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Samples of Arundo donax were subjected to isothermal autohydrolysis, defined by temperature, 150—
195 °C; time, 0—15 h; and liquor to solid ratio, 8 g/g. The effect of the operational variables on the
yield and composition of both liquid and solid phases obtained after the treatments has been studied.
The oligomer concentration and composition have been determined. In the conditions leading to
maximum oligomers concentration (defined by dimensionlees time 6§ = 1) it can be produced up to
17.7 g oligomers/100 g raw material and four acetyl groups/10 xylose monomers. These oligomers
are the mean of 50% of nonvolatile compounds. In these conditions, cellulose is almost quantitatively
retained in the solid phase, whereas lignin is solubilized at 9%.
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INTRODUCTION of glucose monomers), hemicelluloses (ramified polymer of
monomers such as arabinose, glucose, or xylose and acetyl
groups or uronic acids), and lignin (a three-dimensional polymer
formed by units of phenyl-propane) and minority fractions
(extractable compounds, ashes, etc). Hardwoods and agricultural
materials possess a hemicellulosic fraction composed of a
structure of xylose with ramifications such as arabinose, acetyl
Jgroups, and uronic acids. Because of the high proportion of
xylose monomers in theses hemicelluloses, we usually call them
xylan. (30).

Xylooligosaccharides (XO) may be obtained from lignocel-
lulosic materials (LCM), especially hardwood or agricultural
materials, and can also be defined as oligomers, oligosaccha
rides, substituted oligosaccharides, or xylooligomers. With a
chemical perspective, XOs are oligomers of a ramified structure
of xylose with a great variety of substituents in the shape of
lateral chains of acetyl groups and other components such a
uronic acids or arabinose unitd6). The degree of XO
polymerization is of about 2—20.

. . . . . An efficient approach for LCM processes is the “biomass
XO may be considered as dietary fiber, are nondigestible refinery” philosophy 81): The LCM is sequentially fractionated
carbohydrates, and can be used as ingredients of functionalto obtain the main corﬁ onents (cellulose, hemicelluloses, and
foods, regulating the colonic microflora, especiafifidobac- lanin) i ted tp f indi d lized fit "I'h
teria and Lactobacilli, so that their contents increase (7—16). ignin) in separated streams for an individualized profit. The

XOs show advantages in comparison with other oligosaccharidesf'rSt step in this fractionation can be the autohydrolysis

(10, 15). These bacteria show a XO metabolism that |Or0dU|CeStreatment, which can also be named the hydrothermal treatment

short-chain fatty acids, compounds with positive healthy effects or hydrothermolysis_. A_utohydrolysis can solubilize hemicellu-
(17, 18). Other positive effects of XO are their antioxidant loses almost quantitativel8g), dropping off the cellulose at

activities (19—22), and XO can be used for the prevention and solid phase and inducing little modifications in the lignin. The
treatment of sevéral healthy disorde3¢27). XOs have chemical basis of the autohydrolysis processes is the hydrolysis

favorable technological features such as acid stability or heat reactions of tbhe hemlcellulozes In aqueouhs med'“”.‘ with
resistance (28). The most important world market is located in [€MPeratures between 150 and 28D(33), so these reactions

Japan, where XOs are prized at about 2500 yer2@j. ( are catalyzed by protons. In the initial stages of reaction, the
As r’aw materials, LCM shows several advantages such aSprotons proceed from the autoionization of water. The organic

) ; acids generated from the raw material such as the acetic acid
their abundance, renewable character, and relatively low cost, S - .

h Lo . are the principal source of catalyst in later stages. Reaction
which make them useful for their utilization in chemical and

. i - mediums are defined by a pH between 3 and 4. The liquid
food industries. LCMs are composed of cellulose (linear polymer . . S .
resulting phase is composed principally of hemicellulose
byproducts, XOs, monosaccharides, acetic acid, etc. The XOs
. *_Ti?\:\a%%g;g?rg%slpogden_?_e S_frould_be addressed. T84988387075. are the majority reaction product84—37) in the operation
A oo a2l gl@vigo.es. conditions usually gathered in the bibliography. The resulting
* University of Vigo. solid phase is composed principally by cellulose, lignin, and
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Table 1. Composition of A. donax L. Used for This Study (Average Table 2. Operational Conditions Used in This Work
Values of Four Replicates)
temperature no. of time time for maximum
content (weight %, standard (T, °C) experiments (t, h) of oligomers (twax, h)
component on dry basis) deviation 150 9 0-15 8
glucan 35.15 0.11 165 10 0-3.33 2
xylan 18.24 0.04 180 10 0-1.25 0.70
arabinan 0.84 0.03 195 11 0-0.42 0.21
acetyl groups 3.84 0.34
uronic acids 5.53 0.04
EL?rs;:r:algglgompounds 23% 84112 performed using a BioRad Aminex HPX-87H colum at 3D eluted
ash 3.06 015 with 0.01 M H,SQ; at a flow rate of 0.6 mL mint using a refractive

