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Agent against Aspergillus terreus Thom
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Medicinal plants are composed of a rich pool of biomolecules and have been increasingly recognized for their antimicrobial
properties; however, increasing concerns have been put on the bioavailability features. Thus, this study is aimed at exploring
the synthesis and characterization of silver nanoparticles synthesized by Chenopodium album L. leaf extract and assessing the
antifungal activity against Aspergillus terreus Thom. Plant extract was prepared in methanol to synthetize silver nanoparticles,
which were then characterized by Scanning Electron Microscopy (SEM), UV-Visible spectroscopy, and particle size analysis.
UV-Visible analysis indicated maximum absorption at 378 nm, and an average particle size was observed as 25.6 nm. Oval to
hexagonal shape was observed by SEM. Antifungal activity of silver nanoparticles (1, 1.5, 2, 2.5, 3, and 3.5%) was addressed
against A. terreus biomass. At 3.5%, silver nanoparticles revealed to be highly effective, leading to 92% retardation in fungus
growth. In next phase, various organic fractions, viz., chloroform, n-butanol, n-hexane, and ethyl acetate, were obtained from
plant methanol extract, and the corresponding silver nanoparticles were prepared. These fractions were also assessed for
antifungal activity, and n-hexane fraction led to 64% inhibition in A. terreus biomass. Following gas chromatography-mass
spectrometry (GC-MS), 18 compounds were identified, namely, 1,3-cyclopentadiene-5-(1 methylethylidene and o-xylene),
ethyl benzene, octadecane, nonane, decane, 2-methylheptane, n-hexadecane, 2-methylheptane, and eicosane, along with
carbonyl compounds (4,4-dimethyl-3-hexanone) and phenols, like stearic acid, propionic acid hydrazide, and 2,4-di-T-
butylphenol. These findings proved that C. album silver nanoparticles are highly effective against A. terreus.
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1. Introduction

Aspergillus terreus Thom belongs to the Ascomycetes class
and causes postharvest diseases in a number of economi-
cally important crops, including wheat, rice, maize, soybean,
and potato. With a growth pattern presenting as branched
hyphae, white colonies, globose-shaped conidia (diameter
1.5-2.3μm), and broom-shaped conidiophore [1], this
fungus also produces various harmful metabolites, i.e., terri-
trem A, B, and C, which increase its pathogenicity [2]. For
example, A. terreus causes foliar blight in potato (Solanum
tuberosum L.), identified by the presence of a dark colored
leaf pinnacle that contains up to 35–65% of the entire leaf
surface [3].

Physical control of A. terreus can be done by crop rota-
tion, being those cultivars less susceptible to disease, and
thus can be planted to minimize disease spread up to some
extent [4]. Also, a postharvest disease can be chemically con-
trolled using a fungicide spray upon growing season onset,
leading to a disease control up to 90% [5]. Nevertheless,
despite a proper timing and fungicide amount can prevent
the crop, chemical fungicides are not environment friendly
and not cost effective as well [6].

Increasing evidences have shown that natural products
can be useful to reach a proper biological control of plant
pests, attributed to the presence of several secondary
metabolites, which control the disease up to an extent.
Plant-derived phytochemicals, like saponins, alkaloids,
terpenoids, flavonoids, tannins, and cardiac glycosides,
have shown excellent antifungal properties against patho-
genic fungi [7–11].

Chenopodium album L. is a member of Chenopodiaceae
family, Chenopodium genus with a rich content of chemical
constituents, including carbohydrates, sodium, calcium,
potassium, zinc, and β-carotene and secondary metabolites,
like saponins, tannins, alkaloids, terpenoids, and cardiac gly-
cosides [9, 12]. C. album leave extract possesses antifungal
potential of against Ascochyta rabiei. Various concentrations
(1-7%) of methanolic extracts were prepared and checked
against A. rabiei. 7% concentration exhibited strong antifun-
gal activity up to 68% against test fungus [8]. It was reported
that antimicrobial property of C. album was due to presence
of saponins, flavonoids, alkaloids, phenolics, ascorbic acids,
calcium, phosphate, minerals, salts, and protein [12].

