the 1—4 linkage between the two xylose
units of the mono-0-methylaldotriouron-
ic acid (V) is of the §- type and conse-
quently would have the structure 4-0-
methyl-a-p-GpA-(1—2)-8-p-Xylp-(1—
4)-p-Xyl.  Using Hudson’s optical su-
perposition rules and specific rotations
(in water) of 4150° for methyl 4-0-
methyl-a-p-glucosiduronamide (27, 26),
—30° for methyl 4-O-methyl-g-p- glu-

cosiduronamide (27, 26), +154° for
methyl a-p-xylopyranoside, —66° for
methyl B-p-xylopyranoside, +94° for

a-D-xylose, and —30° for §-p-xylose (3),
specific rotations were calculated for the
four mono-O-methylaldotriuronic acids.
The calculated specific rotations of
+134° and +105° for 4-O-methyl-a-
D-GpA-(1—2)-a-p-Xylp-(1—=4)-a-p - Xyl
and  4-O-methyl-a-p-GpA-(1—2)-a-D-
Xylp-(1—4)-5-p-Xyl, respectively, are
much higher than that determined ex-
perimentally (+45°). The calculated
specific rotations of +65° and —+33°,
respectively, for 4-O-methyl-a-p-GpA-
(1>2)-3-p-Xylp-(1—4)-a-p-Xyl (Va)
and  4-O-methyl-a-p-GpA-(1—2)-3-D-
Xylp-(1—+4)-8-p-Xyl (Vb) are in fair
agreement with the observed value of
+45°, indicating that the linkage be-
tween the two D-xylose residues is of the
8- type. The fact that the mono-O-
methylaldotriouronic acid displays an up-
ward mutarotation (+45°~+52°) re-
quires that the terminal reducing b-
xylose unit exist in the §- form. From
these data the mono-(O-methylaldotriou-
ronic acid is tentatively designated
0-4-0-methyl-a-p-glucosyl-uronic  acid-
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(1—2)-0-g-p-xylopyranosyl-(1—4)-8-p-
xylose (Vb) (23).
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Molecular Weights of Crystalline
Amyloses from Certain Rice Varieties

LTHOUGH the composition of rice with
A regard to its major constituents has
been studied extensively, the processing
characteristics of any variety cannot be
predicted on the basis of present composi-
tional information. Certain helpful gen-
eralizations can be made regarding am-
ylose-amylopectin ratios and probable
cooking quality, but exceptions can al-
ways be found (79). Consideration of
grain type is also useful, but not infallible.
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Fundamental research is needed in all
phases of rice composition to facilitate a
more rational interpretation of existing
information.

Because the principal chemical con-
stituent of rice is starch, any differences in
the chemical and physical properties in-
nately pertaining to the different types of
starch present should be reflected in the
properties of the rice itself. For ihis rea-
son, it was desirable to study the physical
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properties of the amyloses of rices of
widely different processing characteristics.
The present report describes a study of the
crystallization and molecular weight deter-
mination of amyloses from four distinctly
different varieties: Rexoro, Zenith, Cen-
tury Patna, and Caloro.

Experimental
Samples of Zenith, Century Patna, and
Rexoro rices were obtained from Crowley,






Table . Amylose Analysis of Hot Water-Soluble Polysaccharide Solutions
Prepared from Dried Crystalline Amylose
Colorimetric Method Amperometric Method
Wt. of Av. ml. lodine
Klett Amylose, sample, 0.005N bound, Amylose,®
Variety reading® A mg. KIO; %% “%

Caloro 129 82.2 5.18 1.22 15.0 82.9
Rexoro 146 93.0 5.18 1.33 16.3 90.1
Zenith 146 93.0 5.25 1.42 17.2 95.0
Century Patna 157 100.0 5.30 1.51 18.1 100.0

s For soln. containing 1.0 mg./100 ml.

® Based on 18.1% iodine bound by pure amylose.

