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to Prepare ZnO/PMMA Nanocomposites
Coatings to Create Antimicrobial and
Hydrophobic Surfaces on Cotton Fabric
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2Shinshu University, 3151 Tokida Ueda, Nagano 3868567, Japan

Abstract

Incorporation of enzyme immobilized Zn0 nanoparticles in to hydrophilic polymer Polymethyl
metharcylate (PMMA) has been considered in this present study with the goal of developing
antimicrobial hydrophobic textile coatings. The enzyme immobilized nanoparticles polymer coatings
on textiles by dip coating, using the polymer Polymethyl methacrylate and proteolytic enzymes
alpha chymotripsin immobilized green synthesized, amino functionalized ZnO nanoparticles.
Immobilization of enzymes on nanoparticles with large surface to volume ratio provides obvious
advantage. Alpha chymotripsin was immobilized on amino functionalized ZnO nanoparticles
dispersed in n-proponal. The enzyme immobilized ZnO nanoparticles were used for making the
Zn0/PMMA polymer nanocomposite coating. This coating was applied on cotton textile by dip
coating and the coated textiles were evaluated for antimicrobial and hydrophobicity Properties.

Introduction

Antimicrobial textile is the functionalized textiles which inhibit the
growth of microorganism during usage. Different methods were used for
the preparation of antimicrobial textiles. Hydrophobically treated textile
also help in keeping the surface clean. Among various methods using
nanoparticles based coatings are very common to impart antimicrobial
property to natural as well as synthetic textiles. Silver nanomaterials are
very efficient in imparting self-cleaning and antimicrobial properties to
textiles [1,2]. Other than silver many metal oxides and metal nanoparticles
like Cu, Au, Zinc and tin have also been used for the development of medical
textiles. CuO coated textiles have shown broad spectrum antimicrobial
activity [3]. Nano selenium treated textiles exhibited activity against
basicillus sublitis [4]. Prevention of agglomeration, desired morphology
and uniform size of the nanoparticles are very challenging aspects for
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nanoparticles based antimicrobial treatment of
textiles. Meanwhile selection of proper polymer
matrices is very crucial for the development of
polymer nanocomposites coatings for textiles [5].

Among various natural products proteolytic
enzymes are found to be very interesting class
of antimicrobial agents. They can destruct the
microorganism structures and chemically degrade
the molecules that could favour the adsorption of the
microbes on textiles [6]. Application of enzymes is an
effective alternative process to impart antimicrobial
property to textiles [7]. As they are natural
materials enzymes are environmentally safe to use
as antimicrobial agent although microorganisms
show diverse procedures to adhere to a substrate.
Researchers have shown that common proteases
reduce the adhering strength of the microorganisms
to a surface and also to textiles [8-11].

When virus SARS-CoV-2pandemic happens
causing the Corona Virus Disease 2019 (COVID-19),
there was no specific treatment and gains an
unexpected but predictable importance. Recycling
non- reusable PPEs with antimicrobial properties has
been an interesting area of research, particularly after
the market shortage [12-14].

Antimicrobial textiles are essential to guard
health workers from possible infections. Using
silver nanoparticles (AgNPs) on polymeric fiber
mats is a easy way to provide antimicrobial
properties to textiles [15,16], while the antibacterial
tests for AgNPs treated PPEs are generally carried
out in solution, the performance of treated PPEs
in a gaseous environment is uncertain. Organic
macromolecules having nitrogen-halogen generally
show intense oxidative properties through oxidative
halonium ions release in an aqueous environment
[17] and could be used onto fiber mats to impart
antimicrobial properties [18,19]. N-halamine is
one of the most commonly used macromolecule in
spite of its weak intrinsic toxicity [17,20]. Unlike
silver nanoparticles, ion release using N-halamine
may take place in humid environment, which can
be used for inhalation protection applications. In
order to make the antimicrobial textiles bio safe and
environment friendly, botanic extracts were used for
textile functionalization [21,22].

There is no universal alternative for sterilizing
textiles used for medical purpose. There are four
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methods of reprocessing exist namely, thermal,
chemical, radiation and energetic [23,24]. Thermal
treatments are commonly used for virus deactivation
since it induces changes in virus protein structure
[23]. These types of treatments may face scalability
problems and deform fabrics [14,23].

