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Of the five species of white rot fungi evaluated for their ability to decolorize Amaranth, Remazol Black B,
Remazol Orange, Remazol Brilliant Blue, Reactive Blue, and Tropaeolin O in agar plates,Bjerkanderasp.
BOS55,Phanerochaete chrysosporium, andTrametes versicolordisplayed the greatest extent of decoloration. In
static aqueous culture, the three cultures formed fungal mats which did not decolorize any dye beyond some
mycelial sorption. When agitated at 200 rpm, the biomass grew as mycelial pellets.Bjerkanderasp. BOS55 pellets
decolorized only Amaranth, Remazol Black B, and Remazol Orange.P. chrysosporiumandT. versicolorpellets
were capable of decolorizing most dyes with decoloration byT. versicolorbeing several times more rapid. Batch
cultures ofBjerkanderasp. BOS55 andP. chrysosporiumhad a limited ability to decolorize repeated dye
additions; however,T. versicolorrapidly decolorized repeated additions of the different dyes and dye mixtures
without any visual sorption of any dye to the pellets. The choice of buffer had a profound effect on pH stability
upon dye addition, and consequently, decoloration. The use of 2,29-dimethylsuccinic acid allowed for excellent
pH control and resulted in high decoloration ability. © 1999 Elsevier Science Inc.
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Introduction

Although textile effluents are treated in activated sludge
systems,1 most synthetic dyes are recalcitrant to biodegra-
dation,1,2 thereby creating an aesthetic problem in receiving
waters. Attempts to develop biological methods to decolor-
ize these effluents have been unsuccessful. Expensive
chemical or physical steps prior to aerobic biological
treatment is currently used.1,3

Bacterial anaerobic reduction of azo dyes (which com-
prise a large percentage of synthetic dyes) generates color-
less, deadend aromatic amines which are generally more
toxic than the parent compounds.1,4 Bacterial aerobic dye
degradation has been confined to chemostat-enriched cul-
tures adapted to a single dye.4,5 Over the past decade, the
white rot fungi have been studied for their ability to degrade
recalcitrant organo-pollutants such as polyaromatic hydro-
carbons, chlorophenols, and polychlorinated biphenyls.6–8

The decoloration of phenol red, Methylene blue, Coomassie
blue, Dextran blue, Poly R-478, Poly R-481, Poly Y-606,
and Poly B-411 has been used to indicate ligninolytic

activity.7,9–11 The low specificity of the lignin-degrading
enzymes suggests that they may be suitable for treating the
range of dyes in textile effluents. Most of the research on
dye degradation by white rot fungi has focused onPhan-
erochaete chrysosporium.11–17 Although there are a few
studies of dye decoloration byTrametes versicolor, this
organism has been investigated for its decoloration of
darkly colored kraft and pulp mill effluents.18–21

Culture conditions affect fungal physiology and the
expression and activity of the ligninolytic enzymes. A pH
between 4.5–5.0 has been shown to be optimal for degra-
dative activity, with marked suppression above 5.5 and
below 3.5.21–23Static culture conditions have been reported
to be necessary for the expression of the ligninolytic
enzymes inT. versicolorandP. chrysosporium,24–27 how-
ever, agitated cultures ofP. chrysosporium28–29 and T.
versicolorhave decolorized pulp and kraft mill effluent.

Previous studies have been limited to a single decolora-
tion of one dye. Since textile effluent contains a range of
dyes, successful decoloration of a single dye does not
adequately indicate the suitability of an organism for a
decoloration treatment process. A biodecoloration system
should sustain high activity upon repeated exposure to
various dyes. The present work evaluates five white rot
fungi for their ability to decolorize six different dyes. The
effects of buffer and agitation on decoloration byBjerkan-
dera sp. BOS55,P. chrysosporium, andT. versicolorand
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their ability to decolorize individual dyes and dye mixtures
upon repeated addition are determined.

Materials and methods

Cultures and culture maintenance

P. chrysosporiumBKM-F-1767, T. versicolor ATCC 20869,
Trametes hirsuta, Bjerkanderasp. BOS55, andPleurotus ostrea-
tus were all maintained on 2% malt agar plates at 4°C.T.
versicolorwas provided by F. Archibald, Pulp and Paper Research
Institute of Canada (Pointe Claire, PQ) and all other cultures by D.
Boyle, Maritime (Fredricton, NB).

