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n Introduction 
The cotton fibre is a single biological cell 
with a multilayer structure. These layers 
are structurally and chemically differ-
ent, and contain approximately 10% by 
weight of non-cellulosic substances such 
as lipids, waxes, pectic substances, organ-
ic acids, proteins/nitrogenous substances, 
non-cellulosic polysaccharides, and other 
unidentified compounds included within 
the outer layer of the fibre [7,9-12]. These 
non-cellulosic materials create a physical 
hydrophobic barrier which protects the 
fibre from the environment throughout 
development; they provide lubrication 
during textile processing, and affect the 
enhancement of the fabric’s wettability 
and absorbency [3,5].

The common industrial removal of these 
impurities is conventionally carried out 
by treating the fabric with sodium hy-
droxide. Although alkaline scouring is 
effective and the cost of sodium hydrox-
ide is low, the process is costly because 
it consumes large quantities of energy, 
water, and auxiliary agents. The poten-
tial for the environmental contamination 
and depletion of natural resources is also 
serious. The strict pH and temperature 
requirements for alkaline scouring are 
damaging to many fibres [1,4-5]. 

A wide range of studies have been un-
dertaken to understand the effects of en-
zymes in cotton bioscouring. These pre-
vious works include either only the use 
of one kind of enzyme, or a combination 
of proteases, pectinases, lipases and cel-
lulases. The effect of different proteases 
on bioscouring was investigated by using 
fabrics boiled in water at 100°C by Hsieh 

and Cram [6]. This study was expanded 
by the direct scouring of cotton fabrics 
with proteases. It was concluded that 
the wettability results obtained after both 
studies were quite similar; furthermore, 
the researchers concluded that similar 
wettability properties could be achieved 
by using a lower amount of energy when 
compared to the use of pre-treated fab-
rics at 100°C water [12]. Hartzell and 
Durrant studied the effect of agitation 
in pectinase scouring, and concluded 
that agitation during scouring improves 
the fabric absorbency [5]. The effects 
of pectinase and cellulase treatment on 
cuticle properties were investigated by 
Li & Hardin [10], and the correlation 
between absorbency and the cuticle im-
age of bioscoured fabric was explained. 
These researchers also studied the effects 
of surfactants, agitation, and enzyme se-
lection, and concluded that the effects of 
surfactants and agitation depend on the 
enzyme structure and the characteristics 
of cotton fibre [11]. 

However, there has been no statistical 
approach to the fabric properties ob-
tained after bioscouring. Keeping these 
concerns in mind, the goals of this paper 
are to compare the effect of different 
enzymatic combinations on different pre-
treated fabrics, to find out the possible 
effect of reaction time on bioscouring, to 

control the effect of different bioscour-
ings on the bleaching & dyeing proper-
ties of the bioscoured cotton fabrics, 
and to determine the optimum treatment 
conditions for bioscouring, with the aid 
of results obtained from SPSS statistical 
analysis.

n Materials and Method 
The three different pre-treated fabrics 
(weight 156 g/m2) used in this research 
were 100% unscoured plain woven cot-
ton fabrics, whose warp and weft yarn 
densities were both 24 per cm. The dif-
ferent pre-treatments applied were as 
follows: fabric A, which was only boiled 
with water at 100°C; fabric B, which was 
only de-sized with α amylase; and fabric 
C, which was both boiled with water at 
100°C and de-sized with α amylase. The 
enzymes used in this study are described 
in Table 1.

According to Table 2, each different 
pre-treated fabric was treated with 6 
different enzyme combinations for 3 
different reaction times (30, 60, and 90 
minutes), and these experiments were 
repeated 3 times. In total, 3×6×3×3=162 
bioscouring experiments (pre-treatment 
variant; enzymatic combination variant; 
treatment time variant; repeat for each 
treatments) were carried out. In addition 
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Table 1. Enzymes and their properties. 

