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ABSTRACT 

Successive extraction of rice hull with hot water. 0.5% ammonium oxalate. 
4% potassium hydroxide, and 24% potassium hydroxide, followed by neutraliza- 
tion of the alkaline extracts, yielded seven polysaccharide fractions. An elec- 
lrophoretically homogeneous arabinoxylan was obtained as a precipitate (HC-IA) 
after neutralization of the 4% potassium hydroxide extract. The homogeneity of 
the rice-hull arabinoxylan was confirmed by ultracentrifugation. and by gel filtra- 
tion through Sepharose CL-6B. It contained a small proportion of uranic acid 
(1.5%) and. on complete hydrolysis with acid, gave xylose and arabinose in the 
ratio of -19:l. This value is in close agrecmcnt with those calculated from the re- 
sults of methylation analysis, and fragmentation analysis with endo-(1+4)-p-D- 
xylanase. The results from the mcthylation analysis, and from fragmentation 
analyses with acid and with endo-( 1+4)-p-D-xylanase, indicated that the repeating 
unit of this arabinoxylan consists of a linear chain of 19 (I-+4)-linked, D-D-xylosyl 
residues and an arabinofuranosyl side-chain joined through a (l-3) linkage. 

INTRODUCTION 

Rice hull is obtained in large quantities in Japan from the process of refining 
rice grain. This material is used, in part, as stuffing, but is mostly discarded as an 
agricultural waste. With a view to more effective utilization of this material, we 
have now examined the properties and structures of the polysaccharides of rice 
hull. 

Rice hull ia known to contain 37% of cellulose and -20% of hemicellulose 
composed mainly of xylan’,‘. In the present study, the structure of an arabinoxylan 
obtained by extraction of rice hull with 4% potassium hydroxide, followed by neu- 
tralization of the extract, was examined by complete hydrolysis with acid. methyla- 
tion analysis, and fragmentation analyses with acid and an cndo-(1+4)-/3-D- 
xylanase from a strain belonging to a Streptomyces species. 
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Mild. partial hydrolysis with acid was conducted by heating a sample (1 mg) 
with 0. IM TFA (1.5 mL) for 1 h at 80”. The hydrolyzatcs wcrc evaporated, and the 
residues examined by paper chromatography. 

Drrermination of uro~zic crcid. - Rice-hull arabinoxylan (20 mg) was hydro- 
lyzed with 2M TFA (4 mL) for 6 h at lOO”, and the TFA was evaporated under di- 
minished pressure. The hydrolyzate was applied to a column (1 X 5 cm) of Dowex- 
1 X-8 (acetate form), and eluted with water (50 mL) and 3M acetic acid (50 mL). 
The eluate was evaporated to dryness, and the uranic acid in the fraction clutcd 
with 3M acetic acid was determined by the carhazole-sulfuric acid method’. Uranic 
acid was calculated as glucuronic acid. 

Methylation analysis. -The poly- and oligo-saccharides were methylated by 

the method of Hakomoris. The methylated poly- and oligo-saccharides were hy- 
drolyzed, and the sugars converted into the corresponding alditol acetates by the 
method of Lindherg’. The partially methylated alditol acetates were analyzed by 
g.1.c. with a glass column packed with 3% of OV-210 on Supelcoport’“. or by 
g.l.c.Pm.s. The g.1.c. analysis was made at 180” at a nitrogen flow-rate of 20 mL/ 
min. For g.l.c.-m.s., a combined gas-liquid chromatograph-mass spectrometer, 
JEOL-JMS-OISG-type 2 (25 eV), fitted with a glass column (0.3 X 100 cm) con- 
taining 3% of OV-210 was used. 