Dyes and monitoring of decoloration

The dyes used in this study (Table 1) include commercially
significant dyes from different dye classes. Decoloration in solid
medium was assessed by the visual disappearance of color from
the plates. Decoloration in liquid medium of a single dye could be
seen visually and was measured spectrophotometrically at the
maximum visible wavelength of absorbance for individual dyes
(Table 1). The dye mixture did not have well-defined peaks and
decoloration was assessed visually and confirmed spectrophoto-
metrically at the end of the experiment.

Solid-plate decoloration studies

Solid medium in Petri plates were prepared using Kirk’s medium22

to which were added 1.5% (w/v) agar, and an aliquot of an
individual dye to a final concentration of 10 ppm. Each plate
containing one of the dyes and a control plate with no dye added
were inoculated with one of the cultures listed above. They were
incubated at 30°C except for those inoculated withP. chrysospo-
rium which were incubated at 37°C. Uninoculated plates served as
controls for abiotic decoloration. The experiment was performed in
duplicate for each culture.

Selection of buffer for aqueous decoloration

Five buffers were studied for their ability to maintain a constant
pH during growth and decoloration in liquid culture: 20 mm
sodium acetate, 20 mm citrate-phosphate, 20 mm sodium tartrate,
20 mm dimethyl ester of succinic acid (DMS), and 2,29-dimethyl
succinate (2,29-DMS). Batch cultures ofT. versicolorwere grown
in 500-ml Erlenmeyer flasks containing 200 ml of Kirk’s medium
buffered to pH 5.0 with one of the buffers. Inoculated flasks were
incubated at 30°C and 200 rpm. On day 4, an aliquot of one dye
was added to a flask at the final concentrations shown: 50 ppm
Amaranth, 60 ppm Remazol Black B, 60 ppm Remazol Orange, 40
ppm Remazol Brilliant Blue, 20 ppm Reactive Blue, or 20 ppm
Tropaeolin O. Dyes were added to a concentration which gave the
same initial absorbance.

Aqueous batch decoloration studies

Mycelium from a malt agar plate was used to inoculate 400 ml of
Kirk’s medium in a 1-l Erlenmeyer flask. After incubation for 5
days at 30°C and 200 rpm, 30 ml of eitherP. chrysosporium, T.
versicolor, and Bjerkandera sp. BOS55 were transferred to a
500-ml Erlenmeyer flask containing 200 ml of Kirk’s medium
buffered with 2,29-DMS. T. versicolorandBjerkanderasp. BOS55
were incubated at 30°C, andP. chrysosporiumat 37°C. One set of
flasks was incubated under static conditions, and the other at 200
rpm on a rotary shaker bath. On day 4, an aliquot of one of the dyes
was added to the final concentration shown: 50 ppm Amaranth, 60
ppm Remazol Black, 20 ppm Tropaeolin O, 60 ppm Remazol

Orange, 40 ppm Remazol Brilliant Blue R, and 20 ppm Reactive
Blue. Uninoculated flasks served as controls for abiotic decolora-
tion. The experiment was performed in duplicate.

Aqueous sequential decoloration studies

Sequential decoloration studies were performed withBjerkandera
sp. BOS55,P. chrysosporium, and T. versicolor. Flasks were
prepared as described for batch decoloration studies. On day 4, the
first aliquot of dye was added to all flasks. After the thorough
decoloration of each dye, a subsequent aliquot was added. When
any dye was not completely decolorized, dye addition was
stopped. The dyes were added in the following order to the final
concentrations shown: 50 ppm Amaranth, 60 ppm Remazol Black,
60 ppm Remazol Orange, 20 ppm Tropaeolin O, 20 ppm Reactive
Blue, and a mixture containing 30 ppm Remazol Orange, 30 ppm
Remazol Black B, and 20 ppm Reactive Blue.

