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ABSTRACT

Two fractions (AX-I and AX-II) of an L-arabino-b-xylan with a low degree of
branching were isolated from rye bran by different extraction procedures with and
without a chlorite-delignification step. The yields and compositions of AX-I and
AX-II were similar, but the d.p. of AX-II was ~100 units higher. AX-I was shown
by partial hydrolysis, methylation analysis, and '*C-n.m.r. spectroscopy to contain a
backbone of (1-—4)-linked 8-D-xylopyranosyl residues substituted with single a-1-
arabinofuranosyl groups at position 3 of every sixth or seventh p-xylosyl residue.

INTRODUCTION

Rye bran is important as a source of cereal “dietary fibre”!™. It contains a
large proportion of cell-wall material which is rich in hemicelluloses®. The influence
of pentosans on the milling behaviour of grain®, the quality of flour’, and the
rheological properties of doughs from rye and other cereal flours has been report-
ed®®. A severe effect of rye grain in feeding chicks on nutrient adsorption in general,
and fat in particular, has been attributed to the hemicelluloses present’®. It is there-
fore important to obtain more information about the structure and properties of
rye-bran hemicelluloses. In comparison to rye-endosperm hemicelluloses, which were
investigated by Aspinall ef al.'™*'?, there are few data about the non-starchy poly-
saccharides of rye bran. Theander and Aman'’® isolated water-soluble and
water-insoluble polysaccharides from rye bran and studied their chemical proper-
ties. The fractionation and analysis of rye-bran hemicelluloses has been presented'*
and we now report on the structural features of an arabinoxylan with a low degree
of branching isolated from the native and chlorite-delignified bran.

RESULTS AND DISCUSSION

Arabinoxylan AX-I. — The arabinoxylan (AX-I) with a low degree of bran-
0008-6215/87/$03.50 © 1987 Elsevier Science Publishers B.V.
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ching was isolated by extraction of the chlorite holocellulose prepared from de-lipi-
dated, de-starched, and de-pectinated rye bran with aqueous 4.5% sodium hydrox-
ide and precipitation from the alkaline extract by acidification'®. After repeated
precipitation of the polysaccharide from a solution in aqueous 4.5% sodium hy-
droxide by acidification to pH 5 followed by dialysis, a polysaccharide which
appeared homogeneous in free-boundary electrophoresis was obtained. The poly-
saccharide was water-insoluble and contained p-xylose and r-arabinose in the molar
ratio 7.1:1 together with small proportions of D-glucose and uronic acid (Table I).
The uronic acid was mainly 4-O-methyl-p-glucuronic acid, detected by p.c. (solvent
B) mainly as 2-0O-(4-O-methyl-a-D-glucopyranosyluronic acid)-p-xylose. The visco-
sity [5] of AX-I in methyl sulphoxide was 2.65 dL/g which, according to the
equation!® [5] = 5.9 x 1073 x d.p.%%*, corresponds to a mol.wt. of ~88,000 or a
d.p. of 663.

Partial acid hydrolysis of AX-I yielded arabinose, xylose, and a mixture of
(1—4)-linked B-xylo-oligosaccharides, which were identified on the basis of the
relationship between d.p. and modbilities in p.c. using authentic xylo-oligosacchar-
ides!® as standards. As expected, arabinosyl-containing oligosaccharides could not
be detected after mild acid treatment of AX-I, indicating that the arabinofurano-
sidic linkages had been hydrolysed.

