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A B S T R A C T

Vinasse is the main residue from bioethanol production. If discharged in water bodies, it can impair the pho-
tosynthetic process causing great damage to the environment. However, this wastewater could be considered a
by-product and used as a substrate for obtaining value-added products. In the present work, two basidiomy-
cetous fungi were selected based on their ability to decolorize vinasse and to synthesize lignocellulolytic en-
zymes in agar medium. Selected fungi were identified as Pycnoporus sp. P6 and Trametes sp. T3. In liquid cul-
tures, both fungi demonstrated their capacity to decolorize and remove phenolic compounds from diluted
vinasse, with the concomitant production of ligninolytic enzymes, mainly laccases, suggesting the participation
of this enzyme in the bioremediation process. This study proposes that Pycnoporus sp. P6 and Trametes sp. T3
could be used in the design of cutting-edge sustainable biotechnological processes to remedy vinasse, simulta-
neously synthesizing oxidative enzymes, in an environmentally friendly way.

1. Introduction

The increase in the bioethanol consumption as biofuel opens up new
opportunities for sugarcane crop, the main source of bioethanol in Latin
America. Generally, in autonomous distilleries, ethanol comes from the
sugarcane juice fermentation, but in annexed plants, all the juice (or a
large volume of it) is usually derived from sugar production, and the
resulting molasses are used in the bioethanol generation [1].

Argentina has 23 bioethanol-producing sugar mills; 20 of them in
the Northwest region and 15 in the province of Tucumán with an al-
cohol production estimated in 250,000,000 L during the harvest period
2017 and beginning of 2018 (http://www.ipaat.gov.ar/wp-content/
uploads/2017/07/TOTALES-HASTA-1RA-QUINCENA-MAYO-2018.
pdf).

The wastewater from the bioethanol production is called vinasse,
and it is typically generated in a ratio of 10 to 14 L of vinasse per L of
ethanol [2]. Vinasse is a dark-brown effluent with a strong smell and
acidic pH (3.5–5.0). It contains high concentrations of dissolved solids

including non-volatile compounds from the fermentation broth, non-
fermentable organic, phenolic and polyphenolic compounds, and re-
maining fermentescibles sugars. Sugarcane vinasse has high biological
oxygen demand (BOD), with values between 45,000 and 60,000mg L−1

and higher chemical oxygen demand (COD), ranging between
80,000–120,000 mg L−1 [3–5]. High amount of BOD and COD gen-
erally cause various issues especially in advanced wastewater treatment
method such as membrane bioreactor [6]. Sugarcane vinasse also has a
high content of mineral salts, high electrical conductivity and ash
percentage [7].

The unrestricted discharge of vinasse causes severe damage to the
environment. While in aquatic environments it can lead to a reduction
of the photosynthetic activity and to a decrease of the dissolved oxygen
concentration, in soils it incurs in alkalinity losses and reduces germi-
nation capacity. In addition, the vinasse dumping may disrupt the
biogeochemical cycles of essential elements, such as carbon and ni-
trogen cycling [8]. There are several and effective physicochemical
processes for the vinasse treatment [9], but they usually produce large
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quantities of secondary sludge or are expensive and not adequate en-
ough for effluents with considerable seasonal and compositional var-
iations, as vinasse [1]. Thus, bioremediation has become an attractive
alternative since it is a non-polluting, eco-friendly and socially accepted
procedure [10,11].

Basidiomycetes and Ascomycetes fungi have been used in bior-
emediation of vinasse because of their abilities to discolor and degrade
natural and synthetic colorants present in this type of wastewater e.g.
polyphenols, caramels, alkaline degradation products of hexoses, mel-
anins and melanoidins, trough their ligninolytic enzymes [12–14]. In
addition, several studies have shown that vinasse can be used as a raw
material for the production of microbial biomass or secondary meta-
bolites of industrial importance, including biopolymers, lipids, organic
acids, pigments and enzymes [15–17]. The production of laccases en-
zymes by ligninolytic fungi through the use of vinasse as a nutritional
source is presented as a green, economical and sustainable option for
the management and disposal of this wastewater.

For all the foregoing, the objectives of the present work were to
characterize physicochemically three vinasses from the sugar-alcohol
activity of Tucumán, to evaluate its potential as a substrate for the
production of oxidative enzymes at the same time that the vinasseʼs
decolorizing capacity of autochthonous macrofungi was studied.

