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Abstract 
A valuable approach in green nanotechnology is the application of biomaterials in the synthesis of nanoparticles. In this 
project, we synthesized iron oxide nanoparticles in the phase of hematite (α-Fe2O3) by the aqueous extract of Laurus 
nobilis L. leaves in a simple and eco-friendly method. The nanoparticles were characterized using Ultraviolet–Visible 
spectroscopy (UV–Visible), Fourier transform infrared (FT-IR) spectroscopy, X-ray diffraction analysis (XRD), scanning 
electron microscopy (SEM), transfer electron microscopy (TEM) and energy-dispersive X-ray spectroscopy (EDS). The 
results showed that the nanoparticles are crystalline, almost spherical like and partly as a hexagonal shape with an average 
size of 8.03 ± 8.99 nm. The antimicrobial activity of the synthesized nanoparticles was evaluated against three bacteria and 
two fungi. The results showed that the nanoparticles are moderately effective on the Gram-positive bacterium of Listeria 
monocytogenes and the fungi Aspergillus flavus and Penicillium spinulosum. The nanoparticles synthesized by this green 
method could be potentially useful as antifungal and antibacterial compound and, may be considered as gas sensors, light 
photo-catalysis and, semiconductor.
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Introduction

The goal of green chemistry is the development of chemi-
cal processes that reduce waste products and prevent envi-
ronmental pollution. Nowadays the use of biomaterials as 
replacements for hazardous substances is a noteworthy 
approach in green nanotechnology [1]. Various organisms 
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such as plants, bacteria, fungi, yeast, and viruses act as, 
clean and eco-friendly precursors to prepare small size and 
stable nanoparticles [2, 3]. Using different plant parts for 
the synthesis of metal nanoparticles is the simplest and 
most cost-effective approach [4]. Among the various metal 
nanoparticles, iron and iron oxide nanoparticles (IONPs) 
have shown high potential in many industrial and biomedi-
cal applications. There are eight known iron oxides, among 
which hematite (α-Fe2O3), maghemite (γ-Fe2O3) and mag-
netite  (Fe3O4) are very favorite and promising candidates 
[5]. Each of these three iron oxides has unique magnetic, 
catalytic, biochemical, and other properties, which are suit-
able for special biomedical and technical applications [6]. 
Hematite, as the most stable iron oxide with strongly anti-
ferromagnetic properties, is widely used in gas sensors, pig-
ments, catalysts, and as an oxidizer in thermite composition 
because of, its low cost and high resistor to corrosion [7]. It 
is also a precursor for the synthesis of maghemite (γ-Fe2O3) 
and magnetite  (Fe3O4), which have been eagerly kept insight 
for both technological applications and scientific interests in 
recent years [8]. In particular, hematite can absorb visible 
light and so is considered as a cheap semiconductor and 
photo-catalyst [9–11].

Although chemical and physical methods are common for 
the synthesis of iron and iron oxide nanoparticles, various 
green and affordable synthesis protocols have been expanded 
employing plants and other biological systems. Desalegn 
et al. synthesized iron nanoparticles utilizing Mango peel 
extract without using any surfactant at room temperature 
[12]. They reported that the polyphenols in plant extract act 
as reducing and capping agents. Rostamizadeh et al. [13] 
synthesized  Fe2O3 nanoparticles using fruit extract of Cor-
nelian cherry in a simple and economic procedure. Markova 
et al. [14] reported the synthesis of iron (II, III)-polyphenol 
complex nanoparticles by green tea extract. Similar findings 
were reported by Nadagouda et al. [15] who evaluated that 
the size and morphology of iron nanoparticles are depend-
ent on the extract concentration. Ahmmad et al. [16] syn-
thesized highly pure α-Fe2O3 nanoparticles by using green 
tea (Camellia sinensis) leaf extract through a hydrothermal 
method. They synthesized spherical and highly porous nano-
particles with an average size of 60 nm. The leaf extract 
of Garlic Vine and  FeSO4·7H2O were used for the synthe-
sis of iron (III) oxide nanoparticles (β-Fe2O3), with a size 
of 18.22 nm by Prasad et al. [17]. They reported that the 
synthesized β-Fe2O3 undergoes a complete phase transfor-
mation to α-Fe2O3 at 500° C. Phumying et al. synthesized 
 Fe3O4 nanoparticles by using Aloe Vera extract and ferric 
acetyl acetonate [Fe  (C5H8O2)3]. The authors reported that 
by increasing the reaction time and temperature, the crys-
tallinity of nanoparticles improve [18]. In another study, 
eucalyptus leaf extract was used for the synthesis of poly-
dispersed iron nanoparticles [19]. FeO/Fe3O4 nanoparticles 

