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PRETREATMENT  OF SUGARCANE BAGASSE FOR SECOND
GENERATION ETHANOL PRODUCTION

Different technologies are being tested for pretreatmentigsfocelluloses from
sugarcane for the production of second generatiomeith&his review will discuss the
basics as well as advantages and disadvantages oluwapretreatment methods.
Several techniques will be compared to assist futdoetgfin the choice of pretreatment

method to maximize ethanol yields (add: e outos futhfins??).

Keywords:pretreatment, lignocelullosic biomass; fuel ethanol.

10



1. ENVIRONMENTAL AND ECONOMIC ASPECTS RELATED TO THE

PRODUCTION OF ETHANOL

Renewable energies are considered promising and aimedoce energy
dependence on dif>* Ethanol is produced on a large scale by the UniteteStnd
Brazil from corn and sugar caf€urrently, this alternative energy strategy is the most
established and accepted by socfefihe high demand for ethanol has led to a
controversy surrounding the negative impact that theseygierops are causing on food
production, particularly in the use of corn in theitdd States and the increase in
cultivated area for sugar cane in Brazil. In Brazil, suggne bagasse has received
special attention, both for its availability and the highteohof carbohydrates that can
be converted to ethanof. Second generation ethanol production from biorefinery
agricultural waste is receiving a considerable resear@siment.

Brazil is the largest producer of sugarcane, reprggpapproximately 30% of
the world productioft” Currently, the cultivated area of sugarcane is estimate8i
million hectares. The harvest of sugarcane in 201heeh625 million tons, an increase
of 3.4% over the 2009-10 season, with 46% of the wighrcane intended for sugar
production and 54% for ethanol production. Every kidog of sugar produced results in
0.3 g of molasses and 1.25 kg of bagd$3aee ton of sugarcane generates on average
80 L of first generation ethanol and approximately Rgof bagasse. Thus, the use of
bagasse can generate an increase of approximatelyn3f# current output of alcohol
without requiring expansion of the cultivated arearréntly, ethanol yield per hectare
of sugarcane is approximately 6,000 L; this could leeemsed to 10,000 L if 50% of

the bagasse were converted to ethérol.
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2. LIGNOCELLULOSIC BIOMASS OF SUGARCANE

Lignocellulosic material such as bagasse from sugae acomposed mainly
of two polysaccharide fractions (cellulose and herhitede) and a polyphenolic
polymer (lignin). Cellulose is the most abundant compof@st51%) and comprises
linear chains of glucose molecules linked by B (1-4) glycosidic bond&®**
Hemicellulose makes up 15-35% of the biomass and istensf heterogeneous
polymers that form branched chains predominantly coinigipentoses (D-xylose, L-
arabinose) and hexoses (D-mannose, D-glucose, d2tgak), with a small fraction of
uronic acids derived from oxidation of carboxylic acif aldoses’*?Hemicellulose is
found in the crushed cane sugar in proportions obup4s of the total carbohydrates,
and acid hydrolysis can result in decomposition to xylosabi@ose, uronic acids,
furfural and hydroxymethylfurfural (Fig. 1). Hemicellsl is structurally similar to
cellulose, and both are deposited in the cell wall befgrefications*** Lignin is an
aromatic biopolymer composed of phenylpropanoid unitslrdgycinnamyl alcohols
derived from three monolignols, varying the proportidrphenylpropanoid precursors
(e.g., paracoumaryl alcohol, coniferyl alcohol asidapyl alcohol) that differ among
species and tissues of plants and environmental corslittofiThese three monolignols
are incorporated into the lignin polymer in the form of pHoxyphenyl (H), guaiacyl
(G), and syringyl (S) subunits and the proportion @ $hand G subunits dictates the
degree of lignin condensatidh.The lignin complex is among the most abundant
structures synthesized by plants and serves to pibeegtlant tissue against microbial
attack while also preventing collapse of conductive elésneiwater and nutrient$:*’
The lignin content in sugar cane bagasse averages 21(BRf6 1) and can be

decomposed into phenolic compounds such as fertiic 3*° The lignin is not used
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for bioethanol production, but it can be used for thedpetion of chemicals such as
solvents and paints, as well as fuel for burning ®&negate electricity?*"#
Carbohydrates and lignin interact by covalent and hydrbgeds in the structure of the
plant cell wall, forming a complex network that providescrobial resistanc&?*
Lignocellulosic biomass is formed by two types of fibmme with high crystallinity that
has as characteristic low susceptibility to digestion, andrphous (disordered) fibers
that are more susceptible to chemical reactions and tausare readily degradédrhe
crystalline regions of the cellulose microfibrils areni@d by polymers of glucans that
interact through hydrogen bonds and van der Waals dollcethis arrangement, the
glucans are evenly spaced and in close proximity; smaliécules such as water have
difficulty penetrating the fibet>?

The recalcitrance of lignocelluloses is a major obstdole economical
production of second generation bioethanol. The nfattors that contribute to the
recalcitrance of biomass are cellulose crystallinity,réegf polymerization, particle
size, porosity, and the presence and distribution afignd hemicellulos&.?® It has
been reported that the degree of crystallinity is th@mnfactor that contributes to the
hydrolysis resistance of the fiber by hindering accéselulases to glycosidic bonds.
The degree of polymerization is related to the sizehefgolymer and studies have
shown that lowering the degree of polymerization dbuates to an increase in surface
area and consequently to the yield of the enzymatic lygisosugars!*° The porosity
of lignocellulosic material compared to the size of theyenes may hinder access to
glycosidic linkages and enzymes may become attacht fpores” The presence and
distribution of lignin may hinder hydrolysis because it adsa barrier that prevents
binding of the enzyme to the polynférHydrolysis may also be affected by non-

productive adsorption of cellulases in ligft.
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These factors together make it difficult for enzymescleave glycosidic
linkages in the polymers of cellulose and hemicellufds&?®*Thus a pretreatment step
prior to hydrolysis is necessary too vercome the recatee and render the cellulose

and hemicellulose more accessible to hydrolytic ensyiie**(Tablel).

3. PRODUCTION OF SECOND GENERATION ETHANOL

The sugarcane bagasse is rich in polymerized sugatrsdim be released by
enzymatic hydrolysis and then fermented by microorgasisuch assaccharomyces
cerevisiae® Kluyveromyces marxianii$ to produce ethanol (Fig. 2). Unlike the
process for producing ethanol from sugar cane julee cellulosic ethanol production
requires two steps preceding the fermentation processiely pretreatment and
enzymatic hydrolysié/®**° Thus, the complete process of producing ethanol from
biomass requires four steps. The first step is the qatatent that decreases the
recalcitrance of lignocellulosic matrix and facilitates enagic access to the bagasse
fibers’®*?The second step is the enzymatic hydrolysis or saichtion of biomass
using cellulolytic enzymes. This step may use a mixture esfdof-1,4-
glucanglucanhydrolases, eget,4glucancellulobiohydrolases (cellulases) and f3-
glucosidase8>*** The third step is the fermentation of pentoses and sesxdy
microorganisms. The principal organism used is the y®aserevisiaeHowever, this
microorganism is not capable of fermenting xylose to ethaM@reover, micro-
organisms that naturally use xylose suchSasstipitisare not tolerant to ethanol or
ferment xylose to xylitol. Thus, different strategies foretabolic engineering,

evolutionary engineering and random mutation using yesstis bacteria have been

14



developed to obtain strains able to ferment xyfGs¥ The fourth step is the distillation
of ethanof
4. PRETREATMENTOF LIGNOCELLULOSIC MATERIAL FROM

SUGARCANE

Pretreatment is recognized as the most crucial stepdeing an impact on
other steps in the bioprocess as it influences the sdiochtzon, fermentation and
recovery of products and energy demands along theegsing ling: 1448495051z
ineffective pretreatment can result in the production otto@mpounds that affect the
performance of yeast in the fermentation step (Fig>>t§:****Thus, the pretreatment
must meet certain preconditions to be considered effiateminimizing energy demand
to avoid the destruction of the hemicellulose and cekubrsd avoid the formation of
fermentation inhibitor compounds? It is suggested in the literature that the optimal
pretreatment must achieve the following objectives: (ityease the digestibility of
biomass, (2) prevent the loss or degradation of cadyates, (3) prevent the formation
of inhibitors for subsequent hydrolysis and fermentatfmocesses, and (4) be
economically viable 2849
There are various methods of pretreatment describedth#® sugar cane bagasse
including physical treatmeht, chemical treatmeHt®°®*/physicochemical
treatment® and biological treatmeft. Physical pretreatment seeks to reduce the size of
the biomass and consequently the degree of polymienzdhus increasing the surface
area. Biological pretreatment involves the use of fungt tbroduce enzymes that
degrade hemicellulose and lignin with less impact on loskéu Chemical pretreatment

involves the use of chemicals such as acids, bagksm@anic substances to solubilize

the hemicellulose and lignin. Physicochemical pretreatrseeks to solubilize or even

