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A B S T R A C T

A green and facile biosynthesis of silver nanoparticles (SNPs) using dry Bitter leaves (DBL) (Vernonia amygdalina)
aqueous extract as a capping and reducing agent was demonstrated in this work. The effect of the precursor's
concentration on the size and shape of SNPs and its antibacterial activity is evaluated. The synthesized DBL_SNPs
were characterized by using UV–visible spectroscopy, Fourier transforms infrared spectroscopy (FT-IR), X-ray
diffraction (XRD), Scanning electron microscopy (SEM) and transmission electron microscopy (TEM). UV–visible
spectra showed specific surface plasmon resonance absorption peak between 450 and 480 nm, which increases
with the concentration confirmed the presence of nanoparticles. FTIR analysis revealed the presence of phyto-
chemicals such as phenol, saponin, and alkaloid that play the major roles in stabilizing the synthesized
DBL_SNPs. The TEM analysis showed the spherical shape of DBL_SNPs with the size ranges from 2 to 18 nm. XRD
shows a crystallite fcc phase with broad peaks for sample a and crystal size of 22.4 nm, which decreases with
higher concentrations. Antibacterial studies against Staphylococcus aureus and Coliform through diffusion
method revealed 18.8 and 13.0mm (for 80 μg/mL) inhibition zone for Coliform and Staphylococcus aureus
respectively. The colloidal solution of DBL_SNPs formed was found to exhibit antibacterial activities against
Coliform and Staphylococcus Aurea.

1. Introduction

Nanomedicine is a branch of nanotechnology in the scope of science
that embodies biological, physical, and material sciences with serious
impact in the therapeutic healthcare sectors [1,2]. This field possesses a
promising way to improve the properties of metal for diverse applica-
tions by transforming them into nanoparticles with size ranges between
1 and 100 nm via eco-friendly synthetic. Inorganic metallic nano-
particles such as Silver, Gold, Zinc, Iron, Nickel, Platinum and their
oxides have been given deep thought over the years through various
syntheses. Among these, Silver nanoparticles have been harnessed

thoroughly with applications in many areas of nanotechnology such as
chemical sensing [3], catalysts in chemical reactions [4], Optical ele-
ments [5], pharmaceutical components [6] and antibacterial activity
[7,8]. This metal via biosynthesis has paved the way for new anti-
microbial agents against human pathogenic organisms due to excessive
resistance of bacterial against antibiotic drugs [9], cosmetic and textile
industries, water purification, and biomedical as a result of their unique
characteristic such as biocompatibility and non-toxicity [1].

Metallic nanoparticles were previously prepared by various che-
mical and physical methods, such as electrochemical, microwave-as-
sisted, and photochemical. Physical and chemical routes required high
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energy and toxic chemicals that are expensive and difficult to scale up
in large quantity [10,11,12]. As a result of these effects, biosynthesis of
nanoparticles circumventing the aforementioned effects has been
adopted recently to enhance the properties of the nanoparticles using
micro-organism, animals’ chitin, crude extract from the plant's leaves,
seed and back. This method of synthesis is free of toxic, biocompatible,
cost-effective, and eco-friendly [13,14].

Biosynthesis involve the use of green technology such as crude ex-
tracts from leaves of plants that are rich in metabolites such as flavo-
noid, alkaloid, tannin, saponin and phenolic acid that are responsible
mainly for the reduction process of metal ion into bulk metallic nano-
particles formulation in the redox reaction to obtain nano-sized particle
that are not toxic by converting Ag+ to Ag0 and also serve as the cap-
ping agent of the biosynthesized nanoparticles [10,11,15–20]. Bitter
leaf (BL) is a shrub of about 2–5 m high popularly found in Africa
continent. It has a green leave with a bitter taste [21]. It is often re-
ferred to as a medicinal plant because of its therapeutic and prophy-
lactic properties which are widely used for the prevention, treatment of
disease, and symptom relief [22]. Dry bitter leaves (DBL) has high
turbidity, and low pH compared with the fresh BL. DBL is very rich in
phytochemicals such as alkaloid, tannins, saponins, flavonoids, and a
steroid which can function as metal reducing as well as a capping agent
on the metal nanoparticles in a single route [22]. The bitter taste of the
DBL is as a result of the anti-nutritional factors, such as alkaloid, sa-
ponins, and tannins [23].

