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Hemicelluloses by a Two-Stage Treatment from Haloxylon
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The cell wall material of Chinese shrubs Haloxylon ammodendron and Elaeagnus angustifolia was
fractionated by successive extractions with ethanol/H,O (60:40, v/v) under acidic conditions (0.2 N
HCI) at 70 °C for 4 h, and 2% H,0, at pH 11.5 for 16 h, respectively. The sequential two-step treatment
resulted in the dissolution of 83.9% and 87.6% of the original hemicelluloses from dewaxed H.
ammodendron and E. angustifolia, respectively. Xylose, glucose, and galactose were the major sugar
constituents in the two acidic organosolv-soluble hemicellulosic preparations. The two alkaline
peroxide-soluble hemicellulosic fractions were shown to be composed primarily of xylose, comprising
over 80% of the total sugars. The results also showed that the two alkaline peroxide-soluble
hemicellulosic fractions were more linear and acidic, and had higher molecular mass and thermal
stability than the two acidic organosolv-soluble hemicellulosic preparations. The 2% H,0, posttreatment
did not result in any significant changes in the macromolecular structure of the isolated hemicelluloses.
It is probable that lignin protects hemicelluloses and cellulose from being attacked by peroxide.

KEYWORDS: Hemicelluloses; ethanol/H ,0; alkaline peroxide; Haloxylon ammodendron; Elaeagnus
angustifolia

INTRODUCTION development, age, and type of the cell wal).(Cellulose,
hemicelluloses, pectins, and structural cell-wall proteins are the
four principally independent, but interacting, networks that form
local microdomainsg, 6). Hemicelluloses are located primarily

About 10 000 ha of forests dflaloxylon ammodendroand
Elaeagnus angustifoliaave been planted in the desert region
of Gansu Provmcg,_ Chlna, since 1960 to prevent wind erosion in the secondary cell walls, and together with cellulose and
and control desertificatiorl). These shrubs not only have great . . ; ! ; .

. X . lignin, build up the plants in a fashion that gives the best
importance in the reforestation of deserts and dry steppes, bUtcombination of mechanical support and transport propeTies (
they also provide wood, fuel, and fodder, eB).(Studies on pp port prop

the utilization of these shrubs have shown the potential of this g:fl:_lo_slﬁl,kthde mlalr: CZ'L V\\;\?AI (r:gnsilﬁuer?t,rr:;s g‘" hllghely ;Jenlfrorsmnt
lignocellulosic raw material for a variety of applications. A-linked polyglucan, whereas the hemicelluloses represe

Particularly, hemicelluloses comprise about 40% of the cell walls polysaccharides of a different structure containing glu_c 0s€,
of H. ammodendrorand E. angustifolia(3). The preparation xylose, mannose, galactose, arabinose, fucose, glucuronic acid,

and properties of new polymers from hemicelluloses should be and galacturonic acid in varioqs amounts. These hemicellulosic
an important part of any research program aimed at utilizing POlYmers include xylans, arabinoxylans, glucuronoxylans, glu-

renewable polymers as extenders and replacements for polymer§uronoarabinoxylans, xyloglucans, glucomannans, and galac-
prepared from petrochemicals. toglucomannans, and can be isolated by extraction either with

The plant cell wall is a dynamic and highly ordered complex water, or, more frequently, agueous alkdl).(Among these, .
of biopolymers containing homoglycans and structurally related Xylans are the most common hemlceIIqu_ses. They are consid-
heteroglycans in various contents, which are dependent on thee_red to be the second_-most abundant biopolymer n the plant
kingdom, and are estimated to account for one-third of all
renewable organic carbon available on ea@hTherefore, there
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8 Academy of Forestry. well as two reactive hydroxyl groups at the xylose repeating
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Ground Haloxylon ammodendron or Elaeagnus angustifolia
Dried at 60°C for 16 h.
Dried sample
Soxhlet extraction with toluene-ethanol (2:1, v/v) for 6 h.
Dewaxed sample

Pre-treatment with ethanol-H,O (60/40,v/v) in 0.2 M HCI
at 70°C for 4 h.

Residue Filtrate
Neutralization with 1 M NaOH to pH 5.5,
evaporation of ethanol, concentration at reduced
pressure, and then precipitation

in 3 volumes of ethanol.

v
Pellet
'Washed with 70% ethanol and air-dried.

