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Abstract--Cell walls were prepared from mdled rices of eight vaneties, dlffermg m direction of gram expansion durmg 
cooking (length-wise or girth-wise), by SDS-fi-mercaptoethanol extraction, starch gelatmlzatlon at 80” and Bacillus 
llchenlformls a-amylase treatment at 70” The cell wall preparations were recovered at 0 34 7 % of milled rice and had 
similar neutral sugar composltlon and solublhty fractions m water and alkah Polysaccharldes containing uromc acid, 
arabmose, xylose and glucose, and phenols were preferentially extracted with H,O at 100” and dilute alkali m detailed 
studies of IR32 cell walls Iodme-potassmm iodide stammg polysaccharlde 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 polysaccharldes based on gel electrophoresls and 
TCA precipitation The cell wall preparations had a hardening effect on waxy-rice starch gel 

INTRODUCTION 

Although a minor fraction of milled rice [l], the cell 
wall 1s important m mamtammg gram mtegrlty during 
milling and cookmg The water-msoluble wall maintains 
gram integrity and probably influences the relative dlrec- 
tlon of gram expansion durmg cooking (lengthwise vs 
grthwlse) as a result of starch granule swelling [2] The 
water-soluble fraction ofcell wall has been shown to affect 
the pasting vlscoslty of rice flours [3] Cellulase treatment 
of milled rice results m a lower pastmg viscosity of the 
flour suggesting changes m cell wall properties during 
agmg of freshly harvested rice may be mvolved m the 
increase m flour vlscoslty during aging [4] 

Recent characterization studies of milled-rice cell walls 
[S-S] reflect the renewed interest on this minor fraction m 
view of its complexmg ability with starch and as a dietary 
fibre source [9, lo] Commercial amylase [ll] and pro- 
tease [ 121 preparations used for preparing cell walls may 
contam 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 lsolatlon of whole wall developed for 
barley and wheat [13] Because rice 1s boded before 
consumption, fractlonatlon mto water-soluble and -m- 
soluble substances has practical value This paper presents 
our study of the properties of IR32 milled race cell wall 
preparations and those of other varieties differing m 
elongation characterlstlcs durmg cooking m view of the 
above advances in methodology since our earlier study 
[ 141 A companion paper [ 151 deals with the cell walls of 
bran and germ Studies on the water-soluble fraction are 
in progress [ 161 

RESULTS 

Preparation of mrlled-nce cell walls 

Protein extraction preceded starch gelatmlzabon since 
heating reduces protein extractablhty [ 171 Four extrac- 

tlons with 0 5 % SDS-O 6 % p-mercaptoethanol (ME) at a 
rice-solvent ratio of 1 20 (w/v) gave better extraction of 
protein from IR32 and IR36 than seven extractions with a 
1 2 (w/v) rice-solvent ratlo (> 99% vs 91-98 %) 
Residual protein m the cell wall preparations represented 
0 2-2 3 % of milled-rice protein 

Heating to 80-85” effectively gelatmlzed the starch 
granules even of samples with intermediate final gelatuuz- 
atlon temperature (7&74”) (D25-4, Palman 246, IR36, 
and IR32) making them susceptible to bacterial a-amylase 
action The 0 05 M sodmm acetate buffer was preferred to 
calcium phosphate buffer for a-amylolyns as additional 
Ca’+ was not required for the stab&y of the Bacdlus 
hchenlformls a-amylase Residual Ca’+ content ofcell wall 
preparations ranged from 0 7 to 19 % m the latter buffer. 
Preheating the a-amylase at 80” for 15 mm effectively 
inactivated the glucanase activity [18] The resulting 
destarched cell walls were negative for blue staining with 
iodine-potassium iodide reagent and for raw starch 
granules with blrefrmgence (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 (elongation ratlo c 16) gave overlappmg values 
for gel consistency (a measure of gel vlscoslty m 0 2 N 
potassium hydroxide) [19], crude fibre, and neutral 
detergent fibre (Table 1) Recovery of cell wall prepar- 
ations from these eight varlettes 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 % neutral detergent fibre, but yielded 0 57 % cell wall 
preparation Basmatl 370 gave the lowest recovery of 
0 26 % cell wall with the lowest protein content of 6 % 