This work highlights the use of dual-purpose biotechnological pro-
cesses to vinasses as a cutting-edge technology which could be em-
ployed for the treatment of wastewaters in an economic and en-
vironmentally friendly maintainable manner.

2. Materials and methods

2.1. Distilleries vinasses

As other agro-industrial wastewaters, vinasse composition is ex-
tremely variable. Thus, vinasses were collected from three different
distilleries of the province of Tucumán, Argentina. All them were ob-
tained from sugarcane molasses fermentation. The effluents pH and
temperature values were registered in situ and controlled periodically.
Vinasse samples were stored at 4 °C until processed.

2.2. Vinasses physicochemical characterization

Analytical determinations of vinasses were performed in compliance
with established standards as recommended by the APHA [18].

The BOD5/COD ratio of each sample was calculated and the bio-
degradability was determined based on the modified classification of
Aziz and Tebbutt [19].

Glucose, fructose, and saccharose were determinate by HPLC
(Waters e2695, USA), employing a Waters Sugar-Pak™ 1 column
(300mm×6.5mm, USA) filled with a microparticulate cation ex-
change gel in calcium form, according to ICUMSA Methods Book
(Method GS7/4/8-23, 2007) [20].

2.3. Microorganisms

Six basidiomycetes from the culture collections of EEAOC and
PROIMI, previously selected by their ability to degrade post-harvest
sugarcane residues [21], were employed in this work. The micro-
organisms were grown in PDA medium (Merck) at 30 ± 2 °C and
stored at 4 °C.

Grammothele subargentea (CLPS 436), Coriolopsis rigida (CLPS 232)
(Culture collection of “Carlos Spegazzini” Institute) and Irpex lacteus
(IJFM A792) (Culture collection of the Biological Research Center
(CIB)) were also included as positive controls of lignocellulolytic ac-
tivities in agar plates, in order to validate the screening procedure
[22,23].

2.4. Molecular characterization of the fungal strains

Fungal strains were identified by sequencing of the ITS1-5.8S-ITS2
fragment of rDNA [24], using the its1 (5′-TCCGTAGGTGAACCTG
CGG-3′) and its4 (5′-TCCTCCGCTTATTGATATGC-3′) primers (Mac-
rogen, Korea).

The obtained sequences were manually edited and compared with
fungal strains sequences deposited in the GenBank and Mycobank da-
tabases using BlastN [25]. The sequences most related to those obtained
in this work were aligned by the MUSCLE algorithm provided in MEGA
6 Software [26]. The phylogenetic tree was inferred by the Maximum
Likelihood method using the Tamura and Nei [27].

2.5. Preparation of vinasse based media

All vinasse-amended media were prepared using the distillery’s vi-
nasse 1 (V1). Raw vinasse was previously centrifuged (10,000 g,
15min), sterilized at 121 °C, 15 min and adjusted to pH 4.5 ± 0.5
(0.1 N HCl). Diluted vinasse (10 and 50%, v/v) was prepared by di-
luting 100% raw vinasse in distilled water.

2.6. Vinasse discoloration in solid media

The trials were performed on Petri dishes inoculated with 6mm
diameter agar plug from the edge of 8-days old fungal cultures growing
on PDA medium.

The decolorizing ability of the fungal strains was evaluated ac-
cording to the diameter of the clearance haloes (dch) formed and
classified as: (i) no decolorizing ability (dch≤ 6mm), (ii) moderate
decolorizing ability (dch=6–75mm), and (iii) high decolorizing cap-
ability (dch≥ 75mm). Uninoculated plates were used as abiotic con-
trols. The assays were made in triplicate and dch was measured twice,
perpendicularly. An average of the measurements taken was an-
nounced.

2.7. Screening for lignocellulolytic enzymes

Phenoloxidases, polyphenoloxidases, lignin peroxidase, laccase,
endoxylanases, and endoglucanases were assayed in Ligninase Basal
Medium (LBM) as recommended by Pointing [28]. The ability to de-
grade cellulose also was recorded through the Index of Relative Enzyme
Activity (ICMC) [29].

Mn-dependent peroxidase was examined placing 50 μL of MBTH/
DMAB/Mn/H2O2 solution over fully grown mycelia (adapted from
Castillo et al. [30]).

