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In-situ biosynthesis of silver nanoparticles for antibacterial activities doped with aqueous extract of dry Gon-
gronema Latifolium (DGL) is presented in this work. The absorbance was determined using a UV-Visible analysis
with a peak of 428 nm. The obtained particles confirmed by the TEM image analysis were spherical in shape with
an average particle size between 5 and 20 nm. A single crystalline phase of FCC was confirmed by the powder.

The functional groups showed the phytochemical inherent in the sample. The colloidal solution of DGL-AgNPs
with MIC of 10 ug/ml showed a noteworthy functional susceptibility against the bacterial strains, particularly,
K. pneumonia with susceptibility greater than gentamicin. Based on these observations, the formulated DGL-
AgNPs show strong bactericidal against the pathogens with facile, benign, eco-friendly, biocompatibility and
innocuous synthesis procedures. This can serve as an efficient bactericidal agent.

1. Introduction

The application of nanomaterials has received tremendous attention
via interdisciplinary fields of specialization such as nanomedicine [1,2],
pharmacology [3], material science [4], food technology [5], bio-
markers [6] and water treatment in our environment [7]. The biomed-
ical applications of nanotechnology have witnessed tremendous feat
with special applications such as targeted drug delivery for cancer
therapy [8], magnetic resonance imaging for cancer therapy [9,10],
hyperthermia for cancer therapy [11,12], antibacterial activities against
multi-drug resistance bacterial strains [13,14,15,16,17] etc. Metallic
nanoparticles (MNPs) such as Ag, Au, Zn, Fe, Ni and their oxides serve as
better and potential antibacterial and antimicrobial agents owing to
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their stability and specified properties [18,19,20,21]. Among which, Ag
nanoparticles (Ag-NPs) are the most potent as an alternative antibac-
terial and antimicrobial agent. This is owing to its low toxicity,
biocompatibility, high surface to volume ratio, oxidation resistance and
chemical stability [22,23,24,25,26].

To obtain the desired particle size, shape and functionality of MNPs,
various methods, such as Solvothermal method [27], co-precipitation
process [28], microwave-assisted [29,30], sol-gel method [31], Micro-
emulsion [32], chemical reduction [33], Electrochemical method [34,
35] condensation via evaporation [36] laser ablation [37,38], hydro-
thermal/thermal method [39] and Tollens process [40,41], via physical
and chemical routes have been emplaced for the synthesis of NPs. The
NPs produced by these methods via surfactants that are toxic as a
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reducing and capping agent often produced NPs that are not biocom-
patible and eco-friendly. Owing to these effects, researchers have
devised a protocol that is more biocompatible, often known as
green/bio-synthesis [42,43,44,45,46,47]. This method involves syn-
thesis protocols that use innocuous, facile, eco-friendly, cost-effective,
biocompatible and biodegradable materials as a potential reducing and
capping agents. It involves the use of green technology such as micro-
organisms [48], biopolymers [49,50,16,51,52,53], extracts from leaves
[54,14,15,17,15,16,55,56], extract from fruits and seeds of plants [57,
58,59] as a potential reducing and capping agents [13,14,17,15,55].
This approach is gaining much attention in contemporary nanotech-
nology [60,61,62]. Studies have shown that the adopted synthesis pro-
tocols, the interacting chemicals, calcination effect, the
absorption/interfaces of the NPs with the reducing/capping agents, go a
long way to influence the properties and the functionalization of the
formulated nanoparticles [63,50,49].

To enhance the biocompatibility of the formulated nanoparticle, we
employed a facile and biosynthesis protocol of using extract prepared
from room temperature dry Gongronema latifolium as a potential
reducing agent. The phytochemicals (PTC) inherent in DGL, as observed
by many authors is bloated with flavonoid, alkaloid, Tannin and
Saponin, the major bioactive compounds in all edible plants [64,65].
Owing to the intrinsic PTC in DGL, it serves as a good reducing agent for
the synthesis of the formulated DGL-AgNPs, a sequel to its affinity to-
wards Ag ions formation [66] when compared to wet Gongronema lat-
ifolium as we have previously reported [13].

