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Vinasse biodegradation by Phanerochaete chrysosporium
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Abstract: Vinasse is a colored recalcitrant wastewater of the distillery industry. The aim of this work was to study the use of
Phanerochaete chrysosporium for the vinasse degradation under two different growth conditions. Vinasse was treated by P.
chrysosporium in a liquid inoculum form, during 32 days at room temperature (approximately 25°C) and at 39°C. Chemical oxygen
demand (COD), total phenol concentration and color removal were measured and there8 was a decrease in COD, phenolic
concentration and color of 47.48%, 54.72% and 45.10% respectively, at room temperature and a decrease in 54.21%, 59.41% and

56.81% respectively at 39°C.
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Introduction

In the distillery industry, like factories of beers, stills,
alcohol and certain organic chemical compounds, there are
several wastewaters and among them exists the vinasse (Lugo
et al, 2001). Vinasse is a liquid by-product of the ethanol
production. Vinasse characteristics depend basically on the raw
material used for ethanol production, which can be molasses,
beet sugars, fruit sugars, cereals (wheat, rice, corn and rye),
malts of cereals and wood. Vinasse is a highly colored
compound which is difficult to treat by normal biological
processes such as activated sludge or anaerobic lagooning
(Singh and Nigam, 1995). lts recalcitrance is due to the
presence of melanoidins, the brown polymers which are formed
by the Maillard amine-carbonyl reaction (Wedzicha and Kaputo,
1992).

Vinasse disposal into the environment is hazardous
and has a considerable pollution potential. Its high COD of
approximately 40,000 mg/l and a high quantity of dissolved
organic carbon (10,000 - 14,000 mg/l approx.) (Benke et al.,
1999) means that its disposal into natural water bodies can
cause their eutrophication (a gradual increase in phosphorus,
nitrogen and other nutrient concentration in an aquatic
ecosystem), which induces a great increase in the
concentrations of algae and microorganisms at the surface,
avoiding that the solar light and the necessary oxygen get in for
the subsistence of sub aquatic life.

On the other hand, the white-rot fungi have a unique
capacity to degrade wood and its basic components, cellulose
and lignin. These fungi use the cellulose fractions as source of
carbon and they have the capacity to degrade lignins to have
access to the cellulose. Basidiomycete species have been
studied extensively because of their high degradation capacity
(Crawford, 1981; Higuchi, 1993; Miyamoto et al., 2000; Vicufia,
2000; Hatakka, 2001). A wide range of compounds that these
fungi are able to degrade includes many pesticides, polycyclic
aromatic hydrocarbons, some dyes, TNT and other

nitroexplosives, and other toxic chemicals as cyanides, azides,
carbon tetrachloride and pentachlorophenol. Several species of
white-rot fungi are recognized by their capacity to whiten and
delignify the pulp coming from the Kraft process. Their capacity
to degrade lignin has been attributed to extracellular oxidative
enzymes that work together with low molecular weight cofactors
(Kenneth et al., 1985; De Jong et al., 1994; Tekere et al,
2001a,b). Although this capacity has been recognized for many
years, it has been recently that many researchers have begun
to understand the mechanism by means of which this
degradation process is carried out (Aust and Benson, 1993).
Recent developments in new treatment technologies for the
wastewaters coming from the pulp and paper industry and/or
the improvement of those already exist include the use of the
white-rot fungi Phanerochaete chrysosporium (Hymenomycete)
and Trametes versicolor (Basidiomycete) (Mehna et al., 1995).
The degradation of a recalcitrant compound, as lignin, is a non-
specific process and oxidative that species like P.
chrysosporium carry out with extracellular enzymes that they
excrete into the medium (Kenneth et al., 1985; Janse et al,
1998). The most important reaction the action of these fungi, on
a polymer for example as lignin, it is the fungal depolymerization
that corresponds to the oxidative rupture of the propyl skeleton
between the Cq and Cs, by a ligninase, a ferric hemprotein that
catalyzes this non steroespecific reaction with both lignin and
lignin model dimmers, consuming H202 and Oz. The rupture of
some dimmers occurs when oxygen is incorporated at the Cg. At
the rupture of the two carbons, they originate free radicals, as
intermediary products, and under anaerobic conditions these
radicals react and produce aldehydes (Kenneth et al., 1985).
The quantity of information on the enzymatic mechanisms of the
white-rot fungi is very diverse, but at the same time poor,
therefore, still lack to elucidate how these species really act on
compounds as complex as the environmental pollutants. Lately,
the interest has grown in the application of these fungi in the
bioremediation of highly polluted sites due to the low cost of its
use (Aust and Benson, 1993).
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A very limited experience exists about the possibility
of degradation of highly polluting wastewater as vinasses.

