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ABSTRACT

Seam explosion d two hardwood spedes was carried ou with ard without addtion d sulfuric acid (H,SO4 0.5%,
p/v) as a pretreatment catalyst. In general, wood chips of Eucalyptus viminadis Labill were shown to be more
amenable to pretreatment than chips derived from bolds of Mimosa scabrella Benth (bracatinga). This was apparent
fromall pretreatment parameters tested including the overall recovery yields of pretreated fractions, carbohydrates
(pentoses and hexoses) recovered as water-solubles, yield of dehydration by-products and lignin susceptibility to
acid hydrolysis. There was no evidence for complete deacetylation of both wood spedes during pretreatment and
lignin appeared to undergo extensive acid hydrolysis at higher pretreatment severities. Seam treatment at 205°C for
5 min withou addition d an acid catalyst was $own to be uncapable of removing the hemicell ulose component
from bracatinga chips, as determined by chemical andysis of the steam-treated water-insoluble fractions. Nearly
30% of the hemicellulose (xylan) fournd in bracatingaremained untydrolysed after pretreatment, whereas more than
90% of this comporent could be removed from eucalypt chips under the same pretreatment conditions. Likewise,
pretreatment of eucalypt chips resulted in a more extensive solubili zation d glucans (cdlulose) by acid hydrolysis.
Addition d dilute H,SO, as a pretreatment catalyst generally increased the recovery yield of fermentable sugarsin
the water-soluble fractions and this effed was more pronaunced for the pretreatment of bracatinga chips. Seam-
treated substrates produced from bracatinga were also lessaccesdble to enzymatic hydrolysis than those produced
from eucalypt chips, regardless of the use of an acid catalyst.
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INTRODUCTION heat-generating materials to renewable feedstocks
for the chemical industry (Soares and Hosokawa,
1984; Suchek, 1991; Sturion, 1993). For instance,
extensive plantations have been established in
Brazil to fulfill their increasing demand by the
charcoal and pulp and paper industries, among
other activities. Production of essential oils from
eucalypt leaves (Boland et al., 1991) as well as
food additives (thickners and stabilizers) from
bracatinga seeds (Ganter et al., 1992) have aso
been well characterized as potential applications
for these fast growing trees.

The eucalypt plantations which now exist in Brazil

Lignocellulosic materials are inexhaustible
resources that can be directly or indirectly used for
the production of biomolecules and commodity
chemicals. However, the industrial utilization of
these renewable resources has been compromised
by several factors such as the close association that
exists among the three main components of the
plant cell wall (cellulose, hemicellulose and lignin)
and the low efficiency by which lignocellulosic
substrates are converted through biological
processes such as enzymatic hydrolysis and

fermentation.

For many decades, stands of both Eucalyptus spp.
and bracatinga (Mimosa scabrella Benth) have
been largely exploited as reliable resources for a
number of commercia applications ranging from

* Author for correspondence

are the largest in the world (Suchek, 1991) and
bracatinga plantations are also expanding likewise
(Soares and Hosokawa, 1984; Carpes, 1997).
Depending of the regional climate and soil
fertility, these trees can not only grow on rates of
over 50 m*hayear but also display the ability to



coppice from a recetly cut stump. Therefore,
considering the relatively large susteinability of
reforestation programs based on these trees, there
is a gred opportunity for the utilization d their
harvesting and processng residues as renewable
sources for chemicd feedstocks guch as
fermentable sugars, phends, food additives,
among dhers (Parisi, 1989 Vadlander and
Eriksn, 1990.