AX-I was methylated by a modification of the method of Ciucanu and
Kerek'”. The product (88% yield), which had no i.r. absorption for hydroxyl, was
hydrolysed and the products were converted into the partially methylated alditol
acetates and analysed by g.l.c. and g.l.c.-m.s. The results are shown in Table 1. The
molar ratios of 2,3,5-tri-O-methylarabinose, 2,3,4-tri-O-methylxylose, 2,3-di-O-
methylxylose, and 2(3)-O-methylxylose were 13.0:0.3:100:13.5. The arabinose was
present in the furanose form as a terminal unit only, in agreement with its easy
cleavage during mild acid treatment, observed also by other authors'®'®, As the
2-O- and 3-O-methylxylose derivatives have the same retention time on SP-2340,
they could not be identified by g.l.c. However, the mass spectra of the borodeuter-
ide-reduced and acetylated samples showed that both forms were present, with the
2-O-methyl derivative as the main component, since the primary fragmentary pat-
terns of the two isomers are unique®®. The optical rotation, the products from the
partial hydrolysis, and the results of the methylation analysis indicated the back-

TABLE I

ANALYTICAL DATA FOR ARABINOXYLANS AX-1 AND AX-II

Yield Rel. mol %° o]y Xyl/Ara {n]
(% of bran) (degrees) (dL/g)
Ara Xyl Gic Gal AU
AX-I 8.6 12.0 85.6 1.7 0 0.7 —107 7.1 2.65
AX-II 8.1 13.9 81.2 3.9 trace 1.0 - 105 5.8 3.20

“Determined as alditol trifluoroacetates by g.l.c. on OV-225, ?4-O-Methyl-b-glucuronic acid.
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TABLE II

METHYLATION ANALYSIS OF ARABINOXYLAN AX-I

Methylated T® Mode of linkage Molar
sugar® ratio
2,3,5-Mejs-Ara 0.61 (0.59)° Araf~(1- 13.0
2,3,4-Me;-Xyl 0.80 (0.77) Xylp-(1- 0.3
2,3-Me,-Xyl 1.37(1.43) —s4)-Xylp-(1- 100

2- and 3-Me-Xyl 1.94 (1.88) —3,4)-Xylp-(1- 13.5

and
—+2,4)-Xylp(1-
2,3,6-Mes-Glc 1.81 (1.76) —4)-Glcp-(1- 2.0

92,3,5-Mes-Ara = 2,3,5-tri-O-methylarabinose, efc. “Retention times of the corresponding alditol
acetates on SP 2340 relative to that of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methylglucitol. “Values in
parentheses are from ref. 18.

bone of AX-I to comprise (1—4)-linked 8-p-xylopyranosyl residues with L-arabino-
furanosyl groups attached to O-3 (O-2) of the xylosyl residues. The amounts of
terminal arabinose and monomethylated xylose correspond well, indicating only this
type of branching to be present in the xylan chain. The intrinsic viscosity of AX-I
was not changed during prolonged methylation, indicating that no substantial
depolymerisation had occurred. However, the molar ratio of the terminal xylose
residue to the other sugar residues, calculated from the methylation analysis data,
was 1:422, indicating slight branching of the main chain. The majority of the xylans
so far isolated from herbaceous dicotyledons contain two branches per macromole-
cule on average®'. Only the xylan in soybean has been claimed to be unbranched®,

The *C-n.m.r. spectrum of AX-I was recorded in order to establish the con-
figuration and monomeric composition of the polysaccharide. Earlier results®*-%*
permitted the unequivocal assignment of all the signals. The data in Table III show
that the arabinoxylan is composed of 3-xylopyranosyl residues linked at position 4.
Characteristic of these linkages are the C-1,4,5 resonances® at 6 101.62, 75.49, and
63.14, respectively. The resonances at 8 107.20, 80.47, 85.82, and 61.79 clearly indi-
cate®® the presence of the a-arabinofuranosyl groups and belong to C-1", C-2",
C-4", and C-5", respectively. However, there were also other signals with intensities
the same as those of the arabinofuranosyl groups, which belonged to the xylopyra-
nosyl residues substituted by arabinose at position 2’ (8 77.31). These data confirm
the structural features of AX-I established by the optical rotation, partial hydro-
lysis, and methylation analysis.

