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Abstract — Research in the area of nanoparticles has grown considerably in recent years. Plant leaf extracts provide a
platform for nanoparticle synthesis from metal and metal oxides, which is more economical and environmentally
friendly than other methods, such as chemical reduction and physical methods. The present study conducted the bio-
synthesis of iron nanoparticles (FeNPs) using Thymus vulgaris L. (Thyme) leaf aqueous extract. The characterization
of FeNPs was carried out by transmission electron microscopy (TEM), UV-visible spectrophotometry (UV-VIS), Fou-
rier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM) and X-Ray diffraction (XRD)
techniques. UV-VIS spectroscopy analysis demonstrated a visible peak around 440 nm. FTIR demonstrated the
presence of iron metallic ions. Structural analysis of the nanoparticles by TEM showed agglomerations of spherical
shapes. The average size of the synthesized FeNPs was around 40 nm. Regarding application, the ability of the FeNPs
to degrade methyl orange was recorded as 95%. They were also examined for potential antimicrobial activity against
pathogenic Gram-positive and Gram-negative bacteria and fungi. FeNPs demonstrated high antifungal activity
against Candida albicans, C. parapsilosis and Aspergillus flavus, while their antibacterial activity was much weaker
compared to commercial antibacterial agent. Thus, FeNPs synthesized using T. vulgaris could play an important role

in controlling C. albicans, C. parasilosis and A. flavus and bioremediation of dyes.
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Introduction

Using chemical and physical methods to produce met-
al and metal oxide nanomaterials bring with it some chal-
lenges because it entails the use of very reactive and toxic
reducing agents, which can have undesired impacts on the
environment and organisms (Christian et al. 2008). In re-
cent decades, researchers have continuously worked to de-
velop effective, simple, low-cost and reliable green chemistry
methods for nanomaterial production. Previous works illus-
trated that various organisms, such as bacteria (Kianpour et
al. 2017), fungi (Yehia and Al-Sheikh 2014), algae (Madhavi
etal. 2013), actinomycetes (Ahmad et al. 2015), yeast (Man-
dal et al. 2006) and higher plants (Herlekar et al. 2014) could
act as clean, sustainable and eco-friendly producers for well-
functionalized and stable nanomaterials.

Plant extracts have several properties and advantages,
including shorter production time, ease of maintaining the

* Corresponding author e-mail: ammali@kfu.edu.sa, alimali@mu.edu.eg

114

cell culture compared with microorganisms (yeast, fungi,
bacteria, and algae), so extracting nanomaterials from plants
has become increasingly appealing to researchers because
plants have unique characteristics, such as high efficiency,
eco-friendly products, low cost and nontoxicity (Shah et al.
2015). Several studies illustrated that plant extracts have a
high level of antioxidant compounds, such as reducing sug-
ars, nitrogenous bases, reducing agents and amino acids,
which can be used as capping and reducing agents in iron or
iron oxide nanoparticles (Ebrahiminezhad et al. 2018, Sid-
digi et al. 2018, Singh et al. 2018).

Metal nanoparticles, such as iron (Fe), produced through
green chemistry are among the most useful materials in na-
noscience research (Saif et al. 2016). Various plants have
been reported in the green synthesis of iron nanoparticles
(FeNPs). For example, FeNPs were synthesized using Salvia
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officinalis L. (Wang et. al. 2015), Carica papaya L. (Latha and
Gowri 2014), Mimosa pudica L. (Niraimathee et al. 2016),
Passiflora tripartita Breiter (Kumar et al. 2014), Hordeum
vulgare L. (Makarov et al., 2014), Rubus glaucus Benth. (Ku-
mar et al. 2016), Andropogon sorghum (L.) Brot. (Njagi et al.
2011), Rumex acetosa L. and Teucrium polium L. (Kouhba-
nani et al. 2019).