Table Il. Determination of
Molecular Weights of Crystalline
Amyloses

Periodate  Viscom-
Variety Oxidation etry
Century Patna 29,000
Zenith 41,000
Rexoro 41,000
Caloro 48,000 o
Caloro check sample 56,000 44,000

retrograded amylose. The solution was
cooled to room temperature and diluted
to 720 ml. (solution A). A 40-ml.
aliquot was transferred to a 50-ml.
volumetric flask, and made up to volume
(solution B). From this solution, a 30-
ml. aliquot was transferred to a 50-ml.
volumetric flask containing 10 ml. of 2.5V
potassium hydroxide. This solution (C)
was diluted to volume and stored at 4° C.
Total polysaccharide was determined on
solution B and amylose (both ampero-
metric and colorimetric determinations)
was determined on solution C.

The four amyloses were analyzed for
their hot water-soluble polysaccharide
content by the method of Fuller, Lampitt,
and Coton (6).

Preliminary experiments with the po-
tentiometric determination of amylose by
the method of Bates, French, and Rundle
(4) revealed that the end point was not
sharp and that the method was very time-
consuming. For these reasons the am-
perometric method of Larson, Gilles, and
Jenness (73) was used and an additional
check was made by colorimetric analysis,
using the method previously published by
this laboratory (79). For comparison
both sets of data are given in Table I
The calculation of purity was based on the
Century Patna 231 sample, which bound
18.19, iodine by amperometric titration.
This value agrees with the report of Rao,
Murthy, and Subrahmanya (78) that pure
amylose binds 18.29, iodine.

Periodate Oxidation. The periodate
oxidation methods described by Potter
and Hassid (76) and Potter et al. (77) were
tested in preliminary experiments. When
the latter method was used, the rice
amylose solution precipitated before the
oxidation was complete. The concentra-
tion of the sodium metaperiodate was
then adjusted so that only 2 or 3 days’
oxidation was required.

Both free and total formic acid were
determined as described by Wolff ez al.
(22). Pfanstiechl maltose monohydrate
was used as a standard. Other chemi-
cals were reagent grade.

The 680 ml. of solution A remaining
after removal of sample for amylose and
total polysaccharide analysis was com-
bined with 170 ml. of sodium meta-
periodate solution (8.0 grams per 100
ml.) after both solutions had been cooled
to 6° C. The solution was placed in a
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foil-covered bottle and stored at 6° C.;
duplicate 50-ml. aliquots were taken for
analysis at approximately half-day inter-
vals. To each aliquot, 1 ml. of purified
(distilled from potassium hydroxide)
ethylene glycol was added to react with
unused periodate. After standing 1
hour in the dark at room temperature,
the samples were analyzed for free formic
acid by titration with standardized so-
dium hydroxide to the methyl red end
point. At this time additional standard
sodium hydroxide was added and the
solution allowed to stand for 0.5 hour at
room temperature to hydrolyze the
formyl ester. The solution was then
back-titrated with standard sulfuric acid.
The reaction was assumed to be complete
when 3 moles of formic acid had been
produced per mole of maltose.

Oxidation curves for the maltose stand-
ard and the Century Patna 231 amylose
are given in Figure 2.

Viscometry. The intrinsic viscosity
was determined with an Ostwald-
Cannon-Fenske viscometer according to
the method of Wolff, Gundrum, and
Rist (27). Separate solutions in 1.0N
potassium hydroxide were prepared.

Results and Discussion

Total Polysaccharide and Amylose
Determinations.  Preliminary analyses
of the four dried amylose preparations
for total hot water—soluble polysaccharide
gave 91.4, 98.5, 86.1, and 86.59, for
Zenith, Rexoro, Caloro, and Century
Patna 231, respectively. The insoluble
material was judged to be retrograded
amylose. Sample sizes were then ad-
justed to give solutions of approximately
the same concentration of soluble poly-
saccharide. Total polysaccharide was
then redetermined on the final solutions,
which were free of insoluble material.
With the exception of the second study on
Caloro amylose, both amperometric titra-
tion and colorimetric analyses were
used in determining amylose on the hot
water-soluble fraction. Table I shows that
the purity of the amyloses increased in
the order: Caloro, Rexoro, Zenith, and
Century Patna 231, The impurity was
treated as amylopectin, for reasons stated
below. Because of the low purity of the
Caloro amylose, a check sample was pre-
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pared which was recrystallized three times.