RESULTS 

Extraction, and fractionation, of the polysaccharides in rice hull. - The 
polysaccharides in defatted rice-hull (150 g) were extracted, and fractionated, by 
the conventional method. The Rowsheet of the fractionation of the polysaccharides 
in rice hull is shown in Scheme 1. The carbohydrate content of each fraction was 

determined by the phenol-sulfuric acid method. 
Fraction HC-I was fractionated into subfraction HC-IA (precipitated by 

neutralization), and HC-IB (not precipitated by neutralization) by neutralization 

TABLE I 

PSI 3.x 18 1.3 I.4 I.0 18.7 33.8 3.1 23.4 17.3 

PS-II 0.8 29 2.5 0.8 0.5 IS 4 57.9 1.0 7.3 14.6 

HC-IA 17 60 - 11.6 884 - - - 
HC-IB 28.4 13 1.1 - 0.9 15.4 74.5 - 2. I 6.0 

HC-IIA 1.8 69 7.0 905 - 2.5 - 
HC-IIB 5.7 57 1.0 ~ 0.s 9.9 80.1 - 6.8 1.7 
CL 38.7 20 - 0.4 1.9 6.3 - 86.9 4.5 
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of the alkali solution. Similarly, fraction 11 was fractionated into subfraction HC- 
IIA and HC-TIB. 

The neutral sugar compositions of the fractions from rice hull are shown in 
Table I. Major components were xylose, arabinose, glucose, and galactose. 

Pur@cation of arubinoxylan. - The fraction HC-IA (1.2 g) was dissolved in 
0.5M potassium hydroxide, the base was neutralized with acetic acid, and the pre- 
cipitate was collected by centrifugation. Three such preparations were made, and 
the combined precipitate was used as the purified arabinoxylan (yield 416 mg). On 
complete hydrolysis with acid, the purified arabinoxylan yielded xylose and 
arabinose in the ratio of 19.3:l.O. It had [alo -75” (c 0.3,0.5M sodium hydroxide). 
The uranic acid content of the rice-hull arabinoxylan was l.S%, and glucuronic 
acid was detected in the acid hydrolyzate by paper chromatography (solvent B). 

Homogeneity of the purified arabinoxytan. - The homogeneity of the 
purified arabinoxylan was examined by gel filtration, sedimentation analysis. and 
zone electrophoresis. 

(a) Gelfiltration. A solution of the purified arabinoxylan (2 mg) in M sodium 
hydroxide (0.5 mL) was applied to a column (1.3 x 70 cm) of Sepharose CL-6B. 
The column was eluted with o.sM sodium hydroxide solution, and the carbohydrate 
content of each tube (1 mL) was determined by the phenol-sulfuric acid method. 
As shown in Fig. 1, only one peak was observed on the elution profile. The approx- 
imate molecular weight of rice-hull arabinoxylan was estimated to be 15,000. 

(b) Ultracentrifugation. As shown in Fig. 2. the purified arabinoxylan re- 
vealed one peak on ultracentrifugation. 

(c) Zone electrophoresis. Zone electrophoresis indicated that the purified 
arabinoxylan was homogeneous (see Fig. 3). 

VO TWTIO V, 

t tt t 
2.0 - 

20 40 60 80 100 

Fraction number (1 mL) 

Fig. 1. Gel filtrationof arabinoxylan on Sepharose Cl.-6B 



Srructurul anai,v.ris of urahino.~yiar~ - (0) 3fyd)‘drolysi.P M.ifh mid. On complete 

hydrolysis with acid. thz r-ice-hull arahinoxylan gave xylose and wnhinnsc in the 

ratio of -19: 1. On partial hydr<)Iysis with acid. it yielded xylose. arubinose. 

xylobiose, xylotriosr. and xylotetraose. On mild, partial hydroiysix with acid. 

al-abinnsc was prcfercntially lihcmtcd. wggesting that the orabinosc accurrcd in 

the furanose form. 

A linear relationship was observed (set Fig. 4a) when log a’. namely. lag 

[RF/( 1 - R,)]. ofeach component of the partial hydrolyzatc ofthc azabinnxylan was 

plotted against the deprw ~~fpolymerization (d.p.)“. This result indicated that the 

partial hydroly~ate of the arahinoxylan was a mixture of a-( I -+-l)-linked tvlo- 

oligosaccharides 
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Fig 4. (a) Paper-chromatngraphlc mohihties of the partial hydrolyratr of rice-hull arabinoxylan and 

saccharide HI-(2). (h) Paper-chromatographic mobilities of saccharides Ill-(l), IV, V, and VI. (De- 
veloped twice by the ascending method, wth solvent system A.) 

