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ABSTRACT

The study of xylanase production was conducteditept®myces viridosporus T7A in submerged (SmF)satid-
state fermentation (SSF), using agro-industrialidases and sub-products. Napier grass, sugarcaneadsa and
soybean bran were used as carbon source, substugiesért, and nitrogen source, respectively. In Sii&pier
grass (1% v/iw) supplemented with soybean bran,dxyethylcellulose and B complex vitamins were uSeglbean
bran (1.5 % w/v), B complex vitamins (0.1%), andrbyyethilcellulose (0.15%) led to an increase yarase
production (23.41 U/mL). In SSF, the effects of fiblllowing parameters were studied: substrate cositfm
(sugarcane bagasse, Napier grass and soybean bmaitigl moisture, and inoculum rate. In SSF, thighest
xylanase activity (423.9 U/g) was reached with: %0sugarcane bagasse, 20% Napier grass and 10% aaybe
meal, 90% of moisture, and 1§ substrate.
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INTRODUCTION (xylose and oligossacharides) may be used both in
the food industry, as fat substitutes and antifeeez
Hemicelluloses are polysaccharides of lowadditives, and in the pharmaceutical industry.tAs i
molecular weight associated with cellulose andhydrolyzes, xylan may also be converted into
lignin in the cells of plants. Xylanes are theliquid fuel, proteins isolated from cells, solvents
greatest hemicellulosic components of wood andnd low calorie artificial sweeteners. Complete
grass, constituting around 25% of their totakylan hydrolysis requires the action of many
biomass (Georis et al., 2000). enzymes, such as endf-tylanases, which are
During the last decade, researchers have beerucial for depolymerization (Georis et al., 2000).
largely interested in the potential biotechnolopicaXylanases have a potential application in
uses of xylanases. Products of xylan hydrolysigicreasing digestibility of lignocellulosic matdria
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for animals (Georis et al., 2000; Alberton etfim on the solid particle and the large contact
al.,2006). Animal feed industry is an importantsurface among the gaseous, solid, and mycelia
agribusiness sector, with an annual production aftates (Machado, 2000). In SSF, aeration is
600 million tons of feed, and more than US$ 5(erformed by the insertion of sterile compressed
billion income. air through the bed fermentation system (forced
At this moment the xylanase production wasaeration) or simply by diffusion in static
achieved by different technique, as submergedonditions (Lonsaneet al, 1985, Soccol and
fermentation (SmF) and solid-state fermentatio'vandenberghe, 2003).

(SSF), using agro-industrial residues (Goyal et alBiomass determination is one of the most critical
2008; Kronauer et al., 2007; Rawashdeh, 2005points of SSF. The techniques easily used for SmF
Although, substrate derivatives and the finalre impractical in SSF. In SSF, the biomass is
product of the enzymes may frequently work asssociated to substrate-support in such a way that
key factors and influence positively xylanasephysical separation for its quantification is not
induction, they may also act as inhibitors in higheasy. The indirect determination techniques are
concentrations (Kulkarni et al., 1999). Catabolidbased on correlation through culture of metabolites
repression caused by glucose is a commonlffom biomass (glycosamine, proteins, ergostrerol,
observed phenomenon in xylanase biosynthesiBNA, ATP, etc.) (L.l.,, 1995, Soccol et al., 1995
Enzyme synthesis was repressed when easioccol and Vandenberghe, 2003, Prado et al.,
metabolizable carbon sources were present in ti&904).

medium, suggesting that enzyme synthesis iShen, it is understood that the problem to be
controlled by a transitory regulatory status andolved in order to obtain better understanding of
catabolic repression (Kulkarni et al., 1999).these systems concerns the characterization of the
Concerning metallic ions, xylanases ofkinetics of biomass production as well as the
Streptomycesp AMT-3 were strongly inhibited development of mathematic models necessary to
by the addition of copper, manganese, and irogptimize these types of processes (Raimbault and
ions (Nascimento, 2002). In a lignocellulosicAlazard, 1980; Rodriguez et all997). Both @
substrate, Streptomyces viridosporusT7A is  consumption and CQproduction is the result of
capable of producing enzymes of agro-industriatespiration and the metabolic activities are
interest such as lignin peroxidase, Xxylanaseassociated with growth (Prado et 2004).

