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Abstract — Staphylococcus aureus (S.aureus) is the most commakin affected bacteria. Staph skin infections arecommon,
particularly among children, teenagers, young adul and even healthy people, but more serious infeatis tend to affect those who have
a weakened immune system because of an underlyingedical condition or a side effect of treatment, ski, deep wound or major burn
such as chemotherapy. The textiles used for the hatg purpose are contacted with bad bacteria and azse the illnesses and death. So
the effective antimicrobial finish has been essemti for the safeguard of human beings from harmful ncroorganism to prevent them
from cross infections. Zinc oxide nanoparticles (Zn@\NPs) exhibit attractive antibacterial properties. This paper focuses on the
antimicrobial activity on 100% Cotton 40s count falsic with natural and synthetic dye used as hospitalisable colors, such as Green and
blue. ZnO-NPs was synthesized by a wet chemical pexs with (1:1) concentration of the NaOH solutionpH=12) under optimized
temperature 60, 70, 80, 90° C. The ZnO-NPs charactedtion was analyzed by XRD, SEM/EDAX, FTIR, UV absorfion. Higher zone
inhibition (ZE4) was selected for further textile cating process and evaluated the activity on againstaphylococcus aureus. ZE4 coated
green and Blue Vat fabrics have 20 mm, 22 mm Zonegspectively, which are larger than 18 mm, 19 mm foEZE4 coated Eclipta and
Indigo fabrics.
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I. INTRODUCTION gain access to underlying tissues or the bloodstraad

cause infection [5].
A bacterial disease that causes serious healthgmnsb

has drawn the public attention on global healthedts.
Increasing outbreaks and infections of pathogenmiairs,
bacterial antibiotic resistance, emergence of newstdrial

mutations, lack of suitable vaccine in underdevetbp )
countries and hospital-associated infections, Heeting to technology has been much demanded in the world.ngmo

human, chiefly in children. [1] Staphylococcal icfiens these, development of antibacterial textiles isrearely
(often shortened to staph) mainly affect the skin. essential because clothes are in direct contadt tie

Staphylococcus and staphylococcus aureus are theypes human body. [7], [8] Textile materials are used seweral
usually cause mild infections, but these can beenserious medical purposes. Medical textiles are utilizeddrms of
in people who have cancer. [2] The potential sites fiber, yarn, woven fabric and non woven. [9] Cotfabrics
infection of S.aureus are the anterior hares (ttrits) [3] offer an ideal environment for microbial growthctaasing

respiratory tract, open wounds, intravenous catbeted the global competition in textiles has created manyliehges
urinary tract. [4] The skin and mucous membranes ar for textiles researchers and industries. Therefihre textile

usually an effective barrier against infection. Hwer, if finishes with antibacterial finish is highly demaud in

these barriers are breached (e.g. Skin damageoduauima Q'Qba'- So iF is necessary for humgn to Wear- aotédre
or mucosal damage due to viral infection) S. aunmasy finished textile products for healthy life style.wide range

Consumer’s attitude towards hygiene and activatlfe
has created a rapidly increasing market for a wége of
functional textiles, which in turn has stimulatetdeinsive
research and developments. [6] Microbial invasioteitile
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of commercial textile products based on synthetic
antibacterial agents such as triclosan, metal hait salts,
phenols and quaternary ammonium compounds have been
developed by researchers, some of them are also
commercially available [8].

Nanotechnology is one of the researches in modern
materials science. This technology is capable tvige
miscellaneous novel applications that range fronowuative
fabric compounds, and sophisticated medicinal teglas,
[10] which is a rapid, multidisciplinary advancereof
contemporary science and technology. [11] It isstbered
as the synthesis, characterization and exploratodn
materials in the nanometer region (1-100 nm). Ad tavel,
the properties and functions of living and anthiggtc
systems are defined. [12] This nanoscale size rgiye
confers larger surface areas to nanoparticles (NPs)
compared with micro-sized particles [13] NPs knewn
as controlled or manipulated particles at the atdeel (1-
100 nm) [14]. Synthesis of noble metal nanoparidier
applications in catalysis, electronics, textilesyisonmental
Protection, and biotechnology is an area of consta@rest.
[11] The intrinsic properties of metal and maigide NPs
such as silver, ZnO and TiO2, are mostly charazgdriby
their size, composition, crystalline and morphology
Reducing the size to nanoscale can modify theimite,
mechanical, electrical, structural, morphologicadi aptical
properties. These modified features allow the NHateract
in a uniqgue manner with cell bio molecules and thus
facilitate the physical transfer of NPs into thaen cellular
structure [15].

