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The amylose content of the grain of two crops of
selected JR841 lines (IR262-43-8 X Khuo Dawk
Mali 3-2-105) correlated positively with the residual
protein content of purified starch and negatively with
the water content of steeped brown rice. A low
value for water-soluble amylose at 100°C in high
amylose (3097) lines was associated with a very
high value of amylograph sctback. Gelatinization

temperawure was negatively correlated with alkali
digestibility values of milled rice and the extent o
acid corrosion of starch granules in both crops.
Grain characteristics, such as hardness, proteir. and.
amylose ¢ontent, and gelatimization  tempe, ature,
and sedimentation constant of amylopectin Wiffered
in the two crops in many of the lines.

lose content and gelatinization temperature of rice

starch differ among varicties (Juliano, 1967, 1970).
Waxy rice has almost no amylose. Nonwaxy rices may con-
tain 8 to 37% amylose (Raghavendra Rao and Juliano, 1970;
Reyes er al., 1965). Amylose content may be classified as
low (<20%7), intermediate (20--259), or high (>25¢%). Final
gelatinization temperatures range {from 55 to 79°C (Juliano,
1970). Final gelatinization teniperature may be low (<70°C),
intermediz e (70-74°C), or high (>74°C).  To minimize com-
plicating genetic and environmental factors, we have used the
same crops of lines from the same cross, differing in either
amylose content (International Rice Research Institute, 1971
Juliano, 1970; Vidal and Juliano, 1967) or gelatinization tem-
perature (Juliano et af., 1969). The identification, in the
IRRI breeding program, of lines from the same cross that have
different combinations of amylose content and gelatinization
temperature permitted us to study the relation of these two
starch propertics to other grain propertics in two crops.

: ; tarch is the major constituent of milled rice.  The amy-

MATERIALS AND METHODS

Samples of IR841 lines and the two parents, 1R262-43-8
(Peta/3 X Taichung Native 1) and Khao Dawk Mali 4-2-105,
were obtained from the IRRI Varietal Improvement depart-
ment in the 1970 dry and wet scasons.  The two crops were
grown under identical cultural management, except that 120
kg/ha of N was applied in the dry scason crop and 90 kg/ha of
N was applied in the wet season crop.  Nine lines wererey « -
sented in the dry season crop and only eight lines in the wet
season crop. Three months after harvest the samples of
rough rice were dehulled and milled.

Brown Rice. The weight of 100 grains was determined in
duplicate and the length and width of 10 grains were mea-
sured. Moisture content was determined in duplicate in 40-
mesh flour from the weight lost during 1 hr drying at 130°C
(American Association of Cereal Chemists, 1962).  Grain
hardness was estimated from 20 individual grains with a Kiya-
type hardness tester with a tapered plunger, and from the per-
centage by weight of flour coarser than 80-mesh after grinding
duplicate 10 grains for 20 sec in a Wig-L-Bug amalgar..ator
(Raghavendra Rao and Juliano, 1970). To determine the
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water content of steeped grain, dupaicate 15-g grain samples
were soaked for 24 hr in distilled water in 50-mi beakers after
vacuum infiltration for 10 mia to remove air spaces in the
grains, blotted w'th a moist chamois, weighed, and dried for
16 hr at 100°C. Wauater content was determined from the
weight lost after doyving

Pough rice of sclected samples was moistered and germi-
nated in Pet-i dishes in darkness for 4 days at 25-28°C. The
endosperm protein was separated by hand, dehulled, freeze-
dried, and ground to 100-mesh flour with a Wig-L-Bug amal-
gamator. Free sugars were extracted from a portion of the
flour with hot 8097 methanol and determined by the anthrone
method (McCready er al.. 1950).

Milled Rice. Moisture content, alkali spreading and clear-
ing values, gelatinization or birefringence end point tempera-
ture, crude protein, clongation ratio, and amylograph char-
acteristics were determined by previously described methods
(Juliano er al., 1969). Amylose content wis assayed by a
simplification of the niethod of Williams ¢r al. (1938) adapted
to an AutoAnalyzer (Juliano, 1971). Calibration was done
with rice samples of predetermined amylose content by the
method of Williams ¢z af. (1938).  The starch-iodine blue test
at 100°C for water-soluble amylose was conducted in dupli-
cate on 100-mesh rice flour according to Juliano er al. (*968a)
with the fodine reaction of the aqueous extract adapted 1o an
AutoAnalyzer.

