1245

Vol.53, n. 5: pp. 1245-1254, Se_pteml_aer—Oct_ober 2010 BRAZILIAN ARCHIVES OF
ISSN 1516-8913 Printed in Brazil BIOLOGY AND TECHNOLOGY

AN INTERNATIONAL JOURNAL

Use of Vinasse and Sugarcane Bagasse for the Protlan of
Enzymes by Lignocellulolytic Fungi

Mario Mamede Aguiar’, Luiz Fernando Romanholo Ferreira and Regina Teresa Rosim
Monteiro*

Centro de Energia Nuclear na Agricultura; Laboratdde Ecologia Aplicada; Universidade de Sdo Pa@op.:
96; Av. Centenario, 303; Piracicaba - SP - Brasil

ABSTRACT

In this present work, three strains of Pleurotusl arrichoderma reesei were cultivated in media wpitb-treated
bagasse and vinasse. Cellulolytic and lignolytitivaties and biomass production were analyzed. ffeatment of
the bagasse with 2%,8, + 1.5% NaOH + autoclave resulted in a greater filteeakage increasing the cellulose
level up to 1.2 times and decreasing 8.5 timeshimicellulose content. This treatment also resuited high
lignolytic activity for all cultures utilized. T.eesei produced laccase, peroxidase and manganesrigese in all
the treatments, having its manganese-peroxidasdvitgctraging from 1.9 to 4.8 times higher than the
basidiomycetes.
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INTRODUCTION liters of vinasse is obtained (CONAB, 2008).
These residual products have the capacity to
The sugar-alcohol industry is an excellentaggregate value to the final production depending
representation of the developing process of Braziln the sector in which are applied.
having sugarcane as one of the largesthe biological degradation of the sugarcane
monocultures according to the Brazilian Service obagasse involves the enzymatic hydrolysis of the
Support for Micro and Small Companiesglycosidic linkages from the cellulose chains and
(SEBRAE, 2008). The prediction for the an attack on the lignin polymer. These cellulose
sugarcane production for the 2008/2009 growingibers, in nature, are generally fixed with other
season is that the total amount will reactpolymers (Leshine, 1995; Melo and Azevedo,
approximately 558.72 million tons, which will be 1997), especially hemicellulose and pectin (Enari,
processed in the sugar industry. This amourt983). The microorganisms capable of
corresponds to an increase of 11.4% relating to tHeydrolyzing these materials contain a complex
2007/2008 growing season (CONAB, 2008). Withsystem of a variety of enzymes. Such systems
this, there will also be an increase in the resdueadhere to the cellular envelope and to the
among them, bagasse and vinasse. For each tonspfstrate, mediating a greater proximity necessary
sugarcane processed, approximately 250 to 280 kgr the enzyme actions (Fengel and Wegener,
of bagasse is produced; and between 700 and 90889). Different  microorganisms act in

“Author for correspondence: mamede.aguiar@gmail.com

Braz. Arch. Biol. Technol. v.53 n.5: pp. 1245-125&pt/Oct2010



1246 Aguiar, M. M. et al.

cooperation at several stages in the degradation ®983; Esposito and Azevedo, 2004; Kuwahara et
cellulose, releasing multiple compounds which aral. 1984; Bon et al., 2008).

utilized in the metabolism (Melo and Azevedo,The objective of this work was the selection of
1997; Esposito and Azevedo, 2004). lignocellulolytic fungi and the evaluation of the
Lignin is a constituent of the cell wall of all the enzyme production of these microorganisms,
vascular plants, is a macromolecule consisting dfultivated in chemically treated sugarcane bagasse
units of phenylpropane, with a tridimensional andvith vinasse, under a range of temperatures,
amorphous conformation, representing from 20 taiming towards the recovery of these residues for
30% of the lignocellulosic material (Fagerstam eain eventual enzyme production.

al., 1980). Due to the strict association between

cellulose, hemicellulose and lignin, these

compounds are not homogeneously distributeMATERIALS AND METHODS

within the cell wall of the plant. The secondary

wall contains high quality cellulose, while in the Microorganisms

middle lamella, a higher quantity of lignin is The cultures of lignocellulolytic fungi were
found. However, all the three compounds can bebtained from the Applied Ecology Laboratory,
found in all the layers of the cell wall. CENA-USP, Piracicaba, SP. The cultures were:
The enzymes that constitute the multi-enzymati®leurotus  sajor-caju CCB020, Pleurotus
lignocellulolytic include laccase (E.C. 1.10.3.2)ostreatus Pleurotus ostreatoroseuSCB440 and
(Kuhad et al. 1990; Kuwahara et al. 1984), ligninTrichoderma reesei

peroxidase (E.C. 1.11.1.14) (Kuhad et al. 1990)

and manganese-peroxidase (E.C. 1.11.1.13) (Bd#agasse substrate

et al., 2008). These enzymes participate in th8un-dried sugarcane bagasse donated by a local
degradation of lignin. The enzymes responsible fogugar-alcohol industry was collected. The
the degradation of cellulose are exoglucanasehredded pieces were sieved at 1.19 mm (tylerl4)
(E.C. 3.2.1.91) (Kuwahara et al. 1984; Bon et alto obtain smaller particles.