Polysaccharldes were the maJor component of the cell 
wall preparations of which polyuromc acid was a fraction 
(Table 1) The polysaccharlde figure was underestimated 
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Table 1 Summary of propertles of eight varletles of mdled rice chffermg m gram 
elongation durmg cookmg and m their cell wall preparations 

Property 

Mdled rxe 

Elongatmg rice* Non-elongatmg rlcet 

Range Mean Range Mean 

Elongation ratlo 168-2 10 182 142-l 53 146 
Gel consistency (mm) 43-80 60 34-100 69 
Crude fibre ( %) 0 124 17 015 01022 017 
Neutral detergent fibre ( %) 054-084 072 0 624 75 066 

Cell wall preparations 
Recovery from mdled rice ( %) 
Polyuromc acid content ( %) 
Polysaccharlde content ( %) 
Protem content (%) 

02ti70 0 52 040-058 048 
3-5 4 2-5 4 

4672 60 43-68 59 
636 21 942 22 

Neutral sugar ratlo 
Rha 
Fuc 
Ara 

XYl 
Man 
Glc 
Gal 

24 2 2-3 2 
trace-l <l trace tr 
2632 30 21-31 26 
29-36 32 2740 33 
19-22 20 l-29 14 
9-17 12 14-30 20 
3-5 4 3-4 3 

Solulxhty fractions 
Hot-H,0 
4 M KOH, TCA-soluble 
4 M KOH, TCA-msoluble 
6 M Na0H-O 81 M H,BO, 
Residue 

69 8 Cl4 10 
40-54 48 3743 40 

2-6 3 3-17 10 
13-15 14 5-14 9 
22-30 27 2141 34 

IR29 starch gel consistency (mm)* 
Whole preparation 
Hot-H,0 fraction 
4 M KOH, TCA-soluble fraction 

49-52 50 41-55 48 
655 52 34-60 46 
4(t58 49 49-60 56 

*Basmatl 370, Dumzard, D25-4 and Calrose 
tPalman 246, IR36, IR32 and UPL-RI-I 
$Control gel consistency for IR29 starch (100 mg/l6 ml H,O) (mean of 1 and 2 mg 

adJuncts) 58 mm for whole, 62 mm for Hz0 fraction and 65 mm for 4 M KOH fraction 
runs 

because of the poor colour development of uromc acid 
with phenol-sulphunc acid [20] The prmclpal neutral 
sugars were arabmose, xylose, glucose and mannose 
together with galactose, rhamnose and fucose An excep- 
tion was the waxy sample (1 5 % amylose) UPL-RI-~ 
which had only 1 y0 mannose All these sugars were 
reported by Shlbuya and Iwasakl [6] for their milled rice 
cell walls but fucose was not detected by Mod et al [S], 
and CartaAo and Juhano [14], usmg PC, did not detect 
rhamnose, fucose and mannose The elongatmg and non- 
elongating rices gave slmllar carbohydrate composition of 
then cell wall preparations 

Stammg with Congo red showed the walls to be m the 
form of glassy, pleated sheets with some striations Cell 
walls of D25-4 and Basmatl 370, elongatmg rices, had 
smoother surfaces on SEM than those of IR36, a non- 
elongating rice Spherical protem bodies m aggregates 
were noted on the wall surface, the relative abundance 
closely followmg the protein content of the preparation, 
as confirmed by SEM Shlbuya and Iwasakl [6] also 
reported on protem body contammatlon of their mdled- 

rice cell wall preparation 
Fluorescence nucroscopy under UV excltatlon revealed 

intense green or blue autofluorescence of the walls 
suggestive of phenohcs [21] The phenols were ldentlfied 
by TLC to be mainly feruhc acid (blue fluorescence) plus a 
maJor unknown spot with R,, of 061 (yellow-green 
fluorescence) m benzene-methanol-acetrc acid (45 8 4) 
and a minor spot with Rfa of 107 Hydrolysis with dilute 
hydrochlonc acid at 80” increased the Rfa value of the 
maJor unknown phenol to 0 88 but ydded, m addition, 
two minor spots with R,, 0 94 and 1 09 Addition of alkali 
to saponify phenols caused lmmedlate bnght yellow 
colouratlon of the samples 

