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Abstract In this work, the capacity of Trametes
polyzona in degrading three textile dyes (amaranth,
denim blue, and orange G) to three different concentra-
tions (100, 150, and 200 mg/L) was evaluated. Two
growth conditions were tested; in the first condition,
the fungus was grown in a defined minimal medium
with an initial glucose concentration of 10 g/L and
adding the different concentrations of each of the dyes,
and in the second condition, the same minimum medi-
um was used but with a concentration of 3 g/L of
glucose, after 7 days of fungus growth, at which time
the glucose in the medium was completely consumed;
each of the dyes was added at the three different con-
centrations. T. polyzonawas able to decolorize the three
dyes at the concentrations tested and a 200% increase in
the decolorization rate was observed when the medium
lacks glucose. Enzymatic activities of laccase, lignin
peroxidase, and manganese peroxidase were detected;
the enzyme laccase was the one that presented the
greatest enzymatic activities in all the media tested. A
simultaneous process of adsorption by the mycelium

and degradation of extracellular enzymes was observed.
A decrease of more than 90% COD was observed and
the effluent generated showed no algal growth toxicity.

Keywords Amaranth . Decolourization . Denim blue .

Laccase . OrangeG . Trametes polyzona

1 Introduction

Azo-type dyes are the most commonly used in the
textile industry due to their high water solubility; efflu-
ents with these types of dyes cause serious environmen-
tal problems when they are discarded into water bodies
without prior treatment (Garcia-Segura and Brillas
2016). The presence of these molecules in water bodies
can affect the photosynthetic processes of aquatic plants
and reduction of dissolved oxygen in water and many of
them are highly toxic to aquatic flora and to humans
(Murcia et al. 2020); another serious problem is that its
decomposition under inappropriate conditions usually
generates much more toxic compounds than the original
dye. The treatment of this type of effluent through
conventional treatment plants involves the generation
of a large amount of sediments that make their disposal
evenmore difficult (Vikrant et al. 2018); it is common to
use anoxic systems for the treatment of solids which
entails the generation of dangerous aromatic compounds
(Ito et al. 2016). Textile dyes are very stable; a lifetime is
estimated that goes from 2 to 13 years (Copaciu et al.
2013; Morajkar et al. 2019) and this persistence in the
environment can favor their integration into the food
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chain generating serious health problems for both
humans and animals (Khan and Malik 2018).

It has been described that textile dyes can be poten-
tially carcinogenic (Tsuda et al. 2001; Feng et al. 2017)
and cause kidney damage (Clode et al. 1987) in addition
to presenting genotoxic and mutagenic effects (Das and
Mukherjee 2004; Khan et al. 2020) among others. The
great diversity of textile dyes and the presence of addi-
tives, ligands, and metals associated with textile efflu-
ents make their treatment very complex; it has been
described that the molecules present in this type of
effluent can be the cause of toxicity, and Valdivia-
Rivera et al. (2018) reported that kidney damage may
be related to the presence of molecules of aromatic and
phenolic origin because in a Mexican population they
found that the presence of aromatic compounds in bod-
ies of water was probably responsible for this type of
damage. On the other hand, the natural processes of
degradation of textile dyes involve anaerobic processes
that generated aromatic compounds that are highly toxic
(Ito et al. 2016). A great diversity of treatment processes
for effluents with dyes have been developed; however,
they are not very efficient in terms of degradability and
are only based on a decrease in effluent color (Lin and
Wu 2018) without determining the presence of toxic
compounds derived from the treatments. The decolori-
zation is a process in which the structure of the dye
molecule (chromophore group) must be specifically
degraded (Paszczynski et al. 1992). In the case of azo-
type dyes, it is necessary to break this bond or other
types of chemical groups attached to the chromophore
groups such as the aromatic groups associated with the
azo bonds (Spadaro et al. 1992). Ligninolytic enzymes
are specialized in the degradation of lignin, a structurally
complex molecule; in addition, its catalytic action is
facilitated through highly reactive mediating molecules
so they are excellent candidates for the development of
biological effluent treatment systems of textile origin
also. The reaction conditions of this type of enzymes
favor oxidative conditions that are favorable to avoid the
formation of toxic compounds. The oxidizing condi-
tions can favor the generation of compounds with low
toxicity unlike the anaerobic processes carried out by the
bacteria that usually generate highly toxic degradation
products such as aromatic amines (Tauber et al. 2005).