The use of NPs in environmental remediation is increas-
ing owing to their ability to decrease costs and improve the
efficiency of remediation processes (Zhao et al. 2016). Vari-
ous nanoparticles have been used successfully for degrada-
tion of dye, such as manganese-doped zinc oxide (ZnO), ti-
tanium dioxide (TiO,), cadmium sulphide (CdS), and zinc
ferrite (ZnFe,0,). Nowadays, with the increasing promi-
nence of nanotechnologies, FeNPs and iron oxide nanopar-
ticles (FeONPs) have been studied and used for removing
dye contamination (Beheshtkhoo et al. 2018, Kouhbanani
etal. 2018).

A member of the family Lamiaceae Thymus vulgaris L.
is a small perennial therapeutic botanical herb. The plant is
a small evergreen shrub that is indigenous to the Mediter-
ranean region but is widely distributed in other parts of the
world (Javed et al. 2013). Thymus vulgaris extract has many
pharmaceutical uses, such as treatment for toothaches, respi-
ratory diseases (bronchitis, asthma, coughing, and whoop-
ing coughs), urinary tract infections and dyspepsia. It is
also used to prevent hardening of the arteries, increase ap-
petite and expel fungus from stomach because of its impor-
tant component thymol, which kills bacteria and parasites.
In last decades, with the help of the beneficial characters of
T. vulgaris, different studies have been carried out to dem-
onstrate the pharmacological activities of essential oils and
plant extracts (Cowan 1999).

The aim of this work was to prepare well-dispersed
FeNPs using an aqueous leaf extract of T. vulgaris and to
analyse their ability to act as antimicrobial agents against
some pathogenic microorganisms. In addition, the ability
of the synthesized FeNPs to remove methyl orange was in-
vestigated.

Materials and methods
Preparation of leaf extract and FeNPs synthesis

Ferric chloride (FeCl;-6H,0) and methyl orange were
purchased from Sigma-Aldrich, USA. All culture media
such as nutrient agar and potato dextrose agar (PDA) were
purchased from Scharlaus, Spain. All chemicals used in this
study were of analytical grade. Solutions were prepared with
deionized water. Commercially available dried leaves of T.
vulgaris were bought from a local market (Al-Hofof, Saudi
Arabia). Leaves were washed several times with distilled wa-
ter to remove dust particles, then dried at room temperature.
Leaves were crushed into fine powder with mortar and pes-
tle and finally used for extract preparation. Three grams of
dried powdered leaves were added to a flask containing 50
mL of distilled water and then heated at 70 °C with stirring
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at 600 rpm for 1 h. After cooling to room temperature, the
solution was filtered through Whatman filter paper (no. 42).
The obtained filtrate was stored at 4 °C overnight. A total
of 0.1 M FeCl,.6H,0 was prepared in double-distilled wa-
ter (ddH,0) by dissolving 1.35 g of solid FeCl,.6H,O in 50
mL of distilled water. The solution was then mixed with the
aqueous leaf extract at a ratio of 1:1 for Fe** iron reduction.
To stimulate the reduction of the Fe** ions, an equal volume
of leaf extract was slowly added to a solution of ferric chlo-
ride (FeCl,) and vortexed for 5 min at room temperature.
The formation of the FeNPs was confirmed by a change in
the colour of solution from light green to black. To purify
the FeNPs, centrifugation was carried out at a speed of 5071
gand the pellet was washed three times with ethanol and wa-
ter at a 1:1 ratio, and then dried at 60 °C in an oven.

Physicochemical characterization of FeNPs

UV-VIS absorption analysis was carried out at time in-
tervals of 0, 24, 48 and 72 h using spectrophotometer (Op-
tizen 2120 UV, Mecasys, Korea) in the wavelength range of
300-600 nm. The functional groups prepared in the reaction
product were analysed by a Fourier transform infrared spec-
trophotometer (FTIR) in the wavenumber region (4000-500
cm™) (PerkinElmer, USA). Samples for transmission elec-
tron microscopy (TEM) (JEM-100 CXII transmission elec-
tron microscope, JEOL, Japan) were prepared and analysed
to determine the shape of the nanoparticles. The size and
size distribution of FeNPs were determined by TEM and dy-
namic light scattering (DLS) analysis by Malvern Zetasizer.
X-Ray diffraction (XRD) analysis was used to illustrate the
material structure of FeNPs using a Philips X-ray diffrac-
tion analyser.

