
Nanotechnology is the most developing
field for generating new applications in different
areas, including manufacturing products having
antimicrobial effects. Among the various
antimicrobials silver is one of the most versatile
antimicrobial agents due to its intense antimicrobial
properties such as high thermal stability and long-
term activity against a broad spectrum of microbes
as well as little toxicity to mammalian cells and
tissues1-3. The silver nanoparticles are used in
various products such as textiles, certain implants
and some polymers either by coatings on the
surface, or impregnated into their structure to offer
them antimicrobial activity4-6.

The silver filled materials release the silver
ions to be effective on microorganisms. It was
shown that silver ions interact with thiol groups in
proteins, resulting in inactivation of respiratory
enzymes and leading to the production of ROS
and also prevent DNA replication and affect the
structure and permeability of the cell membrane7,
whereas it has been reported that silver
nanoparticles may damage some bacterial cells and
viruses by mechanisms other than the release of
silver ions8.Some results indicated that the
bactericidal properties of the nanoparticles are size
dependent, and nanoparticles that present a direct
interaction with the bacteria preferentially have a
diameter of ~1–10 nm9-11.

The process of silver ion release from
silver filled material includes diffusion of water into
the composite specimen, reaction between the
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silver and water molecules leading to the formation
of silver ions and the migration of silver ions
through the composite specimen leading to the
release from the composite specimen to the
aqueous environment12-13. So selection of a
hygrophill matrix for the production of silver filled
polymers is essential. Polar polymers like
polyamides are excellent candidates for silver
releasing, while the polymers which are
commercially interested, such as polypropylene,
because of their nonpolar and crystalline nature
show less compatibility and conformity with silver
ions and the nanoparticles may be agglomerated
easily due to their vast surface13-14.

According to preceding studies, the
carrier materials can be effective in enhancing the
water uptake, accelerating the diffusion of water
molecules and the migration of silver ions through
the matrix polymer14. Evidences have shown that
integrating of the metallic nano particles in a
polymeric base without carrier results lower efficacy
than incorporating in a suitable carrier. Some
compounds such as zeolite, apatite, phosphates,
titanium oxides and glass have been used as
inorganic carriers for nanoparticles15. The zeolite
provides channels for the water molecules to enter
the polymer matrix, improves water diffusion and
acts as an ion pump providing controlled time
release of silver ions. In addition, its pores make a
good space for creating stable silver clusters in
nanoscale16.  Silver exhibits a strong affinity for
zeolite, a porous crystalline material of hydrated
sodium aluminosilicate, and can electrostatically
bind this ion up to ca. 40% (w/w) of its framework17.

The computer parts such as keyboards
and mouse-buttons are of the most contaminated
devices which are used daily by different groups
of people18. These parts could be sources of
microbial contamination resulting consequently in
indirect transmission of potential pathogens and
nosocomial infections19-21.

In the current study, we evaluated the
antibacterial efficacy of the nano silver polymers
which were produced for applying in the mentioned
computer parts. In order to achieve the most reliable
results, the antibacterial tests were done based on
two standard methods, the best method was
chosen and the antibacterial potential of the
polymers impregnated by different amounts of
nano silver zeolite were assessed.

The results showed that the antibacterial
efficacy increases by enhancing the amount of
nano silver concentration, but in high
concentrations of nano silver (20%), the activity
decreases. Furthermore the methods such as agar
diffusion are not appropriate for non porous
materials like polymers, instead of which the
methods involving enumeration of viable bacteria,
are more reliable, and can enable us to estimate the
antibacterial activity in a quantification way.

MATERIALS   AND METHODS

Preparation of polymers containing nanosilver
zeolite

As an initial suspension, different
concentrations of aqueous AgNO

3
 (5%, 10% and

20%) solutions were prepared. An aliquot of 1 g of
zeolite powder A (Merck) was added to each
suspension. The suspended solutions were
adjusted to pH 7 by HNO

3 
then stirred at room

temperature for 270 min in darkness (to prevent
formation of Ag oxide) [Marcos Marques da Silva
Paula et al, 2009 22. After completing the ion
exchange, the suspensions were filtered and the
remained powder on the filtration paper, was
washed by distilled water twice, and left in the
ambient temperature to be dried. In this way, zeolite
incorporated by different amounts of Ag nitrate
was obtained14. The aqueous phase was used to
determine the exchanged Ag+ ion.

