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ABSTRACT

Developing reliable and eco-friendly processes for the synthesis
of metallic nanoparticles is an essential step in the field of application of
nanotechnology .Using natural factories such as biological systems is a
way of developing such processes. Nowadays, the synthesis of silver
nanoparticles is very common due to its numerous applications in
different fields. The synthesis of these nanoparticles is carried out
through physical, chemical and biological methods. However, due to its
inexpensive and environmentally friendly features, the biological method
is preferred to the other two methods. In the present article, the factors
influencing the size of synthesized silver nanoparticles using biological
methods (Which consists ofliving organisms such as: Plants, Fungi,
Bacteria and Yeast) and the anti-bacterial properties of silver
nanoparticles were investigated.
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INTRODUCTION

Since nanoparticles are a bridge between voluminous and
atomic or molecular state of materials, they have always been of
considerable interest [1]. It is predicted that in the 21st century,
nanotechnology will significantly influence science, economy and
daily life and will become one of the driving forces of the next
industrial revolution. Different aspects of this new technology include
production, determination of properties and manipulation of structures
in the nanoscale. The use of nanoparticles has recently received much
attention due to its well-defined chemical and mechanical properties
[2, 3]. Among different nanoparticles, metallic nanoparticles are the
most promising due to anti-bacterial properties, which is a result of the
high volume of these particles. This has been considered by many
researchers because of the resistance of microbial growth in the
presence of metal ions, antibiotics and development of resistance
strains.
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The change in size or composition level can
influence the physical and chemical properties of
nanoparticles [4, 5]. In recent decades, the use of
metallic nanoparticles has become very common
due to its widespread applications in different
industries [6]. Nanoparticles have unique electrical,
physical, chemical and optical properties [7].

When the dimensions of metallic particles
reach this size range (1-100 nm), their physical,
chemical and electric properties change. These
properties depend on the size of particles; and by
changing the size and shape of silver
nanoparticles,and also some properties including
melting temperature, magnetic behavior, redox
potential and their colors can be controlled [8].

Today, silver nanoparticles have been
considered and used due to their anti-microbial
effect and their wide range of applications in
different sciences and industries. For example, they
are used in medicine for treating HIV virus, in food
industries as anti-bacterial factors, in packaging
food products, as catalyses in chemical reactions
[9] and in many other fields due to their unique
catalytic [10], electronical, optical [11, 12] and
anti-bacterial [13] properties.

Extraordinary optical properties of silver
nanoparticles were discovered and used at the time
of the Roman emperors. Basic studies on silver
nanoparticles in 1980s indicated that silver
nanoparticles have valuable composites, unique
optical properties, developed levels and catalytic
activity [14]. Optical properties of silver
nanoparticles have been investigated in different
papers concluding that the optical properties of
these nanoparticles highly depend on the unique
properties including size, shape, composite,
presence of absorbing layers and their structures
[15, 16]. Furthermore, it is realized that the anti-
microbial properties of silver depend on the amount
of consumption and release of silver. Silver is
stable in metal form, however, it reacts with the
moisture in the environment or on body skin and
ionizes [17]. Low concentration of silver is not
dangerous for human cells; however, it is fatal for
most bacteria and viruses. So, it is widely used in
medicine, food industries and many other fields
[18]. It seems impossible for microorganisms being
able to resist against silver through genetic
mutation. Silver ions attack most of proteins in a
cell and this valuable characteristic has been
increasingly considered due to the increase of

bacteria-induced varieties which are resistant
against a wide spectrum of antibiotics [19].

Nowadays, the researchers found that
living organisms like bacteria, fungus, plants, etc
have great ability in synthesizing metal
nanoparticles. Furthermore, microorganisms have
been explored as potential biofactories for
synthesizing metallic nanoparticles like cadmium
sulfide, silver and gold, Moreover, they prefer
biological synthesis because of better control over
size distribution of nanoparticles [20, 21] and the
environmental toxicity, which along with chemical
methods is not present in this method [22].

Evaluation of the Effective Factors on synthesized
silver nanoparticles through biological methods
The investigations have shown that size,
morphology, stability and (physical, chemical)
properties of metal nanoparticles are strongly
influenced by reaction conditions, interaction
synthesis of metal ions with reducing factors and
the absorption process of stabilizer with metal ions

[9].

It could be said that the size of synthesized
nanoparticles depends on the materials used in
producingthe nanoparticles. The ability of size-
controlled synthesis of nanoparticles is important
due to the fact that some properties like solubility,
transparency, color, absorbance and emission
wavelengths, conductance coefficient (index),
melting point, and catalytic behavior just change by
the size of different particles [23].

e The effect of temperature on the size of silver
nanoparticles
Gurunathan et al. indicated that by
controlling environmental conditions of
nanoparticle synthesis, it is possible to produce
silver nanoparticles in different sizes and shapes.
They investigated this proposition by changing
temperature, pH, and supernatant of E. coli .They
conducted their experiments by adding supernatant
to 1 mM AgNO; solution and its incubation in
different temperatures and pH. Silver nanoparticles
sizing 50 nm were synthesized at room
temperature, while at 60° C, the particles sizing 15
nm were synthesized. As it can be seen, the results
of investigations show that the size of silver
nanoparticle reduces when the temperature
increases [24, 8].
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In another article presented by Ghorbani et
al. the size of producing nanoparticle was
investigated in 5, 25, 40 and 90°C and the optimum
temperature was reported as being 5°C. The results
of this study show that at 90°C, no nanoparticle is
synthesized, which can be justified by denaturation
of proteins and disappearance of Nitrate Reductase
enzyme in the culture medium. Furthermore, it
becomes clear that by increasing temperature, the
size of particles increases [25]. Fayaz et al. carried
out the biosynthesis of silver nanoparticles using
fungus varieties and investigated the effect of
temperature on the size of silver nanoparticles. The
results of this investigation showed that
temperature is one of the factors, bywhich, we
would be able to synthesize size-controlled silver
nanoparticles,for the temperature increase leads to
size reduction in silver nanoparticle and increase of
monodispersity in them [26].

In their article, Iravani et al. (2013)
synthesized 10-40 nm silver nanoparticles using the
Pinuseldarica Bark Extract. This research group
investigated the effect of different temperatures (25,
50, 100 and 150°C) on the size of produced silver
nanoparticles and observed that increase of reaction
temperature resultsincrease, which can be due to
increase in keloid silver nanoparticles’ production
and revival rate. Furthermore, when the reaction
temperature increases from 25°C to 150 °C, the size
of produced nanoparticles decreases [27].
ManjuBala et al. (2013) performed the biosynthesis
of silver particles using aqueous extract endophytic
fungus aspergillusfumigatus and investigated the
effect of temperature (0, 37 and 100°C) on the size
of synthesized nanoparticles and observed that
when the temperature increases from 0 to 100, the
size of produced silver nanoparticles increases [28].
Goldie Oza et al. (2012) studied the extracellular
synthesis of silver nanoparticles by using
Pseudomonas aeruginosa. The size of produced
nanoparticles in this method was reported to be in
the range of 20-50 nm. These researchers also
investigated the effect of two different temperatures
(30 and 100°C) on the size of silver nanoparticles
and observed that the optimum temperature of this
process was 100°C [29].

e The effect of pH on the size of silver
nanoparticles

Solution pH is one of the factors affecting

the produced silver nanoparticles. The research

results indicate,the size of nanoparticles in acidic
pH as 45 nm, while the size of synthesized
nanoparticles was 15 nm in base pH (pH= 10) [8,
30]. Ghorbani et al. (2011) studied the effect of the
pH of 5.5, 7.5 and 9 on the size of synthesized
silver nanoparticles and observed that the size of
produced nanoparticles increases as the pH
increases from 55 to 9 [25]. lravani et al.
investigated the effect of different levels of pH (3,
5,9, 7 and 11) on the size of produced silver
nanoparticles by Pinuseldarica Bark Extract. The
results indicated that a rise in the pH of the reaction
mixture increases the absorbance which can be due
to the increase in the production of keloid silver
nanoparticles and revival rate. It seems that pH is
effective on the number of produced nanoparticles
and their stability. Thus, pH impactsthe revival rate
of the reaction. In their study, it becomes clear that
in lower pH (acidic), bigger silver nanoparticles are
formed while in base pH, smaller nanoparticles are
synthesized [27]. Goldie Oza et al. (2012)
investigated the effect of different levels of pH (9,
8, 6, 2 and 10) on the size of silver nanoparticles
with the aim of finding optimum pH in the process.
Finally, reviewing the resultsdemonstrated that,
pH=10 was the optimum condition [29]. Generally,
the results obtained from different studies [30-33]
also confirm this fact that the nanoparticles, formed
in lower PH, are bigger than the ones formed in
higher pH. A schematic imaginary diagram
demonstrating the reasons for size control over the
synthesis of silver nanoparticles has been shown in
Figurel.
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The effect of microorganism type
e Bacteria

The first synthesis of the silver
nanoparticles was conducted by p. stutzeri AG259
bacteria in 2000, the size of produced nanoparticles
was reported smaller than 20 nm. The used silver
source was 50 mM silver nitrate with LB agar as
medium culture [34]. In 2008, Kalimuthu et al.
could synthesize nanoparticles using Bacillus
licheniformis [35]. The mechanism for synthesis of
silver nanoparticles by Bacillus licheniformis has
been shown in Figure2.
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Fig.2. Likely mechanism for synthesis of silver nanoparticles by
Bacillus licheniformis including Nitrate Reductase enzyme depending
on NADH which might transform Ag+ to Ag® [35]

To decrease the synthesis time of silver
nanoparticle, different varieties of bacteria were
studied. The results of these investigations showed
that supernatant of the culture medium of Klebsiella
pneumonia, Escherichia coli [36, 37] and
Enterobacter cloacae bacteria have the ability of
synthesizing silver nanoparticles in a shorter time
(5 min) [38].

In biological methods, revival of Ag” silver
ions in  biomolecules is performed by
enzymes/proteins, amino acids, poly-saccharides
and the available vitamins, which are all compatible
with the environment. However, the mechanism,
which is usually accepted for biosynthesis of silver
nanoparticles, is the presence of Nitrate Reductase
enzyme [39].

The presence of o-NADPH-dependent
nitrate reductase is required in laboratory synthesis
of silver nanoparticles to prevent downstream
processes. During the reaction, nitrate is converted
into nitrite and free electrons are transferred to
silver entering ions [37, 40]. Ghorbani (2013)
synthesized silver nanoparticles using Salmonella
typhirium extract. The bacteria extract was
separated by 0.22 mm (PVDF) Durapore membrane
filter, and then added to the reaction vessel
including, silver sulfate of 0.0005 M concentration.
Using dynamic light scattering analysis the size of
produced silver nanoparticles was reported as 50-
150 nm with an average size 129 nm [48].

Here, we summarize some bacterial species
used in the biosynthesis of Ag nanoparticles (Table
1).

e Fungi

In recent years, fungi have been added to
the list of microorganismsused for the production of
Nano-powders. The interest in the use of fungi in
production of nanoparticles is due to the significant
amount of special enzymes in  these
microorganisms and also their easy application in
the laboratory [55, 56]. Anil Kumar et al. (2007)
used purified Nitrate Reductase enzyme obtained
from Fusariumoxysporum for the synthesis of silver
nanoparticles. The reaction mixture includes Nitrate
Reductase, silver nitrate and NADPH. The color of
reaction mixture turns to brown which is the first
sign of Nitrate Reductase enzyme involved in the
synthesis of silver nanoparticles [39]. The proteins
separated from fungi culture are able to synthesize
metal nanoparticles. Gaikwad Sagar et al. (2012)
used Aspergillusniger fungi for the synthesis of
silver nanoparticles. 50 ml cell filtrate was mixed
with 10 ml of 10 mM AgNO;. For purification
purposes, synthesized silver nanoparticles were two
times placed in centrifuge at 10000 rpm for 10
minutes. The size range of synthesized silver
nanoparticles was 1-20 nm and their shape was
spherical [76]. Table 2 shows Synthesis of metallic
nanoparticles by different kinds of Fungi.
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Table 1. Synthesis of Ag nanoparticles using different kinds of Bacteria

Organism Size range(nm) Ref./year
Pseudomonas stutzeri AG259 200 (34)/ 2000
Bacillus megaterium 46.9 (41)/1999
Klebsiella pneumonia (culture (52.5) 28.2-122 (38)/2007
supernatant)

Bacillus licheniformis 50 (42)/2008
Bacillus licheniformis 40-50 (35)/2008
Corynebacterium sp. 10-15 (43)/2005
Bacillus subtilis (culture supernatant) 5-60 (44)/2009
Morganella sp. 205 (45)/2008

Proteus mirabilis 10-20 (46)/2009
Staphylococcus aureus 1-100 (47)/ 2009
Salmonella typhirium 50-150 (48)/2013
Lactobacillus Sps. 2-20 (49)/2012
Idiomarina sp. PR58-8 25-26 (50)/2012
Corynebacterium sp. 24.46-32.05 (51)/2012

OSCI EALaAriTrgFS |)§r\l/3?3(|:_tglillilr¥ol\/|01 HLOALY AL
Pseudomonas aeruginosa. 20-50 (29)/(2012)
Spirulinaplatensis average size=12 (53)/2012

Bacillus strain CS 11 42-92 (54)/2013
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Table 2.Synthesis of Ag nanoparticles by different kinds of Fungi

Fusariumoxysporum
Fusariumoxysporum
Aspergillusfumigatus
Verticillium
Phanerochaetechrysosporium
Aspergillusflavus
Cladosporiumcladosporioides
Fusariumsemitectum
Trichodermaviride
Penicilliumfellutanum
Fusariumsolani
Fusariumacuminatum
Aspergillusclavatus
Penicilliumcitrinum (MTCC9999)
TrichodermaHarzianum
TrichodermaReesei
Sphaerulinaalbispiculata
Penicillium sp.
Aspergillusniger

Aspergillusniger

20-50 (57)/2005
2-5 (58)/2007
5-25 (59)/2006
25+12 (60)/2001
100 (61)/2006
8.92+ 1.61 (62)/2007
10-100 (63)/2009
10-69 (64)/2008
5-40 (65)/2010
1-100 (66)/2009
5-35 (67)/2009
5-40 (68)/2008
10-25 (69)/2010
20-30 (70)/2013
30-50 (71)/2011
5-50 (72)/2011
6-12 (73)/2012
58.35+ 17.88 (74)/2010
3-30 (75)/2010
1-20 (76)/2012

e Yeast

There are a few reports about the synthesis
of metal nanoparticles with yeast; among which the
extracellular synthesis of silver nanoparticles by
yeast resistance to silver MKY3 can be mentioned.
In this report, the size of produced silver
nanoparticles ranged from 2 to 5 nm and the
concentration of silver solution was 1 mM [77].

e Plants

The advantage of using plants in the
synthesis of silver nanoparticles is that they are
easily accessible and include a wide spectrum of
metabolites that help the revival of metal
nanoparticles Table 3.

