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Abstract: Nanotechnology is an emerging field that has opened new horizons in nanomedicine. The use of silver
nanoparticles is attracting much interest because of their antibacterial activity. This study involved synthesis of silver
nanoparticles using Chrysanthemum cinerariaefolium flowers dichloromethane-methanol crude extract. The synthesized silver
nanoparticles (Ag NPs) were characterized using UV-Vis spectroscopy, SEM, EDX, TEM and FTIR. The antibacterial
potential of the nanoparticles was ascertained against methicillin-resistant Staphylococcus aureus (MRSA), Pseudomonas
aeruginosa, Staphylococcus aureus and Shigella sonnei. This was followed by phytochemical analyses of the crude extracts.
The Ag NPs were generally spherical as observed in the SEM and TEM micrographs with an average size of 26.98 nm. The
UV- absorption spectrum revealed prominent peak at 430 nm while EDX analysis showed the percentage abundance of silver
nanoparticle at (81.33%). The FTIR spectroscopy confirmed absorption bands of various functional groups on the surface of
Ag NPs. The absorption bands were at 3472.88 cm™, 3190.67 cm™, 1646.61 cm™, 1405.08 cm™, 1109.32 cm™ and 518.64 cm’.
Antibacterial potential of the synthesized Ag NPs showed that they were more active on S. aureus with an MIC of 31.25
pg/ml. The phytochemicals observed in the crude extracts that could have been responsible for reducing silver ions into silver
nanoparticles were flavonoids, phenols, tannins and glycosides.
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are among the leading cause of death world-wide [1].
Antibiotics has been the mainstay in the fight against
bacterial infections, however this breakthrough has been
compromised over the past few decades due to emergence

1. Introduction

Infectious diseases including bacterial, viral and fungal
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of drug-resistant bacteria [2]. This therefore has
necessitated a search for novel drugs that target these
resistant micro-organisms. Since time immemorial, silver
has been known for its anti-bacterial effects and for
centuries it has find use in prevention and control of wide-
ranging infections [3]. Advances in nanotechnology have
immensely improved the antimicrobial potential of silver
and opened new horizons in nanomedicine.

Due to their small sizes, the nanoparticles possess novel
physiochemical and biological properties, such as
enhanced reactive area and the ability to cross cell and
tissue barriers [4].

The most commonly used method for synthesizing
nanoparticles is chemical method. This method however may
lead to the presence of some toxic chemicals that were used
in the reduction of the metal ion to nano size and stabilization
of the nanoparticle [5]. As a substitute to chemical synthesis,
scientists have devised alternative ways of synthesizing
nanoparticles from metal ions using natural products through
green synthesis [6]. Green synthesis of nanoparticles has
been considered cost-effective, economic, eco-friendly, occur
at ambient conditions and uses less chemicals, thus reducing
the pollution caused to the environment [6].

Natural products such as plant extracts, fungal extracts
and bacterial extracts are rich sources of unmatched
chemical entities that can be used to treat various illnesses,
besides playing other important roles such as synthesis of
nanoparticles [7]. Among the chemical entities present in
these extracts are flavanoids, alkaloids, terpenoids, steroids,
tannins and phenols. In nanotechnology these chemical
entities can act as reducing and capping/stabilizing agents
in the reduction of metal ions to metal nanoparticles [8].
The nanoparticles obtained from metal ions can be used in
drug delivery [9], tissue/tumor imaging [10], biosensing
[11], catalysis [12] and surface-enhanced raman scattering-
based sensors [13].

Plant extracts have been used widely in green synthesis
of nanoparticles because they are more stable and the rate
of synthesis is faster in comparison to microorganisms [6].
Earlier studies have shown that crude extracts from
various plants such as Malachra capitata, alfalfa sprouts,
Aloe spp, banana peel, Annona squamosa peel extract,
bamboo charcoal, Curcuma longa tuber, Eucalyptus
hybrida, Cinnamon zeylanicum bark, Geranium spp, and
Capsicum annuum among many other medicinal plants,
have been explored for the synthesis of silver
nanoparticles [14, 15].