The cell wall preparations showed very variable protein 
contents (Table 1) They also differed m ammo acid 
composltlon, particularly lysme The three preparations 
with low lysme contents (l&22 g/168 gN) also had 
lower aspartlc acid (7 2-9 2 % vs 11 cl4 0 %), glycme 
(3&44x vs Sti8%) and argmme (51-66x vs 
7 l-8 7 %) but higher glutamlc acid (24 3-28 0% vs 
12 7-20 7%) than the five wrth high lysme content 
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(4 9-8 5 g/16 8 gN) [18] Only Basmatl 370 had a high 
lysme content (5 57”) among the four elongating rices 
Smce rice endosperm protein bodies have 3 5-4 0 g 
lysme/l6 gN [17], the wide variation in lysme content 
was unexpected The B lu+zen~fornus a-amylase prepar- 
ation purified three times by ammomum sulphate preclpl- 
tatlon had 7 “/;1 lysme, 6 % argmme, 14 % aspartlc acid, 
11 “/, glutamlc acid and 6 “/;, glycme [ 1 S] Its adsorption on 
the cell wall may explain m part this varlablhty m protein 
composltlon among samples Undigested core protein of 
milled rice protein bodies are also poor (l-2 %) m lysme 
v71 

In contrast to the findings of Shlbuya and Iwasakl[6], 
the proteins m the cell wall preparations had only a trace 
of hydroxyprolme [ 181 Higher values were obtained with 
preparations using relatively impure a-amylase by Mod et 
al [5] of 5 9 “/;, m the water-soluble fraction and 0 3-l 1% 
m the 0 5 M sodium hydroxide fraction The cell wall 
preparation of Shlbuya and Iwasaki [6] was treated with 
R nzueus glucoamylase and A melleus protease and had 19 
mol “/, hydroxyprolme 

Analytical and SDS disc gel electrophoresls of whole 
cell wall preparation and Its fractions showed protein 
bands which did not stam for carbohydrates suggesting 
the absence of linkage between protein and polysac- 
charides [18] Most of the protein did not enter the 
electrophoretlc gel m the 4 M potassium hydroxide, TCA- 
soluble and 6 M sodmm hydroxide extracts suggestive of 
rice glutelm Some protein stammg was noted at the 
posltlon of the tracking dye for the 4 M potassmm 
hydroxide, TCA-soluble fraction, which did not stam for 
carbohydrates Slmllar results were obtained with SDS- 
PAGE wherein the protein bands did not stain for 
carbohydrates suggesting the absence of glycoprotems, 
and confirming the SEM observation of the presence of 
contaminant protein bodies (mainly glutelm) [ 171 
Cartano and Juhano [14] also reported the protein m 
milled rice hemlcellulose to be contaminant protein 
Shlbuya and Iwasakl [6] suggested the presence of 
glycoprotems m milled-rice cell wall based on the high 
hydroxyprolme content of their preparation 

The elongating and non-elongating rices overlapped m 
the ratio of their cell wall preparations which were soluble 
m hot water, 4 M potassmm hydroxide, 6 M sodmm 
hydroxide-0 81 M boric acid and insoluble residue (Table 
1) The maJor fraction was the 4 M potassium hydroxlde- 
soluble polysaccharldes (37-54 %) which included pro- 
tems (2-177”) preclpltated by TCA These polysaccha- 
rides were mltlally msoluble m neutral solvents but 
became water-soluble on extractlon as observed also by 
Cartafio and Juhano [14] However, the elongating rices 
tended to have more 4 M potassmm hydroxide, TCA- 
soluble and 6 M sodmm hydroxide-0 81 M boric aad- 
soluble fractions but less of the residue or msoluble 
fraction than non-elongating rices, consistent with the 
slightly lower mean content of crude fibre of the elongat- 
mg rices The mean level of msoluble fraction amounted 
to 0 14 % of milled rice for elongating rices and 0 16 % of 
non-elongatmg milled rice which were very close to then 
mean crude fibre contents of 0 15 and 0 17 %, respectively 
(Table 1) 

Complexrng with amylopectin 

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

a hardening effect on the gel of IR29 waxy rice starch as 
reflected m a lower gel consistency value (Table 1) 
Elongating and non-elongating rices overlapped m the gel 
consistency values of IR29 starch with added cell wall Cell 
walls of IR36 and waxy UPL-RI-~, both non-elongating 
rices, had the greatest effect, with a gel consistency of 
41 mm as compared to 58 mm for the control IR36 milled 
rice cell wall also had the hardest gel consistency value in 
0 2 M potassmm hydroxide of 34 mm The hot water- 
soluble fractions also had a hardening effect on the IR29 
starch gel, with the IR36 sample bemg the most effective 
(gel consistency 34 mm) The 4 M potassium hydroxide 
fractions also had a slight hardening effect on IR29 starch 
gel with Calrose having the hardest gel (40 mm) 

