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Abstract: Edible mushroom (Agaricus bisporus) extract was
used to synthesize gold nanoparticles (AuNPs) through
hydrothermal process (at a pressure of 15 psi and a tem-
perature of 121°C for 15 min). Response surface methodol-
ogy was applied to monitor the influence of the synthesis
parameters, namely: the mushroom extract concentra-
tion (1-9 gr DP/100 ml distilled water) and the amount of
HAuCL, - 3H,0 solution (8-12 ml) on the particle size and
concentration of fabricated AuNPs. The obtained results
demonstrated that while the main and quadratic terms of
the synthesis parameters had significant (p < 0.05) effects
on the response variables, their interactions had insignifi-
cant effect on them. The results indicated that spherical
synthesized AuNPs using 10 ml of HAuCl, - 3H,0 solution
(1 mm) and 1 ml of mushroom extract with concentration
of 5 gr DP/100 ml had mean particle size (25 nm) and maxi-
mum concentration (534 ppm) and stability (zeta poten-
tial of —-45.8 mV). The results revealed that mushroom
extract could act as both reducing and stabilizing agents
due to its bioactive compounds. Fourier-transform infra-
red analysis showed that polyols and carbonyl groups in
mushroom extract had strong effects on formation of sta-
ble AuNPs. The fabricated AuNPs exhibited high antifun-
gal activity against Aspergillus flavus as compared to the
Aspergillus terreus.
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1 Introduction

Metal nanoparticles (NPs) are a source of amazing inter-
est due to their unique properties which in turn, increase
their potential applications in several fields. Among other
noble metals, gold nanoparticles (AuNPs) due to their
optoelectronic properties and biocompatibility find wide
application in life sciences [1]. For example, AuNPs are
used widely in chemical catalysis, nonlinear optics, sur-
face-enhanced Raman scattering, nanoelectronics, gene
expression, disease diagnosis targeted drug delivery, and
a controlled release of a drug at the desired site, these
days [1-3]. Furthermore, AuNPs have shown high antimi-
crobial activities against a wide of range of microorgan-
isms, like bacteria and fungi [4, 5]. There are numerous
chemical reduction and physical methods which are used
in NPs synthesis. However, in all those synthesis methods,
the reduction of metal ions occurs using a chemical reduc-
ing agent, such as sodium sulfite, hydrazine, and iron (II)
sulfate and after the formation of NPs, those stabilize
using a chemical stabilizer like polyvinyl pyrrolidone,
polyvinyl alcohol, polyaniline, and polyethylene glycol
[6-9]. Usage of toxic chemical as reducing and/or stabi-
lizing agents pose potential environmental and biologi-
cal risks [10]. An environmental-friendly protocol has
been proposed for the synthesis of metal NPs without the
usage of hazardous chemical, to avoid adverse effects in
medical applications [6]. Use of biological systems such as
microorganisms (e.g. fungi, bacteria, and yeast) and plant
extract or plant biomass could be an alternative to chemi-
cal and physical methods for the synthesis of metal NPs
such as AuNPs [3, 10].

Edible mushroom is a fleshy fungus and has a spore-
bearing fruiting body [11]. Among various mushrooms,
Agaricus bisporus (button mushroom) is commonly
available edible mushroom, revealed to possess wide
beneficial properties such as antioxidant, anticancer,
antimicrobial [12]. It has been reported that mushroom
extracts contain different constituents like terpenoids,
tannins, polysaccharide, carbohydrates, phenolic
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compounds, and flavonoids which can be applied as
a reducing and stabilizing agent in the biosynthesis of
NPs [13, 14]. Bhat et al. [7] used edible mushroom Pleu-
rotus florida (Oyster mushroom) by photo-irradiation
method in the synthesis of AuNPs. They found that tri-
angular- and spherical AuNPs ranged in size from 10 to
50 nm. Sen et al. [15] used glucan of edible mushroom P.
florida for the synthesis of AuNPs. The synthesis process
has been completed by placing in water in 70°C and
spherical AuNPs ranging from 70 to 500 nm in size were
formed.

