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ENZYMES IN PREPARATION PROCESS OF
COTTON FABRIC AND YARN

Usa Sangwatanaroj’, Theeradol Rungraungkijkrai®, and Mitsuo Ueda"
*Department of Materials Science, Faculty of Science, Chulalongkorn University, Bangkok, Thailand
*Department of Design Engineering and Management, Faculty of Textile Science,
Kyoto Institute of Technology, Kyoto, Japan :

ABSTRACT .

Cotton plain and twill weave fabrics, cotton jersey knits and cotton yarn were treated under enzymatic and
conventional preparation processes. Samples desized with amylase enzyme show complete sizes removal.
Samples scoured with pectinase enzyme provide good absorbency and obtain lower weight loss than
conventional scoured samples. Both scouring methods give almost comparable capability of pectin
removal with a little higher efficiency in enzymatic scouring. Plain weave fabric and yamn increase in
strength after pectinase scouring while twill weave fabric and jersey knits decrease. Scoured jersey knits
lose more strength from conventional scouring than from pectinase scouring. Samples bleached with
glucose oxidase enzyme obtain whiteness index nearly 20 degree improvement with 3-13% strength loss.

EXPERIMENTAL

Materials
Cotton greige substrates containing two woven fabrics (plain and twill weaves), two knitted fabrics (single

jersey, yarn count 24/2 and 50/1), and a yarn (yam count 50/1) were selected as samples for this task. All
chemicals used in this project were reagent grade chemicals. Three enzvmes, a-amylase; pectinase; and
glucose oxidase were used for the enzymatic desizing, scouring, and bleaching respectively.
Methods -
Cotton substrates were desized, scoured, and bleached using the conventional and the enzymatic processes
described as follows. They were then tested using the standard test methods.
Desizing
Each greige woven fabric was desized in a solution containing calcium chloride and sodium chloride as
stabilizers, Womine TE supplied by Tokai Seiyu, Japan as a nonionic wetting agent, and Termamyl 120L
supplied by Novo Nordisk, Denmark as an a-amylase enzyme, in the Ahiba Polymat® laboratory dyeing
equipment at a liquor ratio of 1:20, pH 6.5, temperature 100°C for 45 minutes, The amount of enzyme and
chemicals used in desizing were varied for each fabric to achieve a complete size removal. After desizing,
the fabrics were tested for the presence of residual starch size, %weight loss, water absorbency, and
strength.
Scouring -
Conventional Scouring
Greige yam, greige knitted fabrics, and desized woven fabrics were scoured in solutions containing sodium
hydroxide and Womine TE in the dyeing equipment mentioned earlier at a liquor ratio of 1:20 at 80°C for
1 hour. The amount of chemicals used in scouring were varied for each substrate to achieve an adequate
absorbency. y
Enzymatic Scouring
Greige yamn, greige knitted fabrics, and desized woven fabrics were scoured in solutions containing
pectinase enzyme and Womine TE in the dyeing equipment at a liquor ratio of 1:50 at pH 4, temperature
40°C for 2 hours. The amount of pectinase enzyme and Womine TE were varied for each substrate to
achieve an adequate absorbency.

After scouring, each substrate was tested for water absorbency, %weight loss, the presence of
residual pectin, and strength.
Bleaching
Conventional Bleaching
Conventional scoured substrates were bleached in solutions containing hydrogen peroxide, sodium
hydroxide, sodium silicate, and Womine TE in the dyeing equipment at a liquor ratio of 1:20 at pH 11.5,
temperature 95°C for 1 hour. The amount of chemicals used in bleaching were varied for each substrate to
achieve a minimum whiteness index of 70.



Engymatic Bleaching

Bleaching solutions were prepared based on an experimental result of studying the occurrence of hydrogen
peroxide m the solutions of 1g/l glucose oxidase enzyme and various concentrations of glucose at various
times in the presence of oxygen. The result indicates that to obtain the highest amount of hydrogen
peroxide in the bleaching bath, the bleaching solutions may be prepared using | g/l glucose oxidase, 50 g/l
glucose at pH 7 and aerated with oxygen for 2 hours at 25°C. Then sodium hydroxide was added into each
solution before adding cotton substrates. The bleaching was conducted at a liquor ratio of 1:20 at 95°C for
1 hour.

