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Abstract
In this work, exhaust method was.follouetl on tntlted and d,ved single jersey cotton knit f'abric b-r- I'ava Cell

l,lBG enzl;me with a yaried enzyme concentrotiort keeping ctll other parameters constant and therea/ier dif.ferent

properties like hondle, weight loss, obsorbenc:t ctntl pilling oJ n'ectted samples were assessed. Additionallv the

.fastness properties .for dyecl ;fabric v,ere et'ultruled belot e ancl ofler enzyme treattnent. The enzyme used in this

work was acid stable cellulase erE\me that ul.ro rorketl ct netiral condition elfectively and compatible with

sonte other enrymes and dyeing processes. The testecl scunltles tere treated v'ith variotrs enz)'me con(:entrations

tike 0.5%, 1%, 1.5 %, 2% antl 3%, at 600 c tenlperdtur€.lbr 30 rnittttes fith M;L l;20 ot neutral bath condition

u*ith a medium mechanical agitation and therealier eil:\'me tlectctitct[ion v'as carried out (tl an elevctted

lenryerature. The hand feel o.f tested sample \tcts optimtln tith )l'o en:\'nte cot?cenlrLltion and u'eight loss

tentlency was increased with the increase o/'concentrcttion %, ancl considerdble re ight loss tttts ttoticed trp to 1.5

?6 conc. range and it was set,ere tyith 3% concentration both Jbr trndyed and clyed santples. Enzyme treatment

after dyeing lowered the pitling resistance properties of dyed materials but escalated color Jastness properties.

Howeyer, the tested samples treated y,ith 1% and 1.5% concentration shov,ed acceptable values in all coses

especially from a ntinimum fiber damage perspective.
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1. Introduction
The curent growing environmental issues always put demands to discover environmental friendly
processes and products. The enzymatic treatment on textile substrates is a kind of novel innovation

ihat has reduced environmental pollution amaztngly as the enzymes used in such processes are readily

bio-degradable.

\ow a day's enzymes have found diverse application areas in textile processing. Most popular uses

are on denim fabrics in stone washing and on cellulosic textile materials in surface modification to

improve their appearance and handle. The process of treating with cellulase enzymes is tenned as bio-

poiirhirg whic[ is normally carried on cotton goods (T. Hobberg, and S. Thumm. Report-1999). Bio-
polishing eliminate projecting fibers and slubs from fabric surface and thus srgnificantll' reduces

prllng, softens fabric hand and provides smoother surface appearance'

Bio- polishing has also shown its potential actions on regenerated cellulose labncs especially on

hoceil. The disadvantages of bio-polishing are the formation of fiber dust. and in u'orst case. loss of
',i eight and tear strength (S. K. Laga, A. I. Wasif, and K. Shah, Reporr-2010).

-{part from bio-polishingl enzymes also have some effective applications in textile pretreatments. The

,ise of amylase enry*e is first introduced in desizing cotton fabric to hydrolyse starch and this is still

:sed ertensively (K. J. V. Vardhini, and N. Selyakumar, Report 2009). ln scouring, pectinase enzyme

r. used to break down the pectin in the cotton and thus assists in the removal of waxes, oils and other

rmpurities. After bleaching process with hydrogen peroxide, catalase enzyme can be used in removing

residual peroxide which can reduce water and energy consumption. In combined scouring and

:leaching process, two enzymes like amyloglucosidase and glucode oxidase can be used in a single
'rath to obtain the similar effects of conventional combined scouring- bleaching process (K. J. V.

\ ardhini, and N. Selyakumar, Reporl 2009).
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1.1 f,'actors Influence Catalytic Action of Enzymes
Enzymes perform catalytic action on cotton and hydrolyse the celluloses which are strongly
influenced by some factors like concentration, pH, temperature, time and mechanical agitation.

