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ABSTRACT

Synthesis of Silver nanoparticles (Ag-NPs) using Ficus cordata extract and evaluating of their
antibacterial activity against a Staphylococcus spp and Aeromonas bacteria. Ag-NPs were prepared
using aqueous extract of Ficus cordata as a green synthesis method. The spectrum of UV-Visible
of the prepared Ag-NPs Shows a absorption peak at 450 nm due to the excitation of surface
plasmon resonance (SPR). Fourier transmission infrared (FTIR) spectroscopy showed that silver
nanoparticles were capped by phyto-components of Ficus cordata leaves. X-ray diffraction analysis
also demonstrated that the nature of Ag-NPs were one crystalline phase. Atomic force microscope
investigations of the Ag-NPs showed that the average particle size is ~100nm. dynamic light scattering
(DLS) measurement showed two kinds of distribution in a nanometric and microscale. SEM image
showed Ag-NPs have a dendritic like particle shape. The result of antibacterial activities showed that
Ag-NPs synthesized had an inhibiting activity against Staphylococcus spp., and Aeromonas spp.,
where the inhibition zone was 27 and 25 mm respectively.
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INTRODUCTION

Nanotechnology as especially in
nanoparticles scope is rapid developmental by
their potential applications in many fields include
that mechanics, biomedical, catalysis, magnetic
sciences, energy, science, sensors and shown to be
a promising antimicrobial agent'®. Nanoparticles are
clusters of atoms in range size (1-100) nm. “Nano”
is a Greek word meaning a dwarf*. Chemical and

physical methods are available for the synthesis
of silver nanoparticles. Green synthesis of nano-
particles utilize plant extracts has gained very
importance due of the stability, synthesis fast rate of,
eco-friendly and used In several applications such
as chemical sense, imaging biological, antimicrobial
activity, gene silencing, & drug delivery®”. Synthesis
of silver NPs have been Reported in previous works
by using and plant extracts including hibiscus, neem
and black tea leaf extracts; Indian gooseberry fruit

This is an
Published by Oriental Scientific Publishing Company © 2018

Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC- BY).

(SMOM




MARZUK et al., Orient. J. Chem., Vol. 35(3), 1195-1200 (2019)

extract; camphor and aloe leaf extract®'°. Secondary
metabolites of plant extracts, such as alkaloids,
flavonoids and tannins are play importance role in
the reduction of silver ions into silver atoms and
as a stabilize agents in the preparation of NPs'"12
Characteristic of these NPs depend on the particle
shape and size of the nanoparticles''. Ficus cordate
is an important medicinal plants includes about of
20,000 species from several families. Ficus cordata
belonging to family of Moraceae'®'®. The utilized of
Ficus are traditionally in African folk medicine in the
treatment with different diseases as convulsions
& respiratory disorders'. The phytochemical
compounds of Ficus are rich of prenylated lignans,
flavonoids, terpenoid, alkaloids, isoflavonoid &
coumarin'®2°, the authors must introduce the problem
statement of the research and the aim of the work.

MATERIAL AND METHODS

Synthesis of Ag-NPs

Ficus cordata leaves were collected from
Babylon area and washed with de-ionized water
three times, then 10 g were chopped into small
pieces, added to 100 ml de-ionized water and boiled
for 10 minutes. The aqueous extract was cooled
and filtered thrice by Whatmane No. 1. Silver nitrate
with a concentration of (0.001, 0.0025, 0.005 M)
purchased from British Drug House company (BDH)
was added to the obtained leaves extract at ratio
2:10, the color of the solution was changes from pale
yellow to brown color as the reduction of silver ion
to Ag-NPs. The kinetic experiment was conducted
by using programmable kinetic spectrophotometer
at wavelength of 456 nm.

Investigations of Ag-NPs

The UV-Visible spectrophotometer model
LF 4030 Scienco (Korea) was utilized to determine
the silver NPs absorption spectra at 200-800 nm,
and used Atomic force microscope model AA 3000,
angstrom advanced inc. (Korea) to determine the
size and morphology of Ag-NPs. Dynamic light
scattering (DLS) using particle size analyzers model
SALD-210 (USA) was used to measure the dynamic
size distribution of Ag-NPs. Infrared spectrum was
investigated by FTIR instrument using IR affinity
instrument, manufactured by Shimadzu (Japan). The
crystallinity of Ag-NPs were investigated by X-ray
diffraction using XRD instrument model DX-2700
SSC 40 kV/30 mA, (USA), where the source Cu Ka1
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radiation (A= 1.540562 A°). Surface of Ag-NPs was
investigated by using Scanning Electron Microscope
(SEM) model Inspect 550, Netherland, operated at
25 kV.

