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Abstract: In this study, we reported an easy, rapid, cost-
effective and environmentally benign method for the
fabrication of silver nanoparticles (Ag-NPs) using Olea
ferruginea as reducing, capping and stabilizing agent.
For this, an aqueous extract of leaf and bark of O.
ferruginea was treated with 1 mM AgNO3, which reduces
Ag ions to Ag-NPs by establishing reddish brown color.
The synthesized Ag-NPs were spherical crystals, with a
mean size of 23 and 17 nm for leaf- and bark-mediated
Ag-NPs, respectively. Fourier transform infrared spectro-
scopy affirmed the role of leaf and bark extracts of O.
ferruginea as reducing, capping and stabilizing agent.
These biosynthesized Ag-NPs showed profound antibac-
terial activity against Gram-negative (Pseudomonas
aeruginosa and Escherichia coli) and Gram-positive
(Streptococcus pneumonia and Staphylococcus aureus)
bacteria. The highest antibacterial activity was shown by
bark Ag-NPs against S. aureus (14.00mm), while leaf Ag-
NPs showed higher activity against S. pneumonia
(13.00mm). Additionally, they produced effective anti-
oxidant activity against 2,2-diphenyl-1-picrylhydrazyl
(DPPH) as compared to plant extracts and positive
control. It was observed that the bark-mediated Ag-NPs
had higher percentage (90%) of scavenging potential
than the leaf-mediated Ag-NPs (78%). The significance

of the current study is the synthesis of eco-friendly, easy
and cost-effective Ag-NPs as biomedical products.
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1 Introduction

Research in nanotechnology is growing day-by-day, and it
becomes an evolving arena in the field of biotechnology [1].
Nanoparticles are normally considered as particles with a
maximum size of 100 nm and are produced from numerous
nonmetal and metal elements with exceptional topogra-
phies and widespread uses in science and medicine due to
their unique properties [2]. Similarity in size of nanoparti-
cles with biomolecules, i.e., proteins and polynucleic acids,
makes them useful to interact and reduce in size during the
synthesis of these nanoparticles’ effects of unique physical
and chemical properties of biomolecules [3].

The fabrication of metal nanoparticles has rising
attention because of their novel and unique features in
contrast to those of bulk materials, which permit striking
applications in different fields such as catalysis, medicine,
optics, biotechnology, information storage, energy conver-
sion, and more importantly, antimicrobials [4,5]. Among
the metal nanoparticles, silver nanoparticles (Ag-NPs) are
one of the best, frequently used nanoparticles having
features of very small size, high surface area and high
dispersion [6]. They are known to have potent antioxidant
and antibacterial activities [7]. Silver metal is highly toxic to
the bacterial cells but nontoxic to animal cells in small
concentration [8]. Nowadays, the Ag-NPs are broadly used
as an active antibacterial tool against a broad spectrum of
bacteria, including antibiotic-resistant strains [9].

A number of designed physical and chemical methods
are available for the synthesis of Ag-NPs, but these methods
require a massive quantity of toxic chemical and thermal
conditions [10]. On the other hand, biosynthesis is a
substitute method that involves living organisms and has
proven reliable, nonhazardous and enviro-friendly [11].
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Thus, scientists in the last decade have twisted biological
systems for the fabrication of nanoparticles [12]. Production
of Ag-NPs by biological approaches, using fungi, bacteria,
enzymes, and plants, has been proposed as probable enviro-
friendly substitutes to physical and chemical methods [13].

The use of plants and their extracts as reducing and
stabilizing agent for the synthesis of Ag-NPs is considered
beneficial over other biological means as they eradicate the
basic necessities required for the maintenance of cell
cultures and can be scaled up for extensive fabrication of
nanoparticles [12,14]. The plant extracts possess a variety of
bioreducing components such as flavonoids, terpenoids,
ketones, aldehydes, amides, proteins, enzymes, and DNA,
all of which facilitate the reduction and precipitation of Ag-
NPs [15].

Olea ferruginea Royle locally called as Kaho and
commonly known as olive, belongs to family Oleaceae
[16]. Traditionally, it is used to cure different ailments.
The leaves are used to reinforce the gums and relieve
toothache and throat pain [17]. This plant contains many
potent bioactive compounds which make it antioxidant
and antihypertensive [18].

Keeping in mind the significance of synthesis and
antibacterial activity of Ag-NPs, the current study was
designed to produce Ag-NPs from the leaf and bark
extracts of O. ferruginea as a possible enviro-friendly
approach and to evaluate the antibacterial and antiox-
idant activity of biosynthesized Ag-NPs.

