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ABSTRACT

In this study, the powder of Allcemilla vulgaris was used in the sythesis of silver and zinc
nanoparticle. Biologically synthesized nanoparticles were characterized using Scanning Electron
Microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), UV-Vis spectroscopy, X-ray
diffraction (XRD) and Zeta potential and then evaluated for antibacterial potential using micro
dilution broth method. The minimum inhibitory concentration values of AQNP were 4.25 ug/mL and
6.64 ug/ mL for Escherichia coli O157:H7 and Staphylococcus aureus, respectively. Similarly, the

MIC values of ZnNP were 3.32 yg/mL and 6.25 ug/mL, respectively for Escherichia coli O157:H7
and Staphylococcus aureus.
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1. INTRODUCTION

Nanomaterials have got various applications in
technology [1]. The metallic nanoparticles have
large surface area so; they have antibacterial
activity [2]. Nanoparticles can be synthesized by
different physical, chemical and biological
methods [3]. The risk of toxic compounds
associated with chemical and physical methods
limits the biomedical applications. So, the using
of biological materials ie plants, plant
components, bacteria for synthesis are safe and
eco-friendly [4]. Plant based synthesis has some
advantages for example it is faster and stable. It
is possible to get different sizes and shapes of
NPs comparable to microorganisms. Previous
investigations  showed silver and zinc
nanoparticles to exhibit antibacterial, antioxidant
and photocatalytic properties [5,6]. Many studies
showed that silver and zinc nanoparticles have
many good antimicrobial properties such as
antibacterial, anti-viral, antifungal and anti-
inflammatory activities as well as good stability
[7,8]. Due to these properties, silver and zinc
nanoparticles have been used widely in the
different industries such as in the health, food
packaging, textile industries and other
applications.

Alchemilla vulgaris is a perennial plant belonging
to the Rosaceae family, which comprise of more
than 300 species and commonly found in Africa,
Asia, Europe, and the Americas. A.vulgaris
benefits include treating muscle spasms,
swelling and inflammation, digestive problems,
water retention, mild diarrhea, and diabetes. This
study aims at finding an easy and
environmentally friendly use of silver and zinc
nanoparticles using plant-based synthesis.
Additionally, the evaluation of their antibacterial
activity against E. coli and S. aureus which are
known as human pathogenic bacteria was done.

2. MATERIALS AND METHODS
and Zinc

2.1 Bio-synthesis of Silver
Nanoparticles

The methodological protocol by [9] was adopted
with minor modifications. Briefly dried A.vulgaris
plant (10 g) was added into 100 mL boiling
deionized water for 30 min. The aqueous extract
was left to cool at room temperature, and then
filtered using Whatman No. 1 filter paper to a
final volume of 80 mL. Ten (10) g of dried plant
was added into 100 mL boiling deionized water
for 30 min. The obtained extract was left to cool
at room temperature, and then filtered using

Whatman No. 1 filter paper. Final volume of plant
extract was 80 mL. The filtrate was stored at 4 °C
until further use in the green synthesis of AgNP
and ZnNP.

Ten (10) ml of A. vulgaris aqueous extract was
taken from the stock solution and 3 mM of
AgNO; (90 mL) was dissolved in the A. vulgaris
extract solution using magnetic stirrer to a final
volume of 100 mL. The solution was heated at
60-80°C. The color change of the mixture from
light brown to grey indicated completion of
nanoparticle synthesis and this was validated by
measuring point absorbance peak using UV-Vis
spectroscopy. Another 10 mL of A. wulgaris
aqueous extract was taken from the stock
solution and 2 g of zinc nitrate hexahydrate
crystal were added. The solution was mixed with
magnetic stirrer and then heated at 60-80°C to a
final volume of 100 mL. At the end, nanoparticle
synthesis of the mixture was validated by
measuring peak absorbance with UV-Vis
spectroscopy.

