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Abstract Mushroom production on coffee pulp as
substrate generates an intense black residual liquid,
which requires suitable treatment. In the present
study, Pleurotus ostreatus growth in wastewater from
mushroom farm was evaluated as a potential biolog-
ical treatment process for decolourisation as well as
to obtain biomass (liquid inoculum). Culture medium
components affecting mycelial growth were deter-
mined, evaluating colour removal. Laccase activity
was monitored during the process. P. ostreatus was
able to grow in non diluted WCP. Highest biomass
yield was obtained when glucose (10 g/l) was added.
The addition of this carbon source was necessary for
efficient decolourisation. Agitation of the culture
improved biodegradation of WCP as well as fungal
biomass production. Laccase and manganese-inde-
pendent peroxidase activities were detected during
fungal treatment of the WCP by P. ostreatus CCEBI
3024. The laccase enzyme showed good correlation
with colour loss. Both wastewater colour and
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pollution load (as chemical oxygen demand)
decreased more than 50% after 10 days of culture.
Phenols were reduced by 92%.
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Introduction

In Latin-America the production of edible mushroom
is generally carried out on agricultural waste as
substrate. Among them, coffee pulp is a substrate of
choice (Martinez-Carrera 2000). The cultivation of
mushroom on coffee pulp has been developed in
order to ensure its suitability towards local condi-
tions. Advantages of such a process include recycling
of the pulp, the rapid and easy production of a food
rich in protein and low in fat and an end-product that
can be used as an organic fertilizer or as cattle feed
(Bermudez et al. 2001).

However the technology generates a wastewater
with intense black colour. Until now, due attention
has not been paid to the study of the effluent
produced, mainly because of the small scale produc-
tion units which involve quantities that are low and
where contamination is not yet a serious issue.
Nevertheless, considering the rapid proliferation of
similar production units and the increase in volume of
commercial mushroom, the problems related to the
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process must be eliminated or reduced. In addition,
problems related to colour of different wastewaters
discharged into natural water course, have attracted
wide interest. Apart from the esthetically undesirable
aspect, this situation often is related to the presence
of toxic or recalcitrant compounds that increase the
negative environmental impact on the receiving
bodies.

Anaerobic degradation of wastewater from pas-
teurized coffee pulp (WCP) has been studied. It had
been shown that its organic load (as COD) decreased
to acceptable levels, but its dark colour remained
(Bello and Sanchez 1997). The use of wood-degrad-
ing white-rot fungi could be an alternative biological
process for the treatment of WCP, because these
organisms are known to have a multi-enzymatic
extracellular system that favors the degradation of
complex structures present in coloured effluents
(Coulibaly et al. 2003).

Pleurotus ostreatus is the third most important
cultivated mushroom for food purposes and it is also
a well studied white-rot fungus. The genus Pleurotus
is often associated with the bioconversion of agricul-
tural wastes into valuable food products through the
use of their ligninolytic enzymes for biodegradation
of organo-pollutants, xenobiotics and industrial con-
taminants (Cohen et al. 2002)

The use of WCP as a substrate in submerged
fermentation to produce mushroom inoculum will
reduce its negative impact on the environment, and
will allow not only the production of a secondary
inoculum but a reduction of substrate contamination
as well. Mycelial culture on solids is the common
method of inoculum preparation for the production of
edible mushroom; however, the use of a liquid
medium also offers some advantages (Nieto and
Sanchez 1997).

In this study, the growth of Pleurotus ostreatus on
WCP was assayed under different conditions and its
effect on bioremediation parameters (colour, COD
and phenols) was evaluated.

Materials and methods
Effluent and analytical methods

WCP was collected from the mushroom farm at the
Center for Industrial Biotechnology, (CEBI,
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Universidad de Oriente, Santiago de Cuba). The sample
was filtered through a gauze to eliminate solid materials,
centrifuged at 3,000 rpm for 5 min and stored in plastic
flasks at 4°C. Composition of effluent was determined
and the results are presented in Table 1.

Analyses of pH, DQO, DBOs, nitrogen, total
solids and luminance for colour measurement, were
carried out in accordance with methods proposed by
APHA (1998).