Starch. Starch was prepared from milled rice by extracting
the protein with sodium dodecyl benzene sulfonate according
1o Reyes er al. (1965). The starch was air-dried at 35°C.
Moisture content and protein were determined in the same
way as for the rice samples. The equilibrium moisture of
triplicate 2-g starch samples was measured in a plove box ut
969 relative humidity (saturated Na.SO, solution) according
to Juliano (1964). Granule size distribution, blue vaiue at
680 nm, and lintnerization loss after 4 days at 36.0 = ¢.5°Cin
2.2 N HCl were determined by the method of Reyes er al. (1965).

Starch samples were dispersed in dimethyl sulfoxide at
100°C as a 0.6 % solution and the sedimentation constants of
amylose and amylopectin were determined in a Beckman
Model E uitracentrifuge at 20°C at & bar angle of 60°C ac-
cording to Adkins er al. (1970). A An-D rotor with a single-
sector, 12-mm aluminum cell was rotated at 15,000 rpm for
amylopectin and then at 39,460 rpm for amylose.  The sedi-
mentation constants were recalcutated to standard conditions
(Sw.). Within the variation in amylose and amylopectin
contents of the 0.6% starch solutions, the S, of amylose
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Range and Mean of Physicochemical Propertics of Grain of Selected IR841 Lines and Their Parcnts,

1970 Dry and Wet Scasons

Table 1.
L ~ Dry season crop
__Ninc lines ll;::::(l)(
Property Range Mecan Mali
Milled rice ¢ mivlose.
% dr < basis 11.6-29 .4 20.6 16.0
Final -clatinization
ten oerature, O 66.5-78.5 73 67.5
Brow: rice
HOU-prin 1.83-2.29 2.05 2.12
Gratn hardoe o
Kiya test, kg/mm« 8.7-9.8 9.3 9.8
Grinding, 9 retained
by 80-mesh screen 50.7-61.3 56.2 55.7
Water content of steeped
grain, % wet basis 28.4-32.7 30.7 31.2
Milled rice
Elongation ratio 1.49-1.74 1.62 1.78
Alkali spreading 2.7-7.0 4.8 7.0
Alkali clearing 1.7-7.0 3.8 6.4
Protein, U, dry basis 6.6-7.9 7.2 6.7
Water-soluble amylose
at 100°C, v 2.44-14.0 8.82 7.16

% For (crop X line) n-ean, including t'v> two parents,

. . Khao
___Eightlines __ pawk
IR262 Range Mean Mali IR262 LSD,5%¢
28.8 9.0-30.0 17.7 13.8 28.5 0.6**
73 64-71 71 66.5 59.5 1.5%*
2.30 1.65-2.02 1.91 1.82 2.22 0.09**
7.4 9.4-11.7 10.4 10.8 8.2 1.0%*
41.3 52.7-62.8 57.5 57.8 47.3 2.0%*
30.4 29.1-33.8 31.6 32.0 31.0 0.3%*
1.55 1.49-1.84 1.70 1.85 1.89 0.13**
5.2 2.7-1.0 5.0 7.0 6.6 0.6%*
4.8 2.0-7.0 4.4 7.0 6.3 0.6**
7.4 10.6-13.0 11.7 9.9 10.4 0.3*
11.8 3.47-13.3 7.64 6.56 10.3 0.43*+

was not affected by differences in amylose concentration but
the Sy, of amylopectin tended to be negatively correlated
with amylopectin concentration and may account for as much
as 20 Svedberg units,

RESULTS

Rice Grain. The rice lines that were tested consisted of five
low amylose lines tnat had low, intermediate, or high gelatini-
zation temperatures; one line that had low gelatinization tem-
perature and intermediate or low amylose content; and thiee
lines that had low or intermediate gelatinization temperatures
with high amylosce content.  Thus, from a cross beiween a
high and a low amylose parent, most of the 1R841 lines had
cither low or high amylose contents,

The IR841 lines from a cross between an intermediate- and
a low-gelatinization temperature parent (Table 1) had low,
intermediate, and high gelatinization temperatures.  How-
ever, only low amylose lines had high gelatinization ternpera-
tures as Beachell (1967) observed in lines from crosses between
indica and japonica varicties.  The lines aud Khao Dawk Mali
tended to have tower amyiose content and gelatinization tem-
peratures in the wet scason crop than in the dry scason crop.
Previous work in our laboratory showed a more consistent
cifect of crop scason on amylose content than on gelatiniza-
tio. _mperature (Juliano e af., 1964, 1969).

