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In this study, we evaluated the effect of silver nanoparticles were biosynthesis by
Aspergillus terreus (KC462061) on growth and aflatoxin production by Five isolates of A.
flavus were isolated from nuts. TEM micrographs observed that the particles of AgNP
sarespherical in shape spherical or nearly sphericaland without significant agglomeration
and the particle size ranges from 5 to 30 nm. Our results showed that all five A. flavus
isolates were inhibited to various extents by different concentrations of silver
nanoparticles but the best inhibition by 150 ppm with different significantly. In general,
inhibition % of aflatoxin production at 50ppm ranged from 48.2 to 61.8%, at 100 ppm
ranged from 46.1 to 82.2% whereas at 150ppm inhibition % reached to 100%. Scanning
electron microscopy (SEM) was used to study antifungal activities of silver nanoparticles
and to characterize the changes in morphology. SEM images indicate two different
antifungal activities of AgNPs against A. flavus. AgNPs inhibited the growth of A. flavus
by affecting cellular functions which caused deformation in fungal hyphae. In comparison,
AgNPs cause reduce in spores number, malformation and hypertrophy, these effects lead
to destroyed and damaged of spores. The aim of this work to study the possibility to use
silver nanoparticles as an alternative to fungicides for controlling growth and aflatoxin
production.
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1. Introduction

Mycotoxins are natural products and highly toxic secondary metabolites are produced by
filamentous fungi found in cereals, dried fruits and nuts [1,2]. Aspergillus species is one of the
largest and most important genera which produced aflatoxin [3]. AFB1 presents the highest toxic
potential and is classified by the International Agency for Research on Cancer (IARC) as
carcinogen, Group 1 [4]. Saudi Arabia is very high country in nuts consumption The worldwide
yield in 2011 13584 (Hg/Ha) , production of nuts is 805681 tonnes (FAO, 2011). [5]. Silver is a
non toxic, safe inorganic antimicrobial agent and is capable of killing about 650 type of
microorganisms [6]. Silver has been described as being ‘oligodynamic’ because of its ability to
exert a bactericidal effect at low concentrations [7]. Silver nanoparticles as an alternative to
chemically manufactured pesticides without toxicity problems [8].
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2. Materials and methods

Silver nanoparticles

Silver nanoparticle were producted using  Aspergillus terreus (KC462061) and
characterized by UV—Vis spectrophotometry, Fourier transform infrared spectroscopy (FTIR), X-
ray diffraction (XRD), transmission electron microscopy (TEM) and scanning electron microscopy
(SEM) in our previous study [9]. We found all nanoparticles were 5-30 nm in size. And these
nanoparticles were used for current study.

Anti-fungal activity of silver nanoparticles against Aspergillus flavus growth

The five toxigenic isolates of A. flavus utilised in the assays, were isolated from nuts. The
antifungal activity method was performed according to [10]. Different concentrations (50, 100 and
150 ppm) of Silver nanoparticle were added to autoclaved potato dextrose agar (PDA), keeping
one as Control (PDA without Silver nanoparticle). A disc (6 mm) of mycelia, taken from the edge
of 7-day-old fungal cultures, was placed in the centre of each Petri dish containing the PDA
culture medium containing silver nanoparticle and incubated at 25+2 °C. The efficiency of silver
nanoparticle treatment was evaluated after control competed by measuring the fungi colonies
diameters. each treatment replicated three times. The inhibition rate (%) was calculated by using
the following formula:

Inhibition % =R -r x 100
R

Where R is radial growth of fungi in control plate and r is the radial growth of fungi in

silver nanoparticle treated plates.

Antimycotoxin activity of silver nanoparticles

The anti-aflatoxigenic efficacy of silver nanoparticle was determined using SMKY liquid
medium (sucrose, 20 g; magnesium sulfate, 0.5 g; potassium nitrate, 3 g; yeast extract, 7 g; and
distilled water, 1,000 ml) [11]. Three different concentrations of silver nanoparticle (50 ,100 and
150 ppm) were prepared and added to flasks, followed by inoculation with 6-mm diameter discs of
the toxigenic A. flavus at 25 + 2°C for 20 days) and the Control (SMKY without silver
nanoparticle). After incubation, the content of each flask was filtered (Whatman, No. 1), and
biomass of filtered mycelium was dried at 70°C for 4 days till their weights remains constant.
Mycelial dry weights of treatments and control was determined and the filtrates were each treated
three times with 50 ml of chloroform in a separatory funnel. The chloroform extracts were
separated and dehydrated with anhydrous sodium sulfate and evaporated until dryness in a water
bath at 50°C under vacuum. The residues were dissolved in 10 ml of methanol [10].