An option to avoid the formation of toxic compounds is
biological treatments (Belouhova et al. 2014) with bacteria
or fungi (Rani et al. 2012; Haddaji et al. 2015) that have
been proven to be more efficient in the removal of dyes

although they have the concentration limitation because, at
high concentrations, the dyes are very toxic for microbial
growth.

Basidiomycete white-rot fungi have demonstrated to be
very efficient in removing recalcitrant compounds
(Revankar and Lele 2007; Asgher et al. 2006, Asgher
et al. 2008) mainly due to their extracellular enzymatic
battery composed of laccase (Lcc), lignin peroxidase
(LiP), and manganese peroxidase (MnP); all of them are
oxidative enzymes capable of depolymerizing lignin until
its complete mineralization (Tien andKirk 1983; Kaal et al.
1995). The use of basidiomycete fungi has advantages over
bacterial degradation since, unlike the latter, where consor-
tia are required for degradation (Saratale et al. 2011), with
the use of fungi, it is possible to use pure cultures, in
addition to high redox potential that they generate during
their growth that facilitates the oxidation of the molecules
generating degradation products with minimal toxicity.
Trametes polyzona being a white-rot fungus has the enzy-
matic battery capable of carrying out decolorization pro-
cesses of textile effluents; on the other hand, it is known that
basidiomycete can produce this type of enzyme constitu-
tively or be induced by some substance in the growth
medium. Azo-type dyes can function as inducers of
ligninolytic activity and improve decolorization processes,
which is why the ability of T. polyzona to degrade two azo-
type dyes: amaranth, and orange G and commercial dye
denim blue, was studied. On the other hand, the presence of
the ligninolytic enzymes that are keymolecules to carry out
this process was determined.

2 Materials and Methods

2.1 Maintenance and Strain Propagation

The strain used was Trametes polyzona isolated from
Huasteca hidalguense, México (Cruz-Ramírez et al.
2012). The strain was propagated each month using
sterile Papa Dextrose-PDA Agar plates (DIBICO™)
and incubated at 37 °C for 7 days. The strain was kept
at 4 °C until use.

2.2 Pre-inoculum Preparation

For decolorization tests in reactor, T. polyzona was grown
on PDA plates at 37 °C for 7 days; after this time, the agar
was cut into squares of approximately 1 cm2 under aseptic
conditions andwith the help of a sterile scalpel. The squares
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were added to 100 mL of sterile water contained in an
Erlenmeyer flask; subsequently, the flasks were placed in
an orbital shaker at 200 rpm overnight to facilitate the
release of the mycelium. The pre-inoculum was standard-
ized to a plate with the fungus grown for 7 days per 100mL
of sterile water. The resulting supernatant was used as
inoculum for the decolorization tests.

2.3 Decolorization Tests

A 3-L reactor (height = 30 cm, diameter = 10 cm)
(Applikon™) with pH, dissolved oxygen, and temperature
sensors coupled to the system was used with stirring at
150 rpm and without aeration. The minimum defined
medium Kirk (Kirk and Farrell 1987) was used as a base;
we test two growth conditions where only the initial glu-
cose concentration was varied with 10 g/L and 3 g/L. Each
growth condition was supplemented with three different
dyes: amaranth (azo dye, CI 16185) (SIGMA™), orangeG
(azo dye, CI 16230) (SIGMA™), and denim blue (com-
mercial dye) (Caballito™) at three different concentrations
(100, 150, and 200 mg/L). For inoculation, the pre-
inoculum described in the previous point was used, inocu-
lating with 10% of the total volume of each reactor. The
reactors were incubated at 28 °C and at 150 rpm. All tests
were performed in triplicate.

2.4 Decolorization Measurement

A total of 2 mL aliquot was taken from the reactor every
24 h; the samples were centrifuged at room temperature
at 5000 rpm for 10 min to remove the biomass present
and other solids, and a total of 1 mL aliquot was taken
and read on a spectrophotometer (Thermo Scientific) at
521 nm for amaranth, 596 nm for denim blue, and
477 nm for orange G. The remaining supernatant was
used for the determination of the enzymatic activities of
laccase, manganese peroxidase, and lignin peroxidase.

