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Abstract 

Development of natural based nanomaterial immense interest of researchers 
involved in eco-friendly biosynthesis of nanoparticles. This research set out to 
investigate the potential of Allium ampeloprasum leaves extract to synthesize 
silver nanoparticles (AgNPs), and evaluate their antifungal activity against 
some toxigenic strains of Aspergillus isolates. In order to achieve this, AgNPs 
were prepared using plant extracts at room temperature and the formation of 
AgNPs was visually detected after the color changed to dark brown within 
few minutes. The biosynthesized AgNPs were characterized using the UV-vis 
spectroscopy, which confirmed the formation of AgNPs with a maximum 
peak at 437 nm due to the Plasmon resonance. The main active reduction 
agents were detected by Fourier Transmission infrared spectroscopy (FTIR). 
Also, the nanoparticles were characterized using Scanning electron micro-
scope (SEM). The antifungal activity of AgNPs was investigated by agar well 
diffusion method, which revealed inhibition zones of 8 mm, 10 mm, 11 mm, 
11 mm and 14 mm against Aspergillus flavus 1, A. parasiticus, A. flavus 2, A. 
ochraceus, and A. niger. The minimum inhibition concentration (MIC) was 
determined using micro broth dilution method. MIC values of AgNPs ranged 
from 652 - 2500 μg/ml. The fungi treated with AgNPs, were examined with 
(SEM), it was observed that the treated fungi were damaged. These results 
suggest that AgNPs have the potential to be used as an ideal eco-friendly ap-
proach to control toxigenic fungi. 
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1. Introduction 

Toxigenic fungi pose significant health hazards to humans and animals world-
wide. These toxigenic fungi contaminate food products and produce mycotoxins 
as secondary metabolites, such as Aspergillus species which is considered as the 
most significant producers of mycotoxins [1] [2] [3] [4]. 

Mycotoxins are considered as an important reason for the illness of human as 
well as farm animals around the world. Hence, the control of toxin producers is 
a matter of importance. Anti-fungal agents have been utilized for a long time to 
eliminate these fungi with less damage to the host [5]. However, the issue of 
fungal resistance and health hazard due to exposure to chemical fungicides is a 
major concern. Hence, there is an utmost need to develop some ideal alternative 
antifungal agents. Recently, studies have been carried out to circumvent this is-
sue by developing new technologies to control the contaminant fungi such as 
using metal nanoparticles as antimicrobial agents [6] [7] [8]. 

Currently, nanotechnology has framed the premise of numerous applications 
and showed the high effectiveness of metal nanoparticles as antimicrobial agents 
besides their applications in medicine and pharmaceuticals field [9] [10]. Recent 
studies have shown that among the metal nanoparticles, silver nanoparticles 
(AgNPs) ideally hold great promise as antifungal agents against fungal species 
like Aspergillus fumigates [11] and against A. flavus, A. niger and A. fumigatus 
[12]. 

Extensive methodologies have been developed for synthesis of AgNPs biolog-
ically using natural sources such as plants parts and microorganisms. Lately, re-
searchers have been exploiting the plant capability for biosynthesis of AgNPs. 
Green synthesis of nanoparticles is a term given to synthesis of (NPs) by biolog-
ically active compounds of plant origin. Since plants are a rich source of vast 
bioactive compounds such as flavonoids, tannins, terpenoids, and alkaloids and 
are capable of enhancing the synthesis of AgNPs in the cost-effective and 
eco-friendly manner [13]. Almost 50 types of plant origin extracts demonstrated 
the capability of biosynthesis of AgNPs. Also, the naturally synthesized AgNPs 
from plant extracts of (leave, roots, stems and seeds) were utilized as a part of 
conventional antimicrobials which can be productive assets for new antifungal 
agents [14]. 

Thus, this study was aimed to investigate the capability of leaves extract of Al-
lium ampeloprasum in biosynthesis of AgNPs and characterize the AgNPs. 
Moreover, the antifungal activities of the synthesized AgNPs were evaluated 
against some Aspergillus strains. 