Methyl orange removal assay

To study the photocatalytic activity as FeNPs degrade
methyl orange (MO) dye, UV-VIS spectrophotometry was
carried out with methyl orange. Briefly, the catalytic activ-
ity of FeNPs was estimated by studying the decrease of the
methyl orange absorption peak at 465 nm. Then, 20 pg mL™'!
of FeNPs was added to 10 ml of 25 mg mL~ MO solution and
1 mL of 10% H,0,. At different time intervals (0, 15, 30, 60,
120, 180, 240, 300 and 360 min) the concentrations of MO
were determined with an Optizen 2120 UV-VIS spectropho-
tometer (Mecasys) at wavelength 465 nm. Standard curve
of known MO concentration was used to determine the de-
crease in concentration through absorbance. To evaluate the
activity of H,O, alone, blank samples were tested without
FeNPs. All experiments were performed in triplicate.

Antimicrobial activity of FeNPs

A series of different concentrations of FeNPs was used to
measure the antimicrobial activity of FeNPs against bacterial
and fungi pathogens. Three pathogenic bacteria (Gram-neg-
ative Escherichia coli and Gram-positive Bacillus subtilis and
Staphylococcus aureus) and three pathogenic fungi (Candida
albicans, C. parapsilosis and Aspergillus flavus) were used in
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this experiment. A disc diffusion method was carried out us-
ing 10 uyg mL™ and 20 pg mL™! concentrations of FeNPs solu-
tions and dilution concentrations with leaf extract (dilution
of 10 pg mL~' FeNPs with 10 pg mL"leaf extract; dilution of
50 ug mL"leaf extract with 10 ug mL™ FeNPs and dilution
of 10 pg mL"'leaf extract with 50 ug mL™' FeNPs). Nutrient
agar medium (peptone 5 g L™!, yeast extract2g L, NaCl4 g
L, agar 15 g L™') was inoculated with freshly prepared cells
of each of the above mentioned bacterial species. Sabouraud
agar medium (dextrose 40 g L™, peptone 10 g L', agar 15 g
L") was inoculated with C. albicans or C. parapsilosis, while
potato dextrose agar (PDA) medium (potato extract 4 g L™,
dextrose 20 g L, agar 15 g L!) was inoculated with A. fla-
vus. After the agar solidified, several sterilized disks, dipped
into FeNPs solutions of the abovementioned concentrations,
were placed on the surface of the plates. Disks dipped into
20 ug mL" solution of commercial antibacterial agent (tet-
racycline) and antifungal agent (amphotericin) were used as
positive controls. The bioactivity of biosynthesized FeNPs
was measured as the diameter of the inhibition zone after
incubation of the inoculated plates at 37 °C between 24 and
72 h. This experiment was carried out in triplicate.

To examine the effect of nanoparticles on fungi cell mor-
phology, scanning electron microscope (SEM, FEI Compa-
ny, Hillsboro, OR, USA) samples were prepared as described.
Briefly, pure cultures of C. albicans and A. flavus were fixated
for 18 h at 6 °C with 2.5% glutaraldehyde in 0.1 M phosphate
buffer (pH 7.2). Then, the samples were washed with 0.1 M
phosphate buffer (pH 7.2). Post fixation was performed for
2 h at room temperature with 2% osmium tetroxide. De-
hydration was performed in a series of ethanol gradients:
50% and 70% (twice for 10 min), 95% (two times for 5 min)
and 100% (two times for 1 min), respectively. Then, samples
were dehydrated with acetone (two times for 30 s). Thereaf-
ter, the samples were coated with gold and were examined
with FEI Quanta 600F Environmental SEM (FEI Company,
Hillsboro, OR, USA).

