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Abstract: The antibacterial properties of silver are well known and silver nanoparticles are now incorporated
mto a wide variety of consumer products for microbial control. In attention to extent uses of disnfectants,
1t 18 necessary to evaluate and certificate the efficacy of disinfectants and employing the mmimum effective
dosages. In this research the antibacterial effects of a disinfectant solution (Nanosil) of hydrogen peroxide and
nanosilver particle were evaluated on six important foodborne pathogens including three Gram positive
(Staphylococcus aureus, Listeria monocytogenes and Bacillus cereus) and three Gram negative bacteria
(Salmonella typhimurium, Escherichia coli and Pseudomonas aeruginosa). According to the results after three
times conducing experiments, Salmonella typhimurium and Listeria monocytogenes were the most sensitive
and resistant studied bacteria with MIC and MBC equal to 0/02 and 0/025% and 0/08 and 0/1% respectively.
In attention to obtained results, the used disinfectant has good antibacterial effects and also was more effective
on Gram negative than Gram positive bacteria. Further studies are needed to verify if the bacteria develop

resistance toward the nanoparticles and examine the cytotoxicity of nanosilvers towards human cells.
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INTRODUCTION

Human beings are often infected by microorganisms
such as bacteria, moulds, yeasts and viruses in the living
environment. Research using antibacterial material
containing various natural and inorganic substances has
been reported in literature [1]. Medicinal and preservative
properties of silver have been known for over 2,000 years
[2]. Silver 1on has been known as a metal 1on that exhibits
anti-mould, anti-microbial and anti-algal properties for a
long time[3], for example in the current clinical use for the
treatment of various wounds, including burns [4-6],
chronic ulcers [7] and pemphigus [8]. It has been also
used in modulation of cytokine production [9],
suppression of the expression of tumor necrosis factor-c
(TNF-¢) and interleukin-12 (IL-12) and induction of
apoptosis of inflammatory cells [10].

Nanotechnology is the most promising field for
generating new applications in medicine. The most

prominent nanoproduct is nanosilver. Nanosilver particles
are generally smaller than 100 nm and contain 20-15000
silver atoms [11, 12]. Due to its strong antibacterial
activity, the current silver nanoparticles are widely used
as antibacterial/antifungal agents m a diverse range of
consumer products like air sanitizer sprays, detergents,
toothpastes, air filters, food storage containers, etc. [13].
Silver nanoparticles are also employed m products for
water disinfection and food stabilization, such as plastics
used to fabricate food containers, refrigerator surfaces
and storage bags, under the pretext of preserving foods
longer by inhibiting microorganism growth [12, 14].

The toxicity of nanosilvers to bacteria is greatly
influenced by silver nanoparticles size, shape [15] and
[16].
Nanotechnology has facilitated the production of smaller

concentration of active free silver ions

silver  particles with imcreasingly large swurface
area-to-volume ratios, greater efficacy against bacteria

[17, 18] and most importantly, lower toxicity to humans
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[19]. When nanosilver particles are small and release many
silver ions, the antibacterial activity is dominated [20].
Data on silver nanoparticles anti-microbial activity
suggest that silver nanoparticles exert their anti-microbial
effects through the interaction with proteins thiol groups,
which leads to the inactivation of the proteins [1, 21].
Also, 1t 1s revealed that bulk silver m an oxygen-charged
aqueous media catalyzes the complete destructive
oxidation of microorganisms [22]. Tt is believed that silver
ions interact with three main components of the bacterial
cell to produce the bactericidal effect: the peptidoglycan
cell wall [23] and the plasma membrane [24], bacterial
(cytoplasmic) DNA [25, 26]; and bacterial proteins [23, 25],
especially enzymes involved in the vital cellular processes
such as the electron transport cham. Nanosilver has
mtrinsic antibacterial properties that do not depend
on the elution of silver ions. Nanosilver extensively
interacts with bacterial cell walls and it has been
proposed that it causes its lysis [23, 27]. Silver 1ons are
also able to penetrate inside the bacteria and cause
further damage by possibly interacting with sulfur-and
phosphorus-containing compounds such as DNA [16].

Antbiotic multiresistant bacteria have become an
important problem but bacterial resistance to elemental
silver is extremely rare [28], emphasizing the presence of
multiple bactericidal mechanisms acting in synergy [29].
The traditional belief 1s that except some minor problems,
silver 1s relatively non-toxic to mammalian cells.
Silver poisoning only occurs among workers who have
chronic history of silver exposure [12]. Thus, long-term
exposure to silver nanoparticles in aerosols or food
packaging might pose toxicity problems in humans [29].
Moreover, it has been demonstrated that m low
concentrations, silver is non toxic to human cells [15, 30].
However, systemic toxicity of ingested nanosilver is
scarcely seen. This situation may probably be accounted
for by the presence in the gastrointestinal tract of a
complex mixture of compounds including ingested food,
digestive enzymes, electrolytes and intestinal microbial
flora, etc. [31].

