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ABSTRACT

The present study aimsto improve the dyeability and antimicrobial activity
of natural extract onwool fabric by using low temperature plasmatreatment.
The fungal pigments were extracted from the species of Thermomyces,
purified and characterized using UV-Vis and FTIR spectra and used for
dyeing process. An experiment has been designed using Box- Benkhen
with three levels and three variables using pH, temperature and time as
independent variables with wash, rubbing, light fastness and bacterial
reduction (%) as dependent variables and the conditions were optimized.
Regression equations have been abtained to anal yze the fastness properties
and bacterial reduction and the optimum process parameters were
identified. The method is also to modify the conventional dyeing process
using plasma pretreatment on wool fabric before dyeing with natural fungal
extract and to analyze the parameters like wash fastness, rubbing fastness,
light fastnessand bacterial reduction (%). The results showed that optimum
concentration of the fungal pigment was 2% on weight of the fabric and
the optimum condition for dyeing was 60 deg C, 30 minat apH of 3and the
plasma pretreated samples brings better fixation levels, improvement in
fastness properties and imparts good antibacterial activity for the dyed
wool fabric at optimum condition. It was also inferred that the plasma
treated samples does not showed any influence with increase in the
treatmenttime.  © 2014 Trade SciencelInc. - INDIA
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INTRODUCTION

Theworldwide demand for dyesof natural origin,
especidly yelow or red pigments, israpidly increasing
inthefood, cosmetic and textile sectorg?2. Several re-
search projectshave so far been carried out to evalu-
ate thetechno-economical feasibility of today’s dyes
with alternative dye crops. Among the species exam-

ined, common madder, woad proved to be quiteinter-
esting sourcesof red (dizarin) and yelow (Iuteolin) dyes
respectively, either for their agronomic characteristics
or for their dyeing properties®4. Themain disadvan-
tages of these natura dyesliesin the order of magni-
tude of their extraction yield factors (afew grams of
pigment per kgof dried raw materiad). Thismakestheir
current market priceabout 1 US$/g, thuslimiting their
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gpplicationto high-value-added naturd-dyed garments
only. Toovercomethislimitation, it was suggested to
exploit thepotentiality of other biologica sourcessuch
asfungi (both moulds and yeasts), bacteria, dgaeand
plant cultures, since appropriate sel ection, mutation or
geneticengineeringtechniquesarelikdy toimprovesg-
nificantly the pigment productionyiel dswithrespect to
wild organism®8. Among theseveral pigment-produc-
ing micro-organism described intheliterature, thefun-
gus Thermomyceshasbeen thoroughly studied™. It has
beentraditiondly used for manufacturing food colorants
and fermented foods and beveragesin southernand far
easternAda, thelatter beingaso usedinmedicd therapy
to promote blood circul ation and proper cholesterol
levels, prevent gastric and intestinal disorders, stimu-
latedigestion, etc®. The severd pigments produced by
Thermomyces are oligoketi des and have been subdi-
vided into three groups; rubropunctain and
monascorubrin areorange pigments, presenting differ-
ent sidechainsontheozolactonering®. Their two azoto
ana ogues arethered pigments rubropunctamineand
monascorubramine, where astheir reduced formsare
theyellow pigmentsmonascin and ankaflavin®, There
arebut few natural dye-stuffsthat haveany direct affin-
ity for wool. Turmeric, saffron, anotta, are about the
only representatives, and theseare not of muchimpor-
tanceinwool dyeing by themselves, athoughthey are
sometimes used in conjunction with other natura dye-
stuffs, when they are applied by a processwhichis
adapted more especidly for the other dye-stuff which
isused. Plasmatreatment of wool top does not dam-
agethefibres; thefibreffibrefrictionincreasesbut the
differentid frictional effect decreases. Other physica
propertiesof wool remain unchanged with the excep-
tion of adight decreasein theloop breskingforce. The
tenacity of yarns spun from plasma-treated wool top is
higher by about 25% and elongation at break point is
a o higher compared with sandard yarns. Plasmatrest-
ment consderably reducesthefeting potentia for any
product obtained from modified wool. Good hand
washability isusudly achievableina‘plasma only’ pro-
cess, an environmentally acceptabl e plasmalpolymer
processisalso available. Thisresearch attempted to
study theinfluence of plasmatreatment onthedyeing
potential and microberesistant characteristics of the
natural funga extract pigmented samples.

