment.

2. Materials and Methods

2.1 Synthesis of metallic/bimetallic nanoparticles

The required chemicals, silver nitrate (AgNO
3
) and chloroauric acid

(HAuCl
4
.xH

2
O) were purchased from Sigma Aldrich, India. 1mM

AgNO
3
 and 1mM HAuCl

4
.xH

2
O solution was prepared. In a typical

synthesis for silver and gold nanoparticles using plant extract, the
extract was taken in a burette and the precursor solutions were
kept on a heating stirrer with 450 rpm at a varying temperature
range of 60-80°C in dark. While synthesizing AgAuNPs, equimolar
solution of AgNO

3
 and HAuCl

4
.xH

2
O was used as the starting

precursor for the synthesis of Ag@Au bimetallic nanoparticles.
After the completion of synthesis of nanoparticles, the resulting
solution is centrifuged at 8000 rpm for 25 min. The remaining
solution (supernatant) was discarded with the help of pipette and
the sediment is washed repeatedly with distilled water several times
and finally with absolute ethanol. The sediment is dried in the oven
at 60°C for 4 h. The synthesized nanoparticles were then collected
in the sample vial and correctly labeled. These were stored in freeze
drying conditions till their characterization and further use/testing
their antimicrobial activity against the available pathogens.

2.2 Estimation of the antimicrobial activity of as synthesized
nanoparticles and crude extracts of triphala powder and
its fruit constituents: Amla, bahera and harad

The antimicrobial activity was tested against the human pathogens
(bacteria/fungi) using aqueous extract of E. officinalis (Amla),
T. belerica (Bahera), T. chebula (Harad) and Triphala powder and
as synthesized nanoparticles by standard protocol.

2.2.1 Preparation of test solutions for antimicrobial activity

The minimum amount of Dimethyl Sulfoxide (DMSO) was used in
preparing a stock solution of 100 mg/ml of each extract and the
volume is made up with distilled water. Further, dilutions of 10 mg/ml,
20 mg/ml, 30 mg/ml and 40 mg/ml were made up from the stock
solution for determining their antifungal and antibacterial activity.

2.2.2 Antifungal activity

i. Test organisms

Human pathogenic fungi, Candida albicans, Aspergillus flavus and
A. niger were used for evaluating antifungal activity of the extracts
of E. officinalis, T. belerica, T. chebula and Triphala powder as well
as the synthesized nanoparticles (Ag, Au and Ag@Au) using these
crude extracts. Test organisms were procured from the Department
of Biochemistry, IIT Delhi.

ii. Preparation of medium

The most extensively used fungal media, Potato Dextrose Agar
(PDA) consists of the following:

•  Water 1000 ml
•  Potatoes 250 g
•  Dextrose 20 g
•  Agar powder 20 g

250 g of washed and chopped potatoes in approx. 1 litre distilled
water were boiled for 30 min in order to prepare Potato infusion
and then strain the broth through muslin cloth. The total volume of
the suspension was made 1 litre by Distilled Water. After the addition
of 20 g dextrose and 20 g agar powder, the sterilization of the
medium is done by autoclaving at 15 lbs for 20 min. In order to
prevent the growth of unwanted bacteria, Gentamycin (50 mg/l)
was also added as a control in order to compare the antibacterial
activity among the test samples.

iii. Test of antifungal activity

Out of all the available methods, the most common poisoned food
technique by Grooves and Moore (1962). Tuit (1969) was used for
the assessment of antifungal activity. The test fungi were grown on
PDA medium. The desired concentration/amount of extracts in 1 ml
of DMSO was subsumed aseptically into 99 ml aliquots of sterilized
PDA medium which was cooled at 45°C. After pouring each lot of
medium in Petri-dishes, these were allowed to solidify. DMSO
(4 1ml) in the medium was taken as a control.