2 Materials and methods

2.1 Preparation of plant extract

In this study, the leaf and bark extracts of O. ferruginea
were used for the phytofabrication of Ag-NPs (Figure 1).
The plant parts were collected from Pallandri, Azad
Kashmir. The plant was identified with the help of flora
of Pakistan, and the voucher was submitted to the
herbarium, Department of Botany, University of the
Poonch, Rawalakot. The plant parts were dried in shade
and grounded to a fine powder. For the preparation of
aqueous extract, 25 g plant powder was soaked in 250mL
of distilled water, kept for 24 h and filtered through filter
paper. From this, 20mL filtrate was used for the
synthesis of Ag-NPs, and the rest of the filtrate was
converted into crude extract by evaporating in a rotary
evaporator. The crude extract was used for antibacterial
and antioxidant activity.

2.2 Synthesis of Ag-NPs

For the synthesis of Ag-NPs, 80mL of 1mM AgNO3 solution
(Merck) was taken in two separate labeled flasks. In one
flask, 20mL of leaf filtrate and in other 20mL of bark filtrate
was added, and both the flasks were incubated for 24 h at
room temperature. During the incubation, the reduction of
Ag ions into Ag-NPs took place which was observed
through a color change of the colloidal solution. The
formation of Ag-NPs in the solution was also monitored
through UV-Vis spectroscopy (PerkinElmer Lambda 950
UV/Vis) in the range of 300–700 nm. After the signal of
synthesis of Ag-NPs through color change and UV-vis
spectroscopy, the Ag-NPs-containing solution was centri-
fuged at 13,000 rpm for 10min to obtain purified Ag-NPs.
These purified Ag-NPs were then characterized by using
scanning electron microscopy, X-ray diffraction analysis
and Fourier transform infrared spectrometry.

2.3 Scanning electron microscopy

The synthesized Ag-NPs were characterized for their surface
morphology through a scanning electron microscope. The
dried powder of Ag-NPs was poured in distilled water and
sonicated until a dilute suspension of Ag-NPs was achieved.
A small amount of suspension in the form of a drop was
placed on carbon-coated aluminum stubs and dried
completely under mercury lamp. After complete drying,
the stubs were observed in the field emission scanning
electron microscope (Tescan, MIRA 3X).

2.4 X-ray diffraction analysis

The crystallinity and mean crystalline domain size
were determined through X-ray diffraction analysis
(XRD). For this, purified Ag-NPs were freeze-dried, and
the powder was subjected to XRD analysis on Bruker
D8 Diffractometer with Cu Kα X-ray source of 1.54Å
wavelength. The diffraction pattern was obtained at a
2θ value between the ranges of 10–80 with 2° per min
scan rate.

2.5 Fourier transform infrared spectroscopy

The reduction of Ag ions into Ag-NPs is aided by
biomolecules present in the plant extract which was
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accessed through Fourier transform infrared spectro-
scopy (FTIR) analysis of Ag-NPs. The freeze-dried
powder of Ag-NPs was analyzed in FTIR (PerkinElmer
Spectrum 100, USA), and the spectrum was recorded
between the ranges of 4,000–400 cm−1 at a resolution
of 1 cm−1.

2.6 Antibacterial activity

The Olea (leaf and bark)-mediated Ag-NPs were tested
for their possible antibacterial activity against Gram-
negative (P. aeruginosa and E. coli) and Gram-positive (S.
pneumonia and S. aureus) bacteria by disc diffusion
method [19]. The tested bacterial strains were obtained
from the Combined Military Hospital, Muzaffarabad,
Azad Kashmir. The bacteria were grown in the nutrient
agar medium which was prepared by adding 7 g nutrient
agar in 250mL distilled water, followed by sterilization
in an autoclave at 121°C for 15 min along with all other
materials required for the experiment. The inoculum of
each bacterium was prepared by dipping a loop of each
bacterium from the overnight fresh culture in four
separate test tubes. A 1 mL of each bacterial inoculum
was taken in corresponding sterile petri plates. Sterile
nutrient agar medium was poured in each petri plate,
mixed well by gentle shaking and kept at room
temperature for solidification. The filter paper discs of
6 mm were prepared, sterilized and soaked with leaf-
mediated Ag-NPs (1 mg/mL), bark-mediated Ag-NPs
(1 mg/mL), leaf aqueous extract (1 mg/mL), bark aqueous
extract (1 mg/mL), ampicillin (100 µg/mL) as positive
control and distilled water as negative control, and
placed on the solid agar medium at their labelled

positions. For the growth of the bacteria, the petri plates
were incubated at 37°C for 24 h, and then, a zone of
inhibition was measured in millimeter around each disc
using the meter scale.

