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Abstract
Silver nanoparticles (AgNPs) were synthesized and their maximum peak appeared around 412.5 nm. Transmission Electron
Microscopy (TEM) has been used to identify the size, shape and morphology of AgNPs. AgNPs were well dispersed and
predominantly spherical in shapewith diameter in the range of 2–17 nm. Twelve fungal species were used to study the effect of
AgNPs as antifungal agent. Geotrichum candidum was the highest fungus affected by AgNPs followed by Aspergillus flavipes
while Aspergillus glaucus became the third one. The effect of AgNPs on Emericella nidulans, Aspergillus flavus, Aspergillus
alliaceus, Rhizopus sp., Aspergillus niger, Aspergillus nidulans and Penicillium sp. had lowest effect. The highest effect for
AgNO3 was observed on G. candidum, and then followed by E. nidulans, Rhizopus sp., Penicillium sp., A. flavipes, A.
nidulans, A. niger, A. glaucus, A. ochraceus, A. alliaceus and A. flavus which were resistant against AgNO3. The effect of
AgNO3 on A. oryzae was very limited. The effect of AgNPs and AgNO3 were studied. The highest value was 272.77% in case
of G. candidum, but the lowest value was 83.11% in case of Penicillium sp. AgNPs had a high effect in comparison with
AgNO3 in case of A. flavus, A. glaucus, A. flavipes, A. glaucus, A. oryzae, E. nidulans and A. niger. The effects of AgNO3 were
higher than AgNPs in case of A. nidulans, Rhizopus sp., A. ochraceus and Penicillium sp. These values were 98.50, 86.15,
84.90 and 83.11%, respectively.
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1. Introduction
Since ancient times, it has been known that silver and its
compounds are effective as antimicrobial agents [1]. Ionic
silver strongly interacts with negatively charged
biomacromolecules such as disulphide or sulfhydryl groups
of vital enzymes and inactivates those enzymes [2]. Once the
microbial cell has been treated with silver ions, nucleic acids
losetheir replication ability. Moreover, silver causes
deformation in the cell walls and membranes that leads to

cell death [3]. Among the numerous nanoparticles materials,
metal ions such as silver, gold, platinum and copper
nanoparticles have been widely used, mainly due to their
antimicrobial properties. Nan metal particles such as AgNPs
have a biological role because of their large surface area and
associated potential for the release of silver ions. AgNPs
metal particles exhibit remarkable physical, chemical, and
biological properties [4]. Antifungal activity was not as high
as the antibacterial activity [5]. Hitherto only limited studies
have examined AgNPs toxicity on fungi, with the exception
of yeast cultures [6]. The effects of AgNPs against fungi are
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mostly unknown. Little is known about their antifungal effect
or their mode of action [7]. Nanosilver is an effective, fastacting fungicide against a broad spectrum of common fungi
including genera such as Aspergillus, Candida, and
Saccharomyces. The exact mechanisms of action of AgNPs
against fungi are still not clear, but mechanisms similar to
that of the antibacterial actions have been proposed for fungi
[8]. So that, more studies are necessary to test the possible
application of nanoparticles antifungal activity [5]. AgNPs
have proven antibacterial activity and became promising in
relation to fungi. Antifungal activities have become more
common in recent years. Therefore, there is an inevitable
need for novel antifungals [1]. The properties of AgNPs vary
according to their size and shape [9]. [10] suggested a
mechanism that allows fungi to cope with the toxic effects of
nanoparticles. Indeed, fungi are well known for their
antioxidant properties. Since a possible mode of AgNPs
toxicity is the generation of reactive oxygen species after
membrane interaction. The antioxidant properties of these
fungi may explain their ascendancy under the seconditions.
Therefore, this study aims to study the effect of AgNPs on
some local fungi isolated from Ras cheese (Romychesse) in
Damietta governorate, Egypt.

2. Material and Methods
2.1. Chemicals and Solvents
Silver nitrate (AgNO3), tributyl phosphate (TBP) and
polyvinylpyrrolidone (PVP) were used as received. All
chemicals and solvents were analytical grade and were used
without any further purification.
2.2. Synthesis of Silver Nanoparticles
Twenty milliliter of TBP were added to 1.5 g of PVP into
the container and disturbed at room temperature. Then, 0.01
g of silver nitrate was led into the solution. After PVP was
dissolved into the TBP, 0.01 g of silver nitrate was introduced
into the solution. The color changed from colorless, light
yellow, yellow to orange which indicates the reduction of
AgNO3 to Ag. The reaction settled down after 2 h. Then,
nano-silver colloids were produced. The equipped nanosilver/TBP/PVP colloid solution was stirred strongly with 20
ml of deionized water for 30 min before the mixture was
divided into two phases the highest layer was colorless oil
phase, whereas the lowest layer was orange water phase.
Hydrophobic nanosilver particles were transferred from TBP
(oil phase) into water [11].