Inorganic materials such as metal and metal oxides
attracted a lot of attention over the past decadetd their
ability to withstand harsh process conditions [167], [11]
Metal oxides NPs offer a wide variety of potential
applications in medicine due to the unprecedenti@rces
in nanotechnology research. [18] Among other mexade
nano-material’'s, ZnO is famous for their catalytic
efficiency, chemical stability and strong absorptiability
[19] Nanosized ZnO exhibits varying morphologarsd
shows significant antibacterial activity over a wispectrum
of bacterial species explored by a large body séaechers.
[20] ZnO is currently being investigated as an lzaatterial
agent in both micro scale and nanoscale formulati@nO
exhibits significant antibacterial activities whpatrticle size
is reduced to the nanometer range. The nanosiz€dcam
interact with bacterial surface and the bacteiaéavhere it
enters inside the cell, and subsequently exhibissindt
bactericidal mechanisms. [21] The antibacterialvaygt of
ZnO has been found to be due to a reaction of th® Z

surface with water. ZnO produced increased levels o
reactive oxygen species, namely hydroxyl radicais
exposure of bacteria to the small ZnO nanopartictssilts

in an increased cellular internalization of the oyarticles
and bacterial cell damage [22] ZnO-NPs are repotted
have an extremely good safety profile and no toyici
observed when taken at different nanosize. [23]uCEmO
and TiO2 nanoparticles have been developed to be
associated with textiles. [24] ZnO has been repors
presenting a better effect on microorganisms thtrero
metal oxides, such as SiO2, MgO or TiO2. The refati
between the antibacterial activity versus the Zradtigle
size, between 212 and 12 nm. [25], [26] In the @mésvork,
discover the effect of Antibacterial activity agstirs.aureus
on ZnO-NPs coated cotton fabric has been demoedtrat

Il. METHODOLOGY

A. Materials:

100% bleached cotton plain woven fabric was usdt wi
following particulars Ends/inch 94, picks per in6l. The
Eclipta Alba, Indigofera tinctoria Linn leaves were collected
from Gandhigram Rural Institute-DU campus, Dindjgul
Tamil Nadu, India.

1) Eclipta Alba Green Dye Extraction process

Washed thédeclipta Alba leaves thoroughly, then dry the
leaves remove the water moisture and make it aastep
form into fine particles. 100g of the powder wasighed
and taken in a round bottom flask and 400 ml o&eth in
the ratio 1:4 was added to it. The conical flasls Wwaated in
a water bath at 60°C for 1 hour. The dye solutioasw
filtered to obtain crude dyestuffs. The crude dy#stare
distilled and get one third (1% of the solution using the
soxhlet apparatus at 70°C for 3hrs. In this proetisanol is
recovered and then concentrated dye is obtaine& Th
solution is kept overnight at room temperature fbe
precipitation. The precipitated ethanol water wasamed
by decanting the solution. The obtained particlesdried in
the oven overnight at 60°C.

2) Indigofera tinctoria Linn Blue Dye Extract process

Fresh leaves ofndigofera tinctoria Linn 100 gm used
for preliminary work performance. The plant matkriaere
cut into tiny pieces dried at room temperature 3C) for
5 days. The standard indigo dye was obtained frben t
extraction with water by fermentation process. ddine at
different periods and then added twice in volumeGat
(OH), solution and maintain the pH level below 11, ie th
air at 15 min to precipitate the indigo dye. Theqgipitated
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indigo was washed twice with Ca (OH)solution and
centrifuged at 5000 rpm to 25 min.

B. Natural Dyeing Process

The bleached cotton fabric rinsed several timeb dé-
ionized water before dying process. The aqueous@&stof
plant extract liquid dyes were used as a directdilyged by
10 times. The material to liquor ratio was 1:40bifi@s were
introduced into the dye solution at room tempemrtdrhe
temperature was then raised to 80°C and dyeingracett at
the boil for 60 minutes where the Zinc, then thierifawas
kept at 70°C for another 30 minutes subsequentferA
dyeing, fabrics were rinsed in de-ionized water slesd
using a nonionic detergent and air dried.