2008) and the endoglucanases (E.C. 3.2.1.4) (Bon

et al., 2008). Determination of cellulase and ligninase
The conversion of plant macromolecules into lowproduction

molecular weight sugars that can be utilizedrhe fungi were tested according to the capacity of
directly or fermented may involve the following producing cellulases and ligninases utilizing the
steps: reduction in the size of the material, premethodology of Hankin and Anagnostakis (1975),
treatment, enzymatic hydrolysis and simultaneougith modifications in the media tested. For the
fermentation, and isolation of the reactionproduction of ligninases, the medium contained
compounds. The pre-treatment allows a conta@.0 g sugarcane, 1Q€L guaiacol, 16 g agar and
surface and a rupture in the structure of the tignil000 mL of distilled water. For cellulase
and cellulose fibers, consequently facilitating theproduction, the medium contained 10 g
hydrolysis to the simple sugar (Kuhad et al., 1990¢arboxymethyl cellulose (CMC), 10 g agar and
Kuwaharaet al,. 1984; Bon et al., 2008). The pre-1000 mL of distilled water. Both, cellulase and
treatments can be physical (as defibrillation byigninases media were autoclaved at @for 15
pressure and explosion) or chemical (acid anthinutes. In the medium containing cellulose
alkaline hydrolysis). (CMC), 10 mL of a Lugol-iodine solution was
The alkaline pre-treatment solubilizes theadded to the Petri dish after growing the fungus fo
hemicellulose content. The physical-chemical precellulase production.

treatments utilizing diluted acid and vaporThe fungi were inoculated using 5.0 mm diameter
pressure, allow the selective removal of thelisks from seven-days old cultures cultivated on
hemicellulose, producing sugar solutions withmalt-extract media. The Petri dishes were sealed
elevated pentose content and therefore reducirand placed in an incubator at’Z8for seven days.
the lignin content. The alkali processes tend tdhe production of ligninases and cellulases were
promote a high dissolution of the lignin and lowerverified by the formation of a reddish growth halo
the solubilization/fragmentation of  the in the guaiacol medium and a blue coloration in
hemicelluloses (Melo and Azevedo, 1997; Enarithe medium with CMC.
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Bagasse pre-treatment carboxymethyl cellulose (CMC) as the substrate
The bagasse was treated with 2%S6,, 1.5% and the exoglucanase (exo-BB-glucanase) by
NaOH, 2% HO, and 2% HO, + 1.5% NaOH in the dinitrosalycilic acid (DNS) technique,
the proportion of 1:10 (w/v) and autoclaved ataccording to the methodology of Miller (1959).
121°C for 15 minutes. The control consisted inOne unit (IU) of enzyme activity was defined as
non-treated bagasse added with distilled water the amount required to release 1.0 umol of glucose
autoclave. After the treatment, all the samplefrom the appropriate substrates per minute per
were washed with distilled water in order tomilliliter of crude filtrate under the assay
neutralize the effects of the reagents and dried abnditions.

60°C for 18 h and then analyzed for cellulose,

hemicellulose and lignin as described by Goerin@etermination of laccase activity

and Van Soest, 1970. The activity of laccase was determined using a
mixture containing 0.3 mL of a 0.05M citrate-
Vinasse characterization phosphate buffer with pH 5.0; 0.1 mL solution of

The vinasse was collected from the same loc#l.05 g syringaldazine in 50 mL ethanol and 0.6
sugar-alcohol industry and was kept in sealed 5 mL of the enzyme supernatant. The oxidation of
gallons and stored in cold room. Samples of thisyringaldazine was measured by monitoring the

vinasse were characterized for its contents. absorbance at 525 nm after 10 minutes of reaction.
A unit of the enzymatic activity was defined as the
Incubation and sampling qguantity of the enzyme necessary to oxidize 1.0