Most of the lines and Khao Dawk Mali had lower grain
weights than the TR262 parent in both crops (Table I).
The grain weights were lower in the wet season crop as
previously reported for 16 varieties (Juiiano e¢r al., 1964).
Grain hardness values diffzred among the iines and overlapped
the values of Khao Dawk Mali but they were higher than those
of IR262, both by the two niethods employed (Table 1).  The
grain hardness values were higher for the wet scason crop.

The range of water content values for steeped grain was
wide and exceeded those of the parents (Table I).  Water con-
tent was higher for the wet scason crop.

The grain length and width of milled rice were within the
values shown by the two parents and were not affected by
scason. In conrtrast, dilferences in values for alkali digesti-

bility among the lines were significant and the values were lower
than those of both parents, IR262 showed higher alkali
values in the wet season crop.

The clongation ratios of the lines tended to overlap those of
the parents in the dry season crop but were lower in the wel
season crop (Table I).  Values tended to be higher in the wet
season crop.

Protein content was higher in the wet season crop for all
samples (Table 1) because of an actual increase in protein per
grain, and probably because the starch content was lower in
the wet season, as reflected by the lower grain weight and
lower amylose content.  Similar seasonal cffects were ob-
tained previously for 16 varicties (Juliano er al., 1963). A
contributing factor was the lower solar radiation during grain
development in the wet season, which resulted in ' -+ - grain
yields.

The lines had a wider range of water-soluble amyilose values
than the parents and these values were higher in the dry season
crop, reflecting differences in amylose content between the
two crops (Table I).

Starch. The lines had a wider range of blue values of the
starch than the two parents (Table II), reflecting the lines’
wider range of amylose content (Table I). The lines also
tended to have a wider range of mean starch-granule size than
their parents.  They had a smaller mean starch-granule size in
the wet season crop than in the dry season crop.  Khao Dawk
Mali had the same starch granule size in both crops, but IR262
had a larger mean size in the wet season crop.

The equilibrium moisture content of siarch at 96 % relative
humidity differed among the lines but was higher in the wet
season crop (Table 1I). The moisture content showed the
same trend as water content of steeped brown rice (Table I).
Values previously reported for waxy rice starch granules
ranged from 23.7 to 24.7 % (Juliano e7 al., 1969).

Residual protein differed significantly among the lines and
between the two parents and between crops, but tended to
increase with amylose content (Table II).  These results agree
with those of Horiuchi and Tani (1966). Reyes er al. (1965)
found no correlation between residual protein and amylose
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Table I1. Range and Mean of Physicochemical Properties of Starch of Sclected IR841 Lines and Their Parents,
1970 Dry and Wet Scasons

Dry Scason Crop

Wet Season Crop

o Khao
Nine lincs Dawk
Property Range  Mean Mali
Final gel. temp, °C 66.5~78.5 73 67.5
Blue value at 680 nm, A 0.127-0.336 0.231 O 180
Mean granule size, u 4.6-5.9 5.4 5.0
Equilibrium moisture at 967
r.h., 9 wet basis 20.5-24.4 22.5 21.5
Protein, ¥ dry basis 0.09-0.51 0.27 0.10
S.0.w amylose, Svedbergs 4.9-6.06 5.8 6.2
Sao.w amylopecting, Svedbergs 73-22¢ 128 112
4-Day lintnerization loss. g 37.5-56.0 451 57.1

¢ For (crop X line) mean, including the two parents.

Bl

IR262 Range Mean Mali IR262 LSIY 5%
73 64-77 1! 66.5 9.5 1.5**
0.286 0.126-0.2806 0.196 0.168  0.306  0.014**
5.3 4.2-5.5 5.0 A9 0.0 0.4**
20.4 22.4-24.6 239 25.2 234 0.5
0.41 0.14-0.63 0.2 016 0,061 0.04%*
5.4 4.9-6.4 5.5 5.7 54 0.8**
85 76-237 139 109 8O RE b
42.8 41.6-59.0 48.6 61.0 490 1.2%*

Tatle 111, Simple Corrclation Cocfficients of Physicochemical Properties of Grain and Starch with Amylase Centent and Final
Gelatinization Temperature of IR841 Lines, 1970 Dry and Wet Scasons

