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Abstract
White-rot basidiomycetes such as Lentinus crinitus produce laccases with potential use in dye biodegradation. However, high
productivity and enzymes with specific properties are required in order to make viable laccase production. We aimed to produce
laccase from Lentinus crinitus grown in sugarcane bagasse for dye decolorization. Solid state cultivation medium had sugarcane
bagasse added with a nutrient solution of 10 g/L glucose, 1 g/L KH2PO4, 0.5 g/L MgSO4, 0.001 g/L FeSO4, 0.01 g/L ZnSO4, and
0.01 g/LMnSO4. The addition of different nitrogen sources (peptone, urea, or peptone plus urea) and different nitrogen concentrations
(0, 0.4, 0.6, 0.8, 1.0, and 1.2 g/L) were evaluated. Enzymatic extract was used in the decolorization of azo dyes, reactive blue 220
(RB220) and reactive black 5 (RB5), and anthraquinone dye, Remazol brilliant blue R (RBBR). The greatest laccase activity (4800U/
g dry mass) occurred when the peptone and urea mixture was added to the solid state cultivation medium. When the nitrogen
concentration was 1 g/L, the laccase activity increased to 6555 U/g dry mass. The laccase activity peak occurred on the 10th day, and
the maximum decolorization within 24 h was observedwith enzymatic extracts obtained on different cultivation days, i.e., 6th day for
RB220, 10th day for RB5, and 9th day for RBBR.Manganese and lignin peroxidases were not producedwhen nitrogenwas added to
the cultivation medium. The crude enzymatic extract was more effective in the decolorization of azo dyes (RB220 and RB5), more
than 90% of decolorization, than anthraquinone dye with 77% decolorization.
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Introduction

Synthetic dyes are utilized in different industrial sectors such
as chemical, pharmaceutical, biomedical, food, leather, textile,
plastic, and printing ones [1]. It is estimated that ten thousand
types of dyes and pigments are yearly used by the industries,
and their production can reach 7 × 105 tons per year [2]. The
textile sector utilizes a great amount of dyes of different clas-
ses, and 10–15% of dyes used in fiber coloring are disposed in
effluents due to losses that occur during dyeing process [3].
This feature combined to the high water consumption by the
traditional textile finishing industry, results in the production
of a great volume of colored effluents, with a variety of toxic
compounds including dye degradation products [4].

The chromophore group is the main structural element re-
sponsible by the dye color and allows their classification in
anthraquinone, azo, indigo, nitro, nitrous, phthalein, and tri-
phenylmethane [5]. Azo dyes account for more than 50% of
the annual worldwide production of dyes. This is the most
utilized class of synthetic dyes in the textile industry and the
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most commonly found in industrial effluents [6]. Azo dyes are
preferred due to their easy and affordable synthesis and stabil-
ity, but the toxicity, mutagenicity, and carcinogenicity of syn-
thetic azo dyes and/or their metabolites as aromatic amines are
well described [7]. Anthraquinone dyes present a broad range
of colors and shades, and are easily applicable, and, therefore,
the second most important class of dyes extensively utilized in
the textile industry [2]. Several chemical and physical
methods have been developed in an attempt to treat and de-
colorize dye effluents. Approaches such as coagulation/floc-
culation, adsorption by organic or inorganic matrices, oxida-
tion with ozone, decolorization by photocatalysis, irradiation,
and filtration have been used [8]. Besides being costly, these
methods have proven to be ineffective due to the stability of
dyes and are able to generate highly toxic by-products [9].
This has increase the search for alternative and environmen-
tally friendly methods such as biological processes.

White-rot fungi are among the most efficient organisms
capable of degrading synthetic dyes due to their physiological
characteristics [10].White-rot basidiomycetes (WRB) are able
to degrade all the components of the cell wall including the
heterogeneous, complex, and stable polymer lignin. This ca-
pacity results in the production of an extracellular non-specific
enzymatic complex consisting of oxidases such as laccase,
manganese peroxidase, lignin peroxidase, and versatile perox-
idases [11]. Laccases (benzenediol:oxygen oxidoreductase,
EC 1.10.3.2) catalyze the oxidation of phenolic substrates to
the corresponding free radicals while reducing oxygen to wa-
ter. Their typical substrates are 1,4-diphenols, but they are also
able to oxidize a wide array of compounds as aromatic di-
amines and methoxy-substituted phenols [12]. Moreover, be-
sides being utilized in the textile, food, paper, pharmaceutical,
and chemical industries, laccases have shown to be efficient in
the degradation of several xenobiotic compounds and synthet-
ic dyes [13].

