
Abstract The ability of Trametes versicolor ATCC 20869
to colonize several natural and synthetic materials (wheat
straw, jute, hemp, maple woodchips, and nylon and poly-
ethylene teraphthalate fibers) and to subsequently decol-
orize amaranth was evaluated. Jute was found to be the
best support material as T. versicolor grew well on it
without color leaching from the support and without loss
of the jute’s integrity over a 4 week period. The fungus
immobilized on jute, straw and hemp decolorized ama-
ranth (50 mg l–1) at a rate of about 5 mg l–1 h–1 without
glucose being added. When 1 g l–1 glucose was added,
the dye was degraded more quickly (about 8 mg l–1 h–1).
Decoloration did not occur in a suspension culture with-
out glucose. As the number of decoloration cycles in-
creased, the rate of decoloration decreased. This rate was
restored to its original level after the biomass was incu-
bated in fresh growth medium for 5 days. With all immo-
bilization supports, the toxicity of the medium before and
after decoloration was the same or lower.

Introduction

The release of colored effluent into the environment is 
of growing concern as color is a visible pollutant that is
increasingly being regulated in the USA, Canada and
Europe. Colored effluents may arise from the textile,
dyestuff manufacturing, and pulp and paper industries.
Globally, it has been estimated that 10% of the total dye-
stuff used (Maguire 1992), or about 7×105 tonnes per 
annum (Vaidya and Datye 1982), is released into the 
environment. Not only is color not aesthetically pleasing,
it also impacts the ecosystem by affecting the light pene-
tration and gas solubility in aquatic environments. Fur-
thermore, some synthetic dyes, such as azo dyes, may be
carcinogens or mutagens (Zollinger 1991; Spadaro et al.

1992) and, under anaerobic conditions, can be trans-
formed into aryl amines that are potentially more toxic
than the parent compounds (Chung and Stevens 1993;
Dubrow et al. 1996).

Physical and chemical treatments of textile dyes are
expensive and may generate a large volume of sludge
(Dubrow et al. 1996), while biological wastewater treat-
ments have low removal efficiencies (Dubrow et al.
1996; Kapdan et al. 2000a). Furthermore, no single con-
ventional method has been found to be effective for all
dye classes. Thus, there is a need for the development of
new technologies for color removal. Biological treatment
is an attractive option as it could be cost-effective and
environmentally friendly (Azmi et al. 1998).

White rot fungi produce non-specific, extracellular,
ligninolytic enzymes that can degrade a wide range of
organopollutants such as polycyclic aromatic hydrocar-
bons (Barr and Aust 1994; Boyle et al. 1998; Andersson
and Henrysson 1996), trinitrotoluenes (Van Aken et al.
1999; Kim and Song 2000), trichloroethylene (Yadav 
et al. 2000), chlorophenols (Alleman et al. 1995; Grey 
et al. 1998), polychlorinated biphenyls (Krcmar et al.
1999) and various synthetic dyes (Glenn and Gold 1983;
Heinfling et al. 1997; Kapdan et al. 2000b). Textile dye
decoloration has been demonstrated with suspension 
cell culture (Glenn and Gold 1983; Heinfling et al. 
1997; Swamy and Ramsay 1999a; Kapdan et al. 2000b), 
immobilized cells (Yang and Yu 1996; Liao et al. 1997;
Pallerla and Chambers 1997; Zhang et al. 1999) and
crude enzyme extracts (Ollika et al. 1993; Rodriguez 
et al. 1999). The major drawback to using an enzyme
preparation is that once the enzymes become inactivated,
activity decreases. However, with a whole cell culture,
the enzymes could be continually replenished. Immobi-
lized cultures tend to have a higher level of activity and
are more resilient to environmental perturbations such as
pH, or exposure to toxic chemical concentrations than
suspension cultures. Immobilization by encapsulation 
in a matrix such as alginate may be too costly for waste-
water treatment while surface immobilization on an 
inexpensive material such as woodchips is cheaper. In

M. Shin · T. Nguyen · J. Ramsay (✉)
Department of Chemical Engineering, Queen’s University, 
Kingston, Ontario, K7L 3N6, Canada
e-mail: ramsayj@chee.queensu.ca
Tel.: +1-613-5332770, Fax: +1-613-5336679

Appl Microbiol Biotechnol (2002) 60:218–223
DOI 10.1007/s00253-002-1088-3

O R I G I N A L  PA P E R

M. Shin · T. Nguyen · J. Ramsay

Evaluation of support materials for the surface immobilization 
and decoloration of amaranth by Trametes versicolor

Received: 14 March 2002 / Revised: 24 June 2002 / Accepted: 7 July 2002 / Published online: 24 August 2002
© Springer-Verlag 2002



219

this paper, the ability of Trametes versicolor to colonize
several natural and synthetic materials (wheat straw, jute,
hemp, maple woodchips, and nylon and polyethylene
teraphthalate fibers) and to subsequently decolorize ama-
ranth as a model azo dye was evaluated. The toxicity of
the medium before and after decoloration was also deter-
mined.