Statistical analysis

All experiments were carried out in triplicate and three
independent experiments were also done. Data were illus-
trated as the mean + standard deviation (SD). The data
were estimated statistically by one-way analysis of variance
(ANOVA). For the experiment of the antimicrobial activities
Tukey's Multiple Range Test (P < 0.05) was carried out as the
post-hoc test for mean separations. The differences between
values of dye degradation in H,O, alone or combined with
FeNPs were analysed using Student's t-test.

Results
FeNPs synthesis and characterization

The formation of FeNPs was confirmed by a change in
the colour of solution from light green to green or grey-
ish black, which indicates the reduction of iron ions to iron
nanoparticles. The colour change was observed within 5-6
h (On-line Suppl. Fig. 1). The results illustrated that a strong
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surface plasmon resonance (SPR) centred at around 440 nm
is characteristic of iron ions. It was found that when iron
chloride is added to the plant extract solution, the FeNPs
nanoparticles are formed as a result of the exposure to plas-
ma discharge from 24 till 72 h for bacterial and fungal iso-
lates; respectively. The nanoparticles are characterized by the
presence of a maximum SPR absorption in the range around
440 nm, which corresponds to iron nanoparticles of mainly
spherical shape up to 40 nm in size.

FTIR analysis was carried out to obtain information
about the potential biomolecules in the aqueous T. vulgaris
leaf extract that capped the Fe**. The IR spectrum of FeNPs is
presented in (On-line Suppl. Fig. 1) The IR spectrum of leaf
extract showed five major absorption peaks at 3435, 2353,
2083, 1623, and 416 cm™. Absorption peaks of the signal at
3435 cm™ could be attributed to the O-H stretching vibra-
tion of alcohol (-OH) or carboxylic groups (-COOH), and
the signal obtained at 2353 cm™ was related to the C-H ex-
pansion vibrations of aliphatic acids. The signal observed at
2083 was for -NH,, the signal at 1623 cm™ was attributed to
C=0 stretched acid or esters, and the signal at 416 cm™" was
attributed to C-O stretching.

TEM analysis showed that FeNPs were of spherical
shape. The average size ranged around 40 nm (On-line Sup-
pl. Fig 2). The analysis indicated that the size distribution by
intensity has two peaks, recorded as 2 nm for peak 1, and
around 40 nm for peak 2 (On-line Suppl. Fig. 2).

The results obtained from the XRD analysis are present-
ed in Fig. 1. These results indicate that peaks appearing at 20
of 45° showed the presence of zero-valent Fe in the sample.
In addition, the analysis showed some low-intensity peaks
in between the 20 value of 15°, 25°, 32°, 34°, and 38°, indi-
cating that FeNPs surface was coated with FeOOH, organic
matter, Fe;O,, and Fe,O,, respectively.

Removal of methyl orange

The results of removal of MO by FeNPs are illustrated
in Fig. 2. The results show that in the absence of FeNPs, no
significant removal activity was detected within 360 min.
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Fig. 1. X-Ray diffraction profiles of FeNPs produced by Thymus
vulgaris aqueous leaf extract using 10 mL of leaf extract and 0.1
M FeCl,6H,0.
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Fig. 2. Diagram of removal of methyl orange (MO) (25 mg mL™")
using 1 mL of 10% H,0, alone or in combination with 20 mg mL-"!
FeNPs synthesized by Thymus vulgaris L. Removal process was pre-
sented as reduction in MO concentration.

However, the results illustrated that in the presence of H,O,
and 20 pg mL™' FeNPs together, MO concentration reduc-
tion occurred rapidly in the initial reaction and afterwards
the efficiency of removal significantly increased until 180
min. The efficiency of the decolourization catalysed reaction
of the FeNPs was about 95% after 6 h.