2.4. Fungal Strains and Maintenance
Twelve fungal species were kindly taken from Agric.
Microbiology Dept., Fac. of Agric., Damietta University,
Damietta, Egypt. These fungi were G. candidum; A.
ochraceus; A. alliaceus; A. oryzae; A. niger; A. nidulans; E.
nidulans; A. flavus; A. glaucus; Penicillium sp.; R. stolonifer
and A. flavipes [12]. The fungal strains were maintained on
potato dextrose agar (PDA) medium slants at 5°C till use.
Before use, the fungal strains were sub-cultured on new
slants of PDA and incubated at 25°C for 5 days.
2.5. Inoculation, Cultivation and Antifungal
Activity Determination
Spores suspensions were prepared and counted as
described by [12]. Fungi were grown on PDA slant at 25°C
for 10 days. Five ml of sterilized saline solution (0.09%
NaCl) was added to each slant and the spores were loosened
by gently brushing with a sterile inoculating loop. A vortex
mixer was used for one min. to remove all spores from slant.
Spores count was performed in a Hematocytometer slide and
the count of all fungal strains spores were adjusted to be
similar in all experiments (1x105 spore/plate). The effect of
both AgNPs and AgNO3 (2 g/l) on fungal strains were
detected on Petri dishes containing about 20 ml of PDA
medium using a well diffusion method [13]. Subsequently,
three small wells of 6.35 mm in diameter were done by a
sterilized cork borer. Each well was filled up with 20 µl of a
tested substance (AgNPs or AgNO3), after to be sterilized by
micro filter (Flowpore D 0.2µm, Made in Germany). The third
well was filled up by sterilized water as a control. After
incubation at 25°C for four days, the inhibition zones which
appeared around the well were measured using a digital
Vernier caliper, Made in Jiangsu, China. The mean value of
three replicates was recorded.
2.6. Assessment of Antifungal Agents and
the Percentage of Fold
The effect of antifungal agents (AgNPs or AgNO3) = A-B
(mm). Where, A and B were the diameters of completed clear
zone (mm) and the diameter of cork borer (6.35),
respectively. The fold of diameter zone inhibition percentage
was calculated by the following equation (C/D)*100, where
C and D were the diameters of inhibition zones for AgNPs
and AgNO3, respectively [14].

3. Results and Discussion

2.3. Characterization of Synthesized Silver
Nanoparticles

3.1. Characterization of Synthesized Silver
Nanoparticles

UV-Visible absorption spectrophotometer with a
resolution of 1 nm between 300 and 700 nm was used. 2 ml
of the sample was pipetted into a cuvette and subsequently
analyzed at room temperature. The particle size and surface
morphology of AgNPs were analyzed using transmission
electron microscopy (TEM).

The AgNPs were characterized using U.V/Vis
Spectroscopy which plays an important role in confirmation
of nanoparticles formation in aqueous medium. Reduction of
silver nitrate to Ag was observed according to the change in
the color of the solution from colorless, light yellow, yellow,
to orange. Excitation of surface plasmon vibrations in AgNPs
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was the main reason for change in the color [15]. Spherical
AgNPs have a surface plasmon resonance (SPR) band around
400– 450 nm, depending on its size. In this study, the
maximum peak (Figure 1) for AgNPs appeared around 412.5
nm, indicating the formation of AgNPs with small size. SPR
band of AgNPs gave a sharp peak which refers to
monodisperse AgNPs (similar size and shape). Transmission
electron microscopy (TEM) has been used to identify the
size, shape and morphology of AgNPs. It is clear that the
AgNPs were well dispersed and predominantly spherical in
shape which agree with the shape of SPR band in the UVvisible spectrum. The TEM micrographs indicated that the
synthesized AgNPs were in the range of 2 to 17 nm (Figure 2
and 3). Numbers of particles with various diameters were
investigated as shown in Figure 3. The bins for the histogram
were 5 nm wide and centered at 5, 10, 15 nm. For example,
all particles with diameters between 7.5 nm and 12.5 nm
were considered together as particles with diameter of 10 nm.
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AgNPs with diameter of 5 nm represented the highest
percentage value (67.26%) which was considered the main
reason for high antimicrobial activity. The properties of
AgNPs vary according to their size and shape [9]. The sizes
of AgNPs highly affected their antimicrobial activity. A
higher antimicrobial activity was observed only when AgNPs
between 20 to 25 nm but not with 80 to 90 nm [6]. AgNPs
with diameter 13.5 ± 2.6 nm were effective against yeast [8].
AgNPs have a bioactivity role because of their large surface
area and high reactivity. AgNPs metal particles exhibited
remarkable physical, chemical, and biological properties [9].
On the other hand, fungi have been used to biosynthesize
AgNPs. Verticullium sp., Trichoderma asperellum, A.
fumigatus and Fusarium oxysporum could produce AgNPs
with a diameter 37, 25, 18 and 5 nm, respectively. In addition
to microorganisms, plant extracts can be used in the
biosynthesis of metallic nanomaterials [16].
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Figure 1. UV-Visible absorption spectra of Ag NPs colloid.
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Figure 2. TEM micrographs of AgNPs where a, the scale bar corresponding
to 100 nm and b, the scale bar corresponding to 50 nm.
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3.2. Antifungal Activity of AgNPs
Table 1 showing the effect of AgNPs on fungal species.
AgNPs impact on G. candidum was the highest effect with a
clear zone diameter of clear zone 16.53 mm. A. flavipes was
the second fungus affected by AgNPs, where the diameter
was 9.32 mm. A. glaucus became the third one being 8.37
mm (Figure 4). The effect of nanosilver on E. nidulans, A.
flavus and A. alliaceus were 6.56, 6.29 and 6.23 mm,
respectively. Rhizopus sp., A. niger, A. nidulans (Figure 5)
and Penicillium sp. had lowest effect with a clear zone
diameter of 4.85, 4.83, 4.58 and 4.33 mm, respectively.
Figure 3. AgNPs histogram from TEM.
Table 1. The effect of AgNPs and AgNO3 on fungal species.
Fungal species
Geotrichum candidum
Aspergillus ochraceus
Aspergillus alliaceus
Aspergillus oryzae
Aspergillus niger
Aspergillus nidulans
Emericella nidulans
Aspergillus flavus
Aspergillus glaucus
Penicillium sp.
Rhizopus sp.
Aspergillus flavipes