Materials and methods

Culture maintenance and inoculum preparation

T. versicolor ATCC 20869 was maintained at 4°C on malt agar
plates and was used to inoculate 500 ml Erlenmeyer shake flasks
containing 200 ml sterilized modified Kirk’s medium (Kirk et al.
1978). The inoculum was incubated for 5 days at 30°C and
200 rpm on a rotary shaker (Innova 2000, New Brunswick Scien-
tific, N.J.). The pellets of mycelial biomass were pooled and 10%
(volume of biomass/volume of liquid medium) was distributed
aseptically to 500 ml shake flasks containing 200 ml modified
Kirk’s medium and approximately equal volumes of the support
materials. The flasks were shaken at 150 rpm at room temperature
(23°C) for 5 days to allow colonization. All support materials and
culture media had been previously autoclaved for 20 min at 121°C
and 15 psi.

Support materials

Wheat straw and peat were purchased from a local gardening cen-
ter (Kingston, Ont.), and jute twine, nylon fiber (Scotchbrite) and
polyethylene teraphthalate fiber were purchased at a local depart-
ment store (Kingston, Ont.). The hemp materials (core, fiber, and
mat) and a composite of 50% hemp and 50% polypropylene were
provided by Kenex (Pain Court, Ont.). Maple woodchips were do-
nated by J&A tree service company (Kingston, Ont.). About
315 cm of jute twine with an uncompressed diameter of 3 mm
weighing 5.5 g was used in these experiments.

Growth medium

The modified Kirk’s medium used for growth and rejuvenation
contained, per liter: 10.1 g glucose (Sigma, St. Louis, Mo.), 11.0 g
ammonium tartrate, 0.2 g KH2PO4 (Anachemia, Montreal, 
Quebec), 0.05 g MgSO4·7H2O (BDH, Toronto, Ont.), 0.01 g
CaCl2·2H2O (BDH), 1 µg thiamine (Sigma), and 0.1 ml trace min-
eral solution. The trace mineral solution consisted of (per liter):
30 g MgSO4·7H2O (BDH), 10 g NaCl (BDH), 5 g MnSO4·H2O
(Anachemia), 1 g CoSO4 (Fisher, Fair Lawn, N.J.), 1 g
FeSO4·7H2O (Anachemia), 1 g ZnSO4·7H2O (Fisher), 0.82 g
CaCl2 (BDH), 100 mg CuSO4·5H2O (Anachemia), 100 mg 
NaMoO4·2H2O (Fisher), 100 mg H3BO3 (Anachemia) and 1 g 
EDTA (Fisher). The decoloration medium consisted solely of
50–100 mg l–1 amaranth (Sigma) and 0–2 g l–1 glucose (Sigma).

Colonization and sequential decoloration

After the establishment of a healthy biofilm on the support materi-
als (about 5 days of incubation at room temperature) in 500 ml 
Erlenmeyer flasks, the growth medium was carefully decanted in
the laminar flow hood leaving the support matrix with the attached
biofilm in the shake flask. The sequential decoloration began with
the addition of 200 ml sterile decoloration medium to the flask.
The decoloration sequence for all support materials is the same as
for straw (Fig. 1). In the first decoloration, 50 mg l–1 amaranth and
1 g l–1 glucose were used. Once decolorized, the spent medium was
discarded and replaced by fresh medium. After the amaranth was

totally decolorized, the medium was replaced with a fresh volume
of the same composition. After these two decolorations, the initial
dye concentration was doubled to 100 mg l–1 and the glucose con-
centration kept at 1 g l–1. In the next decoloration, the glucose con-
centration was increased to 2 g l–1 and the amaranth kept at 100 mg
l–1. Following this decoloration, the biomass was allowed to grow
in fresh modified Kirk’s medium for 5 days and the sequence re-
peated starting with the decoloration conditions of day 1. Samples
were frozen until analyzed. Amaranth concentration was measured
spectrophotometrically at 523 nm (the λmax of amaranth).

