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The anti-bacterial characteristics of different nano-structured metal and metal oxides modified cotton fabrics were investigated. In this
study, silver metal, copper, zinc and magnesium oxides have been supported on bleached cotton fabrics. Reduction, wet method, sol gel and
precipitation methods were used in the preparation of the antibacterial nanoparticles (NPs). The preparation of the antibacterial-loaded
cotton was carried out in-situ and ex-situ by pad dry methods. Formation of the supported nanoparticles was confirmed using x-ray
diffraction (XRD), scanning electron microscopy studies (SEM) and energy dispersive x-ray (EDX) analyses. Antibacterial studies on the
supported nanoparticles were done on gram positive (Bacillus and S. aureus) and gram negative (E-coli) bacteria by agar diffusion method.
The loaded antibacterial nanoparticles are effective against the bacteria under investigation. Under the given experimental conditions, the
maximum inactivation performances of each loaded inorganic agent were investigated. The loaded fabrics show the following antibacterial
performance order against Bacillus subtilis is Ag=Cu0>ZnO>MgO. However, the activity order is CuO>Ag>ZnO=MgO against S.aureus
and E. coli. The inactivation performances depend on the type, purity and the amount of antibacterial nanoparticles on the textile surfaces.
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Introduction

Inorganic materials such as metal and metal oxides have
extensively considered as promising antibacterial agents.®
Several kinds of metals and metal oxides posses obvious
killing abilities to most microbes even at very low
concentrations.® Different metal, oxide or salt compounds,
mostly based on silver, copper, zinc and magnesium Kill
microbes by binding to intracellular proteins and
inactivating them. These materials can react with cell
enzymes leading to either generating or catalyzing reactive
oxygen species. Reactive oxygen can then induce an
oxidative stress, damaging cellular proteins, lipids and
DNA.” Recently, much attention has been paid on the
loading of metal and metal oxides nanoparticles (NPs) onto
cotton substrate due to their potential applications.®? The
modified cotton fabrics have exhibited excellent
antimicrobial activities against bacteria.” There is a growing
awareness of the use of antibacterial fabrics in the form of
medical clothes, protective garments, and bed spreads to
minimize the chance of the nosocomial infections.

In the last few years, environmental and technical efforts
have been made to develop new efficient antimicrobial
textiles. For example, silver is now used in a large number
of commercial antimicrobial products, either as an isolated
form, for fiber finishing or incorporation, or even already in
fiber or fabric form,*®* Copper particles also show antifungal
and antiviral properties.** Impregnation of cellulose textiles
with copper salt, Cu-alginate or CuO nanoparticles
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including release properties has been studied.*1° Different
techniques to insert/deposit copper in cellulose fibers have
been also proposed. Zinc oxide has also been explored as a
powerful antibacterial agent.”'® The relation between the
antibacterial activity versus the ZnO particles size was
studied.'” It was observed that the antibacterial activity is
inversely proportional to the nanoparticles’ size. Arouk et al.
have developed a ZnO nanoparticle-chitosan composite to
coat cotton fabrics in order to conjugate the antimicrobial
power of ZnO and chitosan and even to overcome the lack
of strong chemical bonding with textile substrates presented
by chitosan.?® Magnesium oxide nanoparticles has been also
reported as an acceptable mild inorganic antibacterial agent
due to its abundance and low cost.?* It also can work in
simple antibacterial conditions and safe materials to human
beings.??

The aim of the present research is to prepare inorganic
antibacterial-loaded cotton for antibacterial studies. The
prepared nanoparticles act as antibacterial agent, while
cotton act as a substrate which can be used to in many
biomedical applications. Silver metal and metal oxides
(CuO, ZnO and MgO) supported cotton have been prepared
and characterized for the antibacterial applications. The
antibacterial modified cotton fabrics were characterized by
XRD, SEM and EDX. The killing abilities of the modified
cotton fabrics were tested against Gram-negative
Escherichia coli (E. coli) and Gram-positive Staphylococcus
aureus (S. aureus) and Bacillus subtilis (B. subtilis) bacteria.

