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The strain Bhargavaea indica DC1 isolated from four-year-old P. ginseng rhizospheric soil was used to perform rapid and
extracellular biosynthesis of anisotropic silver nanoparticles. The ultraviolet-visible (UV-vis) spectra of the reaction mixture
containing silver nanoparticles showed a peak at 460 nm, corresponding to the surface plasmon absorbance of silver nanoparticles.
Field-emission transmission electron microscopy (FE-TEM) structural characterization revealed the nanobar, pentagon, spherical,
icosahedron, hexagonal, truncated triangle, and triangular nanoparticles, with the size range from 30 to 100 nm. The energy-
dispersive X-ray (EDX) analysis and elemental mapping results also confirmed that the silver was the predominant component
of isolated nanoparticles. The X-ray diffraction (XRD) results correspond to the purity of silver nanoparticles and dynamic light
scattering (DLS) result indicated that the average diameter of particles was 111.6 nm. In addition, enhancement in antimicrobial
activity of commercial antibiotics was observed against various pathogenic microorganisms such as Vibrio parahaemolyticus,
Salmonella enterica, Staphylococcus aureus, Bacillus anthracis, Bacillus cereus, Escherichia coli, and Candida albicans.

1. Introduction

Nanomaterials have been studied intensively and have
received considerable attention in various scientific fields due
to unique properties including ultra-small size, high surface-
area-to-mass ratio, and high reactivity [1]. Chemical and
physical methods for the synthesis of metal nanoparticles
are well known, but the methodologies are expensive and
not environmentally friendly, thus limiting the applications
of metal nanoparticles in biological and medical platforms
[2]. To overcome the limitation of physiochemical method-
ologies, the simple, low-cost, and eco-friendly technologies
are needed whereby these nanoparticles can be synthesized
while avoiding the use of toxic chemicals and solvents. The
green synthesis is a feasible alternative, and various biological

species have been well studied for this purpose, including
bacteria, yeast, fungi, and plant extracts [2–6]. Such research
has led to new product developments and applications of
biological species in different fields [7].

Among the many metal nanoparticles, silver nanoparti-
cles are one of themost studied and prominent nanoproducts.
Silver nanoparticles are well known for their inhibitory and
bactericidal effects and have a broad range of applications
in many fields [8, 9]. The reduction of Ag+ ions by some
biological species and products causes the synthesis of silver
nanoparticles with enhancing properties due to an increase in
the surface plasmon resonance and large effective scattering
cross section of individual nanoparticles [10]. Moreover, the
activity of metal nanoparticles at nanostructure level can be
easily tuned by varying specific characteristics [11]. These
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unique properties of nanoparticles make them a superior and
indispensable choice in many areas of biological activity [12].

Anisotropic particles provide greater versatility and
options in many cases and applications. Studies suggest that
shape of particles is one of the important factors, as most of
the intrinsic properties depend on it. Nonspherical nanopar-
ticles such as pentagons, cubes, nanospheres, icosahedrons,
hexagons, truncated triangles, triangular prisms, and other
more exotic structures of metal nanoparticles exhibit unique
and fine-tuned properties which strongly differ and are
more pronounced from those of spherical nanoparticles.
Their unusual physiochemical property makes them ideal
structures and valuable choice to be used for biomedical
labelling, optical sensing and imaging, photonics, electronics,
catalysis, and electronic devices among others. Furthermore,
anisotropic particles provide templates for further synthesis
of novel nanomaterials [9, 14]. Anisotropic silver and gold
nanoparticles synthesized by chemical, physical, and biolog-
ical system have been studied and demonstrated for their
importance and applications in medical field [15–17].

The antibiotic resistance mechanism in microorganisms
has become a major concern and has received considerable
attention in the medical field [18]. Silver nanoparticles can
play a major role in this area, as they have been found to be
active against many multidrug resistant pathogenic microor-
ganisms [19] and in addition, most of themicroorganisms are
less likely to develop defense mechanisms against metals as
compared to antibiotics.Thus, herewe report the biosynthesis
of anisotropic silver nanoparticles by bacterial strain isolated
from four-year-old Panax ginseng rhizospheric soil.