Chemical reduction of metal ions using a chemical
reducing agent can be carried out at room temperature.
But in bioreduction of the ions using the microorganism
and plant extracts, due to low concentration of the biore-
ductants, the temperatures of synthesis process should be
elevated for a higher reaction rate. Recently it has been
demonstrated that thermal factor affects the size and uni-
formity of the formed NPs [16]. Hydrothermal synthesis
of AuNPs by autoclave is one of the practical synthesis
method because the system is capable of simultaneously
generating high pressure and high temperature. Reddy
et al. [17] used gum Kondagogu by autoclave for the syn-
thesis of AuNPs. They synthesized spherical AuNPs with a
particle size of 12+ 2 nm.

To the best of our knowledge, there are no reports on
green synthesis of AuNPs using hydrothermal method
and mushroom extract. However, there are a few reports
on antifungal activity of AuNPs. Therefore, the main
objectives of the present study were: (i) to hydrothermally
green synthesize AuNPs using mushroom extract; (ii) to
optimize the AuNPs synthesis process; and (iii) to evalu-
ate physico-chemical properties and antifungal activity of
the fabricated AuNPs against Aspergillus flavus and Asper-
gillus terreus.

2 Materials and methods
2.1 Materials

Fresh edible mushrooms A. bisporus, same in shape and size, were
obtained from local market in Tabriz, Iran. Gold (III) chloride trihy-
drate (HAuCl, -3H,0) as gold ions precursors and AuNPs standard
solution (with particle size of 10 nm and concentration of 100 ppm)
were purchased from Sigma-Aldrich (Sigma-Aldrich co. MO, USA)
and Tecnan-Nanomat (Tecnan-Nanomat co, Navarra, Spain), respec-
tively. Aspergillus flavus (PTCC 5004) and A. terreus (PTCC 5021) were
provided by microbial Persian type culture collection (PTCC, Tehran,
Iran). Potato dextrose agar (PDA) as culture media was purchased
from Oxoid (Oxoid Ltd., Hampshire, England). All aqueous solutions
were prepared by using freshly double distilled water.
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2.2 Preparation of aqueous mushroom extract

The mushrooms were washed repeatedly with double distilled water
to remove organic impurities present on their surface, crushed into
small pieces, and then shade dried for 3 days. The dried mushroom
pieces were powdered using domestic miller (MX-GX1521, Panasonic,
Tokyo, Japan). The broth used for the reduction of Au** ions to Au®
was prepared by taking 5 g of the mushroom powdered in 250 ml
Erlenmeyer flasks with 100 ml of double distilled water and then
boiled for 10 min, and filtrated through Whatman No. 1 filter paper.
The provided mushroom extract was stored in the refrigerator at 4°C
until further use.

2.3 Synthesis of AuNPs using mushroom extract

Gold (III) chloride trihydrate (1 mm) solution was prepared by dis-
solving 0.392 g of its powder in 100 ml of double distilled water. Dif-
ferent amounts of 1 mm gold ions precursors solution (8-12 ml) were
mixed with 1 ml of mushroom extract with different concentrations
ranging from 1 to 9 g of mushroom dried powder/100 ml of distilled
water (gr DP/100 ml) in boiling tubes and then kept in autoclave at
pressure of 15 psi and temperature of 121°C for 15 min.

2.4 Analysis

2.4.1 Mushroom extract characteristics: In order to identify the
reducing and stabilizing biomolecules in A. bisporus (white button
mushroom) extract which were effective in AuNPs synthesis, FT-IR
measurements were carried out. The FT-IR spectra of mushroom
extract were recorded on a Bruker Tensor 27 spectrometer (Bruker,
Germany) using KBr pellets in the 4000—-400 cm™ region [18]. The
pH measurement of mushroom extract solution was performed by
pH meter (DELTA 320, Shanghai, China). Generally, the size, shape,
and yield of NPs synthesis are mainly affected by the change in a
charge in the natural phytochemicals existing in an extract as their
capability to bind and reduce metal captions [19].

