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Abstract

silver and zinc nanoparticle }Without use of any chemical agent was investigated‘.jﬁiplogﬁicﬁallyi

strong antibacterial activity against both tested Escherichia coli O157:H7 (Gram negative)
and Staphylococcus aureus (Gram positive) bacteria. ‘The antibacterial activity of bio-
synthesized nanoparticles against two pathogens at was-assessed-by minimal inhibitory con-

centration (MIC) assays values of 0.06 ug/ml and 16.2 ug/ml for E.coli O157:H7 AgNPs and

This study concludes that the bio- synthesized AgNPs and ZnNPs may be used as an effective

antimicrobial activity, so it can be projected as future generation antimicrobial agents and

designing newer drugs.‘
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2. Materials and methods

2.1. Bio-synthesis of silver and zinc nanoparticles

The methodological protocol by [9] was adopted with minor modifications. Briefly fresh
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. The filtrate was stored at 4 °C until
further use in the green synthesis of AgNPs and ZnNPs. 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

synthesis and this was confirmed with an absorbance peak using a UV—Vis spectroscopy. An-
other 10 mL of A.vulgaris aqueous extract was taken from the stock solution and 2 g of zinc
nitrate hexahydrate crystal were added. The solution was mixed with a magnetic stirrer and
the complete nanoparticle synthesis which was validated by absorbance measurement using a
UV-Vis spectroscopy.

2.2. Characterization of bio-synthesized silver and zinc nanoparticles

Characterization of AgNPs and ZnNPs 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 AgNPs and ZnNPs 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
AgNPs and ZnNPs were well dispersed in water and the solution was used to determine the

absorbance of the AgNPs and ZnNPs. The well dispersed AgNPs and ZnNPs solution was
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also used for measuring the effective diameter of the AgNPs and ZnNPs with a DLS. The
formation of the AgNPs and ZnNPs and existence of the plant extract on the surface of the
AgNPs and ZnNPs were both proven by FT-IR. For FT-IR analysis, the AgNPs and ZnNPs
solution was centrifuged at 10.000 rpm for 15 min and the precipitated AgNPs and ZnNPs
were allowed to dry at 60 ‘OCL 777777777777777777777777777777777777777777777
2.3. Culture and growth conditions of microorganisms

The methodological procedure by [10] was adopted. In this study, microorganisms

(E.coli O157:H7 NCTC 12900, S.aureus ATCC 29213) were obtained from the culture col-

lections 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 incubat-

ed overnight at 37 °C. The suspension was later adjusted to 0.5 McFarland turbidity ((approx-
imately 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

ria were then standardized until a bacterial number of 1x10® cfu ml™! in Muller-Hinton broth

was reached and added to each well. The micro dilution test comprised positive control with-
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were incubated aerobically at 37 °C for 24 h. To determine antimicrobial activity and MICs,

37 °C for 24 hours. Then the inhibition of bacterial growth was recorded and interpreted as the
MIC according to [10,11]. The antibacterial activities of the NPs were compared with com-
monly used antibiotics including ciprofloxacin and vancomycin as positive control. Tests
3.Results and Discussion

3.1.Characterization of AgNPs and ZnNPs suspensions
AgNPs-and-ZaNPs-synthesis-wasfound-to-be-sueeessful: Considering the primary indication
color change indication (yellow color of extract to dark grey after mixing with AgNO; solu-
nm and the size of the ZnNPs is around 40 nm. Small aggregations were observed in the SEM
image. The small aggregations of the AgNPs may increase the dynamic size. The ZnNPs
show two absorbance peaks at 283 nm and 323 nm, which correspond to the presence of the
plant extract on the ZnNPs surfaces and ZnNPs, respectively. The dynamic size of the ZnNPs

was measured to be around 200 nm.

Figure 1 A and B near to here

Nano-particulate silver showed a well-defined absorption peak in visible region at 253 and
of Ag'ions to Ag’ by the reactive groups that may get in turn oxidized to other species. Simi-
larly, 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
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of nanoparticles in aqueous suspension. Sastry et al., (1998) stated that the optical absorption

spectrum of metal nanoparticles is dominated by surface plasmon resonance (SPR) [12].
Figure 2A and B near to here

