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Abstract—Cell walls were prepared from mulled rices of eight varieties, differing 1n direction of grain expansion during
cooking (length-wise or girth-wise), by SDS-f-mercaptoethanol extraction, starch gelatinization at 80° and Bacillus
licheniformis a-amylase treatment at 70° The cell wall preparations were recovered at 0 3-0 7%, of milled rice and had
simular neutral sugar composition and solubility fractions 1n water and alkali Polysaccharides containing uronic acid,
arabinose, xylose and glucose, and phenols were preferentially extracted with H, O at 100° and dilute alkali in detailed
studies of IR32 cell walls Iodine—potassium iodide staining polysaccharide was eluted from DEAE-cellulose CC of
aqueous, oxalate and 4 M potassium hydroxide fractions of IR32 walls with 0 25 M sodium hydroxide Proteins in cell
wall preparations were mainly protein bodies and were not bound to polysaccharides based on gel electrophorests and
TCA precipitation The cell wall preparations had a hardening effect on waxy-rice starch gel

INTRODUCTION

Although a minor fraction of mulled rice [1], the cell
wall 1s important 1n mamntaining grain integrity during
milling and cooking The water-insoluble wall maintains
grain integrity and probably influences the relative direc-
tion of grain expansion during cooking (lengthwise vs
girthwise) as a result of starch granule swelling [2] The
water-soluble fraction of cell wall has been shown to affect
the pasting viscosity of rice flours (3] Cellulase treatment
of milied rice results 1n a lower pasting viscosity of the
flour suggesting changes in cell wall properties during
aging of freshly harvested rice may be involved in the
increase in flour viscosity duning aging [4]

Recent characterization studies of milled-rice cell walls
[5-8] reflect the renewed interest on this minor fraction in
view of 1ts complexing ability with starch and as a dietary
fibre source [9, 10] Commercial amylase [11] and pro-
tease [12] preparations used for preparing cell walls may
contain contaminant glycohydrolases which ean degrade
the cell walls during preparation The cell walls of milled
rice are relatively fragile and not amenable to the non-
aqueous method of 1solation of whole wall developed for
barley and wheat [13] Because rice 1s boiled before
consumption, fractionation into water-soluble and -in-
soluble substances has practical value This paper presents
our study of the properties of IR32 milled rice cell wall
preparations and those of other varieties differing in
elongation characteristics during cooking 1n view of the
above advances 1n methodology since our earlier study
[14] A companion paper [15] deals with the cell walls of
bran and germ Studies on the water-soluble fraction are
in progress [16]

RESULTS

Preparation of milled-rice cell walls

Protein extraction preceded starch gelatinization since
heating reduces protein extractability [17] Four extrac-

tions with 0 59, SDS-0 6%, f-mercaptoethanol (ME) at a
rice-solvent ratio of 1 20 (w/v) gave better extraction of
protein from IR32 and IR 36 than seven extractions with a
1 2(w/v) nce-solvent ratio (>99% vs 91-98%)
Residual protein in the cell wall preparations represented
02-239 of milled-rice protemn

Heating to 80-85° effectively gelatimized the starch
granules even of samples with intermediate final gelatiniz-
ation temperature (70-74°) (D25-4, Palman 246, IR36,

and IR32) making them suscentible to bacterial x-amvlage
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action The 005 M sodium acetate buffer was preferred to
calcium phosphate buffer for a-amylolysis as additional
Ca’?" was not required for the stability of the Bacillus
licheniformis a-amylase Residual Ca?* content of cell wall
preparations ranged from 0 7 to 1 99/ 1n the latter buffer.
Preheating the a-amylase at 80° for 15 min effectively
mactivated the glucanase activity [18] The resulting
destarched cell walls were negative for blue staining with
1odine—potassium 1odide reagent and for raw starch
granules with birefringence (Maltese cross) under pola-
rized Light