The effect of antifungal agents (mm)*
AgNPs
16.53
3.43
6.23
3.92
4.83
4.58
6.56
6.29
8.37
4.33
4.85
9.32

AgNO3
6.06
4.04
3.62
2.86
4.36
4.65
5.81
3.12
4.25
5.21
5.63
4.75

Fold**
272.77
84.90
172.10
137.06
110.78
98.50
112.91
201.60
196.94
83.11
86.15
196.21

*The effect of antifungal agents (AgNPs or AgNO3) (mm) = A-B (mm). Where, A and B were the diameters of completed clear zone (mm) and cork borer
(6.35), respectively.
**The fold of inhibition zone diameter percentage was calculated by the following equation (C/D)*100, where C and D were the diameters of inhibition zones
for AgNPs and AgNO3, respectively.

Figure 4. The effect of AgNPs and AgNO3 as antifungal agents on
Aspergillusglaucus.
Where a= the diameter clear zone of AgNPs; b= the diameter clear zone of
AgNO3 and c= sterilized water as a control.

Figure 5. The effect of AgNPs and AgNO3 as antifungal agents on
Aspergillusnidulans.
Where a= the diameter clear zone of AgNPs; b= the diameter clear zone of
AgNO3 and c= sterilized water as a control.

The effect of AgNPs was very limited against A. oryzae

International Journal of Nanoscience and Nanoengineering 2018; 4(1): 5-11

and A. ochraceus and the diameter of clear zones were only
3.92 and 3.43 mm, respectively. Moreover, it was observed
that, a change in the sporulation of A. glaucus, where the
treatment with AgNPs caused slower spore germination. The
obtained results were similar to that obtained by [17] whore
ported, strong changes in fungal morphology and color after
treatment with AgNPs. Similar results were obtained by [18]
who reported that, 10 and 7 mg/ml of AgNPs was inhibited
both G. candidum and A. flavus.[3] mentioned that, the
antifungal activity of AgNPs, in the range of 0.628–1.710
mg/g, against A. niger caused a decrease in fungal counts.
Obtained results were similar to that obtained by [3] who
reported that, the effect of AgNPs was very limited against A.
oryzae and A. ochraceus. [19] reported that, A. niger growth
was inhibited by AgNPs. Furthermore, disruption of the
spores of A. niger was probed for the first time by means of
scanning electron microscopy (SEM). The findings of [1]
demonstrated that AgNPs had a significant effect on several
fungi such as; Rhizoctonia solani, Fusarium solani,
Alternaria alternata, A. flavus, A. ochraceus and A.
parasiticus. The presence of AgNPs in concentrations of 30–
200 mg/l significantly decreased the growth of P.
brevicompactum,
A.
fumigatus,
Cladosporium
cladosporoides, Chaetomium globosum and Stachybotrys
chartarum. However, in the case of Mortierella alpina,
AgNPs stimulated its growth. Obtained results are in
disagreement with that obtained by [20] who determined the
diameter inhibition zone of AgNPs against P. chrysogenum
and it was in the range of 22 to 25 mm. Not Similar results
were obtained by [21] who determined the inhibition zone
diameter of AgNPs against A. niger and it was range from 21
to 27 mm. [22] determined the diameter inhibition zone of
AgNPs against P. chrysogenum and it was ranged from 29 to
26 mm. Silver myconanoparticles (Myco-AgNPs) inhibited
the growth of A. niger and Trichoderma sp. and formed an
inhibition zone around the central cavity. At a myco-AgNP
concentration of 150 mM, an inhibition zone with a diameter
of 15 mm was recorded in case of A. niger and 17 mm for
Trichoderma sp. [23]. Myco-AgNPs were successfully
suppressed the growth of A. flavus var. columnaris. The
fungal growth was generally decreased with the increase of
the Myco-AgNPs concentration [9]. R. arrhizus [24] and A.
flavipes were inhibited by silver nanoparticles as antifungal.
The reason of the fungal death could be explained by the
finding of [3, 18], where the AgNPs may accumulate in the
cytoplasmic membrane, causing increase in permeability of
the fungal cell and caused the death.
3.3. Antifungal Activity of AgNO3
The effect of AgNO3 onfungal species was presented
alsoin Table 1. The highest effect happened with G.
candidum was 6.06 mm. E. nidulans, Rhizopus sp. and
Penicillium sp. as affected by AgNO3 were lower than the
other fungi being 5.81, 5.63 and 5.21 mm, respectively. A.
flavipes, A. nidulans, A. niger, A. glaucus and A. ochraceus
were more resistant against AgNO3, where the diameters of
clear zoneswere 4.75, 4.65, 4.36, 4.25 and 4.04 mm,

