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Miustretive rice eolor values (lightness values as measured by the Gardner Color
and Color-fHiTeronce Aetor).
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QUALITY EVALUATION STUDIES OF FOREIGN
AND DOMESTIC RICES

By J. B. Simrson, Ofice of Adminisiralor; C. R. Apair, Crops Research Division;
G. 0. Konuen, Western Utilizalion Research and Development  Division;
E. 1. Dawsox, Human Nwtrition Rescarch Division; il. J. DeosaLD, Southern
Ltitization Research and Development Divigion; E. B. Hesrer,! Western Ulili-
zation Resenrch and Development Division; J. 'T. rtocan, Southern Utilization
Research and Development Division; . M. Barcugsr, Human Nulrition Research
Division; and J. V. Havuwk,? Crops Hesearch i ivision

PART 1.—OBJECTIVES AND SCOPE

Introduction

A cooperative project between the Agricultural Research Service
(ARS) and the Foreign Agricultural Service (FAS) was initiated in
1957, as & first step toward defining the kinds of rice that move in
international trade and the kinds preferred by consumers in import-
ing eountries. The primary zoal of this joint investigation was to
establish some busis for coniparing the competitive position of a

articular rice in a particular market. Lack of international grades
in rice and of correlation of individual grading systems has made this
comparison difficult up to the present tune.

A second purpose of this cooperative project was to obtain infor-
mation that would aid rice-production research agencies in developing
new strains and varieties of rice especially adapted to the requirements
of overseas markets, thus assisting in directing rice of the most desired
types into each significant marketing area.

A third objective of the investigation was to develop basic knowledge
of the interrelationships between chemical composition and physical
characteristics as affecting processing rnd cooking characteristics,

This project has embraced a two-part study on nearly 600 milled
or partially milled foreign rices obtained by Toreign Agricultural
Service during 1958 and 1959 in 33 countries, representing 15 net ex-
porters and 18 net importers. The first part of this study was based
upon analyses by the Agriculbural Marketing Serviee (AMS) labora-
tory at New Orleans to evaluate the foreign rices in terms of U.S.
grade standards. That part of this study has been reported in
@A nalysis of Selected Varieties and Grades of Rice Moving in World
Trade,” (39)° which discusses and summarizes the grading reports,

Phe second part ol this investigation, reported herein, was done by
the Agricultural Research Service ({ARS), in which detailed chemical

' Drecensed.
7 Resigned.
3 Ttalic numbers in parentheses refer to Literature Cited, p. 184,
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and physical quality evaluation studies have been conducted on these
foreign rices. The ARS studies were made by four Divisions: the
Western Utilization Research and Development Division (Albany,
Culif.), the Southern Utilization Research and Development Division
{(New Orleans, La.), the Crops Research Division Liaboratory at the
Rice-Pasture Experiment Station (Beaumont, Tex.), and the Food
Quality Laboratory of the Human Nutrition Research Division
(Beltsville, Md.). Samples of U.S. rices (long-, medium-, and short-
grain) were included for comparative purposes. Both objective and
subjective test methods were used in these studies.

Samples Obtained

Representatives of the Foreign Agricultural Service were responsible
for obtaining und shipping the samples from the foreign sources.
Samples were tuken from stocks of rice in storage for export, from
shipments enronte, from shipments in storuge at ports of destination,
and from local stocks of indigenous rice, including samples from retail
market outlets. The FAS report (39) gives the conditions for sam-
pling, und information concerning: Points of origin; local or trade
names ol varisties; grades at points of origin (if a system of quality
grading existed); years grown; special processing (i.e., parboiled,
slazed, etc); whether grown as upland or irrigated rice; whether
the variety was a major one in export or domestic markets; quality
factors and clusses as reported by AMS grading service.

Representative milled or partially milled samples of about 3 pounds
each were obtained under standard sampling procedures. Esch sam-
ple was divided into vwo or more parts; one part was forwarded to the
Grading Service Luboratory (AMS) at New Orleans for evaluation
by U.5. grade standards, and the other part or parts were sent to the
specified ARS [nboratories. The samples were packed in polyethylene
bags, seuled with tape, und shipped in heavy canvas bags. Shipment
was by air to minimize changes due to aging, temperature variation,
moistire fluctuation, insect infestation, and mishandling. Samples
were received in good condition, with only a few exceptions.

The numbers of samples received from each of the 33 fareign coun-
tries represented in this study, totaling 557 samples, were:

Number of

Couniry samples
Afries, South . . ___.____._ 5
Argentinn .o . 11
Australin . oL 1
Broazil. . oo . 16
Barma . L A7
Coevlon. e 14
Chile 48
Colowbin. __ e 5
Ef: waebor_ L e e 6

B D e e e e 5
ElSatvador . .. 2
FURUNCE . o 6
GeTmany, Woest. & oo oo 15
Glhann . 1
Grecte .« e 16
Cuatermnla____ " b4
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Number of
Country samples
Inding v wmeaaas e dam e mem————————————— G8
Tndonesis 32
15

(i

2
Japan 84
K OT A e e e e mamsm——————————— 12
Mexicn
Nigerig
Pukistan, Baat
Pakistan, West
Peru_ e e mmmmmm e
Philippines
Porlugnl e mmm———
Spain
Thailand
Turkey___-_. et e M Ammmmm e mmmmmrm =

Performance of Testing

The Crops Research Laborntory at the Rice-Pasture Experiment
Station received a part of every sample. Portions of over balf the
sumples—ropresenting most of the countries and all of the grain
types—were sent to the Food Quality Laboratory of the Human
Nutrition Research Division for cooking and relsted tests. In gen-
eral, the Southern Utilization Research nnd Developnient Division
made determinations primarily on the long-grain samples, and the

Western Utilization Research and Development Division was pri-
marily concerned with evaluating short-grain rices, with both labora-
tories being involved in evalualing the medium-grain samples.

Quality Characteristics Determined

For the purpose of evaluating the quelity charncteristics which are
distinetly npart from the presently recognized marketing characteris-
ties, this presentation of the studies made by the four Agricultural
Research Service laboratories is limited to the following numerically
valued tests and mensurements:

Physical Measurements:
Kernel Length
Kernel Width
Broken Kernels
Color
Thermal and Chenrical Renctions:
Gelatinization Temperature
Heat Alteration
Water Uptake und Sedimentation {at 77° C. and 82° C.)
Alkali 8preading and Clearing
Chemical Determinations:
Lipid Content (Surface nnd Total)
Protein (Nitrogen)
Moisture
Crude Fiber
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Cheriical Determinations—Continued

sh
Starch Content (Total, Amylose, Amylopectin)
Starch-Iodine-Blue Value

Palatability Characteristics (Alter Cooking):
Appearance
Cohesiveness
Tenderness
Flavor.

It 1s emiphasized that the analytical values determined in these
investigations depict the measurements made on these prrticular
samples,  Many of these values are dependent on the degree of milling,
the grading system used, handling and storage conditions, or other
factors.  Tn other words, the results reported on these samples do not
necessarily reflecl the true inherent charncteristics brsed on whole
grain rices harvested al aboutl the same moisture content and milled
and stored under compurable ides! conditions, However, these
reported values are helieved indientive of the quality of the rices
moving in these market channels at the time.

The choice of tests for evaluntion of rice quality has been buased on
a careful study of the findings reported by rice researchers in the
technical Hiterature, and on = knowledge of the elements used in U.S.
grading laboratories to determine market, quality.

Kernel dimensions, particularly length, have long been prime chare-
teristics for establishing quality of rices. A study of these charagcter-

istics, plus n consideration of the nmounts of droken Fernels preseitt,
therefore has been included in this mvestigntion,

The color of rice samples submitted in this exaumination of world
samples varied over & wide range, as will be seen from the frontispiece.

Color is important in the grading of rice, since whiteness is n widely
recognized criterion of quulity, TFor this study, n sensitive colorimeter
was used for evaluating color beenuse subjective methods do not show
fine gradations and introduce an operalor variable. The value of
this instrument had been demonstruted in other rice investizutions by
researchers ab the Western [tilization Research and Development
Division (21, 22, 40).