P. ginseng is a slow-growing, perennial, and herbalmedic-
inal plant. The rhizospheric soil microflora of the P. ginseng
have been well studied and explored for various applica-
tions such as the bioconversion of ginsenosides [20], plant
growth promoting activity [21], and antimicrobial activity
[22]. In the present study, a bacterial strain isolated from
P. ginseng rhizospheric soil is demonstrated to be useful for
an application in the field of nanotechnology, that is, for the
synthesis of anisotropic silver nanoparticles. The biosynthe-
sised anisotropic silver nanoparticles were characterized by
UV-vis, FE-TEM, EDX, elemental mapping, XRD, and DLS.
In addition, nanoparticles were tested for their antimicro-
bial properties against pathogenic microorganisms including
Bacillus anthracis,Vibrio parahaemolyticus, Salmonella enter-
ica, Staphylococcus aureus, Escherichia coli, Bacillus cereus,
and Candida albicans. Furthermore, the silver nanopar-
ticles have been tested in combination with commercial
antibiotics including lincomycin, oleandomycin, novobiocin,
vancomycin, penicillin G, rifampicin, and cycloheximide, for
their ability to enhance the antibiotics’ antimicrobial effects
against pathogenic microorganisms.

2. Experimental

2.1. Media, Chemicals, and Microorganism. All media used
were purchased from Difco, MB cell, Seoul, Korea. Analyt-
ical-grade silver nitrate (AgNO

3
) and cycloheximide

were purchased from Sigma-Aldrich Chemicals, USA. All

antibiotics used were purchased from Oxoid Ltd., England:
vancomycin (VA30) 30𝜇g/disk, rifampicin (RD5) 5𝜇g/disk,
oleandomycin (OL15) 15𝜇g/disk, penicillin G (P10)
10 𝜇g/disk, novobiocin (NV30) 30 𝜇g/disk, and lincomycin
(MY15) 15 𝜇g/disk.

The pathogenic bacterial strains used Bacillus anthracis
[NCTC 10340], Vibrio parahaemolyticus [ATCC 33844],
Salmonella enterica [ATCC 13076], Staphylococcus aureus
[ATCC 6538], Escherichia coli [ATCC 10798], Bacillus cereus
[ATCC 14579], and Candida albicans [KACC 30062]. The
bacterial strains were cultured on nutrient agar media at 37∘C
and preserved at −70∘C in glycerol stock vials for further
study. C. albicanswas cultured on Sabouraud dextrose agar at
28∘C and preserved at −70∘C in glucose yeast peptone broth
(GYP) glycerol stocks vials.

2.2. Isolation of Bacteria. A bacterial strain DC1 was isolated
from four-year-old P. ginseng rhizospheric soil (Sodang,
Republic of Korea) on tryptic soy agar (TSA) and incubated
at 30∘C for 24 h. Its genomic DNAwas extracted using a com-
mercial genomic DNA extraction kit (Core Bio System). The
16S rRNA gene was amplified from the chromosomal DNA
of the isolated strain using the universal bacterial primer
set 27F, 518F, 800R, and 1512R [23, 24]. The purified PCR
products were sequenced by Genotech (Daejeon, Korea).The
16S rRNA gene sequences of related taxa were obtained from
the GenBank database and EzTaxon-e server [25].