Hydrogen peroxide disinfectant.
Hydrogen peroxide is created from oxygen and hydrogen

is a mnatural
molecules. Its oxygen is responsible for the killing of
germs. When hydrogen peroxide 1s applied to a surface,
free oxygen radicals are released. These radicals create
oxidation, a chemical process in which oxygen combines
with another substance to break down or change the
function of the molecules and through oxidation,
the bacteria will decompose. Adding peewee amount of
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hydrogen peroxide to nanosilver was carried on in order
to enhance both benefits associated with silver and
hydrogen peroxide [32].

The 1deal properties of an antibacterial nanoparticle
include prolonged activity, high levels of bactericidal and
bacteriostatic activity, ability to act against a wide
spectrum of bacteria, biocompatibility and low i vivo
toxicity. In addition, its production should be mexpensive,
reproducible and disposable to minimize environmental
damage [29]. In recent years, extensive studies have been
undertaken on the use of antimicrobial properties of silver.

The am of this study was to evaluate the
activity of by
determination of its mimimum inhibitory concentrations
(MIC) and minimal bactericidal concentration (MBC)
against some important foodbome Gram positive
(Staphylococcus Listeria  monocytogenes

antibacterial commercial Nanosil

aureus,

and Bacillus cereus) as well as Gram-negative

(Salmonella  typhimurium, Escherichia coli and

Pseudomonas aeruginosa) pathogens.
MATERIALS AND METHODS

Materials, Bacterial Strains and Culture Conditions:
Commercial Nanosil (containing 50% Hydrogen
peroxide and 0.05% nanosilver) was bought from
the market. Staphylococcus aureus (ATCC 6538),
Listeria monocytogenes  (ATCC  19118) and
Bacillus cereus (ATCC 11778) as Gram-positive and
Salmonella typhimuritm (ATCC 14028), Escherichia coli
(ATCC  25922) and Pseudomonase aeruginosa
(ATCC 25619) as Gram-negative bacteria were used.
For the antimicrobial activity measurement, first of all
active cultures were generated by inoculating single
colony of each bacterium into 5 ml sterile nutrient
broth (Merck) and imcubated at 37°C for 24 h.
Freshly synchronized cultures of bacterial strains form
initial inoculums were prepared after two times overnight
cultures (24 h) of each bacterium by successively
transferring 100 pl of the vegetative cells into tryptic soy
broth (TSB, Merck). Then the optical densities of the
active freshly synchronized cultures were adjusted at 600
nm to a cell density equivalent to 10° CFU/mL [33, 34].

Measurement of Antibacterial Activity of Nanosil:

In order to evaluate the antimicrobial activity,

Nanosil stock solution was serially diluted with TSB to
obtain test selutions containing required concentrations
(from 0/005% until 0/6%) of Nanosil. Then aliquots of 1ml
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from each bacterium (about 10* CFU/mL) were added to
the tubes contaimng 1 mL of the prepared concentrations
of Nanosil solutions separately. At the end of contact
time (24 h incubation at 37°C), the tubes were examined for
growth and then the amount of mimmum mhibitory
concentration (MIC) and mimmum bactericidal
concentration (MBC) were determined. The MIC 1is
defined as the lowest concentration of Nanosil showing
no visible bacterial growth after the incubation time
[35,36]. Then in order to measure bacterial viability,
100 ul, from tubes that showed no visible growth were
spread on the standard plate count agar plates and
incubated for 24 h at 37°C. The MBC is defined as the
lowest concentration of Nanosil at which no visible
bacterial growth (colony) is observed after sub-culturing
[35] Allthe above mentioned assays were run three times
n parallel with negative and positive controls.

RESULTS

obtained results as shownin
Table 1, Salmonella typhinurium showed the maximum
sensitivity to Nanosil among the studied bacterial

with MIC and MBC equal to /02 and
0/025% respectively. Pseudomonas aeruginosa was

According to the

species

proved to be the second sensitive Gram-negative
microorgamsm with MIC and MBC equal to 0/025
and 0/03% respectively. Table 2 that
Listeria monocytogenes was the most resistant
bacteria in this study with MIC and MBC equal to 0/08
and 0/1%, respectively. The results of present study
showed that Nanosil in 0/1% (1000 mg/T.) concentration
was able enough to kill all target bacteria during 24 h

shows

contact time.

Table 1: Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of Nanosil for the Gram-

negative bacteria

Gram-negative bacteria S typhimurium E. coii P. aeruginosa
MIC 0/02% 0/03% 0/025%
MBC 0/025% 0/04% 0/03%

Table 2: Minimum inhibitory concentration (MIC) and minimum

bactericidal concentration (MBC) of Nanosil for the Gram-positive

bacteria
Gram-positive bacteria S aurenty L. monocytogenes B. cereus
MIC 0/04% 0/08% 0/035%
MBC 0/06% 0/1% 0/05%
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DISCUSSION

The Environmental Protection Agency (EPA) [37, 38]
has approved the use of hydrogen peroxide as a sanitizer.
This active ingredient prevents and controls bacteria and
fungi that cause serious diseases. Very little is known
regarding the toxic properties of hydrogen peroxide.
Therefore, caution 1s advised in the use of hydrogen
peroxide until levels which are safe to host tissues are
established. Tn the interim, the possibility of reducing the
toxicity and mereasing the efficacy of hydrogen peroxide
by combined or targeted chemotherapeutic strategies can
be explored [32].