15



decrease the interaction between the different comp®nien the lignocellulosic
fractions to  obtain higher  vyields in  enzymatic hydrolysis?’
Hemicelluloses are normally removed during the inifebcessing. Acids, water or
steam are the most widely used options for the seée@tctionation process, whereas
alkaline agents are selective for lignin remoV&l.The removal of hemicellulose and
lignin (delignification) can significantly increase the yeldf sugars on enzymatic
hydrolysis of cellulose. When the lignocellulosic mateiiglexposed to different
pretreatment conditions, its structural organization isugigd, thus decreasing the
recalcitrance of cellulos®;*4>9:6061
Various experimental pretreatment conditions have bsewlied to cheaply and
efficiently improve ethanol yield and enable the extmactof chemical compounds
derived from the fiber for other industrial purposes bf€al)®?°* Today, the

production cost and the lack of efficient technolog@signocellulosic ethanol are the

main impediments to large-scale commercialization oftéginology:’

5. MECHANICAL TREATMENT

Pretreatment by mechanical grinding reduces the particlasaerystallinity,
increasing the accessible area for hydrolysis. Palpiocesses such as grinding rolls,
hammer mill, knife mill, ball mill and wet milling with diskalwve been used as physical
treatments. The particle size is approximately 10-30after chipping and 0.2 to 2 mm
after grinding or crushing. 20-40 mesh particles arel wswl do not cause an adverse
effect on the yield of glucose from the enzymatic hiydis.*® The increased surface
area and decreased crystallinity of the fibers result imenease in the yield of glucose

from enzymatic hydrolysis of between 5-258%@his depends on the composition of the
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lignocellulosic material, time and type of milling used aedegally reduces the time of
the saccharification step by 23-5¢%6? The reduced time for pretreatment and
hydrolysis are key factors in the production of secgederation ethanol because they
significantly decrease the production costs.
The hydrolysis of biomass after pretreatment withtk mill presents yields of 78.7%
glucose and 72.1% xylose from bagasse and yield%.684 glucose and 56.8% xylose
from cane leaves. Meanwhile, pretreatment using wet gandisk results in yields of
49.3% glucose and 36.7% xylose for pulp and appratei 68% glucose and 50%
xylose for straw. This suggests that the ball mill is more efficient at rauuche
crystallinity of lignocellulosic material. The physical peatment is usually preferred
over almost all other pretreatments. Thus, the effecbimbined pretreatments has been
explored; this tends to improve the yield of saccharificatamd the cost-effectiveness
of each method should be evaluated. The ball mill is higffgctive for reducing the
crystallinity of biomass; however, it is economically umieable when comparing the
energy costs of other pretreatments and the productitermagentation inhibitors in the
process:*® Reducing the physical size of the particle was ableincrease the
conversion rates to approximately 50%, while chemicadlification achieved in the

conversion reaches approximately 70% of the biorifass.

6. ACID PRETREATMENT

The function of acid pretreatment is to solubilize the hethilose fraction
from biomass via the cleavage of glycosidic linkagesking the cellulose more
accessible for cellulase hydrolysis®* Various types of acids are used, such as sulfuric

acid (HSQy),”*®** hydrochloric acid (HCIf! acetic acid! phosphoric acid
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(HsPQy),%>°® and hydrogen peroxide §8).%%%” The pretreatment consists of adding
concentrated acid to dilute biomass, followed by incubadica certain temperature and
time?® Pretreatment acid (e.g., sulfuric acid.®d)) can be used in concentrated or
diluted form, 72% or 1.25%, respectively (Table*a¥ Diluted acid is used more
frequently to solubilize the hemicellulo¥&?’ Concentrated acid causes higher
solubilization of hemicellulose but its use demandseexér caution; in addition to
being toxic and corrosive, concentrated acid can pteniorther degradation of
cellulose and hemicellulose and generate acetic acitkagetylation of hemicellulose
and furfural by dehydration of sugars (Figuré1¥:*® The diluted acid is widely used
in operating conditions with variation of temperat8®-200 °C), solid-liquid ratio
(1:0-1:20 wlv), type and concentration of acid (0.25-&/v) and reaction time (1-40
min). *?2*8 To reduce the generation of fermentation inhibitor bydpets such as
furfural, hydroxymethyl furfural and acetic acid andirtorease the yield of glucose in
this process, kinetic models have been developed ifabwratory at semi-pilot and
pilot scales (Table 1) to improve the pre-treatments darbdization and removal of
various chemical compounds present in the sugarcdomabs (Fig. 1§+'9°®
Statistical models have been used to optimize the ptetest process by evaluating the
interaction effects of the various process factérs’®’* According to Canilhd,
statistical models are based on the response surfa¢t®do&igy (RSM), in central
composite design, whose equations can be determined by legression and factorial
design to better classifying the variables studied in th&gatment (temperature, time,
acid concentration and solid-liquid ratio) based onrthrdiuence on the process. For
example, temperature has the greatest effect amongjghéicant variables explored,
followed by acid concentration and the time (temperatuoenc. acid> time).

Canettieri’® successfully optimized the saccharification procegslin scale reactors to
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achieve efficient yields of sugars (xylose, arabin@sd glucose) while minimizing
formation of wundesirable fermentation inhibitor byproduci@urfural, 5-
hydroxymethylfurfural and acetic acid).
These statistical analyses have shown that theblesiavith the greatest influence on
the outcome include the following: the effective bagasdability, recovery of xylose
from hydrolysis of hemicellulose, the efficiency of gmatic saccharification of
cellulose and loss of cellulose, hemicellulose and ligmim pretreated bagas&he
temperature directly influences the rate of removathef hemicellulose fraction; low
temperatures (110-160 °C) require longer periodspdtreatment, whereas high
temperatures (160-260 °C) favor the hydrolysis of tedei®*%™" Typically,
temperatures above 160 °C have been employed in readtb 1% (w/v) sulfuric acid,
solid-liquid ratio 10% (w/v) to give 90% solubilization leémicellulose with only 15%
degradation of cellulose and little effect on ligrihThe solubilization of hemicellulose
and cellulose digestibility depends on the chemical coimposf the raw material;
therefore, an analysis of the lignocellulosic material résjuired to allow for
optimization of pretreatment conditions before scale-up.
Due to its ability to remove hemicellulose, acid pratremt has been used in
combination with the alkaline pretreatment for fractionatingmass, thus increasing

both the concentration of cellulose and the yield of thedetation’®

7. ALKALINE PRETREATMENT

Alkaline pretreatments increase the digestibility of d¢e#fa and are more
effective for solubilizing lignin, with lower solubility ofthe cellulose and

hemicellulose?® Alkaline pretreatment is described as causing less datipadof
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sugars compared to acid pretreatment and was moretieffehan agricultural waste
materials timbef° During alkaline pretreatment, the first reaction that c&ds the
swelling of the biomass, which facilitates enzymatic asce the fiber§! Further,
some alkali may remove acetyl groups from hemicelkjltisereby decreasing the steric
hindrance to degradation enzyniés®>3
As in the acid pretreatment, factors such as the comtemntrof alkali, temperature,
pressure and exposure time of the lignocellulosic maieflaknce the efficiency of the
lignin removal process (Table 1). Alkaline treatments edass deterioration than do
sugar acids. The loss of sugars and the productierrentation inhibitor compounds
must be considered to optimize the conditions of pagtnent® Monomers of
hemicellulose are easily degradable and may generae\atfatile compounds such as
furfural, which cause losses and fermentation inhibiffig. 1).

Alkali commonly used for pretreatment of lignocellulosicrhass are sodium
hydroxide (NaOH)>"*potassium hydroxide (KOHJ, calcium oxide (CaO)? Crushed
sugar cane was exposed to acid and then alkali pregetitmgenerate a higher yield
of sugars during enzymatic hydrolysis. This combinattso increased solubilization
of hemicellulose (55-62%) and lignin (54-74%) to sefmarglucose, the sugar of
greatest interest for ethanol productidf®’ The delignification process using NaOH

1% (w/v) at 100 °C achieved approximately 81% lignilulstization.

8. HYDROTHERMAL

The hydrothermal pretreatment typically includes hot wéertohydrolysis)
and steam explosion. These and other physicochemicdlod® have been gaining

attention because they are effective for various tgbdignocellulosic materials>%®
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The goal of both methods is the selective solubilizatibnhe@micellulose. These
processes generally do not require the use of chemgegents, which makes them
economically and environmentally attracfiv@able 1). The hydrothermal operating
conditions vary greatly and depend mainly on the typenethod (autohydrolysis or

steam explosion) used.

9. AUTOHYDROLYSIS

This method disrupts the lignocellulosic fiber by a hyghgéxplosive
decomposition process where the vapor pressure statrthigh and is then rapidly
reduced, thereby breaking the hydrogen bonds andt#ialize the lignocellulose. The
mechanical effects of autohydrolysis arise from thelasipe decompression, which
promotes disruption of structural material, generating bahbility (approximately 55-
84%) hemicellulosé&?®’" The autohydrolysis process has been used at tempeearati
150-230 °C, with the lignocellulosic material being hydrely by the ionization
reaction of water and hydrogen ions. Because the aameitc catalysts are generated
from the fiber itself, this method theoretically does mequire chemicals for
solubilizing polysaccharide€s:?® Thus, the fibers of lignocellulosic material can be
easily hydrolyzed after autohydrolysis, obtaining highetdg due to decomposition of
hemicellulose and lignin transformation. Autohydrolysis imany advantages when
compared to other pretreatments, including low investraed operating costs, low
formation of inhibitors, high solubilization of cellulsand lignin, and a lack of need
for chemicals (Table 1). This process results in apprately 95% recovery of
cellulose with 60% yield of the enzymatic hydrolysis, 4f6&éovery of xylose fraction

and a significant net saving of 70% pow&?°
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The autohydrolysis pretreatment may also be combineld otlter methods
involving the addition of chemicals. Thus, the crushshe sugar exposed to
hydrothermal process (autohydrolysis) together with lméapretreatment achieved
revenues of approximately 20 g/L ethanol under the viofig conditions (195 °C/10
min reactors from 20 L and treated with NaOH 1 % (vatv100 °C for 60 min, solid-
liquid ratio (1:10)° Generally, the hydrothermal pretreatment adds advaniagée
reduction of costs for catalysts and reactors due to dowosion potential of the

process.

