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Variability in the Structure of Water-Unextractable Arabinoxylans

C. J. A. VINKX,' I. STEVENS,' H. GRUPPEN,2 P. J. GROBET, 3 and J. A. DELCOUR'
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A fraction rich in water-unextractable arabinoxylans was isolated from nose residues and unsubstituted, 3-mono-, 2-mono-, and disubstituted
rye wholemeal. Arabinoxylans were solubilized by a sequence of alkaline xylose residues. A second group had an A/X of -1.1 and was partly
extractions. Structural features of these arabinoxylans were investigated extracted with alkali; more could be extracted after delignification. This
by methylation analysis and nuclear magnetic resonance spectroscopy. group was soluble in water and in saturated ammonium sulfate solution.
Three groups of water-unextractable arabinoxylans could be recognized, Typical structural features in this arabinoxylan were: substituted arabinose
differing in extractability, solubility, and structure. The first group had residues (40% of arabinoses), terminal xylose residues (26% of xyloses),
an intermediate arabinose-to-xylose ratio (A/X) of 0.55-0.79 and was and terminal galactose residues. A third group of arabinoxylans was ex-
extractable either with saturated Ba(OH) 2 containing 1% NaBH4 or with tractable with IM KOH, had low water solubility after neutralization
water after saturated Ba(OH) 2 extraction. The polymers were soluble in of the alkaline extract, and had an A/X of -0.2. Besides arabinoxylan,
water after neutralization of the alkaline extract, but they precipitated 13-glucan was present in large proportions in rye cell-wall material. Gluco-
in saturated ammonium sulfate solution. They contained terminal arabi- mannan and xyloglucan were also detected.

In the previous article of this series (Vinkx et al 1993), we

described the isolation, fractionation, and structural variation of
water-extractable rye arabinoxylans. However, the major part
of the arabinoxylans in rye wholemeal is water-unextractable
(Delcour et al 1989, Saini and Henry 1989). Water-unextractable
arabinoxylans have an important (deleterious) influence on the
breadmaking properties of rye flour (Meuser and Suckow 1986,
Kuhn and Grosch 1989, Weipert 1993). The use of pentosanase
improves bread quality (Kuhn and Grosch 1988). Because the
degradability of arabinoxylans by endoxylanases depends on the
presence of side groups (Dusterhdft et al 1993, Kormelink et al
1993, Vietor et al 1994), insight in the structure of arabinoxylans
is clearly relevant.

However, limited information is available on the structure of
rye alkali-extracted arabinoxylans. A/X ratios of 0.1- 1.1 were
reported for alkali-extracted arabinoxylans from rye (Casier et
al 1967, Holas et al 1972, Ali and D'Appolonia 1979, Hromaidkovai
and Ebringerovai 1987, Saini and Henry 1989). Saini and Henry
(1989) extracted the water-insoluble residue from rye wholemeal
with 1.25M NaOH and subsequently with 3.75M NaOH. The
authors found that, in percent of rye grain, the former alkaline
extract contained 5.85% arabinoxylans (A/X 0.43), the latter
alkaline extract contained 1.39% arabinoxylans (A/X 0.55), and
the residue contained 1.05% arabinoxylans (A/X 1.02).

Casier et al (1973) reported a ratio of terminal arabinose to
unsubstituted xylose of 1.5, as determined by methylation analysis.
The structures of alkali-extractable arabinoxylans from rye bran
were investigated in more detail by Hromaidkovai and Ebringerovai
(1987), Hromaidkovai et al (1987), and Ebringerovai et al (1990).
These authors divided the arabinoxylans into two groups. The
first group remained soluble after extraction (0.3M NH3) and
neutralization, and represented arabinoxylans with A/ X in the
range of 0.5- 1.1. For an arabinoxylan with A/ X 0.78, methylation
analysis revealed that 41% of the nonterminal xylose units were
unsubstituted (uxyl), 28% were 3-monosubstituted (3mxyl), 5%
were 2-monosubstituted (2mxyl), and 26% were disubstituted
(dxyl). Also detected were: terminal xylose (16% of the total
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content of xylose), substituted arabinoses (22% of arabinoses),
and a low proportion of terminal galactose. The second group
of arabinoxylans was insoluble after neutralization of the alkaline
(l. l M NaOH) extract and had a low A/ X (0.1-0.3). Arabinose
residues were linked at 0-3 of xylose residues. The latter arabin-
oxylan group represented -50% of the nonstarch and noncellu-
losic polysaccharides from rye bran.