were synthesized by pomegranate leaf extract and the 
capacity of the bio nanocomposite for removing the pollut-
ant hexavalent chromium from groundwater was evaluated 
[20]. Venkateswarlu et al. utilized plantain peel extract as 
a cost-effective bio-reducing agent to synthesize magnetite 
nanoparticles. They also evaluated the capacity of synthe-
sized nanoparticles for removing dye and toxic metals from 
wastewater [21]. Senthil and Ramesh synthesized  Fe3O4 
nanoparticles by using Tridax procumbens leave extract. 
They reported that the plant extract includes the carbohy-
drates, which are responsible for nanoparticle synthesis [22].

Herein, we synthesized iron oxide nanoparticles 
(α-Fe2O3) by using ferric chloride solution and the aque-
ous extract of Laurus nobilis L. leave in a rapid and single-
step method. The antibacterial and antifungal capacity of 
the synthesized nanoparticles were also evaluated in this 
research. Laurus nobilis L., which is commonly known as 
Bay (Family Lauraceae), is an ornamental plant native in the 
Mediterranean region. The plant is used as a traditional spice 
and have been mentioned for biological activities [23–28]. 
The structure and properties of the synthesized nanoparti-
cles were evaluated by FT-IR and UV–Vis spectroscopy; 
XRD technique, SEM and TEM electron microscopy, and 
EDS technique. This study is in continuation of our previous 
effort for the synthesis of IONPs by aqueous extract of L. 
nobilis [29]. Herein, we optimized the biosynthesis proce-
dure for IONPs and found better results, for example, the 
size of synthesized nanoparticles in this study were less than 
our previous report. Besides, the effect of the synthesized 
nanoparticles on some of the bacteria and fungi used in this 
project is being reported for the first time.

Material and methods

The used solvents and chemicals in this study were pur-
chased from the Merck Company (Germany). XRD (EQUI-
NOX 3000, Intel, France); FT-IR (Spectrum 100, Perkin 
Elmer, Germany); UV–Visible (UV.1800, Shimadzu, Japan); 
SEM (ZIGMAVP-500, Zeiss, Germany; EDS, Oxford 
Instruments, UK); Heater-Stirrer (MR Hei-End, Germany); 
Ultrasonic (S15H, Germany); Centrifuge (EBA 20 Hettich, 
Germany); Rotary evaporator (4003 Heidolph, Germany); 
Oven (Memmert 100–800, Germany).

The leaves of Laurus nobilis L. (Family Lauraceae) were 
collected from the north of Iran (province of Gilan) in June 
2018. After washing and air-drying, the leaves were crushed 
into small pieces. Twenty gr of the leaves were soaked in 
200 mL distilled water and was heated at 70 °C in 10 min. 
by a heater-stirrer (500 r/min). Finally, all the plant residues 
were removed by filtration and centrifugation of the extract.

The synthesis of Iron oxide nanoparticles was done by a 
green method. In brief, the as-prepared aqueous extract of 
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L. nobilis leaves (30 mL) and 0.1 M  FeCl3
.6H2O (30 mL) 

were mixed and stirred by a stirrer at room temperature. 
After 2.5 h, a dark precipitate appeared. For purification, 
the precipitate was repeatedly dispersed in ethanol and cen-
trifuged. The dark brown-color solid product was dried in 
an oven at 250 °C for 12 h. Some factors like the volume 
and concentration of the precursors were optimized in the 
synthesis of IONPs. We used different techniques to char-
acterize the synthesized nanoparticles. For the UV–Visible 
analysis, the product suspension (1 mL) was sonicated for 
15 min (4000 rpm) and was monitored at 200–800 nm. The 
synthesized nanoparticles were analyzed by FT-IR technique 
using the KBr pellet method. UV–Visible and FT-IR analy-
sis were also recorded for the plant extract at the same condi-
tions as the nanoparticles. The X-ray diffraction analysis was 
used for identifying the phase structure of the synthesized 
particles. To visualize the size and morphology of the parti-
cles, SEM and TEM techniques were utilized. EDS analysis 
was applied for identifying the elemental composition of 
the nanoparticles.

