
Microbial mediated preparation, characterization and optimization

of gold nanoparticles

Hamed Barabadi1, Soheila Honary1*, Pouneh Ebrahimi2, Milad Ali Mohammadi1, Ahad

Alizadeh3, Farzaneh Naghibi4

1Mazandaran University of Medical Sciences, School of pharmacy, Sari, Iran.
2Department of Chemistry, School of Basic Sciences, Golestan University, Gorgan, Iran.

3Department of Epidemiology and Biostatistics, School of Health,

Tehran University of Medical Sciences, Tehran, Iran.
4School of Traditional Medicine, Shaheed Beheshti University of Medical Sciences, Tehran, Iran.

Submitted: August 13, 2013; Approved: April 17, 2014.

Abstract

The need for eco-friendly and cost effective methods for nanoparticles synthesis is developing inter-

est in biological approaches which are free from the use of toxic chemicals as byproducts. This study

aimed to biosynthesize and optimize the size of gold nanoparticles which produced by biotechnologi-

cal method using Penicillium crustosum isolated from soil. Initially, Penicillium crustosum was

grown in fluid czapek dox broth on shaker at 28 °C and 200 rpm for ten days and then the supernatant

was separated from the mycelia to convert AuCl4 solution into gold nanoparticles. The synthesized

nanoparticles in the optimum conditions were formed with fairly well-defined dimensions and good

monodispersity. The characterizations were done by using different methods (UV-Visible Spectros-

copy, Fluorescence, FT-IR, AFM (Atomic Force Microscopy) and DLS (Dynamic Light Scattering).

The bioconversion was optimized by Box-Behnken experimental design. The results show that the

effective factors in this process were concentration of AuCl4, pH of medium and temperature of

shaker incubator. The R2 value was calculated to be 0.9999 indicating the accuracy and ability of the

polynomial model. It can be concluded that the use of multivariate analysis facilitated to find out the

optimum conditions for the biosynthesis of gold nanoparticles induced by Penicillium crustosum in a

time and cost effective process. The current approach suggested that rapid synthesis of gold

nanoparticles would be suitable for developing a biological process for mass scale production of for-

mulations.

Key words: biosynthesis, optimization, gold nanoparticles, box-behnken design, Penicillium

crustosum.

Introduction

Nanotechnology has attracted a great interest in de-

velopment of metallic nanoparticles by various physical

and chemical processes. But there is an urgent need to find

an alternative method due to the unsatisfying conditions of

these methods (e.g. high amount of toxic chemicals and

high temperature) (Priyadarshini et al., 2013). Green chem-

istry approach emphasizes the usage of natural microorgan-

isms and offers a cheaper, lighter, reliable, nontoxic and

eco-friendly process (Honary et al., 2013). Different micro-

organisms ranging from bacteria to fungi and even plants

could produce nano-scaled metals in intracellular and/or

extracellular process (Mohanpuria et al., 2008). Fungi

might have significantly higher productivity of nanopar-

ticles in biosynthetic approaches owing to their much

higher amounts of proteins secretion (Ahmad et al., 2003)

which could prove to be a potential source for the extra-

cellular synthesis of different nanoparticles without using

toxic chemicals. These advantages made fungi more suit-
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able for large-scale production (Ahmad et al., 2003; Sagar

and Ashok, 2012). In addition, the extracellular bio-

synthesis, using fungi, could also make downstream pro-

cessing much easier than bacteria (Sagar and Ashok, 2012).

However, the enzyme nitrate reductase is found to be re-

sponsible for the synthesis of nanoparticles in fungi (Ho-

nary et al., 2012a, 2013a), The extracellular production of

metallic nanoparticles is still continually emerging in order

to understand the mechanisms of synthesis, easy down-

stream processing and biocompatible processing (Zhang et

al., 2011). Extracellular biosynthesis of silver nanopar-

ticles by Aspergillus niger isolated from soil has been re-

ported by Gade et al. (2008). Recent evidence suggests that

A. niger strains do produce potent mycotoxins called

ochratoxin A (Schuster et al., 2002). Biological synthesis

of silver nanoparticles using Aspergillus jlavus was studied

by Vigneshwaran et al. (2007). Aspergillus flavus is the

second most common agent of aspergillosis, the first being

A. fumigatus. A. flavus may invade arteries of the lung or

brain and cause infarction. Neutropenia predisposes to

Aspergillus infection. It also produces a toxin (aflatoxin)