The potential of plants to be used in synthesizing
nanoparticles, is yet to be fully explored. Therefore, there
is still a need to explore other plants whose nano synthesis
have not been ascertained. In the present study, silver
nanoparticles were synthesized using dichloromethane-
methanol crude extract (1: 1 v/v) of Chrysanthemum
cinerariaefolium and its antibacterial potential determine
against selected bacteria. An analysis of the
phytochemical composition of the crude extracts was also
carried out.

2. Materials and Methods

2.1. Preparation of C. cinerariaefolium
Dichloromethane-Methanol Crude Extract

Pyrethrum flowers were collected from local farmers in
Elgeyo-Marakwet County, latitude 00 10" to 00 52" N,
Longitude 350 25" to 350 45" E and altitude of 8389 m
above sea level. Twenty grams of powdered flower material
were extracted in 100 ml mixture of methanol and
dichloromethane (1: 1 v/v) at room temperature and
evaporated to dryness under reduced pressure. The
dichloromethane-methanol crude extract was then used for
the green synthesis of silver nanoparticles.

2.2. Preparation of Silver Nanoparticles

Synthesis of silver nanoparticles was done according to
[16]. Dichloromethane-methanol extract (0.05%) was
prepared by dissolving the crude extract (12.5 mg) in a
minimum volume of DMSO (1 mL), into which distilled
water (24 mL) was added. 1 mM silver nitrate solution (25
mL) was mixed with same volume of 0.05% extract and the
resulted mixture was incubated at 30°C in dark on a linear
shaker. Synthesis of silver particles was monitored by using
UV-visible spectrophotometer (Agilent technologies cary 60
uv-vis) at 0, 3, 12, 24 and 48 hrs. Observing a color change
of the extracts from light yellow to dark brown also indicated
formation of nanoprecipitate. Thereafter, the nanopreparation
was centrifuged at 5000 rpm for 10 minutes. The supernatant
was discarded and the pellet containing silver nanoparticles
was air dried in the incubator.

2.3. Characterization of Silver Nanoparticles

2.3.1. UV-visible Spectroscopy

The diluted samples were scanned in a UV-vis
spectrophotometer (Agilent technologies cary 60 uv-vis)
between 300 nm and 700 nm. The UV-visible spectra of the
plant leaf extract and silver nitrate solution were also recorded.

2.3.2. Scanning Electron Microscopic Analysis

The surface characteristics of the synthesized silver
nanoparticles were determined using scanning electron
microscope (SEM Carl Zeiss Ultra Plus). The sample was
first converted to a dry powder then gold coated using a
sputter coater and mounted on a sample handler. It was then
followed by scanning the sample using a focused beam of
electrons. The details pertaining applied voltage,
magnification used and size of the contents of the images
were implanted on the images itself. The elemental analysis
of the nanoparticles was carried out by energy dispersive X-
ray analysis using (EDS) analyzer (Oxford X max) attached
on the scanning electron microscope.

2.3.3. Transmission Electron Microscopic Analyses
Transmission electron microscope (TEM JEOL, JEM
1010) operating at both normal and high resolution modes
(HR TEM) was used to visualize the morphology of the Ag
NPs. The silver nanoparticles were first dissolved in
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methanol and a sample of 5 pul was placed onto the carbon
coated copper grid and a thin film of the sample was made on
the grid and drying under lamp.

2.3.4. Fourier-transform Infrared Spectroscopy (FTIR)

FTIR analysis of dried Ag NPs was carried out through
the potassium bromide (KBr) pellet (FTIR grade) in 1: 100
ratio. The samples were scanned using infrared in the
range of 4000-400 cm™' using Fourier Transform Infrared
Spectrometer (FTIR-600 FTIR SPECTROMETER). The
spectral data obtained were compared with the reference
chart to identify the functional groups present in the
sample.

2.4. Phytochemical Analyses of Dichloromethane-Methanol
Crude Extract

Phytochemical analyses of the dichloromethane-methanol
extract was done qualitatively, using standard procedures
according to [17]. The tested phytochemicals were tannins,
phlobatanins, saponins, flavonoids, steroids, alkaloids,
phenols, tannins, glycoside and terpenoids.

2.5. Antibacterial Assay

2.5.1. Test Micro-organisms

Four bacterial strains S. aureus (ATCC 25923), P
aeruginosa (ATCC 27853), S. sonnei (ATCC 25931) and
MRSA (Clinical isolate) were used for assay of antibacterial
activities. The four were obtained from Kenya Medical
Research Institute (KEMRI).

