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Abstract

Hemicellulose was isolated from the stem of sorghum, Andropogon sorghum Brot, Kumadake no. 263, and the
constituent sugars of this isolate were determined. The xylose concentration in the hemicellulose of SV263 was
extremely high. © 2000 Elsevier Science Ltd. All rights reserved.
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Polyols are important substances that have
versatile uses in industry. However, it is very
difficult for some polyols, especially their
polymers, to be prepared synthetically. To
develop a simple means of obtaining polyols,
we focused on hemicellulose from natural re-
sources such as that in the stem of sorghum,
Sorghum sp., which is an agricultural waste
discarded in large quantities in China.

The hemicellulose concentration and the
sugar composition of hemicellulose from sor-
ghum [1-6] are known to vary in response to
differences in the cultivar, maturity, plant tis-
sue, and also the analytical method [1-3].
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Nandra et al. described how the hemicellulose
content and its xylose proportion in Sorghum
bicolor increased with maturity [1]. Kawamura
et al. studied the effect of the hemicellulose
constituent sugars on the digestibility of S.
bicolor (L.) Moench stored in silages by sheep
and found that differences in the relative pro-
portions of hemicellulose constituent sugars
affected the digestibility by sheep [2]. It is
important during studies of the characteriza-
tion of hemicellulose to isolate the hemicellu-
lose and determine its constituent sugars. We
report here the extraction of hemicellulose
from sorghum, Andropogon sorghum Brot,
Kumadake no. 263 (SV263), and the determi-
nation of its constituent sugars.

As shown in the flow chart for the separa-
tion in Procedure 1 (Fig. 1), the stems of
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Fig. 1. Procedure 1: flow chart for the extraction of hemicellu-
lose.

SV263 (with pith/without pith) were ground
and the wax was extracted from the mixture
using 1:1 benzene—ethanol to obtain a beige
powder. In the attempted extraction with
dimethyl sulfoxide (DMSO) after exclusion of
wax, a lignin fraction was extracted without
contamination by hemicellulose (Fig. 1).

Lignin was further removed from the
ground mixture or the DMSO extract residue
by stirring with a mixture of sodium chlorite
and glacial acetic acid to obtain holocellulose.
Hemicellulose was extracted from the holocel-
lulose using various aqueous alkalis. As
shown in Table 1, white hemicellulose that
was insoluble in water was obtained in a yield
of 14% by extraction of lignin-free holocellu-
lose with 24% KOH for 24 h. Brown hemicel-
lulose containing some contaminants was
obtained by direct extraction of the ground
mixture with alkali without delignification.
Delignification improved the yield as well as
the purity of hemicellulose extracted in com-
parison with extraction using a lignin-contain-
ing sample. From the pith of SV263,
hemicellulose was hardly extracted by alkali
extraction.

Isolated hemicellulose was hydrolyzed with
sulfuric acid to afford monosaccharides,
which were reduced by NaBH, to alditols.
Then, the alditols were thoroughly acetylated
in sulfuric acid to afford alditol hexaacetates
[7,8]. In the same manner, alditol hexaacetates
of rhamnose, arabinose, Xxylose, mannose,
galactose, and glucose as standard sugars and
myo-inositol as an internal standard were pre-
pared and analyzed by gas chromatography

Table 1
Extraction of hemicellulose using an alkaline solution ?

Lignin Extraction time (h) Yield (%) Color
No 6 12 White
20 9
22 11
24 14
Yes 3 13 Brown
20 16
24 15

224% aqueous KOH.

Extraction by KOH for 3 h

Extraction by KOH for 22 h
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Fig. 2. Gas-chromatographic analyses of peracetates of con-
stituent sugars of hemicellulose SV263.

using a column of Gaschrom Q (100-120
mesh; injection temperature, 220 °C; column
temperature, 210 °C; carrier gas, N,; detector,
FID) and '"H NMR spectroscopy. The result
of gas-chromatographic analyses of the ac-
etates shows that hemicellulose from SV263
consists of only two monosaccharides: 91%
xylose and 9% arabinose (Fig. 2).