index detector to quantify glucose, xylose, arabinose, acetic acid, HMF,
and furfural.
residual hemicelluloses. This phase is susceptible to later
treatments such as enzymatic hydrolysis or delignification RESULTS AND DISCUSSION
processes (1(88, 39). Operational Conditions. XO is the usual term employed in
This work deals with the study of XO production from  the pibliography to make reference to the autohydrolysis leading
Arundo donax.. through isothermal autohydrolysis. For this  products of LCM with rich xylan hemicelluloses contents. These
purpose, hydrothermal treatments were carried out, so thexOs are oligomers where the principal monomer is the xylose,
operational variables (temperature and reaction time) were variedanhough they are composed of other sugars such as arabinose
in the ranges of 150195°C and 0-15 h, respectively. Material  and several sugar sustituents such as acetyl groups. In this work,
balances and compositions of solid and liquid phases werewe will use the term oligomer to avoid confusion.

eVaanted, with Special attention to XO concentration and The Operationa| conditions emp|0yed in this Study (temper-

composition. ature, T; and reaction timef) are shown inTable 2. The
temperature was varied between 150 and 1@5 and the
MATERIALS AND METHODS maximum reaction time was varied between 0.42 and 15 h,

Raw Material. A. donaxL. samples from local plantations were ~ Values that were selected to study the complete time course of
milled to pass an 8 mm screen, since in preliminary studies no the autohydrolysis process.
diffusional limitations were observed for this particle size; the samples
were air-dried, homogenized in a single lot to avoid differences in t
compositions among aliquots, and stored. 0= T 1)
Analysis of Raw Material and Solid Residues from Hydrothermal MAX
Treatment. Aliquots of raw material or solid residue were milled to
particle sizes<0.5 mm and subjected to moisture and determination Wheret is reaction andwax is the reaction time of maximum
of extractable compounds (TAPPI T-264-om-88) and to quantitative oligomers concentration (shown irable 2).
acid hydrolysis with 72% EBO, following standard methods (T-249- Effect of Hydrothermal Treatment on A. donax Solubi-
cm-85). The solid residue after hydrolysis was recovered by filtration |ization. Having a prior knowledge of the degree of fractionation
and considered as a Klason lignin. The monosaccharides (glucose after the hydrothermal treatment, it would be interesting to study
xylose, and arabinose) and acetic acid contained in the hydroly:satesthiS as it would enable us to carry out an initial evaluation of

were determined by high-performance liquid chromatography (HPLC), o treatment efficiency. The variation of the solid yield in the
as reported elsewhere. Uronic acids were determined spectrophoto-

metrically using galacturonic acid as a standard for quantificadoh ( course. of dimensionlesi time is ShOWI’FIig(lJ,II’G la. At6 =0,
Ashes were determined by calcination (T-244-om-93). Compositions SY Varies between 89.4% at 150 and 86.0% at 195C. These

of raw material are shown ifiable 1. can be considered relatively low values if they are compared
Hydrothermal Processing of Wood SamplesRaw material and ~ Wwith materials of similar composition such as eucalypts)

water were mixed in the desired proportions and treated in a 660 cm This can be fundamentally justified by the solubilization of the
stainless steel reactor (Parr Instruments Company, Moline, IL) using a extractable compounds (9.1% of the raw material). This value
liquid/solid ratio (LSR) of 8 kg water/kg raw material on a dry basis js much higher than those found in other materials usually
(the moisture content of the material was considered as water). employed in the autohydrolysis treatments (42).