Each bleached substrate wes tested for whiteness index, strength, pH, and residual peroxide.

Test Procedures ¢

Yarn and woven fabrics were tested for breaking load using the ASTM D2256 and 25035 respectivelv and
knitted fabrics were tested for bursting strength using the 1IS L 0888. The typs of size on greige woven
fabrics was determined using the spot test introduced by Livengood"’. Desized fabrics were tested for the
presence of residual starch size using the TEGEWA violet scale test method by immersing the fabric into
an iodine/potassium iodide solution and rating the staining fabric with a nine shades TEGEWA violet
scale. A rating of 1 indicates the highest amount of starch on and 9 indicates no starch on. Water
absorbency of fabrics and yarn was determined using the AATCC Test Method 79 “Absorbency of
Bleached Fabric”. Greige yarn and fabrics were tested for extractable matenals using the AATCC Test
Method 97 “Extractable Content of Greige and/or Prepared Textiles”. Yarn and fabrics were tested for the
presence of pectin by measuring the absorption of methylene blue onto the samples. This method is based
on the interaction between the cationic dye of methylene blue and the carboxylate anion of pectin on the
sample. The higher the dye molecules are absorbed by the sample, the higher the presence of pectin on the
sample. Bleached substrates were determined for the whiteness index using the MacBeth COLOR-EYE®
7000 reflectance spectrophotometer. They were also tested for residual peroxide using a spot test
introduced by Interox'” and tested for pH using the AATCC Test Method 81 “pH of the Water-Extract
from Bleached Textiles”. Hydrogen peroxide content in the bleaching solution was determined using the

potassium permanganate method introduced by Interox®.

RESULTS AND DISCUSSION

After the greige woven fabrics were desized, the fabrics are free of size. Although around 8-9% of size
and water soluble materials were removed, the fabrics still do not absorb water well. Plain weave fabric
loses strength around 8% while twill weave fabric loses only 0.37% compared to the greige fabric.

In general, the first requirement for the scoured substrate is the substrate should uniformly absorb
water within 5 seconds at room temperature. For this experimental lab scale, a 3 seconds was used to
signify an adeguate absorbency of scoured substrate. Both scouring methods provide substrates with the
adequate absorbency. The enzymatic scouring method provides substrates with lower % weight loss than
the conventional scouring method. This may be due to the different penetration abilities of the scouring
agents toward the subsirates and the reactions of the scouring agents toward the impurities on the
substrates. Sodium hydroxide and wetting agent in the solution might have penetrated deeper into the
fibers and reacted with the fibers and the impurities. While pectinase and wetting agent stay on the fiber
surface catalyzing the scouring reaction. As a result, impurities on subslrates are removed more from the
conventional scouring than from the enzymatic scouring and thus the conventional scoured substrates lose
more weight than the enzymatic scoured substrates. Woven fabrics lose the least weight compared to
knitted fabrics and yam and the reason for this could be woven fabrics have lost some weight since
desizing step thus contained less impurities to be removed. Both scouring methods give almost comparable
capability of pectin removal with a little higher efficiency in enzymatic scouring.

Both conventional and enzymatic scouring methods increase the woven fabric and yamn breaking
load 5-43Y%, except for the enzymatic scoured twill weave fabric. The degree of strength increase is higher
it the conventional than in the enzymatic scoured substrates. Knitied fabrics from both scouring methods
lise strength afier scouring and the degree of strength loss is higher in the conventional than in the
enzvimatic scouring methods. The reasons for gaining and losing strength of scoured substrates are still
under studyving.