Properties of the cell wall preparations

Four varieties each of rice expanding during cooking
mainly lengthwise (elongation ratio > 1 65) and mainly
girthwise (elongationratio < 1 6) gave overlapping values
for gel consistency (a measure of gel viscosity in 02 N
potassium hydroxide) [19], crude fibre, and neutral
detergent fibre (Table 1) Recovery of cell wall prepar-
ations from these eight varieties were lower than the
neutral detergent fibre content but higher than the crude
fibre content of the milled rice, except Calrose which had
0 54 9/ neutral detergent fibre, but yielded 0 57 9 cell wall
preparation Basmati 370 gave the lowest recovery of
0269, cell wall with the lowest protein content of 69

Polysaccharides were the major component of the cell
wall preparations of which polyuronic acid was a fraction
(Table 1) The polysaccharide figure was underestimated
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Table 1 Summary of properties of eight varieties of milled rice differing m gramn
elongation during cooking and in their cell wall preparations

Elongating rice* Non-elongating ricet

Property Range Mean Range Mean
Milled rice

Elongation ratio 168-210 182 142-153 146

Gel consistency (mm) 43-80 60 34-100 69

Crude fibre (%) 012017 015 010022 017

Neutral detergent fibre (%) 054084 072 062075 066
Cell wall preparations

Recovery from milled rice (%) 026-070 052 040-058 048

Polyuronic acid content (%) 3-5 4 2-5 4

Polysaccharide content (%) 46-72 60 4368 59

Protein content (%) 6-36 21 9-42 22
Neutral sugar ratio

Rha 24 2 2-3 2

Fuc trace-1 <1 trace tr

Ara 26-32 30 21-31 26

Xyl 29-36 32 2740 33

Man 19-22 20 1-29 14

Glc 9-17 12 14-30 20

Gal 3-5 4 34 3
Solubility fractions

Hot-H,0O 69 8 6-14 10

4 M KOH, TCA-soluble 40-54 48 3743 40

4 M KOH, TCA-nsoluble 2-6 3 3-17 10

6 M NaOH-081 M H,BO, 13-15 14 5-14 9

Residue 22-30 27 21-41 34
IR29 starch gel consistency (mm)}

Whole preparation 49-52 50 41-55 48

Hot-H,O fraction 46-55 52 34-60 46

4 M KOH, TCA-soluble fraction 40-58 49 49-60 56

*Basmat1 370, Dumzard, D25-4 and Calrose

+Palman 246, IR36, IR32 and UPL-R1-1

$Control gel consistency for IR29 starch (100 mg/1 6 ml H,O) (mean of 1 and 2 mg
adjuncts) 58 mm for whole, 62 mm for H,O fraction and 65 mm for 4 M KOH fraction

runs

because of the poor colour development of uronic acid
with phenol-sulphuric acid [20] The principal neutral
sugars were arabimose, xylose, glucose and mannose
together with galactose, rhamnose and fucose An excep-
tion was the waxy sample (15¢, amylose) UPL-Ri-1
which had only 19, mannose All these sugars were
reported by Shibuya and Iwasak: [6] for their mulled rice
cell walls but fucose was not detected by Mod et al [5],
and Cartafio and Juhano [14], using PC, did not detect
rhamnose, fucose and mannose The elongating and non-
elongating rices gave similar carbohydrate composttion of
their cell wall preparations

Staiming with Congo red showed the walls to be 1n the
form of glassy, pleated sheets with some striations Cell
walls of D25-4 and Basmat1 370, elongating rices, had
smoother surfaces on SEM than those of IR36, a non-
elongating rice Spherical protemn bodies 1n aggregates
were noted on the wall surface, the relative abundance
closely following the protemn content of the preparation,
as confirmed by SEM Shibuya and Iwasaki [6] also
reported on protein body contamination of their milled-

rice cell wall preparation

Fluorescence microscopy under UV excitation revealed
mntense green or blue autofluorescence of the walls
suggestive of phenolics [21] The phenols were 1dentified
by TLC to be manly ferulic acid (blue fluorescence) plus a
major unknown spot with R;, of 061 (yellow-green
fluorescence) in benzene-methanol-acetic acid (45 8 4)
and a minor spot with R;, of 107 Hydrolysis with dilute
hydrochloric acid at 80° increased the Ry, value of the
major unknown phenol to 0 88 but yrelded, 1n addition,
two munor spots with R, 094and 1 09 Addition of alkali
to sapomfy phenols caused mmmediate bright yellow
colouration of the samples