(h) Methykztion analysis. The purified arabinoxylan (10 mg) was methylated 
thr-ee times by the method of Hakomori. The methylated arabinoxylan was hydro- 
lyzed by the method of Garegg and LindberglL. The hydrolyzate was converted 
into the corresponding aldital acetates’. and these were analyzed by g.1.c. and 
g.l.c.-m.s. The results are shown in Table II. 

2,3- and 3.4-Di-0-methylxylose were not distinguished from each other by 
means of g.1.c. and g.l.c.-m.s. The di-0-methylwylosc was. however, characterized 
as 2,3-di-0-methylxylose, because p-(1~4)-xylo-oligosaccharides were isolated 
from the acid hydrolyzatc of the arabinoxylan. 

MerhyIated wgaP Tb Molar rurio 

2,35Me,-Ara 0.50 1.6 
2.3.4.Me,-Xyl 0.69 10 

Z.3-Me,-Xyl 1.4R 32.7 

2. and 3.Me-Xyl 2.76 2.9 

“2.3.4-Me,-Ara = 2.3.4.tri-0.methyl-o-arabinose, and so on. hRetrntion timesnf the corresponding al- 
ditol acrtateh on an OV-210 column, relative to 1.S5-di-O-acetyl~2,3.4,6-tetra-O-methyl-D-~~ucitol as 
unity 



G.1.c. and g.l.c.-m.s. of the alditol acetates obtained from the hydrolyzatc of 

the methylated arabinoxylan showed that 1.3.5.Me.~-arnhinosc, 2.3.J-Me,-xvlose. 

2,3-Me,-xylosc, and 2- and 3-MC-xylose were present in the ratios of 

1.6:1.0:32.7:2.9. 

(c) Trenmer~t of the rrmbimxylorr with endo-(l-~~i-p-n-.~~lflrllrur fhm Strep- 
tomyces sp. To a solution of the purified arahinoxylan (73.h mg) in I).OZhl sodium 

acetate buffer. pH 5.5 (3 mL) were added endo-( I -A)-,B-u-xylanasc (30 pl.) from 
S~repomyces sp, and a few drops of toluenc. After incubatiorl fL>r 4X h at 30”. the 

cnzymc reaction was stopped by heating for 5 min in a boiling-water bath. the I”- 

roluhlr materiel was remcrved hy centrifugation. and the rupern,?tant liquor was 

treated with Amherlite IR-120 (Hi ) resin. and concentrated. ‘l‘hc conccntratc was 

centrifuged. and the supernalant liquor- was applied to B column (1.5 x 110 cm) 01 
Bio-Gel P-2 (kept at SO”). Asmay he bwx from the elution profile (see Fig. 5). the 

hydrolyzntc of the atatxnoxylan was separated into scvcn sacchaude fraclions 

(fractions I-VII). 



Saccharide Yield I1.p.” 

(iwg/ 

I 4.12 

::I(,, 14.40 0.94 2 3 

III (2) 0.77 3 
TV 0.46 4 

V 0.30 5 

VI 0.12 6 
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Sugur composirion Mvthylurion analyses 

Sugar %a 2.3.4. 2,.3- 2.4. or 2,3,5- 
,M<.nr,-XyI MC-J-Xyl 3.4. Me-z- Mej-Am 

XYl 

0.67 
0.45 
0.53 

0.24 
0.35 

0.22 

0.13 

Xylose 
Xylose 57.8 42.2 
Xylose 67 3X.1 32.9 29.0 
Arabinose 33 

Xylose 36.5 63.5 
Xyl0se 71 
Arabinose 29 

Xylose 75 
Arahinose 25 

Xylose 80 
Arabinose 20 

‘D.p. was delermined by gel filtration on a column of Bio-Gel P-2. hDeveloped twice by the ascending 
method with solvent A. 

