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Abstract: Due to high antimicrobial activity against
numerous microorganisms, silver nanoparticles (AgNPs)
are being utilized in various areas. Microwave-accelerated
AgNPs synthesis using Corylus avellana leaf extract was
evaluated. Based on randomly central composite design,
13 mixture solutions containing different amounts of the
prepared extract (0.10-0.90 mL) and 1 mM silver nitrate
solution (15-25 mL) were prepared and exposed to micro-
wave irradiation for 180 s. Response surface methodology
was utilized to evaluate the effects of the two independent
variables on particle size and concentration of the synthe-
sized AgNPs, as manifested in the place of broad emission
peak (A,ax) and its absorbance unit, respectively. Fourier
transform infrared spectroscopy analysis indicated that
the two hydroxyl and carboxylic acid functional groups
with reducing activity existed in the prepared extract.
Dynamic light scattering and transmission electron micro-
scopy analyses revealed that the formed spherical AgNPs
using optimum amounts of C. avellana leaf extract (0.9 mL)
and 1mM silver nitrate solution (25mL) had minimum
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particle size (103.5nm) and polydispersity index (PDI)
(0.209), and maximum concentration (140 ppm) and zeta
potential (-21.8 mV). Results indicated that the formed
AgNPs had high fungicidal effects against the spoiled fungi
of Colletotrichum coccodes and Penicillium digitatum.

Keywords: antifungal activity, Corylus avellana, micro-
wave irradiation, optimization, silver nanoparticles

1 Introduction

Among the various noble metal nanoparticles (NPs),
silver NPs (AgNPs) have attracted distinct attention and
application in numerous industries and fields due to their
unique properties, especially, their strong antimicrobial
activity against various microorganisms such as bacteria
and fungi strains [1-3]. In fact, AgNPs are known as a
new generation of antibiotics. Due to the high surface-to-
volume ratio of the AgNPs, these NPs can get easily
attached to the microorganism’s membrane and by
releasing silver ions can change the membrane perme-
ability and respiratory enzymes’ activities, and cause cell
death [4,5]. Green synthesis methods in the fabrication of
metal and metal oxide NPs have several advantages com-
pared to the synthesis techniques based on physico-che-
mical approaches. In fact, green or biological synthesis
methods are intensified and clean, and ions reduction,
NPs’ formation, and their stabilization are completed in a
one-step process using bioactive compounds. Further-
more, the NPs’ biosynthesis procedures are cost effective
and environmentally friendly because they do not use
chemical solvents and reagents in their synthesis proce-
dures [6,7]. In green metal NPs synthesis approach, many
natural biomolecules of plants and their derivatives (i.e.,
steam, root, leaf, and flower) such as proteins/enzymes,
amino acids, polysaccharides, alkaloids, phenolic, alcoholic
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compounds, and vitamins can be involved in the bioreduc-
tion, formation, and stabilization of AgNPs [8].

Hazelnut (Corylus avellana L.) belonging to the
Betulaceae family contains high amount of fat which
increases its nutritional value. Mono- and polyunsaturated
fatty acids are the predominant fatty acids in hazelnut [9].
Several studies have indicated that the aqueous extracts of
hazelnut leaf contain 3-, 4-, and 5-caffeoylquinic acids,
caffeoyltartaric acid, p-coumaroyltartaric acid, myricetin
3-rhamnoside, quercetin 3-rhamnoside, kaempferol 3-tham-
noside, p-coumaric acid, and myricetin and quercetin
derivatives. Most of these bioactive compounds have anti-
bacterial and antioxidant action [10,11]. Furthermore, these
components have several hydroxyl and carboxylic groups in
their structure which those functional groups can easily
reduce metal ions and convert those into their elements,
and finally form metal NPs [12]. Leaves of C. avellana, an
agro-waste, are found in abundance in Iran, and as already
mentioned the C. avellana leaf extract has reducing activity
which can reduce silver ions and convert them into AgNPs,
which have a strong antibiotic effect on a wide range of
antibiotic resistant microorganisms. However, this process
needs a long time at room temperature, due to the low con-
centration of bioreducing agents in the extract. Microwave
heating can effectively increase the collision rate of the formed
silver elements and seeds, and decrease the synthesis time
[2,3]. Therefore, this study focused on (1) preparation of the
aqueous extract of hazelnut leaf and determination of its
main functional groups; (2) synthesis of AgNPs and optimi-
zation of the amounts of hazelnut leaf extract and silver salt
solution to fabricate AgNPs with minimum particle size and
maximum concentration; and (3) assessment of their anti-
fungal action against Colletotrichum coccodes and Penicillium
digitatum, which cause tomato and orange spoilage.