Results and discussion

Agar plate screening

Initial evaluation of dye decoloration was done using solid
medium. By day 4, the extent of mycelial growth on the
agar plates was comparable for all cultures whether or not
any dye was present. Decoloration began with the formation
of clear zones around the colonies. Complete decoloration
was assessed as the total disappearance of color without any
visible sorption to the biomass.P. ostreatusdid not decol-
orize any of the dyes tested. In a 10-day period,Bjerkandera
sp. BOS55 andT. versicolor decolorized the maximum
number of dyes to the greatest extent (Table 2). Amaranth
and Remazol Black B were completely decolorized while
there were faint traces of color on the Remazol Orange and
Tropaeolin O plates. The phthalocyanine dye, Reactive
Blue, was almost completely decolorized byT. versicolor
while regions of strong color remained in plates with
Bjerkanderasp. BOS55. AlthoughP. chrysosporiumandT.
hirsuta decolorized Amaranth and Remazol Black by day
10, Reactive Blue and Tropaeolin O were only faintly
decolorized on the agar surface around the colonies. Neither
culture decolorized Remazol Orange.

Aqueous batch studies

Effect of buffer and pH on decoloration by T. versicolor.
Five buffers previously used in the culture of white rot
fungi22,23 were studied for their ability to provide pH
control during growth and dye decoloration. In the absence
of dye, changes in pH due to growth alone were minimal
(Table 3). After 4 days of growth, 50 ppm of Amaranth was
added. There was little pH change 15 min after dye addition;
however, the pH increased within 24 h in the citrate-
phosphate and sodium tartrate buffers to 6.8 and 7.7,
respectively. This resulted in the fragmentation of mycelial
pellets with lytic products possibly contributing to the pH
increase. There was no decoloration under these conditions.
Furthermore, citrate and tartrate were used as growth
substrates when glucose was not added to the medium.
These two buffers were considered to be unsuitable and no
further studies were performed with either.

Since Amaranth was thoroughly decolorized in DMS,
sodium acetate, or 2,29-DMS (Table 3), decoloration of the
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Table 1 Structures and maximum visible wavelengths of dyes

Dye lmax (nm) Structure

Amaranth (monazo) 523

Tropaeolin O (monoazo) 397

Remazol Black B (reactive disazo) 597

Remazol Brilliant Orange 3R (reactive monoazo) 473

Remazol Brilliant Blue R (reactive anthroquinone) 491

Reactive Blue 15 (reactive phthalocyanine) 675
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other dyes was examined. No growth was observed with any
of these buffers as the sole carbon source. With DMS, the
pH decreased to between 3.2 and 3.9 within 24 h of adding
Amaranth (Table 3) or any other dye (Table 4). In spite of
this decrease, there was complete decoloration of Amaranth
and Remazol Black, partial decoloration of Reactive Blue
and Remazol Blue, and no decoloration of Remazol Orange
or Tropaeolin O (Table 4). Both sodium acetate and
2,29-DMS maintained their pH 24 h after dye addition, and
all dyes were decolorized.

When sodium acetate, DMS, and 2,29-DMS buffers were
evaluated for the decoloration of a second dye, each dye was
added after Amaranth was completely decolorized. With
sodium acetate, the pH drastically increased within 24 h
(Table 4) and there was no decoloration. With DMS, no
further decrease in pH was observed. Although neither
Remazol Orange nor Tropaeolin O was decolorized as a
first dye, both were decolorized as the second dye. Cultures
buffered with 2,29-DMS remained at pH 5.0 and completely
decolorized all of the dyes added as second aliquots.

When a pH change with dye addition resulted in no
decoloration, there was always fragmentation of the pellets.
Readjusting the pH did not restore decoloration. This
demonstrates the importance of pH control to decoloration.
Since 2,29-DMS provided good pH control and permitted
decoloration of all the dyes, as a first or second dye, it was
chosen for use in subsequent experiments. The ineffective-
ness of citrate-phosphate and tartrate as buffers may have
been in part due to their being consumed as a carbon source.
Although acetate and DMS were not used as a growth
substrate, their buffering capacity diminished upon dye
addition. The addition of organic molecules (i.e., dyes) can
reduce the effectiveness of a buffer at any given pH.30 Since
all buffers maintained a stable pH in nondecolorizing

cultures, it appears that dye addition resulted in the loss of
buffering capacity by all buffers except 2,29-DMS.