In 2003, a natural resource, i.e. Alfalfa
Sprouts, was used for the synthesis of silver

nanoparticles. The particles are usually found in
certain areas of the plants, i.e. the inner anatomy of
Alfalfa stem. Plants absorb silver atoms in certain
channels, therefore, silver cores or a collection of
particles are absorbed inside these channels.
However, the particles could also be found outside
channels. This observation is either due to the
decomposition of plant structure which caused the
silver nanoparticles to move out of them or the
penetration of silver nanoparticles into different
places [78]. Using Cycas leaf extract, Jha et al.
(2009) biosynthesized the silver nanoparticles. 20
ml of 0.25 M AgNO; was added to the obtained
extract and then it was placed in the water bath for
20 minutes (until the color of solution turned into
brown). Finally, the size of produced silver
nanoparticles was reported to be 2-6 nm [79].

116

Submit your manuscript to www.ijnd.ir



Int. ]. Nano Dimens. 6(2): 111-127, Spring 2015 Khodashenas & Ghorbani

Table 3.Synthesis of Ag nanoparticles using plants

Alfalfa Sprouts 2-20 (78)/2003
Pelargonium graveolens 16-40 (80)/2003
Azadirachtaindica (Neem) 5-35 (81)/2004
Emblicaofficinalis 10-25 (82)/2005
Aloe vera 15.2+4.2 (83)/2006
Cinnamomumcamphora 55-80 (84)/2007
Cinnamomumcamphora Leaf 5-40 (85)/2008
Carica papaya 60-80 (86)/2009
Gliricidiasepium 10-50 (87)/2009
Jatrophacurcas 10-20 (88)/2009
Apin (from henna leaves) 21-39 (89)/2009
Ocimum 3-20 (90)/2011
Cassia auriculata 20-40 (91)/2011
Eucalyptus chapmaniana leaves extract 60 (92)/2013
Mangosteen leaf extract 35 (93)/2010
Oleaeuropaeal eaves Extract 10+1 (94)/2012
MORINGA OLEIFERA L. LEAF 40-50 (95)/2013
Callicarpamaingayi Stem Bark Extraction 12.4 +3.27 (5)/2012
Leaves Of TECOMA STANS (L.) KUNTH average particle size=15 (96)/2013
CynodonDactylon Leaf Extract 30-50 (97)/2013
Leaves OfMurrayaPaniculata (L.) JACK 20-50 (98)/2013
Olive leaf extract 20-25 (99)/2013
carob leaf 5-40 (100)/2013
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e The effect of the concentration of silver
precursor

It has been confirmed that the
concentration of silver precursor directly affects the
size of synthesized silver nanoparticles. Using
chemical methods, Ajitha et al. (2013) investigated
the effect of silver precursor concentration on the
size of produced silver nanoparticles. In their
study,they used 3 different concentrations of silver
nitrate (0.01, 0.02 and 0.03 M). The results of the
experiments and tests showed that the average size
of particles increased from 23 to 44 nm by an
increase of silver precursor from 0.01 to 0.03M
[101]. Similar investigations have been conducted
in the synthesis of silver nanoparticles through
biologic methods which confirm the results of
Ajitha et al. research.

Using  Rumexhymenosepalus  extracts,
Rodriguez-Le6n et al. could synthesize 2-40 nm
silver nanoparticles. These researchers investigated
the effect of different concentrations (2.5, 5, 7.5, 10
and 15 mM) of AgNO; on the synthesis of silver
nanoparticles and observed that a rise in silver
nitrate concentration, increasesthe peak of UV-Vis
apparatus,which is indicative of the increase of
produced silver nanoparticles’ size [102].

In another article, Ghorbani et al. used
0.001, 0.005 and 0.01 M of silver nitrate for
investigating this effect and observed that when the
concentration increases from 0.001 to 0.005, the
absorbent peak (Amax) increases from 422 to 436
nm. Furthermore, the concentration of 0.01M was
studied using UV-Vis spectroscopy and no peak
was observed at this concentration, which
indicatesthat the morphology of the particles in
micrometer [25]. The results of all investigations
seem to confirm the fact that there is a direct
relationship  between the silver  precursor
concentration (in these investigations, silver nitrate)
and the size of produced silver nanoparticles.

e Studying the stabilizer amount

The stabilizers are often used in synthesis
processes of silver particles to prevent particle
accumulation. At their presence, the probability of
collision and coalescence of nanoparticles reduces
due to the reactions of stabilizer function groups
and silver nanoparticles. Thus, they prevent the
connection of silver particles and sediment
formation [103- 107]. Various polymers such as:
Poly Vinyl Pyrrolidone (PVP) [108], Poly Vinyl

Alcohol (PVA) [109], polyethylene glycol [110],
Poly (Methyl Methacrylate) [111], Polyaniline
[112] and Polyacrylonitrile [113] have been used as
stabilizers in the synthesis of silver nanoparticles.
Among all stabilizer polymers of silver
nanoparticles, PVP has the best function due to its
unique structure [103, 114, 115]. Dagmara Malina
et al. investigated the effect of different
concentrations of PVP (0.1, 0.2, 0.5, 0.7, 1, 1.5, 3,
5 10 and 15%) on the synthesized silver
nanoparticles through chemical method. To this
end, they investigated the effect of different
concentrations of PVP (stabilizer) on the size of
silver nanoparticles. The results indicated that size
difference, size distribution and capacity depend on
the PVP concentration for accumulation.
Furthermore, in this study, it becomes clear that
when the stabilizer concentration (PVP) is 1-10% ,
it leads to synthesis of nanoparticles in nano- size
and Z- Average is between 20 to 30 £ 0.43-0.21
[116].

In some methods of biologic synthesis of
silver nanoparticles, PVP has been used to provide
stability and prevent the connection of synthesized
silver ions, which results in sediment-like formation
[25]. In most studies, the PVP concentration used is
1%, and therefore, this effect is not investigable.

The relationship between the size and shape of
silver nanoparticles with their anti-bacterial
properties

Amany A. El-Kheshen and Sanaa F. Gad
El-Rab studied the anti-bacterial activity of silver
nanoparticles on the gram-positive bacteria,
Staphylococcus aureus and gram-negative bacteria,
E. Coli and concluded that the antibacterial activity
of silver nanoparticles increases with increase of
their area to the volume. Furthermore, they
observed that the control area of silver
nanoparticles was more for Staphylococcus Aureus
(a gram positive bacterium) than Escherichia coli
(gram negative bacteria) [18]. Hang Lee-U et al.
(2010) studied three different sizes of silver
nanoparticles: (1) small, 1.16+3.08 nm, (2) average,
1.1245.75 nm and (3) large, 6.06£24.85 nm to
investigate the anti-bacterial effect and their
poisonous effect. In this study, it becomes clear that
smaller silver nanoparticles have better antibacterial
effects and higher cellular poisonous effect.
Furthermore, it can be demonstrated that by the
increase of the size of silver nanoparticles, their
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antibacterial activity reduces and this confirms the
previous findings indicating that in smaller silver
nanoparticles, the profanity of interaction with
bacteria increases due to the higher ratio of area to
volume which results in aggregation of antibacterial
effect [19].

Tyler S. Radniecki et al. (2011) concluded
that silver nanoparticles of, 20 nm have a higher
poisonous effect than silver nanoparticlesof 80 nm,
and this can be attributed to the higher ratio of area
to volume in small particles. Furthermore, it is
noticeable that the preventive effect of silver
nanoparticles on bacteria depends on the
concentration of nanoparticles and the initial
number of the bacteria, so that the growth of
bacteria cells resumes with the decrease in
concentration of nanoparticles [117].

Sukdeb Pal et al. (2007) proved that there is
a good agreement between the shape of silver
nanoparticles and their antibacterial properties.
They investigated three different shapes (spherical,
triangulate and rod) of silver nanoparticles with the
aim of comparing their antibacterial effect. They
observed that triangular nanoparticles have the
most antibacterial effect in comparison with
spherical and rod shapes [118]. Ahmed et al. (2010)
showed that the poisonous property of coated silver
nanoparticles is more than the uncoated ones,
which is due to their accumulation [119].
Furthermore, in a similar study by Aranout et al.
(2012), the effects of three different coatings (PVP,
gum arabicum (GA) and acid citric) on silver
nanoparticles were investigated. They observed that
the citrate and gum arabicum result in the increase
of the poisonous effect of silver nanoparticles on
Nitrosomonaseuropaea bacteria [120].

CONCLUSIONS

As mentioned before, the antibacterial
effect of silver nanoparticles depends on their
shapes [118], coatings [119,120] and size [19,117].
So, the size of synthesized silver nanoparticlesis
one of the reasons for the significance of
production of silver nanoparticles with controlled
size. In this investigation, the effect of the factors,
including temperature, pH, organism type, silver

nanoparticles was investigated using a biological
method.

As the results indicate, in higher
temperature and pH, the synthesis of silver
nanoparticles is observable with smaller sizes [27,
29], which can attributed to the increase of silver
ions’ dynamism and shaping of nucleation areas
due to accessibility of —OH ions and temperature
increase [40]. The investigation of silver precursor
concentration indicates a direct relationship
between the size of synthesized silver nanoparticles
and concentration of silver precursor.

ACKNOWLEDGEMENTS

Authors have no
Acknowledgements

competing

REFERENCES

[1] Thakkar K. N., Mhatre S. S., ParikhR.Y .,
(2010), Biological Synthesis of Metallic
Nanoparticles. Nanomedicine. 6: 257-262.

[2] Faramarzi M., Forootanfar H., (2011),
Biosynthesis and Characterization of Gold
Nanoparticles Produced by Laccase from
Paraconiothyrium variabile. Collo. Surf. B.
87: 23-27.

[3] Klaus-Joerger T., Joerger R., Olsson E.,
Grangvist C., (2001), Bacteria as Workers
in the Living Factory: Metal Accumulating
Bacteria and their Potential for Materials
Science. Trends Biotechnol. 19: 15-20.

[4] Kouvaris P., Delimitis A., Zaspalis V.,
Papadopoulos D., Tsipas S., Michailidis N,
(2012), Green synthesis and
characterization of silver nanoparticles
produced using Arbutus Unedo leaf extract.
Mater. Lett. 76: 18-20.

[5] Shameli K., Bin Ahmad M., Jaffar Al-
Mulla E., Ibrahim N., Shabanzadeh P.,
Rustaiyan A., Abdollahi Y., Bagheri S.,
Abdolmohammadi S., SaniUsman M.,

precursor concentration and the amount of : _ _

stabilizer on the size of synthesized silver Zidan M., (2012), Green Biosynthesis of
Silver Nanoparticles Using