C. Yynthetic Vat dye Process

In this synthetic vat dyeing process two colorsv®li
100, Blue BC-415, where using the same tint asrabtlye
green and blue. These vat dyestuffs which showr thei
optimum affinity at 20°-30°C and required small dides
of caustic soda and hydros. An additions of comnsatisis
made to improve exhaustion of the dyebath and addtok
dissolved from after dyeing for the same time, dyeing
started at 40-70°C and is then completed in thdirmpbath
in %2 to 1 hour, to dye the fabric squeezed andipadin air
without rinsing and cool down the dyed fabric aim$ed in
de-ionized water.

D. Zinc oxide Nano Chemical Synthesis

1) Chemicals

Pure and analytical grade chemicals were usedlin al
experiments, including synthesis of ZnO of chemiaad
green chemistry method. Zinc acetate dehydrate dier
99%), Sodium hydroxide (NaOH) (Merck 99%) was
purchased from Chemico Glass Pvt. Ltd, Erode, Tamil
Nadu, India.

2) Preparatory Process

All glassware was washed with sterile distilled evesind
dried in a hot air oven before use. The procedarettie
synthesis was referenced from literature. [27] His twet
chemical method of synthesis process to sort ofgqatare
followed.

3) Synthesis of ZnO Nanoparticles

The ZnO nanoparticles were prepared by wet chemical
method, 0.02M aqueous Zinc acetate dehydrate wasdad
to ethanol medium solvent under vigorous stirrihgamm
temperature using magnetic stirrer for 30 minutéfer
complete dissolution of Zinc acetate dehydrated.lof

Sodium hydroxide solution was added drop wise thng
the walls of the vessel under vigorous stirringrabm
temperature. The reaction was allowed to proceed fb
formed a transparent white solution. The ratio @icz
acetate dehydrate and; sodium hydroxide (pH=12):1s
and the synthesis temperature were varied from room
temperature, 60, 70, 80, 90 °C. These solution® \wkwly
reacted to produce the precipitate of ZnO nanoigbest
After the completion of reaction, the solution vedlewed to
settle for overnight and the supernatant solutioas w
discarded carefully. The remaining solution wastifmged
at 5000 rpm for 20 min and the supernatant wasadisacl.
Thus produced nanoparticles were washed three tiisiag
ethanol. After washing, the nanoparticles weredlae60°C
for 12 h, during drying particles were crushed witbrter
and pistel, thus obtained particles was named &t ZE1,
ZE2, ZE3, ZEA4.

Fig. 2.4. The ZnO-NP preparation processes a) Re@m temperature,
ZE1-60°C, ZE2-70°C, ZE3- 80°C, ZE4- 90°C. b) Shpasticles settle
down c) Nanopowder

Vol. 4 No. 1 Otober 2016

Si&% 2509-0119 30



Antibacterial Activity of ZnO Nanoparticle Coated Textiles Against Staphylococcus Aureus

4) Fabric Coating process

ZnO-NPs were embedded on cotton using pad-dry-cure
method. The cotton fabric cut to the size of 400xcth was
immersed in the solution containing (ZE4) (2%) adylic
binder (1%) for 5 min and then it was passed thnoag
padding mangle. A complete wet pick-up was maimzin
for all of the treatments. After padding, the fabwas air-
dried and then cured for 3 min at 140 °C. The fabvas
then immersed for 5 min in 2 g/L of sodium laurylfate to
remove unbound nanoparticles. Then the fabric weed
at least 10 times to completely take out all thegpssolution.
The washed fabric was air-dried, simultaneouslyk4inO
(ZEA4) coating was carried out for comparison. [11]

5) Characterization Technique

The Phase evolution of calcined powder as welhas t
of sintered samples was studied by X-ray diffractio
technique (XRD, Panalytical X-ray Diffractor) usi@yu Ko
radiation. The generator voltage and current wateat 35
KV and 25 mA respectively. The ZnO wet chemical and
Green synthesis samples were scanned in @hea@ge in
continuous scan mode. The scan rate was 0.04 defgex
To study the adhesion of nanoparticles onto theidap
particles dispersion and eveness of spreading bar fi
surface play a key role. Thus scanning electrorraagopy
was used for observing the surface of the fabriopes.
Any changes of the abundance of NPs on the fabdansbe
checked and analyzed. In this research work, VEGA 3
TESCAN machine was used to characterize mean |eartic
size, morphology of ZnO-NP. The binding propertis
ZnO nanoparticles were investigated by Fourier sfiamm
infrared red spectroscopy (FTIR) analysis. The
characterization involved (FTIR) analysis of theiedr
powder of the synthesized ZnO nanoparticles wasechar
out by Perkin EImer Spectrum 1000 spectrum in atiésd
total reflection mode, and using the spectral ramfgé000-
400 cm® with the resolution of 4 cth The ZnO-NPs
synthesized by wet chemical methods these NPs were
characterized by perkin-Elmer UV-VIS spectrophottane
lambda -19 to known the ZnO-NPs. The scanning rarfge
the samples was 200-800 nm at a scan speed ofrd80im.
The spectrophotometer was equipped with “UV Winlab”
software to record and analyze data. Bases linection of
the spectrophotometer was carried out by using kblan
reference. The UV-Vis absorption spectra of allshenples
were recorded and the numerical data were plotted.