The calculation of colour removal was carried out
as described by Rodriguez et al. (2003). The hue was
designated as the degree of brightness by luminance.
This parameter is determined from the light trans-
mission characteristics of the filtered sample by
means of a spectrophotometer. Transmittance values
corresponding to ten wavelengths (narrow spectral
band) are summarized and then multiplied by the
appropriate factors (0.10). The calculation of colour
removal was carried out following equations:

A=2-TLogL (1)
R = (A; — Ap)/A; (2)
where:

L = luminance values,

R = colour removed,

A = absorbance (initial or final) obtained from the
values of luminance according to Eq. 1,

Log = logarithm

Phenol concentration was quantified using the
Folin-Denis method (Maestro et al. 1991). Residual

Table 1 Composition of the wastewater from the edible
mushroom farm (WCP)

pH 6.4 + 0.6
Colour (dil. 1:10) 509 £ 3.1
Apparent colour Black
COD (g/l) 594 £33
BODs (g/l) 315 £ 3.1
Total solids (g/1) 7.90 £+ 0.90
Total phenol (g/1) 0.26 + 0.05
Carbohydrates (g/1) 1.15 £ 0.19
Reducing sugar (mg/1) 1.94 £ 0.12
Ammoniacal nitrogen (mg/1) 12.50 £ 0.97
Phosphorous (mg/1) 295 £0.10
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glucose and carbohydrates present in the culture
medium were determined as described by Miller
(1959) and Dubois et al. (1956), respectively. Bio-
mass was calculated as dry weight (APHA 1998).
Biomass/substrate yield (Yyss) is the quotient of
biomass over reduced sugar consumed.

Laccase activity was measured by the oxidation of
guaiacol at 460 nm in a reaction mixture at 30°C,
containing guaiacol 10 mmol/l and 50 mmol/l of
phosphate buffer, pH 6.0 (Palmieri et al. 2000).
Enzymatic activity is defined as the quantity of
enzyme that produces an increase of absorbance of
1 unit/min.

Microorganism and preparation of inoculum

Stock cultures of Pleurotus ostreatus f.sp.(CCEBI
3024) were maintained at 4°C on potato-dextrose
agar (Difco Laboratories). P. ostreatus mycelia were
adapted to grow on WCP in agar plates containing
potato dextrose broth and WCP (20%). Cell extracts
were prepared from P. ostreatus cultures grown for
7 days on plates. Mycelium from each plate was
scraped off and added to an Erlenmeyer flask
containing 50 ml of NaCl (1%), and then homoge-
nized. Aliquots of the homogenate were used to
inoculate erlenmeyer flasks with liquid media (10%
v/v). The inoculum represented approximately
0.02 g/l in dry weight.

Culture conditions

The BM medium used was a modification of
basidiomycetes rich medium described by Marti-
nez et al. (1994), which included the following
components (g/l): yeast extract 0.5, L-asparagine
0.65, KH,PO4 1.0, KCI 0.5 and MgSO, - 7H,O
0.5. One milliliter of micro-element solution
(1000x) was added. This solution contained (mg/
I): boric acid 500, CuSO, - 5H,O 40, KI 100,
FeCl, - 6H,0O 200, MnSO, - 4H,0 400, ZnSO, - 7
H,O 400 and NaMbO, - 2H,O 200. The pH of
BM was adjusted to 6.

Different concentrations (5, 10, 20 g/l) of glucose
were evaluated. Two other carbon sources were
assayed, besides glucose: sucrose and glycerol. Each
one was added at a concentration of 20 g/l in BM.

A second medium termed simple medium (SM)
was comprised of (g/l): glucose 20, peptone 5, yeast
extract 2, KH,PO,4 2 and MgSO, - 7TH,0 0.5, at the
same pH as BM.

WCP was used at a final concentration of either
50% or 100% in both media. To that, BM or SM or
some of its components were added directly. Waste-
water (WCP) at a concentration of 50% without
addition of external nutrient was also tested as
substrate for fungal growth. Culture media were
compared in order to produce biomass, laccase
enzyme and to reduce colour.

All Erlenmeyer flasks were kept at 28°C and
stirred at 120 rev/min (except where stated) for
10 days in the dark. Experiments were performed
using five replicates for each set of conditions.

Decolourization test

Optimized conditions obtained from experiments
described above, were used to evaluate the potential
of Pleurotus for WCP bioremediation. Erlenmeyer
flasks with 150 ml of medium (WCP 100%) were
inoculated as previously described. The treatment
was carried out over a 15 day period and COD,
phenol and colour removal were determined. Besides
laccase activity, manganese-independent or versatile
peroxidase (VP), manganese peroxidase (MnP), lig-
nin peroxidase (LiP) and aryl-alcohol oxidase (AAO)
were also assayed.

