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ABSTRACT

Copper oxide nanoparticles (CuO-NPs) coated cotton, starched cotton and their functionalized CuO-Ag nanocomposites and
Cu(II) curcumin complex coated cotton have been prepared. The use of starched cotton materials instead of pristine cotton is
to minimize the leaching of CuO-NPs. The use of none-toxic biocompatible starch has improved the adhesion properties of the
cotton fibers and enhanced its durability towards CuO-NPs. The antimicrobial activities of these coated cotton materials have
been examined. The results have showed excellent antimicrobial activity against E. coli and S. aureus for all coated materials.
Since that these materials have strong antimicrobial activity therefore, they could also have excellent antiviral activity and can
be used to combat the spread of COVID-19 Corona Virus and attempts for minimizing corona virus outbreak. The use of
textile fabrics in health facilities such as medical cloths for doctors, nurses, cleaning personnel and patients, could contribute

to combat the spread of COVID-19 Corona Virus.
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INTRODUCTION

Pathogenic microorganisms such as bacteria, viruses, parasites, and
fungi and their caused infection are of great interest for the public
health nowadays. Therefore, the world has recently encountered a
great efforts for potential research to meet the essential demands
in the field of public health [1,2]. Part of this effort is due to the
resistances of microbial activity against classical antimicrobial
therapies increased due to increase in the ability of these organisms
to develop resistance to virtually all antimicrobial systems [3].
New strategies are recently developed and directed towards the
use various types of metals or metal oxides nanoparticles coated
textiles to impart their antimicrobial activity. The new materials
showed high stability and antibacterial effectiveness even after
intensive laundry regimes are employed in hospitals [4,5]. More
recently inorganic metals and metal oxides nanoparticles coated
cotton composites have attracted attention, due to their significant
antimicrobial activities [6-13]. Several types of masks including
cotton masks, surgical masks with nanofibers and new medical
masks and effective cloth masks were used for protection [14-18].
Special attention has been directed toward the use of antimicrobial

coated cotton fabrics e.g. medical facilities including cloth face
masks to minimize the chance or slow down the spread of Covide-19
Corona Virus [19-25]. The Covid-19 is the largest global public
health outbreak nowadays based on WHO reports, the main source
of the infection comes throughout transmission basically from
infected person to a new host by several means. In order to prevent
the spread of viral particles is to use functionalized antimicrobial
and antiviral materials for protection from bacterial or viruses.
There is an increasingly demand for safe and stable antimicrobial
textile materials with less leachable, and more effective from
transmitted bacterial or viruses through the use of metal oxides
modified medical cloths, face masks and other forms of cleaning
surfaces materials. Therefore, protective clothing, such as uniforms
for health-care workers made with functionalized materials with
antimicrobial finishing agents, could be an alternative to reduce
and prevent COVID-19 and Healthcare-Associated Infections
(HAISs) [26,27]. Copper-based antimicrobial agents were employed
to develop antimicrobial and antiviral material [28]. There is no
any firmed claim that the natural biodegradable and biocompatible
biopolymers chemically linked with metal oxides have been
recently used to enhance the nanoparticles stability. The reported

‘Correspondence to: Issa M. El-Nahhal, Department of Chemistry, Al-Azhar University, P O Box 1277, Gaza, Palestine, Tel: +970599411863, E-mail:
issanahhal@hotmail.com

Received: June 03, 2021; Accepted: June 17, 2021; Published: June 23, 2021
Citation: El-Nahhal IM, Salem ], Kodeh FS, Anbar R, Elmanama A (2021) Preparation of CuO-NPs coated cotton, starched cotton and its CuO-Ag

nanocomposite, Cu(Il) curcumin complex coated cotton and their Antimicrobial Activities. ] Nanomed Nanotech. 12: 566.