The principal chemical constituent of rice is starch. Reagents or
other factors that produce discernible changes in starch will therefore
effect related changes in the intact rice grain.  Similarly, differences
in the chemical and physical behavior of rice that innately pertain
bo the different types of starch present will be reflected in the rice
itsell, as their proportion differs from variety to variety. Rice
starch is composed of two molecular types: A large branched molecule
called amylopecting, and n smaller uabranched or “straight chain’
molecule ealled amylose.  Because of the structural difference in these
molecules, they respond differently to treatment with water, iodine,
alkali, and other rengents.  Common rice varicties contain both types
of starches, but the glutinous rices contain only st amounts, if
any, of amylose starch. With referenece to American rices, it is
known that a general relationship exists between geain type and
cooking quality.  According to Jodon and de In Houssaye (23}, the
characteristics of cooked rices vary from “very stieky” to “Hsky,”
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the short- and medium-grain varieties being somewhat sticky, whereas
the long-grain varieties are usually flaky. Thus the question arises as
to whether correlation of ¢ooking quality should be made with grain
type or with chemical composition which usually varies with grain type.
Willinins and others (46) found, in studies of U.8. varieties, that as &
general rule, the long-grain types had higher amylose content. Toro
and Contury Praina were exceptions in this regard, and when cooked
they are more sticky than other long-grain rices. These Toro and
Century Patnaricos, despite theirshape characteristics, havelow smylose
conlent, indicuting that emylose may be an important factor in de-
termining the processing characteristics of rices. Asa corollary, one
could say the same of amylopectin, and of the ratio between the starch
constiluents, Thercfore, [or this study, percentages of total starch,
amylose, wmylopectin, and ratio of mmnylose to amylopectin were
mensured or ealeulaled.

The property of wiler uptake by rice at 77° C. and 82° (. has been
mensured because it hus a bearing on cooking and processing quality
(16). The same is Lree of loss of solids into the covking water (20).
Sticky rico varioties lose more solids into cooking water than do the
flaky typos. For exumple, certain long-grain domestic varieties such
ns {{cxnro and Bluehonnel are preferred for certain commercial

processed products because sloughing of solid mntier with these rices
iy nindmal,

(olatinization temperature is related to water uptake, according to
findings reported by Hulick and Kelly (16). Shert- and medium-
griin rice varieties having low gelutinization temﬁemtures absorb

more water than do moest of the long-grain types. ors ngain, Toro,
a Jong-grain rice with & low gelatinization temperature, was gimilar to
the short- and medium-gratn rices in water-uptake behavior. Two
long-grain varieties with high gelatinization temperatures, Early
Profific and Century Patna 231, absorbed less water than did any other
domestic rices.

The starch-iodine-blue value was originally used by Roberts (40) in
examinalion of parboiled rice semples. Tt was luter found (77) that
this method eould be used to determine vurietal differences using rice
that waus not parboiled.  The test is indicative of the amylose soluble
under the conditions of measurement, and has been shown to have a
close correlntion with lotal amylose content (45).  For this renson, the
iodine-blue vnhie is nnother measure of cooking behavior. The test is
rugt at 77° (L, which is above the gelatinization temperature of many
short-grein varteties but below that of such long-grain varieties as
Clentury Patna 23i. This test, therefore, helps to distinguish rices
from that standpeint beeause during gelatinization ainylose appears
Lo solubifize, und in turn participates in the fodine resction.

The wlkali spreading and clearing fest was selected because investi-
ratinns by Little, Hilder, and Dawson (37) showed that differences in
response to this reagent, of varieties and lots of rice, paralleled in
goneral the differences in subjective assnys of cooking quality. Highly
significant relationships wera found betwesn scores for cohesiveness of
cooked smmples and the extent of spreading nnd elenring of rice grains
immersed in dilute alkali.
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The heat alteration value (30) is n procedure for predicting cohesive-
ness characteristics of rice varieties when cooked. Tt involves micro-
scopic examination of finely ground rice after being treated with
water at 60° C.  Rices that are fuffy or flaky after cooking show little
change in the granules when this test is applied, whereas rices that
clump or show pronounced cohesiveness become more or less
gelatinized.

The attributes of appearance, cohesiveness, tenderness, and flavor of
cooked rice are the final criteria of cooking quality. "The experimental
rice-cooking proceduves developad at the Human N utrition Resesrch

ivision, Agricultursl Research Service, Beltsville, Md., have been
found very suitable for the subjective evaluation of these qualities of
rices {8, 6).

Total lipid content affects nutritional and other properties. Assay of
surface Lipuds wus adopted because it had been demonstrated in tests
of Zenith and Rexark rices (3) that the amount of fat extracted from
whole milled rice wus in linear relationship to the amount of bran
removed up to about six percent of brown rice starting material, It
was further shown that for a given variety, the relationship between
the percentage of bran removed and the percentage of fat remaining
on the milled rice is con. .ant from year to year. Those studies indi-
cate that the fut removable from the surface of milled rice is o reliable
measure of the amount of inner bran snd alewrone Inyer mmainin%

Protein_content is important from a nutritional standpoint. The
amino acids in rice, which occur combined as protein, have been
investignted ut Louistanu State University Biochemistry Department
(85, 36)* with respect to variation of kind and snount ameong different
rice varieties. The location where the rice was crown was found to
have an important bearing on the content of individual amino acids,
Removal of bran layers, as in milling, causes & decrease in the protein
content of rice, and also in the essentinl amino acid content, From
results on rice milled to different degrees, it was concluded that the
nature und distribution of protein within the grain was not uniform.
Moreover. an increasein the nitrogen or protein content of a particular
variety, froin whatever cause, did not necessarily reflect an improve-
ment 1n the essential amino acid patiern of the grain., Al rice sam-
ples examined in the present study were analyzed for percentage of
total nitrogen, and protein was computed by multiplying the figures
by the appropriate factor.

The factor of moisture content is paramount in defermining mainte-
nance of quality in rice during storage, because its level controls the
tate of deterioration and infestation of the grain. Commonly
accepted moisture contents for ‘safe” storage are 13 percent for less
than & months’ storage, and 12 percent for long-term storage (10).
When moisture exceeds 15 percent, rice is automatically classed as
“sample” grade in U.S. grading laboratories. Other quality fauctors
may be adversely affected by excessive moisture, The value of
moisture content in rice analysis, however, is in computing percentage
of other constituents such as starch and protein to the dry basis.

SKymad, K., 1953, vARIATION IN AMINO AGID CONTENT OF RICE VARIETIES,
[Ph. D. thesis.” La. 8ta. Univ., Baton Rouge.]
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Fiber and ash, minor constituents of rice, apparently are of relatively
little importance as quality factors. They were determined on &
representative number of samples to ascertain whether unususl
differences would be found among the samples collected throughout
the world. Investigators at the %outharn. Utilization Research and
Development Division found that cultural environment influenced the
ash content of white milled rice {33). In this study of world rices,

correlations of fiber and ash contents with other factors were not
evaluated,




PART HL.—METHODS AND PROCEDURES

Physical Measurements

Kernel Length and Width

Kernel length and width of milled grains were determined by mens-
uring (in millimeters) 20 whole grains (full-length grains free from
breakage), selected at random from a small representative sample,
and calculating mean values. The image of the rice grains to be
measured was reflected on the screen of a modified photographic
enlarger and nugnified exactly 10 diameters. The acduracy of the
magnification was checked by placing a transparent millimeter scale in
the field and measuring the enlarged image.

Kernel length was classified as:

Long {1)—56.16 mm. and greater.
Medium (M}—5.16 mm. to 6.15 mm., inclusive.
Short (8)—>5.15 mm. and less.
Loug-, medium-, and short-grain rices are illustrated in figure 1.

LONG GRAIN

O

"0y LU

SHORT GRAIN ) MEDIUM GRAIN -

00t OOV VRV VST ATIIN NN AU T

Freure 1~-Samples of long-, medium-, and short-grain rices.
Broken Kernels®

The percentage of broken kernels was determined on & weight basis by
anslyzing & 100-gram sample of the milled rice. Broken kernels are

* Percentage of broken kernels for all samples was determined by the AME
Grain Grading Service Laboratory, New Orleans, La.

8
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defined as pieces of kernels that are less than three-fourths the length
of & whole kernel, and fragments of split kernels. Broken kernels were
separated out by using standard sieves and sizing plates, In accord-
ance with the methods prescribed by the U.S. Department of Agricul-
ture, Agricultural Marketing Service, for determining the grade of
milled rice samples ().

total weight of broken kernels
weight of sample

Percintage of broken kernels= >(100.

Kernel Color

Kernel color was determined with a Color and Color-Difference
Meter (such as & Gardner or Hunter) (fig. 2) standardized on the “L”
scale with a light-yellow standard (C-LY-1091-58), values Li=78.4,
a =—1.6, b.=22.9 {/2). Glass cells (optical glass base, 82 mm. in
diameter, and 38 nun. in height) were filled with the rice, leveled with
a spatula, the cells placed over a lurge upertura (2¥-inch diameter),
and readings made.

The averaze of four determinations, for each of the three color
eomponents (L, a, and by), rotating the cell clockwise for 90 degrees
between replicalions, was the value used. Only the “L” (or lightness
valve) was evaluated statistically.