Plates were incubated at 30 ± 2 °C in darkness and examined daily
during 14 days.

Results were recorded as (–) no reaction, (+) week positive reac-
tion, (++) strong positive reaction.

2.8. Vinasse treatment in liquid media

Vinasse discoloration and the secretion of ligninolytic enzymes in
liquid cultures were performed in 10% (v/v) vinasse final concentration
(V10 medium) and V10 medium plus LBM components (V10+LBM).
The assays were evaluated in triplicate, using 250ml Erlenmeyer flasks
containing 50ml of media inoculated with five agar plugs from the edge
of 8-days old fungal cultures growing on PDA medium.

Ligninase Base Medium broth without vinasse was used as positive
control for ligninolytic enzymes production. Inoculated and unin-
oculated flasks (abiotic controls) were incubated at 30 ± 2 °C and
250 rpm for 15 days. Samples from the different treatments were taken
and centrifuged at 10.000 g for 15min and 4 °C. Supernatants were
collected for further analysis.

Treatments were statistically compared using Minitab 17.0 Software
(2014) [31].
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2.8.1. Discoloration and phenolic compounds analysis
Total phenolic compounds were measured according to Clarke et al.

[32] with Folin-Ciocalteu reagent and caffeic acid as standard.
Discoloration (D) was calculated from absorbance measurements at

475 nm using a Multiskan™ GO Thermo Scientific (USA) microplates
spectrophotometer, according to the formula of Sirianuntapiboon et al.
[33]:

= −D A A A x(%) [( )/ ] 100t0 0

where, A0 and At were the absorbances of the vinasse-amended medium
at the start point (0) and at a cultivation time (t), respectively. Ad-
ditionally, culture supernatants were subjected to spectral scanning
between 300 nm and 800 nm in order to analyze color disappearance at
the initial (day 0) and final (day 15) of the respective treatments.

2.8.2. Enzymatic assays
Laccase (EC 1.10.3.2, Lacc) activity was measured by monitoring

the oxidation at 420 nm of 1.8mM ABTS (= − −36,000 M cm )1 1 in 50mM
acetate buffer (pH 4.0). One unit of enzyme activity (U) was defined as
the amount of enzyme required to oxidize 1mmol of ABTS in 1min
[34].

Manganese peroxidase (EC 1.11.1.13, MnP) activity was determined
based on Castillo et al. [30]. The reaction of 0.07mM MBTH (3-Methyl-
2-benzothiazolinone hydrazone) and 1mM DMAB ((3-Dimethylamino)
benzoic acid) was measured at 610 nm ( =

− −ε 53,000 M cm1 1) in pre-
sence of 0.3 mM MnSO4.H2O and 0.05mM H2O2 in 100mM succinate-
lactate buffer (pH 4.5). Mn-independent peroxidase (MIP) activity was
measured using the same assay but without adding MnSO4.H2O. One
unit of MnP and MIP enzyme activity (U) was defined as the amount of
enzyme required to oxidize 1mmol of substrate in 1min.

Lignin peroxidase (EC 1.11.1.14, LiP) activity was determined by
the oxidation of veratric alcohol at 310 nm [35]. The reaction mixture
was composed of 0.1mM H2O2 and 0.2 mM veratric alcohol in 50mM
citrate-phosphate buffer (pH 4.5). One unit of LiP activity (U) was de-
fined as the amount of enzyme required for causing a change in ab-
sorbance unit per minute.

3. Results and discussion

3.1. Physical-chemical properties of distilleries effluents

An exhaustive characterization of three vinasses coming from the
sugar-alcohol industry of Tucumán is presented in Table 1.

The herein studied sugarcane vinasses show values of pH, EC, TNU,

TS, FS, VS, COD, BOD, metals and RS reported for these wastewater
worldwide.

Despite the collected vinasses presented a high fraction of organic
load (COD values between 74,290–137,610 mgO2 L−1, Table 1), more
than 50% of the same can be degraded by biological action in five days
(BOD5 values between 38,504–76,904mgO2 L−1). Biodegradability
rates (BOD5/COD) of 0.56, 0.52 and 0.58 were calculated for the dis-
tilleries vinasses V1, V2, and V3 respectively, demonstrating in all cases
their nature biodegradable (Table 1).

