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Abstract An eco-friendly microbial method for

synthesis of silver colloid solution with antimicrobial

activity is developed using a fungal strain of Peni-

cillium purpurogenum NPMF. It is observed that

increase in concentration of AgNO3 increases the

formation of silver nanoparticle. At 5 mM concen-

tration highly populated polydispersed nanoparticles

form. Furthermore, change in pH of the reaction

mixture leads to change in shape and size of silver

nanoparticles. At lower pH two peaks are observed in

the absorption spectra showing polydispersity of

nanoparticles. However, highly monodispersed spher-

ical nanoparticles of 8–10 nm size form with 1 mM

AgNO3 concentration at pH 8. Antimicrobial activity

of nanoparticles is demonstrated against pathogenic

gram negative bacteria like Escherichia coli and

Pseudomonas aeruginosa, and gram positive bacteria

like Staphylococcus aureus. The antimicrobial activ-

ity of silver nanoparticles obtained at different initial

pH show strong dependence on the surface area and

shape of the nanoparticles.

Keywords Silver nanoparticle � Penicillium
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Introduction

Metal nanoparticles are intensely studied due to their

unique optical, electrical, and catalytic properties. To

utilize and optimize chemical or physical properties

of nano-sized metal particles, a large spectrum of

research has been focused to control the size and

shape, which is crucial in tuning their physical,

chemical, and optical properties (Alivisatos 1996;

Coe et al. 2002; Bruchez et al. 1998). Various

techniques, including chemical and physical means

have been developed to prepare metal nanoparticles,

such as chemical reduction (Yu 2007; Tan et al. 2002;

Petit et al. 1993; Vorobyova et al. 1999), electro-

chemical reduction (Liu and Lin 2004; Sandmann

et al. 2000), photochemical reduction (Mallick et al.

2005; Keki et al. 2000), heat evaporation (Bae et al.

2002; Smetana et al. 2005) and so on. Nanoparticles

have a tendency to aggregate and in most cases,

surface passivator reagents are needed to prevent

aggregation. Unfortunately many organic passivators

such as thiophenol (Ravindran et al. 1999), thiourea

(Pattabi and Uchil 2000), mercaptoacetate (Lin et al.

2000), etc., are toxic enough to pollute the environ-

ment if large scale nanoparticles are produced.

The study of biosynthesis of nanomaterials offers a

valuable contribution as ecofriendly technologies into

materials chemistry. The ability of some microor-

ganisms such as bacteria and fungi to control the

synthesis of metallic nanoparticles should be

employed in the search for new materials (Mandal
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et al. 2006). Among the nanoparticles, silver nano-

particles have several important applications in the

field of bio-labeling, sensors, antimicrobial agents,

and filters. The silver nanoparticles are capable of

purifying drinking water, degrading pesticides and

killing human pathogenic bacteria (Kuber and D’Sou-

za 2006; Marambio-Jones and Hoek 2010). Recent

studies of microorganisms in the synthesis of nano-

particles are a new and exciting area of research with

considerable potential for development (Mandal et al.

2006; Ingle et al. 2009; Narayanan and Sakthivel

2010). Biosynthetic methods can be divided into two

categories depending on the place where the nano-

particles or nanostructures are created as many

microorganisms can provide inorganic materials

either intra- or extra-cellularly (Mann 1996). For

example, bacteria P. strutzeri isolated from silver

mine materials is able to reduce Ag? ions and

accumulates silver nanoparticles, the size of such

nanoparticles being in the range 16–40 nm, with the

average diameter of 27 nm (Narayanan and Sakthivel

2010). Bacteria and fungus are known to produce

many different types of nanomaterials like Ag, Au,

ZnS, PbS, CdS, etc. (Joerger et al. 2001; Holmes

et al. 1995; Juan et al. 2006; Kowshik et al. 2002).

The examples also include magnetotactic bacteria

which produce magnetite (Fe3O4) or greigite (Fe3S4)

and diatoms which produce siliceous material

(Joerger et al. 2001).