Tierre 2.—>Mensuring the color components of rice by the Gardaer Color and
Color-Difference Meter.
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Thermal and Chemical Reactions

Gelatinization Tempecature

A slurry was prepared by mixing 100 grams of rice flour repared
by grinding in a No. 3 Wiléy mill to pass 0.5 nun. screen) nncF?SO ml.
of distilled water in a Waring Blendor for 1.5 minutes. The slurry
was transferred to the Amylograph (research model manufactured by
the Brabender Corp.) (fiz. 3) using 130 ml. of additional water to wash
quantitatively from the blendor. The Anylograph mechanism was
started with the cooling coil solenoid switeh in the “up’’ position
nnd the slurry allowed to heat to 30° (. with gear in the “N’' po-
sition. The chart was then adjusted to n zero minute murking, the
gear switch placed in the “U position, and heating continued at the
controlled rate of 1.5° €', per minute. The temperature of the sturry
at which the initinl increase of viscosity occurred was recorded as
gelatinization temperature (15, 16).

F

igrie d—Amylograph for determining gelatinization and pusting charneter-
isties of ground milled rice over a controlled temperature runge.
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Heat Alteration

Five grams of rice was soaked 2 hours in 25 ml. of I percent sodium
chloride solution at 38-40° C. The mixture was made up to 195 ml
with 1 percent salt solution at room temperature, and blended for 15
minutes at medium speed (controlled by a Powerstat Variable Trans-
former, Fype 116, set at 70) in & Waring Blendor. Ths slurry was
suction-filtered through No. 580 Blue Ribbon S&S filter paper,
washed with 300 ml of distilled water, and rdried in air at room tem-
pernture. The dried sediments of most samples formed a moderately
brittle cake, which was broken up and kept in stoppered vials under
refrigeration until used. When the slurries did not filter well, as in
the case of some severely parboiled samples, they were centriluged
and the solid matter was washed and centrifuged repeatedly. After
the final washing, the material was dried to a cohesive cake that could
be eusily redispersed in water (30). (See fig. 4.)

For each replication, 0.25 gram of rice powder was dispersed in
about 5 ml of water, heated 30 minutes, and stirred constantly,
in 65 ml. of distilled water held at 62° C. in a constant-temperature
oil bath (fig. 4). A 2-ml. portion of the suspension was diluted to
15 ml. with water at room temperature, a drop of the dilution placed
on a microscope slide, covered, drained of excess liquid, and sealed
with petroleum jelly. The procedure was repeated at least once for

R

Ticrre 4. —Equipment used in preparing rice powder for the heat, alteration test.
762-586 O— B2t
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esch tice lot. Controls consisted of rice powder from the original
sumple, soaked 30 minutes in water at room temperature and mounted
on slides in the same way as the heated samples.

A Bausch & Lomb binocular research microscope (with positive
or dark contrast phase accessories and a magnification of 970 di-
ameters) was used to evaluate the effects of the treatments on the
starch (fig. 5). As the slide was moved across the microscope stage,
the first 100 granules passing through a specified portion of the field
of vision were counted and classified in one of four categories, illus-
trated in figure 6, and characterized as follows:

I. Granules unaltered (angular, luminous, and without definite

[ L2t

o
PR
i
i

P TR A TV — 1 g b e g 1
N % ,‘4-:?: 7 R
L. P
i e A kL it U ey by

Fiaure §—Phase vontrast microscope and pulsing sehon are lamp use¢ in heat
alteration Lest.
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10 MICRONS

Wigers f.—Alleration of stareh granules from different riee varictics when heated
at G2° O, (heat ntberadion lesk).

hitwin althonsh often appenring slightly darker® in the center).
Staveh from all unhieated samples was of this appearnnce, as was
mazt staveh from treatod sanples of some varielies,

2. Granules slightly altered {(darkened,® eracked, or striated from

“ Iy deseribing stareh granules as parkly or completely darkencd, the intention
ix 1o poctray an appioent decrease or loss i lumingsity ss seen in ¢dlark contrast
phase umination, which seemingly eoineldes with loss of birefringenee  in
pularizel llwnimdion.  Siarch altered by the heating breatment no longer
wppears erystadline, bng is o semiteanspirent gelatingns hody,  This stareh is
white or colortess in ortdimeey bright-field microscope iluminniion, wd appeses
dark in plawe contrast only beeause of the qualicy of light triesenit Loed by this
fslrinent. A monex of “darkened” groudes suspended  fnowaber constitutes
wow Inlish or tronslueent puste.
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the center outward, but lumineus in half or more of their diamster,
perhaps slightly swollen). Granules of this type occurred in heated
samyples, rarely in unheated samples.

3. Granules moderately altered {(more than half darkened, usually
swollen, with luminuous areas in the form of blockiets, striations,
or uniform or patterned rims or cenvolutions on the surface of the
otherwise darkened structure). Modevately altered granules occurred
only in heated samples.

4. Granules greatly altered (slightly to greatly swollen, completely
darkened, and Iacking luminous portions, but definitely outlined and
surrounded by a lighter halo. Markings suggestive of those described
in category 3 were commonly present, but were darker than the
major portion of the granule.) Greafly altered granules were found
only in heated saumpies.

For each lot of rice, the number of granules in each category was
multiplied (or weighted) by the category number; the weighted
vilues were lotaled and aivides! by 100 to give o “darkening index,”
Darkening indexes of unhented replications {(controls) were deducted
from the darkening indexes of heated replications to give “heat
alteration values.” In the case of parboiled samples, it was <iecessary
to evuluate darkening indexes of unheated controls along with heat
alteration values.

The heat nlteration value of 0 sample is then the difference between
the darkening index of 100 untreated starch granules and that of 100
starch granules from the same sample after heating 30 minutes in
water at 62° (. The darkening index of a nenparboiled sample
receiving no heat treatment is low (1.0-1.2, rarely up to 1.4), whereas
the darkening index of a heated sample can be any value from 1.0 to
4.0; the darkening index of a parboiled sample receiving no additional
heating treatment may be any value from 1.2 to 3.9 or 4.0. Thus,
heat alteration values could be anywhere between 0.0 and 3.0. In a
regular milled rice sample, the heat alteration value is inversely related
to the gelatinization temperature of its starch,

Water Uptake and Sedimentation (at 77° C. and 82° C.)

To 2 grams (£0.01) of milled rice in a 25- by 100-mm, test tube
wiis added a measured amount of water, The volume of water was
6 ta 8 ml. more than the amount absorbed by a 2-gram sample of that
rice in a preliminacy trinl.  The tube and contents were allowed to
stand [or 30 minutes, stoppered lightly to minimize evaporation
losses, then inunersed lor 45 minutes in a water bath at the desired
temperature {(7F7° (. ar 82° (). At the end of this time, the tubes
were immersed in cold water immediately to stop cooking action.
Results with two samples (coutrasting) are shown in figure 7. The
contents were filtered through s Gooch crucible (size 3) with light
suction into a graduated centrifuge tube. The filtrute wus centrifuged
b 1,800 rp.m. (head radius, 8.5 inches) for exactly 3 minutes.
Volume of sediment (representing insoluble selids) wnd the volume of
urmbsorbed water were then read (fig. 8). Absorbed water was
determined by subiracting the unabsorbed from the original volume
ol water used in the test.  Values for water uptnke and sedimentation
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Frneng T.oe-Two U8, varicties of riee hefore cooking (left pair) and after cooking
(right paie.

value weee obinined by ealeulating these data on the basis of 100
crnins of riee (6,

Alkali Spreading and Clearing

A Hter of stock alkall selution, approximately 50 percent (weight
per volume) in strength, was prepared by disselving 588.2 grams of
potassinm hivdroxide pellets (83 percent purity) in recently boiled
andd cooled distilled water,  Suflicient distilled water was added to
a3 ml ol the stoek solution o make a liter of testing solulion 1.7
pereent (< 0051 in strength, Final concentrations of the solutions
wore choeked by titration,  The solutions were protected from
atmespheric earbon dinxide by drying tubes containing soda hme.

six keenels of eneh rice ot were spaeed evenly i asmall transparent
plastie box, size 17 hy 170 by % inch, resting on 2 black surfuce and
pontaining 1nk of the test solution.  The hox was covered and left
andisturbed 23 hours in o room maintained at about 70° . Three
replications of the treatinent were made on each lot of rice. Samples
were rated for spreading wnd elearing aceording Lo the T-point seale
231, Pypieal spreading and elearing values for the 7-point senle are
thustraied in figure 8,

Keenels of Centney Patna 231, which swell slightly but do not
develop n collur, were used 2w reference material; the spreading and
clearing Tor this variety ave each rated s 1Y
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Fravie s - Differenees inoamoine of unabsorbed water and sediment (after
centrifiteing: in the two U8, varioties shown in figure 7.