Several pretreament options have been suggested
in the literature to fradionate and effedively
recver fermentable sugars from plant biomass
(Parisi, 1989 Sadder et al., 1993. Among them,
steam explosion hes been indicaed as one of the
most effedive pretreament options to date.
Several magjor advantages have been associated
with stean explosion. They are: (a) the dfedive
fradionation d wood into its three main
comporents, cdlulose, hemicdlulose and lignin;
(b) after steam treament, theoreticd yields of
cdlulose @nwversion can be adieved throuch
enzymatic hydrolysis; (¢) the steam-exploded
lignin is dill suitable for conwversion to chemicd
prodwcts; (d) hemicdlulose can be fully utilized
and converted to liquid fuels; (€) fermentation
inhibitors are readily extraaed; (f) the method is
effective for a wide variety of plant biomass and
(g pretreament condtions can be ealy
optimized to produce spedfic chemicds at high
yield (Sadder et al., 1993. The magor
disadvantage is that, athough stean explosion
gredly enhances the enzymatic hydrolysis of
hardwoods (Brownell and Saddler, 1984
Excoffier et al., 1991, Ramos et al., 19923) and
most agricultural residues (Dekker and Wallis,
1983 Kling et al., 1987 Tenrud et al., 1989
Deschamps et al., 1996 tested to dete, it has not
yet been fully developed for the use of softwoods
(Ramos et al., 19921. Furthermore, steam
explosion produwces a relatively low bulk density
substrate which has to be first washed to remove
inhibitors.

In this work, two hardwood spedes namely
Mimosa scabrella Benth (bracdinga) and
Eucalyptus viminalis Labil| have been investigated
as potential candidates for a bioconversion pocess
based on stean explosion. Performance of these
two spedes has been dscussed in relation to
recovery of hemicdlulose sugars, chemicd
composition d both water-soluble and water-
insoluble fradions and susceptibility of the water-
washed cdlulosic residue to enzymatic hydrolysis.

MATERIALSAND METHODS

Pretreatment: Air-dried wood chips (300-350 g,
dry weight) with atypicd moisture content of 10-
15% (w/w), derived from 7 to 10 yea-old stems of
E. viminalis and M. scabrella (Embrapa-Florestas,
Colombo, PR, Brazl), were stean-treaed with
and withou addition of an add caayst using a
0.65 L stean gun locaed at the Department of
Biotechndogy of Faenqul (Faaldade de
Engenharia Quimica de Lorena, Lorena, SP,
Brazl) (Silva, 19%). Pretreament was aways
caried ou in triplicaes a a saturated steam
temperature of 205°C for a fixed residence time of
5 min.

Acid impregnation was caried ou by soaking the
wood chips in 0.50% (Ww/v) H,SO, overnight at
room temperature (RT). The excess of H,SO,
solution was discarded. Acid-impregnated chips
were shown to have gproximately 50% (w/w)
moisture content.

Bulk prodwction o substrates for enzymatic
hydrolysis (see below) was performed under
similar pretregment condtions using a5 L steam
gun locaed at the Pilot Plant Unit of the Federal
University of Parana (Curitiba, PR, Braal)
(Ramos et al., 1999. Pretreament was caried ou
at 205°C for residence times ranging from 5 to 10
min, using urtreded and add-impregnated wood
chips as described above. Similar pretreament
profiles were obtained when eat o these high-
presaure steam vessls were utili zed.

Steam pretreament was performed by loading the
chips diredly into the stean gun After treament
for a given temperature and residence time, the
steam-treded material was relessed from the
steam-gun Lty rapid despresaurization, causing the
material to expand (explode) into a colleding
vessl (Ramos, 1992 Carpes, 1997). Substrates
were then rewmvered by water washing. The
resulting material was extraded twice with water
a a 5% (w/w) solids concentration. The water-
insoluble fradion was termed STE-WI and STB-
WI (water-insoluble fradion from steam-treaed
eucdypt and steam-treaed bracdinga,
respedively), whereas the water-soluble fradion
or liquar was termed STE-WS and STB-WS

(water-soluble  fradion from  steam-treaed
eucdypt and steam-treaed bracdinga,
respedively).

Chemical analysis of lignocellulosic materials
before and after pretreatment: Total extradives
were determined in bah original, untreaed wood



chips (2 g d chips Wil ey-mill ed to passa 40 mesh
screen) by a sequential treaments with
ethand:benzene (1:2, v/v) and ethand in a Soxhlet
apparatus. The extraded material was then washed
thorougHy with water, dried at 50-60°C and stored
for further analysis.