1.1.1 Effect of pH
The working condition for a typical enzyme at an optimal ph solely depends on its origin.
Trichoderma based enzymes like acid cellulases work best at ph 4.5 -6, while enzymes from
Humicola like neutral cellulases are more active at ph 6-6.5 ( M. Ueda, H. Koo, and T. Wakida,

"Cellulase Treatment of Cotton Fabrics, Part II: Inhibitory Effect of Surfactants on Cellulase
Catalytic Reaction", Textile Research Journal, Yol. 64, No. 10, pp. 615-618, AmericanAssociation
of Textile Chemists and Colorists, Report-1999).

1.1.2 Effect of Temperature
Temperature also plays avitalrole in enzymatic reaction as at low temperatures, the reaction rate is

slower than the desired, but an elevated temperature can deactivale enzyme. In very high
temperature due to enough energy formation, en4lmes lose its catalytic ability as its molecular
alignments alter ( M. Ueda, H. Koo, and T. Wakida, "Cellulase Treatment of Cotton Fabrics, Part II:
Inhibitory Effect of Surfactants on Cellulase Catalytic Reaction", Textile Research Journal, Yol. 64,

No. 10, pp. 615-618, AmericanAssociation of Textile Chemists and Colorists, Report-1999).

1.1.3 Effect of Concentration
Enzyme concentration needs to be ideal to get optimal effects keeping others adverse effects
minimum. As the increase in concentration of cellulase enzpe advances weight loss significantly,
causes an increase in strength loss and also fabric thickness is reduced (S. K. Laga, A. I. Wasif, and
K. Shah, Report-2O10).

1.1.4 Effect of M: L Ratio
Material to liquor ratio also shows substantial effect on bio-polishing. As the liquor ratio increases

the bath concentration of cellulase enzyme decreases and the fabric weight loss decreases. The
dilution affects substantially enzymatic activity (S. K. I,aga, A. I. Wasif, and K. Shah, Report-2010).

1.1.5 Effect of Agitation
Mechanical agitation is another important factor to consider in measuring enzyme's performance on
substrates. De-pilling of fabrics depends on the amount of cellulose adsorption on materials to
remove hydrolysis by-products and expose new fiber areas to attack Fabric treated in jet and winch
machine using same type of efizyrne and similar process conditions show different level of effects
due to the difference in agitation provided by these machines.( J. M. Cortez, J. Ellis, and D. P.

Bishop) To keep the tensile strength loss minimum in cellulose treatment on fabrics agitation is

considered as an important factor (K. J. V. Vardhini, and N. Selyakumar, Report 2009).

1.1.6 Effect of Time
Treatment time also has a greater influence on cotton materials in enzymatic treatment. Fiber
damage increases dramatically for a longer treatment time with cellulose enzymes (A. Cavaco-Paulo
Report -1998)Longer treatment times with no agitation shows more adverse effects which affects
the internal structure of the materials, whereas short treatment times with vigorous agitation also
deteriorate the fiber surface properties (K. J. V. Vardhini, and N. Selyakumar, Report 2009). In
general, increase in treatrnent time results in superior weight loss and strength loss and these
phenomenon are due to slight decrease in degree of polymerization (A. Cavaco-Paulo Report-1998,
K. J. V. Vardhini, and N. Selyakumar, Report 2009).



. I Effect on Fabric Properties
-'-pohshing, acid cellulase imparls a number of benefits on cotton goods like improvement in pill

:: : --:llce. cooler feel, brightness of dyed fabric and softness. Apart from these good things, materials
..'r e to allow some adverse effects like loss in weight and sirength (K. J. V. Vardhini,'and
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e I : Recipe of en_4,rne treatment (M.F. Hossain, Report-2009)

R.ecipe 1:
Conc. ofenzyme:
q-io,b

Sequestering

€ent:1gll
Il-etting agent:1gl1
Tdmperatue:
flt.c

Recipe 4:

- -j
.: )ntin

-:l:10
: - .::llCal
. : ..ln:

Bm Stirring

Conc. ofenzlnne:
t%
Sequestering
agent:1gl1
Wetting agent:1gll
Temperature :

60"c
pH: 6.5
Time:30 min
M:L: 1:20
Mechanical
Agitation: Medium
Stirring

SeQuestering

agent:lg/l
Wetting
agent:1gll
Temperature :

60"c
pH: 6.5
Time:30 min
M:L: 1:20
Mechanical
Agitation:
Medium Stirrhg

Sequestering
agent'.lg/1
Wetting
agent:1gl1
Temperature :

60"c
pH:6.5
Time:30 min
M:L: 1:20
Mechanical
Agitation:
Medium Stirring

Recipe 5:
Conc. of
enzyme:3To
Sequestering
agent:l911
Wetting
agent:1gll
Temperature :

60"c
pH: 6.5
Time:30 min
M:L:1:20
Mechanical
Agitation:
Medium Stirring

Conc. ofenzyme: Conc. ofenzvme:
15% 2%

: r 'ik-Llnlar, Reporl 2009). Moreover the overall appearance and handle of cotton knits also

' - ' r- I. \\'asii and K. Shah, Report-2010).Cellulase enzyme treatment significantly improves the'- :r:trothtless and less friction happens during wear N. (Ozdil, E. Ozdooan. urd f. Oktem,'- --'itt-1-1) Dimensional stability of cotton woven and knit fabrics also improve in cellulase" ::-- :nd offer less resistance to bending and stretching (J.M. Cofiez, J. Ellis, and D. p. Bishop,:- - I t_tl. R. Mori, T. Haga, and T. Takagishi, Reprt-l999).
.' -1,' .ing and Enzyme Treatment- -- :-atment after dyeing always imparts different influences on dyeing properties. Depth of: --.:-3ses w-hen enzyme treatment is given before dyeing and depth decreases if enzyme

:r-- rs done after dyeing. Fastness propefties are very good if sample is treated with enzyme
'- - ..-:r*q rather than before dyeing (S. K. Laga, A. I. Wasif, and K. Shah, Report-2010). eiiling-'r 1s good if the_sample is enzyme treated before dyeing. Enzyme treaiment after dyein[
:'.>"\.rghtloss%duetoremovalofunfixeddyesfromtheiabriciurface(C.W.KanandK.p.

- :::'1-1012).

:,,-r.rimental

\ I:terials
-'--'n krit single jersey fabric (scoured and bleached), gram per square meter (GSM) 150," l, :nd Undyed (UD).

- \n.rhods

.,a ]

-'i: ,. the scoured and bleached fabric samples were treated with 0.5%, loh, l.5o/o,2yo,3yo
- - r:.ir'rn of celluiase enzyme (Acid stable)-Lava cell NBG keeping other variables like
- '-- --:-. pH. duration of treatment, material to liquor ratio, and natuie of mechanical agitation, , r,h a standard recipe (M. F. Hossain, Report-2009).

* .'lse. at first the scoured and bleached fabric samples were dyed with reactive dye (Hot
'-::- I standard recipe ( M F. Hossain, Repoft-2009) and then the enzyme treatment was
.:: -,- rd.ing to condition as it was followed in first case ( M. F. Hossain, Report-2009).
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Table 2: Recipe of dyeing (I\4.F. Hossain, Report-2009)

Rcactive Red (Hot Brand) : 1.5%o owf
SequesterinuAg.'nt :1cc,/1
Wetting agent : lcc/1
Salt : 60 g/1

Soda Ash : 15 gil
pH : l0-1 I
Time : 60 min.
Temperanire : 90 oC

M: L : l:2O

2.3 Working Procedure
In case 1. at first the samples were weighted on a digital weight balance. Then the bath was set with
the materials at room temperature and pH was checked. The bath temperature was raised to 55-60"C
and run for 30 minutes. Materials were checked to evaluate the enzyme perfomance time to time
and after satisfactory result the temperature was raised to 85oC and run for about 20 minutes to
deactivate the enzyme. Then temperature was lowered down to 50-55"C and liquor was drained
followed by a cold rinse of 5-10 minutes. After rinsing the materials were dried at 100 0C for 2
hours and conditioned properly before weight measurement.

