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ABSTRACT: Biological production of silver nanoparticles, due to its high antimicrobial properties and
environmental compatibility, can be used as an alternative to antibiotics. The aim of this study was
to optimize the green synthesis of silver nanoparticles using fruit extract of Bunium persicum Boiss
and investigate the antimicrobial effect of nanoparticles against Escherichia coli and Staphylococcus
aureus. In this study, AgNPs were synthesized by B. persicum fruit extract, as a green reducing agent.
The color change of the solution is the first indication of the formation of silver nanoparticles. The quality
of nanoparticles produced by SEM and UV-Vis spectroscopy was investigated and the average size
of nanoparticles was also measured by dynamic light scattering. Antimicrobial effect of synthesized
nanoparticles against E. coli and S. aureus was evaluated by disk diffusion and broth microdilution
method. The results of this study showed maximum absorbance at 340 nm. SEM showed that AgNPs
are spherical and the mean average size of them which is indicated with DLS was 21.3 nm. Minimum
inhibitory concentration (MIC) of AgNPs was determined for E. coli 0.78 mg/ml and for S. aureus 1.56 mg/
ml. The synthesized silver nanoparticles possess an effective antimicrobial activity against the selected
microorganisms.
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INTRODUCTION
Nanoparticles have an important role in the pharmaceutical and biotechnology industries. Because of the
small size and hence the high surface-to-volume ratio,
nanoparticles find a high level of contact with the environment and microorganisms, which can increase their
biological and chemical activity (Vijayakumar, et al.,
2013). This causes the antimicrobial effects of metal
nanoparticles to be much higher than those of metals
(*) Corresponding Author - e-mail: masumehmahdavi@gmail.com

themselves (Prabhu and Poulose, 2012, Nazeruddin,
et al., 2014). Biological methods of synthesis have
paved the way for the “greener synthesis” of nanoparticles and these have proven to be better methods due
to slower kinetics, they offer better manipulation and
control over crystal growth and their stabilization. This
has motivated an upsurge in research on the synthesis routes that allow better control of shape and size
for various nano technological applications (Singh, et
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al., 2010). The use of environmentally benign materials like plant extracts (Jain, et al., 2009, Banerjee,
et al., 2014), bacteria (Saifuddin, et al., 2009) and
fungi (Bhainsa and D’Souza, 2006) for the synthesis
of silver nanoparticles offer numerous benefits of ecofriendliness and compatibility for pharmaceutical and
other biomedical applications. Many research papers
reported the synthesis of silver nanoparticles using
plant extracts such as Acalypha indica leaf (Krishnaraj,
et al., 2010); Chenopodium album leaf (Dwivedi and
Gopal, 2010); Rosa rugosa (Dubey, et al., 2010); Ocimum sanctum stems and roots (Ahmad, et al., 2010);
Eucalyptus oleosa leaf (Vidhu, et al., 2011) and Olea
europaea leaves (Awwad, et al., 2012).
In the present research, fruit extract of Bunium persicum have been used for silver nanoparticles (AgNPs) biosynthesis as a reducing agent of Ag+ ions to
Ag0 nanoparticles from silver nitrate. The antibacterial effect of Biosynthesized silver nanoparticles was
evaluated against two pathogenic bacteria, including
Escherichia coli (Gram negative) and Staphylococcus
aureus (Gram positive) using the agar disk diffusion
and broth microdilution method.

for the synthesis of silver nanoparticles. 0.5 mL of the
AgNO3 aqueous solution was drop-wise added to 7
mL of the resulted aqueous extract solution. The volume was adjusted to 10 mL by de-ionized water and
heated with stirrer in dark condition at 150 rpm and
60°C for 2 hours. The pH of the solution was adjusted
to 9. The observed color change of reaction mixture
from yellow to dark brown indicates the formation of
silver nanoparticles. The formation of AgNPs was furthermore confirmed by spectrophotometric analysis.
Then, the obtained solution was centrifuged at 10,000
rpm for 10 min and subsequently dispersed in sterile
distilled water to get rid of any uncoordinated materials. Finally, The biosynthesized AgNPs were dried at
room temperature and stored properly for future use.
Characterization of silver nanoparticles
The synthesized silver nanoparticles were characterized using FTIR analysis, Scanning Electron Microscopy, Dynamic Light Scattering (DLS) technique and
Ultraviolet-Visible spectroscopy. UV–Vis spectral
analysis was done by using a Double Beam spectrophotometer (SHIMADZU Prestige- 21, Japan) in a
wavelength range between 200 and 800 nm. The reduction of silver ions (Ag+) to silver Nanoparticles
was monitored through measuring the UV–Vis spectrum of the reaction medium after diluting a small
amount of the sample into deionized water, using deionized water as a reference. FTIR analysis was used
to detect the possible biomolecules responsible for the
reduction of the silver ions into silver nanoparticles. A
Nicolet IR100 instrument was used for FTIR spectroscopies. The SEM observations were carried out using
KYKY (EM3200) Scanning Electron Microscopy for
morphology identification. Dynamic light scattering
measurements were detected by a Malvern zeta size
analyzer instrument (Malvern 3600 Instruments Ltd.,
Malvern, UK).