During this period of pandemic diseases, a
contamination-safe PPEs can be designed with the
support of nanotechnology. Effective antimicrobial
property can be achieved using copper, silver, and
zinc nanostructures which have a controlled and
long-lasting ionic release. However, frequently in the
case of virus, nanoparticles are not able to completely
destabilize the protein capsid of the virion. In this
situation, the use of proteolytic enzymes which are
able to digest the capsid proteins before the virus
enters the target cell or to destabilize membrane
proteins in bacteria have been successfully tested [24].
Nanoparticles are also used as carriers for enzyme
immobilization and they were successfully employed
in redox enzymes immobilization, stabilization,
catalytic enhancement for bio-electrochemical
sensor devices and biomedical applications [25,26].
There arebasically two main concepts of antimicrobial
surfaces involving nanotechnology: (i) Passive super
hydrophobic microscopically rough surfaces that
mimic the well-known lotus leaves effect repelling
water and microorganisms; (ii) Active surfaces that
can actively destabilize or destroy microorganism by
metal or metal-oxide nanoparticles or enzymes as
nanocatalyst [27]. However, rarely the both strategy
are used at the same time and usually nanoparticles
andenzymesarenot presentinthe samenanocoatings.
Moreover, enzymes incorporation or grafting into
and onto metal NPs and textiles to prevent microbial
colonization remains an area of experimental need.
Using polymer matrices as dispersion medium for
these nanoparticles not only imparts hydrophobicity
and antiviral properties but also permanently bind
these nanoparticles with textile surfaces [28].

Development of these multifunctional super
hydrophobic and in-situ self-cleaning, antimicrobial
and antiviral textiles with nanoparticles immobilized
with proteolytic enzymes is a step ahead of the current
state-of-the-art. The interdisciplinary research
area combining nanotechnology, biotechnology
and textile science is still in its initial stages. To our
knowledge the approach proposed in this paper is
unique and there is need to study the properties and
performance of such bio-nanocomposites.
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Materials and Methods

The metal oxide precursor, zinc acetate dihydrate
(Zn (C2H302)2.2H20), was purchased from Sigma-
Aldrich, a-Chymotrypsin (from bovine pancreas),
was obtained from Sigma Chemical Co. Poly (methyl
methacrylate) (PMMA) (MW 996 kDa), was obtained
from Aldrich. Commercial grade reagents and solvents
were used.

Green synthesis of ZnO nanoparticles

To prepare neem leave extract 20 gm dried neem
leaves were crushed and added to 50 ml deionised
water. The mixture was stirred in a magnetic stirrer
for 1 hour at 60°C. When the mixture became yellow
colour, it was filtered. ZnO nanoparticles were
prepared by using this extract. Further 21.94 gm of
Zn(CH3C00)2.2H20 was added to 50 ml deionised
water and kept under stirring for 20 minutes at 35'C.
4 gm of sodium hydroxide was mixed with 50 ml
deionised water and kept under stirring for 20 minutes
at 35°C separately. Both the solutions were stirred well
in a stirrer. The neem leaf extract was added drop by
drop, while stirring. The product obtained was filtered
and dried at 80°C for 4h and then calcined at 250°C for
4h. After calcination, the product was ground well to
get ZnO nanoparticles [29].

Amino-functionalization of ZnO Nanoparticles

Hydrothermal Method: Amine-functionalized zinc
oxide nanoparticles were prepared by hydrothermal
method. 200 mg ZnO NPs were mixed in 50 mL
Dimethylformamide (DMF) and then sonicated for
30 minutes for complete dispersion of ZnO NPs.
Subsequently, 1 g urea was mixed in the solutions
and sonicated for another 10 minutes. Further, the
mixed solutions were transferred in a Teflon-lined
stainless-steel autoclave. The urea was used to
functionalize the amine group on the ZnO NPs surface.
Afterward, the solution was heated at 200°C for 24 h.
When the reaction was completed, they were cooled
at room temperature and washed three times using
milli-Q water and dried at 25°C. Subsequently, the
washed NPs were equilibrated with 0.1 M phosphate
buffered (pH 7.4) and incubated with 1 mL of 25%
glutaraldehyde for 2 hours at room temperature with
continuous stirring. After the incubation, the NPs
were washed several times with milli-Q water and
dried at 60°C for 12h [30].