The cell wall preparations showed very variable protein
contents (Table 1) They also differed 1n amino acid
composition, particularly lysine The three preparations
with low lysine contents (10-22g/16 8 gN) also had
lower aspartic acid (72-929, vs 110-1409%), glycine
(3644° vs 50-689) and arginine (51-66% vs
71-879%) but higher glutamic acid (243-2809 vs
127-2079%) than the five with high lysine content
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(49-85g/16 8 gN) [18] Only Basmat1 370 had a high
lysine content (559,) among the four elongating rices
Since rice endosperm protein bodies have 3540g
lysine/16 gN [17], the wide vanation n lysine content
was unexpected The B lLicheniformis a-amylase prepar-
ation purified three times by ammonium sulphate precipi-
tation had 79 lysine, 69, arginmne, 149/ aspartic acid,
11 9, glutamuc acid and 6 9/ glycine [18] Its adsorption on
the cell wall may explain 1n part this variability in protein
composition among samples Undigested core protein of
mulled rice protein bodies are also poor (1-2%/) 1n lysine
[17

191 contrast to the findings of Shibuya and Iwasaki [6],
the proteins 1n the cell wall preparations had only a trace
of hydroxyproline [ 18] Higher values were obtained with
preparations using relatively impure a-amylase by Mod et
al [5] of 599 1n the water-soluble fraction and 03-1 19
in the 05 M sodium hydroxide fraction The cell wall
preparation of Shibuya and Iwasak: [6] was treated with
R miveus glucoamylase and A melleus protease and had 19
mol ¢, hydroxyproline

Analytical and SDS disc gel electrophoresis of whole
cell wall preparation and 1ts fractions showed protein
bands which did not stain for carbohydrates suggesting
the absence of linkage between proten and polysac-
charides [18] Most of the protein did not enter the
electrophoretic gel in the 4 M potassium hydroxide, TCA-
soluble and 6 M sodium hydroxide extracts suggestive of
rice gluteln Some protein staining was noted at the
position of the tracking dye for the 4 M potassium
hydroxide, TCA-soluble fraction, which did not stain for
carbohydrates Similar results were obtained with SDS-
PAGE wherein the protein bands did not stain for
carbohydrates suggesting the absence of glycoproteins,
and confirming the SEM observation of the presence of
contaminant protein bodies (mamly glutehn) [17]
Cartano and Juhano [14] also reported the protein n
milled rice hemicellulose to be contaminant protein
Shibuya and Iwasaki [6] suggested the presence of
glycoproteins 1n milled-rice cell wall based on the high
hydroxyproline content of their preparation

The elongating and non-elongating rices overlapped in
the ratio of therr cell wall preparations which were soluble
i hot water, 4 M potassium hydroxide, 6 M sodium
hydroxide-0 81 M boric acid and insoluble residue (Table
1) The major fraction was the 4 M potassium hydroxide-
soluble polysaccharides (37-549;) which included pro-
temns (2-179%) precipitated by TCA These polysaccha-
rides were 1nitially nsoluble 1n neutral solvents but
became water-soluble on extraction as observed also by
Cartano and Juhano [14] However, the elongating rices
tended to have more 4 M potassium hydroxide, TCA-
soluble and 6 M sodium hydroxide-0 81 M boric acid-
soluble fractions but less of the residue or msoluble
fraction than non-elongating rices, consistent with the
shghtly lower mean content of crude fibre of the elongat-
ing rices The mean level of insoluble fraction amounted
to 0 14 % of mulled rice for elongating rices and 0 16 ¢ of
non-elongating milled rice which were very close to their
mean crude fibre contents of 0 15and 0 17 %, respectively
(Table 1)

Complexing with amylopectin

The whole cell wall preparations at 1-2 % of waxy rice
starch (1-2 mg added to 100 mg starch/1 6 ml water) had

a hardening effect on the gel of IR29 waxy rice starch as
reflected in a lower gel consistency value (Table 1)
Elongating and non-elongating rices overlapped 1n the gel
consistency values of IR29 starch with added cell wall Cell
walls of IR36 and waxy UPL-Ri-1, both non-elongating
rices, had the greatest effect, with a gel consistency of
41 mm as compared to 58 mm for the control IR36 miiled
rice cell wall also had the hardest gel consistency value 1n
02 M potassium hydroxide of 34 mm The hot water-
soluble fractions also had a hardening effect on the IR29
starch gel, with the IR36 sample being the most effective
(gel consistency 34 mm) The 4 M potassium hydroxide
fractions also had a shight hardening effect on IR29 starch
gel with Calrose having the hardest gel (40 mm)