Microtox assay

Frozen samples were brought to room temperature, centrifuged,
and the pH of the supernatant adjusted to 6.0 by the addition of
0.5 ml 0.58 M KH2PO4 and 70 µl 1.0 M NaOH. Color correction
was done at 490 nm. The Microtox acute toxicity assay was per-
formed in a Microtox 500 Analyzer on samples at the start and end
of the decoloration cycles according to the test protocols defined
by the manufacturer (Azur Environmental, Newark, Del.). From
eight serial dilutions, the effective concentration for 20% inhibition
of the luminescence of a modified strain of Vibrio fischeri (EC20)
after 5 min incubation was calculated with the Microtox data anal-
ysis program (Microtox Omni Software 1999). A solution of 1 g l–1

ZnSO4·7H2O was used as the positive control and 1 g l–1 glucose as
the negative control. All values are the average of duplicate experi-
ments in which each sample was analyzed in triplicate.

Results

Amaranth decoloration by T. versicolor immobilized
on different support materials

Shake flasks containing each support material (wheat
straw, hemp fiber, hemp mat, hemp core, jute twine, peat,
maple woodchips, nylon fiber, polyethylene teraphthalate
fiber or hemp-polypropylene fiber) in modified Kirk’s
medium were inoculated with T. versicolor and incubated
for 5 days at 23°C and 250 rpm. The nylon fiber and peat

Fig. 1 Rate of amaranth decoloration by Trametes versicolor im-
mobilized on wheat straw. For the first decoloration, the growth
medium was replaced with a decoloration medium consisting of
50 mg l–1 Amaranth and 1 g l–1 glucose. At the end of each decol-
oration, the decolorized medium was replaced with fresh medium.
The same sequence of decoloration was used for all support mate-
rials. Squares and diamonds represent two independent experi-
ments performed concurrently
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were eliminated at this stage as growth was negligible in
their presence. Furthermore, the liquid in the flask con-
taining peat became dark brown in color. After 5 days of
growth, the immobilized fungus on the other support ma-
terials was subjected to the sequence of decolorations
shown in Fig. 1. When no support was provided, the my-
celial biomass formed pellets and 50 mg l–1 amaranth was
decolorized at a rate of about 3.7 mg l–1 h–1 when 1 g l–1

glucose was provided (Table 1). There was good growth
on straw and jute with the highest decoloration rate being
about 8.4 mg l–1 h–1. Poor growth on hemp core, hemp
mat and polyethylene teraphthalate fibers resulted in a
lower decoloration rate (about 3 mg l–1 h–1). Although T.
versicolor is found on hardwoods such as maple trees in
nature, the biomass did not attach well to the maple
woodchips. Most of the biomass was suspended in the
liquid phase throughout the experiment and was eventu-
ally washed out as the spent medium was replaced. Ini-
tially, good decoloration activity (7.9 mg l–1 h–1) was ob-
tained but this decreased as the biomass levels diminished
with each medium replacement. Colonization of maple
woodchips may be more successful with no agitation in a
reactor such as a trickling filter.

Although the decoloration rate was the most rapid
with straw and jute, the straw disintegrated within
2 weeks while the integrity of the jute was maintained
over a period of at least 4 weeks. At day 9, the straw was
noticeably pulpy. By day 14, there was little visible
straw within a large fungal mass. The decoloration rate
had also decreased from 8.4 mg l–1 h–1 in the first decol-
oration to 4.7 mg l–1 h–1 at day 14 for the same dye and
glucose concentration. Hemp fiber also showed a loss of
integrity after 5–7 days.

Effect of amaranth and glucose concentrations 
on decoloration

When the initial dye concentration was doubled from 
50 to 100 mg l–1 with the glucose concentration kept at

1 g l–1, the rate of decoloration decreased in most cases
by 27–48% (Fig. 2). When T. versicolor was in suspen-
sion with no support or was immobilized on a synthetic
matrix such as polyethylene teraphthalate fiber, decolor-
ation occurred only when glucose was added (Table 1).
However, when glucose was not added to T. versicolor
immobilized on either jute, straw or hemp fiber, com-
plete decoloration took place in 16–20 h at a rate of
3–3.8 mg l–1 h–1 at an initial dye concentration of
100 mg l–1 (Fig. 3). When 1 g l–1 of glucose was added
with the dye, higher decoloration rates were obtained
with all support materials. Higher glucose concentrations
(2 g l–1) did not result in higher rates of decoloration
(Fig. 3). 

Effect of rejuvenation of biomass 
on decoloration performance

In all cases, as the number of decoloration cycles 
increased, the decoloration rate decreased (data not

Table 1 Growth, maximum decoloration achieved in the presence
and absence of 1 g l–1 glucose and durability of support after
4 weeks of growth when Trametes versicolor is immobilized on
the support material. Initial amaranth concentration is 50 mg l–1.