Filtrate
(Isolation of lignin)

Hemicelluloses (F; or F3)

Post-treatment with 2% H,0, at pH 11.5 for 16 h at 45°C.

Residue Filtrate
(Fs or Fg) Neutralization with 6 M HCI to pH 5.5,
concentration at reduced pressure, and then
precipitation in 3 volumes of ethanol.
Fi#trate Peﬁet

(Isolation of lignin) Washed with 70% ethanol and air-dried.

Hemicelluloses (F; or Fs)

Figure 1. Scheme for fractional isolation of hemicellulosic fractions from
dewaxed Haloxylon ammodendron or Elaeagnus angustifolia.

unit of the main chain, offer various possibilities for chemical
modifications. This functionalization creates novel opportunities
to exploit the various valuable properties of xylans for industrial
end uses0).

Until now, no survey has been published in which carbohy-
drate-derived fractions fronHaloxylon ammodendrorand
Elaeagnus angustifoliare characterized with respect to their
hemicellulosic composition. The purpose of the present inves-
tigation was to isolate the cell wall hemicelluloses and cellulose
from H. ammodendrorand E. angustifoliausing an environ-
ment-friendly method (a two-stage acidic organosolv pretreat-
ment followed by alkaline peroxide posttreatment) and to
characterize them in order to perform further structural inves-
tigations of the important polymers.

MATERIALS AND METHODS

Materials. Eight-year-oldHaloxylon ammodendroandElaeagnus
angustifoliashrubs were harvested in July 1999, from the desert region
of Gansu Province, China. The material was air-dried and then chipped

into small pieces. The chips were then ground to pass a 1.0-mm screen

The contents of cellulose, lignin, and hemicellulosesHaloxylon
ammodendrorand Elaeagnus angustifolid%, w/w) are 44.6% and

41.2%, 12.1% and 11.7%, and 47.9% and 50.8%, on a dry weight basis,

respectively. Waxes were removed by extraction with toluene/ethanol
(2:1, viv) in a Soxhlet apparatus for 6 h. The extractive-free sample
was dried in a cabinet oven with air circulation at 8D for 16 h and
then kept at 5C before treatment. All weights and calculations were
made on an oven-dried (6@, 16 h) basis.

Two-Stage Acidic Organosolv Pretreatment and Alkaline Per-
oxide PosttreatmentsThe extractive-free dewaxdd. ammodendron
andE. angustifoliawere sequentially extracted with ethanalHunder
acidic condition and hydrogen peroxide under alkaline condition
(Figure 1) using the method described previoussy.(n short, 9.75 g
of extractive-free powder was treated with ethang®H195 mL, 60:

40, v/v) under acid conditions (0.2 N HCI) at 7C for 4 h. After the
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solution was filtered, the residue was subsequently washed with ethanol
and distilled water, and then oven-dried at®Dfor 16 h. Ethanol in
the pooled supernatant was removed with a rotary vacuum evaporator
at 40°C. The supernatant was then neutralized to pH 5.5 with 1 M
NaOH, concentrated on a rotary evaporator under reduced pressure to
approximately 100 mL, and then mixed with 3 volumes of 95% ethanol
(12 h, 25°C) for isolation of hemicelluloses. The products were further
purified by thoroughly washing with 70% aqueous ethanol acidified
with 1% HCI (v/v) and then dried in air. To obtain alkaline peroxide-
soluble hemicellulosic preparations, the above residues were succes-
sively extracted with 2% kD, (ratio of liquor to residue, 25, w/w) at
pH 11.5 for 16 h at 45C (posttreatment). No further adjustments in
pH were made during the course of the posttreatment. Under this
condition, the reaction pH remained nearly constamtZd before
slowly rising to a final value of approximately 12.9. Note that the
fractions 1 (k) and 2 (k) represent the hemicellulosic fractions
extracted successively with acidic organosolv and alkaline peroxide
from Haloxylon ammodendrgrand the fractions 3 @ and 4 (k)
represent the hemicellulosic preparations extracted successively with
acidic organosolv and alkaline peroxide frdgtaeagnus angustifolia.
The two residues ofH. ammodendronand E. angustifolia were
considered to be crude cellulose fractions & énd 6 (F), respectively.
Physico-Chemical and Thermal Analysis. The neutral sugar
composition of the isolated hemicelluloses and residues was determined
by gas chromatography (GC) according to Blakeney and co-workers’
method (1). The total uronic acids was determined colorometrically
by the method of Blumenkrantz and Asboe-Hansb®).(The lignin
content in hemicellulosic and residues was determined as Klason lignin
(13). Methods for alkaline nitrobenzene oxidation of associated lignin
in hemicellulosic fractions and residues, hemicellulosic molecular mass
determination, recording FT-IR andC NMR spectra, and thermal
analysis have been described in a previous pap#r (