Experimental

Materials

All chemicals used were reagent-grade without further
purification. Bleached cotton (100 % cotton bleached,
woven fabric, 115 g/m?), AgNO; (purity > 99%, Merck,
Germany) trisodium citrate (TSC, > 98%, Fluka,
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Switzerland), sodium dodecyl sulfate (SDS, > 98 %, Aldrich,
U.S.A), agar culture medium (Oxoid, UK), CuSO4.5H20 (>
99 %, Oxford, India), acrylic binder (purity > 99 %, Pachin
— Obour Paints & Chemical Industries, Egypt),
Zn(N0O3)2.3H,0 and Mg(NOs)2 (> 98 %, Merck ,Germany),
soluble starch (> 98 %, WINLAB, UK) and NaOH (purity >
98 %, El Nasr for Intermediate Chemicals, Egypt) were used
as received.

Preparation of cotton loaded with Ag metal nanoparticles

Silver metal nanoparticles were prepared by the reduction
of silver ions using trisodium citrates (TSC) as reducing
agent.® AgNOssolution was heated to boiling at 70 °C and
10 mL of TSC solution (36x103mol L) were added drop
by drop. During the process, the solution was mixed
vigorously and heated until a pale yellow color appeared.
Reduction of silver ions (Ag*) to silver nanoparticles was
evident in the colloid synthesis process, as the colorless
solution became pale yellow with the formation of the silver
nanoparticles. Next, the solution was removed from the
heating and stirred until cooled to room temperature. Cotton
fabric samples were then immersed in the prepared silver
nanocolloids heated at 50 °C and stirred rapidly for 30 min.
The cotton samples subsequently were padded. The padding
process ensured the solution was coated evenly, and the
excess chemicals were removed. The padded samples were
air dried and finally cured at 120 °C for 3 min in a pre-
heated curing oven. The preparation steps were repeated
with different initial concentrations of AgNO3 (0072, 0.018
and 0.0288 mol /1).

Preparation of CuO loaded textile

Copper oxide nanoparticles were prepared by
sonochemical method as indicated previously.?* Cotton
woven fibers were first washed in a water bath containing
5 % of sodium dodecyl sulfate at 40 °C for 1 h. After rinsing
with distilled water, the fibers were dried in vacuum at
60 °C for 24 h. Dry cotton (5x5 cm) was first soaked into
100 mL of aqueous solution of CuSQ4.5H20 (4.8 x 107* mol
L) solution in a sonicated flask and irradiated for 10 min
with Ultrasonic generator. Then 0.06 g of NaOH was added
to the mixture while stirring. The mixture was then re-
sonicated at 35 to 40 °C for 1 h, the strong blue color was
gradually converted into brown after 15 min. The bath
temperature was kept at a constant temperature around
40 °C. The product was then washed thoroughly several
times with distilled water to remove any excess hydroxide
and dried in vacuum at 60 °C overnight. The preparation
experiment was repeated using different initial
concentrations of copper sulphate (0.0012, 0.00192, 0.00216
and 0.0024 mol L1).

Preparation of textile loaded with ZnO NPs

The zinc oxide nanoparticles were prepared by wet
chemical method.? Zinc nitrate and sodium hydroxide were
used as precursors while soluble starch was added as
stabilizing agent. Soluble starch (0.1 %) was dissolved in
500 ml of distilled water then zinc nitrate was added. Then
the solution was kept under constant stirring using magnetic
stirrer till completely dissolve the zinc nitrate. After
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complete dissolution of zinc nitrate, 0.2 M of sodium
hydroxide solution (20 mL was used in our study) was
added under constant stirring, drop by drop touching the
walls of the vessel. The reaction was allowed to proceed for
2 h after complete addition of sodium hydroxide. After the
completion of reaction, the solution was allowed to settle for
overnight and the supernatant solution was then discarded
carefully. The remaining solution was centrifuged at 35,000
rpm for 10 min and the supernatant was discarded. The
obtained nanoparticles were washed three times using
distilled water. Washing was carried out to remove the
byproducts and the excessive starch that were bound with
the nanoparticles. After washing, the nanoparticles were
dried at 80 °C for overnight. During drying, complete
conversion of zinc hydroxide into zinc oxide takes place.

