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a  b s  t r a  c t

Sugarcane straw has become an available lignocellulosic biomass since the progressive

introduction of the  non-burning harvest in Brazil. Besides keeping this biomass in the field,

it  can be used as a feedstock in thermochemical or biochemical conversion processes. This

makes feasible its incorporation in a biorefinery, whose economic profitability could be

supported by integrated production of low-value biofuels and high-value chemicals, e.g.,

xylitol,  which has important industrial and clinical applications. Herein, biotechnological

production of xylitol is presented as a  possible route for the valorization of sugarcane straw

and its  incorporation in a biorefinery. Nutritional supplementation of the sugarcane straw

hemicellulosic hydrolyzate as  a function of initial oxygen availability was studied in batch

fermentation of Candida guilliermondii FTI 20037. The nutritional supplementation conditions

evaluated were: no supplementation; supplementation with (NH4)2SO4, and full supplemen-

tation with (NH4)2SO4,  rice bran extract and CaCl2·2H2O. Experiments were performed at pH

5.5,  30 ◦C, 200 rpm, for 48 h in 125 mL Erlenmeyer flasks containing either 25  or 50  mL of

medium in order to vary initial oxygen availability. Without supplementation, complete

consumption of glucose and partial consumption of xylose were observed. In this con-

dition  the maximum xylitol yield (0.67 g g−1) was obtained under reduced initial oxygen

availability. Nutritional supplementation increased xylose consumption and xylitol produc-

tion by up to 200% and 240%, respectively. The maximum xylitol volumetric productivity

(0.34 g L−1 h−1) was reached at full supplementation and increased initial oxygen availabil-

ity.  The results demonstrated a combined effect of nutritional supplementation and initial

oxygen availability on xylitol production from sugarcane straw hemicellulosic hydrolyzate.

©  2016 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is

an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Brazil is the largest sugarcane producer in  the world, responsi-

ble for approximately 38% of global production.1 In the season

∗ Corresponding author.
E-mail: ahernandez@usp.br (A.F. Hernández-Pérez).

2014/2015, the production level reached 634.8 millions metric

tons.2 It  is estimated that 28% (on a dry weight basis) of the

harvested sugarcane corresponds to  lignocellulosic byprod-

ucts, bagasse and straw (tops, dry and green leaves), which

represent two-thirds of the energetic potential of sugarcane.3
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Currently, sugarcane bagasse, produced during sugarcane