A 5 mm mycelial disc cut from the periphery of 2-3 days old fungal
colonies were used for the inoculation of each dish at the centre.
These inoculated Petri dishes were incubated in the dark at 25 ±
2°C for 48-72 h and colony diameters were measured periodically
till the control dishes were nearly completely covered with fungus
growth.

iv. Antibacterial activity
Test organisms

The bacterial cultures of two gram negative and two gram positive
namely E. coli (ATCC 25922), P. aeruginosa (ATCC 27853) and
S. aureus (ATCC 29213), B. subtilis (ATCC 6633) were used for
evaluating the antibacterial activity of the extracts of E. officinalis,
T. belerica, T. chebula and Triphala powder as well as the
synthesized nanoparticles (Ag, Au and Ag@Au) using these crude
extracts. Test organisms were obtained from the Department of
Biochemistry, IIT Delhi.

Preparation of medium

For the growth of bacteria, NA (Nutrient agar) medium is used
which consists of the following:

•  Peptone 5 g
•  Beef extract 3 g
•  NaCl 5 g
•  Agar-Agar 20 g
•  Distilled water 1 litre

All the constituents were dissolved in distilled water and the final
volume was made to 1 litre.

Test of antibacterial activity

The Thornberry’s method of zone inhibition was adopted for testing
the extracts for their bactericidal activity. The bacterial suspensions
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were prepared using 48 h old culture. The bacterial growths from
five slots were taken and mixed in 100 ml sterilized distilled water
aseptically.

The molten medium was cooled to 45°C, and poured aseptically in
sterilized Petri plates. For leveled distribution of the medium it
was rotated gently and allowed to get solidified. Different
concentrations of the test extracts (10, 20, 30, 40 and 100 μg/ml)
were prepared from the stock solution by taking appropriate amount
and the dilution is done using DMSO.

10 mm diameter circular paper discs were prepared from Whatman’s
filter paper No. 1. The petri plates containing these discs were
autoclaved at 15 lbs pressure for 20 min. One set for the control
and two paper discs for each concentration of extract were used.
These discs were soaked in different concentrations of the test
compounds. The excess solution absorbed by the paper discs was
removed by holding them vertically by sterile forceps. Such dipped
discs were transferred aseptically to Petri plates containing bacterial
suspension spread over the surface and media.

Parameters Order

Antibacterial activity (Crude extracts) Amla>Triphala>Bahera>Harad
Antifungal activity (Crude extracts) Bahera>Amla>Harad>Triphala
Antibacterial activity (Biosynthesized NPs) Ag@AuNPs>AgNPs>AuNPs
Antifungal activity (Biosynthesized NPs) Ag@AuNPs>AuNPs>AgNPs

3. Results

Trends in antimicrobial activity

Table 2: Zone of inhibition (mm) by E. officinalis, T. belerica, T. chebula and Triphala at various concentrations towards different available
strains of fungi

Emblica officinalis Terminalia belerica Terminalia chebula Triphala
(Amla) (Bahera) (Harad)

Concentration (mg/ml)

10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40

Zone of inhibition (mm)

3.5 5.5 6.0 7.0 6.5 7.0 7.5 8.5 3.0 4.0 5.5 6.5 2.0 3.0 4.5 5.5
3.0 4.5 5.0 6.0 6.0 6.5 7.0 8.0 2.5 3.0 4.5 5.0 1.5 2.5 3.5 4.0
5.5 7.5 8.0 8.5 7.5 8.0 8.5 9.0 3.5 5.0 6.5 7.5 3.0 4.5 5.5 6.0

Standard

Nystatin

(20 mg/ml) 10 µl

13
12
13

Bacterial
stra in

C. albicans
A . flavus
A. niger

Table 1: Zone of inhibition (mm) by E. officinalis, T. belerica, T. chebula and Triphala at various concentrations towards different gram positive
and gram negative bacteria

Emblica officinalis Terminalia belerica Terminalia chebula Triphala
(Amla) (Bahera) (Harad)