2.5.2. Disc Diffusion Assay

Antibacterial activity of synthesized Ag NPs were
ascertained using disk diffusion method according to [18].
Suspension of selected micro-organisms was subcultured on
Mueller-Hinton agar with each strain being swabbed evenly
onto individual agar using sterile cotton swabs. Sterile paper
disks 6 mm in diameter impreginated with 500 pg/ml of
AgNPs, 0.05% dichloromethane-methanol extract (control),
AgNO; solution (1Mm) (control), chloramphenicol (positive
control) and 1% DMSO (negative control) were used. The
experiment was replicated 3 times. Zones of inhibition were
measured in millimeter after 24 hrs of growth and its mean +
SD determined. Determination of Minimum Inhibitory
concentration (MIC) was also done on the extract that caused
inhibition above 10 mm+ SD.

2.5.3. Determination of Minimum Inhibitory Concentration
(MIC)

The MIC was determined using the microdilution
method as described by [19]. Serial two-fold dilutions of
Ag NPs against S. aureus was prepared in a 96-well
microtiter plate, obtaining a concentration range from 500
pg/ml to 15.625 pg/ml. It was followed by addition of 5 pl
of S. aureus suspension which were added to the wells
containing the dilutions. Each dose was assayed in
triplicate. Uninoculated wells containing sterile saline and
Ag NPs were used as controls. After incubation for 24 hrs

at 37°C, the samples were observed. MIC was recorded as
the lowest concentration of Ag NPs that inhibited the
bacterial growth minimumly as detected by reduction in
turbidity.

3. Results and Discussion
3.1. Colour Change and UV-vis Spectra

On addition of light yellow dichloromethane-methanol
flower extract to colorless silver nitrate solution (figure 1)
and storing the solution in the dark for 48 hours, formation
of Ag NPs was observed as signified by a colour change
of the extract to dark brown colour (figure 2). Observation
of colour change as a primary notable evidence of
synthesis of silver nanoparticles has been reported in
previous studies [20]. The color change observed was due
to the excitation of surface plasmon resonance (SPR) by
Ag NPs which was then detected in a UV-visible spectrum
as a localized peak at 430 nm (figure 3). This is because
Ag NPs have free electrons which give rise to SPR
absorption band due to the combined vibration of
electrons of metal nanoparticles in resonance with the
light wave [21]. As observed in the current study, earlier
studies too have confirmed that SPR peak for silver
nanoparticle is located within 410-460 nm regions [22].
The broadening of the curve in the UV-vis spectrum
indicated that the nanoparticles were polydispersed [23].
No prominent peak was observed at 410-460 nm regions
in the UV-vis spectrum of silver nitrate (figure 4) and
plant extracts (figure 5) an indication of absence of SPR
band.

Figure 2. (Left) brown colour due to synthesized AgNPs,
dichloromethane-methanol plant extract.

(right)
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Figure 3. UV-vis spectrum of synthesized silver nanoparticles
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Figure 4. UV-vis spectrum of aqueous silver nitrate.
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Figure 5. UV-vis spectrum of dichloromethane-methanol crude extract.

3.2. SEM/EDX and TEM

The surface morphology and elemental composition of
synthesized silver nanoparticles were determined using
SEM/EDX [24]. SEM image shown in figure 6, shows that
the morphology of the nanoparticles were generally spherical
and others aggregates of spherical shape. This observation
has been observed in earlier studies [25].

The elemental constituents and relative abundance of the

biosynthesize Ag NPs were determined using Energy
Dispersive X-ray (EDX) as presented in figure 7. The
spectrum showed strong signal at silver region which is
around 3-3.7 kev. This is in agreement with other studies
whereby metallic silver nanoparticles have been reported to
show typical optical absorption peaks at approximately 3.7
Kev [26]. There were other peaks for C and O which acted as
capping/stabilizing agents on the surface of the silver
nanoparticles and they originated from plant extracts [24].
Presence of other peaks in EDX analysis belonging to other
elements have been observed in other studies where plant
extracts have been wused to synthesize the metalic
nanoparticles [26]. The percentage of Ag metal in occurrence
with other chemical elements was significant with a
percentage of (81.33%) while other elements were oxygen
(3.23%), carbon (15.44%). This is in line with a study done
by (6) whereby carbon and oxygen were among the elements
they observed and silver highest with a percentage of
(70.36%).