2.3. Extracellular Synthesis of Silver Nanoparticles. The bio-
logical synthesis of silver nanoparticles was carried out as
reported [11] with slight modification. Briefly, the bacteria
were grown in tryptic soy broth (TSB) and kept in incubation
for 24 h in a shaker held at 37∘C and 120 rpm.The culture was
then centrifuged at 8000 rpm for 5min and the supernatant
was used for the synthesis of silver nanoparticles. AgNO

3
was

added to the culture supernatant to reach the concentration of
1mM, and this reaction mixture was incubated in the orbital
shaker at 200 rpm and 25∘C. The extracellular synthesis of
silver nanoparticles was monitored by visual inspection for a
change in the color of the culture medium. After incubation
was complete, the reaction mixture was first centrifuged at
2000 rpm for 5min to remove any medium components, and
then the biosynthesised silver nanoparticles were collected
by high-speed centrifugation at 16000 rpm for 20min. The
product obtained was washed several times by centrifuga-
tion and redispersion in water to remove the unconverted
silver ions and any medium components. Finally, the silver
nanoparticles were collected in the form of a pellet and used
for characterization.

2.4. Characterization of Silver Nanoparticles. UV-vis, FE-
TEM, EDX, elemental mapping (quantitation method: Cliff-
Lorimer ratio), and DLS were used to characterize the
size, shape, composition, and other properties of the silver
nanoparticles. The bioreduction was monitored by using a
UV-vis spectrophotometer (Ultrospec 2100 pro); this was
carried out by scanning the absorbance spectra of the reaction
mixture over the wavelength range of 300–700 nm. TEM,
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EDX, and elemental mapping were performed by using a
FE-TEM (JEM-2100F, JEOL) operated at 200 kV. Samples for
FE-TEM, EDX, and elemental mapping were prepared by
dropping the unstained silver nanoparticles pellet solution
onto a carbon-coated copper grid and drying in an oven
at 60∘C. FE-TEM was used for structural characterization
of nanoparticles. EDX and elemental mapping were used
to study the distribution of elements. The X-ray diffraction
(XRD) analyses were performed on X-ray diffractometer, D8
Advance, Bruker, Germany, operated at 40 kv, 40mA, with
CuK𝛼 radiation, at a scanning rate of 6∘/min, step size 0.02,
over the 2𝜃 range of 20–80∘. The silver nanoparticles have
been collected by centrifugation and washing several times
with sterile water. Then, the particles were finally recovered
by air drying and obtained in powder form.

DLS (particles size analyzer, Photal, Otsuka Electronics,
Japan) was used to monitor size distribution profile of bio-
logically synthesized silver nanoparticles. The hydrodynamic
diameters and polydispersity index (PDI) were analysed at
25∘C. As a reference dispersive medium pure water with
refractive index 1.3328, viscosity 0.8878, and dielectric con-
stant 78.3 was used.

The stability of silver nanoparticles was observed by
keeping the anisotropic silver nanoparticles reaction mixture
for different time interval at room temperature. In addition,
the effect of change in pH on the stability of the silver
nanoparticles was studied. The sodium hydroxide solution
was added in the range of 4–10 pH and then the solution has
been scanned by UV-vis spectrophotometer to observe the
absorbance.

2.5. Analysis of Antimicrobial Activity of Silver Nanoparticles.
Antimicrobial activity of the silver nanoparticles against
pathogenic microorganisms, S. aureus, B. anthracis, V. para-
haemolyticus, S. enterica,E. coli,B. cereus, andC. albicans,was
tested by the well diffusionmethod, carried out usingMuller-
Hinton agar (MHA) plates. An overnight log-phase culture
of each strain was spread evenly on an MHA plate by using a
glass spreader.Wells weremade on theMHAplates by using a
gel puncture. 50𝜇L of the biosynthesised silver nanoparticles
reaction mixture was added into each of four wells and the
plates were incubated at 37∘C for 24 h.