Solubility fractionation of IR32 cell walls

Preliminary studies on IR36 milled rice cell walls
showed that although the 0 5 M sodium hydroxide sol-
vent of Cartafo and Juliano [14] preferentially extracted
polysaccharides rich 1n arabinose, xylose and uronic acid,
and proteins (mamly gluteln) [18], the residue or 1n-
soluble fraction still had 8¢/ arabinose, 129, xylose and
229 mannose n addition to 579, glucose [18] Better
fractionation was achieved by the method of Anderson
and Stone [22] and a modified extraction procedure was
employed 1n subsequent study on IR32 cell wall prepar-
ations [ 18] Hot-water extraction was added before hot-
ammonium oxalate extraction since this fraction probably
represents residual water-soluble polysaccharides which
did not dissolve during incubation 1n 70-80° water during
cell wall preparation Subsequent 8 M urea extraction was
deleted since 1t was a minor fraction but rich in glucose
The 05 M potassium hydroxide solvent was deleted and
4 M rather than 4 27 M potassium hydroxide was used to
extract most of the pentosans with mimmum mannose
contamination The 6 M sodium hydroxide-0 81 M boric
acid was retained to extract mannose-containing polysac-
charides Because of the similanty in properties of cell wall
preparations of the eight vanieties (Table 1), only IR32 cell
walls were studied 1n detail

Solubility fractionation of IR32 mulled rice cell wall
preparation resulted in fractions differing 1n polyuronic
acid content and neutral sugar composition (Table 2)
Hot-water extracted polysaccharides were rich 1n uronic
acids, glucose, arabinose and xylose The hot oxalate
fraction was rich in uronic acids and arabinoxylans The
4 M potassium hydroxide fraction consisted mainly of
arabinoxylans and glucans but was already poor in
polyuronic acid In contrast to the 05 M potassium
hydroxide extract which had only 1%, mannose [18], the
4 M potasstum hydroxide and TCA-soluble fraction
already had 11 9/ mannose 1n neutral sugars The protemn-
rich 4 M potassium hydroxide-soluble, TCA-insoluble
fraction was rich 1n glucose TCA precipitation of protein
from the 4 M potassium hydroxide extract with very small
amount of carbohydrates again suggested that the protein
was mainly protein-body protemn or glutelin soluble 1n
alkah [17, 23] The 6 M sodium hydroxide-0 81 M boric
acid fraction was rich in mannose Galactose polysac-
chanides were more soluble 1n neutral solvents than the
mannose polysaccharides The residue was essentially all
glucose, principally cellulose The arabinoxylans in the
water and oxalate fractions of IR32 and IR 36 cell wall had
higher Ara—Xyl ratios (1 3-1 6) than 1n the alkali-soluble
fractions (0 5-12)
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B-Glucan assay of the hot-water and 4 M potassium
hydroxide fractions using -glucanase [24] verified that a
major portion of the glucose fraction was mixed 1,3 14-
B-glucan Immunodiffusion assay using Yariv antigen
[25] specific for p-glucan showed a faint precipitation
reaction for the water-soluble fraction and no reaction for
the oxalate, 4 M potassium hydroxide and 6 M sodium
hydroxide-0 81 M boric acid fractions Anderson et al
{24] reported the presence of mixed B-glucans i brown
and milled rice, a major part of which 1s hot-water-soluble

The uronic acid was identified by TLC to be a mixture
of glucuronic and galacturonic acids, which was also the
case for rice bran and germ polyuronic acids [15] The
quantity of glucuronic acid tended to be greater than that
of galacturonic acid 1n the hydrolysates By contrast,
Shibuya and Iwasaki [6] reported only galacturonic acid
1 milled rice pectin