The condition of ench kernel of rice was seored for spreading wnd
clearing on T-point seiles flie. 4y as Tollows:

Seale Spreading Clearing ‘
. B T e e e T e
i Nernel not affecrod, Kernel echadky.
Kl hernel ~wollen. IKernel chalky s collar powdery.
B Wocned ~wallen: vollar ineom- Kernel ehalky s collar cottony :
plete ar warrow, or ctoudy. ’
{ herwel swollen: eotlar complete Center cottony; caltar cloudy,
wtad whle, :
5 el ~plit or ~segmented, Center colluny; collar clearing,
cerllae amuplege and wide, \
h Poertael dhispersed, merging Center eloudy: coliar cleared, i
wirh rollar.
¥ e b= complelely dispersed Cenrer andd eollar eleared,

ottt e,
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Untreated Spreading 2 Spreading 2, 3
{Spieading 1) Clearing 1 Clearing 1, 2
{Clearing 1)

Spreading 3, 4, 5 Spreading 4 Spieading 6
Clearing 2 Clearing 2, 3 Clearing 4, 5

Spreading 7 Spreading 7
Clearing 5, 6 Clearing 7

Fioure §.—Rive kernels of cight varieties treated with dilute alkali, illustrating
spreading and clearing values 1 to 7.
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Chemical Determinations
Lipid Conient

Surface Lipids

Approximately 20 gratos of a well-ouxed sample of whole-milled
riee was weiched into a 125-ml Hat-bottom, botling flask, refluxed
with 25 mloof petrolenns ethee, boiling range 35% (0 38° C. foe 23
minutes tie 1, The solvent was deetnted through » Iolded filter
fWhatian Noo 12, 12,5 ceutimetors:, in n G0 funnel, into n tared
100-ml Hut-bottomed extraetion flask.  The tared flask had been
previously heated in o forced-dralt oven at 101° (0 104° C. for 30
minutes, cooled in a desicentor, and weighed.

Frotne 100 Appaesogs used i determining sirfaee pids of rice
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Fifteen milliliters of petroleum ether wes added to the flask con-
taining the rice, heated to boiling on a water bath, and decanted
immediately through the filter previously used. This washing was
repeated, except that the rice and solvent were completely trans-
ferred to the filter.

Phe #ltered solvent was evaporated on & steam bath until the
solvent odor had disappeared. The flask was removed from the
steam bath, dried at 101° to 104° C. for approximately 30 minutes,
cooled in u desicentor, and weighed. Residue was caloulated as
percentsge of rice on & moisture-free basis and reported es surface
lipids {8, 19).

Total Lipids

An nccurntely weighed 2-gram sample, ground to pass a 20-mesh
sieve, was wrapped in a Whatman No. 43, 11-em. filter paper, and
rewrapped in u second paper of the same kind and secured with
bright soft, iron wire. The sample was placed one-fourth inch below
the upex of the siphon of a Soxhlet extractor equipped with an Allihn
condenser (C'orning No. 3840—small) and extracted 16 hours with
dry diethyl ether {fig. 11). Siphoning intervals were 5 minutes or
less. The extraction flask, which had been previously tared, was
removed from extraction setup and the ether was allowed to evapo-
rate in & fume cupboard. Extracted lipid muterial was dried for
{ hour at 105° €., cooled, aud weighed. The amount of lipids was
caleulated 8s percentage of rice on a moisture-free besis (2, p. 371 ).

Protein (Nitrogen)

About 2 grams of & sample {previcusly ground to pass & 20-mesh
siave) was weighed accurately and transferred to a Kjeldahl flask.
A scoop (16 £0.1 gram) of the mixed catalyst (1,500 grams of potas-
sium sulfate and 70 grams of mercuric oxide blended in a ball mill
or other suitable mivers) was added and washed down the neck of
the flask with 25 ml. of 98 percent sulfuric acid. The mixture was
digested until the solution cleared, and heating was continued for
2 hours (oxidstion is probably completed 30 minutes after clearing).
After completion of the digestion, the flask was cooled and 300 ml. of
water added. After the flask was cooled again, 56 ml. of the sodium
hydroxide-sodium thiosulfate solution (450 grams of sodium hydroxide
dissolved in water, cooled, 80 grams of sodium thiosulfate added, and
the volume diluted to 1 liter) was poured carefully down the neck
of the flask, and a few pieces of zinc were added. The flask was
attached to the distillation equipment and swirled to mix contents.
“The mixture was distilled into an Erlenmeyer flusk containing 50 ml.
of 5 percent horic acid solution (held below 40° C. during the entire
distillation period) until about 250 ml of distillate had been receitved.
Titration was done with standard sulfuric seid, using Universal
Indicator {2, p. 868 and sees. 2.21 and 2.23 modified). Nitrogen
determined in this way was caloulated as percentage of rice on a
moisture-free basis. Percentage of protein was computed by multi-
plying the nitrogen content by the factor 5.95. (The Kjeldahl
digestion and distillation equipment is shown in fig. 12.)
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Fenrgs 11 Determining tatal lipld of riee by Soxhlet extraction metho.

Moisture

Two grams of o wellmixed sample, previously ground 10 pass o
20-mesh ~ereen, was weiched into o tored covered aluminum dish,
With the cover losened, the sample was heated in o vacuum oven at
1= 0.5 (0 for 5 honrs st 3-mmm, pressure or less. The oven was
bronzht to atinospherie pressure with dry air, and the cover wis
tebitened on theadish, The dish wis then transferred to the desicentor
fhe 135 cooled to room temperature, and weighed soon alterward.
Loss ol weteh t was ealeuinted as pereentage of moiure in the rice
P2p Y fwel hpsis),
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Figene 12 —Kieldahl digestion and distillation equipment for nitrogen analysis
in the protein determination of rice.

Crude Fiber

The ether-extractable material in polished rice samples tested was
ustnlly less than 0.5 percent, so the crude fiber determination was
made withoul ether extraction.

A 2-gram sample, previously ground to pass a 30-mesh sieve, was
placed in & 600-ml. beaker with about 0.5 gram of asbestos and 2 fo
3 drops of antifoam agent (1 part methyl benzoate and 1 part tributyl
citrnte). Then 200 ml. of boiling sulfuric acid solution (0.255 N)
was added and the digestion beaker immediately placed on a pre-
heuted hot plate und connected to a condenser. After the contents
of the benker reached the boiling point (in about 1 minute), they were
hoiled briskly for 30 minutes. (The beaker was rotated occasionally
Lo assure mixing and to wash down material collecting on the sides of
the benker nbove the liquid level.) The solution was filtered with
suction through linen (r\uth (nbout 45 threads per inch, such as
thet made by Nutional Filter Media Corp.) on a Buchner funnel
into n beaker. The beaker and filtered residue were washed
with boiling water until the residue was no longer acid. Then the
residue was translerred to another beaker with 200 ml. of hot alkali
©.313 N sodium hydroxide, free or nearly free of carbonuie) until
the 200-m1, mark on the beaker was veached. (Thesolution of sodium
hydroxide was kept boiling under reflux.  The sebup was high enough
tft the alkali was delivered by siphon with sufficient force to Facili-
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Ficure 13.—Apparntus for in vacuo delermination of moisture content of rice.

tate the transfer of the residue to the beaker.) The beaker and con-
tents were placed on the hotplate and connected to the condenser,
brought to boil in 1 minute, and boiled 30 minutes longer. Then the
digestion mixture was filtered with suction through a Gooch crucible
on which an asbestos mat had been previously prepared, and washed
thoroughly with boiling water., The filtration from the alkaline
solution had to be completed in 5 minutes or less, to maintsin a
standard time of treatment. When free of alkali, the residue was
washed with 15 ml. of 95 percent ethyl alcohol. Suction was con-
tinued, to remove alcohol in the mat und residue. After drying
at 110° (. overnight, the crucible was cooled in a desiccator, and
weighed, "The crucible and contents were hented st 550° . for
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30 to 45 minutes, cooled in a desiceator, and again weighed. Loss
in weight was calculated as percentage of rice on a moisture-free
basis and recorded us percentage of crude fiber. (The apparatus
for determining crude fiber is shown in fig. 14 (2, p. 211 and secs.
22.31, 22.32, and 22.33).)

Ash

A 2-gram sample, previously ground to pass a 20-mesh sieve, was
accurately weighed into a 30-ml. Vycor crucible and placed in a muffle
furnace preheated to 600° C. (fig. 15). This temperature was main-
tained for 2 hours, after which the crucible was transferred to a
desiccator, cooled, and weighed immediately. Weight of the residue
was calculated as percentage of rice on a moisture-free basis and re-
porfed as percentage of ash (2, p. 368).