which is one of the aetiological agents for hepatocellular

carcinoma (Rai and Kovic 2010). Fusarium solani isolated

from infected onion was used for the biosynthesis of silver

nanoparticles (Ingle et al., 2009). F. solani may also cause

endocarditis and lung disease, and has been shown to be an

allergen (Seifert 1996). According to the above facts, it is

more eco-friendly to work with a medical-safer genus of

fungi. Penicillium is a mold that is widely distributed in na-

ture, and is often found living on food and in indoor envi-

ronments. P. chrysogenum has been used industrially to

produce penicillin. Recently, this author reported biologi-

cal extracellular synthesis of copper oxide, silver and gold

nanoparticles by using different Penicillium species and

Enterobacteriacea family with fairly well-defined dimen-

sions and good monodispersity (Honary et al., 2012a,

2012b, 2013a, 2013b). Biosynthesis of Metallic nanopar-

ticles is very important due to their potential applications in

catalysis, photonics, biomedicine and optics (Chauhan et

al., 2011). Among all metallic nanoparticles, gold has a

long history of use. Red colloidal gold has been used as

medicine for revitalization in China and India (Bhatta-

charya and Murkherjee 2008). Gold nanoparticles, in par-

ticular, are of interest, mainly due to their stability under

atmospheric conditions, resistance to oxidation and bio-

compatibility (Gericke and Pinches 2006). Furthermore,

gold nanoparticles are used in diagnostic and drug delivery

systems (Bhumkar et al., 2007). This study aimed to bio-

synthesize and optimizes the size of gold nanoparticles due

to the unique size-dependent properties of gold nanopar-

ticles that makes this material important in many areas of

human activity (Fars et al., 2010). The average diameter of

metal nanoparticles can be affected by some factors includ-

ing pH of medium, salt concentration and temperature of

shaker incubator in biological methods (Mohammadian et

al., 2007; Rati et al., 2011). Response surface methodology

(RSM) is a collection of mathematical and statistical tech-

niques which has been known as a tool for modeling and

determining the effects of factors and their interactions, on

a certain response (e.g. Size) (Bezerraa et al., 2008). The

mathematical methodology could propose the best condi-

tion for production of desirable metal nanoparticles. This

method also could help us to reduce time and costs, and

give more precise results. In this paper, RSM were applied

to investigate the effect of concentration of AuCl4, pH of

medium and temperature of shaker incubator on the aver-

age diameter size of gold nanoparticles. We believe that

biosynthesis would absolutely be the first choice to form

the nanoparticles for pharmaceutical applications if the

methodology was optimized.

Materials and Methods

Yeast extract was purchased from Liofilchem, Italy.

AuCl4 and other chemical reagents were purchased from

Merck Germany. The pure colony of Penicillium

crustosum was isolated from soil and approved by depart-

ment of mycology and plant pathology of Sari Agriculture

and Natural Resources University, Iran.