DEAE-cellulose and gel-filtration chromatography

DEAE-celtulose-phosphate fractionation of the hot-
water fraction of IR32 milled rice cell wall preparation
resulted 1n eight polysaccharide peaks (Fig 1) The frac-
tions eluted with 0 10, 025 and 0 50 M phosphate were
particularly rich in uronic acid (31, 45 and 48 ¢/, respect-
tvely, of the total carbohydrates) WS1 was rich in glucose,
WS3 1n arabinoxylans, WSS5 1n arabinoxylans and galac-
tose, and WS8 in arabinoxylans, glucose and mannose
(Table 3) The WS6 or 0 50 M phosphate fraction was also
rich (23 ;) 1n galactose Ara—Xyl ratio ranged from 0 5 to
32 and was highest 1n the WS5 and lowest in the WS8
subfraction Rhamnose content was highest i the neutral
sugars of the 025 and 050 M phosphate eluates as
compared to the others (trace—4 %/) The WS8 subfraction
stained deep blue with 10dine-potassium 10dide reagent
and probably contained the 1odine-staiming xyloglucan
complex previously reported in the 4 N potassium hydro-
xide fraction of Japanese milled-rice cell walls [6, 7]

Subfractions of DEAE-celtulose-phosphate chromato-

graphy of the hot oxalate fraction of IR32 milled rice cell
walls gave seven subfractions [18] Again the fractions
rich 1n polyuronic acids were those eluted with 025 and
050 M phosphate (Fig 1) with a uronic acid content 1n
total polysaccharides of 39 and 529/, respectively Both
025 and 0 50 M phosphate eluates were rich in galactose
Arabinoxylans were the major polysaccharide in all but
the A7 subfraction The Ara—Xyl ratio was >1 for all
subfractions except the 0 25 M sodium hydroxide eluates
Glucose content was highest 1n the A7 subfraction and
mannose was highest in both 025 M sodium hydroxide
eluates Iodine-staming of the 025 M sodium hydroxide
fractions was less than those of the WS8 fraction of water-
soluble polysaccharides The 0 50 M phosphate subfrac-
tion had 149 rhamnose Thus, DEAE-cellulose
chromatographic separation was similar for both the hot-
water and hot-ammonium oxalate fractions of IR32 cell
walls Shibuya and Iwasaki [6] reported a higher uronic
acid content for their hot-oxalate fractions of Japanese
rice cell walls

DEAE-cellulose (BO3 ~ form) chromatography [26] of
the 4 M potassium hydroxide, TCA-soluble fraction of
IR32 mulled-rice cell walls gave seven fractions, the major
portion of which was only eluted with 025 M sodium
hydroxide (Table 3) The BO3~ eluates were rich n
arabinoxylans with an Ara-Xyl ratio of 08-19 The
second 030 M BO3~ eluate, H3, and H4 were richer in
mannose and glucose than the earlier BO3~ eluates The
025 M sodium hydroxide eluates were rich in glucose
together with xylose and mannose This fraction was
reported by Shibuya and Iwasaki [6] to contain the
1odine-staining xyloglucan of milled rice cell walls The
1odine-staining of this fraction was less than that of the
WS8 fraction of water-soluble IR32 cell wall
polysaccharides

Gel filtration on Sepharose 4B-CL of these water,
oxalate and 4 M potassium hydroxide, TCA-soluble frac-
tions of IR32 mulled-rice cell walls showed polydispersity
of the polysaccharide extracts The MW range of the
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unresolved peaks was 13-64 x 10* for the hot-water
fraction (five peaks), up to 104 x 10° for the hot 0259
ammonium oxalate fraction (eight peaks) and up to 19
x 10° (void volume) for the 4 M potassium hydroxide-
soluble fraction (eight peaks) UV absorption at 280 nm
was highest 1n the MW fractions with peaks at MW 13 000
for the water fraction, MWs 4100 and 53000 for the
oxalate fraction, and MW 10200 for the 4 M potassium
hydroxide fraction