FeNPs antimicrobial activity

The diameters of the zones of inhibition (mm) of patho-
genic bacteria and fungi treated with FeNPs were shown
(On-line Suppl. Fig. 3, On-line Suppl. Tab. 1). The results
revealed that the diameters of zones of inhibition, after the
addition of 20 ug mL™' FeNPs, were 16 + 0.12, 15 + 0.20 and
15 + 0.19 mm against B. subtilis, S. aureus and E. coli spe-
cies, respectively, whereas significantly smaller values were
obtained after application of 10 pg mL~' FeNPs or dilutions
with leaf extract (On-line Suppl. Tab. 1). However, a compar-
ison with the results obtained from the exposure of bacteria
to a commercial antibacterial agent (20 ug mL™" tetracycline)
revealed that the activity of an equal concentration of FeNPs
was significantly less effective than tetracycline.

For the antifungal activity, C. albicans and C. parapsilo-
sis were found to be more sensitive to FeNPs applied in all
concentrations and dilutions with leaf extract than A. flavus
(On-line Suppl. Fig. 3, On-line Suppl. Tab. 1). Significantly
the highest inhibition zone was obtained after the applica-
tion of 20 pg mL™' FeNPs in all three fungi species, although
for C. albicans equally high activity was also measured with
a dilution of 5 ug mL™' FeNPs and 10 ug mL"'leaf extract.
The results obtained for all three fungi species illustrate that
the inhibition activity of 20 g mL™' FeNPs was significant-
ly more effective than the same concentration of the com-
mercial antifungal agent (20 pg mL~' Amphotericin B). For
A. flavus the dilution of 5 pg mL™' FeNPs and 10 pg mL"!
leaf extract exhibited the same effect as 20 pg mL~ Ampho-
tericin, while on C. albicans and C. parapsilosis, all applied
treatments showed better results, except for the 10 ug mL™"
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FeNPs treatment, which had an effect similar to 20 ug mL"!
Amphotericin (On-line Suppl. Tab. 1).

To study the effect of FeNPs on the cell structure of C.
albicans and A. flavus, FeNPs-treated fungi cells were visual-
ized by SEM. Results of the SEM analysis illustrated that up-
on interaction with the 20 pg mL' FeNPs, a morphological
change in C. albicans and A. flavus cells appeared as intense
damage to the cell membrane, which altered the cell mor-
phology (Fig. 3). The results showed a deformed/squeezed
cellular morphology of C. albicans (Fig. 3b) compared with
control cells (Fig. 3a), which indicates a leakage of the cy-
toplasmic constituents into the media due to severe mem-
brane damage. FeNPs also initiated severe damage to treat-
ed A. flavus, resulting in shrunken cells and a distorted cell
morphology (Fig. 3d) compared with the control cells (Fig.
3c) The applied FeNPs caused several structural changes in
A. flavus hyphae, cell wall deformations and local degrada-
tion, membrane damage, leading to cytoplasmic leakage and
also caused a significant alteration in spore form and ger-
mination.

Candida albicans

Aspergillus flavus

Fig. 3. Scanning electron microscopic images of morphological
changes of Candida albicans control (A) and treated cell (B), and
Aspergillus flavus control (C) and treated cell (D). Cells were treated
with 20 ug mL"! FeNPs synthesized by Thymus vulgaris L. Scale
bar is 5 pm.