ZnO nanoparticles were applied on cotton using
immersion method. The cotton fabric cut to the size of 5x5
cm was immersed in the solution containing ZnO (1 %) and
acrylic binder (1 %) for 5 min and then it was padded. After
padding, the fabric was air-dried and then cured for 3 min at
140 °C. The fabric was then immersed for 5 min in sodium
dodecyl sulfate solution (2 g L) to remove unbound
nanoparticles. Then the fabric was rinsed at least 10 times to
completely take out all the soap solution. The fabric was
washed then air-dried. The loading procedure was repeated
with different solutions containing different percentages of
ZnO suspension (1, 2, 2.5, 4.5, 5 and 8 % w/v).%®

Preparation of textile loaded with MgO

Magnesium oxide nanoparticles were prepared by wet
chemical method.?® Magnesium nitrate and sodium
hydroxide were added to soluble starch as stabilizing agent.
Starch act as a stabilizing agent and also prevents the
agglomeration of nanoparticles. Starch (0.1 % wi/v) solution
was dissolved in 100 mL distilled water then magnesium
nitrate was added to the above solution. Then the solution
was kept under constant stirring using magnetic stirrer for
complete dissolution of contents. After complete dissolution,
4 g (0.2 M) sodium hydroxide solution (25 ml) was added in
drops along the sides of the container under constant stirring
for 2 h and allowed to settle for 24 h. The supernatant liquid
was then discarded carefully and the remaining solution was
centrifuged (35,000 rpm at 25 °C) for 10 min. Centrifugate
was washed three times using distilled water to remove the
byproducts and the excessive starch that bound with the
nanoparticles. The nanoparticles of magnesium hydroxide
were placed in furnace at 300 °C. During this process,
conversion of magnesium hydroxide into magnesium oxide
takes place. The following reaction explains the formation
of magnesium oxide nanoparticles.

Mg(NO3)2.6H,0+2NaOH — Mg(OH),+2NaNQO3z (1)

Mg(OH)2—MgO +H;0 )

MgO nanoparticles were applied on cotton using
immersion method. The cotton fabric cut to the size of 5x5
cm was immersed in the solution containing MgO (2 %) and
acrylic binder (1 %) for 5 min and then padded. After
padding, the fabric was air-dried and then cured for 3 min at
140 °C. The fabric was then immersed for 5 min in sodium
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dodecyl sulfate solution (2 g L) to remove unbound
nanoparticles. Then the fabric was rinsed at least 10 times to
completely take out all the soap solution. The fabric thus
washed was air-dried. The loading procedure was repeated
with different solutions containing different percentages of
MgO suspension (3, 4 and 5 % wi/v).

Characterization of the prepared samples

X-ray diffraction measurements

To determine the crystal phase composition of the
synthesized  samples,  X-ray diffraction = (XRD)
measurements were taken using a Bruker D8 advance
instrument  with CuK,  target with secondary
monochromator 40 kV, 40 mA. The reference data for the
interpretation of the X-ray diffraction patterns were obtained
from the International Centre for Diffraction Data Joint
Committee on Powder Diffraction Standards ICDD-JCPDS
card files. The crystallite size (D) determined by the
Scherrer’s formula:

KA
= ®)
pcosé
where
A is the wavelength of X- ray radiation (CuKg=
0.15406 nm),

K is a constant taken as 0.89,

B is the line width at half maximum height (FWHM) of
the peak, and

0 is the diffracting angle.

Scanning electron microscope

In SEM measurements, an electron beam was passed
through the specimens followed by scattering them back as
electrons and secondary electrons. Back scattered secondary
electrons were used to form the image on the computer
monitor. The acceleration of the electron beam was 10 kV.
This was carried out on Quanta FEG250 Instrument.

Energy dispersive X-ray

The spectra of NP coated cotton fabrics were obtained by
EDX measurements. A field emission scanning electron
microscope (QUANTA FEG 250) coupled with an energy
dispersive X-ray spectrometer (EDX) unit was employed to
evaluate the elemental composition of NP/cotton sample.
Semi-quantitative analyses in the inspection field were
conducted using ZFA software where the energy of the
emitted electrons for each element was counted in units of
weight percent.

Antibacterial activity
The antibacterial activity was carried out by the agar

diffusion method using the suspension of bacteria spread on
nutrient agar. The swab was dipped into the broth culture of
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the organism and was gently squeezed against the tube
inside to remove excess fluid. The swab used to streak agar
plate or a nutrient agar plate for a lawn of growth. This is
best accomplished by streaking the plate in one direction,
then streaking at right angles to the first streaking, and
finally streaking diagonally. End by using the swab to streak
the outside diameter of the agar. The inoculated plates were
incubated at appropriate temperature for 24 h. The supported
fabric placed on the surface of the agar using a dispenser
that dispenses multiple pieces at the correct distance apart,
on the surface of the agar using flame sterilized forceps. The
antibacterial activity was evaluated by measuring the zone
of inhibition against the test organisms. Zone of inhibition is
the area in which the bacterial growth is stopped due to
bacteriostatic effect of the compound and it measures the
inhibitory effect of compound towards a particular
microorganism. Finally diameters of zones of inhibition
(mm) were measured and illustrated.