The antimicrobial activity of the synthesized IONPs was 
evaluated against three pathogenic bacteria, Staphylococ-
cus aureus (PTCC 1189), Escherichia coli (ATCC 23922), 
Listeria monocytogenes (PTCC 1294) and also against two 
fungi, Aspergillus flavus (PTCC 5004) and Penicillium spi-
nulosum (PTCC 5251) by using the disk diffusion method 
[30]. Mueller Hinton agar (Merck), which had been adjusted 
to 0.5 McFarland standard, was used to culture the bacteria 
using a sterile swab. Moreover, the culture medium of sab-
ouraud dextrose agar (Merck) containing Chloramphenicol 
antibiotic was used to culture the fungi. Wells of 6.4 mm 
diameter was punched over the agar plates and then, 4 mg of 
nanoparticle powder was poured into the wells. The stand-
ard antibiotics: Tetracycline (30 mcg/disc), Kanamycine 
(5 mcg/disc), Sulfamethoxazole (5 mcg/disc), Amoxicillin 
(25 mcg/disc), Cefixime (5 mcg/disc), Oxacilline (1 mcg/
disc), Penicillin (10 unit/disc), Novobiocin (30 mcg/disc) 
and Nystatin (100 mcg/disc) which were purchased from 
the companies Padtan Teb (Iran) and Himedia (India), were 

used as positive controls. Finally, the plates were incubated 
at 37 °C for 24 h for the bacteria and 72 h (37 °C) for the 
fungi. After the incubation, the zone of inhibition around 
each well was measured.

Results and discussion

In this study, we applied a biosynthetic method for produc-
ing IONPs by the aqueous extract of L. nobilis leaves. As 
shown in Fig. 1, the pale brown color of the extract solution 
was changed to dark brown, during the synthesis of IONPs. 
This discoloration is a sign of iron oxide formation, which 
has been reported many times in other papers [17–22].

The UV–Visible absorption spectra of the aqueous extract 
of L. nobilis leaves were observed in both the absence and 
presence of IONPs at 200–800 nm. The maximum absorb-
ance at 285 nm indicated the formation of IONPs (Fig. 2). 
This is quite similar to those previously were reported for 
α-Fe2O3 nanoparticles [31, 32].

To identify the biomolecules, which may be responsible 
for the reduction process, we used infrared spectroscopy 
(Fig. 3). The peaks at (600, 450)  cm−1 correspond to Fe–O 
stretching vibration in the phase hematite, which is reported 
previously in the literature [33]. The signals at (3700–3400) 
 cm−1 are due to O–H stretching for the OH group with a 
hydrogen bond. This functional group is abundant in natural 
compounds such as alcohols, flavonoids, and polyphenols. 
Since some iron hydroxide molecules may be formed dur-
ing the synthesis procedure (the XRD results confirms), 
the observed signal can also be owing to the correspond-
ing OH group. The peaks around (1623–1416) cm−1 cor-
respond to C=C stretching in aromatic compounds and the 
peak observed at 1100 cm−1 is due to C–C stretching vibra-
tions. The results of FT-IR spectra for the L. nobilis aqueous 
extract and the synthesized IONPs shows the presence of 
biomolecules around the nanoparticles as capping agents 
and confirms that the natural compounds in the extract have 
taken a role in the synthesis and stability of IONPs.

Fig. 1  Photograph of the aqueous extract of Laurus nobilis leaves (a), aqueous extract of L. nobilis (b), color change of the extract (c), and 
α-Fe2O3 nanoparticles (d)
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The crystalline structure and phase identification of 
the nanoparticles were characterized by X-ray powder 
diffraction analysis. The intensive and sharp peaks in the 
XRD analysis (Fig. 4) revealed that the synthesized nano-
particles are highly crystalline and perfectly consistent 
with the standard values for the hexagonal rhombohedral 
α-Fe2O3 phase (JCPDS-33-0664). Furthermore, the syn-
thesized nanoparticles can be considered as photocatalyst 
because of the strong sharp peaks at 2θ values around 33.2 
and 35.6, which are indexed to the preferential orienta-
tions along (104) and (110) planes respectively [34]. The 

crystalline size of the synthesized nanoparticles was esti-
mated at 21.5 nm from the most intense peak at 2θ = 33.2° 
using Scherer’s equation (D = K�∕�cos� ). In this equation, 
K is the shape factor for a typical value of 0.9; β (2θ) is 
the full width at half-maximum (FWHM) of a particular 
diffraction peak in radians; ω is the X-ray wavelength (for 
copper, ω = 1.5406 Å), and θ is the Bragg angle. The XRD 
result in this study is consistent with the recent reports on 
iron oxides [34–38]. A list of Bragg reflections and cor-
responding lattice planes (hkl) are presented in Table 1. 
The diffraction pattern in our study is well-matched with 
the others, especially with the results presented by Peng 
et al. and Ocwieja et al. [35, 36]. The most intensive peak 
in our study was seen at 2θ = 33.2° in accordance with 
three of the mentioned reports in Table 1. While two oth-
ers reported the peaks at 2θ values around 35.5° and 36.2°, 
as the most intense peak. The diffraction peak with low 
intensity observed at 2θ = 11.2° in the XRD pattern of our 
study, which is not seen in the other samples, maybe due to 
the formation of iron hydroxide nanoparticles which have 
not been transformed to α-Fe2O3 Phase [39, 40]. The size 
of nanoparticles in the mentioned studies, reported about 
(20, 40, 22, and 40) nm respectively, except for the result 
presented by Peng et al., which shows that the synthesized 
particles are two-dimensional microplates of 2–10 μm. The 
result of our study looks good in comparison with the other 
samples in Table 1.