esterase, and cellulase (Ramachandra et al., 1987i. laboratory scale, the most used bioreactors in
Solid-state fermentation (SSF) presents som8SF cultures are erlenmeyer flask, tray-type
advantages over submerged fermentatiobioreactors (aeration by diffusion), glass columns
concerning the readiness of recuperation ofnmersed in temperature-controlled baths, and
bioproduct, besides the use of natural substraté®rizontal drums (forced aeration). They can be
such as nutritional support. Several agricultural oused for development of different bioprocesses
agro-industrial residues, cellulosic or amilaceousncluding the production of enzymes, organic
have been used in solid-state fermentation such asids, antibiotics, hormones.

sugarcane bagasse, cassava bagasse, rice d@htés work had the purpose to comparatively
wheat bran, coffee husks, and others (Soccol amdoduce xylanase in SmF and SSF I8/
Vandenberghe, 2003). Low moisture content irviridosporusT7A using sugarcane bagasse, wheat
SSF provides lower volume of reactor per mass diran and Napier grass. SSF was carried out in
subtract than in SmF and it also simplifies thealifferent models of bioreactors: erlenmeyer flasks,
product recovery. tray-type bioreactor and horizontal drum. Some
Environmental aspects such as temperature, pldhysical and chemical conditions of the process
water activity, oxygen levels, and concentration ofvere studied with respect to both techniques.
nutrients and products significantly affect

microbial growth and formation of products. In

submerged cultures, environmental control IMATERIAL AND METHODS

relatively simple due to homogeneity of the cell

microbial suspension, nutrient solution, and theviicroorganism

products at the liquid stage. On the other handihe strain used in this study was acquired from the
aeration is easier than in submerged processgsnerican Type Culture CollectionStreptomyces
because of the high diffusion rate of the aqueous
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viridosporusT7A (ATCC 39115). It was kept in Supplementation and hydroxyethyl cellulose

YM agar (yeast extract malt agat 4£C. Supplementation of hydroxycethyl cellulose, based
on kulkarni’s study (kulkarni et al., 1999) was
Spores suspension assessed together with supplementation with

Cells were suspended 50 ml of sterile water in soybean bran and vitamin-b complex. in this case a
an erlenmeyer flask with two drops of Tween 80factorial experimental design®*3was employed
and sterile glass beads. With the aid of a magnet{table 1). statistical dates was analysed by so&wa
stirrer, flasks were shaken for 15 min for spomes tstatistica® version 5.0.

be adequately suspended. This solution was kept

in refrigeration at 4C in erlenmeyer flasks for up Xylanase production in SSF

to six days. The first experiments were conducted in
erlenmeyer flasks using sugarcane bagasse (70%),
Inoculum production Napier grass (20%), and soybean bran (10%) as

Spore suspension was activated in erlenmeyebstrate. A salt solution (NaPO, and KHPO,,
flasks at 37C in a shaking incubator at 150 rpm,5.3 and 1.98 g/L, respectively) was used. The pH
using a nutritive solution containing: 0.6% yeastvas adjusted to 8.6 with a 10% NaOH solution.
extract and salt solutions (g/L): NaHP(.3); The flasks were covered with cotton and then
K HPQ, (1.98); MgSQ (0.2); NaCl (0.2); CaGl sterilized for 15 min at 121°C. Substrate was
(0.02) (Ramachandra et al., 1987). After 48 h ofnoculated with 10 mL of cell suspension
activation, cells were used to inoculate thepreviously activated in shaker per gram of

medium to be fermented. substrate.
Xylanase production in submerged Definition of substrate composition
fermentation Three components were used for studying the best

Fermentation assays were carried out in duplicatesubstrate composition sugarcane bagasse, Napier
in 250 mL erlenmeyer flasks containing a mediunyrass, and soybean bran. The proportions of each
composed by (g/L) NaHP5.3); K:HPG, (1.98);  component varied according to Table 2.

MgSGQO, (0.2); NaCl (0.2); CaGl(0.02); ground

Napier grass (1% w/v), which was added as thgffect of moisture and inoculum rate

lignocellulosic source (200 mesh). The mediunThe study of the effect of initial moisture and
was then sterilized for 15 min at £Z1 Flasks inoculation rate on the production of xylanase was
were inoculated with activated cells 12% v/v, anctarried out in 250 mL erlenmeyer flasks with the
were kept under stirring at 120 rpm. FermentatioBupport of a 2 central-point experimental design
assays were carried out in conditions previouslymoisture %: 80, 90 and 95; inoculation rate?, 10
studied: pH 8.5-9.0.; temperature &7, stirring at 1, and 16). The same described conditions were
120 rpm (Adhi, 1989). used in these experiments.