milling, is widely used as  a fuel in a cogeneration process for

energy production, and as  a feedstock in bioprocesses research

for production of lignocellulosic ethanol and chemicals.3,4

Also, sugarcane straw is becoming an available lignocel-

lulosic biomass, due to the progressive introduction of the

non-burning harvest (green management), which aims to

improve the crop sustainability.3,5 According to these authors,

this harvest system leads to deposition of 7–25 metric tons/ha

of sugarcane straw on the soil, corresponding to a  straw-

to-stalk ratio of 9–30%. The mulch formed has important

agronomic and economic impacts and may potentially cause

positive or negative effects on crop yield, soil fertility, fertilizer

management, weed control, soil erosion and organic matter

dynamics, depending on the characteristics of each area.5

Besides the agronomic benefits of keeping this biomass

in the field, sugarcane straw can be used as a  feedstock

in thermochemical and biochemical conversion processes,

making feasible its incorporation in a future sugarcane biore-

finery. In fact, it  has been proposed that the incorporation of

both sugarcane bagasse and straw would be essential for the

development of a  sugarcane biorefinery with capabilities to

produce sugar, first- and second-generation ethanol, electrical

and thermal energy, and chemical products, under economic,

social and environmental sustainability.6 Currently, the main

uses proposed for sugarcane straw are its complete utiliza-

tion as a fuel for energy generation and its depolymerization

for ethanol and energy production.3,4,7

It is also known that the profitability of a  low-value

biofuel-producing biorefinery can be supported by integrated

production of high-value chemicals.8 One of the  high-value

chemicals as defined by the Department of Energy of the

United States (US-DOE), which can fulfill this approach, is

xylitol.9 Xylitol is a natural sweetener, which has  been highly

valued for its important applications in food, odontological,

and pharmaceutical industries, and as a platform chemical

for the synthesis of other valuable chemicals.10 Currently,

commercial production of xylitol is based on catalytic hydro-

genation of xylose purified from hemicellulosic hydrolyzates,

a process that is considered to be inefficient and expensive due

to the complexity of the xylose purification procedure.11,12

Biotechnological production of xylitol from lignocellulosic

biomass has been widely studied as an alternative to the com-

mercial chemical process, since neither purification of xylose

nor high temperatures and pressures are required for this bio-

logically selective process.11–13 This bioprocess is based on the

ability of pentose-assimilating yeasts to reduce xylose to xyli-

tol as the first step of xylose metabolism, with participation

of NAD(P)H-dependent xylose reductase (XR, E.C.1.1.1.21).14–16

According to these authors, accumulation of xylitol is caused

by a NADH/NAD+ imbalance, i.e., low levels of NAD+ and

high levels of NADH, resulting from limited O2 supply and a

consequent reduction in cell respiratory rate. This prevents

the oxidation of xylitol to xylulose by inhibiting NAD(P)+-

dependent xylitol dehydrogenase (XDH, E.C.1.1.1.9), and, as

a result, its integration into the central carbon metabolism

through the pentoses phosphate pathway (PPP). According

to Silva and colleagues17 and Yablochkova and colleagues,15

while some yeasts can compensate for the reduced NAD+

regeneration using NADH as  a  cofactor for XR, this enzyme

is exclusively dependent on NADPH in other yeasts, such as

Candida guilliermondii, which makes them good candidates for

xylitol production.

It is known that the requirement for  nutritional supple-

mentation is  an important factor for the use of hemicellulosic

hydrolyzates as suitable fermentation media for xylose-to-

xylitol bioconversion.18–20 It has already been demonstrated

that supplementation requirements depend on the raw mate-

rial characteristics, due to the fact that the  composition

of a  hemicellulosic hydrolyzate varies according to the raw

material, presenting different contents of minerals, trace

elements, vitamins, proteins, among others, which are com-

pounds that can be used as nutrients for microbial growth

and metabolism.20,21 Regarding the  fermentative process, it  is

widely recognized that a limited-oxygen atmosphere is  one

of the most important factors that must be controlled to

increase the process efficiency.16,17 According to  Somerville

and Proctor,22 oxygen supply in  batch cultures at a  laboratory

scale is a function of the agitation speed and the ratio between

the volumes of a  culture medium and a  flask.

The present work aimed to use the hemicellulosic frac-

tion of sugarcane straw as a feedstock for xylose-to-xylitol

bioconversion by C. guilliermondii FTI 20037, as a possible

route for its valorization and incorporation in a  biorefin-

ery. To the best of our knowledge, this is the first work on

biotechnological production of xylitol from sugarcane straw

hemicellulosic hydrolyzate. Therefore, nutritional supple-

mentation was  studied as a function of initial oxygen

availability in order to  establish a  suitable formulation of the

fermentation medium that would favor optimal yeast perfor-

mance, which in turn affects the cost of this bioprocess.

Materials  and  methods

Sugarcane  straw

The sugarcane straw was  kindly provided by Usina Santa

Adélia, Jaboticabal, São Paulo, Brazil. It  was collected directly

in the form left in the field after the harvest. The straw was

dried until moisture content was 11.25%. The biomass in nature

was chemically characterized for cellulose, hemicellulose and

lignin contents, according to the methodology proposed by

Gouveia and colleagues.23

Preparation  of  hemicellulosic  hydrolyzate

The sugarcane straw was subjected to dilute-acid hydrolysis

with 1.0% (w/v) H2SO4 in a 35-L steel reactor at 121 ◦C for 20  min

at a  1:10  solid/liquid ratio. The hemicellulosic hydrolyzate

was  filtered and vacuum-concentrated at 70 ◦C  to  increase

the initial concentration of xylose by threefold.24 Next, it was

subjected to a  detoxification treatment consisting of a pH

adjustment to 7.0 with CaO (commercial grade) and to 2.5

with H3PO4, followed by the addition of 1.0% (w/v) activated

charcoal (refined powder) and incubation at 60 ◦C, 100 rpm

for 30 min.25 All the precipitates formed during the process

were removed by vacuum filtration. The treated hemicellu-

losic hydrolyzate was autoclaved at 111 ◦C, for 15  min  to  be

used as  a  fermentation medium.
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Table 1 – Structural chemical composition of sugarcane straw and comparison with other lignocellulosic biomasses.