The utilization of fungal laccases to biodegrade dyes de-
mands the search for enzymes with specific characteristics and
microorganisms that are able to produce a great quantity of
enzymes. That requires constant research in cultivation and
production strategies. Our research team has been investigat-
ing the cultivation of edible basidiomycetes to produce
laccases capable of efficiently degrading dyes from different
classes. Solid state cultivation (SSC) mimics the fungal natu-
ral environment, enables higher enzymatic productivity, al-
lows the use of solid agro-industrial wastes and/or by-
products as substrate or energy source, among other advan-
tages [14]. Sugarcane bagasse is an affordable substrate for
SSC of basidiomycetes and laccase production [15, 16]. Their
composition, rich in cellulose (41–50%), hemicellulose (15–
25%), and lignin (18–25%) favors its use in SSC of many
fungi and the generation of value-added products [17]. In
Brazil, 646 million tons of sugarcane were produced in the
2017–2018 crop, generating more than 180 million tons of

sugarcane bagasse [18]. Therefore, the great availability and
potential to aggregate value to the residue make sugarcane
bagasse an appropriate substrate for laccase production.

The nature and concentration of nitrogen in the cultivation
medium directly affect laccase production ofWRB. The effect
of nitrogen availability on laccase production in basidiomy-
cetes is well-known and affects laccase production by chang-
ing laccase gene transcription rate [19]. However, different
WRB species respond distinctly to nitrogen availability, and
their response depends on other cultivation parameters as
carbon-to-nitrogen (C/N) ratio of cultivation medium, carbon
source, and fungal strain genetic diversity [20, 21].

Lentinus crinitus is a WRB with pantropical occurrence
and broadly distributed in Brazil [22]. It is an edible mush-
room consumed traditionally by Yanomami people in the
Brazilian Amazon and natives of Colombian Amazon [23],
and it is found locally in our area. This mushroom is capable
to produce great amounts of mycelial biomass with antioxi-
dant activity [24] besides being known as a robust species that
produces enzymes such as laccase [25], cellulase, and
xylanase [26] under different cultivation conditions [27]. Its
capacity to degrade dyes of different classes has already been
demonstrated [28, 29], but there are no data on the laccase
production of this species by SSC. In this study, we evaluated
the production of ligninolytic enzymes by L. crinitus in SSC
with sugarcane bagasse and the enzymatic extract’s capacity
to decolorize azo and anthraquinone dyes. New ways to pro-
duce laccase contribute to the knowledge on microorganisms
to obtain enzymes that are capable to biodegrade dyes of dif-
ferent classes.

Material and methods

Microorganism

Lentinus crinitus (L.) Fr. (Polyporaceae) strain U9-1 from the
culture collection of the Molecular Biology Laboratory of
Paranaense University was used in the assays. The mycelium
was grown on 2% (weight/volume) malt extract agar (MEA)
medium at 28 ± 1 °C in the dark. Three MEA disks (6-mm
diameter) covered with mycelia from a 7-day-old culture were
used as inoculum.

