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INTRODUCTION

In sensor development, the synthesized metal nanoparticles
can be integrated with a living (bio) molecules for the enhance-
ment of the sensor or it can be used solely for the fabrication
of sensor for an analyte detection [1]. It can also take part in
determination of drug residues in food that includes antibiotics,
monitoring of glucose in diabetes patients as well as biosensor
for the detection of pathogens [1,2]. Nanoparticles offer an
enhanced detection limit for the detection of pathogens in plant
such as viruses and fungi. It can also be used as biomarker for
the rapid diagnostic/detection of plant diseases such as fungi,
phytobacteria and viruses as well [2].

Some metal oxide nanoparticles have gained much consid-
eration due to their potential role and efficacy in different areas
which includes pharmacy, biomedicine, material science, etc.
[3]. Silver nanoparticles contain antimicrobial properties [4-6]
and can be used for ecofriendly pesticides safely [7,8]. Likewise,
zinc oxide nanoparticles have shown that it could inhibit micro-
organisms such as fungi and bacteria [9,10]. However, the
mode of action of the mechanisms of inhibition of zinc oxide
nanoparticles for molecular process is still under investigation
[9]. Iron oxide nanoparticles received more attention, since it
has some unique properties such as super-paramagnetsim,
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multifunctional properties, large surface area, as well as surface-
to-volume ratio [11]. The synthesis of iron oxide nanoparticles
for nano-therapiests is an important requirement in biomedical
activities [12,13].

Recently, intensive research attracts more attention in the
synthesis of nanoparticles with uniform particle size due to
its fundamental interest in the field of science as well as techno-
logical significance [14]. As the result of reducing their size,
nanoparticles show unique properties. Mostly, iron oxide and
ferrite attract increasing interest due to their significance in
the field of nanotechnology of storage information, catalyst
and other materials [15]. In addition to other features, for
instance, magnetic iron oxides nanoparticles harbour important
features such as biocompatibility; physico-chemical stability
as well as relatively low toxicity [16], hence can be used for a
wide applications including sensor and some other usage.

Cloves also play an important role in traditional medicine
considered the main bioactive components found in clove. It
has large concentrations of phenolic acid, garlic acid,  flavonoids,
etc. [17]. It has been reported that clove (Syzygium aromaticum)
has some properties such antimicrobial (bacterial, fungal and
viral) properties [18]. Clove (Syzygium aromaticum) has some
properties such antimicrobial properties and ease of processing
for various applications [19]. In this work, biosynthesis of iron
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oxide nanoparticles using clove  (S. aromaticum) extracts was
carried out and characterized. Antifungal activity of the
biogenic nanoparticles was evaluated and the photocatalytic
acitivity of these nanoparticles revealed a fast and efficient
degradation of organic dye (methylene blue) within short time
compared to some earlier reported methods.

EXPERIMENTAL

All the chemicals and reagents used in this study were all
of analytical grade and the media was purchased from Himedia
India.

Synthesis of iron oxide nanoparticles using plant material

Extraction of plant materials: The plant material (clove)
S. aromaticum flower bud was extracted using the following
method. Briefly, the dried clove buds purchased from the local
market were washed with double distilled water and dried. It
was then ground in to a fine powder. To extract the bioactive
components of the plant materials, 1 g of fine powder of plant
material was added in to 50 mL double distilled water and
heated for 2 min. Then allowed to cool at room temperature
and filtered using a Whatman filter paper. To obtain a pure or
clear plant extracts, the filtered solution was also centrifuged
at 12,000 rpm for 15 min and then stored at 20 ºC for further
use.

Biosynthesis of iron oxide nanoparticles: The biosyn-
thesis of iron oxide nanoparticle was carried out by some modi-
fications of the earlier reported methods [18,20,21]. Briefly,
1 mM of ferric chloride solution was added in to the plant extract,
the reaction mixture was allowed for 1 h. After that the colour
of the reaction mixture changed from transparent to dark, which
confirmed the synthesis of iron oxide nanoparticles. The reaction
mixture was then centrifuged at 12,000 rpm for 15 min and
the sediments were washed three times with double distilled
water followed by one wash with ethanol, dried and collected
as an iron oxide nanoparticles.