2.5 Adsorption Tests of Dye

To determine the adsorption capacity of each of the dyes
by the biomass of T. polyzona, adsorption tests were
carried out which consisted of growing T. polyzona in
Kirkmedium (Kirk and Farrell 1987) for 7 days at 37 °C
and 150 rpm; subsequently, the biomass was filtered
with the help of Whatman paper (No. 1) and washed
with 250 mL of sterile water. The biomass was
inactivated through sterilization at 15 lb. pressure and

121 °C for 15 min according to the protocol described
by Wang and Yu (1998). The inactive biomass was
placed in Erlenmeyer flasks containing 200 mL of a
sterile water solution with 200 mg/L of each of the dyes;
1 mL of sample was taken every 12 h and the absor-
bance was read at the corresponding wavelength of each
dye until absorbance remained unchanged. At the end of
the process, the amount of adsorbed dye was calculated
using the calibration curves of each of the dyes.

2.6 Analytical Determinations

2.6.1 Calibration Curves

Calibration curves were constructed for the quantifica-
tion of the concentration of the dyes necessary for
monitoring the discoloration and adsorption tests. Stock
solutions of each dye were prepared at a concentration
of 500 mg/L; decimal dilutions were made and each
dilution was read at 521, 596, and 477 nm for the
amaranth, denim blue, and orange G dyes, respectively.
The data were plotted and the corresponding equation
was obtained that was used to quantify the concentration
of each dye based on its absorbance.

2.6.2 Laccase (Lcc) Enzymatic Activity Quantification

To quantify the enzymatic Lcc activity, the method
described by Bourbonnais et al. (1997) was used. A
5 mM ABTS solution in acetate buffer (10 mM, pH 6)
was used. The reaction volume was 1 mL (500 μL of
ABTS + 500 μL of crude extract). Enzymatic activity
was determined from 2-min kinetics at an absorbance of
420 nm.

2.6.3 Lignin Peroxidase (LiP) Enzymatic Activity
Quantification

For the quantification of the enzymatic LiP activity, the
method described by Maganhotto de Souza Silva et al.
(2005) was used. The formation of veratraldehyde pro-
duced by the oxidation of veratrilic alcohol read at
310 nm was quantified. The reaction mixture was
373 μL of sodium tartrate buffer (0.33 M, pH 3),
125 μL of veratryl alcohol (4 mM), 50 μL of H2O2

(10 mM), 450 μL of H2O, and 250 μL of crude extract.
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2.6.4 Manganese Peroxidase (MnP) Enzymatic Activity
Quantification

The method described by Kuwahara et al. (1984) quan-
tifying the oxidation of phenol red at 610 nm was used.
The reaction mixture was 500 μL of crude extract,
100 μL of phenol red solution (0.01%), 100 μL of
sodium lactate (250 mM), 200 μL of bovine serum
albumin (0.5%), 50 μL of sulfate of magnesium, and
50 μL of H2O2.

2.6.5 Chemical Oxygen Demand Determination

For the quantification of chemical oxygen demand
(COD), a chemical kit (HACH™) was used reading on
a spectrophotometer (HANNA™) for a high COD
value.

2.6.6 Glucose Quantification

The glucose concentration was determined using a
GOD-POD enzyme kit (SPINREACT™) that is based
on the quantification of a chromophore from the hydro-
gen peroxide generated from the oxidation of glucose by
the glucose-oxidase enzyme.

2.6.7 Evaluation of the Cytotoxicity of Effluents

The method described by Sáenz et al. (2003) uses
Nannochloropsis salina as a model algae, lighting of
3000 lx/cm2, 200 rpm, and complementing the effluent
with 4 g/L of NaCl and 0.3 g/L of Byfolan™ to cover
the nutritional requirements of the algae. Algae growth
was measured every 24 h for 5 days at 560 nm.

2.7 Experimental Design

To estimate the effect of the level of aeration on the
discoloration of the azo dyes used, a factorial design 33

was applied, with three factors (amaranth, denim blue,
and orange G) and three levels per factor (100, 150, and
200 mg/L) keeping the inoculum size and reactor tem-
perature (28 °C) constant.

2.8 Statistical Analysis

For the data analysis, SPSS software (version 20.0) was
used using a comparison between means (Tukey and
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Fig. 1 Discolorization of amaranth (a), denim blue (b), and
orange G (c) dyes at different concentrations under batch culture
conditions by T. polyzona. -◇- = 200 mg/L.··□·· = 150 mg/L.
-·-△-·- = 100 mg/L
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Duncan), analysis of variance of a factor (ANOVA), and
a significance level of 0.05.