TEM micrograph in figure 8 revealed the size and general
morphology of the nanoparticles [27]. The micrographs
further confirmed the formation of spherical polydispersed
nanoparticles, which is in agreement with the shape of the
SPR band in the UV-visible spectrum [27]. The average size
of the nanoparticles were 26.98 nm as shown in the
histogram (Figure 9) as per the TEM micrographs in figure 8.

Figure 6. SEM micrograph of synthesized Ag NPs.
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Figure 7. EDX spectra of synthesized Ag NPs.
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Figure 8. TEM micrograph of synthesized Ag NPs.
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Figure 9. Particle size distribution of synthesized Ag NPs.

3.3. FTIR Analysis

The dual role of plant extracts as a reducing and
stabilizing/ capping agent was observed when the FTIR
spectra of the synthesized Ag NPs was analysed. The spectra
showed bands with various absorption values. The absorption
band at 3472.88 cm™ and 3190.67 cm™ corresponds to the
strong stretching vibrations and weak stretching vibrations of
hydroxyl group (-OH) of phenolic compounds respectively
[28]. The band at 1646.61 cm™ corresponded to the C=C in
aromatic compounds of the phytochemicals [29]. The band at
1405.08 cm™ indicate S=O (sulfate ester) group [30]. The
band at 1109.32 cm™ confirmed the presence of carboxylic
acid group [30]. The band at 518.64 cm™ represent presence
of alkyl halide C-Br. The phytochemical constituents of C.
cineriaefolium extract interacted with silver nitrate through
these functional groups and facilitate the reduction to silver
nanoparticles [31].
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Figure 10. FTIR spectroscopy of Ag NPs.

3.4. Phytochemical Analyses

Results of the tested phytochemicals are tabulated in Table
1. Flavanoids, phenols, tannins and glycosides were present
while saponins, alkaloids and terpenoids were absent.

Table 1. Phytochemical analysis of dichloromethane-methanol crude extract.

Phytochemicasl tested Present (+)/ Absent (-)

Saponins
Flavanoids
Alkaloids
Phenols
Tannins
Glycosides
Terpenoids -

+

+ o+t

Phytochemicals have been reported to play crucial role in
the synthesis of metalic nanoparticles since they act as
reducing and capping/stabilizing agents in the synthesis of
metal nanoparticles [8]. They also determine the shape of the
nanoparticles [32]. The identified phytochemicals have been
reported to reduce the silver ion to silver nanoparticles and
stabilize the formed nanoparticles.

The major phytochemicals that have been implicated with
synthesis of metal nanoparticles are flavonoids and phenolic
compounds. This is due to presence of hydroxyl groups and
carbonyl moieties [33]. For example quercetin, a flavonoid
that has three potential bidentate binding sites, namely h a-
hydroxy-carbonyl, B-hydroxy-carbonyl or catechol having
two hydroxyl groups in ortho positions have been reported to
form stable complex with metal cations such as Mo (VI), Fe
(IT)/Fe (II), Cu (1), Zn (II), Al (IIT), Tb (I1I), Pb (II), Co (II)
[34]. Green synthesis of Ag NPs using both leaf extract of
Ocimum sanctum and a flavonoid (quercetin) present in the
extract was done separately [35].

Tannins present in oak bark extracts was reported to be
responsible for the reduction of silver nanoparticles.
Although tannin acid is identified as a weak reducer and
forms germs of nanoparticles, the reduction of silver ions
may be possible because of products of tannic acid
hydrolysis — glucose, gallic acid [36]. Flavonoids, glycosides
and carbohydrates in Lantana camara were reported to be
responsible for the synthesis of silver nanoparticles [37].



6 Caroline Jepchirchir Kosgei ef al.: Synthesis of Silver Nanoparticles Using Dichloromethane-Methanol Flower
Extract of Chrysanthemum cinerariaefolium and Its Antibacterial Activity y

3.5. Antibacterial Activity of Silver Nanoparticles

Overall in present study, the antibacterial activity of Ag
NPs was higher than the antibacterial activity of silver ions in
form of AgNO; and plant extracts as shown in table 2, an
indication that the silver nanoparticles exhibited good
antimicrobial activity against selected pathogenic bacteria.
This observation has been observed in previous studies [26].