10.STEAM EXPLOSION

Steam explosion is classified as a thermochemical amécdl process, and it
promotes the breakdown of structural components byfhemt steam (thermal), shear
strength due to expansion of water (mechanical) ardtohysis of the glycosidic
linkages (chemical), the latter being catalyzed by acigéased from the degradation of
structural components of the biomass itdeiteam explosion, autohydrolysis and
physicochemical processes are very similar, and thextipg conditions depend mainly
on the type of pretreatment. The steam explosion psasdseing implemented mainly
in pilot scale and industrial pulp and paper in BraZtiSeveral factors can influence
the efficiency of the steam explosion pretreatmentsehaclude the particle size and
the combination of temperature and tifié® The initial temperature for steam
explosion pretreatment is higher (160-260 °C) comp#arexitohydrolysis (150-230 °C
for 30-60 min). However, the reaction time for steaxplosion is short, requiring only
seconds or minutes before the lignocellulosic matesakxposed to atmospheric

thermal and pressure conditiofs?®’®"*Thus, steam explosion pretreatment may also
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be conducted with the addition of acid or alkali to thecpss. The addition of dilute
H,SOy or sulfur dioxide (S@ in this method can effectively improve enzymatic
hydrolysis by promoting a better removal of hemicellul(@@ and 80%, respectively).
00.70.7% 7eng®® reported that the addition of ferulic acid esterase arateld the
hydrolysis of straw cane sugar with steam explosiwaaking ester linkages between
phenolic acids, leading to better accessibility to cedleland lignin removal. The type
and amount of toxic compounds generated depend oligtiecellulose material and
operating conditions applied to pretreatment such &derse time (t), temperature (T),
size and crystallinity index of the particles (CRI) antidsliquid ratio (S:L). The major
inhibitory compounds are derivatives of furans andnphe acids, which can be

generated from the degradation of hexoses and pentespsctively.

11. AMMONIUM FIBER EXPLOSION (AFEX)

Ammonium fiber explosion (AFEX) processis a pretreatimiéat contains
both alkaline and physicochemical elements. The lignocslutoaterial is subjected to
liguid ammonia at elevated temperature and presswe@ud®on in pressure results in
the expansion of ammonia gas causing swelling and plhysiamage to the
lignocellulosic material. AFEX is similar to steam explosiamd has been used in
bagasse, cane leaves, grasses, corn and timber.plieuim conditions for AFEX is
typically 1-2 kg ammonia per kg of dry biomass,ctea temperature between 60-100
°C and residence time of 5-30mif:**° Efficient AFEX process depends on such
parameters as the loading of ammonia and water, temopey time and pressure and the
type of biomass used.

AFEX pretreatment promotes low solubility of hemicell@@nd cellulose and requires
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greater financial investment when compared with othdrgasments such as dilute acid
and autohydrolysis. Thus, to reduce process costsaanidl environmental damage,
ammonia must be recycled after pretreatm&ftLignocellulosic material pretreated
with AFEX can result in 40-50% yield after enzymaticctaification, and the use of
this method produces no inhibitory compounds to the datation proces®?®

However, the AFEX processis not as effective for bissnaith a high content of lignin

and does not generate changes in the chemical cainpasf biomass>> 498182

12.ORGANOSOLV

Organosolv is a pretreatment method that makes usel@&ns® or aqueous
solvent mixtures. Solvents in use include ethanol, methaoetone and water. The
most commonly used alcohols are methanol and ethzeeause of their low boiling
point. These alcohols are low in cost compared to atbkrents and are also easily
recovered by the end of the distillation process.adig acids may also be used;
however, these have the disadvantage of equipmerdsion as well as acetylation of
the cellulose during pretreatment. Depending on the splirgnin can be obtained in
high purity?®’* The process itself involves mixing the organic solweith water in
different proportions together with the biomass. Thisture is then heated, resulting in
solubilization of the hemicellulose and lignin. It is innfamt that the solvent can be

recovered at the end of the proc&ss.

13.0THER PRETREATMENT
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Many additional types of pretreatments have been stumieldding biological
pretreatment®®® jonic liquid® ozonolysis!® microwave® and wet oxidatioft In
addition to the treatments described in item 3, other typede used. These treatments
require further study to evaluate their effect on sugerdaagasse disorganization,
possible income generated from sugars, and formationadsirable compounds. Thus,
success in selecting a particular pretreatment depenitie aype of biomass to be used
(cane, maize, sorghum) and operating conditions esgldrecause plant cell wall

composition is not uniform and varies with age, speaiesthe environmefit:®’:%

14.CONCLUSIONSANDPERSPECTIVES

The significant increase in bioethanol production (add asil®?) should be associated
with the use of agricultural residues, in particular kassnbagasse from sugar cane.
This challenge is linked to the development of morecieffit technologies for
pretreatment of lignocellulosic biomass and subsequenitier processes such as
enzymatic saccharification and fermentation. It is worghy that research for second
generation bioethanol is advancing dramatically. Retigsrature suggests that the
crushing of bagasse has been done primarily usinglitex, which is less efficient than
mill balls but is faster and cheaper. Another importactofais the particle size of the
biomass, which can affect the performance of carbalgd in the enzymatic
saccharification step. Atualmente, vérias metodolodmsré-tratamento vem sendo
avaliadas, mas indicar a mais eficiente € impossivel, wezaque todas possuem
vantagens e desvantagens em etapas posteriores e deéallen@retende extrair
(exemplo; xilose, glicose e lignin@)us » ««w»Among the hydrothermal pretreatments

(physical and chemical), the autohydrolysis procgsise most promising technique for
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the conversion of cellulosic ethanol from sugar cangabse, (essa afirmativa (em
amarelo) foi questionada pela revisor anterior, deveretigan??) as it obtains an
efficient solubilization of hemicellulose, can be donghwut the use of chemicals
(which consequently generates fewer fermentation inlmg)it@and can be enhanced by
adding dilute sulfuric acid and/or sodium hydroxide.idi#ht release of C5 and C6
sugars can be optimized with the aid of statisticalhoes. The cell wall is highly
complex, and research in cellular, molecular and siractbiology could help to
uncover the various catalytic reactions that occur iambss. Following the
pretreatment steps that utilize enzymes and yeast theseha an integrated system for
production of cellulases and xylanases as well the dpwednt for yeast co-
fermentation of glucose and xylose on the large scaleallfzi ethanol is often
considered the only product to be obtained from lighalosic biomass from sugar
cane; however, the efficient implementation of thesér@aement methods would have

result in both financial and energy savings.

ACKNOWLEDGMENTS

The authors are grateful for the support of the “Fuadate Amparo a Pesquisa

do Estado de Minas Gerais” (FAPEMIG).

REFERENCES CITED

1. Saxena, R. C.; Adhikari, D. K.; Goyal, H. BRenewable Sustainable Energy Rev

2009, 13, 167.

26



2. Allen, S. A.; Clark, L.; McCaffery, J. M.; Cai, Z.ahctot, A.; Slininger, P.J.; Liu, Z.

L.; Gorsich, S.W.Biotechnol Biofuels2010, 2, 1.

3. Girio, F. M.; Fonseca, C.; Carvalheiro, F.; DuarteCL, Marques, S.; Bogélukasik,

R.; Bioresour TechnoR010, 101, 4775.

4. Cardona, C. A.; Quintero, J. A., Paz, |. Bilgresour TechnoR010, 101, 4754.

5. Silva, A. S.; Inoue, H.; Endo, T.; Yano, S.; BomFE S.;Bioresour Technol2010,

101, 7402.

6. Hartemink, A. E.Adv Agron 2008, 99, 125.

7. Canilha, L.; Santos, V. T. O.; Rocha, G. J. M.; AlaeiJ. B.; Giulietti, M.; Silva,
S.S.; Felipe, M.G.A.; Ferraz, A.; Milagres, A.M.F.; r@aho, W. J.Ind Microbiol

Biotechnol.2011, 38, 1467.

8. Botha, T.; Blottnitz, H. V.Energy Policy 2006, 34, 2654.

9. Soccol, C. R.; Vandenberghe, L. P. S.; MedeitosB. P.; Karp, S. G.,Buckeridge,
M.; Ramos, L. P.; Pitarelo, A. P.; Ferreira-leitdo, V.; Gdthlk, L. M. F.; Ferrara,
M. A.; Bom, E. P. S.; Moraes, L. M. P.; Aragjo, A.; Tes, F. A. G.;Bioresour

Technol.2010, 101, 4820.

10. Betancur, G. J. V.; Pereira JR, Blectronic J BiotechnoR011, 13, 1.

27



11. Brodeur, G.; Yau, E.; Badal, K.; Collier, J.; Racacian, K. B.; Ramakrishnan, S.;

Enzyme Re011, 30, 1.