Potassium and calcium where the preponderant metals detected in
the assayed vinasses (Table 1), whilst Mg, Na, Fe, Cu, and Mn were
found in lower concentrations (data not shown). The metals values
found in the assayed samples demonstrate that raw vinasses contain a
salts concentration which makes them little advisable for their use in
agriculture, incurring overfertilization and others several adverse im-
pacts on the soil structure, as well as to the crop productivity and water
resources [36–38]. However, recent studies reported that the macro
and micronutrients present in vinasses, at suitable concentrations,
contributes to its uses as a source of nutrients for growth of micro-
organisms or the production of compounds with industrial importance
[15–17].

Because the distillery’s vinasse 1 showed the highest concentrations
of COD, DBO, and RS, representing the potentially more polluting vi-
nasse, it was selected to prepare the amended media to perform the
discoloration tests in both solid and liquid conditions, as well as eval-
uate its use as a substrate for the production of ligninolytic enzymes.

3.2. Vinasse decoloration in solid media

Diluted sugarcane vinasse supported the growth of macrofungi.
Similar observations were performed by other authors for other fungi,
including Pleurotus ostreatus, Phanerochaete chrysosporium, Ganoderma
sp. and Mucor pusillus [39,40].

All the tested fungi were inhibited by 50 and 100% (v/v) vinasse
media, even in the presence of LBM components. However, when fungi
were evaluated in solid V10 medium, isolates #1, #3, #7 and #8
showed moderate decolorizing ability (discoloration haloes ranged
between 57 and 65mm), while fungus #6 decolorized the entire plate
(Figs. 1, 2) and isolate #5 did not produce discoloration haloes under
the tested conditions.

Fungal strains #1, #3, #6, #7 and #8 able to decolorizing vinasse
on agar plates, were selected for further studies.

Table 1
Physical-chemical characteristics of vinasses resulting from bioethanol production in three distilleries of Tucumán.

Parameters Distillery vinasse 1 (V1) Distillery vinasse 2 (V2) Distillery vinasse 3 (V3)

pH 4.88 ± 0.01 4.93 ± 0.5 5.15 ± 0.11
EC [mS cm−1] 30.60 ± 1.71 29.80 ± 2.68 32.20 ± 1.86
Turbidity [TNU]* 2588 ± 126.22 1,368 ± 148.66 2,575 ± 111.33
Humidity [%] 91.80 ± 2.42 95.80 ± 1.34 89.50 ± 3.15
TS [g L−1] 81.24 ± 7.08 41.95 ± 0.30 104.89 ± 0.45
FS [g L−1] 19.70 ± 3.68 13.87 ± 0.21 36.59 ± 0.62
VS [g L−1] 61.54 ± 10.76 28.08 ± 0.30 68.30 ± 0.68
COD [mg O2 L−1] 137,610 ± 2638.90 74,290 ± 583.33 109,852 ± 36.50
BOD5 [mg O2 L−1] 76,904 ± 4222.20 38,504 ± 1483.50 64,360 ± 2941.90
BOD5/COD 0.56 0.52 0.58
K [g L−1] 8.20 5.30 11.00
Ca [g L−1] 2.20 1.40 2.40
RS [g %] 2.98 0.16 0.91

The average temperatures in situ of the vinasses were 98 ± 2 °C.
*TNU: turbidity nephelometric units.
EC, electric conductivity, TS, total solids, FS, fixed solids, VS, volatile solids, COD, chemical oxygen demand, BOD5, biochemical oxygen demand, K, potassium, Ca,
calcium.
BOD5/COD, biodegradability rate.
RS, residual sugars. = + +RS Saccharose value glucose value fructose value( * 1.05)
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3.3. Lignocellulolytic enzymes in solid media

All the strains produced extracellular oxidases (reddish haloes in
guaiacol amended plates), laccases (green haloes in ABTS and pink
haloes in syringaldazine amended plates), polyphenoloxidases (dark
brown haloes in tannic acid amended plates) and Mn peroxidases (blue
haloes around wells in DMAB/MBTH plates). Only one strain (#7) did
not synthesize lignin peroxidase (absence of clearance zones in mod-
ified plates with Azure B). Likewise, all the strains were able to degrade
xylan and carboxymethylcellulose (CMC), implying potential to de-
grade hemicelluloses and celluloses (endoglucanase activity). Strain #6
presented the highest ICMC (Index of Relative Enzyme
Activity= 1.28 ± 0.05mm; Table 2).