2 Materials and method

2.1 Materials

C. avellana leaves were picked from the hazelnut trees
in Tabriz, Iran. AgNOs;, a silver salt, was bought from
Dr Mojallali (Dr Mojallali Chemical Complex Co., Tehran,
Iran). Colloidal standard AgNPs solution, with particle
size and concentration of 10 nm and 1,000 ppm, respec-
tively, was obtained from Tecnan-Nanomat (Spain).
C. coccodes and P. digitatum were isolated from spoiled
tomato and orange. Potato dextrose agar (PDA) was pur-
chased from Oxoid Ltd (Hampshire, United Kingdom).
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Deionized double distilled water was used to prepare
all aqueous solutions.

2.2 Preparation of C. avellana leaf extract
and synthesis of AgNPs

The C. avellana leaves were washed, shade dried, and
powdered using domestic miller (MX-GX1521, Panasonic,
Tokyo, Japan). Around 1g of the prepared powder was
added into 100 mL of boiling distilled water for 5min
and after that it was cooled to room temperature and fil-
tered using Whatman Grade 1 filter paper. The provided
C. avellana leaf extract was stored in the refrigerator (at
4°C) throughout the experiment.

According to the literature studies, 1 mM silver nitrate
solution (colorless) was prepared by dissolving 0.017 g of
AgNOs in 100 mL deionized double distilled water [1-3].
Different amount of AgNOj; solution (15-25 mL) was mixed
with different amount of C. avellana leaf extract (0.1-0.9 mL)
and the mixture solutions were placed in the microwave
oven (MG-2312W, LG Co., South Korea), at a constant power
of 800 W and microwave heating time of 180 s.

2.3 Physico-chemical assay

The main functional groups related to the bioactive com-
pounds of C. avellana leaf extract, which play the main
role in the reduction and stabilization of the AgNPs,
were determined using Fourier transform infrared (FT-IR)
spectroscopy (Bruker Tensor 27 FT-IR spectrometer,
Germany) with KBr pellets in the 4,000-400 cm™ region.
The formation of the AgNPs using C. avellana leaf extract
was confirmed by a Jenway ultraviolet-visible (UV-Vis)
spectrophotometer 6705 (United Kingdom). AgNPs due
to their surface plasmon resonance (SPR) have broad
emission peaks (Aphax) in the wavelength ranging from
380 to 450 nm. This is responsible for the striking yel-
low—brown color of the synthesized AgNPs in various
media [8]. UV-Vis spectroscopy measurements can also
be used to evaluate the concentration of the AgNPs solu-
tion by establishing a standard curve using several serial
dilute solutions of AgNPs (10—1,000 ppm). In fact, the
absorbance unit at the place of broad emission peak
(Amax) can be correlated to the concentration of the
synthesized AgNPs in the colloidal solution. Mean par-
ticle size, polydispersity index (PDI), zeta potential values,
and particle size distribution (PSD) of the fabricated AgNPs
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were measured using a dynamic light scattering (DLS)
particle size analyzer (Nanotrac Wave, Microtrac, United
States) at 25°C. For morphology analysis of the fabricated
AgNPs, including size and shape, transmission electron
microscopy (TEM) was used. For this reason, the aliquot
of the formed AgNPs solution was put on a carbon-coated
copper grid and the assay was completed using the instru-
ment (TEM, CM120, Philips, Amsterdam, Netherlands) with
an acceleration voltage of 120 kV.