RESULTS AND DISCUSSION

Fractional Yield and Chemical Composition. During or-
ganosolv pulping a mixture of organic solvent and water is used
as the cooking liquor. The primary solvent acts on the promotion
of vegetal tissue impregnation, and the solubilization of the
lignin and hemicellulosic fragments so-producetb)( For
example, some processes that use alcohols for pulping are
Kleinert (ethanol or methanol}6), Alcell (ethanot-water) (L6,

17), MD Organocell (ethanetsoda) 18), Organocell (methanel
soda-anthraquinone)19), ASAM (alkali—sulfite—anthraquino-
ne—methanol) 20), and ASAE (alkali-sulfite—anthraquinone
ethanol) 21). During organosolv acid delignification, lignin is
dissolved essentially by acid-catalyzed cleavage-afyl ether

and arylglycerols-aryl ether bonds in the lignin macromolecule
(22). Meanwhile, the degradation of hemicelluloses is also
promoted in these organosolv pulping processes. These pro-
cesses can fractionate the lignocellulosic raw materials into
hemicellulose-degradation products, lignin-degradation products,
and cellulose, all of them potentially being utilizable for different
end-product application®8).

" Table 1shows yields of lignin and hemicelluloses solubilized
during the pretreatment of dewaxétl ammodendrorand E.
angustifoliawith ethanol/HO (60:40, v/v) under acidic condi-
tions. The results demonstrated that the major part of the material
recovered is the organosolv-soluble hemicelluloses, and the acid
organosolv pretreatment under these conditions given resulted
in the dissolution of 34.4% of the original lignin and 15.5%
hemicelluloses from dewaxdd. ammodendrorand 34.0% of

the original lignin and 17.1% hemicelluloses from dewaked
angustifolia

Recently, environmental concerns have heightened interest
in chlorine-free bleaching sequences. Alkaline peroxide, oxygen
alkali, ozone, and peroxyacetic acid systems are of particular
interest because their byproducts are environmentally benign
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Table 1. Yield of Hemicelluloses (% Dry Matter) Solubilized in
Pretreatment of Dewaxed Haloxylon Ammodendron and Elaeagnus
Angustifolia with Ethanol/H,0 (60:40, viv) under Acidic Conditions (0.2
M HCI) at 70 °C for 4 h and Posttreatment with 2% H,0, at pH 11.5
for 16 h

Sun et al.

Table 2. Contents of Neutral Sugars (Relative % Hemicellulosic
Sample, w/w) and Uronic Acids (% Hemicellulosic Sample, w/w) in
Isolated Hemicellulosic Fractions and Residues Obtained in the
Pretreatment of Dewaxed Haloxylon ammodendron and Elaeagnus
angustifolia with Ethanol/H,0 (60:40, v/v) under Acidic Conditions (0.2
N HCI) at 70 °C for 4 h and Posttreatment with 2% H,0, at pH 11.6

yield (%) for 16 h
Haloxylon Elaeagnus ) ) ) .
hemicelluloses/lignin/residue ammodendron  angustifolia hemicellulosic and crude cellulosic fractions
b b

total solubilized hemicelluloses in pre- and 40.2 445 sugars (%) R R Fs F4 R’ Fe’
posttreatment rhamnose 4.4 39 7.3 4.5 NDd 0.2
solubilized hemicelluloses in pretreatment? 155 17.1 arabinose 19 12 34 13 0.2 0.4
solubilized lignin in pretreatment? 4.1 3.9 xylose 56.1 86.0 42.8 81.6 16.0 132
solubilized hemicelluloses in posttreatment? 24.7 274 mannose 4.4 0.6 5.9 1.0 0.9 14
solubilized lignin in posttreatment? 6.1 5.7 glucose 18.5 2.9 234 7.8 82.8 84.8
residue (crude cellulose) 45.0 417 galactose 14.6 5.3 17.1 37 Tre Tr
uronic acids 5.3 8.7 6.2 8.1 Tr Tr