MATERIALS AND METHODS
Materials
The fruit extract of Bunium persicum were purchased
from the market. Methanol (CH3OH, 99.9%), AgNO3
(99.98%), nutrient agar and Mueller-Hinton agar
(MHA) were purchased from Merck (Germany). The
standard strains of E. coli (ATCC 25922) and S. aureus (ATCC 25923) prepared from microbial collection
of Pasteur institute of Iran.
Extract preparation
Bunium persicum fruits weighing 5g were into powder and were boiled into 100 ml sterile distilled water
for 15 min. The aqueous extracts were filtered through
Whatman paper No. 1 pore size 125mm and then by
25 mm and was stored at in dark bottles at 4 °C until
used.

Antibacterial activity
In vitro antibacterial activity of the prepared nanoparticles was evaluated using the Kirby-Bauer technique,
which conformed to the recommended standards
of the Clinical and Laboratory Standards Institute
(CLSI). One species each of a Gram positive (Staphylococcus aureus) and Gram negative bacteria (Escherichia coli) were used for the antibacterial assay. The

Synthesis of silver nanoparticles
Aqueous solution of 10 mM AgNO3 was prepared
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sterile paper discs (6 mm) impregnated with 20 μL of
biosynthesized AgNPs solution in normal saline (25,
50 and 100 µg/ml) and were left to dry at 30 °C for
24 h in an incubator. Several isolated colonies of bacteria were selected from a culture of 12–18 h on nutrient agar and dissolved in sterile saline which equal to
suspension was adjusted to match the tube 0.5 McFarland standard (1.5×108 CFU/ml). The surface of MHA
was completely cultured using a cotton swab which
steeped in prepared suspension of bacterium. Finally,
dried impregnated discs were placed on inoculated
medium and incubated in 37 °C for 18–24 h. The diameter of zone inhibition was measured in millimeter, and was recorded as mean ± SD of the triplicate
experiment. Gentamicin (10 μg) was used as positive
standard for comparison purposes.
The minimal inhibitory concentration (MIC) of silver nanoparticles was examined using the standard
broth microdilution method and was determined in
BHI broth using serial two-fold dilutions of AgNPs in
concentrations ranging from 100 µg/ml to 0.19 µg/ml
with adjusted bacterial concentration at 1×106 CFU/
ml. The positive control used in this study contained
BHI broth medium with tested bacterial concentrations and negative control contained only inoculated
broth and the time and temperature of incubation being 24 h and 37ºC respectively. The MIC was noted
by the visual turbidity of the tubes both before and
after incubation. After the MIC determination of the

Fig. 1. a) Photograph of Bunium persicum fruit extract. b)
AgNO3 with B. persicum fruit extract after 30 min.

AgNPs, aliquots of 20 μl from all microplate which
showed no visible bacterial growth were seeded in
BHI agar plates, which are not supplemented with AgNPs, were incubated for 24 h at 37ºC. The MBC was
observed for presence or absence of bacterial growth
in agar plates both before and after incubation. The
MBC endpoint is defined as the lowest concentration
of antimicrobial agent that kills 99.9% of the initial
bacterial population. All of the experiments were triplicated.

RESULTS AND DISCUSSION
Green synthesis of silver nanoparticles is shown in

Fig. 2. UV–Vis absorption spectrum of silver nanoparticles.
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Results of the FT-IR study of biosynthesized AgNPs
showed sharp absorption peaks located 3388, 2922,
1598, 1404 and 1257 cm-1 (Fig. 4). The band at 3388
cm-1 was assigned to the stretching vibration of OH
groups of alcohol. The peak at 2922 cm-1 related to the
stretching vibration of aliphatic C-H groups available
in extract, as well as peaks in 1598 cm-1, 1404 cm-1
and 1257 cm-1 related to the stretching vibration of alkenes and bending vibration of C-H (Fig. 4). The synthesized nanoparticles were characterized by FT-IR to
identify functional groups and organic compounds in
the surface of particles. Peaks obtained were consistent with results of Jayapria & Lalitha in 2013.
The mean average sizes of nanoparticles were 21.3
nm as shown in DLS histogram (Fig. 5). Poinern et al.
in 2013 synthesized spherical AgNPs with 10-100 nm
size using leaf extract of Eucalyptus macrocarpa.
Antibacterial activity of synthesized silver nanoparticles was studied against E. coli and S. aureus by disk
diffusion method. The results of the study presented in
Table 1. It was observed that microbial growth of E.
coli was independent on AgNPs concentration (25, 50,
100 μg/ml). The zone of inhibition For E. coli ranged
from 12±0.1 to 17±0.5 mm and for S. aureus 10±0.5
to 13±0.3 mm. Ahmed et al. in 2016 studied the antibacterial effect of nanoparticles synthesized by the
plant Azadirachta indica leaf extract on Staphylococcus aureus and Escherichia coli and 9 mm reported as
inhibition zone diameter in both bacteria (Ahmed, et
al., 2016).
The minimum inhibitory concentration (MIC) was
determined as the lowest concentration of silver

