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Abstract

Synthesis of metallic nanoparticles using secondary metabolites present in plant extracts has attracted attention. In this
study, Lantana trifolia aqueous extracts were used to synthesize silver nanoparticles (AgNPs) which were then screened
for their antimicrobial activity. The morphology, size and functional groups present in AgNPs was evaluated using electron
microscopy and Fourier transform infrared spectroscopy (FT-IR). The role of temperature, reaction time and concentration
of precursor ion were evaluated by measuring the surface plasmon resonance of AgNPs using UV-Vis spectroscopy. The
crystal structure, hydrodynamic diameters and redox potential were evaluated using powder X-ray diffractometer (PWXRD),
dynamic light scattering (DLS) and cyclic voltammetry respectively. The data obtained in this study revealed that increase
in the reaction time led to an increase in surface plasmon resonance of AgNPs while the increase in temperature from 20
to 35 “C increased the rate of AgNPs synthesis. The XRD diffractogram revealed that the particles were composed of silver
with 20 =38.36, 44.428, 54.89, and 57.87, corresponding to the silver crystal planes of (111), (200), (220), and (311). The
diameters of the nanoparticles were between 35 and 70 nm, and they had moderate antimicrobial activity against E. coli, P.
aeruginosa, C. albicans, S. aureus and B. subtilis.
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1 Introduction antimicrobial activity through membrane protein damage,
super peroxide radicals or generation of ions that can inter-
Bacterial resistance is a major public health concern because  fere with cell granules. These particles have the potential to
of its negative impact on the health care system as existing  inhibit formation of advanced glycation end products and
antibiotics lose efficacy [1]. Metallic nanoparticles effect they can be used as anticancer therapies [2, 3]. Moreover,
metallic nanoparticles such as silver nanoparticles (AgNPs)
. A ] ; ; have been reported to alter the metabolic activity of bacteria
Electronic supplementary material The online version of this . . . . .
article (https://doi.org/10.1007/s10904-019-01432-5) contains and preventing biofilm formation [4]. The antibacterial char-
supplementary material, which is available to authorized users. acteristics of AgNPs are influenced by their size, shape, con-
centration and colloidal state. With respect to size, smaller
nanoparticles have a large surface area in contact with the
bacterial cells and they can reach the cytoplasm of the cell
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to metallic AgNPs with parameters such as the choice of
reducing agents, the concentration of reagents, tempera-
ture, pH, mixing rate and reaction time manipulated to con-
trol the size, shape and rate at which they are formed [6].
When compared to wet chemical methods, the use of plant
extracts to synthesize metallic nanoparticles is desirable as
it is faster, environmentally friendly and employs the use of
mild reaction conditions [7]. Green synthesized AgNPs are
not only biocompatible but the method is cost-effective as it
provides the possibility of supporting larger synthesis and
the reduction occurs in 2—4 h and through manipulation of
reaction conditions such as pH, substrate concentration, tem-
perature and the reaction time the size of the nanoparticles
can be controlled [8]. With increased antimicrobial proper-
ties, AgNPs are currently used in consumer and industrial
applications such as food packaging [9], coatings on medical
devices [10, 11], water disinfectants, antimicrobial textile
fabrics [12, 13]and cosmetic products [14].

In this study, AgNPs were synthesized using aqueous
extracts of Lantana trifolia which has been reported to con-
tain a variety of secondary metabolites such as flavonoids,
tannins, chalcones, coumarins and phenolic acids which can
serve as reducing and capping agents [15]. The nanoparti-
cles were then characterized using Fourier-transform infra-
red spectrophotometer (FTIR) to determine the functional
groups present while the crystalline phase was determined
using wide-angle X-ray diffractometer. The surface morphol-
ogy and size of the nanoparticles were evaluated using a
scanning electron microscope (SEM), dynamic light scatter-
ing (DLS) and a Transmission electron microscope (TEM)
respectively. The antimicrobial properties and antioxidant
potential of the synthesized nanoparticles were evaluated
using disc diffusion assay and cyclic voltammetry.

2 Materials and Methods
2.1 Extraction of Secondary Metabolites

Fresh leaves of Lantana trifolia were collected from Thika
Sub-County, Kiambu County in Kenya, washed with dis-
tilled water and air-dried at room temperature before pulveri-
zation using a milling machine (locally assembled no model
number). Aqueous extracts were obtained by extraction of
100 mg of ground sample in 500 ml of water in a soxhlet
apparatus.