Preparation and characterization of gold
nanoparticles

The fungus Penicillium crustosum was cultured on

fluid czapex dox broth including 21 g sucrose and 3 g yeast

extract in 1000 mL distilled water and incubated on a rotary

shaker at 200 rpm for ten days at 28 °C. The culture was

centrifuged at 10,000 rpm for 5 min. Then the supernatant

was separated from the mycelia to convert AuCl4 solution

into nano-gold. 100 mL of different AuCl4 solution concen-

trations were added to 100 mL of supernatant according to

the response surface methodology and incubated again for

24 h at 28 °C. In this step, the formed gold nanoparticles

were centrifuged at 20,000 rpm by ultracentrifuge for 5 min

to separate nano-golds from the solution. Then, the nano-

particles redispersed in double distilled water and centri-

fuged again. This action was carried out for three times to

separate purified gold nanoparticles. Dynamic light scatter-

ing (DLS) was carried out to determine the size, poly-

dispersity index (PDI), correlogram and intensity fluctua-

tions of nanoparticles by a Zetasizer Nanoparticle Analyzer

using Zetasizer 3600 at 25 °C with a scattering angle of 90°

(Malvern instruments, UK). The surface and shape charac-

terizations of gold nanoparticles were done using atomic

force microscopy (AFM) under ambient conditions on a

Veeco Innova, USA. The AFM characterization was car-

ried out in a non-contact mode using silicon nitride tips

with varying resonance frequencies at a linear scanning rate

of 0.5 Hz. Furthermore, the UV-Vis Spectrum measure-

ments were carried out by an Ultraviolet (UV) spectros-

copy (Genesys 2 spectrophotometer USA). Fourier-

transform infrared (FT-IR) spectrum was obtained by mix-
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ing with potassium bromide at 1:100 ratios and compressed

to a 2 mm semi-transparent disk for 2 min. The FT-IR spec-

trum over the wavelength range 4000-400 cm-1 was re-

corded using an FT-IR spectrometer (Perkin Elmer, Ger-

many).

Experimental design and optimization

The second-order designs such as central composite

(CCD) and Box-Behnken (BBD) play an important role in

response surface methodologies especially when the design

economy and precise prediction variance are desired. BBD

is a kind of rotatable design which uses just three levels of

each factor. However, BBD unlike CCD can be expected to

have poorer prediction ability in the corners of the cube that

encloses the design. In the present study, Box-Behnken de-

sign was employed to study the effect of independent vari-

ables, i.e. pH of medium (X1), concentration of Au salt (X2)

and temperature of incubator (X3) on the response (size of

gold nanoparticles). A second order polynomial equation

(Eq. (1)) was used to describe the effect of the above vari-

ables in linear, quadratic and cross product terms:
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where, Y refers to average diameter size of nanoparticles,

while k the number of factors studied in the experiment, b is

regression coefficient and ‘e’ is residual error. When devel-

oping the regression equation, the test factors were coded

according to the following equation (Eq. (2)):
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where xi is the dimensionless value of an independent vari-

able, Xi is the real value of an independent variable, X0 is

the real value of the independent variable at the center

point, and �Xi is the step change value (Gustavo, 1998;

Lundstedt et al., 1998; Bezerraa et al., 2008). Box-behnken

could not consider all the third order terms, because there

are fully aliased with linear effects (e.g. X1
3 = X1). How-

ever, when the analysis of second order terms are exhibiting

lack of fit, to achieve a better fit, two effects of X1
2X3 and

X1X2
2 entered into the model (Arshad et al., 2012). Regres-

sion coefficients were reviewed and approved using vari-

ance inflation factor (VIF) to avoid probable multicolli-

nearity due to correlation of third order terms with linear

effects. Table 1 showed three studied experimental vari-

ables at three levels. These variables were chosen as they

were considered to have the most significant effect on the

size of nanoparticles. The levels were selected based on

knowledge that acquired from initial experimental trials.

The statistical analysis was performed on the range scaled

factor values of [-1, +1]. Design-Expert 7.0, trial version

was used to analyze the experimental design data and cal-

culation of predicted responses. The quality of the obtained

polynomial model was expressed by the coefficient of de-

termination (R2), the value of adjusted-R2 of model,

Fisher-ratio value (F), and standard error of the estimate

(SE). The significance of each term in the equation was to

estimate the goodness of fit in each case. The analysis of

variance tables was generated and the effect and regression

coefficients of individual linear, quadratic and interaction

terms were determined. The P-values of less than 0.05 were

considered to be statistically significant. The regression co-

efficients were then used to make statistical calculations to

generate contour and dimensional maps from the regres-

sion models.

Results

Preparation and purification of gold nanoparticles

The addition of Penicillium crustosum supernatant to

AuCl4 solution led to the appearance of dark purple color

after 24 h of reaction. The control sample (without gold

ions) showed no change in color when incubated under

same conditions. The UV-Vis spectrum exhibited an ab-

sorption band at around 527 nm (Figure 1A), which is a typ-

ical plasmon band for gold nanoparticles (Honary et al.,

2013a). The UV-vis Spectrum of supernatant withought

gold nanoparticles in low wavelength region, recorded

from the reaction medium, exhibited an absorption band

around 265 nm and it was attributed to aromatic amino ac-

ids of proteins (Figure 1B). The fluorescence spectrum of

the synthesized gold nanoparticles showed a broad emis-

sion peak of AuCl4 nanoparticles at 551 nm when excited at

527 nm (Figure 1A).