6) Method of antimicrobial testing

The agar diffusion test was used for this reseastiich
included the testing method of AATCC 147-1998.dta
gualitative test method and suitable for a largenioer of
samples. In this test method agar solution wasgsespwith
nutrient and then microbial cells were inoculat&the
solution was transferred into the Petri dish whéhne
nanoparticle samples, the nano treated dyed fahridsthe
untreated dyed fabrics were laid over the solutfon
intimate contact. The plate was incubated at 3BiC18 to
24 hours and the growth of bacteria was then exaaniA
zone of inhibition becomes apparent with the diffinsof
antimicrobial agent in the agar plate. [9], [28].

Ill. RESULTSAND DISCUSSION

A. XRD

The XRD pattern of ZnO-NPs define line broadenifig o
the XRD peaks indicates that the prepared matedasist
of particles in nanoscale range. From this XRD gratt
analysis, we determined peak intensity, positiod aidth,
full width at half maximum (FWHM) data. The diffréan
peak located at 31.8434.52, 36.33, 47.63, 56.71, 62.96,
68.13, and 69.18have been keenly indexed as a hexagonal
quartzite phase of ZnO. [29],[30] In this study eh®d
diffraction peaks of ZnO at62= 31.93° , 34.53 °, 36.32°,
47.82°, 56.62°, 62.88° and 68.26° are associatdu (@D0),
(002), (101), (102), (110), (103) and (112). Alleth
reflections can be assigned to the standard powdtern
for the pure hexagonal phase of ZnO with latticastants
a=3.2516 A, ¢ = 5.2000 A.

Intensity (a.u)

10 20 30 40 50 60 70
20 (degree)

80

Fig. 3.1. XRD pattern of the as prepared ZnO-NREsA(Z

The (hkl) values are agreed well with the standzmnal
of ZnO powder sample (JCPDS file No: 36- 1451). The
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crystallite size (t) calculated on the basis of Sofr's

equationl:

(t = 0.9/B Cosb)

Where is the wavelength of X rays used (1.54060),
is the full width at half maximum (FWHM) ané is the
angle of diffraction. The crystallite size of ZE4Hlis found
average particle size as 12.30 nm, which is consitlio be

more beneficial for the antibacterial

Saphylococcus aureus.

activity ausi

B. Scanning Electron Microscopy (SEM)/EDAX Analysis

VEGA3 TESCAN

Gandhigram Rural institute

SEM MAG: 8.88 kx__ Dat

SEM HV: 20.0 kV | WOD: 9.27 mm
Det: SE

SEM MAG: 28.5kx | Date{m/dly): 03/20/16

e- ZE4

VEGA3 TESCAN

Gandhigram Rural Institute.

VEGA3 TESCAN

Gandhigram Rural Institute

Fig. 3.2. Scanning Electron Microscopic pictureZ&0, ZE1, ZE2, ZE3,

ZEA4.

The SEM images confirm the morphology of ZnO-NPs
ZEO, ZE1, ZE3 have aggregated morphology, while ZE3
and ZE4 show nano flake like structure. The average
particle size of ZnO-NPs was estimated to be 18r80

cps/eV.

Zn

Fig. 3.2. EDAX picture of EZ4
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Figure 3.2 (b) EDAX spectrum shows four peaks which