Simultaneously, the synergistic effects of different com-
mercial antibiotics with silver nanoparticles were also tested
by the disk diffusion method. Similarly, an overnight log-
phase culture of each strain was spread evenly on an MHA
plate. Then, antibiotic disk of each of the commercial antibi-
otics was placed on the plate, and 30 𝜇L of a 100 ppm solution
of silver nanoparticles was added over each disk (10 𝜇L, 3
times). Antibiotic disks without silver nanoparticles were
used as negative control. The plates were allowed to dry
and then incubated at 37∘C for 24 h. After incubation, the
susceptibility pattern of the test organisms was determined
by measuring the diameter of the zone of inhibition for
both the well diffusion and disk diffusion methods. Similarly,
cycloheximide antimicrobial activity against C. albicans was
evaluated and compared with addition of silver nanoparticles
with same concentration.

3. Results and Discussion

3.1. Isolation and Identification of Bacteria. The bacterial
strain DC1 used herein to carry out the extracellular biosyn-
thesis of silver nanoparticles was isolated from four-year-old
P. ginseng rhizospheric soil and showed 99.79% similarity
with Bhargavaea indica [26]. The strain Bhargavaea indica
DC1 16S rRNA sequence has been submitted to NCBI with
accession number KM819013. The strain has been deposited
to KCTC culture collection (KCTC 33595).

3.2. Synthesis and Characterization of Silver Nanoparticles. In
this study, silver nanoparticles were successfully synthesised
extracellularly in the culture supernatant of B. indica DC1.

The first indication of silver nanoparticles synthesis was
that, upon addition of 1mM silver nitrate into the flask
containing a 24 h culture supernatant of the strain, the
medium gradually turned brown, whereas no color change
was observed in the control without bacteria. This brown
color could be due to the excitation of surface plasmon
vibrations, which would arise from the formation of silver
nanoparticles in the reaction mixture [11]. Interestingly, the
culture supernatant incubated with 1mM silver nitrate medi-
ated the biosynthesis of silver nanoparticles within 48 h. The
1mM concentration for the synthesis of silver nanoparticles
was selected based on the silver nitrate tolerating capacity
of the isolate B. indica DC1. The strain showed optimum
growth at 1mM concentration. Moreover, the concentration
of precursor (0.1–1mM) for the synthesis of nanoparticles
does not show any effect on the end product of reaction; thus
the shape and size of nanoparticles were not affected by the
precursor concentration ranging.

UV-vis is the most established method for structural
characterization of metal nanoparticles. The reduction of
silver ions during exposure to the supernatant of the strain
DC1 was easily monitored by UV-vis. After the incubation
period, the reaction mixture was scanned in the range of
300–700 nm, showing a major absorbance peak at 460 nm
(Figure 1(a)). The broad peak is due to the anisotropic nature
of the particles. It has been reported that the band in this
region corresponds to the surface plasmon resonance of silver
nanoparticles [27]. Thus, the reaction mixture indicates the
formation of silver nanoparticles. The nanoparticles syn-
thesize extracellularly, avoiding the downstream processing
needed for intracellular synthesis.

Various researchers have reported evidence of the extra-
cellular biosynthesis of silver nanoparticles, including TEM
structural characterizations [28]. The anisotropic silver
nanoparticles synthesised were successfully characterized by
FE-TEMand revealed that the particles ranged in size from30
to 100 nm andwere of various shapes including nanobar, pen-
tagon, spherical, icosahedron, hexagonal, truncated triangle,
and triangular shapes (Figure 1(b)). Although the monodis-
persity is the main issue associated with the nanoparticles
synthesis, the biosynthesised anisotropic silver nanoparticles
are of great advantage in biological platforms, since the silver
nanoparticles undergo shape-dependent interactions with
microorganisms [9]. Reports suggest that the biosynthesised
silver nanoparticles of different shapes can be separated by
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Figure 1: UV-vis spectra of culture supernatant of Bhargavaea indicaDC1 treated with (1mM)AgNO
3
(a). Transmission electronmicrograph

of anisotropic silver nanoparticles synthesised by Bhargavaea indica DC1, 100 and 200 nm (b).