Fig. 3. SEM micrograph of the silver nanoparticles synthesized by B. persicum extract.

Fig. 1. The color change of solution was recorded
through visual observation. The color of the reaction
mixture changed from yellow to dark brown which
indicated that the silver nanoparticles were yielded
(Fig. 1).
UV-Vis spectral analysis was done and nanoparticle solution showed maximum absorbance at 340 nm
(Fig. 2). Synthesis of silver nanoparticles using Acalypha indica leaf extracts was indicated absorbance
peak at 420 nm (Krishnaraj, et al., 2010) and Synthesis of Pomegranate Peel Extract Mediated Silver
Nanoparticles showed absorbance maximum at 370
nm (Shanmugavadivu, et al., 2014).
The SEM image reveals the formation of cluster of
spherical silver nanoparticles synthesized by B. persicum fruit extract with high density. The images of
Scanning Electron Microscopy showed that shape of
synthesized AgNPs is spherical. (Fig. 3).

Fig. 4. FT-IR of dried silver nanoparticles synthesized by B. persicum fruit extract.
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possess hydroxyl and carboxyl groups which are able
to bind metals (Nazeruddin, et al., 2014).

CONCLUSIONS
The present green synthetic method for the synthesis
of silver nanoparticles from silver nitrate using B. persicum fruit extract is an easy, economical, rapid and
eco-friendly way to synthesize metallic nanoparticles
and is a better alternative to chemical synthesis. This
method produced spherical nanoparticles, with average particle size of 21.3 nm. The results showed that
synthesized silver nanoparticles possess significant
antimicrobial activity against the selected pathogenic
microorganisms.

Fig. 5. Histogram of dynamic light scattering (DLS).

nanoparticles that inhibited the visible growth of E.
coli and S. aureus. It was found that the MIC for E.
coli was 0.78 μg/ml and for S. aureus was 1.56 μg/
ml. MBC is defined as the lowest concentration of
antimicrobial agent that will prevent the growth of
microorganism after culture. The MBCs of silver
nanoparticles were found to be 1.56 and 3.12 μg/ml,
respectively in E. coli and S. aureus. According to the
results, E. coli was showed more susceptible to silver
nanoparticles compared to S. aureus which may be
due to the variation in cell wall composition. The cell
wall of Gram positive bacteria composed of a thick
peptidoglycan layer, consisting of linear polysaccharide chains cross linked by short peptides, thus forming more rigid structure leading to difficult penetration
of the silver nanoparticles (Shrivastava, et al., 2007).
It is well known that few medicinal plants exhibit
anti-oxidant property. Thus they can act as biological source of reducing agent. On this belief choice of
plants for this purpose were those carrying medicinal
and aromatic properties. B. persicum plant has traces of
antioxi-dants and polyphenols. The main compounds
of B. persicum fruit oil was included γ-terpinene,
cuminaldehyde, ρ-cymene, and γ-terpinen-7-al respectively (Rustaie, et al., 2016). This Phytochemical
compounds within the plant result in the effective reduction of silver salt to AgNPs. Phenolic compounds
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1.56

3.12

Gentamicin

AgNPs

AgNPs

AgNPs

(10 μg)

(25 μg/ml)

(50 μg/ml)

(100 μg/ml)

