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ABSTRACT

Conventional scouring processes of cotton are cotatliat temperatures up to 100 °C in a highly afl@medium
(pH 10-12) with sodium hydroxide. This procesdasvly being replaced by environmentally friendlydaeconomical
approach using enzymes which remove the non-csitulmpurities without appreciable losses of stiténgdn this

work, the paper presents the optimization of thesdduring treatment on 100% cotton material usirigBOL PRO

enzyme. For the bioscouring treatment a Box-Behrikesign experiment was used, with the independaniebles

such as enzyme concentration, treatment temperatodetime. The test results such as weight lossordlency and
tensile strength were also analyzed using the desigxpert software 8.00 to predict the optimuntess parameters.
The optimum values were found to be enzyme coatientr2.5% on weight of fabric, temperature Toand time 20
minute. Furthermore, the effects of bioscouringbbdeaching were also investigated and compared Wit of the

conventionally scoured fabric. Based on the resaftshe study it can be understood that the biosnguprocess

performed much better as compared to conventioragss and the process is eco-friendly and sudtééna
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INTRODUCTION

Cotton fibre is a single biological cell with a rtildyer structure. These layers are structurally eimemically different,
and contain approximately 10% by weight of nondeBic substances such as lipids, waxes, pectistaobes,
organic acids, proteins/nitrogenous substances; oeltulosic polysaccharides, and other uniderttifsompounds
included within the outer layer of the fibre. Intum@, these non-cellulosic materials create a phydiydrophobic
barrier to protect the fibre from the environmdmughout its development. In aqueous textile psicey, the waxes
and pectins impede wetting of fabric and wickirimg obstructing effective treatments [1, 2].

Cotton yarn or fabric prior to dyeing or printingas through a number of processes in textile psingstages and a
very important process is scouring. During scourigxes and other hydrophobic materials are remdred the
cotton fibres in order to obtain a sufficiently mgghilic fabric [3, 4].

Conventionally, scouring is done in a hot aquealsti®n of NaOH to remove hydrophobic componentarfrthe

primary wall (e.g. pectin, protein and organic agidnd the cuticle (waxes and fats). However, alkascouring is a
nonspecific process. The use of high concentratidridaOH also requires neutralization of wastewafsen though
alkaline scouring is effective and the costs of Na@re low, the scouring process is rather inefficibecause it
consumes large quantities of water and energy][5Aditionally, a growing number of consumers atso interested
in clothes that are produced in an environmenfaiyndly way without the extensive use of harshrmatoals and hence
it is clear that this process needs to be imprawetiderably to meet today's energy and environaheleimands.
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The use of enzymes in the textile industry is aanggle of white industrial biotechnology, which a#® the
development of environmentally friendly technolagia fibre processing and strategies to improvefittd product
quality. The consumption of energy and raw-matsyials well as increased awareness of environmeotalerns
related to the use and disposal of chemicals emdfills, water or release into the air during ciehprocessing of
textiles are the principal reasons for the apgheoadf enzymes in finishing of textile materials.

Enzymatic scouring makes it possible to effectivebour fabric without negatively affecting the fiabor the
environment [7, 8]. Hydrolysis by enzymes such estipases promotes efficient interruption of thetrirado achieve
good water absorbency without the negative sideceféf cellulose destruction. Enzymatic degradatdrpectin
accelerates the removal of waxy materials fromctiteon primary wall, thus produces water wettalottan [9, 10].

The objective of this present work is to optimizesoouring process parameters and describe thikgeftained using
BEISOL PRO on 100% cotton material in order to obta less expensive bio-scouring technology thapsts

sustainable process and finally to make the contiparanalysis in the performance of the enzymerdukioscouring
with the conventional scouring method. The typeatyme selected here was in the context of Ethiggidt is widely
used in the country due to its availability.

MATERIALS AND METHODS

1.1. Fabric
Greige cotton was used for the experiment. Thegu®trials were carried out on the fabric of plagave 100% raw
cotton fabric with 120 GSM.

1.2.Chemicals

For bioscouring a commercial grade enzymes namdélySBL PRO was supplied by CHT India Pvt.Ltd. For
conventional scouring sodium hydroxide was usedxillnry chemicals namely Felosan NFG (wetting ageard
Beixion NE (sequestering agent) were supplied byl @idlia Pvt.Ltd.