Chemical analysis of substrates and raw materials
were dways performed in dugicaes using a
modification d the TAPH Standard Method T222
0s-74 for aad insoluble lignin (Klason lignin)
(Dence, 1992. After swelling approximately 1 g
of Wiley-mill ed fibers (40 mesh) in 15 mL of 72%
H,SO, (w/w), digtill ed water was added urtil a 3%
(w/w) add concentration was readied and the
suspension was treaed for 70 min in an autoclave
a 121°C. Acid-insoluble lignin (Klason lignin)
was measured gavimetricdly and totd
carbohydrates were determined by HPLC (Irick et
al., 1988. Acid-soluble lignin was determined in
Klason lignin hydrolysates acaording to the Tappi
Useful Method 250(Dence, 1992).

Pentosan hydrolysis occurring during stean
treament was determined by HPLC analysis of the
water-soluble (WS) fradions (see below) (Irick et
al., 1988. Rewvery yidds of WS fradions were
determined by evaporating an aliqua to dryness
and expresgng the anourt in terms of g/100 g d
oven-dry wood

The HPLC analysis of WS fradions and Klason
hydrolysates was obtained with a Shimadzu HPLC
system, model LC10AD, provided with a SIL10A
autosampler and a RID10A refradive index
detector. HPLC analysis was performed at 65°C in
an Aminex HPX-87H column (Bio-Rad), eluted
with 8 mM H,SO, at a flow rate of 0.6 mL/min.
Soluble sugars were quantified by cdibration
using cdlobiose (retention time, RT of 7.2 min),
glucose (RT of 8.9 min), xylose (RT of 9.6 min),
arabincse (RT of 10.4 min) and acdic add (RT of
14.7 min) as externa standards. Oligosacdarides
(RT within 6.0 and 80 min) were integrated
colledively and expressed quantitatively as
cdlobiose.

Furfural and hydroxymethylfurfura (HMF) were
also determined in ead of the WS fradion by
liquid chromatography using a Shimadzu HPLC
system, model LC10AD, provided with a SFD10A
variable wavelength UV/vis detedor set at 276 nm
(Silva, 1995. HPLC analyses were performed at

30°C in a LiChrospher 100 RP-18 (5 um particle
size) column (Hewlett-Padkard), eluted with
aceonitrile/water 1:8 (v/v) containing 1% (p/v) of
acdic aad at a flow rate of 0.8 mL/min. Furfural
and HMF were quantified by external cdibration.
Lignin hydrolysis was assssed in the water-
soluble (WS) fradions by ultraviolet (UV)
spedroscopy using an HP 8452A diode-array UV
spedrophdometer  (Hewlett-Padckard).  After
subtradion d the @sorbance due to dehydration
by-products determined chromatographycdly, the
spedfic asorbance & 276 M was used to
quantify the amourt of lignin-derived prendic
compourds and water-soluble lignin-carbohydrate
complexes that were produced as a result of
pretreagment. An absortivity of 110 L/g.cm was
used for the cdculations (Dence, 199).
Enzymatic hydrolysis of steam-treated
fractions: Enzymatic hydrolysis was performed at
2% (w/w) in a 50 mM sodium aceate buffer, pH
48, at 45°C and 145 rpm, using a mixture of
Celluclast 1.5L and Novozym 188 (Novo Nordisk)
with an adivity loading d approximately 35 FPU
per gram of stean-treded substrate. An excess of
Novozym 188 was used to prevent cdlobiose
acamulation (Chan et al., 1989. Enzymatic
adiviti es were determined acording to Chan et al.
(1989 and Ghaose (1987). Glucose and cdlobiose
were analysed in substrate hydrolysates by HPLC
and expresed in relation to the cabohydrate
content (cdlulose plus hemicdlulose) of the
pretreaed material.

RESULTS AND DISCUSSION

Wood chips of bath E. viminalis and M. scabrella
were initialy charaderized with regard to their
chemicd composition. Although bth the
hardwood spedes had similar extradives and ash
contents, their lignin and carbohydrate @ntents
were dightly different, with the former having a
lower cdlulose @ntent and higher lignin content
than the latter (Table 1). Interestingly, both
hardwood spedes were shown to have the same
acdyl content and, based ontheir overall chemicad
composition, these spedes were not expeded to
present distinct susceptibiliti es to steam treament.