The cellulase and ligninase producing culturegmol of syringaldazine per minute, utilizing the
were transferred aseptically to 250 mL Erlenmeyemolar extinction coefficient of 6.5 x inol/cm
flasks containing 20 g bagasse with 60 mL ofor oxidized syringaldazine. The laccase activity
sterilized vinasse. The pH was adjusted to 6.0. Theas expressed as international unit per liter (Ul L
incubation was carried out in a controlled") of the extract (Szklar et al., 1989).

temperature incubator at 180 rpm and 25, 30, 35

and 40 C. The control consisted of 20 g bagass®etermination of manganese-peroxidase (MnP)
and 60 mL minimal mineral medium (g'L1.4 activity

(NH,).SO;; 2.0 KHPQO,; 0.3 wurea, 0.3 The MnP activity from the crude enzyme extract
MgSQ,-7H,O; 0.0014 2zZnSE7HO; 0.005 was determined evaluating the oxidation of phenol
FeSQ:-7H,0O; 0.0016 MnSQ 0.002 CoCl; 0.002 red €610 = 4460 mol crﬁ) (Hankin and
CaCh; 2.0 mL Tween-80 and 1.0 mL peptone).Anagnostakis, 1975) in the presence of
The experiment was carried out with threemanganese and ,8, at 30 C in a mixture
replicates during a period of 30 days. Every threeomposed of 100 pL of sodium-lactate buffer
days of incubation, a flask from each culture wa$0.25 mol LY); 50 uL of a MnSQ@(2.0 mmol L)
vacuum filtered, using a Whatman® N filter-  solution; 50 puL of HO, in a sodium-succinate
paper (85 mm ). The supernatant was thebuffer (0.2 mol L) with pH of 4.5; 200 uL bovine
transferred to a 50 mL Falcon tube for enzymeserum albumin (0.5%) and 600 pL of the crude
analysis. enzyme extract. The reaction was initiated with the
The crude extract was frozen and lyophilizecaddition of 100 pL phenol red (0.1%) and the
(Thermo Savant, model modulyod 115) for 72 h aabsorbance was measured at 610 nm. To stop the
-48 C and 1.2 mbar, and the biomass waseaction, 40 puL of 2.0 N NaOH was added after 10

evaluated by gravity until a constant weight. minutes of the first reading. One unit of the
enzyme activity was defined as the quantity of the
Enzymatic analysis enzyme necessary to form Iufol de Mri* per

The activity of endoglucanase, exoglucanasaminute, using the molar extinction coefficient of
laccase, manganese-peroxidase and peroxidaé&60 x 1&mol/cm (Hankin and Anagnostakis,

were determined in triplicate by reading thel975). The MnP activity was expressed as
absorbance by a FEMTO-432 spectrophotometer.international unit per liter (Ul £) of the extract.

Endoglucanase and exoglucanase activities Determination of peroxidase activity

The activity of endoglucanase (endo-B- The activity of peroxidase was performed
glucanase) @ was  determined by  usingaccording to the protocol established by Archibald
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(1992). Two 10 x 100 mm tubes were used, onexidation of guaiacol to tetraguaiacol (Hankin and
for the non-boiled sample and the other for thénagnostakis, 1975), which confirmed the
boiled sample. In each tube, 0.6 mL of the samplignolytic activity of the fungus, because the
to be analyzed was added with 0.2 mL of citrateexidation of guaiacol would occur only in the
phosphate buffer and 0.1 mL of,®. One tube presence of peroxidase. The lugol reacts with
was put into boiling water for 10 minutes (controlsome polysaccharides (Hankin and Anagnostakis,
sample) and cooled for the analysis. The initiall975). In the presence of starch, a blue color is
time was determined by the measure of théormed due to the potassium iodide, rendering the
absorbance at the time at which 0.1 mL oflementary iodine soluble in water through the
syringaldazine was added. The final time was théormation of the § ion in the helix formed by the
measurement at 10 minutes after the reactioamylase (Pereira, et al.,, 2003). The starch was
started. From each tube, 1.0 mL aliquots wereroduced by the degradation of the carboxymethyl
taken from the boiled and non-boiled samples teoellulose in the medium into lower molecular
measure against a blank at 460 nanometers. Thesight saccharides, consequently confirming the
peroxidase activity was expressed in internationgresence of cellulases.

units per liter (Ul ') of the extract. This experiment allowed the comparison of the
capability of the fungi in producing cellulolytic
Statistical analysis and lignolytic enzymes and also demonstrated a

The statistical tests were performed utilizing thggromising method for selection of cultures for
statistical analysis software Assistat 7.5 by théhese enzymatic studies.
Tukey's test with a significance level, p < 0.05
(5%). Analysis of collected vinasse
The temperatures at the time of the collection of
vinasse varied from 956 to 118C and after