Influence of nitrogen source Xylanase production in column bioreactors

The influence of the nitrogen source (urea 0.8 g/LColumns were loaded with the solid substrate

soybean bran at 1% and yeast at 0.6%) was testedmposed by: 70% sugarcane bagasse; 20%
searching for higher activities of xylanase. TheNapier grass and 10% soybean meal, humidified
optimal levels of the inclusion of soybean bran agith a salt solution (N&PO, and KHPQ, 5.3

a source of nitrogen, between 0.5% and 1.5%nd 1.98 g/L, respectively). This substrate was
were studied. The same conditions wersterilized at 120C, pH was adjusted to 8.7, and

employed. then columns were closed with cotton. Columns
Influence of supplementation with vitamin-b were inoculated with I@pores/g of substrate.
complex Biomass was estimated by respirometric analysis.

The effects of supplementation with vitamin-BThe saturated exhaust air from the class column
complex: cianocobalamine 25 pg/mL; thiaminebioreactor was passed through a silica gel column
0.005 g/mL; pyridoxine (B6) 0.0005 g/mL) addedand analyzed by gas chromatography (Shimadzu
at 0.05% and 0.1% were compared to the contr@C-8A) to determine ©and CQ profiles at the
(no vitamins added). gas outlet and relate them to biomass synthesis.
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Oxygen uptake rate (OUR) and volumetric flow ofwere placed in a room with controlled temperature
CO, (L.hY) were estimated by a mass balance(37 °C) and humidity of about 95%. Fermentation
From results on the production of OUR and,CO was carried out for 168 h.
some bioprocess parameters can be estimate®iSF was also conducted in horizontal drum (HD)
Estimation of biomass at a certain timey)(X%s bioreactor with 2 kg of dry substrate and 90% of
calculated assuming values for its yield based oimitial moisture adjusted with the nutritive
oxygen consumption (o) and biomass solution. In this case, initial moisture of subiira
maintenance coefficient @n The software was lower than in tray-type bioreactor to avoid the
FERSOL was used in the calculations (Rodriguezexcessive huddle of the substrate particles, which
Ledn et al., 1988). was observed in the first fermentations carried out
in HD bioreactor. The inoculated substrate ’(10
Xylanase production in tray type bioreactor spores/g of dry CB) was placed inside the drum.
and horizontal drum As shown in Figure 1, the drum (0.024%m
Solid-state fermentation (SSF) in trays was carriedonsisted of a shovel coupled to a motor axis that
out using initial moisture adjusted to 95% with therotates at controlled speed. Thus, material was
nutritive solution. Substrate was inoculated withrevolved 3 to 4 times a day avoiding the formation
the spore suspension containing’ Epores/g of of preferential ways. Saturated air was inserted
dry substrate. The pre-inoculated substrate wasontinually into drum in order to control substrate
distributed in trays (0.0045 3nin order to obtain temperature and moisture (Prado et al., 2004). The
2, 4, and 6 cm of bed thickness (0.15, 0.30, andirflow was maintained at 5 L/min. Fermentation
0.45 kg of dry substrate, respectively). The traysvas carried out for 168 h at room temperature.

11
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_:::;

g
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Figure 1 - Outline of the horizontal drum bioreactor and #iaxy equipments: (1) compressor, (2)
air filter, (3) humidifier, (4) horizontal drum hieactor, (5) axis, (6) motor, (7) speed
controller, (8) air discharge, (9) silica gel colun10) automatic injector, (11) gaseous
chromatograph, (12) computer.
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Enzyme assays nitrogen source was also performed. In this case,
Xylanase activity was assayed using 1 %soybean bran at 1% showed better results (5.0
birchwood xylan (Sigma, USA) in 0.05 M citrate U/mL) against 2.3 U/mL and 1.06 U/mL of yeast
buffer (pH=5.3), according to the method ofextract and urea, respectively. Soybean bran was
Bailey et al.(1992). The release of reducingthen chosen as nitrogen source.