Copyright: ©2021 El-Nahhal IM, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Nanomed Nanotechnol, Vol.12 Iss. 6 No: 568 1



El-Nahhal IM, et al.

work of using the enzymes, chemicals or binding agents as tools
for enhancement the activation of textiles may result in changes in
the nature character of the cotton fibers [29,30]. Instead of that,
our research group are the first people, who have recommended
the use of surfactants for preparation of stable antimicrobial metal
oxides coated cotton [6,31]. The purpose of using surfactants is
to stabilize metal oxides nanoparticles by controlling their shape
and size as coated species [6,31]. In our previous article, we have
modified our research methodology and prepared of very stable
and efficient antimicrobial active material by using starch material
as none toxic material and compatible with cotton cellulose to
enhance the stability, adhesion properties of the surface of cotton
fiber surface towards immobilization of ZnO nanoparticles [32]. In
this context, in an analogous method, we have also used starched
cotton fabrics for coating copper oxide nanoparticles on the
cotton fabrics. Figure 1a presented the synthetic pathway of CuO-
NPs coated cotton and starched cotton and their antimicrobial
activity against pathogenic bacteria. The starched cotton fibers
(I-3w% concentrations of starch) were used to deposit copper
oxide nanoparticles. The durability results showed that starched
cotton samples exhibit much higher deposition of copper oxide
nanoparticles than the corresponding samples prepared without
using starch. Minimum leaching of CuO-NPs from the cotton
fabrics was observed even after 10 washings cycles. Figure 1b
presented some protected medical facilities which may actively
can prevent the spread of Covide-19. The functionalized CuO-Ag
nanocomposite and Cu(ll) curcumin complex materials exhibit
significant antimicrobial activity against E. coli and S. aureus. Several
methods were employed for investigation the morphology and
their chemical structure properties of the cotton coated materials

including XRD, SEM and TEM analysis.
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Figure 1: Schematic illustration of (a) synthetic pathway of CuO-NPs
coated cotton and starched cotton and their antimicrobial activity against
pathogenic bacteria, (b) Some possible protected medical facilities to
prevent the spread of Covide-19.

MATERIALS AND METHODS

Chemical and Reagents: Copper acetate monohydrates
(Cu(CH,COOH),.H,0) and sodium hydroxide (NaOH) were
purchased from Hi Media, India. Starch (from corn) was purchased
from Merck. A Turkish cotton (100% cotton) was purchased from
local market and pretreated before used. Dehydrated nutrient
agar powder, nutrient broth powder, Sabouraud Dextrose Agar

(SDA), Di-Chloran Rose Bengal Chloramphenicol (DRBC) agar

J Nanomed Nanotechnol, Vol.12 Iss. 6 No: 568

OPEN aACCESS Freely available online

and Potato Dextrose Agar (PDA), were purchased from (HiMedia,
India) and used to prepare culture media.

Analytical methods: Chemical analysis of the CuO-NPs coated
cotton, coated starched cotton and their functionalized CuO-
Ag nanocomposite and Cu(ll) curcumin complex materials
were investigated using various techniques: scanning electron
microscopy (SEM) using Carl Zeiss AG - EVO® 60), transmission
electron microscope (TEM) JEM2010 (JEOL), X-ray diffraction
(XRD) using EQ uniox 3000, INEL, France.

Preparation of starched cotton fibers: Cotton fibers were firstly
washed with 1% solution of sodium dodecyl sulfate (SDS) at
60°C for 2 hrs., rinsed out the excess of SDS with distilled water
several times and dried under vacuum (0.1 torr) at 80°C for 24
hrs. The dried cotton fibers were starched using three different
concentrations (1-3 starch wt. %) by treating cotton fibers (3.0 g)
with 30 mL of different concentrations (1-3 starch wt. %) of corn
starch at 70°C for 3 hrs. The starched cotton fibers were washed
with distilled water and dried under vacuum (0.1torr) at 60°C for
48 hrs [32].