RESULTS AND DISCUSSION cooling, the pH was between 3.95 and 4.5. The
sample had high concentration of potassium and
Cellulase and ligninase production phosphorus and high values of COD and BOD as

A blue color halo was observed in the CMC-Lugolshown on Table 1.
medium. The reddish color was due to the

Table 1 —Characterization of the vinassenatura.
Parameters of vinassén natura

pH (at 20°C) 3,95
COD (mg LY 42000
BOD (mg L) 11310
Total suspended solids (mg'L 5969
Total dissolved solids (ppm) 152126
Reducing sugars (mg) 962
Total Kjeldahl Nitrogen (mg ) 70
Potassium (mg 1) 2272
Phosphate (as P) (mg'L 200

Analysis of the cellulose, hemicellulose and lignin and cellulose fibers found in the internal
lignin content part of the bagasse fiber, being released or
The treatments with the alkaline and acidsolubilized. The alteration in the level of
solutions, with the exception of the 1.5% NaOHhemicellulose occurs by the fact that the acidic
resulted in increase in the level of cellulose itreatments break the hemicellulose fibers, while
relation to the control, in the treatments with 2%he alkaline treatment solubilizes the
H,SO, and with 2% HO, + 1.5% NaOH, the hemicellulose, generating pentoses and hexoses
cellulose levels were increased by 1.2 times (Tableuch as xylose and arabinose in variable quantities
2). These treatments promoted the rupture of th@Mane et al., 2006; Fasanella, 2008; Doerge et al.,
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1997). The bagasse treated with 2yDH+ 1.5% reesei(105.49 g [); P. sajor-caju(101.78 g );
NaOH + autoclave at 12C for 15 minutes was P. ostreatotoroseu$85 80 g ) andP. ostreatus
selected as it resulted high level of cellulose an(®8.27 g L%). Figure 2 showed that the mycelial
lignin and decreased the level of hemicellulosdiomass had an increment in the medium
However the high content of cellulose wascontaining sieved bagasse + vinasse, as compared
obtained by the 2% 430, treatment, but this to the mineral medium (Fig. 1). The most adequate
treatment was not chosen Dbecause theemperature for a higher mycelial growth was
hemicellulose content was of 5.87%, notbetween 30 and 3%. This range of temperature
facilitating the attack of the microbial enzymes inwas expected since the microorganisms studied
the free cellulose and lignin (Alborés et al., 2007 were mesophiles (Madan et al., 1983; Zhaial
The remaining percentage as observed in Table 2009). The fungal biomass at°30 was 117.87 g
was due to other components such as proteins ahdt for P. sajor-cajy 94.52 g [ for P.
lipids as stated by Goering and Van Soest, 1970. ostreatotoroseysl12.31 g [* for P. ostreatusand

120.04 g [' for T. reesei The relatively high
Mycelium quantification production of biomass could be attributed to
The quantity of the biomass produced after 3ighly nutritious nature of the media utilized. The
days of cultivation in the mineral medium (Fig. 1)mineral medium contains the basic minerals while
showed a significant variation among the culturesn the vinasse contains high values of nitrogen,
at 25 C in comparison to 30C, where the potassium, phosphorus and organic matter;
guantity of biomass produced by the fungi wasiecessary elements in the composition of the
much higher inT. reesei(110.43 g [); P. sajor- cellular material (Esposito and Azevedo, 2004).
caju (109.10 g [); P. ostreatug103.62 g [') and  The temperature of 8GC showed to be the most
P. ostreatotoroseu38.67 g ['). At 35° C also a appropriate temperature for the production of
high biomass production was observed Dy biomass for the selected fungi.

Table 2—- Cellulose, lignin and hemicellulose levels eftted and un-treated sugarcane bagasse

Treatment Cellulose (%) Lignin (%) Hemicellulose (%9
Bagassén natura(Control) 55.34 11.21 25.87
2% H,SO, 70.08 12.22 5.87
1.5% NaOH 53.44 9.75 11.98
2% H0, 59.50 13.37 8.46
2% H,O, + 1.5% NaOH 67.31 15.87 2.98

120
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80

60

40

Dry weight (g/L)

20

Temperature (°C)

W Pleurotus sajor-caju Pleurotus ostreatoroseus

W Pleurotus ostreatus W Trichoderma reesei

Figure 1 — Dry weight (g [*) of selected fungi in relation to the temperat{ie cultivated in
mineral (control) medium.
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W Pleurotus sajor-caju Pleurotus ostreatoroseus

B Pleurotus ostreatus W Trichoderma reesei

Figure 2 — Dry weight (g %) of selected fungi in relation to the temperat(f@) cultivated in
vinasse medium.