3 Results

3.1 Dye Decolorization

The results of the decolorization tests of the three dyes at
three different concentrations are presented in Fig. 1.
The highest decolorization was observed with the ama-
ranth dye since, on day 3 of the kinetics, 60, 63.3, and
67.5% discoloration was detected for concentrations of
100, 150, and 200mg/L, respectively; however, to reach
100% decolorization, 21 and 24 days for the concentra-
tions of 100 and 150 mg/L and 27 days for the concen-
tration of 200 mg/L (Fig. 1a) were necessary. For the
commercial denim blue dye (Fig. 1b), the decolorization
process is more gradual; it was observed that after day
23 the observed discoloration was 97% for the three
concentrations tested to reach 100% on day 27. With
the orange G dye, decolorization was faster: 98% decol-
orization was observed on day 16 for concentration of
150 and 100 mg/L, while on day 20, a similar result was
observed for the concentration of 200 mg/L (Fig. 1c).

The efficiency of the decolorization process was
higher in the amaranth dye, with 100% decoloriza-
tion observed on days 21, 24, and 27 for the con-
centrations of 100, 150, and 200 mg/L, respectively
(Table 1). It was observed that, in the case of the
orange G dye, the decolorization time was 17 days
on average regardless of the dye concentration test-
ed. The lowest decolorization rate was for the com-
me rc i a l den im b lue dye r ea ch ing 93 . 5%

decolorization at a concentration of 200 mg/L and
27 days of incubation, probably due to the additives
present in the dye.

Ligninolytic enzymes involved in the decolorization
process were Lcc, LiP, and MnP, which are key en-
zymes to which the decolorization capacity of basidio-
mycete fungi is attributed. The results are presented in
Table 2. The predominant enzyme was laccase since it
was the highest enzymatic activity detected except for
the medium with denim blue at 200 mg/L and orange G
where the highest activity was LiP.

3.2 Dye Decolorization Under Glucose Limitation
Conditions

As a next step, the behavior of T. polyzona was studied
using each of the dyes tested as the only carbon source;
for this, the fungus was grown using the saline medium
as a base described by Tien and Kirk (1988) but with
3 g/L of glucose, and once the glucose was consumed
(7 days), each of the dyes was added to the different
concentrations and the Lcc activity was measured,
which was the predominant enzyme in the previous
stage. The results obtained (Table 3) indicate a decrease
in the decolorization time. A 200% decrease in decolor-
ization timewas observed for all dyes. It is likely that the
previous growth of the fungus generates an accumula-
tion of ligninolytic enzymes and that, thanks to the
action of these enzymes, it is expected that the degrada-
tion products of the dyes are used by Lcc as mediators to
make the process even more efficient of degradation. A
continuous decrease in the coloration of the medium
associated with the growth of the fungus was observed,
which may suggest mineralization of the dyes so that

Table 1 Efficiency in the decolorization of T. polyzona with the different concentrations of dyes tested

Dye Concentration (mg/L) Decolorization efficiency (%) Decolorization rate (mg/L day) Decolorization time (days)

Amaranth 100 100 2.809 21

150 100 3.746 24

200 100 4.270 27

Denim blue 100 92 3.513 27

150 91.33 6.268 27

200 93.5 7.934 27

Orange G 100 99 3.070 16

150 98.6 2.613 17

200 99 1.649 17
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they can be used as the only carbon source by
T. polyzona (Fig. 2).

The Lcc activity detected was different in each con-
dition, observing a tendency to increase depending on
the concentration of dye (with the exception of the
denim blue dye); it is possible that the complexity of
the dye molecule and its concentration has an impact at
the metabolic level since it has been described that, the
more complex the carbon source, the greater the pro-
duction of the Lcc enzyme (Mikiashvili et al. 2006)
(Table 3).

3.3 Dye Adsorption by T. polyzona Mycelium

In order to estimate whether the decolorization of the
dyes tested was due to the action of extracellular

enzymes or mycelium-associated enzymes, dye adsorp-
tion studies were carried out. During decolorization
process of T. polyzona, two simultaneous phenomena
were observed: the degradation of the dye in the extra-
cellular medium and the adsorption of the same by the
biomass of the fungus. This phenomenon was most
evident with the denim blue commercial dye that coin-
cided with a faster rate of decolorization. It has been
described that adsorption is one of the mainmechanisms
that basidiomycete fungi use to carry out the degrada-
tion of dyes or pigments and the adsorbed dye is subse-
quently degraded by enzymes associated at mycelium
(Selvam et al. 2003). Adsorption isotherms can be used
to determine the maximum amount of dye adsorbed by
the fungus and estimate the percentage of dye that is
decolorized by the action of extracellular enzymes. It