Decoloration byBjerkanderasp. BOS55,P.
chrysosporium, andT. versicolorin 2,29-DMS

With 2,29-DMS as the buffer, decoloration by the two most
promising cultures from the agar plate screening,T. versi-
color andBjerkanderasp. BOS55, was studied.P. chryso-
sporium was included for comparison since its ability to
decolorize dyes has been previously reported.

Static vs. agitated culture conditions.When one set of
inoculated shake flasks was incubated statically, the cul-
tures formed filamentous “mats” at the surface of the
growth medium by day 4; however, when a second set of
inoculated flasks was incubated with rotary agitation at 200
rpm, uniform mycelial pellets 2–3 mm in diameter were
formed. Dyes were added to both sets of flasks on day 4
(Table 5). With all statically grown cultures, a decrease in
dye absorbance was accompanied by visible sorption of the
dyes to the fungal mat. This has been previously reported in
a study of dye decoloration by static cultures of different
white rot fungi including T. versicolor, and in several
studies withP. chrysosporium.31 In contrast, no mycelial
sorption of dye was detected in agitated cultures. Agitation
of all three species resulted in greater decoloration than
static cultures (Table 5). For example, while static cultures
of Bjerkanderasp. BOS55 andT. versicolordecolorized
only 5–8% of Amaranth in 20 days, agitated cultures
completely decolorized the same amount within 24 h.
Furthermore, when a 10-day, static culture ofT. versicolor
was agitated, the mycelial mat was transformed into pellets,
and there was an increase in decoloration. Within 48 h, there

Table 2 Solid-plate dye decoloration by five species of white rot fungi in a 10-day period

Species

Decoloration

Amaranth
Remazol
Black B

Reactive
Blue15

Remazol
Orange

Tropaeolin
O

Bjerkandera sp. BOS55 1111 1111 11 111 111
P. chrysosporium 111 111 11 – 1
P. ostreatus – – – – –
T. hirsuta 1111 111 1 – 1
T. versicolor 1111 1111 111 111 111

Table 3 Batch decoloration by T. versicolor in various buffers of a single aliquot of Amaranth added after 4 days of growth

Buffer
% Decoloration

in 10 days
pH at day 10

(no dye added)
pH after dye addition on

day 4 measured at 15 min 24 h

20 mM Sodium acetate 100 4.5 4.5 5.2
50 mM Citrate-phosphate 0 4.9 5.0 6.8
20 mM Sodium tartrate 0 4.9 5.1 7.7
20 mM Dimethylsuccinate 73 4.8 4.9 3.2
20 mM 2,29-Dimethylsuccinate 100 4.5 5.0 4.8

Initial pH was 5.0
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was complete decoloration of 50 ppm Amaranth and 60
ppm Remazol Black B of which only 5% and 13%,
respectively, had been decolorized under stationary condi-
tions over a six-day period; however, while fungal mats of
Bjerkanderasp. BOS55 andP. chrysosporiumwere also
transformed into pellets when agitated, there was no accom-
panying decoloration of any dye.

The superior performance of the agitated cultures may be
due to the physiological state of the fungi as pellets and
increased mass and oxygen transfer between the cells and
the medium due to mixing. Biodegradation by white rot
fungi has been attributed to the extracellular activity of
oxidative enzymes.6–7 These enzymes inT. versicolorand
P. chrysosporiumhave been found to function optimally at
100% O2.

20,22 The formation of a “mat” at the surface in

static cultures restricts O2 transfer to the cells beneath the
surface and in the medium. Oxygen limitation is likely to
inhibit the oxidative enzymes and prevent decoloration.
While static cultures ofP. chrysosporiumhave been re-
ported to decolorize dyes, without sorption, this was with a
large surface area to volume ratio (e.g., 10 ml of medium in
a 125-ml flask) and intermittent flushing with pure O2.

11–16

While this approach alleviates O2 limitation, it is impracti-
cal for the treatment of large volumes of effluent.