2.4.2 Physico-chemical characteristics of the synthesized
AuNPs: The formation of AuNPs was confirmed by using UV-visible
spectroscopy due to the presence of a localized surface plasmon
resonance signal (SPR) in the visible part of the spectrum, using a
Jenway UV-Vis spectrophotometer 6705 (UK) in a 1 cm optical path
quartz cuvette. The absorbance is proportionate to the concentration
of synthesized AuNPs. It can be calculated using a standard curve
which was established by several serial dilution solutions of the
standard AuNPs solution (10-100 ppm).

A dynamic light scattering particle size analyzer (Nanotrac
Wave, Microtrac, USA) was used to estimate the values of mean parti-
cle size, polydispersity index (PDI), and zeta potential of the synthe-
sized AuNPs at 25°C.

X-ray diffraction (XRD) study was carried out using the films
of colloidal synthesized AuNPs formed on a microscopic glass slide
by drop coating to confirm the crystallinity. The XRD analysis of the
AuNPs was performed using Siemens D5000 diffractometer (Tokyu,
Japan) with Cu-Ka radiation (1=1.54178 A). The device operated at
35 kV and 26 diffraction angles ranged from 30° to 90°.
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The morphology of the synthesized AuNPs was observed by
transmission electron microscopy (TEM, CM120, Philips, Amsterdam,
Netherlands) with an acceleration voltage of 120 kV.

2.4.3 Antifungal activity of the synthesized AuNPs: The antifungal
activity of the synthesized AuNPs against A. flavus and A. terreus
was assessed according to the method described by Mohammadlou
et al. [20]. In fact, the inhibition in radial mycelia growth of A. flavus
and A. terreus on the plates (90 ml in diameter) containing of PDA
incorporated with AuNPs was evaluated during 7 days and antifungal
activity of AuNPs was expressed as fungal hyphae growth (mm).

2.5 Design of experiments and statistical analysis

Central composite design with two independent variables, namely:
mushroom extract concentration or MEC (1-9 g/100 ml) (X,) and
amount of 1 mM HAuCl, solution (8-12 ml) (X,), was used to design
experiments using the software Minitab v.16 statistical package
(Minitab Inc., PA, USA). Response variables were chosen accord-
ing to the literature [20]. Response surface methodology due to its
ability to generate large amounts of information from a small num-
ber of experiments and the possibility of evaluating the interaction
effect between the variables on the responses [A___(Y,) and AuNPs
concentration (Y,)], was applied to assess the relationships between
the studied responses and synthesis variables and to optimize them
in order to gain the desired characteristics of the product (the least
A, and the highest AuNPs concentration) [21]. All experiments (13
runs) were carried out in 1 day (one block) and at five different lev-
els, including four factorial points, four star points, and five center
points using the software Minitab v.16 statistical package (Minitab
Inc., PA, USA) (Table 1). Five replicates were performed at a central
point for estimation of the pure error [22]. A second-order polyno-
mial equation (Eq. 1) was used to express the response variables

Table 1: Central composite design and response variables
(experimental and predicted value) for synthesis of gold
nanoparticles using mushroom extract.

Sample MEC(grDP/  Amount of A, (nm)  Concentration
no. 100 ml)  HAuCL, (ml) (ppm)

Exp? Pre® Exp? Pre®
1 5.0 10.0 551 551 513 534
2 5.0 12.0 544 544 516 509
3 2.2 8.6 552 553 312 273
4 5.0 10.0 550 550 554 534
5 5.0 10.0 550 550 539 540
6 1.0 10.0 553 552 84 130
7 5.0 8.0 550 548 457 468
8 2.2 11.4 550 549 295 268
9 7.8 8.6 537 539 479 502
10 9.0 10.0 535 533 545 503
11 5.0 10.0 550 552 531 534
12 5.0 10.0 552 547 535 538
13 7.8 11.4 536 536 531 567

2Experimental values of studied responses.
Predicted values of studied responses.
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(Y) of the synthesized AuNPs as a function of the studied synthesis
variables (X).