" Amylosc content

Property Dry scason
Final gel temp. of starch —0.443
100-grain wt of brown rice 0.499
Grain hardness, Kiva test —-0.318
Grzin hardness, grinding —-0.418
Alkali spreading values, milled riee 0.576
Alkali clearing values, milled rice 0.439
4-Day lintnerization loss, starch —0.095
Water-soluble amylose at 100°C (.955%*
Blue value of starch 0.980**
Protein content of milled rice —0.391
Protein content of starch 0.904**
Water centent of steeped brown rice —0.975%*
Moisture content of starch at 9627 r.h, --0.525
Granule size of starch 0.295
Sa0.w Of amylopectin —0.567
Sa0.w Of amylose 0.487
Elongation ratio during cooking 0.726*

« Nine lines in the dry scason and cight lines in the wet season,

Simple correlation coeflicient with B )
Iinal gelatinization temperature

Wel scason l)f}' season Wet season

—-0.316
0.4.0 —0.731* —0.612
~0.485 0,330 0.206
—0.567 +4-0.406 +-0.097
0.373 —0.971** --0.951**
0.249 —0.996** —0.958**
—0.088 —().836** —0.885**
0.930** —-0.399 —0.175
0.965** —0.534 -0.312
—0.025 0.541 —0.264
0.966%* —-0.233 —0.198
~0.949** 0.425 0.290
—0.908** 0.681* 0.116
0.030 0.016 —0.233
—0.628 0.834»> 0.619
~0.124 0.017 —.382
0.375 0.127 0.348

content of starch from different varicties grewn in different
seasons and locations,

Molecular weights of amylose as indexed by Su,. values
difTered among the lines but each fine had the same value in the
two crops (Table H). Only three of eight lines differed in
amylose Su.. values far the two crops. — Su, values for amylo-
pectin showed a wider range and were higher than 8., values
of amylose.  Four of the eight lines differed in amylopectin
S0« values between the two crops.  These differences reflect
true differences in molecular weights, since the two crops of
cach line had similar amylose content.  The diflerences in
amylopectin Sy, values among the lines also reflect true dif-
ferences in molecular size since they are much greater than
the observed concentration effect on Sy, of 20 Svedbergs.
Reported $°%;., values are 3.5 to 5.8 Svedbergs for amylose
and 30 to 1400 Svedbergs for amylopectin (Juliano, 1967).

Weight loss after lintnerization for 4 days ditTered among
the lines but showed a wider range of values than those « ¢ he
parents (Table 1I).  Lintnerization loss was higher inth - “et
season crop.

DISCUSSION

The amylose content and gelatinization temperatures of
both the diy scason and wet season crops of the IR841 lines
were not significantly correlated (Table ). This verifies the
reported general independence of these two starch propertics
(Beachell, 1967; Julianoet al., 1969).
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Grain weight and grain hardness were not correlated with
amylose content and gelatinization temperature, except for a
signiticant negative correlation between grain weight and final
gelatinization temperature in one crop (Table HD.  Vidaland
Jutiano (1967) found similar hardaess scores for three isogenic
pairs of waxy and low amylose, nonwaxy rices.  In contrast,
conflicting correlations with gelatinization temperiture were
obtained with waxy and nonwaxy samples (International Rice
Research Instituie, 1966).  Since Nagato and Kono (1963)
found the best hardness distribution score for a variety that
has high gelatinization temperature, Century Patna 231, in
relation (o other varieties with lower gelatinization tempera-
ture, grain hardness probably corrclates with gelatinization
temperature, a physical property of the starch. Presumably
dilTferences in gelatinization temperature of the starch are re-
flected in some properties of the whole endosperm, as shown
by the use of the alkali test on mitled rice to measurc gelutini-
zation temperature (Juliano er «f., 1909). In both crops, in
all lines alkali spreading and clearing values were highly signifi-
cantly correlated with gelatinization temperature but not with
amylose content (Table I1I).

The significant negative correlation between lintnerization
loss of starch granules and gelatinization temperature (Table
M) indicates that gelatinization temperature reflects accessi-
bility or porosity of the starch granule to soivents and hy-
drolyzing agents, including alkali, acid, a-amylase, and ot
water (Juliano er al., 1969). After 4 days’ germination in
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Table IV. Properties of Milled Rice of Two Lines Differing in Water-Soluble Amylose at 100°C

IRB41-49-1 IR841-28-2
Dry Wet Dry Wet
Property season season season season
Amylose, 7 dry basis 29.4 29.6 28.4 30.0
Wwater-soluble amylose at 100°C, 7 12.3 10.2 14.0 13.3
Final gel. temp, <C 66.5 64 74 74
Protein, ¢ dry basis 6.7 12.5 6.7 1.1
Amylograph setback viscosity, B.U. +440 ces +4-190 v

light, two lines of similar protein (10.6-10.7%) and amylose
(15.0-15.4%) contents showed different increases in free sugars,
The line that had low gelatinization temperature of 68°C
showed an increase of 93 pg of glucose, while the line with high
gelatinization temperature of 76.5°C increased only by 37 ug
of glucose. Although the difference in the increase in free
sugars was related to ditference in gelatinization temperatures
(Reyes ef al., 1965), another factor may be actual differences
in amylolytic activity in the germinating grain.