Discussion

In this study, we reported green synthesis of FeNPs
from Thymus vulgaris leaves. Many previous studies have
explained efficient methods of green synthesis of FeNPs us-
ing various plant extracts (Mehdi el al. 2017). Studies on
T. vulgaris leaf extract indicated the existence of phenolic
compounds, especially flavonoids, that featured many of the
antioxidant properties in the plant based on their ability to
donate hydrogen and a structural requirement considered
essential for effective radical scavenging and production of
nanoparticles (Takeuchi et al. 2007, Bazylko and Strzelecka
2007, Nasrollahzadeh et al. 2016). Thymus vulgaris antioxi-
dants have some unique properties such as being capable
of adsorbing onto the nanosurface, reducing the ability to
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produce nanoparticles, and determine the size, shape and
morphology of the biosynthesized nanoparticles. Further-
more, T. vulgaris antioxidants promote the ability of catal-
ysis and prevent the agglomeration process and deforma-
tion of the nanosurface (Kulisic et al. 2005). Our results are
in agreement with Mehdi et al. (2017), who reported that
FeNPs were synthesized within 6 h incubation of the plant
extractand FeCl,.6H,O. A colour change to greyish black in-
dicates the formation of FeNPs over time. The colour chang-
es emerged because of the excitation of the SPR phenome-
non of the FeNPs and the optical absorption spectrum of the
FeNPs based on their particle size, the surrounding dielectric
medium, the shape, and the state of aggregation (Kulkarni
etal. 2017).

The green synthesis of FeNPs using T. vulgaris was con-
firmed by UV-VIS spectrophotometry analysis at various
times (On-line Suppl. Fig. 1). The results showed a sharp
peak at 440 nm, which indicates the formation of FeNPs. Up-
on addition of the plant aqueous extract into the FeCl,.6H,O
aqueous solution, the intensity of the peak decreased, in-
dicating the formation of nanoparticles (Khan et al. 2016,
Madivoli et al. 2019). These results were compatible with
those of other researchers who demonstrated that the SPR
peak of FeNPs appeared in the range of approximately 300-
500 nm, which is identical to the characteristics of the UV
spectral analysis for metallic iron (Kumar et al. 2014, De-
vatha et al. 2016). The present study results agree with those
of Madhavi et al. (2013) who reported that the FeNPs SPR
peaks at wavelengths of 402 and 415 nm are attributed to the
formation of nanoparticles by brown seaweed (BS, Sargas-
sum muticum), and the SPR pattern of metal nanoparticles
is related to particle size and the dielectric steady-state of the
reaction media and shapes.

The size range of FeNPs synthesized from T. vulgaris leaf
extract in this study was 40-50 nm. Eslami et al. (2018) and
Pattanayak and Nayak (2013) obtained similar results for
nanoparticles between 50-100 nm during studies on Myr-
tus communis L., Thymol seeds, mango leaves, black tea,
green tea leaves, and other plants. The size variety of syn-
thesized nanoparticles results from the inability of second-
ary metabolites to control particle sizes formed using green
approaches. Plant extracts have various secondary metabo-
lites, so they act as stabilizing and reducing agents during
the synthesis of metallic nanoparticles. FTIR analysis of the
T. vulgaris FeNPs in this study showed a similar pattern of
absorption bands set in the IR spectra of biosynthetic FeNPs
with some degree shift in the band positions. This indicates
the possible involvement of flavonoids and other phenolic
compounds in the capping of iron ions into FeNPs. These
results are in agreement with previous data represented by
Luo et al. (2014), who reported that an aqueous extract of
Ageratum conzyoids L. Asteracese is a mixture of natural or-
ganic chemicals, so it is a rich source of capping and reduc-
ing agents during FeNPs synthesis.

The removal efficiency of MO dye by FeNPs was about
95% after 6 h. These results revealed that FeNPs synthesized
by T. vulgaris extract oxidized MO azo dye by a Fenton-like
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reaction, as mentioned by Trotte et al. (2016). The double
bond present in the MO dye works as chromophoric group.
Cleavage of this double bond by OH™ leads to MO deco-
lourization (Wang et al. 2014). Previous investigations have
illustrated that FeNPs synthesized using various leaf ex-
tracts have different capabilities for MO dye removal in
liquid environments. In addition, Ebrahiminezhad et al.
(2018) illustrated that the removal efficiency of FeNPs syn-
thesized by aqueous extract of Mediterranean cypress for
degrading MO was 95.8% after 6 h.