2. Methodology 
2.1. Plant Collection, Identification and Preparation of Leaves  

Extract 

Fresh leaves of Allium ampeloprasum were purchased from the local stores, in 
Jeddah, KSA. The collected leaves were thoroughly washed under running tap 
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water three times to remove debris and other contaminated organic contents, 
followed by distilled water and air dried on filter papers at room temperature in 
the shade. Then, the dried plant leaves were ground with an electrical grinder 
(Moulinex super blender) and stored in airtight containers [15]. 125 g of dried 
leaves were soaked in 500 ml of 99% methanol by maceration at laboratory tem-
perature. The supernatant was filtered with filter paper Whatman’s No.1 and the 
solvent was evaporated under reduced pressure at 45˚C using a rotavapor 
(EYELA Rotary Evaporator N-1001S-W) until dryness. The residue was finally 
suspended with 1 ml of DMSO and stored in sterile amber bottles and kept at 
4˚C until used [16]. 

2.2. Biosynthesis of Silver Nanoparticles (AgNPs) 

100 mM of silver nitrate was prepared in 100 ml of deionized water and stored in 
an amber bottle to minimize the amount of light and kept in the refrigerator un-
til use. Silver nanoparticles biosynthesized by adding 1 ml of previously prepared 
methanolic plant extract to 99 ml of deionized water containing 0.5 ml of Triton 
X-100. Then the extract was filtered using Millipore syringe filter with 0.22 µm 
pore size and 1 ml of AgNO3 (100 mM) was dissolved in 99 ml of plant extract. 
The resulting solution was kept at room temperature until color changing to 
honey brown or dark color changed [17] [18]. 

2.3. Characterization of AgNPs 
2.3.1. UV-Visible Light Spectroscopy Analysis 
After the change of solution color, absorption spectral analysis was done by pi-
petting about 1 ml of the AgNPs solution into UV quartz cuvette cell and moni-
tored in 6715 UV/Vis spectrophotometer in room temperature at the wavelength 
between 300 and 600 nm at a resolution of 1 nm and deionized water as a blank. 

2.3.2. Scanning Electron Microscope (SEM) of AgNPs 
Nanoparticles morphology was observed by scanning electron microscopy. The 
analysis was carried out after centrifugation of AgNPs solution at 4000 rpm for 
30 min. The filtrate was discarded and the pellet was dried at 45˚C in the oven to 
avoid any changes in the shape of nanoparticles. After drying, a small portion of 
the dried pellet was placed on carbon conductive tape for preparation to ex-
amine the morphology and elemental analysis using Scanning Electron Micro-
scope (JEOL, JSM7600F). 

2.3.3. Fourier-Transform Infrared Spectroscopy (FTIR) 
The characterization of functional groups on the surface AgNPs of A. ampelo-
prasum extract before and after the reduction of AgNO3 were investigated. The 
solution was centrifuged at 7800 rpm for 30 min, the filtrate was discarded and 
the pellet was re-dispersed with sterilized distilled water. The centrifugation and 
re-dispersion was repeated three times to ensure the purification of nanopar-
ticles. After the last centrifugation, the filtrate was discarded and the pellet was 
placed in freeze drying system (LABCONCO FreeZone 4.5) until dried up com-
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pletely. A small portion of the dried powdered samples was placed in the sample 
area of FTIR spectroscopy (IRAffinity-1, Shimadzu, Japan) and the spectra was 
scanned in the range of 500 - 4000 cm−1 at a resolution of 20 cm−1 in transmit-
tance mode. 