2.4 Antifungal assay

The inhibition in the radial mycelia growth of C. coccodes
and P. digitatum on the poured and dried plates with
PDA incorporated with AgNPs was measured for 7 days
at a temperature of 26 + 2°C. In this method, an agar disk
(5mm in diameter) from a pure culture of the fungus
was placed in the center of the PDA plates (90 mm in
diameter) as control sample and those amended with
AgNPs and leaf extract, and the plates were then incu-
bated. Daily radial measurements of mycelia growth
were taken until the fungus reached the edge of the
control plates. Antifungal activity of the synthesized
AgNPs was expressed as inhibition of the fungal hyphae
growth (mm).

2.5 Optimization of the AgNPs synthesis
conditions

As can be clearly observed in Table 1, experiments were
randomly designed using central composite design (CCD),
and response surface methodology (RSM) was used to
evaluate the effects of the selected synthesized parameter
on Apnax (nm) and concentration (ppm) of the fabricated
AgNPs. According to our previous studies, two AgNPs
synthesis parameters, namely C. avellana leaf extract
(0.10-0.90 mL, X;) and 1 mM silver salt solution (15-25 mL,
X;), were selected to be optimized for the synthesis of AgNPs
with minimum particle size, as manifested in place of Apax,
and maximum concentration, based on the absorbance unit
of Anax and standard equation [1-3]. As clearly observed in
Table 1, 13 experimental treatments were assigned with five
different levels for each synthesis parameter [13]. In order to
model the A, (nm) and concentration (ppm) of the synthe-
sized AgNPs to the synthesis parameters, a second order
polynomial equation was selected [14]. The suitability of
the generated models was studied accounting for the
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Table 1: Experimental runs according to the CCD and response
variables for AgNPs synthesis

Sample no. Amount of Amount of A,  Concentration
leaf silver (nm) of
extract (mL) salt (mL) AgNPs (ppm)

1 0.10 20.00 414 71

2 0.78 16.46 424 133

3 0.78 23.53 419 111

4 0.50 15.00 424 99

5 0.50 25.00 413 67

6 0.50 20.00 427 76

7 0.50 20.00 421 72

8 0.22 23.53 412 72

9 0.50 20.00 423 67

10 0.90 20.00 421 101

11 0.22 16.46 418 73

12 0.50 20.00 427 76

13 0.50 20.00 421 63

coefficient of determination (R? [15,16]. The R® and the
p-value of the lack of fit were used to assess the fitness and
accuracy of the generated models according to the obtained
experimental values. The one-way analysis of variance was
also used to provide the significance determinations of
the resulted models in term of p-value (<0.05) [17]. In order
to obtain the optimum synthesis conditions with the desired
response variables, numerical multiple response and gra-
phical optimizations were used [17]. Three additional
approval tests were performed at obtained optimum synth-
esis conditions to verify the validity of the statistical experi-
mental method [18]. The Minitab software (v.16 statistical
package, Minitab Inc., PA, United States) was used to
design experiments, statistical analysis, and optimization.

3 Results and discussion

3.1 Fabrication of AgNPs

Colloidal mixture solutions containing synthesized AgNPs
indicated broad emission peaks (A ranging from 380
to 450 nm due to their SPR [10]. As clearly observed in
Table 1, the A of the synthesized AgNPs was changed
from 412 to 427 nm which those values were in the men-
tioned A,., range for the AgNPs. This indicated that the
C. avellana leaf extract successfully reduced silver ions
and formed AgNPs.

Figure 1 shows the FT-IR spectrum of C. avellana leaf
extract which contained four main peaks. The absorption
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Figure 1: The FT-IR spectrum of C. avellana leaf extract.

band at 3452.90 cm™* was related to the stretching vibra-
tions of the hydroxyl group which is the main functional
group in the chemical structure of alcohols and phenolic
compounds and responsible for reducing silver ions
into silver atoms [2]. The observed band at 2076.86 cm™
was corresponded to the C=N and C=C stretching, and
the band centered at 1637.92 cm™' was related to O-H
bending in carboxylic acid (COOH) groups. These functional
groups were in the chemical structure of 4- and 5-caffeoyl-
quinic acids, caffeoyltartaric acid, p-Coumaroyltartaric acid,
and p-Coumaric acid, the main existed carboxylic acids,
which those were found in the hazelnut leaf [10,11]. The
peak centered at 675.59 cm™ was related to the C—C ring
deformation that was observed in the chemical structure of
the main bioactive compounds present in the prepared
hazelnut leaf extract [9]. FT-IR analysis indicated that the
prepared extract had several reducing bioactive compounds
with hydroxyl and carboxylic acid groups in their struc-
tures, which could effectively reduce silver ions and convert
them into AgNPs [8,19].

