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Abstract This research has explored the effect of laccase (Denilite ІІ S) on the physical
properties of the wool fabric and confirms the anti-felting of wool. In the experiment,
laccase was applied to a wool fabric and different characteristics including weight loss,
strength, alkali solubility, felting shrinkage, water drop absorption, and dye ability with
madder were studied. The surface morphology of the wool fabrics was also observed by
scanning electron microscope. The results indicated that the wool fabric treated with laccase
has a higher water drop absorption, lower felting shrinkage, and lower values of a* and b*.
Treatment of a wool fabric with 10% or lower percentage of laccase reduced the fabric
weight but increased the tensile strength. However, using higher concentration of laccase
reduced fabric weight and tensile strength. The dyeing of laccase pre-treated wool fabric
with madder indicated a lower lightness.
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Introduction

Biotechnology offers enzymes for the production of goods to meet various human needs.
These products can accelerate the chemical reactions by reducing the activation energy
needed to make the reaction start [1–6].

These enzymes that are applied on textile are from hydrolytic reactions. In the case of
wool, they are capable of providing the fabric with the characteristics of anti-felting, dye
take-up, increasing the anti-shrinking, reducing the dead fiber, fabric whitening, and
removing the protein stains [2].

Cuticle and cortex cells in wool fibers can also be modified with the proteolytic
enzymes. In addition, these treatments alter the surface properties of the fiber by reducing
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its hydrophobic nature and enhancing its textile properties such as dye uptake, shrink
resistance, and electrical conductivity [2].

Laccases (EC 1.10.3.2) are oxidoreductases which contain copper. In laccases, there are four
copper atoms distributed in type 1, type 2, and type 3 sites. The type 1 site is the one wherein the
oxidation of substrate takes place, then the electrons jump to the trinuclear cluster. This resulted
from the reduction of oxygen to water. Laccase exists in many plants, fungi, and
microorganisms. It can oxidize some of the phenolic and mineral compounds with the
reduction of oxygen to water [6–15]. As biocatalysts, laccases are useful for replacing
expensive and harmful chemicals with saving energy. These are good compounds for the
formation of new functional groups and reducing the negative impact on environment [6–15].

In textile processing, laccase has been used for improving the fabric whiteness in
bleaching process, decolorization of dyed textile materials and colored effluent and
scouring of fibers, wool dyeing, and wool anti-felting [11–12]. In one research, the
treatment of wool with laccase was reported and it was shown that the treated fabric has a
lower weight with reduced tensile strength. However, the dye ability and pilling of the
laccase-treated fabric had improved [11].

The main objective of this study was to compare the behavior of different concentrations
of laccase on wool fabric and to investigate the possibilities of eliminating anti-felting
processing without the strength reduction.

Materials and Methods

The textile materials were raw wool fabric, 350 g/m2, yarn count=30/2 Nm, 16 warp and 15
weft per centimeter. The twist was 550 per meter.

The laccases used were Denilite ІІ S (EC 1.10.3.2) from Novozyme. Treatments were
carried out at pH=4.5, L:G=40:1 (liquor to goods ratio) and 60 °C for 1 h. For enzyme
deactivation, acetic acid was used.

To evaluate the alkali solubility of wool fabric, sodium hydroxide 0.1 N was prepared.
Scouring of the wool sample was carried out in the aqueous solution containing a non-

ionic surfactant (Fluidol W100) and sodium carbonate.
The dyestuff was madder and aluminum sulfate used as mordant in the acidic media

prepared by citric acid.

Weight Loss

The sample was prepared in dimensions of 15×15 cm2. First, it was placed in an oven 150 °C,
and then left in the desiccator, and then its weight was measured.

Weight loss (%) was calculated from the following equation:

W1 �W2

W1
� 100

Where W1 is the weight of the sample before treatment and W2 is the weight of the sample
after treatment.

Alkali Solubility

One gram of wool sample was treated with 1,000 ml NaOH solutions at 65 °C for 1 h. It
was then rinsed with distilled water and dried in an oven at 110 °C for 1 h. After being
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desiccated, the alkali solubility of the samples was calculated as a percentage of the original
weight according to the above equation.

Water Drop Absorption

The water drop adsorption experiments were performed before and after the enzymatic
treatments. The sample is laid on a glassy surface and 1 cm above the surface; a dropper
would discharge a drop of water on the sample. The required time for the sample to
absorb the drop was measured. This experiment conducted 20 times and the mean values
reported.