MnP, LiP, AAO and VP were determined by
standard methods according to Heifling et al. (1998),
Tien and Kirk (1984), Guillén et al. (1992) and
Camarero et al. (1999), respectively. Enzyme units
were defined as 1 umol of substrate oxidized per
minute, under the assay conditions described.

Results and discussion

WCP is the wastewater from edible mushroom farms
obtained when coffee pulp is pasteurized during the
substrate preparation process. This effluent has high
pollution characteristics, particularly an intense dark
colour, a significant COD as well as presence of
phenols. Disposal into the environment without
degradation or detoxification, may result in serious
environmental pollution (Table 1). Soluble organic
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compounds from coffee pulp are responsible for the
pollutant effect of WCP, similar to other wastewaters
from depulping or washing of coffee in processing
units. However, in the present case, the high temper-
atures employed in this operation probably facilitate
the liberation and diffusion of components present in
the pulp (Bello and Sanchez 1997). Oligomeric and
polymeric phenolic compounds (hydroxycinnamic
acids and condensed tannins) give this wastewater
its characteristic black colour with recalcitrant prop-
erties (Ramirez and Clifford 2000).

The BOD/COD relation of WCP, higher than 0.5
suggests the use of a biological treatment for its
bioremediation. However high-molecular-weight
compounds are not easily degraded by bacteria, and
thus coloured compounds pass through biological
treatment systems largely undegraded. Besides, phe-
nols present in the wastewaters have antibacterial
effects, thereby limiting conventional treatment by
aerobic-anaerobic processes (Scalbert 1991).

Previously studies have reported that P. ostreatus
is capable of decolourizing wastewater with high
polyphenol content (Fountoulajkis et al. 2002; Rod-
riguez et al. 2003). Nevertheless the removal
capacities of white-rot fungi varied with the culture
conditions (Kim et al. 1996). With relation to the
latter, WCP is limited in nutrients such as simple
carbon, nitrogen and phosphorous sources (Table 1).

Effect of carbon source and its concentration

The presence of glucose in the culture media resulted
not only in highest biomass production but also in
greatest colour removal capacity (Tables 2 and 4).
Increasing the glucose concentration in the medium
resulted in a seven-fold increase in the decolourising
ability of P. ostreatus, although the enzymatic activ-
ity that was monitored (laccase) showed no
significant changes (Table 2). This behavior is also
appreciated in values shown in Table 4 where the
sole addition of glucose (20 g/l) to WCP produced
similar effects. These results suggest that glucose-
induced enzymes play a key role in colour removal.

White-rot mushroom are able to degrade recalci-
trant compounds (often associated with colour)
through a cometabolic process that requires an
alternative source of carbon (Aust and Benson
1993). Other authors have recognized that critical
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Table 2 Influence of glucose concentration on biomass, lac-
case activity and colour reduction

Glucose Biomass Laccase Colour
concentration (g activity removal (%)
(g (U/ml)

WCP + 5 142 ¢ 3.18 % 8.1°¢

WCP + 10 437° 2.19 ® 233°

WCP + 20 8.26* 1.88 % 57.1%

WCP diluted 50% (v:v) was supplemented with basidiomycete
medium (BM). Values in the same column with the same
letters are not statistically different at the level of 5%

quantities of glucoses between 1 and 5 g/l are
necessary to maintain the decolourization capacity
of white-rot fungi (Zhang et al. 1999). On the other
hand, it is known that glucose oxidase (GO) is
produced on glucose-rich media together with AAO
by such organisms (Ander and Marzullo 1997).
Studies are underway to correlate enzymatic activi-
ties of GO and AAO with the production of H,O, and
their inter-relation with ligninolytic enzymes.

As early as the 70’s Green et al. (1977) proposed
that regulation of lignin polymerization may occur
through the action of GO. Later, Leonowickz et al.
(1999, 2001) reported on the cooperation between
laccase (LAC) and GO in a proposed enzymatic
system that appeared to work during lignocellulose
transformation. In this system LAC oxidizes lignin-
derived radicals to quinones, which can serve as
hydrogen acceptors for GO. Once reduced, radicals
and quinines prevent spontaneous repolymerization,
counteracting poisonous levels of quinines in the
medium enabling laccase to continue its function. GO
produces H,O,, which serves as a co-substrate for
peroxidase activities along with other enzymes that
participate in lignin breakdown. Similar mechanisms
could take place when considering the transformation
of phenolic compounds present in WCP which are
responsible for its dark colour. Decolourization is
therefore affected by glucose addition to the medium.