After bleaching, all substrates contain pH in the range of 7.0-8.5 and contain no peroxide.
Conventional bleached substrates obtain whiteness index above or close to 70. Enzymatic bleaching using
the hydrogen peroxide generated from the reaction of glucose oxidase, glucose and oxygen can increase
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ENZIMATIC DESIZING, SCOURING, AND BLEACHING OF COTTON

Usa Sangwatanaroj’, Theeradol Rungraungkijkrai’, Mitsuo Ueda®

! Dept. of Materials Science, Faculty of Science, Chulalongkorn University, Bangkok, Thailand

? Dept. of Design Engineering and Management, Faculty of Textile Science, Kyoto Institute of
Technology, Kyoto, Japan

Greige cotton woven fabrics, knitted fabrics and a yarn were treated under the enzimatic
preparation process containing desizing, scouring, and bleaching. Three enzymes, alpha-
amylase; pectinase; and glucose oxidase were used in these three steps respectively. Greige
substrates were also treated under conventional preparation process for comparison. They
were then tested using the standard test methods. The test results are as follows. Samples
desized with amylase enzyme show complete size removal. The conventional scouring with
caustic soda and the enzymatic scouring with pectinase enzyme provide a very similar
performance on cotton cleaning. Scoured cotton substrates from both processes show good
water aborbancy with same degree of whiteness. The enzymatic scoured substrates lose less
weight and contain lower level of pectin than the conventional scoured substrates. The
conventional bleaching with hydrogen peroxide and the enzymating bleaching with glocose
oxidase equally decrease the substrate strength [-13%. Substrates bleached with hydrogen
peroxide show 50-60 degrees increase in whiteness while those bleached with glucose
oxidase enzyme obtain nearly 20 degree improvement (see table 1). The overall substrates
strength loss from the conventional preparation are 6-19%, comparable to those from the
enzymatic preparation of 5,5-22%.

Table 1. Whiteness index of substrates after bleaching with the conventional and the
enzymatic bleaching methods compared with whiteness index of scoured substrates.

Whiteness index
Plain Twill Jersey Knit Jersey Knit Yam
Weave Weave ( Yarm 50/1) (Yarn 24/2) (50/1) .
Convention 10,85 4,11 23,61 7,88 38,36
al scoured
Convention 72,68 69,13 76,33 71,82 81,10
al bleached
Enzymatic 10,78 3,40 23,24 7,27 38,17
scoured
Enzymatic 22:30 17,12 39,33 24,59 54,04
Bleached
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ENZYMATIC SCOURING OF COTTON FABRIC

Usa Sangwatanaroj®, Kingkamol Choonukulpong®, and Mitsuo Uedd®
®Faculty of Science, Chulalongkorn University, Bangkok, Thailand.
bFaculty of Textile Science, Kyoto Institute of Technology, Kyoto, Japan.

Introduction

Prior to dyeing, cotton fabric is normally scoured in a boiled caustic soda solution to improve its
wettability towards water and dye liquor. This conventional cotton cleaning step consumes a large
quantity of water and energy, and needs a special handling of the caustic effluent. An enzymatic
scouring is one of many approaches being introduced as a clean technology for the cotton scouring. Li
and Hardin’ used pectinase and cellulase enzymes, together and separately, for scouring cotton and found
that the scoured cotton showed an adequate absorbency. They concluded that pectinases penetrated the
cuticle, then contacted and catalyzed the hydrolysis of the pectin substances, while cellulases catalyzed
the hydrolysis of the cellulose in the primary wall. Sawada et. al’, studied the bioscouring of cotton
with pectinase and also obtained a good water absorbency of the scoured cotton. Hartzell and Hsieh’
found that pectinase, lipase, and protease treatments provided a very little improvement in the water
wetting and retention properties of cotton, while a combination use of pectinase and cellulase enzymes
for the cotton scouring significantly improved these properties. Buchert and Pere’ conducted the cotton
scouring with pectinases, proteases, and lipases. The results indicated that the water absorbency of
cotton was improved in the pectinase treatment but impaired in the protease treatment. Both lipases
and proteases were less efficient for the cotton scouring than pectinases. In this work, four cotton
woven and knitted fabrics were scoured with several enzymes, pectinase; lipase; protease; and cellulase.
Our previous study showed that scouring cotton fabrics with nonionic wetting agent alone; with
lipase/nonionic wetting agent; with protease/nonionic wetting agent; with lipase/protease/nonionic
wetting agent; and with cellulase/nonionic wetting agent were not able to acquire an adequate absorbency
on the scoured fabrics. To obtain a successful scouring, these following processes were applied : one-
step scouring with pectinase/nonionic wetting agent; two-steps scouring with lipase/nonionic wetting
agent and then with cellulase/nonionic wetting agent; two-steps scouring with protease/nonionic wetting
agent and then with cellulase/nonionic wetting agent; and two-steps scouring with
lipase/protease/nonionic wetting agent and then with cellulase/nonionic wetting agent. The fabrics were
also scoured with caustic soda solutions under the conventional process for a comparison.