Regardless of whether amylose is deter-
mined by the amperometric, potentio-
metric, or colorimetric method, calcula-
tions are always based on a standard well-
purified sample which is assumed to be
free of amylopectin. The fact that con-
siderable variation is reported in the iodine-
binding capacity of rice amylose may be
significant. For example, the Anderson
group (7), MacMasters (75), and Rao
and coworkers (78) report 19.2, 19.8, and
18.29, respectively.

If the samples in question were pure,
such differences could arise from variation
in pretreatment, pH, temperature, iodine
ion concentration, etc. (7). A more
disturbing explanation would be that
such differences reflect true varietal
differences in iodine binding. Inoue
and Onodera (72) have reported that
the intensity of the iodine coloration of
amylose and amylopectin differs for
each variety of rice, and therefore, the
iodometric determination of amylose in a
specific starch should be accompanied
by a determination of the intensity of
coloration of amylose and amylopectin
samples initially separated from this same
variety of rice. Bates, French, and
Rundle (4) also reported that the iodine-
combining capacity of amylose varies
with the length of the starch chain. If
these reports are correct, a completely
accurate amylose determination by either
the amperometric or colorimetric method
would necessitate preparation of separate
amyloses, absolutely pure, for each
variety. As the varietal differences
would probably be no greater than 59,
(this being the range of variation in
iodine binding for the different cereal
amyloses), such a refinement in method
would be ill advised for most routine
work. In the study reported here, the
iodine-binding differences reported for
the samples in Table I had to be inter-
preted as varietal differences or purity
differences. The latter explanation was
chosen somewhat arbitrarily and the
Century Patna 231 sample taken as
standard, as it is customary to base
analyses on one crystalline standard, the
variety being disregarded. Whether or
not significant varietal differences exist
for the common American varieties



needs to be conclusively established,
and until the matter is settled, such a
possibility must be kept in mind in
interpreting studies of the type reported
here. The molecular weight determina-
tions are reported in Table II after
correction for amylopectin impurity
on the basis of the amylose analyses given
in Table I. The impurity present in
the recrystallized amyloses was assumed
to be amylopectin, because it is the only
other hot water—soluble polysaccharide
that could be present.

Periodate Oxidations. The periodate
oxidation values were corrected for
formic acid produced from such amounts
of amylopectin, using the data of Halsall,
Hirst, and Jones (9) as a basis for the
calculation. The wuse of their data
gave the correction: 3.125 X 10~* mole
of formic acid per gram of amylopectin.

The molecular weights of the amyloses
were calculated by the formula:

Corrected molecular weight =

A
‘B—(C><D/100><E)XC/100XF

where

A4 = millimoles of formic acid per
mole of maltose at 53 hours—
ie., 3000

millimoles of formic acid per
sample of amylose at 53 hours

weight of sample, grams

percentage of amylopectin im-
purity

millimoles of formic acid per
gram of amylopectin—i.e,,
0.3125

F = percentage of amylose in re-

crystallized preparation

m oO W
[l

it

The calculations were based on the
colorimetric analyses, as they were in
good agreement with the amperometric
data and no advantage was to be gained
from averaging the two.

The range of values reported in Table
IT exceeds the 109, error inherent in
the periodate oxidation method. Errors
involved in the other analytical methods
employed are much smaller. In view of
the preceding discussion on possible
varietal differences in iodine absorption,
the data of Table II indicate, in the
light of existing information, that there
are varietal differences in the molecular
weights of the crystalline amyloses
studied here.