Results and Discussion
XRD analyses

The XRD measurements of the prepared inorganic
antibacterial agents were carried out. The estimated average
crystals sizes and the purity of the samples were estimated.
Figure 1 shows the x-ray diffractograms of Ag, CuO, ZnO
and MgO, respectively. As shown in Figure 1, the
diffractogram of Ag shows good agreement with the
characteristic peaks of pure Ag.

The characteristic peaks of pure Ag appeared in the
prepared sample at 26 =10.54°, 15.02 °, 23.80 °, 28.43 °,
31.44 °© and 37.74 ° degrees. This data is consistent with the
standard XRD data in Joint Committee on Powder
Diffraction Standards (JCPDS) card file no. 74-1828. The
calculated average crystal size of Ag using Scherrer relation
is 64.8 nm. On the other hand, the characteristic peaks of
pure CuO appeared at 26 =35.48 °, 38.64 °, 48.64 °, 61.33 °,
66.97 ° and 79.56 ° degrees. The data matches the recorded
peaks in JCPDS card no.48-1548. The calculated average
crystal size of CuO is 5.8 nm. Further, the diffractograms of
the prepared MgO NPs are in good agreement with the
JCPDS data (89-7746).
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Figure 1. X-ray diffractograms of the prepared Ag, CuO, ZnO and
MgO nanoparticles.
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This indicates the formation of pure nanocrystalline MgO
without any foreign material. The estimated average crystal
size of MgO is 10.5 nm. However, XRD data of the
prepared ZnO indicated the presence of foreign phases. Data
indicated the formation of only 11.5 % zinc oxide phase.
Characteristic peaks of zinc hydroxide and nitrate appeared
and the estimated percentage of each phase was 33.5 and
55.0 %, respectively.

SEM and EDX analyses

The SEM micrographs of the supported inorganic agents
on cotton fabric were measured. For example, the supported
Ag nanoparticles are illustrated in Figure 2. As shown in
Figure 2, the Ag nanoparticles appear to be homogeneously
distributed on the cotton surface. On the other hand, EDX
spectroscopy reveals the good binding of Ag to cotton
surfaces. As shown in Figure 3, the characteristic signals of
Ag atom were observed in the EDX spectra of Ag/cotton
sheets. In addition, EDX data indicated that the percentage
amount of Ag on cotton surfaces was 28.48 %.

.8- HV mag [ | spot WD det 11/3/2015 HFW 4pm
% | 10.00kv | 30000x | 3.0 | 10.0 mm | BSED | 11:14:06 AM | 13.8 ym | National Research Center Quanta FEG250

Figure 2. SEM image of Ag nanoparticles loaded on cotton.
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Figure 3. EDX spectra of Ag nanoparticles loaded on bleached
cotton.
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Antibacterial studies

Antibacterial activities of the loaded samples have been
tested against gram positive (B. subtilis and S. aureus) and
gram negative (E. coli) bacteria by agar diffusion method
(Figure 4).

Figure 4. Zones of inhibition of zinc (left) and copper (right)
oxides nanoparticles against a gram positive bacteria (B. subtilis).

Overall, results revealed different Kkilling abilities of
bacteria. It has been found that the inactivation
performances depend on the type and the amount of
antibacterial nanoparticles on the textile surfaces as well as
the type of bacteria. First, the influence of the amount of the
loaded antibacterial nanoparticles was investigated (Figure
5). The amount of loaded NPs was initially increased as
previously illustrated in the experimental section. The
amount of loaded MgO or ZnO were varied by initially
increase the amount of suspended oxides during the loading
processes. However, loading of Ag and CuO were carried
in-situ. Therfore, the influence of the amount of loaded Ag
or CuO were controlled by varying the initial amounts of the
added AgNOs; or CuSOQq, respectively. Generally, according
to each loading procedure, the increase in the amount of the
loaded NPs was proceeded till the maximum inhibition
zones were acheived (i. e. no further increase in the
inhibition zone upon increasing the amount of loaded NPs).
This may be attributed to the maximum loading capacity of
the cotton fabric toward the loaded NPs.