2.7 Antioxidant activity

The antioxidant activity of leaf-mediated Ag-NPs, bark-
mediated Ag-NPs, leaf extract, and bark extract was
assessed by 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay
[20]. Briefly, 7 mg of DPPH was dissolved in 100mL of 95
% methanol to make a stock solution of DPPH, and
afterward, 1 mg/mL of Ag-NPs and 1mL of plant extracts
were taken as a stock solution. From the stock solution,
37.5, 75, 150 and 300 µL were taken in separate tubes.
Freshly prepared DPPH solution was added in each of
the test tube containing Ag-NPs and plant extract.
These tubes were vortexed robustly and incubated for
30min in dark at room temperature. The optical
density of each of the sample was recorded at 517 nm
using UV-vis spectrophotometer (PerkinElmer Lambda
950, UK). The antioxidant activity was assessed by
calculating the percentage inhibition by using the
following formula:

=

( − )

×

% scavenging activity OD control OD sample
OD control

100

where OD control is the optical density of DPPH +
methanol and OD sample is the optical density of
DPPH + sample (leaf extract and Ag-NPs). The IC50 was
calculated by the regression line equation against
different concentrations of the tested samples.

Figure 1: Plant parts of O. ferruginea: (a) leaves and (b) bark, used for the synthesis of Ag-NPs.
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2.8 Statistical analysis

The experiments were performed in completely rando-
mized design with three replicates. The data were
subjected to analysis of variance using MSTAT C
software, and means were compared by Duncan’s
multiple range test (DMRT).

3 Results and discussion

3.1 Synthesis of Ag-NPs

In this study, Ag-NPs were synthesized from leaf and
bark extracts of O. ferrugniea. When 20mL of aqueous
extract of leaf and bark were added in 80mL of 1 mM
AgNO3 solution, the color of the solution was changed to
dark brown, an indication of reduction of Ag ions to Ag-
NPs (Figure 2). First visual evidence of the formation of
Ag-NPs in the reaction solution of plant extract and
AgNO3 is the color change and subsequent rise in the
color intensity during the course of reaction [21]. The
appearance of dark brown color is the characteristic of
Ag-NPs in the solution [22]. This color change is also
linked with the surface plasmon resonance of deposited
Ag-NPs [23].

3.2 UV-Visible spectroscopy

These results of color change were further supported by
UV-Vis spectroscopy of the reaction solution, which is
considered the best technique for analysis of the
formation of Ag-NPs in the solution [24]. The spectro-
photometric study of the colloidal solution, within the
range of 300–700 nm, showed absorption bands at 455
and 452 nm for leaf- and bark-mediated Ag-NPs,
respectively (Figure 3). Previous studies also suggested
that Ag-NPs in the aqueous solution exhibited SPR band
at 400–500 nm wavelength [25,26]. In our study, the
observed peaks at 455 and 452 nm further confirmed the
formation of Ag-NPs. Furthermore, the number of
absorption peaks and the width of SPR bands are
associated with size distribution and shape of Ag-NPs
in the solution [27]. A single band represents predomi-
nantly spherical Ag-NPs, whereas more SPR bands
correspond to anisotropy of Ag-NPs [28]. In our study,
a single SPR band was recorded that confirms the

spherical shape of Ag-NPs. Moreover, the SPR bands
broaden with decrease in particles size according to the
quantum size theory [29].

3.3 Scanning electron microscopy

After the initial confirmation of synthesis of Ag-NPs in
the solution of plant extract and AgNO3, the Ag-NPs were
centrifuged, purified and characterized by field emission
scanning electron microscopy (FESEM) for their surface
morphology. The FESEM micrographs revealed the
synthesis of predominantly spherical nanoparticles
with mean size of 23 nm (Figure 4a) and 17 nm
(Figure 5a) from the leaf and bark extracts of O.
ferruginea. The particles size distribution is shown in
Figures 4b and 5b for leaf- and bark-mediated nano-
particles, respectively. The shapes other than spherical
were also recorded. The variation in size may correspond
to variation in the shapes of particles. Our results are in
good agreement with a previous study [30]. It was also
observed in our study that Ag-NPs synthesized from the
bark extract exhibited small size than those synthesized
from the leaf extract. This difference in size might have
linked to different phytochemicals present within the