Raw materials Component (%w/v) Reference

Cellulose Hemicellulose Lignin Ash

Sugarcane straw 31.7 27.0 31.1  1.5 Present work

Sugarcane straw 33.8 27.4 21.3 2.6 Szczerbowski and colleagues26

Sugarcane bagasse 43.1 28.6 20.8 2.9 Arruda37

Rice straw 43.5 22.0 17.2 11.4 Mussatto and Roberto21

Wheat straw 33.8 31.8 20.1 7.0 Canilha38

Oat hulls 29.3 28.4 22.2 4.5 Tamanini and colleagues39

Microorganism  and  inoculum  preparation

For the fermentation experiments, the yeast C. guilliermondii

FTI 20037 maintained at 4 ◦C on malt-extract agar slants was

used. The medium used for inoculum preparation contained

(g L−1): xylose (30.0), rice bran extract (20.0), (NH4)2SO4 (2.0),

and CaCl2·2H2O (0.1). The rice bran was kindly provided by

the local farm Beneficiadora de Arroz Irmãos Ligabo, Canas,

São Paulo, Brazil. For rice bran extract preparation, a mixture

of the rice bran (200 g) and distilled water (1 L) was autoclaved

(111 ◦C, for  15 min). After cooling, the mixture was centrifuged

(2000 × g, for 20 min) under aseptic conditions and the super-

natant, corresponding to the  rice bran extract, was  aseptically

transferred to a sterilized flask. A  loopful of cells grown on

malt extract agar was  transferred to the medium (50 mL)  used

for inoculum preparation in Erlenmeyer flasks (125 mL)  and

the culture was  incubated on a  rotary shaker at 30 ◦C, 200 rpm

for 24 h. Afterwards, the  cells were separated by centrifuga-

tion (2000 × g,  for 20  min), rinsed twice with distilled water,

and the cell pellet was resuspended in an appropriate volume

of distilled water to be used as  an inoculum.

Medium  and  fermentation  conditions

The fermentation medium consisted of the sugarcane straw

hemicellulosic hydrolyzate, with the following composition

(g L−1): xylose (50.60), glucose (9.75), arabinose (9.60), acetic

acid (2.87), 5-hydroxymethylfurfural (5-HMF) (0.04). The fol-

lowing three nutritional supplementation conditions were

evaluated: H1, not supplemented; H2, supplemented with

(NH4)2SO4 (2.0 g L−1);  and H3, fully supplemented with rice

bran extract (20.0 g L−1), (NH4)2SO4 (2.0 g L−1)  and CaCl2·2H2O

(0.1 g L−1). The initial pH was adjusted to 5.5 and was not

controlled during runs. Batch fermentations were carried out

in 125-mL Erlenmeyer flasks, containing 25 or 50 mL  of the

fermentation medium in order to vary the initial oxygen avail-

ability. The initial cell biomass concentration in  all the flasks

was 1 g L−1. The flasks were incubated on a  rotary shaker at

30 ◦C, 200 rpm for 48 h.

Analytical  methods

The concentrations of xylose, glucose, arabinose, acetic

acid, xylitol, glycerol, and ethanol were determined by

high-performance liquid chromatography (HPLC) (Shimadzu

LC-10AD, Kyoto, Japan), using a  refractive index detector and a

Bio-Rad (Hercules, CA, USA) Aminex HPX-87H column at 45 ◦C,

with 0.01 N  H2SO4 as an eluent, at a flow rate of 0.6 mL min−1.

The concentrations of furfural and 5-HMF were also deter-

mined by HPLC, using an ultraviolet light detector (SPD-10A

UV-VIS, Waters Corp., Milford, MA,  USA) and an RP-18 column

(Hewlett-Packard, Palo Alto, CA, USA) at 25 ◦C, with acetoni-

trile:water (1:8) and 10% acetic acid as  an eluent and a flow

rate of 0.8 mL min−1. Cell growth was monitored by measuring

absorbance at 600 nm (DU 640B spectrophotometer, Beckman

Coulter, Brea, CA, USA) and calculated based on the relation-

ship between absorbance and cell dry weight.

Results  and  discussion

The suitability of the hemicellulosic fraction of sugarcane

straw was studied as  a  feedstock for the biotechnological pro-

duction of xylitol. Table 1 shows the structural composition

of the sugarcane straw, in comparison with other lignocellu-

losic biomasses. The proportion of the  hemicellulosic fraction

(27.0%) determined in this study was  similar to that found

by Szczerbowski and colleagues26 also in sugarcane straw

(27.4%), as  well as similar to  the values reported for other

biomasses that were evaluated for xylose-to-xylitol bioconver-

sion, thus suggesting that sugarcane straw can be an adequate

feedstock for this bioprocess.