In this work, a one-step in-situ biosynthesis co-precipitation protocol
of silver nanoparticles using dry leaves extract of GL bloated in PTC as a
potential reducing agent is presented. The bactericidal potency of DGL-
AgNPs against E. coli, S. aureus and K. pneumonia were presented for
the first time. It is noteworthy from the analysis that the bactericidal
activities of DGL-AgNPs show strong susceptibility to the chosen path-
ogens with concentration-dependent compared with gentamicin (a
standard drug). Based on these observations, the formulated DGL-AgNPs
show strong bactericidal against the pathogens with facile, benign, eco-
friendly, biocompatibility and innocuous synthesis procedures.

2. Materials and Methods
2.1. Materials

Sigma-Aldrich products of anhydrous silver nitrate (AgNOs) with
high purity were used as procured without further purifications. Gram
(+ve) Staphylococcus aureus (S. aureus ATCC 21214), Gram (-ve) Kleb-
siella pneumoniae (K. pneumonia ATCC 300402) and Escherichia coli
(E. Coli ATCC 21711) was given by the classic microbiology laboratory,
University of Nigeria, Nusska. Analytical grade of Muller-Hinton agar
and broth were used for the bactericidal assay. The leaves of GL were
obtained in the morning from a garden in the University of Nigeria
community. 1mg/mL gentamicin as +ve control and distilled water
(DW) as -ve control were used.

2.2. Characterization Techniques

The crystallinity of the samples was determined by powder X-ray
diffractometer the (Shimadzu-7000, Japan with Cu-Ka radiation and A
= 1.5406 A) with scanning 20 range of 20° to 80°. The morphology was
analyzed using transmission electron microscopy (TEM) (HITACHI H-
8100, Japan). Fourier transform infrared (FTIR) spectroscopy (FTIR-
1650, Perkin Elmer, USA) within 500 - 4000 cm ™! was used to obtain the
bio-conjugate functional groups. The absorbance of DGL-AgNPs in the
range of 300 to 700 nm was evaluated using a UV-Visible spectropho-
tometer (Shimadzu Uv-7504, Japan).
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2.3. Preparation of DGL aqueous extract

The obtained fresh leaves were washing gently with DW three times
for purity. The clean GL leaves were subjected to drying at room tem-
perature (Tg) for 72 h. The dry GL (DGL) was turned into powder using
Philip’s electric blender. 10 g of the powdered GL was gently dispersed
in 100 mL DW and heat to 80 °C for 1 h while shaken intermittently.
After cooling, Whitman No.1 filter paper was used to separate the
extract and the residues. The filtrate is kept in the freezer below -4 °C for
the biosynthesis.

2.4. In-situ biosynthesis of DGL-AgNPs

Three concentrations of the precursor AgNO3 (1, 2 and 3mM) were
respectively dispersed in DW (100 mL) and stirred for 1 h at 800 rpm for
homogeneity. 20 mL aqueous extract of DGL was then added to 80 mL of
AgNOs3 solution dropwise to make a complete 100 mL solution. This
solution was stirred for another 2h. The solution was covered with
aluminum foil owing to the photoluminescence of silver solution. After
which the homogeneous solution is thermally treated at 80 °C until the
liquid is completely evaporated. The gel-like formed was transferred to a
muffle furnace for 6 h at 80 °C. The obtained nanoparticles were washed
with ethanol followed by DW many times and annealed in a furnace at
400 °C for 2 h. The DGL-AgNPs from the respective concentration was
named a, b and c. The reaction mechanism is described in Fig.1.

2.5. Bactericidal activities

A modified well-diffusion method (WDM) previously used was
adopted for the analysis of the bactericidal activity of the DGL-AgNPs
[67]. The antibacterial assay of Ag-NPs was evaluated and tested
using E. coli, S. aureus and K. pneumonia bacteria strain by WDM. An
overnight fresh culture as inoculums of the pathogenic strains was
seeded on Mueller Hinton ager plates using sterile cotton swabs. The
organisms were grown overnight in peptone water. Nutrient broth agar
was used to culture the organisms at 37 °C for 24 h in an incubator with
MC Farland of 0.5 standards. The autoclaved nutrient agar medium was
poured into sterilized Petri dishes to form jell. The inoculum at =
10°CFU/mL was smeared evenly on the agar plate using cotton swab
stick. 7 mm diameter holes bored in the plate using sterilized cork borer
were filled with DGL-AgNPs in concentrations of 10%(1.0pg/mL), 30%
(3.0pg/mL), 50%(5.0pg/mL), 80%(8.0ug/mL) and 100%(10.0pg/mL).
The plates were incubated for 24 h at Ty to enhance its diffusion. The
susceptibility via the inhibition zones (IZ) was determined and recorded
in the unit of a millimeter (mm).