Arabinoxylan AX-II. — In order to avoid possible losses of the arabinose
residues during the chlorite delignification, attempts were made to isolate the rye-
bran hemicelluloses without treatment with acid. As shown in Scheme 1, the native
bran was treated first with hot dilute alkali under nitrogen. Some of the alkali-labile
lignin- or phenolic acid-hemicellulose bonds®*>® were cleaved during this treat-
ment, thereby solubilising the hemicelluloses. Alkaline degradation of the arabino-
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TABLE 111

13C-N.M.R. DATA FOR ARABINOXYLANS AX-I AND AX-II

Ring C-1 c-2 C-3 C-4 C-5
(&) 101.62 72.55 73.91 75.49 53.14
(o] 100.95 72.25 77.31 75.78 63.55
") 107.20 80.47 71.717 85.82 61.79
TABLE IV

HEMICELLULOSE FRACTIONS ISOLATED FROM RYE BRAN WITHOUT CHLORITE DELIGNIFICATION (SEE
SCHEME 1)

Extraction Fraction Yields (% Molar ratio of neutral sugars” Nitrogen
Step of bran) (%)
step Ara Xyl Man Gle  Gal
0.1v NaOH R;-a* 12.5 87 100 trace 9 3 3.24
R;-b¢ 12.0 91 100 0 7 4 8.85

2.5% NH,OH R, 2.7 46 100 0 13 3 —
4.5% NaOH AX-II 8.2 18 100 0 4 2 0.16
17.5% NaOH R,

+ 6.0 25 100 13 8 2 —
3% H3;BO;

“Determined as alditol trifluoroacetates by g.l.c. on OV-225. YSoluble in water. “Insoluble in water.

xylan chains combined with losses of arabinosy! side-chains was minimised by
the addition of sodium borohydride and carrying out the reaction under nitro-
gen*®*°, The results in Table IV show that most of the highly branched arabinoxylan
was extracted during the treatment with ammonium hydroxide. Extraction of the
insoluble material with aqueous 4.5% sodium hydroxide afforded AX-I1, which in
yield, composition, and optical rotation was similar to AX-1, but had a considerably
higher d.p. It is probable that oxidative degradation of the arabinoxylan occurs in
the chlorite-delignification step without preferential cleavage of the arabinose side-
chains. The '*C-n.m.r. spectra of AX-I and AX-I1 were indistinguishable, indicating
them to be fractions of the same polysaccharide.

The results confirmed the presence of an L-arabino-p-xylan with a low degree
of branching in the cell-wall material of rye bran, representing ~ 50% of the non-
starchy and non-cellulosic polysaccharides. This polysaccharide is probably located
in the outer layers of the rye grain, since arabinoxylans with a similar low content of
arabinose have been isolated from the vascular bundles and epidermis of grain®® and
the highly branched type has been found in the endosperm cell-walls*!. The hitherto
reported arabinoxylans from bran material (wheat'®, rice’??, and oat**) were of the
highly branched type similar to the endosperm arabinoxylans of wheat™>*%, rice’”%!,
and rye''. The structure of the rye-bran arabinoxylan fractions now reported is
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RYE BRAN
O1M NaOH (1% NaBH, , 2h, 50°),
water washing (10x )
1
EXTRACT RESIDUE
Alpha-amylase
(pH 6.2, 48h , 39°), Aqueous 2.5% NHaOH
dialysis (2h, 23°)
]
EXTRACT RESIDUE
Water-soluble Water-insoluble Aqueous
. . 45°% NaOH
fraction fraction
4h , 23
(Ri-a) (Ri-b) ¢ )
—
EXTRACT RESIDUE
Aqueous
17.5% NaOH
(3% HaBO3,
4n,23° )
]
EXTRACT RESIDUE
Dialysis , lyophilisation

l

Ra AX-1I R4

Scheme 1. Fractional extraction of rye-bran hemicelluloses without chlorite delignification. Data
on the various fractions are given in Table IV.

similar to that of the rice-hull®® and wheat-straw*® arabinoxylans.
EXPERIMENTAL

General. — Industrial rye bran (variety BRENO, C.S.S.R.) was ground to
pass through a 0.2-mm mesh, The alpha-amylase was from Bacillus subtilis
(Koch-Light).