2 Represents the hemicelluloses and lignin fractions obtained by pretreatment
of dewaxed Haloxylon ammodendron and Elaeagnus angustifolia with ethanol/
H,0 (60:40, v/v) under acidic conditions (0.2 N HCI) at 70 °C for 4 h. © Represents
the hemicelluloses and lignin fractions obtained during the posttreatment with 2% 4hat 70 °C and 2% H,0; at pH 11.5 for 16 h at 45 °C from dewaxed Haloxylon
H20; at pH 11.5 for 16 h. ammodendron. P Fractions 3 (F) and 4 (F4) represent the hemicellulosic fractions

(24). In general, chemical pulp-bleaching involves mainly extracted sequentia!ly with ethanol/H,0 (60:40, v/v) under acidicoconditions (0.2N
electrophilic reactions of hydrogen peroxide or peroxyacids as HC) for 4 a 70 °C and 2% H,0; at pH 115 for 16 h at 45 °C from dewaxed
delignifying agents, and mechanical pulp-bleaching involves Elaeagnus ang_ustlfohg. Fractions 5 and 6 represent the two-stage treated res!dugs
. . . L . (crude cellulosic fractions) of Haloxylon ammodendron and Elaeagnus angustifolia,

nucleophilic reactlons_anc_zl Ilgnl_n-r_etglnlng bleachlﬁg)( The _ respectively. ¢ ND, not detected. © Tr, trace.
role of hydrogen peroxide in delignifying and bleaching to purify
hemicelluloses from barley husks and yellow poplar wood chips tively. Most of the xylose residues probably originated from
before precipitation in methanol has been extensively investi- the xylan backbone. The presence of noticeable amounts of
gated by Glasser and co-worke6). The release of hemicel-  uronic acids (8.18.7%), mainly glucuronic acid, indicated that
luloses was suggested to be due to direct attackafyl ether the two hemicelluloses are additionally substituted with glucu-
bonds between lignin and hemicelluloses, although hydroxyl ronic acid. Minor amounts of glucose (2:9.8%), galactose
radicals attack lignin structures more rapidly than carbohydrate (3.7—5.3%), rhamnose (3:94.5%), arabinose (1:21.3%), and
structures 27). As shown inTable 1, the posttreatment with  mannose (0.61.0%) indicated presence of short side chains
2% H,O, at pH 11.5 for 16 h solubilized 24.7% and 27.4% of of the hemicellulosic fractions. Higher contents of xylose and
hemicelluloses (% dry starting material) from the acidic orga- uronic acids, but lower contents of glucose, galactose, rhamnose,
nosolv-treatedd. ammodendroandE. angustifoliagxcept for arabinose, and mannose of the two alkaline peroxide-soluble
the release of 50.0% and 48.1% of the original lignins, hemicellulosic preparations than the two acidic organosolv-
respectively. Remarkably, the two-stage treatments togethersoluble hemicellulosic fractions indicated that the former two
solubilized 84.4% and 82.1% of the original lignin and 83.9% hemicelluloses were more linear and acidic, and had a lower
and 87.6% of the original hemicelluloses from dewaxé&d degree of substitution, than those of the two acidic organosolv-
ammodendroandE. angustifolia respectively. In addition, the  soluble hemicellulosic fractions.
yield of crude cellulose (% dried weight of the sample) obtained  Analysis of the two residue fractions showed that the two-
after sequential two-step treatments, was found to be 45.0%step treatments were not able to solubilize all the hemicellulosic
from H. ammodendrorand 41.7% fromE. angustifolia The substances. About 55% of the dewaxedloxylon ammoden-
reason for this higher solubility of hemicelluloses is probably dron and 58% of the dewaxeBlaeagnus angustifoliavere
due to the fact that hemicelluloses are present mainly on the extracted, leaving the residues, which consisted of 82.8% of
outer surface, from where they dissolve easily in the liquor glucose in Eand 84.8% in k, and 17.1% noncellulosic sugars
during the two-stage treatments. On the other hand, the longin Fs and 15.2% in & The hemicellulose which remains in
cellulose chains are located in the inner parts of the fibers andthe residues is probably tightly bound to cellulose in the cell
therefore are not easily dissolved. Furthermore, cellulose is awalls.
semicrystalline biopolymer with ordered crystalline and disor-  To compare the isolated lignin preparations with the lignin
dered amorphous regions. This partly crystal structure reducescontaminated in the hemicellulosic preparations, and the residual
its solubility (28). lignin associated in the residues, the four hemicellulosic fractions

