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Abstract Eight white-rot fungal strains were screened for
biodecolourisation of eight dyes commercially employed
in various industries. Decolourisation of Poly R 478 was
used as a standard to ascertain the dye-decolourisation
potential of various fungi. All the fungi tested signifi-
cantly decolourised Poly R 478 on solid agar medium.
When tested in a nitrogen-limited broth medium, Di-
chomitus squalens, Irpex flavus, Phlebia spp. and Polyp-
orus sanguineus were better industrial dye decolourisers
than Phanerochaete chrysosporium.
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Introduction

A great variety of synthetic dyes are used for textile
dyeing and other industrial applications. The structural
diversity of dyes is attributed to the presence of dif-
ferent chromophoric groups, such as azo, triphenyl
methane and phthalocyanine [5, 11]. Such synthetic
dyes are released into the environment from textile and
other dyestuff industries. Existing wastewater treatment
systems or natural microflora are unable to completely
remove recalcitrant dyes from effluents [12, 16].
Anaerobic degradation of such dyes by bacteria has
been reported to produce carcinogenic and/or muta-
genic products [17, 20]. Further, anaerobic bacterial
degradation of these dyes requires their intracellular

uptake, whereas fungal systems cause dye degradation
via extracellular enzymes [4, 8]. In fungi, especially
white-rot organisms, their better biodegradation po-
tential has been attributed to ligninolytic enzymes [1, 9,
14, 18], which are capable of non-specifically breaking
down heterogeneous macromolecular lignin structures.
This lignin biodegradation potential of fungi could
prove an efficient method of biocleaning of industrial
dyes and related wastes. Some work has been done in
the field of fungal degradation of these dyes [2, 15, 19].
Previous studies by our team credited Dichomitus
squalens, Irpex flavus and Phlebia spp. as better labo-
ratory dye decolourisers than the much-studied Phan-
erochaete chrysosporium [6]. The present study aims at
ascertaining the role of these white-rot fungi in de-
colourisation of substitutive industrial dyes, which are
preferred for their economy and finishing properties.
Thus, this study is an effort to widen the application of
white-rot fungi in biocleaning of dye and dye-based
effluents.

Materials and methods

Chemicals

Poly R 478 was procured from Sigma. Industrial dyes of disperse,
basic and acid complex were received from Colourtex India
(Mumbai, India), Ornet Intermediates (Vatva, Ahmedabad, India)
and Rathi Dye Chem (Pune, India), while all other chemicals were
procured from Hi Media Chemicals (Mumbai, India).

Microorganisms

Eight white-rot fungal cultures: Daedalea flavida (MTCC 145),
Dichomitus squalens (FP-105351-sp), Irpex flavus (MTCC 168),
Phanerochaete chrysosporium (BKM-F 1767), Phlebia brevispora
(HHB 7030), Phlebia fascicularia (FP-70880-sp), Phlebia floridensis
(HHB 9905) and Polyporus sanguineus (MTCC 137) were selected
for dye decolourisation. Dichomitus squalens, Phanerochaete chry-
sosporium and Phlebia spp. were a gift from T.W. Jefferies (Forest
Products Laboratories, Madison, Wis.) while the remaining cul-
tures were procured from the Microbial Type Culture Collection
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(MTCC), Institute of Microbial Technology, Chandigarh, India.
Cultures were maintained on yeast extract glucose agar (YGA) and
stored at 4�C.

Primary screening for dye decolourisation

Primary screening for dye decolourisation was carried out on
nitrogen-limited mineral salt agar medium containing 10lg/ml
Poly R 478. Plates were inoculated in the centre with an 8 mm
disc of a fungus grown on YGA medium for 6–8 days. The
relative dye decolourisation potential of each white-rot fungus
was recorded on the basis of clear zones formed around the
mycelial disc after incubation at its respective optimum growth
temperature (37±0.5�C for Daedalea flavida, Phanerochaete
chrysosporium, Polyporus sanguineus and 25±0.5�C for Dichom-
itus squalens, I. flavus and Phlebia spp.) after 8 days of incuba-
tion.

Secondary screening for dye decolourisation in nitrogen-limited
broth medium

As all the fungi could decolourise most of the dyes tested in agar
medium, they were grown further on mineral salts broth (MSB),
containing KH2PO4 2 g, MgSO4 0.5 g, CaCl2 0.1 g, glucose 10 g,
ammonium tartrate 0.2 g, thiamine hydrochloride 0.010 mg, 10ml
trace element solution (nitrilotriacetic acid 1.5 g, MnSO4ÆH2O
0.48 g, NaCl 1 g, CoSO4Æ7H2O 10 mg, FeSO4Æ7H2O 10 mg,
ZnSO4Æ7H2O 10 mg, CuSO4Æ5H2O 8 mg, H3BO3 8 mg, Na2-
MoO4Æ2H2O 8 mg, distilled H2O 1,000 ml) in 1,000 ml distilled
water and the dye under test at a concentration of 20 lg/ml. MSB
(20 ml) in a 100 ml flask was autoclaved at 15 psi for 15 min and
inoculated with two 8 mm fungal discs obtained from a 6- to 8-day-
old culture on YGA plates and incubated at the optimum growth
temperature. On the 8th day of incubation, biomass was harvested
by filtering the culture through Whatman no. 1 filter paper to
remove mycelium and obtain a cell-free enzyme extract (CFEE).
Each dye was added separately to 20 ml CFEE in a sterile 100 ml
conical flask to a final concentration of 20lg/ml. The mixture was
then incubated at the optimum growth temperature and decolo-
urisation of the dye was assayed by measuring the decrease in
absorbance at the kmax after a period of 0, 1, 2, 3, 5, 24 and 48 h as
follows:

% decrease

in absorbance
¼

optical density at
zero hour

� optical density at
respective hour of incubation

optical density at zero hour

� 100

ð1Þ

Results

Primary screening of fungi for dye decolourisation
on agar plates

All fungi tested decolourised Poly R 478. Daedalea
flavida was the most efficient as it completely decolour-
ised the dye in agar plates in 12 days, followed by
Polyporus sanguineus, I. flavus, Phlebia floridensis and
Phanerochaete chrysosporium, which took 15 days.
Phlebia brevispora, Phlebia fascicularia and Dichomitus
squalens decolourised the dye in 17, 18 and 19 days,
respectively (Table 1). All the fungi showed luxuriant
growth during first 8 days of incubation and then started

dye decolourisation from the centre of the agar plates to
the periphery.

Secondary screening of fungi for their dye
decolourisation potential in broth medium

Nitrogen-limited broth medium was used to obtain
CFEE from 8-day-old cultures of each fungus. These
extracts decolourised the dyes to a variable extent. Most
were decolourised from 70–100% in the first 2–5 h, with
a marginal increase upon prolonged incubation.

Poly R 478 decolourisation

Dichomitus squalens and Phlebia floridensis caused
decolourisation up to 98% and 89%, respectively, in
5 h, increasing to 100% by 48 h. Similarly, the extracts
obtained from Phlebia fascicularia and Phanerochaete
chrysosporium caused colour loss of 89% and 83%,
respectively, in 2 and 5 h. I. flavus, Polyporus sanguineus
and Phlebia brevispora caused 75–80% colour loss in 3–
4 h, while Daedalea flavida was poorest in causing colour
loss; 17.6% in 2 h with no further decolourisation upon
prolonged incubation (Table 2).

Decolourisation of coracryl dyes

Coracryl green was efficiently decolourised, between
80% and 100% in the first 5 h by the majority of the
fungi. I. flavus was the most efficient, causing 100%
decolourisation in 5 h, while Dichomitus squalens,
Phlebia fascicularia and Phlebia floridensis required 24–
48 h for complete decolourisation. Daedalea flavida
moderately decolourised coracryl green—up to 59% in
3 h with no further increase. On the other hand, Dae-
dalea flavida was able to decolourise coracryl red (65%
in 3 h), which was decolourised only to a limited extent
(2–28%) by the remaining fungi, irrespective of the
reaction time. Phanerochaete chrysosporium was very
poor, with only 2% decolourisation after 48 h, while
Polyporus sanguineus did not decolourise coracryl red
at all. However, Polyporus sanguineus was the best

Table 1 Comparative decolourisation of Poly R 478 by white-rot
fungi on agar plates

Organism Time taken for complete
decolourisation (days)

Daedalea flavida 12
Dichomitus squalens 19
Irpex flavus 15
Phanerochaete chrysosporium 15
Phlebia brevispora 17
Phlebia fascicularia 18
Phlebia floridensis 15
Polyporus sanguineus 15
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organism for decolourisation of coracryl yellow (36% in
2 h) while Phlebia floridensis was the poorest, effecting
only 6% decolourisation. I. flavus and Phlebia fascicu-
laria did not decolourise coracryl yellow at all (Table 2).

Decolourisation of reactive dyes

Though most of the fungi could cause 90–95% decolo-
urisation in up to 5 h, except Polyporus sanguineus,
which caused a maximum of 70% decolourisation in 2 h
(Table 2). Phanerochaete chrysosporium and I. flavus
decolourised reactive red up to 91% in 2 h. Daedalea
flavida was the poorest in this case, causing a negligible
colour loss of only 2% even at 48 h. Reactive yellow, on
the other hand, was relatively resistant and suffered
decolourisation of 24–68% in 2–5 h. Phlebia brevispora
and Phanerochaete chrysosporium were equally effective,
causing almost equal colour loss of 63% in 3 h. I. flavus
and Phlebia fascicularia did not decolourise reactive
yellow (Table 2).

Decolourisation of rathidol baurdeaux

Rathidol baurdeaux was superbly decolourised by all the
fungi tested. I. flavus removed 98% colour in 5 h, fol-
lowed by Dichomitus squalens and Phanerochaete chry-
sosporium, with colour loss of 92 and 91% in 3 and 2 h,
respectively (Table 2). Phlebia floridensis gave a similar
result in 24 h despite 81% colour removal in the first
5 h. Phlebia brevispora and Polyporus sanguineus showed
a colour loss of 85% and 77%, respectively, in 3 h, while
Daedalea flavida was the least effective, causing a colour
loss of 18% in 3 h.