Chemical method: Amine-functionalization of
ZnO nanoparticles was carried out by a chemical
method. 200 mg ZnO NPs were mixed in 25 mL
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Dimethylformamide (DMF) and then sonicated for
30 minutes for complete dispersion of ZnO NPs.
Subsequently, 1 g urea was mixed in the solutions
and sonicated for another 10 minutes. The urea was
used to functionalize the amine group on the ZnO NPs
surface. Afterwards, the solution was stirred at 200°C
for 24 h on a magnetic stirrer. When the reaction was
completed, it was cooled to room temperature, and
washed three times using milli-Q water and dried at
25°C. Subsequently, the washed NPs were equilibrated
with 0.1 M phosphate buffered (pH 7.4) and incubated
with 1 mL of 25% glutaraldehyde for 2 hours at
room temperature with continuous stirring. After
the incubation, the nanoparticles were washed with
milli-Q water and dried at 60°C for 12h [26].

Immobilization of alpha Chymotrypsin on ZnO
nanoparticles

Precipitation of alpha chymotripsin over ZnO
nanoparticles was carried out by mixing with an
organic solvent [31]. The precipitation method
is outlined in figure 1. This processes minimizes
enzyme inactivation by noncovalent approaches.
The reasons for selecting Alpha chymotrypsin are:
(1) it has been widely used for diversified application
in organic media like, peptide synthesis. (2) It has
antimicrobial properties. To prepare an uniform
suspension of enzyme immobilized nanoparticles, A
weighed amount of ZnO nanoparticles was taken in
a vial containing a fixed volume of n-propanol and
placed a shaker. The alpha chymotrypsin solution
was prepared with buffer and added to the above
suspension (Figure 1). The mixing was done by
adding of aqueous buffer to the organic solvent. This
mode favours retention of original structure of alpha
chymotrypsin. This method helps is to incorporate
enzyme uniformly over the nanoparticles. These
enzyme immobilised ZnO nanoparticles were filtered
and used for making polymer nanocomposites with
polymethyl methacrylate(PMMA) [32].

Following figure 2 shows the schematic
representation of enzyme immobilasation on amonio
modified ZnO nanoparticles Preparation of enzyme-
ZnO/PMMA polymer nanocomposites coated cotton
fabric. Cotton fabric was cleaned by washing the
fabric with detergent and drying in the air before use.

Coating the cotton fabric with enzyme- ZnO-
PMMA

5% stock solution of PMMA was prepared
by dissolving (PMMA) in toluene. Zinc oxide

Vijaya Kumar SG, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2098
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Figure 1 Process of formation of enzyme immobilised ZnO nanoparticles
after amino modification.
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Figure 2 Schematic representation of enzyme immobilasation on amonio
modified ZnO naoparticles.

nanoparticles of different percentages (0.1, 0.5, and 1)
were mixed with PMMA. A homogeneous solution of
the mixture was obtained by stirring it well in a stirrer.
The fabric was cut into size of 30 X 30 cm and dipped
in nano ZnO solutions with different concentrations
of ZnO and kept under ultrasonic vibrations for 15
min and air dried. Then the fabric was rinsed with
deionised water and air dried again [33].

Testing for antimicrobial properties of treated
textiles

The treated cotton fabric with ZnO/PMMA polymer
nanocomposite was evaluated for antibacterial
activity at BTRA, Mumbai as per JIS L 1902-2015
Method against Staphylococcus aureus by ATCC 6538
and against Klebsiella pneumoniae by ATCC 4352.

Antibacterial Activity of Fabrics Assessment of
Textile Materials—Parallel Streak Method- AATCC
147 to assess antimicrobial activity of the coated
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fabrics by Parallel Streak Method- AATCC 147; the
coated fabrics was cut in to samples of size 25mmX
somm. The test was conducted in Nutrient Agar
media. The test organisms were Staphylococcus aureus
ATCC 6538 and Klebsiella pneumoniae (ATCC 4352).
The incubation of the textile samples was carried
out at 37'C for 24 Hrs and antimicrobial activity was
assessed.

Antimicrobial testing by plate count method

For quantitative measurement the samples were
weighed to 0.4+ 0.05 g. Tryptone Soya Agar was used
as medium. The test organisms were Staphylococcus
aureus ATCC 6538 and Klebsiella pneumoniae ATCC
4352. The incubation conditions were37°C for 24-48
hrs. The samples were sterilised by autoclaving at
120°C for 15 minutes. Physiological saline was used as
diluent. The culture density was 1-3x105 CFU/mL

Characterization of ZnO nanoparticles enzyme-
ZnO/PMMA coated cotton fabric

FT-IR analysis: FT-IR spectroscopic analysis was
carried out with Nicolet Avatar 360 spectrophotometer
forthe chemical analysis of the prepared nanoparticles
ZnO and ZnO-PMMA.