sugars was determined using the 3,5- A 3%** factorial experimental design was carried out
dinitrosalicylic acid (DNS) method (Miller, in order to optimize supplementation with soybean
1956) with a xylose standard curve. One unibran, B complex vitamins, and

(IU) of enzyme activity was defined as thehydroxyethylcellulose (HEC). Results of this

amount of enzyme required to liberate 1 mol obptimization are shown in Table 1.

reducing sugars per minute. The results of thesEhe analysis of the results in Table 1 show theteh

analyses were expressed as units per gram of dmas a positive response in xylanase yield when the

matter (1U/Q). greatest percentages of soybean bran, complex B
vitamins and HEC were added to the medium (24.31
U/mL). Results obtained in this trial were much

RESULTS AND DISCUSSION greater than those reported by Adhi (1989) in
submerged culture (0.3 U/mL) usi&y viridosporus
Xylanase production in SmF strain T7A,; those reported by Techapun (2001) (12

Results obtained with supplementation withU/mL) using Streptomyces albusind Antopoulos
soybean bran and vitamins, in association wittf2001) (15 U/mL) usingtreptomycesp. strain AB.
hydroxyethyl cellulose, are discussed belowHowever, they were similar to the yields reportgd b
The first assays of xylanase production 8y Mahesawari (2000) and Nascimento (2002),
viridosporusT7A in SmF using Napier grass asrespectively equal to 22.0 and 28.4 U/mL, using
source of carbon showed a production of 4.5treptomycesp. Magnuson et al. (1999) reported a
U/mL. The study of the effect of the type of production of 8 U/mL by5. viridosporus7A.

Table 1 - 3** factorial experimental design for the suppleméaatvith soybean bran, B complex vitamins, and
HEC in order to optimiz&treptomyces. viridospords A xylanase yield in submerged fermentation.

Assay Soybean bran % B complex vitamins % HEC % Activity U/mL
1 0.5 0.1 0.10 19.48
2 0.5 0.2 0.20 22.49
3 0.5 0.3 0.15 23.69
4 1.0 0.1 0.20 23.14
5 1.0 0.2 0.15 24.09
6 1.0 0.3 0.10 21.00
7 1.5 0.1 0.15 22.12
8 1.5 0.2 0.10 23.62
9 1.5 0.3 0.20 24.31

There were no statistical differences (p<0.05) irshown). Cost-benefit ratio of this supplementation
the concentrations of soybean meal (0.5; 1.Gshould be taken into account in order to determine
and 1.5%); B complex vitamins (0.1; 0.2 andthe concentration of these elements to be added to
0.3%) and HEC (0.1; 0.15 and 0.2%) analyzedhe fermentation medium.

in this study. Results of the statistical analysidhe presence of B complex vitamins is important for
suggest that the lowest levels used of soybeahe growth and metabolism of microorganisms. It is
meal (0.5%), B complex vitamins (0.1%) andbelieved that metabolic stimulus may increase
HEC (0.1%) led to good xylanase yield (data nokylanase production. The presence of HEC 0.1% led
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to greater enzyme activity, corroborating thenitrogen, respectively. The studied proportionghef
results by Kulkarni et al(1999), who showed components are presented on Table 2. After 5 days
that xylanase yield bptreptomycesp may be of fermentation, it was verified that the compasiti
induced by cellulose. Thus, this supplementatiothat resulted in better xylanase production (390.4
is probably beneficial for xylanase production,U/mL) was that containing 70% of sugarcane
although the mechanism by which HECbagasse, 20% of Napier grass, and 10% of soybean
increases production is not clear. Based on theran. It is believed that sugarcane bagasse is
results, a better xylanolytic activity could beimportant for its high water retention capacity
obtained when the fermentation medium wagSoccol and Vandenberghe, 2003), since e
supplemented with B complex vitamins andviridosporusis a microorganism which develops in

HEC. elevated moisture (over 90%). As the percentage of
bagasse was increased, over 70%, a decrease of the
Xylanase production in SSF enzyme production was verified. Napier grass;

Xylanase production was carried in SSF with theontains less crude fiber contents than sugarcane
purpose of comparing the production of thisbagasse, 28.2% and 41%, respectively (data not
enzyme using different fermentation techniquesshown). Consequently, the higher percentages of
The same substrates employed in SmF weignine, the lower is the amount of other nutrients
used in SSF. Sugarcane bagasse was used (amino acids and vitamins), which may play an
support (higher proportion of fibers), Napierimportant part on the metabolism of the
grass and soybean bran as sources of carbon amttroorganism.