12. Fengel, D.; Wenger, G. Wood: chemistry, ultrastmgt reactions. Walter De

Gruyter, Berlin, New York, 1989.

13. Paturau, J. M. By-products of the cane sugarsingu an introduction to their

industrial utilization. 32. Ed. Amsterdam, Elsevier, g.35989.

14. Rocha, G. J. M.; Martin, C.; Soares, |. B.; Ma®d. M. S.; Baudel, H. M.; Abreu,

C. A. M.; Biomass Bioenerg2011, 35, 663.

15. Campbell, M. M.; Sederoff, R. RElant Physiol 1996, 110, 3.

16. Bhuiya, M. W; Liu, C.J.;J Biol Chem2010, 285, 277.

17. Mansfield, S. D.; Mooney, C.; Saddler, J. Blgtechnol Prog.1999, 15, 804.

18. Almeida, J. R. M.; Modig, T.; Petersson, A.; Han-étédgl, B. H.; Lidén, G.;

Gorwa-Grauslund, M. F.;]J Chem Technol Biotechnol. 20@2, 340.

19. Silva, V. F. N.; Arruda, P. V.; Felipe, M. G. A.; Gaives, A.R.; Rocha, G. J. M;

J Ind Microbiol Biotechnol2010, 38, 809.

28



20. Rana, A. K.; Mandal, A.; Bandyopadhyay, Gompos Sci Technd003, 63, 801.

21. Hartman, J.; Albertsson, A. N.; Lindblad, M. S.;i&ig, J.;J. Appl. Polym. Sci

2006, 100, 2985.

22. Brienzo, M.; Siqueira, A. F.; Milagres, A. M. Bipchem. Eng..2009, 46, 199.

23. Castro, A, M.; Pereira, Jr, NQuim. Nova 2010, 33, 181.

24. Zhou, Y.; Stuart-Williams, H.; Farquhar, G. D.; Haca. H.; Phytochemistry,

2010, 71, 982.

25. Krassing H. A. Cellulose: Structure, Accessibiliznd Reactivity Gordon and

Breach Science Publishers Krassing HA 1993, 11, 167.

26. Somerville, C.; Bauer, S.; Brininstool, G.; Facette; Mamann, T.; Milne, J.;

Osborne, E.; Paredez, A.; Person, S.; Raab, T.; Vorngerkvoungs, H.Science

2004, 306, 2206.

27. Hendriks, A.T.W. M.; Zeeman, @joresour TechnoR009,100, 10.

28. Alvira, P.; Toméas-Pejo, E.; Ballesteros, M.; Nedvio J.; Bioresour TechnoR010,

101, 4851.

29. Chang, V. S.; Holtzapple, MAppl. Biochem. Biotechna2000, 86, 5.

29



30. Vidal, B. C.; Dien, B.S.; Ting, K. C.; Singh, VAppl Biochem Biotechno?011, 8,

1405.

31. Zhang, H. Y.; Lynd, L. RBiotechnol. Bioeng2004, 88, 779.

32. Esteghlalian, A. R. Svivastava, V.; Gilkes, Bregg, D. J.; Saddler, J. N. In:

Himmel, M.E.; Baker, W.; Saddler, J. N. (Eds.), Glydodydrolases for Biomass

Conversion. ACS, 100.

33. Dias, M. O. S.; Ensinas, A. V.; Nebra, S. A.; FilRoM.; Rossell, C. E. V.; Maciel,

M. R. W.;Chem Eng Res De2009, 87, 1206.

34. Zhu, J.Y.; Wang, G. S.; Pan, X. J.; GleisnerTRe status of and key barriers in

lignocellulosic ethanol production: a technological pecdive”. In: International

conference on biomass energy technologies, Guangng, 2008, 3.

35. Balat, M.;Energ convers manag2011, 52, 858.

36. Palmqvist, E.; Hahn-Hagerdal, Bipresour Technol2000, 74, 17.

37. Tomas-Pejd, E.; Garcia-Aparicio, M.; Negro, M.Jliv&® J.M.; Ballesteros, M.;

Bioresour TechnolR009, 100, 890.

38. Olofsson, K.; Bertilsson, M.; Lidén, @jotechnol Biofuelf008,1,1.

30



39. Wang, M.; Li, Z.; Fang, X.; Wang, L.; Qu, Y. Adv Biochem Eng Biotechnol. 2012,

128, 1.

40. Lee, J.;) Biotechnol1997, 56, 1.

41. Sluiter, A.; Hames, B.; Ruiz, R.; Scarlata, C.;t8uiJ.; Templeton, D.; Laboratory

Analytical Procedures, National Renewable Energy tatooy, Golden, CO, 2004.

42. Cuevas, M.; Sanchez, S.; Bravo, V.; Garcia, J. &z8 J.; Parra, C.; Freer, J.;

Fuel.2010, 89, 2891.

43. Parisi, F.Adv. Biochem. End.989, 38, 53.

44. Palmgvist, E.; Hahn-Hagerdal, Bipresour TechnoR000, 74, 25.

45. Gottschalk, L. M. F.; Oliveira, R. A.; Bom, E. P; 8. Biochem. Eng2010, 51, 72.

46. Ha, S, Galazka, J M.; Kima, S R.; Choi, J; Yang, X,; Seo, J; Glass, L.; Cate, J H. D,;

Jn,Y.; PNAS, 2011, 108, 504.

47. Matsushika, A.; Inoue, H.; Kodaki, T.; Sawayama,Appl Microbiol Biotechnal

2009, 1, 37.

31



48. McMillan, J.D.; In: Himmel, M.E.; Baker, J. O.; Oeed, R. P. (Eds.), Enzymatic

Conversion of Biomass for Fuels Production. Americ@hemical Society,

Washington, DC, 292, 1994.

49. Sun, Y.; Cheng, JBioresour Techna2002, 83, 1.

50. Keller, F. A.; Hamilton, J. E.; Nguyen, Q.AAppl. Biochem. Biotechnol 2003,

108, 27.

51. Zhang, Y. H;J. Ind. Microbiol. Biotechnol2008, 35, 367.

52. Kodali, B.; Pogaku, RElectron J Environ Agric Food Cher006, 5, 1253.

53. Taherzadeh, M. J.; Karimi, Knt J Mol Sci 2008, 9, 1621.

54. Buaban, B.; Inoue, H.; Yano, S.; TanapongpipatR&anglek, V.; Champreda, V.;

Pichyangkura, R.; Rengpipat, S.; Eurwilaichitr, LBiosci Bioen2010, 110, 18.

55. Beukes, N.; Pletschke, B. Bioresour TechnoR010, 101, 4472.

56. Monte, J. R.; Brienzo, M.; Milagres, A. M. Rpplied Energy2011, 88, 403.

57. Hong, B.; Xue, G.; Weng, L.; Guo, )Bjo Res2012, 7, 4902.

32



58. Rodrigues, R. C. L. B.; Rocha, G. J. M.; Rodriglre®.; Filho, H. J. I.; Felipe, M.

G. A.; Pessoa Jr., ABioresour TechnoR010, 101, 1247.

59. Chandra R.; Bura, R.; Mabee, W.; Berlin, A.; P4n, Saddler, J.Biofuels. Adv.

Biochem. Eng. Biotechndbpringer, 2007, 67.

60. Kumar, P.; Barrett, D. M.; Delwiche, M. J.; Stroel?elnd Eng Chem Re£009,

48, 371.

61. FitzPatrick, M.; Champagne, P.; Cunningham, M. F.jtNgls, R. A. Bioresour

Technol 2010, 101, 8915.

62. Delgenés, J .P.; Penaud, V. ; Moletta, R. ; “Patrents for the enhancement of

anaerobic digestion of solid wastes Chapter 8”Binmethanization of the Organic

Fraction of Municipal Solid WasteBNVAPublishing, 2002, 201.

63. Agbor, V. B.; Cicek, N.; Sparling, R.; Berlin, A.evin, D. B.; Biotechnol Adv.

2011, 29, 675.

64. Chandel, A. K.; Kapoor, R. K.; Singh, A.; Kuh&lC.; Bioresour Technol2007,

98, 1947.

65. Gamez, S.; Gonzéalez-Cabriales, J. J.; Ramirex, Barrote, G.; Vazquez, MJ

Food Eng.2006, 74, 78.

33



66. Li, H.; Kima, N. J.; Jiang, M.; Kang, J. W.; Chahi,N.; Bioresour Technol2009,

100, 3245.

67. Xu, F.; Sun, J. X.; Liub, C. F.; Sun, R. Carbohydr Res2006, 341, 253.

68. Cheng, K. K.; Cai, B.Y.; Zhang, J. A.; Ling, H; Zhou, Y. J.; Ge, J. P.; Xu, J. M;

J. Biochem. Eng2008, 38, 105.

69. Ramos, L. PQuim. Nova2003, 26, 863.

70. Ballesteros, |.; Ballesteros, M.; Manzanares,JBsé Negro, M.; Oliva, J. M.; Séez,

F.;J. Biochem Eng@008, 42, 84.

71. Yan, L.; Zhang, H.; Chen, J.; Lin, Z.; Jin, K.; Hg, Huang, H.Bioresour Technol

2009, 100, 1803.

72. Canettieri, E. V.; Rocha, G. J. M.; Carvalho JrAJ Silva, J. B. A.;Bioresour

Technol.2007, 98, 422.