Coating Process: CuO-NPs coated cotton and starched cotton
materials were prepared as previously described method [32] by
treating 1.00 g of cotton or starched cotton with copper (II) acetate
(0.0Imol) in presence of NaOH as base (0.02 mol) in 100 mL
deionized water. The mixture was irradiated using Ultrasonicator
(Model US-150 Ti-horn, 20 kHz, output 10 Turning 7) for 60
minutes, while rotating the cotton sample at speed 250 rps to
ensure that cotton or starched cotton fabrics were homogeneously
coated with CuO-NPs. CuO-NPs coated cotton or coated starched
cotton materials were then washed thoroughly several times with
distilled water and dried at 80 °C overnight. These coated materials
are labeled as CuQO/cotton and CuQ/starched cotton (1-3 starch
wt.%).

Preparation of CuO-Ag nanocomposite coated cotton: The
nanocomposite CuO-Ag coated cotton was prepared as previously
reported [32] by treatment of 200 mg of CuO-coated cotton with 15
ml of Ag-NPs sol (0.10 mM) (Figure2 a). The mixture was vigorously
shaken for 10 minutes to ensure complete interaction with Ag-NPs
sol. Dark brown of CuO-Ag nanocomposite coated cotton material
(Figure 2 b) was separated, washed with two successive portions of
20 ml distilled water to remove the unreacted Ag-NPs and dried at
70°C under vacuum (0.1torr) for 24 hrs.

Functionalized cotton and CuO/cotton with curcumin [32]:
200 mg of pristine cotton and CuQO coated cotton samples were
separately treated with 10 ml of ethanol solution of curcumin

Figure 2: a) Ag-NPs sol., b) CuO-Ag nanocomposite coated cotton.
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(2.71*10°M). An brownish yellow of copper(II) curcumin complex
coated cotton was formed (Figure 3a & b). The curcumin Cu(II)
complex coated cotton and curcumin/cotton were washed with
three successive portions of 20 ml ethanol to remove free curcumin
and dried at 70 °C under vacuum (0.1torr) for 24 hrs.

Figure 3: a) Curcumin/cotton b) Cu(Il) curcumin/cotton.

Antimicrobial activity tests: The antimicrobial activities of CuQ/
cotton, CuQO/starched cotton, CuO-Ag/cotton nanocomposite
and Cu(Il) curcumin complex materials were examined against the
Gram-negative Escherichia coli and the Gram-positive Staphylococcus
aureus. The antimicrobial activities were tested according to
the standard quantitative test (AATCC 100, 2004) with some
modifications [32]. Two pieces were examined for each sample, a
piece of the coated cotton was tested against a known concentration
of bacterial suspension and the reduction in the viable cell was
calculated. A dry piece of uncoated cotton material (100 mg) was
used for the antimicrobial test. The two pieces were sterilized by
autoclaving and by UV-sterilization before testing the antimicrobial
activity tests were done. The cotton materials “Test and Control
“were soaked in sterile normal saline and incubated for a standard
time without shaking. A preliminary antibacterial test was carried
out for CuQ/starched cotton of different concentrations of starch
(1-3 wt.% starch), where the cotton materials were washed with
water very well and then allowed to dryness.

Two cotton pieces “Test and Control “were inoculated with 500
pL of the bacterial suspension and then each piece was inserted
in a vial containing 20 ml of sterile physiologic saline solution
(NaCl 0.9%). The vials were tightly closed and allowed to vigorous
shaking for about 1 min. and then incubated at 37 °C for 24 hr.
After incubation, 1000 pL of each sample was taken and serially
diluted with 0.9% NaCl solution and 100 pL of each dilution was
transferred onto nutrient agar plates. The plates were allowed to
grow overnight at 37°C and the viable bacteria were counted.

RESULTS AND DISCUSSION

Durable Results: In comparison of the durable results of CuO-NPs
onto cotton and starched cotton fabrics with that of ZnO-NPs [32].
It is found that less wash durable with lower content of CuO-NPs
were deposited onto the cotton or starched cotton fabrics at same
conditions than that of ZnO-NPs [32]. This probably refers to the
difference in shape and size of nanoparticle of the two materials.