Y, =P, +Xp X +Xp X +P. XX 6]

i i |

where Y is the response variable, 8, 8, B,, and ﬂi]. represent the
constant, linear, quadratic and interaction terms, respectively. The
adequacy of model was examined accounting for the coefficient of
determination (R?) and adjusted the coefficient of determination (R*
adj). To fit the second-order polynomial equation, analysis of vari-
ance was used to analyze the experimental data by multiple linear
regressions, and the statistical significance of each regression term
was evaluated using the p-value from the pure error obtained from
replicates at the central point. The p-values lower than 0.05 were con-
sidered to be statistically significant. For the graphical analysis of the
independent variable, two-dimension contour plots were obtained
from the fitted polynomial [23]. It should be noted that the presented
correlation is valid only within the range of variables investigated.
Graphical and numerical multiple response optimizations were used
to determine the optimum levels of MEC and amount of HAuCl, to
attain the desired response goals [minimum value for . (AuNPs
size) as well as a maximum value of AuNPs concentration] [24].
Subsequently, three additional confirmation experiments were con-
ducted to verify the validity of the statistical experimental strategies.

3 Results and discussion

3.1 Mushroom extract characteristics

The FT-IR images of the mushroom extract and extract
containing AuNPs samples show a number of functional
bonds associated with them which provide them with sta-
bility by capping them. As clearly observed in Figure 1,
it can be inferred that the samples have four main peaks
in the range of 1107.57, 1421.22, 1637.72, and 3446.58 cm!
and two weak peaks at wavenumbers of the 569.59 and
2934.08 cm™. The broad peak obtained in the range of
31003600 cm™ corresponds to the O—H and N-H bond
stretching vibrations. A minor peak at around 2934.08 cm™
suggests the presence of carboxylic and phenolic com-
pounds. The peak at 1637.72 cm™ corresponding to amide I
due to carbonyl stretch and —-N-H stretch vibrations in the
amide linkages of the protein correspondingly. The band
at 1421.22 cm™ is the C-N stretching mode of aromatic
amine group. The C-O-C and C-OH vibrations of the
protein/polysaccharide in the mushroom extract appear
as a medium IR band at 110757 cm™. These peaks ranging
from 1107.57 to 1637.72 cm™ also observed in IR band of
mushroom extract including AuNPs which confirmed that
the carbonyl group of amino acid residue and peptides
of proteins have strong ability to bind metal, and so the
proteins most possibly might have formed a layer on the
AuNPs and also prevented agglomeration of the particles,



DE GRUYTER M. Eskandari-Nojedehi et al.:

100 7 7Y " _“r\ e M" ~ Mushroom
. / cn \V /) ke ] extract
/' oH | Y C-Br
90 l / | | If v AuNPs + extract
R | | CH- || | coc
° | { / C-OH
8 g0 |oH | [cc
8 |N-H / |/ oN
= 1 f/
£ \ v
2 704 \ C=C
g \ | NH, NH,
\/ c=0
609 | [ CN [
oL b 4 S
3500 3000 2500 2000 1500 1000 500
Wavenumber (cm~")
Figure 1: FT-IR spectrum of mushroom extract and mushroom extract containing AuNPs.

and thus the NPs are stabilized in the medium [7]. Mush-
rooms are rich in proteins and have high amount of amino
acids such as lysine, tryptophan, glutamic acid, and
aspartic acid [25]. Adsorption peaks around 569.59 cm™
are attributed to R—-CH groups. The obtained results were
in agreement with the findings of Narasimha et al. [26] and
Eskandari et al. [22]. They found the FT-IR spectrum for
A. bisporus between 500 and 4000 cm, which confirmed
the presence of proteins, carbonyl groups, esters, and car-
boxylic acids for the synthesis and stabilization of silver
and gold NPs. The mean pH value of mushroom extract
was about 6.25+0.20 which represents that mushroom
extract, due to its high amount of phenolic acid (Figure 1),
is an acidic media.