This work aid the biosynthesis of silver nanoparticles using bitter
leaves (Vernonia amygdalina) as a reducing and capping agent. The
antibacterial activities of DBL_SNPs were investigated for the first time

against Gram-positive Staphylococcus aureus and gram-negative
Coliform. The DBL_SNPs shows an auspicious antibacterial agent.

2. Materials and methods

2.1. Materials

All the reagents were of analytical grade and used as received
without further purification. Anhydrous silver nitrate (AgNO3) (99.8%),
Muller-Hinton agar, swab stick, Muller-Hinton broth, and Gentamycin
were obtained from Sigma Aldrich (Germany). Gram-positive bacterial
strain Staphylococcus aureus and gram-negative strain Coliform were
obtained from Classic biomedical laboratory, University of Nigeria,
Nsukka. Fresh bitter leaves were collected from the earth. The taxo-
nomic verification was done at the Department of Plant Science,
University of Nigeria, Nsukka. All the aqueous solutions were prepared
using distilled water (DW).

2.2. Collection and preparation of dry bitter leaves (DBL)

100 g weight of the fresh leaves of GL was thoroughly washed with
distilled water (DW) to remove debris and dust particles. The clean
leaves are then incised into pieces and dry on a white formica board
under room temperature for 72 h The DBL was then crushed into
powder and 10 g was dissolved in 500mL DW followed by heating at
80 °C for 1 h, after which the system is allowed to cool to room tem-
perature. The mixture was filtered using a sieve followed by a filter
cloth and Whitman No.1 filter paper. The filtrate is decanted and pre-
served in a refrigerator at a temperature of 4 °C for further usage. The
following phytochemicals (flavonoid, phenol, and tannins) were pre-
sent in the extract in large quantities, among others.

2.3. Biosynthesis of silver nanoparticles by dry bitter leaves (DBL)

Three concentrations ranging between 0.025, 0.045 and 0.055 g of
AgNO3 crystals were dissolved in 100mL of DW followed by continuing
stirring for 1 h using a magnetic stirrer to ensure uniform dissolution.
50mL of DBL extract was then added dropwise to 50mL of AgNO3

solution in the ratio 1:1 to form an equal volume mixture for each
concentration while stirring at room temperature for another 2 h to
form a homogeneous solution. The homogeneous solution was cen-
trifuged at 1500 ppm for 30 s and the obtained dry bitter leaves silver
nanoparticles ((DBL_SNPs (as shown in Fig. 1) were washed six (6)
times with DW and dried in a hot air oven for further characterization.
The three concentration formed nanoparticles were label as sample a, b

Fig. 1. Mechanism of formation of biosynthesis of DBL_SNPs.

Fig. 2. XRD pattern of sample a, b and c.

S.O. Aisida, et al. Surfaces and Interfaces 17 (2019) 100359

2



and c. The biosynthesis enhanced the reduction of Ag+ ions to Ag0

atoms from the supernatant of the enzymatic extracts of BL as shown in
Eq. (1).

+ − →
+Ag e phytochemicalsenzymes Ag( ) 0 (1)

3. Result and discussion

The structural studies of sample a, b and c formed from the three
concentrations of DBL_SNPs were studied using the Shimadzu-7000
powder X-ray diffractometer with Cu-Kα radiation (λ = 1.5406 Å) and
lattice parameter (a=4.08620 Å) at room temperature in the con-
tinuous scanning mode and a scanning 2θ range of 15°–80° The surface

morphologies of the samples were obtained using a field emission high-
resolution scanning electron microscope (Auriga Zeiss HRSEM).
Transmission electron microscopy (TEM) micrographs, selected area
electron diffraction (SAED) patterns, and high-resolution transmission
electron microscopy (HRTEM) images were obtained using a Tecnai
F20 High-Resolution Transmission Electron Microscope (HRTEM) op-
erated at 200 kV, equipped with an Energy Dispersive X-ray
Spectrometer (EDS) for elemental analysis. Selected-area electron dif-
fraction (SAED) (IH-300X). A Perkin Elmer Fourier transforms infrared
spectrophotometer (FTIR) was used for the determination of the surface
functional groups. The elemental composition was determined using
the selected area electron diffraction (SAED) (IH-300X) analysis. Also,
the absorption was determined by UV–vis spectrophotometer (UV-

Fig. 3. SEM images, EDX, and size distribution histogram for sample a, b and c.
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7504) in the wavelength range of 200–1000 nm.

