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Laccases for Denim Bleaching: An Eco-Friendly Alternative
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Abstract: Laccases have received much attention of researchers in last decades due to their ability to oxidise both
phenolic and non-phenolic lignin-related compounds as well as highly recalcitrant environmental pollutants which makes
them very useful for their application to several biotechnological processes such as those from the textile industry. In this
regard, laccases are used for denim bleaching as an alternative to the hazardous and non-environmentally friendly
chemical process. Thus, the first commercial laccase preparation was introduced in 1996 as liquid slurry. The product
exhibited good performance, but handling characteristics were not ideal. A fully-formulated solid laccase has been
commercially available for the denim market since 1999. Today, customised formulations of laccase are routinely used to

target specific garment wet process conditions.
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INTRODUCTION

Yoshida [1] first described laccase in 1883 when he
extracted it from the exudates of the Japanese lacquer tree
Rhus vernicifera, from which the name laccase was derived
and was characterised as a metal-containing oxidase by
Bertrand [2]. This makes laccase one of the oldest enzymes
ever described. Laccases have also been detected in insects
[3] and bacteria [4] but they are especially abundant in
white-rot fungi, which are the only microorganisms able
to degrade the whole wood components. Laccases
(EC 1.10.3.2, p-diphenol oxidases) are copper-containing
enzymes that catalyse the oxidation of a wide variety of
organic and inorganic substrates, including mono-, di-, and
polyphenols, amino phenols, methoxy phenols, aromatic
amines and ascorbate with the concomitant four electron
reduction of oxygen to water [5-8]. Laccases contain one
type 1 (T1) Cu centre, one type 2 (T2) Cu centre and one
type 3 (T3) Cu centre. The T2 and T3 sites form a trinuclear
Cu cluster onto which O, is reduced. The T1 Cu oxidises the
reducing substrate and transfers electrons to the T2 and T3
Cu (Fig. 1).

Laccases have relatively lower redox potentials (0.45-
0.80 V versus the normal hydrogen electrode) than those of
ligninolytic peroxidases (>1 V), so it was initially thought
that laccases were only able to oxidise phenolic substrates
[10]. However, the range of substrates oxidised by laccases
can be increased through a mediator-involved reaction
mechanism. Redox mediators are low-molecular weight
compounds that are easily oxidised by laccases producing, in
some cases, very unstable and reactive cationic radicals,
which can oxidise more complex substrates before returning
to their original state. The electrons taken by laccases are
finally transferred back to oxygen to form water [11, 12].
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Fig. (1). Three dimensional structure of laccase from Rhus
vernicifera. There are three cuprodoxin-like domains: the T1 site
(Cul) belongs to domain 3 and the T2/T3 site (Cu2, Cu3a and
Cu3b) is the interface between the two other domains. The model
also indicates the putative binding sites for glutaraldheyde. (Figure
re-printed from Durante ef al., (2004) Journal of Molecular
Catalysis B: Enzymatic 27, 191-206 [9], with kind permission of
Elsevier Ltd.).

Fig. (2) shows a schematic representation of laccase-
catalysed redox cycles for substrate oxidation in the absence
(A) or in the presence (B) of redox mediators [13]. The
chemical structure of the most frequently-used synthetic
mediators is depicted in Fig. (3). The laccase mediator
system (LMS) has been shown to be efficient in the
degradation of aromatic contaminants [14], paper pulp
bleaching [15], pitch control [16] and dye decolouration
[17]. An LMS process has been introduced in the textile
industry for indigo oxidation on denim garments in industrial
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Fig. (2). Schematic representation of laccase-catalysed redox cycles for substrates oxidation in the absence (A) or in the presence (B) of
redox mediators (Figure re-printed from Riva (2006) Trends Biotechnol 24, 219-226 [13], with kind permission of Elsevier Ltd.).
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Fig. (3). Chemical structures of the most frequently-used redox mediators: 1-hydroxybenzotriazole (A), violuric acid (B), 2,2-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) (C) and veratryl alcohol (D).

laundries—the dye chromophore is split to yield two mole-
cules of uncoloured compounds [18]. Fig. (4) illustrates a
possible mechanism for laccase catalysed degradation of
indigo dye [19].

Several articles have reviewed the diverse potential
applications of laccases [20, 21]. However, the current
commercial price of laccases is high (Table 1) limiting their
industrial exploitation. Thus, current research is focussing on
cost-effectively production of laccases. Recently, Osma
et al., [22] determined that the cost of the culture medium
represented the highest contribution to the total cost of
laccase production. Therefore, a good strategy to lower the
cost of laccase production would be reducing the cost of the
culture medium. For this a variety of agroindustrial residues
as well as wastewater may be utilised [23].