Enzyme Source or EC number Temperature, °C pH

α Amylase Bacterial 65 - 70 6.2 - 6.8

Serin-type protease Bacillus 60 - 70 8.0

Pectinase EC 4.2.2.2 50 - 65 8.0 - 9.5

Cellulase EC 3.2.1.4 45 - 50 4.5 - 5.5
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to this, fabrics A, B, and C were also 
subjected to alkaline scouring, whose 
treatment conditions were 2%wt. NaOH, 
2% soda, and 2% wetting agent at 90°C 
for 30 and 60 minutes with a liquor ratio 
of 20:1. Treatments including cellulase 
were carried out in two different baths. 
Both enzymatic and alkaline scourings 
were carried out in a Linitest, Atlas Ma-
chine with 42 rpm, whereas a CM-3600d 
Minolta Spectrophotometer was used in 
spectrophotometric measurements. The 
wetting agent used in this research was 
non-ionic Perlavin NIC, and the seques-
tering agent was Perlavin AHS, which 
were both supplied by Dr Petry, Istanbul.

After enzymatic and alkaline scour-
ings, evaluation tests such as wettability 
(which was carried out according to DIN 
53924), whiteness index (Stephensen), 
CIE*L, and pectin analysis with Ruthe-
nium Red were carried out. The white-
ness index was measured according to 
equation 1: 

                     W = 2B - A  (1)

where: 
W  - the whiteness index value, 
B, A - remission values at 460 nm and 

620 nm, respectively. 

At the end of the evaluation tests, a sta-
tistical analysis of the results was carried 
out by a SPSS statistics program with a 
95% confidence interval. Moreover, the 

effects of enzymatic scouring on bleach-
ing and dyeing were also determined. 
All experiments were carried out at the 
Department of Textile Engineering of 
Dokuz Eylul University.

n Results and Discussion 
Wettability and absorbency properties 
It is statistically understood from the 
variation analysis that the combination 
type, fabric type and reaction time had 
an effect on the wettability properties of 
the bioscoured samples (Table 3), since 
each variation source relating to these 
quantities had a significance level value 
below 0.05. When combinations were 
compared among each other, protease 
was the combination which caused a 
significant difference in wettability prop-
erties. In fact, the wettability values of 
the protease scoured of all fabric types 

(A, B, C) were the lowest. Similarly, 
when fabric types and treatment times 
were compared among each other, it was 
seen after bioscouring that the wettability 
properties of fabric A were statistically 
different from fabric B and C, whereas 
fabric B and fabric C did not show any 
difference. In the case of treatment times, 
it was found that the wettability values 
achieved after 60 min and 90 min reac-
tion times had no statistical difference, 
whereas on the other hand the wettabil-
ity values achieved after 30 min showed 
differences according to the enzymatic 
combination applied.

It was concluded from the wettability 
test and SPSS analysis that after the wet-
tability and absorbency tests, although 
the wettability values of most of the 
samples had increased when compared 
with the control fabric (fabric B before 
bioscouring), the treatment of fabric B 
with cellulase + pectinase for 60 min was 
the most effective enzymatic treatment 
with respect to Figure 1. The wettability 
results were also supported by AATCC 
39-1980, and all the combinations except 
protease had a wettability time of less 
than 1 second. 

Whiteness index and CIE*L values 
The whiteness index values (Stephensen) 
of fabrics were measured with respect 
to the view that although the removal 
of natural pigments in cotton fibre is 
achieved during the bleaching step, some 
of them can also be removed in scouring, 
since these pigments are adsorbed to the 
pectic and proteinic substances in cotton 
fibre. Thus, some increases in WI values 
were noted upon the removal of these 
pectic and/or proteinic substances from 
cotton fibre. Statistical analysis of the WI 
values of the bioscoured fabrics proved 
that combination type, fabric type and 
treatment time had an effect on the WI 
properties of the bioscoured samples (Ta-

Table 2. Enzymatic treatment conditions (a - treatments carried out in first bath; b - treatments 
carried out in second bath). 

Parameter
Treatment conditions 

Comb. 1 Comb. 2 Comb. 3 Comb. 4 Comb. 5 Comb. 6
Protease, g/l 2.0 - 2.0 - 2.0b 2.0b

Pectinase, g/l - 0.2 0.2 0.2b - 0.2b

Cellulase, g/l - - - 4.0a 4.0a 4.0a

Wetting agent, g/l 0.5 6.0 6.0 1.0a – 6.0b 1.0a - 0.5b 1.0a – 6.0b

Sequestering agent, g/l - 2.0 2.0 2.0b - 2.0b

Reaction temperature, °C 70 55 60 50a - 55b 50a - 70b 50a - 60b

Reaction pH 8.0 8.0 8.0 5.5a - 8.0b 5.5a - 8.0b 5.5a - 8.0b

Liquor ratio 20:1 20:1 20:1 20:1 20:1 20:1

Table 3. Variation analysis of wettability values of bioscoured fabrics. 