The neutral sugar composition and content of uronic acids and two crude cellulose samples were oxidized by alkaline
of the four hemicellulosic preparations and two residues were nitrobenzene {able 3). This method provided an estimate of
determined Table 2). The two acidic organosolv-soluble the amount of associated lignin and an indication of its
hemicelluloses consisted mainly of xylose (4295.1%), composition. The lignin associated in the hemicellulosic or
glucose (18.523.4%), and galactose (14:67.1%). In contrast, cellulosic fractions was found to be quite different from the
uronic acids (5.3 6.2%), rhamnose (4-47.3%), and mannose lignin preparations isolated from the acidic organosolv pretreat-
(4.4-5.9%) were found to be present in noticeable amounts, ment process. The lignin associated with the two hemicellulosic
and arabinose (1-93.4%) appeared in a minor quantity. On and crude cellulosic fraction3éble 3) had lower guaiacyl units,
the other hand, the most abundant sugar of the two alkaline but higher syringyl units, than the two acidic organosolv-soluble
peroxide-soluble hemicellulosic preparations was xylose, which lignin fractions @). This suggested that the lignin with more
accounted for 86.0 and 81.6% of the total neutral sugars from syringyl units were more difficult to extract by acidic organo-
Haloxylon ammodendroand Elaeagnus angustifoliarespec- solv, and were tightly linked to the polysaccharides in the cell

2 Fractions 1 (F1) and 2 (F,) represent the hemicellulosic fractions extracted
sequentially with ethanol/H,0 (60:40, v/v) under acidic conditions (0.2 N HCI) for
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Table 3. Yield (% Sample, wiw) of Phenolic Acids and Aldehydes from Alkaline Nitrobenzene Oxidation of Lignins in Isolated Hemicellulosic
Fractions and the Residues

hemicellulosic and crude cellulosic fractions?

phenolic acids and aldehydes F1 Fa F3 Fa Fs Fe
p-hydroxybenzoic acid 0.50 0.28 1.01 0.55 0.43 0.27
p-hydroxybenzaldehyde 0.14 0.10 0.17 0.11 0.04 0.05
vanillic acid 0.12 0.14 0.13 0.13 0.10 011
syringic acid 0.28 0.40 0.31 0.25 0.23 0.24
vanillin 1.56 0.88 141 1.22 0.76 1.38
syringaldehyde 2.14 1.62 1.63 1.35 1.15 1.47
acetovanillin 0.11 0.27 0.22 0.32 0.10 0.13
p-coumaric acid 0.05 0.06 0.05 0.11 0.02 0.03
acetosyringone 0.15 0.31 0.19 0.33 0.12 0.20
ferulic acid 0.05 0.04 0.08 0.11 0.02 0.03
total 5.10 410 5.20 4.48 297 391
content of lignin 9.06 7.52 9.38 7.66 5.62 6.91

2 Corresponding to hemicellulosic and crude cellulosic fractions in Table 2.

wall of Haloxylon ammodendroand Elaeagnus angustifolia Table 4. Weight-Average (M,) and Number-Average (M) Molecular
or that syringyl units were more condensed or cross-linked than weights and Polydispersity (M,/M,) of the Hemicellulosic Fractions
guaiacy! units in the lignins associated to the four hemicellulosic Isolated Sequentially with Ethanol/H,0 (60:40, viv) for 4 h at 70 °C
and two cellulosic preparations. Conversely, the lignins with and 2% H,0, at pH 11.5 for 16 h at 45 °C from Dewaxed Haloxylon
more guaiacyl units were more easily dissolved or degraded byAmmodendron and Elaeagnus Angustifolia

pretreatment with ethanol4® under acidic conditions. More-
over, as shown iffable 3, a higher amount of associated lignins

hemicellulosic fractions?