A high-resolution transmission electron
microscope (HR-TEM) (Make: JEOL, Model:
JEM-F200) was used for morphological analysis.
The size and morphology of microscopy images
of ZnO, amino functionalized ZnO were observed.
HR-TEM samples were prepared by drop-casting
6 ul of nanoparticles solution onto carbon-coated
copper grids. The developed film was dried at room
temperature.

X- ray difractometer analysis

X-ray diffractometer (Model: Bruker D8 Discover)
was used for XRD pattern analysis of nanoparticles
using Cu Ka radiation at wavelength k = 0.15406 nm.
The scan range was 2h = 20-90, at scanning rate =
0.02 deg/s (applied voltage 40 kV, current 20 mA).

Contact Angle Measurement

Contact angle measurements were carried out in
Automatic Contact Angle Meter DMs-400, Kyowa
Interface Science Co-Ltd, Japan using distilled water.
Water droplets (5 pl) were delivered to different
points of the textile specimen and at a height close
to the textile surface. The height of the needle was
adjusted in such a way the needle remains in contact

Vijaya Kumar SG, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2098
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with the water drop. After withdrawing the needle,
the image of the drop was captured to measure the
static contact angle.

Results
X-ray diffraction analysis of ZnO nanoparticles

XRD spectrum of the ZnO nanoparticles (Figure 3)
showed typical peaks of Zincite in ZnO having crystal
structure. The diffract gram of ZnO nanoparticles have
shown characteristic peaks of crystalline zinc oxide
nanoparticles with 20" values: 31.8, 33.9, 36.8, 47.9,
57.9, 62.8, 66.4, 67.9, 68.72.9, and 79.9 respectively.

FTIR analysis of ZnO nanoparticles

The FT-IR spectroscopy is very useful to for
the structural analysis compounds. The FT-IR
spectrum of the synthesized nano ZnO (Figure 4).
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Amine-functionalization of ZnO Nanoparticles has
been carried out by both chemical ad hydrothermal
methods.

Successful Amino functionalization of ZnO
nanoparticles was confirmed by FTIR spectra as
shown in figure 5.

Figures 6a-c show the TEM analyisis of ZnO and
amiono modification of ZnO by both the chemical
and hydrothermal mehod. Both the products were
compared for their shape and size distribution.

The TEM micrographs (Figure 6a) showed the
Zinc Oxide nanoparticles were in network form.
The TEM results are supported by XRD analysis. It
has been observed that the synthesized Zinc Oxide
nanoparticles were in spherical shape with 40 to 65
nanometers size.
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Figure 3 XRD of ZnO by green synthesis.
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Figure 6 (a): TEM analysis of Zn0O (b): TEM of ZnO aminomodified by
hydrothermal process (c): TEM of Zn0O amino modified by Chemical process.

Antimicrobial testing of treated textile samples

Cotton fabric coated with 1% ZnO/PMMA and
enzyme -ZnO/PMMA polymer nanocomposites
coatings were evaluated for antibacterial activity value
tested at BTRA, Mumbai against Staphylococcus aureus
by ATCC 6538 and against Klebsiella pneumoniae by
ATCC 4352 as per JIS L 1902-2015 Method.

The sample in contact with individual test
organisms were kept under observation for 18-24 hrs
and the results by Parallel Streak Method is given in
tables 1,2. The antimicrobial activity results by Plate
Count Method are given in tables 3,4. It can be seen
from figures 7,8 that the contact angle for water on
the fabric coated with enzyme-ZnO/PMMA coating
and ZnO/PMMA coatings, the contact angle increased
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with increase of the ZnO nanoparticles concentration
in both the coatings.

Discussion

The XRD spectrum values showed that the
crystallinity of the synthesized ZnO. The broad
diffraction maxima showed size of the crystallites are
very small similar to the size of ZnO nanoparticles
observed by the SEM. These peaks obtained were in
well agreement with those reported in the literature
and also very well consistent with the JCPDS file card
number 01-075-0576, indicated that the synthesized
nanoparticles were identical to hexagonal phase
of ZnO. Particle size plays important role in peak
broadening in XRD analysis.