According to previous yvorks, 'the influence of L_SR _is relatively low The SY decreases rapidly up to values of about 65%; then,
(41). The reactor was fitted with four-blade turbine impellers, heated it decreases more slowly, so a minimal value of 61.4% is reached

by an external fabric mantle, and cooled by cool water circulating - _ . o o
through an internal loop. The reaction media were stirred at 150 rpm at =2 andT = 195°C. This minimum closes up to SY 62.4%,

and heated to reach the desired temperature; time zero was considerehich is the value that would be obtained if there was a total
to be the beginning of the isothermal stage. solubilization of more influenced fractions by the autohydrolysis

After treatment, solid residues were recovered by filtration, washed treatment. These fractions are hemicelluloses (28.45% of raw
with water, air-dried, and weighed for yield determination. Aliquots material, calculated as the sum of xylan, arabinan, acetyl groups,
of the solid residues were assayed for moisture and composition and uronic acids) and extractable compounds (9.1%). This
(duplicate) using the same methods as for raw material analysis. An verifies that cellulose and lignin are not significantly solubilized
aliquot of the liquors was oven-dried to constant weight to determine py the hydrotermal treatment. The raw material solubilization
the dry content (DC, g nonvolatile compounds/g liquid phase). A second ' affacted by the temperature, so SY decreases more rapidly at
aliquot was filtered through 0.45 mm membranes and used for direct higher temperature&igure 1b shows evidence of the variation

HPLC determination of monosaccharides, furfural, hydroxymethylfur- f |atil ds (NVC d latil d
fural (HMF), and acetic acid. A third aliquot was subjected to of nonvolatile compounds ( s) and volatile compounds

quantitative posthydrolysis with 4%,80, at 121°C for 45 min, before (VCs). NVC increases from an initial value of 9:20.5% to
0.45 mm membranes filtration and HPLC analysis. The increase in maximum values af = 1—1.25, and subsequently, a descent
monosaccharide and acetic acid concentrations caused by posthydrolysi#1 the aforementioned values is observed. NVC increases with
provided a measure of the oligomer concentration. HPLC analyses weretemperature from 21.6% at 15C to 25.5% at 195C. The
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Figure 1. Variation with dimensionless 6 of (a) SY (solid yield) and (b) 0
= t/tmax

NVC (nonvolatile compounds) and VCs. Data referred to 100 g of raw
material.

content of VCs increases in constant turn from initial values of
2% to maximum values of 18.5%.

Composition of Solid Phase after Hydrothermal Treat-
ments. The variation of the composition of the solid phase with
respect t@ after the hydrothermal treatment is showrFigure

2 (in weight percent). The cellulosic fraction increases its content

from 33.2 to 38.0% ab = 0 to 50.9—58.1%, so this increase
is more rapid up t&® = 1—1.2. The glucan recovery shows
that glucan keeps back in the solid phase in a practically
guantitative way, with a GnR average value of 95.4%. This
minor difference, which is equivalent to 1.6 glucan/100 raw

material, can be caused by the solubilization produced by the

treatment or the presence of low contents of polymer with
glucose. The lignin content increases in a practically linear turn
from 26.0 to 26.9% ab = 0 to 32.7—35.4% at higher times.
The Klason lignin recovery decreases from KIzR100.3-
101.9% at = 0 to minimum values a# = 1. These minimum
values decreases with temperature, from KER3.0% atT =
150°C to KLR = 87.1% atT = 195°C. KLR increases up to
92.3—97.0% wher® is higher. It can be noted that a minor
lignin solubilization, about 1815% of the initial lignin, is
produced and a repolymerizationin in slight proportion takes
place at long reaction times. This is a similar behavior to that
previously found by Lora and Wayma84). The glucan content

in solid residues increases with regards to the initial raw

Figure 2. Variation with dimensionless 6 of solid-phase composition (see
text for variable definitions and units). Data referred to 100 g of solid
residue (SR).