Solubdrty fractlonatton of IR32 cell walls 

Prehmmary studies on IR36 milled rice cell walls 
showed that although the 0 5 M sodium hydroxide sol- 
vent of Cartafio and Juhano [14] preferentially extracted 
polysaccharldes rich m arabmose, xylose and uromc acid, 
and proteins (mainly glutelm) [18], the residue or m- 
soluble fraction still had 8 y0 arabmose, 12 T0 xylose and 
22 “/, mannose m addition to 57 “/, glucose [ 1 S] Better 
fractlonatlon was achieved by the method of Anderson 
and Stone [22] and a modified extraction procedure was 
employed m subsequent study on IR32 cell wall prepar- 
ations [ 181 Hot-water extraction was added before hot- 
ammonmm oxalate extraction smce this fraction probably 
represents residual water-soluble polysaccharldes which 
did not dissolve during mcubatlon m 7&80” water during 
cell wall preparation Subsequent 8 M urea extraction was 
deleted smce It was a minor fraction but rich m glucose 
The 0 5 M potassmm hydroxide solvent was deleted and 
4 M rather than 4 27 M potassium hydroxide was used to 
extract most of the pentosans with mmlmum mannose 
contammatlon The 6 M sodium hydroxide-0 81 M boric 
acid was retained to extract mannose-containing polysac- 
charides Because of the slmllarlty m properties of cell wall 
preparations of the eight varieties (Table l), only IR32 cell 
walls were studied m detail 

Solublhty fractlonatlon of IR32 milled rice cell wall 
preparation resulted m fractions dlffermg m polyuromc 
acid content and neutral sugar composltlon (Table 2) 
Hot-water extracted polysaccharldes were rich m uromc 
acids, glucose, arabmose and xylose The hot oxalate 
fraction was rich m uromc acids and arabmoxylans The 
4 M potassmm hydroxide fraction consisted mainly of 
arabmoxylans and glucans but was already poor m 
polyuromc acid In contrast to the 0 5 M potassmm 
hydroxide extract which had only 1% mannose [ 181, the 
4 M potassmm hydroxide and TCA-soluble fraction 
already had 11 y0 mannose m neutral sugars The protem- 
rich 4 M potassmm hydroxide-soluble, TCA-msoluble 
fraction was rich m glucose TCA preclpltatlon of protein 
from the 4 M potassmm hydroxide extract with very small 
amount of carbohydrates again suggested that the protein 
was mainly protein-body protein or glutelm soluble m 
alkali [17,23] The 6 M sodium hydroxide-0 81 M boric 
acid fraction was rich m mannose Galactose polysac- 
charldes were more soluble m neutral solvents than the 
mannose polysaccharldes The residue was essentially all 
glucose, prmclpally cellulose The arabmoxylans m the 
water and oxalate fractions of IR32 and IR36 cell wall had 
higher Ara-Xyl ratios (1 3-l 6) than m the alkali-soluble 
fractions (0 5-l 2) 
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B-Glucan assay of the hot-water and 4M potassium 
hydroxide fractions usmg fi-glucanase [24] verified that a 
maJor portion of the glucose fraction was mlxed 1,3 1,4- 
/7-glucan Immunodlffuslon assay using Yarlv antigen 
[25] specific for j?-glucan showed a faint preclpltatlon 
reactlon for the water-soluble fraction and no reaction for 
the oxalate, 4 M potassium hydroxide and 6 M sodium 
hydroxide-081 M boric acid fractions Anderson et al 
[24] reported the presence of mlxed /?-glucans m brown 
and milled rice, a maJor part of which IS hot-water-soluble 

The uromc acid was identified by TLC to be a mixture 
of glucuromc and galacturomc acids, which was also the 
case for rice bran and germ polyuromc acids [15] The 
quantity of glucuromc acid tended to be greater than that 
of galacturomc acid m the hydrolysates By contrast, 
Shlbuya and Iwasakl [6] reported only galacturomc acid 
m mdled rice pectin 