3.2 Fitting the response surface models

The responses obtained from the experimental runs,
which are shown in Table 1, were fitted to second-order
polynomial models by applying multiple regression anal-
ysis for studying two synthesis parameters. Therefore, the
estimated regression coefficients, either for initial or final
reduced models, as well as the corresponding significance
of regressions are given in Table 2.

The F-ratio and p-value of each term in suggested
models, which provides their significance determina-
tions, are also shown in Table 3. It should be considered
that in significance determination of terms, lower p-value
and higher F-ratio correspond to a higher significance of
a term on studied response variations. The obtained final
models were valid only in the studied independent vari-
able levels [27, 28].

As the coefficients of determinations (R? and adjusted
R?) are good measure for overall model performance, their
obtained relatively high values confirmed the suitability
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Table 2: Regression coefficients, R?, adjusted R? (R*-adj), and
probability values for the final reduced models suggested for

synthesis of AUNPs.

Regression coefficient A, (nm) Concentration (ppm)
B, (constant) 380.124 -1559.06
B, (main effect) 1.718 146.42
B, (main effect) 34.970 315.62
B,, (quadratic effect) -0.412 -10.72
B,, (quadratic effect) -1.775 -15.26
B,, (interaction effect) —a -2
R? 99% 94.72%
R?-adj 98.34% 91.70%
Lack of fit 1.14 5.63
p value (regression) 0.406 0.064

B, is a constant; §, §,, and B are the linear, quadratic, and interac-

tion coefficients of the quadratic polynomial equation, respectively.
1, mushroom extract (gr DP); 2, HAuCl, (ml).
2ls zero due to nonsignificance of its interaction.

Table 3: The significance probability (p-value and F-ratio) of regres-
sion coefficients for the final reduced models suggested for AUNPs

synthesis.
Main Main Quadratic Interacted
effects effects effects effects
Xl XZ Xl2 XZZ X1X2
lmax (Yl’ nm)
p-Value 0.013 0.001 0.000 0.001 -2
F-ratio 12.21 34.29 74.37 35.44 =2
Concentration (Y,, ppm)
p-Value 0.000 0.016 0.000 0.019 =2
F-ratio 69.18 9.87 47.72 9.26 -2

1, mushroom extract (gr DP); 2, HAuCl, (ml).

2Not significant (p>0.05).

of suggested models. Furthermore, attained insignificant
lack of fits for suggested models ensured their adequate
fitness to the independent variable effects (Table 2). As
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shown in Table 3, the linear and quadratic effects of the
synthesis parameters had significant (p < 0.05) effects on
all studied characteristics of formed NPs. The resulted
regression coefficients and their p-values and F-ratios
revealed that, however, the positive signs of the main
effect of provided complicated variation of these response
with studied synthesis parameters, but the negative sign
of the quadratic regression coefficients presented the gen-
erally inverse changes of AuNPs concentrationand4__ by
both MEC and amount of HAuCl, (Table 2).