centrifugation, as the nanoparticles show shape-dependent
sedimentation behaviour [29]. The biological synthesis of
anisotropic gold and silver nanoparticles by Aspergillus niger
has been reported previously. The syntheses of anisotropic
silver nanoparticles by Morganella psychrotolerans [30] and
anisotropic gold nanoparticles by the fungal strain Rhizopus
oryzae [31] have been studied. To our knowledge, this is
the first report of the ability of B. indica DC1 to synthesise
silver nanoparticles of various shapes and sizes. The exact
mechanism behind the synthesis remains to be elucidated,
but based on reports, the enzyme and proteins synthesised
extracellularly by bacterial strain in the reaction mixture
help in reducing the silver nitrate to silver nanoparticles.
Moreover, the particles synthesised without any additional
stabilizing and capping agent thus eliminating the main
step of chemical synthesis and overcome the limitations.
The cell-free supernatant containing extracellular enzymes
and proteins functions as a reducing, shape-directing, and
stabilizing agent [2, 31].

The purity of the biosynthesised silver nanoparticles was
examined by EDX (Figure 2(a)); the EDX spectrum displayed
an optical absorption band peak at 3 keV, which is the char-
acteristic peak of nanosized metallic silver, corresponding to
surface plasmon resonance [32]. Carbon and copper signals
originating in the low-energy part of the spectrum arose
from the use of the carbon-coated copper TEM grid. Similar

results have been observed in the study of biosynthesised
silver nanoparticles by Streptomyces hygroscopicus [33] and
mangrove Streptomyces sp. BDUKAS10 [6].

Figure 2(b) shows an elemental mapping result for the
biosynthesised silver nanoparticles, showing the relative loca-
tions of elements in the TEM cross section. Results clearly
demonstrate that the maximum deposition corresponds
to silver nanoparticles, 55.95%. Other elements observed
included carbon, 12.65%, and copper, 28.68%; these two
elements were observed due to the carbon-coated copper
grid used for TEM structural analysis. Chlorine was also
observed in a very low amount, 2.71%, in the cross sections
of the nanoparticles themselves. The distribution of silver
elementwas clearly visible in elementalmaps andwas the pre-
dominant element. Thus, the EDX spectrum and elemental
mapping gave confirmation that the nanoparticles consisted
of silver only [6]. Figure 3 showed the X-ray diffraction
pattern of silver nanoparticles and exhibited intense peaks in
thewhole spectrumof 2𝜃 value ranging from 20 to 80 and this
patternwas similar to Bragg’s reflection of silver nanocrystals.

TheDLSmeasurements of number, intensity, and volume
distribution of nanoparticles show the size range from 50 to
150 nm with an average diameter of 111 nm and PDI 0.233
(Figures 4(a)–4(c)) which is different from the size measured
by TEM, that is, 30–100 nm. Reports suggest that the size
difference between the particles size analyses by DLS and
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Figure 2: EDX spectra of the whole scan area showing major peak of anisotropic silver nanoparticles at 3 keV (a) and TEM micrograph of
anisotropic silver nanoparticles pellet solution and silver nanoparticles; 55.95% (b), respectively.

0

100

200

300

400

500

600

700

20 30 40 50 60 70 80

In
te

ns
ity

2𝜃 (deg)

Figure 3: X-ray diffraction patterns of anisotropic silver nanoparti-
cles obtained by Bhargavaea indica DC1.

TEM measurement has difference due to the fact that TEM
visualizes the metallic core of the particles, whereas DLS
measures the hydrodynamic diameter of the particles [34].
Thus, B. indica DC1 was demonstrated to be suitable for the
simple, green, nonhazardous, economical, and eco-friendly

synthesis of antimicrobial anisotropic silver nanoparticles
without any additional reducing and stabilizing agent.

Based on the incubation of reaction mixture for differ-
ent time interval at room temperature, the stability of the
nanoparticles was observed and was found that there was no
observable variation in the UV-vis spectrum, which directed
the stable nature of the anisotropic silver nanoparticles.
In addition, the silver nanoparticles solution was observed
before and after the addition of sodium hydroxide. In results,
no major change in the wavelength was observed, which
further confirmed the stability.