DEAE-cellulose and gel-jiltratlon chromatography 

DEAE-cellulose-phosphate fractionation of the hot- 
water fraction of IR32 milled rice cell wall preparation 
resulted m eight polysaccharrde peaks (Fig 1) The frac- 
tlons eluted with 0 10, 0 25 and 0 50 M phosphate were 
particularly rich m uromc acid (31,45 and 48 %, respect- 
ively, of the total carbohydrates) WSl was rich m glucose, 
WS3 m arabmoxylans, WS5 m arabmoxylans and galac- 
tose, and WS8 m arabmoxylans, glucose and mannose 
(Table 3) The WS6 or 0 50 M phosphate fraction was also 
rich (23 %) m galactose Ara-Xyl ratio ranged from 0 5 to 
3 2 and was highest m the WS5 and lowest m the WS8 
subfraction Rhamnose content was highest m the neutral 
sugars of the 0 25 and 0 50 M phosphate eluates as 
compared to the others (trace4 %) The WS8 subfraction 
stained deep blue with lodIne-potassmm iodide reagent 
and probably contained the lodme-staining xyloglucan 
complex prevtously reported m the 4 N potasstum hydro- 
xtde fractton of Japanese mtlled-rice cell walls [6,7] 

Subfracttons of DEAE-cellulose-phosphate chromato- 

graphy of the hot oxalate fraction of IR32 milled rice cell 
walls gave seven subfractions [18] Again the fractions 
rich m polyuromc acids were those eluted with 0 25 and 
0 50 M phosphate (Fig 1) with a uromc acid content m 
total polysaccharldes of 39 and 52x, respectively Both 
0 25 and 0 50 M phosphate eluates were rich m galactose 
Arabmoxylans were the maJor polysaccharlde m all but 
the A7 subfractlon The Ara-Xyl ratio was > 1 for all 
subfractlons except the 0 25 M sodium hydroxide eluates 
Glucose content was highest m the A7 subfraction and 
mannose was highest m both 0 25 M sodium hydroxide 
eluates Iodine-stauung of the 0 25 M sodium hydroxide 
fractions was less than those of the WS8 fraction of water- 
soluble polysaccharldes The 0 50 M phosphate subfrac- 
tion had 14% rhamnose Thus, DEAE-cellulose 
chromatographic separation was slmllar for both the hot- 
water and hot-ammonmm oxalate fractions of IR32 cell 
walls Shlbuya and Iwasakl [6] reported a higher uromc 
acid content for their hot-oxalate fractions of Japanese 
rice cell walls 

DEAE-cellulose (BO:- form) chromatography [26] of 
the 4 M potassium hydroxide, TCA-soluble fraction of 
IR32 milled-rice cell walls gave seven fractions, the maJor 
portion of which was only eluted with 025 M sodium 
hydroxide (Table 3) The BO:- eluates were rich m 
arabmoxylans with an Ara-Xyl ratlo of 0 8-l 9 The 
second 030 M BO:- eluate, H3, and H4 were richer m 
mannose and glucose than the earlier BOZ- eluates The 
0 25 M sodmm hydroxide eluates were rich m glucose 
together with xylose and mannose This fraction was 
reported by Shlbuya and Iwasakl [6] to contain the 
Iodine-stauung xyloglucan of mdled rice cell walls The 
lodme-stauung of this fraction was less than that of the 
WS8 fraction of water-soluble IR32 cell wall 
polysaccharldes 

Gel filtration on Sepharose 4B-CL of these water, 
oxalate and 4 M potassium hydroxide, TCA-soluble frac- 
tlons of IR32 mdled-rice cell wails showed polydlsperslty 
of the polysaccharlde extracts The MW range of the 

c 
/ - 

)- 

, - 

11 

-0uE.M F6+OosM Po+t-alou Po~3-0.25M PIP 4-o.5o M Pq~o.25 No 
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Fraction number 

Rg 1 DEAE cellulose (2 6 x 38 cm, PI form)chromatography of the hot H,O-soluble fraction of IR32 milled rice 
cell wall preparation (7 ml/fraction) -, Total carbohydrate, ---, total polyuromc actd 
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unresolved peaks was 1 3-64 x lo4 for the hot-water hemlcelluloses of brown rice as containing bran-bound 
fraction (five peaks), up to 104 x lo6 for the hot 0 25 % bile acids whereas mlled-rice hemlcelluloses did not 
ammomum oxalate fraction (eight peaks) and up to 19 Among the neutral polysacchandes, B-glucans of barley 
x lo6 (void volume) for the 4 M potassmm hydroxlde- are known to complex with fluorescing agents [31] and 
soluble fraction (aght peaks) UV absorption at 280 nm rice xyloglucan complexes with lodme-potassium iodide 
was highest m the MW fractions with peaksat MW 13 000 [6,7] Verlficatlon of the relative importance of these 
for the water fraction, MWs 4100 and 53000 for the various cell wall polysaccharldes m altermg the texture, 
oxalate fraction, and MW 10 200 for the 4 M potassium and possibly nutrltlonal value, of cooked rice awalts 
hydroxide fraction further study 