Table 2 Presence of ligninolytic enzymes in the T. polyzona supernatant during degradation of amaranth, denim blue, and orange G dyes at
the three concentrations tested

Dye Dye concentration (mg/L) Enzymatic activities detected

Laccase (UA/mL) MnP (UA/mL) LiP (UA/mL)

Amaranth 100 65 ± 5 11 ± 1.1 19 ± 0.99

150 88 ± 4 16 ± 3.6 21 ± 1.2

200 115 ± 7 18 ± 1.4 24 ± 2.5

Denim blue 100 19 ± 1.1 9 ± 1.3 11 ± 2.1

150 21 ± 3 10 ± 1.5 12 ± 2

200 24 ± 4.6 14 ± 2.7 39 ± 4.1

Orange G 100 32 ± 2.1 11 ± 0.9 57 ± 4.7

150 67 ± 5.2 13 ± 1.1 34 ± 2

200 89 ± 7.6 18 ± 3.5 25 ± 1.4

Table 3 Laccase enzyme production as a function of glucose medium and glucose-limited medium

Dye Concentration
(mg/L)

Laccase activity
with glucose (AU/
mL)

Decolorization
time (days)

Laccase activity
without glucose (AU/
mL)

Decolorization
time (days)

Amaranth 100 53 ± 4 21 70 ± 4.6 7

150 62 ± 3.4 24 210 ± 10.9 6

200 46 ± 2.32 27 110 ± 4.7 6

Denim blue 100 5 ± 0.89 27 8 ± 1.0 7

150 6 ± 1.2 27 11 ± 0.89 7

200 9 ± 2.0 27 13 ± 1.3 7

Orange G 100 67 ± 4.0 16 130 ± 7.2 13

150 88 ± 5.6 17 165 ± 9.4 6

200 123 ± 9.6 17 225 ± 11.6 6
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was observed that the biomass of T. polyzona adsorbs
11.9, 15.96, and 55.23% of the amaranth, orange G, and
denim blue dyes, respectively; with this result, it can be
deduced that the T. polyzona extracellular enzymes de-
colorize the amaranth dye more efficiently (88.1%) and
are less efficient in decolorizing denim blue commercial

dye (44.77%). The presence of the mycelium during the
degradation of the dyes in addition to accelerating the
degradation of the molecule can also favor the elimina-
tion of toxic compounds because these enzymes partic-
ipate in the complete mineralization of this type of
molecules.
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3.4 Evaluation of COD and Toxicity of Generated
Effluent

COD was monitored throughout the dye degradation
process, and a significant decrease was observed in all
cases. Table 4 shows the results obtained for the highest
concentration of dye tested (200 mg/L). The greatest
decrease was observed for the amaranth dye with a
decrease of 96.46% followed by orange G with a
92.71% and denim blue with a 91.89% decrease.

All the toxicity tests carried out with the alga were
negative. In all treatments with the dyes and at different
concentrations, the algae were able to grow without
showing inhibition problems; no significant differences
were observed in the growth of the algae. This suggests
that the action of extracellular enzymes plus the pres-
ence of mycelium prevent the generation of toxic com-
pounds for both the fungus and, in this case, the alga that
was used as a monitor for toxicity.

4 Discussion

4.1 Decolorization Process

The results obtained indicated that T. polyzona has the
ability to decolorize the three dyes tested. The efficiency
in the decolorization depends on different factors being
one of the main ones the complexity of the chemical
structure of the dye (Knapp et al. 1995) which defines
the rates of decolorization of the fungus; the results
obtained indicate that T. polyzona has a high efficiency
in the decolorization of textile dyes since in all cases the
fungus was able to achieve decolorization greater than
90%.

Decolorization processes with different genera of
Trametes have been described. Legerská et al. (2018a,
2018b) found that Trametes versicolor was able to
decolorize up to 72.8% of orange 2 dye and 45.3% of