Submit your manuscript to www.ijnd.ir 119


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.researchgate.net%2Fprofile%2FKAUSHIK_THAKKAR%2Fpublication%2F26679976_Biological_synthesis_of_metallic_nanoparticles%2Flinks%2F0912f5071f37c3250c000000&ei=zCiQVLD_EtfYaqH7gfAC&usg=AFQjCNFvTG8jDAK7R6OwJvZ_uZm6jRPznQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.researchgate.net%2Fprofile%2FKAUSHIK_THAKKAR%2Fpublication%2F26679976_Biological_synthesis_of_metallic_nanoparticles%2Flinks%2F0912f5071f37c3250c000000&ei=zCiQVLD_EtfYaqH7gfAC&usg=AFQjCNFvTG8jDAK7R6OwJvZ_uZm6jRPznQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.researchgate.net%2Fprofile%2FKAUSHIK_THAKKAR%2Fpublication%2F26679976_Biological_synthesis_of_metallic_nanoparticles%2Flinks%2F0912f5071f37c3250c000000&ei=zCiQVLD_EtfYaqH7gfAC&usg=AFQjCNFvTG8jDAK7R6OwJvZ_uZm6jRPznQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Fpdf%2FS0167-7799%252800%252901514-6.pdf&ei=tCqQVNSlK5DPaKKMgagD&usg=AFQjCNHJOACw-MY32eR6RpiEX3uGn9RY9g
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Fpdf%2FS0167-7799%252800%252901514-6.pdf&ei=tCqQVNSlK5DPaKKMgagD&usg=AFQjCNHJOACw-MY32eR6RpiEX3uGn9RY9g
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Fpdf%2FS0167-7799%252800%252901514-6.pdf&ei=tCqQVNSlK5DPaKKMgagD&usg=AFQjCNHJOACw-MY32eR6RpiEX3uGn9RY9g
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Fpdf%2FS0167-7799%252800%252901514-6.pdf&ei=tCqQVNSlK5DPaKKMgagD&usg=AFQjCNHJOACw-MY32eR6RpiEX3uGn9RY9g
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Fpdf%2FS0167-7799%252800%252901514-6.pdf&ei=tCqQVNSlK5DPaKKMgagD&usg=AFQjCNHJOACw-MY32eR6RpiEX3uGn9RY9g
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CDQQFjAC&url=http%3A%2F%2Flibrary.certh.gr%2Flibfiles%2FPDF%2FZASP-PAPYR-5725-GREEN-in-MLS-V-76-PP-18-20-Y-2012.pdf&ei=ASyQVPWxBJXUaoeBgdgM&usg=AFQjCNEJ9AahU9EVu77lFdCVkUTcYaIXpQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CDQQFjAC&url=http%3A%2F%2Flibrary.certh.gr%2Flibfiles%2FPDF%2FZASP-PAPYR-5725-GREEN-in-MLS-V-76-PP-18-20-Y-2012.pdf&ei=ASyQVPWxBJXUaoeBgdgM&usg=AFQjCNEJ9AahU9EVu77lFdCVkUTcYaIXpQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CDQQFjAC&url=http%3A%2F%2Flibrary.certh.gr%2Flibfiles%2FPDF%2FZASP-PAPYR-5725-GREEN-in-MLS-V-76-PP-18-20-Y-2012.pdf&ei=ASyQVPWxBJXUaoeBgdgM&usg=AFQjCNEJ9AahU9EVu77lFdCVkUTcYaIXpQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CDQQFjAC&url=http%3A%2F%2Flibrary.certh.gr%2Flibfiles%2FPDF%2FZASP-PAPYR-5725-GREEN-in-MLS-V-76-PP-18-20-Y-2012.pdf&ei=ASyQVPWxBJXUaoeBgdgM&usg=AFQjCNEJ9AahU9EVu77lFdCVkUTcYaIXpQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CDQQFjAC&url=http%3A%2F%2Flibrary.certh.gr%2Flibfiles%2FPDF%2FZASP-PAPYR-5725-GREEN-in-MLS-V-76-PP-18-20-Y-2012.pdf&ei=ASyQVPWxBJXUaoeBgdgM&usg=AFQjCNEJ9AahU9EVu77lFdCVkUTcYaIXpQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CDQQFjAC&url=http%3A%2F%2Flibrary.certh.gr%2Flibfiles%2FPDF%2FZASP-PAPYR-5725-GREEN-in-MLS-V-76-PP-18-20-Y-2012.pdf&ei=ASyQVPWxBJXUaoeBgdgM&usg=AFQjCNEJ9AahU9EVu77lFdCVkUTcYaIXpQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.mdpi.com%2F1420-3049%2F17%2F7%2F8506%2Fpdf&ei=XyyQVIqGDdbfarSWgMgD&usg=AFQjCNEWVzO1t9PXW4mZSYJgCL5E8J7G0w
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.mdpi.com%2F1420-3049%2F17%2F7%2F8506%2Fpdf&ei=XyyQVIqGDdbfarSWgMgD&usg=AFQjCNEWVzO1t9PXW4mZSYJgCL5E8J7G0w
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.mdpi.com%2F1420-3049%2F17%2F7%2F8506%2Fpdf&ei=XyyQVIqGDdbfarSWgMgD&usg=AFQjCNEWVzO1t9PXW4mZSYJgCL5E8J7G0w
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.mdpi.com%2F1420-3049%2F17%2F7%2F8506%2Fpdf&ei=XyyQVIqGDdbfarSWgMgD&usg=AFQjCNEWVzO1t9PXW4mZSYJgCL5E8J7G0w
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.mdpi.com%2F1420-3049%2F17%2F7%2F8506%2Fpdf&ei=XyyQVIqGDdbfarSWgMgD&usg=AFQjCNEWVzO1t9PXW4mZSYJgCL5E8J7G0w
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.mdpi.com%2F1420-3049%2F17%2F7%2F8506%2Fpdf&ei=XyyQVIqGDdbfarSWgMgD&usg=AFQjCNEWVzO1t9PXW4mZSYJgCL5E8J7G0w

Int. ]. Nano Dimens. 6(2): 111-127, Spring 2015

Khodashenas & Ghorbani

Callicarpamaingayi Stem Bark Extraction.
Molecules. 17: 8506-8517.

properties of silver (1) chelation with
glutamic and tartaric acids. J. Antimicrob.

[6] Parveen S., Misra R., Sahoo S. K., (2012), Chemother. 54: 546-548.

Nanoparticles: a boom to drug delivery, [16] Wright G. D., (2005), Bacterial resistance
therapeutics, diagnostics and imaging. to antibiotics: Enzymatic degradation and
Nanomed-Nanotechnol. 8: 147-166. modification. Adv. Drug Deliv. Rev. 57:

[7] Phillips J, Bowen W, Cagin E, Wang W., 1451-1470.

(2011), Electronic and optoelectronic [17] Henglein A., (1989), Small-particle
devices based on semiconducting zinc research physicochemical properties of
oxide. In: Pallab B, Roberto F, Hiroshi., K, extremely small  colloidalmetal and
editors. Comprehensive  Semiconductor semiconductor particles. Chem. Rev. 89:
Science and Technology. Els. Sci. 6: 101- 1861-1873.

127. [18] El-Kheshen A. A., Gad El-Rab S. F.,

[8] Gurunathan S,  Kalishwaralal K., (2012), Effect of reducing and protecting
Vaidyanathan R., Deepak V., Pandian S., agents on size of silver nanoparticles and
Muniyandi J., (2009), purification and their anti-bacterial activity. Der Pharma
characterization of silver nanoparticles Chemica. 4: 53-65.
using Escherichia coli. Colloid. Surf. B. 74: [19] Hung L., Shenghong A., Keng-Yen F.
328-335. Shan-hui  H., (2010), Antibacterial

[9] Sharma V. K., Yngard R. A, Lin Y, properties of silver nanoparticles in three
(2009), Silver nanoparticles:  Green different sizes and their nanocomposites
synthesis  and  their  antimicrobial with a new waterborne polyurethane. 1.J.N.
activitiesm. Adv. Colloid Interfac. 145: 83- 5:1017-1028.

96. [20] Ahmad A., Senapati S., Islam Khan M.,

[10] Jeon H. J., Yi S. C., Oh S. G., (2003), Kumar R., Sastry M., (2003), Extracellular
Preparation and antibacterial effects of Ag- biosynthesis  of  monodisperse  gold
SiO, thin films by sol-gel- method. nanoparticles by a novel
Biomaterials. 24: 4921-4928. extremophilicactinomycete,

[11] Lue J. T., (2001), A review thermomonosporasp. Langmuir.19: 3550-
characterization and physical property 3553.
studies of metallic nanoparticles. Phys. [21] Bansal V., Rautaray D., Bharde A., Ahire
Chem. Solids. 62: 1599-1612. K., Sanyal A., Ahmad A., Sastry M.,

[12] Rai M., Yadav A., Gade A., (2009), Silver (2005), Fungus-mediated biosynthesis of
nanoparticles as anew generation of silica andtitania particles. J. Mater.
antimicrobials. Biotech. Adv. 27: 76-83. Chem.15: 2583-2589.

[13] Hill W. R, (1939), Argyria—The [22] Li S., ShenY., Xie A., Yu X., Qui L.,
Pharmacology of  Silver  Baltimore. Zhang L., Zhang Q., (2007), Green
Williams & Wilkins. 172 pages. synthesis of silver nanoparticles using

[14] Kamat P. V., (2002), Photophysical, Capsicum annuum L. extract. Green Chem.
photochemical and photocatalytic aspects 9: 852-858.
of metal nanoparticles. J. Phys. Chem. B. [23] Ghosh B., Ramamoorthy D., (2010),
106: 7729-7744. Effects of silver nanoparticles on

[15] Batarseh K., (2004), Anomaly and Escherichia coli and it’s implications. Int.
correlation of killing in the therapeutic J. Chem. Sci. 8: 31-40.

120 Submit your manuscript to www.ijnd.ir


http://www.nanomedjournal.com/article/S1549-9634(11)00188-2/pdf
http://www.nanomedjournal.com/article/S1549-9634(11)00188-2/pdf
http://www.nanomedjournal.com/article/S1549-9634(11)00188-2/pdf
http://www.nanomedjournal.com/article/S1549-9634(11)00188-2/pdf
http://sci-hub.org/10.1016/j.colsurfb.2009.07.048
http://sci-hub.org/10.1016/j.colsurfb.2009.07.048
http://sci-hub.org/10.1016/j.colsurfb.2009.07.048
http://sci-hub.org/10.1016/j.colsurfb.2009.07.048
http://sci-hub.org/10.1016/j.colsurfb.2009.07.048
http://sci-hub.org/10.1016/j.colsurfb.2009.07.048
http://www.sciencedirect.com/science/article/pii/S0001868608001449
http://www.sciencedirect.com/science/article/pii/S0001868608001449
http://www.sciencedirect.com/science/article/pii/S0001868608001449
http://www.sciencedirect.com/science/article/pii/S0001868608001449
http://www.sciencedirect.com/science/article/pii/S0001868608001449
http://www.sciencedirect.com/science/article/pii/S0272884211010388
http://www.sciencedirect.com/science/article/pii/S0272884211010388
http://www.sciencedirect.com/science/article/pii/S0272884211010388
http://www.sciencedirect.com/science/article/pii/S0272884211010388
http://www.sciencedirect.com/science/article/pii/S0022369701000993
http://www.sciencedirect.com/science/article/pii/S0022369701000993
http://www.sciencedirect.com/science/article/pii/S0022369701000993
http://www.sciencedirect.com/science/article/pii/S0022369701000993
http://sci-hub.org/10.1016/j.biotechadv.2008.09.002
http://sci-hub.org/10.1016/j.biotechadv.2008.09.002
http://sci-hub.org/10.1016/j.biotechadv.2008.09.002
http://sci-hub.org/10.1002/jps.3030290518
http://sci-hub.org/10.1002/jps.3030290518
http://sci-hub.org/10.1002/jps.3030290518
http://pubs.acs.org/doi/pdf/10.1021/jp0209289
http://pubs.acs.org/doi/pdf/10.1021/jp0209289
http://pubs.acs.org/doi/pdf/10.1021/jp0209289
http://pubs.acs.org/doi/pdf/10.1021/jp0209289
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fjac.oxfordjournals.org%2Fcontent%2F54%2F2%2F546.full.pdf&ei=OxGRVLflGdexaYXmgIgJ&usg=AFQjCNE3TuPJXLEHu-pdO-3GfTlnhKjoJg&sig2=TfkG7dhw6WjrakfTii4GsA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fjac.oxfordjournals.org%2Fcontent%2F54%2F2%2F546.full.pdf&ei=OxGRVLflGdexaYXmgIgJ&usg=AFQjCNE3TuPJXLEHu-pdO-3GfTlnhKjoJg&sig2=TfkG7dhw6WjrakfTii4GsA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fjac.oxfordjournals.org%2Fcontent%2F54%2F2%2F546.full.pdf&ei=OxGRVLflGdexaYXmgIgJ&usg=AFQjCNE3TuPJXLEHu-pdO-3GfTlnhKjoJg&sig2=TfkG7dhw6WjrakfTii4GsA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fjac.oxfordjournals.org%2Fcontent%2F54%2F2%2F546.full.pdf&ei=OxGRVLflGdexaYXmgIgJ&usg=AFQjCNE3TuPJXLEHu-pdO-3GfTlnhKjoJg&sig2=TfkG7dhw6WjrakfTii4GsA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fjac.oxfordjournals.org%2Fcontent%2F54%2F2%2F546.full.pdf&ei=OxGRVLflGdexaYXmgIgJ&usg=AFQjCNE3TuPJXLEHu-pdO-3GfTlnhKjoJg&sig2=TfkG7dhw6WjrakfTii4GsA
http://sci-hub.org/10.1016/j.addr.2005.04.002
http://sci-hub.org/10.1016/j.addr.2005.04.002
http://sci-hub.org/10.1016/j.addr.2005.04.002
http://sci-hub.org/10.1016/j.addr.2005.04.002
http://sci-hub.org/10.1021/cr00098a010
http://sci-hub.org/10.1021/cr00098a010
http://sci-hub.org/10.1021/cr00098a010
http://sci-hub.org/10.1021/cr00098a010
http://sci-hub.org/10.1021/cr00098a010
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fderpharmachemica.com%2Fvol4-iss1%2FDPC-2012-4-1-53-65.pdf&ei=HBWRVI_uNMTmaq_0gKgB&usg=AFQjCNFYMfM__WM_fGg6Ud1nnqWf5xYfxQ&sig2=ui6hOFugKoFUumWStLN78A
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fderpharmachemica.com%2Fvol4-iss1%2FDPC-2012-4-1-53-65.pdf&ei=HBWRVI_uNMTmaq_0gKgB&usg=AFQjCNFYMfM__WM_fGg6Ud1nnqWf5xYfxQ&sig2=ui6hOFugKoFUumWStLN78A
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fderpharmachemica.com%2Fvol4-iss1%2FDPC-2012-4-1-53-65.pdf&ei=HBWRVI_uNMTmaq_0gKgB&usg=AFQjCNFYMfM__WM_fGg6Ud1nnqWf5xYfxQ&sig2=ui6hOFugKoFUumWStLN78A
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fderpharmachemica.com%2Fvol4-iss1%2FDPC-2012-4-1-53-65.pdf&ei=HBWRVI_uNMTmaq_0gKgB&usg=AFQjCNFYMfM__WM_fGg6Ud1nnqWf5xYfxQ&sig2=ui6hOFugKoFUumWStLN78A
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fderpharmachemica.com%2Fvol4-iss1%2FDPC-2012-4-1-53-65.pdf&ei=HBWRVI_uNMTmaq_0gKgB&usg=AFQjCNFYMfM__WM_fGg6Ud1nnqWf5xYfxQ&sig2=ui6hOFugKoFUumWStLN78A
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.dovepress.com%2Fgetfile.php%3FfileID%3D8164&ei=fhWRVLTLDsLcarb3gZgJ&usg=AFQjCNGkJjEfWbBrFYhC_08iIu_3FU9yHQ&sig2=uMDEraz4DyGYwxHB4DH2_g
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.dovepress.com%2Fgetfile.php%3FfileID%3D8164&ei=fhWRVLTLDsLcarb3gZgJ&usg=AFQjCNGkJjEfWbBrFYhC_08iIu_3FU9yHQ&sig2=uMDEraz4DyGYwxHB4DH2_g
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.dovepress.com%2Fgetfile.php%3FfileID%3D8164&ei=fhWRVLTLDsLcarb3gZgJ&usg=AFQjCNGkJjEfWbBrFYhC_08iIu_3FU9yHQ&sig2=uMDEraz4DyGYwxHB4DH2_g
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.dovepress.com%2Fgetfile.php%3FfileID%3D8164&ei=fhWRVLTLDsLcarb3gZgJ&usg=AFQjCNGkJjEfWbBrFYhC_08iIu_3FU9yHQ&sig2=uMDEraz4DyGYwxHB4DH2_g
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.dovepress.com%2Fgetfile.php%3FfileID%3D8164&ei=fhWRVLTLDsLcarb3gZgJ&usg=AFQjCNGkJjEfWbBrFYhC_08iIu_3FU9yHQ&sig2=uMDEraz4DyGYwxHB4DH2_g
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.dovepress.com%2Fgetfile.php%3FfileID%3D8164&ei=fhWRVLTLDsLcarb3gZgJ&usg=AFQjCNGkJjEfWbBrFYhC_08iIu_3FU9yHQ&sig2=uMDEraz4DyGYwxHB4DH2_g
http://sci-hub.org/10.1021/la026772l
http://sci-hub.org/10.1021/la026772l
http://sci-hub.org/10.1021/la026772l
http://sci-hub.org/10.1021/la026772l
http://sci-hub.org/10.1021/la026772l
http://sci-hub.org/10.1021/la026772l
http://sci-hub.org/10.1021/la026772l
http://sci-hub.org/10.1039/B503008K
http://sci-hub.org/10.1039/B503008K
http://sci-hub.org/10.1039/B503008K
http://sci-hub.org/10.1039/B503008K
http://sci-hub.org/10.1039/B503008K
http://sci-hub.org/10.1039/B615357G
http://sci-hub.org/10.1039/B615357G
http://sci-hub.org/10.1039/B615357G
http://sci-hub.org/10.1039/B615357G
http://sci-hub.org/10.1039/B615357G
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCQQFjAA&url=http%3A%2F%2Fwww.sadgurupublications.com%2FContentPaper%2F2010%2F4_Format.pdf&ei=XR-RVMHiItLZasusgYAP&usg=AFQjCNHmzdBFJRtY3vggeSmb090NcZdnhQ&sig2=ebC0uEki7H6tltSxbbH20w
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCQQFjAA&url=http%3A%2F%2Fwww.sadgurupublications.com%2FContentPaper%2F2010%2F4_Format.pdf&ei=XR-RVMHiItLZasusgYAP&usg=AFQjCNHmzdBFJRtY3vggeSmb090NcZdnhQ&sig2=ebC0uEki7H6tltSxbbH20w
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCQQFjAA&url=http%3A%2F%2Fwww.sadgurupublications.com%2FContentPaper%2F2010%2F4_Format.pdf&ei=XR-RVMHiItLZasusgYAP&usg=AFQjCNHmzdBFJRtY3vggeSmb090NcZdnhQ&sig2=ebC0uEki7H6tltSxbbH20w
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCQQFjAA&url=http%3A%2F%2Fwww.sadgurupublications.com%2FContentPaper%2F2010%2F4_Format.pdf&ei=XR-RVMHiItLZasusgYAP&usg=AFQjCNHmzdBFJRtY3vggeSmb090NcZdnhQ&sig2=ebC0uEki7H6tltSxbbH20w