Pleurotus spp. produces MnP, VP and laccase, but
not LiP. Laccase has been correlated with the
decolourization of wastewaters by such fungi (Kissi
et al. 2001; Dias et al. 2004). It was therefore chosen
to monitor these enzymatic activities as representa-
tive of ligninolytic activity in the present work.

Biomass dry weight increased with higher con-
centrations of glucose (Table 2), and reached values
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Table 3 Effects of different carbon source on biomass pro-
duction and decolourization

Carbon Biomass Laccase Colour
source (g/) activity removal
(U/ml) (%)
WCP + BM 315°¢ 1.12°¢ 15°¢
WCP + Glucose + BM 13.27 * 2347 66 *
WCP + Sucrose + BM 6.16° 177" 50°
WCP + Glycerol + BM 1077 2,19 66 °

Values in the same column with the same letters are not
statistically different at the level of 5%. BM (basidiomycete
medium). WCP diluted 50% (v:v)

of 8.26 g/l at 20 g/l glucose. These results were
similar to those obtained by Guillén et al. (1998) on
synthetic medium (8.6 g/l) but after 16 days of
culture. The best Yx,s was achieved at 10 g/l of
glucose with a value of 0.68; compared with 0.28 and
0.41 obtained for 5 g/l and 20 g/l glucose, respec-
tively. However, the highest concentration of glucose
is necessary in order to improve decolourisation
(57.1%).

Different carbon sources were utilized to supple-
ment 50% diluted WCP in order to investigate their
effect on colour removal and mushroom growth, as
well as on laccase activity. No significant differences
were found with regards to the decrease of WCP
colour between cultures grown in the presence of
glucose or glycerol (Table 3); therefore, either could
be used as carbon source to help in WCP decolou-
rization and to obtain liquid inoculum. Similar results
were obtained by Kissi et al. (2001) and Fountoulaj-
kis etal. (2002) for olive mill wastewater
biodegradation when using glycerol or glucose as
an additional substrate. Addition of sucrose resulted
in low biomass production coupled with non optimal
decolourization (Table 3).

Effect of culture medium composition

Poor growth was observed when using WCP alone
(diluted 50%) as this wastewater lacks nutrients.
Nevertheless the fungus was capable of using some
components from WCP to grow to 0.26 g/l biomass
and also to activate its laccase enzyme(s) for
detoxification, showing 15% colour removal
(Table 4).

Table 4 Effects of media composition on growth and decol-
orizing ability of Pleurotus ostreatus CCEBI 3024

Medium Biomass Laccase Colour
composition (g/) activity removal
(U/ml) (%)
WCP (50%) 0.26 ¢ 1.07 ¢ 15.0¢
WCP (50%) + glu 3.15°¢ 1.27 ¢ 58.0°¢
BM 7.30° 0.14 ¢ -
SM 6.90 ° 0.19°° -
WCP (50%) + BM 13.27° 2.19°¢ 66.0 °
WCP (50%) + glu 11.80 ° 230 °¢ 60.0

+ microelements
WCP (50%) + SM 8.20° 8.53° 74.6 2
WCP (100%) + SM 14.60 * 12.70 68.6 *°

BM, basidiomycete medium which contained 20 g/l of glucose
(glu); SM, Simple medium. Similar letters in the same column
indicate no statistical difference. WCP dilution v:v is shown in
parenthesis. The microelements are described in BM
composition

WCP contains anti-physiological compounds e.g.
polyphenols such as tannins (Field and Lettinga 1987)
that could affect biomass concentration but stimulate
laccase activities at least fifteen times higher than the
activities observed in control media. The highest laccase
activity was detected in WCP (100%) supplemented
with SM and highest biomass production was also
observed. Laccase activity in fungal cultures can be
increased by the addition of different aromatic com-
pounds to the media (Marques de Souza et al. 2004) or
by different industrial effluents that contain them
(Dahiya et al. 2001; Dias et al. 2004). Moreover,
Carbajo et al. (2002) showed that hydrolysable tannins
such as tannic acid could act as inducers of laccase
activity due to the enhancement of expression of laccase
genes. Tannic acid is the tannin most widely distributed
in nature. Tannins are also the second most abundant
group of plant polyphenols, after lignin. Therefore WCP
can be considered as a cheap laccase inducer, an enzyme
with many potential applications (Riva 2006).

Although the best colour removal value was
measured in SM medium with WCP diluted at 50%,
no significant differences were found between both
WCP concentrations (50 and 100%) (Table 4).