3. Results and discussion
3.1. Structural analysis of DGL-AgNPs

The crystal structure of all the samples, as presented in Fig. 2, gives
an indication that the formulated DGL-AgNPs are crystalline in nature.
The peaks observed at 26 value and their crystallographic reflection
planes are 38.1° (111), 44.2° (200), 64.4° (220), and 77.3° (311) with
fcc lattice phase. Sample “c” shows the pure phase of silver without
impurities. We assumed that this is due to the increase in the concen-
tration of the AgNO3 compared with sample “a” and “b” with some
biogenic phases [68]. The crystallite size of the samples was analyzed
using Scherer’s formula (Eq. 1) with a value of 7.2, 28.0 and 33.7 nm for
samples a, b and c, respectively. The crystallite size was observed to
increase with respect to the concentration of AgNOs. Also, the peaks
were more pronounced as the concentration of AgNOs increases.

D = 0.9 X — ray — wavelength/Ecos0 (€8]

where 0 is the Bragg diffraction angle, &is the full width at half maximum
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3.2. The HRTEM images, SAED and EDX analysis of DGL-AgNPs

The morphologies of the samples were analyzed using HRTEM

Fig. 1. Mechanism of bio-conjugate between DGL and AgNO3 formation.
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Fig. 2. XRD spectra of a, b and c.

micrographs, as shown in Fig. 3 (a, b & c). Well-Dispersed particles with
a narrow distribution for all the samples were observed. The results
showed that the Ag-NPs nanostructured formed were spherical with a
particle size ranges between 5 to 20 nm as shown in Fig. 3(g). This is in
agreement with the crystallite size, as obtained by XRD. The reducing
agent effectively inhibits the growth of the ripening of the DGL-AgNPs to
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a

Fig. 3. (a-c) TEM images and (d-f) SAED images of samples (g) particle size distribution (h) EDX spectra analyses.

Transmittance (%)

Transmittance (%)

1500
Wavenumber (cm™")

4000 3000 2000 1 1000
Wavenumber (cm™")

Fig. 4. FT-IR spectra of the samples.
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avoid agglomeration. Also, the elemental compositions, as shown in
Fig. 3 (d, e & f) were determined by SAED. The pattern of the sharp rings
confirmed the polycrystallinity of the formulated DGL-AgNPs. The
formed rings from (1 1 1), (2 0 0), (2 2 0) and (3 1 1) is linked to the
diffraction plane of FCC. The EDX analysis, as presented in Fig. 3 (h)
revealed the elemental composition of the sample and all the constitu-
ent’s elements in the compound with a strong peak for Ag at 8.0 keV.

3.3. FTIR Spectra of DGL-AgNPs

The functional groups between the chemical compositions present in
the formulated DGL-AgNPs to ascertain the PTC inherent in the samples
were analyzed by FTIR spectroscopy and presented in Fig. 4. The spectra
revealed the vibration bands in the samples in the wavelength range
between 500 and 4000 cm ™. We observed that all the samples exhibited
the same peaks. The peaks at 3279 cm ™! and 2334 cm ™! are owing to the
(-OH stretching) and (-CH stretching, alkanes), respectively of the hy-
drocarbons group of water molecules [70,71]. The observed peak at
1349 cm~! is due to vibration C=0 (carbonyl and esters bonded con-
jugate) [72,73]. The peak at 1011 cm ! is attributed to C-N aromatic
amines. The peak at 822 cm™! gives the stretching vibration of C-O-C.
The observed functional groups in DGL-AgNPs showed the bio-conjugate
interaction between the DGL and AgNOs; owing to the DGL bioactive
compounds towards the Ag™ to donate free electrons, with a transition
from Ag™ to Ag®. Moreover, the peak at 683cm ™" and below is ascribed
to Ag-O surface bond in the formation of DGL-AgNPs [74,75]. These
results agreed with the previous results and showed the potency of the
aqueous extract as a potential reducing agent in the formulation of
DGL-AgNPs [60,13,14,17].