In case 2. in first stage. the bath u,as set at room temperature r.vith material. dye, sequestering agent
wetting agent and salt fbr d."-eing. Then rr-m fbr 20 minutes and temperature of the bath was raised to
90 After 20 minutes 500,0 soda s-as added and remaining soda u,as added after 20 minutes of the
first half addition and run lbr 20 rninutes. Thus dyeing \vas continued for about 60 minutes. After 60
minutes of dyeing the material was removed and the liquor lvas drained. The matenal was rinsed
with hot water at 50 o C for 10-15 minutes. Neutralization rvas carried out to lower down the pH to
5.5 -6.5 with acetic acid(lcc/l) at 50 o C. Soap wash, hot rinse and cold rinse were followed
accordingly. After rinsing the materials were dried at 100 0C for 2 hours and conditioned properly
before weight measurement.

In second stage, the materials were treated with enzyme in a similar way as it was practiced in case

1 and weight measurement was done after this treatment properly.

3. Characterization
The following tests were done to assess the properties of bio-polished cotton knitted fabric:

a) Hand feel
b) Weight loss measurement
c) Absorbency test
d) Pilling IEN ISO t294s-l (l.C.l. pilling box)]
e) Color lastness to wash IISO 3] and rubbing (for dyed samples)

At least fir.e samples were tested for a single test procedure and the
average value rvas taken and put on the table in all cases.

4. Results and .{nal1'sis
4.1 Nleasurement of Hand Feel
After bio-poiishing. the hand leei and luster of both dyed and undyed samples were assessed visually. It u,as obsen ed

that bio-polishing enhanced tabric surface smoothness and bnghtness in a similar way in both cases, \\-hen

concentration rvas increased lrom 0.500 to 100. smoothness also increased. But above 2% i.e. with 39'b concertnltit,n
fabric surface became rough, So. the optimLun resuit uas achier,ed r.vith 2% concentration. It was due to the lact thl:
rvhen concentration u'as 0.50i, to 10,r. the enz\'matlc action \\'as occured on the fiber surface but \\,hen coneentrilti.,i

was 3% the enzymatic action u as occuned interior of the material and thus fabric surface became roush,
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4.2 Measurement of Weight Loss
Weight of un-dyed and dyed samples were measured before and after treatment by using a digital
balance and weight lossoZ were calculated with a standard formula and in both cases *:*ight1o.t
percentage increased signifi cantly with higher enzyme concentration.

Table 3: Mcasurement of wcight loss rvith diflerent
enzvme conccntration for undl,ed and dyed fabric sample.

Conc. of
enzyme in

%

Avg. wt loss

after enzyme
treatmentino/o

ruD)

Avg. rvt loss

after enzyme
treatment in %

(D)
0.5 1.6 3.5

1 2.4 3.8

1.5 3.6 4.t
2 5 4.5

3 6.9 5.4

Table 4: Measurement of absorbency with different
en4lme concentration for undyed and dyed fabric sample.

Conc. of
cnzyme

in'%

Avg. wt loss
aftcr enzymc

treatment in 9,6

(UD)

Avg. u,t loss
after enzyr-ne

treatrnent in -Yo

(D)

0.5 1.6 3.5

1 2.4

1.5 3.6 4.1

2 5 4.5

3 6.9 5.4

It u'as noticed that the higher percentage weight loss was obtainecl at 3%o concentration. In dyed
serrrples weight loss percentage was higher comparing un-dyed fabrics up to 1 .5o/o enzyme
Jrrrlcentration and later on it was more or less same in both cases.