3.2 Model generation
According to the obtained experimental data for the

response variables (Table 1), final models were generated
for Anax (Y1) and concentration (Y>) of the synthesized

AgNPs (Egs. 1 and 2):
Y, = 290-39.5X%,-20.7X; + 238.3X} @
+ 0.5X3-5.4%X,, (R?=96.03%)
Yo = 347.5 + 43.7X; + 7.2X%,-38.5X2-0.2X7 @

+ O.ZXIXZ, (RZ = 86.19%)

where X;, Xiz, and X;X; correspond to the linear, quadratic,
and interaction effects of the amount of leaf extract (X;)
and amount of silver salt (X,). Statistical analysis indi-
cated that the linear effect of the amount of silver salt
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and the quadratic effects of both the selected synthesis
parameters had significant (p < 0.05) effects on A, and
concentration of the synthesized AgNPs. The high values
for R? of Amax and concentration of the synthesized AgNPs
confirmed the suitability of the resulting models. Barabadi
et al. also synthesized AgNPs induced by Penicillium
citrinum and reported that the obtained R? value of 0.889
for the fitted model indicated a good correlation between
the observed and predicted response values [20].

3.3 Optimization of the AgNPs synthesis
parameters

The aim of the optimization for AgNPs synthesis condi-
tions is fabrication of AgNPs with minimum particle size,
which could be manifested in the small values for A .x
and maximum concentration. In order to indicate the
optimum area for AgNPs synthesized parameters, gra-
phical optimization using an overlaid contour plot was
plotted (Figure 2). The white colored area in Figure 2
indicates the desired amounts of C. avellana leaf extract
and AgNOs; solution to synthesize AgNPs with small par-
ticle size and high concentration. A numerical multiple
optimization also indicated that 0.9 mL of C. avellana
leaf extract and 25 mL of AgNO; would give the most
desirable NPs with the A, of 412nm and concentration
of 140 ppm.

According to the provided standard curved using
several serial dilute solutions of the prepared standard
AgNPs colloidal solution, the standard Eq. 3 was obtained as

C = 26.75X - 0.54 3

where C and X are the concentration and the absorbance
units at Ap,ax, respectively. As can be clearly observed in
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Figure 2: Overlaid contour plot of AgNPs A.,ax and concentration with
acceptable levels as a function of the amount of C. avellana leaf
extract and amount of AgNOs solution.
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Figure 3, the absorbance unit of the diluted solution (one
time) containing synthesized AgNPs, using obtained optimum
conditions, was 2.62. The obtained results revealed that using
the obtained optimum conditions, AgNPs with a concentra-
tion of 140 ppm were synthesized. Ahmadi et al. also studied
green synthesized AgNPs using Aloe vera leaf extract and
reported that the fabricated AgNPs using obtained optimum
amount of 1mM silver salt solution (9 mL) and microwave
heating time (360 s) had A,.x and concentration of 410 and
64 ppm, respectively [2].