LACCASES IN DENIM BLEACHING

The use of laccase in the textile industry is growing very
fast, especially in bleaching processes where the use of

Table1l. Price of Some Commercially Available Laccases
(Extracted from Osma et al, (2011) Journal of
Environmental Management 92, 2907-2912 [22],
with kind permission of Elsevier Ltd.)

Supplier / s Price

Reference Description [€/U]

. Laccase from Rhus vernificera 2
Sigma /L2157 (>50 units/mg) 1.5x10

. Laccase from Trametes versicolor, 2
Sigma /53739 BioChemika (>20 units/mg) 0410

. Laccase from Trametes versicolor,
Sigma / 38429 BioChemika (>0.5 units/mg) 0.076

Jena
Bioscience/ f Lac;ase EZC 1.10.'3.21 0.060
EN-204 rom Trametes versicolor

laccases for denim bleaching is outstanding. All over the
world, light washes on blue denim jeans are mainly bleached
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Fig. (4). A possible mechanism for laccase-catalysed degradation of indigo dye (Figure re-printed from Campos et al., (2001) Journal of

Biotechnology 89, 131-139 [19], with kind permission of Elsevier Ltd.).

with sodium hypochlorite. It has certain advantages of being
cheap and the reaction takes place at room temperature, but it
is also a harsh chemical and gives yellowness to the fabrics
if not neutralised properly. Being a strong oxidising agent, it
also attacks cotton and reduces its strength which is not
desirable in light ounce denim. In addition, it cannot be used
for Lycra-containing garments. Also, the hypochlorite pro-
cess is environmentally very harmful both because chlorite

itself is harmful and because the subsequent neutralisation
step generates high amounts of salts leading to disposal and
pollution problems such as increase in biological oxygen
demand (BOD) and in chemical oxygen demand (COD)
level in effluent with the subsequent increase of effluent
processing cost. Nowadays people have become more envi-
ronmental conscious and a trend of eco-friendly processing
is becoming more and more popular. In addition, govern-
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Fig. (5). Enzymes used in various unit operations in textile wet processing and the manufacturing of denim (Figure re-printed from Kirk
et al., (2002) Current Opinion in Biotechnology 13, 345-351 [24], with kind permission of Elsevier Ltd.).

ment agencies are putting more restrictions for control on
effluent quality. In these circumstances, processors are look-
ing for an eco-friendly alternative. In denim garment pro-
cessing, enzymes are used for desizing and abrasion look
(Fig. 5). As being biodegradable enzymes are eco-friendly.
Thus, laccases as bleaching agents for blue denim are an
ecological alternative. In jeans bleaching laccases work
exclusively on the indigo, with minimal fibre damage. The
process is simple and easily reproducible.

The first commercial product based on laccase enzyme
was launched in 1996 by Novozyme (Novo Nordisk,
Denmark): Denilitely, the first industrial laccase and the
first bleaching enzyme acting with the help of a redox
mediator molecule. The product exhibited good perform-
ance, but handling characteristics were not ideal. Thus, in
1999, Novozyme North America Inc. (USA) launched
DeniLitellTy based on a new type of laccase with higher
activity than that of Denilitelry. Later, in 2001, the company
Zytex Pvt. Ltd. (India) developed a formulation based on
LMS capable of degrading indigo in a very specific way.
The trade name of the product is Zylite. Today, customised
formulations of laccase are routinely used to target specific
garment wet process conditions. Thus, the company Season
Chemicals Dyestuffs Ltd. (Hong Kong) has launched a fully-
formulated laccase enzyme preparation named Bleach-cut
3S. This preparation, containing laccase enzyme, redox me-
diator and buffer system, is extremely efficient in decolou-
ration or bleaching of indigo. The treatment is typically
carried out after biostoning with cellulase. By varying the
dosage and/or treatment time, it is possible to obtain almost
all shades, even the lightest ones. Bleach-cut 3S treatment is
an environmentally friendly method and easy to control. It
does not affect harmfully on the strength of the fabric and is
also suitable for denim containing Lycra or other elastic.
Bleach-cut 3S can also be used for clean-up of backstaining
and enhancement of denim abrasion.

The company AB Enzymes GmbH (Germany) has com-
mercialised a product called ECOSTONE“LCC 10, which
oxidises the indigo dye with the help of a mediator radical
(oxidising agent). This means that it can be used for the
decolouration of indigo or bleaching of denim. Because it is
easy to control, a variety of shades and looks can be obtained
by changing the dosage or treatment time, even the lightest
shades are possible. It has no adverse effects on the strength
of denim containing Lycra or other elastic materials.