Washing durability tests: Wash durability results for CuO-NPs
coated cotton at different washing cycles (5 and 10 washing cycles)
and compared with the corresponding CuO-coated starched cotton
(1-3 starch wt. %) are shown in Figure 4. There is a significant
reduction of leaching of CuO-NPs from cotton materials after
5 and 10 washing cycles in presence of starch (Figure 4), this
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Figure 4: Concentration (W9%) of CuO-NPs before and after washing in
presence of starch.

reduction of leaching of CuQ coated species occurs upon using
starch as natural adhesive material. The reduction of leaching has
decreased in absence or using low concentration of starch (Figure

4).

The results starched cotton fibers showed higher coating CuO
content than in the case of pristine cotton. The leaching percentage
decreases upon increasing the percentage of starch from 1 to 3%.
The least leaching of CuO-NPs was observed when 3% of starch
was used. The presence of starch has great effect in minimizing on
leaching of metal oxide from cotton fabrics. Similar behavior was
reported in using ZnO-NPs coated cotton and starched cotton, but
with presence of high content of ZnO-NPs deposited onto starched
cotton even after application of 10 washing cycles [32].

SEM Analysis[12,13,18,24]

The morphological analysis before and after deposition of CuO-
NPs onto cotton fibers was examined by SEM and the images
are presented in Figure 5a-d. SEM of the cotton blank (image a)
isclearly showed grooves and fibrils on the surface of the fiber.
The morphology of CuO-NPs coated cotton fibers in the absence
of starch, small agglomerates of CuO-NPs as nano wire pieces of
different lengths are well adhered to the surface of cotton fabrics
(Figure 5, image b). The morphology of CuO-NPs coated starched
cotton is different from that coated onto pristine cotton, this is
probably that the presence of starch onto the surface of cotton
fabrics has changed the morphology of CuO-NPs. It showed
large agglomerates of nano fibers or flakes of CuO-NPs, that well
adhered onto the surface of cotton fabrics. (Figure 5, image c).
Upon formation of CuO-Ag nanocomposite by treatment of CuO-
NPs coated cotton material with Ag-NPs, a new morphology of
CuO-Ag particles which is fully covered the cotton fabrics surface
with dense nano shells or flakes fully covered and adhered onto the
surface of the cotton fabrics (Figure 5, image d).

TEM Analysis

TEM analysis of sol Ag-NPs and its CuO-Ag nanocomposite coated
cotton images are given in Figure 6a & b. The average particle size
of Ag-NPs spheres has decreased from ca. 43 nm to ca. 29 nm upon
interacted with CuO-NPs to form CuO-Ag nanocomposite (Figure
6b).

XRD analysis

XRD patterns of CuO-NPs coated cotton, CuO-NPs starched
cotton and CuO-Ag coated cotton are presented in Figure 7(a-c).
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Figure 5: SEM images: a) Cotton blank b) CuO/cotton, ¢) CuQ/starched
cotton, d) CuO-Ag/cotton.
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Figure 6: a) TEM image of AgNPs sol, b) TEM image of CuO-Ag
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Figure 7: XRD diffraction pattern of (a) CuO/cotton (b) CuO/starched
cotton (c) CuO-..Ag/cotton.

The diffraction pattern reveals a weak or broad diffraction peaks
of CuO-NPs, which is well indexed with monoclinic structure
formed onto the surface of cotton fibers [12,13,18,24]. The pattern
corresponds to the diffraction peaks which centered at 20 = 33.5,
35, 38.5, 48, 53 and 57° assigned to the 110, -111, 111, -202, 020
and 202 reflection lines of monoclinic CuO-NPs [12,13,18,31].
The crystallite sizes of the particles were not calculated by using
Scherrer's equation due to low intensity diffraction peaks.

Antimicrobial activity of CuO-NPs coated cotton [32]

The antibacterial activity of theCuO-NPs coated cotton were
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applied according to the standard method AATCC 100. The

reduction percentage (%) was calculated by the following formula:

R= 100 (B - A)/B, where R = reduction percentage (%), A = the
number of microbial cells recovered from the inoculated coated
cotton material incubated 24 hrs contact period, B = the number
of microbial cells recovered from the inoculated uncoated cotton
material immediately after inoculation (at “0” contact time). The
antimicrobial results for all tested materials were compared with
that of the control samples. The antimicrobial activity for CuO-
NPs coated cotton and coated starched cotton against E. coli and
S. aureus are given in Figure 8a & b.