Concentration (mg/ml)

10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40

Zone of inhibition (mm)

14.0 15.5 16.5 17.0 10.0 12.0 13.0 14.0 8.0 9.0 10.0 12.0 14.0 15.0 15.5 16.0

16.0 17.0 18.5 19.0 13.0 14.5 15.5 16.0 12.0 14.0 15.0 16.0 14.0 16.0 17.0 18.0

17.0 18.0 19.0 19.5 13.0 14.5 15.5 16.0 12.0 13.5 15.0 16.0 16.0 16.5 18.0 19.0

14.0 16.0 17.0 18.0 11.0 12.5 13.0 14.0 6.0 8.0 9.5 10.0 12.0 14.0 15.0 16.0

Standard
antibiotic

Gentamycin

(20 mg/ml) 10 µl

23

23

23

22

Bacterial
stra in
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Table 3: Zone of inhibition (mm) by as synthesized nanoparticles using aqueous extracts of E. officinalis, T. belerica, T. chebula and Triphala
at various concentrations towards different available strains of bacteria

Zone of inhibition (mm)

Concen- Emblica officinalis Terminalia belerica Terminalia chebula Triphala
tration (Amla) (Bahera) (Harad)

(mg/ml) AgNPs AuNPs Ag@AuNPs AgNPs AuNPs Ag@AuNPs AgNPs AuNPs Ag@AuNPs AgNPs AuNPs Ag@AuNPs

10 17.0 16.0 18.0 13.0 12.0 14.0 12.5 11.5 13.5 16.5 15.0 17.0

20 17.5 17.0 18.5 15.0 14.5 16.0 13.5 12.0 15.0 17.0 16.0 18.0

30 19.5 18.0 20.0 17.5 15.0 18.0 15.5 14.0 17.0 18.0 16.5 19.0

40 20.0 19.0 21.0 18.0 17.0 20.0 16.0 14.0 18.0 19.0 18.0 20.0

10 17.5 16.0 18.0 14.5 14.0 15.0 10.0 8.5 11.0 16.0 15.0 17.0

20 18.0 17.5 19.0 15.0 14.5 16.0 13.0 12.5 14.0 18.0 17.0 18.5

30 19.0 18.0 20.0 16.0 15.5 18.0 14.5 13.0 15.0 18.5 17.0 19.0

40 20.0 19.5 21.0 19.0 16.0 20.0 16.0 14.0 18.0 19.5 19.0 20.5

10 19.5 18.5 20.0 17.0 16.5 17.5 16.0 15.0 16.5 18.5 17.5 19.0

20 20.0 19.5 21.0 18.5 17.0 19.0 17.5 16.0 18.0 19.0 18.5 20.0

30 21.0 20.0 21.5 19.0 18.0 19.5 18.0 17.0 19.0 20.0 19.0 20.5

40 21.5 20.0 22.0 19.5 19.0 20.0 19.5 18.0 20.0 20.0 19.5 21.0

10 18.5 18.0 19.5 17.0 16.0 18.0 15.5 14.0 16.0 18.0 17.0 19.0

20 19.5 19.0 20.0 17.5 16.5 19.0 16.5 16.0 18.0 19.0 18.0 19.5

30 19.5 19.0 20.5 18.0 17.5 19.5 17.5 17.0 19.0 19.0 18.5 20.0

40 20.0 19.5 21.0 19.0 18.0 20.0 20.0 19.0 21.0 19.5 18.5 20.0

Bacterial
strains

Pathogens

S. aureus

(Gram +ve)

P.

aeruginosa

(Gram –ve)

E. coli

(Gram –ve)

B. subtilis

(Gram +ve)

Standard
antibiotic

Gentamycin
(10 µl)

(20 mg/ml)

23

22

23

23

Table 4: Zone of inhibition (mm) by as synthesized nanoparticles using aqueous extracts of E. officinalis, T. belerica, T. chebula and Triphala
at various concentrations towards different available strains of fungi