Variation source Type (III) sum 
of squares

df (degree of 
freedom)

Mean 
square

F 
value

Significance 
level

Combination 17518.2 5 3503.7 880.4 0.00
Fabric 61.6 2 30.8 7.8 0.00
Time 31.8 2 15.9 4.0 0.02
Comb*Fabric 2099.3 10 209.9 52.8 0.00
Comb*Time 19.8 10 2.0 0.5 0.89
Fabric*Time 17.4 4 4.3 1.1 0.37
Comb*Fabric*Time 60.7 20 3.0 0.8 0.75
Error 429.8 108 4.0  -  -
Total 20238.7 161  -  -  -

Cellulase
+Protease

Pectinase Protease
+Pectinase

Cellulase
+Pectinase

Protease Cellulase
+Protease
+Pectinase

Alkaline
Scouring

Figure 1. Wettabili-
ty measurements in 
warp direction of fa-
bric B (with respect 
to DIN 53924).
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ble 4). Combinations including protease 
resulted in different WI values. In addi-
tion, the WI values of fabric B and fabric 
C after bioscouring were statistically the 
same, whereas the WI values of bios-
coured fabric A were statistically differ-
ent and lower than those of fabric B and 
C. It was concluded that 60-min enzy-
matic scourings with cellulase+protease 
and only with protease caused the highest 
statistical increase in WI values among 
other enzymatic combinations, whereas 
alkaline scouring showed a significant 
rise when compared with the control 
fabric (fabric B before bioscouring) 
(Figure 2). Similar effects were obtained 
when the results were evaluated in terms 
of CIE*L (Figure 3).

Evaluation of pectin removal by Ru-
thenium Red dyeing 
K/S is calculated as in equation 2, known 
as the Kubelka Munk formula, where R 
is the reflectance of a sample measured. 

                 K/S = (1-R)2/2R  (2) 

Since Ruthenium Red dyes only pectic 
and proteinic substances in cotton fibre, 
the lower the K/S value is, the less of the 
pectic and proteinic substance is present 
in cotton fibre. On this basis, the K/S 
values of enzyme- and alkaline-scoured 
fabrics after Ruthenium Red dyeing 
was measured at 540 nm, which was the 
wavelength at which maximum absorp-
tion was seen. Thanks to variation analy-
sis, it was found that combination type, 
fabric type and treatment time had an ef-
fect on the K/S values of the bioscoured 
samples (Table 5). It was also concluded 
at the end of the Ruthenium Red dye-
ing that when the combinations were 
multiply compared among each other, 
the protease-scoured fabrics gave lower 
K/S values which were statistically dif-
ferent from the others; in addition, com-

binations including cellulase gave better 
results. In the case of fabric type, the K/S 
values of bioscoured fabric B and C were 
statistically the same. The K/S values ob-
tained from 30- and 60-min bioscoured 
fabrics were the same; therefore there 
was a statistical difference between the 
ones obtained from 30- and 90-min bios-
coured fabrics. 

At the end of the measurements, the 
treatment of fabric B with cellulase + 
protease + pectinase for 90 minutes was 
seen to be the most effective combina-
tion of all the enzymatic combinations, 
whereas alkaline scouring was seen as 
just a more effective treatment than cellu-
lase + protease + pectinase combination, 
but the difference between them was very 
small (Figure 4).