3.4 Characteristics of the synthesized
AgNPs at obtained optimum conditions

The fabrication of AgNPs was confirmed by the observa-
tion of a broad emission peak in the UV-Vis spectra of the
colloidal solution containing synthesized AgNPs using
obtained optimum conditions (Figure 3a). Furthermore,
DLS analysis demonstrated that these NPs had mean par-
ticle size, PDI, and zeta potential values of 103.5nm,
0.209, and -21.8 mV, respectively. The PSDs of the pro-
duced AgNPs are shown in Figure 3b. DLS analysis of the
synthesized AgNPs using A. vera leaf extract and micro-
wave heating by Ahmadi et al. indicated that the fabri-
cated NPs had particle size and zeta potential values of
46 nm and +15.5 mV, respectively [2]. The small particle
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Figure 3: UV-Vis spectra (a) and PSD (b) of the mixture solution
containing synthesized AgNPs at optimum synthesis conditions.
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size of the AgNPs synthesized by Ahmadi et al., compared
to the particle size of the fabricated AgNPs in our study,
could be explained by the fact that, by increasing the
microwave heating time, the collision rate of the formed
NPs increased which reduced the particle size of the
AgNPs [3]. The morphology of the fabricated AgNPs at
optimum synthesis conditions is presented in Figure 4.
As can be observed in the TEM image, the spherical
shaped AgNPs were well dispersed in the colloidal solu-
tion. The spherical shape could be related to their minimum
surface energy and their wide dispersion could be corre-
lated to their high thermodynamic stability, because of
the high value of the zeta potential [1-3,21].

3.5 Antifungal activity of the synthesized
AgNPs at obtained optimum conditions

The antifungal activity of the synthesized AgNPs using
C. avellana leaf extract as manifested in the inhibition of
mycelia growth of C. coccodes and P. digitatum is shown
in Figure 5. As can be seen in these figures, the synthe-
sized AgNPs using C. avellana leaf extract showed high
fungicidal activity against both the selected fungi strains.
As can be observed in Figure 5a, after 7 days of incuba-
tion, the diameters of the mycelia growth of C. coccodes
in the control plate and the one containing PDA and the
synthesized AgNPs were 42 and 33 nm, respectively. On
the other hand, the diameters of the mycelia growth of
P. digitatum in the control plate and the one containing
PDA and the synthesized AgNPs were 39 and 16 nm,
respectively (Figure 5b). The obtained results revealed
that the fabricated AgNPs could effectively inhibit the mycelia
growth of P. digitatum compared to that of C. coccodes.

Figure 4: The TEM image of the synthesized AgNPs at obtained
optimum synthesis conditions using the C. avellana leaf extract.
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Figure 5: Effect of the synthesized AgNPs on inhibiting the mycelia growth of C. coccodes (a) and P. digitatum (b). Values are mean of the

three replicates.

In fact, the surface of AgNPs can easily form a layer of
water and thus many silver ions can be released from
AgNPs into the water. On the other hand, the main com-
position of the fungus cell membrane is phospholipid
bilayers and protein molecules having negative electri-
city which make the whole cell membrane negatively
charged. Therefore, the silver ions with positive electricity
have the ability to attach to the cell membrane quickly,
which alters or damages their structures [22-24]. The
obtained results were in line with the finding of Moham-
madlou et al. [1]. They found that the synthesized AgNPs
using Pelargonium leaf extract, effectively inhibited the
growth of Aspergillus flavus and Aspergillus terreus. Jafar-
izadeh-Malmiri et al. successfully used edible coating
based on carboxymethyl cellulose and AgNPs to inhibit
the growth of Colletotrichum musae on banana fruit and
increased its shelf life [23].

4 Conclusion

The hazelnut leaf extract indicated high reduction potential to
reduce silver ions and convert them into AgNPs. Microwave
heating could also accelerate the fabrication rate of AgNPs to
minimize energy consumption. The obtained results indicated
the usefulness of RSM for studying the effects of the synthesis
conditions on response variables and their optimization to
synthesize spherical AgNPs with more desirable physico-
chemical characteristics and high fungicidal activity. The
developed intensified synthesis process to fabricate AgNPs,
based on using hazelnut leaf extract, microwave heating,
and obtained optimum conditions, can be used to synthe-
size other novel metal and metal oxide NPs. Furthermore,
the provided colloidal solutions containing synthesized
AgNPs and hazelnut leaf extract can be utilized in various
areas that need antimicrobial agents in their products.



612 —— Mahsa Eshghi et al.

Acknowledgments: This study was undertaken with mate-
rial support from the Najian Herbal Group (Tabriz, Iran).
The authors appreciate this support. This study received
no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors.