3.1. XRD analysis of DBL_SNPs

The XRD analysis, as shown in Fig. 2 was used to determine the
phase purity and the crystallinity of DBL_SNPs for the three con-
centrations. The peaks observed at2θ values of 38.05°, 44.33°, 64.43°,
77.46° with JCPD No: 04–0783 could be corresponding to the crystal-
lographic planes (111), (200), (220) and (311) of the DBL_SNPs with
face-centered cubic silver lattice. The particle crystallite size of 22.4,
21.4, and 17.9 nm was obtained for sample a, b and c respectively using
Scherer formula in Eq. (2). The broadest peak at the plane (111) was
observed to decrease as the concentration of the precursor increases.

=D λ
β θ

0.9
cos (2)

where Dis the crystallite size (nm), λ is the X-ray wavelength
(λ = 1.5406 Å), β is the full width at half maximum (FWHM) of the
diffraction peaks measured in radians and θ is the Bragg diffraction
angle [24].

3.2. SEM analysis of DBL-SNPs

Fig. 3 gives the surface morphology and the size distribution of the
biosynthesized samples. The images give spherical shape particle size
between 5 and 20 nm for all the concentrations with a compact grain of
different shapes for sample a with an average size of 3.5 nm, highly

Fig. 3. (continued)

Fig. 4. TEM micrograph of sample a.
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aggregated spherical grains for sample b and an average size of 14.6 nm
and aggregated spherical grains for sample c with an average size of
4.3 nm. The Energy Dispersive X-ray diffraction (EDX) as shown in
Fig. 3 shows all the elements present in the compound. The EDX ele-
mental analysis confirmed the desired composition of all elements with
sample a having the highest peak for silver at 94.24%; this decreases to
16.97% for sample c

3.3. TEM and SAED analysis of DBL_SNPs

The TEM micrograph given in Fig. 4i shows that the particles were
predominantly spherical in shape without aggregation; this is an in-
dication of good stabilization of the NPs via DBL. The inset shows the
size distribution histograms estimated over 100 particles, and the ma-
jority of the particle was found to be between 5 and 25 nm in agreement

with the XRD value. The SAED, as shown in Fig. 4ii, shows the poly-
crystallinity of the samples with several sharp rings; this confirmed that
the formulated nanostructure is highly polycrystalline in nature. The
formed rings 1, 2, 3, 4 may be attributed to the diffraction from (1 1 1),
(2 0 0), (2 2 0) and (3 1 1) planes of a face-centered cubic (fcc).

3.4. FTIR Spectra analysis of DBL_SNPs

The interactions between the chemical moieties present in DBL_SNPs
formulated were analyzed by FTIR spectroscopy, which revealed the
two main vibrations (i.e. stretching and bending) in the wavelength
range of 4000–500 cm−1 as shown in Fig. 5. The peak at 3281 cm−1 is
due to (eOH stretching) [25–27], 2924 cm−1 corresponding to (eCH
stretching, alkanes group), 1566 cm−1 (C]O, carbonyl group), the
band at 1364 cm−1 is associated with CeN stretching vibration of
aromatic amines showing the presence of water-soluble caffeine.
993 cm−1 (eCeOeC phenolic hydroxyl group). The organic functional
groups on the surface of the synthesized DBL_SNPs indicate the inter-
action between silver nitrate and DBL. The reduction of silver ions to
metallic silver, arose due to the strong affinity of the bioactive com-
pounds in DBL towards the silver ions to donate free electrons. More-
over, the peak at 682 cm−1 can be attributed to AgO bond, suggesting
the birth of DBL_SNPs [28–30]. The obtained results is in conformity
with the previous research work [31,32].