3.3. Antimicrobial Activity of Silver Nanoparticles against
TestMicroorganisms. Thebiosynthesised silver nanoparticles
displayed antimicrobial activity against a range of pathogenic
microorganisms such as C. albicans, V. parahaemolyticus, S.
aureus, B. anthracis, B. cereus, S. enterica, and E. coli (Fig-
ure 5). The mean diameter of the zone of inhibition of all the
four wells was determined for each microorganism, showing
that the silver nanoparticles had the greatest antimicrobial
activity against C. albicans, followed by V. parahaemolyticus,
S. aureus, B. anthracis, B. cereus, S. enterica, and then E. coli.
The study has been done in duplicate and average results
were interpreted in Table 1. The results clearly indicate that
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Figure 4: Particles size distribution of anisotropic silver nanoparticles according to number (a), intensity (b), and volume (c), respectively.

silver nanoparticles exert antimicrobial activity against tested
microorganisms. Many studies have reported the antimi-
crobial activity of silver nanoparticles against pathogenic
microorganisms [7, 11]. However, themechanism of themetal
nanoparticles’ inhibitory action is still not clearly under-
stood. There are reports suggesting that (i) the electrostatic
attraction between the negatively charged bacterial cell and
the positively charged nanoparticles leads to accumulation
of nanoparticles on the bacterial membrane, resulting in an
increase in cell permeability, (ii) the association of silver with
oxygen and its reaction with sulfhydryl (S-H) groups on the
cell wall forms R-S-S-R bonds, thereby blocking respiration,
(iii) the silver nanoparticles interact with bacterial proteins,
which finally leads to cell death, and (iv) the nanoparticles
release silver ion which provide additional bactericidal effect
[35].

The combination of silver nanoparticles with different
commercial antibiotics was evaluated to determine its activ-
ity against six pathogenic bacteria using the disk dif-
fusion method. Figure 6(a) represents the antimicrobial
activity of partially purified silver nanoparticles and stan-
dard antibiotics antimicrobial activity against S. enterica,
E. coli, V. parahaemolyticus, B. anthracis, B. cereus, and
S. aureus, respectively. The synergistic effect of antibiotics

Table 1: Diameter of zone of inhibition (mm) of reaction mix-
ture (50𝜇L) containing anisotropic silver nanoparticles against
pathogenic microorganisms.

Number Pathogenic microorganism Zone of
inhibition (mm)†

1 Candida albicans [KACC 30062] 23 ± 0.5
2 Vibrio parahaemolyticus [ATCC 33844] 22 ± 1
3 Staphylococcus aureus [ATCC 6538] 18 ± 0.8
4 Bacillus anthracis [NCTC 10340] 16 ± 0.6
5 Bacillus cereus [ATCC 14579] 15 ± 0.4
6 Salmonella enterica [ATCC 13076] 14 ± 1
7 Escherichia coli [ATCC 10798] 10 ± 1
†Mean diameter of four wells, 50 𝜇L reactionmixture containing anisotropic
silver nanoparticles.

(lincomycin, oleandomycin, novobiocin, vancomycin, peni-
cillin G, and rifampicin) with biosynthesised silver nanopar-
ticles increased the susceptibility of the tested microorgan-
isms (Figure 6(b)). The disk diffusion tests clearly indicated
that the strains of S. enterica, E. coli, and V. parahaemolyticus
were completely resistant to the antibiotics, whereas the bac-
terial strains showed sensitivity to the disks when anisotropic
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Figure 5: Zones of inhibition of 50𝜇L of reaction mixture containing anisotropic silver nanoparticles against pathogenic strains including
Candida albicans,Vibrio parahaemolyticus, Staphylococcus aureus, Bacillus anthracis, Bacillus cereus, Salmonella enterica, and Escherichia coli,
respectively.