Starch Content
Total Starch

A 1.0- to 1.5-gram portion of the whole rice sample, ground to pass
o 60-mesh standard screen, was weighed into s 50-ml. round-bottom
centrifuge tube, and moistened with approximately 0.5 ml. of 80
percent ethanol. Then 5 ml. of water and 25 ml. of hot 80 percent
ethanol were added and, with a rubber-tipped glass rod, were mixed
with the sample. (The same rod was used for each sample throughout

——

Fiaure 14.—Analysis for crude fiber in rice.
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Frovee 13 —~Determining ash coutent of riee.

toe Wikt atd sabsequent dispersion, to avoid loss or contamination
eltne senple After ~tanding for 10 minutes, the slurey was centri-
foired il 2000 rpase G0 T Lo for 10 iinutes nnd the Hguid Luyer
devarded The resilue was treated with 30 il of hot S0 percent
ettoaol ctirved, Tet stand 10 mintes, centrifuced, and deeanted.

Tre restdue wis then transferred (o a d0teml. Berzolius heaker,
With two -l portions of water aind then 80 1nl. of ealeium ehloride-
acetie aekd sohion wpproxintetely 388 grams of wihydrous ealeinn
crlonide pee ier plis laelad weetie acid o wive pt 2450 The liguid
fevel wos anarked on e beuker. The mixtore was Lrought te hoiling
W e dncagdyeerin bath tone-hulf ineh deep, 130° (o 143° ).
The beaker was covered with aowateh eliass and buoiled briskly for 15
sites, with frequent stirring: water was added to keep the liquid
boel to tke k. When feothing beentne troublesome, o fow drops
of eetanol or w ~mall piece of coty! wleohiol was added.

Tae tlask ared contents were eonled in running water and treated
with Iads ol uranyl westate solution tnade by dissolving 5 erams of
sradd sretore e 100wl uf the calelum ehloride-acetic acid solution).
Fle minture was then transfeered to o 100-ml. volumeteie flask and
ke np te wolinne with the caleium chloride-neetie acid solution.
Foamuo iu e seek of the flask was convalled with o deap or Lwo of
95 prreent eibatel and the imistuee was <haken as Ue aleohol reweliod
the foath Aer thoroneh mixine, 40 to 300l of the solution wis



http:lilllt'OIl!.dl
http:BT"LLI-.TI

QUALITY EVALUATION OF FOREIGN AND DOMESTIC RICES 25

transferred to n 50-ml. round-bottom centrifuge tube and centrifuged
for 10 minutes (ut 2,000 r.p.m., 630 r.c.f.}. The liquid was decanted
into & 2-decimeter polarimeter tube. (Cloudy dispersions after the last
cenlrifuging step sometimes resulted if the sclution was nob boiled
vigorously or if the sumple was stored after erinding.) With sodium
light used in the polarimeter, 10 Totation readings were taken (5 from
the left and 5 from the right) and averaged (9). (See fig. 18.)

—

Frorre 16.—Polarimetrie deterinination of tofal starch content of rice.

(‘nlculations:

) A ° (reading)}
Yoprce I o bagls) =24 .63 — al .
Percentage of starch {dry basis)=24.63K weigiit of sample (dry basis)

Amylose and Amylopectin

A l-gram sample, ground to pass n 60-mesh standard screen, was
aceurately weighed into s round-bottom centrifuge tube, to which
was ndded 20 ml. of absolute methanol. Mid shaking was used to
disperse the sample.  After standing 2.5 hours, the mixture was centri-
fuged 10 minutes al 2,000 r.p.m. (650 r.c.f) and the upper layer de-
eanted carefully.
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Then 20 mb of absolute miethanol wa- added to the residue, with
~hkine, pnd after ~stamdioe 16 to 1S lusgs ot room tetperture, the
mizvitre waie eentrifuced as before,

The vesidund methannl was removed by innnersing the tube in o
warm water balli wnd bDliowine the sample with a fine stream of air,

The dried sumple was quantitatively transferved into o Waring
Blendor bowl with 5 mil. of 83 pereent ethanol, Then 96 ml. of
N sodivm hydroxide was added and bleading was started inme-
dintely,  (Delay canses caking, clumping, or adhesion of nuiterial
under the rotor

The fonm was broken with 5 ml. of ethanol, and the dispersion was
transfecred Lo a benker. Then 18-l aliquots of the bieuded dis-
persion were pipetted to a 100-ml. volumetric flask, allowed to

e 17 Colarnnvieie determination of amylose starch in rier by reaetion
of jodine and wmylose.
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stand in a refrigerator at 0° to 4° C. for 1 hour, and diluted to volume
with cold distilled water.

After an additional 18 hours in the refrigerator, a 5-ml. aliquot
of this solution was pipetted into n 150-ml. beaker containing 50 ml.
of distilled water. Hydrochloric acid (0.05 N) was added to an
apparent pH reading of 10.5. Then 2 ml. of 1odine solution (0.2
gram of iodine plus 2.0 grams of potassium iodide diluted to 100 rl.)
was added, and the contents of the beaker were transferred to a 100-ml.
volumetric flask and filled to the mark with distilled water.

Transmitbance at 530 microns was read on a spectrophotometer
20 minutes after the iodine solution was added, and the percentage
of amylose was determined by reference to a standard amylose curve
established by using pure rice amylose isolated by the procedure of
Wilson and Schoch (46) as the standard (figure 17).

Standard curve for amylose determination:

Pure amylose dispersed in alcoholic sodium hydroxide was
transferred in 10-, 15-, 20-, 25-, 30-, and 35-mg. quantities to
150-ml. beakers containing 50 ml. of water. After the solutions
were neutralized to pH 10.5, they were treated as described for
the sample. Transmittances at 590 microns when plotted against
armylose showed a linear relationship (34, 41, 45, 46).

Percentage of amylopectin is determined by mathematical difference
between the percentages of total starch and amylose.

Amylose[dmylopectin Ratio

The amylosefamylopectin ratio is a mathematical ratio calculated
from the percentages of amylose and amylopectin determined for
the particular rice sample.

Staurch-Todine-Blue Value

A 1.00-gram sample of milled rice, ground to pass through a 0.5-mm.
screen, was transferred to a 250-ml. Erlenmeyer flask. Exactly
100 ml. of distiled water was added, and the flask and contents were
immersed for 45 minutes in a water bath maintained at 77° C. The
sample was removed from the bath, allowed to stand at room tem-
perature for 15 minutes, and filtered through Whatman No. 12 filter
paper. The first 30- to 40-ml. portion of the filtrate was discarded.
A 10-m). aliquot of the filtrate was pipetted into o 100-ml. volumetric
flask containing 1 ml. of iodine solution (2 grams of iodine and 20
grams of potassium iedide in 1 liter of solution), 1 ml. of 30 percent
bydrochloric acid, and approximately 60 to 70 ml. of distilled water.
The flask, after being filled to the mark (fig. 18), was shaken and
allowed to stand at room temperature for at least 30 minutes. The
intensity of the blue color was determined in a photoelectric colori-
meter at 600 microns and recorded as the iodine-blue value (17).
(In the instrument, percentage of transmission was set at 100 with &
solution of 1 ml. of iodide and 1 ml. of acid solution in 100 ml. of
distilled water.)

762586 O— G8——3
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FisURre 18, —Starch-iodine-blue test.

Palatability Characteristics (After Cooking) (Appear-
ance. Cohesiveness, Tenderness, Flavor)

Cooking epmlity eharacteristios of appenrance, cohesiveness, tender-
ness and ilvor were determined on selected samples of cooked rice.
Sefeetion of samples was bused on the erading characteristices as
well s on the resnlis of preliminary physical and chentieal tests of
euch It These eooking test~ have been deseribed (5, #).  Pypieal
chapres in appencance of rice kernels on couking are shown in figure
]

To obtain a tnore direct comparison of the cooking quality of the
forerun rices with ench other and with U8 rices, all samples were
vouled by a ~tnndard oven method (5, ).

One fstaedred grams of rice (without prict washing) was added {o a
predetermined volume of builing water in a covered I-quart Pyrex
bakine dish and cooked in u 350° F. oven for 25 minutes (33 minutos
for purboiled sanpless. The Bd was thea remaoved and the rice was
allowed 1o ~tesnn 1 the oven 5 minutes longer.

For euch ot of rice, the volume of water used in cooking the rice
was cabenbaied feom the nmonat of waler absorbed when an S-gram
~ataple of rice wus cooked in 150 ml ol boiling water {or 20 minutes.

For the panel taste lests tfies 20, 21, five teained panel members
were served four samples of eanked rice, one wt o tiime, on warmed
white plates ut d-nednnte fntervals. The vice was served immedintely
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C

Ficere 14.—Changes in appearance of rice kernels on cooking. (A) Raw.
(B} Cooked 28 minutes. (C) Cooked, followed by 18 hours’ sonking.
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Freene 20— Room used by punel members for palutability evaluations of foods.