The Ag zeolite powders were mixed by
polymer granules in concentrations of 5%, 10%
and 20% in an internal blending apparatus supplied
by Brabender inc. The granules were melted at 160
°C, then Ag- Z powders were added to the granules
gradually in 3% w/w. After 10 min the composite
was formed as a paste and cut into small pieces
[C.Damma et al, 2008].
Test samples and controls

Treated and untreated polymers cleaned
and disinfected by an alcoholic solution, were used
as test samples and controls respectively.
Test strains

The following bacterial strains were used
as testing microorganisms in both mentioned
methods:

E. coli ATCC 8739 and Staph. aureus
ATCC 6538p, obtained from certified purchaser.

The microbial suspensions were prepared
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by inoculating of a loopful taken from working
culture (a16-24h slant culture from stock cultures)
into 1/500 Nutrient Broth incubated at 37oC for an
overnight. The concentration of microorganisms
in initial suspensions was calculated using
spectroscopy at 625 nm, adjusted to 2.5×108 - 10×
108 cfu/ml. The number of bacteria was determined
by serial dilutions and pour plate method in each
test.
Testing the antimicrobial activity

The antimicrobial activity of polymers
containing different concentrations of silver was
assessed by both modified disc diffusion23-24 and
surface method25.
Comparing the test methods

Disc diffusion method recommended by
previous studies and surface method based on
ISO 22196 were compared in order to choose the
most appropriate method. Both test methods were
done on three replicates recommended by ISO
standard 22196 on three different days by the same
users.
Disc diffusion method

For each sample, each control and each
bacterium, a TSA plate was used. Each plate was
seeded by 106 cfu/ml bacterial suspension.

Testing for each strain was performed
using three samples and three controls, along with
an untreated textile as a porous sample. A seeded
plate without any sample was also used as growth
control.

The samples and controls with the same
size were planted on seeded plates, incubated at
37oC for 24-48 h. After incubation time (24 h and
then 48 h), the inhibitory zones around and beneath
the samples were assessed and the diameters were
recorded.
Surface method

For each test, 3 treated polymer as test
samples and 6 untreated polymer as controls were
used, 3 of them for determining the number of viable
bacteria immediately and the remained 3 ones for
counting bacteria after 24 h.

Test samples and controls, were put in
separate Petri dishes, and inoculated by 0.2 ml of
bacterial suspension containing 2.5×105-10×105

cfu/ml (the 10-3 of initial suspension). The surface
of each sample and control was covered by a
polyethylene film. Penetration of the suspension
through the cover may lead to reducing the number

of viable counts.
The inoculated samples and half of the

controls were incubated at 37°C for enumeration
after 24 h, and the remained controls were subjected
to enumeration immediately after inoculation.
Recovering of bacteria was done by washing the
surface of the polymer and the polyethylene cover
by 20 ml Soy Casein Digest Lecithin Polysorbate
(SCDLP), a diluent containing neutralizers.

Counting of bacteria was done using
serial dilution and pour plate method. The number
of viable bacteria immediately and 24 h incubation
was determined.

The antibacterial efficacy was calculated
by the following formula:

R = Log (N
0
 / N

 t
)

where:
R The antibacterial efficacy
N

0
 Mean of recovered bacteria immediately after

inoculation (cfu/cm2)
N

t
 Mean of recovered bacteria 24 h after inoculation

(cfu/cm2)
Antimicrobial activity

After choosing the preferred method the
results attained by it were considered as the
antibacterial activity of the nanosilver polymer.

RESULTS

Disc diffusion method
After incubation, no zone was observed

around the samples and controls (Fig. 1), but a
transparent region due to lack of growth was
observed beneath all of the treated and untreated

Table 1. Number of recovered St. aureus (ATCC
6538) immediately (0 h) and 24 h after inoculation

Counts Samples N
0

N
t

R

5% 1.7×104 3×103 0.75
10% 4×104 2.2×102 2.26
20% 2.2×104 5×103 0.64
Control 2.5×104 4×107 -3.2

Inoculated  suspension 5.5×105

The results showed that St. aureus had a remarkable growth
after 24 h in contact with untreated samples. A significant
decrease of 0.64 to 2.26 log was detected after 24 h
contact with polymers impregnated with nanosilver, while
log of decrease was equal to -3.2 for controls.
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polymers and its size was as same as the sample
(figures 2-3), while no sign of reduction of growth
was detected under the textiles (fig 4,5). Although
the zones under some of the treated polymers were
a little greater than the surface of the related
sample, no significant differences between samples
and controls were observed.

most appropriate test for assessing the antibacterial
activity of surfaces. Some modifications in this
method will improve it. Using a semi solid
inoculation suspension can reduce loss of
inoculums.