Zone of inhibition (mm)

Concen- Emblica officinalis Terminalia belerica Terminalia chebula Triphala
tration (Amla) (Bahera) (Harad)

(mg/ml) AgNPs AuNPs Ag@AuNPs AgNPs AuNPs Ag@AuNPs AgNPs AuNPs Ag@AuNPs AgNPs AuNPs Ag@AuNPs

10 6.5   7.0   8.0   7.5   8.0   9.5 5.5   6.0   6.5 4.0 5.0   5.5

20 7.5   9.0   9.5   8.0 10.0 10.5 6.0   7.0   7.5 5.0 6.0   6.5

30 8.0   9.5 10.5   9.0 10.5 11.0 6.5   8.0   9.0 6.0 7.5   8.0

40 9.0 10.5 11.0 10.0 11.5 12.0 8.0 10.0 10.5 8.5 9.5 10.0

10 5.0   6.5   7.0   7.0   8.5   9.0 4.0   6.0   7.0 4.5 5.5   6.0

20 5.5   8.0   8.5   8.0   9.5 10.0 5.0   7.0   8.0 5.0 6.0   7.5

30 7.5   8.5   9.5   9.5 10.0 10.5 6.0   7.5   8.5 5.5 6.5   8.0

40 8.0   9.0 10.0 10.0 10.5 11.0 7.0   8.5   9.0 6.0 8.0   8.5

10 7.0  8.0   9.0   8.5   9.0 10.0 6.0   7.5   8.5 4.5 6.0   7.0

20 8.5 10.0 10.5   9.0 10.0 11.0 6.5   8.0   9.0 5.0 6.5   8.0

30 9.0 10.5 11.0   9.5 11.0 11.5 7.0   8.5 10.5 6.0 8.0   9.5

40 9.5 11.5 12.0 10.0 11.5 12.5 9.0 10.0 11.0 8.0 9.0 10.5

Standard

Nystatin
(10 µl)

(20 mg/ml)

13

12

13

Fungal
strain

Pathogens

C. albicans

A.  flavus

A. niger
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Figure 2: Zone of inhibition (mm) of as synthesized NPs using medicinal plant extracts against the test organisms (C. albicans, A. flavus and A. niger).

Figure 1: Zone of inhibition (mm) of as synthesized NPs using medicinal plant extracts against the test organisms (E. coli, P. aeruginosa, S. aureus and
B. subtilis).
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4. Discussion

Green synthesis of AgNPs, AuNPs and bimetallic nanoparticles by
using plant extracts gained significant interest over the years due to the
remarkable antimicrobial properties of these nanoparticles. The high
surface area-to-volume ratio is the main reason behind the excellent
antimicrobial activity of metallic nanoparticles, which enables greater
presence of atoms on the surface and, in turn, larger contact with the
environment. In addition to this, these Nano sized particles penetrate
easily through cell membrane, interact with intracellular materials and
finally resulting in cell destruction in the process of multiplication.

The smaller nanoparticles have higher antibacterial activity because
of more surface exposure to the bacterial membrane (Pal et al.,
2007; Rai et al., 2012). The positive charge of Ag+ interacts with the
negative charge on the cell wall of bacteria which leads to changes in
morphology of cell wall and increase in the cell permeability or
leakage of the cell which consequently results in necrobiosis (Dibrov
et al., 2002; Patil et al., 2012).