Table 2 -Optimization of the proportions of sugarcane bagassybean bran and Napier grass for the produofion
xylanase byStreptomyces viridospords/A in SSF.

Assays
Substrate (%) 1 2 3 4 5 6 7 8 9 10
Sugarcane bagasse 10 20 30 40 50 60 70 80 90 100
Napier grass 80 70 60 50 40 30 20 10 0 0
Soybean bran 10 10 10 10 10 10 10 10 10 0
Activity U/g 21.2 255 329 604 1504 210.1 390.4360.6 290.9 35.0

Study of the influence of moisture and This is a great matter in SSF since few materials
inoculation rate used are able to retain so much moisture without
Results of the study on the influence of thdetting water free. But, sugarcane bagasse, skinles
moisture content and inoculation rate on therinded, and sieved is one of the few agro-indaistri
xylanase production are shown in Table 3. Imesidues which are capable of retaining higher
this study, moisture was noticed as a veryolume of water per unit of dry weight (Soccol and
significant physical parameter in the xylanase/andenberghe, 2003).

production process by SSF according to

ANOVA the regression coefficient was Xylanase production and biomass estimation in
determined 0,964. The studied variables wer8SF in column bioreactors

significant at p < 0.05. Therefore, higherOne of the most important aspects of SSF, both in
percentages of moisture content provided highdaboratory and pilot / industrial scales is biomass
levels of xylanase activity (423.9 U/g). By estimation. Methods commonly used in liquid
keeping the inoculation rate constant ‘(10 culture are not adequate for SSF, due to the amihesi
spores/g) the xylanasic activity changed fronof the cells to the support/substrate, which affect
229.0 U/g (80% of moisture) to 423.9 U/g (95%this estimation. A way to evaluate growth and its
of moisture). The surface response graphic (datalation with the production of biomolecules in SSF
not shown) the ideal moisture is around 92%systems would be the analysis of £froduction
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and Q consumption during the process, O The evolution of CQand xylanase production was
consumption and COproduction are results of analysed. It may be observed that,Gfarted to be
microbial metabolic activity; that is how detected after 12 h of fermentation, reaching a
microorganisms obtain energy for their growthmaximum flow (0.50 mM/h) in 21 h. From this
and survival. Therefore, they may be used in themoment on, there was a decrease in the amount of
estimation of biomass synthesis. Many author€0, released until 41 h. Then, it remained constant
used respirometry in order to continuously(0.20 mM/h) until the end of the fermentation
assess COand Q that are released from process, showing that the microorganism continued
bioreactors (Soccol and Vandenberghe, 2003). breathing (data not shown). Xylanase production
Aeration in bioreactors is provided by thebegan only after 24 h of fermentation (4.65 U/qg),
injection of compressed air. Then, gasreaching a maximum (76.2 U/g) in 96 h. This fact
exchanges take place between the air and tliEmonstrated that production was not associated
solid matrix. In SSF, aeration has the followingwith S. viridosporusgrowth and the aeration had a
aims: maintenance of aerobic conditionsnegative effect over xylanase accumulation.
withdrawal of CQ, control of temperature and

humidity.

Table 3 - Effect of humidity and inoculum rate o xylanaseduction byStreptomyces viridosporuk/A in solid
state fermentation.

Moisture % Inoculation Activity U/g
90 14 346.1
95 1¢ 350.0
80 10 229.0
80 1¢ 193.5
95 10 200.0
90 1d 333.9
95 10 423.9
90 1¢ 90.8
80 10 319.3

Production of the enzyme in this trial, althoughsubstances. Further studies should be conducted in
not carried out in the conditions previouslyorder to better understand this finding.

established as favorable, was not satisfactorigiotechnological parameters of the process were
due to several factors. First of all, substratestimated from values calculated for £O
moisture was not ideal (90%) because free watgroduction. Mass balance for g@roduction was
was released from the material. It was extremelgonsidered to be parallel with, @onsumption, for
difficult to maintain temperature at 37°C, whatthere were problems in the analytic system fgr O
contributed for a lower xylanase production.The equation by Sato et al. (1983) was used in the
Even then, the behavior and growth of thecalculations.