were identified as zinc (72.87%) and oxygen (27.L3Phe 140
optical absorption peaks of ZnO-NPs and these abiear 120
peaks of ZE4 show confirm the presence of Zn and O 836 cm™
aes a -1
composition. g™ 1553 em 473 e
C. FTIR Spect 2w
: Spectra £ 2360 cm™
. . . £ 6o l 1078 cm™
Figure 3.3 is the typical FTIR spectra of ZnO-NPs. § 2430
(ZEO-ZE4 bands obtained at 654, 564, 403, 433, 462, " a0 st ot
473 cm' could be attributed to the characteristic metal 20
oxygen stretching vibrations in ZnO nanoparticldhe
= H o T T T T T T T
bands at 540- 417 chrpomt out ZnO-NPs [31]. 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm™
1 c- ZE2
140
120 140 4
1078 cm™
__ 100+ 564 cm™ 1201
s 2349 cm™ 4
S 80+ |,403 cm — 1004 2934 cm™ 1412 cm™
£ 462 cm™ ?:'
£ 60 S 80+
5 ] / £ 2349 cm’™ 433 cm’”
E od 3459cm? 1553 cm™ 5 60 )
| < 1058 cm
1 1431 cm* ool J \
20 3430'cm” 1583 cm™
0 T T T T T T T T T T T T T T 7
4000 3500 3000 2500 2000 1500 1000 500
- 0 T T T T T T T
Wavemumber cm™ 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm™
a-ZEO
d-ZE3
140 -
140
1204 1078 cm™ 1
1 120 4
836 cm 1
__ 100+ _ 1004
8 80 - g 80 —
s | /1 | 1028¢cm ' ; 2360 om*
= 1553 cm \ é 60
E 60 } \ . & )} !
E 3430 cm 1421 cm 462 cm™ 04 2430 o 1553 cm V | 403 cm™
404 4 452 cm
204 143f cm?
20 o
1 4000 35‘00 30‘00 25‘00 20‘00 15‘00 10‘00 5(‘)0
0 T T T T T T T Wavenumber cm™
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm™ e-ZE4
Fig. 3.3. FTIR Spectra
b-ZE1
The broad strong absorption peak at 3430, 3458czm
be attributed to the characteristic functional htdoO-H
group stretch, FT-IR spectrum of the synthesizedD Zn
nanoparticles showed (fig. 3) the peaks at 3258928.3
and 1365cni indicates the presence of O-H, C-H and C=0
residues.
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D. UV absorption

The size of the nanoparticles plays an importal i
changing the entire properties of materials. Thsige
evolution of semiconductor nanoparticles becomesy ve
essential to explore the properties of the materigv —
visible absorption spectroscopy technic is widelged
technique to examine the optical properties of Naized
particles. Earlier studies reported as absorptpatsum of
ZnO nanopowder exhibits a strong absorption barabatit
355 nm [32], [7]

—_—

T T T 1
200 400 600 800 1000 1200
Wavelength (nm)

Fig. 3.4. UV absorption

Figure 3.4 shows all the absorption wavelength bz
particles confirm the presence of ZnO NanoparticHs0-
ZE4 (B-E) bands at 247 nm, 224 nm, 221 nm, 224 ncth a
222 nm respectively.

E. Antimicrobial Activity Staphylococcus aureus

There are many disinfectants that are composed of

metals or organic compounds for antibacterial et of
fibrs and polymers, [30] ZnO has been found to reexeeral
advantages, including marked antibacterial activite in
vitro antibacterial assessments have been perfoumsety
the ZnO-NPs synthesis temperature conditions.rnsists of
determining the number of viable bacteria by ptatin
suitable agar medium, microorganisms incubatedultuie
broths containing ZnO-NPs at temperature variatidrise
antibacterial activity of ZnO-NPs has been testgdirest
Saphylococcus aureus. ZE4 showed excellent antibacterial
activity better than ZEO. Earlier work reported ttithe
increased production of hydrogen peroxide withraordase

in the c lattice parameter and hence the enhanced

antibacterial activity. [33] Recent in vitro studishowed
that ZE4 inhibits the growth of aureus and Escherichia
coli [34] also the finding that Gram-positive bactesise

more susceptible to ZE4 than Gram —negative bacfah]
supports our results. Thus we concluded that naBd Z
might have a bactericidal action effect on S.aurduss
could be attributed to the damage of the bacterél
membrane and extrusion of the cytoplasmic contents,
thereby resulting in the death of the bacterium.ti@nbasis

of the researchtican be concluded that the inhibition of
bacterial growth by ZE4 nanoparticles as could ttrébated

to the damage of the bacterial cell membrane regaame

as the reference [36], and [37].

a-ZEO

b-ZE1, ZE2, ZE3

c- ZE4

Fig. 3.5. Antibacterial Activity again&aphyl ococcus aureus Zone
a) ZEO b) ZE1, ZE2, ZE3 c) ZE4
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Table I. indicate the antibacterial activity of ZiN®Ps, ZE4
has good Zone inhibition shown as the higher diamef
inhibition zone agains®. aureus (Gram +) bacteria.