Table 2: Individual and combined efficacy of commercial antibiotics with biosynthesised anisotropic silver nanoparticles against pathogenic
microorganisms.

Pathogenic strain MY15 MY15 + AgNPs FA‡ OL15 OL15 + AgNPs FA‡ NV30 NV30 + AgNPs FA‡
(𝑎) (𝑏) (𝑎) (𝑏) (𝑎) (𝑏)

S. enterica 0† 12 ± 0.5 3 0† 12 ± 0.2 3 0† 14 ± 0.9 4.44
E. coli 0† 13 ± 0.3 3.69 0† 13 ± 0.6 3.69 0† 14 ± 1 4.44
V. parahaemolyticus 0† 15 ± 0.4 5.25 0† 15 ± 0.3 5.25 0† 17 ± 0.6 7.02
Average 3.98 3.98 5.3
B. anthracis 14 ± 0.1 16 ± 0.1 0.31 15 ± 0.4 18 ± 0.2 0.44 19 ± 0.2 22 ± 0.3 0.34
B. cereus 16 ± 0.2 18 ± 0.6 0.26 22 ± 0.3 24 ± 0.5 0.19 22 ± 0.1 25 ± 0.4 0.29
S. aureus 25 ± 0.1 28 ± 0.5 0.25 22 ± 0.2 25 ± 0.7 0.29 30 ± 0.3 34 ± 1 0.28
Average 0.27 0.31 0.30

Pathogenic strain VA30 VA30 + AgNPs FA‡ P10 P10 + AgNPs FA‡ RD5 RD5 + AgNPs FA‡
(𝑎) (𝑏) (𝑎) (𝑏) (𝑎) (𝑏)

S. enterica 0† 12 ± 0.3 3 0† 12 ± 1 3 0† 13 ± 0.5 3.69
E. coli 0† 13 ± 0.4 3.69 0† 13 ± 1.2 3.69 0† 13 ± 0.2 3.69
V. parahaemolyticus 0† 14 ± 0.2 4.44 0† 14 ± 1.5 4.44 0† 15 ± 0.3 5.25
Average 3.71 3.71 4.21
B. anthracis 15 ± 0.5 19 ± 0.7 0.6 0† 15 ± 0.5 5.25 12 ± 0.2 16 ± 0.7 0.78
B. cereus 17 ± 0.2 20 ± 0.6 0.38 8 ± 0.3 16 ± 0.8 3 13 ± 0.3 15 ± 0.4 0.33
S. aureus 16 ± 0.4 20 ± 0.2 0.56 36 ± 0.5 40 ± 0.8 0.23 27 ± 0.4 29 ± 0.6 0.15
Average 0.52 2.83 0.42
Pathogenic strain CHX CHX + AgNPs FA‡

C. albicans 0† 13 ± 0.5 3.69
Notes. †In the absence of bacterial growth inhibition zones, the disc’s diameter (6mm) was used to calculate the fold increases [13].
‡Increase in fold area (FA) = (𝑏2 − 𝑎2)/𝑎2.
MY15: lincomycin 15𝜇g/disk, OL15: oleandomycin 15𝜇g/disk, VA30: vancomycin 30𝜇g/disk, NV30: novobiocin 30𝜇g/disk, P10: penicillin G 10 𝜇g/disk, and
RD5: rifampicin 5𝜇g/disk; CHX: cycloheximide, 10𝜇g/disk; AgNPs: biosynthesised anisotropic silver nanoparticles, 30𝜇L (100 ppm).
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Figure 6: Zones of inhibition of partially purified silver nanoparticles pellet solution 30 𝜇L (100 ppm) and standard antibiotics as
control, against Salmonella enterica, Escherichia coli, Vibrio parahaemolyticus, Bacillus anthracis, Bacillus cereus, and Staphylococcus aureus,
respectively (a). Zones of inhibition of standard antibiotics disks with anisotropic silver nanoparticles against Salmonella enterica, Escherichia
coli, Vibrio parahaemolyticus, Bacillus anthracis, Bacillus cereus, Staphylococcus aureus, and Candida albicans (b), respectively. Note. (1)
Lincomycin (MY15) 15𝜇g/disk, (2) oleandomycin (OL15) 15𝜇g/disk, (3) novobiocin (NV30) 30 𝜇g/disk, (4) vancomycin (VA30) 30𝜇g/disk,
(5) penicillin G (P10) 10 𝜇g/disk, and (6) rifampicin (RD5) 5 𝜇g/disk; cycloheximide (CHX) 10𝜇g/disk and anisotropic silver nanoparticles
(AgNPs) 30 𝜇L (100 ppm).