Enzymatic production by solid state cultivation
with sugarcane bagasse

Enzymatic production occurred in conical flasks (250 mL)
with 4 g sugarcane bagasse moistened with 40 mL nutrient
solution of 10 g/L glucose, 1 g/L KH2PO4, 0.5 g/L MgSO4,
0.001 g/L FeSO4, 0.01 g/L ZnSO4, 0.01 g/L MnSO4, and
nitrogen solution. The nitrogenwas supplied by peptone, urea,
or peptone plus urea (6 g/L) added in appropriate volume to
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obtain 0.8 g/L nitrogen [25]. The nitrogen source that provid-
ed the highest laccase activity was used to evaluate the influ-
ence of nitrogen concentration during SSC and added to the
nutrient solution to final nitrogen concentration of 0, 0.4, 0.6,
0.8, 1.0, and 1.2 g/L in the SSC. All nitrogen solutions were
filtered (0.22 μm pore membrane) and added to the previously
sterilized nutrient solution (autoclaved at 121 °C for 20 min)
before being incorporated into the sugarcane bagasse.
Sugarcane bagasse was provided by a sugar and alcohol in-
dustry from Southern Brazil. The by-product was washed five
times with distilled water and dried at 65 °C. The assays were
kept for 15 days at 28 ± 1 °C, in the dark, and the enzymatic
activities were determined on the 5th, 10th, and 15th cultiva-
tion days. The best nitrogen concentration to produce high
enzymatic activity was utilized to determine the laccase pro-
duction every 24 h. Three flasks were withdrawn every 24 h,
and each flask was analyzed in order to obtain an arithmetic
average of the enzyme extract sample.

The enzymatic extracts were obtained by mixing 1 g of the
bagasse colonized with mycelia and 10 mL sodium acetate
buffer (0.1 M; pH 5.0). The mixture was homogenized with
a glass rod until complete solid suspension. The suspension
was kept at room temperature for 10 min; the enzymatic crude
extract was recovered by centrifugation (8000g, at 4 °C for
10 min) and used for enzymatic determination.

All the assays had a completely randomized design with
three replicates. The results were evaluated using analysis of
variance (ANOVA), and significant differences among arith-
metic means were determined by the Scott-Knott test at 5% of
probability.

Laccase assay

Laccase activity was determined using ABTS (2,2′-azino-bis(3-
ethylbenzothiazoline-6-sulfonate) as substrate. The reaction
mixture was 0.2 mL crude enzymatic extract, 0.7 mL water,
0.45 mL sodium acetate buffer (0.1 M; pH 5.0), and 0.15 mL
ABTS (1 mM). ABTS oxidation rate was measured at 420 nm
(ε = 36,000 M−1 cm−1) at 30 °C [30]. Laccase activity was
expressed in international units (U) defined as the amount of
enzyme required to oxidize 1 μmol ABTS per minute. The
results were expressed as U/g of dry cultivation substrate.

Manganese peroxidase assay

The oxidation of phenol red in the presence ofMn2+ and H2O2

was used to determine manganese peroxidase (MnP) activity
of the enzymatic extract [31]. The reaction mixture was enzy-
matic extract, 0.1 mL sodium lactate (0.25 M), 0.1 mL bovine
serum albumin (0.5%; weight/volume), 0.1 mL sodium suc-
cinate buffer (0.2 M; pH 4.5), 0.05 mL MnSO4 (2 mM),
0.05 mL H2O2 (2 mM) in sodium succinate buffer (0.2 M;
pH 4.5), and 0.1 mL phenol red (0.1%; weight/volume). The

oxidation was monitored by absorbance increase at 610 nm
(ε = 4460 M−1 cm−1). MnP activity was expressed in interna-
tional units (U) defined as the amount of enzyme that oxidizes
1 μmol phenol red per minute.

Lignin peroxidase assay

The oxidation of methylene blue was used to determine lignin
peroxidase (LiP) activity of the enzymatic extract [32]. The
reaction mixture contained enzymatic extract, 0.1 mL methy-
lene blue (1.2 mM), 0.6 mL sodium tartrate buffer (0.5 M; pH
4), and 0.1 mL H2O2 (2.7 mM). The methylene blue conver-
sion to azure-C was monitored by increase in absorbance at
664 nm (ε = 52,400 M−1 cm−1). LiP activity was expressed in
international units (U), which is defined as the amount of
enzyme that oxidizes 1 μmol substrate per minute.