Descending p.c. was performed on Whatman paper No. 1 with A, 1-butanol-
pyridine-water (6:4:3); B, ethyl acetate-acetic acid-formic acid-water (18:3:1:4);
and C, ethyl acetate-acetic acid-water (18:9:8); and detection with aniline hydro-
genphthalate. T.l.c. was performed on Silufol (Kavalier, C.S.S.R.) with D, benzene-
acetone (5:1) and detection by charring with sulphuric acid. The procedures for total
hydrolysis, quantitative analysis of sugars, determination of uronic acid, and meas-
urement of optical rotation have been described'®. Partial acid hydrolysis was
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achieved by heating a sample (50 mg) with 0.2M tri-fluoroacetic acid (15 mL) at 100°
for 1-4 h. The hydrolysates were examined by p.c. in solvents A4 - C.

G.l.c. was performed on a Hewlett-Packard Instrument Model 5700 A, using
A, acolumn (200 x 2 cm) of 3% of OV-225 on Chromosorb WAWDMCS (80-100
mesh) (temperature programme: 120° for 4 min, then to 170° at 2°/min); and B, a
column (0.3 x 200 cm) of 3% of SP-2340 on Chromosorb WAWDMCS (0.15-0.17
mesh) (temperature programme: 180° for 4 min, then to 220° at 2°/min). Nitrogen
was the carrier gas at 28 mL/min. G.l.c.-m.s. was performed on a JGC-20 gas
chromatograph fitted with column B, and with helium as the carrier gas. Mass
spectra were obtained at 23 eV, 300 pA, using a JMS-D 100 spectrometer.

Viscosities were determined with an Ubbelohde viscometer (U-2) for
solutions in methyl sulphoxide or chloroform. Free-boundary electrophoresis of
polysaccharide solutions (100 mg/mL) was performed in 0.05M sodium tetraborate
buffer (pH 9.2), using a Zeiss 35 apparatus.

Methylation analysis. — The polysaccharide (100 mg) was methylated at room
temperature according to the procedure of Ciucanu and Kerek'” as modified for
polysaccharides*. The methylated product (OMe, 38.3%) was treated with aqueous
90% formic acid for 1 h at 100° and then with M trifluoroacetic acid for 6 h at 100°.
The sugars in the hydrolysate were converted into alditol acetates after reduction
with sodium borodeuteride and analysed by g.l.c. on column B and by g.l.c.-
m.s.?°. The intrinsic viscosity of the methylated AX-I in chloroform was 2.75 dL/g.
The 3C-n.m.r. spectra (50.3 MHz) were recorded on solutions in (CD-),SO at 90°
(internal Me,SO, 6 39.7), using a Varian XL-200 spectrometer.

Arabinoxylan AX-II. — The bran (10 g) was treated with 0.1M sodium hydro-
xide (100 mL), containing 1% of sodium borohydride, at 50° for 2 h under nitrogen
(Scheme 1), and then washed with water (10 x 200 mL) on a glass frit. The com-
bined extract and washings were treated with alpha-amylase at pH 6.2 and 30° for
48 h. Dialysis of the mixture yielded a water-soluble (R;-a) and a water-insoluble
(R;-b) fraction. The bran residue was extracted under N, with 100 mL each of
aqueous 2.5% ammonium hydroxide (— R,), aqueous 4.5% sodium hydroxide (—
AX-II), and aqueous 17.5% sodium hydroxide containing 3% of boric acid (— Ry).
The various extracts were dialysed and freeze-dried. Data on these fractions are
given in Table IV.
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