3.4. UV-Visible spectra of DGL-AgNPs

The absorption spectra of DGL-AgNPs were analyzed using a UV-Vis
spectrophotometer, which is presented in Fig. 5. The formation of DGL-
AgNPs and the observed color change is owing to the reduction of Ag™ to
DGL-AgNPs by the bioactive components in DGL [73]. A color change
was observed after 1 min. with a surface plasmon resonance peak of 428
nm for the samples with increasing intensity as the concentration in-
creases [76]. These results confirmed the formulation of DGL-AgNPs
since the surface plasmon resonance peak is within420 < x < 470nm
[77,26]. This is in agreement with other research work [78,25].

Surfaces and Interfaces 24 (2021) 101116

3.5. Antibacterial activity of DGL-AgNPs

The IZ of DGL-AgNPs against the selected bacterial strains measured
in mm for each organism is presented as shown in Table 1. The formu-
lated DGL-AgNPs were observed to show significant bactericidal activity
towards the pathogenic organisms by inhibiting the growth of the bac-
terial strains, as presented in Fig. 6. The antibacterial activities of DGL-
AgNPs against the bacterial strains were observed to be viable compared
with Gentamicin; particularly, in K. pneumonia. The antibacterial ac-
tivities of DGL-AgNPs with MIC of 10 pg/ml are concentration dose-
dependent i.e., it increases with the concentration dose [79,54,26], as
presented in Fig. 7. Based on the susceptibility of DGL-AgNPs against the
pathogenic strains, the obtained DGL-AgNPs can serve as a potential and
efficient antibacterial agent owing to its activities towards the
pathogens.

4. Conclusion

A facile, cost-effective, nontoxic and ecofriendly one step in situ
process was used to prepare DGL-AgNPs via DGL to define the properties
of the formulated nanoparticles and their antibacterial potency against
Gram-positive and Gram-negative were reported in work. DGL was used
as a fuel owing to its intrinsic PTC. The TEM analyses formed were
spherical, with the particle size, ranges from 5 - 20 nm. A single phase of
well crystalline samples was observed with the XRD analysis. The
functional groups present in the reducing agent have been discovered
from the FTIR results. This showed that DGL molecules adsorbed on the
surfaces of the NPs as a barrier to prevent them from agglomeration.
Also, the absorbance by UV-Vis gave a distinct SPR at 428 nm for all the
samples, which is evidence of the complete absorption of DGL by

Table 1
Inhibition zone of DGL-AgNPs and gentamicin against the pathogens.

Inhibition zone (mm) (MIC = 10 pg/ml)

Organism DW C1 C2 Cc3 C4 C5 Gen.
S. aureus 0.00 21 24 25 26 24 35
K. pneumonia 0.00 22 20 23 23 30 27
E. coli 0.00 19 22 24 25 25 34

C1 = 10pg/mL, C2 = 30pg/mL, C3 = 50pug/mL, C4 = 80pg/mL and C5 = 100ug/
mL,

1.2 4

g o =
[<2] (=) o
1L 1L 1L

Intensity (Arb. Units)
o
=

0.2 4

1 SPR =428 nm
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Fig. 5. UV-Visible spectra of the samples.
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Fig. 6. The images of the zone of inhibition of DGL-AgNPs against the pathogenic strains.
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Fig. 7. Activities of DGL-AgNPs against the pathogenic strains.

AgNOs. The viability of DGL-AgNPs, was examined against three most
debilitating bacterial strains: E. coli, S. aureus and K. pneumonia. It is
noteworthy from the analysis that the bactericidal activities of DGL-
AgNPs exhibit strong susceptibility to the chosen pathogens. Owing to
these observations, the formulated DGL-AgNPs stand as a potential
bactericidal agent due to its facile, benign, biocompatibility, eco-
friendly and innocuous synthesis protocol.
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