-1. 3 -\Ieasurernent of Absorbency
r'rsorbency Ineasurement was can'ied out by dropping 0.1% direct red solution and time of
,,1.p1ption was calculated by stop watch. Enzyme treatment impar-ted and enhanced absorbency
- r.', er of dyed and un-dyecl fabric samples significantly and with 3% enzyme concentration
: --'.ltt.llLtttt absorbency was noticed in both cases. It was also traced that the dyed sarnples had lower
-:.orbency that un-dyed samples and moreover enzyme treatment could not aiter this pheno*.non.
S'-rlple before enzyme treatment (UD) 'l Avg. time to absorb one drop of solution was 1 .20 sec.
S-'.rlp1e before enzyme treatment (D) '? Avg. time to absorb one drop of solution was j.60 sec.

I

{.4 Measurement of Pilling

Figurc - 2: Time to absorb one drop ol solution
in scc at tli llerenr enzl rnc corrcentralion.

Ftlzvrre treatment significantly reduced pilling tendency in un-dyed *r,| 61".r+:' lit;iic sar:iples with
:lcreased enzyme concentration. But in dyed samples improvement r,vas iess notervorthy cotnpariug
,indved samples as the dyeing process interfere the perfonnance of enzyme.
S:mple before enzyme treatment (UD) - Avg. rating of pilling was 3.
S:rnp1e before enzyme treatment (D) - Avg rating of pilling was 3.

-f r--- ----- r'

-il --Jw&x,wxx,1-l---|I tr!

1: Wt loss % at different enzyem concentration
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Table 5: Measurement of pilling with different enzyme

concenhation for undyed and dyed fabric sample.

Conc. of
enzyme in

%

Avg. pilling
rating (LrD)

Avg.
pilling

rating (D)

0.5 J 3

1 4 3.5

1.5 4 3.5

2 4 3.5

3 5 4.5

BUFT Journal Yol.-1, Issue-1, December 2013

Figure- 3: Pilling at different enz\ llle cLrncentriitlon

4.5 Measurement of Color Fastness to Wash and Rubbing
Enrymetreatment on dyed samples deteriorated the depth of shade but enhanced fastness properties

of dyed materials. ttere it was ;bserved that the fastness quality was constant for all concentration

range both in wash fastness and rubbing fastness measurement.

Table 6: Measurement of color lastness to r,vash and rubbing with ditlerent enzyme concentration lbr dYed fabric

Conc.
of

efizyme
itYo

Avg. rating for color
fastness to wash (D)

Avg. rating for color
fastness to dry rubbing (D)

Avg. rating for colot'faslness
rating to wet ntbbing (D)

Color change Staining Color change Staining Color change Staining

0.5 4t5 4 415 4 4ls 314

1 4t5 4 4ls 4 4ls 314

1.5 415 4 4ls 4 1t5 314

2 4ts 4 4ls 4 4t5 3t4

3 415 4 4ls 1 415 314

Sample before euzyme treatment (D)
- Avg. rating for color fastness to wash (Color change) was3l4

- Avg. rating for color fastness to wash (Staining) was 3

- Avg. rating for color fastness to dry rubbing (Color change) was3/4

- Avg. rating for color fasbress to dry rubbing(Staining) was 3

- Av!. rating for color fastness to wet rubbing (Color change)-was3/4

- Avg. rating for color fastness to wet rubbing(Staining) was 3

5. Conclusion
The hand feel of tested sample was optimum wtth zoh en4./rne concentration in both undyed and

dyed samples and there afteiit was deteriorated. Fabric's weight loss tendency was increased with

the increase of conc. oh and considerable weight loss was noticed up to 1.5 o/o conc. range. Weight

loss was severe with3Yo concentration and more significant with dyed samples. In pilling test we

got a good result from I o/o to 2Yo concentration ranges and the very best result was obtained at 3o/o

fonceitration range but dyed fabric samples showed lesser pilling resistance. In absorbency test, we

found that the sariple treited with3"/o concentration had the maximum absorbency and absorbency

power was always good with undyedenzyme treated samples. Color fastness to wash and rubbing