2.2 Synthesis of AgNPs using L. trifolia Extracts

In the synthesis of AgNPs, the effects of temperature, con-
centration of AgNO; solution and reaction time extracts
were investigated to ascertain their role during the reaction
process. In 3 mL aqueous solution of AgNOj; solution (0.5,

1, 1.5 mM), 1 mL of the plant extracts was added into the
solution and the formation of AgNPs monitored using a
Shimadzu UV-Vis 1800 spectrophotometer in the range of
300-800 nm [16]. The role of temperature during synthesis
was evaluated by adding 200 pL of 0.1 M AgNO; solution to
2.5 mL aqueous extracts and the reaction carried out at 20,
25,30 and 35 °C for 2 h respectively. The rate of AgNPs for-
mation was calculated from the absorbance value (A, ) that
was observed after 3 h by plotting a graph of InA /A, against
time while the rate of formation (k) was obtained from the
slope of the curves [17]. The particles obtained were washed
with distilled water and ethanol to remove impurities and
dried before further analysis.

2.3 Characterization of AgNPs

The functional groups present were determined by a Shi-
madzu Fourier Transform Infrared spectrophotometer,
Model FTS- 8000 (Shimadzu Corporation, Japan). The KBr
pellets were prepared by grinding 10 mg of samples, with
250 mg KBr (FT-IR grade). The 13 mm KBr pellets were
prepared in a standard device under a pressure of 75 kN cm™
for 3 min. The spectral resolution was set at 4 cm™ and the
scanning range from 400 to 4000 cm™' [18, 19]The spectral
resolution was set at 4 cm™' and the scanning range from
400 to 4000 cm™ [18, 19]. The powder XRD profile of the
AgNPs was examined using a STOE STADIP P X-ray Pow-
der Diffraction System (STOE and Cie GmbH, Darmstadt,
Germany). The X-ray generator was equipped with a copper
tube operating at 40 kV and 40 mA and irradiating the sam-
ple with a monochromatic CuKa radiation with a wavelength
of 0.1545 nm. XRD spectra was acquired at room tempera-
ture over the 20 range of 2°-90° at 0.05° intervals with a
measurement time of 1 s per 20 intervals [20]. The thermal
properties of AgNPs was evaluated using a Mettler Tolledo
Thermal Gravimetric DSC/TGA 3 + system (Mettler-Toledo
GmbH, Switzerland). 10 mg of the sample was heated from
25 to 500 ‘C at 10 ‘C/min cooled to 25 °C [18, 21]. The
particle size distribution, zeta potential and poly-dispersi-
bility index of the FeNPs solution were measured using a
Bechman Coulter DelsaMax pro dynamic light scattering
analyzer (Indianapolis, United States). The morphology of
AgNPs was evaluated using a scanning electron microscope
FEI XL30 Sirion FEG (Oxford Instruments Plc, Abingdon,
United Kingdom) operated at an accelerating voltage of
30 kV. The system was equipped with an energy disper-
sive x-ray spectrometer (EDS) system from EDAX having
a lithium doped silicon detector (Wang et al. [22]). TEM
micrographs were acquired on a Tecnai G2 Spirit (Thermo
Fisher Scientific, Oregon USA) operated at 120 kV after
suspending the pulp fibers in ultrapure water (18 MQ cm
Barnstead Genpure UV-TOC, Thermo Fisher scientific, Ger-
many), and drop casting on carbon films 300 mesh (Electron
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microscopy science, CF300-CU). The particle size distribu-
tion, zeta potential and poly-dispersibility index was meas-
ured using a Bechman Coulter DelsaMax pro Dynamic light
scattering analyzer (Indianapolis, United States).

2.4 Disc Diffusion Assay

The antibacterial activity of AgNPs against the selected
Gram-negative, gram positive and fungal pathogens was
carried out using Kirby—Bauer disk diffusion susceptibil-
ity test. The bacteria strains were then spread on the Muel-
ler—Hinton agar (MHA) (Merck, Germany) using a sterile
cotton swab. Sterile blank antimicrobial susceptibility disk
was used in the test. The disks were loaded with L. trifolia
leaves extracts and a solution containing green synthesized
AgNPs separately, placed on the agar plate and incubated at
37 °C for 24 h [23].

3 Results and Discussions

3.1 UV-VIS Analysis of AgNPs

Figure 1 illustrates the time dependence of the AgNPs for-
mation using L. trifolia extracts as determined by UV/Vis
spectroscopy.