Int. ]. Nano Dimens. 6(2): 111-127, Spring 2015

Khodashenas & Ghorbani

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Gurunathan S., Lee K. J., Kalishwaralal K.,
Sheikpranbabu S., Vaidyanathan R., Eom
S. H., (2009), Antiangiogenic properties of
silver nanoparticles. Biomaterials. 30:
6341-6350.

Safekordi A. A., Attar H., Ghorbani H. R.,
(2011). Optimization of Silver
Nanoparticles Production by E.coli and the
study of reaction Kinetics, International
Conference on Chemical.Ecology and
Environmental Sciences (ICCEES'2011)
Pattaya Dec.

Fayaz A. M., Balgji K., Kalaichelvan P. T.,
Venkatesan R., (2009), Fungal based
synthesis of silver nanoparticles—An
effect of temperature on the size of
particles. Coll. Surf. B. 74: 123-126.
Iravani S., Zolfaghari B., (2013), Green
Synthesis of Silver Nanoparticles Using
Pinuseldarica Bark Extract. Biomed. Res.
Int. 2013: 639725-9.

Bala M., Arya, V., (2013), Biological
synthesis of silver nanoparticles from
aqueous extract of endophytic fungus
Aspergillusfumigatus and its antibacterial
action. Int. J. Nanomater. Biostruc. 3: 37-
41.

Oza G., Pandey S., Shah R., Sharon M.,
(2012), Extracellular Fabrication of Silver
Nanoparticles using Pseudomonas
aeruginosa and its Antimicrobial Assay.
Adv. in Applied Sci. Res. 3:1776-1783.
Pillai Z. S., Kamat P. V., (2004), What
Factors Control the Size and Shape of
Silver Nanoparticles in the Citrate lon
Reduction Method?. J. Phys. Chem. B. 108:
945-951.

Korbekandi H., Iravani S., Abbasi S.,
(2009), Production of nanoparticles using
organisms production of nanoparticles
using organisms. Crit. Rev. in Biotech. 29:
279-306.

Kotthaus S., G'unther B.Haug H. R,
Schafer  H., (1997), Study  of

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

isotropicallyconductive  bondings filled
with aggregates of nano-sized Ag-particles.
IEEE Transac.on Components Packaging
and Manufactur. Tech. A. 20: 15-20.
Klaus-Joerger T., Joerger R., Olsson E.,
GrangvistC., (2001), Bacteria as workers in
the living factory: metal-accumulating
bacteria and their potential for materials
science. Trends in Biotech. 19: 15-20.
Joerger R., Klaus T., Grangvist C. G,
(2000), Biologically Produced Silver—
Carbon  Composite Materials  for
OpticallyFunctional Thin-Film Coatings.
Adv. Mater.12: 407-409.

Kalimuthu K., Babu R. S.,Venkataraman
D., Mohd B., Gurunathan S., (2008),
Biosynthesis of silver nanocrystals by
Bacillus licheniformis.Coll. Surf. B. 65:
150-153.

Lee S. Y., (1996), High cell-density culture
of Escherichia coli. Trends Biotechnol. 14:
98-105.

Shehata T. E., Marr A. G., (1971), Effect of
nutrient concentration on the growth of
Escherichia coli. J. Bacteriol. 107: 210-
216.

Shahverdi A. R., Minaeian S., Shahverdi
H. R., Jamalifar H., Nohi A., (2007), Rapid
synthesis of silver nanoparticles using
culture supernatants of Enterobacteria: A

novel biological approach. Process
Biochem. 42: 919-923.
Anil  Kumar S., Abyaneh M. K,

GosaviSulabha S. W., Ahmad A., Khan
M.l., (2007), Nitrate reductasemediated
synthesis of silver nanoparticles from
AgNO;. Biotechnol. Lett. 29: 439-445.
Deepak V., Kalishwaralal K., Pandian S. R.
K., Gurunathan S., (2011), An Insight into
the Bacterial Biogenesis of Silver
Nanoparticles, Industrial Production and
Scale-up.  Metal  Nanoparticles in
Microbiology Berlin. 17-35.