Biological methods are reported to be cost effec-

tive and ecofriendly, but still more research is needed

to obtain better mono-dispersity, crystallinity, and

shape control. The use of fungi in the extracellular

synthesis of nanoparticles is quite exciting; fungi

secrete large amounts of enzymes and it is simpler

to treat the biomass (Kuber and D’Souza 2006;

Kalimuthu et al. 2008; Mukherjee et al. 2002; Ahmad

et al. 2003; Kathiresan et al. 2009; Shaligram et al.

2009). In case of intracellular biosynthesis, size and

shape of nanoparticles is limited by the dimensions of

intracellular regions which lead to monodispersity of

particles; whereas obtaining monodispersity in extra-

cellular and biological system as a whole is a

challenge. This study was undertaken to study the

potential of extra-cellular biosynthesis of silver

nanoparticles by a fungus P. purpurogenum NPMF,

isolated from Narwapahar Uranium mine of Uranium

Corporation of India Ltd. (UCIL), India.

Materials and methods

Preparation of the silver nanoparticles

The fungal strain P. purpurogenum NPMF (MTCC

7356) was obtained from the culture collection center

of Biominerals Department of IMMT, Bhubaneswar.

All chemicals used were of analytical grade. P.

purpurogenum was grown in cornmeal medium

(HIMEDIA) which was composed of 20 g/L of corn

meal, 10 g/L of peptic digest of animal tissue, 4 g/L

of yeast extract, and 10 g/L of dextrose. The pH of

the media was adjusted to 6.8 ± 0.2. For production

of biomass, sterile media was inoculated with fungal

spores aseptically and incubated at 35 �C under

shaking condition. After growth of fungus, biomass

was separated and re-suspended in distilled water.

Then after incubation with water the culture filtrate

(extra-cellular enzymes) so generated was added with

AgNO3. The concentration of AgNO3 was main-

tained at 1 mM level throughout all the experiments

barring few experiments. A control experiment of

fungal supernatant without AgNO3 was conducted

under similar conditions.

Characterization of the nanoparticles

The biosynthesis of silver nanoparticles by

P. purpurogenum NPMF was supervised visually.

The absorption spectra of the reaction mixture of

AgNO3 and aqueous extract were analyzed by the

UV–Visible spectrophotometer (CECIL) in the

range of 200–800 nm. Each time 5 mL aliquots

was withdrawn and the sample collection was

continued at regular interval for 72 h. Transmission

electron microscopy (TEM) micrographs were

obtained from an FEI TECHNAI G2 TEM operat-

ing at 200 kV. In order to obtain TEM micrographs,

a drop of aqueous solution containing the silver

nanoparticles was placed on the carbon-coated

copper grids and dried under infrared lamp. X-ray

diffraction analysis was carried out by using an

X-ray powder diffractometer (Philips X’pert Pro,

Panalytical) having CuKa (k = 1.54 Å) radiation

and a programmable divergence slit. The voltage

and current of the X-ray source were 40 kV and

20 mA, respectively.
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Results and discussion

In the past few years, numerous microorganisms have

been used to synthesize inorganic nanoparticles either

intracellularly or extracellularly. Extracellular syn-

thesis of nanoparticles by microbes has added

advantage; the separation of biomass to get a clear

supernatant containing biologically active molecules

like enzymes, proteins, and other organic molecules

is much easier. Fungi especially those which are

filamentous are used as extracellular agents and these

produce enormous amount of biologically active

secretory components. The molecules of the secretary

components lead to nanoparticles formation from

dissolved ions by enzymatic reduction. The stability

of nanoparticles is imparted by peptide capping of

nanoparticles. This study is about an extracellular

biosynthesis method for silver nanoparticles by a

fungus—P. purpurogenum NPMF isolated locally

from a local Uranium mine. The size and shape of the

nanoparticle was modulated by changing the physi-

ological condition like concentration of Ag? ions as

well as the pH of the medium. Finally, the effect of

pH on antimicrobial activity was analyzed.