The FT-IR spectrum of synthesized gold nano-

particles showed that nanoparticles manifests absorption

peaks located at about 1407.36, 1629.91, 2922.26 and

3432 cm-1 in the region 450-4000 cm-1. The peaks at

3432 cm-1 assigned to O-H stretching. The band at

2922.26 cm-1 associated with the C-H stretch of the methy-

lene groups of the protein. The band at 1407.36 and

1629.91 cm-1 corresponds to the N-H bend of primary

amines due to carbonyl stretch in proteins (Figure 2).

The AFM micrographs of nanoparticles showed that

the gold nanoparticles produced by Penicillium crustosum

were spherical shaped with a mean average size under 100

nm (Figure 3) that was adapted with the result of DLS

showed in Figure 4.
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Table 1 - Variables and experimental design levels for response surface.

Level X1
a X2 X3

-1 6 0.5 25

0 7 1.75 31

+1 8 3 37

aX1, X2 and X3 refer to pH of medium, concentration of AuCl4 (mM) and

temperature of shaker incubator (°C), respectively.



Furthermore, dynamic light scattering (DLS) showed

the fairly well-defined dimensions and good monodisper-

sity of synthesized nano-golds. An example of DLS graphs

was shown in Figure 4A with the polydispersity index

(PDI) of 0.248. Besides, correlogram of nanoparticles

which measured by zetasizer (Malvern instruments, UK),

confirmed the monodispersity and small size of synthe-

sized nano-golds (Figure 4A). The zeta potential of the gold

nanoparticles was found at -26.0 mV (Figure 4B).

Optimization analysis

The optimization of gold nanoparticles was per-

formed by 15 experiments based on Box-Behnken design.

The studied factors were the pH of medium, salt concentra-

tion (AuCl4) and the temperature of shaker incubator. Ta-

ble 2 showed the 15 experimental conditions and the

average diameter of gold nanoparticles according to the ex-

perimental design. It was found out that trial 5 led to the

minimum average size of gold nanoparticles among all.

The quadratic model was checked, using the De-

sign-Expert 7.0, trial version for ANOVA and the results

were shown in Table 3. The P-values were used as a tool to

check the significance of each coefficient, which also indi-

cated the interaction strength of each parameter. In the pres-
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Figure 1 - A: UV-Visible absorption spectra of the synthesized gold

nanoparticles. A(a): The fluorescence absorption spectrum of the synthe-

sized gold nanoparticles. B: The culture medium of Penicillium

crustosum.

Figure 2 - FT-IR spectrum of gold nanoparticles synthesized by Penicillium crustosum. Figure 2(a): Schematic proposed mechanism of gold ions

bioreduction via NADPH-dependent reductase enzymes.

Figure 3 - The AFM image of gold nanoparticles in the solutions showed a

mean average size under 100 nm that was adapted with the result of DLS

showed in Figure 4.



ent study, the Fisher-ratio (2797.98) and P-values

(p = 0.0004) indicating statistical significance of the ob-

tained model that demonstrated the relationship between

the independent variables and the response, according to

the regression model. Value of adjusted-R2 (0.9996) sug-

gested that the total variation of 99.96% average diameter

size of nanoparticles is attributed to the independent vari-

ables and only about 0.04% of the total variation cannot be

explained by the model.

The regression coefficients and the corresponding

P-values were presented in Table 4. From the P-values, it

could be concluded that all the independent variables stud-

ied (X1, X2, X3) and quadratic term (X2
2) significantly af-

fected the average diameter of size. The analysis showed

there were significant interactions between X1
2X2, X1

2X3

and X1X2
2. Based on the analysis of regression coefficients

of the quadratic model depicted that pH of medium (X1) ex-

hibited a negative relationship on the average diameter size,

while concentration of AuCl4 (mM) (X2) and temperature of

shaker incubator (°C) (X3) exhibited a positive relationship

on the average diameter size.