Funding information: The authors appreciate the Sahand
University of Technology and Najian Herbal Group (Tabriz,
Iran) for their materials, analyses, and financial support.

Author contributions: Mahsa Eshghi: methodology, vali-
dation, investigation; Asa Kamali-Shojaei: resources, data
curation; Hamideh Vaghari: writing — original draft, visuali-
zation; Yahya Najian: data analysis, design of experiments;
Zahra Mohebian: statistical analysis; Omid Ahmadi: formal ana-
lysis; Hoda Jafarizadeh-Malmiri: writing final manuscript,
review and editing, supervision, project administration.

Conflict of interest: Authors state no conflict of interest.

Data availability statement: All data generated or ana-
lyzed during this study are included in this published
article.

References

[1]  Mohammadlou M, Jafarizadeh-Malmiri H, Maghsoudi H.
Hydrothermal green silver nanoparticles synthesis using
Pelargonium/Geranium leaf extract and evaluation of their
antifungal activity. Green Process Synth. 2017;6:31-42.

[2] Ahmadi O, Jafarizadeh-Malmiri H, Jodeiri N. Eco-friendly
microwave enhanced green silver nanoparticles synthesis
using Aloe vera Leaf extract and their physico-chemical and
antibacterial studies. Green Process Synth. 2018;7:231-40.

[3] Torabfam M, Jafarizadeh-Malmiri H. Microwave — enhanced
silver nanoparticles synthesis using chitosan biopolymer —
optimization of the process conditions and evaluation of their
characteristics. Green Process Synth. 2018;7:530-7.

[4] Eskandari-Nojedehi M, Jafarizadeh-Malmiri H, Rahbar-
Shahrouzi J. Hydrothermal biosynthesis of gold nanoparticle
using mushroom (Agaricus bisporous) extract: physico-che-
mical characteristics and antifungal activity studies. Green
Process Synth. 2018;7:38-47.

[5] Eskandari-Nojedehi M, Jafarizadeh-Malmiri H, Rahbar-
Shahrouzi J. Optimization of processing parameters in
green synthesis of gold nanoparticles using microwave and
edible mushroom (Agaricus bisporus) extract and evaluation
of their antibacterial activity. Nanotechnol Rev.
2016;5:537-48.

[6] Saravanan M, Barabadi H, Ramachandran B, Venkatraman G,
Ponmurugan K. Emerging plant-based anti-cancer green
nanomaterials in present scenario. Compr Anal Chem.
2019;87:291-318.

(8]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

DE GRUYTER

Barabadi H, Mojab F, Vahidi H, Marashi B, Talank N,
Hosseini O, et al. Green synthesis, characterization, antibac-
terial, and biofilm inhibitory activity of silver nanoparticles
compared to commercial silver nanoparticles. Inorg Chem
Commun. 2021;129:108647. doi: 10.1016/
j.inoche.2021.108647.

Mohammadlou M, Jafarizadeh-Malmiri H, Maghsoudi H. A
review on green silver nanoparticles based on plants: synth-
esis, potential applications, and eco-friendly approach. Int
Food Res ). 2016;23:446-63.

Ilhami Koksal A, Artik N, Simsek A, Gunes N. Nutrient compo-
sition of hazelnut (Corylus avellana L.) varieties cultivated in
Turkey. Food Chem. 2006;99:509-15.

Ramalhosa E, Delgado T, Estevinho L, Pereira JA. Hazelnut
(Corylus avellanal.) cultivars and antimicrobial activity. In:
Preedy VR, Watson RR, Patel VB, editors. Nuts and seeds in
health and disease prevention. Massachusetts, United States:
Academic Press; 2011. p. 627-36.

Contini M, Frangepane MT, Massantini R. Antioxidants in
hazelnut (Corylus avellanal.). In: Preedy VR, Watson RR,
Patel VB, editors. Nuts and seeds in health and disease pre-
vention. Massachusetts, United States: Academic Press; 2011.
p. 611-25.

Korkmaz N, Ceylan Y, Taslimi P, Karadag A, Bilbiil AS, Sen F.
Biogenic nano silver: synthesis, characterization, antibac-
terial, antibiofilms, and enzymatic activity. Adv Powder
Technol. 2020;31:2942-50.