The activity of some of these enzymes such as lignin and
manganese peroxidase requires a cell-associated H2O2 gen-
erating system.14,17 These enzymes and their associated
components such as H2O2 are present extracellularly, but in
biobleaching studies withT. versicolor, Archibald32 has
shown that they must be constantly replenished from active

Table 4 Comparison of 20 mM sodium acetate, 20 mM DMS, and 20 mM 2,29-DMS

Buffer Dye

pH 15 min
After 1st

dye added

pH 24 h
After 1st

dye added
% Decoloration

(as first dye)

pH 24 h
After 2nd

dye added
% Decoloration
(as second dye)

Sodium acetate Amaranth 4.9 5.3 100 7.8 0
Tropaeolin O 4.7 4.6 100 –
Remazol Orange 4.8 4.0 100 –
Reactive Blue 4.6 3.9 100 –
Remazol Blue 4.7 3.9 100 –

DMS Amaranth 4.7 3.8 100 3.7 100
Tropaeolin O 4.6 3.3 0 3.3 87
Remazol Black B 4.7 3.2 100 3.3 100
Remazol Orange 4.9 3.5 0 3.4 65
Reactive Blue 4.7 3.9 93 3.7 93
Remazol Blue 4.7 3.8 ND – ND

2,29-DMS Amaranth 4.9 4.9 100 4.9 100
Remazol Black B 5.0 4.8 100 5.1 100
Remazol Orange 5.2 5.0 100 5.2 100
Reactive Blue 5.0 4.9 100 4.9 100
Remazol Blue 4.9 4.8 100 4.8 100

Initial pH was 5.0. pH was between 4.9–5.0 prior to dye addition in all cultures

Table 5 Comparison of decoloration of dyes added on day 4 by static and agitated cultures of Bjerkandera sp. BOS55, P.
chrysosporium, and T. versicolor

Culture Dye

% Decoloration Decoloration period (days)

Stationary Agitated Stationary Agitated

Bjerkandera sp. BOS55 Amaranth 8 98 20 1
Tropaeolin O 12 0 20 20
Remazol Black B 9 96 20 3
Remazol Orange ND 54 – 20
Reactive Blue ND 0 – 20
Remazol Brilliant Blue ND 65 – 20

P. chrysosporium Amaranth 7 100 20 12
Tropaeolin O 15 89 20 13
Remazol Black B 24 100 20 15
Remazol Orange ND 85 – 18
Reactive Blue ND 73 – 19
Remazol Brilliant Blue ND 83 – 11

T. versicolor Amaranth 5 100 20 1
Tropaeolin O 8 100 20 3
Remazol Black B 13 100 20 2
Remazol Orange ND 100 – 3
Reactive Blue ND 100 – 7
Remazol Brilliant Blue ND 100 – 1

Not determined, ND

Papers

134 Enzyme Microb. Technol., 1999, vol. 24, February 15/March



biomass. Increased mass transfer becomes significant if
decoloration requires such biomass-associated factors or if
certain degradative enzymes are bound to the mycelium.
Several studies withP. chrysosporiumindicate that lignin
has to bind to the fungal wall for effective biodegradation.33

If dye decoloration is similar, increased mass transfer may
also allow for increased binding of the dye to pellets than to
mats, and consequently, better decoloration. The larger
surface area of pellets compared to that of a mat may also
contribute to increased mass transfer.

Decoloration of individual dyes. Although Bjerkandera
sp. BOS55 displayed extensive decoloration on agar plates,
decoloration in liquid culture was poorest with this species.
Only Amaranth was completely decolorized. The extent of
decoloration of all dyes was comparable forT. versicolor
andP. chrysosporiumbut overall rates of decoloration were
much higher withT. versicolor. For example, the longest
period for decoloration byT. versicolorwas 7 days for the
decoloration of Reactive Blue which required 19 days for
decoloration byP. chrysosporium. The shortest period for
decoloration byP. chrysosporiumwas 13 days for Ama-
ranth which was decolorized in 24 h byT. versicolor. T.
versicolordisplayed the greatest decoloration ability both in
terms of extent and rapidity of decoloration.