DISCUSSION

Varietal differences in the recovery and composttion of
cell wall preparations were not sunply related to dif-
ferences 1n grain elongation during cooking of milled rice
Dafferences in direction of grain swelling during cooking
possibly relate to relative thickness of cell walls in the
radial and longitudinal axes of the varieties rather than
compositional factors Preliminary histological study of
cooked grains showed large internal fissures through the
walls perpendicular to the longitudinal axis at regular
intervals in Basmati1 370 rice (elongating), which were
absent in Palman (non-elongating) [27] In cross section,
cooked Palman grains showed, along the lateral axis, an
elongated core of small 1sodiametric cells surrounded by
mdistinct cells without enclosing cell walls Cooked
Basmati had intact cells of small size throughout the cross
section Further morphological studies on the volume
expansion phenomenon of these varieties are needed

Even with the possible contamination of milled rice cell
wall preparation with residual scutellum ceil walls [1],
mulled nice cell walls differ from bran and germ cell walls in
the nature of their protem fraction The proteins of
mulled-rice wall preparations are not glycoproteins but
probably protein-body proteins together with denatured
B hcheniforms a-amylase adsorbed on protein
Yoshizawa et al [8] observed that adsorption of a-
amylase to milled-rice cell walls mnvolved the protein
fraction of the wall, mainly gluteln The high lysine
content of some of the preparations 1s probably due to
denatured a-amylase, with 79/ lysine Thus, protease
treatment may be utilized 1n the preparation of milled-rice
cell walls, provided the enzyme 1s free of carbohydrases
[12] Shibuya and Iwasak: [6] and Yoshizawa et al [8]
obtained low-protein cell wall preparations by protease
treatment By contrast, the proteins of bran and germ cell
wall preparations are glycoprotein based on gel elec-
trophoresis [5,15] with a detectable hydroxyprohne
content of 04-16% [15] and 05-07% [5]

The hardening effect of the cell wall preparations and its
solubility fractions on IR29 waxy rice starch gel (Table 1)
ndicate complexing ability Cold-water soluble nonstarch
polysacchanides of milled rice had either a hardening
effect or no effect [16] IR32 bran cold- and hot-water
extracts hardened the IR29 starch gel but the cell wall
preparation had a softening effect [15] Complexing
reactions of cell wall with starch and cations [28] such as
Ca" 1n the a-amylolysis buffer and bile acids [29, 30],
particularly of bran, have been attributed either to
polyuronic acid, higmn or the neutral polysaccharide
fraction [9, 10]. The water-soluble fractions are rich 1n
polyuronic acid, phenolics, arabinoxylans and g-glucans
and are dissolved during rice boiling (Tables 2 and 3)
Ferulate has been reported to be bound to a water-soluble
polysacchanide of rice bran with a MW 5-10 x 10* [3]
Normand et al [30] reported the cold-water-soluble
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hemicelluloses of brown rice as contaming bran-bound
bile acids whereas milled-rice hemicelluloses did not
Among the neutral polysaccharides, f-glucans of barley
are known to complex with fluorescing agents [31] and
rice xyloglucan complexes with 10dine-potassium 10dide
[6,7] Venfication of the relative importance of these
various cell wall polysaccharides mn altering the texture,
and posstbly nutritional value, of cooked rice awaits
further study

Solubility fractionation and DEAE-cellulose chroma-
tography of the more soluble fractions were partially
successful in separating the component polysaccharides of
milled-rice cell wall (Tables 2 and 3) Neutral solvents
preferentially extracted f-glucans, polyuronic acids and
galactose-rich polysaccharides and phenols Dilute
(054 M) potassium hydroxide further extracted the
arabinoxylans Mannose polysaccharides were extracted
with 6 M sodium hydroxide—0 81 M boric acid and the
restdue was essentially cellulose Amyloid-type xyloglucan
was extracted with hot-water, oxalate and 4 M potassium
hydroxide DEAE-cellulose-phosphate chromatography
showed elution of amyloid- and mannose-rich polysac-
charides with 0 25 M sodium hydroxide, polyuronic acid,
and rhamnose and galactose polysaccharides with the
025-0 50 M phosphate eluate and glucans with 0025 M
phosphate (Table 3) Arabinoxylans with high a Ara—Xyl
ratio are eluted with phosphate and those with low a
Ara-Xyl ratio are eluted by 025 M sodium hydroxide
Different results were obtained with the 4 M potassium
hydroxide extract fractionated on DEAE-cellulose BO3 ™
Only the 025 M sodium hydroxide eluates were high in
glucose, the 0 5 M BO3 ™~ fraction was richest 1n galactose,
and the 010 and 030 M BO3" eluates were richest in
arabinoxylans