2.2 Characterization of Bio-synthesized
Silver and Zinc Nanoparticles

Characterization of AQNP and ZnNP was done
using a dynamic light scattering (DLS), UV-Vis
spectrometry, scanning electron microscopy
(SEM) and  Fourier transform infrared
spectroscopy (FT-IR). Crystalline metallic silver
and zinc were examined by X-ray diffractometer.
A few drops of the concentrated AgNP and ZnNP
solution were deposited on a carbon tape
covered stub, and left overnight for drying. Then,
the stub was coated with gold using a sputter
coater to produce clear images from the SEM
(ZEISS EVO LS10). The AgNP and ZnNP were
well dispersed in water and the solution was
used to determine the absorbance of the AgNP
and ZnNP. The well dispersed AgNP and ZnNP
solution was further used in measuring the
effective diameter of the AgNP and ZnNP with a
DLS. The formation of the AgNP and ZnNP and
existence of the plant extract on the surface of
the AgNP and ZnNP were both proven by FT-IR.
For FT-IR analysis, the AGNP and ZnNP solution
was centrifuged at 10.000 rpm for 15 min and the
precipitated AQNP and ZnNP were allowed to dry
at 60°C and then measured using FT-IR
spectroscopy.

2.3 Microorganisms and Growth

Conditions

The methodological
adopted. In this

procedure by [10] was
study, microorganisms
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(E.coliO157:H7 NCTC 12900, S. aureus ATCC
29213) were obtained from the culture
collections of Department of Food Hygiene and
Technologies, Faculty of Veterinary, Erciyes
University, Kayseri, Turkey. Microorganisms
were plated on blood agar (Oxoid, CM0271) and
incubated at 37°C for 18-24 h. After incubation,
2-3 colonies of each organism taken from blood
agar were inoculated to 5 mL Mueller Hinton
broth (Oxoid, CM0405) and incubated overnight
at 37°C. The suspension adjusted to 0.5
McFarland turbidity (approximately 10% cfu ml™
for bacteria).

2.4 Determination of Antibacterial Activity
with Micro Dilution Broth Method

The method by [10] was followed with minor
modifications. Briefly biologically synthesized
silver and zinc nanoparticles were tested against
Gram (-) E. coli O157:H7 (NCTC 12900) and
Gram (+) S. aureus (ATCC 29213). To determine
the antibacterial activity, the minimum inhibitory
concentration (MICs) was calculated according
to the well broth micro dilution method. The
biologically  synthesized silver and zinc
nanoparticles were made in  two-fold
concentrations of 6 serial dilution in Muller-
Hinton broth (Oxoid, CMO0405) in a 96-well
microtiter plates. Afterwards, 100 L of freshly
grown bacteria was standardized until a bacterial
number of 1x10° cfu mI™" in Muller-Hinton broth
was reached, was added to each well and. The
micro dilution test also comprised of positive
control without plant extract and negative control

Detector = SE1

EHT = 20,00 KV Date :10 Mar 2016

lacking microorganisms under the same
conditions. Plates were incubated aerobically at
37°C for 24 h. Then, the inhibition of bacterial
growth was recorded and interpreted as the MIC
[10,11]. The antibacterial activities of the NPs
were compared with commonly used antibiotics
including ciprofloxacin and vancomycin as
positive control. Tests were performed in
duplicate. Data were expressed as means =
standard error (SE) for each treatment (n=2). P
values of r<0.05 were considered to be
significant.

3. RESULTS AND DISCUSSION

3.1 Characterization of AgNP and ZnNP
Suspensions

The results of SEM images of Ag and Zn
nanoparticles are shown in Fig. 1 A and B.
Figures show that the size of the AgNP is around
35 nm and the size of the ZnNP is around 40 nm.
Small aggregations were observed in the SEM
image. The small aggregations of the AgNP may
increase the dynamic size. The ZnNP show two
absorbance peaks at 253 nm and 351 nm, which
correspond to the presence of the plant extract
on the ZnNP surfaces and ZnNP, respectively.

Nano-particulate silver showed a well-defined
absorption peak in visible region at 253 and 355
nm (Fig. 2A). The interaction of AgNP with
aqueous extract of A. wvulgaris validated the
reduction of Ag” ions to AgO by the reactive
groups that may get in turn oxidized to other

Dotactor = SE1
Dsto 110 Mar 2016

Mag = 3000KX L
EHT=2000kV

Fig. 1. SEM image of silver nanoparticles (AgNP) (A) and zinc oxide nanoparticle (ZnONP) (B)
in the A. vulgaris culture medium.
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species. Similarly, nano-zinc showed a well
absorption peak in visible region at 253 and 351
nm (Fig. 2B). The UV-Vis spectroscopy is
generally used in different studies to examine the
size and shape of nanoparticles in aqueous
suspension. Sastry et al. stated that the optical
absorption spectrum of metal nanoparticles is
dominated by surface plasmon resonance (SPR)
[12].