We made a correction in the formula for
calculating the antibacterial activity25, it means that
we calculated the log of the ratio of counts obtained
immediately and after 24 h (N

0
 / N

t
) for each sample,

while in the original reference [25], the log reduction
of counts recovered from controls (U

t
) and test

samples (A
t
), both after 24 h had been

recommended (U
t
-A

t
). It is suggested that

comparison between number of recovered bacteria
immediately and after a specific time can lead us to
quantify the antibacterial activity of each sample.
In some related studies, similar methods to the
surface method have been used13-15. In these studies
the number of survived bacteria in contact with
nanomaterial after a specific time (usually 24 h)
was calculated without comparison to the number
counted at the beginning time or even to controls.
Therefore ISO method is suggested for such
evaluation as a reliable and comparable reference
method.
Antibacterial efficacy of nano polymers

The polymers impregnated by different
amounts of nano silver had shown different
antibacterial activity compared to untreated
polymers. The antibacterial activity rises by
increasing the amount of silver, but in high
concentrations of nano silver (20%), the activity
decreases. Same results have been reported by
Marcos Marques da Silva Paula  et al, 2009 22 that
the inhibition zone increased with increasing
concentration of Ag nanoparticles soaked in the
polymeric matrix and was dependent to the silver
content in the polymer composite. In our study
the results show that in high concentrations of
nano silver (20%), because of formation of OH-,
the ion exchange declines, and increasing the silver
ions can not affect the antibacterial activity.

In our study both test microorganisms
E.coli and S. aureus represented same sensitivity
to the silver nanoparticles which is similar to results
reported by Ki-Young Yoon et al, 200728, while Kim
et al., 2007 4 reported that gram positive S. aureus
is more resistant to silver nanoparticles compared
to gram negative bacteria28.

Using zeolite as a carrier in polymer

Table 2. Number of recovered E. coli (PTCC 1330)
immediately (0 h) and 24 h after inoculation

Counts Samples N
0

N
t

R

5% 2×104 2×104 0
10% 2.4×104 4×102 2.20
20% 1.7×104 1.5×103 1.05
Control 2.5×104 8.1×107 -3.52

Inoculated  suspension 7×105

The results showed that E. coli had a remarkable growth
after 24 h in contact with untreated samples. A significant
decrease of 0 to 2.20 log was detected after 24 h contact
with polymers incorporated with nano silver, while log of
decrease was equal to -3.52 for controls.

Surface method
The number of bacteria recovered from

untreated and treated polymers with 5%, 10% and
20% nano silver were are shown in table 1 and 2.

DISCUSSION

Methods
According to the results, it is suggested

that agar diffusion is not a suitable method for
polymers. Because of non porous structure of
polymers, bacteria are not able to grow under the
sample due to lack of oxygen, and the formed
transparent zone may mislead to antibacterial
activity, while the mentioned method is appropriate
for porous materials such as textiles. The mentioned
method has been used in several studies for
evaluating of antimicrobial efficacy of silver
colloidal solutions26-27 and even for copolymers
impregnated with silver [Marcos Marques da Silva
Paula et al, 2009] nanoparticles. Although the disk
diffusion method can be suitable for solutions or
porous materials, it can not be used for rigid material
such as polymers, and the results may be
ambiguous. Comparison between two methods
showed that the surface method [ISO 22196] is the
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background assisted to better distribution of silver
and releasing it steadily. The best ratio of silver to
zeolite was 7.8% (w/w), i.e. 78.1 mg silver in 1 g
zeolite. As Douglas Roberto Monteiro, 2009 [17]
stated that Silver ions can bind to zeolite up to ca.
40% (w/w). Obtaining high antibacterial activity
after 24 h, can be due to boosting of silver ions
released during given time. By performing the
mentioned antibacterial test in certain intervals, a
curve can be achieved for quantification.
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