Antibacterial activity of Ag-NPs

The antibacterial assay of Ag-NPs was
done on two pathogenic Bacteria of Staphylococcus
spp and Aeromonas spp., by agar well diffusion
method 21 and bacteria were cultured on Muller
Hinton Agar. Agar plates were prepare and wells of
3 mm radius were used a sterile gel borer. 100 pl
solution silver nanoparticles was added onto each
well on all plates, then it was incubated at 37°C for
24 hours. Inhibition zones of bacteria were observed
and measured in mm.

RESULTS AND DISCUSSION

Characterization of the synthesized Ag-NPs

The monitoring of Ag-NPs formation is
due to the color change silver ion solution after
adding Ficus cordata aqueous extract. This change
in the color of the solution is due to the reduction
of AgNQ, by the active components that present in
the plant extracts, which represent a reduction factor
like antioxidant such as polyphenols, terpenoids,
tannins, alkaloids and so on?2. Fig.1 indicates to
UV-Vis absorption spectra for the synthesized
Ag-NPs using Ficus cordata leaf extract, where the
maximum absorption of Ag-NPs was at 460 nm
due to the surface plasmone resonance effect of Ag
NPs electron which is easily excited by the visible
light. Very important result is observed that the color
formation of Ag-NPs was immediately changed
within few seconds and the development of the
color is rapid increased when the concentration of
Ag ion is increased. The initial concentration of Ag
ion was studied, where at high concentration the
absorbance is increased due to the high Ag ions
availability and reaching at maximum absorbance
at the same wavelength?:.

The effect of time was studied. Fig. 2 shows
the reaction kinetic of Ag NPs formation against to
the reaction time and we found at high concentration
of Ag ion the color change rapidly in the interval time
of 40 seconds, where as at low concentration was
600 sec. with sigmoidal curve Shape. The results
showed that at low concentration of Ag ion the
formation of Ag-NPs is slow as it is in the nucleation



MARZUK et al., Orient. J. Chem., Vol. 35(3), 1195-1200 (2019)

stage followed by growth of accumulation of small
particles are merged together reaching to depletion
of Ag ion. While at high concentration of Ag the
nucleation is very short Time stage and the growth
of large particle will be dominant?2.
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Fig. 1. UV-Visible spectra of Ag-NPs

0 100 200 300 400 500 500

Time, 5.
Fig. 2. Reaction Kinetic curve of Ag-NPs at different
concentration

FTIR is conducted for detecting the
functional groups in the Ag-NPs which is synthesized
by Ficus cordata leaf extract as shown in Fig. 3. The
results observed that, the band approximately equal
(3388.93 cm™) is related to the strtching vibration
of O-H bonds. The band at the 2983.8 cm™ is due
to existence of aliphatic band of stretching mode
of C-H bond, furthermore results of show that the
bands at 1622.13 cm can be assigned to stretching
of C=C. Bands at 1384.89 cm™ is related to C-H
bond bending and band 1130.29 cm™ is related to
0O-C-0O bending. The band at (1074.35) cm-' is related
to C-O bonds bending, 864.11 cm™ is related to
aromatic ring and band 758.02 cm is related to C-H
deformation. These functional groups are belong to
phytochemical like flavonoids, terpenoids, alkaloids
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and like compounds'®2°, This result showed that, the
active components in the extract were adsorbed on
the surface of Ag-NPs and this adsorption made
two important factors are phytochemicals have
ability to reduce the silver ion and convert them
completely to Ag-NPs and this action is indicating
the reduction power of the leave extract and is
indicating the reduction power of the leave extract
and the second factor is that, the capping activity
of phyto-molecules to stabilize Ag-NPs and protect
them from agglomeration and oxidation®1°.
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Fig. 3. FTIR spectra of Ag-NPs

Ag-NPs are analyzed by XRD technique to
show the phase structure of Ag-NPs that synthesized
by Ficus-cordata leaf extract and its crystallinity.
XRD spectra is shown in Fig. 4, which is illustrate
the diffraction peaks are measured in the range of
20 (20-60), where the main peaks are at 38.42° and
44.56° that corresponding the planes (111) and (200)
respectively for cubic face centered silver crystal.
According to XRD spectrum, Ag-NPs are composed
of pure silver metal without any foreign impurities
contaminated the particles. Ag-NPs are stable by
the capping agent represented by phytochemicals
present in the extract. It was observed that the peaks
of Ag NPs are broad due to the synthesis of silver on
the nanometric scale and the particle size (D) can
be estimated according to Scherrer’s equation which
is wrote on the formula of D = 0.942/Bcos0, where
0.9 is the shape constant, A = 1.54060 A, which is
wavelength of X-ray beam (in the case of CuKatl),
B: the full width at half maximum intensity of the
peak and 0: diffraction angle. D value is calculated
for AgNPs equal to 23 nm, as indication of AgNPs
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that synthesized by using Ficus-cordata leaf extract
are very fine particles at the nanometric scale.
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Fig. 4. XRD of silver nanoparticles

The AFM images of Ag-NPs were showed
in Fig. 5 to identify the topography of the surface
of the synthesized Ag-NPs by Ficus cordata leaf
extract. Furthermore, average size of the synthesized
particles is about 114 nm. According to the three
dimension image the sample is high roughness with
diameter range 10-300 nm and the D50 is less than
100 nm.