Effects of enzymatic and alkaline 
scouring on the bleaching and dyeing 
properties of scoured fabrics 
At the end of the spectrophotometric 
measurements, it was noted that the type 
of enzymatic combinations did not affect 
the WI values of the scoured fabrics after 
bleaching. As can be seen in Figure 5, a 
significant difference was obtained be-
tween the WI values of enzyme-and al-
kaline-scoured fabric samples. However, 
the WI values of the bioscoured samples 
were already similar (Figure 2). After 
bleaching with peroxide, an increase in 
the WI values of each enzymatic com-
bination was obtained. These increases 
were expected, due to the effect of hy-
drogen peroxide. The WI values of most 
combinations except protease treatment 
reached levels around 70; however, the 

Protease Pectinase Protease
+Pectinase
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+Pectinase

Cellulase
+Protease

Cellulase
+Protease
+Pectinase

Control
Fabric

Alkaline
Scouring

Protease Pectinase Protease
+Pectinase

Cellulase
+Pectinase

Cellulase
+Protease

Cellulase
+Protease
+Pectinase

Control
Fabric
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Scouring

Figure 2. WI values of fabric B after different enzymatic and alkaline 
scourings.

Figure 3. CIE*L values of fabric B after enzymatic and alkaline 
scourings.

Table 4. Variation analysis of WI values of bioscoured fabrics. 

Variation source Type (III) sum 
of squares

df (degree of 
freedom)

Mean 
square

F 
value

Significance 
level

Combination 56.8 5 11.4 31.0 0.00
Fabric 85.2 2 42.6 116.4 0.00
Time 8.2 2 4.1 11.2 0.00
Comb*Fabric 2.7 10 0.3 0.7 0.70
Comb*Time 11.3 10 1.1 3.0 0.02
Fabric*Time 2.4 4 0.6 1.6 0.17
Comb*Fabric*Time 1.8 20 88.4 0.2 1.00
Error 39.5 108 0.4  -  -
Total 207.9 161  -  -  -

Table 5. Variation analysis of Ruthenium Red dyeings of bioscoured fabrics. 

Variation source Type (III) sum 
of squares

df (degree of 
freedom)

Mean
square F value Significance 

level
Combination 1049.9 5 210.0 940.5 0.00
Fabric 2.7 2 1.3 5.9 0.01
Time 2.6 2 1.3 5.7 0.01
Comb*Fabric 0.9 10 0.1 0.4 0.93
Comb*Time 5.5 10 0.6 2.5 0.02
Fabric*Time 0.9 4 0.2 1.0 0.44
Comb*Fabric*Time 3.4 20 0.2 0.8 0.75
Error 12.1 54 0.2  -  -
Total 1077.7 107  -  -  -
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WI values achieved for the protease-
treated fabric was just above 68. It can 
be assumed that the effects of different 
enzymatic scourings on bleaching are 
negligible. 

In the case of the dyeing properties of 
fabrics after enzymatic and alkaline 
scourings, the K/S values of reactive 
dyed fabrics showed that removal of the 
pectic substances enhanced the dyeing 
properties of fabrics (Figure 6). The level 
of this enhancement differed depending 
on the amount of pectic substances re-
moved. The hydrophobic characteristic 
of pectic substances prevented the uptake 
of the dye liquor in combinations where 
the amount of removed pectic substances 
was insufficient, as in the cellulase + 
+ protease combination. The control fab-
ric in Figure 6 refers to fabric B, which 
was de-sized only.

n Conclusion
At the end of all the evaluation tests and 
their statistical analyses, it was noted 
that there were no statistical differences 
between the evaluation test results ob-
tained from fabric B and fabric C. So, 
in order to prevent extra consumption 
of water and energy, de-sizing a fabric 

was alone enough for effective scouring. 
Furthermore, in the case of treatment 
times, 30 minutes of treatment time was 
in most cases insufficient for effective 
scouring when compared with reaction 
times of 60 and 90 minutes, whereas 
the evaluation test results obtained after 
60 and 90 minutes were statistically the 
same. According to the evaluated results, 
combinations in which cellulase was 
present showed more improvements than 
the other enzymatic combinations. Most 
of the enzymatic scourings did not give 
better results than conventional alkaline 
scouring; however, the most similar 
results to alkaline scouring by means 
of wettability and pectin removal were 
achieved with cellulase + pectinase and 
cellulase + protease + pectinase.
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Figure 6. K/S values 
of scoured fabrics B 
after reactive dyeing 
of 60 min.
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Figure 4. K/S values of fabric B after Ruthenium Red dyeing. Figure 5. WI values of fabric B after bleaching.