The FESEM image and EDS spectra for the IONPs 
are shown in (Fig. 5a, b) respectively. From the FESEM 
image, we can see that the nanoparticles are spherical 
like and in the range of nano. The elemental composition 

Fig. 2  UV–Visible spectra of the aqueous extract of Laurus nobilis 
leaves (a), and synthesized α-Fe2O3 nanoparticles/L. nobilis extract 
mixture (b)

Fig. 3  FT-IR spectrum of the aqueous extract of Laurus nobilis 
leaves (a), and synthesized α-Fe2O3 nanoparticles (b)

Fig. 4  XRD pattern of α-Fe2O3 nanoparticles synthesized by the 
aqueous extract of Laurus nobilis leaves
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analysis of the IONPs revealed the presence of Fe and O 
in the sample and confirmed high purity for the synthe-
sized IONPs. The relative percentage of iron and oxygen 
in the synthesized nanoparticles (69.23% and 22.36% 
respectively) are similar to the theoretical expected stoi-
chiometric mass percent.

The TEM photograph of the synthesized IONPs is 
depicted in Fig. 6. The average particle size was found 
8.03 ± 8.99 nm for 206 individual selections. As it is seen, 
the nanoparticles are almost spherical like and partly as a 
hexagonal shape. The average size of synthesized nano-
particles shows some difference with the size of particles 
found by Scherer’s equation in the XRD spectra. It may 
be due to the wide range size distribution of the nano-
particles, given the SD value calculated from the TEM 
analysis.

Antimicrobial activity of the synthesized nanoparti-
cles revealed moderate activity against the Gram-positive 
bacterium of Listeria monocytogenes (12 mm) and also 
against two fungi, Aspergillus flavus (13 mm) and Peni-
cillium spinulosum (14 mm) (Fig. 7; Table 2). It has been 
reported that calcination may decompose the surface-
attached phytochemicals as capping agents and dimin-
ishes the advanced biomedical applications of nanopar-
ticles [41]. Therefore, we used nanoparticles before the 
calcination process to evaluate the antimicrobial activity. 
The mechanism by which the IONPs shows antibacterial 
activity may be due to the oxidative stress process caused 
by reactive oxygen species (ROS), which can damage bio-
logical macromolecules [42–44]. There are some reports 

on the antimicrobial activity of hematite nanoparticles in 
the literature. Mohamad Rafi et al. evaluated the antibacte-
rial activity of hematite nanoparticles on some pathogenic 
bacteria. According to their report, the best results were 
found for the Gram ( +) bacteria Aeromunas hydrophila 
and the Gram (−) bacteria Escherichia coli [45]. Rufus 
et al. synthesized α-Fe2O3 nanostructures using the extract 
of guava (Psidium guajava) leaves. They reported hem-
atite nanoparticles as potent antibacterial compounds 
against Gram-positive and Gram-negative bacteria [46]. 
In another study, the antibacterial potential of green syn-
thesized hematite nanoparticles was investigated against 
nine pathogenic bacterial strains using the disc diffusion 
method. The bacterial strains including Salmonella typhi, 
Staphylococcus aureus, Salmonella enterica, and Kleb-
siella pneumonia were found as the most susceptible to 
the IONPs [47]. Another study of bactericidal effects and 
concentration dependence of IONPs on Staphylococcus 
epidermidis was reported by Taylor and Webster [48]. 
Anti-fungal activities of hematite nanoparticles have also 
been studied previously. The highest zone of inhibition 
was reported against Penicillium chrysogenum (28.67 mm) 
followed by Aspergillus niger (26.33 mm), Trichothecium 
roseum (22.67 mm), Alternaria alternata (21.33 mm) [49]. 
To the best of our knowledge, the antimicrobial activity 
of hematite nanoparticles against the bacterium L. mono-
cytogenes and the fungus A. flavus and P. spinulisum, is 
reporting here for the first time.