3.2.1 Maximum wavelength (A__)

The change in color of the reaction mixture including
mushroom extract and HAuCl, from colorless to pinkish
violet colored was observed in Figure 2. This color arises
due to excitation of surface Plasmon vibrations in metal
NPs and confirmed by UV-visible spectroscopy [29, 30].
The UV-visible spectroscopy is also a very useful tech-
nique which allows estimating of the size and concen-
tration of synthesized AuNPs in the colloidal solution.
The AuNPs exhibit an intense absorption peak (4__ ) that
ranged from 510 to 570 nm due to SPR. In fact, the parti-
cle size of the formed NPs can be manifested in the A__
of the NPs. It is well known that the longer wavelengths
in absorption spectra of metal NPs are correlated to their
bigger size [20, 31]. Figure 2 shows the UV-visible spectra
of the synthesized AuNPs sample. The 4___of the synthe-
sized AuNPs ranged from 535 to 552 nm (Table 1). In all
cases, A___was obtained in favorable range for AuNPs in
UV-visible analysis. TheA___can be correlated to the parti-
cle size of the formed NPs as the longer wavelengths cor-
respond to increase in particle size [32]. The effects of MEC
and amount of HAuCl, solution on the AuNPs size changes
(4,,) are shown in Figure 3A and B. As clearly observed
in Figure 3A, at constant amount of HAuCl,, by increas-
ing the MEC, the size of AuNPs decreased. The result can
be explained by the fact that at high MEC, the amount of

2.750-
2.000-

1.250+

Absorbance (a. u.)

0.500+
400.0

55
Wavelength (nm)

Figure 2: A UV-Vis spectra sample of the mixture solution contain-
ing HAuCl, and mushroom extract, after synthesis of AuNPs.
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Figure 3: Surface plot (A) and contour plot (B) forA__ of the

synthesized AuNPs as function of MEC (g/100 ml) and the amount
of HAuC, (ml).

reducing agents is high which in turn, can rapidly reduce
Au ions and form AuNPs. On the other hand, due to the
high concentration of stabilizing agents in the extract,
the carbonyl group of proteins (band at 1637.84 cm™ at
Figure 1) form a covering layer on the formed AuNPs and
act as stabilizing agent to prevent their agglomeration
[33]. As clearly observed in Figure 3B the minimum 4___
(535 nm) could be achieved at high amount of HAuCl,
solution and high MEC. The obtained results were in
agreement with finding of Sadeghi et al. [34]. They found
the carbonyl group of proteins in Stevia rebaudiana leaf
extract adsorbed strongly to metals and it could have
formed a layer along with the bio-organics, securing inter-
action with biosynthesized AuNPs. As clearly observed in
Figure 3B, at a mean amount of HAuCl,, by decreasing the
MEC, the size of AuNPs increased. The result shows that
low concentration of both reducing and stabilizing agents
of low MEC, a few Au ions turn to AuNPs and due to low
concentration of stabilizing agents, the formed AuNPs
rapidly agglomerated and their particle size increased [35].
The obtained result was in agreement with the findings of
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Dwivedi and Gopal [35]. They indicated that at high con-
centration of HAuCl,, at constant Chenopodium album leaf
extract concentration, the surface Plasmon peak minor
red-shift decreased in the intensity of the peak.

3.2.2 Concentration of AuNPs

As clearly observed in Table 2, by increasing both MEC and
amount of HAuCl, at low levels, the AuNPs concentration
increased, at lower levels of those independent variables,
the concentration of the synthesized AuNPs decreased. As
clearly observed in Table 3, the MEC affected the AuNPs
concentration more significantly as compared to amount
of HAuCl,. Therefore, MEC is considered to be the most
vital parameter in the determination of this response. As
shown in Figure 4A, at low and high amounts of HAuCl ”
by decreasing the amount of MEC the concentration of
AuNPs solution decreased. The obtained result was in
agreement with findings of Dwivedi and Gopal [35]. They
indicated that at high concentration of Chenopodium

A
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IS
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Figure 4: Surface plot (A) and contour plot (B) for concentration of
synthesized AuNPs as function of MEC (g/100 ml) and amount of
HAuCL, (ml).
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album leaf extract at constant Au ions concentration, the
absorbance peak of NPs solution was increased, there-
fore, the concentration of AuNPs colloids was increased.
The obtained results indicated that the minimum con-
centration was obtained at minimum MEC and maximum
amount of HAuCl, (295 ppm) and maximum concentration
was formed at central range of MEC and amount of HAuCl,
(554.04) (Figure 4B).

