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Abstract Textiles are known to be the best substrates
for growing a variety of microorganisms efficiently at
appropriate temperatures and humidity in contact with
the human body. Currently, increasing public concern
about hygiene has been driving many investigations
about antimicrobial surface modification of textiles.
The present research reports on the synthesis and
characterization of nanosized copper oxide nanoparti-
cles (CuONPs) and their application on cotton fabric
to increase the bactericidal and hydrophobic proper-
ties. The synthesized materials have been subjected to
spectroscopic and microscopic characterizations to
help in understanding their structure, morphology,
size, and composition. Further, upon dispersion of the
nanoparticles onto the fabric, its hydrophobicity and
mechanical properties were evaluated using electron
microscopy and universal testing machine. Treated
cotton fabric exhibits higher tensile strength (32 MPa)
than the untreated one (27 MPa), whereas copper
nanoparticle-coated cotton fabric shows a fair
hydrophobicity. Moreover, CuONPs-treated and un-
treated cotton fabrics have been analyzed for bacteri-
cidal activity against various gram-negative and gram-
positive strains. Finally, the CuONPs-coated cotton
fabric displays greater antibacterial activity against
E. coli and exhibits superior antimicrobial activity even
after 30 cycles of washing, indicating that the CuONPs-
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coated cotton fabric has a higher potential to be
employed as a medical textile to avoid cross-infection
within a clinical environment.
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Introduction

Antibacterial agents are compounds used to inhibit
bacterial growth, and their modus operandi interrupts
replication, transcription, and translation in the cell.” It
deteriorates the metabohc process of the bacteria and
ends with mortality.” These antibacterial agents have
several industrial applications such as textiles, derma-
tological therapies, dental composites, food packaging
and medicine that are of increasing demand nowadays.
Several studies have reported that the use of antibiotics
has led to the emergence of multidrug-resistant bacte-
rial strains. Mainly, antibiotics attack bacteria in three
different ways: (1) they inhibit the cell wall synthesis
(2) disturb the translational mechamsm and (3) dena-
ture the enzymes for DNA replication.” By 1ntegrat1ng
nanotechnology and biotechnological techniques, it is
possible to overcome the antibiotic-resistant problem
with the use of nanoscale metals through green
processes that have a huge potential in the field of
medicine.*> One of the most 1mportant technologies
emerging with the use of nanoparticles is antimicrobial
textile technology Nutrients present in the natural
fibers are the major growth-promoting factors for many
bacterial strains, especially cotton fabric.” Cotton
fabric must be sterlle to avoid the dangerous infections
caused after injury, or it can be treated with antibac-
terial agents. Cotton coated with NPs is known to
inhibit the growth and avoid any associated infections.®

The leaves of Carica papaya possess potential biolog-
ical antioxidants such as papain, chymopapain, flavo-
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noids, and ascorbic acid. These components act as
reductants for the formation of nanoparticles. The
papaya leaf contains chemicals such as karpain which
interfere with the digestive function of microorganisms
and kills them.”

Copper has the ability to inhibit the growth of
microbes, fungi, and algae, as it plays an important role
in the disinfection of water. Copper oxide nanoparti-
cles (CuONPs) can be prepared by several well-known
techniques such as sol—gel quick precipitation, and
chemical reduction.!’ However, these methodologies
have certain limitations as they use harsh chemicals
that are toxic to human beings. To avoid toxicity, the
best known practice is to make use of natural sources.
Among the various natural methods known, plants are
the best option as they are eco-friendly, cost-effective,
more stable, mild, and nontoxic."*'* Textile surface
finishing is one of the new emerging technologies in the
field of nanotechnology. Recent research interest
toward the antibacterial textiles is increasing, and this
plays a significant role in evading bacterial infections,
especially during wound dressing and application on
hospital clothlng, where bacterial infections can be
highly prevalent.'

The present research focuses on the synthesis of
copper oxide nanoparticles from the green plant Carica
papaya leaves and has reported its antimicrobial
activity. Furthermore, nanocoated cotton fabric was
also evaluated against gram-positive and gram-nega-
tive bacteria. The availability of copper has made it a
better choice to work with as it shares similar proper-
ties as other expensive metals such as silver and gold.
Carica papaya plant leaves have an inherent antimi-
crobial activity, but the combination of metal ions with
plant phenols and phytochemicals increases their
antimicrobial activity by several folds.

Materials and methods
Collection of plant material

Fresh leaves of Carica papaya were collected from
the Rajkot district, Gujarat, India. All chemicals used
in the experiment were purchased from HI Media, and
all the assays were performed in triplicate.