TABLE I. THE ANTIBACTERIAL ACTIVITY OF ZnO-NPs

Staphylococcus
SI. No Sample Code| Temperature aureusZone

in mm (Gram +)

1 ZEO Rt 4
2 ZE1 60°C 6
3 ZE2 70°C 10
4 ZE3 80°C 12
5 ZE4 90°C 19

F. Scanning Electron Microscopy of ZE4 Coated Fabric

The surfaces of the treated fabrics were obserwed b
SEM microscopy. In Figure 3.6, SEM micrographs stilogv
nannoscaled ZE4 particles on cotton fabric undéferdint
magnifications from 500, 200, 100, 50, 20 and.&©

SEMMAG: 488X | Date(midy): 00/14/16 Gandhigram Rural Insitute

View field: 2.20 mm

SEM MAG:60X |

Gandhigram Rural Insfitute:

Figure 3.6 Scanning Electron Microscopy Pictur&Bfi Coated Fabric a)
500 um b) 200um c) 100um d) 50um e) 20um f) 10um
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G. Antibacterial Staphylococcus aureus Activity of ZE4
Nano treated Fabric

The antibacterial activity of ZnO-NPs coating on
wearable natural and synthetic dyed cotton falitissussed
as follows:

Fig 3.7 and Table 2 indicate Anti-bacterial
Staphylococcus aureus zone in mm effect of Nanatece
and untreated natural and synthetic dyed fabricsly O
nanotreated fabric gives good antimicrobial agfivitwards

Staphylococcus aureus due to the reason of godasidif
property compared with the rest of the dyed ancc zin
mordant samples compare to natural dyed fabricthetin
dyed and bleached samples have a better activity.Zbne
size is the 21 mm, 19 mm and 18 mm for ZE4 nantdcea
bleached cotton, naturally dyed nanotreated fabgiesen
and Blue, respectively. The vat dyed nanotreatdutida
green is 22 mm, and Blue is 20 mm.

Fig 3.7 Antibacterial activity againStaphylococcus aureus ZE4 Coated Fabrics

TABLE Il. ANTI-BACTERIAL STAPHYLOCOCCUSAUREUSZONE

SlNo Sample Name Slaphylocoo'cus aureus
Zone in mm

1 Cotton Bleached ZnO Nano Fabric B1 21
2 Cotton Bleached Fabric 1 B2 N.D
3 Cotton Bleached Fabric 2 B3 N.D
4 Cotton Eclipta Green Dyed ZnO Nano Fabric B4 19
5 Cotton Eclipta Green Dyed Fabric 1 B5 N.D
6 Cotton Eclipta Green Dyed Fabric 2 B6 N.D
7 Cotton Indigo Blue Dyed ZnO Nano Fabric B7 18
8 Cotton Indigo Blue Dyed Fabric 1 B8 N.D
9 Cotton Indigo Blue Dyed Fabric 2 B9 N.D
10 Cotton Vat Green Dyed ZnO Nano Fabric B10 22
11 Cotton Vat Green Dyed Fabric 1 B11 N.D
12 Cotton Vat Green Dyed Fabric 2 B12 N.D
13 Cotton Vat Blue Dyed ZnO Nano Fabric B13 20
14 Cotton Vat Blue Dyed Fabric 1 B14 N.D
15 Cotton Vat Blue Dyed Fabric 2 B15 N.D

N.D: not determined (It means that no antibactedativity effect observed at the Zinc mordant anged fabrics)
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IV. CONCLUSION

The surgical gown hospital purpose clothing testidee
quite new to Indian market. The high profile dostawvhose
number is increasing day by day, prefer safetyefrtselves
and the patients. Bacterial infections, especially
Saphylococcus aureus skin affected bacteria used to get
quickly absorbed and held by the cloths. This néinish
coating application gives better protection tharheot
finishing processes. ZE4-NPs can be embedded itorcot
natural and synthetically dyed fabrics for functbmwith
potential applications of hospital usable coloutedtiles
and antibacterial finish again&aphylococcus aureus in
medical textiles and inner wears. We successfulipatsed
ZE4-NPs inside a fabric via a simple water basetrtigue.
The average size of ZE4 is 12 nm, which shows éxael
antibacterial activity against Saureus, after being
impregnated onto cotton textiles. The ZE4-NPs abate
fabric samples exhibit more effective bactericigéficacy
than pure ZE3-ZEO, which can be attributed to tifece of
enhanced surface bioactivity.
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