Dye decolorization assays

Fungal crude enzymatic extracts obtained every 24 h were
used to decolorize the azo dyes reactive blue 220 (RB220)
and reactive black 5 (RB5), and the anthraquinone dye
Remazol brilliant blue R (RBBR). The two azo dyes, RB220
(monoazo) and RB5 (diazo), were chosen to represent differ-
ent types of molecular arrangements. The RBBR dye was
chosen because it has been widely used as a model in biodeg-
radation studies. Decolorization was evaluated according to
Marim et al. [21]. The dyes were diluted in sodium acetate
buffer (0.1M; pH 5.0), filtered (0.22μmporemembrane), and
used in sufficient volume to obtain 1 mg/mL (weight/volume)
as final concentration in all assays. The decolorization reac-
tions consisted of a mixture of 3.6 mL enzymatic extract and
0.4 mL dye solution kept at 28 ± 1 °C, in the dark, for 24 h.
Aliquots of 300 μL were taken in aseptic conditions, and the
decolorization was measured in the maximum absorbance of
RB220 (592 nm), RBBR (595 nm), and MG (620 nm) after
24 h in a spectrophotometer (SpectraMax Plus 384 Molecular
Devices, San Jose, USA). Decolorization reactions with ultra-
pure water, instead of enzymatic extract, was used as analyt-
ical control. The reduction of color (%) within 24 h was cal-
culated in relation to the initial absorbance.

All the assays had a completely randomized designwith three
replicates. The results were evaluated using ANOVA, and sig-
nificant differences among arithmetic means were determined
by the Scott-Knott test at 5% of probability.

Results

The enzymatic extract produced after 15 days of L. crinitus
cultivation on sugarcane bagasse with the nutrient solution
and without nitrogen was approximately 2000 U/g dry mass
laccase; 13 U/g dry mass LiP and MnP activity was not
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detected. Considering that the greatest detected ligninase ac-
tivity was from laccase, and that this enzyme is the most im-
portant for dye decolorization, subsequent studies on enzy-
matic production regarding N concentration and dye decolor-
ization considered only laccase production.

The addition of all nitrogen sources favored the laccase
activity of L. crinitus (Fig. 1). The laccase activity peak oc-
curred on the 15th cultivation day when the nitrogen source
was urea. However, when peptone or the combination of pep-
tone and urea were used, the laccase activity peak anticipated
to the 10th cultivation day. The peptone and urea combination
also favored greater (p = 0.0014) laccase activity (4800 U/g
dry mass) at the activity peak (Fig. 1). The combination of the
two nitrogen compounds promoted an increase in activity of
40 and 139% in relation to the culture media only with pep-
tone or urea, respectively. Therefore, the peptone and urea
combination was chosen for the follow-up of laccase produc-
tion with different N concentrations.

The increase in N concentration from the mixture of pep-
tone and urea in the bagasse increased the laccase activity
(Fig. 2). The laccase activity peak occurred on the 10th culti-
vation day for all nitrogen concentrations, except for 0.6 g/L
nitrogenwhich happened on the 15th day. The greatest laccase
activity (p ≤ 0.05) of 6555 U/g dry mass occurred in the pres-
ence of 1.0 g/L N, an activity which was 44% greater than the
average maximum activity observed for the other nitrogen
concentrations and 240% greater than the maximum activity
in the absence of nitrogen (15th cultivation day).
Concentrations of 1.2 or ≤ 0.8 g/L N in SSC implied in the
reduction of the laccase enzymatic activity (Fig. 2). The activ-
ity of LiP andMnP was zero for the treatments, in which there
was nitrogen addition to the cultivation medium. It suggests
that the utilized combined nitrogen source do not favor LiP
and MnP production.

The follow-up of the laccase production in the best culti-
vation condition (sugarcane bagasse with nutrient solution of
1.0 g/L N from peptone plus urea) confirmed the laccase

activity peak of 6004 U/g dry mass and 25 U g−1 h−1 on the
10th cultivation day (Fig. 3).

The decolorization of RB220 and RBBR started with the
enzymatic extracts obtained after 24 h of cultivation (Fig. 3).
RB220 was decolorized more efficiently than RBBR from the
beginning; however, RB5 was only decolorized from the 6th
cultivation day (Fig. 3). The maximum decolorization of
RB220 was 90 ± 2.7%, when the laccase production was from
3000 to 6004 U/g dry mass from the 6th to the 10th cultivation
day. The maximum RBBR decolorization was 77 ± 1.8% on
the 9th cultivation day, when the laccase production had al-
ready surpassed 5000 U/g dry mass. RB5 had maximum de-
colorization of 95 ± 3.0% in the laccase production peak in the
10th cultivation day, but presented low decolorization effi-
ciency from the 6th to the 9th cultivation days and later from
the 11th to the 12th cultivation days.