The company Puridet Asia Ltd. (Hong Kong) has
launched a product named Purizyme consisting of laccase to
be used in the bleaching of indigo-dyed garments. The
advantages of such a product are that it is environmetally
friendly, retains high fabric strength and enhances denim
abrasion.

Apollo Chemical Company, LLC (USA) has comer-
cialised a product named APCOZYME II-S, which is a pre-
buffered granulated laccase enzyme used to bleach or reduce
the indigo dye on denim textiles. This product will preferen-
tially break down the indigo molecule, leaving behind any
sulfur or other dyes that might be present. There is a
tendency to have a grayish or antique look, as opposed to the
light blue cast normally associated with sodium hypochlorite
bleaching.

Tri-Tex Co. Inc. (Canada) has developed a product
named Trilite 11, which is a granular laccase enzyme used for
the decolouration of indigo dyes in denim wet processing
applications. Trilite II gives a nice grey cast on denim jeans,
compared to hypochlorite conventional bleach, at a mini-
mum strength loss and is an ideal product for stretch jeans.
The advantages of using this product are: improved shade
reproduction, little effect on fabric strength, produces grey
shade, functions at convenient pH and temperature and is
very effective at rendering cellulase inactive. However, it has
the following disadvantages: it is expensive compared to
hypochlorite, it does not destroy sulfur black dye and
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requires oxygen to function. An extra powerful concentrated
version is also available under the name of Trilite Plus.

Americos Industries Inc. (India) has developed two dif-
ferent commercial laccase preparations: Americos Laccase P
and Americos Laccase LTC. Americos Laccase P does not
attack the cellulose, so it is possible to get a “super stone
wash” image on denim garments without typical breaks that
normally occur after prolonged stone wash treatments with
pumice stones and cellulase enzymes. In this case it is
enough to execute a short cycle with Americos Laccase P
after a standard stone wash. Another application in which
Laccase P excels is the ecological bleach of denim garments.
Americos Laccase P is virtually irreplaceable when the target
is to conduct bleach on elasticised fabrics dyed with blue
indigo. In this particular case, in fact, traditional bleach
agents cannot be used since they would affect irreversibly
the elasticity. Americos Laccase P affects selectively only
the indigo dye, leaving unaltered the fibres regardless to their
nature. Americos Laccase P is not compatible with cellulase
enzymes making impossible its use in the stone wash bath.
Anyway, it is possible to use Laccase P together with pumice
stone. In this case the abrading effect is obtained in a
mechanical way, while the enzymatic part of Laccase P
enhances the effect of the abrasion and leads simultaneously
to a certain degree of decolouration. Americos Laccase LTC
is a special mixture of active laccase enzyme and a control
chemical mediator. The fungal laccase is specifically
designed to be used for cleaning up back staining, changing
colour shade and cast and to bleach denim. The chemical
mediator assists the process in order to perform the full
reaction chain which results in indigo bleaching. Americos
Laccase LTC is specifically designed for the treatment of
denim after stone washing to clean up back staining, enhance
blue-white contrast, bleach elastic-containing garments and
to adjust the shade and cast of the denim.

Hypozyme, commercialised by Condor Speciality
Products (USA), is a laccase produced by fermentation of
genetically-modified microorganisms. It is a product spe-
cially formulated to create a grey or deinking look to denim
fabrics.

Lacasa Ultratex is a laccase preparation commercialised
by Proenzimas Ltda. (Colombia) used for the decolouration
of indigo in denim fabrics with slight effect on fabric
resistance.

Cololacc BB is a laccase enzyme preparation launched
by Colotex Biotechnology Co. Ltd. (Hong Kong) which is
produced using a genetically-modified strain of non
pathogenic fungi. It is used in denim finishing applications.

Novoprime® Base 268 produced by Novozymes
(Denmark) is a preparation based on a laccase produced by
submerged fermentation of a genetically-modified micro-
organism. The enzyme protein, which in itself is not
genetically modified, is separated and purified from the
production organism.

Prozyme® LAC developed by Sunson Industry Group
Co. Ltd. (China) is a laccase designed specially to impart a
bleaching effect on indigo denims with anti-back staining. It
is an acid-stable enzyme, which acts on denims to aggravate
the abrasion on indigo denims/dyed garments. It can be used
directly or formulated as per the desired properties. It has the
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following advantages: grey shade change, creation of new
looks, fashions, excellent backstaining removal after
abrasion, enhances denim abrasion for reduced processing
times, better strength retention of fabric, environmentally
friendly and biodegradable. Prozyme® LAC is easily
combined with most of denim finishing processes.