Contrary, in case of CuO, loading of CuO on cotton was
acheived through the in-situ sonochemical conversion of
copper sulphate into CuO in the presence of NaOH. Change
of the characteristic blue color of copper hydroxide into the
brown CuO was ceased when the initial concentration
copper sulphate exceeds 0.0024 mol L*. Therefore, this
concentration was taken as the maximum initial loading
concentration.

As appeared in Figure 5a and b, by increasing the amount
of loaded Ag and CuO, the inhibition zones increase toward
all types of bacteria. In addition, both Ag and CuO show the
highest killing abilities toward B. subtilis. Further, at low
concentrations, Ag and CuO show different antibacterial
activities toward E-coli and S. aureus with the order S.
aureus > E-coli. However, at high concentrations, both
agents show similar killing abilities. On the other hand, ZnO
shows only high killing ability toward B. subtilis (Figure 5c).
The inhibition zone increases upon increasing the initial
concentration of ZnO from 1 % to 4 %. Further increase in
Zn0O concentration does not affect the inhibition zone. The
zero antibacterial activity of ZnO toward S. aureus and E.
coli is probably due to its low purity as previously indicated
by the XRD analyses.
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However, loaded MgO shows no killing abilities toward
the three kinds of bacteria. It worthy to mention that
preliminarily antibacterial activity tests of both MgO and
ZnO in its powder form was tested against the three bacteria.
The preparation of the oxide powders were carried out as
previously discussed but in the absence of the cotton fabric.
The unsupported ZnO powder showed lower activity against
S. aureus and E. coli than that toward B. subtilis. However,
MgO powder shows only very low antibacterial activities
against all bacteria.
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Figure 5. The effect of the initial concentration of inorganic
nanoparticles on the antibacterial activity of the loaded samples
against B. subtilis, E.coli and S.aureus. () Ag, (b) CuO and (c)
Zn0.
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Obviously, loading of the inorganic antibacterial agents
into textile fabrics leads to decrease in the amount of active
agents and consequently decrease in their Killing abilities
(see for example the estimated amount of loaded Ag on
cotton using EDX technique).

The maximum inactivation performances of each loaded
inorganic agent against the three bacteria are illustrated in
figure 6. Under the given experimental conditions, the
loaded fabrics show the following antibacterial performance
order against Bacillus: Ag=CuO>Zn0O>MgO. However, the
activity order is CuO>Ag>ZnO=MgO against S.aureus and
E.coli.

QY

Maximum inhibin’onzone (mm)

-]

1
2
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%

Figure 6 . The effect of the type of loaded inorganic agent on the
antibacterial activity against B. subtilis, B. subtilis and B. subtilis.

The maximum inactivation performances of each loaded
inorganic agent against the three bacteria are illustrated in
figure 6. Under the given experimental conditions, the
loaded fabrics show the following antibacterial performance
order against B. subtilis: Ag=CuO>ZnO>MgO. However,
the activity order is CuO>Ag>ZnO=MgO against S.aureus
and E.coli.

Overall, the results revealed that not all of the active
antibacterial agents in its powder form can be loaded into
fabrics for the biomedical application purposes. It is not
recommended to load fabrics with NPs that posses low
antibacterial activities (such as MgO) as an adequate
perfomances is not expected. One important issue that
should be taken in consideration is the purity of the
inorganic agents. The low purity of the prepared ZnO NPs
negatively impacts the killing ability of the loaded samples.

Conclusion

Silver metal, copper, zinc and magnesium oxides have
been supported on bleached cotton fabrics. Reduction, wet
method, sol gel and precipitation methods were used in the
preparation of the antibacterial nanoparticles. The formation
of nanometer sized inorganic antibacterial agents was
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confirmed by XRD analyses. SEM measurements indicate
the homogeneous distribution of NPs on the cotton surface.
However, EDX spectroscopy reveals the good binding of
NPs to cotton surfaces. As the initial concentrations of the

loaded NPs increase, the killing abilities of bacteria increase.

The zero antibacterial activity of ZnO toward S. aureus and
E. coli is probably due to its low purity. Whereas, zero
killing ability of loaded MgO is due to its very low
antibacterial activity in its unsupported form. Under the
given experimental conditions, the loaded fabrics show the
following antibacterial performance order against B. subtilis:
Ag=Cu0>ZnO>MgO. However, the activity order is
CuO>Ag>Zn0O=MgO against S. aureus and E. coli. On the
light of this work, it can concluded that the inactivation
performances depend on the type, purity and amount of
antibacterial nanoparticles on the textile surfaces.
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