Effect of substrate concentration

The effect of substrate concentration is a key

parameter that affects the process of nanoparticle

synthesis. We have found incubation of the fungal

culture filtrate with silver nitrate (for 24 h) changes

its color to deep brown as the concentration of the

AgNO3 increases. The change in color is shown in

Fig. 1, which indicates the presence of silver nano-

particles. It could have been due to the excitation of

surface plasmon which is typical of the silver

nanoparticles (Ahmad et al. 2003). The culture

filtrate itself did not show any change in color. The

increase in color intensity of culture filtrate was due

to increased number of nanoparticles that forms as a

result of reduction of silver ions present in the

aqueous solution. Similar coloration was observed for

P. fellutanum and P. brevicompactum (Kathiresan

et al. 2009; Shaligram et al. 2009).

Formation of silver nanoparticle was further

checked by UV–Visible spectroscopy. A broad

absorption peak was observed at 420 nm. Figure 2

shows the concentration dependence of absorbance

(normalized) at 420 nm. It is observed that the silver

nanoparticle formation increases with increase in

substrate concentration up to 1.5 mM. With further

increase in substrate concentration, nanoparticle

formation did not increase within 24 h. But appre-

ciable amount of silver nanoparticle was obtained

with as high as 5 mM substrate concentration. This

finding is quite interesting as it contradicts the recent

report of Kathiresan et al. (2009) who used

P. fellutanum fungal strain. They found decrease in

optical density after 1 mM substrate concentration

and accordingly they proposed 1 mM substrate

concentration as the optimal silver nanoparticle

production condition. Hence it is worth mentioning

that P. purpurogenum strain is by far the best fungal

strain reported in the literature and has great potential

to be considered for industrial bio-production of

silver nanoparticle.

In addition to the above observations, we also

noticed that the formation of silver nanoparticle was

very fast. The formation of nanoparticles starts in

5 min and grows rapidly and then saturates after

Fig. 1 Digital photograph

of culture filtrate and

formation of silver colloidal

solution with different

concentration of AgNO3

after 24 h of incubation
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24 h. The time dependent extracellular synthesis of

silver nanoparticle for 1 mM AgNO3 solution is

presented in Fig. 3. The observed rapid biosynthesis

of silver nanoparticle is quite comparable to what has

been reported by Kathiresan et al. (2009). TEM

provided further insight into the morphology and size

of the nanoparticles produced by changing the

substrate concentration. Highly monodispersed silver

nanoparticles with average size of 10 nm was found

for 1 mM AgNO3 concentration as shown in Fig. 4A.

Few small silver nanoparticles with 4–6 nm size were

also observed. In case of 3 mM AgNO3 concentration

unique star shaped aggregated silver nanoparticle was

found (Fig. 4B). Polydispersed silver nanoparticles

with size range between 5 and 40 nm was also

observed for this concentration which is not shown in

this report. Further, with 5 mM AgNO3 concentration

uneven shape nanoparticle with polydispersity was

observed (Fig. 4C).

Effect of pH

The culture filtrate had initial pH of 8.3 which on

incubation with 1 mM AgNO3, transformed to uni-

form size silver nanoparticles of size around 10 nm.

In order to determine the effect of initial pH on the

nanoparticle formation we varied the initial pH from

4 to 9 using dilute HCl/NaOH. After 24 h of

incubation with 1 mM AgNO3 at different pH culture

filtrate, silver nanoparticles were obtained. We tried

to correlate the formation of these nanoparticles to its

morphology. First, UV–Visible spectra of fungal

culture filtrate containing silver nano particles at

different pH values were obtained and presented in

Fig. 5. We observe that the absorption band of

nanoparticles is centered at 420 nm which is the

characteristic of spherical silver nanoparticles. This

feature was noticed for the culture filtrate at pH 7, 8,

9 and the original culture filtrate (pH 8.3) after

incubation with 1 mM AgNO3 for 24 h. The main

absorption band of silver nanoparticles shifted to

higher wavelengths (nearly 460 nm and even higher)

for pH 4, 5, and 6, indicating that the nanoparticles

are not spherical and may be of different size and

shape. However, there was an unresolved absorption

band corresponding to 380 nm for the nanoparticles

formed at pH 4, 5, and 6. The presence of the minor

absorption band at 380 nm could have been due to

polydispersity in the size or shape of the nanoparti-

cles. These results revealed that initial pH of the

culture filtrate solution influence the excitation of

surface plasmon vibrations of silver nanoparticles

which in turn affect the morphology of nanoparticles.