Silver nanoparticles exhibit surface plasmon resonance
(SPR) which allows the absorption and scattering of inci-
dent radiation that can be measured using a UV-Vis spec-
trophotometer. The SPR band intensity and wavelength is
dependent on particle properties such as the shape, structure,
metal type, size, and the dielectric material surrounding the
medium [24]. In order to understand the impact of time, tem-
perature and the concentration of Ag" ion during synthesis,
the reactions were carried out under different temperatures,
concentration of Ag* ions and time. As observed in Fig. 1,
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the absorption spectrum of AgNPs spanned a wide range
from 330 to 600 nm with the surface plasmon resonance
(SPR) peak, an indicator for AgNPs formation, centred at
443 nm [25, 26]. Increasing the amount of extract used
and the reaction time resulted to a subsequent increase in
the amount of AgNPs formed in solution as a result, the
surface plasmon peak increased. However, the observed
increase in SPR was stable after 2 h of incubation, which
indicated that the synthesis was complete. The SPR spec-
tra of AgNPs synthesized using 0.5 mM AgNO; solution
showed a sharper and stronger absorption band as compared
higher concentration (1 mM and 1.5 mM), which were less
intense (Fig. 3) [26]. Moreover, presence of a broad plasmon
band that extends from 360 to 550 nm with an absorption
tail at higher wavelength (Fig. 1, 2, 3) could be due to the
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multi-size distribution of the nanoparticles [17]. The find-
ings in this study are in agreement with observations made
in literature since a bathochromic shift in the UV-Vis spec-
tra was observed when the temperature of the reaction media
was decreased from 35 to 20 ‘C [27]. However, a decrease in
the reaction temperature led to a broad band being observed,
which is associated with the presence of larger particles. At
lower temperatures, the nanoparticles aggregated hence the
broad UV spectra observed at 20 °C as compared to higher
temperature (35 °C), in which an increase in the optical
density and the SPR was as a result of an increase in the
number of synthesized particles. The red-shift observed was
due to the delocalization and sharing of conduction elec-
trons near each particle surface among neighboring particles
[28]. Broadening and bathochromic shift are associated with
agglomeration or increase in particle sizes, which increase
the scattering of the solution [26]. The energy band gap can
be estimated from tauc plot between (ahv)? versus energy
of photon (hv). The intercept of the tangent on the tauc plot
give a direct band gap for n=1. The band gap energy for
AgNPs synthesized at 30 ‘C was determined from Tauc plot
(Fig. 4) and it was found to be 2.36 eV.

3.2 FT-IR spectra of AgNPs

The FT-IR spectra of AgNPs synthesized using L. trifolia
extracts are depicted in Fig. 5.

From the IR spectra (Fig. 5), the vibration frequencies
observed at 3361, 2918, 1379 and 1257 cm™! are typically
reported to be vibrational frequencies due to presence of
OH stretching, C—H stretching, OH bending (phenolic com-
pounds) and C-N stretching of amines or C—O aromatic.
These functional groups are typically present in phenolic
compounds such as flavanoids, phenolic acids, in terpenes
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Fig.5 FT-IR spectra of AgNPs synthesized using L. trifolia extracts

and terpenoids, and in nitrogen containing compounds such
as alkaloids, amino acids and indoles [29]. The vibrational
frequencies at 1039, 813, 753 and 683 cm™! are typical of
C-0 stretching, C=C bending, C—H bending and C=C bend-
ing respectively [30]. It is worth noting that the position of
the bands due to the C=C stretching vibration and the CH,
in-plane deformation vibration are influenced by presence
of a metal-1 bond coordination system. Coordination of an
organic molecule to a metal atom through n-bonding reduces
the C=C stretching frequency and brings it closer to the CH,
deformation frequency which allows increased coupling to
occur. As a result, coordination of Ag to an organic molecule
decreases the C=C stretching frequency which means that
the band due to C=C vibration occurs at 1596 cm™! rather
than at around 1620 cm™" [30].

3.3 X-ray Diffractogram of Silver Nanoparticles

The X-ray diffractogram of the synthesized AgNPs are
depicted in Fig. 6.

From Fig. 6, wide angle X-ray diffraction analysis con-
firmed the crystalline nature of mediated AgNPs based on
the diffraction peaks centred at 20 = 38, 44, 55, and 58, cor-
responding to the silver crystal planes of (111), (200), (220),
and (311), respectively. However, the peaks at 20 = 28, 33,
47 correspond to AgCl planes (111), (200) and (202) which
can be attributed to the presence of chloride ion in the aque-
ous extracts which lead to formation of AgClI together Ag’
[17]. It is worth noting that pristine silver nanoparticles are
not chemically stable in the environment and they strongly
react with inorganic ligands such as sulphide and chloride
once the silver is oxidized. Being one of the most prevalent
monovalent anions in the natural aqueous systems, chlo-
ride ions are present in plant extracts used during synthesis
of AgNPs [31]. As such during synthesis of AgNPs using
plant extracts, the interaction between Cl~ and Ag* leads to