Submit your manuscript to www.ijnd.ir

121


http://sci-hub.org/10.1016/j.biomaterials.2009.08.008
http://sci-hub.org/10.1016/j.biomaterials.2009.08.008
http://sci-hub.org/10.1016/j.biomaterials.2009.08.008
http://sci-hub.org/10.1016/j.biomaterials.2009.08.008
http://sci-hub.org/10.1016/j.biomaterials.2009.08.008
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fpsrcentre.org%2Fimages%2Fextraimages%2F1211059.pdf&ei=hSCRVMT4G5Tbapm5gIAF&usg=AFQjCNEk3UqJ950O0zv-LE9RO4RbQwaUDg&sig2=Y2LV5pX09PvPxRYZP5-YFg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fpsrcentre.org%2Fimages%2Fextraimages%2F1211059.pdf&ei=hSCRVMT4G5Tbapm5gIAF&usg=AFQjCNEk3UqJ950O0zv-LE9RO4RbQwaUDg&sig2=Y2LV5pX09PvPxRYZP5-YFg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fpsrcentre.org%2Fimages%2Fextraimages%2F1211059.pdf&ei=hSCRVMT4G5Tbapm5gIAF&usg=AFQjCNEk3UqJ950O0zv-LE9RO4RbQwaUDg&sig2=Y2LV5pX09PvPxRYZP5-YFg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fpsrcentre.org%2Fimages%2Fextraimages%2F1211059.pdf&ei=hSCRVMT4G5Tbapm5gIAF&usg=AFQjCNEk3UqJ950O0zv-LE9RO4RbQwaUDg&sig2=Y2LV5pX09PvPxRYZP5-YFg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fpsrcentre.org%2Fimages%2Fextraimages%2F1211059.pdf&ei=hSCRVMT4G5Tbapm5gIAF&usg=AFQjCNEk3UqJ950O0zv-LE9RO4RbQwaUDg&sig2=Y2LV5pX09PvPxRYZP5-YFg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fpsrcentre.org%2Fimages%2Fextraimages%2F1211059.pdf&ei=hSCRVMT4G5Tbapm5gIAF&usg=AFQjCNEk3UqJ950O0zv-LE9RO4RbQwaUDg&sig2=Y2LV5pX09PvPxRYZP5-YFg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fpsrcentre.org%2Fimages%2Fextraimages%2F1211059.pdf&ei=hSCRVMT4G5Tbapm5gIAF&usg=AFQjCNEk3UqJ950O0zv-LE9RO4RbQwaUDg&sig2=Y2LV5pX09PvPxRYZP5-YFg
http://sci-hub.org/10.1016/j.colsurfb.2009.07.002
http://sci-hub.org/10.1016/j.colsurfb.2009.07.002
http://sci-hub.org/10.1016/j.colsurfb.2009.07.002
http://sci-hub.org/10.1016/j.colsurfb.2009.07.002
http://sci-hub.org/10.1016/j.colsurfb.2009.07.002
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCgQFjAB&url=http%3A%2F%2Fdownloads.hindawi.com%2Fjournals%2Fbmri%2F2013%2F639725.pdf&ei=SCGRVIiCJonYapG2gcAD&usg=AFQjCNGl_-8yFfjLj5CLqgasr9GlfEx8gQ&sig2=0lk3Z0_jMEyZK4-U_5gWmg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCgQFjAB&url=http%3A%2F%2Fdownloads.hindawi.com%2Fjournals%2Fbmri%2F2013%2F639725.pdf&ei=SCGRVIiCJonYapG2gcAD&usg=AFQjCNGl_-8yFfjLj5CLqgasr9GlfEx8gQ&sig2=0lk3Z0_jMEyZK4-U_5gWmg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCgQFjAB&url=http%3A%2F%2Fdownloads.hindawi.com%2Fjournals%2Fbmri%2F2013%2F639725.pdf&ei=SCGRVIiCJonYapG2gcAD&usg=AFQjCNGl_-8yFfjLj5CLqgasr9GlfEx8gQ&sig2=0lk3Z0_jMEyZK4-U_5gWmg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCgQFjAB&url=http%3A%2F%2Fdownloads.hindawi.com%2Fjournals%2Fbmri%2F2013%2F639725.pdf&ei=SCGRVIiCJonYapG2gcAD&usg=AFQjCNGl_-8yFfjLj5CLqgasr9GlfEx8gQ&sig2=0lk3Z0_jMEyZK4-U_5gWmg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCUQFjAB&url=http%3A%2F%2Furpjournals.com%2Ftocjnls%2F20_13v3i2_3.pdf&ei=3SGRVJLsE8rfaP_vgKgC&usg=AFQjCNEx6O6eLlz8QgbZ7KYwU2t_YhNnQA&sig2=iVZiD2rYpRibYikzdZASNA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCUQFjAB&url=http%3A%2F%2Furpjournals.com%2Ftocjnls%2F20_13v3i2_3.pdf&ei=3SGRVJLsE8rfaP_vgKgC&usg=AFQjCNEx6O6eLlz8QgbZ7KYwU2t_YhNnQA&sig2=iVZiD2rYpRibYikzdZASNA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCUQFjAB&url=http%3A%2F%2Furpjournals.com%2Ftocjnls%2F20_13v3i2_3.pdf&ei=3SGRVJLsE8rfaP_vgKgC&usg=AFQjCNEx6O6eLlz8QgbZ7KYwU2t_YhNnQA&sig2=iVZiD2rYpRibYikzdZASNA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCUQFjAB&url=http%3A%2F%2Furpjournals.com%2Ftocjnls%2F20_13v3i2_3.pdf&ei=3SGRVJLsE8rfaP_vgKgC&usg=AFQjCNEx6O6eLlz8QgbZ7KYwU2t_YhNnQA&sig2=iVZiD2rYpRibYikzdZASNA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCUQFjAB&url=http%3A%2F%2Furpjournals.com%2Ftocjnls%2F20_13v3i2_3.pdf&ei=3SGRVJLsE8rfaP_vgKgC&usg=AFQjCNEx6O6eLlz8QgbZ7KYwU2t_YhNnQA&sig2=iVZiD2rYpRibYikzdZASNA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCUQFjAB&url=http%3A%2F%2Furpjournals.com%2Ftocjnls%2F20_13v3i2_3.pdf&ei=3SGRVJLsE8rfaP_vgKgC&usg=AFQjCNEx6O6eLlz8QgbZ7KYwU2t_YhNnQA&sig2=iVZiD2rYpRibYikzdZASNA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F230707314_Extracellular_Fabrication_of_Silver_Nanoparticles_using_Pseudomonas_aeruginosa_and_its_Antimicrobial_Assay%2Flinks%2F0912f50348c53f0b10000000&ei=GSKRVMmRFYbXaszwgsAD&usg=AFQjCNEPYhbND3jefsZw1nVDJBOJrjGLHg&sig2=rBQ8lK6fmJU3CJktdWMIWg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F230707314_Extracellular_Fabrication_of_Silver_Nanoparticles_using_Pseudomonas_aeruginosa_and_its_Antimicrobial_Assay%2Flinks%2F0912f50348c53f0b10000000&ei=GSKRVMmRFYbXaszwgsAD&usg=AFQjCNEPYhbND3jefsZw1nVDJBOJrjGLHg&sig2=rBQ8lK6fmJU3CJktdWMIWg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F230707314_Extracellular_Fabrication_of_Silver_Nanoparticles_using_Pseudomonas_aeruginosa_and_its_Antimicrobial_Assay%2Flinks%2F0912f50348c53f0b10000000&ei=GSKRVMmRFYbXaszwgsAD&usg=AFQjCNEPYhbND3jefsZw1nVDJBOJrjGLHg&sig2=rBQ8lK6fmJU3CJktdWMIWg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F230707314_Extracellular_Fabrication_of_Silver_Nanoparticles_using_Pseudomonas_aeruginosa_and_its_Antimicrobial_Assay%2Flinks%2F0912f50348c53f0b10000000&ei=GSKRVMmRFYbXaszwgsAD&usg=AFQjCNEPYhbND3jefsZw1nVDJBOJrjGLHg&sig2=rBQ8lK6fmJU3CJktdWMIWg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F230707314_Extracellular_Fabrication_of_Silver_Nanoparticles_using_Pseudomonas_aeruginosa_and_its_Antimicrobial_Assay%2Flinks%2F0912f50348c53f0b10000000&ei=GSKRVMmRFYbXaszwgsAD&usg=AFQjCNEPYhbND3jefsZw1nVDJBOJrjGLHg&sig2=rBQ8lK6fmJU3CJktdWMIWg
http://sci-hub.org/10.1021/jp037018r
http://sci-hub.org/10.1021/jp037018r
http://sci-hub.org/10.1021/jp037018r
http://sci-hub.org/10.1021/jp037018r
http://sci-hub.org/10.1021/jp037018r
http://sci-hub.org/10.3109/07388550903062462
http://sci-hub.org/10.3109/07388550903062462
http://sci-hub.org/10.3109/07388550903062462
http://sci-hub.org/10.3109/07388550903062462
http://sci-hub.org/10.3109/07388550903062462
http://sci-hub.org/10.1109/95.558539
http://sci-hub.org/10.1109/95.558539
http://sci-hub.org/10.1109/95.558539
http://sci-hub.org/10.1109/95.558539
http://sci-hub.org/10.1109/95.558539
http://sci-hub.org/10.1109/95.558539
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Fpdf%2FS0167-7799%252800%252901514-6.pdf&ei=miORVNfMNdjVarXkgbAM&usg=AFQjCNHJOACw-MY32eR6RpiEX3uGn9RY9g&sig2=-f-4n1bXDrOcSeQO3JhhTw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Fpdf%2FS0167-7799%252800%252901514-6.pdf&ei=miORVNfMNdjVarXkgbAM&usg=AFQjCNHJOACw-MY32eR6RpiEX3uGn9RY9g&sig2=-f-4n1bXDrOcSeQO3JhhTw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Fpdf%2FS0167-7799%252800%252901514-6.pdf&ei=miORVNfMNdjVarXkgbAM&usg=AFQjCNHJOACw-MY32eR6RpiEX3uGn9RY9g&sig2=-f-4n1bXDrOcSeQO3JhhTw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Fpdf%2FS0167-7799%252800%252901514-6.pdf&ei=miORVNfMNdjVarXkgbAM&usg=AFQjCNHJOACw-MY32eR6RpiEX3uGn9RY9g&sig2=-f-4n1bXDrOcSeQO3JhhTw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Fpdf%2FS0167-7799%252800%252901514-6.pdf&ei=miORVNfMNdjVarXkgbAM&usg=AFQjCNHJOACw-MY32eR6RpiEX3uGn9RY9g&sig2=-f-4n1bXDrOcSeQO3JhhTw
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-4095(200003)12:6%3C407::AID-ADMA407%3E3.0.CO;2-O/pdf
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-4095(200003)12:6%3C407::AID-ADMA407%3E3.0.CO;2-O/pdf
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-4095(200003)12:6%3C407::AID-ADMA407%3E3.0.CO;2-O/pdf
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-4095(200003)12:6%3C407::AID-ADMA407%3E3.0.CO;2-O/pdf
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-4095(200003)12:6%3C407::AID-ADMA407%3E3.0.CO;2-O/pdf
sci-hub.org/10.1016/j.colsurfb.2008.02.018
sci-hub.org/10.1016/j.colsurfb.2008.02.018
sci-hub.org/10.1016/j.colsurfb.2008.02.018
sci-hub.org/10.1016/j.colsurfb.2008.02.018
sci-hub.org/10.1016/j.colsurfb.2008.02.018
sci-hub.org/10.1016/0167-7799(96)80930-9
sci-hub.org/10.1016/0167-7799(96)80930-9
sci-hub.org/10.1016/0167-7799(96)80930-9
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCQQFjAA&url=http%3A%2F%2Fjb.asm.org%2Fcontent%2F107%2F1%2F210.full.pdf&ei=bCWRVLDxCsnYarTrgMAP&usg=AFQjCNE7_ow8YHnsn7-8WAliHbg_jymi0w&sig2=Tb_gTVgQZF4SegvsUUPFHQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCQQFjAA&url=http%3A%2F%2Fjb.asm.org%2Fcontent%2F107%2F1%2F210.full.pdf&ei=bCWRVLDxCsnYarTrgMAP&usg=AFQjCNE7_ow8YHnsn7-8WAliHbg_jymi0w&sig2=Tb_gTVgQZF4SegvsUUPFHQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCQQFjAA&url=http%3A%2F%2Fjb.asm.org%2Fcontent%2F107%2F1%2F210.full.pdf&ei=bCWRVLDxCsnYarTrgMAP&usg=AFQjCNE7_ow8YHnsn7-8WAliHbg_jymi0w&sig2=Tb_gTVgQZF4SegvsUUPFHQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCQQFjAA&url=http%3A%2F%2Fjb.asm.org%2Fcontent%2F107%2F1%2F210.full.pdf&ei=bCWRVLDxCsnYarTrgMAP&usg=AFQjCNE7_ow8YHnsn7-8WAliHbg_jymi0w&sig2=Tb_gTVgQZF4SegvsUUPFHQ
sci-hub.org/10.1016/j.procbio.2007.02.005
sci-hub.org/10.1016/j.procbio.2007.02.005
sci-hub.org/10.1016/j.procbio.2007.02.005
sci-hub.org/10.1016/j.procbio.2007.02.005
sci-hub.org/10.1016/j.procbio.2007.02.005
sci-hub.org/10.1016/j.procbio.2007.02.005
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%252Fs10529-006-9256-7&ei=ASaRVLy2HcK0aZGcgIgK&usg=AFQjCNEZpNkukyzaJ4UxEHKapVXo3AazFg&sig2=7BYQjPdYmYdJ0DS6p6_iaQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%252Fs10529-006-9256-7&ei=ASaRVLy2HcK0aZGcgIgK&usg=AFQjCNEZpNkukyzaJ4UxEHKapVXo3AazFg&sig2=7BYQjPdYmYdJ0DS6p6_iaQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%252Fs10529-006-9256-7&ei=ASaRVLy2HcK0aZGcgIgK&usg=AFQjCNEZpNkukyzaJ4UxEHKapVXo3AazFg&sig2=7BYQjPdYmYdJ0DS6p6_iaQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%252Fs10529-006-9256-7&ei=ASaRVLy2HcK0aZGcgIgK&usg=AFQjCNEZpNkukyzaJ4UxEHKapVXo3AazFg&sig2=7BYQjPdYmYdJ0DS6p6_iaQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%252Fs10529-006-9256-7&ei=ASaRVLy2HcK0aZGcgIgK&usg=AFQjCNEZpNkukyzaJ4UxEHKapVXo3AazFg&sig2=7BYQjPdYmYdJ0DS6p6_iaQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783642183119-c1.pdf%3FSGWID%3D0-0-45-1108344-p174097958&ei=USaRVIXtMo_XaurcgogD&usg=AFQjCNG272059rFVGvPm3vYot0HLkPbwcw&sig2=pOyDCj3923gKf4iadMiwaA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783642183119-c1.pdf%3FSGWID%3D0-0-45-1108344-p174097958&ei=USaRVIXtMo_XaurcgogD&usg=AFQjCNG272059rFVGvPm3vYot0HLkPbwcw&sig2=pOyDCj3923gKf4iadMiwaA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783642183119-c1.pdf%3FSGWID%3D0-0-45-1108344-p174097958&ei=USaRVIXtMo_XaurcgogD&usg=AFQjCNG272059rFVGvPm3vYot0HLkPbwcw&sig2=pOyDCj3923gKf4iadMiwaA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783642183119-c1.pdf%3FSGWID%3D0-0-45-1108344-p174097958&ei=USaRVIXtMo_XaurcgogD&usg=AFQjCNG272059rFVGvPm3vYot0HLkPbwcw&sig2=pOyDCj3923gKf4iadMiwaA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783642183119-c1.pdf%3FSGWID%3D0-0-45-1108344-p174097958&ei=USaRVIXtMo_XaurcgogD&usg=AFQjCNG272059rFVGvPm3vYot0HLkPbwcw&sig2=pOyDCj3923gKf4iadMiwaA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783642183119-c1.pdf%3FSGWID%3D0-0-45-1108344-p174097958&ei=USaRVIXtMo_XaurcgogD&usg=AFQjCNG272059rFVGvPm3vYot0HLkPbwcw&sig2=pOyDCj3923gKf4iadMiwaA

Int. ]. Nano Dimens. 6(2): 111-127, Spring 2015

Khodashenas & Ghorbani

[41] FuJ. K., Zhang W. D., Liu Y. Y., Lin Z. Salmonella typhirium. Arab. J. Chem. In
Y., Yao B. X, Weng S. Z., (1999), Press.
Characterization of adsorption and [49] Ranganath E., Vandana R., Banu A,
reduction of noble metal ions by bacteria. (2012), Biosynthesis of Silver
Chin. J. Chem. Univ. 20: 1452-1454. Nanoparticles By Lactobacillus Sps& Its
[42] Kalishwaralal K., Deepak V., Activity Against Pseudomonas
Ramkumarpandian ~S., Nellaiah H,, Auerogenosa. Asian J. Biochem. Pharm.
Sangiliyandi G, (2008), Res. 2: 49-55.
Extracellularbiosynthesis of silver [50] Seshadri S., Prakash A., Kowshik M.,
nanoparticles by culture supernatant of (2012), Biosynthesis  of  silver
bacillus licheniformis. Mater. Lett. 62: nanoparticles by marine  bacterium,
4411-4413. Idiomarina sp. PR58-8. Bull. Mater. Sci.
[43] Zhang H., Li Q., Lu Y., Sun D., Lin X,, 35:1201-1205.
Deng X., (2005), Biosorption and [51] Arun P., Shanmugaraju V., Renga
bioreduction of diamine silver complex by Ramanujam J., SenthilPrabhu S., Kumaran
Corynebacterium. J  Chem. Technol. E., (2013), Biosynthesis of Silver
Biotechnol. 80: 285-290. Nanoparticles from Corynebacterium sp.
[44] Saifuddin N., Wong C. W., Nuryasumira and its antimicrobial activity. Int. J. Curr.
A. A., (2009), Rapid biosynthesis of silver Microbiol. App. Sci. 2: 57-64.
nanoparticles using culture supernatant of [52] Mubarak Ali D., Sasikala M., Gunasekaran
bacteria with microwave irradiation. Eur. J. M., Thajuddin N., (2011), Biosynthesis
Chem. 6: 61-70. and charachterization of silver
[45] Parikh R. Y., Singh S., Prasad B. L., Patole nanoparticles using MARINE
M. S., Sastry M., Shouche Y. S., (2008), cyanobacterium Oscillatoriawillei
Extracellular synthesis of crystalline silver NTDMOL. Digest  J. Nanomater.
nanoparticles and molecular evidence of Biostructures. 6: 415 — 420.
silver resistance from Morganella. sp.: [53] Mahdieha M., Zolanvari A., Azimeea A.
Towards  understanding  biochemical S., Mahdieh M., (2012), Green
synthesis mechanism. Chembiochem. 9: biosynthesis of silver nanoparticles by
1415-1422. Spirulinaplatensis. Scientia. Iranica. .19:
[46] Samadi N., Golkaran D., Eslamifar A., 926-929.
Jamalifar H., Fazeli M. R., Mohseni F. A., [54] Lakshmi Das V., Thomas R., Varghese R.
(2009), Intra/extracellular biosynthesis of T., Soniya E. V. Mathew ],
silver nanoparticles by an autochthonous Radhakrishnan E. K., (2014), Extracellular
strain of Proteus mirabilis isolated from synthesis of silver nanoparticles by the
photographic waste. J. Biomed. Bacillus strain CS 11 isolated from
Nanotechnol. 5: 247-253. industrialized area. Biotech. 4: 121-126.
[47] Nanda A., Saravanan M., (2009), [55] He S., Zhang Y., Guo Z., Gu N., (2008),
Biosynthesis of silver nanoparticles from Biological Synthesis of Gold Nanowires
Staphylococcus aureus and its Using Extract of Rhodopseudomonas
antimicrobial activity against MRSA and capsulate. Biotechnol. Prog. 24: 476-480.
MRSE. Nanomedicine. 5: 452—-456. [56] Hong L., Li Q., Lin H., Li Y., (2009),
[48] Ghorbani H. R., (2013), Biosynthesis of Synthesis of flower-like silver
nanosilver particles using extract of
122 Submit your manuscript to www.ijnd.ir