2.4. Antifungal Activity 
2.4.1. Determination of Antifungal Activity of AgNPs 
AgNPs solution and A. ampeloprasum extract were tested against five fungal 
isolates (A. flavus (ATCC 16875), A. flavus (ATCC 11498), A. ochraceus (ATCC 
22947), A. parasiticus (ATCC 15517) and A. niger (ATCC 16404). These fungal 
strains were purchased from Cairo Microbiological Resources Centre, Faculty of 
Agriculture, Ain Shams University. 100 µl of the tested solutions were added in 
wells of 6 mm diameters in PDA plates which were inoculated previously by 
spreading a freshly prepared fungal inoculum by using sterile cotton swabs over 
the entire agar surface and left for 60 min at laboratory temperature. The plates 
were left for 60 minutes at laboratory temperature to allow proper diffusion of 
each extract to the medium. The plates were further incubated at 25˚C for 5 to 7 
days. The experiment was performed in triplicates [19] [20]. 

The Minimum inhibitory concentration of AgNPs solution was carried out 
using Broth microdilution method against all fungal isolates [21]. The microtiter 
plates were incubated at 28˚C for 5 - 7 days in the shaking incubator. The MIC 
results determined by changing in optical density of the broth or by using an 
ELISA reader. Presence of clear PD broth with no density indicates the MIC. 

2.4.2. Examination of Fungal Morphological Changes by (SEM) 
Small agar pieces were cut out from the inhibition zone after 7 days’ incubation 
periods, fixed for 3 hours in 2.5% (v/v) glutaraldehyde (100 mM) phosphate 
buffer solution (pH 7.2) and then fixed in 1% (w/v) osmium tetroxide (OSO4) for 
an hour. The agar blocks were dehydrated in a graded series of methanol and 
methanol: isoamylacetate (C7H14O2). The specimens were dried with a critical 
point drier using liquid Carbon dioxide (CO2) and coated with gold-coater for 5 
minutes. The coated samples were observed under JSM-5600 LV with accelerat-
ing voltage of 10 kV [22]. 

3. Results and Discussion 
3.1. Biosynthesis of Silver Nanoparticles 

Biosynthesis of silver nanoparticles was carried out by using plant extracts as 
bioactive agents which may reduce AgNO3 to Ag nanoparticles. The biosynthesis 
of AgNPs was determined visually by change in the color of the plant extract af-
ter adding AgNO3. As shown in “Figure 1” the color changing occurred after 
few minutes of incubation at room temperature, from pale yellow to honey 
brown color for AgNPs solution compared to the plant extract solution. The 
change in color is a manifestation of the formation of nanoparticles. The formation  
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Figure 1. Biosynthesis of silver nanoparticles 
(right) from Allium ampeloprasum extract (left). 

 
of different shades of color, including yellow and honey brown to dark brown 
AgNPs are widely reported in the literature [23] [24] [25] [26]. 

3.2. AgNPs Characterization 
3.2.1. Ultraviolet-Visible Light Spectroscopy 
The results of ultraviolet-visible light spectroscopy analysis showed the maxi-
mum absorption peak that occurred at the wavelength of 437 nm which refers to 
silver nanoparticles formation from A. ampeloprasum extract as shown in 
“Figure 2”. This wavelength raised due to the surface Plasmon resonance of the 
particles. The A. ampeloprasum AgNPs UV absorption peak was similar to 
AgNPs UV absorption peak 437 nm obtained by Erythrina indica root [27] and 
agreed with the uv-vis results of AgNPsA. Ampeloprasum prepared from 
aqueous leaf extract [28]. The results agreed with the statement of Sastry et al., 
(1997) that AgNPs exhibit a maximum UV-visible absorption in the range of 400 
- 500 nm because of surface plasmon resonance [29]. 

3.2.2. SEM Examination of AgNPs 
Scanning electron microscope (SEM) analysis was used in this work to observe 
the size and morphology of nanoparticles by electron charge oscillation principle 
in silver nanoparticles that exhibit by light [30]. The results of SEM analysis in 
“Figure 3” show that silver nanoparticles were found to be spherical in shape 
and were aggregated. This is in concordance with SEM analysis results of syn-
thesized AgNPs using fruit extract of Momordica cymbalaria [31], Lippia nodif-
lora leave extract AgNPs [32] and Plectranthus zeylanicus leaf extract AgNPs 
[33]. This aggregation in silver nanoparticles may be due to secondary metabo-
lites that are present in the leaf extracts [34]. 