The chemical composition of the  sugarcane straw hemi-

cellulosic hydrolyzate obtained by dilute-acid hydrolysis (not

concentrated and not detoxified) is shown in Table 2 in

comparison with other hemicellulosic hydrolyzates obtained

under similar hydrolysis conditions. Xylose was  the major

monosaccharide, representing 71% of the sugar content, and

its concentration (18.6 g L−1) was in the range of other hemicel-

lulosic hydrolyzates. Glucose and arabinose constituted 14.1

and 14.9%, respectively. For comparison, Szczerbowski and

colleagues26 found that xylose represented 75% of the hemi-

cellulosic fraction of sugarcane straw. The high xylose content

of the sugarcane straw hemicellulosic hydrolyzate supported

the suitability of sugarcane straw as a  feedstock for biotech-

nological xylitol production.

It is known that  the presence of glucose in  a  fermentation

medium can affect, positively or negatively, xylitol produc-

tion, depending on the glucose/xylose ratio.27,28 According

to Table 2,  the glucose concentration in  the sugarcane straw

hemicellulosic hydrolyzate was higher than in other hemicel-

lulosic hydrolyzates; nevertheless, the glucose/xylose ratio in

the sugarcane straw hemicellulosic hydrolyzate was approxi-

mately 1/5, which had been found by Silva and Felipe28 to  be

the optimum ratio for xylitol production by C. guilliermondii FTI

20037 from a sugarcane bagasse hemicellulosic hydrolyzate.

Regarding toxic compounds, it was confirmed that the
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Table 2 – Composition of sugarcane straw hemicellulosic hydrolyzate and comparison with other hemicellulosic
hydrolyzates.

Raw materials Component (g L−1) Reference

Glucose Xylose Arabinose Acetic acid Furfural 5-HMF

Sugarcane straw 3.7 18.6 3.9 2.23  0.33 0.57 Present work

Sugarcane bagasse 0.84 17.85 1.68 3.15 0.06 0.008 Marton and colleagues25

Sugarcane bagasse 1.20 18.24 1.71 3.38 0.08 0.003 Rodrigues and colleagues24

Rice straw 3.29 18.33 3.4 1.05 0.1  0.17 Mussatto and Roberto21

Sorghum straw 2.1 17.69 1.81 1.87 0.04 1.56 Sene and colleagues36

concentrations of acetic acid, furfural and 5-HMF in  the

sugarcane straw hemicellulosic hydrolyzate were in most

cases higher than those found in the hydrolyzates of other

biomasses, except for acetic acid in sugarcane bagasse and

5-HMF in sorghum straw (Table 2). Nevertheless, the deter-

mined values for all the toxic compounds were lower than the

reported inhibitory concentrations for xylose consumption

and xylitol production by C. guilliermondii in  semi-synthetic

media29–31 and hemicellulosic hydrolyzates.30,32

The profiles of xylose consumption, cell growth and xyli-

tol production by C. guilliermondii FTI 20037 growing in the

sugarcane straw hemicellulosic hydrolyzate are presented in

Fig. 1A–C as functions of nutritional supplementation and ini-

tial oxygen availability. Table 3 summarizes the fermentative

parameters for all the experiments. In general, the results

obtained in the present work showed that xylose consump-

tion, cell growth and xylitol production were improved by

nutritional supplementation. Furthermore, it was  observed

that xylose utilization for cell growth or xylitol production was

dependent on the initial oxygen availability, since the exper-

iments were performed under conditions of increased and

reduced initial oxygen availability, which were established by

the use of different medium volumes (25 and 50  mL, respec-

tively) in the Erlenmeyer flasks (150 mL).
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Fig. 1 – Profiles of xylose (square), xylitol (circle) and cell biomass (triangle) in  batch fermentation with C. guilliermondii FTI

20037 in sugarcane straw hemicellulosic hydrolyzate with different nutritional supplementation and the two conditions of

initial oxygen availability: (A) without supplementation (H1); (B)  supplementation with (NH4)2SO4 (H2); (C)  full

supplementation with (NH4)2SO4,  rice bran extract and CaCl2·2H2O (H3). Dashed line (- - -) and open style: increased initial

oxygen availability (25 mL of fermentation medium). Solid line (—) and solid style: Reduced initial oxygen availability (50 mL

of fermentation medium).
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Table 3 – Parameters of C.  guilliermondii FTI 20037 fermentation for each evaluated condition.