It is clear that, to date, the structural features of only two
arabinoxylan preparations from rye bran water-unextractables
were reported in detail. As arabinoxylans are very heterogenous,
more information is required to describe the structural variability
of water-unextractable arabinoxylans from rye wholemeal.

Therefore, this article provides structural information on the
various arabinoxylans present in that fraction representing the
majority of the water-unextractable arabinoxylans from rye
wholemeal. The arabinoxylans were extracted by sequential alka-
line extraction. The structural information on the various arabin-
oxylans was obtained both by nuclear magnetic resonance and
methylation analysis. The data obtained were compared with data
on water-extractable rye arabinoxylans and on wheat arabinoxylans.

MATERIALS AND METHODS

Rye Wholemeal
Rye (cv. Halo, 1992 harvest, grown in Belgium) was milled

with a Tecator sample mill to pass a 0.5-mm sieve. The meal
was heated for 90 min at 130°C to inactivate enzymes. Defatting
was accomplished by extraction with n-hexane (Soxhlet, 4 hr).

Enzymes
Bacillus licheniformis a-amylase (type XII-A, A-3403, 17,980

units/ml [one unit will liberate 1 mg of maltose from starch in
3 min at pH 6.9 at 200C]) was from Sigma Chemical Co. (St
Louis, MO). Streptomyces griseus pronase E (4,000,000 PU/g,
activity measured with casein, pH 7.4, 10 min, Folin-Ciocalteu
phenol reagent) was obtained from Merck (Darmstadt, Germany).
Englyst Fiberzym Kits for nonstarch polysaccharide (NSP) analy-
sis were obtained from Novo Nordisk Bioindustries (Farnham,
Surrey, UK).

Fractionation of Rye Wholemeal (Isolation of WU,)
A fractionation method for wheat flour published by Gruppen

et al (1989) was modified. The fractionation was performed in
duplicate. All centrifugations were for 30 min at 10,000 X g at
200 C.
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Rye wholemeal (200 g) was extracted with 1,200 ml of distilled
water for 90 min at room temperature by end-over-end rotation.
The slurry was sieved over a 125-,um sieve, and the residue on
the sieve was washed with 600 ml of water. The throughs were
centrifuged and three fractions were obtained: a supernatant; an
upper, brown tailing fraction; and an underlaying white starch
fraction. The starch fraction was resuspended in 100 ml of water
and centrifuged again, yielding three fractions that were pooled
with the corresponding fractions from the former centrifugation.
The starch fraction (ST) and the supernatants (WE) were
lyophilized.

The fraction on the sieve and the tailing fraction were purified
by amylolysis and proteolysis. Each was suspended in 800 ml
of buffer (0.05M maleic acid, 0.05M tris, 0.OOlM CaCl2, 0.05%
NaN 3) and adjusted to pH 7.5 with diluted NaOH. The suspension
was incubated with 20 mg of pronase E at 400C. After 3 hr.
a second 20-mg portion of pronase was added, and the pH was
adjusted to 7.5 (from 7.1). After 6 hr, the suspension was acidified
to pH 6.5 using diluted HCL. For amylolysis, 1 ml of a-amylase
solution was added, and the suspension was incubated at 70'C
for 90 min. The suspension was tested for residual starch (iodine-
iodide solution). Only the tailing fraction was incubated further
with 0.5 ml of a-amylase solution for 30 min at 700C. After
cooling and adjusting to pH 7.5 using diluted NaOH, a second
proteolysis step was performed on both fractions with 20 mg
of pronase E (11 hr at 40°C). The suspensions were neutralized
with diluted HCl and centrifuged. The supernatants and corre-
sponding residues were SUP, and WU, (originating from the
material on the sieve), and SUP,, and WU,, (originating from
the tailings). All fractions were lyophilized.

Alkali Extraction of Arabinoxylans from WU,
The extraction sequence (according to Gruppen et al 1992)

was conducted in duplicate. All dialysis steps were performed
in the cold room (60 C) for 48 hr against distilled water.

