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Abstract
In the current study, iron oxide nanoparticles (IO NPs) were synthesized via modified green synthesis 
technique using F. carica fig extract as reducing agent. Furthermore, the microstructural properties 
of the synthesized IO NPs have been thoroughly elucidated. In details, the acquired NPs diameter was 
found to be in the range of 11-29 nm and of root mean square (RMS) of 0.64 nm using TEM and AFM 
techniques, respectively. Consequently, the antifungal and antibacterial activities of the synthesized IO NPs 
were screened against Candida and Aspergillus species as well as Gram-positive Staphylococcus aureus 
and Gram-negative Acinetobacter species, respectively. The presented IO NPs play an active role in the 
antimicrobial activities evidencing the well-organized materials system for biomedical applications. 
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Introduction

Metal oxide NPs are of great importance due to a 
number of unique properties such as high surface-to-
volume ratio, easy separation features, and low toxicity 
(1). IO NPs have attracted a great significance in the field 
of nanoscience and nanotechnology (2, 3). In conjunction 
with IO NPs, several applications have been proposed 
in the area of optoelectronics, catalysis, self-powered 
smart window, lithium ion batteries and diagnostic 
biological probes (4-8). IO NPs are extensively applied 
in the biomedicine field due to their low toxicity and 
biocompatibility. Due to the electrostatic feature of the 
IO NPs, they are easily interact with fungal, and bacterial 
living-cell membranes (9). This property allows IO NPs 
to harms the cell membranes of fungi or bacteria as well 
as inducing the toxic oxidative stress via free radical 
formation (10). Antimicrobial activities of IO NPs are, 
therefore, dependent on three essential features namely 
concentration of the culture media and most importantly 
stability (9, 10). 

In this attempt, variety of approaches have been 
anticipated for the synthesis of IO NPs. Among these 
are the well-known physical and chemical methods 
in which preferred NPs properties can be acquired. 
Particularly, these methods are electrodeposition (11), 
conventional heating (12), hydrothermal (13, 14), wet 
oxidation (15), laser ablation (16), co-precipitation (17, 

18), and anodization (19). However, these techniques 
are presented with several draw-backs such as the 
use of non-biodegradable stabilizing agents and toxic 
chemicals, and hypothetically harmful to the well-being 
organisms and the surrounding environment. The green 
synthesis technique, which is utilized in the current 
study, has revealed considerable advances such as 
environmentally friendly, unpresented toxic chemicals, 
and low energy and temperature conditions (20). Green 
synthesis technique evolves the use of naturally existing 
resources such as plants extracts as reducing fuel (21). 
Therefore, this manuscript reports a modified green 
synthesis technique of IO NPs in which F. carica fig 
extract is used as a reducing agent. Additionally, the 
antifungal activity against Candida and Aspergillus 
species and antibacterial activity against Gram-positive 
S. aureus and Gram-negative Acinetobacter species 
were thoroughly investigated.
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Materials and Methods

Plant collection and extraction

Dried F. carica (common fig) was purchased 
from local market in Baghdad, Iraq. Consequently, 
the collected fruit was washed thoroughly; afterward, 
10 gm of the washed fruit was blended alongside 150 
mL of deionized-distilled water (DDW). The resultant 
mixture was subjected to heating process at 100 °C 
in a ventilation oven and then cooled down to room 
temperature. Finally, the solution mixture was filtered 
using chromatography paper (Whatman No.1) and 
incubated at room temperature for further use. 

Synthesis of IO NPs

In a typical laboratory route, specific amount (0.1, 
0.14 and 0.18 molar) of ironIII chloride hexahydrate 
(F2Cl3.6H2O) was liquefied in 100 mL of DDW under 
stirring rate of 800 r.p.m. for 15 minutes at RT. The 
consequential mixture was then mixed with fig extract 
(1:1) under stirring rate of 600 r.p.m. for 2 h at 50 °C (1). 
The first indication of the NPs occurring was observed 
upon color changing of the solution, whereby a light 
brown color was noticed, as presented in figure (1). The 
acquired solution was then washed and centrifuged at 
4000 r.p.m. for 20 minutes. Hereinafter, the attained 
residual was dried for 6 h at 60 °C and later grinded 
using mortar and pestle to obtain a fine NPs powder. 

Figure (1): Color changing process of IO NPs. 