Nutritional supplementation condition H1 H2 H3

Volume of  fermentation medium 25 mL  50  mL 25  mL 50  mL 25 mL 50  mL

Xylose consumption (%)  26.12 29.29  60.58 30.95 79.22 57.80

Xylose uptake rate (g L−1 h−1) 0.33b 0.32b 1.08c 0.36b 0.87b 0.53a

Cell biomass (g L−1) 12.09 6.87 17.30  5.69 19.02 7.16

Cell growth rate (g L−1 h−1) 0.27b 0.28d 0.41b 0.19e 0.43b 0.27e

Cell biomass yield (g g−1) 0.57 0.30 0.43 0.23 0.43 0.20

Xylitol produced (g L−1) 4.78 8.69 4.75 9.61 16.20 14.24

Xylitol yield (g g−1) 0.41 0.67 0.16 0.63 0.47 0.55

Efficiency (%)  45.26 73.32  16.97 68.95 50.91 60.07

Xylitol volumetric productivity (g L−1 h−1) 0.10 0.18 0.10 0.20 0.34 0.30

H1: without supplementation; H2:  supplementation with (NH4)2SO4;  H3:  full  supplementation with (NH4)2SO4, rice bran extract and CaCl2·2H2O.

25 mL of fermentation medium: increased initial oxygen availability; 50  mL of  fermentation medium: reduced initial oxygen availability.

Xylose uptake rate and cell growth rate  were quantified during the period of  maximum xylose consumption and cell growth, respectively, as  is

denoted by the following symbols:
a Between 0 h  and 48  h.
b Between 8 h  and 48  h.
c Between 24  h and 48  h.
d Between 0 h  and 8 h.
e Between 0 h  and 24  h.

Cell biomass yield was quantified considering xylose and glucose consumption.

It is important to  point out that in the experiments with-

out nutritional supplementation (H1, Fig. 1A) the yeast was

able  to completely consume glucose (data not shown) and

partially consume xylose, resulting in cell growth and xylitol

production (Table 3). This result suggested that the sugarcane

straw hemicellulosic hydrolyzate could supply a  basal level

of nutrients to support the microbial metabolism. A  similar

observation was made for the  same yeast grown in hemicel-

lulosic hydrolyzates of rice straw20 and brewer’s spent grain.21

The authors suggested that, in  the case of the rice straw,

this fact was associated to its high ash content (11.4%), indi-

cating that the ash contained minerals, trace elements and

vitamins20; and, in the  case of the brewer’s spent grain, due

to its elevated protein content (15.25%) and a  large variety of

minerals.21 In the present work, the ash content of the  sugar-

cane straw (1.5%) was lower than the values reported for the

above-mentioned materials (Table 1), while the protein and

mineral contents of the sugarcane straw were not determined.

Hence, further studies are necessary to establish the feasibility

of developing a technology for xylitol production from sug-

arcane straw hemicellulosic hydrolyzate without nutritional

supplementation.

Without supplementation (H1), xylose consumption was

26.12% and 29.29% under conditions of increased and reduced

initial oxygen availability, respectively (Table 3). In the exper-

iments with increased initial oxygen availability, xylose

consumption was incremented by 132% relative to H1 with

the supplementation of (NH4)2SO4 (H2). An additional increase

of xylose consumption by 31%  relative to H2 was obtained

with the full supplementation of (NH4)2SO4, rice brain extract

and CaCl2·2H2O (H3), corresponding to a total improvement

of 200% between H3 and H1 (Table 3). On the other hand, in

the experiments with reduced initial oxygen availability, the

supplementation of (NH4)2SO4 did not lead to any improve-

ment in xylose consumption; however, a  87% increase relative

to H1 was achieved with full supplementation (Table 3). Thus,

it can be stated that under the condition of reduced ini-

tial oxygen availability full supplementation was necessary

to achieve an improvement in  xylose consumption similar

to that reached with (NH4)2SO4 alone under the  condition of

increased initial oxygen availability.

With the exception of the experiments conducted with-

out nutritional supplementation (H1), in which the profiles

of xylose consumption were similar (Fig. 1A, Table 3), the

two conditions of initial oxygen availability used in this

work promoted differences in the profiles and rates of xylose

consumption. In the experiments with the reduced initial

oxygen availability, xylose began to be consumed at a con-

stant rate sooner than in those with the increased initial

oxygen availability (Fig. 1B and C). Nonetheless, the xylose

consumption rates (calculated during the phase of maximum

xylose consumption for each experiment) were higher in  the

experiments with the increased initial oxygen availability (by

200% with supplementation of (NH4)2SO4 and by 53% with

full supplementation). Consequently, the  xylose consump-

tion levels were higher than in the  experiments with the

reduced initial oxygen availability (by 96%  in H2 and 37% in

H3) (Table 3).