Table 1 —Chemical composition of E. viminalis and M. scabrella (bracatinga) wood chips.

Z ompotent (9] E. vimirnalis M scabrella
Glucan 42.52 (47T 4209 (5117
ylan 1515 (17.00 16.50 (17 .55
&t abitian 119 (133 118 (1.26)
Acetyl groups 077 (026 076 MED
Flazonlignin 2570 (28 B3 23.50 (25.0m
Extractives 330 37D 350 3735
&sh 0.50 (0.56) 0.4 (049
Tofal BR.13 (1000 Q3.99 (100)

Vauesin brackets represent the amount of eadh component after normali zation.

Pretreament of both wood spedes were initially
caried ou in alab scde gparatus (0.65 L stean
gun) to ensure good pocess control and effedive
recovery of pretreament fradions. At any of the
condtions tested in this gudy, there was an
excdlent reproducibility of rewmvery yields for
eahh of the water-soluble and water-insoluble
fradionsreavered after pretreament (Table 2).

Pretreatment of wood chips without catalyst: In
generd, the overall recovery yield of pretreaed
fradions was lower when pretreament was caried
out in the absence of an add caalyst (Table 2).

Pretreament of bracainga cips a 205°C for 5

min yielded only 78.57% in relation to the original
wood dy weight, whereas 76.62% was reavered
when eucdypt chips were pretreaed undx the
same @ndtions. Compared to eucdypt,
pretreagment of bracdinga yielded lower recovery
of water-solubles and hHgher recvery of water-
insolubles, suggesting that hemicdlulose removal
by add hydrolysis was considerably higher when
pretreament was caried ou with eucdypt chips.
This was corfirmed by chemicd anaysis of the
water-insoluble fibers, where STB-WI was shown
to contain 7.56% of xylan while only 2.18% of
xylan was foundin the STE-WI fradion (Table 3).

Table 2 — Overall yield of fractions derived from steam explosion d E. viminalis and M. scabrella wood chips

uncer both catalysed and noncataysed condtions.

Water-salubles (W3 Water-insalubles (W) Tatal
A Gteam-treated B viminalis (5TE)
Moti-catalysed 13749 015 288 % 1.79 THA2Y 1.96
Catalysed 2961% 0.57 7001 % 0.57 A9.62% 0.66
B. Steamn-treated A scabrella (5TBY
MNon-catalyzed 1081 % 0.38 6776 % 0.94 7857 % 055
Catalyzed 27149 0.3 T173% 043 8. 87 Y 0.75




Table 3 —Chemica composition of water-insoluble fradions derived from steam-exploded E. vitaminalis and M.
scabrella under both catalysed and ron-caalysed condtons.

Component (%) STE-WI =TE-T
Mon-catalvsed Catalyvzed MHon-catalwsed Catalyzed

Slucan 65 959 65 23 5521 58.91
Hwlan 218 1.15 7 56 1.95
Arabinan nd nd nd nd
Lcetyl groups 0.35 0.41 0.45 031
Elason lignin 30.47 3058 3531 3716
Ash 048 045 041 0.53
Total 9947 100 26 95 .94 98 26

To charaderize the susceptibility of these two
hardwood spedes by steam explosion, the WS
fradion derived from ead o their pretreament
runs was further investigated by HPLC. Indedd,
there was a larger amourt of oligosacdarides and
a arrespondngly lower amount of xylose in the
STB-WS fradion (bracdinga), compared to the
STE-WS fradion (Table 4). Glucose was aso
present in eucdypt hydrolysates (STE-WS) in

higher yields, as well as phendic compounds
derived from lignin hydrolysis (add-soluble lignin
and/or water-soluble lignin-carbohydrate
complexes). Therefore, at the condtions tested in
the esence of an added caadyst (205°C, 5 min),
eucdypt chips were more dfedively pretreaed
than bracdinga dips, regardlessof their relatively
equivaent chemicd composition (seeTable 1).

Table 4 — Revery yield oltained in water-soluble fractions derived from steam-exploded E. vitaminalis and M.
scabrella under both catalysed and ron-catalysed condtions.