It is not found that how living organisms can help the bio-
reduction process and synthesis of nanoparticles. However, 

Table 1  The Bragg reflections 
peaks and the assigned lattice 
planes (hkl) in this study in 
comparison with some other 
reports

A our results, B Ref. [33], C Ref. [34], D Ref. [35], E Ref. [36], F Ref. [37]
The most intense peak in each case is bolded

Peak position 2θ (°)

A B C D E F hkl

11.2 - – – – – 1 1 0
24.2 24.3 23.9 24.1 23.9 23.9 0 1 2
33.2 33.2 33.0 33.2 33.2 33.5 1 0 4
35.7 35.9 35.5 35.6 35.5 36.3 1 1 0
– – – 39.7 39.8 – 0 0 6
40.9 41.2 40.5 40.9 – 41.5 1 1 3
49.5 49.4 49.3 49.6 49.6 49.6 0 2 4
54.1 54.1 53.9 53.9 53.9 54.3 1 1 6
57.6 57.6 – 57.6 57.5 57.8 0 1 8
62.5 62.5 62.1 62.5 62.8 63.4 2 1 4
64.0 64.1 63.8 64.1 64.1 64.7 3 0 0
– – – 69.8 – – 2 0 8
71.9 – – 72.1 72.3 – 0 1 0
75.5 – – 75.9 75.6 – 2 2 0
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Fig. 5  FESEM image (a), and EDS spectra of α-Fe2O3 nanoparticles 
synthesized by the aqueous extract of Laurus nobilis leaves (b)

Fig. 6  TEM image (a), size distribution and Gaussian fitting of 
monodispersed α-Fe2O3 nanoparticles (b) synthesized by the aqueous 
extract of Laurus nobilis leaves
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it is proposed that the biomolecules in plant extracts and the 
enzymes, which are produced by bacteria or fungi, may be 
responsible for the reduction of the ionized salts and estab-
lishment of the respective nanoparticles [50–53]. Generally, 
the nanoparticles synthesized by using the natural com-
pounds present in the living organisms, are biocompatible. 
Previous studies have shown the role of L. nobilis leaves 
extracts in the synthesis of silver and gold nanoparticles 
[54–56]. Antimicrobial and antioxidant activities of the plant 
extract have also been reported previously [57].

A critical need in the field of nanotechnology is the 
development of eco-friendly and reliable processes for the 
synthesis of metal oxide nanoparticles. In this project, we 
demonstrated the synthesis of α-Fe2O3 nanostructures by 
using the aqueous extract of L. nobilis leaves and 0.1 M 
 FeCl3

.6H2O as precursors. The synthesized nanoparticles 
were crystalline and spherical like and partly as a hex-
agonal shape with an average size of 8.09 ± 8.99 nm. This 
medicinal plant includes the natural compounds, which are 
responsible for the bioreduction process. Antimicrobial 
activity of the synthesized nanoparticles was also evalu-
ated in this study. Our results confirm that the proposed 
route, using  FeCl3 and the aqueous extract of L. nobilis 
as precursors, is a simple, low cost, non-toxic and ecof-
riendly approach for the production of α-Fe2O3 nanopar-
ticles, which can be considered as a potent antimicrobial 
compound. Currently, controlling the size and shape of 
nanoparticles, and finding the exact mechanism of IONPs 
preparation by living organisms, need much more attention 
and experimentation.

Fig. 7  Anti-microbial activity of (a) α-Fe2O3 nanoparticles synthe-
sized by the aqueous extract of Laurus nobilis leaves, and (b) the ref-
erence antibiotics

Table 2  Antimicrobial activity 
of the synthesized Iron oxide 
nanoparticles by Laurus nobilis 
L. leaves aqueous extract

a Persian type culture, b (ATCC) American type culture, C not tested, A amoxicillin, C cefixime, S sul-
famethoxazole, T tetracycline, K kanamycin, O oxacilline, A amoxicillin, P penicillin, No novobiocin, Ni 
nistatin

Inhibition zone diameter (mm)

Gram ( ±) bacteria and/or fungi PTCC/ATCC IONPs A C S T K O P No Ni

Staphylococcus aureus ( +) 1189a 0 NTc 0 31 NT 26 24 NT NT NT
Escherichia coli (−) 23922b 0 NT 21 26 20 NT NT NT NT NT
Listeria monocytogenes ( +) 1294a 12 22 NT NT 31 NT NT 10 27 NT
Aspergillus flavus 5004a 13 NT NT NT NT NT NT NT NT 20
Penicillium spinulosum 5251a 14 NT NT NT NT NT NT NT NT 19
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