73. De Souza, C. J. A.; Costa, D. A.; Rodrigues, MR(B.; dos Santos, A. F.; Lopes,

M. R.; Abrantes, A. B. P.; Costa, P. S.; Silveira, W.Bassos, F. M. L.; Fietto, L.

G.; Bioresour.Technol2012, 109, 63.

74. Zhao, X.; Cheng, K.; Liu, DAppl. Microbiol. Biotechnol2009, 82, 815.

34



75. Sun, J. X.; Sun, X. F.; Zhao, H.; Sun, R.Ratym Degrad Stabik004, 84, 331.

76. Tomas-Pejo E.; Olive, J. M.; Ballesteros, 8Sci Ind Re2008, 67, 874.

77. Carvalheiro, F.; Duarte, L. C.; Girio, F. Ml; Sci. Ind. Re008, 67, 849.

78. Ballesteros, I.; Oliva, J. M.; Negro, M. J.; ManzasaP.; Ballesteros, M.Process

Biochem2002, 38, 187.

79. Ballesteros, I.; Negro, M. J.; Oliva, J. M.; CabadasManzanares, P.; Ballesteros,

M.; 27th Symposium on Fuels and ChemicaPoster 3B-34, Denver, Colorado,

USA, 2005.

80. Zeng, W.; Chen, HChin. J. Biotechnol2009, 25, 49.

81. Holtzapple, M. T.; Jun, J. H.; Ashok, G.; Patiban8lal.; Dale, B. E.American

Institute of Chemical Engineers Natiordeeting, Chicago, IL, 1990.

82. Holtzapple, M. T.; Jun, J. H.; Ashok, G.; Patiban@al.; Dale, B. E.,Appl.

Biochem. Biotechnoll991, 29, 59.

83. Hayes, D. J.; “An examination of biorefining proses catalysts and

challenges’Catal. Today 2009, 145, 138.

35



84. Keshwani, D. R. “Microwave Pretreatment of Switelsgr for Bioethanol

Production”.Thesis Dissertation.North Carolina State Usityg 2009.

85. Klinke, H. B.; Ahring, B. K.; Schmidt, A. S.; Thomsekx B.; Bioresour Technol.

2002, 82, 15.

86. Harris, D.; Debolt, SPlant Biotechnol J.2009, 8, 244.

87. Pauly, M.; Keegstra, KCurr Opin Plant Biol.2010, 13, 305.

88. Vanholme, R.; Demedts, B.; Ralph, K. M. J.; BaeriV.; Plant Physiol.2010, 153,

895.

36



Sugars Inhibitors

HZOH 0
Cellulose H SOy 0HO OH
—_— HO
(33-51%) ' (@ H“U’ )k/\r

"
Glucose Levuhr(n)nc acid
H,OH H,OH /
Hemicellulose 501_1 Ooﬁ <0
.34 % H
%) OH HO Formic acid

Galactose Mannose Rhamnose

CHO
s €F
”O“z Furfural

Xylose Anbinoss
Lignin

(21-32%) g
Acetic acxd :

Phenollcs

Figurel: Composicdo quimica média da biomassa e produtos ggerad pré-

tratamento. (traduzir)

i T
Biomass sugarcane g ' b
rs >
---------------------- J [ | = p———
Paticle size reduction | |
(Millng) § H S
§ Remams residue of Hasd
. Mmee,so —> -‘
Heni:elhsi::hyme ﬁ
and/or Liquor Rich n Lignin
| e E Dot | =

Figure 2: Fluxo operacionail para a conversao do material ighdosico em etanol de

segunda geracdao. (traduzir)

37



Table 1 - Pretreatment processes of sugarcane bagasse

Pretreatment Reagent Conditions Observations Reference
H,SO, Acid concentration  (1.25% High  solubilization  of (@)
w/w). Operation at 121 °C for 2 hemicelluloses.
h. The biomass at a solids
loading of 10% (w/w).
Acid concentration (0.5%). (b)
Operation at 121 °C and 1.5
kg/cnt pressure for 1 h
Diluted acid HPO, Acid  concentration  (4%). The release rate of xylose (c)
Operation to 122 °C for 5 h. Theincreased with the
S:L (1:8) dry weight. concentration of
phosphoric acid for 2%,
4% and 6%.
HCI Acid concentration (1.25% v/v) 30% conversion of the (d)
ml per g of bagasse, S:L (1:15)sugarcane  bagasse in
Operation 121 °C and 1.lreducing sugars.
kg/cnt pressure for 4 h
Acid concentration (2.5% v/v), (e)
fiber size (2.2-10 mm).
Operation 140 °C for 30 min.
The S: L 1:10
Alkali NaOH Alkali concentration (3%), S:L74.9% solubilization of ®
(1:25 wiv). Operation 50 °C for hemicelluloses and the
3h. predominant  sugar is
xylose (79.2 to 96.7%)
Alkali concentration of 1.0% High solubilization of (9)
(w/v). Operation at 100 °C for 1lignin
h in vials of 500 mL stainless
steel immersed in oil. S:L (1:10
wiv)
Physical and hydrothermal  Operation at 121 °C and 1.1 (h)
chemical kg/cnt pressure for 4 h.
Operation at 195 °C for 10 minHigh solubilization  of 0]
in 20 L reactor. S: G (1:10 w/v), lignin and ethanol vyield
stirring 6 rpm (20.5 g/L)
H,O, SQand SO, concentration (2%) by Approximate vyield of 0]
H,SO, weight of water in the mulch. glucose and xylose 86.3%
Acid concentration B8O, (0.25 and 72.0%, respectively.
g per 100 g dry matter).
Temperature of 180 °C for 5
min.
AFEX Concentration of liquid Remove the lignin and (k)
ammonia (1-2 kg ammonia / kg hemicellulose and not
of dry biomass). Temperature ofproduce inhibitors. It is not
90°C and residence 30 min. efficient for high lignin
fraction.
UHPE NaOH concentration (0.5% Obtained significant o
w/v). S:L (3% wi/v). Operation delignification and
at 125 °C for 120 min. enzymatic digestibility

increases to 95.5%.

a; Cheng et al. (2008) / b; Pattra et al. (2008)Gamez et al. (2006) / d; Hernandez-Salas ¢2@09) /
e; Chandel et al. (2007) / f; Peng et al. (2009)3ilva et al. (2010b) / h; Hernandez-Salas ¢2@D9) / i;
Silva et al. (2010b) / j; Sendelius (2005) / k; &42011) / |; Chen et al. (2010)
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CAPITULO 2

ESTUDO DO PRE-TRATAMENTO DO BAGACO DE CANA USANDO A CIDO
SULFURICO
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2.1 - Objetivo geral
Avaliar as variagdes de escalas nos processos deafagentos de bagacgo de
cana-de-agucar com acido sulfdrico diluide§8,) tendo como resposta o rendimento

de acucares obtido nas hidrolises enzimaticas.

2.1.1 - Objetivos Especificos

e Caracterizar quimicamente o bagaco de cana-de-adacaultivar RB867515
antes e ap6s o processo de pré-tratamento.

e Analisar o material lignocelulésico com microscopia elébt@rde varredura
(MEV), FTIR e DTG/TG antes e ap0s 0 processo dernatamento.

e Avaliar a inter-relacdo dos seguintes fatores para otrai@mento: a
concentracdo de acido, o tempo, a relacdo solido-lige@wo a temperatura e
pressdo constantes (121°C e 1,1 Kgfjem

e Determinar um modelo estatistico utilizando a metodoldgiasuperficie de
resposta em funcdo das varidveis de pré-tratamento pguaita melhor
rendimento da sacarificagdo enzimética.

e Determinar o rendimento de glicose do processo de eagdio enzimatica em
funcé@o das variaveis do processo de pré-tratamento.

e Analisar e quantificar os produtos gerados no hidradigemicelulésico apos o
processo de pré-tratamento.

Exemplo de referenciasABATEPAULO, A.R.; CAETANO, A.R.; MENDES, J.R.
Detection of SNPs in bovine immune-response genes thatmaediate resistance to the
cattle tick Rhipicephalus(Boophilus) microplusAnimal Genetics v.39, p.328-329,
2008.
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Estudo do pré-tratamento do bagaco de cana usandaido sulfurico

Resumo

O pré-tratamento do bagac¢o de cana de agucar fotigags por tratamento com acido
sulfurico diluido. Para maximizar a extracdo de helmiose foram examinadas varias
condigbes aplicando o planejamento estatistico fatodaloinado 2 concentragéo de
H.SO, de 0,5-2,0% (m/v), tempo de reacdo de 10-50 minutoslagdo soélido-liquido
de 0,5-1,5 (m/v) e temperatura constante de 121°C.dbst@lagem permitiu a sele¢ao
de condigbes para a extracdo de hemicelulose. Astspualiada foi a produtividade
de glicose liberada do pré tratamento de bagaco apdigirédlise enzimética. Os
resultados mostram que a maior conversdo enzimabicadd 36,1 (g/L) obtida
utilizando 1,25% de &cido sulfurico a 30 °C na relagdiolo-liquido de 1,0. O Espectro
de Infravermelho com Transformada de Fourier (FTitR)usado para determinar os
principais constituintes presentes nas fibras do bagatgs e apds o tratamento. A
degradacdo térmica do bagagco de cana apresenta aius pde perda de massa
atribuidos a liberagcdo de umidade e decomposicdomdterial lignoceluldsico.
Microscopia eletronica de varredura (MEV) foi utilizaplara analisar o efeito do pré-
tratamento estudado para remoc¢éo da hemicelulosermdezacdo da fibra. A analise
da morfologia do bagaco pré-tratado confirmou oslt@s$os obtidos na caracterizagédo
quimica. Esse planejamento fatorial envolvendo a tegi@lde pré-tratamento tem
grande influencia em etapas subsequentes como @isédenzimatica e fermentacao

para converséo de etanol de segunda geracao.