As expected, the control strain Grammothele subargentea synthesized
enzymes with oxidative activity against guaiacol, ABTS, syringaldazine
(Syr), Mn2+ and tannic acid. However, it showed no ability to deco-
lorize Azure B, evidencing the absence of the lignin peroxidase (LiP)
enzyme (Table 2). Irpex lacteus A792 produced guaiacol intense oxi-
dation and to a lesser degree of ABTS, Syr, and Mn2+. It was the only
one of the reference strains with the potential to oxidize lignin (positive
LiP activity), whereas Coriolopsis rigida showed only oxidative activity
against ABTS. All reference strains degraded CMC with intense haloes
formation and with ICMC≥ 1.00, evidencing potential to hydrolyze
celluloses (Table 2).

3.4. Molecular identification

The analysis of the ITS1-5.8S-ITS2 sequences showed that the fungal

strains #1, #3, #7 and #8 belong to subclade 3 of the Trametes genus
according to Welti et al. [41], and then were named Trametes sp. T1, T3,
T7, and T8, whereas the fungus #6 is closely related to the Pycnoporus
genus and was named Pycnoporus sp. P6 ([41]; Fig. 3).

The analysis included 38 sequences and 473 positions. The phylo-
genetic history was inferred using the Maximum Likelihood method,
based on the model of Tamura and Nei [27]. The presented tree is 1000
replicates consensus obtained by bootstrap. The percentage of re-
plicates in which each taxon appears is displayed.

Pycnoporus and Trametes are usually isolated from rotting wood and
can degrade lignocellulose, textile colorants, recalcitrant compounds
and other industrial materials [42–44]. Pycnoporus and Trametes strains
were able to decolorize V10 medium, an unsurprising fact since both
genera have been extensively studied for their ability for wastewater
decolorization. Thus, Eugenio et al. [45] investigated the degradation
of lignosulfonates by strains of the Pycnoporus genus and determined its
complete mineralization. Pointing and Vrijmoed [46] demonstrated
that a strain of Pycnoporus sanguineus was able to biodegrade azo dyes
(Orange G, Amaranth) and triphenylmethanes (Phenol Bromo Blue,
Malachite Green, Violet Crystal, etc.). Ottoni et al. [43] performed
discoloration assays in solid medium and evaluated the potential of
three Trametes versicolor strains against different concentrations of two
textile dyes, Black Reactive 5 and Poly R-478. Minussi et al. [35] de-
monstrated the decolorizing ability of four white rot fungi including T.
versicolor and Trametes villosa on synthetic dyes and a real textile ef-
fluent, in solid medium added with 0.05% Reactive Blue 19, 0.025%
Reactive Red 195, 0.05% Reactive Yellow 145, 0.05% Black Reactive 5
and effluent from a textile industry, respectively.

Taking into account the high ability to decolorize vinasse and syn-
thesize lignocellulolytic enzymes on solid media both fungi, Pycnoporus
sp. P6 and Trametes sp. T3 was selected as the best candidates for
subsequent vinasse remediation trials.

3.5. Vinasse decolorization in liquid media

Pycnoporus sp. P6 reduced 51% of the initial color and 78% of total
phenolics of V10 after 12 days. In V10+LBM, results were similar with
40% decolorization and a reduction of total phenolic compounds of
86% after 8 days (Figs. 4, 5). Trametes sp. T3 showed 43% decolor-
ization, and 80% decrease of total phenolic compounds after 10 days
incubation, while in V10+LBM maximum decolorization reached 57%
and the maximum reduction of total phenolic compounds achieved was
80% after 10 days (Fig. 4 and Fig. 66).

The initial pH in both 10% (v/v) vinasse-amended media was
4.7 ± 0.2. Vinasse color, pH and total phenolic compounds in unin-
oculated V10 and V10+LBM media remained unchanged for the
duration of the trials (99 ± 1%) (Figs. 5, 6), suggesting that vinasse
discoloration could be attributed to the degradation or transformation
of one or more of its components by Pycnoporus sp. P6 or Trametes sp.
T3 fungi.

Fig. 1. Sugarcane vinasse discoloration in solid medium plus 10% vinasse
(V10), after 10 days of incubation.