The FT-IR spectrum of Zinc oxide showed
absorption band at 438 cm-1. Peaks at 1635
cm-1 were due to the bending vibrations of water
molecules. Bandwidth at 1500-1600 cm-1 represents
the fingerprint region of ZnO nanoparticles. A small
peak at 1650cm-1 was due the N-H bending and
weak peaks. Symmetric and asymmetric vibration
of C=0 showed peak at1508cm-1 and 1641cm-1.
The broad peak around 3400cm-1 was assigned to
- OH stretching bond vibration which may be due to
adsorption of water on the surface of Zinc Oxide.

Successful Amino functionalization of ZnO
nanoparticles was confirmed by FTIR spectra.
(Blue line) represents the FTIR spectra of amino
functionalized Zinc oxide nanoparticles by chemical
method with characteristic peaks at 3400 cm-1, 1632
cm-1. The weak peaks at 1400 cmo-1 and 1462 cm-1
were due to O-H and N-H bending, showing less
amount of N-H group. The red line represents FTIR
spectra of amine functionalized ZnO NP, prepared by
hydrothermal method. It shows the presence of 0-H
stretching frequency along with —N-H stretching
frequency of NH2 group at 3373 cm-1. Presence of a
peak at 2930 cm-1 was due to the asymmetric C-H
stretching frequency of the CH2 group. Peaks at 1580
cm-1 and 1470 cm-1 were due to NH2 scissoring of
primary amine. A clear peak at 1411 cm-1 was due to
low intensity -O-H bending. A peak between 2800
and 3800 cm-1 includes the symmetric stretching
vibration of primary amino group( 3250-3450 cm-
1), and 1025 cm-1 the sample showed new peak at
about 2928 cm-1. The NH2 - ZnO peak at 1630 cm-1
shifted to 1548 cm-1 for bending mode of N-H bond.
Amino functionalization by hydrothermal process
showed very distinct peaks when compare to the

Vijaya Kumar SG, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2098
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Figure 7 Cotton fabric coated with enzyme-Zn0O-PMMA polymer nanocomposite coatings.

Figure 8 Cotton fabric coated with ZnO/ PMMA polymer nanocomposite coatings.

-

amino functionalized ZnO by chemical method. So
in the present study amino functionalized ZnO by
hydrothermal process was used in the further studies.
While comparing TEM analysis of both the products,
ZnO nano particles by both the amino modification
process, the modification by hydrothernal process
(Figures 7,8) maintain the shape and size, when
compare to the ZnO amino modified by Chemical
method. In both the methods the avearage particle
size is maintained within 100nm. Aminomodified
ZnO by hydrothermal process was used for further
processing in the present study.

In qualitative analysis for antimicrobial properties
by parallel streak method, ZnO/PMMA coated Fabric
showed Antibacterial Activity against Staphylococcus
aureus ATCC 6538 and Klebsiella pneumoniae
ATCC 4352, when tested according to AATCC 147.
Chymotrypsin immobilized ZnO/PMMA coated fabric
showed Antibacterial Activity against Staphylococcus
aureus ATCC 6538 and Klebsiella pneumoniae ATCC
4352, when tested according to AATCC 147. In
quantitative analysis by plate count method, ZnO/
PMMA coated textile showed Antibacterial Activity

Vijaya Kumar SG, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2098
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Table 1: Antimicrobial activity of ZnO/PMMA coated fabric by parallel streak method.

Klebsiellaa pneumoniae ATCC 4352 Staphylococcus aureus ATCC 6538
Zone of Zone of
Sample Growth und Growth und
P row ) under Zone of inhibition Inhibition oW . uncer Zone of inhibition Inhibition
specimen ) specimen )
(in mm) (in mm)
Zn0 /PMMA coated textile Absent Absent - Absent Absent -

Table 2: Antimicrobial activity of chymotrypsin immobilized ZnO/PMMA coated fabric by parallel streak method.

Klebsiella pneumoniae ATCC 4352 Staphylococcus aureus ATCC 6538
Zone of Zone of
Sampl Growth und Growth und
ample row ) under Zone of inhibition Inhibition oW ) under Zone of inhibition Inhibition
specimen ) specimen )
(in mm) (in mm)

Chymotrypsin
immobilised Zn0 /PMMA Absent Absent - Absent Absent -
coated textile

Table 3: Antimicrobial activity of ZnO/PMMA coated textile by plate count method.