The biogenic iron oxide nanoparticles were characterized
by FTIR, UV-visible, TGA, field emission scanning electron
microscopy (FESEM), energy dispersive spectroscopy, DLS
and zeta potential, etc. The dynamic light scattering (DLS) and
zeta potential measurements were conducted using zeta sizer
(Nano ZS, Malvern instruments UK). The sample was prepared
by diluting the required amount of sample in double distilled
water after sonicated for 20 min. A sample solution was then
taken and put in a glass or plastic cuvette, after which the cuvette
was placed in the cell holder and scanned. A temperature of
25 ºC was maintained in all the samples measurements.

Sample collection: A survey was conducted in sugarcane-
growing areas and diseased samples were identified in the
fields, and collected from the symptomatic canes showing red
rots infected symptom and then transported to the laboratory
for further use. To avoid contamination during the sample and
media preparations, all the apparatus/materials used in this
work were sterilized with autoclave at 121 ºC for 15 min.

Media preparation: All the media used in this research
were prepared and sterilized according to the manufacturers’
instructions.

Isolation and identification of Colletotrichum falcatum:
Colletotrichum falcatum was isolated and identified according
to the procedure described earlier [22,23]. The collected infected
samples of the sugarcanes were split and opened using a steri-
lized knife and the reddish-tissue as well as white transverse
band were observed. Tissue segment method was used for the
isolation of the red rot pathogen (C. falcatum) as described
previously. In this, the infected tissue was cut in to small pieces
(2-5 mm) and then surface sterilized using 1% sodium hypo-
chlorite for 1 min and then immersed in 70% ethanol for 1 min,
respectively. Moreover, rinsed with distilled water and then
dried on a sterilized tissue paper. After that, the samples were
then inoculated aseptically on potato dextrose agar (PDA) and
incubated at 28 ºC for 7 days [24]. The obtained mixed growth
was then sub-cultured on a fresh media to obtain a pure culture.
All the isolates were purified and identified via single spore
technique as described by Pandey & Shukla [22]. When the
fungus shows a sporulation, the spore were then picked up
using a sterilized wire loop and then streaked on the surface
of the medium. After overnight inoculating at 29 ± 2 ºC, the
germinated single spores were picked using sterilized needle
and transferred to another fresh medium. The cultures obtained
were maintained at 4 ºC for further use. To obey the Koch’s
rule, the pathogenicity of the isolated fungus was tested using
a plug method [24]. This was conducted by taking a small
suspension of the fungal spore (1 mL), bored a hole in the
sugarcane stem and then injected the spores and covered with
cotton wool and allowed for some days. The morphological
appearance of the colony such as colour of the colony, margin
of the colony, topography and substrate colour were observed.
Microscopic examinations were also used for the spore colour,
as well as shape of the conidia. All the experiments were carried
out in triplicate

Antifungal activity assay: In this study, to check the
antifungal activity of the biogenic iron oxide nanoparticles,
agar well diffusion method was used as reported earlier [25]
with some modification. Briefly, a fungal cultures of 7-8 days
old days grown on potato dextrose agar (PDA) were used. A
0.1 mL inoculum of the test organism (fungal pathogen)
inoculated in to 20 mL molten saboured dextrose agar medium
(SDA) in a tube culture followed by homogenization and then
poured in to sterilized petri plates and allowed to solidified.
Wells were then bored on the solidified agar plate using a cork
borer. Various concentrations of the synthesized nanoparticles
of 0.1, 0.2 and 0.3 mg/mL were prepared and then added in to
the respective bored wells. A standard antifungal of hexahit
(0.1 mg/mL) was used as positive control while distilled as
negative control, respectively. The plates were sealed and
incubated at 25 ± 2 ºC for 5-7 days. After incubation, the zones
of inhibition observed were measured and compared with
positive and negative control recorded as well.

Photocatalytic activity: The study of the photocatalytic
activity of biosynthesized iron oxide nanoparticles was condu-
cted via the measurement of dye methylene blue degradation
in the presence of Fe-oxide nanoparticles by some modification
of earlier reported method [26,27]. In brief, 0.1 g catalyst was
added in 100 mL of methylene blue dye solution (50 mg/L).
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This was done by stirring for about 20 min in dark place prior
to sunlight exposure. Same procedure was used for control
but without adding the catalyst (synthesized nano-particles).
The mixture/suspension was then taken to sunlight under
constant magnetic stirring. The mixture/suspension was also
taken for UV-vis measurements at regular interval of time.
The percentage degradation was calculated by:

o t

o

C C
Degradation (%) 100

C

−
= ×

where Co and Ct represents initial and final concentration at
which the degradation occurred, respectively.