Figure 2: Visual observation of formation of Ag-NPs in the colloidal
solution of plant extract and AgNO3: (a) from leaf and (b) from bark.
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leaves and bark of O. ferruginea as reported in FTIR
results. There are different biomolecules involved in the
synthesis and capping of Ag-NPs due to which different-
sized particles are formed [31]. The size and shape of the
nanoparticles have intense impact during their conjuga-
tion with particular drug molecules and target to the
cells [32]. Previously, Ag-NPs were synthesized from the
Olea europea leaf extract [33]. This synthesis was carried
out in water bath at 30–60°C, and the obtained
nanoparticles were 10–30 nm with cubical shape. In
our study, both leaf and bark extracts of O. ferruginea
were used for comparative synthesis. We have achieved
spherical-shaped nanoparticles at room temperature.

3.4 X-Ray diffraction analysis

XRD analysis of Ag-NPs revealed that they were crystal-
line in nature. The leaf-mediated Ag-NPs show diffrac-
tion pattern at 2θ values 38.09° and 46.22°, which
corresponds to (111) and (200) planes, and the bark-
mediated Ag-NPs manifest diffraction peaks at 2θ values
38.08°, 46.21° and 64.45°, which corresponds to (111)
and (200) (220) planes (Figure 6). This shows the
crystalline planes of face-centered cubic silver compared
to the standard powder diffraction card, silver file (JCPDS
No. 04-0783). Our results are well-supported by the
previous studies [21,33].

Figure 3: UV-vis spectrum of Ag-NPs: (a) from leaf and (b) from bark.

Figure 4: SEM micrograph of Ag-NPs: (a) from leaf of O. ferrugniea and (b) particle size distribution.
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3.5 Fourier transform infrared spectrometry

The biomolecules present in the leaf and bark extracts of
O. ferruginea were involved in the transformation of Ag+

to Ag-NPs. The functional groups present on Ag-NPs
were determined through FTIR analysis of Ag-NPs
(Figure 7). The FTIR spectrum of leaf-mediated Ag-NPs
showed peaks at 3,420, 2,825, 1,553, 1,430 and
1,041 cm−1. The peak at 3,420 cm−1 corresponded to
OH– stretching frequency of hydroxyl group of poly-
phenols. The peak at 2,825 cm−1 represents the C–H
stretching vibrations of alkenes. The peaks at 1,553,
1,430 and 1,041 cm−1 could be due to the stretching
vibration of carbonyl group of flavonoids, –C–C aromatic

groups and ester bonds of polyphenols, respectively
[26,34]. The FTIR spectrum of bark-mediated Ag-NPs
intensified peaks at 3,424, 2,924, 1,586, 1,455 and
1,040 cm−1 corresponded to O–H stretching of phenol,
O–H stretch of carboxylic groups, C–C bond stretch,
–C–C aromatic groups and ester bonds of phenolic
compounds [26,35]. These results recommended that
flavonoids and phenolic compounds might be involved
in the synthesis of Ag-NPs. It is a well-established fact
that proteins can cap and stabilize the nanoparticles
through their free amine groups or through cysteine
residues present in phenols and saponins from leaf and
bark of O. ferruginea. This idea is strongly supported by
previous reports [36,37].

Figure 5: SEM micrograph of Ag-NPs: (a) from bark of O. ferrugniea and (b) particle size distribution.

Figure 6: XRD pattern of Ag-NP: (a) from leaf and (b) from bark of O. ferruginea.
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3.6 Antibacterial activity

The rapid growth of resistant power in the pathogenic
strains of bacteria has affected healthcare systems world-
wide [38]. Hence, the constructive effects of Ag-NPs
toward several common human pathogenic bacteria could
be beneficial in developing novel bactericidal medicines
against resistant pathogenic bacteria. In this study, a
comparative antibacterial activity of leaf- and bark-

mediated Ag-NPs, leaf and bark extracts, positive control
(AgNO3 and ampicillin) and negative control (distilled
water) was assessed by disc diffusion method against
Gram-negative (P. aeruginosa and E. coli) and Gram-
positive (S. pneumonia and S. aureus) bacteria. The zones
of inhibition were measured in millimeter, and means
were compared through DMRT as shown in Figure 8.
The visual evidence of antibacterial activity is given
in Figure 9. A statistically significant difference was

Figure 7: FTIR spectrum of Ag-NPs: (a) from leaf and (b) from bark of O. ferruginea.