Antibacterial
Growth value of control

Sample Test organism R Growth value of test sample Activity Value (A
specimen
Value)
CFU/ml CFU/ml CFU/ml
Klebsiella
pneumoniae 2.00 -0.98 2.98
Zn0 /PMMA coated textile ATCC 4352
Staphylococcus
aureus ATCC 2.08 -3.68 5.76
6538

Table 4: Antimicrobial activity of chymotrypsin immobilised ZnO/PMMA coated textile by plate count method.

X Growth value of control Antibacterial
Sample No. Test organism R Growth value of test sample .
specimen Activity Value (A Value)
(CFU/ml) (CFU/ml) (CFU/ml)
Klebsiella
pneumoniae 2.00 -1.20 3.20
Chymotrypsin immobilised ATCC 4352
Zn0/PMMA coated textile Staphylococcus
aureus ATCC 2.08 -4.44 6.52
6538
value of 2.98 against Klebsiella pneumoniae ATCC 144.9 for 0.2, 0.5, 0.8, and 1% of enzymes immobilized
4352 and that of 5.76 against Staphylococcus aureus ZnO nanoparticles concentration respectively. The
ATCC 6538, when tested as per JIS L 1902 Method.: contact angle values of ZnO/PMMA coated textile
The sample Chymotrypsin immobilized ZnO/PMMA samples are 134.1,135.6, 136,136.6 for 0.2, 0.5, 0.8, and
coated textile showed Antibacterial Activity value of 1% ZnO nanoparticles concentration respectively.
3.20 against Klebsiella pneumonia ATCC 4352 and The contact angle values of ZnO/PMMA coated were
that of 6.52 against Staphylococcus aureus ATCC 6538, slightly lesser than the enzyme immobilized ZnO/
when tested as per JIS L 1902 Method. Chymotrypsin PMMA coated textile samples, which may be due
immobilized ZnO/PMMA coated textile showed full to hydrophobic nature of the chymotripsin, but
effect against Klebsiella pneumoniae ATCC 4352 still both the textiles samples showed significant
and Staphylococcus aureus ATCC 6538 compared to hydrophobicity due to higher contact angle values.
untreated ZnO/PMMA coated textile samples. Both the ZnO/PMMA and enzyme immobilized ZnO/

PMMA treated fabrics showed linear relationship in

The values of contact angle for enzyme-ZnO/ contact angle values [34].

PMMA treated cotton fabricare 138.7,138.6,143.8, and

Vijaya Kumar SG, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2098 m
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Conclusion

The contact angle for water on the fabric
coated with ZnO/PMMA coating and enzyme-ZnO/
PMMA coatings increased with increase of the ZnO
nanoparticles concentration in both the coatings
and they found to be hydrophobic. The contact angle
values of ZnO/PMMA coated were slightly lesser than
the enzyme immobilized ZnO/PMMA coated textile
samples, which may be due to the hydrophobic nature
of the chymotripsin, but still both the textiles samples
showed significant hydrophobicity. In qualitative
analysis by parallel streak method, ZnO/PMMA
coated Fabric showed Antibacterial Activity against
Staphylococcus aureus. And Klebsiella pneumoniae.
Chymotrypsin immobilized ZnO/PMMA coated
fabric also showed Antibacterial Activity against
Staphylococcus aureus and Klebsiella pneumoniae. In
quantitative analysis by plate count method, ZnO/
PMMA coated textile showed Antibacterial Activity
value of 2.98 against Klebsiella pneumoniae and 5.76
against Staphylococcus aureus. And Chymotrypsin
immobilized ZnO/PMMA coated textile showed
Antibacterial Activity value of 3.20 against Klebsiella
pneumoniae and 6.52 against Staphylococcus aureus.
Chymotrypsin immobilized ZnO/PMMA coated textile
showed full effect against Klebsiella pneumoniae and
Staphylococcus aureus compared to untreated ZnO/
PMMA coated textile samples. The results showed
that coated textile with polymer nanocomposites
with enzyme immobilized ZnO has shown good
hydrophobicity = and enhanced antimicrobial
properties. These results offer exciting prospects
for the development of health care products such
as Personal Protective Equipments (PPEs), Sanitary
napkins and wound dressings.
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