! t---
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irnproved on dyed samples after enzyme treatment.
Finally it could be said that the undyed tested samples treated with 1 % and 1.5 %
concentration showed acceptable values rn all testing procedures canied out in this work especially
ti-om a minimum fiber damage perspective and thus to obtain better performance for dyed cotton
knit fabric it was recommended to canJ out enzyme
treatment with a concentration range of 1% to 1 .5 % preferably before dyeing process.
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\ppendix
Rccipe calculation
- ..r1 iLquor: Sample weight xliquor ratio
:.::uired concentration of enzyme: (Sample weight xconcentration %) /stock solution%
:.;urred dyes: (Sample weight xShade %) / Stock solution%
-.:',iired chemical agent : (Total liquor xrecipe amount)/ (1000 x stock solution %)

::,rired adding water : Total liquor - Total chemical amount

f rlculation for dyeing
) :rr.',rie u'eight : 341 g- 'i lrquor : 341 x 20

- 6820 cc : 6.82 liter
r :;.,.:t'ed dve : (341 >< 1.5%) : 5.I I g
: :,.,,rred sequestering agent: (6.82 x 1 x 100) I 5:136.4 cc

::..ired n.etting agent- (6.S2, I x 100) I 5 : 136.4 cc

29
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Required salt:6.82 x 60: 409.2 g
Required soda: 6.82 x l5 - 102.3 g
Reqirired adding wate r : 6820 cc-(136.4 cc + 136.4 cc): 6541 .2 cc : 6.55 liter

Calculation for enzyme treatment

Recipe 1

Sample weight:25 g
Total liquor :25 x20:500 cc
Required concentration of enzyne - (25 rS%)llok-12.5 cc
Required sequestering agent - (500x1x100)/ (1000x5):10 cc
Required wetting agent : (500x 1 x 100)/ (1000x5) :10 cc
Required water:500-(12.5+10+10) - 467 .5 cc

Recipe 2

Sample weight -25 g
Total liquor -25x20:500 cc
Required concentration of enzyme - (25 x 1%)ll% =25 cc
Required sequestering agent : (500x 1 x 100y(1000x5):10 cc
Required wetting agent : (500x I x 100)/(1000x5):10 cc
Required water :500-(25+i0+10) : 455 cc

Recipe 3

Sample weight:25 g
Total liquor :25x20:500 cc
Required concentration of enzyme : (25 xl .5%)l1o/o :37 .5 cc
Required sequestering agent - (500x I x 100)/ (1000x5):10 cc
Required wetting agent : (500x 1x 100)/ ( 1000x5) :10 cc
Required water:500-(37.5+10+l 0) : 442.5 cc

Recipe 4
Sample weight -25 g
Total liquor-25x20 - 500 cc
Required concentration of enzyme - (25 x.2%)i'19'o-50 cc

Required sequestering agent- (500x1x100) (1000x5) -10 cc

Required r,r'etting agent: (500x1x100) (1000,',;):10 cc

ReqLrired u'ater-500-(50-10-10) : 130 cc

Recipe 5

Sarnple u,eigirt -15 cnr
Total licluor-l5 <10-51)0 cc

Reqr,rired concentration olenzvr.ne - il,i rl0o) 10ro:75 cc
Required seqnestering agent - ( 500, 1. 100),(t00015) :10 cc
Required u ettin_q agent - (500' 1,100) (1000r5)-10 cc
Required u ater -500-( 75-10-10 ) :-105 cc

Formuia to calculate u,t. loss9rc

Wt
Wt. loss'% - -

of testd smple before bioplishing -Wt. of tested sample after biopolishing
x 100

Wt. of tested sample before biopolishing

E-=--