Preparation of plant extracts

The Carica papaya plant parts were washed with
distilled water (D/W) and dried in the sun to remove
the residual moisture for the formulation of the extract.
The dried leaves were finely ground using a mixer.
Leaf extract was prepared by the addition of 6 g of
dried powder in 100 mL of distilled water and boiled at
60°C for 10 min. The mixture was continuously stirred
on a magnetic stirrer for 15-20 min and was cooled to
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room temperature followed by filtration, and stored at
— 20°C for further downstream analysis.'’ "

Green synthesis of CuONPs

CuONPs were synthesized by adding 0.01 M CuSO,
solution to the Carica papaya leaf extract in the volume
ratio 95:5 by a reduction process. This mixture was
stirred for 15 min and allowed to stand at room
temperature for 5-10 min to obtain a colloidal suspen-
sion which turned green from blue with a brownish-
black precipitate. The mixture was centrifuged and
washed several times with distilled water and dried at
50°C in a hot air oven for a day to obtain the CuONPs.
Carica papaya leaves have the best reduction capability
against copper sulfate when compared to other parts of
the plants (seeds and fruit) which was observed by the
external color change.”!

Characterization
Analysis using UV-visible spectra

The bioreduction of CuSO,4 to CuONPs was monitored
periodically by UV-visible spectroscopy. This refers to
absorption spectroscopy in the UV-visible spectral
region. After the dilution of the samples with deionized
water, UV-visible spectrometric readlngs were re-
corded in the range of 200-700 nm.*

FTIR analysis

Fourier transform infrared (FTIR) spectroscopy was
used to identify the possible biomolecules, and the
functlonal group was responsible for the reduction of
Cu*? ions and capping of the reduced CuO nanopar-
ticles. For FTIR analysis (FTIR Nicolet 5700, Thermo
Corp., USA) samples were prepared by mixing 1% (w/
w) specimen with 100 mg of KBr powder and pressed
into a sheer slice.”” An average of 32 scans were
collected for each measurement with a resolution of
2 cm'. The FTIR spectrometric readings were re-
corded in the range of 4000650 cm !>

X-ray diffraction analysis (XRD)

The crystal structure of the CuONPs was determined
by analyzing the x-ray diffraction patterns obtained
using Cu K, (4 = 1.5417 A) radiation on PANalytical
X’Pert Pro x-ray diffractometer at the Department of
Physics, Saurashtra University, Rajkot. The XRD
machine was operated at a voltage of 40 kV and
30 mA. The measurements were taken with 0.02 steps
and 1 s time per step at room temperature.”
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Scanning electron microscopy (SEM)
and transmission electron microscopy (TEM)

Scanning electron microscopy and transmission elec-
tron microscopy were used to check the size and
surface morphology of nanoparticles as well as to study
the surface characteristics of cotton fabric treated with
CuONPs.*

Antimicrobial activity of CuONPs

The effect of copper oxide nanoparticles synthesized
using C. papaya plant extract with standard antibiotic
kanamycin was tested against gram-positive and gram-
negative bacterial strains using agar well diffusion
method. Luria-Bertani (LB) broth medium was used
to grow a single colony of each bacterial strain and
kept overnight on a rotary shaker at 37°C. The plates
containing LB agar medium were inoculated with 100
pL of the overnight-grown activated culture of each
strain. To determine the bacterial activity, the agar
wells were inoculated with antibiotic kanamycin
(30 pg/disk) as a positive control, 30 pl distilled water
as a negative control, 30 pl of 0.01 M CuSOQ, solution,
30 ul of plant extract and tested against 30 pg of
CuONPs synthesized using C. papaya plant extract.
The plates were then incubated at 37°C for 24 h and
observed for the zone of inhibition.?’

Evaluation of the bactericidal activity of CuONPs
on cotton fabric

A colloidal solution of CuONPs with 100 mg/L. con-
centration was used to coat cotton fabric using a dip-
coating setup. After padding, treated samples were
squeezed and dried in an oven at 80°C for 15-20 min.
Antimicrobial activity of the cotton fiber and cotton
fabric was evaluated against gram-positive bacterial
strains such as Bacillus subtilis (MCC 2244), Bacillus
megaterium (MCC 2336), Bacillus cereus (MCC 2240),
Staphylococcus epidermidis (MCC 2044), and gram-
negative bacterial strains such as Escherichia coli
(MCC 2246), Kilebsiella pneumonia (MCC 2716),
Klebsiella oxytoca (ATCC 43165), and Salmonella
typhimurium (ATCC 14028) using the agar well diffu-
sion method. To evaluate the antimicrobial property of
the cotton fabric, samples were subjected to agar well
diffusion method.”® The plates containing LB agar
medium were inoculated with 100 pL of the overnight-
grown activated culture of each strain. Each cotton
fabric sample coated with copper oxide nanoparticles
was planted on an agar plate, and the plates were
incubated at 37°C for 24 h. The zone of inhibition of
treated cotton fabric with CuONPs and the untreated
cotton fabric was measured.”"