Fisvis 210 --One panel menmber seoring the palatability charaeteristies of cooked
rice,
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after cooking. The panel members rated the samples for appearance,
cohesiveness, tenderness, and flavor, on 9-point scales:

Scale

Appearance

Cohesiveness

Tenderness

Flavor

Whole smooth
grRins.

Fuzzy edges.
Sloughing.

Indistinet

Well-sepa-
rated
grains,

Partially
separated.

Sticky or
slightly
clumped.

Very sticky,

Hard centers.

Firm and
chawy.
Tender and

firm.

Soft,

No off-flavor;
bland.

Perceptible off-
flavor.

Slightly strong
off-favor.

Moderately

broken

grains,
Disinte-

grated.

strong off-

flavor.
Very strong

off-flavor.

clumped.

Pasty. Mnshy.

Since the production, processing, handling, and storage conditions
of the rice varied greatly between the time the rice was planted and
when it was selected at the market, the mild natural flavor of the rice
was frequently overshadowed by other flavors, such as rancidity and
mustiness. In some cases, these other flavors would be characteristic
of the rice of the country from which the sample was obtained.
However, the flavor would not be characteristic of rice in the United
States and was, therefore, considered to have an off-flavor in this
investigation. No attempt was made to Ineasure preference for
different kinds of rice. The trained panel rated only the degree of a
certain quality characteristic present in a rice sample.

Additional information on cooking quality was obtained for many
of the samples by using the cooking methods commeonly used in the
countries of origin. The special cooking processes used and a dis-
cussion of the findings have been published separately by the Human
Nutrition Research Division of the Agricultural Research Service.’

! Batcues, O. M., Sratey, M. G, and DEARY, P. A.  PALATABILITY CHARAC-
TERISTICS OF FOREIGN AND DOMESTIC RICES COOKED BY DIFFERENT METHODS-
Rice Jour. 66 (9): 1021 {Aug. 1963) and 66 (10}: 13-16 (Sept. 1963).




PART IIL—EVALUATION OF RICE QUALITY
MEASUREMENTS

How Data Were Studied

The analytical datn obtained in these studies of the 26 quality
characteristics of rice samples from 33 loreign countries and the
Uniled States have been extensively examined. Data sre presented
for long-, medium-, and short-grain rices under the caterories of
“milled rice” and “parboiled milled rice.” Since only six glutinous
rice samples and one parboiled short-grain rice sample were received,
these Lwo categories have been omitted from this report.  Fmphasis
has been placed on the milled-rice studies, since the milled rices
outnumbered the parboiled milled rices by more than 7 to 1 in this
study, and since parboiling introduces another unknown variable
alfecting quality.

The analytical determinations were mude by the Tour ARS labo-
ratories whose findings are reported herein, and by the AMS Grain
Laboratory (New Oricans) at the request of FAS and used in its
publieation, “Analysis of Selected Varieties and Grades of Rice
Moving in World Trade,” referred to in part T {39).

Findings that appear particularly significant are pointed out in the
discussion of each of the 26 quality factors. Bach quality factor dis-
cussion is accompanied by u summary table that shows, lor each
cauntry: (@) The actual number of samples examined under each
test, since the number varied considerably because of the sumpling
pattern and limitation ol resources available for the laboratory
determinitions: {(b) the meun values: and (¢) the range of values for
Lhe analytical results pertaining to ench quality factor (tables 1-26).

In addition, each table gives summarizing infermastion for “all
samples” of long-, medium-, and short-grain rices, regardless ol country
where obtained, for the sume categories given for the individual
countries.

For ench quality characteristic, statistical studies have been made
for the milied rice samples to determine what eorrelations may exist
betweeen that perticular gquality characteristic and each af the other
quality factors {excepl moisture, crude fiber, and ash 5).  For example,
caleulations were made to delermine what correlations existed he-
tween total lipids and eneh of Lhe other 22 quality characteristics.
In the snme manner, ench quality faetor was compared with each of
the other 22 quality factors.  An attempt hus been made to interprel
any such correlations in terms of seientilie knowledge, and to differ-
entiale from what may be mere mathematical coincidences,

*U'nknown stornge anel handling backpground made moisture determinntion
meaningless; rnges of crude fibor and ash confent were L0o nurrow for correlation
DUFPOSCS.

32
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The number of samples available did not permit, in most cases,
statistical calculations according to individual countries. However,
for the raw milled rices, correlation studies were made on *all samples’
{combined long-, medium-, and short-grain types) and on all long-, all
medium-, and all short-grain types, irrespective of individual coun-
tries. Table 27 shows the significant correlation values found in
these studies.

For the benefit of the reader not familiar with statistical correlation
studies, a correlation coefficient of 1.000 implies perfect correlation,
whether it be positive or negative in sign. A positive sign indicates
that as the mensurements for one property increase or decrease, those
of the other property follow in the same direction. A negative sign
indicates that the direction of trend of one measurement is the reverse
ol that of the other. ‘The muore the figurs decreases fromm 1.000, the
lower is the degree ol correlation, until below a certain point no
significance isindicated. Thisis not a fixed point for ail calculations—
it is lower, for example, the greater the number of data available for
a given calculation,

Examinalion of the data in table 27 reveals that the relation between
two factors is affected more or less by a third variable and possibly
others. To what extent this is true is determined by the value of the
coefllicient, because the square of this figure indicates the percentage
ol variability of one ltctor accounted lor by the second. For this to
be greater than 350 percent, the correlation coefficient must exceed
0.707, whose square is 0.500, One must also bear in mind that
correlation coeflicients, even though numerically “significant,” may
be spurious. Typicui examples would be certain correlations in-
volving percentage of broken kernels in commercial samples, Be-
cause broken kernels are often added to or partially removed from
milled rice to meet grade requirements, there can be no true correlation
of their percentage with, for example, composition factors. On the
other hand, » subjective appearance score would be expected to
corvelale significantly with percentage of broken Lkernels, which was
indeed the case in this investigation.

Physical Measurements

Kernel Length

Kernel length has long been used in most rice-growing areas as &
characteristic lor classilying rice varieties. Xernel width and thick-
ness have also been used to lurther differentiate classes of rice (7, 18,
18).  Graham (18) divides rice of India into long spikelet, fine, coarse,
and round. Rice varieties in the United States generally are referred
o as long-, medium-, and short- (pearl) grain, The U.S. long-grain
varieties are in Graham’s long spikelet or hine class, the medium-grain
in the coarse class, und the short-grain in the round class,

In this study the samples were arbitrarily classified as to kernel
length as follows:

Liong-grain—6.16 mm. and longer,
Medium-grain—>4.16 mm. to 6.15 mm.
Short-grain—>5.15 mm. end shorter.
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Certain cooking and processing characteristics are generally asso-
ciated with a particular grain type in the relatively small number of
varieties commonly grown in the United States. For example, most
long-grain varieties have an intermediate gelatinization temperature
and a relatively high amylose content, and are flaky when éooked.
However, there are exceptions such as the long-grain Toro variety,
which has a low gelatinization temperature, a relatively low amylose
content, and is moist and somewhat cohesive when cocked (15). Thus,
it is seen that kernel length and shape are not reliable indicators of
cooking and processing characteristics. Ewven though chemical and
physical characteristics cut across grain-type divisions, this system of
clussification is useful in discussing the usual qualities of rice, and
affords a basis {or comparing foreign rices among themselves as well
as with TU.S. rices.

Table 1 shows data on kernel length for samples from each country
as well as for “all samples.”

Milled Rice

On an “all samples” basis, there was no conclusive evidence that
kernel length was significantly correlated with any of the 25 factors
investigated. There were indications, however, suggesting a positive
correlation between kernel length and cooking-quahty cohestveness,
especially in the medium-grain rices; and between length and heat
slteration, particularly in short-grain rices. These studies indicated
that some characteristics may be associated with length, and need
further study. From the standpoint of relating grain length with the
other 25 quality lactors, the medium-grain rices,-as defined in this
study, seem to have characteristics much different from those of either
the long- or the short-grain rices. These differences were sufficient,
in most cases, to reverse the sign of the correlation factors for the
“all samples” from that of the long- and short-grain samples.

Long-grain.——The “all samples’” long-grain rices averaged 6.80 mm.,
or 0.64 mm. above the minimum for this class. U.S. long-grain rices,
averaging 6.76 mm., were about identical with the “all samples’’ aver-
age. Rices from Irun, averaging 7.44 mm., were the longest of all rices
studied; those {rom Brazil, éolombia, and Greece, all exceeding 7.00
mm,, were the next longest. The largest variation was found 1n the
Thailand samples, whereas those from South Africa and Guatemala
varied the least.