Tensile Strength

The tensile strength (in warp direction) was evaluated according to CRE with a Shirley
(micro 250) tester. The samples had the size of 15×7 cm2 and speed of 500 mm/min.

Anti-Felting

The samples in dimensions of 10×10 cm2 were first marked, then soap milling was carried
out manually in 1% soap bath with L:G=10:1. The temperature of the bath was 50 °C and
duration of the process was 45 min.

Scanning Electron Microscope (SEM)

To observe surface changes of wool fibers caused by enzyme treatment, the SEM was used
and some images from the wool fiber surface were provided with the enlargement of 30,000
and 2,000.

Abrasion

An abrasion tester for surface changes was used to observe the abrasion of the goods. A
250 g weight was used and the surface of the fabric was studied with two warps or wefts
torn; the number of abrasion cycles was reported.

Reflectance

The reflectance spectra of the samples were measured using an ACS Spectro-sensor II
integrated with an IBM personal computer. CIELAB color coordinates including L*

(lightness), a* (redness–greenness), and b* (yellowness–blueness) were calculated from the
reflectance data for 10° observer and the illuminant D65.

Results and Discussion

Figure 1 compares the effects of laccase at 1, 2, 3, 5, 10, and 20% on weight of fabric on
the weight reduction.

As it is shown, increasing the concentration of laccase raises the weight reduction value
to 6.7%. The highest weight reduction is related to the highest concentration of laccase. The
increasing of laccase to 5% has a slight influence on the weight loss but laccase above 5%
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significantly reduces the fabric weight. The loss of weight by laccase can be depicted to
removing some impurities from wool and to the oxidation of cystine and tyrosine in the
wool fibers [14, 16].

The effects of different concentrations of laccase on tensile strength are shown in Fig. 2.
It can be inferred that increasing the laccase concentration leads to a decrease in the

strength tensile and the most changes occur in the range of 10% to 20%. There is a little
increase in tensile strength on 1% of laccase but the tensile strength tends to fall by
increasing laccase. This is in accordance with the results of weight loss. As the fabric loses
more weight, the tensile strength decreases more. An increase in the tensile strength at 1%
of laccase can be attributed to the formation of some covalent crosslinks between
polypeptide chains due to the oxidation of thiol groups to disulfide bridges [15]. This is in
accordance with the findings of Sorensen and McDevitt [15].

The effects of laccase at different concentrations of 1% to 20% laccase on the alkali
solubility of wool fabric samples are indicated in Fig. 3. It can be observed that at higher
concentrations of laccase the values of alkali solubility are greater. This may be related to
the oxidation of the cystein leads to reduce of wool fabric resistance against alkali [14].

In Fig. 4, the effects of laccase at various concentrations on fabric felting shrinkage were
compared. The scale structure of the wool cuticle and existence of hydrophobic substances
are two main reasons for wool fabric felting shrinkage. During laundering, wool fibers

Fig. 1 Impact of laccase concen-
tration on fabric weight loss

Fig. 2 Impact of laccase concen-
tration on tensile strength

688 Appl Biochem Biotechnol (2009) 158:685–693



move in the root direction and, as a result of different coefficient friction of fibers in the
‘with-scale’ or ‘against-scale’ directions, they entangle to each other. This progressive
entanglement mechanism eventually leads to felting. In a commercial process, the surface
scales degrade to only a limited extent and the reduction of the coefficient friction between
fibers ‘against-scale’ without significantly reducing fiber strength and weight. However,
proteases as a replacement of chlorination fail to fulfill the latter promise.

From Fig. 4, it can be inferred that laccase is a useful enzyme for reducing felting
shrinkage. It can also be concluded that increasing concentration of laccase leads to a
decrease in fabric shrinkage. A trend of decrease in felting shrinkage is the same for the
wide range of laccase concentrations. This is an encouraging application of laccase on wool
fabric for anti-felting shrinkage as alkali solubility improves and the negative impact on the
tensile strength is negligible within 10% of laccase.

The influence of different concentrations of laccase ranging from 15% to 20% on the
wool fabric abrasion can be seen in Fig. 5. It is obvious that the abrasion resistance of the
sample treated with 1% laccase increases considerably but increasing the laccase
concentration reduces the abrasion resistance. By using 1% laccase, the possible formation
of disulfide bridges help to increase the abrasion resistance [14]. However, increasing the
laccase concentration probably leads to oxidation of wool and results in progressive
reduction of abrasion resistance. The results of abrasion resistance on different fabric
samples confirm other results including tensile strength, weight loss, and alkali solubility.