The crystalline structure, phase composition, and

preferential orientation, were analyzed by XRD for

each product. Figure 6 shows the XRD patterns

obtained for the silver nanoparticles at different

initial pH using a glass substrate as support. The

diffraction patterns indicate the formation of silver

Fig. 2 Effect of substrate concentration on silver nanoparticle

formation after 24 h incubation, where A is the observed

absorption for different concentration of AgNO3 and A0 is the

absorption of only culture filtrate

Fig. 3 Effect of incubation time on silver nanoparticle

production. Inset represents the linear production of silver

nanoparticle in minutes, where A and A0 are the absorption

with 1 mM AgNO3 and only culture filtrate, respectively
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nanoparticles with fcc structure (JCPDS PDF Card

No. 04-0783) and accordingly, the Miller indices

were assigned to the observed diffraction peaks. For

example, the diffraction peak located at about 38�
was ascribed to the (111) of face-centered cubic

metal silver structures. The average crystallite size of

the samples has been determined by line broadening

method using Scherer’s equation:

D ¼ 0:94 � k
b Cosh

;

where D is the average crystallite size, k is the

wavelength of X ray (0.154 nm), b is the full width at

half maximum (FWHM) of peak, and h is the half of

diffraction angle. Table 1 shows the crystallite sizes

calculated for all the nanoparticles formed at different

initial pH, by taking the major (111) peak at

2h = 38� with d-spacing of 0.236 nm. The data in

the table indicate that higher crystallite size corre-

spond to lower pH which is consistent with the

observation drawn from absorption studies. It was

also observed that for higher initial pH the particles

were formed with preferential orientation along (111)

direction.

The role of pH is crucial in controlling the size and

shape of nanoparticles. In order to understand the

effect of the initial pH of the culture filtrate solution,

the samples were examined by TEM. Figure 7 shows

the TEM micrographs of representative silver nano-

particles synthesized by using 1 mM AgNO3 under

different initial pH conditions. It is quite clear from

the figure that pH strongly affects the size and shape

of the silver nanoparticles. We hypothesize that the

proton concentration affects conformational changes

in the nitrate reducing enzymes present in the fungal

culture filtrate, which may change the morphology

and size of the silver nanoparticles. The nanoparticles

were not uniform in size and shape. Larger particles

were formed at pH 4 and 5 (Fig. 7A, B) with average

particle size between 40 and 55 nm and smaller

particles were formed at pH 8 and 9 (Fig. 7C, D) with

Fig. 4 TEM micrographs

of silver nanoparticles

synthesized by fungus

P. purpurogenum using

different concentrations of

AgNO3. 1 mM AgNO3 (A),

3 mM AgNO3 (B), and

5 mM AgNO3 (C)

Fig. 5 Effect of pH on silver nanoparticle production: UV–

Visible spectra for 1 mM AgNO3 incubated for 24 h at

different initial pH
Fig. 6 XRD pattern for 1 mM AgNO3 incubated for 24 h at

different initial pH
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average particle size between 8 and 13 nm. The

nanoparticles formed at lower pH (i.e., 4 or 5) were

polydispersed with many different shapes such as

pyramidal, spherical, and ellipsoidal. Some aniso-

tropic nanostructures were formed with irregular

contours, which indicate that the sample was com-

posed of a large quantity of non-uniform nanoparti-

cles. However, nanoparticles formed at pH 8 and 9

were more uniform. The silver nanoparticles were

found to be mostly spherical in shape. These results

show that the pH of the culture filtrate plays an

important role in determining the morphology and

shape of the silver nanoparticles.