Fig. 2. Biodecoloration of 10% (v/v) vinasse-amended solid medium (V10) by the fungal strains #3 (b) and #6 (c), after 10 days of incubation. In (a) an abiotic
control of the V10 medium is shown.
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Table 2
In vitro synthesis of lignocellulolytic enzymes by the autochthones fungal strains #1, #3, #6, #7 and #8 in LBM agar plus specific substrates according to enzyme
activity.

Macrofungi Guaicol ABTS Syr Azure B MnSO4 Tannic acid Xylan Cellulolytic activity

ICMC Clearing zone

Coriolopsis
rigida

– + – – – – ++ 1.00 ± 0.00 +

Grammothele subargentea ++ ++ ++ – ++ ++ ++ 1.00 ± 0.00 +
Irpex lacteus

A-792
++ + + ++ + – ++ 1.08 ± 0.06 +

Fungal strain #1 ++ ++ + + ++ ++ ++ 1.08 ± 0.05 +
Fungal strain #3 ++ ++ + ++ ++ ++ ++ 1.23 ± 0.14 ++
Fungal strain #6 ++ ++ ++ ++ ++ ++ ++ 1.28 ± 0.05 ++
Fungal strain #7 ++ ++ + − + ++ ++ 1.01 ± 0.13 +
Fungal strain #8 ++ ++ + ++ + ++ ++ 0.86 ± 0.02 +

(−): No halo production; (+): Low-intensity halo; (++): High-intensity halo.

Fig. 3. Phylogenetic analysis of basidiomycetous strains based on sequences from the ITS1-5.8S-ITS2 region of rDNA.

Fig. 4. Sugarcane vinasse before and after treatment
by ligninolytic macrofungi: (a) Untreated 10% (v/v)
raw vinasse (abiotic control), (b) 10% vinasse medium
(V10) treated by Pycnoporus sp. P6 after 12 days, (c)
10% (v/v) vinasse medium plus LBM nutrients
(V10+LBM) treated by Trametes sp. T3 at 10 days.

P.M. Ahmed et al. Journal of Environmental Chemical Engineering 6 (2018) 5177–5185

5181



3.6. Analysis of absorbance spectra

The absorption spectra of V10+ LBM and V10 media formulated
with 10% (v/v) vinasse did not show peaks in the visible region.
However, peaks were recorded in the UV region (220–340 nm), in-
dicating the presence of polyphenols [47], one of the main compounds
in distillery vinasses. After 15 days of treatment, a decrease in the ab-
sorbance in the UV region was verified for all the tested conditions.
When Pycnoporus sp. P6 was used, an average decrease in absorbance of
47% in V10+LBM medium and 35% in the V10 medium (Fig. 7) was
reached, whereas the decrease obtained by Trametes sp. T3 was on
average 55% in V10+LBM and 57% in V10 (Fig. 8). The changes
observed in the UV region spectra can be attributed to a transformation
of the vinasse compounds by both fungal strains. However, the absence
of individual absorption peaks makes it impossible to attribute the
observed decrease to the degradation of specific substances [48,49].

The maximum enzymatic activities from Pycnoporus sp. P6 and
Trametes sp. T3 cultures are shown in Table 3.

The enzyme activities recorded by both macrofungi in the vinasse-
amended media were higher than those found in the control LBM broth,
being obtained among 250% (MIP for Pycnoporus sp. P6 in V10
medium) and 1300% (MnP for Trametes sp. T3 in V10 medium) more
activity in presence of the effluent depending on the enzyme, medium

and fungal strain. The titers of Lacc activity were the highest among all
the determined, being around tenfold more when vinasse was present in
culture media (Table 3). These results showed that sugarcane vinasse
acts as an inducer of the production of ligninolytic enzymes as its
bioremediation take place.