The effects of laccase at different concentrations ranging from 1% to 20% on the water
drop adsorption on the fabric surface are revealed in Fig. 6. The results showed that

Fig. 3 Effect of laccase concen-
tration on alkali solubility

Fig. 4 Influences of laccase con-
centration on felting shrinkage
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increasing enzyme concentration leads to a decrease in the time of water adsorption. This
means that wool fabric treated with high concentration of laccase has a higher water
absorption rate. This can be a result of possible oxidation of wool by laccase [14].
Consequently, the fabric becomes more hydrophilic. This is a useful factor for reducing
felting shrinkage of wool fabric. The results of felting shrinkage on the enzyme-treated
fabric samples confirm this hypothesis.

Color Changes on Laccase-treated Wool Fabric

The results of color indices on the laccase-treated wool fabric samples are presented in
Table 1.

It can be observed that increasing laccase causes a decrease in L* value and an increase
in a* and b* values. This means that the fabric becomes redder and yellower. It can be
related to the oxidation of wool by laccase that becomes progressively higher with
increasing concentration of laccase. The values of ΔE indicated similar trends; as the
concentration of laccase increases, the value of ΔE increases. These results can also
confirm the oxidation of wool fabric during treatment with laccase.

Dyeing With Madder

As illustrated in Table 2, treating the wool fabric samples with laccase causes a decrease in
the L* value. This means that the color of fabric becomes darker. However, the values of a*

(redness) and b* (yellowness) are also marginally lower. It seems that pre-treatment of

Fig. 5 Influences of laccase con-
centration on abrasion

Fig. 6 Influences of laccase
concentration on water
drop absorption
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fabric samples with laccase reduces the fabric lightness. This can be influenced by the
fabric color after dyeing with madder and produces a darker fabric with lower L* value.
This means that pre-treated wool fabric with laccase can be effective on the fabric color
when dyed with madder. It can be suggested that those pre-treated wool fabric samples with
laccase with more hydrophilic characteristics should adsorb higher amounts of water-
soluble dye from a dye bath. Hence, madder is a natural dye which consists of different
compounds, mainly alizarin, with low water solubility. Therefore, it cannot be expected to
obtain a higher dye adsorption on the wool fabric by madder. This can be seen in the results
as the values of a* and b* decrease marginally.

These results were perfectly compatible with observations. It was perceived that the
sample treated with enzyme was darker than the two gray (raw) samples after dyeing.

SEM Pictures

Figure 7 depicts the effect of enzymatic treatment on the surface of the wool fibers. These
microscopic images were taken from both enzyme-treated and un-treated samples with
2,000× magnification.

The presence of a porous and hydrophobic layer called epi-cuticle makes wetting of the
wool fiber surface difficult. As it can be perceived from Fig. 7, the enzyme-treated samples
have smoother scale tails. It can be inferred from Fig. 8 that there are some cracks on fiber
surface of the raw wool and the laccase-treated wool. These cracks have not been altered
after laccase treatments and laccase concentration had no significant impact on the cracks.

The results of weight reduction, strength, and abrasion tests were compatible with the
microscopic images, as the samples treated with 20% laccase confronted a reduction in
shrinkage.

Conclusions

The results unveil the fact that increasing the concentration of laccase in the following
condition: pH=4.5, L:G=40:1 at 60 °C for 1 h decreases the strength, water drop

Samples L* a* b* ΔE

Raw – 81.5 1.1 15.8 0
Laccase 1% 77.6 1.6 17.6 4.4

5% 75.1 1.5 22.8 9.5
10% 73.0 2.2 25.8 13.2
20% 71.5 1.9 24.9 13.5

Table 1 L*, a*, b*, and ΔE
values of treated samples with
laccase.

Samples L* a* b* ΔE

Raw – 38.7 41.5 34.5 0
Laccase 1% 35.6 41.9 32.3 3.8

5% 35.2 40.3 32.6 4.1
10% 35.3 41.9 31.4 4.6
20% 33.9 40.8 30.4 6.3

Table 2 L*, a*, b*, and ΔE
values of samples pre-treated
with laccase and dyed with
madder.
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absorption time, and shrinkage of the wool fabric samples. On the contrary, it increases
alkali solubility, resistance to abrasion, and weight reduction percentage.