Pathogenic microorganisms are widely spread through-
out the world. They have the ability to infect different hosts
and to resist antibiotics. Therefore, development of new an-
timicrobial agents is an urgent need for the treatment and
control of these pathogens. Medicinal plants contain a va-
riety of natural compounds that have antimicrobial activity.
FeNPs synthesized by plant extract can play a crucial role in
improving the therapeutic applicability of plants and can be
used as a source of new antimicrobial agents. In the current
study, our results illustrated that FeNPs used in the present
study caused inhibition in the cell growth of all the tested
pathogens, although the efficiency depended on the applied
FeNPs concentration alone or in the dilution with leaf ex-
tract and on the tested pathogen. The highest FeNPs concen-
tration (20 pug mL™) applied alone was found to be the most
effective for all tested pathogens. Results obtained for growth
inhibition of tested bacteria were of moderate success, since
a commercial antibacterial agent was more efficient than
any of the tested FeNPs concentrations or dilutions with leaf
extract. Even more, antibacterial activity was not observed
with 10 pg/ml FeNPs against B. subtilis. Diao and Yao (2009)
illustrated that treatment with nanoparticles reduced B. sub-
tilis viability by 80-100%. In contrast, in the present study
we found that no reduction in viability with 10 pg mL™" of
FeNPs and with an increase of the concentration to 20 ug
mL™" B. subtilis growth inhibition occurred. This disagree-
ment suggested that size and concentration of nanoparticles
may influence the antimicrobial effect, with different species
and strains presenting variations in the range of resistance
or susceptibility to FeNPs. Lee et al. (2008) reported the in-
activation of E. coli by zero-valent iron nanoparticles and
this inactivation could be due to the penetration of the small
particles (10-80 nm) into E. coli membranes. Nanoparticles
could then react with intracellular oxygen, leading to oxi-
dative stress, eventually causing disruption of the cell mem-
brane. The antifungal activity of T. vulgaris-FeNPs against
C. albicans, C. parapsilosis, and A. flavus was investigated
using antifungal Amphotericin B as a comparable control.
Our results showed that FeNPs exhibited a potent antifungal
activity against C. albicans, C. parasilosis and A. flavus. Kim
el al. (2007) revealed the potent activity of AgNPs against C.
albicans. Saraniya and Bhimba (2014) also revealed higher
antifungal activity of AgNPs against C. albicans, C. parap-
silosis, and A. niger. Seddighi et al. (2017) reported the in-
hibitory effect of FeONPs aganist C. tropicalis, C. albicans
and C. glabrata. They reported that the antifungal activity
of FeONPs improved as the concentration of the nanopar-
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ticles increased. Also, similar results showing that the activ-
ity of nanoparticles depends upon concentration were doc-
umented by Kim et al. (2007). Hassan et al. (2019) reported
the antimicrobial activity of SeNPs against E. coli, S. aureus,
C. albicans and A. flavus. They illustrated that the inhibito-
ry zone diameter of the tested microorganisms increased as
the concentration of SeNPs was increased. Also Violeta et
al. (2011) demonstrated that the antimicrobial activity is in-
fluenced not only by the concentration but also by the size
of the nanoparticles.

In the present study, the normal cell of C. albicans and
A. flavus has a spherical shape. smooth cell wall and intact
cell membrane, but when C. albicans and A. flavus were
treated with FeNPs and subjected to SEM, the damage to
and rupture of their cell wall were detected. The effect of
high concentration of FeNPs on the treated fungi was ob-
served as membrane damage of cells and some pits that have
been caused in intracellular components leading to leakage
and finally cell death. Jay and Shafkat (2018) proposed that
nanoparticles might attach to the surface of the cell mem-
brane disturbing permeability and respiratory function of
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