Medium-grain —The wverage length of all the medium-grain foreign
rices, as well as the U.S. samples, was very close to the median of
this class (5.60 mm.). Variation was least for the Burma samples and
greatest (or those from the Phillippines, The 150 medium-grain
sarmnples averaged 0.06 mm. above the median for this class, according
to U.S. grade standards.

Short-grain.—The short-grain samples averaged fairly close to the
maxtmum for this class, with the U.S. rices averaging still closer to
the maximum of 5,15 mm. The shortest specimen came from Ceylon,
whose samples also had the widest range. The samples from Japan
averaged about the same as the entire group.
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Parboiled Milled Rice

Among the long-grain parboiled milled-rice samples, those from the
United States were longest and those from Ghana the shortest of
this group; those from Thailand had the greatest variation. The
medium-grain rices from Thailand had the least range in length.

Kernel Width®

Kernel width alons is a Httle-recognized charscteristie insofar as
rice specifications are concerned, but is an important factor in
determining the shape (length/width ratio) and weight of the kernel.
Within 1.8, rice varieties, those with wide kernels usually have lower
gelatinization temperatures than those with narrower kernels (16).
Kernel width also is associated with total milling yield and with
consumer preference (14).

Detailed dats concerning kernel width are given in table 2.

Milied Rice

A negative correlation seems indicated between kernel width and
broken kernels, especially in the shorter grain types (table 27). It
is noteworthy, however, that these studies did not, reveal any relation
between kernel width and any of the other 24 quslity factors.

Long-grain.—The U.S. samples {2.02 mm,} were in the group of least
width, with only those from India, Iran, and West Pakistan having
slightly less width. The samples from Italy had the greatest width,

Medium-grain.—Samples from Greece and Turkey averaged the
widest; frem Indie and West Pakistan, the narrowest, © Samples from
9 countries averaged narrower and 10 wider than the mean of U.S.
samples {2.55 mun.). Variation was extremely low for all countries
except Indin and Peru.

Short-grain.—These samples had greater width than either the
long- or medium-grain samples. Seven had greater width than those
from the United Sthtes, India samples had the least width of any
and had by far the greatest range, :

Parboiled Milled Rice
All long-grain samples were relatively narrow and were in & rather

close range. The medium-grain rices averaged greater width than the
long-grain samples.

¥ Kernel width is sometimes referred to as “‘kernel breadth.”
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TaBLE 1.—KERNEL LENGTH: Number of samples, mean, and range of values for each country and for “‘all samples”

Milled rice

Country Long-grain . Medium-grain' Short-grain

Number | Mean Range Mean Range Range

Mm. . Mm.
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T'apLe 1.—KERNEL LENGTH: Number of samples, mean, and range of values for each country and for “all samples”—Con.

Country

Parboiled milled rice

Long-grain

Medium-grain: -

Number

Mean

Range Number Mean Range

Egypt

Bl Salvador
France
Germariy, West
Ghana

Mm. ‘m. Mm.
6. 17-7. 34 . 6 5.03-6. 13

8E

'$'A ‘r1gel NILATIAdD TVIINHOIL



http:5.22-6.13
http:5.03-6.13
http:6.17-7.34

Italy
Ivory Coast

Nigeria
Pakistan, East
Pakistan, West

Philippines
Portugal
Spain.
Thailand

6. 23-6. 54
6. 21-6. 83

o
a
g
2
»
&
5
g
2
o
=
ey
S
2
o
a8
2
g
:
w
2
a
2
g
&
<]

6€



http:5.54--5.96
http:6.21-7.34
http:5.37-6.12
http:6.23-6.54

Tasre 2.—Kerxeu wivrn: Number of samples, mean, and range of values for each country and for “‘all samples”

Milled rice

Country Long-grain Medinm-grain Short-grain
Number| Mean Range Number| Mean Range Number|{ Mean Range
Mm, Mm, : M. Mm. Mmn. Mm.

YAl sumples’ L e Ean 168 2,28 1. 73-3..35 150 2..52 1. 65-3. 05 128 2 80 1. 65-3, 06
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Argentinas . o Lol lliiaaoo.o ) Y 2. 83 2, 82-2, 84 5 2. 64 2. 656-2. 77 4 2,02 2, 85-2. 99
Australio. . oe ool e e O IR NTSo U S 1 306 . i
]31':1zi]__,____________-____,_____ 7 2, 48 2,07-2. 69 5 2. 69 2, 59-2, 81 3 3..04 3..03-3. 06
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Chiles oo e e e e e e
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]b:c‘lmdor ....................... 2 2,16 2. 08-2. 23 4 2. 30 208244 |||
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ElSalvador . . _ .. __.._ 2 2241 2,392,300 ) | e NSRRI R mmm
France. . oo i.lo.o.. 4 2,71 2,51-2.82 |__ .o i e 2 2. 80 2.77-2. 84
glerm:’my, West ool 5 2.24 | 2.05-2. 88 4 2. 71 2. 54~2. 78 3 2. 91 2..82-3. 01

vhana. .o iolo JUSIS U SUREIRISULY FUIAUIUIUIUN: RU U ISR AN RTRN FRERURRTN NSO
L€ £ T SN 6 2,77 2. 71-2. 86 2 3. 00 2, 99-3. 00 8 2. 94 2. 85-2, 97
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Indin o oo o o 20 1. 98 1. 762, 28 21 2,16 1. 65~2. 50 8 2.10 1. 65-2, 69
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TapLe 2.—KerNEL wivthH: Number of samples, mean, and range of values for each country and for “all samples’*—Con.

Parboiled milled rice

Country Long-grain Medium-grain

Number Mean Range Number Mean Range

Mm, . Mm.
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Broken Kernels

The data for “broken kernels’’ are governed primarily by method
of grading, and may have no relationship to the milling quality of
the rice. IFor this reason, data from these samples cannot be ex-
pected to correlate with U.S. rices or others in respect to 25 other
quality factors in these studies (table 27).

Large percentages of broken kernels were found in the samples from
about half of the 34 countries. Such sanples could result from poor
drying or milling practices, or from blending broken kernels with
run-of-the-mill rice to neet certain grade designations and price
differentials.

The wide range of percentage of broken kernels in the various
categories should be noted. Percentage of broken kernels found in
the samples in a particular country is perhaps a symbol of the rice
quality standards to which that country is wecustomed. Many of
the countries apparently are tolerant to high counts of broken kernels.

Grain size (length and width) and degree of milling are not the
entire cause of broken kernels in rice.  Rice that is “‘chalky? {(opaque
centers) breaks more easily than vitreous rice. Changes in the rice
kernels during drying also affect the proneness of rice kernels to
break.

Milled Rice

As expected, there were negative correlations between broken
kernels and cooking quality appearance (table 27).

Trble 3 illusirates the results of the analytical work on the quality
factor “broken kernels.”

Long-grazn.—The Indonesia samples had the highest percentages
of broken rice, followed by those from Ivory Coast, El Salvador,
Burma, Peru, Colombin, West Pakistan, and Guatemala. West
Pitkistan samples had, by far, the widest range, with those from
Thailand, Brazil, and Burma high in this property. Smallest per-
centages ol broken kernels were found in samples from Argentina,
France, and Ttaly.

Medinm-grain.--Indunesia again had the highest percentage of
broken kernels, The inedium-grain sanples had the highest percent-
age of broken kernels of any Lypes of rice.

Short-grain.~ This type had the least amount of broken kernels.
Jupan, a major consurmer of short-grain rice, had one of the very
lowest percentages of broken kernels.

Parboiled Milled Rice

T'he swmples from Ghana and Nigeria contained more than 40 per-
cent broken kernels, and samples from Burma, Bast Pakistan, and
West Pakistun all had high amounts of broken kernels. Thailand
samples, however, hiad n surprisingly low content of broken kernels,

Kernel Color

Color is an important quality faclor for rices all over the world.
Custorns vary from country to country--with premium placed by
many on the whileness of the mitled vice. Whiteness has been as-
sovinfed wilh purity and has necounted for some of this preference.




QUALITY EVALUATION OF FOREIGN AND DOMESTIC RICES 45

Tt would be more accurate, however, to associate whiteness with the
completeness of milling. Ironically, the greater the milling and
whiter the rice, the less nutritive \'ﬂﬁle remaining in the rice.

The Yghtness or “L*” values for the muilled samples examined in
this investigation ranged from about 52 for the darkest to about 78
for the lightest, and for the parboiled samples from about 44 to about
66 (table 4). On the avernge, medium-grain milled rices were slightly
lighter than either the long- or short-grain rices in this quality, but
the reverse was true for the medium-grain parboiled samples. The
low ranges for “L in the parboiled rices are in keeping with the color
transformation that usually accompanies parboiling.

Milled Rice

Mhere seemed Lo be rather consistent negative correlations between
g2 eplues {color lightness) and total lipids (table 27). The amount
of both surfuce and total lpids is influenced by the degree of milling
(3), and the degree of mil&ing infiuences the whiteness of the rice.
This negative correlation was found in long-, medium-, and short-
grain types bul was most pronounced in the shori-grain types.