orange 6 acid dye in concentrations of 0.04 to 5 g/L. On
the other hand, Rodríguez-Couto et al. (2006) observed
that the fungus Trametes hirsutawas able to decolorized
various dyes, among them is methyl orange in solid
growth conditions with a percentage of 81%. On the
other hand, Ortiz-Monsalve et al. (2019) observed that
Trametes villosa was able to decolorize the acidic or-
ange 142 dye reaching a decolorization of 93.8% at
246 h of incubation and under reduced nitrogen
conditions. Hai et al. (2013) reported the degradation
of orange 7 with Coriolus versicolor pellets reaching a
decolorization of up to 95% in a membrane reactor in
1 day. Marcharchand and Ting (2017) reported that
Trametes asperellum was able to decolorize dye solu-
tions, one of them being violet blue. Mechichi et al.
(2006) observed the decolorization of bright remazol
blue by Trametes trogii up to 97% at a concentration
of 100 mg/L. Rodríguez-Couto (2014) reported the
discolorization of the industrial dyes Bemaplex navy
and Bezaktiv blue by Trametes pubescens under
conditions of immobilization and in conditions of
growth in successive batch, while Osma et al. (2007)
found that T. pubescens was able to decolorize bright
blue remazol and methyl green. Rodríguez-Couto et al.
(2006) reported that T. pubescenswas able to decolorize
bright remazol blue solutions reaching decolorization
percentages of up to 80% in 96 h. Enayatzamir et al.
(2009) observed the discoloration of bright remazol blue
reaching a 95% decolorization.

In the case of amaranth, 100% decolorization was
observed in the three concentrations tested, improving
what was observed by Revankar and Lele (2007) and
Ramsay et al. (2006). They observed 96 and 95%
decolorization with Ganoderma and T. versicolor, re-
spectively. In the case of orange G, we observed a
decolorization of 99% for the concentrations of 100
and 200 mg/L, while for the concentration of 150 mg/
L, it was 98.6%; very similar results described by
Selvam et al. (2003), Eichlerová et al. (2006), and
Casas et al. (2007) report decolorization of 98.8, 91,
and 97% with Thelephora sp. and Dichomitus
squalens, respectively. Novotný et al. (2001) de-
scribed a possible inhibitory effect of dyes in solution
on fungi such as Irpex lacteus and Pleurotus ostreatus
situation that was not observed in T. polyzona since
the fungus grew similarly in all the tests performed.
When comparing the decolorization with those report-
ed by other authors, the efficiency of T. polyzona in
this type of processes is evident (Table 1).

Table 4 COD behavior during decolorization process with
T. polyzona

Dye Initial COD Final COD % decrease

Amaranth 1840 mg 65 mg 96.46

Denim blue 432 mg 35 mg 91.89

Orange G 1921 mg 141 mg 92.71
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4.2 Ligninolytic Enzymes Participating
in the Decolorization Process

It has been described that in the decolorization of
textile dye the enzymes responsible for the degrada-
tion of lignin are involved; in T. versicolor, the de-
colorization has been attributed to the enzymes Lcc,
LiP, and MnP (Gavril et al. 2007). The action of the
laccase of different Trametes genera has been report-
ed during the discoloration of dyes similar to those
studied in this work, such as orange 2 and acid
orange 6 by T. versicolor (Legerska et al. 2018b),
methyl orange by T. hirsuta (Rodríguez-Couto et al.
2006), and acid orange 142 by T. villosa (Ortiz-
Monsalve et al. 2019). Regarding blue dyes,
Mechichi et al. (2006) studied the decolorization of
bright remazol blue and determined that the enzyme
responsible was the laccase of T. trogii. Similar re-
sults were found by Rodríguez-Couto (2014) by at-
tributing the discoloration of Bezaktiv blue to the
laccase of T. pubescens. Similarly, the T. pubescens
laccase was also primarily responsible for the decol-
orization of bright blue of remazol (Rodríguez-Couto
et al. 2006; Osma et al. 2007; Enayatzamir et al.
2009).

The expression of ligninolytic enzymes such as
LiP and MnP in T. polyzona can be regulated by the
carbon source or under conditions of nitrogen limita-
tion since it has been observed that Phanerochaete
chrysosporium begins to produce this type of en-
zymes when the nitrogen begins to be limited and
in addition, it has been proven that the presence of
this type of enzymes is fundamental for the processes
of decolorization in addition to the occurrence of
adsorption phenomena whose purpose is to improve
the process (Spadaro et al. 1992). Eichlerová et al.
(2005) carried out the decolorization of orange G
using three basidiomycete fungal strains using as a
base the Kirk medium supplemented with 500 mg/L
dye; the authors observed a 95% decolorization with
the Ischnoderma resinosum fungus in nitrogen-rich
Kirk medium at 14 days of incubation, Lcc being the
predominant enzyme. In the case of D. squalens, a
95% decolorization was observed at 14 days but MnP
was the predominant enzyme in nitrogen-limited
Kirk medium. It has been described that this enzyme
has a very important role in decolorization processes
of anthraquinone and azo-type dyes (Dias et al. 2003)
and specifically in D. squalens, the expression of this