In this study, the combination of hydrogen peroxide
and nanosilver (Nanosil) was evaluated for their
antibacterial activity against Gram positive and Gram
negative stabilized  with

hydrogen peroxide showed strong antibacterial activity.

bacteria.  Nanosilver
This combination relates primarily to a novel process for
the manufacture of silver oxide nano maternals as highly
effective and useful antibacterial agents in the treatment
of wounds, preservation of crops and food protection and
other similar applications because of its wide spectrum of
activity [39].

In present work, the antibacterial effect of Nanosil on
some important foodborne bacterial pathogens was
investigated. According to obtained results, the studied
Gram negative bacteria were more sensitive than Gram
positive ones. Many studies have investigated Nanosil
and its influence on various microorganisms in different
enviromments;, Nabizadeh et al. [40] reported the
application of Nanosil containing hydrogen peroxide
and silver ions in disinfecting swimming pool
water and its environment. Heterotrophic plate count,
thermotolerant coliforms, Fseudomonas aeruginosa
and Staphylococcus aureus were monitored as the
target microorganisms. According to their results,
Pseudomonas aeruginosa (ATCC 9027) showed the
maximum sensitivity to Nanosil among the studied
bacterial  species.  Also  they  reported  that
Staphylococcus aureus (ATCC 29737) was the most
resistant among the studied bacteria. They showed that
Nanosil in 2% (20000 mg/L) concentration was enough to
kall all target bacteria in 15 minutes [40]. While in our
research, the Nanosil in 0/1% (1000 mg/T.) concentration
killed all target bacteria during 24 h contact time.
Also Maliszewska and Sadowski [30] reported that
intubited  Bacillus

Escherichia

nanosilvers  effectively

Staphylococcus

cereus,

aureus, coli and
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Pseudomonas aeruginosa. According to their results
nanosilver was found to have wider antimicrobial activity
than those described mn earlier reports [41, 42]. It can be
expected that the presence of a lugh specific surface area
and fraction of surface atoms of nanosilver, could lead to
high antimicrobial activity compared to bulk silver metal
[43]. In another study, the antimicrobial activity of
silver nanoparticles on Staphylococcus aureus and
Escherichia coli was investigated by measuring the MIC.
The growth of Gram positive (Staphylococcus aurets)
and Gram negative (Escherichia coli) bacteria were
mnhibited by silver nanoparticles. The MIC of silver
nanoparticles for Staphylococcus aureus (KCTC 1928)
and Escherichia coli (KCTC1041) were 10 and 5 ppm,
respectively [22]. In a research by Dabbagh et al. [43]
which the

determine the MIC of nanosilver, on a mixture of

"serial dilution method" was used to
microorganisms such as Staphyviococcus aureus and
The

solution for this bacterial mixture was equal to 15.12

Pseudomonas aeruginosa. MIC of nanosilver
pg/ml.

In another study by Pedahzur et al. [44] where the
synergistic effect of silver and hydrogen peroxide was
studied on the viability of Escherichkia coli K-12 and up
to 3 logs of reduction was obtained. Many researches
have showed that silver ions like silver nanoparticles are
strongly adsorbed to bacteral cells [27]. A comparative
mechanistic study of the antibacterial effect of silver 1ons
on Escherichia coli and Staphylococcus —aureus
showed that changes of
Staphylococcus aureus compared with Escherichia coli

slighter morphological
was found as a defense system of Staphylococcus aureus
against the inhibitory effects of silver ions. The slight
morphological changes of Staphyviococcus aureus might
be due to its structural characters. Gram positive and Gram
negative cells differ markedly in their cell walls.
Obviocusly, the peptidoglycan in the cell walls of Gram
much thicker than that m the
The thicker of

18 of mmmense practical

positive  cells 1s

Gram negative omnes. cell wall

Staphylococcus  aureus
importance m protecting the cell from penetration of silver
1ons mto the cytoplasm. When the silver 1ons penetrate
mto the cell cytoplasm, they tumm the DNA mto a
condensed form which at the same time reacts with
proteing. All these phenomena lead to the damage or even
the death of the microorganisms [45]. The above
mentioned mechanism is in accordance with the obtained

results in the present study for MIC and MBC of Nanosil
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on Gram positive and Gram negative bacteria
(Tables 1 and 2). Further studies have be done to verify if
the bacteria develop resistance toward the nanoparticles
and examine the cytotoxicity of nanosilvers towards
human cells.
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