DlSCUSSlON 

Vanetal differences m the recovery and compositlon of 
cell wall preparations were not simply related to dlf- 
ferences m gram elongation durmg cooking of milled rice 
Differences m direction of gram swelling dunng cooking 
possibly relate to relative thickness of cell walls m the 
radial and longltudmal axes of the varieties rather than 
compositional factors Preliminary histological study of 
cooked grams showed large internal fissures through the 
walls perpendicular to the longltudmal axis at regular 
intervals m Basmatl 370 r= (elongating), which were 
absent m Palman (non-elongatmg) [27] In cross section, 
cooked Palman grams showed, along the lateral axis, an 
elongated core of small lsodlametrlc cells surrounded by 
mdlstmct cells without enclosmg cell walls Cooked 
Basmatl had intact cells of small size throughout the cross 
section Further morphological stuhes on the volume 
expansion phenomenon of these varieties are needed 

Even with the possible contammatlon of milled rice cell 
wall preparation with residual scutellum cell walls [l], 
milled rice cell walls differ from bran and germ cell walls m 
the nature of then protein fraction The proteins of 
m&d-rice wall preparations are not glycoprotems but 
probably protein-body protems together with denatured 
B ltchenlfirmls a-amylase adsorbed on protein 
Yoshlzawa et al [S] observed that adsorption of a- 
amylase to m&d-rice cell walls involved the protein 
fraction of the wall, mainly glutehn The high lysme 
content of some of the preparations 1s probably due to 
denatured a-amylase, with 7% lysme Thus, protease 
treatment may be utdlzed m the preparation of milled-rice 
cell walls, provided the enzyme 1s free of carbohydrases 
[12] Shlbuya and Iwasakl[6] and Yoshlzawa et al [8] 
obtained low-protein cell wall preparations by protease 
treatment By contrast, the protems of bran and germ cell 
wall preparations are glycoprotem based on gel elec- 
trophoresls [S, 151 with a detectable hydroxyprolme 
content of 0 4-l 6 % [15] and 0 5-O 7 % [5] 

Solublhty fractlonatlon and DEAE-cellulose chroma- 
tography of the more soluble fractions were partially 
successful m separating the component polysaccharldes of 
milled-rice cell wall (Tables 2 and 3) Neutral solvents 
preferentially extracted B-glucans, polyuromc acids and 
galactose-rich polysaccharldes and phenols Dilute 
(0 5-4 M) potassium hydroxide further extracted the 
arabmoxylans Mannose polysaccharldes were extracted 
with 6 M sodmm hydroxide-0 81 M boric acid and the 
residue was essentially cellulose Amyhd-type xyloglucan 
was extracted with hot-water, oxalate and 4 M potassium 
hydroxide DEAE-cellulose-phosphate chromatography 
showed elutlon of amyloid- and mannose-rich polysac- 
charides with 0 25 M sodium hydroxide, polyuromc acid, 
and rhamnose and galactose polysaccharldes with the 
0 254 50 M phosphate eluate and glucans with 0 025 M 
phosphate (Table 3) Arabmoxylans with high a Ara-Xyl 
ratio are eluted with phosphate and those with low a 
Ara-Xyl ratio are eluted by 0 25 M sodium hydroxide 
Different results were obtained with the 4 M potassium 
hydroxide extract fractionated on DEAE-cellulose BOZ - 
Only the 0 25 M sodmm hydroxide eluates were high m 
glucose, the 0 5 M BO:- fraction was richest m galactose, 
and the 0 10 and 0 30 M BO:- eluates were richest m 
arabmoxylans 