Discussion

We found that L. crinitus did not produce MnP in SSC with
sugarcane bagasse. These results are in agreement with
Almeida et al. [28] that cultivated the same strain in liquid
medium added with coffee husks or citric pulp and reported
laccase but not LiP and MnP production. When L. crinitus
was cultivated in synthetic liquid medium with glucose or
fructose added with various nitrogen sources [29], MnP and
LiP activities were not detected also. In an opposite way,
Conceição et al. [33] reported that when L. crinitus was culti-
vated on SSC in a mixture of barley and cassava residues,
MnP but not laccase was produced. Cambri et al. [26] culti-
vated L. crinitus in liquid and solid synthetic media with dif-
ferent combinations of maltose and urea and reported no LiP
production, MnP production in few growing conditions, and
laccase productionmostly in solid medium. Ligninase produc-
tion by WRB depends on several factors such as C/N ratio,
presence of phenolic or aromatic inducers, and type of

Fig. 1 Laccase activity (average
± standard deviation) of Lentinus
crinitus grown on sugarcane
bagasse added with different
nitrogen sources during 15
cultivation days. Averages
indicated by the same letter do not
differ statistically by the Scott-
Knott test (p ≤ 0.05)
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lignocellulosic waste used as substrate [34]. Moreover, the
expression of different ligninases depends on the evaluated
fungal species and strain [35]. Therefore, laccase or peroxi-
dase production by fungal species is intrinsically linked to the
cultivation medium and fungal strains, which demands an
investigation of the conditions that favor production of en-
zymes of biotechnological interest. However, the ideal condi-
tions for the production of a ligninase do not always favor the
production of the other [36].

The solid state cultivation using sugarcane bagasse as a
substrate favored L. crinitus laccase production. Valle et al.
[25] who worked on L. crinitus submerged cultivation in syn-
thetic culture medium (10 g/L glucose, 2.8 g/L nitrogen from
urea with ethanol, and guaiacol as inducers) reported maxi-
mum laccase production of 15,000 U/L on the 12th cultivation
day with 52 U L−1 h−1. In our study, the maximum volumetric
laccase production of 65,550 U/L and 273 U L−1 h−1 was 4.4
times greater when obtained in SSC with sugarcane bagasse.
Agro-industrial residues have been utilized in SSC of WRB
for ligninase production, because they present excellent cost
benefit and provide support and/or carbon source for fungal
growth [14]. Sugarcane bagasse, besides its great abundance,

is rich in lignin, cellulose, hemicellulose, presents low ash
content, and allows good aeration of the culture medium, ad-
vantageous aspects in bioconversion processes [37].
Additionally, sugarcane bagasse contains polyphenols, such
as flavonoids and tannins, soluble in water [38]. Polyphenols
can induce the production of ligninolytic enzymes [39], and
these compounds, solubilized during the cultivation period,
could have induced the laccase production by L. crinitus.
Almeida et al. [28] cultivated the same strain of L. crinitus
used in this study in liquid medium containing coffee husks or
citric pulp, as the only carbon sources, added with urea (0.7 g/
L or 11.2 g/L nitrogen, respectively). Both agro-industrial by-
products contain polyphenols, and the authors suggested that
the greater polyphenol proportion in coffee husks could have
contributed for a greater laccase production with this by-
product of approximately 41,250 U/L and 156 U L−1 h−1.
However, in our study, the volumetric laccase production with
SSC in sugarcane bagasse was 59% greater, and the produc-
tivity was 75% greater than the one observed in submerged
cultivation with coffee husks. We can suppose that the smaller
amount of water available in the SSC may have favored the
increase in the concentration of soluble polyphenols, and this

Fig. 2 Laccase activity (average
± standard deviation) of Lentinus
crinitus grown on sugarcane
bagasse added with different
nitrogen (peptone + urea)
concentrations during 15
cultivation days. Averages
indicated by the same letter do not
differ statistically by the Scott-
Knott test (p ≤ 0.05)