Results showed a significant correlation between the reduction of
color and phenolic compounds in both media treated either by
Pycnoporus sp. P6 (r > 0.89, p= 0.000) and by Trametes sp. T3
(r>0.83, p= 0.000). Maximum color and total phenolics removal
occurred simultaneously with higher titers of laccase (Figs. 9, 10).
Laccases act oxidizes phenolic groups and has been related to the de-
toxification of vinasses in previous works. For example, España-
Gamboa et al. [5] evaluated the treatment of 10% (v/v) sugarcane vi-
nasse by Trametes versicolor in an air–pulsed bioreactor and demon-
strated that most color and total phenols were removed when Lacc
activity achieved a maximum of 428 U L−1. Verma et al. [50] reported
the bioremediation of sugarcane vinasses using a hybrid technology
with a Cerrena unicolor. As results of their assays, the authors informed
that Lacc synthesis was directly correlated with vinasses discoloration.
Ferreira et al. [40] treated raw vinasse, vinasse plus glucose and vinasse
amended with synthetic fungi media with P. sajor-caju, and determined
Lacc as the highest enzymatic activity produced during the treatments
(400–450 U L−1). Aguiar et al. [15] showed the production of several
ligninolytic enzymes by Pleurotus ostreatus in a medium with vinasse
and sugarcane bagasse, being Lacc activity the one that registered the

Fig. 5. Profiles of residual color (―), residual phenols (—) and pH (…) ob-
tained during the treatment by Pycnoporus sp. P6: (■) V10+ LBM medium, (●)
V10 medium.

Fig. 6. Profiles of residual color (―), residual phenols (—) and pH (…) ob-
tained by Trametes sp. T3: (■) V10+LBM medium, (●) V10 medium.

Fig. 7. Absorption spectra of (a) V10+ LBM medium and (b) V10 medium: (―)
Untreated media before to start the treatment and (—) treated media after 15
days by Pycnoporus sp. P6.
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highest titles (325.23 U L−1). Even though recent studies demonstrate
Lacc synthesis from the vinasse bioremediation employing ligninolytic
macrofungi, the candidates analyzed and presented in this work were
able to produce highlighted values of activity, especially if it considers
that they are native strains which were not modified.

4. Conclusion

The biological treatment of native sugarcane vinasses can be

achieved with the concomitant production of valuable metabolites,
leading to the development of innovative and environmental-friendly
technologies for the treatments of agro-industrial wastewaters.
Autochthonous macrofungi as Pycnoporus sp. P6 and Trametes sp. T3
demonstrated great ability to decolorize and remove phenolic com-
pounds from sugarcane vinasse while producing laccases and other
ligninolytic enzymes. It was demonstrated that vinasses can be used as
sole culture medium component, acting as an excellent inducer of lig-
nocellulolytic enzymes, mainly with laccase activity.

The important results obtained in the present work, based on ex-
periences of discoloration and decrease of phenolic compounds, expose
the potential possibility of using the autochthonous basidiomycetes

Fig. 8. Absorption spectra of (a) V10+LBM medium and (b) V10 medium: (―)
Untreated media before to start the treatment and (—) treated media after 15
days by Trametes sp. T3.

Table 3
Enzymatic activities of the autochthonous macrofungi Pycnoporus sp. P6 and Trametes sp. T3 cultured in LBM+V10 and V10 media. The number in parentheses
shows the maximum enzymatic activity measured in control medium LBM broth.

Fungal strain Pycnoporus sp. P6 Trametes sp. T3

Medium/
Enzyme activity

LVM+V10 V10 LVM+V10 V10

MnP [U L−1] 19.83 ± 3.85
(2.64)

20.20 ± 1.04
(2.64)

8.93 ± 0.25
(0.87)

11.74 ± 0.27
(0.87)

MIP [U L−1] 11.30 ± 1.47
(1.73)

4.37 ± 0.23
(1.73)

8.71 ± 0.35
(0.74)

9.45 ± 0.09
(0.74)

Lacc [U L−1] 775.30 ± 16.5
(78.32)

928.62 ± 46.45
(78.32)

213.44 ± 16.83
(21.36)

198.75 ± 16.00
(21.36)

MnP, manganese-dependent peroxidase, MIP, manganese-independent peroxidase, Lacc, laccase.
Lignin peroxidase was not detected under assay conditions.

Fig. 9. Profiles of residual color (–■–), residual phenolic compounds (–□–) and
laccase activity (…●…) obtained during sugarcane vinasse treatment by
Pycnoporus sp. P6 in (a) V10+LBM and (b) V10.
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Pycnoporus sp. P6 and Trametes sp. T3 in a sustainable biotechnology
process. In direct relation, the simultaneous and increased synthesis of
oxidases enzymes (Lacc, MnP, and MIP), for the treatment of sugarcane
vinasse counteract the negative effects that their dumping and disposal
originate on the environment.
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