EXPERIMENTAL 

The hardening effect of the cell wall preparations and its 
solublhty fractions on IR29 waxy rice starch gel (Table 1) 
indicate complexmg abdity Cold-water soluble nonstarch 
polysacchandes of mllled 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] Complexmg 
reactions of cell wall with starch and cations [28] such as 
Ca’+ m the a-amylolysn buffer and bile acids [29,30], 
particularly of bran, have been attnbuted either to 
polyuromc acid, hgnm or the neutral polysaceharlde 
fraction [9, lo]. The water-soluble fractions are tech m 
polyuromc aad, phenohcs, arabmoxylans and /?-glucans 
and are dissolved during rice boding (Tables 2 and 3) 
Ferulate has been reported to be bound to a water-soluble 
polysacchande of rice bran with a MW 5-10 x lo4 [3] 
Normand et al [30] reported the cold-water-soluble 

Samples of IR32, IR36 and UPL-RI-I rough rices were 
obtamed from the 1976,1978 and 1979 crops of the InternatIonal 
Rice Research Institute experlmental farm Basmatl 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 Statlon, 
Rasht, Iran, and D25-4 (Nga Kywe) rough rice from the 1979 
crop of the Hmarobl Central Agricultural Research Farm, 
Burma The rough rice was dehulled with a Satake testmg husker 
THU-35 and the brown rice milled to 13% bran removal 
(overmdled) with a Satake TM-05 Gram Testmg Mdl The 
resulting milled rices were aspIrated in a South Dakota seed 
blower and wiped with cheese cloth to ensure removal of 
contammatmg bran Calrose mdled rice was from the 1978 crop 
of the New South Wales Department of Agriculture, Yanco, 
N SW , Austraha 

Isolatzon of rice emfosperm cell walls Mdled-rice samples 
(200 g) were soaked m 2 vols H,O for 4 hr at 0” to soften the gram 
and were then homogemzed w&h a Sdverson homogemzer Model 
L2R for 20 mm at 25” Homogemzatlon was repeated until all 
particles passed through an 80-mesh nylon sieve The slurry was 
centnfuged for 20 mm at 1000 g, the supernatant discarded, and 
the residual flour extracted with 0 5 % SDS (BDH Chenncals, 
UK ) and 0 6% p-mercaptoethanol m a w/v ratio of 1 20 
Extraction was for 3-hr periods, x 4at 25” with constant stlrrmg 
Duqewon of the slurry was effected with a Llghtnm Model L 
mixer After the last extractlon the residue was washed with H,O 
by constant shaking m a reclproad Eberbach shaker for 20 mm 
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and then centrifuged at 1000 g The whole residue was used for 
subsequent destarchmg procedure 

The washed flour sample was then resuspended m 10~01s 
05 M PI buffer, pH 5 2, contammg 170 ppm Ca*+ as 
CaCI, 2H,O or m 0 05 M NaOAc buffer, pH 5 2, wlthout added 
Ca” Ions The suspenston was stlrred and heated at 80-85” m a 
water bath for 1 hr to gelatmlze the starch, and then cooled to 70”, 
after which 30 ml of 10 x dduted a-amylase from Bactllus 
lrchenlformls (Termamyl 6OL, Novo Industries) was added The 
diluted enzyme had been previously heated at 80” for 15 mm to 
inactivate any p-glucanase present [lS] and then filtered through 
Whatman No 1 filter paper Incubation was continued untd the 
suspension was negative for starch by the I,-KI blue reaction 
The digests were cooled to 25” and allowed to stand untd all the 
msoluble residue had settled after which the supernatant hqmd 
was carefully siphoned out The residue was resuspended m 2 I 
H,O and then carefully filtered through a 3 l-pm nylon sieve The 
procedure was repeated until the filtrate was clear The resulting 
cell wall preparation was then lyophdized 

Light and JYuorescence nucroscopy Separate samples of the 
cell wall preparations were stained with 1% aq Congo red, 0 2 % 
I, m 2 % KI, and Coomassle Brilliant Blue (CBB) G-250 (150 mg 
m 150 ml 55 “/, H3 PO,-75 ml 95 y0 EtOH) [ 321 and examined 
under a Leitz light microscope at 1250 x magnification Samples 
for fluorescence exammatlon were dry-mounted on glass slides 
and examined with a Leltz Laborlux 11 fluorescent microscope 
equipped with exciter filters m the UV (34c-380 nm) and blue 
(45&490 nm) regions 