3.5. UV–Visible spectral analysis of DBL_SNPs

The absorbance of sample a, b and c as shown in Fig. 6 was observed
with the color change due to the reduction of pure silver metal ions to
Ag-NPs via the reactive functional moieties present in DBL. The colour
change was observed to change to dark brown after the reaction as a
result of the excitation between the precursor and the reducing agent
given the Surface Plasmon Resonance (SPR) peak at 455, 470 and
475 nm respectively for the three samples within the visible range
(390–490 nm) [33–35]. The results obtained are in agreement with the
previous work [36,37]. The SPR increases with the concentration of the
precursor.

3.6. Antibacterial assay of DBL_SNPs

A modified Ager Well-Diffusion Method (AWDM) was used to ana-
lyze the antibacterial activity of DBL_NPs against Staphylococcus aureus
(Gram-positive) and Coliform (Gram-negative) [25,28,38,39]. Mueller
Hinton Agar (MHA) was dissolved in DW and stirred vigorously to
obtain a homogenous solution. The homogeneous solution was auto-
claved for about 30 min, after which 20mL of the autoclaved mixture
was dripped in each of the sterilized Petri plates and allowed to jell for
1 h. The freshly stock cultures of Staphylococcus aureus and coliform
isolates of ≈ 106CFU/mL prepared in nutrient broth were smeared on
the MHA plates. The DBL_SNPs obtained was tested against the bacteria
organism. Five h broth cultures of the obtained bacteria were applied
on the surface of the nutrient agar using a swab stick. A sterile flamed
cork borer of 8mm diameter size was used to drill wells in each of the
seeded plates and 20, 50, 80, μLdoses of this test solution containing
0.2, 0.5 and 0.8 mg were dispensed in each well respectively. The agar
plates were then left to stay for 1 h at room temperature and finally, the
plates were incubated for 24 h at 37 °C in an incubator. Standard an-
tibiotic drug ciprofloxacin was used as the positive control and distilled
water as a negative control; both were tested against the pathogens. The
size of the inhibition zone was measured, and the mean value for each
organism was recorded and expressed in millimeter (mm) (as shown in
Table 1). The formulated DBL_SNPs was found to show momentous
bactericidal against the bacterial strains, as shown in Fig. 7. It was
observed from Fig. 8, the susceptibility of DBL_NPs against the patho-
gens increases as the doses increases through the inhibition zone, and it
was higher for Coliform organism. This increase in the strength of

Fig. 5. FTIR graph of sample a, b and c.

Fig. 6. UV–Visible absorption spectra of sample a, b and c.

Table 1
Zone of inhibition of DBL_NPs and Ciprofloxacin.

Inhibition zone (mm)

Organisms D0 D1 D2 D3 Cipro.
S. Aureus 0.0 10.0 11.0 13.0 24.9
Coliform 0.0 10.2 12.3 18.8 28.0

Do = DW, D1–D3 are the doses of DBL_NPs and Cipro. = Ciprofloxacin.
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DBL_NPs shows that DBL_NPs is viable for antibacterial activities,
especially for the Coliform organism.

4. Conclusion

Biosynthesis of DBL_NPs from bitter leaves (Vernonia amygdalina)
extract is the latest alternative to a chemical and physical synthesis
sequel to its novel toxicity free, eco-friendly and biocompatibility. This
work reported the synthesis of silver nanoparticles using DBL which
provide a simple, reliable, and eco-friendly way of synthesizing nano-
particles. The reduction of silver ion to silver atom was observed by UV
visible with SPR peak in the range of 450–480 nm. The XRD analysis
confirmed the highest peak of DBL_NPs crystal correspond to (111)
diffraction plane. The SEM confirmed a spherical morphology for all the
concentrations. The FTIR study shows the metabolites in DBL re-
sponsible for its bio-reduction. The FTIR study suggests that the protein
in the extract might play an important role in the stabilization of silver.
The formulated DBL_NPs is auspicious as an antibacterial agent against
multidrug-resistant bacterial strains.
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