Discussion

Preparation and Characterization of gold
nanoparticles

Formation of gold nanoparticles was apparent from

the gradual changes in the color of incubated solution from

pale yellow to dark purple, but the color of control re-

mained practically unchanged during the entire incubation

period. This color changes from pale yellow to dark purple
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Figure 4 - A: Dynamic light scattering (DLS) of the gold nanoparticles.

A(a): Correlogram of gold nanoparticles showed small synthesized parti-

cles in which the correlation of the signal decays more rapidly. B: The zeta

potential of the gold nanoparticles.

Table 2 - Experimental conditions for Box-Behenken design and average

response for particle size.

Trial X1
a X2 X3 average diameter (nm)

1 + + 0 142

2 + - 0 169

3 - 0 203

4 - - 0 102

5 + 0 + 53

6 + 0 - 131

7 - 0 198

8 - 0 - 149

9 0 + 203

10 0 - 211

11 0 - + 195

12 0 - - 117

13 0 0 0 104

14 0 0 0 103

15 0 0 0 102

aX1, X2 and X3 refer to pH of medium, concentration of AuCl4 (mM) and

temperature of shaker incubator (°C), respectively.

Table 3 - Analysis of variance for the fitted quadratic polynomial model of

optimization of size of biosynthesized gold nanoparticles.

Source Sum of

squares

Degree of

freedom

Mean

square

F-value Probability

(p) > F

Model 33575.73 12 2797.98 2797.98 0.0004

Pure error 2.00 2 1.00

R2 0.9999

Adj R2 0.9996

Table 4 - Regression coefficients and their significance of the quadratic

model of optimization of size of biosynthesized gold nanoparticles.

Model term Coefficient

estimate

Degree of

freedom

Standard

error

Probability

(p) F

Intercept +103.00 1 0.58 0.0004

X1
a -40.75 1 0.50 0.0002

X2 +25.50 1 0.50 0.0004

X3 +17.50 1 0.50 0.0008

X1X2 -32.00 1 0.50 0.0002

X1X3 -31.75 1 0.50 0.0002

X2X3 -21.50 1 0.50 0.0005

X1
2 +1.13 1 0.52 0.1632

X2
2 +49.87 1 0.52 0.0001

X3
2 +28.63 1 0.52 0.0003

X1
2X2 -7.00 1 0.71 0.0101

X1
2X3 -24.75 1 0.71 0.0008

X1X2
2 +42.25 1 0.71 0.0003

aX1, X2 and X3 refer to pH of medium, concentration of AuCl4 (mM) and

temperature of shaker incubator (°C), respectively.



is attributed to surface plasmon resonance (SPR) (Moores

and Goettmann, 2006; Honary et al., 2013a). With a spe-

cific energy, an electron will be pushed away from the

metal, creating negative and positive regions (Figure 5).

The electron will naturally return to its original side,

but during the process other electrons have also been mov-

ing. This phenomenon is defined as a particle: the surface

plasmon (Pitark et al., 2005; Moores and Goettmann,

2006). The energy at which the electrons begin to oscillate

is specific, and any wavelength of light at that energy will

be absorbed. This absorption results a change in color far

different than the original gold color of the base metal. In

fact, SPR is an excitation of the localized surface plasmon

in the metal surface resulting from shining a monochro-

matic light source onto the nanoparticles which is the result

of the collective dipole oscillation of conduction electrons

against the background of an ionic metal-core. The position

of the absorption peak in the visible absorption spectrum of

colloidal solutions can be related to the particle size and

shape due to this resonance through SPR (Durán et al.,

2005; Noguez, 2007; Mohanpuria et al., 2008). A com-

monly used characterization technique for gold colloid is

ultraviolet-visible (UV-vis) spectroscopy, which excites

the plasmon resonance responsible for the characteristic

color of colloidal gold. It was found that the visible absorp-

tion spectrum of gold nanoparticles in this study had an ab-

sorption band at around 527 nm (Figure 1A). This absorp-

tion band, also known as the plasmon mode, gives to the

colloidal gold its characteristic dark purple color. The loca-

tion of this plasmon mode is highly dependent on the size,

aggregation and shape of the gold nanoparticles (Durán et

al., 2005; Noguez, 2007). The UV-vis spectrum of low

wavelength region, recorded from the reaction medium, ex-

hibited an absorption band around 265 nm and it was attrib-

uted to aromatic amino acids of proteins (Figure 1B). It is

well known that the absorption band at 265 nm arises due to

electronic excitation in tryptophan and tyrosine residue in

the protein. This is in accordance with the results of other

researchers (Ahmad et al., 2003; Honary et al., 2012a).