As described above, the hemicellulose con-
tent and sugar composition in sorghum are
known to vary in response to differences in
the cultivar, maturity, plant tissue, the analyti-
cal method, and the xylose proportion in S.
bicolor increased with maturity [1]. Nandra et
al. [1] used the whole plant of forage sorghum
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and found that the neutral sugar of the hemi-
cellulose comprised four monosaccharides:
5.3% arabinose, 84.0% xylose, 1.8% galactose,
and 7.6% glucose, and the hemicellulose con-
tent of the sorghum was 15% 100 days after
sowing. In the study of the effect of the hemi-
cellulose constituent sugars on the digestibility
of S. bicolor (L.) Moench stored in silages by
sheep, Kawamura et al. [2] found that the
neutral sugar of the hemicellulose comprised
four monosaccharides: 9.5% arabinose, 79.4%
xylose, 2.2% galactose, and 8.9% glucose, and
the hemicellulose concentration of the sor-
ghum was approximately 20%. SV263 in our
study was a wild type and matured at harvest.
It was difficult to compare precisely the condi-
tions of cultivar and maturity of SV263 with
those of other species. Compared with the
reported results, however, it is notable that the
xylose content of the hemicellulose of SV263
was 91%, which is extremely high. The hemi-
cellulose was found to comprise two monosac-
charides, xylose and arabinose. The
hemicellulose content of the sorghum was
14%, which is similar to the levels reported in
other reports. From these findings, it may be
concluded that xylose and arabinose are the
main monosaccharide residues of SV263, and
SV263 has a higher concentration of xylose as
a constituent sugar of hemicellulose than
other sorghums.

1. Experimental

General — methods.— Gas-chromatographic
analyses were performed using a Shimadzu
gas chromatograph model GC-12A equipped
with an Gaschrom Q column.

Plant material.—A. sorghum Brot, Ku-
madake no. 263 was collected at Liaoning
pendi, China, and matured at harvest.

Separation.—SV263 stem (60 g) with pith
was ground and the wax was extracted from
the mixture by Soxhlet extraction using 120
mL of 2:1 benzene—ethanol overnight to ob-
tain a beige powder. Lignin was removed from
the crushed powder (20 g) by stirring continu-
ously for 3 h in water (I L) at 75°C in the
presence of glacial AcOH (1.2 mL) and

sodium chlorite (15 g) to obtain holocellulose
(14.2 g). Hemicellulose was extracted in a 14%
yield from holocellulose using 24% aq KOH.

Preparation of acetates for GLC analyses.—
Hemicellulose (0.3 g) was added to 72%
H,SO, (3 mL) and stirred at 30 °C for 1 h.
The mixture was poured into water (84 mL),
and the solution was treated in an autoclave
at 120 °C for 1 h. myo-Inositol (0.1 g) was
added as the internal reference, the pH was
adjusted to 5.5 with dilute aq barium hydrox-
ide, and the resulting suspension was cen-
trifuged. Sodium borohydride (0.4 g) was
added to the supernatant solution, and the
mixture was stirred at room temperature (rt)
for 2 h. Glacial AcOH was added to the
mixture until the evolution of hydrogen
ceased, and the solvent was evaporated under
reduced pressure to afford a syrupy oil.

The oil was added to a mixture of Ac,O (15
mL) and concd H,SO, (1 mL), and then the
mixture was stirred at 60 °C for 1 h. The
solution was poured into water (200 mL) at rt,
and the mixture was extracted with CH,CI,
(3 x50 mL). The combined organic layers
were washed with satd NaHCO; (3 x 50 mL)
and satd aq NaCl (3 x 50 mL), dried over
anhyd Na,SO,, and evaporated under reduced
pressure to afford alditol hexaacetates. The
products were analyzed by gas chromatogra-
phy using a column of Gaschrom Q (100—120
mesh; injection temperature 220 °C; column
temperature 210 °C; carrier gas N,; detector
FID).
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