The two culture media tested, BM and SM are
similar in composition. However, BM contains only
yeast extract as complex nitrogen source whereas SM
contains both peptone and yeast extract. Therefore
BM could be considered limited in nitrogen. In
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addition, BM contains a number of microelements
that are absent in SM such as copper and manganese
which are known as effective inducers of ligninolytic
enzymes (Palmieri et al. 2000). In WCP supple-
mented with BM medium components, high biomass
production was obtained but with low colour
removal. However, significant colour removal was
observed in the presence of SM medium (Table 4).
This could be linked to the presence of peptone in the
SM medium. Indeed, Dahiya et al. (2001) showed
that peptone had a positive effect on wastewater
decolourization. SM therefore constitutes the best
alternative for the dual objective: biomass production
to use as mushroom inoculum as well as wastewater
biodegradation. Undiluted WCP can be treated by
P. ostreatus. In the culture medium, mycelial growth
is obtained in pellet form, typical of the submerged
culture with agitation, but colour adsorption was not

observed in the mycelium (data not shown).

Effect of agitation

The effect of agitation on biodegradation resulting

from P. ostreatus (10 days in 50% WCP/SM med-

ium) was studied. The decolourization and COD
removal increased in agitated culture (120 rev/min)
as shown in Table 5. Biomass was greater in agitated
culture as compared to static culture. COD removal
and decolourization can therefore be attributed to
increased amounts of dissolved O, that favoured

mushroom growth and then its metabolic processes.

Table S Effect of agitation (120 rev/min) on growth of
P. ostreatus in WCP and reduction of COD and colour

Treatment Biomass  Colour COD
(g/) removal (%) removal (%)
WCP (50%) + SM  8.20 74.6 71.6
agitated
WCP (50%) + SM 245 49.7 49.2

static

SM, Simple medium. WCP dilution v:v is shown in

parenthesis. The values are the mean of five values

Also, diffusion of nutrients, substrates and products
(enzymes) as a result of agitation was augmented.
Yesilada et al. (1998, 2003) described the same
effects on decolourization of olive mill wastewaters
and dyes.

Decolourisation assay

To obtain more information about P. ostreatuslignin-
olytic enzymes implicated in WCP decolourization,
several enzyme activities were assayed using the
optimized conditions: non diluted wastewater, glu-
cose 20 g/l and SM components in agitated culture
(Fig. 1).

WCP decolourization was associated with fungal
growth and colour decreased by 77.8% after 12 days
of culture. P. ostreatus did not need carbon or
nitrogen-limiting conditions to induce the ligninolytic
activities as was the case in other studies (Martinez
et al. 1994; Kim et al. 1996). Of the five enzyme

Fig. 1 Effect of 25 - 10 ~100
P. ostreatus growth on
bioremediation of non |
diluted WCP. Error bars 20 IE ... I 8 _ 80
indicate standard deviation = 1 Tt { £ =
=) .. T ) 3
from mean values = + = =
[ S . . [%2] ©
g 151 4 = 6 2 60 3
S > — s £
S T /5_( T © (]
ey - : © 5
. o
8 10 1 / 4 > a0 2
5 b S = o
el /‘ +\ ©
| . &
5 L — e[ . > = |20
/‘// i\\\;\ =
0 : : : 1 E— + 0 Lo
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Time (days)
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activities assayed in these extracts, only LAC and VP
were detected. Laccase activity seemed to be corre-
lated (R2 =097, P <0.05 with wastewater
decolourization in the growth phase. VP was first
reported when a peptone based medium was used
(Martinez et al. 1996). The presence of peptone in
SM therefore favoured VP induction. The maximum
value of this enzymatic activity was detected on the
nineth day and then it diminished to undetectable
levels at the end of the culture period.

Pleurotus ostreatus was able to reduce the pollu-
tion generated by WCP, removing the organic load
(78.9%) and the colour (77.8%) in the residual liquid,
over a period of 15 days. The COD removal values
are similar to those reported by other authors using
other treatments in wastewaters rich in polyphenols
(Fountoulajkis et al. 2002; Coulibaly et al. 2003).
However, little is known to date about colour removal
in wastewater from coffee pulp. Fungal treatment
resulted in high polyphenol removal (92%).

Conclusions

Pleurotus ostreatus is, therefore, able to grow using
WCP as medium and to reduce notably colour,
phenol content and COD, thus proving to be a good
agent for the effective treatment of this wastewater.
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