3.2.3. FTIR Analysis 
Fourier transform infrared (FTIR) spectroscopy was used to evaluate chemical 
bonds in surface atoms and functional atoms on the surface of AgNPs [35] [36]. 
The capability of plant extracts to reduce AgNO3 to AgNPs is due to the pres-
ence of secondary metabolites which play the main role in changing electron 
charge and convert it to nano-sized particles [37]. As shown in “Figure 4” the 
FTIR analysis of A. ampeloprasum extract before and after the addition of silver  
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Figure 2. UV-Vis spectral analysis of Allium ampelo-
prasum AgNPs. 

 

 
Figure 3. SEM images of A. ampeloprasum AgNPs at different magnifications (a) 
15.000×, (b) 30.000×, (c) 60.000× and (d) 120.000×. 

 
nitrates, showing a decrease in some absorption peaks after the reaction at the 
wavelengths 3600 - 4000 cm−1. It is also noticed that many absorption peaks dis-
appeared after the addition of silver nitrates at wavelengths from 2000 to 3400 
cm−1. The decrease of some absorption peaks, as well as the displacement or re-
duction of others after the addition of silver nitrates to the plant extract is due to 
the interaction of reduction of nitrates group with some other extract groups  
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(a) 

 
(b) 

Figure 4. FTIR spectra of A. ampeloprasum leaves extract (a) and A. ampeloprasum AgNPs (b). 

 
from carboxylic acids and the Amine group and all lead to the formation of ni-
tric acid and silver nanoparticles formation. 

Generally, FTIR results suggested that stabilization of the AgNPs may have 
resulted from binding of the carbonyl group of the reducing sugars to the silver 
[38]. Proteins may bind to AgNPs through free amine groups or carboxyl groups 
of amino acid residue in it. IR spectroscopic study confirmed that the plant ex-
tract can perform dual functions of reduction and stabilization of AgNPs [39]. 
Similar results were observed in previous study of Ricinus communis leaf extract 
produced AgNPs [40] and A. ampeloprasum aqueous leaf extract AgNPs [28]. 
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Based on these FTIR studies, clearly reveals hydroxyl groups of phenols and 
amide groups of proteins from plant extract forming a layer to the nanoparticles 
and acting as a capping agent to prevent agglomeration and providing stability 
in the medium. Phenolic compounds belonging to the lignans group have been 
earlier reported to be capable of chelating with metallic elements to form com-
plexes [41]. Thus, it can be concluded that hydroxyl and carboxyl groups present 
in phenolic compounds play a key role. These results confirm the presence of 
phenols and proteins which may act as reducing and stabilizing agents for silver 
nanoparticles and agreed with Najda et al. (2015) results of secondary metabo-
lites and antioxidant in A. ampeloprasum [42]. 

3.3. Antifungal Activity of AgNPs 

The AgNPs solution was screened for antifungal activity against the five fungal 
strains under study. AgNPs synthesized by A. ampeloprasum showed excellent 
antifungal against the fungal isolates. “Figure 5 and Table 1” with ZOI that 
ranged from 8 - 14 mm (8 mm for A. flavus1, 10 mm for A. parasiticus, 11 mm 
for A. flavus 2, 11 mm for A. ochraceus, and 14 mm for A. niger). There was no 
ZOI around the wells of AgNO3 and plant extracts and this confirmed that the 
inhibition was due to silver nanoparticles which exhibit good antifungal activity. 
The results were similar to pervious study which presented the antifungal activi-
ty of Adansonia digitata L. fruit pulp AgNPs against A. flavus and A. niger [43]. 
Also, agreed with the results represented the antifungal effect of AgNPs from 
acasia sp. against five different human pathogens A. niger, A. fumigatus, A. fla-
vus, Penicillium sp. and Candidaalbicans [44]. These findings have confirmed 
the results that demonstrated the antifungal activity of AgNPs biosynthesized by 
lactic acid bacteria against spoilage fungi from genera Fusarium verticillioides, 
Penicillium expansum, A. flavus, and A. ochraceus [45]. 