Nanotechnology is an interdisciplinary field focus on
nano-sized elements with a range in size from 1 to 100 nm
[13]. However, the nanoparticle synthesis using chemicals
following reduction method is not safe and is linked to many
biological hazards, i.e., poisoning and threatening eco-
friendly environment. Due to these problems, biological
methods are preferred for nanoparticle synthesis. Thus, the
nanoparticle formation using green synthesis is chosen now-
adays over chemical method as it is an eco-friendly approach,
where phytochemicals present in plant perform reduction of
salt solution and stabilization of nanoparticles [13]. In this
sense, the present study is aimed at synthetizing and charac-
terizing the silver nanoparticles synthesized by Chenopodium
album L. leaf extract and at assessing their antifungal activity
against Aspergillus terreus Thom.

2. Materials and Methods

2.1. Collection of Experimental Material. Chenopodium
album was taken from Phool Nagar, Punjab, Pakistan. The
test plant was surface sterilized using sodium hypochloride
(1%) solution and then washed with distilled water. Dried
plants were dried and stored at room temperature.Aspergillus
terreus cultures were from the Fungal Culture Bank of
Pakistan, University of the Punjab, Lahore, and preserved
on malt extract (ME) medium.

2.2. Synthesis and Characterization of Silver Nanoparticles. A
4mM silver nitrate solution was prepared by dissolving
0.68 g of AgNO3 in 100mL of distilled water. In 30mL of
the test plant extract, 30mL of AgNO3 solution was added
in 250mL beaker, with beaker being then covered with an
aluminum foil. The solution was kept in dark for 2 h for
incubation, and changes in the solution color were observed
after interval of 2, 4, and 24 h. After 24h, the solution was
centrifuged at 5000 rpm for 10min, the supernatant was
removed, and pellet was stored at 4°C.

Silver ion reduction in colloidal solution was checked on
UV-Visible spectroscopy to confirm the synthesis of silver
nanoparticles. For this purpose, small sample amounts were
taken and analyzed between wavelengths of 300 and 700nm
after 2, 4, and 24 h in a UV-Visible Spectrometer (Perkin
Elmer Lambda 950). Then, particle size analyzer (Model
BT-90, Bettersize Instruments Ltd.) laser was used to analyze
the particle size of silver nanoparticles.

JSM-6480 scanning electron microscope (SEM) was used
to study the morphology of silver nanoparticles. In this anal-
ysis, a little amount of dried silver nanoparticles was taken
on carbon coated copper grid, and images were taken [14].
The selected samples with least particle size were used for
EDX analysis to do the elemental analysis.

2.3. Antifungal Bioassay with Silver Nanoparticles. Antifun-
gal bioassay with silver nanoparticles synthesized using
methanol plant extract was performed in vitro against A.
terreus, following the protocol by Waheed et al. [15]. Briefly,
malt extract medium was autoclaved and cooled at room
temperature. Six concentrations, i.e., 1, 1.5, 2, 2.5, 3, and
3.5%, were set up by addition of 1.5, 3, 4.5, 6, 7.5, and
9mL of stock solution of nanoparticles in flasks containing
58.5, 57, 55.5, 54, 52.5, and 51mL of malt extract media to
make to volume up to 60mL. Also, 60mL of media was used
as control treatment. Chloromycetin was added in solution
to control bacterial contamination. Three replicates were
prepared from each dose by dividing into three flasks. Inoc-
ulation was performed using a freshly prepared culture of A.
terreus, which were filtered after 7 days of inoculation with
the help of preweighed and labelled filter papers. Fungal
biomass obtained after filtration was oven dried till obtained
a constant weight and was plotted against conc. of nanopar-
ticles used. Percentage of biomass inhibition of test fungus
was checked by using the following formula:

Growth inhibition %ð Þ
= Growth in control −Growth in treatment × 100

Growth in control :
ð1Þ
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Figure 1: The UV/Vis spectrum of the silver nanoparticles synthesized from (a) methanol extract and (b) n-hexane fraction from extract of
C. album.
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2.4. Antifungal Assay with Silver Nanoparticles of Isolated
Fractions. Plant extract (30 g) was soaked in 100mL metha-
nol. Then, solution was evaporated leaving 2 g of gummy
mass which was partitioned among n-hexane, chloroform,
ethyl acetate, and n-butanol. Four isolated fractions were
prepared from the abovementioned method and used for
formation of silver nanoparticles by dissolving gummy mass
in distilled water and then mixing with the 4mM silver
nitrate solution separately. Each beaker of 4 fractions was
covered using an aluminum foil and then kept in darkness
for 2 h for incubation. Change in color was observed after
intervals of 2, 4, and 24h. Then, solution was centrifuged at
5000 rpm for 10min, and the supernatant was removed,
and pellet was stored at 4°C.

Nanoparticles from these fractions were evaluated
against A. terreus over serial dilution method presented by
Waheed et al. [15]. For this purpose, stock solution of nano-
particles (20%) made from each fraction was divided into
two concentrations (0.1% and 0.2%). Their effect on growth
of fungal colony was measured. A control treatment was also
prepared without nanoparticles. Three replicates were pre-
pared of each concentration. Mycelial disk from actively
grown culture was inoculated in each petri plate.

2.5. Gas Chromatography-Mass Spectrometry Analysis (GC-
MS). n-Hexane fraction of C. album extract was analyzed
by using gas chromatography-mass spectrometry (GC-MS).
The sample analysis was performed on GC-MS-QP 2010
chromatograph equipped with a DB-5 capillary column
(0.25μm, 0.25mm, 30mm). The ionization voltage was of
70 eV, m/z scan range 55-950Da, and the oven temperature
was kept at 45°C for 1min. After that, temperature was
gradually increased at a rate 10°Cmin-1, and up to 200°C
was maintained for 5min by using carrier gas (helium).
The temperature of injector was kept 200°C, and detector
temperature was 250°C. Qualitative analysis was done by
comparing the retention times, indices, and mass spectra
with the corresponding data in the literature (NIST Library
word software).

2.6. Statistical Analysis. Data obtained were analyzed statisti-
cally by analysis of variance followed by DMRT (Duncan’s
multiple range test) with 5% level of significance as likeli-
hood p values, utilizing the PC programming Costat,
cs6204 W.exe [16].

3. Results and Discussion

In this study, C. album leaf extract was used for nanoparti-
cle synthesis. Plant extract was mixed with salt solution,
and color changes indicated the nanoparticle synthesis,
with characterization being done using UV-Visible spec-
troscopy, particle size analyzer, and SEM. Nanoparticles
synthetized from C. album showed maximum absorption
at wavelength ranging from 300 to 700nm (mean, 380nm),
with maximum absorption peaks corresponding to the
confirmation of silver nanoparticle synthesis (Figure 1(a)).
When methanol plant extract was portioned in organic
solvents, i.e., n-hexane, chloroform, ethyl acetate, and n-
butanol, and nanoparticles synthesized from these fractions
also showed maximum absorption at a wavelength range
from 300 to 700nm (mean, 382) (Figure 1(b)). Furthermore,
particle size of silver nanoparticles, formed from various
fractions of methanol extract of C. album, ranged from 1 to
200nmmainly, and a comparison showed that n-hexane frac-
tion showedminimum size of AgNPs formed (Figure 2). Later
on, SEMwas used for a detailed analysis of silver nanoparticles
of plant extract. Results showed that plant extract (methanol)
formed AgNPs with smallest size of 197nm (Figure 3(a)),
while in n-hexane fraction, AgNPs synthesized had 150nm
(Figure 3(b)). Similarly, in chloroform fraction, the smallest
size of 133nm was observed (Figure 3(c)), whereas
Figures 3(d) and 3(e) are showing the SEM images of AgNps
being formed by the ethyl acetate and n-butane fraction of
the C. album with a minimum size of 161 and 150nm, respec-
tively. SEM images also show that overall shape of silver nano-
particles formed by various fractions of C. album is oval to
hexagonal. Likewise, Dwivedi and Gopal [17] researched on
gold and silver nanoparticle synthesis with C. album aqueous
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Figure 2: Particle size analysis of silver nanoparticles of C. album, where colored lines are indicating AgNPs of relative fractions. M:
methanol; H: n-hexane; C: chloroform; E: ethyl acetate; B: n-butanol.
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extracts with 1mM salt solution and found an absorption peak
at 460nm, and in SEM, a quasi-spherical shape was observed.
Carrillo-Lopez et al. [18] reported similar results while using
C. ambrosioides as a source plant. Physical and chemical tech-
niques also exist for nanoparticle synthesis, but biological
method is dominated over other methods as small amounts
of plant material are used for reduction, and stabilization
and chemicals involved are natural and environment friendly
[19]. C. album has been reported to have a number of
phytochemicals like phenols, alkaloids, saponins, carotenes,
lignans, essential oils, etc., which have strong antioxidant
and reducing capability [12, 20, 21]. These antioxidants act
as capping and stabilizing agents for NPs formed. Various