Experimental

Materials

Greige cotton substrates containing two woven fabrics and two knitted fabrics were selected as the
samples for this task. The plain fabric weighed 1.5 g/100 cm’ and the twill fabric weighed 3.9 g/100 cm’.
Both knitted fabrics were a single jersey structure and weighed 1.2 and 2.8 g/100 cm’. Some properties



of these greige fabrics are shown in Table I. All chemicals used in this work were the reagent grade
chemicals. Four commercial enzymes, pectinase; lipase; protease; and cellulase supplied by Tokyo
Chemical Industry, Japan were used. Their activities were 1,700 units/g, 15 units/g, 14,000 units/g, and
25,000 units/g, respectively.

Methods

Greige woven fabrics were first desized with an alpha-amylase enzyme (BAN 240L supplied by
Novo Nordisk, Denmark) for a complete size removal before scouring. Then the desized woven fabrics
and the greige knitted fabrics were enzymatic scoured with pectinase; lipase; protease; and cellulase, and
conventional scoured with the caustic soda. Finally the scoured fabrics were tested for the water
absorbency, the whiteness, the strength, the %weight loss, the dyeability, and the pectin content using
the standard test methods.

Conventional Scouring

Fabrics were scoured in the solutions containing sodium hydroxide and Womine TE (nonionic
wetting agent supplied by Tokai Seiyu, Japan) in the Ahiba Polymat® laboratory dyeing equipment at a
liquor ratio of 1:20, 80°C for 1 hour. Then they were washed and dried. The amount of chemicals used
was varied for each fabric to achieve an adequate absorbency.

Enzymatic Scouring

Pectinase

Fabrics were scoured in the solutions containing pectinase and Womine TE in the dyeing
equipment at a liquor ratio of 1:50, pH 4, 40°C for 2 hours. Then they were boiled in the distilled water
for 10 minutes before washed and dried. The amount of pectinase and Womine TE used was varied for
each fabric to achieve an adequate absorbency.

Lipase/Protease/Cellulase

Fabrics were first scoured in the solutions containing lipase; protease; or lipase/protease, and
Womine TE in the dyeing equipment at a liquor ratio of 1:50, pH 8; 7; or 7.5 respectively, 37°C for 30
minutes and they were boiled in the distilled water for another 10 minutes. Then they were continually
scoured in the solutions containing cellulase and Womine TE at a liquor ratio of 1:50, pH 4.5, 40°C for
30 minutes. Finally they were boiled in the distilled water for 10 minutes before washed and dried. The
amount of enzymes and Womine TE used was varied for each fabric to achieve an adequate absorbency.

Fabric Testing Procedures
The woven fabrics were tested for the breaking load in both warp and weft directions using the
ASTM D5035 and the knitted fabrics were tested for the bursting strength using the JIS L 0888. The



water absorbency of the fabrics was determined using the AATCC Test Method 79 “Absorbency of
Bleached Fabric.” The fabrics were tested for the presence of pectins by measuring the absorption of the
methylene blue onto the fabrics. This method is based on the interaction between the cationic dye of
methylene blue and the carboxylate anion of pectins on the fabric. The higher the dye molecules are
absorbed by the sample, the higher of the pectins present on the sample. The fabrics were determined
for the whiteness using the MacBeth COLOR-EYE® 7000 reflectance spectrophotometer. The scoured
fabrics were dyed with a direct dye “Benzopurpurine 4B 1% owf at a liquor ratio of 1:30, 95°C for 45
minutes. Then the fabrics were measured for the color strength using the same equipment as the
whiteness measurement. The fabric weight loss was determined by weighing and drying the fabric until a
constant weight was obtained. The fabrics were tested for the extractable materials using the AATCC
Test Method 97 “Extractable Content of Greige and/or Prepared Textiles.”