This finding suggested indirect evidence to the ability of

this secreted proteines and enzymes as a reductant to form

gold nanoparticles. Furthermore, the fluorescence spec-

trum showed a broad emission peak of gold nanoparticles at

549 nm when excited at 527 nm (Figure 1A). The nature of

the emission band indicates that the proteins bound to the

nanoparticle surface and those present in the solution exist

in the native form (Durán et al., 2005). The FT-IR measure-

ments were carried out to identify the possible bio-mo-

lecules responsible for capping and efficient stabilization

of the metal nanoparticles synthesized by Penicillium

crustosum. The spectrum represents different functional

groups of adsorbed. It seems that the FT-IR spectrum reveal

the presence of different functional groups like amid link-

ages and -COO- which may be between amino acid resi-

dues in protein and synthesized gold nanoparticles (Honary

et al., 2013a). It is believed that the enzyme nitrate

reductase could be responsible for bioreduction of metal

ions and synthesis of nanoparticles (Ahmad et al., 2003;

Honary et al., 2012a, 2012b, 2013a). The bioreduction of

gold ions was found to be initiated by the electron transfer

from the NADPH-dependent reductase as a electron car-

rier. Next, the gold ions (Au3+) obtain electrons and are re-

duced to elemental gold (Au0) nanoparticles (Figure 2A)

(Tikariha et al., 2012). The secreted proteines and enzymes

in the medium are responsibles not only for synthesis of

metallic nanoparticles, but also for stabilization of nano-

particles against aggregation. Therefore, this green synthe-

sis does not need any additive stabilizer which is a positive

point in comparison with chemical methods (Ghorbani et

al., 2011; Honary et al., 2011). The AFM micrographs of

nanoparticles showed that the gold nanoparticles produced

by Penicillium crustosum were spherical shaped and well

distributed in solution (Figure 3). Figure 4A showed the

DLS analysis of gold nanoparticles with an average diame-

ter of 53 nm and PDI of 0.248 which demonstrated that the

nanoparticles formed with fairly well-defined dimensions

and good monodispersity. The zeta potential of the gold

nanoparticles was found at -26 mV which provides the re-

pulsive force as an electrostatic stabilization (Figure 4B).

The correlogram of a measurement can give a lot of infor-

mation about the sample. The time at which the correlation

starts to significantly decay is an indication of the mean size

of the sample. In small particles containing monodisperse

samples, the correlation of the signal decays more rapidly

(Figure 4A). But, the correlation of the signal in poly-

disperse samples takes a long time to decay.

Optimization analysis

Traditional optimization has been carried out by mon-

itoring the effect of one factor at a time on an experimental

response. While only one parameter is changed, others are

kept at a constant level. This technique does not include the

interactive effects among the variables studied and the

complete influence of the parameter on the response could

not be detected. Besides, the number of experiments neces-

sary to conduct the research in this technique increases that

lead to an increase in time and expenses (Mohammadian et

al., 2007). The Box-Behnken is a suitable design for RSM

since it allows estimation of the parameters of the quadratic

1498 Barabadi et al.

Figure 5 - Schematic representation of surface plasmon oscillation under

the effect of an electromagnetic field.



model, building of sequential designs, detection of lack of

fit of the model and use of blocks (Ferreira et al., 2007). A

large Fisher-ratio value shows that most of the variation can

be explained by a regression equation and a low p-value

(< 0.05) shows that the model is considered to be statisti-

cally significant (Zunlai et al., 2012). In the present study,

the Fisher-ratio value of 2797.98 and value of p = 0.0004

indicated statistical significance of a quadratic model.