fractions of C. album were used in present study to find the
potential of various metabolites to stabilize the nanoparticles.
If metabolites present in plant extract are not able to stabilize
properly, nanoparticles formed may give rise to their own
aggregates, thus increasing their overall functional size and
reducing their effectivity [18]. Present study proved the fact
in terms of size of nanoparticles formed, as different sizes of
NPS are formed by different fractions, and smallest size was
obtained by n-hexane fraction of plant extract used. EDX
analysis of plant AgNPs formed by plant extract
(Figure 4(a)) and n-hexane fraction (Figure 4(b)) clearly
shows the presence of silver, further confirming the synthesis
of silver nanoparticles.
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Figure 3: SEM analysis of silver nanoparticles of formed by: (a) methanol extract; (b) n-hexane fraction; (c) chloroform fraction; (d) ethyl
acetate fraction; (e) n-butanol fraction of C. album.
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Figure 4: EDX analysis of silver nanoparticles synthesized from (a) methanol extract and (b) n-hexane fraction from extract of C. album.
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All applied concentrations of C. album extract nanopar-
ticles markedly retarded the test fungal biomass (Figure 5).
Minimum biomass of fungus, i.e., 0.023 g (92% reduction),
was observed at 3.5% concentration of silver nanoparticles
of C. album methanol extract. The other concentrations,
i.e., 1.5, 2, 2.5, and 3%, were capable of effectively inhibiting
the test fungal growth by 32.1%, 40.4%, 50.0%, and 60.7%,
respectively, when compared to control treatment. Finally,
at 1%, conc. of NPs, only 14% reduction in fungal growth
was observed (0.24 g fungal biomass as compared to 0.28 g
fungal biomass in control). However, all applied concentra-
tions of nanoparticles derived from C. album organic frac-
tions significantly reduced the A. terreus growth (Figure 6),
with the n-hexane fraction nanoparticles being stated as
strongest fungicide as they were highly effective at both
selected concentrations (0.1% and 0.2%) leading up to 62-
64% inhibition in the fungal biomass. The chloroform
fraction nanoparticles also retarded the A. terreus biomass
up to 58%, while n-butanol nanoparticle fraction was found
comparatively less effective, with only 49% and 54% retarda-
tion. Finally, the ethyl acetate nanoparticles led to 56% and
53% retardation in the A. terreus diameter. These antifungal
results may be correlated with the sizes of AgNPs formed;
the smaller is the size of nanoparticles, more efficient they
are to cross the fugal cell wall [22]. Small dimensions of

acting nanoparticles help them to penetrate fungal hyphae
by interacting with cell membranes and finally attacking
fungal cell DNA and proteins. This usually leads fungal cells
to death [23, 24].