The water-soluble amylose at 100°C of milled rice and the
blue value of starch were correlated only with amylose con-
tent of milled rice (Table HI). But, two of the three high
amylose lines and 1R262 gave at least 297 lower values than
the other high amylose sample.  This observation confirmed
previous findings that above a critical amylose content of
about 309, the lincar relationship between water-extractable
amylose and total amylose content does not hold because of
in situ retrogradation of amylose (Juliano ez al., 1968a). The
amylograph characteristics of two such high amylose lines
differing in soluble amylose values at 100°C revealed that the
line: with low-soluble amylose value was more resistant to de-
crease in viscosity during cooking and had a higher setback
value when cooled to 50°C than the other sample (Table IV).
A high amylose varicty, such as IR8, shows this amylograph
setback character of over 300 Brabender units (B.U.) although
its amylose content may vary from 27103397, In fact IR841-
28-2 had 30.0% amylose in the wet scason crop but it still re-
tained its high soluble amylose value (Table 1V).  Hence, low
values for water-soluble amylose at 100°C may e used for
identifying rice varictics that have 27 to 33% amylose.  Such
varietics are ideal for noodle-making because their cooked
grains readily harden and they resist disintegration if they are
overcooked.  Varieties with 25 to 279 amylose, which show
maximum values for water-solubie amylose »Juliano er al.,
19684), should find general acceptance in tropical Asia since
their cooked grains are flaky but not very hard.  We propose
to call this fourth amylose type as intermediate-high, in addi-
tion to low (<2097), intermediate (20-25%;), and high (>2777).

Protein content, amylose content, and gelatinization tem-
perature were not significantly correlated (Table 111).  The
absence of correlation between these three properties has been
previously reported (Juliano er al., 1965).  However, the pro-
tein content of the purified starch was positively correlated
with the amylose content but not with the gelatinization tem-
perature of the starch.  Because of the association of such
protein as bound adenosine diphosphate glucose-starch glu-
cosyltransferase with the nonwaxy starch granule and its rela-
tionship to amylose content (Baun er al., 1970), this residual
protein may include enzymes complexed or bound to amylose.

The water content of steeped brown rice was negatively cor-
related with amylose content, but it was not correlated with
gelatinization temperature (Table 111).  Moisture content of
siarch at 96 % relative humidity, however, was negatively cor-
related with amylose content only in the wet scason crop.

Juliano (1964) reported that waxy rices have a higher moisture
content than nonwaxy rices above 73% relative humidity.
That may explain why waxy rice seeds lose their viability dur-
ing storage faster than nonwaxy grains. Interestingly, Juliano
et al. (1969) did not find a correlation between gelatinization
temperature and moisture content of starch at 967 relative
humidity for five waxy rice lines.  The lower absolute density
of waxy starch in comparison with nonwaxy starch (Reyes e/
al., 1965) and the presence of micropores in the waxy rice
starch granule (Watabe and Okamoto, 1960) may explain the
greater capacity ol low amylose rices to hold water.

The size of the starch granule was not correlated with its
amylose content and gelatinization temperature.  However,
the Sum.. of amylopectin was positively correlated with gela-
tinization temperature in the dry seasen crop but it was not
correlated with anmiylose content.  The S, of amylose was
not correlated with cither amylose content or gelatinization
temperature.  Our previous studies on lines differing in cither
amylos2 content or gelatinization temperature showed that an
increase in molecular weight of amylopectin or a decrease in
molecular weight of amylose, as indexed by intrinsic viscosity,
was correlated with a lower gelatinization temperature or &
higher amylose content (Juliano, 1970; Julizno e ul., 1969).
Differences in amylose content were more consistently related
to differences in amylose viscosity than to differences inamylo-
pectin viscosity, whereas differences in gelatinization tempera-
ture were better related to ditferences in amylopectin viscosity.
Starch fractions differing widely in intrinsic viscosity also
differed in Sw.. values.  Since the trend observed for molecu-
lar size of amylopectin in refation to gelatinization temperature
in the lines differing in both amylose content and gelatiniza-
tion temperature was the opposite of that found previously for
lines differing only in gelatinization temperature, and since no
trend was found for molecular size of amylose, no relation-
ship between molecular size of starch fractions and differences
in amylose content or gelatinization temperature may be ex-
pected among different varicties, as reported by Reyes er al.
(1965).