1- Introdugao

O Brasil € o maior produtor de cana-de-acgucar repiasen cerca de 30% da
producdo mundial (Hartemink 2008, Canilha et. al., 2001pagaco de cana de acucar
€ um residuo agricola abundante no Brasil e podasselo em varias aplicagbes, em
especial, diminuir a dependéncia do uso dos combustosssis. O etanol é produzido
em grande escala no Brasil a partir da cana de ag(malp Estados Unidos a partir do
milho.O bagaco de cana-de-aclcar ndo é composto sapeneelulose, mas sim por
hemicelulose e lignina (Cardona et al 2010; Rocha et2@l1). A celulose e
hemicelulose correspondem em cerca de 70% da ditaanteragéo dos carboidratos
com a lignina é feita por ligacdes de hidrogenio e leowes formando uma fibra densa
(McKendry 2002; Zhou et al., 2010). Hoje em diaceede 50% de bagaco de cana é

qgueimado para gerar calor e energia para execuiasiaass de aclcar e etanol sendo
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que o poder calorifico da lignina é maior que dosaidrhtos (celulose e hemicelulose)
(Brienzo et al 2009). No entanto, uma parte importantprdducéo de bagaco é sub-
utilizado (Rocha et al., 2011). Tecnologias de pré trathm para a remocdo de
hemicelulose e celulose seriam benéficas para aagfio e producdo de etanol de
segunda geracdo, como também, a geracdo de em pudrhgos de valor agregado
como polimeros e compdsitos para aplicagées quireifasmacéuticas e componentes
de substitutos da pele em caso de dano de camada$icais da epiderme (Melandri
et al., 2006; Brienzo et al., 2009; Rocha et al.,120A lignina ndo € usada para a
producéo de etanol mas pode ser aproveitada pagigeia produtos como solventes e
tintas (Rana et al., 2003; Hartman et al., 2006; Luz e2@08; Saxena et al., 2009).

A hemicelulose e celulose estdo fortemente ligadas nadearelular do
vegetais, sendo dificil de separa-l&s sem a sua desmagao estrututal (Sun et al
2004). As xilanas séo as mais abundantes nas hermogesulDiferentes aplicacdes de
tratamentos vem sendo feitos para o fracionamentoaderia lignocelulésico em seus
principais componentes para utilizagdo em bioindustBaad et al., 2008; Rocha et al.,
2011). Abordagens eficazes de pré-hidrolise Acidoiddi tem sido demonstrado
(Taherzadeh and Karimi 2008, Kumar 2009). O &cidéisad um dos &cidos mais
utiizados em pré-tratamentos de bagagco de cana pareg&enue hemiceluloses
(Lavarack and Griffin 2002, Rocha et al 2011), masasureagentes também podem ser
utilizados (Girio et al., 2010). Os &cidos liberam pmétgque quebram as ligacbes éter
entre 0s monomeros de aclcar de cadeias poliméooastitnidas de hemiceluloses e
celulose. Assim, essa aplicacéo libera aclcares eaglicose, xilose e arabinose, como
também, compostos como furfural e acido acético (lAgat al 2002).

Assim, o presente trabalho tem como objetivo estudar umielmode preé-
tratamento para o bagaco de cana de agucar comsadiddco diluido com diferentes
associacbes de fatores, tendo como resposta a prodec@icose. A analise da
estrutura quimica da fibra foi investigada com o esped&olnfravermelho com
Transformada de Fourier (FTIR) (Bilba et al., 1996¢mA disso, n0s usamos a analise
termogravimétrica (TGA) e a diferencial termogravimetr@TG) para fornecer
informacdo sobre a natureza e extensdo de degradagdestabilidade térmica dos
materiais (Brown 1988). A microscopia eletronica deregura (MEV) foi utilizada
para mais informagdes estruturais e morfologica (Rettal 2011). Esse estudo fornece

informagdes importantes sobre a composicdo, a morlagestrutura e estabilidade
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térmica do bagaco de cana, e podem ser amplamenteaddilipara outras
caracterizacOes de biomassa.

2- Materiais e métodos

2.1- Material
A cana-de-acucar utilizada para obtengéo do bagagovaiiedade RB867515,

cedida pelo professor Marcio H. P. Barbosa (Grupoe&iyl do Departamento de
Fitotecnia da Universidade Federal de Vigcosa (UFV)afa foi coletada no campo
experimental da UFV. O colmo foi prensado para rématp caldo e posteriormente o
bagaco foi lavado com agua e seco ao ar livre a teuyparambiente por cinco dias.
Apos a secagem, o bagaco foi cortado em pedacoemes|(l-3 cm) e posteriormente
triturado em moinhos de bolas e amostras de 20 n@e86 (nm) foram separadas e
estocadas em sacos plasticos fechados a temperaturen@mipara utilizacéo
experimental.

2.2- Caracterizagdo quimica do bagaco de cana-de-aaiic
Pesou-se 0,3 g de bagaco de cana triturado. Endsegdicionou-se 3 mL de

acido sulfarico 72% e manteve em banho maria porrd. Apos este tempo a mistura
foi diluida com &gua e aquecida em autoclave a°Clgor 1 hora para promover a
hidrolise total de oligossacarideos e polissacarideos. Agddrolise, a mistura foi

fitrada em cadinho de Gooch previamente tarado. @luesfoi lavado com agua

quente, seco em estufa até peso constante e a peroedatjgnina insolivel e solivel

foi determinada em relagdo & massa seca da amosprectEbscopia no ultravioleta foi
utilizada para a determinacé@o da lignina solivel emoac@hforme a norma TAPPI

T222 om-88.

2.2.1- Determinacao dos teores de carboidratos e dog&lorganicos

A determinagdo dos teores de carboidratos foi realizaoloaparelho de
Cromatografia Liquida de Alta Eficiéncia (CLAE), marShimadzu acoplado a um
detector de indice de refragcdo, equipado com columaanlO-RAD Aminex HPX-
87H (300 x 7.8mm) e presséo de 134 kgf. As amo$brasn analisadas nas seguintes
condigbes: temperatura de °6) fase movel acido sulfirico 5 mM, fluxo de 0,6
mL/min.* e volume injetado de 20 pL da amostra, com tempo decégiede 30

minutos. Os cromatogramas das amostras foram congza@@m os padrdes dos
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aclcares e 4cidos a serem analisados, sendo feitccunws de calibragdo de cada

composto.
2.3- Determinacéo das condigdes iniciais de pré-tratamento diagacgo de cana

Amostras de 4g de bagaco triturados (particulas deedb)nioram submetidas
ao pré-tratamento com acido sulfarico diluido em autocla®s condi¢des
experimentais foram determinadas pelo planejamensisigo fatorial fracionado®2
(Barros Netoet al. 2001). Os niveis dos fatores estudados, com seusesaleais e
codificados, estdo representados na Tabela 1, ewmgugue os delineamentos
experimentais estdo representados na Tabela 2. Nestafdi@sn investigadas as
influéncias dos seguintes fatores: relacdo entre a ns&ssado residuo e a solugéo
acida (S:L) (g/v), concentracdo da solugcdo acida) (@/tempo de reacdo (minutos)
tendo como resposta a eficiéncia de rendimento de gligdsp Residuos sdélidos do
processo de foram filtrados a vacuo e o hidrolisamcafmazenado para andlise. A
fracdo solida foi lavada com agua destilada até atmgiH neutro. Os hidrolisados

obtidos foram filtrados e armazenados para estudosriposte

Tabela 1. Niveis em valores reais e codificados para os fatoresstigados no
planejamento fatorial do tipd’ para o pré-tratamento do bagaco de cana-de-actcar

Niveis
Fatores -1 0 +1
Tempo (minutos) 10 30 50
Conc. acido (% m/v) 0,5 1,25 2,0
Relagéo (S:L) (m/v) 0,5 1 15

Os parametros serdo analisados dentro de uma faixa -dndorresponde ao valor
codificado do nivel inferior dos parametros e +1 dwelnsuperior; a resposta
investigada sera a eficiéncia de rendimentos de glicose.
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Tabela 2. Matriz do planejamento fatorial do tipd 2om triplicata no ponto central
para avaliagdo dos efeitos dos parametros tempogeacdo de acido e relagdo
sdlido-liquido.