EXPERIMENTAL

Samples of IR32, IR36 and UPL-Ri-1 rough rices were
obtained from the 1976, 1978 and 1979 crops of the International
Rice Research Institute experimental farm Basmati 370 and
Palman rough rice were obtamed from the 1977 crop of the Rice
Research Institute, Kala Shah Kaku, Lahore, Pakistan, Dumzard
rought rice from the 1978 crop of the Rice Research Station,
Rasht, Iran, and D25-4 (Nga Kywe) rough rice from the 1979
crop of the Hmarobi Central Agncultural Research Farm,
Burma The rough rice was dehtulled with a Satake testing husker
THU-35 and the brown rice milled to 139, bran removal
(overmilled) with a Satake TM-05 Gramn Testing Mill The
resulting mulled rices were aspirated 1in a South Dakota seed
blower and wiped with cheese cloth to ensure removal of
contaminating bran Calrose milled rice was from the 1978 crop
of the New South Wales Department of Agriculture, Yanco,
NSW, Austraha

Isolation of rice endosperm cell walls Milled-rice samples
(200 g) were soaked n 2 vols. H,O for 4 hr at 0° to soften the grain
and were then homogenized with a Silverson homogenizer Model
L2R for 20 min at 25° Homogemization was repeated until all
particles passed through an 80-mesh nylon sieve The slurry was
centrifuged for 20 min at 1000 g, the supernatant discarded, and
the residual flour extracted with 0529, SDS (BDH Chemucals,
UK) and 06%, f-mercaptoethanol in a w/v ratio of 1 20
Extraction was for 3-hr periods, x 4 at 25° with constant stirring
Daspersion of the slurry was effected with a Lightmin Model L
mixer After the last extraction the residue was washed with H,O
by constant shaking 1n a reciprocal Eberbach shaker for 20 min
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and then centrifuged at 1000 g The whole residue was used for
subsequent destarching procedure

The washed flour sample was then resuspended m 10 vols
05M P1 buffer, pH52, containing 170 ppm Ca?* as
CaCl, 2H,0 orin 005 M NaOAc buffer, pH 5 2, without added
Ca®* 1ons The suspenston was stirred and heated at 80-85° mn a
water bath for 1 hr to gelatinize the starch, and then cooled to 70°,
after which 30ml of 10 xdiluted a-amylase from Bacillus
licheniformis (Termamy! 60L, Novo Industries) was added The
diluted enzyme had been previously heated at 80° for 15 mun to
activate any fi-glucanase present [ 18] and then filtered through
Whatman No 1 filter paper Incubation was continued until the
suspension was negative for starch by the I,~KI blue reaction
The digests were cooled to 25° and allowed to stand until all the
msoluble residue had settled after which the supernatant hqud
was carefully siphoned out The residue was resuspended 1n 21
H,O and then carefully filtered through a 31-um nylon sieve The
procedure was repeated until the filtrate was clear The resulting
cell wall preparation was then lyophilized

Light and fluorescence microscopy  Separate samples of the
cell wall preparations were stained with 19/ aq Congo red, 02/
I, 1029, KI, and Coomassie Brilliant Blue (CBB) G-250 (150 mg
m 150 mi 55%, H;PO,—75ml 95%, EtOH) [32] and examined
under a Leitz light microscope at 1250 x magnification Samples
for fluorescence examination were dry-mounted on glass shdes
and examined with a Lertz Laborlux 11 fluorescent microscope
equipped with exciter filters 1n the UV (340-380 nm) and blue
(450-490 nm) regions