http://epub.cnki.net/grid2008/docdown/docdownload.aspx?filename=GDXH199909029&dbcode=CJFD&year=1999&dflag=pdfdown
http://epub.cnki.net/grid2008/docdown/docdownload.aspx?filename=GDXH199909029&dbcode=CJFD&year=1999&dflag=pdfdown
http://epub.cnki.net/grid2008/docdown/docdownload.aspx?filename=GDXH199909029&dbcode=CJFD&year=1999&dflag=pdfdown
http://epub.cnki.net/grid2008/docdown/docdownload.aspx?filename=GDXH199909029&dbcode=CJFD&year=1999&dflag=pdfdown
http://epub.cnki.net/grid2008/docdown/docdownload.aspx?filename=GDXH199909029&dbcode=CJFD&year=1999&dflag=pdfdown
sci-hub.org/10.1016/j.matlet.2008.06.051
sci-hub.org/10.1016/j.matlet.2008.06.051
sci-hub.org/10.1016/j.matlet.2008.06.051
sci-hub.org/10.1016/j.matlet.2008.06.051
sci-hub.org/10.1016/j.matlet.2008.06.051
sci-hub.org/10.1016/j.matlet.2008.06.051
sci-hub.org/10.1016/j.matlet.2008.06.051
http://onlinelibrary.wiley.com/doi/10.1002/jctb.1191/pdf
http://onlinelibrary.wiley.com/doi/10.1002/jctb.1191/pdf
http://onlinelibrary.wiley.com/doi/10.1002/jctb.1191/pdf
http://onlinelibrary.wiley.com/doi/10.1002/jctb.1191/pdf
http://onlinelibrary.wiley.com/doi/10.1002/jctb.1191/pdf
http://downloads.hindawi.com/journals/jchem/2009/734264.pdf
http://downloads.hindawi.com/journals/jchem/2009/734264.pdf
http://downloads.hindawi.com/journals/jchem/2009/734264.pdf
http://downloads.hindawi.com/journals/jchem/2009/734264.pdf
http://downloads.hindawi.com/journals/jchem/2009/734264.pdf
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200700592/pdf
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200700592/pdf
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200700592/pdf
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200700592/pdf
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200700592/pdf
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200700592/pdf
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200700592/pdf
http://onlinelibrary.wiley.com/doi/10.1002/cbic.200700592/pdf
sci-hub.org/10.1166/jbn.2009.1029
sci-hub.org/10.1166/jbn.2009.1029
sci-hub.org/10.1166/jbn.2009.1029
sci-hub.org/10.1166/jbn.2009.1029
sci-hub.org/10.1166/jbn.2009.1029
sci-hub.org/10.1166/jbn.2009.1029
sci-hub.org/10.1166/jbn.2009.1029
sci-hub.org/10.1016/j.nano.2009.01.012
sci-hub.org/10.1016/j.nano.2009.01.012
sci-hub.org/10.1016/j.nano.2009.01.012
sci-hub.org/10.1016/j.nano.2009.01.012
sci-hub.org/10.1016/j.nano.2009.01.012
10.1016/j.arabjc.2013.06.017
10.1016/j.arabjc.2013.06.017
10.1016/j.arabjc.2013.06.017
10.1016/j.arabjc.2013.06.017
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.ajbpr.com%2Fissues%2Fvolume2%2Fissue3%2FFINAL%25207.pdf&ei=vymRVLbyE4zgaNDZgpAH&usg=AFQjCNHUkNl2tFj_KeuOKvMECEK-rfG5Dw&sig2=gDEpuUiXzrXj7_NOvK-LQg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.ajbpr.com%2Fissues%2Fvolume2%2Fissue3%2FFINAL%25207.pdf&ei=vymRVLbyE4zgaNDZgpAH&usg=AFQjCNHUkNl2tFj_KeuOKvMECEK-rfG5Dw&sig2=gDEpuUiXzrXj7_NOvK-LQg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.ajbpr.com%2Fissues%2Fvolume2%2Fissue3%2FFINAL%25207.pdf&ei=vymRVLbyE4zgaNDZgpAH&usg=AFQjCNHUkNl2tFj_KeuOKvMECEK-rfG5Dw&sig2=gDEpuUiXzrXj7_NOvK-LQg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.ajbpr.com%2Fissues%2Fvolume2%2Fissue3%2FFINAL%25207.pdf&ei=vymRVLbyE4zgaNDZgpAH&usg=AFQjCNHUkNl2tFj_KeuOKvMECEK-rfG5Dw&sig2=gDEpuUiXzrXj7_NOvK-LQg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.ajbpr.com%2Fissues%2Fvolume2%2Fissue3%2FFINAL%25207.pdf&ei=vymRVLbyE4zgaNDZgpAH&usg=AFQjCNHUkNl2tFj_KeuOKvMECEK-rfG5Dw&sig2=gDEpuUiXzrXj7_NOvK-LQg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.ajbpr.com%2Fissues%2Fvolume2%2Fissue3%2FFINAL%25207.pdf&ei=vymRVLbyE4zgaNDZgpAH&usg=AFQjCNHUkNl2tFj_KeuOKvMECEK-rfG5Dw&sig2=gDEpuUiXzrXj7_NOvK-LQg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.ias.ac.in%2Fmatersci%2Fbmsdecember2012%2F1201.pdf&ei=DSqRVJieAsneaKSDgrAB&usg=AFQjCNGxopoKgqR_Fe7JOYPMqawx9p4WUQ&sig2=dY89vtZcPleDwCvArm01vw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.ias.ac.in%2Fmatersci%2Fbmsdecember2012%2F1201.pdf&ei=DSqRVJieAsneaKSDgrAB&usg=AFQjCNGxopoKgqR_Fe7JOYPMqawx9p4WUQ&sig2=dY89vtZcPleDwCvArm01vw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.ias.ac.in%2Fmatersci%2Fbmsdecember2012%2F1201.pdf&ei=DSqRVJieAsneaKSDgrAB&usg=AFQjCNGxopoKgqR_Fe7JOYPMqawx9p4WUQ&sig2=dY89vtZcPleDwCvArm01vw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.ias.ac.in%2Fmatersci%2Fbmsdecember2012%2F1201.pdf&ei=DSqRVJieAsneaKSDgrAB&usg=AFQjCNGxopoKgqR_Fe7JOYPMqawx9p4WUQ&sig2=dY89vtZcPleDwCvArm01vw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.ias.ac.in%2Fmatersci%2Fbmsdecember2012%2F1201.pdf&ei=DSqRVJieAsneaKSDgrAB&usg=AFQjCNGxopoKgqR_Fe7JOYPMqawx9p4WUQ&sig2=dY89vtZcPleDwCvArm01vw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.ijcmas.com%2FArchives%2Fvol-2-3%2FP.Arun%2520etal.pdf&ei=OiqRVPe0CJb5apG9gIgJ&usg=AFQjCNH-31Aq6Iw3P2embbeQB8zZ8iqvpQ&sig2=wyQyAnjEHYwm3BBdAUDsvg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.ijcmas.com%2FArchives%2Fvol-2-3%2FP.Arun%2520etal.pdf&ei=OiqRVPe0CJb5apG9gIgJ&usg=AFQjCNH-31Aq6Iw3P2embbeQB8zZ8iqvpQ&sig2=wyQyAnjEHYwm3BBdAUDsvg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.ijcmas.com%2FArchives%2Fvol-2-3%2FP.Arun%2520etal.pdf&ei=OiqRVPe0CJb5apG9gIgJ&usg=AFQjCNH-31Aq6Iw3P2embbeQB8zZ8iqvpQ&sig2=wyQyAnjEHYwm3BBdAUDsvg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.ijcmas.com%2FArchives%2Fvol-2-3%2FP.Arun%2520etal.pdf&ei=OiqRVPe0CJb5apG9gIgJ&usg=AFQjCNH-31Aq6Iw3P2embbeQB8zZ8iqvpQ&sig2=wyQyAnjEHYwm3BBdAUDsvg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.ijcmas.com%2FArchives%2Fvol-2-3%2FP.Arun%2520etal.pdf&ei=OiqRVPe0CJb5apG9gIgJ&usg=AFQjCNH-31Aq6Iw3P2embbeQB8zZ8iqvpQ&sig2=wyQyAnjEHYwm3BBdAUDsvg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.ijcmas.com%2FArchives%2Fvol-2-3%2FP.Arun%2520etal.pdf&ei=OiqRVPe0CJb5apG9gIgJ&usg=AFQjCNH-31Aq6Iw3P2embbeQB8zZ8iqvpQ&sig2=wyQyAnjEHYwm3BBdAUDsvg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fchalcogen.ro%2F385_Mubarak.pdf&ei=eCqRVPWDJ4riaOu_gqgD&usg=AFQjCNECpNFrpeGgn4fszvzd__KnWpD2PA&sig2=YXiiZUryBj79hUpZzCqpAQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fchalcogen.ro%2F385_Mubarak.pdf&ei=eCqRVPWDJ4riaOu_gqgD&usg=AFQjCNECpNFrpeGgn4fszvzd__KnWpD2PA&sig2=YXiiZUryBj79hUpZzCqpAQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fchalcogen.ro%2F385_Mubarak.pdf&ei=eCqRVPWDJ4riaOu_gqgD&usg=AFQjCNECpNFrpeGgn4fszvzd__KnWpD2PA&sig2=YXiiZUryBj79hUpZzCqpAQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fchalcogen.ro%2F385_Mubarak.pdf&ei=eCqRVPWDJ4riaOu_gqgD&usg=AFQjCNECpNFrpeGgn4fszvzd__KnWpD2PA&sig2=YXiiZUryBj79hUpZzCqpAQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fchalcogen.ro%2F385_Mubarak.pdf&ei=eCqRVPWDJ4riaOu_gqgD&usg=AFQjCNECpNFrpeGgn4fszvzd__KnWpD2PA&sig2=YXiiZUryBj79hUpZzCqpAQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fchalcogen.ro%2F385_Mubarak.pdf&ei=eCqRVPWDJ4riaOu_gqgD&usg=AFQjCNECpNFrpeGgn4fszvzd__KnWpD2PA&sig2=YXiiZUryBj79hUpZzCqpAQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fchalcogen.ro%2F385_Mubarak.pdf&ei=eCqRVPWDJ4riaOu_gqgD&usg=AFQjCNECpNFrpeGgn4fszvzd__KnWpD2PA&sig2=YXiiZUryBj79hUpZzCqpAQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%3A%2F%2Fyadda.icm.edu.pl%2Fyadda%2Felement%2Fbwmeta1.element.elsevier-eb74dd9f-5e66-3ac5-a30b-17f2b1dc4242&ei=qCqRVIWJH5DdaK33gaAK&usg=AFQjCNFDenYdThkYhZPy5Tgxmin-SQYbgg&sig2=mzriWlSrH4SoaiDHYoQUbg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%3A%2F%2Fyadda.icm.edu.pl%2Fyadda%2Felement%2Fbwmeta1.element.elsevier-eb74dd9f-5e66-3ac5-a30b-17f2b1dc4242&ei=qCqRVIWJH5DdaK33gaAK&usg=AFQjCNFDenYdThkYhZPy5Tgxmin-SQYbgg&sig2=mzriWlSrH4SoaiDHYoQUbg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%3A%2F%2Fyadda.icm.edu.pl%2Fyadda%2Felement%2Fbwmeta1.element.elsevier-eb74dd9f-5e66-3ac5-a30b-17f2b1dc4242&ei=qCqRVIWJH5DdaK33gaAK&usg=AFQjCNFDenYdThkYhZPy5Tgxmin-SQYbgg&sig2=mzriWlSrH4SoaiDHYoQUbg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%3A%2F%2Fyadda.icm.edu.pl%2Fyadda%2Felement%2Fbwmeta1.element.elsevier-eb74dd9f-5e66-3ac5-a30b-17f2b1dc4242&ei=qCqRVIWJH5DdaK33gaAK&usg=AFQjCNFDenYdThkYhZPy5Tgxmin-SQYbgg&sig2=mzriWlSrH4SoaiDHYoQUbg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%3A%2F%2Fyadda.icm.edu.pl%2Fyadda%2Felement%2Fbwmeta1.element.elsevier-eb74dd9f-5e66-3ac5-a30b-17f2b1dc4242&ei=qCqRVIWJH5DdaK33gaAK&usg=AFQjCNFDenYdThkYhZPy5Tgxmin-SQYbgg&sig2=mzriWlSrH4SoaiDHYoQUbg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Flink.springer.com%2Fcontent%2Fpdf%2F10.1007%252Fs13205-013-0130-8.pdf&ei=ASuRVJ-CHoTnaKr9gaAG&usg=AFQjCNHVMe2H8lGZKxjYrFiSEBrt77NWsA&sig2=H7Jjv3uecmvKqKJyC9kbIg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Flink.springer.com%2Fcontent%2Fpdf%2F10.1007%252Fs13205-013-0130-8.pdf&ei=ASuRVJ-CHoTnaKr9gaAG&usg=AFQjCNHVMe2H8lGZKxjYrFiSEBrt77NWsA&sig2=H7Jjv3uecmvKqKJyC9kbIg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Flink.springer.com%2Fcontent%2Fpdf%2F10.1007%252Fs13205-013-0130-8.pdf&ei=ASuRVJ-CHoTnaKr9gaAG&usg=AFQjCNHVMe2H8lGZKxjYrFiSEBrt77NWsA&sig2=H7Jjv3uecmvKqKJyC9kbIg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Flink.springer.com%2Fcontent%2Fpdf%2F10.1007%252Fs13205-013-0130-8.pdf&ei=ASuRVJ-CHoTnaKr9gaAG&usg=AFQjCNHVMe2H8lGZKxjYrFiSEBrt77NWsA&sig2=H7Jjv3uecmvKqKJyC9kbIg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Flink.springer.com%2Fcontent%2Fpdf%2F10.1007%252Fs13205-013-0130-8.pdf&ei=ASuRVJ-CHoTnaKr9gaAG&usg=AFQjCNHVMe2H8lGZKxjYrFiSEBrt77NWsA&sig2=H7Jjv3uecmvKqKJyC9kbIg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Flink.springer.com%2Fcontent%2Fpdf%2F10.1007%252Fs13205-013-0130-8.pdf&ei=ASuRVJ-CHoTnaKr9gaAG&usg=AFQjCNHVMe2H8lGZKxjYrFiSEBrt77NWsA&sig2=H7Jjv3uecmvKqKJyC9kbIg
http://onlinelibrary.wiley.com/doi/10.1021/bp0703174/pdf
http://onlinelibrary.wiley.com/doi/10.1021/bp0703174/pdf
http://onlinelibrary.wiley.com/doi/10.1021/bp0703174/pdf
http://onlinelibrary.wiley.com/doi/10.1021/bp0703174/pdf

Int. ]. Nano Dimens. 6(2): 111-127, Spring 2015

Khodashenas & Ghorbani

[57]

[58]

[59]

[60]

[61]

[62]

[63]

nanoarchitectures at room temperature.
Mater. Res. Bull. 44: 1201-1204.