Figure 8: Antibacterial activity of Ag-NPs, plant extracts and controls, at P = 0.05.
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found among all the treatments. Among the tested
samples (leaf Ag-NPs, bark Ag-NPs, leaf extract, and
bark extract), the highest bactericidal activity was shown
by bark-mediated Ag-NPs against S. aureus (14.00mm), S.
pneumonia (13.67mm), E. coli (12.33mm) and P. aerugi-
nosa (12.33mm). Leaf Ag-NPs showed high inhibitory
activity against S. pneumonia (13.00mm) followed by
P. aeruginosa (12.67mm), and followed by S. aureus
(12.33mm) and E. coli (11.00mm). The leaf and bark
extracts and Ag ions also inhibited the growth of bacteria
but significantly lowered than that of Ag-NPs. It is easy to
perceive from these results that when Ag ions converted to
Ag-NPs and capped by biomolecules, it showed strong
inhibitory activity. Moreover, it was also observed that
Gram-positive bacteria were more sensitive than Gram-
negative bacteria. The difference in antibacterial activity
was due to the difference in susceptibility of different
pathogens toward Ag-NPs.

The exact mechanism of Ag-NPs-mediated antibac-
terial activity is not evidently understood to date.
However, there are various proposed mechanisms in
the literature concerning the antibacterial activity of Ag-
NPs. The key probable procedure of antibacterial action
of Ag-NPs might be the suspension of Ag-NPs takes
place, due to which Ag ions are discharged and
intermingled with sulfur-comprising proteins in the cell
wall of bacteria and change the functions of proteins
[39,40]. It is also proposed that due to the anchoring
ability of Ag-NPs, they penetrate the bacterial cell wall,

change the structure of the membrane and ultimately
lead to the cell death [41]. The small size and large
surface area of Ag-NPs is also involved in the anti-
bacterial activity. They efficiently make a contact with
bacterial cell and can reach the nuclear content [42,43].
Ag-NPs have better interaction with targeted pathogens
due to a smaller size, and thus, they are more effective
[44,45]. Another mechanism of death of cells is that Ag-
NPs generate free radicals. It is observed in electron spin
resonance spectroscopy that when Ag-NPs contact with
bacteria, they produce free radicals. These free radicals

Figure 9: Visual evidence of formation of zones of inhibition by biosynthesized leaf-mediated Ag-NPs (a) and bark-mediated Ag-NPs (b).

Figure 10: Antioxidant activity of Ag-NPs and plant extracts.
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create pores in the cell membrane, change its structure
and eventually lead to the death of cells [46,47].

3.7 Antioxidant activity

The DPPH activity results showed the effective free
radical percentage scavenging potential of bark- and
leaf-mediated Ag-NPs as about 90% and 78%, respec-
tively (Figure 10). As compared to Ag-NPs, bark and leaf
extracts have much reduced percentage scavenging
activity. The IC50 value of leaf- and bark-mediated Ag-
NPs was 138.33 and 143.03 µL, respectively (Figure 11).
Previously, ref. [48] also observed the antioxidant
activity of biosynthesized Ag-NPs. A variety of bioactive
compounds such as polyphenols, alkaloids, proteins,
etc. are present in plants that act as a hydrogen donor to
free radical and thus break the chain reaction of free
radical [49]. Our study clearly shows the increased
antioxidant activity of biosynthesized Ag-NPs. The Ag-
NPs from the crude extract of Berginia ciliata also
showed enhanced antioxidant activity as compared to
the crude extract [50]. The enhanced antioxidant activity
of biosynthesized Ag-NPs is due to the capping ability of
these biomolecules. The outcomes strongly endorse the
application of Ag-NPs as valuable natural antioxidants
for robustness against diverse oxidative stresses linked
with degenerative diseases.

4 Conclusions

Herein, an eco-friendly green method was used to
produce Ag-NPs by means of the leaf and bark extracts
of O. ferruginea which synthesized spherical, crystalline

and nano-sized Ag particles without using any hazar-
dous chemical. The conversion of Ag ions to Ag-NPs is
established by FTIR. These Olea-mediated Ag-NPs have
shown strong antibacterial and antioxidant activity.
Grounded on these outcomes, this method of application
of Olea plant for the synthesis of Ag-NPs can be useful in
the fabrication of another type of metal nanoparticles.
The antibacterial and antioxidant activity of these Ag-
NPs could be valuable in the formulation of various
antibiotic products to be used in pharmaceutical
industries and for making nanomedicines.
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