Lava® Zyme LITE from DyStar GmbH (Germany) is a
preparation of laccase plus a mediator which reduces the
indigo to water-soluble decomposition products. Sulphur and
reactive dyes are not affected by this bleaching system, since
it is specific to indigo dye. This means that there is no attack
to the cotton fibre and so nearly no loss in tensile strength.

Genencor International Inc. (USA), a division of Danisco
(Denmark), launched in 2007 a new product line for the
denim finishing market: IndiStar™ Color Adjust system. It
consists of two components: IndiStar™ Active, a laccase
enzyme and IndiStar™ Control, a denim bleaching mediator
chemical. The IndiStar™ Color Adjust System offers denim
processors the possibility to create new looks for denim
whether the fashion demand is for increased contrast look or
highly bleached worn vintage looks. The Genencor products
are also gentle on elastic-incorporated garments. The
IndiStar™ Active enzyme granules are manufactured with
the proprietary Enzoguard™ granulation process developed
by Genencor, which protects the enzyme from inactivation
caused by exposure to oxygen and humidity. The IndiStar™
Control mediator molecule is a stable organic chemical
which is not susceptible to degradation under normal storage
conditions. IndiStar™ products can be used in a variety of
conditions giving flexibility to choose the parameters most
suitable for the needs of denim processors. With this product
line, Genencor offers an environmentally friendly solution
for replacement of harsh chemicals such as chlorine and
permanganate. In 2009, the same company announced a new
product, PrimaGreen EcoFade LT100, for the bleaching and
dyeing of denim. This product contains a combination of
laccase and a new type of mediator which make possible the
creation of an entirely new look and at the same time it is
environmentally friendly. The new technology is low energy
and permits bleaching at neutral pH values and low
temperatures, which means a reduction in the use of rinse
water and neutralisation chemicals. Genencor believes the
technology will allow textile producers to cut their heating
energy for denim bleaching by up to 90%.

Despite the increasing commercial preparations based on
laccase enzyme for denim bleaching, there are few papers
dealing with this topic. Campos et al., [19] reported the
degradation of indigo both in effluents and on fabrics using
purified laccases from Trametes hirsuta and Sclerotium
rolfsii in combination with redox mediators and reported that
bleaching of fabrics by laccases correlated with the release of
indigo degradation products. Pazarlogliu et al., [25] showed
that a phenol-induced laccase from Trametes versicolor was
an effective agent for stone washing effects of denim fabric
without using a mediator. Moreover, they found that T.
versicolor laccase without a mediator was more effective
than commercial laccase (obtained from recombinant
Aspergillus niger, Novo Nordisk, Denmark) with a mediator.
More recently, Solis-Oba et al, [26] applied the system
laccase-ABTS to denim decolouration and found that such a
process had the following advantages over the exisiting
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commercial processes: denim fibres were not attacked during
decolouration, avoiding the use of stones will produce
savings because machine life will be extended, cleaning
expenses due to stone recovery will be eliminated, environ-
mental impact will be reduced because the ABTS-laccase
system will not produce halogenated byproducts and indigo
oxidation byproducts will be easily biodegraded in either
aerobic or anaerobic systems. Therefore, the residual waste-
water treatment will be conducted in a simple way, reducing
threats to the environment. Montazer and Maryan [27]
reported a method based on laccases and cellulases for
biowashing with a considerable reduction in consumption of
laccases, cellulases, water, time and energy.

FUTURE OUTLOOK

Laccases are promising enzymes to replace the conven-
tional chemical processes of the textile industry. However,
one of the problems to commercialise the use of lacasse is
the lack of capacity to produce sufficient enzyme stocks at
low cost. Thus, efforts have to be made in order to achieve
cheap overproduction of laccases in heterologous hosts and
also their modification by chemical means or protein
engineering to obtain more robust and active enzymes.
Another additional problem is the cost and toxicity of redox
mediators or their reaction products. Further investigations
should consider different and less polluting mediators such
as the natural mediators produced by laccase in a bio-
environment during lignin degradation. The availability of
low cost and environmentally-friendly natural mediators
could facilitate the application of LMS in industrial bio-
technological processes. Another difficulty is the reuse of
laccase, which could lower costs significantly. Immobilisa-
tion is a feasible method that would allow laccase reutilisa-
tion and self-immobilisation would further decrease costs as
supports are not required.

In conclusion, laccases could be used in many different
industrial applications. Whether such applications will
become a reality it will depend on providing a cost-efficient
method for laccase production and an effective method for
laccase utilisation.
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