Textile properties of cotton fabric
Washing fastness

AATCC 61(2A) (American Association of Textile
Chemists and Colorists) 1996 test method was used to
test the washing fastness of treated cotton fabric with
CuONPs. The antimicrobial stability of cotton fabric
was checked up to 30 cycles of washing.*”

Tensile strength

Tensile strength of the cotton fabric was measured
using ASTM test method D5035. The strip test method
was applied on the cotton fabric of 2.5 cm x 8 cm with
the use of tensile testing machine. Tensile strength was
measured in terms of determination of the breaking
load and breaking elongation.™

Water absorption

Water absorption capacity of treated fabric with
CuONPs and the untreated fabric was checked by
AATCC test method 79-2000.

Results and discussion
Spectral analysis

UV-visible spectroscopy was used to detect the surface
plasmon resonance property of CuONPs. It never
shows absorption in the visible range; however, distinct
broad bands are observed at ~ 264, 280, 288, and
295 nm, according to Mie’s theory (dipole oscillation).
The increase in the intensity of the peak around the
maximum value could be attributed to the increasing
concentration of the reducing agent. The solvent type
used for the preparation of nanoparticles, pH, stabiliz-
ing agent used, and particle size are responsible for the
exact position of the plasmon absorption. Here,
CuONPs showed no surface plasmon resonance
(Fig. 1). A sharp peak observed at 270 nm indicates
that the particles are smaller in size which is in line
with the observations reported by Kayani et al.*

FTIR spectrum of the CuONPs displays peaks at
1623 cm™', 1382 cm™', 1034 cm ', and 2922 cm™'
(Fig. 2). These qeaks can be attributed to the C=0
bond (1382 cm™'), H-OH bending (1623 cm™"), and
OH bond stretching (2922 cm™'), respectively (Ta-
ble 1). A recent study reports on a similar gattern for
CuONPs synthesized by sol-gel method.” Previous
studies have also reported the same for copper oxide
nanoparticles using gum karaya.™
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Fig. 1: UV-visible spectrum of CUONPs synthesized from Carica papaya leaf extract
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Fig. 2: FTIR spectrum of CuONPs synthesized from Carica papaya leaf extract

Table 1: Comparison of bond stretching in Carica papaya leaf extract and the synthesized CuONPs

Bond stretching Carica papaya leaf extract (cm~"  CuONPs synthesized from Carica papaya leaf extract (cm~"
OH bond stretching 2851 2922
H-OH bond bending 1619 1623
C = O bond stretching 1317 1382
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Figure 3 shows the x-ray diffraction spectra of
CuONPs synthesized from Carica papaya leaf extract.
The x-ray diffraction pattern was recorded in the 26
range of 20°-80°. The sharp peaks in the diffraction
patterns indicate the crystalline nature of the sample.
Analysis of the spectra indicates that the sample
contains some amount of Cu,O due to the absorption
of excess amounts of oxygen during the synthesis
process. Few intense crystallographic reflections such
as (110), (111), (020), (202) of CuONPs are shown in
Fig. 3. Our result suggests the mixed phase formation
of the CuONPs.

The morphology and size of CuONPs were further
characterized using SEM and TEM histogram. The size
of the NPs was found to be less than 100 nm which may
have probably contributed to their unique antimicro-
bial activity (Fig. 4a). The CuONPs seem to have been
evenly distributed on the cotton fabric as evidenced
from the SEM image (Fig. 4b). The surface morphol-
ogy of CuONPs from TEM imaging reveals that most
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Fig. 3: X-ray diffraction spectra of CUONPs synthesized
from Carica papaya leaf extract

of the particles are present in the form of a square or
rectangle (Figs. 5a and 5b).