Antimicrobial activity of silver colloid solution

Antimicrobial activity of the above synthesized silver

colloid solution was determined on pathogenic gram

negative bacteria like E. coli and P. aeruginosa, and

gram positive bacteria like S. aureus (Table 2). This

test was performed on nutrient agar plates spread with

microbial culture. Silver colloidal solution (40 lL)

was applied on a thick paper disk of 0.4 cm diameter,

dried and then applied on the surface of the media

plate. The culture filtrate as such did not show any

antimicrobial activity; this was doubly ensured as

Penicillium species may show some antimicrobial

activity of its own. We also checked for antimicrobial

activity of 1 mM AgNO3 solution which did not

show the visible zone. With increasing amount of

nano silver solution on the disk, the zone of inhibition

increased as shown for P. aeruginosa (Fig. 8A).

Antimicrobial activity against all tested bacteria was

visible only above 0.5 mM AgNO3 concentration.

The zone of inhibition of the nanoparticles, formed at

different initial pH was checked for the above

mentioned bacteria. The minimum zone of inhibition

was observed at pH 6. This variability in antimicro-

bial activity may be due to the variation in the surface

area and shape of the nanoparticles. Pseudomanas

aeruginosa and E. coli both gram negative, seemed to

be more adversely affected by the silver nano

solution compared to the tested S. aureus which is

gram positive.

Table 1 XRD data of silver nanoparticles at different initial pH

Sample pH 4 pH 5 pH 6 pH 7 pH 8 pH 9 Original (pH 8.3)

Average crystallite size (nm) 36.80 39.44 27.66 25.65 18.91 10.77 10.93

Table 2 Antimicrobial activity of silver colloid solution formed under different condition

No. Variable condition S. aureus (cm) E. coli (cm) P. aeruginosa (cm)

Effect of the substrate concentration (mM)

1 0 0 0 0

2 0.25 0 0 0

3 0.5 0.6 0.6 0.9

4 1 0.8 1.2 1

5 1.5 0.9 1.2 1.2

6 2 1 1.3 1.2

7 3 1 1.3 1.2

8 5 1 1.4 1.4

Effect of pH

9 4 0.8 0.8 1

10 5 0.7 1 1.3

11 6 0.6 0.8 1.1

12 7 0.8 1.1 1.2

13 8 0.7 1 1.1

14 9 0.9 1 1.1

15 Original (pH 8.3) 1 0.9 0.9
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Conclusions

Microbial synthesis of silver nanoparticle was suc-

cessfully carried out using a fungal strain of

P. purpurogenum NPMF. For the first time it was

possible to synthesize silver nanoparticle using 5 mM

AgNO3 concentration with Penicillium strain. The

method yielded higher number of particles, although

the nanoparticles were not highly monodispersed. The

morphology and size of the nanoparticles were largely

dependent on the initial pH of the culture filtrate. Under

acidic pH conditions, polydispersed nanoparticles with

many different shapes such as pyramidal, spherical,

and ellipsoidal structures were obtained. However,

highly monodispersed spherical silver nanoparticles of

average size in the range of 8–10 nm were obtained at

pH 8 for 1 mM AgNO3 concentrations. Antimicrobial

activity was observed against pathogenic gram

Fig. 7 TEM micrographs

of silver nanoparticles

synthesized by fungus

P. purpurogenum for 1 mM

AgNO3 at pH 4 (A), pH 5

(B), pH 8 (C), and pH 9 (D)

Fig. 8 Antimicrobial

activity of silver colloid

solution grown at different

volume of silver colloid

solution with 1 mM

AgNO3; P. aeruginosa (A),

at different pH; E. coli (B),

and at different

concentration of AgNO3;

S. aureus (C)
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negative bacteria like E. coli and P. aeruginosa, and

gram positive bacteria like S. aureus. Changes in

surface area and shape of the nanoparticles showed

variability in antimicrobial activity.
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Keki S, Torok J, Deak G, Daróczi L, Zsuga M (2000) Silver

nanoparticles by PAMAM-assisted photochemical reduc-

tion of Ag?. J Colloid Interface Sci 229:550–553. doi:

10.1006/jcis.2000.7011

Kowshik M, Vogel W, Urban J, Kulkarni SK, Paknikar KM

(2002) Microbial synthesis of semiconductor PbS nano-

crystallites. Adv Mater 14:815–818. doi:10.1002/1521-

4095(20020605)

Kuber CB, D’Souza SF (2006) Extracellular biosynthesis of

silver nanoparticles using the fungus Aspergillus fumiga-
tus. Colloids Surf B 47:160–164. doi:10.1016/j.colsurfb.