Results and Discussion

The amount of the extractable materials from these greige fabrics was 9.029% for the plain woven
fabric, 9.129% for the twill woven fabric, 2.959% for the light weight knitted fabric, and 2.391% for the
heavy weight knitted fabric. Some properties of the fabrics prior to scouring are shown in Table I.
Before scouring, the fabrics were not able to absorb water and showed low whiteness.

Table . Some properties of the fabrics prior to scouring.

Woven (Plain) | Woven (Twill) | Knitted (Light) | Knitted (Heavy)
MB on the fabric (g/1) 0.3988 0.4406 0.4028 0.3932
Whiteness 5.487 2.901 5.348 <0
Breaking load (N) Warp 183.4 Warp 511.1 - -
Weft 157.6 Weft 301.6
Bursting strength (kg/cm?) - - 6.04 13.98
Water absorbency did not absorb water

MB means methylene blue

After scouring, the pectinase scoured fabrics showed approximately the same whiteness as the
caustic scoured fabrics, 3.4-23.2 and 4.2-23.6, respectively. The lipase/protease/cellulase scoured fabrics
showed a little higher whiteness of 4.4-29.2. These fabrics were dyed with a pure direct dye
“Benzopurpurine 4B” 1% owf and they all had the same color strength or K/S between 2.7-5.0. Tables
II and III display the amount of chemicals and enzymes used for obtaining a successful scouring. To
scour the fabric with caustic soda, the one-step, one-hour scouring at 80°C was needed while the
pectinase scouring required one-step and two hours at 40°C. Lipase, protease, and cellulase were not as
effective as pectinase in terms of cotton scouring. They could not function independently like pectinase.
A combination use of enzymes was necessary. The two-steps scouring with lipase; protease; or
lipase/protease at 37°C for 30 minutes, then followed by cellulase at 40°C for 30 minutes was applied to



acquire an adequate absorbency on the scoured fabrics. Unexpectedly, the plain woven fabric required
only one-step scouring with either lipase or lipase/protease. This could be explained as the loose
structure of plain weave might allow the lipase enzyme to catalyze the scouring process easier than other
structures such as twill and single jersey. Therefore, more impurities were removed from the plain
woven fabric via just one-step scouring with lipase or lipase/protease and the amount of removal was
sufficient to get an adequate absorbency of the scoured fabric.

Table II. Water absorbency of the fabrics after scouring with caustic soda and with pectinase.

Woven (Plain) | Woven (Twill) | Knitted (Light) | Knitted (Heavy)

Caustic, Y%oowf 2 4 3 5
Womine TE, g/ 3 3 3 3
Water absorbency A A A A
Pectinase, g/l 3 5 5 7
Womine TE, g/l 1 1 1 1
Water absorbency A B A B
A = Absorbed instantaneously B = Absorbed within 1-3 seconds

Table ITI. Water absorbency of the fabrics after scouring with lipase, protease, and cellulase.

Woven (Plain) | Woven (Twill) | Knitted (Light) | Knitted (Heavy)
Lipase 0.5 0.5 0.5 2.0
WomineTE 1.0 1.0 1.0 1.0
Protease 0.5 0.5 0.5 8.0
WomineTE 1.0 1.0 1.0 1.0
Lipase+Protease 0.5 0.5 0.5 1.0
WomineTE 1.0 1.0 1.0 1.0
Cellulase 0.5 05|05 05]05]05]05]50]60] 3.0
WomineTE 1.0 1010} 10| 10|10} 10| 10| 10| 10
Water absorbency | A A| A| A A Al A Al A Al A A