Relative scale for growth: from +++++ very good to – no
growth; for colonization: from +++++ fungus strongly attached
to + fungus poorly attached; for durability: from +++++ material
intact after 4 weeks to + material destroyed within 1 week

Support Growth Colonization Durability Maximum rate of decoloration (mg l–1 h–1)

Glucose No glucose

No support +++ NAa NA 3.67 0.42
Straw +++++ +++++ + 8.41 5.62
Jute twine +++++ +++++ +++++ 8.23 5.39
Maple +++++ ++ ++ 7.94 NDb

Peat + – NA ND ND
Hemp fibers +++ +++ + 6.33 4.56
Hemp core ++ + ++ 3.31 Very slow
Hemp mat ++ + +++ 3.12 Very slow
Hemp/polypropylene mat + + ++++ 2.96 No decoloration
Polyethylene teraphthalate fibers + + +++ 2.83 No decoloration
Nylon fibers – NA +++++ ND ND

a Not applicable; b Not determined

Fig. 2 Effect of dye concentration (50 and 100 mg l–l) on the rate
of decoloration at an initial glucose concentration of 1 g l–l when
T. versicolor was immobilized on various materials. Values are 
averages of duplicates of four decoloration cycles
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shown). In an attempt to restore decoloration efficiency,
after seven decoloration cycles the fungus was allowed
to grow or rejuvenate by incubating in fresh Kirk’s medi-
um for 5 days. In most cases, there was a subsequent 
increase in the rate of decoloration (Fig. 4) to levels sim-
ilar to, or even exceeding, that of the first decoloration.

Toxicity of decoloration medium

The toxicity of the decoloration medium before and after
decoloration in the presence of the different support 
materials was evaluated in a separate experiment. After 

T. versicolor colonized the support material in modified
Kirk’s medium for 3 days, the spent medium was replaced
three times with a decoloration medium containing
100 mg l–1 amaranth and 1 g l–1 glucose only. In the third
decoloration, 80–90% of the amaranth had disappeared
(Fig. 5a). The medium was not toxic based on the concen-
tration required to reduce 50% of the bacterial lumines-
cence relative to the control (EC50) as the EC50 was al-
ways greater than 100% (Coleman and Qureshi 1985). To
determine whether there was any change in toxicity as a
result of decoloration, the dilution required to reduce 20%
of the bacterial luminescence relative to the control (EC20)
is reported. EC20 of the positive control (1 g l–1 ZnSO4)

Fig. 3 Effect of glucose concentration (0–2 g l–l) on the rate of de-
coloration at an initial amaranth concentration of 100 mg l–l when
T. versicolor was colonized on various materials

Fig. 4 Effect of the biomass rejuvenation on dye decoloration 
after seven decoloration cycles

Fig. 5 a Amaranth concentra-
tion and b toxicity of the decol-
oration medium (1 g l–l glucose
and 100 mg l–l amaranth) at the
start and end of decoloration.
The positive control is 1 g l–l

ZnSO4·7H2O and the negative
control is 1 g l–l glucose
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was very low (Fig. 5b) as it took a small amount of it to
reduce the bacterial luminescence, indicating that it was
quite toxic. However, the negative control (1 g l–1 glu-
cose) had no effect on the assay as 100% of this solution
did not reduce the bacterial luminescence. In most cases,
samples (including jute) had similar toxicities before and
after decoloration (Fig. 5b). These results show that, under
these experimental conditions, more toxic compounds are
not produced during the decoloration process. In a few
cases, such as with polyethylene teraphthalate, straw or
hemp fiber, the toxicity was actually reduced after decol-
oration. Results were similar for the first and second de-
coloration (data not shown).

Discussion

White rot fungi are known to degrade a range of synthetic
dyes (Glenn and Gold 1983; Ollika et al. 1993; Heinfling 
et al. 1997; Rodriguez et al. 1999; Zhang et al. 1999; 
Kapdan et al. 2000b), and the strain of T. versicolor used in
this study has previously been shown to decolorize azo
dyes such as amaranth, Tropaeolin O, Remazol Black B,
and Remazol Brilliant Orange 3R; a reactive anthroquinone
dye (Remazol Brilliant Blue R); and a reactive phthalocya-
nine dye (Reactive Blue 15) (Swamy and Ramsay 1999a).
The culture was able to decolorize repeated additions of
these dyes and mixtures thereof. Of these dyes, amaranth
was chosen as a model azo dye for this work.