material, which is favorable for a subsequent processing such
as enzymatic hydrolysis (due in part to alterations of the structure
of the cellulose and partial lignin solubilization) and delignifi-
cation treatments to produce cellulose pulp and papermaking
(justified by a partial degradation of the lignin). These factors
are beneficial from the approach of an integral employment of
the raw material. The other four fractions (xylanFigure 2a;
arabinan, acetyl groups, and uronic acidbigure 2b) compose

the hemicelluloses and are shown to be more affected by
autohydrolysis. The content of these fourth fractions decreases
in constant turn withd, so lower values are found at high
temperatures. Xylan decreases from 18.9 to 22.8%=at0 to
7.0—9.6% at higher times. Arabinan decreases from about 0.8%
at & = 0 to 0% at the highest times. Acetyl groups decrease
from 3.5—3.9 to 0.81.1% and uronic acids from 5-5.3 to
1.2—-1.8%. The kinetic patterns of xylan, arabinan, acetyl groups,
and uronic acids decompositions are very similar among
themselves. The remaining compounds, fundamentally extract-
able substances, are counted up by difference with the total
content (data not show). These compounds show a similar
behavior for the four temperatures, decreasing from 6.9 to 7.7%
at 6 = 0 to practically null values at higher times. This confirms



Xylooligosaccharides Production from Arundo donax J. Agric. Food Chem., Vol. 55, No. 14, 2007 5539

4.5 AAcH150°C 9 AcH165°C B AcH180°C @ AcH 195°C

A
4| ACTSUCEGISICRGINICOGI9STC o ©° AUATS0°C ©UA165°C CUAIS0°C OUA195°C
AX150°COX165°COX180°COX 195°C 4 4,5
3.5 1 <
4 -
4 fe) o]
% 3 % o o o [m)
< i m]
§ 25 ¢ oo g 35 o ¢
@ L4 ® ° Q o o o g
ﬁ 2 g o o > 3 O
= Cﬁ f’ 8 = A O
g A A * = m
O 151 H 70 o Toe, a4 e & 251 o
o2 o © ¥ o ° A <« S
L & = o * A =} R L]
L] = . = 27 ¢ .
0.5 - A = . ]
) T 154 © ® e om ©®
< A Ao
o A ‘ L | |
11 a . [ ]
& *a
AAr1so°C O Ar165°C O Ar 180 °C OAr195°C 0,5 - o B
0.6 - 8 A®
_ 0.5 1 © o 0 025 05 075 1 125 1,5 1,75
> o © o S
Z 04 ° oC . o g 0 = t/tmax
s O ¢ A o OD © o Figure 4. Variation with dimensionless 6 of liquid-phase composition of
= 03 6 a A acetic acid and uronics acids. Data referred to 100 g of raw material.
T on o
« A O °
0.2 1 to HMF. The xylose concentration increases in constant turn
2~ with time, from 1.0 to 1.3 g/100 g to maximum values of-3.6
0.1 B) 4.4 g/100 g at higher times. The xylose increase is higher from
6 = 1. The maximum values are much lower than those found
0+ . . . . ; : : : for the raw material (18.2 g/100 g), which is justified by the
0 025 05 075 1 125 15 175 2 important concentration of oligomers in the liquid phase and
0= the degradation of xylose to furfural.
t/tmax

Composition of Liquid Phase Obtained in Hydrothermal
Treatments: Acetic and Uronics Acids. In Figure 4, the
variation of the concentration of acetic and uronic acids with
dimensionless timé can be seen. The acetic acid is produced
that extractable substances are removed from the solid phas®y the acetyl groups hydrolysis, which is composed of the
during the hydrothermal treatment. hemicellulosic fraction, in the shape of substituents of xylose

Composition of Liquid Phase Obtained in Hydrothermal monomers in the solid phase as well as oligomers. The uronic
Treatments: Sugars.The variation of arabinose, glucose, and acids calculate by difference between uronic acids in raw
xylose concentration in liquid phase with dimensionless time ~ Material and uronic acids in the solid residue after hydrothermal
is shown inFigure 3. Concentrations of different compounds treatment. The acid acetic concentration increases in constant
are expressed as g/100 g raw material on a dry basis to allowturn with 6, from 0.1-0.3 g/100 g to 2.62.6 g/100 g at the
an easy comparison with the rest of the data of this work. highest times. The generation of acetic acid decreases slightly