Component (%)* STE-WE STB-WE
Mon-catalysed Catalyzed Mon-catalysed  Catalysed
Oligosaccharides 716 (3.07)  142(2.01) 567 (1195 162(2.21)
Glucose 241 (567)  4.29(10.09) 156 (3.24)  1.95 (4.05)
Xylose 485 (32.06)  10.86 (71.80) 301 (1887 £.80(53.33)
Arabinose 0.68 (57.05) 043 (3593) 0.79 (66.97) 0.84 (71.17)
Acetic acid 0.66 (86.26)  0.32 (42.05) 0.50 (65.78) 0.3% (50.59)
Acid-soluble lignin 353 (11.95) 366 (12.40) 162 (5.92)  2.71 (9.88)
Furfural 0.72 (4,367 0.99 (6.00) 0.0% (0.48)  0.58 (3.52)
Hydroxymethylfurfural 012 {0.40) 0.51(1.06) 0.02 (0.04) 0.22 (0.48)
Total 1534 2262 la.56 1725

* Expressed in relation to the origina wood dy weig
component in relationto their preaursorsin Table 1.

ht; values in brackets represent the recovery yield of each
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Figure 1 - Effect of scding-up on the recovery yields of both water-soluble (WS) and water-insoluble (WI)
fradions derived from steam-treaed (A) E. viminalis and (B) M. scabrella chips. Pretreatment was performed in
high-pressure steam vessels with dstinct working volumes (0.65 and 5 L) at 205°C for 5 min using add-
impregnated wood chips. Open bars, WS fradion; dashed bars, WI fradion.

Pretreament of bracdinga dips at lower
severities, that is, in the &sence of an added
caayst, resulted in acawmulation d a relatively
large amourt of oligosacdarides in the water-
soluble fradions. For this reason, ead water-
soluble fradion derived from bracdinga was post-
hydrolysed with sulfuric add in order to render all
cabohydrates in their monameric form. Thisway,
the oligosacdarides present in STB-WS fradion
were shown to be dmost completely composed o
xylan oligomers (data not shown).

The dficiency of stean exploson as a
pretreament method is primarily based on
hydrolytic readions invaving lignin and
hemicdluloses (Tanahashi, 1990. However, a
number of side readions may compromise
pretreagment efficiency by yielding lessaccessble
substrates for enzymatic hydrolysis or by causing
acamulation d inhibitory compound to either
enzymes or fermentation  microorganisms
(Pamgqvist et al., 1996. Amongthem, dehydration
of monosactarides vyielding furfural (from
pentoses sich as xylose and arabinose) and
hydroxymethylfurfural (from hexoses sich as
glucose) has been indicated as one of the main
side readions during hgh-presaire steaming and
its occurrence may be diredaly related to

pretreament severity. Indead, the occurrence of
bath furfural and hydroxymethylfurfural in STE-
WS hydrolysates (eucdypt) was nealy 10 times
higher than the levels found in STB-WS
hydrolysates (bracadinga). Hence, E. viminalis was
more permedble to the penetrating stean than
bracdinga (higher porosity) and pretreatment had
an extensive hydrolytic dfed on its xylan
comporent (autohydrolysis).

Pretreament of both wood spedes in the asence
of an add caayst did na result in complete
deaceylation d the hemicdlulose cmporent
originally found within the wood chips. In
addition, arabinose was the monosactaride
recvered in highest yield (see vaues in bradkets
in Table 4). On the other hand, there was a very
low acamulation o water-soluble dehydration
by-produwcts as a result of pretreament (furfural
and hydroxymethylfurfural), indicaing that
hydrolytic readions largely predominated ower
degradation readions gdich as dehydration.
However, these volatile compound could nd be
quantitatively recovered as water-solubles becaise
they were partially lost to the amosphere dter
explosive decompresson.