Ahdno H, Jafarizadeh-Malmiri H. Development of a sequenced
enzymatically pre-treatment and filter pre-coating process to
clarify date syrup. Food Bioprod Process. 2017;101:193-204.
Anarjan N, Jaberi N, Yeganeh-Zare S, Banafshehchin E,
Rahimirad A, Jafarizadeh-Malmiri H. Optimization of mixing
parameters for a-tocopherol nanodispersions prepared using
solvent displacement method. )] Am Oil Chem Soc.
2014;91:1397-405.

Jafari N, Jafarizadeh-Malmiri H, Hamzeh-Mivehroud M,
Adibpour M. Optimization of UV irradiation mutation condi-
tions for cellulase production by mutant fungal strains of
Aspergillus niger through solid state fermentation. Green
Process Synth. 2017;6:333-40.

Honary S, Barabadi H, Ebrahimi P, Naghibi F, Alizadeh A.
Development and optimization of biometal nanoparticles by
using mathematical methodology: a microbial approach.

J Nano Res. 2015;30:106-5.

Eskandari-Nojedehi M, Jafarizadeh-Malmiri H, Jafarizad A.
Microwave accelerated green synthesis of gold nanoparticles
using gum arabic and their physico-chemical properties
assessments. Z Phys Chem. 2018;232:325-43.

Anarjan N, Jafarizadeh-Malmiri H, Nehdi IA, Sbihi HM, Al-
Resayes Sl, Tan CP. Effects of homogenization process para-
meters on physicochemical properties of astaxanthin nano-
dispersions prepared using a solvent-diffusion technique. Int )
Nanomed. 2015;10:1109-18.

Geoprincy G, Vidhya Srri B, Poonguzhali U, Nagendra

Gandhi N, Renganathan S. A review on green synthesis of
silver nanoparticles. Asian J Pharm Clin Res. 2012;6:8-11.
Barabadi H, Honary S, Ebrahimi P, Alizadeh A, Naghibi F,
Saravanan M. Optimization of myco-synthesized silver nano-
particles by response surface methodology employing Box-
Behnken design. Inorg Nano-Met Chem. 2019;49:33-43.



DE GRUYTER

(21]

(22]

Ghanbari S, Vaghari H, Sayyar Z, Adibpour M, Jafarizadeh-
Malmiri H. Autoclave-assisted green synthesis of silver nano-
particles using A. fumigatus mycelia extract and the evaluation
of their physico-chemical properties and antibacterial activity.
Green Process Synth. 2018;7:217-4.

Mahdizadeh V, Safaei N, Khelghatibana F. Evaluation of anti-
fungal activity of silver nanoparticles against some phyto-
pathogenic fungi and Trichoderma harzianum. ) Crop Prot.
2015;4:291-300.

Corylus avellana leaf extract-mediated synthesis of AgNPs

(23]

(24]

— 613

Jafarizadeh-Malmiri H, Osman A, Tan CP, Abdul Rahman R.
Developing new antimicrobial coating formulation based

on carboxymethyl cellulose-silver nanoparticles for

tropical fruits and an in vitro evaluation of its

antimicrobial properties. Proceed Int Postharvest Symp.
2012;2:705-10.

Abbasian R, Jafarizadeh-Malmiri H. Green approach in gold,
silver, and selenium nanoparticles using coffee bean extract.
Open Agric. 2020;5:761-7.



	1 Introduction
	2 Materials and method
	2.1 Materials
	2.2 Preparation of C. avellana leaf extract and synthesis of AgNPs
	2.3 Physico-chemical assay
	2.4 Antifungal assay
	2.5 Optimization of the AgNPs synthesis conditions

	3 Results and discussion
	3.1 Fabrication of AgNPs
	3.2 Model generation
	3.3 Optimization of the AgNPs synthesis parameters
	3.4 Characteristics of the synthesized AgNPs at obtained optimum conditions
	3.5 Antifungal activity of the synthesized AgNPs at obtained optimum conditions

	4 Conclusion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 524288
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