Materials and Methods

Phenolic group concentration determination: The content of
phenolic compounds were determined by the colorimetric
method for Tannins and Lignins 5550B of the standard
methods for the examination of water and wastewater (Clesceri
et al, 1998) that corresponds to the spectrophotometric
method at 700 nm, using the Folin-Ciocalteu’s reagent (Sigma,
USA) and the carbonate-tartrate reagent. The phenolic
concentration was determined by a calibration curve using pure
phenol as a standard.

Chemical oxygen demand (COD) determination: The COD
was obtained by a colorimetric method (closed reflux 5220 D)
of the standard methods for the examination of water and
wastewater (Clesceri et al., 1998), in a reactor (COD HACH
Model 45600) at 150°C for 120 min. After digestion, the COD
was measured (mg/l) with the method 435 of the laboratory
Spectrophotometer (Model HACH DR/2500) at 620 nm.

Color removal determination: The color removal was
determined by the method described by Livernoche et al.
(1983) that corresponds to the spectrophotometric method at
440 nm, using 20 mM sodium tetraborate buffer (pH 9.1). The
reporting color removal was calculated according to the
followed equation:
% Color removal = (0.D.A-0.D.8) x 100

0. D.a40 sample without treatment
Where O.D. a= 0.D. of sample without treatment and O.D.s= OD of treated sample
Other vinasse physicochemical characteristics: The
determination of vinasse physicochemical properties; density,
electric conductivity, pH, total sugar and biological oxygen
demand (BOD) was carried out by following the standard
methods for the examination of water and wastewater (Clesceri
et al., 1998).

Vinasse samples: Vinasse samples were obtained from
‘Destileria Campo Elias” (Mérida, Venezuela), a distillery
industry that uses molasse as raw material for ethanol
production and generate vinasse as wastewater. Samples
were taking from a container that received the still hot vinasse
(70°C), were then bottled for subsequent cooling and keeping
on refrigeration (4°C).

White-rot  fungus  Phanerochaete  chrysosporium:
Phanerochaete chrysosporium was obtained from a mycelial
material regenerated at our laboratory (Laboratorio de
Bioquimica Adaptativa, Universidad de Los Andes, Mérida-
Venezuela), keeping its growth by replicating every month into
a malt-agar solid medium and maintained in a sterile culture
room with controlled temperature.

Biological treatment with the white-rot fungus
Phanerochaete chrysosporium: The fungus was passed from
a malt-agar solid medium into a HCM liquid medium plus
glucose (Rivera et al., 2002) that contained (NH4)2SOx4 (0.5 gfl),
KH2PO4 (1.0 gll), KCI (0.5 g/l), MgSO4-7H20 (0.2 gfl), CaCl
(0,1 g/l), glucose (1 g/l) and sterile distilled water, to obtain the
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liquid inoculum. Vinasse with an initial COD of 40,000 mg/, a
phenolic compound concentration of 15,000 mg/l and a high
coloration, was treated by Phanerochaete chrysosporium in a
liquid inoculum form for 32 days, at room temperature (25°C)
and at 39°C, taking samples every 4 days. On each sample, the
determinations of COD, phenolic concentration and color
removal were carried out. All the handle of the biological
treatment was carried out in a sterile culture room with
controlled temperature on a flow laminar chamber (CITEC,
Mérida, Venezuela).

Statistics: Data was analyzed using a one-way ANOVA and
Newman-Keuls multiple comparison test (Graph Pad Prism
package, version 2.01, 1996, GraphPad Software Incorporated).

Results and Discussion

Vinasse  physicochemical  characteristics ~ were
summarized in Table 1. Vinasse exhibits a low value of BODs, a
high COD, highly colored and has a high conductivity, possibly
due to a high content of salts (Rodriguez et al., 2002). The
relationship BODs/COD is 0.14, indicating that this wastewater
is hardly biodegradable (Abderrazik et al., 2002).

Table - 1: Vinasse physicochemical characteristics.

Parameter Value

pH 44
Density (g/ml) 1.1
Electric conductivity (mS) 16.3
Total sugar (mg/l) 25,000.0
BOD (mgll) 5,200.00
COD (mg/l) 40,000.00

Biological process application on vinasse: As shown in Fig.
1, the biological treatment of vinasse with P. chrysosporium at
room temperature produced a reduction in phenolic compounds
from the 4t day. On the other hand, color and COD were
removed starting from the 16" day and removal reached a
maximum for the three parameters after 24 days of treatment.
The phenolic compound removal by white-rot fungi, specifically
by P. chrysosporium is known and well documented. Lignolytic
enzymes, that they excrete, are able to degrade complex
aromatic compounds to non-polar monoaromatic, as styrene
(Roldan-Carrillo et al, 2001), and can act on phenolic
compounds and high-molecular-weight polycyclic aromatic
hydrocarbons (Boonchan et al., 2000), explaining the COD and
color removal reached in this treatment. The degradation
system of these fungi consists of several enzymes, among
them, peroxidases, laccases, cellulose dehydrogenases and
trans-membrane methyl-transferases. A waste like vinasse can
be attacked by this enzymatic system, due to its non-specific
nature (Ishikawa et al., 1963; Kenneth et al., 1985; Milstein et
al., 1994; Janse et al., 1998; D'Souza et al., 1999; Cameron et
al., 2000; Crestini et al., 2000, Tekere et al., 2001b), being able
to eliminate pollutants in it (Aust and Benson, 1993; Cameron et
al., 2000) that is compatible with the removal observed in this
treatment. The application of same treatment, but at 39°C,