Characterization

The microstructural properties of the prepared NPs 
were examined using Shimadzu X-ray Diffractometer 
(XRD-6000) with wavelength of 1.541 A° and Cu-
Kα radiation. In the meanwhile, compact char surface 
was investigated using Fourier Transform Infrared 
Spectroscopy (FT-IR, Thermo Nicolet Nexus) ranging 

from 400 to 4000 cm-1. Furthermore, the optical 
properties of the prepared NPs were recorded on 
Shimadzu UV-1800 UV-Vis spectrophotometer. Atomic 
Force Microscopy (SPM AA3000-AFM) and TECNAI 
F-30 TEM were engaged for the morphological and 
nanoparticle size investigations. 

Evaluation of antifungal and antibacterial activities

The antifungal activity of the synthesized NPs was 
monitored using agar well diffusion procedure against 
two fungal species which are Candida and Aspergillus 
species (22). Agar petri dish, which was used in this study 
as a culture media holder, was systematically swabbed 
with sterile cotton swab in which a 30 ml of 24 h 
Sabouraud′s dextrose was used for each fungal species. 
Continuously, wells were made in the pre-solidified agar 
plates with the help of 5 mm cork bor-er. Variety of the 
synthesized NPs concentrations (0.75, 1.5, 3, 6, 12 and 
24 mg/ml) were sonicated with DDW and then used to 
evaluate the antifungal activity. Concurrently, Negative 
and positive control against the fungal pathogens was 
exhibited using DDW and antibiotics. Hereinafter, the 
cultured agar plates were incubated at 35 °C for 48 h, 
while the inhibition zones were measured in millimeter.

As for the IO NPs antibacterial activity, similar route 
to the aforementioned antifungal was repeated. However, 
the antibacterial activity was screened against Gram-
positive S. aureus and Gram-negative Acinetobacter 
species using 30 ml of 24 h Blood agar culture media. In 
this experiment, the positive and negative controls used 
were antibiotics and DDW and the antibacterial activity 
was later proceeded to an incubation procedure for 24 h 
at 35 ̊C. It is worth mentioning that the concentrations of 
IO NPs utilized for the antibacterial activity are 0.5, 1, 
2, 4, and 8 mg/ml.

Results and Discussion

The XRD patterns of the synthesized NPs are 
presented in figure (2, a). Generally, the intensity of 
the diffraction peaks augmented with increasing IO 
NPs concentrations which in turn indicates higher 
crystallinity at high concentrations. As depicted in the 
figure, eight different pronounced peaks were acquired 
corresponding to (110), (120), (211), (10-1), (202), 
(211), (312), and (310) planes and diffraction angle of 
2θ = 21.9°, 26.6°, 33.2°, 35.6°, 49.5°, 50.4°, 54°, and 
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62.4°, respectively (Card No. 96-901-1413) (1). The (110), (120), and (211) planes mainly belong to FeO2 phase, 
while other planes, (211), (10-1), (202), (312), and (310), are corresponded to Fe2O3 phase (Card No. 96-900-9783) 
(9). 

Figure (2, b) illustrates the FT-IR curve of the synthesized NPs with concentration of 0.14 M. It is clear to be 
noticed that characteristic peaks at 3848, 3737, and 3416 cm-1 are mainly attributed to the O-H stretching bonds. In 
the meanwhile, peak at around 2925, cm-1 is corresponded to C-H stretching characteristic. Two pronounced peaks 
at 2381, and 2310 cm-1 are designated to O=C=O stretching. Furthermore, additional peaks at 1737, and 1638 cm-1 
were observed which are due to C=O stretching, while peak at 1542 cm-1 is found to be in accordance with C=C 
stretching (1, 23). Finally, Fe-O vibrations namely 1098, 795, 506 and 463 cm-1 are assigned to the IO NPs (23). 

The UV-vis spectra of the synthesized IO NPs are demonstrated in figure (2, c), which exhibited broad bands 
and cut-off phenomenon at 360 nm. Furthermore, as illustrated in the figure, there is a decrease in the mentioned 
phenomenon cut-off towards higher wavelength as the concentration enlarged; this could be attributed to the lattice 
defects in the prepared NPs matrix (9). 

Figure (2, d) demonstrates two dimensions and three dimensions AFM images of the synthesized NPs with a 
concentration of 0.14 M and scanning area of 2 µm. In general, the formed NPs exhibited a vertically aligned NPs 
with regular spherical shape and homogenous distribution. The average diameter and RMS were found to be 84.4 
and 0.64 nm, respectively. In the meanwhile, the average surface roughness was found to be 0.54 nm; this indicates 
a pronounced rough surface which in turn reveals high electrochemical performance (24). 
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Figure (2): (a) XRD patterns, (b) FT-IR spectra, (c) UV-vis spectra, and (d) AFM of 2D and 3D images of the 
prepared NPs.