Durdn N., Marcato P. D., Alves O. L.,
DeSouza G. L. H., Esposito E., (2005),
Mechanistic aspects of biosynthesis of
silver nanoparticles by several
Fusariumoxysporum strains. J.
Nanobiotechnol. 3: 8-11.

Durdn N., Marcato P. D., Alves O. L.,
DeSouza G. L. H., Esposito E., (2007),
Antibacterial Effect of Silver Nanoparticles
Produced by fungal process on textile
fabrics and their effluent treatment. J.
Biomed. Nanotechnol. 3: 203-208.

Bhainsa K. C., D’Souza S. F., (2006),
Extracellular  Biosynthesis  of  Silver
Nanoparticles using the Fungus Aspergillus
Fumigatus. Colloid Surf. B .47: 160-164.
Mukherjee P., Ahmad A., Mandal D.,
Senapati S., Sainkar S. R., Khan M. L.,
Parishcha R., Ajaykumar P. V., Alam M.,
Kumar R., Sastry M., (2001), Fungus-
mediated synthesis of silver nanoparticles
and their immobilization in the mycelial
matrix: A novel biological approach to
nanoparticle synthesis. Nano Lett. 1. 515-
519.

Vigneshwaran N., Kathe A. A.,Varadarajan
P. V., Nachane P. R., Balasubramanya R.

H., (2006), Biomimetics of silver
nanoparticles by white rot fungus,
Phaenerochaetechrysosporium.  Colloids

Surf. B. 53: 55-59.

Vigneshwaran ~ N.,  Ashtaputre  N.
M. Varadarajan P. V., Nachane R. P,
Paralikar K. M., Balasubramanya R. H.,
(2007), Biological synthesis of silver
nanoparticles using the fungus
Aspergillusflavus. Mater Lett. 66: 1413—
1418.

Balaji D. S., Basavaraja S., Bedre Mahesh
D., Prabhakar B. K., Venkataraman A.,

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

strains of Cladosporiumcladosporioides.
Colloids Surf. B. 68: 88-92.

Basavaraja S., Balaji S. D., Lagashetty A.,
Rajasab A. H., Venkataraman A., (2008),
Extracellular ~ biosynthesis  of  silver
nanoparticles using the fungus
Fusariumsemitectum. Mater Res Bull. 43:
1164-1170.

Fayaz M., Tiwary C. S., Kalaichelvan P.
T., Venkatesan R., (2010), Blue orange
light emission from biogenic synthesized
silver nanoparticles using
Trichodermaviride. Colloids Surf. B. 75:
175-178.

Kathiresan K., Manivannan S., Nabeel M.
A., Dhivya B., (2009), Studies on silver
nanoparticles synthesized by a marine
fungus, Penicilliumfellutanum isolated
from coastal mangrove sediment. Colloids
Surf. B. 71: 133-137.

Gade A., Ingle A., Bawaskar M., Rai M.,
(2009), Fusariumsolani: A novel biological
agent for the extracellular synthesis of
silver nanoparticles. J. Nanopart. Res.11:
2079-2085.

Ingle A. P., Gade A. K., Pierrat S,
Sonnichsen C., Rai M. K., (2008),
Mycosynthesis of silver nanoparticles
using the fungus Fusariumacuminatum and
its activity against some human pathogenic
bacteria. Curr. Nanosci. 4: 141-144,
Verma V. C, Kharwar R. N., Gange A. C.,
(2010), Biosynthesis of antimicrobial silver
nanoparticles by the endophytic fungus
Aspergillusclavatus. Nanomedicine. 5: 33—
40.

Goswami A. M., Sarkar T. S., Ghosh S.,
(2013), An Ecofriendly synthesis of silver
nano-bioconjugates by Penicilliumcitrinum
(MTCC9999) and its antimicrobial effect.
AMB Express. 3: 9 pages.

Singh P., Balaji Raja R., (2011), Biological

(2009), Extracellular  biosynthesis of Synthesis and Characterization of Silver
functionalized silver nanoparticles by Nanoparticles Using  the Fungus
Submit your manuscript to www.ijnd.ir 123


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.biomedcentral.com%2Fcontent%2Fpdf%2F1477-3155-3-8.pdf&ei=0y2RVOPRMNPiauHIgfgH&usg=AFQjCNHhegVVDA0Kp9fpuUNMUojpPPqnpA&sig2=Rjt7QJyveeeXSsA7pT4zPg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.biomedcentral.com%2Fcontent%2Fpdf%2F1477-3155-3-8.pdf&ei=0y2RVOPRMNPiauHIgfgH&usg=AFQjCNHhegVVDA0Kp9fpuUNMUojpPPqnpA&sig2=Rjt7QJyveeeXSsA7pT4zPg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.biomedcentral.com%2Fcontent%2Fpdf%2F1477-3155-3-8.pdf&ei=0y2RVOPRMNPiauHIgfgH&usg=AFQjCNHhegVVDA0Kp9fpuUNMUojpPPqnpA&sig2=Rjt7QJyveeeXSsA7pT4zPg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.biomedcentral.com%2Fcontent%2Fpdf%2F1477-3155-3-8.pdf&ei=0y2RVOPRMNPiauHIgfgH&usg=AFQjCNHhegVVDA0Kp9fpuUNMUojpPPqnpA&sig2=Rjt7QJyveeeXSsA7pT4zPg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.biomedcentral.com%2Fcontent%2Fpdf%2F1477-3155-3-8.pdf&ei=0y2RVOPRMNPiauHIgfgH&usg=AFQjCNHhegVVDA0Kp9fpuUNMUojpPPqnpA&sig2=Rjt7QJyveeeXSsA7pT4zPg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.biomedcentral.com%2Fcontent%2Fpdf%2F1477-3155-3-8.pdf&ei=0y2RVOPRMNPiauHIgfgH&usg=AFQjCNHhegVVDA0Kp9fpuUNMUojpPPqnpA&sig2=Rjt7QJyveeeXSsA7pT4zPg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.lqes.iqm.unicamp.br%2Fimages%2Fpublicacoes_teses_trabalhosrev_2007_antibacterial.pdf&ei=fi6RVIbNJ9bfaubVgqAE&usg=AFQjCNEqvkRzgTTDMxjNVaVvoofdSkyw3g&sig2=WOqRDSaVsHN2AD9uJIa6LA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.lqes.iqm.unicamp.br%2Fimages%2Fpublicacoes_teses_trabalhosrev_2007_antibacterial.pdf&ei=fi6RVIbNJ9bfaubVgqAE&usg=AFQjCNEqvkRzgTTDMxjNVaVvoofdSkyw3g&sig2=WOqRDSaVsHN2AD9uJIa6LA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.lqes.iqm.unicamp.br%2Fimages%2Fpublicacoes_teses_trabalhosrev_2007_antibacterial.pdf&ei=fi6RVIbNJ9bfaubVgqAE&usg=AFQjCNEqvkRzgTTDMxjNVaVvoofdSkyw3g&sig2=WOqRDSaVsHN2AD9uJIa6LA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.lqes.iqm.unicamp.br%2Fimages%2Fpublicacoes_teses_trabalhosrev_2007_antibacterial.pdf&ei=fi6RVIbNJ9bfaubVgqAE&usg=AFQjCNEqvkRzgTTDMxjNVaVvoofdSkyw3g&sig2=WOqRDSaVsHN2AD9uJIa6LA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.lqes.iqm.unicamp.br%2Fimages%2Fpublicacoes_teses_trabalhosrev_2007_antibacterial.pdf&ei=fi6RVIbNJ9bfaubVgqAE&usg=AFQjCNEqvkRzgTTDMxjNVaVvoofdSkyw3g&sig2=WOqRDSaVsHN2AD9uJIa6LA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.lqes.iqm.unicamp.br%2Fimages%2Fpublicacoes_teses_trabalhosrev_2007_antibacterial.pdf&ei=fi6RVIbNJ9bfaubVgqAE&usg=AFQjCNEqvkRzgTTDMxjNVaVvoofdSkyw3g&sig2=WOqRDSaVsHN2AD9uJIa6LA
http://sci-hub.org/10.1016/j.colsurfb.2005.11.026
http://sci-hub.org/10.1016/j.colsurfb.2005.11.026
http://sci-hub.org/10.1016/j.colsurfb.2005.11.026
http://sci-hub.org/10.1016/j.colsurfb.2005.11.026
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F231712401_Fungus-Mediated_Synthesis_of_Silver_Nanoparticles_and_Their_Immobilization_in_the_Mycelial_Matrix_A_Novel_Biological_Approach_to_Nanoparticle_Synthesis%2Ffile%2F60b7d52c6514535bad.pdf&ei=aS-RVMywPNPaat-egdAB&usg=AFQjCNFigHTnafKlqjJR_owtXZCeRlxOvQ&sig2=2Wias6yKKHYMtRCBCh4-iA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F231712401_Fungus-Mediated_Synthesis_of_Silver_Nanoparticles_and_Their_Immobilization_in_the_Mycelial_Matrix_A_Novel_Biological_Approach_to_Nanoparticle_Synthesis%2Ffile%2F60b7d52c6514535bad.pdf&ei=aS-RVMywPNPaat-egdAB&usg=AFQjCNFigHTnafKlqjJR_owtXZCeRlxOvQ&sig2=2Wias6yKKHYMtRCBCh4-iA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F231712401_Fungus-Mediated_Synthesis_of_Silver_Nanoparticles_and_Their_Immobilization_in_the_Mycelial_Matrix_A_Novel_Biological_Approach_to_Nanoparticle_Synthesis%2Ffile%2F60b7d52c6514535bad.pdf&ei=aS-RVMywPNPaat-egdAB&usg=AFQjCNFigHTnafKlqjJR_owtXZCeRlxOvQ&sig2=2Wias6yKKHYMtRCBCh4-iA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F231712401_Fungus-Mediated_Synthesis_of_Silver_Nanoparticles_and_Their_Immobilization_in_the_Mycelial_Matrix_A_Novel_Biological_Approach_to_Nanoparticle_Synthesis%2Ffile%2F60b7d52c6514535bad.pdf&ei=aS-RVMywPNPaat-egdAB&usg=AFQjCNFigHTnafKlqjJR_owtXZCeRlxOvQ&sig2=2Wias6yKKHYMtRCBCh4-iA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F231712401_Fungus-Mediated_Synthesis_of_Silver_Nanoparticles_and_Their_Immobilization_in_the_Mycelial_Matrix_A_Novel_Biological_Approach_to_Nanoparticle_Synthesis%2Ffile%2F60b7d52c6514535bad.pdf&ei=aS-RVMywPNPaat-egdAB&usg=AFQjCNFigHTnafKlqjJR_owtXZCeRlxOvQ&sig2=2Wias6yKKHYMtRCBCh4-iA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F231712401_Fungus-Mediated_Synthesis_of_Silver_Nanoparticles_and_Their_Immobilization_in_the_Mycelial_Matrix_A_Novel_Biological_Approach_to_Nanoparticle_Synthesis%2Ffile%2F60b7d52c6514535bad.pdf&ei=aS-RVMywPNPaat-egdAB&usg=AFQjCNFigHTnafKlqjJR_owtXZCeRlxOvQ&sig2=2Wias6yKKHYMtRCBCh4-iA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F231712401_Fungus-Mediated_Synthesis_of_Silver_Nanoparticles_and_Their_Immobilization_in_the_Mycelial_Matrix_A_Novel_Biological_Approach_to_Nanoparticle_Synthesis%2Ffile%2F60b7d52c6514535bad.pdf&ei=aS-RVMywPNPaat-egdAB&usg=AFQjCNFigHTnafKlqjJR_owtXZCeRlxOvQ&sig2=2Wias6yKKHYMtRCBCh4-iA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F231712401_Fungus-Mediated_Synthesis_of_Silver_Nanoparticles_and_Their_Immobilization_in_the_Mycelial_Matrix_A_Novel_Biological_Approach_to_Nanoparticle_Synthesis%2Ffile%2F60b7d52c6514535bad.pdf&ei=aS-RVMywPNPaat-egdAB&usg=AFQjCNFigHTnafKlqjJR_owtXZCeRlxOvQ&sig2=2Wias6yKKHYMtRCBCh4-iA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.researchgate.net%2Fpublication%2F231712401_Fungus-Mediated_Synthesis_of_Silver_Nanoparticles_and_Their_Immobilization_in_the_Mycelial_Matrix_A_Novel_Biological_Approach_to_Nanoparticle_Synthesis%2Ffile%2F60b7d52c6514535bad.pdf&ei=aS-RVMywPNPaat-egdAB&usg=AFQjCNFigHTnafKlqjJR_owtXZCeRlxOvQ&sig2=2Wias6yKKHYMtRCBCh4-iA

Int. ]. Nano Dimens. 6(2): 111-127, Spring 2015

Khodashenas & Ghorbani

TrichodermaHarzianum. Asian J. EXxp. [80] Shankar S. S., Ahmad A., Sastry M.,
Biol. Sci. 2: 600-605. (2003), Geranium leaf assisted biosynthesis

[72] Vahabi K., Mansoori G. A., Karimi S., of silver nanoparticles.  Biotechnol.
(2011), Biosynthesis of Silver Prog.19: 1627-1631.