The formation of the AgNP and ZnNP and the
presence of the plant extract as capping agents
on the AgNP and ZnNP surfaces were evaluated
by FT-IR (Perkin Elmer Spectrum 400, Fig. 3 A,B
and C). Fig. A shows organic content of A.
vulgaris plant extract. According to results, the
O-H of the alcohol ring stretching was clearly
observed at ~ 3254 cm-" and the stretching band
at ~1311 cm”' was related to the alkyl halide
group and C-F. Additionally, the alkylene
(-C=C-) and alkene (C-H) stretching merged
peaks appeared at ~2101 cm-' and ~1629 cm-,
respectively. The alkane and alkene C-H
stretching merged peaks appeared at ~2917
cm' and ~1497 cm-1, respectively. The N-H of
the amide ring stretching was clearly observed at
~1606 cm-1, and the stretching band at ~1321
cm”' was related to the alkyl halide group and C—
F. The bending vibration at ~833 cm”' was
assigned to the C—H of the carboxylic group. The
N-H of the amide ring stretching was clearly
observed at ~ 3208 cm”’ (Fig. 3C) and The O-H
of the alcohol ring stretching was clearly
observed at ~ 3378 cm-' (Fig. 3B). The functional
groups from plant tissues can interact with
different kind of metal salts and this process
determine to nanoparticles formation [13]. In this
study, FT-IR results recognized the water soluble
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plant metabolites such as polyphenols,
flavonoids, and organic acids were possibly
responsible for the bio-reduction of silver and
zinc ions into AQNP and ZnONP.

The crystalline nature and pattern of powdered
AgNP and ZnNP were recorded by X-ray
diffractometer (BRUKER AXS D8) at scan rate of
0.02°/s using Cu-ka1 radiation (1.5406 A, 45 kV,
40 mA). The AgNP and ZnNP precipitate was
dried at 80 °C before XRD analysis to remove all
the moisture on AgNP and ZnNP surface. The
dry AgNP and ZnNP were scanned under the
range of scattering angle (20) between 10° to
70°. Fig. 4A showed that, the peaks around
38.5°, 44.5° and 65° (in 20) are assigned to
(111), (200) and (220) planes of face centered
cubic silver nanoparticles using JCPDS card
No0.04-0783.

Fig. 4B indicated that the peaks around on some
weak diffraction peaks at 10.1° and 85° (in 26)
are assigned to (001) and (104), respectively.
The obtained peaks are suitable for hexagonal
wurtzite structure of zinc (JCPDS Card no: 36—
145). Similar results were reported by Chena et
al. and Pung et al. [14,15].

Zeta potential was taken as the mean value of
different measurements. Zeta potential on the
surface of AgNP and ZnNP was found to be
=225 mV and - 22 mV, respectively. This
stability and zeta potential were clues for an
electrostatic mechanism due to adsorption of
seconder metabolites. The obtained zeta
potential value for the bio-synthesized AgNP and
ZnNP prove that they are stable. Obtained
results from this study are agreed with obtained
by Kitler et al. [16].

800 1000 1100

Wavelength



Demirezen-Yilmaz et al.; AJACR, 2(2): 1-11, 2018; Article no.AJACR.44682

241

22( | 201,360m : 2,35A

2,0¢

181 B

253,01nm : 0,63A

Absorbances

0,87

06

il 351,92nm : 0,28A

02

190 400 600 800 1000 1100

Wavelength

Fig. 2. UV-Vis Spectra of silver nanoparticles (AgNP) (A) and zinc oxide nanoparticle (ZnONP)
(B).
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Fig. 3. FTIR spectra of plant extract (A), silver nanoparticles (AgNP) (B), and zinc oxide
nanoparticle (ZnONP) (C).

3.2 Antibacterial
ZnNP

Assay of AgNP and

The silver and zinc nanoparticles demonstrated
strong antibacterial activity against both tested
bacterial strains in the MIC assay (Table 1).
However, AgNP broadly presented a faintly
higher efficacy than ZnNP. In detail, the MIC
values of ZnNP and AgNP detected as values of
6.25 pg/mL and 6.64 ug /mL against S. aureus,
respectively. Results indicated that 4.25 ug /mL
and 3.32 ug /mL concentrations were sufficient
for killing of E. coli O157:H7 with AgNP and
ZnNP, respectively. Figs. 6 and 7 shows the
effect of AQNP and ZnNP on the growth inhibition
of S. aureus and E. coli.