Morphological alterations

The treated fungi mycelia sections were collected, fixed with formaldehyde, washed with
phosphate buffer solution and dehydrated with alcohol solution (30, 60, 80, 90 and 100%,
maintaining the mycelia at 100%) and then submitted to critical point drying according to [12].
then the fungi mycelia were prepared for scanning electron microscopy (SEM) using JEOL (JSM-
6380 LA) instrument.

Statistical analysis

All of the data from three independent replicate trials were sub-jected to analysis using
Statistical Package for the Social Sciences (SPSS) 10.0 statistical software (Chicago, USA). The
data are reported as the mean + standard deviations, and significant differences between mean
values were determined with Duncan’s Multiple Range test (p<0.05), followed by one-way
ANOVA.
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3. Results and discussion

Silver nanoparticles used:

TEM measurements were used to determine the morphology and shape of
nanoparticles. TEM micrographs (Fig. 1) observed that the particles of AgNP spherical in shape
spherical or nearly sphericaland without significant agglomeration and the particle size ranges
from 5 to 30 nm. In our previous study [9]

100 nm

Fig. 1. Transmission Electron Microscopy (TEM) images of synthesized silver nanoparticles
by Aspergillus terreus (KC462061).

Anti-fungal activity of silver nanoparticles against Aspergillus flavus growth

Our results showed that the effect of silver nanoparticles on growth diameter of fungal. All
five A. Flavus isolates were inhibited to various extents by different concentrations of silver
nanoparticles but the best inhibition by 150 ppm with different significantly (fig. 2, Table 1) Data
followed by the same letter are not significantly different, whereas those followed by different
letters are significantly different at P<0.05). In general, inhibition % at 50ppm ranged from 8.9 to
17.4%,at 100 ppm ranged from 43.3 to 54.8% whereas at 150ppm inhibition % reached to 86.3 %.
[13] observed in the antifungal activity of the silver nanoparticle, chitosan nanoparticles and silver
/chitosan nanocomposite, upon the mycelial growth and zone of inhibition of the Aspergillus sp
showed significant inhibition effectiveness reached to 94%. [10] found that treatments with ZnO-
NPs lead to reduce on conidia production and fungi growth. Significant inhibition in mycelial
growth of Colletotrichum supplied with 100 ppm silver nanoparticles on PDA was reported by
[14]
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Fig. 2. A. flavus without treatment (A) , (B) with 150ppm of silver nanoparticles after 5 days

Table 1. Effect of three different concentrations (ppm) silver nanoparticles
on linear growth (cm.) of five isolates of A. flavus .

Concentrations Linear growth (cm.)
(ppm)
F1 1% F2 1% F3 1% F4 1% F5 1%
Control 9.00+0.00a 0 9.00+0.00a 0 9.00+0.00a 0 9.00+0.00a 0 9.00+0.00a 0
50 7.43+0.23b 174 8.13+0.13b 9.7 7.97+0.03b 114  8.20+£0.21b 8.9 7.10+£0.10b  21.1
100 5.10+0.06c  43.3  4.07+0.12¢ 348 4.93+£023¢c 452  5.07+0.18c 437  5.00+0.06c 444
150 2.03+0.03d  77.4  1.90+0.12d 789  2.60+0.23d  71.1  1.90+0.10d 789  1.23+0.15d  86.3
LSD 0.396 0.348 0.538 0.474 0.303

*I %= inhibition percentage

Values in the same column followed by (+) are significantly different (P = 0.05). The presented
data are the mean (n = 3) + standard error of three replicates. Data followed by the same letter are
not significantly different at P<0.05, whereas those followed by different letters are significantly
different at P<0.05).