The arabinose is very susceptible to hydrolytic degradation. With an increase of the temperature. The maximum acetic acid
Its content increases from 0.1 g/100 géat= 0 to values of concentration is equivalent approximately to two-thirds of the
0.4—0.5 g/100 g ab = 0.44—0.83, which can be considered Potential acetic acid concentration. The uronic acids increase
as a relatively high value if it is compared with the content of from 0.3-0.4 g/100 g ab = 0 to 3.7-4.3 g/100 g at the highest
the raw material, 0.84 g/100 g, and finally decreases slightly times; animportant influence of the temperature is not observed.
down to 0.3-0.4 g/100 g, probably due to its degradation to This increase is quicker to values of abdut= 0.75.
furfural. It is remarkable that the maximum arabinose concen-  Composition of Liquid Phase Obtained in Hydrothermal
tration has been found before the maximum concentration of Treatments: Furfural and Hydroxymethylfurfural. The
oligomers (6= 1) take place. A = 0, the glucose displays variation of furfural and HMF concentrations in the liquid phase
concentrations from 1.4 g/100 g at 18Q to 2.4 g/100 g at with dimensionless timed is noted inFigure 5. The furfural
195°C; in turn, it decreases when time increases, up to valuesis generated by the dehydration in acid medium of pentoses,
of about 1 ¢g/100 g. This decrease is very evident at high such as arabinose and xylose. It is evident that the concentration
temperatures. The fact that makes the glucose concentratiorof this component increases in constant turn from 0 to maximum
higher at lower times could be justified by the presence of a values of 0.9-1.6 ¢g/100 g at the highest times, without
low content of hemicellulosic heteropolymers composed by this observing an important influence of temperature. The maximum
monomer. If the glucose concentration is passed on to the liquid concentration of the produced furfural means about 8.3% of
phase due to the cellulose fraction, its concentration would the pentoses. The HMF is the component generated by the acid
probably increase with time. Subsequently, the glucose con- dehydration of the hexoses such as the glucose. The behavior
centration decreases, which is probably caused by its degradatiorof the HMF is very similar to furfural, increasing from 0 to a

Figure 3. Variation with dimensionless 6 of liquid-phase composition of
sugars (see text for variable definitions and units). Data referred to 100
g of raw material.
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maximum of 0.3-0.4 g/100 g, which only means about 1.2% g '* . *
of glucan equivalent. g =, -
Composition of Liquid Phase Obtained in Hydrothermal RN PR 4 A,
Treatments: Oligomers. The oligomers are produced by the DA<f o,
solubilization of the raw material hemicelluloses in mild acidic 051 g Boon
media. An increase in reaction time, so that the maximum values R & 4 Voo A
are reached at medium times (definedéby= 1), can be seen. 0 T T —S0—0-A—Q
Subsequently, a decrease has been found, justified by the 6 025 05 075 1 125 15 175 2
hydrolysis reactions to produce monosacharides and other 0 = t/tmax