Vinasse biodegradation
80 -
60 -
40 -

N
o o
I

IR

663

Removal %

o

0 4 12

IS
o o
\ \

»
o
[

(I COD, ([]) phenols, ([T]) color

16 20 24 28 32

Time (days)

Fig. 1: Effect of the incubation time at room temperature on vinasse COD, phenols and color removal.
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Fig. 2 : Effect of the incubation time at 39° C on vinasse COD, phenols and color removal.

presented a relative advantage, reaching higher removal
values of the studied parameters (Fig. 2). The fungus under
study has been used in many ways by other authors, varying
the incubation temperature from room temperature (Nazareno
et al., 2000) up to 39°C (Roldan-Carrillo et al., 2001). When we
studied the effect of incubation temperature, it was evident that
the activity of the enzymatic system of these fungi became
more efficient at 39°C than at room temperature (approx. 25°C)
on the decomposition of this wastewater, diminishing phenolic
compounds (64%), color (37%) and COD (33%) in only 8-24
days. These results indicated that this treatment is more
efficient at higher temperature than at room temperature (Table
2).

Sayadi and co-workers (1996) reported a decrease
(50%) in COD with the same species acting on a wastewater

from the olive oil industry. Contrastingly they were also able to
reduce color up to 85%, while the maximum obtained by the
conditions of this work was 60%. On the other hand, Kunz et al.
(2001) reported a good decolorization and total phenol reduction
in a wastewater from the textile industry with P. chrysosporium.

The action of these fungi on the phenolic compound
concentration was as expected, because it is known that these
species of white-rot fungi have a group of enzymes, as quinone
reductases that participate in the rupture of phenols, aldehydes
and polycyclic aromatic hydrocarbons (Gonzélez, 1999;
Boonchan et al., 2000).

The differences above described in comparison to the
present study were possibly due to the different and complex
composition of treated wastewater. However, certainly it was
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Table — 2: Removal percentages obtained with the fungal
treatments applied to vinasse samples.

Removal after fungal treatment with
P. chrysosporium

Parameter

at 25°C (%) at 39°C (%)
COD 4748 + 0.65a 54.21 +5.38a
Phenolics  54.72 + 1.85a 59.41+3.13a
Color 45.10+1.39 56.81 £ 0.56

Mean (+SE) (n=3). Means within a row sharing the letter (a) are not
significantly different by Newman-Keuls multiple comparison test
(p<0.05).

clear that the treatment reported here, at room temperature
and at 39°C, was more efficient, comparing degradation, than
those of some bacterial-fungal consortium that only could reach
12%  of  high-molecular-weight  polycyclic ~ aromatic
hydrocarbons removal in a treatment of 56 days (Boonchan et
al., 2000). In the color elimination, contrastingly with what was
found in this work, Dahiya et al. (2001) reported natural and
synthetic melanoidins removal by this species, even more than
80% in 6 days at 30°C, while Robinson et al. (2001) found only
53.6% of color removal on an artificial textile wastewater.

For both treatments, the maximum removal of all the
parameters was observed after 24 days (Figs. 1 and 2). Equally
there was more degradation at 39°C than at 25°C. This period
of time was longer as compared to other authors' results that
obtained the elimination in 6 days (Robinson et al., 2001) with
the same fungus, while with the use of bacterial-fungal
consortium reached the maximum after 50 days (Boonchan et
al., 2000). In the Table 2, there is a summary of the removal
percentages obtained with the two treatment studied in this
work. None of the treatments removed the phenolic
concentration, color and COD completely. It has been reported
that biological treatments are useful as a way to adapt the
wastewater before being discharged into receiving bodies
(Neyens and Baeyens, 2003). The results obtained in this
investigation suggested that the application of this kind of
treatments is convenient to reach pollutant removal values that
agree with those demanded by law, which are at least a little
more bearable for the environment.

In conclusion, the biological treatment of the vinasse
with P. chrysosporium was better at 39°C than at room
temperature. The color was most removed by the treatment at
39°C. COD and phenolic concentration removals were not
significantly different in the treatment of vinasse with the fungus
at room temperature and at 39°C. The maximum removal of
COD, phenolic compounds and color was obtained after 24
days of treatment. The use of this kind of treatments or similar
could be an effective way to treat vinasse in order to diminish
the impact of this wastewater to the environment.
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