in the two acidic organosolv-soluble hemicellulosic preparations R F2 Fs Fs
(9.1% in R and 9.4% in ) than in the two alkaline peroxide- My 15910 31800 17780 34020
soluble hemicellulosic fractions (7.5% irp Bnd 7.7% in k) My 15690 24140 15740 25890

and two residues (5.6% inskand 6.9% in k) revealed that the Ma/My 101 132 113 182

linkages between lignin and hemicelluloses were more readily
cleaved during the alkaline peroxide posttreatment conditions.
However, the amount of residual lignin in the two-stage treated The two acidic organosolv-soluble hemicelluloses were more
residues also implied that the polysaccharides in the cell walls homogeneous than the two alkaline peroxide-soluble polymers;

a Corresponding to hemicellulosic fractions in Table 2.

of Haloxylon ammodendroand Elaeagnus angustifoliare and the hemicellulosic fraction solubilized during the acidic
tightly linked to lignin. Similar results have been reported from organosolv pretreatment process frefaloxylon ammodendron
ginkgo wood by Xie and co-worker29). was the most homogeneous extract. The higher degree of

Despite the different content of Klason lignin in the four polymerization of the two alkaline peroxide-soluble hemicel-
hemicellulosic and two cellulosic preparations, the major luloses indicated that the posttreatment did not degrade the
products obtained from the alkaline nitrobenzene oxidation of hemicellulosic polymers significantly.
the associated lignins in the six polysaccharide fractions were Spectroscopic Characterization.FT-IR spectroscopy has
identified to be syringaldehyde and vanillin, which together been extensively applied in plant cell wall investigations and
accounted for 72.6% of the total phenolic acids and aldehydesallows thorough monitoring of the functional groups in the
in F, 61.0% in b, 58.5% in R, 57.4% in R, 64.3% in k5, and polymers 6). In agreement with the chemical analysis, the FT-
72.9% in k. p-Hydroxybenzoic acid was found in noticeable IR spectra of the four hemicellulosic fractioriadure 2) clearly
amounts, ranging from 0.3% insko 1.0% in k. Syringic acid, showed the typical signal pattern expected for a hemicellulosic
vanillic acid, p-hydroxybenaldehyde, acetovanillin, and aceto- moiety. In particular, all the spectra are dominant by signals in
syringone were also present in small amounts. The hydroxy- the region 36082800 cnt?, which can be ascribed stretching
cinnamic acids, such as-coumaric and ferulic acids, were vibrations of CH and OH, and by signals in the-O stretching
detected only in trace quantities. region (1206-950 cn1?) (30). A sharp band at 1049 crhin

Molecular Mass of HemicellulosesThe molecular mass of ~ spectra b and d is indicative of xylans, indicating a predominant
the four hemicellulosic preparations was characterized by gel xylan of the two alkaline peroxide-soluble hemicelluloses, which
permeation chromatography (GPC), and their weight-average corresponded to the results obtained by sugar analysis. In the
(My) and number-averageMg) molecular weights and poly-  anomeric region (950700 cntl) two bands are present,
dispersity M/M,) are shown irTable 4. It was apparent that  including absorption at 903 crh (typical for S-anomers in
the weight-average molecular masses of the two alkaline spectra b and d) and at 830 tin(typical for a-anomers in
peroxide-soluble hemicellulosic fractions B1 800 Da) and spectra a and c). This observation illustrated the presence of
F4 (34 020 Da) were much higher than those of the two acidic dominants-glycosidic linkages between the sugar units in the
organosolv-soluble hemicellulosic preparationg¥s 910 Da) two alkaline peroxide-soluble hemicellulosic fractions, and
and k3 (17 780 Da). The elution patterns of the two organosolv- majora-glycosidic linkages between the sugar units in the two
soluble hemicelluloses showed a significant shift to lower acidic organosolv-soluble hemicellulosic preparations. In the
molecular mass material compared to the two alkaline peroxide- carbonyl stretching region, in addition to the signal due to the
soluble hemicelluloses (elution chromatograms not shown). absorbed water at 1632 cha small signal at 17511745 cnt?
Furthermore, the two alkaline peroxide-soluble polymers dem- in the spectra (a and c¢) of two acidic organosolv-soluble
onstrated greater polydispersal. This was confirmed by Mgir hemicelluloses is unambiguously identified due to the acetyl
to M, ratio (Table 4), which is a measure of the heterodispersity. and uronic ester groups of the hemicelluloses or from the ester
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Figure 2. FT-IR Spectra of hemicellulosic fractions F; (spectrum a), F, (spectrum b), F5 (spectrum c), and F, (spectrum d).
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Figure 3. FT-IR Spectra of sequential ethanol/H,O and sequentially alkaline peroxide treated residues of Haloxylon ammodendron (spectrum a) and
Elaeagnus angustifolia (spectrum b).