Table 2. Antibacterial activity against selected organism.

Micro-organisms

Extracts MRSA  S. aureus P. aeruginosa S. sonnie
Ag NPs 7.2+0.3 10.8£0.8 9.3+0.6 9.5+0.5
Control (plant extract)  6+0 60 60 6+0
Control (AgNO3) 6.4+0.1 72403 7+0.5 7.1£0.3
DMSO+distilled H,0? 60 6+0 6+0 6+0
Chlorampherical © 28.741  22.7+1.2 2242 30.5+1.3

P Positive control, ¢ negative control

Silver inform of silver ions has been used widely
medically due to its antibacterial properties [38]. The
immense antibacterial properties that silver ions have is
attributes to the high tendency of silver to bind to sulfur and
phosphorus. These two components i.e sulfur and phosphorus
are found abundantly throughout the membrane of bacterial
cell. Silver ions therefore react with proteins containing
sulfur inside or outside of the cell membrane hence affecting
cell survival [39]. The Application of nanotechnology in the
synthesis of silver nanoparticles have improved immensely
the antimicrobial activity of Silver [40].

Based on the zone of inhibition, the nanoparticles were
more active on S. aureus, a gram positive bacteria although
there was no significant difference between the activity of the
nanoparticles on S. aureus and the gram negative bacteria
which were P aeruginosa and S. somnnie. This similar
observation has been reported [41]. The MIC of Ag NPs
determined against S.aureus was 31.25 pg/ml. This
corroborate with previous study whereby the green
synthesized Ag NPs using A. reticulata extract also had an
MIC of 31.25 pg/ml against S. aureus [42].

Previous studies provide conflicting statements on the
effect of nanoparticles on gram-positive and gram-negative
bacteria. According to [43], gram-negative bacteria are more
resistant to the effect of silver nanoparticles while [44, 45]
showed that silver nanoparticles have equal inhibitory effect
against both gram-positive and gram-negative strains. The
ability of Ag NPs to act on both gram negative and gram
positive bacteria has been ascertained in previous studies
therefore the present study confirm the multifaceted strategy
of Ag NPs [46].

The antibacterial properties of the nanoparticles are
attributed to both the action of nanoparticles and the elution
of silver ions [47]. The bactericidal activity of the
nanoparticles is likely to be due to the attachment of the Ag
NPs to the cell wall and the generation of free radicals. The
free radicles disturb the permeability of the membrane by
penetrating to the cell membrane and causing intracellular
ATP leakage and cell death [46]. Furthermore, presence of

Ag NPs in the cell membrane of bacteria has been proven in
earlier studies [48]. Another proposed mechanism is that
silver ions are released during the interaction of Ag NPs with
water or tissue fluid. The released silver ions penetrate the
cell membrane and bind with the electron donor functional
groups such as phosphates, thiols, and indoles which contain
sulfur and phosphorous compounds [46]. Thus a combined
effect between the activity of the nanoparticles and free ions
contributes in different ways to produce a strong antibacterial
activity of broad spectrum [49].

4. Conclusion

Silver nanoparticles were successfully synthesized
through green synthesis using dichloromethane-methanol
extract of C. cinerariaefolium commonly called pyrethrum.
Green synthesis of silver nanoparticles have been
considered cheap and environmentally friendly. The
formation of the nanoparticles was first confirmed by a
reddish brown color change due to SPR peak in the UV-Vis
spectrum observed at 430 nm. The resulting nanoparticles
were characterized by SEM, EDX, TEM, and FTIR
spectroscopy. The SEM micrographs revealed spherical
shape morphology supported by the TEM result. Average
size of the nanoparticles was 26.98 nm estimated from
TEM images. EDX showed an intense signal of Ag with
percentage abundance at 81.33%. FTIR further confirmed
the dual role of plant extracts as both reducing and
stabilizing agents in the synthesis of nanoparticles. This
study therefore confirmed that the synthesized silver
nanoparticles are good antimicrobial agents and for this
reason recommended as product of value in the field of
nanobiotechnology and nanomedicine.
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