Fractionation procedures The IR32 cell wall (10g) was
fractionated by a modified procedure of that in ref [22],
conststing of the following sequential extraction twice with
200 mi H,O at 100°, under reflux for 5 hr each, once with 400 ml
0259 (NH,),C,0, at 90° under reflux for 24 hr, once with
400 ml 4 M KOH-0013 M NaBH, at 25° for 24 hr under a
continuous N, stream and once with 200 ml 6 M NaOH-0 81 M
H;B0;-0013 M NaBH, at 25° for 24 hr under N, The 4 M
KOH extract was further treated with TCA to pH 3 7 to ppt the
extracted proteins which were then removed by centrifugation at
10000g All extracts and the residue were dialysed aganst H,O
for 34 days at 4° using a cellulose membrane (cut off
MW 2000-3000)

Ion-exchange chromatography Samples (100 mg n 6 ml
0025 M P1 buffer, pH 6 0) of the H,O and oxalate fractions of
IR32 cell walls were chromatographed on DEAE-cellulose
(Cellex D, BioRad Industries) P1 form column (26 x 98 cm)
employing sequenttial elution with increasing concns of P1 buffer
followed with 025 M NaOH [6] The 4 M KOH, TCA-soluble
fraction of IR32 cell walls (100 mg in 6 m1 001 M BO3 "~ buffer,
pH 92) was chromatographed on a DEAE-cellulose BO3~
column (2 6 x 38 cm) according to the procedure of ref [26] In
all cases 7-ml fractions were collected at a downward flow rate of
1 drop/3 sec Fractions were assayed for total carbohydrates and
uronic acids according to the procedures of ref {15] Fractions
corresponding to peaks were pooled, dialysed against H,O for
2-3 days at 4° using a cellulose membrane and then lyophihized

Gel filtration chromatography MW range approximation of
selected fractions was determuined by gel filtration on a Sepharose
4B-CL column (2 6 x 90 cm) using 0 3 9/ NaCl containing 0 05 9
NaNj as eluant [15]

TLC and GC Samples for TLC and GC analyses were first
hydrolysed by the Saeman method as described in ref [33] The
uronic acid residues were identified by TLC on S1 gel 60
precoated plates (Merck) using iso-PrOH-~-Me,CO-1 M lactic
acid (2 2 1) [34], and on St gel plates impregnated with 03 M
Na,HPO, using n-BuOH-EtOH-01 N HCI (1 10 5) [35], as
developing solvents The spots were visuahzed with an
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aniline—diphenylamine reagent in Me,CO~H;PO, [34] The
neutral sugars were 1dentified and quantitated by GC of their
respective aldonomitrile acetate dervatives according to ref [15]

Cell wall samples for the phenolic study were defatted with
CHCl;-MeOH (2 1) and H,0O-satd n-BuOH according to ref
[36] The defatted samples were extracted for phenolic com-
pounds by saponification with aq 0 5 M KOH according to ref
[37] The phenolic compounds were investigated by TLC on S
gel F,q, plates using two solvent systems, hexane-amyl
alcohol-HOAc (10 16 025) [38] and C¢H,—MeOH-HOAc
(90 25 8)[37] The spots were observed under UV before and
after exposure to NH; vapor

Immunodiffusion  Gel immunodiffusion examinations were
carried out in Petr1 dishes using 3-mm thick 1 59/ special Noble
agar contamning 0859 NaCl, 019, NaN; and 0001 M Ca?*
[25] The centre and sample wells were 1 cm apart and had 09
and 0 6 cm diameters, respectively Yariv antigen specific for f-D-
glucan (ca 1 mg/ml n 1%, NaCl) was placed n the centre well
Test samples (ca 2 mg/ml) were suspended 1n 1 9, NaCl, warmed
at 50° to facilitate soln, and centrifuged to remove msoluble
matenals before placing in the sample wells Plates were kept at
0-4° until precipttin lines were observed (3-7 days)

Determination of B-glucan content Cell wall preparations
were assayed for S-glucans using a spectfic bactenal 1,3 14-8-D-
glucan hydrolase according to ref [24] The procedure was
shghtly modified—the total carbohydrate content [20] of the
hydrolysate (corrected for by a control) was determined mstead
of the hberated glucose

Analytical methods were essentially as described 1n ref [15]
Milled-rice was analysed for gelatinizatron temp type by the
alkal test [39], amylose content by I, colorimetry [40], gel
consistency [19] and elongation ratio (length of 10 cooked-10
raw grains) on boiling for 15 mn grain which had been presoaked
1n cold H,O for 30 min [41]
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