The lignin comporent of bracdinga dips



appeaed to be less amenable to stean treament
than the lignin comporent foundin eucdypt chips.
Nealy 12% of eucdypt lignin was hydrolysed as a
result of pretreament, yielding monamers (mostly
phends) and lignin-carbohydrate complexes that
were resporsible for a mnsiderable increase in the
UV light absorbance of the water-solubles at 276
nm (aromatic water-soluble dromophaes). In
contrast, lignin hydrolysis contributed to only
1.62% weight loss of bracdinga dips after
pretreament, which corresponded to a 5.92%
weight loss of the lignin comporent found within
the wood chips. However, in bath cases, there
might have been an ower-estimation d lignin
hydrolysis becaise the amourt of UV light
absorbed could be partly attributed to water-
soluble wood extradives.

It isalso important to redizethat the total recvery
yields dhown in Table 4 have resulted from an
extensive investigation d the water-solubles (WYS)
using liquid chromatography (HPLC), wheress
those figures dhown in Table 2 have been
determined gavimetricdly by evaporating an
aiqua of the water-solubles to dryness and
expressng it in relation to the oven-dry wood
weight. Therefore, values of WS rewvery in
Tables 2 and 4 must not be aossexamined
withou considering that (a) volatiles have been
partidly lost by evaporation while generating the
data shown in Table 2 and (b) data shown in Table
4 are redtricted to water-soluble compounds that
were both quditatively and quantitatively
determined by HPLC.

Pretreatment of wood chips after impregnation
with an acid catalyst: In general, addtion of
sulfuric add as a pretreament catalyst incressed
the recovery yield of fermentable sugars in the
water-soluble fradions and this effed was more
pronourced for the pretreament of bracdinga
chips.

The overdl reomovery yields were radicdly
increased from 7857 to 9887% and from 76.62 to
99.62% in both pretreament runs using kracdinga
and eucdypt chips, respedively. This substantial
increase in the overall yield was redlily attributed
to the much higher recovery of fermentable sugars
in the water-soluble fradions, largely due to the

greder stability of pentoses at lower pH (Springer
and Harris, 198). The recovery vyield of STB-WS
and STE-WS respedively increased from 10.81 to
27.14% and from 13.74 to 20.61% as a result of
the alded caalyst (Table 2).

Acid caadysis had a mnsiderable dfed on the
chemica composition d water-insoluble fradions.
Due to a more etensive hydrolysis of wood
poysacdarides, the hemicdlulose content of WiI
fradions was considerably reduced (Table 3). For
instance, the xylan content of STB-WI was
reduced to ony 1.95%, compared to the 7.56%
residual xylan foundin the STB-WI derived from
non-caalysed pretreament condtions.
Consequently, there was an increase in bah lignin
and ducan contents of the W fradions.
Compared to the noncaaysed pretreament runs,
higher glucose yields were dso deteded in both
WS fradions, indicaing a more etensive
solubilization d the cdlulose cmporent. In the
presence of sulfuric agd at 205°C for 5 min, up to
4% of the cdlulose mmporent foundin bracainga
chips was hydrolysed, whereas pretreament of
eucdypt chips under the same wndtions resulted
in nealy 10% cdlulose solubili zation (Table 4).

In the presence of an added caalyst, most of the
soluble sugars foundin the WS fradions were in
their monameric form and xylose acourted for
the vast magjority of al sugars deteded. The
highest xylose remvery, acourting for 70% of the
xylan found within the wood chips, was obtained
from pretreament of add-impregnated eucdypt
chips. Thiswas nealy 40% higher than the xylose
recovered from bracdinga dips under similar
pretreament condtions.

Acid caalysis aso triggered faster dehydration
rates of pentoses and hexoses in the WS fradions.
However, as mentioned before, the figures dhown
in Table 4 are likely underestimated as there was
no attempt to recover quantitatively al of the
volatiles  produwced duing  pretregment.
Nevertheless as a result of the added caalyst, the
concentration o furfural increased in the STB-WS
by afador of 7.25, whereas a much lower increase
was observed for the STE-WS fradion. The
concentration d hydroxymethylfurfural in the WS
fradions followed asimil ar pattern.



Among dher observations detraded from Table 4:
() there was an indicaion that arabinose was
partially degraded at the highest pretreament
severity using add-impregnated eucdypt chips,
particularly if the complete @sence of this
moncsactaride is recdled from the cemicd
analysis of the resulting stean-treded substrate
(Table 3) and (b) the aldition of sulfuric add asan
add caalyst reduced the recovery yield of acdic
add in the water-soluble fradions.