enzyme is favored in limited nitrogen media. It has
also been observed that the presence of oxygen can
favor highly oxidative conditions such as aeration,
which improves the processes of decolorization prob-
ably due to a higher production of LiP and MnP
(Johansson and Nyman 1987). On the other hand, it
has been found that LiP is responsible for a large
number of decolorization processes but the difficulty
in detecting it represents a problem (Eichlerová et al.
2005). It is a fact that the expression of ligninolytic
enzymes such as LiP and MnP in T. polyzona can be
regulated by the carbon source or under conditions of
nitrogen limitation since it has been observed that, in
other basidiomycete fungi such as Phanerochaete
chrysosporium, this type of enzymes is produced
when the N begins to be limited and in addition, it
has been proven that the presence of this type of
enzymes is fundamental for the decolorization pro-
cesses. It has also been observed that highly oxida-
tive conditions such as aeration favor a high redox
potential by improving the catalytic capacities of
ligninolytic enzymes (Johansson and Nyman 1987)
facilitating the oxidation of compounds of phenolic
origin and azo bonds (Bibi et al. 2011); also, the
catalytic mechanism of these enzymes is based on
the generation of highly reactive molecules which
can directly attack the azo bond and thus favor the
process of decolorization.

The use of ligninolytic enzymes to carry out discol-
oration processes of dyes of textile origin is viable. The
scale-up of the process can present several problems.
One of them is the biomass that is generated during the
process; this biomass is capable of adhering to the
propellants or air sprinklers, impacting on the power
necessary to agitate and mix the medium, which would
present oxygen transfer problems. It is important to note
that the presence of mycelium accelerates the discolor-
ation and degradation of the dye, so scale-up would be a
factor to consider. High levels of agitation in a bioreac-
tor cause the pellets to develop associated mycelium
around them (Brand and Gow 2009), which can favor
the adsorption of the dyes as there is more surface area,
but an excess in the mixture can cause the breakage of
the mycelium and stress on the microorganism. Regard-
ing pH, basidiomycete fungi have been described as
being able to control the pH of their growth medium
(Vieira et al. 2008). There are several factors to take into
account so further studies are needed to find the best
conditions for scale-up.
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4.3 Effect of Carbon Source Concentration
on Decolorization

It has been observed that the presence or absence of
glucose and nitrogen in the growth medium of basidio-
mycete fungi can favor the degradation of compounds
of phenolic origin or other toxic compounds.
Rodríguez-Couto (2014) observed an increase in the
decolorization of the Bezaktiv blue and Bemaplex
navy dyes by T. pubescens when the glucose in the
medium reached residual concentrations. However,
Shin et al. (2002) reported that, for the decolorization
of textile dyes using T. versicolor, it was better to use
glucose-supplemented media as a carbon source. It has
been described that low glucose concentrations in the
production medium can stimulate the overall production
of lignocellulolytic enzymes (Schneider et al. 2018) and
that the combination of simple sugars such as glucose
with complex nitrogen sources can intervene in the
regulation of lignocellulolytic metabolism (Kandasamy
et al. 2016).With regard to the nitrogen source as well as
for the carbon source, the reports can be contradictory; it
has been described that nitrogen-deficient media can
significantly improve the decolorization process
(Swamy and Ramsay 1999). On the other hand, it has
been reported that the presence of biomass can acceler-
ate the degradation of textile dyes due to a bioadsorption
process because of the presence of mycelium-associated
enzymes that improve degradation (Osma et al. 2007;
Hai et al. 2013; Rodríguez-Couto 2014; Marcharchand
and Ting 2017). However, it has also been observed that
the decolorization may be due more to the action of

extracellular enzymes, such as Lcc, than to adsorption
processes (Osma et al. 2010). The rate of decolorization
was estimated as well as the decolorization efficiency in
each of the tests performed. In the case of amaranth dye,
100% decolorization was observed with a maximum
decolorization speed of 19,335 mg/L day for a concen-
tration of 200 mg/L. In the case of the commercial
denim blue dye, the maximum decolorization rate was
20,888 mg/L day for the concentration of 200 mg/L.
Finally, for the orange G dye, the maximum decolori-
zation rate was 11,498mg/L day for the concentration of
200 mg/L (Table 5). The results obtained suggest that
decolorization is favored when there is no glucose in the
medium which stimulates the fungus to use the dye as a
possible source of carbon and nitrogen.