The results confirmed that CuO-coated starched cotton samples
showed an excellent antimicrobial activity against both E. coli and
S.aureus in comparison with that of CuO coated cotton without
starch [32]. The starched cotton of (3% content starch) showed
almost 100% reduction antimicrobial results against both E. coli
and S. aureus (Figure 8). In general, the antimicrobial results for
CuO-NPs coated cotton and starched cotton showed a less efficient
than that of analogous ZnO-NPs [32]. The antimicrobial activities
of CuO-NPs coated cotton or coated starched cotton against E.
coli and S. aureus after 10 cycles test were compared with some
previous studies (Table 1). The data support the excellent activity
of using starched cotton as stabilizing for CuO.

The antibacterial activity results for curcumin/cotton and its Cu(II)
curcumin complex/cottonshowed thatthe Cu(Il) curcumin complex
coated cotton showed a high reduction of 94-95% for both E. Coli
and S. Aureus when compared with that of curcumin/cotton (Figure
9) [32]. The reason for this behavior is that Cu(II) curcumin complex
showed a better antimicrobial than that of curcumin/cotton).
The antimicrobial activity for CuO-Ag/cotton material is higher
for E. coli, than that of CuQ/cotton (Figure 8). This is probably
that MO-Ag nanocomposite have smaller particle size than that
of the corresponding metal oxides [32-35]. It is notable that the
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Figure 8: (a &b) Antimicrobial effect of CuO-NPs against (a) E. coli (b)

S.aureus with and without starch.
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Table 1: Comparison of antimicrobial activity results of CuO-NPs coated
cotton materials against E. coli and S. aureus after 10 cycles.

Material Reduction of E. Reduction of S. Ref.
coli (%) aureus (%)
CuO/cotton 48 69 This work
CuO/ cotton-starch(3%) 98 92 This work
CuO/cotton-SDS 95 90 31
CuO/cotton-HY 95 91 31
7ZnO/cotton-CTAB 48 82 31
120 -
Antimicrobial effect of curcumin I E. coli
complex against E. coli and S. aureus |l S. aureus
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Figure 9: Antimicrobial effect of Curcumin/cotton and Cu (II)curcumin
complex. against E. coli & S.aureus.
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Figure 10: Antimicrobial effect of Ag-NPs and CuO-Ag nanocomposite/
cottonagainst E. coli & S. aureus.

antimicrobial activity of CuO-Ag/cotton for E. Coli. is higher
than that of S. aureus (Figure 10). The reason for this behavior is
probably that the cell wall of S. aureus is thicker than that of E. Coli.

The antibacterial activity of CuO particles mechanism of action
is not fully understood. The generation of hydrogen peroxide
could be the main factor of antibacterial activity, or binding of
CuO nparticles on bacterial surface via electrostatic forces could
be a mechanism. The results of this study showed notable higher
antibacterial activity compared with other tested preparations. This
might be due synergy produced by the different mechanisms of
killing exhibited by Silver and copper.

CONCLUSION

In this work, CuO-NPs are immobilized in/onto the surface of
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cotton and starched cotton substrates via ultrasonic irradiation
method. The used of starch as none toxic material for coating cotton
fibers is to improve the adhesion properties of the cotton fibers
and to increase the stability of CuO-NPs coated cotton fabrics. The
durability of the coated CuO-NPs/starched cotton is significantly
enhanced resulting of less leaching of the coated species from the
surface of coated starched cotton. This is apparently increased
remarkably its antimicrobial activity. Functionalized of CuO-Ag
nanocomposite coated cotton and Cu(ll) curcumin complex/
cotton materials exhibit that the antimicrobial activity results for
curcumin/cotton is significantly enhanced when the curcumin
solution is added to the CuO/cotton upon formation Cu(II)
curcumin complex. The antimicrobial activity of CuO-NPs coated
cotton fabrics was enhanced when CuO-Ag/cotton is formed.
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