There was no evidence for a dired effed of the
added catalyst on hydrolysis of eucdypt lignin, as
detraded from the literaly identicd amourt of
add-soluble lignin in both STE-WS fradions. On
the other hand, the remvery yield of add-soluble
lignin from bracdinga dips incressed from 6% to
nealy 10% after addition d an add caalyst. This
is an addtional evidence for the lower
susceptibility of bracainga lignin to pretreament
and add hydrolysis, probably due to a relatively
lower content of add-labile aryl-ether linkages
within its chemicd structure (Tanahashi, 1990, as
compared to the lignin comporent found in
eucdypt chips.

Susceptibility of steam-treated materials to
enzymatic hydrolysiss Bulk produwtion d
substrates for enzymatic hydrolysis was performed
in a 5 L sean gun a three pretreament
condtions: (a) 205°C for 10 min using urireaed
wood chips and 205C for (b) 5 min and (c) 10

min using aad-impregnated chips as described
ealier. These were chosen to alow for a dired
comparison among substrates produced at a given
pretreadment condtion (205°C for 5 min using
add-impregnated chips) and to assessthe dfed of
longer residence times (higher pretreament
severities) on the susceptibility of add-
impregnated wood chips to enzymatic hydrolysis.
Even though similar pretreament profiles were
obtained in bah high-presare stean vessls
(Figure 1), closer mass balances were obtained
when pretreament was caried ou at the smaller
reacdor, probably due to a better reprodicibility of
pretreament parameters, less heterogeneity and
easier recvery of pretreded materials from the
colleding vessl.

The demicd composition d buk substrates
prepared for hydrolysis is sown in Table 5. In
general, pretreged substrates derived from
eucdypt were free of any residual hemicdlulose,
wherezs all steam-treded substrates derived from
bracdinga still contained an appredable anourt of
xylan in their chemicd compasition. In addition,
the cdlulose @ntent of stean-treged bracainga
was generaly lower than that of steam-treaed
eucdypt, whereas the lignin content was generally
higher, except for the substrate derived from
pretreament of add-impregnated wood chips at
205°C for 10 min.

Table 5 — Chemicd composition of steam-treated substrates prepared for enzimatic hydrolysis using the 5L

steam-gun.
Pretreatment conditions™® Flucan Hylan Lignin Toial
L F vimanalis (STE-WI)
205°C, 10 min £8.4 nd 327 101.1
205°C, S min, 0.5% H 2504 £8.2 nd 323 100.5
205°C, 10 min, 0.5% H 550y, £3.9 nd 36.6 100.5
B M seabrelia (STB-WI)
205°C, 10 min £1.1 4.5 36.2 101.8
205°C, S min, 0.5% H 530y £0.0 4.5 36.5 101.0
205°C, 10 min, 0.5% H 2304 59.9 5.6 348 100.3
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Figure 2 - Glucose yields obtained from the enzymatic hydrolysis of water-insoluble fractions derived from steam-
exploded (A) E. viminalis (STE-WI) and (B) M. scabrella (STB-WI). Pretreatment was carried out at (&) 205°C for
10 min (non-catalysed condtions) and at 205°C for (0)) 5 and (0) 10 min after impregnation of the wood chips with

dilute sulfuric add (caalysed condtions).

Steam-treged substrates derived from eucdypt
chips (STE-WI fradions) were more amenable to
enzymatic hydrolysis than substrates derived from
bracainga dips (STB-WI fradions), suppating
the previous hypothesis that E. viminalis pretreas
more eaily than M. scabrella. For pretreagment
runs redized uncer noncaaysed conditions,
nealy 80% of the cdlulose cmporent foundin
the STE-WI fradion (eucdypt) was sacdarified
when hydrolysis was caried ou with 35 FPU per
gram of cdlulose for 72 ha 2% (w/w) (Figure
2A). In contrast, for substrates produced from
bracdinga dhips under the same @ndtions, only
40% of the cdlulose @mporent could be
hydrolysed by the mncerted adion d the enzymes
(Figure 2B).