BioTechnologqy

MATERIALSAND METHODS

Materials

Bleached 100% wooal fabric planweave, yarn count
14.76 tex with warp 56 ends/cm, weft 27 picks/cm
and 120 g/m?was used.

Methods

Extraction and estimation of pigment (air-drying
process)

Extracellular pigment producing fungi
Thermomyces specieswasisolated from soil. Thefun-
ga cultureswereinoculated on to potato dextrose broth
and incubated at 35°C for 5-7 days; supernatant was
filtered through thefilter paper. Broth havingthe pig-
ment wastakenin aclean glass Petri platesand placed
under hot air in adust free chamber 40°C. The plate
was covered with athin mudlin cloth to avoid contami-
nation dueto dust. After 8 hoursof drying, thevolume
of the broth was reduced to onethird. The condensed
broth was|yophilized and the powered pigment was
stored at 4°C and is shown in Figure 1a and Figure 1b.

@
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Figurel: Samplesof extracted pigment
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Deter mination of minimum inhibitory concentra-
tion (MIC)

TheMIC was performed to test the antimicrobial
activity of themethanolic extract of P.purpuroscens,
thermomyces sp and chatomium sp. using tube dilu-
tionmethod (claeyset al., 1988) the MIC (minimum
inhibitory concentration) was defined as the | owest
concentration of antibiotics or extractsthat did not
show any growth of tested pathogensat aminimum
concentration. Thistest was performed at four con-
centration of the plant extract (10 mg/ml,1mg/
ml,0.1mg/ml and 0.01mg/ml). Twenty-four hoursold
culture of each organism was used for the study.4/10
dilution of each organism wasprepared by serial dilu-
tion technique. A four number of sterilized eppendorf
tubesweretaken and to this900ul of 4/10 diluted test
organism were added. To thefirst tube 0.1 ml of pre-
pared culture extract was added and serially diluted
tothelast tube. Thefour tubes corresponding to four
Concentrations of the culture extract was obtained
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(10mg/ml, Img/ml,0.1mg/ml,0.01mg/ml).likewise, and
aset of eppendorf tubes was prepared for each or-
ganism for each test samples. Simultaneously; con-
trolswere a so kept for the experiment. For the sec-
ond set of eppendorf tubes (4 numbers),0.1 ml of the
negative control (100 % ethanol) was added to first
tubeand serialy diluted to thelast tube. For thethird
set of eppendorf tubes (4 numbers), 0.1ml of the posi-
tive control, ketaconazole for fungi and
chleorampheicol for bacteria (10 mg/ml) was added
tothefirst tubeand seridly diluteto thelast tube. For
thefourth set of eppendorf tubes (2 numbers), noth-
ing was added so that the tubes contained only the
microbial cells. Similar to the ager well diffusion
method, the Petri plates were divided into 4 equal
quadrants. After incubation of the eppendorf tubesfor
an hour, 50ul from each of the tubeswere spotted on
the Petri plates. The plates were then covered and
incubated for 24 hours. The growth of the organism
for each dilution was observed and thusthe minimum
inhibitory concentration of thefungal extract wascal-

TABLE 1: Minimuminhibitory concentration of thermomyces sp, P.purpuroscensand Chaetomium sp. against pathogens

Dilution 1 (10 mg/ml) Dilution 2 (1 mg/ml) Dilution 3 (0.1 mg/ml) Dilution 4 (0.01 mg/ml)

Pathogens

1 2 3 1 2 3 1 2 3 1 2 3
Gram positive bacteria
Enterococcus I I I I I I I I NI NI NI NI
Bacillus subtilis I NI NI I NI NI I NI NI NI NI NI
B.cereus I I NI I I NI I I NI I NI NI
Gram negative bacteria
Escherichia Coli I I NI I NI NI I NI NI NI NI NI
Vibrio Cholerae I I NI I NI NI I NI NI NI NI NI
Salmonella typhi I NI NI I NI NI I NI NI NI NI NI
Fungi
C.abicans I I NI I I NI I NI NI I NI NI
C.neoformans I I NI I I NI I NI NI NI NI NI
Control
Solvent control NI NI NI NI
Chloramphenicol I I NI

K etoconazole |

culated asshownin TABLE 1.
Sdlection of mordant

Thenaturd mordant myrobolan waschosenfor the
dyeing process. The fabric specimen was initially
premordanted beforetreating with the natural fungal
extract pigment for the dyeing process.