The results obtained on xylose consumption suggested

that the yeast capacity to assimilate xylose was limited in the

experiments with reduced initial oxygen availability, which

could be due to  a limited supply of NADPH necessary for

XR activity.28,33 It has  previously been indicated that under

conditions of oxygen limitation the carbon flux from xylose

assimilation could be insufficient to  promote NADPH regener-

ation through the PPP,17,29,33 which is an important factor that

can affect the xylitol production.16,17,27

The cell growth and xylitol production were improved

in a  similar way as  xylose consumption. In regards to cell

biomass, in the experiments with increased initial oxy-

gen availability the supplementation of (NH4)2SO4 (H2) led

to a 43%  improvement relative to the medium without



494  b r a z  i  l i  a n j o  u r  n a l o f m i  c r o b  i o l o g y 4  7 (2 0 1  6) 489–496

supplementation (H1), and an  additional increase of 9% was

achieved relative to H2 with full supplementation (H3), cor-

responding to a total improvement of 57% between H3 and

H1 (Table 3). In the  experiments with reduced initial oxygen

availability, no improvement in  cell growth was observed with

nutritional supplementation (Table 3). It should be empha-

sized that supplementation with (NH4)2SO4 alone did not

increase xylitol production under either condition of initial

oxygen availability. On the other hand, full supplementation

led to 240% and 48% improvements in xylitol production under

conditions of increased and reduced initial oxygen availability,

respectively (Table 3).

Considering the results obtained on xylose consumption,

cell growth, and xylitol production in the experiments with

reduced initial oxygen availability, it  can be stated that sim-

ple supplementation with an  inorganic nitrogen source such

as (NH4)2SO4 was not sufficient to improve xylitol production.

On the other hand, with the  full supplementation of the sug-

arcane straw hemicellulosic hydrolyzate with (NH4)2SO4,  rice

brain extract and CaCl2·2H2O, increased xylose consumption

and xylitol production were achieved under both conditions

of initial oxygen availability. These facts suggested the neces-

sity of supplementation with a complex nitrogen source such

as the rice bran extract, an agro-industrial by-product, which

can also supply minerals and vitamins.34 Similarly to our

results, it has been demonstrated that the xylitol production

by C. guilliermondii FTI 20037 was  improved in hemicellulosic

hydrolyzates from sugarcane bagasse24 and wheat straw19 by

the supplementation with rice bran extract.

Regarding the effect of initial oxygen availability, changes

were observed not only in xylose consumption, as  discussed

earlier, but also in  the use of the  xylose consumed for cell

growth or xylitol production. With  the reduction of the ini-

tial oxygen availability, an improvement in xylose-to-xylitol

bioconversion was observed to occur in  detriment to cell

growth. In the experiments with reduced initial oxygen avail-

ability, the xylitol yield was  higher and the cell biomass

yield was lower compared to those obtained under condi-

tions of increased initial oxygen availability (Table 3). These

results can be explained by limited respiratory metabolism

due to limited oxygen availability, which not only reduces

the regeneration of NAD+, promoting a  NADH/NAD+ imbal-

ance that causes a partial inhibition of XDH and xylitol

accumulation, but also decreases the energy production

and formation of carbon intermediates, affecting the cell

growth.16,27,33

Interestingly, a  slight reduction in xylitol yield was

observed under the  condition of reduced initial oxygen avail-

ability with the  increase of nutritional supplementation,

corresponding to a  20% difference between the  full supple-

mentation and no supplementation (Table 3), and, in  fact,

the highest xylitol yield (0.67 g g−1) was obtained under the

latter condition. This value can be compared with the respec-

tive values obtained under similar fermentation conditions in

other studies, which used the same yeast but other feedstocks,

with a different composition of the fermentation media, as

well as different processes of concentration and detoxification

of hemicellulosic hydrolyzates. Compared with a sugarcane

bagasse hemicellulosic hydrolyzate detoxified with active

charcoal, the highest xylitol yield achieved in the present work

was similar to that (0.66 g g−1)  obtained in  the study of Marton

and colleagues,25 in which xylose and glucose concentrations

in the fermentation medium were higher and lower, respec-

tively, than those in this work. Arruda and colleagues,35 who

worked with a  sugarcane bagasse hemicellulosic hydrolyzate

detoxified using ion-exchange resins, reported a higher xyli-

tol yield (0.81 g g−1)  than the one obtained in this study. It is

worth noting that in the latter work  the fermentation medium

contained a  higher concentration of xylose and lower con-

centrations of glucose and acetic acid than these found in

the present study. Mussatto and Roberto,21 who  used a  rice

straw hemicellulosic hydrolyzate detoxified with active char-

coal and with higher concentrations of xylose and glucose and

lower of acetic acid than those found in  this study, obtained

a  higher xylitol yield (0.72 g g−1)  than the one achieved in  the

present work. On the  other hand, in  the case of a  sorghum

straw hemicellulosic hydrolyzate with lower concentrations

of xylose and glucose than in  the sugarcane straw hemicellu-

losic hydrolyzate in  this work, Sene and colleagues36 reported

a  lower xylitol yield (0.44 g g−1) than the one obtained in the

present study.