Fructlonatton procedures The IR32 cell wall (log) was 
fractionated by a moddied procedure of that m ref [22], 
conslstmg of the followmg sequential extraction twice with 
200 ml H,O at lOO”, under reflux for 5 hr each, once with 400 ml 
0 25 % (NH,),C,O., at 90” under reflux for 24 hr, once with 
400 ml 4 M KOH-O 013 M NaBH, at 25” for 24 hr under a 
continuous N2 stream and once with 200 ml 6 M Na0H-O 81 M 
H3E03&013 M NaBH, at 25” for 24 hr under N2 The 4 M 
KOH extract was further treated with TCA to pH 3 7 to ppt the 
extracted proteins which were then removed by centrlfugatlon at 
1OOOOg All extracts and the residue were dlalysed against H,O 
for 34 days at 4” using a cellulose membrane (cut off 
MW 2CQ@3000) 

Ion-exchange chromatography Samples (100 mg m 6 ml 
0 025 M PI buffer, pH 6 0) of the H,O and oxalate fractions of 
IR32 cell walls were chromatographed on DEAE-cellulose 
(Cellex D, BloRad Industries) PI form column (2 6 x 98 cm) 
employing sequential elutlon with mcreasmg concns of Pi buffer 
followed with 0 25 M NaOH [6] The 4 M KOH, TCA-soluble 
fraction of IR32 cell walls (100 mg in 6 ml 001 M BO:- buffer, 
pH 9 2) was chromatographed on a DEAE-cellulose BO:- 
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 SW: Fractions were assayed for total carbohydrates and 
uromc acids according to the procedures of ref [ 151 Fractions 
correspondmg to peaks were pooled, dlalysed agamst H,O for 
2-3 days at 4” usmg a cellulose membrane and then lyophdlzed 

Gel jiltratron chromatography MW range approximation of 
selected fractions was determined by gel filtration on a Sepharose 
IB-CL column (2 6 x 90 cm) using 0 3 % NaCI containing 0 05 % 
NaN, as eluant [15] 

TLC and CC Samples for TLC and GC analyses were first 
hydrolysed by the Saeman method as described in ref [33] The 
uromc acid residues were identified by TLC on SI gel 60 
precoated plates (Merck) using rso-PrOH-Me,C&l M lactic 
acid (2 2 1) [34], and on SI gel plates impregnated with 0 3 M 
Na2HP0, using n-BuOH-EtOHa 1 N HCI (1 10 5) [35], as 
developing solvents The spots were visualized with an 

amhne+ilphenylamme reagent m Me,CO-H,PO., [34] The 
neutral sugars were ldentlfied and quantltated by GC of their 
respective aldonomtrde acetate derivatives according to ref [ 151 

Cell wall samples for the phenohc study were defatted with 
CHCI,-MeOH (2 1) and H,O-satd n-BuOH according to ref 
[36J The defatted samples were extracted for phenohc com- 
pounds by sapomficatlon with aq 0 5 M KOH accordmg to ref 
[37] The phenohc compounds were investigated by TLC on SI 
gel F,,, 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 

Immunodtfusron Gel Immunodiffuslon exammatlons were 
carried out m Petri dishes using 3-mm thick 1 5 % special Noble 
agar containing 0 85 % NaCI, 0 1 y0 NaN, and 0 001 M Ca*+ 
[25] The centre and sample wells were 1 cm apart and had 0 9 
and 0 6 cm diameters, respectively Yarlv antigen specific for B-D- 
glucan (ca 1 mg/ml m 1% NaCI) was placed in the centre well 
Test samples (ca 2 mg/ml) were suspended m 1% NaCI, warmed 
at 50” to facilitate soln, and centrifuged to remove msoluble 
materials before placing m the sample wells Plates were kept at 
(t4” until preclpitm lmes were observed (3-7 days) 

Determtnatlon of fi-glucan content Cell wall preparations 
were assayed for /3-glucans using a specific bacterial 1,3 1,4-/?-D- 
glucan hydrolase according to ref [24] The procedure was 
sbghtly modified-the total carbohydrate content [20] of the 
hydrolysate (corrected for by a control) was determmed instead 
of the liberated glucose 

Analytical methods were essentially as described m ref [ 151 
Mdled-rse was analysed for gelatmlzatlon temp type by the 
alkali test [39], amylose content by I, colorlmetry [40], gel 
consistency [19] and elongation ratio (length of 10 cooked-10 
raw grams) on boding for 15 mm gram which had been presoaked 
m cold H,O for 30 mm [41] 
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