1.3. Pretreatment Fabric

1.3.1. Desizing

The desizing was carried out in in Rota dyer at7pbt 60 °C for MLR 1:20 with enzyme concentratic¥ 2o.w.f)
BEISOL T2090 and wetting agent Felosan NFG 1.5 %.(p and sequestering agent Beixion NE 2% (o.wif)e
process time for the de-sizing enzymes was prolbrige30 minutes excluding the time required fortimgpat a
heating rate 3°C /min.

1.3.2. Bioscouring

BEISOL PRO enzyme was used for the scouring prodéss scouring process experiments were carriednoRbta
dyer at pH 9 with MLR 1:20 with wetting agent FedasNFG 1.5% (o.w.f) and sequestering agent BeidN&n2%
(o.w.f) for various enzyme concentration, tempaefnd time intervals.

1.3.3. Conventional alkaline scouring

Cotton fabric was boiled in an aqueous solutiontaiming 4% (o.w.f) NaOH and wetting agent FelosdfGN1.5%
(o.w.f) and sequestering agent Beixion NE 2% (9.fof 60 min using MLR 1:20 in Rota dyer. After tlaékaline
treatment, the fabric was washed two times withilgpiwater, twice with cold water and finally airield.

1.3.4. Design of Experiment

To optimize the bioscouring process, the Box-BehnBlesign was utilized during the investigation. Thage of
independent process parameters were taken in tliffeeent levels at equal intervals such as tim@, (15, and 20)
minute, enzyme concentration (1%, 2.5%, and 4%) t@ndperature (30C, 65-°C, 108C). The variables (time,
enzyme concentration and temperature) and theildeflow, medium, high) were chosen based on sepgli
recommendation and according to the Box-Behnkeigdestatistical tools as shown in Table 1. The dampvere
subjected to bioscouring as per the 17 trials sstgge After each scouring process, the fabric wisidind tested for
percentage weight loss, tensile strength loss &sdrhency to evaluate the efficiency of the prodessbtain the
optimum parameters by adopting systematic stadistipproach.
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Table 1: Treatment conditions and the responses obsred

A:Enzyme| L. . Tensile
Run Dosage B.Ter?ﬂpce)rature C:Time Abs(grebce?cy L‘é"ses'g({}/f)) strength loss
(% o.w.f) (min) ) (%)
1 2.50 65.00 15.00 14.25 1.45 1.98
2 4.00 30.00 15.00 21.58 1.41 2.31
3 2.50 65.00 15.00 14.11 1.41 2.09
4 4.00 65.00 20.00 3.85 2.02 3.90
5 1.00 100.00 15.00 5.21 1.93 3.86
6 2.50 65.00 15.00 14.23 151 257
7 1.00 65.00 20.00 10.00 1.81 3.45
8 4.00 65.00 10.00 12.00 1.73 2.80
9 1.00 65.00 10.00 15.00 1.41 231
10 4.00 100.00 15.00 242 2.31 3.96
11 2.50 65.00 15.00 10.91 1.41 2.21
12 2.50 30.00 10.00 20.21 1.38 1.59
13 2.50 100.00 10.00 2.14 2.36 4.09
14 2.50 30.00 20.00 10.25 1.79 2.90
15 1.00 30.00 15.00 26.00 1.35 152
16 2.50 65.00 15.00 19.00 1.45 211
17 2.50 100.00 20.00 1.00 241 4.12

2.3.5. Testing

2.3.5.1. Fabric Water Absorbency

Standard drop penetration test was carried outhfoabsorbency. The absorbency test standard iSCEATI-2000. A
drop of water allowed falling from a fixed height ¢to taut fabric and the time required for specuédiection of the
water drop to disappear is measured and recordegtéiag time.

2.3.5.2. Weight loss

Under this test dry weight of the fabric sample wesasured before and after the scouring processhandifference
was taken as the weight loss. This would be talena @alue of the degree of scouring which givesameunt of
unwanted matters removed. The performance of sogpwias evaluated by calculating the weight loss%. @4} as
follows:

Wt. % =W, - W, x 100
Wy
Where, Wand W is the weights of the fabric before and after sicmurespectively.

2.3.5.3. Loss in tensile strength

Tensile strength and elongation were measured RAPEM D 5034. A sample of 16x2.5cm was taken foe test.