The results summarized in Table 3  show that the highest

xylitol production (16.20 g  L−1)  and volumetric productiv-

ity (0.34 g L−1 h−1) were obtained in the experiment with

increased initial oxygen availability and full supplementation.

This is  consistent with the highest cell concentration also

found in  this experiment but not with the xylitol yield, as

discussed previously (Table 3). These results suggested that,

even though the control of oxygen availability is a  critical fac-

tor on xylose-to-xylitol bioconversion, it may be  possible to

improve this bioprocess, particularly the volumetric produc-

tivity, by increasing xylose consumption under conditions of

oxygen limitation. Another possibility to consider would be

the use of conditions favoring of cell growth in a  previous

phase, before the xylose-to-xylitol bioconversion begins. In

comparison with the above-mentioned studies, which used

other lignocellulosic biomasses but the  same yeast and sim-

ilar fermentation conditions, the highest xylitol volumetric

productivity obtained in this study (0.34 g L−1 h−1) was higher

than the one reported by Sene and colleagues36 (0.19 g L−1 h−1)

and lower than those obtained by Arruda and colleagues35

(0.60 g L−1 h−1), Marton and colleagues25 (0.50 g L−1 h−1), and

Mussatto and Roberto21 (0.57 g L−1 h−1).

Conclusion

The hemicellulose content of sugarcane straw, similar to

that of other biomasses evaluated for xylitol production,

and the high concentration of xylose in the hemicellulosic

hydrolyzate suggested the  suitability of this biomass as a

feedstock for xylose-to-xylitol bioconversion. The ability of

C. guilliermondii FTI 20037 to partially consume xylose and

produce xylitol in a  non-supplemented sugarcane straw hemi-

cellulosic hydrolyzate can be considered a starting point for

the development of technologies for xylitol production from

this substrate without supplementation through the study of

fermentation conditions. At the same time, our study con-

firmed a combined effect of nutritional supplementation and

initial oxygen availability on xylose consumption and xylitol



b  r  a z  i  l  i  a n j o  u r  n a l  o f m i  c  r  o b  i  o l o g y 4 7 (2 0 1  6) 489–496 495

production. It was found that the supplementation of an inor-

ganic nitrogen source, such as (NH4)2SO4, was  sufficient to

achieve improvements in xylose consumption and cell growth

under a condition of increased initial oxygen availability.

However, in order to  improve these two parameters under a

condition of  reduced initial oxygen availability and to increase

xylitol production under both oxygen conditions, addition

of a complex nitrogen source, as rice bran extract, along

with (NH4)2SO4 and CaCl2·2H2O, was necessary. Although the

reduced initial oxygen availability increased the xylose-to-

xylitol bioconversion in detriment to the cell growth, it also

affected the xylose consumption, which, in turn, hindered

improvements in the xylitol volumetric productivity. Whereas

the highest xylitol yield was  obtained at reduced oxygen avail-

ability and without nutritional supplementation, the highest

volumetric productivity was achieved at increased oxygen

availability and full supplementation. Considering that the

conditions of nutritional supplementation and initial oxygen

availability required to achieve the maximum values of xylitol

yield and volumetric productivity were different, further stud-

ies focused on the relations between the parameters evaluated

and other process parameters, such as the type of nutrients,

supplementation strategy and control of the oxygen availabil-

ity, are necessary for biotechnological production of xylitol to

become a competitive biochemical route for the integration of

sugarcane straw in  a  biorefinery.
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2014/2015.  Quarto levantamento; 2015, April, 29  p.,
http://www.conab.gov.br/ Accessed 13.07.15.

3.  Alonso-Pippo W,  Luengo CA, Alonsoamador Morales Albertis
L, Garzone P, Cornacchia G.  Energy recovery from
sugarcane-trash in the light of 2nd generation biofuels. Part
1: Current situation and environmental aspects. Waste

Biomass Valor. 2010;2:1–16.
4. Hoftsetz K,  Silva MA. Brazilian sugarcane bagasse: energy

and non-energy consumption. Biomass Bioenerg.
2012;46:564–573.

5.  Leal MRLV, Galdos MV, Scarpare FV, Seabra JEA, Walter A,
Oliveira COF. Sugarcane straw availability, quality, recovery
and energy use: a literature review. Biomass Bioenerg.
2013;53:11–19.