Caloro Check Sample. Because the
Caloro amylose contained almost 209,
impurity, the formic acid correction was
large, and a second batch of Caloro
amylose was prepared. This sample
was carefully recrystallized three times
and was approximately 1009, pure.
Molecular  weight was determined
by periodate oxidation exactly as de-
scribed for the above samples and also
by viscometry. From the intrinsic vis-
cosity the molecular weight was cal-
culated by the modified Staudinger
equation, using the newly evaluated

constants for amylose in potassium hy-
droxide solution reported by Everett
and Foster (5). This gives a viscosity-
average molecular weight which shows
surprisingly good agreement with the
first periodate oxidation value. As
viscosity measurements give a type of
molecular weight that is always nearer to
a weight-average molecular weight than
a number-average (as obtained by perio-
date oxidation), however, it is felt that
56,000 is more nearly correct than 44,000
for Caloro.

Relationship to Other Varietal
Studies. Assuming for the present that
these corrected values represent real
varietal differences in amylose molecular
weight, it has been of interest to relate
these findings to studies on wvarietal
differences in response to chemical
treatment. Unfortunately, the scarcity
of such studies makes possible only a
few comparisons. A more serious diffi-
culty arises from the compositional
differences in the starch of these four
varieties. Amylose analvses (79) of
typical samples gave the following
results for white milled rice: Rexoro,
23.69,; Zenith, 14.99; Caloro, 14.3%,:
and Century Patna 231, 12.99;. These
will vary slightly from sample to sample,
but are representative. Because the
amylose content of the Rexoro variety
is so much higher than the other three,
any difference in response of this variety
to chemical treatment as opposed to
the other varieties is probably due to its
starch composition rather than to molec-
ular weight differences in the amylose,
if all factors except starch could be safely
excluded.

With this point in mind, only Caloro,
Zenith, and Century Pama 231 will be
compared. Batcher, Helmintoller, and
Dawson (3) made quantitative measure-
ments of some physical and chemical
characteristics of different varieties of
rice and found that the amount of esti-
mated starch in the residual cooking
liquid increased in the order: Century
Patna 231 < Zenith < Caloro. Batcher,
Deary, and Dawson (2) conducted fur-
ther studies on 26 varieties of milled
white rice and obtained similar results
for these three varieties. These workers
also measured the water uptake ratio
(the weight of the cooked rice divided
by the weight of the raw rice) of different
varieties and reported the order Caloro <
Zenith < Century Patna 231. These
differences are fairly large and may be a
reflection of amylose molecular weight
differences. The cohesiveness scores re-
ported for cooked rice by Batcher, Deary,
and Dawson place the varieties in the
following order of increasing cohesive-
ness: Caloro < Zenith < Cenrtury Patna
231, The same order is also observed
in the alkali test as reported by Little,
Hilder, and Dawson (74). When scored
for clearing and spreading in 1.7%
potassium hydroxide, the varieties rank
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as follows: Caloro > Zenith > Century
Patna 231,

Recently Hogan and Planck (77)
studied the water absorption and amount
of undissolved solids and dissolved ma-
terial of cooked rice. Their study
differed from those of Dawson in tech-
nique and in that the mechanical loss
of rice due to cooking was taken into
consideration. The percentage absorp-
tion was calculated as the weight of
moisture in cooked rice divided by the
weight for dry material in cooked rice.
The wvarietal differences in the water
absorption were reported in the order
of Caloro > Zenith > Century Patna 231
when measured at 70° C. At 100°,
results showed Caloro > Century Patna
231 (no data for Zenith). The water
absorption of rices below their gelatiniza-
tion temperatures has been related to the
gelatinization characteristics of the rice
by Halick and Kelly (8). The nature
of the compositional factors which con-
trol the gelatinization temperature of a
variety has never been delineated.
Halick and Kelly have shown that it is
unrelated to amylose content. Their
data suggest that it is also unrelated to

amylose molecular weight: Caloro,
67.5°; Zenith, 65.0°; Century Pama
231, 79.5°; and Rexoro, 73.5° C.