The dynamic light scattering (DLS) was
applied to reveal the size of Ag nanoparticles as
shown in Fig. 6. DLS is a technique that measure
the dynamic diameter according to the scattering of
laser light as a result of particle scattering light and a
good tool to examine the distribution of particle size.
In Fig. 6, DLS report of particle size shows different
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Fig. 5. three-dimensional image of Ag NPs

particle size range and three distributions curves are
observed and more abaundant diameter of Ag-NPs
is 150 nm and the other are large particles due to the
agglomeration of Ag-NPs that may result from the
high rate of reaction to form Ag-NPs or adsorption
of high concentration of molecular phytochemicals
which cause enlargement of dynamic diameter?.
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Fig. 6. Distribution of Ag NPs were synthesized by Ficus cordata leaf extract

Ag NPs were tested by SEM instrument as
shown in Fig. 7. The formed Ag NPs have a dendritic
like shape and it may be due to the using of Ficus
cordata leaf extract as a reducing and capping agent.
According to formation of Ag-NPs in the solution has
fast rate and this mean the crystallization is dominant
more than nucleation stage. This fast reaction made
Ag-NPs does not allow the first nucleus to be stable

but merge with other Ag-NPs nucleus forming a large
crystal with regular shape. This may explain why in
AFM and DLS measurements, the diameter range
was a wide distribution and DLS shows the presence
of three distributions curves.

Antibacterial activity of Ag-NPs
Ag-NPs are known as effective action for
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bacteria inhibition and interested as alternative
bactericidal agent for resistant bacteria against
antibiotics. In this study we demonstrate the
ability of Ag-NPs agaist pathogenic bacteria like
Staphylococcus spp and Aeromonas spp by using
diffusion well method. In Fig. 8 two photographic
pictures of petri dishes for the two kinds of
Staphylococcus spp and Aeromonas spp under
our study showed that 100 mL of Ag-NPs solution
in four wells were enough for inhibition. Each Petri
dish engraved in to four wells and obviously all wells
had the same inhibition zone approximately. This
result is an indication of Ag-NPs have antibacterial
activity. This activity is related to the particle at the
nanometric scale have ability to kill bacteria by
understood michanism. This action may be explaind
according to recent studies that related the bioactive
of Ag-NPs against bactria as following: due to
Ag-NPs have small scale lower than bateria and
can be attached to bacteria membrane causing
the nature and premeability. Ag-NPs are disturbing
the function of membrane and leak the diffusion of
cellular fluid then lead to death. Another mechanism
is depen on the pentration of Ag-NPs inside bacteria
and undergo a cytoplasmic reaction and free sliver
ion which is defect the enzyme in the —SH linkage
leading to lekage of resperition reaction leading to
bacteria death. Also, Ag-NPs can damage DNA,
where which capable to penetrate bacteria and
fungi; furthermore the damage by reacting with
S-residues and P-residues in DNA26:28, According
to inhibition zone, Ag-NPs have high activity against
Staphylococcus spp and Aeromonas spp. The
average of inhibition zone was calculated and equal
to 27 and 25 for Staphylococcus spp and Aeromonas
spp. respectively as shown in Table 1.

Fig. 8. Photographic picture of Aeromonas spp (a) and
Staphylococcus spp (b) in Petri dishes culture

Table 1: Antibacterial activity of Ag nano-particles

Bacterial isolate Inhibition zone rate (mm)

Staphylococcus spp. 27
Aeromonas spp. 25

CONCLUSION

Ag-NPs were prepared successfully using
green synthesis by Ficus cordata leaf extract.
Ag-NPs were formed after red color has SPR at
465 nm. Silver ion reduced to Ag-Nps easily in few
seconds and the reaction kinetic obey sigmoidal
curve. FTIR analysis showed the adsorption of active
components Ficus cordata leaf extract and work as
capping and stabilizer. XRD spectrum describe the
only phase is belong to faced centered cubic crystal
as an indication of metallic Ag-NPs formation. AFM
and DLS measurement were demonstrated that
Ag-NPs have a particle size less than 100 nm. SEM
image showed that Ag-NPs were in crystalline form
with dendritic form. Also, Ag-NPs have antibacterial
activity against Staphylococcus spp, Aeromonas spp
with inhibition zone around 27 and 25 respectively.
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