Ensaios Tempo (min) Conc. acido (% m/v) Relacéo (S:L)
01 10 0,5 0,5
02 10 0,5 15
03 10 2,0 15
04 10 2,0 0,5
05 50 0,5 0,5
06 50 0,5 15
07 50 2,0 15
08 50 2,0 0,5
09 30 1,25 1,0
10 30 1,25 1,0
11 30 1,25 1,0
12

30 1,25 1,0

2.4- Hidrdlise enziméatica

A conversdo enzimética foi realizada utilizando alaskicomercial (Celluclast 1.5 L).
Foram empregadas as seguintes condi¢cdes para asseapipdo citrato de sodio 0,05
mol.L™?, pH 4,8, sob agitag&o de 150 rpm em incubadoraa¥émento rotatdrio a 50°C
por 72 h sendo a relagdo sdlido:liquido 1:10 (mAgr(&sco et al., 2010). As cargas
enziméticas utilizadas foram de 15 FPU/g de materiabtiglulosico seco utilizando o
complexo Celluclast 1.5 L (Cara et al., 2006). Apdérmino da reagdo enzimatica os
hidrolisados foram filtrados em membrana com poros de 0,45 pm (MILLIPORE), para

a remocédo de possiveis sélidos em suspenséo e, postarie analisados em leitor de

Elisa visando o rendimento em glicose.

2.5 - Métodos analiticos para a quantificacdo de Glices
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Para a quantificacdo de glicose foi adicionadoplOde cada amostra das
combinagfes do pré-tratamento em placa de Elisa e m@aifiojunto as amostras 190
uL do kit enzimatico Glicose hexoquinase (HK) (Sigma). A placa cahtesis amostras
e o Kit enzimético foi incubado a temperatura de 35°C1pomin. A leitura foi feita a
340 nm em Elisa. A concentragdo de glicose foi avaliemla base na curva de
calibragéo partindo de uma solugdo de 1 g/L glicose (SigmDduicbes foram
necessarias para que a absorbancia das amostrassestiemtro do intervalo da curva

padréo.

2.6- Determinacao dos teores de furfural e hidroximéturfural

Uma aliquota de 2 mL da solucéo foi filtrada em membram poros de 0,45um
(MILLIPORE), para a remocao de possiveis solidosseispensdo. O furfural e o
hidroximetilfurfural presentes no hidrolisado &cido foranalisados por cromatografia
liquida de alta eficiéncia, em equipamento SHIMADZU, saguintes condigfes:
coluna Hewlett Packard RP-18 (200 mm), temperatura eateyi utilizando como
eluente solucdo de 1:8 (acetonitrila /agua) com 1% dédo acético, fluxo de 0,8
mL/min, volume da amostra de 20 pul e detector SPD-102 UV/visivel, com comprimento
de onda de 280nm.

2.7- Andlise do bagaco por microscopia eletrdnica de wadura (MEV)

As fotomicrografias de MEV foram obtidas em um equipatméEO (modelo
Leo 1430v8) (Carl Zeiss). O metalizador utiizado foi tgpung Balzers, modelo FDV-
010. Amostras dos materiais lignocelulosicos foram figadam fita carbono em
suporte de aluminio “stub” e submetidas ao recobrimentplatena de ouro 30 mA,
vacuo 10°® mbar, por 2 minutos formando uma camada de ourcesalamostra de
aproximadamente 15-20 nm. As amostras foram mammlaéssecador até o momento
da analise e dispostas de forma que fosse possivelabas modificagbes superficiais
das fibras dos materiais lignocelulésicos in natura e ambapa de pré-tratamento com

acido sulfarico diluido.

2.8- Espectroscopia vibracional na regido do infravereiho (V).
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Para caracterizar estruturalmente o bagaco de caaeldar, in natura e apds
ser submetido ao tratamento &cido, foi utilizada a especp@a 1V. Os espectros na
regido do infravermelho com transformada de Fouridr-If§ dos materiais foram
adquiridos em um espectrofotdmetro da Bomen sériccMB 4 cni de resolucéo e 64
varreduras acumulativas. As amostras foram diluida&Bmcontendo 1% em massa
dos materiais, e prensadas para obtencédo na forpestidas.

2.9- Termogravimetria (TG)

As curvas termogravimétricas dos materiais, bagacoada in natura e apés
sofrer tratamento acido, foram realizadas em um analisad&ont, modelo 9900,
aquecendo-se aproximadamente 10,0 mg das amostreseevalo de 25 a 800°C em

fluxo de argonio.

3. RESULTADOS

3.1- Composicéo do bagaco da variedade RB867515
(Tabela 3)

Tabela 3- Composicdo quimica do bagaco in natura e bagastrggado com acido
sulfdrico diluido.

Componente: in natura ® (%) pré-tratado P (%)
Matéria seca 100 100
Celulost 53,2 61,¢
Hemicelulose 21,9 7,5
Lignina total* 21 28,7
Extrativos 3.9 ND
Total 10C 98,1

ND — N&o detectado
a
Composicédo quimica do bagago de cana “in natui®dnta de lignina Klason e lignina solivel em
cido.
b Composicédo quimica da fragcdo solida obtida pefstiatamento do bagaco de cana no tempo de 30

min, concentracdo de acido 1,25 %, em relacdodégsdlido para 1:10. *Soma de lignina Klason e
lignina solGvel em &cido
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3.2 — Dados do pré-tratamento no tempo de 30 min, meentracdo de acido

sulfarico 1,25 %, relagéo liquido-solido para 1:10

(Figuras 1- 5); (Tabela 4-6)

Tabela 4- Interacdo de fatores do pré-tratamento e a resposémdionento de glicose
g/L.

Ensaios Tempo Conc. acido Relagdo Rendimento
(min) (% m/v) (S:L) Glicose

(g/L)
1 10 0,5 0,5 17,62
2 10 0,5 15 28,57
3 10 2 15 19,21
4 10 2 0,5 20,02
5 50 0,5 0,5 11,47
6 50 0,5 15 22,46
7 50 2 15 19,06
8 50 2 0,5 22,36
9* 30 1,25 1 37,20

*Média de quatro repeti¢cdes (ensaio 9-12)
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Figura 1 —Os espectros de FT-IR de bagaco in natura e pré-trated@cido sulflrico
diluido.
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Tabela 5 -ldentificacdo dos picaso espectro no infravermelho médio (FTIR)

(em anexo)
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Tabela 6 -Composi¢cdo quimica da fracdo liquida obtida do @vtnento do bagaco

Compostos Concentracéo, g/L
Xilose 9.24 £ 0.03
Arabinose 0.92 £ 0.00
Glicose 3.00 £ 0.0:
Celobiose 0.35+0.00
Acido acético 2.91+0.03
Furfura 0.12 £ 0.0C
HMF 0.03 + 0.00

100,
M X
80
70/ A\ _——Bagaco
e 60 \
2w o
B 401 T
30] g
20
10
0

0 200 400 600 800
Temperatura °C

Figura 2 — Curvas DTG (A) e TG (B) para a amostra de bagacmalsob fluxo de
argonio.
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EHT =20.00 kV WD = 17 mm
Mag = 500 X Signal A = SE1 Time :15:32:21

Figura 3 — Micrografia de um feixe de fibra de bagaco de canesainra. Ampliagéo:
500 x.

EHT =20.00 kV WD = 18 mm Date :16 Jan 2012
Mag = 500 X Signal A = SE1 Time :16:15:56

Figura 4 —Micrografia de um feixe de fibra de bagaco de cagat@tado. Ampliacéo:
500 x.
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3.3 — Dados da hidrolise do pré-tratamento do bagagte 0 - 72 h.

(Figura 5)
40 ~
35 -
30 A
25 -+
Conversao de 20 -
Glicose (g/ ) B g/L deglicose - pre tratado

15 -
B g/Lde glicose - in natura

10 -

0 6 12 24 36 48 60 72

Tempo de reacéo (h)

Figura 5 — Converséao de celulose durante a hidrélise enzimdédaagaco de cana pré-
tratado e in natura.

4. DISCUSSAO

A composicao das amostras da fracdo sélida do bagdemonstrada na Tabela 3.
As andlises indicaram que o teor dos principais comypesen natura utilizado neste
estudo estd de acordo com o teor de outros tipos @&dageviamente relatado (Silva
et al., 2010). A distribuicdo dos principais componems amostras de bagaco é tipica
de material lignocelulésico. Essa diferenca na compodie celulose, hemicelulose e
lignina do bagaco geram diferentes reatividades e pr@uiésdde combustdo em pré-
tratamentos, sendo diferentes as quantidades e oslépmsmpostos liberados durante
0 processo utilizado (Biagini et al.2006). Assim, as difeas existentes nos teores de
glicose, xilose e lignina do bagaco (Tabela 3) sdo resedtado pré-tratamento
estudado. O pré-tratamento utilizado solubilizou 65,7 oo de xilanas e aumento em
16,3 % o teor de celulose (Tabela 3). Assim, a maéte da celulose solubilizada
corresponde a sua fracdo amorfa ou de baixa cristafiai(Rocha et al., 2011). A baixa
concentracdo de glicose no hidrolisado esta de acanmtboacbaixa solubilizacéo de
celulose e celobiose (Tabela 6). Dessa forma, caeéteveor de celulose da fibra in
natura, acima de 53 %, indica o elevado potencialademsedade de cana para a sua

conversado atraves da rota de sacarificagao.
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A analise dos solidos pré-tratados ndo revelou sigtifie remocdo de lignina
(Tabela 3). Isto € muito interessante perante a funci@udido pré-tratamento acido
investigado. A hemicelulose é estruturalmente semahantelulose, e ambos sdo
depositados na parede da célula antes lignificac&aré®al989; Rocha et al., 2011).
As hemiceluloses sdo uma barreira fisica que radeféras de celulose e as protege de
aplicagcbes enzimaticas (Taherzadeh e Karimi, 20@8}jjual a sua remocao caracteriza
o método utilizado eficiente para uma boa hidréliseinefiica do bagaco, tanto da
fracdo soélida como a liquida obtidas do pré-tratamddé&ssa forma, a presenca e
distribuicdo de lignina também podem dificultar hidréliselvia et al., 2011).
Tipicamente, o pré-tratamento acido, remove além dededufoses, uma pequena, mas
ndo insignificante parte da fragdo de lignina (Kumar .e2809). Esses fatores juntos
tornam dificil a clivagem das ligacdes glicosidicas nos pmotisn de celulose e
hemicelulose pelas enzimas (Brodeur et al., 201¢irafet al., 2011).