In general, Amaranth, Remazol Black B, and Remazol
Brilliant Blue were most rapidly decolorized by all three
cultures. Decoloration of Tropaeolin O, Remazol Orange,
and Reactive Blue by all species took longer, and by
Bjerkanderasp. BOS55 andP. chrysosporiumwas incom-
plete. Decoloration of a dye requires the destruction of the
chromophore. The slow rate of Reactive Blue decoloration
may be attributed to the complexity of the phthalocyanine
chromophore; however, the relative rates of decoloration for
the four azo dyes cannot be easily explained. In this study,
the smallest of the azo dyes, Tropaeolin O, took longer to
decolorize than the larger Amaranth and Remazol Black
molecules. The rate of decoloration for Tropaeolin O
decoloration was comparable to that of Remazol Orange, a
much larger and more complex molecule (Table 1). In
general, the overall complexity of structure alone is not an
indicator of the difficulty of decoloration of a particular
dye.15,35 An early step in azo dye decoloration is the
breaking of the azo bond, the ease of which has been found
to depend on the identity, number, and position of func-
tional groups in the aromatic region and the resulting

interactions with the azo bond.34 Further degradation of the
azo dyes involves aromatic cleavage which has also been
found to be dependent on the identity of the ring substitu-
ents with the presence of phenolic, amino, acetamido,
2-methoxyphenol, or other easily biodegradable functional
groups resulting in a greater extent of degradation.14,15,35

Decoloration of repeated additions of dye.Each dye was
added in the order shown in the first column ofTable 6but
only after the previous dye had been completely decolo-
rized. Bjerkanderasp. BOS55 andP. chrysosporiumde-
colorized fewer dye additions thanT. versicolor(Table 6).
Bjerkanderasp. BOS55 andP. chrysosporiumthoroughly
decolorized Remazol Black after Amaranth, but failed to
decolorize a subsequent addition of Remazol Orange which
had been decolorized as a first dye.T. versicolorsustained
high rates of decoloration of sequential additions of the
different dyes including a mixture of Remazol Black,
Remazol Orange, and Reactive Blue (Table 6). The eventual
cessation of decoloration byT. versicolor is likely due to
nutrient depletion.

Physiological differences among the three cultures7,8,36

and the decoloration enzymes may account for differences
in decoloration ability. The complex enzymatic systems
responsible for organo-pollutant degradation and the condi-
tions under which they are expressed vary among the white
rot fungi.7,36–38While the enzymatic systems of the white
rot fungi have not been fully characterized,7,36 all three
organisms are known to produce lignin peroxidase and
manganese peroxidase.Bjerkanderasp. BOS55 also pro-
duces a manganese-independent peroxidase, andT. versi-
color, the laccases. Since the laccases have been shown to
be involved in the biobleaching of pulp effluent byT.
versicolor,39 they may play an important role in dye
decoloration with possible contributions by unknown
enzymes.

Conclusions

Bjerkanderasp. BOS55 andT. versicolor displayed the
greatest extent of dye decoloration in agar plates. Decolor-
ation in aqueous batch culture was achieved when these two
species as well asP. chrysosporiumformed mycelial pellets
which were produced under agitated growth.T. versicolor
displayed the greatest extent and rapidity of decoloration.
Decoloration was affected by the choice of buffer and was

Table 6 Sequential decoloration by batch cultures of Bjerkandera sp. BOS55, P. chrysosporium, and T. versicolor in a 20-day period

Dye
Concentration

(ppm)

Time required for complete decoloration (days)

Bjerkandera sp. BOS55 P. chrysosporium T. versicolor

Amaranth 50 4 5 2
Remazol Black 60 4 2 3
Remazol Orange 60 3
Tropaeolin O 20 2
Reactive Blue 20 2
[Remazol Black, Remazol Orange, Reactive Blue] 80 3

Each culture was challenged with successive dye addition in the order shown in column 1 until decoloration ceased
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best in cultures buffered with 2,29-DMS. When challenged
with repeated additions of dye,Bjerkanderasp. BOS55 and
P. chrysosporiumdisplayed limited ability for sequential
decoloration; however,T. versicolorsustained decoloration
of repeated additions of several dyes and dye mixtures. To
our knowledge, this is the first study to demonstrate the
sequential decoloration of commercially important dyes and
mixtures of these dyes byT. versicolor. These results show
that T. versicolorhas potential for use in the treatment of
dye-contaminated effluent.
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