Enzymatic activity analysis showed a high exoglucanase activity (Fig. 3) with

The Pleurotusshowed a low enzymatic activity of 18.35 U mL™* at the 18 day of growth.

exo- and endoglucanase (Fig. 3 and 4), while th€he presence of endoglucanase may affect the

T. reesei demonstrated endoglucanase activityactivity  of  exoglucanase, since these

(Fig. 4) with 3.23 and 5.88 U riLat the 21'and microorganisms possess multiple distinct varieties

24" day of cultivation, respectivelyT. reeseialso  of endo- and exoglucanases, acting together in a
synergic manner.

20

FPase (UmL?)

3 6 9 12 15 18 21 24 27 30
Day of Cultivation

—&— Pleurotus sajor-caju CCBBO20
Pleurotus ostreatus

—— Pleurotus ostreatoroseus CCB440

—3— Trichaderma reesei

Figure 3 - Exoglucanase activity (FPase, U Mlduring 30 days of cultivation at 30°C cultivaied
vinasse medium.
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3 6 9 12 15 18 21 24 27 30
Day of Cultivation

—&— Pleurotus sajor-caju CCBB020
Pleurotus ostreatus

—— Pleurotus ostreatoroseus CCB440

—¥—Trichaderma reesei

Figure 4 — Endoglucanase activity (CMCase, U Milduring 30 days of cultivation at 30°C
cultivated in vinasse medium.

Figure 5 shows the activity of laccage. sajor- cultivation (Fig. 6). The activity for P.
caju at the first six days of cultivation showed ostreatoroseusvas undetectable for this enzyme.
10.53 Ul L, then decreased to 1.09 UI'LP. The activity of MnP for théP. ostreatusvas high
ostreatoroseusand T. reeseidid not produce (27.69 Ul LY at the 21 day of cultivation, while
laccaseP. ostreatugproduced 298.46 and 325.23the T. reesei obtained a high manganese-
Ul L™ The P. sajor-caju showed high MnP peroxidase activity between the™&nd 18 day
activity starting at the sixth day of incubation,(19.02 and 18.08 UI'L, respectively).

reaching a peak of 17.93 Ul'lat the 12 day of

350.0 .
300.0 - . (R
250.0
200.0
150.0
100.0
50.0
o T T T e ol
0.0 F R YK
3 6 9 12 15 18 21 24 27 30

Day of Cultivation

Laccase (U LY)

—@— Pleurotus sajor-caju CCBBO20
Pleurotus ostreatus

—— Pleurotus ostreatoroseus CCB440
=3 Trichoderme reesei

Figure 5 - Laccase activity (Ul 1) during 30 days of cultivation at 30°C cultivatedvinasse
medium.
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MnP (U L'Y)

3 6 9 12 15 18 21 24 27 30
Day of Cultivation

—&— Pleurotus sajor-caju CCBBO20
Pleurotus ostreatus

—d— Pleurotus ostreatoroseus CCB440

—3— Trichaderma reesei

Figure 6 — Manganese-peroxidase activity (U)Lduring 30 days of cultivation at 30°C
cultivated in vinasse medium.

According to Hatakka (1994), since the decade gferoxidase activity demonstrated by tResajor-
1980s, manganese-peroxidases together with othesiju was high at the first six days of incubation,
peroxidases were discovered and certain groups ahd then decreased gradually. Forostreatusan
fungi were classified according to their enzymatiactivity of 19.84 Ul [* was observed at the 15
production capacity: those capable of producinglay, being the highest among the studied cultures.
MnP + peroxidases, MnP + laccases and those thahe P. ostreatoroseudid not show any activity of
produced peroxidases + laccases, however sorperoxidase, whilel. reeseihad a low activity of
exceptions were applied (Mane et al., 2006peroxidase, reaching 4.64 Ut'lat the 21 day of
Fasanella, 2008; Doerge et al., 1997; Flachner argtowth.

Réczey, 2004). According to Figure 7, the

25.0

20.0 0

15.0

10.0

Peroxidase (UL?)
[

3 6 9 12 15 18 21 24 27 30
Day of Cultivation

—&— Pleurotus sajor-caju CCBB0O20
Pleurotus ostreatus

—— Pleurotus ostreatoroseus CCB440

—3— Trichaderma reesei

Figure 7 — Peroxidase activity (Ul't) during 30 days of cultivation at 30°C cultivatedvinasse
medium
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