3.3 Optimization of processing parameters
for the synthesized AuNPs

The AuNPs would be considered an optimum product
if the process resulted in the smallest mean particle
size (A_,) and highest AuNPs concentration. There-
fore, an overlaid contour plot as a graphical optimiza-
tion approach was used to find the optimum region for
synthesis variables in order to synthesize AuNPs with
the minimum A___ and maximum AuNPs concentration
(Figure 5). The specified white colored area in Figure 5
indicated the desired MEC and amount of HAuCl, levels
to get the optimum AuNPs products. Numerical multiple
optimization was also used to find the exact optimum
levels of studied synthesis variables. The results also
showed that the synthesis conditions with a HAuCl, of
10 ml for 5 g MEC in preparation of AuNPs would give
the most desirable products with 4__ in 550 nm wave-
length and the synthesized AuNPs with concentration
of 534 ppm. Moreover, three AuNPs solutions were pre-
pared according to the recommended optimal levels by
numerical multiple optimization and characterized in
terms of studied physicochemical properties. The mean
measured experimental values for the A and AuNPs

\ UV-peak (nm)
535
F eeses 553

Concentration (ppm)
——295.213

HAuCI, (ml)

1 2 3 4 5 6 7 8 9
Mushroom extract (gr DP)

Figure 5: Overlaid contour plot of AuNPs A__ and concentration
with acceptable levels as function of MEC (g/100 ml) and amount of

HAuC, (ml).
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concentration of these three AuNPs solution samples
were 551+ 1 nm and 535.54+1.16 ppm, respectively. The
overall similarities between the experimental and pre-
dicted values for these characteristics established the
adequacy of the suggested regression equations.

3.4 Physico-chemical characteristics
of the synthesized AuNPs at optimum
synthesis conditions

The particle size, PDI, and zeta potential values and
concentration of the synthesized AuNPs at optimum
synthesis conditions were 32.1 nm, 0.597, —45.8 mV
and 534 ppm, respectively. The dynamic light scatter-
ing technique involves scattering of a laser light beam
at the surface of dispersed NPs and detection of the
backscattered light. PDI is a dimensionless approxima-
tion that describes the homogeneity of NPs. Its value
changes from O to 1, and smaller values correspond to
a narrower and finer particle size distribution [21]. It is
more desirable to get AuNPs with lower PDI. Zeta poten-
tial measurements reveal the NPs are highly stable and
have an average surface charge of —45.8 mV. The higher
zeta-potential value is a key parameter to maintain the
stability of suspension through the electrostatic repul-
sion between particles, which results in a high stabil-
ity of suspension. Solutions with zeta potential above
+20 mV or below —20 mV are considered stable [36]. The
obtained results were in agreement with finding of Chen
et al. [37]. They found the zeta potential of synthesis
AuNPs was —16.6 at 0.33 mg/ml bromelain extract for the
biosynthesis of AuNPs using bromelain.

The size distribution of NPs leads to inhomogene-
ous broadening of the resonance due to the variation in
the resonant energy level [38]. The peak intensity and
full width at half maximum depends on size and extent
of aggregation of particles and the broadness of the peak
attributes to the broad particle size distribution [39].
The size distribution of the synthesized AuNPs obtained
at optimum conditions was also shown in Figure 6. As
clearly can be seen in these figures, the size distribution
of the formed AuNPs is monomodal. The monomodal size
distributions was favored compared to polymodal distri-
butions, because the polymodal particle distributions can
speed up the Oswald ripening of particles and decrease
the physical stability of the NPs solutions.

The crystalline nature of AuNPs was confirmed from
the XRD analysis. Figure 7 shows the XRD pattern of syn-
thesized AuNPs using mushroom extract. The diffrac-
tion peaks at 38.1°, 44.5°, 64.6°, and 77.8° correspond
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Figure 7: X-ray diffraction pattern of the synthesized AuNPs using
mushroom extract at obtained optimum conditions.

to the (111), (200), (220), and (311) planes of face cen-
tered cubic (fcc) crystal structure, respectively [15, 25].
However, according to Figure 7 the aforementioned
peaks are not very sharp and it indicates that the syn-
thesized AuNPs using mushroom extract have not got
crystallinity.