Decolourisation of coloderm black and coralene blue

Only four of the fungi tested: Phlebia brevispora, Di-
chomitus squalens, Phanerochaete chrysosporium and
Daedalea flavida, decolourised coloderm black and
coralene blue; Phlebia brevispora was the best for both

dyes, causing a maximum colour loss of 76%. However,
the former was decolourised in 48 h while coralene blue
was decolourised in just 1 h (Table 2).

Discussion

In recent years, white-rot fungi have been successfully
tested for dye decolourisation [2, 13] and related
wastewater treatment systems, such studies are based
primarily on Phanerochaete chrysosporium and Trametes
versicolor [7, 11]. However, the present study shows that
certain other white-rot fungi are better decolourisers
than Phanerochaete chrysosporium for one or all of the
industrial dyes tested. Moreover, in some earlier studies,
dye decolourisation has been attributed to mere
adsorption to mycelia [5], posing problems for quanti-
tative decolourisation and meaningful assessment of dye
removal potential. To minimise this problem, the present
study used CFEE of optimally grown fungi to evaluate
biocleaning potential. The present study focused on
decolourisation of relatively less-studied, but widely
used, industrial dyes by other white-rot fungi [2, 4].

All the fungi tested showed relatively good growth
and caused dye decolourisation to variable extents on
agar plates, although an earlier study had reported cer-
tain dyes to restrict fungal colony diameter [3]. When
tested in MSB, Poly R 478 was efficiently decolourised
by all the fungi tested, with Dichomitus squalens and
Phlebia floridensis causing complete decolourisation in
48 h—20% higher than Phanerochaete chrysosporium.
Fungi that efficiently decolourised Poly R 478 on agar
plates equally efficiently decolourised industrial dyes on
MSB, except Daedalea flavida, which was best on agar
plates but lagged behind in removal of most dyes tested
in broth medium, except coracryl red. The dye concen-
trations used in MSB were higher, which may have been
more toxic for Daedalea flavida.

Coloderm black, a leather tanning dye and persistent
colouring agent, was resistant to enzymatic attack by
I. flavus, Phlebia fascicularia, Phlebia floridensis
and Polyporus sanguineus, while P. brevispora and
Dichomitus squalens were relatively better decolourisers.

Table 2 Decolourisation of industrial dyes by cell-free enzyme extract (CFEE) from 8-day fungal cultures

Dye Maximum % decolourisation (hours of incubation) by:

Daedalea
flavida

Dichomitus
squalens

I. flavus Phanerochaete
chrysosporium

Phlebia
brevispora

Phlebia
fascicularia

Phlebia
floridensis

Polyporus
sanguineus

Poly R 478 17.6 (2) 100 (48) 90 (3) 83 (5) 75 (5) 89 (2) 100 (48) 76 (5)
Coracryl green 59 (3) 100 (24) 100 (5) 97 (5) 96 (48) 100 (48) 100 (48) 82 (5)
Coracryl yellow 7.7 (30 26 (5) �a 29 (5) 16 (5) � 6 (3) 36 (2)
Coracryl red 65 (3) 12 (3) 8 (1) 2 (2) 5 (5) 8 (2) 28 (2) �
Reactive red 2 (1) 94 (5) 91 (2) 91 (2) 87 (5) 95 (5) 91 (48) 70 (2)
Reactive yellow 58 (2) 68 (2) � 62 (5) 63 (3) � 24 (3) 48 (2)
Rathidol baurdeaux 18 (3) 92 (3) 98 (5) 91 (2) 85 (3) 77 (3) 91 (24) 77 (3)
Coloderm black 48 (2) 53 (5) � 50 (5) 76 (48) � � �
Coralene blue 43 (2) 26 (1) � 47 (3) 76 (1) � � �
aNo decolourization in 48 h
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Rathidol baurdeaux was susceptible to CFEE, while
coloderm black and coralene blue were highly colour-
fast and resistant to decolourisation by most of the
fungal extracts. In general, most colour removal was
achieved in the first 5 h, with no further appreciable
decolourisation upon prolonged incubation. Dichomitus
squalens emerged as the most efficient dye decolouriser,
followed by I. flavus and Phlebia spp. Furthermore, the
dyes tested have diverse structures and different chro-
mophore groups, hence no single strain could decolou-
rise them all.

Ligninolytic white-rot fungal systems have been
implicated in decolourisation of various dyes and
wastewaters [6, 9, 13, 15, 19]. The present study confirms
that the inherent dye decolourisation potential of less
well known white-rot fungi is better than the oft-studied
strains. The results using CFEE support biological de-
colourisation; however, some studies report non-bio-
logical colour removal by physical methods [10]. The
much greater and more extensive industrial dye de-
colourisation potential of Dichomitus squalens, I. flavus,
Phlebia spp. and Polyporus sanguineus suggests a role for
these fungi in treatment and biocleaning of dye-based
industrial wastewaters. Further studies are underway
into treatment patterns of effluents containing mixtures
of dyes, and identification of the products formed.
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