componentfs such as acetic acid. The ollgomer contentlis Counteq:igure 6. Variation with dimensionless 6 of liquid-phase composition of
up measuring every monomer concentration before and afterjgomers (see text for variable definitions and units). Data referred to
subjecting the liquid phase to an acid posthydrolysis, so an ;1 g of raw material.
increase of the monomer concentration takes place, which lets
us know that the oligomer fraction of a monomer, which is GO distribution with is not observed. The concentration
composed of all of the oligomers, and the fraction of itself, decreases with the temperature, so it cannot be practically
which was presented as a monomeric formFlgure 6a, the measured at 19%C. The average content of GO is of about 0.5
variation of GO and XO witt® is plotted, whereas the variation  ¢/100 g.
of AcO and ArO is shown irFigure 6b. If global contents of oligomers are calculated, a similar
The XO content increases rapidly from 0 g/100 @&t O to behavior to XO content is found, jusfified by the XO represent-
maximum values a# = 1 of 11.7 g/100 g at 150C, 12.9 g/100 ing the majority fraction. A maximum value of 17.7 g/100 g
g at 165°C, 14.5 g/100 g at 180C, and 14.2 g/100 g at 195 was reached & = 1 and 180°C. The oligomer contents are
°C. Then, a decrease is observed up to values of @8 g/100 expressed as monomer equivalents due to analytical methodol-
g at the highest times. The AcO content increases from 0 g/1000gy employed in their determination. The distribution and the
g até = 0 to its maximum value & = 1 and then decreases average molecular weights of oligomers are not determined, so
up to values of 0.62.0 g/100 g at the highest times. The kinetic the real values of the oligomer concentrations will be included
pattern of AcO is similar to that found for XO, but a greater among 17.7 g/100 g (as monomer equivalents) and 15.2 g/100
influence of the temperature is found. This is observed at (as polymer equivalents).
maximum values of AcO, 1.0 g/100 g at 150, 1.5 ¢g/100 g at If the molar compositions of arabinose, glucose, and acetyl
165°C, 2.4 g/100 g at 180C, and 2.1 g/100 g at 19%C, as groups presented in the oligomers on 10 xylose monomer basis
well as at the average values, 0.6 g/100 g at ¥500.9 g/100 are calculated, it is observed that oligomers are highly composed
g at 165°C, 1.4 g/100 g at 180C, and 1.5 g/100 g at 19%C. of arabinose at the first times, with a value of 2.5 arabinose
The ArO content increases very rapidly from values of about 0 monomers/10 xylose monomers, and then a rapid decrease is
g/100 g at? = 0 to maximum values of 0:70.8 g/100 g. Then, observed up to values of about 0.1 arabinose/10 xylose
a decrease up to 0 g/100 g is observed in more severe operatiomonomers at the highest times. The acetyl groups remain in
conditions. It is remarkable that ArO maximum is obtained at constant values up t@ = 1-1.5, and then, they increase
60 = 0.25—0.44, so it increases slightly with temperature. This slightly. The average value of the acetyl substituents increases
time is much lower than those found for the other oligomeric with the temperature, so it was found to be 0.98, 1.23, 1.94,
fractions, probably caused by its higher reactivity in the and 2.29 acetyl groups/10 xylose monomers at temperatures of
hydrolytic medium. In a general sense, a clear tendency of the 150, 165, 180, and 193C, respectively. As regards GO
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0.8 Table 3. Product Distribution in Conditions Leading to Maximum
AOSC150 ©OSC165 DOOSCI180 OOSCI195 Oligomers Concentration (6 = 1)
0.7 1 AO150 0165 B O 180 ® 0195
o temperature (°C)
o 0.6 150 165 180 195
% L] A 4 material balances (g/100 g raw material, dry basis)
o0 0.5 1 LI solid yiel (SY) 693 705 653 662
? o, "ae ) 4 L o solubilized fraction (SF) 30.7 29.5 34.7 338
% 0.4 Tu, o * . solid-phase composition (g/100 g raw material, dry basis)
£ ca? & oo glucan content 346 344 326 345
g o34 & A& g 4,4 & o 4 Klason lignin content 214 214 201 206
= B g2 ¢ o° hemicelluloses content 11.64 1113 1006  8.02
> A o °¢ g A -
* arabinan content 0.07 0.14 0.07 0.07
02 - . xylan content 866 803 738 590
. acetyl groups content 1.32 1.27 111 0.99
0.1 A) uronics acids content 159 1.69 1.50 1.06
others compounds content 1.59 3.52 2.55 31
liquid-phase composition (g/100 g raw material, dry basis)
07 arabinose 0.34 0.44 043 0.33
A Others 150 @ Others 165 B Others 180 @ Others 195 glucose 143 164 1.25 1.20
c T ’ T Xxylose 2.22 188 192 222
0.6 acetic acid 161 1.47 1.16 117
furfural 0.49 0.33 0.29 0.33
° hydroxymethylfurfural 034 023 025 019
g 05 1 - total oligomers 138 149 177 166
o 44, = oligomers composition (monomers/10 xylose monomers)
B 04 -~ - acetyl groups oligomers 1.90 2.84 411 3.64
£ ® - ° arabinose oligomers 0.23 0.19 0.12 0.12
g A o 4 * - glucose oligomers 0.47 0.17 0.35 0.08
= 03 1 o o pe L] - . .
] * . liquid-phase purity (g/g nonvolatile compounds)
g 4 s M - oligomers (O) 045 047 053 049
0.2 1 - others saccharides compounds (OSC) 0.32 0.28 0.24 0.24
a others compounds in liquid phase (others) 0.22 0.25 0.23 0.27
0.1 B) A
decreases, probably caused by breakdown reactions; the maxi-
N mum oligomer content increases slightly with temperature. Other
0=t saccharide compounds decrease from-9@B85 g OSC/g NVC
= MAX