linkage of carboxylic group of the ferulic acid, whereas the hydrates part was much slowe)(The absence of this band in
absence of this signal in the spectra (b and d) of alkaline the two spectra of alkaline peroxide-soluble hemicelluloses
peroxide-soluble hemicellulsic fractions revealed that the alka- suggested that lignin protects hemicelluloses from being attacked
line peroxide posttreatment under the condition used completelyby alkaline peroxide. In other words, hydroxyl radicals attack
saponified this ester bond from the hemicelluloses. Interestingly, lignin structures more rapidly than they attack hemicellulosic
the absence of a signal at 1720 dmindicative of carbonyl structures 27).

stretching, in all four spectra revealed that both pre- and The FT-IR spectra of two residues obtained by sequential
posttreatments under the conditions given did not significantly treatments from dewaxedaloxylon ammodendro(spectrum
attack or oxidize the glycosidic linkages and hydroxyl groups a) andElaeagnus angustifoliéspectrum b) are shown Figure

of hemicelluloses. The fact that the glycosidic linkages and 3. The most obvious feature is the absence of a absorption band
hydroxyl groups of hemicelluloses remained unattached during at 1720 cm? for carbonyl or carboxyl groups, indicating once
the two-stage treatments indicated a great difference in reactionagain that lignin also exhibited a protective effect on the
rates between glycosidic and phenolic structures. Previousoxidation of cellulose during the alkaline peroxide posttreatment.
investigations on alkaline peroxide-soluble lignin frétaloxy- An intense band at 1632 crhis related to the absorbed water.
lon ammodendroandElaeagnus angustifolian our laboratory The prominent absorption at 1049 chis originated from the
revealed that the degradation of phenolic structure in the lignin glycosidic linkagey (C—O—C) contributions. The small sharp
was very rapid, as shown by a noticeable band at 1720'cm band at 903 cmt is attributed tg3-glycosidic linkages between
for carboxylic groups. However, the degradation of the carbo- glucose units in cellulose. The fact that lignin provides some
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Figure 4. 3C NMR Spectrum of hemicellulosic fraction F, extracted with 2% H,0, at 45 °C for 16 h at pH 11.5 from the pretreated Haloxylon ammodendron.

protection for the hemicelluloses and cellulose in lignin- the two hemicellulosesiFand F, began to decompose at 230
containing materials against attack by ozone or alkaline peroxideand 200°C, respectively, and their maximum rate of weight
has also been reported from the degradation of model com-loss occurred between 238 and 340°C. At 10% weight loss
pounds for cellulose and lignocellulosic pulp during ozonation the degradation temperature was observed to be°258&r

in aqueous solution. The autho®l] stated that the degradation  preparation Fand 235°C for preparation § In contrast, when
of phenolic structure in the lignin was very rapid, while the the weight loss was 50%, the temperature raised to°85fbor

degradation of the carbohydrates part was slower. F fraction and 402C for F, fraction. This phenomenon implied
Comparing the publishe#C NMR spectra of structurally ~ that, in general, the alkaline peroxide-soluble hemicelluloses

defined arabinoxylan-type, glucuronoxylan-type, ararabino- had a slightly higher thermal stability than that of the acidic