Therefore, this large F-value and low p-value demonstrated

that the relationship between the independent variables and

the response can be explained according to the regression

model. In addition, Validation of optimized study per-

formed using three confirmatory runs indicated very high

degree of prognostic ability of mathematical methodology.

Response surfaces were plotted using Design-Expert 7.0,

trial version software to study the effects of parameters and

their interactions on average diameter size of biosyn-

thesized nanoparticles. The shapes of the contour plots pro-

vide a measurement for the significance of the mutual

interactions between the variables. An elliptical contour

plot indicates a significant interaction between variables.

These three-dimensional plots and their respective contour

plots provide a visual interpretation of the interaction be-

tween two variables and facilitate the location of optimum

experimental conditions. The relationship between the ex-

perimental factors and response can be understood by ex-

amining the series of contour plots generated by holding

temperature of shaker incubator (X3) (Figure 6), concentra-

tion of AuCl4 (X2) (Figure 7) and pH of medium (X1) (Fig-

ure 8) at a constant level. The points on the corners and

center of the Figures 6 to 8 represent experimental design

points. The point with number 3 in the centre indicates that

contour plots have been drawn when the value of the fixed

variable is at the mid point of lowest and highest selected

levels. From the Figures 6 and 7 show that as the pH of me-

dium (X1) increases, the average diameter size decreases,

but at the higher pH values, the size slightly increases. This

may be due to less activity of reducer enzymes at low and

high temperature. Similarly, as shown in Figures 6 and 8,

when concentration of AuCl4 (mM) (X2) increases, the av-

erage diameter size decreases, but begin to increase at

higher concentration. This might be explained that increas-

ing of salt concentration allows particle growth at a faster

rate. Moreover, Particles in higher salt concentration

maybe aggregate and produce bigger particles. From the

Biosynthesis, Optimization 1499

Figure 6 - Contour plot of pH of medium (X1) and concentration of AuCl4

(mM) (X2) on the size of gold nanoparticles, when temperature of shaker

incubator (X3) was maintained at 31 °C.

Figure 7 - Contour plot of pH of medium (X1) and temperature of shaker

incubator (°C) (X3) on the size of gold nanoparticles, when concentration

of AuCl4 (X2) was maintained at 1.75 mM.

Figure 8 - Contour plot of concentration of AuCl4 (mM) (X2) and temper-

ature of shaker incubator (°C) (X3) on the size of gold nanoparticles,

when pH of medium (X1) was maintained at value of 7.



practical point of view, it would be better if the metal ions

could be prepared in lower concentration, leading to the

formation of smaller nanometer-sized particles in the solu-

tion (Honary et al., 2012a). Figure 8 shows an elliptical

contour plot represents that interaction between concentra-

tion of AuCl4 (mM) (X2) and temperature of shaker incuba-

tor (°C) (X3) has a significant effect on the average

diameter size. A circular contour plot represents that the in-

teraction between the corresponding variables is negligible

while elliptical contour plot indicates significant interac-

tions (Muralidhar et al., 2001). Elliptical contour plots ob-

tained from the data of the present study clearly shows that

the mutual interactions between the variables are signifi-

cant. Therefore, it could be concluded that the empirical

model is adequate to describe average size of synthesized

nanoparticles developed by response surface.

Conclusion

Compared to other methods, ‘green’ method seems to

be less costly, simpler and yet more functional, and also

would require less energy and fewer raw materials for pro-

duction. We have described here a green method for the

synthesis of gold nanoparticles exploiting Penicillium

crustosum. The results show that interaction between pH

(X1), concentration of AuCl4 (X2) and temperature of shaker

incubator (X3) all have significant effects on the average

size of gold nanoparticles. Besides, it was shown that statis-

tically designed experiments involves several factors si-

multaneously are more efficient when studying two or

more factors. This could be of major importance in indus-

try, where experiments could be very expensive and time

consuming. Hence, the mathematical methodology could

be quite efficient and useful for the optimization of prepara-

tion of gold nanoparticles and provide efficient parameters

for scaled-up industrial production of metallic nanopar-

ticles. Furthermore, the extracellular synthesis of nano-

particles could be highly valuable from the viewpoint of

large-scale operations and easy downstream processing

though still in need of further optimization and character-

ization for full understanding of their whole potential.
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