GC-MS analysis was performed to the most effective frac-
tion, and a total of 18 compounds were identified, namely,
belonging to phenols, hydrocarbons, steric acids, propionic
acid hydrazine, carbonyl compounds, and aromatic hydrocar-
bons. In detail, following chemical composition comprises of
aromatic hydrocarbons, such as 1, 3-cyclopentadiene-5-(1
methylethylidene and o-xylene), ethyl benzene, octadecane,
nonane, decane, 2-methylheptane, n-hexadecane, 2-methyl-
heptane, and eicosane, were identified, along with carbonyl
compounds, such as 4,4-dimethyl-3-hexanone, and phenols,
like stearic acid, propionic acid hydrazide, and 2,4-di-T-butyl-
phenol (Table 1 and Figure 7). Data obtained here is corrobo-
rated by that obtained by Sherazi et al. [8], who identified
carboxylic acids, fatty acids, and hydrocarbons in GC-MS
analysis of C. album n-hexane fraction. Similarly, Yuan et al.
[25] performed GC-MS analysis of C. album and showed that
highest peak was observed between 5.24 and 6.24min of reten-
tion time. The authors also found the presence of aromatic
hydrocarbons, i.e., ethyl benzene, O-xylene, P-xylene, and 1-
ethyl-4-methylcyclohexane at higher amounts. These
aromatic hydrocarbons possess antifungal potential, namely,
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ethyl benzene was able to boost a reduction in mycelial
growth and spores’ germination of F. oxysporum when com-
pared to control. Earlier, Toliwal et al. [26] evaluated the
antifungal activity of different fatty hydrazides against A.
niger using immidil as standard. The authors stated inhibi-
tion ratios ranging from 50% to 70%. In the current study,
the steric acid hydrazide and propionic acid hydrazide were
also identified and therefore may be the responsible for the
good antifungal potential stated to the n-hexane fraction of
C. album.

4. Conclusion

In short, this study concluded that C. album possesses
high antifungal activity against A. terreus, silver nanoparti-
cles of C. album revealing more effective against A. terreus;
silver nanoparticles were prepared and tested from simple
extract (maceration/microwave assisted) and from isolated
organic fractions of plant, various organic fractions, viz.,
chloroform, n-butanol, and n-hexane. These silver nanopar-
ticles were also assessed for antifungal activity, and n-hexane

Table 1: GC-MS analysis of n-hexane extract of C. album leaves.

Sr. no RT (min) Compound name Molecular formula MW Peak area %

1 5.242 Ethyl benzene C8H10 106.17 44.9

2 5.242 O-Xylene C8H10 106.16 4.08

3 5.558 P-Xylene C8H10 126 9.2

4 6.242 1-Ethyl-4-methylcyclohexane C9H18 126 14.28

5 6.392 Nonane C9H20 128 3.06

6 6.392 Decane C10H22 142.286 2.04

7 8.233 2, 6-Dimethylendecane C13H28 184.361 1.02

8 8.233 2-Ethyl-4-methyl-1-pentanol C8H18O 130.22800 4.08

9 8.233 Octadecane C19H40 268 1.02

10 9.7 3,5,5-Trimethyl-1-hexene C9H18 126 1.53

11 9.7 2-Methylheptane C8H18 114.23 0.51

12 10.25 2-Bromooctane C8H17Br 193.12 0.51

13 25.608 4,4-Dimethyl-3-hexanone C8H16O 128 1.02

14 25.608 Stearic acid hydrazide C18H38N2O 298.52 3.06

15 26.33 Propionic acid hydrazide C3H8N2O 104 3.06

16 26.33 2,4-Di-t-butylphenol C14H22O 206 1.02

17 50.475 Eicosane, 2-methyl C21H44 296 4.08

18 51. n-Hexadecane C16H34 226.45 1.53

Chromatogram (Zoom)
3,841,064

6.0 10.0 20.0 30.0 40.0 50.0 52.0
min

TIC⁎1.00

Figure 7: Chromatogram of n-hexane fraction of C. album.
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fraction led to 64% inhibition in A. terreus biomass. In addi-
tion, GC-MS revealed a high abundance of secondary metab-
olites, suggesting that they might be the main responsible for
the C. album antifungal efficiency against A. terreus; 18 com-
pounds were identified, namely, 1,3-cyclopentadiene-5-(1
methylethylidene and o-xylene), ethyl benzene, octadecane,
nonane, decane, 2-methylheptane, n-hexadecane, 2-methyl-
heptane, and eicosane, along with carbonyl compounds
(4,4-dimethyl-3-hexanone) and phenols, like stearic acid,
propionic acid hydrazide, and 2,4-di-T-butylphenol. These
findings proved that C. album silver nanoparticles are highly
effective against A. terreus.
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