A sacarificacdo € uma das etapas para a producdo ¢ d&éasegunda geracao,
assim, € necessario pré-tratar o material para rentagibemiceluloses e lignina para
aumentar a conversdo enzimética da celulose. O pagngato com &acido é
amplamente utilizado, em especial, o &cido sulfuripojs aumentam a acgao
autocatalitico do acido acético que é liberado pela divalidrolitica de grupos acetil
do bagaco (Rocha et al.,, 2011). Isso tem demonstefid@ncia na melhoria da
hidrélise enzimatica da celulose.

A analise estatistica mostrou que os pré-tratamentos af@@ge Tabela 1 e 2, ndo
tiveram efeito significativo (p <0,05) rejeitando assonmodelo estatistico proposto.
Ensaios de 9-12 apresentaram sinal positivo, indicasdmalhores rendimentos de
glicose na hidrolise enzimatica quando as variaveariassociadas (Tabela 4 e figura
5).

A composicdo quimica da fragdo liquida obtida do matatnento do bagaco €
demonstrada na Tabela 6. Dados do pré-tratamentdempo de 30 minutos,
concentracdo de &cido sulfarico 1,25 %, relagdo dimsblido para 1:10, obtiveram
maior solubilizacdo de hemicelulose, seguido posteeate de celulose (Glicose).
Resultados apresentados na tabela 6 detectaram a prdseollgdmeros de agucar no
hidrolisado. Produtos que compde a hemicelulose, @rxkilose e outros derivados, tais
como arabinose e &cido acético foram também encontnaalofsacdo liquida. As
concentracdes de produtos gerados na degradacaaidar,a@is como o furfural, o

HMF, foram bastante baixos, sugerindo o bom potenc@l hitirolisado para
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fermentacdo. Esta é uma indicacdo da eficiéncia dag@mde hemicelulose e baixa
producdo de compostos indesejados no processonderfiacao.

O espectro de absorcdo na regido do infravermelho gacbade cana pode ser
observado na Figura 1. Busca-se verificar a presengs mudangas dos grupos
organicos, principalmente devido & presencga de heraseldignina, celulose, que sao
caracteristicas de fibras lignoceluldsicas. Dessa foamaliferencas mais visiveis do
espectro de Infra Vermelho do bagaco de cana in naur pré-tratado foram
encontrados entre 900 a 35007¢trEm geral, o espectro de IV para a fibra in natura e
quimicamente modificada é representado com ampla band&8400 cm-1, que é
caracteristica de vibragdes e alongamentos de grugae@cidos carboxilicos, alcodis
e fendis e, a outra banda em 2800"'@sta relacionada a vibracéo de grupos C-H (metil
e/ou metileno) (Mothé e Miranda 2009; Ernesto 2009).

As bandas de absorgéo em 1735, 1630 e 150estéio associadas a componentes
estruturais presentes na lignina. A banda em 1735pute também estar relacionada
com carbonilas (C=0) de hemicelulose, enquanto a bésmd250 crit pode ser devido
ao alongar C-O-C a partir da cadeia de celulose.ni@am 1100 cihesta associado
com o estiramento assimétrico (C-O-C) a partir da celdokemicelulose (Mothé e
Miranda 2009).

Algumas bandas sdo caracteristicas de lignina (1254-1453, que pode ser
devido ao alongamento C-O de anéis guaiacil e gruposicoetCH, respectivamente
(Saliba et al 2001). A faixa do estiramento 1453'cpode ser atribuida ao radical de
lignina -CH-, -CH2-CH3 (Baddi et al 2004). Bandas langasegi&o 500-700 chpode
estar associada a um aumento no grau de substituigiiopes de metilcelulose, como
também, a diminuicdo de grupos OH (Rodrigues et al 20Ag) caracteristicas
observadas em bagagos de cana sdo mostradas na JalBalsim, os espectros de
Infravermelho (figura 1), mostram o comportamento dmpmnentes organicos em
funcéo do pré-tratamento no tempo (30 minutos), cong@arde acido sulfdrico (1,25
%), relacéo liquido-solido para (1:10) a temperaturataatesde 121 °C.

As curvas de termogravimetria entre 25 e 800 °C obtidabagaco de cana sob
atmosfera de argonio podem ser observadas na FRjura curva TG de bagago
apresentou trés passos de perda de massa.

O primeiro passo entre 25 a 100 °C pode ser atrituiloninacdo de umidade com
perda de, aproximadamente 12 % de massa da fibeguddo passo ocorre entre 200 a

280 °C e representam 0s varios componentes orgaréioo® exemplo, as ceras,
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minerais, os alcaldides, os terpenos (Mothé e Mir@@f®, Bernabé 2008) que estdo
presentes em grandes quantidades no bagaco. Eseergmdou perda de massa em,
aproximadamente 55%. O terceiro passo aparecend808ma 390 °C, no qual a
temperatura € atribuida & decomposicdo de lignina, heradsel e celulose. Tal
decomposicdo resultou perda de massa em, aproxineaten87 %. Esse pico
exotérmico demonstra a decomposi¢do térmica deoseld lignina, uma vez que o
pico dessa decomposi¢ao é geralmente mais intenso (Elddiénda 2009).

As analises indicaram que a decomposicdo térmica desela lignina utilizado
neste estudo esta de acordo com a decomposicdorde tijpws de bagaco previamente
relatado (Mothé e Miranda 2009; Bernabé 2008). Estudiasam que a temperatura
para a liberagdo de compostos quimicos durante o #atantérmico diminui com o
maior teor de lignina (Kollman e Topf 1971, Maliger et £011). E importante
enfatizar que a degradacéo térmica da hemicelulodalesseocorrem em temperaturas
em torno de 200 a 400 °C, dependendo da naturezhat@®polimeros presentes na
biomassa (Mothé e Miranda 2009; Bernabé 2008). Osédrigueiredo 2001,
evidenciaram que em temperaturas abaixo de 230 éGoprina a decomposicdo da
hemicelulose; entre 230 e 260 °C, a hemicelulosecelldose sofrem decomposigcéo
térmica. Entre 260 e 290 °C considera-se o final el@rhposicdo da hemicelulose,
predominando a seguir a decomposi¢éo da celulosénAsscalor de combustéo da
celulose esté relacionado com a sua cristalinidadetequerelagdo intrinseca com o
nimero de ligagBes de hidrogénio na matriz (Millili et 8296). Dessa forma, quanto
mais ligag6es de hidrogénio, mais energia € necessam@godecompor a estrutura da
fibra (Shafizadeh 1968). Geralmente, a reagdo deondeesicdo do material
lignocelulésico esté relacionada com a quebra de ligagiie exemplo, clivagem de
ligacdes glicosidicas (Garcia et al., 2001).

Para elucidar as mudancgas fisicas do bagaco ocomid@ante pré-tratamento, a
morfologia do bagaco in natura e pré-tratado foram imeevs usando MEV (Figura
3-4). As figuras mostram uma micrografia panoramicébdgaco de cana. O aumento
da porosidade do bagaco pré-tratado (Figura 4) comp@tbagaco in natura (figura 3)
pode ser claramente observado. A ampliacdo da imageetarque, o pré-tratamento
estudado desorganizou os feixes das fibras do balsagqode ser atribuido a elevada
solubilizagdo de hemiceluloses e, pequena porcamuied durante o pré-tratamento.

Essas fibras constituem a medula do bagago, umaweesap constituidas por celulas
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do parenquima e tem elevado teor de regides amoidasde baixa cristalinidade de

celulose (Rocha et al. 2011).

5. CONCLUSAO

As observacbes deste trabalho podem ser atribuidas dangas estruturais,
térmicas e morfologicas do bagaco de cana ap6s meata quimico. E evidente que o
tratamento causa diferentes modificagcbes nas preghesd estruturais do material
lignoceluldsico e podem ser utilizadas em outras aies. Tratamento quimico causa
elevada solubilizagdo das hemiceluloses, e estas gasidoram demonstradas por
FTIR, DTG/TG, MEV e outras andlises quimicas. Apés ot@gamento, a hidrélise
enzimética obteve alto rendimento em glicose devidousweato da porosidade do
material e, com isso, foram gerados poucos compoémsiaesejados como furfural e
HMF, evidenciando uma eficiente técnica de tratamentoiqaim

Atualmente, a celulose pode ser utlizada para muitosupos, por exemplo,
compdsitos, derivados quimicos e outros. Por esta ragéimuos agricolas como o
bagaco de cana e a técnica de pré-tratamento deste drgoglem servir como uma
excelente alternativa renovével para a producéo deletansegunda geracdo e uma

variedade de produtos.
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