2005.11.026

Lin SM, Lin FQ, Guo HQ, Zhang ZH, Wang ZG (2000) Sur-

face states induced photoluminescence from Mn2? doped

CdS nanoparticles. Solid State Commun 115:615–618.

doi:10.1016/S0038-1098(00)00254-4

Liu YC, Lin LH (2004) New pathway for the synthesis of ultrafine

silver nanoparticles from bulk silver substrates in aqueous

solutions by sonoelectrochemical methods. Electrochem

Commun 6:1163–1168. doi:10.1016/j.elecom.2004.09.010

Mallick K, Witcomb MJ, Scurrell MS (2005) Self-assembly of

silver nanoparticles in a polymer solvent: formation of a

nanochain through nanoscale soldering. Mater Chem Phys

90:221–224. doi:10.1016/j.matchemphys.2004.10.030

Mandal D, Bolander ME, Mukhopadhyay D, Sarkar G, Muk-

herjee P (2006) The use of microorganisms for the for-

mation of metal nanoparticles and their application. Appl

Microbial Biotechnol 69:485–492. doi:10.1007/s00253-

005-0179-3

Mann S (1996) Biomimetic materials chemistry. Wiley-VCH,

New York

Marambio-Jones C, Hoek EMV (2010) A review of the anti-

bacterial effects of silver nanomaterials and potential

implications for human health and the environment.

J Nanopart Res 12:1531–1551. doi:10.1007/s11051-010-

9900-y

Mukherjee P, Senapati S, Mandal D, Ahmad A, Khan MI, Kumar

R, Sastry M (2002) Extracellular synthesis of gold nano-

particles by the fungus Fusarium oxysporum. Chembio-

chem 3:461–463. doi:10.1002/1439-7633(20020503)

Narayanan KB, Sakthivel N (2010) Biological synthesis of

metal nanoparticles by microbes. Adv Colloid Interface

Sci 156:1–13. doi:10.1016/j.cis.2010.02.001

Pattabi M, Uchil J (2000) Synthesis of cadmium sulphide

nanoparticles. Solar Energy Mater Solar Cell 63:309–314.

doi:10.1016/S0927-0248(00)00050-7

Petit C, Lixon P, Pileni MP (1993) In situ synthesis of silver

nanocluster in AOT reverse micelles. J Phys Chem

97:12974–12983. doi:10.1021/j100151a054

Ravindran TR, Arora AK, Balamurugan B, Mehta BR (1999)

Inhomogeneous broadening in the photoluminescence

spectrum of CdS nanoparticles. Nanostruct Mater

11:603–609. doi:10.1016/S0965-9773(99)00346-3

Sandmann G, Dietz H, Plieth W (2000) Preparation of silver

nanoparticles on ITO surfaces by a double-pulse method.