Plasma pretr eatment on wool fabric

Low temperaturetreatment of wool fabricisdone
using RFand DC sputtering unit. Thetemperatureand
pressure used for the treatment of wool fabricisroom
temperatureand atmospheric pressurerespectively. Ac-
cordingto framesizewool fabriciscut and treated for
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threedifferent time periodsof 15sec, 45sec and 80sec.

Dyeing of plasma pretreated wool fabricby natu-
ral fungal extract

Plasmatreated samplesfor 15 sec, 45 sec, 80 sec
and untreated sample were steeped using natural dye
by thefollowing procedure. Sampleswerestegpedin
themordant bath prepared with 5% (owm) onweight
of material of myrobalan. The bath ratio was 1:20.
Mordanting was done at atemperature of 30 deg C for
20 min. Samples were rinsed with tap water and
squeezed. Themordanted sampleswere steepedinthe
dyebath with Liquor toratio of 1:20that prepared by
5% solution (owm) of extracted dyeat pH 4.5-5.5in
presence of acetic acid. Dyeing of samplewasdone at
30deg Cfor 20 min. The samplewererinsed with tap
water and dried at 60 deg C for 20 min.

TESTING

Theuntreated and treated samplesweretested for
various measurements by standard test procedures.
Color fastnessproperties of the sampleswere assessed
usngAATCC gandards-Fastnessto washing (AATCC
Test Method 61-2009), Fastnessto rubbing/crocking
(AATCC Test Method 8-2007) and Fastnessto Light
(AATCC Test Method 16-2004). The dyed samples
were anaysed for the spectral valuesK/S determined
using aMinolta508 spectrophotometer with Macbeth
Match View software (X-Rite, USA) in D65 daylight.

RESULTSAND DISCUSSION

Effect of processparameter sand plasmatreated
sampleson K/Svalue

A positivevaue of the coefficient for X2 (surfac-
tant |oading) indicatesafavorableeffect on K/Svaue.
Optimized K/S value was observed at temperature
(30°C), pH (3.0) and time (40 min) from the regres-
sion coefficient. Thereason might bedueto theinflu-
ence of thediffusion characteristicsand depth of pen-
etration of thenaturd fungd pigment onthefabric speci-
men. TheK/Svaueof Low temperature plasmatreated
samplesshowspositivesignificant differencecompara-
tively to the untreated sample. From TABLE 2, it is
inferred that from the various plasmatreated samples,
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15streated sample showsgreater K/Svauecompared
to 45 and 60 seconds treated samples as the color
strength reduceswith respect to theincreasein treat-
ment time. It provesthat the plasmatreated samples
increasesthe depth of absorption of the natural fungal
extracted pigmentson thewool fabric specimen. Hence,
therelative color strength of the natural fungal dyed
sampleisgreatly influenced by the plasmatreatment.

Effect of processparameter sand plasmatreated
sampleson color fastnessratings

From theregression analys's, optimized wash and
rubbing fastness rating were observed at temperature
(30°C), pH (3.0) and time (40 min). The reason might
be dueto thereectivity and fixation level sof thenatura
funga pigment on thefabric specimen. From TABLE
3, thecolor fastnessvalues of low temperature plasma
treated sampl esfor wash and rubbing exhibits better
fastnessratings comparatively to theuntreated sample.
It is inferred that from the various plasma treated
samples, 15streated sample shows positive significant

TABLE 2: K/Svalueof plasmapretreated dyed samples

Sample K/Svalue
Untreated sample 0.337
Plasma 15 sec 0.531
treated 45 sec 0.478
sample 80 sec 0411

differenceinfastnessratings compared to 45 and 60
secondstreated samplesasincreasein treatment time
reducesthedepth of shade. It isinferred that theplasma
treated samplesinfluence the degree of fixation and
depth of penetration of thenatura fungd extracted pig-
ments on the wool fabric specimen. From theregres-
sionanalysis, optimized Light fastnessrating was ob-
served at temperature (30°C), pH (3.0) and time (40
min). Theincreasein plasmatreatment timeaffectsLight
fastnessratingshardly than wash and rubbing fastness.
Theresultsinfer that the surface adsorption character-
istic of the natura fungal pigment influencesthefabric
properties. Hence, the durability of the natural fungal
extracted dyed wool fabric samplescan beincreased
by subjecting to plasmatrestment.