Their water uptake numbers as measured
above gelatinization temperatures, how-
ever, give the same order as the other
studies cited: Caloro > Zenith >
Century Pama. The signs are reversed
from those in Dawson’s study because
of the method of calculation of values
and possibly because of technique.

If the wvarietal differences reported
above result from the behavior of the
rice starch and not other components,
it is possible that they are a reflection
of amylose molecular weight differences,
or distribution, as Caloro, Zenith, and
Century Patna 231 varieties have approx-
imately the same proportions of amylose
to amylopectin.  Of course, if differences
exist in the molecular weights of the
amylopectins, such speculation is futile.
This is obviously a fertile area for con-
tinued research.
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Barley is a very inexpensive source of carbohydrate in certain areas in the West and thus a

potential source of starch.

starch of good quality.

The alkali process can be used on barley flour to produce a
Barley protein is readily dispersed in alkali and can be recovered

in yields of 77 to 86% after removal of the starch by adjustment of the pH. Of the six

varieties tested, Compana appears most promising as a starch source.
that the amino acids in two varieties of barley protein were different.
dispersion in alkali also indicated differences in the nature of the protein.

Analysis indicated
The behavior on
The existence

of a new "'pectinlike” polysaccharide in barley flour is reported.

BARLEY is rapidly becoming to the
Intermountain area what corn is
to the Corn Belt—the cheapest source
of carbohydrate. This immediately sug-
gests the possibility of using this cereal
for starch production.

Very little information has been pub-
lished on the production of starch from
barley. The wet milling technique was
found unsatisfactory (75). The other
logical method is the adaptation of the
alkali process developed by Dimler et al.
(9) for use with wheat and tried by him
on one variety of barley. This process
requires flour as the starting material.
The present study was initiated to exam-
ine the composition of barley flour and
to see if starch could be satisfactorily
recovered from it by the alkali process.

Mdterials and Methods

Six varieties of barley with a known
history, which were well adapted to
Montana, were used for this study.
Flours were prepared in an experimental

! Present address, Department of Bio-
chemistry, Duke University, Durham, N. C.
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Buhler flour mill equipped with 10 XX
bolting silk. In one case the barley
was pearled before milling.

Protein in the various products was
determined by a modified Kjeldahl
method (2), using 6.25 as the conversion
factor to convert per cent nitrogen to
protein. Starch was determined polari-
metrically by the procedure of Clen-
denning (6, 7). However, on the
“tailings fraction” it was necessary to
use a modified procedure (70). Crude
fiber and ash were determined by the
usual method (3). To determine mois-
ture, the samples were dried 16 hours at
110° C. under a vacuum of 28 inches of
mercury. Fat in the flour samples was
determined by ether extraction (4).
Fat in the purified starches was deter-
mined by acid hydrolysis and extraction
from the hydrolyzate, as suggested by
Taylor and Nelson (78). Magnesium,
potassium, and sodium were determined
by a modification of the method of Pro
and Mathers (77). Calcium was de-
termined by the flame photometric
procedure suggested by Cooley (8), and
silica was determined photometrically
by the procedure of Kerr and Trubell
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(77). Phosphorus was determined pho-
tometrically by the procedure of Allen
(7). The amino acids were determined
by the procedure described by Moore
and Stein (76). The pentosans were
measured by the AOAC procedure
(5), the distillate being redistilled and
the furfural precipitated with thiobar-
bituric acid. The “pectin” was deter-
mined by the evolution of carbon dioxide
using the method of McCready, Swenson,
and Maclay (74) on material isolated
with an ammonium oxalate extraction
and purified by the procedure described
by Kertesz (72). The fermentable sug-
ars were determined by suspending 10
grams of flour, which had been auto-
claved in a dry state to inactivate the
B-amylase, in 100 ml. of water containing
5 ml. of an active distiller’s yeast. The
loss in weight after 24 hours was used
to calculate sugars after making correc-
tions for the fermentable material
present in the inoculum.

The alkali process (9) developed for
the production of starch from wheat was
used in this study. This consists of
dispersion of the flour protein in a dilute
aqueous alkaline solution and removal