silver nanoparticle solution was added and results in the
formation of a zone of inhibition for S. enterica, E. coli,
and V. parahaemolyticus. The average increase in sensitivity
patter of antibiotics was calculated by average increase in
fold area [35]. The average increase in fold area of the
antibiotics against antibiotics resistant microorganisms was
greatest for novobiocin, followed by rifampicin, lincomycin,
and oleandomycin and then vancomycin and penicillin G.
Similar results regarding increase in fold area have been
observed against multidrug resistant E. coli [16]. The other
pathogenic stains showed susceptibility to antibiotics disks
alone, B. anthracis, B. cereus, and S. aureus, and showed
increased susceptibility when the disks were combined
with anisotropic silver nanoparticle solution, observed as
increases in the diameter of the zone of inhibition for B.
anthracis, B. cereus, and S. aureus. This clearly indicated
the effect of biosynthesised anisotropic silver nanoparti-
cles in enhancing the antimicrobial action of antibiotics.

The average increase in fold area against antibiotic sensitive
microorganism, when anisotropic silver nanoparticles were
added, was greatest for penicillin G, followed by vancomycin,
rifampicin, oleandomycin, novobiocin, and lincomycin. In
addition, in case of cycloheximide, the similar pattern of
action was found against C. albicans. On the addition of
silver nanoparticles with cycloheximide, the activity of cyclo-
heximide increases. The study has been done in duplicate
and average results were interpreted in Table 2. The present
study shows results similar to those of a line of studies
that presented increased efficacies of commercial antibiotics
against pathogenic microorganisms [13, 16, 28]. It indicates
that biosynthesised anisotropic silver nanoparticles show
antimicrobial activity against pathogenic microorganisms.
Moreover, the nanoparticles were shown to enhance the
effect of commercial antibiotics against multidrug resistant
bacteria.Thus, the biosynthesised anisotropic silver nanopar-
ticles are ready for applications in the clinical field against
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pathogenic microorganisms, although the exact mechanism
of their action remains to be elucidated.

4. Conclusions

The most important advantage of this approach includes
the possibility to obtain anisotropic silver nanoparticles of
nanobar, pentagon, spherical, icosahedron, hexagonal, trun-
cated triangle, and triangular shapes by Bhargavaea indica
DC1. The anisotropic silver nanoparticles were synthesized
by eco-friendly and economical manner and eliminating the
hazardous effects of physiochemical synthesis. Moreover, the
particles were synthesized extracellularly, without any extra
reducing and capping agent, thus excluding the extra step
in physiochemical synthesis. Furthermore, the methodology
has greater advantage of easy bulk synthesis which can be
exploited for large scale industrial scale-up production due
to easy downstream processing.

The outcomes of study also indicated that the biosynthe-
sised anisotropic silver nanoparticles had inherent antimicro-
bial activity and also enhanced the antimicrobial activity of
commercial antibiotics against pathogenic microorganisms.
The biosynthesized silver nanoparticlesmay have potential to
be used as multifunctional nanoparticles for different appli-
cations on medical, clinical, and biological background such
as targeting, diagnosis, drug delivery, and photoimaging.
Further studies in order to understand the mechanism of
action, surface engineering, specific targeting, and conjuga-
tionmay be useful to develop novel nanoparticles for different
applications.
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