RESULTS AND DISCUSSION

Biosynthesis of iron oxide nanoparticles: The bio-
synthesis of iron oxide nanoparticles were conducted using a
ferric chloride solution added in to the plant extracts (clove).
The changed of colour of the reaction mixture from transparent
to dark confirmed the synthesis of iron oxide nanoparticles as
shown in Fig. 1b, this is in line with the results obtained by
Mishra et al. [24].

UV-Vis spectroscopy: UV-visible absorption spectrum is
shown in Fig. 1a, the absorption peak observed at 280 nm con-
firmed the synthesis of iron oxide nanoparticles as this result is
closely related to the result obtained previously [20,22].

FTIR analysis: FTIR was carried out within the range of
4000-500 cm-1. The strong absorption peak at 3342 cm-1 was
due to vibrational of O-H stretching bond of alcohols or phenols
present in the sample which was relatively closed to reported
results [18]. The absorption peak at 2992 cm-1 confirmed the
O-H stretching bond of phenols (Fig. 2). Peak at 1712 cm-1 is
due to C=O stretching bond of carboxylic acids, while the peak
at 1593 cm-1 of N-H bending bond of amine. Peak observed at
1346 cm-1 of O-H bending bond phenol. A strong and broad
peak of 1030 cm-1 is due to vibrational CO-O-CO bond. Peaks
at 871 cm-1 and 758 cm-1 are due to C-H bending strong bond
present in the sample and also within the range relatively closed
to the existence of Fe-O, respectively [28]. Finally, the presence
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Fig. 2. FTIR bands (cm-1) of biosynthesized iron oxide nanoparticles

of O-H (phenol) and N-H amides group (proteins) are respon-
sible in reducing the precursor compound in to iron oxide
nanoparticles [29].

Zeta potential: Dynamic light scattering (DLS) and zeta
potential were investigated. To obtain the particles size distri-
bution in the hydrodynamic medium, dynamic light scattering
was investigated as shown in Fig. 3a. From the results obtained,
it shows that the average diameters of the particles size are
358.3, 369.8, 370.9 with mean value of 366 having standard
deviation of ± 6.6. While the zeta potential (Fig. 3b) has a
mean value of 30 mV with standard deviation of ± 1.5 confirmed
the stability of the biogenic nanoparticles, since nanoparticles
with zeta potential plus or -30 mV shows a good stability and
iron oxide nanoparticles properties depend largely upon
particle size [18]. It also reported that nanoparticles ± 25 mV
indicates a high stability of the nanoparticles [30].

Morphology: To obtain the surface morphology of the
synthesized iron oxide nanoparticles, field emission scanning
electron microscopy (JEOL JSM-7610 FPlus) was conducted.
It can be seen that the synthesized nanoparticles shows a
spherical shapes (Fig. 4a), this is similar to one of the findings
of Naz et al. [29] and also relatively similar to Mirza et al.
[31] and the size of the particles ranges from 5 to 50 nm.
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Fig. 1. (a) UV-Vis of the biogenic nanoparticles and (b) change of colour from transparent to dark
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EDS analysis: Energy dispersive spectroscopy (EDS) as
shown in Fig. 4b was carried out to screen the elements present
in the biogenic iron oxide nanoparticles and confirmed that
iron and oxygen elements are the constituents of the biogenic
nanoparticles, while the presence of carbon element may be
attributed due to the clove extract biomolecule in the sample
[21].

Thermal studies: Thermal analysis of the synthesized
iron oxide nanoparticles was investigated from 25 to 994 ºC
and heated at 10 ºC/min. From the result obtained in the TGA
plot, it has shown that the mass of the synthesized nanoparticles
gradually decreases as the temperature increases (Fig. 5). How-
ever, it was found that the synthesized biogenic nanoparticle
is stable up to 990 ºC. The reduced in weight loss had happened
due to the thermal decomposition of biomolecules compound
coated nanoparticles and the physically absorbed water [28].

Isolation and identification of C. falcatum: Red rot
(cancer of sugarcane) caused by C. falcatum Went is the most
devastating sugarcane problem (Saccharum officinarum L.)

which causes the serious losses of yields [24]. From the results
obtained as shown in Table-1, it can be seen that the colour of
the colony shows a white and white-grey appearance while
the color of the substrate has shown a white; which is relatively
similar with the results obtained by Pandey & Shukla [22]. In
addition, the substrate colour shows a white in all the isolates
with smooth and irregular margin as well as fluffy ans fluffy
raised topography. The fungus  also produced a spores, where
are in agreement with the earlier obtained results [22,23].