The tensile strength of the fabric was determingdlbth tensile strength tester. Four readingsef@ry sample were
taken and the average was calculated. The perfmenahscouring was evaluated by calculating theikerstrength

(TS) loss% as follows:

TS Loss (%) = T-T,x 100
T
1
Where T, is tensile strength-before treatment andsTiensile strength after treatment,

RESULTS AND DISCUSSION

The most important parameters checked after sqpwfiri00% cotton woven fabrics are absorbency, digss and
tensile strength loss. The design experiment asdltseof the 17 trials are presented in Table le Tdsponse for
absorbency, weight loss, and tensile strengthdosgiven in Fig. 1, Fig. 2, and Fig. 3, respedyive

1.4. Absorbency
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The Model F-value of 22.00 implies the model isnffigant and there is only 0.02% chance that a "®d€Value”
this large could occur due to noise. Values of bP¥d=" less than 0.05 indicate model terms areifségmt. In this case
B, C, C are significant model terms. Values greater tha6@ indicate the model terms are not significant.

Table 2: ANOVA for Response Surface Quadratic Modefor absorbency

Source | Sum of Square§ DH Mean F Value | Prob>F
Square
Model 692.27 9 76.92 22.00 0.0002 Significant
A 19.10 1 19.10 5.46 0.0521)
B 500.39 1 500.39 143.14 < 0.0001
C 73.51 1 73.51 21.03 0.0025
A? 0.88 1 0.88 0.25 0.6310]
B? 7.73 1 7.73 2.21 0.1806|
c? 65.53 1 65.53 18.74 0.0034
AB 1.40 1 1.40 0.40 0.5464]
AC 2.48 1 2.48 0.71 0.4274|
BC 19.45 1 19.45 5.56 0.0504
Residual 24.47 7 3.50
Lack of Fi 14.25 3 4.75 1.86 0.2774 not significant
Pure Erro 10.23 4 2.56
Cor Total 716.75 16

Final Equation in Terms of Coded Factors:
Absorbency =+13.7-1.54 A -7.91B-3.03C +0.46A.368-3.94C-0.59 A B-0.79AC+2.2 BC

In Fig.1 (a), the response surface plot shows ttiatshortest absorbency time was seen when enzgnwemtration
and time were in the high levels. It shows thatdaheorbency time was 2.42 s when the enzyme caatient of 4%
(o.w.f) and temperature 180 were used with constant time of 15 minute. Thisult is the best when compared with
all other combinations of the levels of the varghlas shown in Table 1 and it also proves thahitjie levels are the
ideal conditions for the optimization process as #ivsorbency time required is around 5s. The s$toatesorbency
time seen indicates that the scoured fabric wadsyhapsorbent.

DESIGN-EXPERT Piol

Actual Factor a6 T
C Time=1500

Bpsarhency

Figure 1(a): Effect of enzyme concentration and teperature on absorbency of cotton fabric at constantime of 15 minute

In Fig.1 (b), the response surface plot shows thatshortest absorbency time was also found to lbenvenzyme
concentration and time were in the high levelshitws that the absorbency time was 3.85 s (asataticTable 1) was
possible when the enzyme concentration of 4% (panél time of 20 minute were used with constarteafperature
65°C.The standard acceptable absorbency time is &g, tib can be said that the scoured fabric wasglisorbent.
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DESIGN-EXPERT Piot

Absorbency
X =A Conc
Y =C: Time

Actual Factor
B: Temp. = 6500

Figure 1(b): Effect of enzyme concentration and tira on absorbency at constant temperature of 86

In Fig.1 (c), similarly the shortest absorbencydimas seen when the maximum temperature and time veed. It
showed that the absorbency time was 1s (as indidgat€able 1) when time of 20 minute and tempemid0°C were

used with constant enzyme concentration of 2.5%.{p.The standard absorbency time expected beisg than 5 s,
the shortest absorbency time observed here offisaites that the scoured fabric was highly absdrben

DESIGN-EXPERT Piot

Absarbency ey
X =B Temp. R .
Y =C: Time g

Actual Factor
A Conc =250

Fig.1(c): Effect of temperature and time on absorbecy of cotton fabric at constant concentration of Bzyme of 2.5 % (0.w.f.)
1.5.Weight Loss
The Model F-value of 100.82 implies the model gnfficant and there is only a 0.01% chance thafladel F-Value"

this large could occur due to noise. In this casBAC, B, C°, AB, BC are significant model terms. The "LackFof
F-value" of 1.67 implies the Lack of Fit is notsificant relative to the pure error.