A = Absorbed instantaneously

Table IV display the level of pectin content on the fabric by means of a determination of the
amount of methylene blue absorbed on the fabric. The higher the amount of the methylene blue is, the
higher of the pectins present. The result shows that 2.2-13.3% of pectins were removed from the fabrics
by the caustic scouring, 6.3-17% by the pectinase scouring, and 3.2-38% by the lipase/protease/cellulase
scouring. The fabric weight loss examination indicated that the caustic scoured fabrics lost 1.3-3.3%, the
pectinase scoured fabrics lost 0.7-3.0%, and the lipase/protease/cellulase lost 2.0-17.3%, compared to



the fabrics before scouring. Scouring cotton fabric with the two-steps scouring using lipase, protease and
cellulase produced the highest weight loss on the fabric. This may be explained as the cellulase enzyme
used in the second step of scouring assisted the hydrolysis of the cellulose polymer chains, shortened
them, weakened the cellulosic fibers, and promoted the removal of the fibers from the fabric surface,
leading to a high loss of the fabric weight. Pectin substrates could have been removed from the fabric via
this cellulase treatment and thus means more pectins were removed from the fabric by the two-steps
scouring with lipase, protease, and cellulase than the one-step scouring with pectinase or with caustic
soda.

Table IV. Pectin content (methylene blue) on the fabrics after scouring with caustic soda, pectinase, and

lipase/protease/cellulase.
Pectin Content Methylene Blue on the Fabric (g/1)
Woven(Plain) | Woven(Twill) | Knitted(Light) | Knitted(Heavy)
Before scouring 0.3988 0.4406 0.4028 0.3932
Caustic soda 0.3900 0.3820 0.3568 0.3592
Pectinase 0.3736 0.3660 0.3536 0.3372
Lipase then cellulase - 0.3040 0.3900 03120
Protease then cellulase - 0.2920 0.3812 0.2440 -
Lipase+Protease then cellulase - 0.2880 0.3840 0.2560

The results on the fabric strength shown in Table V indicate that scouring with caustic soda
increased the breaking load of the woven fabrics but decreased the bursting strength of the knitted fabrics
to 5.6% and 18.3%, scouring with pectinase increased the breaking load of the plain woven fabric but
decreased the breaking load of the twill woven fabric to 2% and the bursting strength of the knitted
fabrics to 2% and 8.7%, and scouring with lipase/protease/cellulase increased the breaking load of the
woven fabrics and the bursting strength of the light weight knitted fabric but decreased the bursting
strength of the heavy weight knitted fabric from 10-26% due to the high amount of cellulase used in the
second scouring step (see Table III) leading to a high loss of the fibers and the fabric strength.



Table V. Strength (breaking load and bursting strength) of the fabrics after scouring with caustic soda,
pectinase, and lipase/protease/cellulase.

Fabric Strength Breaking Load (N) Bursting Strength (kg/cm?)
Woven(Plain) | Woven (Twill) | Knitted(Light) | Knitted(Heavy)
Warp| Weft | Warp | Weft
Before scouring 183.4 | 1576 511.1 301.6 6.04 13.98
Caustic soda 1983 | 1853 | 540.9 | 314.2 5.70 11.42
Pectinase 1926 | 181.7 500.6 | 293.2 5.90 12.76
Lipase 317.3 | 2834 : 5 s 5
Lipase+Protease 304.2 | 281.5 i - . .
Lipase then cellulase - - 8439 | 457.0 6.87 12.47
Protease then cellulase 328.6| 2956 9174 | 465.7 6.80 11.13
Lipase+Protease then cellulase - - 1,017.5 | 477.1 6.93 10.30
Conclusions

The results from this study have shown that the impurities such as pectins can be removed from
the cotton fabrics by both the conventional scouring using caustic soda and the enzymatic scouring using
pectinase, lipase, protease, and cellulase enzymes. All scoured fabrics showed an adequate absorbency
towards water and dye solutions. Lipase, protease, and cellulase were not as effective as pectinase and
caustic soda in terms of cotton scouring. They could not function independently. A combination use of
enzymes was necessary. The two-steps scouring with lipase; protease; or lipase/protease then followed
by cellulase was applied and could remove the highest amount of pectins compared with the caustic and
the pectinase scouring processes.
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