The formation of the AgNPs and ZnNPs and the presence of the plant extract as capping
agents on the AgNPs and ZnNPs surfaces were evaluated by FT-IR (Perkin Elmer Spectrum
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-1 and ~1497 cm'', respectively. The N-H of the amide ring stretching was clearly
observed at ~1606 cm', and the stretching band at ~1321 cm™' was related to the alkyl halide
group and C-F. The bending vibration at ~833 cm-1 was assigned to the C—H of the carbox-
ylic group. The N-H of the amide ring stretching was clearly observed at ~ 3208 cm’ dFigure‘i
3C) and The O-H of the alcohol ring stretching was clearly observed at ~ 3378 cm'ldF igure\f
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 recog-
nized the h)ossible biomolecules bre responsible for the reduction and stabilization of AgNPs

and ZnNPs synthesized.
Figure 3 A, B and C near to here

X-ray Diffraction technique (BRUKER AXS Dg&) was }used for characterization of the struc-

XRD analysis to remove all the moisture on AgNPs and ZnNPs surface. The dry AgNPs and
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ZnNPs were scanned under the range of scattering angle (20) between 10° to 90°. The XRD
pattern of AgNPs and ZnNPs shows that the crystallinity of AgNPs and ZnNPs is quite low
and most peaks are attributed to amorphous structure of AgNPs and ZnNPs (Fig.4 A and B).

The prominent diffraction peaks appeared on 15.82°, 16.56° and 16.74° which refers to amor-

phous structure of AgNPs and ZnNPs. However,

35.4° present t0 (110) and (002) lattice planes of AgNPs and ZnNPs.
Figure 4 A and B near to here

Zeta potential was taken as the mean value of different measurements. Zeta potential on the
surface of AgNPs and ZnNPs was found to be —22.5 mV and — 22 mV, respectively. thereby

this can be anticipated that AgNPs and ZnNPs showed good stability in water due to the elec-

Figure 5 A and B near to here

3.2 Antimicrobial Assay of AgNPs and ZnNPs
The silver and zinc nanoparticles demonstrated strong antibacterial activity de0.0S\) against
both tested bacterial strains in the MIC assay (Table 1). However, AgNPs broadly presented a

faintly higher efficacy than ZnNPs. In detail, the MIC values of ZnNPs and AgNPs detected

ZnNPs, respectively. Figure 6 and 7 shows the effect of AgNP and ZnNPs on the growth in-
hibition of S.aureus and E.coli.

Table near to here
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Figure 6 A and B near to here

Similar to the present study, Bhumi and Savithramma (2014) reported that the ZnO-NPs had

antimicrobial effect on E. coli and S.aureus [15]. Navale et al. (2015) detected that the MIC

Emami-Karvani et al (2011), ZnO nanoparticles have antibacterial effect at the 10 ﬁlg/ml ‘gqn;

centrations against E.coli [17]. Similar observations reported by Mostafa et al. (2015) sug-

terial affectivity [21]. Results from this study indicated that the biological synthesized ZnNPs

have improved antimicrobial activity. According to literature, ZnONPs show antibacterial

activity of this nanoparticle is related to nanoparticle's surface area [23,24]. Yamamoto et al.
(2001) stated that the antibacterial activity of ZnO increased with reducing particle size [25].
tration of ZnO NP increased [26]. In another study, Agnihotri et al., 2014 was reported that

the MIC of AgNPs at 30 ug/ml for strains of E.coli [27]. This value is approximately higher
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pneumonia [28]. This value is also higher than the MIC determined in our study. Therefore, it
can be emphasized here that our green-synthesized nanoparticles displayed better antimicro-
bial effect than observed in other studies. However, Zarei et al., 2014 reported that the MIC
values of AgNPs changed 3.12-6.25 pg/ml ranges for L.monocytogenes, E.coli O157:H7 and
as a substitute to commercial antibiotics. Our results are supported by the observations ob-
tained by different author’s [30, 31]. 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. So, the death of bacteria results from chemical interactions between hydrogen

peroxide and membrane proteins [32].

4.Conclusions
Biological synthesis using by plant extract promises eco-friendly approach for AgNPs and
ZnNPs synthesis have wide applications in various domains of science and thereby life. In
this study, AgNPs and ZnNPs synthesized by using A.vulgaris extract were tested for their
antibacterial. AgNPs and ZnNPs formation was justified by simple visual detection of color
ping of certain compounds with functional groups on AgNPs and ZnNPs surface were deter-
mined by FTIR spectrum; morphology were studied by advance techniques like XRD and
SEM. The bio-synthesized AgNPs and ZnNPs have showed good antibacterial activity against
pathogenic bacteria if compared to the antimicrobics currently marketed. Thus, we concluded

that the present green synthesis route may be considered further to produce \antimicrobial{

agent useful in a wide array of biomedical and pharmaceutical applications.
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