6.  Lago AC, Bonomi A, Cavalett O, Cunha MP, Lima MAP.
Sugarcane as  a  carbon source: the Brazilian case. Biomass

Bioenerg.  2012;46:5–12.
7.  Seabra JEA, Tao L, Chum HL,  Macedo IC. A techno-economic

evaluation of the  effects of centralized cellulosic ethanol and
co-products refinery options with sugarcane mill clustering.
Biomass Bioenerg. 2010;34:1065–1078.

8.  Zhang Y. Reviving the carbohydrate economy via
multi-product lignocellulose biorefineries. J  Ind Microbiol

Biotechnol. 2008;35:367–375.
9.  Werpy  T, Peterson G. Top Value Added Chemicals from Biomass.

Volume I  – Results of Screening for  Potential Candidates from

Sugars and Synthesis Gas. U.S. Department of Energy, Energy
Efficiency  and Renewable Energy; 2004, August.
http://www1.eere.energy.gov/bioenergy/ Accessed 16.06.14.

10.  Silva SS, Chandel AK. d-Xylitol. Fermentative Production,

Application and Commercialization. Berlin: Springer-Verlag
Berlin Heidelberg; 2012.

11. Parajó JC, Domínguez H, Domínguez JM.  Biotechnological
production of xylitol. Part 1: Interest of xylitol and
fundamentals of its  biosynthesis. Bioresour Technol.
1998;65:191–201.

12. Canilha L, Rodrigues RCLB, Antunes FAF, et al. Bioconversion
of hemicellulose from sugarcane biomass into sustainable
products. In: Chandel AK, ed. Sustainable Degradation of

Lignocellulosic Biomass, Techniques, Applications and

Commercialization.  Intech Open Access; 2013:15–45.
13. Hou-Rui Z. Key drivers influencing the  large scale production

of xylitol. In: Silva SS, Chandel AK, eds. d-Xylitol. Fermentative

Production,  Application and Commercialization.  Berlin:
Springer-Verlag Berlin Heidelberg; 2012:267–290.

14. Granström T, Leisola M. Controlled transient changes reveal
diferences in metabolite production in two Candida yeasts.
Appl Microbiol Biotechnol. 2002;58:511–516.

15. Yablochkova E, Bolotnikova O, Mikhailova N, Nemasa N,
Ginak A. The activity of key enzymes in xylose-asimilating
yeasts at different rates of oxygen transfer to the
fermentation medium. Microbiology.  2004;73:
129–133.

16. Granström T, Izumori K, Leisola M. A  rare sugar xylitol. Part I:
The  biochemistry and biosynthesis of xylitol. Appl Microbiol

Biotechnol. 2007;74:227–281.
17. Silva SS, Felipe MGA, Mancilha IM. Factors that affect the

biosynthesis ox xylitol by xylose-fermenting yeasts: a review.
Appl Biochem Biotechnol. 1998;70–72:331–339.

18. Roberto IC, Sato S, Mancilha IM, Taqueda MES. Influence of
media composition on xylitol fermentation by  Candida

guilliermondii using response surface methodology. Biotechnol

Lett.  1995;17:1223–1228.
19. Canilha L, Carvalho W,  Almeida JBS. Influence of medium

composition on xylitol bioproduction from wheat straw
hemicellulosic hydrolyzate. World  J  Microbiol Biotechnol.
2005;21:1087–1093.

20. Mussatto SI,  Roberto IC. Establishment of the  optimum
initial xylose concentration and nutritional supplementation
of brewer’s spent grain hydrolyzate for xylitol production by
Candida guilliermondii. Process Biochem. 2008;43:
540–546.

21. Mussatto SI,  Roberto IC. Produção biotecnológica de xilitol a
partir da palha de arroz. Biotecnol Ciência Desenvol.
2002;28:34–39.

22. Somerville GA, Proctor RA. Cultivation conditions and the
diffusion of oxygen into culture media: the rationale for the
flask-to-medium ratio in microbiology. BMC Microbiol.
2013;13:1–2.

http://www.fao.org/docrep/015/i2490e/i2490e00.htm
http://www.conab.gov.br/
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0210
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0235
http://www1.eere.energy.gov/bioenergy/
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0300
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)00068-X/sbref0305


496  b r a z  i  l i  a n j o  u r  n a l o f m i  c r o b  i o l o g y 4  7 (2 0 1  6) 489–496

23. Gouveia ER, Nascimento RT, Souto-Maior AM, Rocha GJM.
Validação  de metodologia para a  caracterização química do
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