Antimycotoxin activity of silver nanoparticles

Our results in Table 2 showed that the effect of silver nanoparticles on production of
aflatoxin B1. All concentrations lead to decreasing in aflatoxin B1 compared with control. The
inhibition was increased by increased concentration, the best inhibition noticed by 150 ppm. In
general, inhibition % at 50ppm ranged from 48.2 to 61.8%, at 100 ppm ranged from 46.1 to 82.2%
whereas at 150ppm inhibition % reached to 100%. The production of AFB1 A. flavus grown on
ZnO-NPs was smaller when compared to controls [10]. [15] reported that nontoxic metal oxides
such as magnesium oxide and calcium oxide in nanocrystalline nanoparticle formulations are
effective on Aflatoxin B1. nanocomposite MgO-SiO2 was an effective adsorption of aflatoxin and
adsorption characteristics of this nanocomposite depends on the concentration of aflatoxin [15] .
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Table 2. Effect of silver nanoparticles with three different concentrations (ppm)
on aflatoxin B1 (ppb) produced by five isolates of Aspergillus flavus

aflatoxin B1
Concentrations (ppm)

F1 1% F2 1% F3 1% F4 1% F5 1%

50 142 482 30.1 56.6 284 536 20.1 49.1 7.1 61.8
100 7.5 72.6 216 688 183 70.0 142 64.1 33 82.2
150 3.6 86.9 167 759 134 781 73 81.5 0.0 100.0

274 00 693 00 612 00 395 00 186 0.0
Control

*1 %= inhibition percentage

Morphological alterations

Due to reduction of their growth and ability to produce mycotoxins, we supposed that
morphological changes on treated fungi could occur. To evaluate them, treated fungi hyphae at the
highest silver nanoparticles concentration (150 ppm) after 5 days were examined to SEM.
Treatment of fungal hyphae with silver nanoparticles showed damage such as: deformations in
mycelial growth and the shape of hyphal walls, unusual bulges and ruptures (fig.3). SEM
examination confirmed the fungi cell membrane rupture resulting in possible reduction of the
enzymatic activity of the micro-organism due to Zn-compounds treatments. ZnO-NPs lead to
damaged on hyphae and spores of C. gloeosporioides [14]. Changes in the structure of the fungus
were also observed using ZnO-NPs against P. expansum and B. cinerea [16], also [17] confirm
changes and rupture of the fungal cell membrane in F. verticillioides, A. flavus and P.citrinum due
to gold NPs. Physical, chemical stresses and antifungal compounds, have been reported to trigger
necrosis or apoptosis-like cell death in fungi [18]. While study on the effect of AgNP on the
fungal spores were observed damage such as reduce in spores number (fig.4a), malformations
(fig.4b ) and hypertrophy (fig.4c ) these effects lead to destroyed and damaged of spores. This
aspect is great important because Aspergillus reproduction involves mainly formation of spores,
which are resistant to desiccation and favourable to dispersion [19].

Fig. 3. SEM images of A. flavus hyphae treated with 150ppm of silver nanoparticles (A and B)
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Fig. 4a SEM images of A. flavus without (A) or with (B) 150ppm of silver nanoparticles
(reduce in spores number)

Fig. 4 b. SEM images of A. flavus spores (A) without treatment, (B) with 150ppm of silver nanoparticles
(malformation)

Fig. 4 c. SEM images of A. flavus spores (A) without treatment, (B) with 150ppm of silver nanoparticles
(hypertrophy)
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4, Conclusion

The possibility to use silver nanoparticles as an alternative to fungicides for
controlling growth and aflatoxin production, in this study, we evaluated the effect of silver
nanoparticles were biosynthesis by Aspergillus terreus (KC462061) on growth and
aflatoxin production by A. flavus. Our results showed that all A. flavus isolates were
inhibited to various extents by different concentrations of silver nanoparticles but the best
inhibition by 150 ppm with different significantly. AgNPs inhibited the growth of A.
flavus by affecting cellular functions which caused deformation in fungal hyphae. In
comparison, AgNPs cause reduce in spores number, malformation and hypertrophy, these
effects lead to destroyed and damaged of spores.
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