Similar to present study, Bhumi and
Savithramma (2014) reported that the ZnONP
had antimicrobial effect on E. coli and S. aureus
[15]. Navale et al. detected that the MIC value of
ZnONP against S. aureus was 40 pg/mL [17].
According to study conducted by Emami-Karvani
et al. ZnO nanoparticles have antibacterial effect
at the 10 pg/mL concentrations against E. coli
[18]. Similar observations reported by Mostafa et
al. suggested that the MIC of AgNP against S.
aureus and E. coli were 2.5 and 2 pg/mL,
respectively [19]. However, Fayaz et al. showed
that AgNP were effective to Gram negative
bacteria at 30-35 pg/mL versus were effective
against Gram positive bacteria at 65-80 pg/mL
concentrations [20]. Shameli et al. recorded that
AgNP were effective against S. aureus and
Salmonella typhi at 20 puL of AgNP [21].

Table 1. Minimum inhibitory concentrations of bio-synthesized nano/silver and zinc oxide
against S. aureus and E. coli. Values represent mean  S.E. (n=2; p< 0.05)

S. aureus E. coli
MIC Values (control antibiotics) (ug/ml)
Vancomycin =16+ 0.0001 Not effective
Ciprofloxacin =14+ 0.0001 24+ 0.0005
MIC Values (nanoparticle/plant extract) (ug/ml)
AgNP 6.64 + 0.001 4.25+ 0.001
ZnONP 6.25+ 0.0004 3.32+ 0.00008

A. vulgaris plant exctract Not effective

Not effective
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Fig. 4. XRD patterns of AgNP (A) and ZnONP (B)

Zhang et al. showed that the sizes of zinc
nanoparticles are important for antibacterial
activity [22]. Results from this study indicated
that the biologically synthesized ZnONP have
improved antibacterial activity. According to
literature, ZnONP show antibacterial effects on
both Gram-positive and Gram-negative bacteria
[23-25]. The efficient antibacterial activity of this
nanoparticle is related to nanoparticle's surface
area [24,26,27]. Safavo et al. stated that the
antibacterial activity of ZnO increased with
reducing particle size [28]. In another study,
Agnihotri et al. reported the MIC value of AgNP

at 30 pg/mL for strains of E. coli [29]. This value
is approximately higher than the MIC determined
in our study (4.25ug/mL). The difference could
be related to the particle size. In a related report,
Reddy et al. the MIC of ZnONP was found at 40
pg/mL for Klebsiella pneumonia [30]. Therefore,
it can be emphasized here that our green-
synthesized nanoparticles displayed better
antibacterial effect compared to that observed in
other studies. However, Zarei et al. reported that
the MIC values of AgNP varied between 3.12—
6.25 pg/mL for L. monocytogenes, E. coli
0157:H7 and S. typhimurium [31].
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Fig. 5. Zeta potential distribution for AgNPs (A) and ZnONPs (B)

Fig. 6. An image of inhibition zones for AgNP on E. coli (A) and S. aureus (B)

Our results are supported by the observations
obtained by different author’s [32,33]. According
to studies, the differences in bacteria's cell
membrane structure can cause the different
nanoparticle toxicity. Different studies showed
that after contact with the bacterial membrane,

nanoparticles generates high rate of reactive
oxygen species leading to the death of bacteria.
This results from chemical interactions between
hydrogen peroxide and membrane proteins
[34,35].
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Fig. 7. An image of inhibition zones for ZnONP on E. coli (A) and S. aureus (B)

4. CONCLUSIONS

Bio-synthesis of AgNPs and ZnNPs using plant
extracts is a promising eco-friendly approach for
their wide applications in various domains of
science and thereby life. In this study, AgNPs
and ZnNPs synthesized using A. vulgaris extract
were tested for their antibacterial activities.
AgNPs and ZnNPs formation was justified by
simple visual detection of color change in
solution and wavelength such as absorbance
spectrum generated in visible region (253-355
nm for Ag and 253-351 for Zn). While the
capping of certain compounds with functional
groups on AgNPs and ZnNPs surface were
determined by FTIR spectrum. XRD pattern
indicated the formation of pure Wurtzite structure
of ZnONP. The SEM images confirmed the
formation of hexagonal particles and the average
particle size of the nanoparticles was found to be
35 nm for Ag and 40 nm for Zn. The bio-
synthesized AgNPs and ZnNPs have showed
good antibacterial activity against pathogenic
bacteria compared to the antimicrobials currently
on market. The antibacterial assays revealed
that ZnO Nps has effective growth inhibition
activities against both gram negative and gram
positive bacteria.
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