Fig. 3 Laccase activity (●) and
24 h decolorization (average ±
standard deviation) of reactive
blue 220 (RB220), Remazol
brilliant blue R (RBBR), and
reactive black 5 (RB5) by the
enzymatic extract of Lentinus
crinitus grown on sugarcane
bagasse added with nutrient
solution and 1.0 g/L nitrogen
(peptone and urea) along 12
cultivation days. Averages
indicated by the same letter do not
differ statistically by the Scott-
Knott test (p ≤ 0.05)
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could have contributed for a greater laccase production and
productivity. Thus, SSC with sugarcane bagasse to produce
L. crinitus laccase reduces the use of expensive nutrients and
chemical inducers.

The supplementation of the cultivation medium with the
combination of a protein (peptone) and non-protein (urea)
nitrogen source favored L. crinitus laccase production. This
species, and specially the strain evaluated in this study, has
demonstrated greater laccase production in liquid medium,
containing non-protein nitrogen source (urea). Valle et al.
[25] reported that the urea increased L. crinitus U9-1 laccase
production in synthetic culture medium. Almeida et al. [28]
showed that only urea, in detriment to other protein and non-
protein sources, induced laccase production by L. crinitusU9-
1 in liquid medium with agro-industrial by-products.
However, the effect of nitrogen source on the ligninase pro-
duction in WRB is complex and depends on the chemical
nitrogen nature and its concentration and the relation of both
to the chemical nature and concentration of the carbon source,
especially in the presence of lignocellulosic material [36].

In our study, the nitrogen concentration strongly interferes
with laccase. The fungal response to the nitrogen availability
depends on the fungus species and strain, the cultivation mode,
and the carbon source.When L. crinituswas cultivated in liquid
culture media with maltose or glycerol (20 g/L) and different
urea concentrations (4, 20, or 100 mM), the combination of
maltose and 100 mM urea induced the expression of more
complex protein profiles than the combination of glycerol and
100 mM urea [26]. Previously, our group observed that the
combination between the carbon source and the nitrogen con-
centration strongly affects laccase production of L. crinitus as
well as Almeida et al. [28]. When cultivated in liquid medium
with coffee husks, addition of 0.7 g/L nitrogen raised laccase
production, but in citric pulp–based liquid medium, 11.2 g/L
nitrogen stimulated the greatest laccase production [28]. These
results demonstrate the strength of this species and its capacity
to adapt to various cultivation conditions.

The follow-up of laccase production throughout the cultiva-
tion showed increase in the production already in the fifth culti-
vation day. Compared with the performance of this strain in
different growth conditions, the observed results in our study
with SSC in sugarcane bagasse are the ones that presented great-
er laccase productivity. When L. crinitus U9-1 was grown in
submerged cultivation in synthetic medium (10 g/L glucose
and 2.8 g/L nitrogen from urea) and using copper as inducer
(150 μM), the laccase production started to increase on the 10th
cultivation day reaching the maximum productivity only on the
22nd day (~ 26 U L−1 h−1) [25]. Similarly, L. crinitus U9-1
cultivated in a liquid medium containing coffee husks or citric
pulp, presented increase in laccase productivity from the 6th day
(~ 140 U L−1 h−1) and 10th day (~ 125 U L−1 h−1), respectively
[28]. Our results indicate a better performance of L. crinitusU9-
1 during SSC with sugarcane bagasse without inducer addition,

with a productivity of 188 U L−1 h−1 (fifth cultivation day) and
maximum productivity on the 10th day of 250 U L−1 h−1. The
presence of soluble polyphenols in sugarcane bagasse [38] and
its use in SSC could contribute to the anticipation of L. crinitus
laccase production compared with other cultivation conditions,
since these compounds may increase the amount of produced
laccase or expressed isoenzyme variety [40]. There are numer-
ous laccase isoforms which could be expressed at different
phases of the metabolism or under diverse cultivation conditions
[1] and that could explain the distinct patterns of L. crinitus
laccase production in various media.