9

respectively. A. alliaceus and A. flavus were resistant, where
the effect of AgNO3 gave to inhibition zone diameters of 3.62
and 3.12 mm, respectively. The effect of AgNO3 on A. oryzae
was very restricted and it was a hard to be measured with a
diameter of 2.86 mm. Similar results were obtained by [25]
who reported that, the inhibition percentage of P. funiculosum
using AgNPs at the concentrations of 50 and 100 mg/l were
the same being 82-89%. [3] hypothesized that, septet moulds
were more resistant to silver ions than non-septate moulds,
i.e. sixty mg of Ag w/w in a synthetic medium reduced the
counts of R. oryzae and Mucor circinelloides by about 4 log.
The count of G. candidum was reduced only 0.6 log. The
finding of [3, 9 and 13] suggested a mechanism of inhibitory
action of silver ions on microorganisms, by causing a loses of
DNA and the replication ability did not happened. Ag+
inactivates the expression of ribosomal subunit proteins and
some other cellular proteins. Moreover, adenine triphosphate
could also be affected. Ag+ affects the function of
membrane-bound enzymes and interacts with cytoplasmic
components, especially the respiratory chain that inhibits
respiratory chain enzymes. This disruption of cell membrane
causes an increase in permeability. These effects make the
transport of plasma membrane uncontrolled and cause the
death of microbial cells.
3.4. Comparing Study Between AgNPs and
AgNO3 as Antifungal Agents
The effect of AgNPs comparing to AgNO3 as antifungal
activity was presented in Table 1. The highest value was
272.77% in case of G. candidum, but the lowest value was
83.11% in case of Penicillium sp. AgNPs had a high effect
comparing with AgNO3 in the case of A. flavus being 201.6%.
A. glaucus was similar to A. flavipes, where there values were
196.94 and 196.21%. A. glaucus came at the next effect being
172.10%. The effects of AgNPs comparing to AgNO3 on A.
oryzae, E. nidulans and A. niger were 137.06, 112.91 and
110.78%. On the other hand, the effects of AgNO3 were higher
than AgNPs in case of A. nidulans, Rhizopus sp., A. ochraceus
and Penicillium sp. These values were 98.50, 86.15, 84.90 and
83.11%, respectively. Similar results were obtained by [26]
who evaluated AgNPs against A. niger. A clear suppression in
the growth was recorded. The microbial growth was
completely vanished at the concentration of 60 mg/ml and
more while at 40 mg/ml the percentage of growth reduction
reached to 93.8% with A. niger. Obtained results are
disagreement with those [27] who reported that, no
considerable inhibition was observed regarding to G.
candidum. Also, [18] published that, G. candidum and A.
flavus showed low resistance action against AgNPs.

4. Conclusion
Among 12 tested fungi; 8 of them were sensitive to AgNPs
comparing of AgNO3 as antifungal agents. These fungi were
G. candidum, A. flavus, A. glaucus, A. flavipes, A. glaucus, A.
oryzae, E. nidulans and A. niger. On the other hand, the last 4
namely A. nidulans, Rhizopus sp., A. ochraceus and
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Penicillium sp. were affected by AgNO3 more than AgNPs.
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