atd = 010 0.24—0.28 g OSC/g NVC @ = 0.75—1 and then
increase quickly to values up to 0.67 g OSC/g NVC, which
can be justified by the oligomer hydrolysis, decreasing the global
content of nonvolatile compounds. At first times, others
comprises up to 0.65 g/g NVC and then decreases rapidly down
contents, these are very high at first times, up to 10 glucose © 6 of about 0.6; then, it decreases slower, so it increases at
monomers/10 xylose monomers, and then, they decrease td!gh 6 at some temperatures. The others content is-60227
minimum values at = 1: subsequently, a slight increase is 9/9 NVC atf = 1.
observed. Compositions in Maximum Oligomers Concentration.The
Composition of Liquid Phase Obtained in Hydrothermal aim of this work is the oligomer production. With this
Treatments: Purity. The liquid phase is mainly composed of ~Perspective,Table 3 summarizes the material balances and
solubilization products from polysaccharides, such as oligomers, product distribution in the conditions leading to maximum
sugars, acetic acid, sugar degradation products (furfural andoligomer concentrations (defined By= 1). Data are expressed
HMF), and nonsaccharide compounds (such as extractableds g of substance per 100 of raw material on a dry basis to
substances, phenolic compounds derived from lignin, and allow a comparison to be made.
protein-derived compounds). A purity of at least 7528)(is The raw material is solubilized at 33%. With regards to the
necessary to get a food use. Having knowledge of the distribu- solid-phase composition, it can be seen that glucan is retained
tion of molecular weights in the liquid phase is important to almost quantitatively with an average value of GRR7% in
set purification strategies. These compounds have been bunchethe conditions leading to maximum oligomer concentration. The
into three groups (calculated as masic fraction: g substance/gKlason lignin is partially solubilized (average value of KR
nonvolatile compounds): (i) oligomers (denoted as O), which 91%), with the subsequent generation of phenolic compounds,
include AcO, ArO, GO, and XO; (ii) other saccharide com- and hemicelluloses are significantly solubilized; the hemicel-
pounds (denoted as OSC), which include AcH, Ar, F, G, HMF, luloses content decreases from 28.4 to ¥B® g/100 g raw
and X, OSC also bunch compounds of oligomer hydrolysis material. The decrease of total hemicelluloses, xylan, acetyl
(acetic acid, arabinose, glucose, and xylose), compounds ofgroups, and uronics acids is higher at elevated temperatures.
pentose degradation (furfural), and hexoses (HMF); and (i) With regards the contents of other compounds (extractable
others (calculated by difference). compounds, ashes, etc), the solubilization that takes place was
The variation of these variables with dimensionless tfine  of about 74—88%.
is shown inFigure 7. The oligomer content increases with Regarding the liquid-phase composition, a solubilization of
up to 0.45—0.53 g oligomers/g NVC & = 1 and then 6 g of other saccharide compounds/100 g raw material and

Figure 7. Variation with dimensionless 6 of liquid-phase composition of
purity (see text for variable definitions and units). Data referred to 1 g of
nonvolatile compounds (NVC) in liquid phase.
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13.8—17.7 g of oligomers/100 g raw material can be seen. In acid concentration (g/100 g raw material); GAuronics acids
the oligomer composition, the arabinose and glucose contentsconcentration (g/100 g raw material)=furfural concentration
are low, with average values of 0.2 and 0.3 monomers/10 xylose (9/100 g raw material); HMF= hydroxymethylfurfural con-
monomers, respectively. The acetyl group contents vary in the centration (g/100 g raw material); Ar© arabinose in oligomers
range of 1.9-4.1 acetyl groups/10 xylose monomers. These concentration (g of arabinose equivalent/100 g raw material);
values are lower than those found for the raw material, defined GO = glucose in oligomers concentration (g of glucose
by arabinose and acetyl groups contents of 0.5 and 6.5 units/10equivalent/100 g raw material); X& xylose in oligomers
xylose monomers, respectively. concentration (g of xylose equivalent/100 g raw material); AcO
The average composition of liquid phase (average values) is= acetyl groups linked to oligomers concentration (g of acetic
0.49 g oligomers/g NVC, 0.27 g OSC/g NVC, and 0.24 g acid equivalent/100 g raw material); & total oligomers
others/g NVC afT = 180—195°C. The oligomer content is  concentration, calculated as
;Iightly _higher, 051¢g oligom_ers/g NVC._This information is O = AcO + ArO + GO + XO @)
interesting to evaluate refining strategies; the rest of the
substances are fundamentally phenolic compounds and extractand OSC= other saccharide compounds [g saccharide com-

able-derived compounds. pounds (except oligomers)/g nonvolatile compounds].
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