The crude enzymatic extract obtained from SSC with sug-
arcane bagasse was able to decolorize anthraquinone (RBBR)
as well as azo dyes (RB220 and RB5); a capacity attributed to
laccase since MnP and LiP activity was not detected when
nitrogen was added to the cultivation medium. The azo dyes
had the highest color reduction, and the decolorization effi-
ciency of these dyes increased with the cultivation time. This
is the first report of decolorization of azo dye RB5 by
L. crinitus laccase. RB220 was rapidly decolorized with the
maximum decolorization from the 6th to the 10th cultivation
day. RB5 only showed significant decolorization from the 6th
cultivation day and maximum decolorization on the 10th day,
but it was the one that presented greater color reduction per-
centage (95%). Decolorization rates can be affected by molec-
ular structures of the dyes. Dyes with simpler structures and
lower molecular mass can present higher rates of color remov-
al, whereas highly substituted and higher molecular mass dyes
can be decolorized in a lower rate [41]. RB220 is a monoazo
dye and RB5 is a diazo dye, and RB5 is highly substituted
(two vinyl sulfone groups) and has a bigger andmore complex
structure (molecular mass = 991.82 g/mol), while RB220 has
a simplest structure (one vinyl sulfone group) and is a smaller
molecule (molecular mass = 733.1 g/mol), which could help
explain the greater decolorization rate of the RB220 [42, 43].
Our results are in accordance with the ones described by
Niebisch et al. [29], who reported that 94% of the decoloriza-
tion of azo dye RB220 by L. crinitus laccase; however, this
result was obtained after cultivation medium optimization
(solid medium with 10 g/L ammonium oxalate and glucose
at 28 °C and pH 5.5) and after 15 cultivation days. Munari
et al. [44] grew P. sajor-caju (sin. Lentinus sajor-caju) in SSC
with sawdust from Pinus sp. and wheat bran, and reported
total decolorization of RB220 in just 30 min, but with the
extract obtained on the 20th cultivation day.

Decolorization of anthraquinone dye RBBR was less effi-
cient than the decolorization of the azo dyes. In our study,
there was significant decolorization from the 5th cultivation
day and maximum decolorization on the 9th day. However,
while the decolorization of azo dyes was greater than 90%, the
discoloration of the RBBR was of 77%. Although smaller
than the observed decolorization of azo dyes, the discoloration
of RBBR was significant. Our results are in accordance with

Braz J Microbiol (2020) 51:99–106104



the ones described by Almeida et al. [28] who utilized the
extract obtained in the submerged cultivation of L. crinitus
U9-1 with coffee husks (6th cultivation day) or citric pulp
(12th cultivation day) and reported decolorization of RBBR
of 74% and 76%, respectively.

The differences observed in the degradation of azo and
anthraquinone dyes could be explained by different factors
as difference of redox potential between laccases and dyes,
the structural complexity of dyes, and specific characteristics
of the active site of the enzyme. The difference of the redox
potential between the enzyme and the substrate seems to have
a determining role in the oxidation of bigger substrates such as
dyes and laccases with high redox potential oxide bigger sub-
strates more efficiently [45]. Laccases are known by their non-
specific oxidation capacity, but decolorization of high redox
potential dyes may require the use of redox mediators [46]. It
is important to emphasize that the observed decolorization in
our study were obtained without the utilization of additional
redox mediators and without the enzyme purification.
Structural differences in substrate binding sites may also affect
decolorization as the presence of specific amino acids residues
in the laccase active sites seems to determine the catalytic
efficiency of the enzyme [45]. There is no information yet
on L. crinitus laccase structure, but there are indications that
the structural laccase characteristics of this species favor the
oxidation of azo dyes.

Conclusion

In general, the addition of 1.0 g/L N mixture (peptone and
urea) in SSC with sugarcane bagasse and nutritional solution
promotes the best laccase activity along L. crinitus cultivation
days. MnP and LiP activities are not favored by the addition of
N sources in the substrate. The 10th cultivation day produces
the highest laccase activity (6555 U/g dry mass). The laccase
production from the 6th to the 10th cultivation day promotes
decolorization of 90% of RB220, at the 9th day promotes
decolorization of 77% of RBBR, and on the 10th day decol-
orization of 94% of RB5. L. crinitus crude extract obtained
from SSC with bagasse is an alternative to decolorize anthra-
quinone dyes and especially azo dyes.
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