Although the clongation ratio was not significantly corre-
lated with gelatinization temperature, it was positively cor-
related with amylose content in the dry season crop. A con-
tributing factor w. 3 the narrow range of elongation ratios ex-
hibited by the lines.

Most physical properties of the grain (except water content
of steeped rice) are probably better correiated with gelatiniza-
tion temperature, a physical property of the starch, than with
amylose content, a chemical preperty.  Properties of the
cooked rice, however, are better correlated with amylose con-
tent than with gelatinization temperature, since most of the
physical structure of the raw starch granules changes during
cooking. But, in correlation studies on rice properties, only
the properties that are correlated in the sume two crops of the
samples should be considered valid because environment af-
fects such properties as grain weight; grain hardness; water
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content of steeped rice, and of starch at 96 %7 relative humidity;
amylose content, blue value, and starch-iodine blue values at
100°C; gelatinization temperature, aikali spreading, and clear-
ing values and lintnerization loss of starch; protein content;
and Sa.« of amylopectin (Tables I and 11).

LITERATURE CITED

American Association of Cereal Chemists, *‘Cereal Laboratory
Methods,” 7th ed., St. Paul Minn., Sec. 441-15, 1962,

Adkins, C. K., Greenwood, C. T., Hourston, D, J., Cereal Chem.
47, 13 (1970).

Baun, L. C., Palmiano, E, P.. Perez, C. M., Juliano, B. O., Plant
Physiol. 46, 429 (1970).

Beachell, H. M., huern. Rice Comm.
(1967).

Horiuchi, H., Tani, T., dgr. Biol. Chem. (Tokyo) 30,457 (19€5),

International Rice Rescarch Institute, “Annual Report 1965,
Los Banos, Philippines, p. 69, 1966,

International Rice Research Institute. “Annual Report for 1970,
Los Banos, Philippines, p9, 1971,

Juliano, B. O., Cereal Chem. 41, 191 (1964),

Juliano, B. O., Cereal Sei. Today 16, 334 (1971).

Juliano, B. O., Denpun Kogyo Gakkaishi 18, 35 (1970).

Juliano, B. O., lntern. Rice Comm, Newsler, (sp. issue) p 93 (1967).

‘ewsiet, (sp. issue) p 161

Juliag%%, B. O,, Cartaio, A, V., Vidal, A. 1., Cereal Chem. 45, 63

(1968a).

Juliano, B. 0., Ignacio, C. C., Panganiban, V. M., Perez, C. M.,
Cereal Sci. Today 13, 299 (1968b).

Juliano, B. Q., Onate, L. U., del Mundo, A. M., Food Technol, 19,
1006 (1965).

Juliano, B. O., Bautista, G. M., Lugay, J. C., Reyes, A. C., J. Acr.
IFoon Crenm. 12, 131 (1961),

Juliano, B. O., Nazareno, M. B.. Ramos, N. B., J. AGr, Foon
CueM, 17, 1364 (1969),

McCready, R. M., Gugpolz, J., Silveira, V., Owens, H. S, Anal.
Chem. 22, 1156 (1950,

Nagato, K., Kono, Y., Nippon Sakumotsu Gakkai Kiji 32, i8]
(1963),

Raghavendra Rao, S. N., Juliano, B, O., J. AGr, Foop Cuis, 18,
289 (1970).

Reyes, A. C., Albano, E. L., Briones, V. P, Juliano. B. 0., J.
AGK. Foon Cria, 13, 438 (1965,

Vidal, A, 1., Juliarno, B. O., Cereal Chem. 43, 86 (1967),

Watabe, T., Okamoto, H., Nippon Sakumorsu Gakkai Kiji 29, 89
(1960).

Witliamis, V. R, Wua, W, T Tsai, Ho Y. Bates, H G L A,
Foob CleM, 6, 47 (1958).

Received Jor review October £, 1971, dAccepted December 13,1971,
Part of this work is the M.S. thesis of N, Kongseree at the College of
Agriculture, Unicersity of the Philippines., Los Buaiios,