@ Springer



2846 Journal of Inorganic and Organometallic Polymers and Materials (2020) 30:2842-2850

] 200
1200 e
] 111
1000 e
é 800 11 1\
%’ 1 202
£ 600+ /
400 4 200
1 311 222
2004
0 . . . . . . . T . .
10 20 30 40 50 60
2 Theta
Fig.6 X-ray diffractogram of biosynthesized AgNPs
100 4 -1 0.00
--0.02
--0.04 —~
= :
9
= L-0.06 4
& 804 4 a
3 S
- --0.08
= >
s 010 &
L - =V. >
= 5
--0.12
60 F-0.14
--0.16
) M ) M ) M ) M ) M
100 200 300 400 500 600

Temperature (C)

Fig.7 TGA and DTGA of AgNPs synthesized using L. trifolia
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formation of both AgCl and AgNPs hence their presence in
the XRD profile.

3.4 TGA-DTGA Thermograms of AgNPs

The thermal properties of AgNPs synthesized using L. tri-
folia are depicted in Fig. 7.

The TGA thermograms of AgNPs synthesized using L.
trifolia had three distinct degradation phases at 47, 172,
and 251 °C with maximum degradation occurring at 313
°C. These degradation stages were followed by subsequent
changes in mass of the sample with a final mass loss of
28.9% being observed. The decomposition occurring at 173
°C can be associated with the removal of the organic layer
surrounding the nanoparticles, which can also be linked to
the high ash content [8].

@ Springer

3.5 SEM Micrographs of AgNPs

The morphology of AgNPs synthesized using L. trifolia are
depicted in Fig. 8.

From SEM micrograph obtained (Fig. 8), the particle
appeared to be amorphous in nature. While green synthesis
of metallic nanoparticle has in the recent past obtained much
attention due to their environmental friendliness, one major
drawback of this approach is that the nanoparticles are usu-
ally amorphous in nature [8]. This is due to the presence of
a secondary metabolite coating that surrounds the nanopar-
ticles and prevents their reaction with species such OH™ pre-
sent in the reaction media thereby preventing formation of
metallic oxides. The organic coating surrounding AgNPs can
also be accounted for since from the FT-IR spectra (Fig. 2)
in which presence of functional groups associated with sec-
ondary metabolites were observed [7, 8].

3.6 Size Distribution Measurements

The diameter of silver nanoparticles synthesized using L.
trifolia was measured using dynamic light scattering and the
results are depicted in Fig. 9, Table 1.

The results show that the average size of particle synthe-
sized using different temperatures was in the range between
35 and 65 nm in diameter. DLS measures the hydrodynamic
diameter, which is the diameter of the particle plus ions or
molecules that are attached to the surface and moves with
the AgNPs in solution. It was observed that variation in tem-
perature played a role in the size of the synthesized nanopar-
ticles, which is in agreement with observations made under
UV-Vis analysis [8]. From Fig. 10, the effect of temperature
on the size of the synthesized nanoparticles could be clearly
observed as at higher and lower temperatures, the diame-
ter of the nanoparticles was found to be 60+ 3, 37.0+0.7,
46+ 1.0 and 48 + 3 for 35, 30, 25, and 20 °C respectively.

3.7 TEM Micrographs of AgNPs

TEM micrographs and size distribution of green synthesized
AgNPs are depicted in Fig. 10.

From Fig. 10, it can be observed that AgNPs were spheri-
cal in nature. Measurement of size of the AgNPs revealed
that under optimal reaction conditions, the particles were
spherical with variable sizes between 5 and 70 nm in
diameter. The results obtained from TEM analysis were in
agreement with dynamic light scattering since from DLS
measurements the particles were found to be polydisperse.
This variability in particle size has been associated with the
inability of the secondary metabolites to control particle size
during growth as compared to other methods that employ
the using of polymeric materials to control the size of the
nanoparticles during synthesis [27].
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Table 1 Hydrodynamic diameter, Zeta potential and Poly-dispersibil-
ity index (PDI) of AgNps

Sample Hydrodynamic Zeta potential (mV) PDI
diameters

T35 60+3 —-22+4 0.57+0

T30 371 -6+l 0.56+0

T25 46+1 -22+1 0.57+0

T20 48+3 - 18+4 0.57+0
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Fig. 10 Particle Diameter distribution of AgNPs synthesized using L.
trifolia extracts

3.8 Cyclic Voltammetry

The redox potential of green synthesized AgNPs was evalu-
ated using cyclic voltammetry and the results are depicted
in Fig. 11.