microorganism as well as the relationshipBiomass calculation procedure (Xn) in a given
between growth and xylanase production coulgheriod of time (t) consists in the estimation of
be predicted from the results obtained. Abiomass yield based on,@onsumption and the
decrease in xylanase production could benaintenance coefficient (m). FERSOL software
observed after 97 h of fermentation. This(Rodriguez-Léon et al., 1988) was used in the
decrease may be due to the presence o¢hlculations. Two biomass points were measured
inhibiting substances in the medium, such aanalytically for the samples, at 0 and 26 h. Values
proteases that were being producedneasured were compared with predicted ones. The
concomitantly. Other inhibitors may have a rolesoftware determined the coefficients for the eaumti

in this occurrence, such as sugars that welgy means of successive approaches. Biomass yield
released during the process, as well as oth€¥ x/o) was determined using the values obtained in
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the trial, based on QOconsumption equal to bioreactor (aeration by diffusion) and horizontal
2,816 g per biomass unit and a maintenancagrum (forced aeration). Xylanase activity decreased
coefficient equal to 0,0036 g of,@onsumed of significantly with the increase of scale indepenltyen
biomassh™. of aeration method: 90 U/g dry substrate and 80.5
Biomass estimated from 0 to 26 h ofU/g dry substrate in tray-type and horizontal drum
fermentation, during exponential growth phasebioreactor, respectively, after seven days. In-tray
ranged from 0.1 to 0.44 g. Based on this biomadype bioreactor some operational problems such as
estimation, specific growth speeg) (was equal lost of humidity due to the high temperature of the
to 0.126 H, and regression coefficient YR process (37°C) were verified. In horizontal drum it
equal to 0.987. was possible to observe a decrease of xylanase

activity, probably due to the medium heterogeneity
Xylanase production in tray type bioreactor and agglomeration, which creates serious limitation
and horizontal drum of air and nutrients diffusion. New experiments are
Table 4 presents the results of xylanaseertainly needed to optimize these processes.
production byS. viridosporusT 7A in tray-type

Table 4 -Comparison of xylanase production in differentaymf bioreactors by solid-state fermentation

Tray-Type Layer (cm) (U/g) Horizontal drum(U/g)
2 62.26
4 90.00 80.50
6 85,63
CONCLUSIONS substrate-support since it showed high water

retention capacity. Aeration, at the tested levadsl
It can be stated, in light of the results obtaiimed no significant effect over xylanase production. By
this study, that the production of xylanase ofespirometric analysis it was possible to verifatth
Streptomyces viridosporu7A was satisfactory Xylanase production was not associated w#h
when compared to the results obtained by othefiridosporus growth. This fact shows that the
researchers with the same strain. Therocess of xylanase production presents great
fermentative process proposed in this study iperspectives if the technique of SSF is conducted
viable as it allows the use of low-cost agro-without forced aeration. In this way, the process
industrial sub-products and residues. The besoust be conducted in SSF bioreactors that do reot us
results were obtained with supplementatiorforced aeration such as tray-type bioreactors. Some
using soybean bran at 1% (w/v). There was aftudies of xylanase purification will also be
increase on xylanase production (24.31 U/mL)performed.
in SmF when the vitamin-B complex and HEC
were added to the medium. With respect to
solid-state fermentation, the study to determindCKOWLEDGEMENTS
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ReEsumo

? producdo de xilanase porStreptomyces
g}ridosporus T7A foi realizada em fermentacdo
8Pbmersa (FSm) e fermentacdo no estado solido
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Capim Napier e farelo de soja), umidade iniciallonsane, B. K., Ghidyal, N. P., Budiatman, S.,
aeracdo e taxa de inoculacdo. A mais elevadaRamakrishna, S V. (1985), Engineering aspectslaf s
producdo de xilanase (423,9 U/g) foi atingida state fermentationEnzyme Microb. Technol7, 258-

com 70% bagaco de cana, 20% de capim Napiﬁ265'

. . o achado, C. M. (2000), Producdo de Acido Giberélico
e 10 % farelo de soja, 90 % de umidade inicial € por Fermentacdo no Estado Solido em Bio-Residuos da

10" células/ g substrato. Agroindustria do Café, Mastre Science
Thesis,Universidade Federal do Parana, Curitiba,
Brazil.
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