(4-O-methylo-glucurono)e-xylan polysaccharide8@—34) to organosolv-soluble hemicelluloses, indicating that the thermal

the spectrum of alkaline peroxide-soluble hemicellulosic fraction stability of the hemicelluloses increased with an increasing
F> from Haloxylon ammodendro(Figure 4), it was apparent ~ molecular weight. A similar phenomenon was found in the F
that the hemicellulosic fraction,Feontained xylan as a major  and R hemicellulosic fractions. In comparison with the lignin
component. The main 1,4-linkg#p-Xylp units are obviously  fractions isolated fronHaloxylon ammodendrorthe hemicel-
characterized by five strong signals at 104.9, 78.9, 77.2, 75.8,luloses were degraded at a much faster rate betweerfQ00
and 66.0 ppm, which are assigned respectively to C-1, C-4, C-3,and 300°C. This observation was consistent with the thermo-
C-2, and C-5 positions of thg-p-Xylp units. A signal at 60.2 gravimetric analysis of softwood lignin and hemicelluloses by
ppm (data not shown) originates from thé&d4methoxyl group Yoshida and co-workers3p). Also, the nonvolatile residue at
of glucuronic acid residue in the xylan. The carbonyl resonances 600°C increased from acidic organosolv-soluble hemicellulosic
from uronic acids may contribute to a signal at 175.8 ppm which fraction (~30%) to alkaline peroxide-soluble hemicellulosic
indicates C-6 in methyl uronates. The signals at 100.1 and 85.2preparation £42%), indicating once again that the thermal
ppm correspond to C-1 and C-4 of theDdmethylglucuronic stability of the hemicelluloses increased with increasing mo-
acid residue in the hemicelluloses. A signal at 62.5 ppm lecular weight. This effect may be explained in terms of
represents C-6 of D-Gjcunits. The current results supported differences in structures between the acidic organosolv-soluble
the data obtained by sugar analysis. This finding is of and alkaline peroxide-soluble hemicellulosic fractions. Further-
significance in the understanding of the structure of the primary more, owing to a relatively broad molecular weight distribution
plant cell wall fromHaloxylon ammodendroim which 4-O- in the K fraction, a lower starting decomposition temperature
methylglucuronoxylan is a major component. A signal at 19.7 of the alkaline peroxide-soluble hemicelluloses may result from
ppm is probably due to the methyl groups in acetyl group. The some lower molecular weight materials. It is therefore quite
presence of minimal quantities of associated lignin was identified possible that a high-molecular-weight fraction with higher
by very weak signals at 179.5, 160.2, 157.0, and 139.6 ppm polydispersity would also show a lower starting decomposition
(data not shown3). temperature than the organosolv-soluble fraction having lower

Thermal Analysis. The thermal properties between the four molecular weight and narrow distribution. In addition, the DSC
hemicellulosic preparations were investigated by thermogravi- curve of the acidic organosolv-soluble hemicellulosic fraction
metric analysis (TGA) and differential scanning calorimetry F; gave only one sharp exothermic peak centered at°&lL0
(DSC).Figure 5 shows the thermograms of the acidic organo- (Figure 5a), whereas the alkaline peroxide-soluble hemicellu-
solv-soluble hemicellulosic preparation FFigure 5a) and losic preparation Fexhibited three exothermic peaks at 237,
alkaline peroxide-soluble hemicellulosic fraction(Figure 5b) 300, and 39C0°C, due to exothermic reactions of the hemicel-
from dewaxedHaloxylon ammodendrort was apparent that  luloses.
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Figure 5. Thermograms of hemicellulosic fraction F, (a) and F, (b) obtained from dewaxed Haloxylon ammodendron.

The results obtained showed that sequential treatments withmodendrorand Elaeagnus angustifoliarespectively. The two
ethanol/HO (60:40, v/v) under acidic conditions at 70 for 4 alkaline peroxide-soluble hemicellulosic preparations were more
h and with 2% HO, at pH 11.5 for 16 h, together solubilized linear and acidic, and had a higher molecular mass than the
84.4% and 82.1% of the original lignin and 83.9% and 87.6% two acidic organosolv-soluble hemicellulosic fractiodsC
of the original hemicelluloses from dewaxéthloxylon am- NMR spectrum of the alkaline peroxide-soluble hemicelluloses
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from Haloxylon ammodendrorevealed that 4-methylglucu-
ronoxylan was a major component of this fraction. Posttreatment
with alkaline peroxide did not result in a significant degradation
or oxidation of the macromolecular hemicelluloses, whereas
degradation and oxidation of lignin were faster. It is very likely
that the lignin part in lignin-containing materials may help to
protect the hemicellulosic and cellulose matrix from degradation
and oxidation.
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