Antimicrobial activity

Antimicrobial activity of CuONPs was tested using
agar well diffusion method. The study demonstrated a
higher antimicrobial property of CuiONPs as compared
to the plant extract and CuSQO, (Figs. 6 and 7). The
study found similar bactericidal activity of CuONPs as
positive control in kanamycin. CuONPs showed lesser
zone of inhibition in Staphylococcus aureus and Bacil-
lus subtilis (gram-positive) than E. coli (gram-nega-
tive). The difference in the zone of inhibition may be
due to the cell wall composition of gram-positive and
gram-negative bacteria because of the thick and wide
peptidoglycan layer in the cell wall of gram-positive
bacteria than the cell wall of gram-negative bacte-

ria.36_38

Antibacterial evaluation of surface finished textile

Disk diffusion method was used for the antimicrobial
assay of CuONPs and cotton fabric. Generally, the
traditional cotton textile does not show any antibacte-
rial resistance, as nutrients present in the natural fiber
lead to accumulation of growth of microorganisms. The
present study observed no zone of inhibition for
untreated cotton fabric and excellent bactericidal
activity for the surface-treated cotton with CuONPs
(Fig. 9). The mechanism behind the bacterial resis-
tance is that free Cu ions released from CuONPs get
easily absorbed by the bacteria (Figs. 8 and 9).
CuONPs exhibit high bactericidal effects because of
their interaction with the cell membrane of microbes.*
CuONPs play an important role in denaturation of
intracellular proteins, DNA, and cell wall by electro-
static interaction. CuONPs produce reactive oxygen
species (ROS) by creating oxidative stress in the cell

s

A

Fig. 4: SEM images of (a) CUONPs and (b) cotton fabric treated with CUONPs
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Fig. 5: TEM images of (a) CuONPs; (b) SAED image of CUONPs
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Antimicrobial Activity of CUONPs on Cotton Fabric

Fig. 8: Evaluation of the antimicrobial activity of CuONPs-coated cotton fabric against gram-positive and gram-negative

bacteria

which ends up with lipid peroxidation, protein oxida-
tion, DNA degradation and finally creating necrosis of
the cell.'>*

Textile properties of cotton fabric
Washing fastness

The present study assessed the washing fastness of
treated cotton fabric after 10, 20 and 30 cycles of
washing for antibacterial stability (Fig. 10). It showed
negligible effect of washing on the surface of cotton
fabric when treated with CuONPs due to its higher
insolubility in water. Although antimicrobial activity of
cotton fabric displayed a slight decrease after 30

washing cycles, multiple washing cycles have shown
excellent antibacterial stability.

Water absorption

Water absorption capacity of treated fabric with
CuONPs and untreated fabric was checked by AATCC
test method 79-2000. The absorption time for un-
treated fabric and treated fabric was found to be 10 s
and 127 s to absorb one droplet of water, respectively.
CuONPs create blockage at the hydrophilic site of the
cotton fabric due to their binding capacity with
cellulose fibers. Hence, CuONPs-treated cotton fabric
shows a higher hydrophobicity than the untreated
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Fig. 10: Washing fastness of untreated and treated cotton fabric with CUONPs

Table 2: Tensile strength and water absorption time of untreated and treated cotton fabric with CuONPs

Sample Breaking load Breaking elongation Tensile strength Water absorption time
(N) (mm) (MPa) )

Untreated cotton fabric 4000 37 26.6 10

Cotton fabric treated with 4800 53 32 127

CuONPs

cotton fabric. Similar results were also reported by
earlier studies for silver and copper nanoparticles.

Tensile strength

The tensile strength of cotton fabric was measured with
the help of universal testing machine (UTM). Un-

538

treated cotton fabric showed 37 mm breaking elonga-
tion when 4000 N breaking load was applied, whereas
treated fabric showed 53 mm elongation when 4800 N
breaking load was applied (Table 2). The present study
indicates that surface finishing with CuONPs increases
the tensile strength of cotton fabric due to incorpora-
tion of copper ions into the cotton fabric.
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Conclusion

CuONPs have been successfully synthesized by using
Carica papaya leaf extract. Different characterization
techniques were used to study their structure, mor-
phology binding and mechanical properties. The SEM
analysis indicates that the CuONPs were well dispersed
on the cotton fabric and exhibit good antimicrobial
activity against gram-negative E. coli. The cotton fabric
surface containing CuONPs displayed excellent bacte-
rial resistance even after 30 cycles of washing. Textile
surface finishing with CuONPs also increased the
fabric hydrophobicity and tensile strength. The antimi-
crobial activity of the synthesized CuONPs via green
approach is a promising candidate for the medicinal
and food industries. Yet there is a strong need for its
in vivo studies using CuONPs before it is practically
applied in the field.
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