Antifungal activity assay: The antifungal activity of the
synthesized iron oxide nanoparticle was evaluated and the
zones of inhibition were obtained in different concentrations
of nanoparticles (0.1, 0.2 and 0.3 mg/mL) and were found to
be 17.3, 19.2 and 21.4 mm, respectively. It was then compared
with zone of inhibition recorded with positive control (26.3
mm) as well. No significance inhibition zone was observed in
the negative control. The mechanisms of these inhibition was
attributed to the bioactive components found in the nano-
particles as well as possession of small size and large surface
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Fig. 4. (a) FESEM showing the morphology of the biogenic nanoparticles and (b) EDX of the biosynthesized nanoparticles
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Fig. 5. Thermal analysis of biosynthesized iron oxide nanoparticles

area to volume ratio of the nanoparticles, hence can easily
penetrate in to the microbial cell wall/membrane [25].

Photocatalytic activity: Photocatalytic activity of the
synthesized nanoparticles was investigated via degradation of
methylene blue under light exposure by UV-vis measurements
at regular interval of times (0, 10, 15, 20, 25 and 30 min,
respectively). From the result shown in Fig. 6, a drastic change
from the initial time (0 min) down to 0.5 h was observed. This
had happened due to the photocatalytic/activity of the
synthesized nanoparticles which gave rise to the decolorization
of the organic dye from blue to colourless within 0.5 h. Upon
exposure to solar, the photons of the sunlight hit the particles
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Fig. 6. Photocatalytic activity of biosynthesized iron oxide nanoparticle

TABLE-1 
CULTURAL AND MORPHOLOGICAL CHARACTERISTICS OF THE ISOLATES OF C. falcatum 

Characteristics of colony Sample site 
1(SS1)/Isolate No. Colour of colony Colour of substrate Margin Topography Sporulation 

1 White White Smooth Fluffy raised + 
2 White White Irregular Fluffy + 
3 White-grey White Smooth Fluffy raised + 

Note: + indicate the presence of sporulation. 

 

that are in the reaction mixture thereby leading to electrons
excitation of the nanoparticles surface. The organic dye
molecular structure was then breaks down by the anion radicals
thereby producing simple molecule and a quick methylene
blue dye degradation [26]. The dye degradation obtained in
this study was about 81% within a 0.5 h.

The high efficiency degradation might be due to the comp-
osition of the biosynthesized nanoparticles as well as the intensity
of the visible light. Furthermore, in the mechanism of photo-
catalytic of the synthesized iron oxide nanoparticles after
exposure to sunlight. In nanoparticles, there was an excitation
of the electrons in VB toward CB for the same quantity produ-
ction holes in VB, as such, it create the electron-lone pair
production. In addition, separation and migration of charge of
the charge carrier that has been produced to the catalyst surface
could lead to reaction (redox) with organic dyes. In the hole
(h+) (VB of) high oxidative potential from the catalyst, causes
direct oxidation of methylene blue dye to intermediates reactive.
Hydroxyl radicals can then be produced following water decom-
position. From the other side, the dissolved oxygen molecules
as stated earlier reacted with the electrons thereby leading to
the production of superoxide anions radical, O2

•−, and hydroxyl
radical formation HO2

• and eventually with high efficiency of
OH• radical [27,32]. Thus, the biosynthesized iron oxide
nanoparticles could take part in significant role for the stable
and efficient photocatalysis of organic dye degradation in the
presence of solar.

Conclusion

The use of clove (Syzygium aromaticum) extract for the
synthesis of iron oxide nanoparticles was conducted and charac-
terized. In addition, the method was found to be highly eco-
friendly, simple and efficient. The synthesized iron oxide nano-
particles have shown a spherical morphology. The dynamic
light scattering (DLS) and zeta potential studies have shown a
relative stability of the biogenic iron oxide nanoparticles. The
activity of the biosynthesized nanoparticles on phytopathogen
(C. falcatum) revealed the antimicrobial potentiality of the
synthesized iron oxide nanoparticles. As a result of bioactive
components found in it as well as the small size and large surface
area to volume ratio of the biogenic nanoparticles. The photo-
catalytic activity of the present study can be used for the degra-
dation of an organic methylene blue dye within short time (0.5 h)
and also applicable for the treatment of plant pathogenic disease.
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