Effect of plasmatreated sampleson antibacterial
activity
Fromtheregressonandyss, optimized va ueswere
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observed at temperature (60°C), pH (3.0) and time
(40 min).Here, theantibacteria reduction % decreases
withincreaseintemperatureand pH but increaseswith
increased time. A high vaueof antibacterid efficacy can
beobtained upto acertain Level of al 3 independent
variables, but abovethisanincreasein the Level of
independent variablesLeadsto adecreasein the anti-
bacterid efficacy. Theantibacterid activity of Low tem-
perature plasmatreated samplesexhibitspositivesig-

TABLE 3: Color fastnessvaluesof plasma pretreated dyed
samples

Sample Wash Rubbing Light
fasthess fastness fastness
Untreated sample 2-3 34 2-3
Plasma 15 sec 4-5 4-5 7-8
treated 45 sec 3-4 34 5-6
sample 80 sec 2-3 34 4-5

nificant differencein bacterial reduction % compara
tively to the untreated sample. From TABLE 4, itis
inferred that from the various plasmatresated samples,
15streated sample shows overall good bacterial re-
duction % with respect to E.coli Gram (-) bacteriaand
S.aureus Gram (+) bacteria compared to 45 and 60
secondstreated samplesasthe bacteria protectionis
not influenced with respect to theincreasein plasma
treatment. Itisinferred that the plasmatreated samples
influencethe antibacterid activity of thenatural fungal
extracted pigment on the wool fabric specimen. As
plasmatreatment exhibitsgood bacteria reduction%
for both +veand -ve bacteria, it can be abetter solu-
tionfor themedica application. Theresultsinfer that a
part of the plasmatreatment, natural mordant and pig-
ment a so influencethe pathogenic bacteria reduction
to agreater extent. The sameresult was al so reported
by textile and | eather samples dyed with five different

fungd pigments.
Characterization of pigment from Thermomyces

From Figure2 a, theoptica dendty of the pigment
extract was determined in awiderange of spectraus-
ingaUV-Visgble spectrometer and the absorbancewas
recorded. The spectrum showsthat the maximum ab-
sorbance of the specimen between 250-300 nmwhich
confirms the presence of protein and carbohydrate
groupsinthefunga pigment. From Figure2b, theab-
sorption in the region 3000-3500 cm-1 confirmsthe

—————— FyLL PAPER

presence of N-H (str) group. Theabsorptioninthere-
gion 1500-1750 cm-1 confirmsthe presence of C=0
(str) group. Hence, from the observation the affinity of

TABLE 4: Antibacterial activity of plasma pretreated dyed
samples

Bacterial reduction (%)

Sample Escherichia Staphylococcus
coli aureus
Untreated sample 45% 48%
Plasma 15 sec 47% 50%
treated 45 sec 43% 41%
sample 80 sec 44% 47%
15
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Figure2a: UV-Visspectraof extracted fungal pigment

sampletowards protein fibreswas confirmed.
Air permeability

The ASTM D 737-04 standard test method was
followed. The samplewastested at R.H.65%+/-2%
and temperature 21deg C +/-1degC. Theair perme-
ability value of wool fabricwasfound to be 4.86 cm?®/
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Figure2b: FTIR absorption spectra

CM.SO./Sec.
CONCLUSION

100% wool fabric was given low temperature
plasmatreatment with different durationsand colored
using thenatural fungal extract Thermomycesand the
effect of coloring behavior, fastnessresultsand anti-
bacterial activity wereanalyzed. The process param-
eterslike pH, temp and time duration was varied and
theresultswere optimized. Theresultswereexamined
for coloring the protein fabric specimens at 2% on
weight of thefabric and the optimum condition for col-
orationand antibacterid finishingwasfoundto be 30°C,
60 minat apH of 3. Theanaysi swasfocused on the
surfacemodification of wool fabricusing Low tempera
ture plasmatreatment for improvement in dyefixation
levelsof natura fungal extracted pigment and antibac-
terial efficacy of wool fabric. Theresults showed that

the Low temperature plasma pretreated wool fabric
exhibit better resultsthan untreated wool fabric speci-
men. Color strength, color fastnessratingsand antimi-
crobia activity werefound to begood for 15sec plasma
pretreated wool fabric compared to 45 and 80streated
samples. Hence, plasmatreated samples did not show
any influencewithincreaseinthetreatment timeandthe
process provesto bemore eco-friendly innatureand it
can beusad for hed thcare gpplication to developwound
dressing, face mask, suturesand surgica drapes.
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