The TEM image of IO NPs is presented in figure (3, a and b). Generally, the synthesized NPs revealed almost a 
spherical structure with average diameter of 19 nm. From the figure, it also can be observed that a uniform IO NPs 
distribution which found to be in good agreement with the AFM findings. Furthermore, figure (3, b) shows the NPs 
diameter distribution which was found to be in the range of 11-29 nm. 

Figure (3): IO NPs with 0.14 M concentration (a) TEM image (b) diameter range distribution.

The antifungal activity of the green synthesized NPs 
against Candida and Aspergillus species are shown in 
figure (4, a). As presented in the figure, an observable 
inhibition zone increment in both kind of fungi species 
can be clearly seen as the concentration of the IO 
NPs increased, this indicates the active role of the 
synthesized NPs as an antifungal. This can be explained 
by the superior features of IO NPs such as large surface 
area, and small particle size as compared to their bulk 
nature (25). Although, the inhibition zones in the case 
of Candida demonstrated larger inhibition diameter, 
lower concentrations of the used NPs were found to 
be active in the case of Aspergillus. The maximum 
inhibition zone diameters were found by the highest 
IO NPs concentration 24 (mg/ml) against Candida (35 
mm) followed by Aspergillus (33 mm). In contrast, 
inhibition zone diameters of 10 and 15 mm against 
Candida and Aspergillus with IO NPs concentration 
of 3 mg/ml, respectively. Similarly, at concentration of 
1.5 mg/ml, the antifungal activity was only exhibited 
against Aspergillus. This may be due the differences in 
the Candida species’ cell wall structure which consists 
of high chitin as a yeast as compared to the moldy in 
Aspergillus species (26), this in turn leads to different 
sub-capability of each towards the tested nanoparticles.

Figure (4, b) presents the antibacterial activity of IO 
NPs against Gram-positive S. aureus and Gram-negative 
Acinetobacter species. Generally, increasing the 
concentration of IO NPs exhibited higher antibacterial 
activity. This could be attributed to the metallic NPs 
accumulation in the living cell-membranes which in turn 
releases cellular compounds as previously reported by 
other researchers (27). It is a necessity to be stated that 
concentration as low as 0.5 mg/ml exhibited null activity 
against both species. However, higher concentrations 
of IO NPs displayed advanced inhibition zones in both 
species cases. Continuously, the acquired inhibition 
zones against Gram-negative Acinetobacter bring about 
more diameter range as compared to Gram-positive S. 
aureus at all concentrations. Inhibition zones of 25 and 
19 mm in diameter against Gram-negative Acinetobacter 
and Gram-positive S. aureus were screened with IO 
NPs concentration of 8 mg/ml, respectively. This may 
be due to the difference in susceptibilities property of 
each bacterial species towards IO nanoparticles comes 
from the differences in the structure of cell wall of each 
bacteria. In details, the Gram-positive S. aureus species 
has thicker peptidoglycan and thus demonstrate higher 
resistance in contrast to Gram-negative Acinetobacter. 
As observed in table (1 and 2), the synthesized NPs 
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demonstrated higher antibacterial and antifungal effects than standard antibiotics

Figure (4): Inhibition zones of IO NPs; (a) fungi and (b) bacteria.
Table (1): Antibiotics zone of inhibition diameters against fungi.

fungal

inhibition zone (mm)

KCA (10 μg) NY (100un) AMB (20μg) FCN (10μg) DDW

candida spp. 34 14 11.4 22 0

Aspergillus spp. 21 16 12 0 0

Table (2): Antibiotics zone of inhibition against bacteria.

bacterial 

inhibition zone (mm)

CRO (30 
μg) AK (30μg) SAM 

(20μg) TS (25μg) CD (2μg) CIP 
(5μg)

ATH 
(15μg) DDW

S. aureus 26 17.5 14.5 13.5 0 0 0 0

Acinetobacter 
baumanii 0 0 0 0 0 0 0 0

Conclusion 

IO NPs were successfully synthesized using F. 
carica fig extract. Additionally, the microstructural 
properties of the prepared NPs were illustrated using 
XRD, FT-IR, UV-vis, AFM and TEM techniques. 
Simultaneously, the synthesized NPs were evaluated 
for their antifungal and antibacterial activities against 
Candida and Aspergillus species as well as S. aureus and 
Acinetobacter species, respectively. It was found that 
Aspergillus species is more sensitive to the synthesized 
NPs rather than S. aureus, shedding the light towards 
this technique which may be useful for the treatment of 
this aggressive multidrug resistant bacteria. 
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