Deploying 5% of laccase with pH=4.5, L:G=40:1, at 60 °C significantly increases the
strength. Moreover, water drop absorption time, shrinkage, and weight reduction
percentages decreased as a result of which resistance to abrasion increased.

ba

c

Fig. 7 SEM pictures of wool fibers: a raw wool, b 10% laccase-treated wool, and c 20% laccase-treated
wool (×2,000)

ba

c

Fig. 8 SEM pictures of wool fibers: a raw wool, b 10% laccase-treated wool, and c 20% laccase-treated
wool (×30,000)
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Taking everything into consideration, it can be concluded that laccase can be applied on
wool and can be a replacement for proteases. This is by reducing the felting without any
significant impact on other properties of the wool fabric.

References

1. Levene, R., Cohen, Y., & Barkai, D. (1996). JSDC, 112, 6–10.
2. Olsen, H., & Falhot, P. (1998). J. Surfactants and Detergents, 1, 555–567. doi:10.1007/s11743-998-0058-7.
3. Cortez, J., & Bonner, P.L.R. (2004). Enzyme and Microbial Technology, 34, 64–72. doi:10.1016/j.

enzmictec.2003.08.004.
4. Couto, S. R., & Toca-Herrera, J. L. (2006). Biotechnology and Molecular Biology Review, 1, 117–122.
5. Cortez, J., & Bonner, P. (2005). Journal of Biotechnology, 116, 379–386. doi:10.1016/j.jbiotec.

2004.12.007.
6. Ryan, S., & Schnitzhofer, W. (2003). J. Enzyme and Microbial Technology, 766–774. doi:10.1016/

S0141-0229(03)00162-5.
7. Xu, F. (2005). J. Industrial Biotechnology, 1(1), 38–47. doi:10.1089/ind.2005.1.38.
8. Claus, H. (2004). Micron (Oxford, England), 35, 93–96. doi:10.1016/j.micron.2003.10.029.
9. Niladevi,K. N., Sukumaran,R. K., Prema, P. (2007). Journal of Industrial Microbiology &

Biotechnology, 34(10), 665–674. doi:10.1007/s10295-007-0239-z.
10. Couto, S. R., Toca Herrera, J. L. (2006). Biotechnology Advances, 24(5), 500–513. doi:10.1016/j.

biotechadv.2006.04.003.
11. Osma,J. F., Toca Herrera, J. L., Couto, S. R. (2007). Dyes and Pigments, 75(1), 32–37. doi:10.1016/j.

dyepig.2006.05.021.
12. Zille, A. (2005). Ph.D.thesies University of Minho, Italy, 131–139.
13. Kurniawati, S., Nicell, J. A. (2005). Biotechnology and Bioengineering, 91, 114–123. doi:10.1002/

bit.20497.
14. Lantto, R., Schonberg, C. Buchert, J., Heine, E. (2004). Textile Research Journal, 74, 8–713.
15. Sorensen, N. H., McDevitt,J. P. (1999) WO patent 99/58013.
16. Mattinen, M. L., Kruus, K., Ruchert, J., Nielsen, J. H., Andesen, H. J., Stefensen, C. L. (2005). The

FEBS Journal, 272, 3640. doi:10.1111/j.1742-4658.2005.04786.x.

Appl Biochem Biotechnol (2009) 158:685–693 693

dx.doi.org/10.1007/s11743-998-0058-7
dx.doi.org/10.1016/j.enzmictec.2003.08.004
dx.doi.org/10.1016/j.enzmictec.2003.08.004
dx.doi.org/10.1016/j.jbiotec.2004.12.007
dx.doi.org/10.1016/j.jbiotec.2004.12.007
dx.doi.org/10.1016/S0141-0229(03)00162-5
dx.doi.org/10.1016/S0141-0229(03)00162-5
dx.doi.org/10.1089/ind.2005.1.38
dx.doi.org/10.1016/j.micron.2003.10.029
dx.doi.org/10.1007/s10295-007-0239-z
dx.doi.org/10.1016/j.biotechadv.2006.04.003
dx.doi.org/10.1016/j.biotechadv.2006.04.003
dx.doi.org/10.1016/j.dyepig.2006.05.021
dx.doi.org/10.1016/j.dyepig.2006.05.021
dx.doi.org/10.1002/bit.20497
dx.doi.org/10.1002/bit.20497
dx.doi.org/10.1111/j.1742-4658.2005.04786.x

	Treatment of Wool with Laccase and Dyeing with Madder
	Abstract
	Introduction
	Materials and Methods
	Weight Loss
	Alkali Solubility
	Water Drop Absorption
	Tensile Strength
	Anti-Felting
	Scanning Electron Microscope (SEM)
	Abrasion
	Reflectance

	Results and Discussion
	Color Changes on Laccase-treated Wool Fabric
	Dyeing With Madder
	SEM Pictures

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