The maximum inhibitory concentration of AgNPs showed significant anti-
fungal activity against tested toxigenic species. The MIC values of A. ampelo-
prasum AgNPs was 1250 μg/ml for A. flavus 1 and A. flavus 2, 652 μg/ml for A. 
niger, 652 μg/ml for A. ochraceus and 2500 μg/ml for A. parasiticus. Till date, 
the AgNPs antifungal mechanism is not well explained. It was suggested that the 
nanoparticles can disrupt the cell membrane structure and then penetrating into 
the fungi which leads to the cell death [46]. 

SEM Examination of Morphological Changes on Treated Fungi 
The SEM analysis observed the interaction between AgNPs and the membrane 
structure of Aspergillus species by detecting significant changes to the hyphae 
membranes and spores surface which form pits on their surfaces. In “Figure 6” 
the untreated A. flavus 1 have normal and healthy hyphae shape and spores 
without noticeable alteration. After exposure to AgNPs solution, A. flavus had 
deep craters and damaged spores were observed. The treated hyphae were al-
most seen like a shrunken and cropped. In “Figure 7”, the untreated spores of A. 
flavus 2 had a normal and intact chain of spores with smooth walls, and the  
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Figure 5. Antifungal activity of plant extract (PE), AgNO3, AgNPs and neg-
ative control dH2o (-ve). 

 
Table 1. Diameter of zone of inhibition by biosynthesized AgNPs & The minimum inhi-
bitory concentration of AgNPs (MIC) against tested fungal isolates. 

Strains 
Antifungal activity 

ZOI (mm) by AgNPs ± SD MIC (μg/ml) 

A. flavus 1 8.00 ± .000 1250 

A. flavus 2 10.33 ± 2.082 652 

A. parasiticus 9.33 ± 1.528 2500 

A. ochraceus 10.67 ± 1.155 652 

A. niger 14.00 ± 1.732 652 

ZOI: Zone of Inhibition expressed as mean ±SD. 
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Figure 6. SEM micrographs of morphological changes on A. flavus 1 treated 
with A. ampeloprasum AgNPs and untreated. 

 

 
Figure 7. SEM micrographs of morphological changes on A. flavus 2 treated 
with A.ampeloprasum AgNPs and untreated. 
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tubular hyphae were substantial and well rounded. While the treated hyphae 
were wrinkled, collapsed, and folded. Besides, the warty surface of the conidia 
was damaged and wrecked. These results came in accord with reports evaluating 
AgNPs capability in destroying surface membrane structure of the fungus using 
SEM [47]. Finally, plant extracts exhibited a potential in formation of AgNPs 
with potent antifungal effects on Aspergillus species tested. Therefore, it was 
concluded that AgNPs has considerable antifungal activity, deserving further 
investigation for mycotoxins control. 

4. Conclusion 

In conclusion, Methanolic extracts of Allium ampeloprasum leaves proved its 
potential to reduce silver ions into silver nanoparticles (AgNPs) with remarkable 
antifungal activity against all tested toxigenic Aspergillus species in the study. 
While, methanolic extract of the plant showed no antifungal effect. Thus, plant 
extracts can be used for rapid and eco-friendly biosynthesis of stable silver na-
noparticles possessing antifungal activity suggesting their possible application in 
medical industry. To the best of our knowledge, this may be the first study in 
which A. ampeloprasum methanolic extract has been used to biosynthesize 
AgNPs and antifungal property also been observed from the synthesized nano-
particles against toxigenic fungal species. 
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