The total reducing power is defined as the ability of cer-
tain molecules to act as electron donors or protons receptors
in oxidation-reduction reactions. From the data obtained
in CV (Fig. 11), it follows that the most important param-
eters are the peak potential and the peak current. The peak
potential correlates with the type of reductant; low oxidation
potentials are associated with a greater facility or strength
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Fig. 11 Cyclic voltammogram of AgNPs synthesized using L. trifolia
extracts

of a given molecule for the electron donation and, thus, to
act as antioxidant; peak current is directly proportional to
the antioxidant concentration according to Randles—Sevcik
equation [32]. As can be observed, the cyclic voltammo-
grams gave an anodic (positive) peak at 159 mV, which cor-
respond to the total oxidation potential of AgNPs [33].

3.9 Antimicrobial Studies

The antimicrobial activity of the synthesized nanoparticles
was evaluated against selected microorganisms and the
results are depicted in Table 2.

From the results obtained, the synthesized AgNPs were
more potent on gram positive bacteria S. aureus as compared
to when compared to gram negative bacteria E. coli and P.
aeruginosa, gram negative bacteria B. subtilis and the fungal
strain C. albicans. The zones of inhibition were highest in
S. aureus followed by C. albicans, E. coli and P. aeruginosa
and lowest in B. subtilis (Table 3). It has been demonstrated
that the antibacterial effect of AgNPs on gram negative bac-
teria is higher than on gram positive bacteria as a result of
the thickness of cell wall. In gram positive bacteria, the cell
wall thickness is 30 nm while in gram negative bacteria the
cell wall thickness is between 3 and 4 nm and is mainly com-
posed of peptidoglycan [5, 34]. Due to this difference, gram

Table 3 Inhibition zones for standard antibiotics

Antibiotic SA PA BS EC CA
standards

Minimum inhibition zones (Mean + SD) in mm

SX 8.0+0.0 14.0+£0.0 12.0+0.0 17.0£14 9.0+£0.0
GEN 8.0+0.0 9.0+£0.0 8.0+0.0 13.0+£0.0 NI

AMC 9.0+£0.0 NI 8.0+0.0 14.0+£0.0 NI

NX 9+3 140+0.0 12.0+£0.0 28.0+0.0 NI

CTR 32+1 9.0+0.0 NI 245+2.1 NI

NIT NI NI 8.0+£0.0 12.0+£0.0 NI

OF NI 11.0£0.0 9.+1 27.0+2.8 12.00+0.00
NA NI NI 9.0+0.0 15.0+2.8 NI

SX sulphamethoxazole (25 pg); GEN gentamicin (10 pg); AMC
amoxyclav (20/10 pg); NX norfloxacin (10 pg); CTR ceftriaxone
(30 pg); NIT: nitrofurantoin (200 pg); OF ofloxacin (10 pg); NA nali-
dixic acid (30 pg); NI no inhibition; PA Pseudomonas aeruginosa;
BS Bacillus subtilis; EC Escherichia coli; CA Candida albicans; SA
Staphylococcus aureus

negative bacteria are more susceptible to AgNPs which are
able to anchor themselves on bacteria cell wall, infiltrate it
and thereby damaging the cell membrane leading to cellular
content leakage and bacterial death [34]. In our study, the
AgNPs were more potent on gram negative bacteria E. coli
and P. aeruginosa as compared to the gram-positive bacteria
B. subtilis. However, when compared to the gram-positive
bacteria S. aureus, AgNPs had higher potency to this strain
of bacteria as compared to the gram-negative bacteria that
were studied (Fig. 12).

4 Conclusion

Silver nanoparticles were synthesized using lantana trifolia
extracts. Characterization of the synthesized nanoparticles
revealed that the nanoparticles had variable sizes depend-
ing on reaction conditions and they contained crystalline
indices reported for silver nanoparticles. Morphology of the
nanoparticles as studied by scanning electron microscopy
revealed that the particles were amorphous in nature while
TEM micrographs and DLS data revealed that the particles
were polydisperse with variable diameters.

Table 2 Antimicrobial activity

; Gram negative Fungi Gram positive
of AgNPs against selected
microorganisms Concentration E. coli P. aeruginosa C. albicans S. aureus B. subtilis
10° 11+1 11+1 12+1 16+1.7 8.7+0.6
107 + 8.7+0.6 9.3+0.6 15+1 8+1
10! 7.3+0.6 73+0.6 8+1 13715 7.3+0.6
1 7+1 NI 7.3+0.6 9.7+12 NI
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