Oligosaccharides II, III, IV, V, and VI were eluted at the positions of d.p. 2, 
3, 4, 5, and 6. Each fraction was evaporated, and the residue examined by paper 
chromatography. The degree of polymerization of each oligosaccharide fraction is 
summarized in Table III. 

From the results of gel filtration and paper chromatography, fractions II, III, 
IV, V, and VI respectively had d.p. 2,3, 4, 5, and 6. 

Chnrac~erizution of the saccharide fradions. - The characterization of the 
saccharidc fractions was performed by examination of their complete hydrolyzatcs, 
determination of the molar ratios of the component monosaccharides, the relation- 
ship between log cy’ and the d.p. of the saccharide fractions, methylation analysis, 
and determination of the degree of polymerization by gel filtration on a column of 
Bio-Gel P-2. The results are summarized in Tables III and IV. 

(1) Sacchnride II (disaccharide). On complete hydrolysis with acid, sac- 
charide II (RF 0.45, solvent A) gave only xylose (by paper chromatography). 
Methylation analysis of saccharide II yielded 2,3,4-Me,-Xyl and 2,3-Me2-Xyl in the 
molar ratio of 57.8:42.2; d.p. = 2. From these results, saccharide II was charac- 
terized as 4-0-fi-xylopyranosylxylose. 

(2) Saccharide III-(l) (trisaccharide). Saccharide III was divided into two 
spots on a paper chromatogram. The zones having RF 0.53 and 0.24 were excised, 

and eluted with water. The eluate was evaporated to dryness. 
On complete hydrolysis with acid, saccharide III-(l) (RF 0.53, solvent A) 

gave xylosc and arabinose in the ratio of 2: 1. Methylation analysis of saccharide 
III-(l) yielded 2,3-MeZ-Xyl, 2,4-Me2-Xyl, and 2,3,5-Mea-Ara in the molar ratios of 



III (2) 

IV 

VI 

38.1 :32.9:29.0; d.p. = 3. From these results, saccharidc III-(l) wab characterized 

as 3’-n-arabinofuranosylxyl~~t~i(~s~. 

(.?j Succharidc 111-1-7) (trisaccharidc). The R, values of saccharidr Ill-(?) 

were identical with those of authentic [<-( 1 +-l)-linked xylotriose. On complete hy- 

drolysis with acid. saccharide III-(Z) (K, 0.24. solvent ,l) gave only uylose. Illethyl- 

ation analysis of saccharide III-(Z) yielded 7.3.4-Me,x-Xyl and 2.3-Me,-Xyl in the 

molar ratio of 36.5:63.5; d.p. = 3. A lincax- relationship was ubservcd when tog cr’ 

of each component of the partial hydrolyzatea of wccharidc III-(Z) was pl<>ttcd 

against dcgrcc ot polymerization. From these wwltq, hnicharide III-(Z) was 
characterized as /3-( I s-t)-linked xytolriow. 
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(4) Saccharide IV (tetrasaccharide). On complete hydrolysis with acid, sac- 
charide IV (R, 0.35. solvenl A) gave xylose and arabinose in the ratio of 71:29, 
d.p. = 4. The plot of log u’ agarnst d.p. was linear for III-(l), IV, V, and VT (see 

Fig. 4b). From these results, saccharide IV was presumed to be 3-O-a- 
arabinofuranosylxylotriose. 

(.5) Saccharide V (pentasaccharide). On complete hydrolysis with acid, sac- 
charide V (R, 0.22, solvent A) gave xylose and arahinosc in the ratio of 3: 1, d.p. 
= 5. From these results and the relationship between log 01’ and d.p., saccharide V 
was presumed to be 3-0-ru-arabinofuranosylxylotetraose. 

(6) Snccharide VI (hexasaccharide). On complete hydrolysis with acid, sac- 
charide VI (RF 0.13, solvent A) gave xylose and arabinose in the ratio of 4: 1, d.p. 
= 6. From these results and the relationship between log a’ and d.p., saccharide VI 
was presumed to be 3-0-u-arabinofuranosylxylopentaose. 