Final Equation in Terms of Coded Factors:

Weight loss=+1.44+0.12A+0.39B+0.1C+0.033A0.278+0.27C+0.080AB-0.028AC-0.090BC
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Table 3: ANOVA for Weight loss

Source [Sum of SquaredDF | Mean F Prob > F
Square | Value
Model 2.20 9 0.24 100.82| < 0.0001 Significant
A 0.12 1 0.12 48.59 | 0.0002
B 1.19 1 1.19 489.86] < 0.0001
C 0.17 1 0.17 68.29 | <0.0001
A’ 0.00¢ 1| 0.00¢ 1.7¢ | 0.227(
B® 0.32 1 0.32 | 130.82| <0.0001
c? 0.30 1 0.30 123.77] < 0.0001
AB 0.0: 1 0.0¢ 10.5¢ 0.014(
AC 0.003 1 0.003 | 1.25 0.3005
BC 0.03 1 0.03 13.38 | 0.0081
Residue 0.0z 7 0.00:
Lack of Fit 0.01 3 0.003 1.67 0.3090 |not significant
Pure Error 0.00752 4 0.002
Cor Total 2.213388 | 16

DESIGN-EXPERT Plot

Weight loss
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Figure 2(a): Effect of enzyme concentration and teperature on weight loss at constant time of 15 mirte

Pelagia Research Library

From the response surface plots in Fig. 2(a), it ba observed that the weight loss increased withease in
concentration of enzyme and temperature. Resuts frable.1 show that the weight loss percentage2ngis/o when
the enzyme concentration of 4% on weight of falarid temperature of 1T were used with constant time of 15
minute. Bioscouring under optimal conditions ree®the natural waxes, pectins, fats and other itigairesulting in
weight loss which is comparatively higher when caneg with all other combinations of the levelstof variables. It
is thus necessary that proper balance betweenotawerweight loss and absorbency is obtained.
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From the response surface plot in Fig. 2(b), it barobserved that the weight loss was highesteahitjhest level of
enzyme concentration and time. It shows that thightéoss percentage was 2.02% when the enzymeesatmation of
4% (o.w.f) and time of 20 minute were used at camistemperature of 66.

DESIGN-EXPERT Plot

Weight loss
X=A: Conc.
Y = C: Time

Actual Factor
B: Temp. = 65.00

Weight loss

C. Time 12 50“\ L 15
S A Cone

Figure 2(b): Effect of enzyme concentration and tire on weight loss of cotton fabric at constant tempeature of 65 °C

From the response surface plot in Fig. 2(c), it barobserved that the weight loss was highesteahitjhest level of
time and temperature. It shows that the weight pessentage was 2.41% when time of 20 minute amgpeeature of
100°C were used at constant enzyme concentration &6 2o5w.f).

DESIGN-EXPERT Piot

Weight loss
X =B: Temp.
Y =C: Time

Actual Factor
A Conc. =250

Weight loss

Eitie 1250 50

8 Temp.
10.00” 30.00

Figure 2(c): Effect of temperature and time on weibt loss of cotton fabric at a constant concentratio of enzyme 2.5 % (o.w.f.)

1.6. Tensile Strength loss
The Model F-value of 31.60 implies the model im#figant and there is only a 0.01% chance that ad&l F-Value"

this large could occur due to noise. Values of BProF" less than 0.0500 indicate model terms agmifitant. In this
case A, B, C, A B? C? BC are significant model terms. The "Lack of Fivalue" of 0.72 implies the Lack of Fit is

not significant relative to the pure error.
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Table 4: ANOVA for Weight loss

Source|] Sumof | DF | Mean| F Value Prob >
Squares ISquare F
Model | 12.84 9 1.43 31.60 <0.000ignifican
A 0.42 1 0.42 9.27 0.0187
B 7.43 1 7.43 164.62 <0.0001L
C 1.60 1 1.60 35.49 0.001
A’ 0.4€ 1 | 0.4€ 10.17 0.0Z
B’ 0.64 1 | 0.64 14.21 0.01
C? 1.48 1 1.48 32.78 0.0007
AB 0.12 1 0.12 2.64 0.15
AC 0.0004 1 | 0.000 0.009 0.93
BC 0.41 1 0.41 9.075 0.02
Residug 0.32 7 0.04
Lackofl o471 | 3 | 0.04| o072 059 | Not
. significant
Fit
Pure | 021 | 4 | 0051
Error
Cor | 1315 | 16
Total

Final Equation in Terms of Coded Factors:

Tensile strength=+2.19+0.23A+0.96B+0.45C+0.33A0.398+0.59C-0.17AB-0.01AC-0.32BC

From the response surface plots in Fig. 3(a), it lsa observed that the tensile strength loss wasdbat the lowest
level of enzyme concentration and temperature aoel wersa. It shows that the tensile strength pmssentage was
1.52% when enzyme concentration of 1% (o.w.f) ammpgerature 30C were used at constant time 15 minute.
However, at this level the highest absorbency toh@6s was seen and this was not acceptable, Hiecstandard
absorbency time should be less than 5 s. In otlelds; one has to tolerate certain degree of stidogs to have basic
criterion of absorbency met. l.e. absorbency tieugl be less than 5s.This required little morergase in
temperature and time incase enzyme concentratiphdeme. Otherwise, higher concentration of enzgarealso do

the job.

Pelagia Research Library
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DESIGN-EXPERT Plot

Tensile strenght
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3000 100

Figure 3(a): Effect of enzyme concentration and teperature on tensile strength of cotton fabric at costant time of 15 minutes

From the response surface plot in Fig. 3(b), it barobserved that the tensile strength loss waedbat the lower
level of enzyme concentration and time. Result¥able 3 show that the weight loss percentage wa8 % when
enzyme concentration of 2.5% (o0.w.f) and time ofndiutes were used for constant temperature o 68 this case
too absorbency time of 10.9s observed which waslaiscceptable.

DESIGN-EXPERT Plot

Tensile strenght
X=A Conc
Y =C: Time

Actual Factor
B: Temp. = 65.00

nsile strenght

C:Tine 1250 /{

1000 1.00

A Cone

Figure 3(b): Effect of enzyme concentration and tire on tensile strength of cotton fabric at constartemperature of 65C

From the response surface plot in Fig. 3(c), itlsambserved that the tensile strength loss waedbat the lower level
of time and temperature. It shows that the weighks Ipercentage was 2.31% when time 15 minute amgetature 65
°C were used with constant enzyme concentration5#6Jo0.w.f). However, the absorbency time was 1%able 1)

which was not acceptable. Hence, the other conibimabf the levels of enzyme concentration, tempeeaand time
giving absorbency time less than 5s may be acckptablong as the tensile strength loss in sudcitddefabric less

than 5%, if not lowest.
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DESIGN-EXPERT Plot

Tensile strenght
X = B: Temp,
Y = C: Time

Actual Factor
A Conc. =250

Tensile strenght

.
C. Time ™
1280

b D: Temp.
100073000

Fig. 3(c): Effect of temperature and time on tensé strength of cotton fabric at constant concentratin of enzyme 2.5 % (o.w.f.)

1.7. Optimization
The process variables (time, enzyme concentratimhteamperature) had been optimized by using the-Behnken

design experiment and their output values are egdchy the designed expert software, as shown bieTa.The
optimum conditions were 9, enzyme concentratio®®2(6.w.f), time 20 minute and temperature °@ The output
result of the designed expert software to achibeedesired parameters for predicted processeshiesiaf solution is

shown in Table 6.

Table 5: The optimum condition’s variables (enzymesdosage and temperature) and their levels
(Low, Medium, High)

Name Goal Lower|Upper|Lower [Upper [mportance
Limit [Limit Weight\Weight

Temp is target = 75.00 3 100 1 1 3
Time Minute is target = 20.00 1d 30 1 1 3
BEISOL PRO is target = 2.50 1| 4 1 1 3
Weight Loss Maximize 1| 22 1 1 3

Time of Minimize 135|241 1 1 3
Absorbency
Strength Loss Minimize 152412 1 1 3
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Table 6: Predicted processes variables of solution

Temp.| Time | Abs.
Number [Conc Weight los¢Tensile strength
°C [Minute[Time sec

Predicted 2.5 | 75 20 4.9¢ 1.9¢ 3.44

Actual | 25| 75 20 3.36 1.83 2.78

The results obtained by actually conducting theeexrpents as per optimum, predicted parameters, shbuat
improved performance properties were obtained laey were in close agreement with predicted value.

1.8.Enzymatic scouring in comparison with alkaline scoting

1.8.1. Enzymatically scoured and conventionally scoured d¢ton fabric

Properties of cotton fabric treated gently withEBIBOL PRO enzyme (2.5 % o.w.f,) at optimum condisi@f a pH

9 temperature of 7%C for 20 minutes are given in Table 7 in terms efght loss, tensile strength and absorbency.
Similarly conventionally scoured cotton fabric whighly alkaline solution at boil was tested foe throperties and
they too are given in Table7.