4.4 Dye Bioadsorption and COD

Adsorption is a mechanism that helps the fungus in the
degradation of the dye; the presence of biomass is of the
crucial importance to improve the decolorization due to
the possible presence of degrading enzymes associated
with mycelium or other factors (Spadaro et al. 1992;
Swamy and Ramsay 1999). It is known that during the
degradation of azo dyes toxic compounds (mainly
amines) can be generated that depend on the type of
enzymes involved in their degradation (Polak et al.
2016); ligninolytic enzymes such as laccase have the
ability to break azo bonds symmetrically or non-sym-
metrically, which provides a great advantage over bac-
terial enzymes because degradation compounds with
low toxicity are generated (Telke et al. 2009); in

Table 5 Decolorization rate of the three dyes at three different concentrations by T. polyzona

Dye Kirk medium (10 g/L of glucose) Glucose-limited medium (3 g/L)

Concentration (mg/L) Decolorization
efficiency (%)

Decolorization
rate (mg/L day)

Decolorization
efficiency (%)

Decolorization
rate (mg/L day)

Amaranth 100 100 2.8090 100 11.498

150 100 7.7460 100 15.271

200 100 4.2708 100 19.335

Denim blue 100 92 3.5134 93 9.6481

150 91.33 6.2686 96 15.305

200 93.5 7.9346 95.5 20.8880

Orange G 100 99 3.0708 97 5.5457

150 96.8 2.6133 98.6 13.230

200 99 1.6496 99 13.924
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addition, the same degradation products enhance the
enzymatic activity of these enzymes accelerating the
degradation and metabolization of the dyes present in
an effluent. The presence of mycelium in dye degrada-
tion processes can have an impact on biosorption of the
dye that provides greater tolerance to the compound and
the action of other enzymes such as cytochrome P450
that improves degradation (Nguyen et al. 2014). There-
fore, the presence of mycelium, in addition to consider-
ably improving the degradation rate, also prevents the
formation of toxic compounds by improving effluent
treatment systems of textile origin.

An advantage of using degradation systems with
basidiomycete fungi is the efficient reduction of COD.
Ortiz-Monsalve et al. (2019) reported an 80% decrease
in COD using a strain of T. villosa and solutions of Acid
Red 357 and Acid Orange 142 in nitrogen-rich media.
Navada et al. (2018) observed up to 80% in the COD
reduction of effluents containing bright blue remazol
with Phomopsis sp. On the other hand, Sathian et al.
(2014) reported COD drops of up to 80% using different
fungi and textile effluents. The results obtained show a
clear efficiency of T. polyzona exceeding that reported
by other authors, making it an excellent candidate for
the generation of textile effluent treatment systems.
Finally, the toxicity of the effluent resulting from the
treatment of the fungus was evaluated; the growth of the
Nannochloropsis algae was determined during 5 days,
and no decrease in growth was observed with respect to
the target. In the effluent with denim blue, a slight
increase in algae growth was observed probably due to
other metabolic products generated by the fungus during
its growth. The decrease in the toxicity of effluents of
textile origin using basidiomycete fungi of the Trametes
genus has been described as in the case of T. villosawith
a 50–70% toxicity decrease percentage (Ortiz-Monsalve
et al. 2019), T. pubescens (Gaitan et al. 2011; Si et al.
2013), T. trogii (Yan et al. 2014), and T. versicolor
(Romero et al. 2006). Reports indicate that the Trametes
genus efficiently degrades textile dyes, thanks to its
complex enzymatic battery which makes them very
attractive for use either using biomass or enzymatic
extracts, in effluent degradation systems.

5 Conclusions

The fungus Trametes polyzona was able to decolorized
the dyes amaranth, denim blue, and orange G at the

three concentrations tested; although the presence of
the Lcc, LiP, and MnP was detected, the enzyme that
was detected in greater quantity was the Lcc which is the
key enzyme responsible for the highest percentage of
decolorization. The decolorization rate increased by al-
most two-thirds of the time when the dye was added
after 7 days of fungus growth, making this process more
efficient. A bioadsorption process of the dye by the free
biomass of the fungus could be appreciated, indicating
that T. polyzona is capable of simultaneously carrying
out a bioadsorption and extracellular degradation pro-
cess. The presence of mycelium improves the degrada-
tion of the dyes in addition to generating effluents with
minimal toxicity, so T. polyzona is an excellent candi-
date for the treatment of textile effluents.
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