Proposed structure for rice-hull arabinoxylun. - The structural analysis of 
arabinoxylan in the hemicellulose I fraction of rice hull indicated that the repeating 
unit of this arabinoxylan consists of a linear chain of 19 (1+4)-linked, P-D-xylosyl 

residues and an arabinolmanosyl side-chain joined through a (1~3) linkage, as 

shown in 1. 

Unit 1 

! 
2 18 

1 
L-Araf 

1 

Proposed structure for rice-hull arahmoxylan (n = 54) 

The results of methylation analysis suggested the occurrence of a small pro- 
portion of terminal xylose in the rice-hull arabinoxylan. However, neither 

branched oligosaccharidcs containing xylosc as a side chain nor a xylobiose having 
a linkage other than p-(1+4) were detected in the endo-xylanase digest of the 
arabinoxylan from rice hull. Therefore, most, if not all, of the xylosyl residues con- 
stitute the backbone of the arabinoxylan. 

DISCUSSION 

Compared with other cereal hemicelluloses. the hemicellulose of rice has 

been less extensively investigated. The earliest study on rice hemicellulose was re- 
ported by Bevenue and Williams’4, who isolated an arabinoxylan from rice grain. 

This arabinoxylan was composed of equal proportions of arabinose and xylose. 
Small proportions of galactose, mannosc, and a uranic acid were detecled as 
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minor, component sugars. Matsuo and Nanba” later isolated arabinnxylans ft-om 
rice hull, rice bran, and rice endosperm. Among these three arabinosylans. the one 
from rice hull showed the highest content of xylose. Unlike that of Bevenue and 
Williams’*, these arabinoxylans did not contain mannose, although the arahinoxy- 
Ian from rice hull or rice bran contained a small ~woportion of galacrow. and that 
tram rice cndospcrm contained glucose. The arabinoxylan flom rice hr’an wa\ ulw 
studied by Kurasawa rr ul. I’. who reported that this arabrnoxyla~l contuincd a small 
proportion of galactose, but neither mannose nor glucose. 

Fukumoto et al. ” isolated an arabinoxylan b> extraction of chlorite-dclig- 
nified rice-straw with 10% sod’ *urn hydroxide. The ratio of xylosr to arabinohe in 
this arabinoxylan was reported to be 3: I. Further structural study of this arabino- 
xylan by fragmentation analysis with a xylanasc from Aspergilfrrs rriger was reported 
by Takenishi and Tsujisaka’“, who isolated two fragment oligosnccharides from the 
enzymic hydrolyzate. and characterized them as 3’-mu-l.-arabinofuranc~~~lxylobiose 
and 3’-rw-L-arabinofuranosylxylotriose. These results indicated that 111~ aratxno- 
xylan consisted of a backbone of p-( 1 --t-I)-linked D-xylosyl residues and side chains 
of a qinglc I.-arabinofuranosyl group attached to some ot the hackbonc residues 
through an <r-(lL+3) linkage. A similar arabinoxylan was isolated from the ccl1 
walls of rice cndospcrm”: this was found IO he a highly hranchcd arah~noxylan in 

which 78%’ of the D-xylosyl residues are substituted with short side-chains of L- 
arabinose at O-3. The hemicellulose of rice hull was also studied by Sazaki and his 
co-workers”‘. who reported that rice hull contained a potvsaccharitlc composed 
mainly of xylox and glucose. However. no detailed inf<,rnma;ion on the. \tructurc of 
this polysaccharidc has yet hcen made available. 

Our present study has revealed the structural features of an arabinoxylan iso- 
lated from the 4% potassium hydroxide extract of- rice hull. The main +tructurc of 
this arabinoxylan was found to be similar to those reported for the c,nrs rsolatrd 
from rice straw or rice endosperm. ‘The rice-hull arabinoxylan, howcvcr. seems 10 
have a less-branched structure. as compared with those from rice straw or r~cr en- 
dosperm. This structural feature is rather similar to that of a wheat-straw arabino- 
xylan”, which is composed of eleven parts of xylose and one part of arabinosc. The 
foregoing results suggest the occurrence of structural hctcrogcncity among ~hc 
arabinoxylans from different parts ot the same plant. 
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