J Electroanal Chem 491:78–86. doi:10.1016/S0022-

0728(00)00301-6

Shaligram NS, Bule M, Bhambure R, Singhal RS, Singh SK,

Szakacs G, Pandey A (2009) Biosynthesis of silver

3136 J Nanopart Res (2011) 13:3129–3137

123

http://dx.doi.org/10.1016/S0927-7765(02)00174-1
http://dx.doi.org/10.1016/S0927-7765(02)00174-1
http://dx.doi.org/10.1126/science.271.5251.933
http://dx.doi.org/10.1126/science.271.5251.933
http://dx.doi.org/10.1016/S0169-4332(02)00430-0
http://dx.doi.org/10.1016/S0169-4332(02)00430-0
http://dx.doi.org/10.1126/science.281.5385.2013
http://dx.doi.org/10.1126/science.281.5385.2013
http://dx.doi.org/10.1038/nature01217
http://dx.doi.org/10.1038/nature01217
http://dx.doi.org/10.1007/BF00381789
http://dx.doi.org/10.1007/s11051-008-9573-y
http://dx.doi.org/10.1016/S0167-7799(00)01514-6
http://dx.doi.org/10.1016/S0167-7799(00)01514-6
http://dx.doi.org/10.1007/s10529-006-9063-1
http://dx.doi.org/10.1016/j.colsurfb.2008.02.018
http://dx.doi.org/10.1016/j.colsurfb.2008.02.018
http://dx.doi.org/10.1016/j.colsurfb.2009.01.016
http://dx.doi.org/10.1006/jcis.2000.7011
http://dx.doi.org/10.1002/1521-4095(20020605)
http://dx.doi.org/10.1002/1521-4095(20020605)
http://dx.doi.org/10.1016/j.colsurfb.2005.11.026
http://dx.doi.org/10.1016/j.colsurfb.2005.11.026
http://dx.doi.org/10.1016/S0038-1098(00)00254-4
http://dx.doi.org/10.1016/j.elecom.2004.09.010
http://dx.doi.org/10.1016/j.matchemphys.2004.10.030
http://dx.doi.org/10.1007/s00253-005-0179-3
http://dx.doi.org/10.1007/s00253-005-0179-3
http://dx.doi.org/10.1007/s11051-010-9900-y
http://dx.doi.org/10.1007/s11051-010-9900-y
http://dx.doi.org/10.1002/1439-7633(20020503)
http://dx.doi.org/10.1016/j.cis.2010.02.001
http://dx.doi.org/10.1016/S0927-0248(00)00050-7
http://dx.doi.org/10.1021/j100151a054
http://dx.doi.org/10.1016/S0965-9773(99)00346-3
http://dx.doi.org/10.1016/S0022-0728(00)00301-6
http://dx.doi.org/10.1016/S0022-0728(00)00301-6


nanoparticles using aqueous extract from the compactin

producing fungal strain. Process Biochem 44:939–943.

doi:10.1016/j.procbio.2009.04.009

Smetana AB, Klabunde KJ, Sorensen CM (2005) Synthesis of

spherical silver nanoparticles by digestive ripening, sta-

bilization with various agents, and their 3-D and 2-D su-

perlattice formation. J Colloid Interface Sci 284:

521–526. doi:10.1016/j.jcis.2004.10.038

Tan Y, Wang Y, Jiang L, Zhu D (2002) Thiosalicylic acid-

functionalized silver nanoparticles synthesized in one-

phase system. J Colloid Interface Sci 249:336–345. doi:

10.1006/jcis.2001.8166

Vorobyova SA, Lesnikovich AI, Sobal NS (1999) Preparation of

silver nanoparticles by interphase reduction. Colloids Surf

A 152:375–379. doi:10.1016/S0927-7757(98)00861-9

Yu DG (2007) Formation of colloidal silver nanoparticles

stabilized by Na?-poly (-glutamic acid) silver nitrate

complex via chemical reduction process. Colloids Surf B

59:171–178. doi:10.1016/j.colsurfb.2007.05.007

J Nanopart Res (2011) 13:3129–3137 3137

123

http://dx.doi.org/10.1016/j.procbio.2009.04.009
http://dx.doi.org/10.1016/j.jcis.2004.10.038
http://dx.doi.org/10.1006/jcis.2001.8166
http://dx.doi.org/10.1016/S0927-7757(98)00861-9
http://dx.doi.org/10.1016/j.colsurfb.2007.05.007

	Green synthesis of silver nanoparticle by Penicillium purpurogenum NPMF: the process and optimization
	Abstract
	Introduction
	Materials and methods
	Preparation of the silver nanoparticles
	Characterization of the nanoparticles

	Results and discussion
	Effect of substrate concentration
	Effect of pH
	Antimicrobial activity of silver colloid solution

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