Transmission electron microscopy (TEM) has been
used to identify the size, shape, and morphology of NPs.
Typical TEM images obtained from the final optimized
AuNPs colloid are shown in Figure 8. A typical TEM image
of biologically synthesized AuNPs, indicated that the syn-
thesized AuNPs were well dispersed with spherical struc-
ture and particle sizes ranging from 10 to 50 nm, and a
mean particle size of 25 nm. The obtained results were
in agreement with findings of Bhat et al. [7]. They found
the diameter of synthesis AuNPs was ranging from 10 to
50 nm and the morphology of the NPs was spherical for
the photo-biosynthesis of AuNPs using edible mushroom
Pleurotus florida.

The results of our previous research, related to the
green synthesis of AuNPs using mushroom extract and
microwave technique, indicated that the well-dispersed
and spherical AuNPs with the minimum mean particle
size and PDI, and maximum concentration and zeta
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Figure 8: TEM image of the synthesized AuNPs using mushroom
extract at obtained optimum conditions.

potential of the 33.56 nm, 0.855 ppm, 148.88 ppm, and
+17.2 mV, respectively, were obtained using 2.62 ml of
HAuCl, and 0.2 ml of mushroom extract during micro-
wave exposure time of 55 s [22]. The results of the present
study indicated that as compared to microwave synthesis
method, the hydrothermal AuNPs synthesis technique,
could result in fabrication of the AuNPs with smallest
mean particle size and highest stability (zeta potential
value). This can be explained by the fact that by increas-
ing the NPs synthesis time and the temperature of the
colloidal solution, rate of the nucleation and growth of
the NPs increase and after that, it increases NPs collision
rate, which in turn decreases the particle size of the syn-
thesized NPs [20].

3.5 Antifungal activity of AuNPs

Effects of synthesized AuNPs on mycelia growth of A.
flavus and A. terreus during 10-day incubation period
are shown in Figure 9A and B, respectively. As clearly
observed in these figures, AuNPs amended in PDA media
could inhibit the mycelia growth of A. flavus. As clearly
observed in Figure 10A, AuNPs conjugated with PDA
medium culture had significant fungicidal effect on A.
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Figure 9: Mycelia growth inhibition of the synthesized AuNPs
toward A. flavus (A) and A. terreus (B) after 10 days of incubation at
26°C+2°C.

flavus. While, the synthesized AuNPs showed low fungi-
cidal effect on A. terreus (Figure 10B). The obtained result
was in line with findings of Eid et al. [40]. They indicated
that Pencillium growths were completely inhibited upon
treatment with 130 um of AuNPs solution. It has been
generally believed that the mechanism of the antifungal
effects of gold ions involves their absorption and accu-
mulation by the fungus cell that would lead to shrinkage
of the cytoplasm membrane or its detachment from the
cell wall.
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Figure 10: Antifungal effects of the synthesized AuNPs obtained
at optimum conditions on A. flavus (A) and A. terreus (B). Data are
the mean value of three replicates (each replicate contains four
plates).

4 Conclusions

Green synthesis of AuNPs using hydrothermal technique
and edible mushroom (A. bisporus) extract as reducing
and capping agents, was carried out in the present study.
This novel synthesis route provides a simple, efficient,
environmental friendly and low cost method, as com-
pared to currently available chemical and/or physical NPs
synthesis methods. The results indicated the usefulness of
response surface methodology for studying the effects of
the synthesis conditions on the dependent variables and
to optimize them in order to get the most desirable AuNPs.
These green synthesized AuNPs had also suitable fungi-
cidal effect against to A. flavus and A. terreus.
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