Likewise, add-caalysed stean-treded substrates
derived from eucdypt chips (STE-WI fradions)
were more anenable to enzymatic hydrolysis than
those derived from bracdinga dips (STB-WI
fradions) (Figure 2). However, under the same
hydrolysis condtions, al the substrates produced
from add-impregnated eucaypt were shown to be
as accessible for hydrolysis as those produced
under noncaaysed pretreament condtions,
suggesting that add caalysis added littl e to the
substrate accesihility of steam-treaed eucdypt. In
contrast, stean-treaed substrates produced from
add-impregnated bracainga were shown to be

more accesible to hydrolysis than those produced
from nonimpregnated wood chips (noncaalysed
pretreagment conditions) (Figure 2B), even thoudh
yields higher that 60% could not be achieved.

CONCLUSIONS

Chips of Mimosa scabrella Benth (bracainga)
were shown to be not as amenable to stean
treament as those derived from logs of Eucalyptus
viminalis Labill. This was apparent from all
pretreament parameters tested including the
overall recovery yields of water-soluble and water-
insoluble fradions, glucose and xylose recovery in
the water-solubles, yield of dehydration by-
prodwts and lignin susceptibility to add
hydrolysis. In general, addition d dilute H,SO, as
an add caalyst generaly increased the recovery
yield of fermentable sugars in the water-soluble
fradions and this effed was more pronourced for
the pretreament of bracdinga dips. Steam-
treaged substrates produced from eucdypt were
aso more accesible to hydrolysis than those
produwced from bracdinga under both catalysed
and noncaaysed pretreament condtions.
However, add caalysis did nd result in any
apparent incresse in substrate accesbility of



steam-treaed eucdypt. Based on the chemicd
composition and performance of both wood
spedes during petregament, it seamed that
fradionation d bracdinga required more drastic
pretreament condtions than eucdypt becaise the
former was less permeeble to the penetrating
steam than the latter and contained a lignin-
cabohydrate @mporent that was considerably
lesssusceptible to add hydrolysis.

RESUMO

Duas espédes de angiospermas foram comparadas
em relac® a suas susceptibilidades a0 pré-
tratamento pa explosdo a vapor. De um modo
geral, cavams industriais de Eucalyptus viminalis
Labill apresentaram-se mais susceptiveis ao pré-
tratamento a vapor do que cavams derivados de
Mimosa scabrella Benth (bracdinga). Tad
observac® foi baseada en quatro par@metros de
avaliac®: rendimento dafracé insoltvel em &gua
(frac@ fibrosa); reauperac® de arboidratos na
frac@® aquosa; quantidade liberada de produos de
desidratac® de agicaes na frac® agucsa;, e
despdimerizac® parcia da lignina por hidrolise
addda. O pré-tratamento a 205°C por 5 min, na
auséncia de um cadisador &ddo, demonstrou ser
insuficiente para a hidrélise e solubiliza¢® das
hemicduloses presentes na  bracdinga
Aproximadamente 30% das xilanas de bracainga
prevalescaram apés 0 pré-tratamento  nestas
condcdes, enquanto que cecade 90% das xilanas
de eaicdipto foram removidas ©b ©s mesmos
padrbes de severidade. Da mesma forma, o pré
tratamento de eucdipto resultou em maiores graus
de solubilizac® de glucanas (cdulose) a partir dos
cavas, indicando que estetipo de madeira émais
susceptivel a0 pré-tratamento do que cavacs
derivados de bracdinga. A adicdb de addo
sulfarico dluido como caalisador do proces
aumentou o rendmento de agicares llveis na
frac® aquosa e ate deito foi mais pronurciado
no pétratamento de cavacs de bracdinga
Finalmente, o comporente cdulésico dos
substratos derivados de bracdinga também
apresentou-se  menos  susceptivel &  hidrolise
enzimética do qe ajuele presente an substratos
pré-tratados a vapor derivados de eucdipto e tal
comportamento foi observado independentemente
do wo de addo sulfurico como cadisador da
reaca.
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