E. coli

18±0

12±0.1

14±0.2

S. aureus

15±0.1

10±0.5

11±0

249

M. Mahdavi-Ourtakand & et al.

antimicrobial property and toxicity analysis. Bioresour. Bioprocess., (1)3: 1-10.
Bhainsa, K.C.; and D'souza, S.F.; (2006). Extracellular biosynthesis of silver nanoparticles using the
fungus Aspergillus fumigatus. Colloids surf. B
Biointerfaces, 47(2): 160-164.
Dubey, S.P.; Lahtinen, M.; Sillanpaa, M.; (2010).
Green synthesis and characterization of silver and
gold nanoparticles using leaf extract of Rosa rugosa. Colloids Surf A Physicochem. Eng. Asp.,
364: 34–41.
Dwivedi, A.D. and Gopal, K.; (2010). Biosynthesis of
silver and gold nanoparticles using Chenopodium
album leaf extract. Colloids Surf A Physicochem.
Eng. Asp., 369: 27–33.
Jain, D.; Daima, H.K.; Kachhwaha, S. and Kothari,
S.L.; (2009). Synthesis of plant-mediated silver
nanoparticles using papaya fruit extract and evaluation of their anti-microbial activities. Dig. J.
Nanomater. Biostruct., 4(3): 557-563.
Jayapriya, E. and Lalitha, P.; (2013). Synthesis of Silver Nanoparticles using Leaf Aqueous Extract of
Ocimum basilicum. Int. J. Chemtech. Res., (5) 6:
2985-2992.
Krishnaraj, C.; Jagan, E.G.; Rajasekar, S.; Selvakumar, P.; Kalaichelvan, P.T. and Mohan, N.; (2010).
Synthesis of silver nanoparticles using Acalypha
indica leaf extracts and its antimicrobial activity
against water borne pathogens. Colloids Surf B
Biointerfaces, 76: 50-56.
Nazeruddin, G.M.; Prasad, N.R.; Prasad, S.R.; Shaikh, Y.I.; Waghmare, S.R.; Adhyapak, P.; (2014).
Coriandrum sativum seed extract assisted in situ
green synthesis of silver nanoparticle and its antimicrobial activity. Industrial Crops and Products.
60: 212-216.
Poinern, G.; Chapman, P.; Shah, M. and Fawcett, D.;
(2013). Green biosynthesis of silver nanocubes
using the leaf extracts from Eucalyptus macrocar-

pa. Nano Bull. 2 (1): 1-7.
Prabhu, S.; Poulose, E.K.; (2012). Silver nanoparticles: mechanism of antimicrobial action, synthesis, medical applications, and toxicity effects. Int.
Nano Lett., 2(1): 1-10.
Rustaie, A.; Keshvari, R.; Samadi, N.; Khalighi-Sigaroodi, F.; Reza, M.; Ardekani, S. and Khanavi, M.;
(2016). Essential Oil Composition and Antimicrobial Activity of the Oil and Extracts of Bunium
persicum (Boiss.) B. Fedtsch.: Wild and Cultivated Fruits. Pharm. Sci., 22(4): 296-301.
Saifuddin, N.; Wong, C.W.; and Yasumira, A.A.N.;
(2009). Rapid biosynthesis of silver nanoparticles
using culture supernatant of bacteria with microwave irradiation. J. Chem., 6(1): 61–70.
Shanmugavadivu1, M.; Kuppusamy, S. and Ranjithkumar R.; (2014). Synthesis of Pomegranate Peel
Extract Mediated Silver Nanoparticles and its
Antibacterial Activity. American Journal of Adv.
Drug Deliv., 2 (2): 174–182.
Shrivastava, S.; Bera, T.; Roy, A.; Singh, G.; Ramachandrarao, P. and Dash, D.; (2007). Characterization of enhanced antibacterial effects of novel
silver nanoparticles. Nanotechnol., 18: 225103–
225111.
Singh, A.; Jain, D.; Upadhyay, M.K.; Khandelwal,
N. and Verma, H.N.; (2010). Green synthesis of
silver nanoparticles using Argemone mexicana
leaf extract and evaluation of their antimicrobial
activities. Dig J Nanomater Bios., 5(2): 483-489.
Vidhu, V. K.; Aromal, A. and Philip, D.; (2011). Green
synthesis of silver nanoparticles using Macrotyloma uniflorum. Spectrochim Acta A Mol Biomol
Spectros, 83: 392–397.
Vijayakumar, M.; Priya, K.; Nancy, F.T.; (2013).
Biosynthesis, characterization and anti-bacterial
effect of plant-mediated silver nanoparticles using Artemisia nilagirica. Ind. Crops Products, 41:
235–240.

250

Int. J. Bio-Inorg. Hybr. Nanomater., 6(4): 245-251, Winter 2017

AUTHOR (S) BIOSKETCHES
Maasoumeh Mahdavi-Ourtakand, Assistant Professor, Department of Biology, Biological Sciences
Faculty, Varamin-Pishva Branch, Islamic Azad University, Varamin, Iran, Email: masumehmahdavi@
gmail.com
Parisa Jafari, MSc., Department of Microbiology, Biological Sciences Faculty, Varamin-Pishva Branch,
Islamic Azad University, Varamin, Iran
Raheleh Safaeijavan, Assistant Professor, Department of Biology, Biological Sciences Faculty, VaraminPishva Branch, Islamic Azad University, Varamin, Iran

251