The greater affinity of AgNPs to interact with phosphorous and,
sulfur-containing biomolecules present in extracellular (membrane
protein), and intracellular components (DNA bases, protein); makes
these biomolecules affect cellular division, respiration, and
ultimately, the survival of the cell. According to other investigations,
the Ag+ has an affinity for nitrogen and sulfur, can inhibit and disrupt
protein structures by binding to thiol and amino groups (Choi et al.,
2008). The interaction of nanoparticles with thiol group could also
be liable for the induction of reactive oxygen species (ROS), which
results in the inhibition of respiratory enzymes and, consequently,
death (Holt and Brad 2005; Ninganagouda et al., 2014). Silver ions
acting as an antibacterial agent interacts with the peptidoglycan
cell wall and plasma membrane (Radzig et al., 2013) and also prevent
bacterial DNA replication by interfering with sulfhydryl groups in
protein (Seth et al., 2011).

The higher antimicrobial activity of nanoparticles is particle size
dependent, which permits greater surface contact and an immediate
interaction with the membranes of pathogenic microorganisms. The
antibacterial activities of metallic nanoparticles were found to be
associated to their shapes and sizes. Nanoparticles having size
smaller than 10  nm interact with bacteria and thus produce electronic
effects, thereby improving the reactivity of nanoparticles. Thus, it
proves that the bactericidal effect of nanoparticles is size dependent.

The cell membranes of the microorganisms (bacteria/fungi) interact
with the media, so metallic NPs will have some interactions for
releasing metal ions which interfere with the following processes
such as DNA replication, cell membrane formation, cell division, and
so forth, of certain microorganisms such as bacteria, which results in
an antimicrobial effect (Morones et al., 2005; Souli et al., 2012).

The nanoparticles get attached to the surface of cell membrane
disturbing the permeability and respiration function of the cell (Rai
et al., 2009; Sharma et al., 2009). The interaction of nanoparticles
with sulfur or phosphorus-containing biomolecules in the cell such
as DNA causes damage to the cell. Therefore, sulfur-containing
proteins in the membrane or inside cells and phosphorus containing
elements like DNA are likely to be preferential sites for binding Ag
in the nanoparticles.

The bacterial DNA tends to lose its ability to replicate, when bacteria
are treated with AgNPs. Lokina et al., (2013) showed that AgNPs
could destabilize the outer membrane and rupture the plasma
membrane, thereby depleting intracellular ATP.

Figure 3 shows the mechanisms which can be observed since, there
are multiple targets for the antibacterial agents, viz., (a) inhibiting
protein biosynthesis by targeting bacterial ribosomes; (b) bacterial
cell-wall biosynthesis by targeting the interaction of peptide and
enzymes; (c) bacterial cell membrane destruction by structural
alteration; (d) bacterial DNA replication and repair by targeting
DNA Gyrase, and (e) inhibition of a metabolic pathway, i.e.,
reprogramming the targeted structure.

Figure 4: Available Targets for Antibacterial Agents (A) Antibacterial
agents resistance mechanism in bacteria (B).

Further, under normal circumstances, ROS damage can be controlled
with antioxidant enzymes present in the cell. However, when the
nanoparticles are present inside the cell, the nanoparticles could
restrain the antioxidative enzymes to inhibit the defending capability
against ROS damage. It is also reported that the nanoparticles break
and disturb the balance of oxidant/antioxidant and generate the
accumulation of ROS in bacteria. However, A further study is needed
to explore the exact mechanism of AgNPs on different bacterial cells.

Priester et al. (2009) suggested that the action mechanism of the
metallic NPs involves the interaction of enzymes and damage in the
DNA caused by-SH groups and therefore oxidative stress generation
(Zain et al., 2014; Santo et al., 2012; Ren et al., 2009).

Figure 3: Diagrammatic representation of mode of action of AgNPs
for antibacterial activity.
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According to the studies suggested, when metallic nanoparticles
interact with bacteria, a number of changes take place in the cell
membrane’s morphology which results in  a significant increase in
the permeability, thus affecting proper transport through the plasma
membrane (Auffan et al., 2009; Brayner et al., 2006), leaving the
bacterial cells incapable of properly regulating transport through
the plasma membrane, which results into cell death. It is also believed
that micro-organisms carry a negative charge while metallic
nanoparticles carry a positive charge. This creates an
‘‘electromagnetic’’ attraction between the microbe and treated surface
(Rezaei et al., 2010).