Materials of natural (wheat straw, hemp fiber, hemp
mat, hemp core, jute twine, peat, and maple woodchips),
and synthetic (nylon and polyethylene teraphthalate 
fibers) origin and a composite fiber of hemp and polypro-
pylene were selected for the immobilization of T. versicol-
or. The natural materials were chosen because they were
compostable, and once they are no longer useful as an im-
mobilization support, they could be composted. All select-
ed materials are inexpensive and most of them have been
previously used to support biofilms of different microbial
cultures (Linko 1988; Zafar et al. 1996; Wolter et al. 1997;
Marwaha et al. 1998; Karamanev et al. 1999). Some mate-
rials, like the nylon fibers and peat, were inhibitory to
growth. Others, such as maple wood chips, jute, wheat
straw and hemp fiber, were easily colonized by T. versi-
color. However, there was poor mycelial attachment to the
wood chips, and the fungus quickly degraded the wheat
straw and hemp fibers so that they could not serve as
long-term immobilization supports. The wheat straw and
hemp fibers probably contained a higher proportion of
easily accessible and biodegradable plant material such as
cellulose and/or hemicellulose than the jute. As the cellu-
lose and/or hemicellulose is/are degraded, the support ma-
terial would lose its mechanical integrity.

Jute, straw and hemp fiber were also shown to have an
advantage in providing a carbon source for decoloration
to occur, as reasonable decoloration rates were obtained
even if glucose was not added during the decoloration
process. Swamy and Ramsay (1999b) have shown that
more than 0.13 g l–1 glucose was required for decolora-

tion to occur. The carbon for decoloration probably came
from the enzymatic degradation of cellulose and/or hemi-
cellulose in the jute, straw and hemp fiber by T. versicol-
or. These results also indicate that carbon substrates in
textile dye effluents such as cotton fibers or starch, used
as sizing agents, could provide the carbohydrate neces-
sary for the decoloration process and, hence, addition of
an exogenous carbon source may not be required. This
could help to reduce the cost of the decoloration process.

Overall, jute appears to be the best choice as T. versi-
color colonized it very readily, the biomass was not 
easily sloughed off, its integrity was maintained over a
long period of time and decoloration rates were high
even when glucose was not added.

During the growth phase, ammonium tartrate was used
as the nitrogen source. It was omitted during the 
decoloration step when only glucose and amaranth were
provided since decoloration is known to occur under 
nitrogen-limited conditions (Fenn and Kirk 1981; Swamy
and Ramsay 1999b). With each decoloration cycle, the
rate of decoloration decreased. This may have been due
to an inhibitory metabolite affecting the production or ac-
tivity of the dye-degrading enzymes, or the limitation of a
key nutrient such as a nitrogen source required for the
production of new enzymes. Since the spent medium was
continually replaced, the accumulation of extracellular in-
hibitory products is less likely. It is more probable that a
key nutrient eventually became limiting. A prolonged pe-
riod with no nitrogen source, as in this case, may result in
a decrease in the production of enzymes necessary for de-
coloration, and/or in cell death, causing a decline in the
decoloration rate over time. The latter is supported by the
fact that after fresh growth medium containing all the nu-
trients was used to “rejuvenate” the culture, decoloration
rates were restored to original levels. This was probably
the result of new biomass growth with a concomitant in-
crease in enzyme production. Thus, to sustain high rates
of decoloration over a long period of time, not only is a
carbon source necessary but also small amounts of other
nutrients. A key nutrient would be the ammonium con-
centration where a low level would be needed not only to
ensure decoloration but also to sustain a certain level of
enzyme production. Minimal nutrient requirements are
presently being investigated.

It is promising that under these experimental condi-
tions, more toxic compounds are not produced during the
decoloration process, as shown by the Microtox studies.
Since jute was the best support material, it is important
to note that the toxicity of its decoloration medium was
the same before and after decoloration. It is interesting to
note that in a few cases, such as with polyethylene 
teraphthalate, straw or hemp fiber, the toxicity was actu-
ally reduced after decoloration. This may be due to sorp-
tion of toxic fungal metabolites onto the support materi-
al, or perhaps the support material may have induced a
different metabolism resulting in less toxic end products.

To summarize, based on the criteria of growth, ease of
colonization, durability, and the rate of decoloration, jute
was the best support material for the immobilization of 
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T. versicolor and the decoloration of amaranth. Although a
carbon source is necessary for dye decoloration to 
occur, T. versicolor immobilized on jute, straw and hemp
fiber decolorized amaranth without the addition of glucose.
However, the decoloration rate increased when 1 g l–1 glu-
cose was added. As the number of sequential decolorations
increased, the rate of decoloration decreased. This rate was
restored by “rejuvenating” the biomass in fresh growth me-
dium. The toxicity of the decoloration medium in the vari-
ous support materials had the same or lower toxicity after
decoloration as at the start of decoloration.
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