WU, from fractionation A (3 g) was extracted for 16 hr at
room temperature with 500 ml of saturated Ba(OH) 2 containing
NaBH4 (1%). After centrifugation, the residue was extracted again
for 1 hr with 200 ml of the same solution. After centrifugation,
the supernatants were combined, acidified to pH 5.0 with acetic
acid, dialyzed, and lyophilized (BE1). To the residue, 100 ml of
water was added, and the suspension was acidified to pH 5.0
using acetic acid and then extracted for 1 hr at room temperature.
After centrifugation, the residue was extracted twice more with
100 ml of water. The supernatants were combined, dialyzed, and
lyophilized (BE2). The residue was further extracted with 200
ml of 1 M KOH (containing 1% NaBH 4) for 16 hr at room tempera-
ture. After centrifugation, the residue was extracted again for
1 hr at room temperature with the same extractant and then
centrifuged. The supernatants were combined, acidified to pH
5.0 with acetic acid, dialyzed, and lyophilized (1 M). The residue
was then extracted for 16 hr with 200 ml of 4M NaOH (containing
1% NaBH4). After centrifugation, the residue was extracted once
more with 100 ml of the same solution for 1 hr. The residue
was finally washed three times with 100 ml of water for 30 min
and centrifuged. The supernatants obtained were combined, acidi-
fied to pH 5.0 with acetic acid, dialyzed, and lyophilized (4M).
The residue was lyophilized (RES).

Ammonium Sulfate Fractionation
Solutions of BEla (200 mg in 40 ml of water) were saturated

with ammonium sulfate, kept overnight at room temperature,
and centrifuged. The fractions were dialyzed and lyophilized
(BElasup, BElares).

Delignification and Further Extraction of the Residue
Obtained After Sequential Alkaline Extraction

RESa (300 mg) and RESb (300 mg) were pooled and delignified
(Brillouet and Mercier 1981, Dusterthdft et al 1991). To that
end, 20 ml of a sodium chlorite solution (1 g of NaClO2 + 0.25
ml of HOAc/50 ml of water) were added to 600 mg of RES.
The mixture was incubated for 2 hr at 70° C. After centrifugation
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(15 min, 10,000 X g), the residue was extracted with 20 ml of
IM KOH (1% NaBH4 ) for 120 min and subsequently extracted
with 20 ml of 4MNaOH (1% NaBH4 ) for 120 min at room tempera-
ture. The final residue was washed with 20 ml of water, and
the washings were added to the 4M extract. All extracts were
acidified to pH 5.0 using acetic acid, dialyzed and lyophilized
(RESlM, RES4M). The relationship between meal fractions,
extracts, and fractions of extracts is expressed in Figure 1.

Analysis'of Meal and Meal Fractions
Protein (N X 6.25) was measured using a Kjeldahl method

(Bremner 1965). Ash and moisture were measured by standard
methods (AACC 1983). NSP content and composition were mea-
sured by the method of Englyst and Cummings (1984). Total
polysaccharides were measured by omitting the isolation step of
NSP. For SUP, ST, and wholemeal, the arabinose, xylose, man-
nose, and galactose residues were measured as NSP, whereas WE,
WU,, and WU,, were measured as total polysaccharides. Uronic
acids from NSP were measured colorimetrically with the dimethyl-
phenol method according to Scott (1979).

Analysis of Extracts
Protein content was measured according to Lowry et al (1951)

with bovine serum albumin as standard. Total monosaccharide
composition and total uronic acids were measured as described
above.

Methylation analysis was performed as described in Gruppen
et al (1992). The fractions were methylated by a modification
of the Hakomori method (Sanford and Conrad 1966), dialyzed,
and dried in a stream of air. This procedure was repeated once
to improve completeness of the reaction. Glycitol acetates were
prepared (Englyst and Cummings 1984) after hydrolysis of the
samples using 2M trifluoroacetic acid (1 hr, 121'C). Samples
were analyzed with gas chromatography (GC) with flame ioniza-
tion detection and identities were confirmed by GC-mass
spectrometry as described by Gruppen et al (1992). The 2- and
3-O-methylated xylitol acetates coeluted. Their relative amounts
were calculated from the relative abundance of the ions at the
ratio molecular mass to charge m/z 117 and m/z 129, respectively.

For nuclear magnetic resonance (NMR) spectroscopy, 'H-
NMR spectra were recorded with a Bruker AM-300 (300 MHz)
apparatus at 850C. Samples were dissolved in D20 (99.8% D),
freeze-dried, and dissolved again in D2 0. Pulse repetition time
was 2 sec. Number of scans varied from 4,000 to 16,000. Acetone
was used as standard (62.23 ppm). Peak assignments were made
on the basis of the data by Joseleau et al (1977) for arabinans
from Rosa glauca, and by Hoffmann et al (1992) for wheat flour
water-extractable arabinoxylans.
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Fig. 1. Fractionation of rye wholemeal: (1) physical enzymatic separation;
(2) sequential alkaline extraction; (3) ammonium sulfate fractionation;
and (4) delignification followed by sequential alkaline extraction. WE,
ST, WUX and SUP, = water-extractable, starch, water-unextractable
arabinoxylans, and the supernatants of amylolysis and proteolysis treat-
ment of water-unextractable arabinoxylans.