Luo et al. (2011) documented that the nanoparticles induce oxidative
stress to bacteria is induced by the presence of metallic/bimetallic
nanoparticles and results in the ROS production. For example, the
antibacterial activity could be explained based on the following
reactive oxygen species (ROS) such as H

2
O

2
, hydroxyl radicals,

singlet oxygen, and Mn+ ions, which are released on the surface that
cause stern damage to bacteria (Jan et al., 2014; Huh and Kwon
2011; Feris et al., 2010). The generation of hydrogen peroxide (H

2
O

2
)

from the surface of metal salt was proved to be an effective method
for the inhibition of bacterial growth according to some studies
(Yamamoto, 2001). It has been reported that both UV and visible
light can activate metallic nanoparticles and consequently,
electron-hole pairs (e- /h+) can be created. The generation of H

2
O

2

can be explained as follows: the holes generated, split the H
2
O

molecule from the suspension of nanoparticles into OH- and H+.
Furthermore, dissolved oxygen molecules are converted to
superoxide radical anions (O

2
•-) which react with hydrogen ion (H+)

to produce HO
2 

• radicals. The collision of these hydroxyl radicals
with electrons will produce hydrogen peroxide anions HO

2
-, which

react with hydrogen to generate H
2
O

2 
molecules (Figure 5). Therefore,

the H
2
O

2
 molecules generated can penetrate inside the cell membrane

and kill the bacteria (Padmavathy and Vijayaraghavan 2008; Shah
et al., 2014). The e-/h+ pair recombination minimizes the chances of
ROS generation. Lattice defects play an important role in the
inhibiting e-/h+ pair recombination process (Yildirim et al., 2013).
These defects may act as trapping centers and inhibit photo induced
e-/h+ pair recombination (Zhao et al., 2011) resulting in greater
antibacterial activity.

The only major negative aspect of eco-friendly process by using
plant extract to synthesize nanoparticles for commercially viable
products is the anisotropic particle formation; plant extract contains
more than one reducing agent (antioxidants/secondary metabolites)
which produces different size and shape of nanoparticles. The
specific compound from plant extract involved in the synthesis of
nanoparticles remains indistinct. There is a need to find the precise
component of the plant extract responsible for the reduction and
stabilization of synthesized nanoparticles.

Future outlook of plant-mediated nanoparticles synthesis includes
an extension of laboratory-based work to industrial scale, the
revelation of phytochemicals involved in the synthesis of
nanoparticles using bioinformatics tools and deriving the exact
mechanism involved in inhibition of pathogenic microorganisms.

5. Conclusion

The sign of biochemical properties of as synthesized nanoparticles
establishes a ground to bring its effective use as one or together,
against different pathological conditions. Thus, results obtained could
also provide some helpful justifications to formulate these fruit extract
in the modern health care system. This kind of study may also make
a possible platform in future for preparing Nanomedicine for fungal
and bacterial-related diseases. In our future studies, the synthesized
nanoparticles are going to be applied along with food preservative
agents so as to organize the antimicrobial packaging system to
increase the merchandise time period and maintain food safety by
reducing the expansion rate of micro-organisms. It is confirmed that
AuNPs and AgNPs are capable of rendering high antifungal and
antibacterial efficacy respectively and hence features a great potential
in the preparation of drugs used against microbial diseases. Synergistic
effects of two metals in bimetallic NPs carry out certain functions
which were otherwise not possible with monometallic nanoparticles
alone. Bimetallic nanoparticles are of great interest as they hold varieties
of applications in the field of nano-medicine, for drug delivery, as
catalysts, as antimicrobial, in bio-sensing, in overcoming environmental
pollution. Improved bimetallic nanoparticles development will surely
prove to be a boon to the modern society.
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