Table 7: Properties of enzymatically scoured and ewentionally scoured cotton fabric

Treatment

Type Properties
Weight lossAbsorbency Tensile WhitenesgYellow|
(%), (sec.) |strength loss (%] index |index
IAlkali scoureq  3.04 0.86 5.18 39.16| 20p
Bioscoured 1.83 3.36 2.78 36.49 21{23

Absorbency: The shortest absorbency time of the fabric treat#ti BEISOL PRO enzymeinder optimized
conditions was found to be 3.36 second (Table RAe $tandard absorbency time being less than 5s,whs
acceptable indicating that the scoured fabric vils®dbent enough.

Weight loss (%): On analyzing the fabric scoured using the BEISOIOR&zyme under theptimized conditions,
the weight of the fabric reduced by up to 1.83%dmparison that of 3.04 % reduction in weight foneentional
alkali scouring. There existed a significant diffiece between the different fabric treatments ametqercentage
weight loss value suggested that there could bel gawing in weight loss which can be up tol.21%this era,
where the cotton fabric that is sold on weight axfi knitted fabric, a considerable advantage dficed weight
loss could be there for the processors.

Tensile strength and Elongation The strength of enzyme treated fabric was greduan alkalitreated fabric.
Scouring with BEISOL PRO facilitates the removal thie cuticle components by partial hydrolysis. Afte
bioscouring process, the cotton cellulose has meadatellulose structure intact with lower strenigiés of only 2.4
% (Table 7). This proves that alkali scouring afiemtn reducing high amount of weight from the fabsample; it
also reduces the strength of the fabric due tohdwsh treatment conditions. Furthermore, the faboom the
enzymatic scouring process shows softer handléhande it requires much less softening agent isHing process
than that obtained through conventional process.

Water Saving In bio- scouring process, only three baths aredusefore the actual dyeing stanghereas in
conventional process a minimum of 5 baths are meidtensive rinsing and neutralization beforeidge Owing to
the high sodium hydroxide concentration and itsagive nature and the fact that the process isechaut at high
pH range (12-14),makes essential not only thoromgbhing but treatment to effluent too. The biosoauteads to
saving of a total two bath which means 20%redudtiomater consumption.
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Energy Saving The entire process takes place at a temperatui®s°€ as against 100C. The temperature
difference is about 2&. In order to heat water from P& to 100°C the amount of heat energy required will be
saved in addition to the energy saved in intenaiashing after alkali treatment. (The specific hefatater is 4.186
Joule/ gram K. It requires 4.186 joules of enemiieat 1 gm. of water by 1 Kelvin).

Time Saving: The process of conventional scouring takes plaabout 2 hour and 50 min feaompletion whereas
the bio-scouring process will not take more thammi. Thus, for every batch dyed a time of 1 hawt 85 min per
batch is possible. A conventional dyeing proceksgalace in about 7 hours. Whereas using bio-rsmpthe same
dyeing can be completed in 5 hour and 25min. Imseof percentage, the time saving will be about 22ktus any
process house can raise its production by 22% appately by using the bio-scouring process.

Environmental benefits: Due to bioscouring effluent treatment cost willdreatly reduced. loase of caustic soda
scouring at high alkalinity repeated washing asl @slhigh concentration of alkali tremendously erdes total
dissolved solid in effluent, thus increasing thePEIost.

CONCLUSION

This investigation revealed that when tolerableitliof tensile strength loss and weight loss weletato get
maximum absorbency and optimizing of enzymatic saguvas done, the optimum conditions obtained vpeted,
enzyme concentration 2.5% (o.w.f), time 20 minutel aemperature 78C. The optimized conditions met the
pretreatment requirements for 100% cotton of gdesbebency, tolerable loss in tensile strength, @edjht loss
within acceptable limits. Since these conditionsrevstatistically evaluated, they can be taken a&s piocess
conditions for bioscouring of cotton. The traditiralkali scouring process ends up being high wateergy and
time consuming (less productivity) and gives arréase effluent load, whereas enzymatic scouringjdbs being
environment friendly, removed pectin and waxesdiffely to provide sufficient wettability for furtir treatment
with a curtailed loss in tensile strength and weigk compared to that in the case of conventioo@liring. The
enzymatic scouring using BEISOL PRO enzyme woultckéoe a perfect alternative for the conventionaligng.
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