Nanoparticles by Fungus [81] Ahmad A., Mukherjee P., Mandal D.,
TrichodermaReesei. Insciences J. 1: 65-79. Senapati S., Islam Khan M., Kumar R.,

[73] Prabakaran M., Subha K., Thennarasu V., Sastry M., (2002), Enzyme mediated
Merinal S., (2012), Biosynthesis of silver extracellular synthesis of CdS
nanoparticles using nanoparticles by the Fungus Fusarium
Sphaerulinaalbispiculata and evaluation of Oxysporum. J. Am. Chem. Soc. 124:
antibacterial activity. Europ. J. Exp. Biol. 12108-121009.

2: 297-303. [82] Ankamwar B., Damle C., Absar A., Mural

[74] Hemath Naveen K. S., Gaurav K., Karthik S., (2005), Biosynthesis of gold and silver
L., BhaskaraRao K. V., (2010), nanoparticles using Emblica Officinalis
Extracellular ~ biosynthesis  of  silver fruit extract, their phase transfer and
nanoparticles using the filamentous fungus transmetallation in an organic solution. J.
Penicillium sp. Arch. Appl. Sci. Res. 2: Nanosci. Nanotechnol. 10: 1665-1671.
161-167. [83] Chandran S. P., Chaudhary M., Pasricha

[75] Jaidev L. R., Narasimha G., (2010), Fungal R., Ahmad A., Sastry M., (2006), Synthesis
mediated biosynthesis of silver of gold nanoparticles and  silver
nanoparticles, characterization and nanoparticles using Aloe vera plant extract.
antimicrobial activity. Coll. Surf. B. 81: Biotechnol. Prog. 22: 577-583.

430-433. [84] Huang J., Li Q., Sun D., Lu Y., Su Y.,

[76] Sagar G., Ashok B., (2012), Green Yang X., Wang H., Wang Y., Shao W., He
Synthesis of Silver Nanoparticles Using N., Hong J., Chen C., (2007), Biosynthesis
Aspergillusniger and Its Efficacy Against of Silver and Gold Nanoparticles by Novel
Human Pathogens. Europ. J. Exp. Biol. 2: Sundried  Cinnamomumcamphora Leaf.
1654-1658. Nanotech. Nanotech.18: 105104.

[77] Kowshik M., Ashtaputre S., Kharrazi S., [85] Huang J., LinL., Li Q., Sun D, Wang Y.,
Vogel W., Urban J., Kulkarmni S. K., LuY., He N, Yang K., Yang X., Wang H.,
Paknikar K. M., (2003), Extracellular Wang W., Lin W., (2008), Continuous-
synthesis of silver nanoparticles by a flow biosynthesis of silver nanoparticles by
silver-tolerant ~ yeast strain  MKY3. lixivium of Sundried
Nanotechnol. 14: 95-100. Cinnamomumcamphora leaf in tubular

[78] Gardea-Torresdey J. L., Gomez E., Peralta- microreactors. Ind. Eng. Chem. Res. 47:
Videa J. R., Parsons G. J., Troiani H., Jose- 6081-6090.

Yacama M., (2003), Alfalfa sprouts: a [86] Mude N., Ingle A., Gade A., Rai M,
natural source for the synthesis of silver (2009), Synthesis of silver nanoparticles
nanoparticles. Langmuir. 19: 1357-1361. using callus extract of Carica papaya — a

[79] Jha K. A, Prasad K., (2010), Green first report. J. Plant. Biochem. Biotechnol.
synthesis of silver nanoparticles using 18: 83-86.

Cycas leaf. Int. J. Green Nanotech.: Phys. [87] Raut R., Jaya S. L., Niranjan D. K., Vijay
and Chem. 1: 110-117. B. M., Kashid S., (2009), Photosynthesis of

124 Submit your manuscript to www.ijnd.ir



Int. ]. Nano Dimens. 6(2): 111-127, Spring 2015

Khodashenas & Ghorbani

[88]

[89]

[90]

[91]

[92]

[93]

[94]

silver nanoparticle using Gliricidiasepium
(Jacq.). Curr. Nanosci.5: 117-122.

Bar H., Bhui D. K., Gobinda P. S,
Priyanka S., Santanu P., Ajay M., (2009),
Green synthesis of silver nanoparticles
using seed extract of Jatrophacurcas.
Colloids Surf. A. Physico. Chem. Eng. Asp.
348: 212-216.

Kasthuri J., Veerapandian S., Rajendiran
N., (2009), Biological synthesis of silver
and gold nanoparticles using apiin as
reducing agent. Colloid Surf. B. 68: 55-60.
Mallikarjuna K., Narasimha G., Dillip G.
R., Praveen B., Shreedhar B., Sree
Lakshami C., Reddy B. V. S., Deva P.,
Rasad Raju B., (2011), Green synthesis of
silver nanoparticles using Ocimmum leaf
extract and their characterization. Dig. J.
Nanomater. Bios. 6: 181-186.
Udayasoorian C., Vinoth Kumar K.,
Jayabalakrishnan R. M., (2011),
Extracellular synthesis of silver
nanoparticles using leaf extract of Cassia
Auriculata. Dig. J. Nanomater. Bios. 6:
279-283.

Sulaiman G. M., Mohammed W. H.,
Marzoog T. R., Al Amiery A. A., Kadhum
A. A. H., Mohamad A. B., (2013), Green
synthesis, antimicrobial and cytotoxic
effects of silver nanoparticles using
Eucalyptus chapmaniana leaves extract.
Asian Pac. J. Trop. Biomed. 3: 58-63.
Veerasamy R., Xin T. Z., Gunasagaran S.,
Xiang T. F., Yang E. F., Jeyakumar N.,
Dhanaraj S. A., (2011), Biosynthesis of
silver nanoparticles using mangosteen leaf
extract and evaluation of their
antimicrobial activities. J. Saudi Chem.
Soc.15: 113-120.

Awwad A., Salem N. M., Abdeen A. O,,
(2012), Biosynthesis of Silver
Nanoparticles using Oleaeuropaea Leaves
Extract and its Antibacterial Activity.
Nanosc. Nanotech.2: 164-170.

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

Das S., Parida U. K., Bindhani B. K.,
(2013), Green Biosynthesis of Silver
Nanoparticles Using Moringa Oleifera L.
Leaf. Int. J. Nanotech. Applic. (IJNA). 3:
51-62.

Arunkumar C., Nima P., Astalakshmi A.,
Ganesan V., (2013), Green Synthesisand
Characterizationof ~ Silver Nanoparticles
Using Leaves of Tecoma Stans (L.) Kunth.
Int. J. Nanotech. Applic. (IIJNA). 3: 1-10.
Supraja  S.,, Mohammed Ali S,
Chakravarthy N., Jayaprakash Priya A,
Sagadevan E., Kasinathan M. K.., Sindhu
S., Arumugam P., (2013), Green Synthesis
Of Silver Nanoparticles From Cynodon
Dactylon Leaf Extract. Int. J. Chem.Tech.
Res. 5: 271-277.

Ganesan V., Arunkumar C., Nima P.,
Astalakshmi A., (2013), Green Synthesis
Of Silver Nanoparticles Using Leaves Of
Murraya Paniculata (L.) Jack. Int. J. Recent
Sci. Res. 4: 1022 1026.

Khalil M. M. H., Ismail E. H., EI-
Baghdady K. Z., Mohamed D., (2013),
Green synthesis of silver nanoparticles
using olive leaf extract and its antibacterial
activity. Arab. J. Chem. In Press.

Awwad A. M., Salem N. M., Abdeen A.
0., (2013), Green synthesis of silver
nanoparticles using carob leaf extract and
its antibacterial activity. Int. J. Ind. Chem.
4:1-6.

Ajitha B., Divya A., Harish G. S,
Sreedhara Reddy P., (2013), The Influence
of Silver Precursor Concentration on Size
of Silver Nanoparticles Grown by Soft
Chemical Route. Res. J. Physical Sci. 1:
11-14.

Rodriguez-Leon E., Ifiguez-Palomares R.,
Navarro R. E., Herrera-Urbina R., Tanori
J., IfAiguez-Palomares C., Maldonado A.,
(2013), Synthesis of silver nanoparticles
using reducing agents obtained from

Submit your manuscript to www.ijnd.ir

125



Int. ]. Nano Dimens. 6(2): 111-127, Spring 2015

Khodashenas & Ghorbani

natural sources (Rumexhymenosepalus
extracts). Nanosc. Res. Lett. 9: 1-27.

[103] Wang H., Qiao X., Chen J., Wang X., Ding
S., (2005), Mechanisms of PVP in the
preparation of silver nanoparticles. Mater.
Chem. Phys. 94: 449-453.

[104] Zielinska A., Skwarek E., Zalewska A.,
Gazda M., Hupka J., (2009), Preparation of
silver nanoparticles with controlled particle
size. Proc. Chem.1: 1560-1566.

[105] Zhang Z., Zhao B.,Hu L. J., (1996), PVP
protective mechanism of ultrafine silver
powder synthesized by chemical reduction
processes. Solid State Chem. 121: 105-110.

[106] Shin H. S., Yang H. J.,Kim S. B.,Lee M.
S., (2004), Mechanism of growth of
colloidal silver nanoparticles stabilized by
Polyvinyl Pyrrolidone in gamma-irradiated
silver nitrate solution. J. Colloid Interface
Sci. 274: 89-94.

[107] JinW. J., Lee H. K., Jeong E. H.,Park W.
H.Youk J. H., (2005), Preparation of
polymer nanofibers containing silver
nanoparticles by using poly(N-
vinylpyrrolidone),  Macromol.  Rapid
Commun. 26: 1903-1907.

[108] Zheng M., Gu M., Jin Y., Jin G., (2001),
Optical properties of silver-dispersed PVP
thin film. Mater. Res. Bull. 36: 853-859.

[109] Zhou Y., Yu S. H., Wang C.Y., Li X. G,,
Zhu Y. R.,, Chen Z. Y., (1999), A novel
ultraviolet irradiation  photo-reduction
technique for preparation of single crystal
Ag nanorods and Ag dendrites. Adv. Mater.
11: 850-852.

[110] Luo C., Zhang Y., Zeng X., Zeng Y., Wang
Y., (2005), The role of poly(ethylene
glycol) in the formation of silver
nanoparticles. J. Colloid Interf. Sci. 288:
444-448.

[111] Singh N., Khanna P. K., (2007), In situ
synthesis of silver nano-particles in
polymethylmethacrylate. Mater. Chem.
Phys. 104: 367-372.

[112] Khanna P. K., Singh N., Charan S,
Viswanath A. K., (2005), Synthesis of
Ag/Polyaniline nanocomposite via an in
situ photo-redox mechanism. Mater. Chem.
Phys. 92: 214-219.

[113] Zhang Z., Zhang L., Wang S., Chen W.,
Lei Y. (2001), A convenient route to
Polyacrylonitrile/Silvernanoparticle
composite by simultaneous
polymerization—reduction approach.
Polymer. 42: 8315-8318.

[114] Ma H., Huang S., Feng X., Zhang X., Tian
F., Yong F., Pan W., Wang Y., Chen S,
(2006), Electrochemical Synthesis and
Fabrication of Gold Nanostructures Based
on Poly(N-VinylPyrrolidone). Chem. Phys.
Chem. 7: 333-335.

[115] Debnath D., Kim C.,Kim H.,Geckeler K.
E., (2010), Solid-State Synthesis of Silver
Nanoparticles at Room Temperature:
Poly(Vinylpyrrolidone) as a  Tool,
Macromol. Rapid Commun. 31: 549-553.

[116] Malina D., Sobczak- Kupiec A., Wzorek
Z., Kowalski Z., (2012), Silver
Nanoparticles Synthesis with Different
Concentrations of Polyvinylpyrrolidone.
Digest. J. Nanomater. Biostruc. 7: 1527-
1534.

[117] Radniecki T., Stankus D., Neigh A., Nason
J., Semprini L., (2011), Influence of
liberated silver from silver nanoparticles on

nitrification inhibition of
Nitrosomonaseuropaea. Chemosphere. 85:
43-49.

[118] Sukdeb P., Yu Kyung T., Joon Myong S.,
(2007), Does the Antibacterial Activity of
Silver Nanoparticles Depend on the Shape
of the Nanoparticle? A Study of the Gram-
Negative Bacterium Escherichia coli. Apll.
Environ. Microb. 73: 1712-1720.

[119] Ahamed M., Posgai R., Gorey T. J,
Nielsen M., Hussain S. M., Rowel. J.,
(2010), Silver nanoparticles induced heat
shock protein 70, oxidative stress and

126

Submit your manuscript to www.ijnd.ir



Int. ]. Nano Dimens. 6(2): 111-127, Spring 2015 Khodashenas & Ghorbani

apoptosis in Drosophila melanogaster.
Toxicol. Appl. Pharmacol. 242: 264—-269.

[120] Aranout C. L., Gunsch C.K., (2012),
Impacts of Silver Nanoparticle Coating on
the Nitrification Potential of
Nitrosomonaseuropaea.  Environ.  Sci.
Technol. 46: 5387-5395.

Cite this article as: B. Khodashenas& H. R. Ghorbani: Evaluation of the effective factors on size and anti-bacterial
properties of biosynthesized Silver nanoparticles.

Int. J. Nano Dimens. 6(2): 111-127, Spring 2015.

Submit your manuscript to www.ijnd.ir 127