Positive correlntions seem to exist between “L” values end water
uptake and sediment values, particularly at 82° C.

A negative correlation was indicated in medium- and short-grain
rices, between 1.7 color and iodine-blue values.

The 'L values for all milled-rice samples ranged between 51.8 and
790.6—a spread of nbout 30 percent. Similar sverage “[7 values
were noted for the long-, medium-, and short-grain rices from any one
country.  Within grain types, there was much overlapping in the
“1, values nmong rice samples from different countries.

Throughout all lengths, the India samples were the lowest in
light value, with the color of the three length categories averaging
almost the same but having by far the greatiest variations (table 4).
The U.S. samples avernged about midway of all samples considered.
Tt is tuteresting to note that the “I/7 value for Japan long-grain was
wlmost identienl with the U8, long-grain, the Japan medium-grain
samples were slightly higher in “L? value, but the Japan short-grain
sarples were definitely lower in “L” value than the U5 samples.

In addition to variations in lightness values, it was noted that some
of the smmnples were more yellow than others.  Again, US. samples
were approximately midway of all sumples studied.

Long-grain.—The whitest samples—i.e., with highest “L” values—
were from Portugal and Thailand, with “L” values above 70, closely
fullowed by those from France, ltaly, Mexico, and Turkey—all above
the U8, samples. lowest “L” values were found in the India
samples.

Medinm-grain.— Samples from South Afries, Burma, West Ger-
muny, (reece, Philippine Islands, and Fortugal were deﬁnitele'
liwhter in coler than L.S. medium-grain rices. Ou the other hand,

those from India were consistently lower tn “L' value than U.8.
medium-grain samples.

Short-grain.~—Agnin, India had among the lowest and the widest
ranges of 917 values. U8, short-grain was whiter than medium-
or Jong-grain sumples, mostly because of heavier milling pressures
for the :;Tmrt-gmin Ltypes.
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Tasue 3.—Brokex kerNELs: Number of samples, mean, and range of values Jfor each country and for “all samples”

Country

Milled rice

Long-grain

Medium-grain

Short-grain

Number

Mean

Range

Number

Mean Range

Mean

Range

“All samples” ..o _iio il
U.8.A

Af riba, South
Argentina
Australia

[=3 ¥

Percent

(=1 -]

Percent

Percent Percent
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TasLe 3.—BROKEN KERNELS: Number of samples, mean, and range of values for each country and for *“all

Country

milled rice

" Number

Argentina... ... .. ______.____ i
Australin_ . ... _._.__ i mm m M
Brazil o _ il i__

Germany, West_ _____.__ el
Ghana_ ol
Greeee. - ivus ol el i

samples’’—Continued
Parboiled
Long-grain

Number Mean Range

Percent Percent
37 17.6 1.2-42. 4
"""""" 3| 202719272101
UTTTTRYTTTTT 41,1 | ICTTTTTITIT

Med}um-grain
Mean Range
Percent Percent
15.9 0.4-29.9
""""" 20.6 | 14.7-24.4
"""""" 5.0  3.2-6.8
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MexieO. ncuinoons

Nipgerin_ .. : :

Pakistan, Bast_ - . .. cooioaiaioaee
Pakistan, West_ - - .o
Peru i ;
Philippines

Portugal

Spain

Thailand

17.5-42. 4
18,0-39.2
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TaBLE 4—KERNBL coLor: Number of samples, mean, and range of values for each country and for “‘all samples”

Country

Milled rice

Long-grain

Medium-grain

Short-grain

Number

Mean

Range

Mean Range

Mean

Range

“All samples”
U.S.A

Af'ri.ca, South .
Argentina.______.._.._ -
Australia

Ceylon
Chile

Egypt
El Salvador

‘Germany, West...
Ghana..

“L” values

“L? values
52. 0-77. 6
64. 7-67. 6

59. 8-67.9

65. 2-70. 8

68.9-70. 4
59. 0-71. 7

YL values| *“‘L’ values
51. 8-76.

“L values
65. 0

“L" values
54. 0-73. 2
70. 4-71. 3
56, 9-71. 2
63. 3-66. 9

70. 3-72.0
68. 7-73. 2
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India k 55, 8-69. 6

Indonesit. - -:occo- lmmim

1taly
Ivory Coast

=] .
SO TS e O

Mexico

Nigeria

Pakistan, East o .o.cnocs
Pakistan, West

Philippines
Portugal
Spain )
Thailand
Turkey

Continued

o
<
>
2
o
<]
5
&
>
=
=)
2
o
o]
)
()
)
f
)
2
=
:
77
2
a
2
a
t
W




Tanue 4.—Kunxnen coLor: Number of samples, mean, and. range of values for each country and for “all samples”—Con.

s

l ‘ Parboiled milled rice

lountiy Long-grain Medium-grain

Number Mean Range Number Mean Range

HL" values “I2 values “LY values YL values
SAlLsamples’ oo i -1 44. 4-59. 2
L O 7 S S RSN O
Africn, South

Argentingac .ol ooioooliololl Sdedan
Australia : X
Brazilo oo e e L e
Burmga .

Ceylon.. . ... S O SN
Chile

}Emmdor

Sgypt
El'Salvido
Trance
Germany, West
Ghana
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Ttaly
Ivory Coast
Japan

Mexico
Nigeria
Pakistan, East
Pakistan, West

Philippines
Portugal
Spain
Thailand.
Turkey

48.4-53. 9

(=}
s
g
3
"
=
<
&
S
=
g
Q
2
Q
S|
)
(=}
o
=
[
2}
2
=)
=
g
wn
=)
=i
Q
=
=
Q
=
»n

€¢




54 TECHNICAL BULLETIN ""3i, T.S. DEPT. OF AGRICULTURE

Parboiled Milled Rice

As expected, the parboiled rices showed lower L values than did
thie milled rices. The number of parboiled samples was too small to
make sound conclusions, but generally il was observed that the Burma
and Thailand sumples were about equal to the 118, sample whereas
those from India, Bast Pakistan, and West Pakistun were darker
than the U.8. sample. Parboiled samples were more yellow than
the raw milled ones.

Thermal and Chemical Reactions

(Clooking quulities rank high among consumers’ criteria in cheosing
rice for the table. "Therefore, uny test that measures the behavior
of rice or ils components when heated in water, being directly related
to common cookmng provedures, should yield values nighly useful in
comparing rices as to this their major nse.  An important effect of
moist heat ou rice is the swelling and solubilization of starch, which
leads to such changes as increase in volume, splitting and fragmen-
tation or sloughing, und the development of various textural qualities.
In this study, several of the determinations were built around the
rexctions of rice to heat, including temperatures at which aqueous
suspensions of stareh show a sudden rise in viscosity {gelatinization
tempernture); visible changes oceurring in individual starch granules
when heated to 62° (. (heat alteration vulues); absorption of
water by kernels heated to 77° O, or §2° (. (water uptake); loss of
solids from kernels when heated to 77° (" or 82° €', (sedimentation
values); and lenching of amylose from kernels when hented to 77° (.
(lodine-blue values).,  All of these tests except the iodine-blue are
discussed in this section; jodine-blue will be discussed along with
starch determinations,

Gelatinization Temperature

Gelatinization is the transformation through hydration of the small,
high-density, opaque or white sturch granules into lurge, fragile,
Lranshicent, gelatinous bodies of low densily, usually with considerable
loss of soluble materinl and release of some nonsoluble material
through rupture of the granules to the water. When appropriate
amounts of starch ave stirred while being heated in water, the suspen-
sion hecomes a translucenl paste with greatly incrensed viscosity
beginning at some fairly delinite point in the temperature scale.
Gelatinizn. lon temperatures for rice varieties as determined with the
wid of an amylograph, have been reported to range from 58° (. to
80° ¢, (16).

The runge of gelatinization temperntures for most of the samples
examined was fronu about 60° ¢, to 75° (., as shown in table 5. U8
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Tices had greatest gelatinization temperature values in long-grain
sumples, medium-grain samples were next, and the short-grain rices
had the least. Short-grain foreign-milled rices exhibited the lowest
aversge ecelulinization temperatures. Consistency of pattern be-
tween long- and medium-grain foreign-milled rices was not apparent.
The one long-grain milled-rice sunple examined from the Ivory
Coust showed ihe highest absolute gelatinization temperature (78° C.)
of the rices tested. Those from Brazil yielded the greatest range (23°
('), und one of these had the lowest gelatinization temperature
(50.5° ().

On the average, ranges in gelatinization temperature were less for
the short-grain type than for the other two grain types {table 5.

Milled Rice

There is a high negative correlation between gelatinization tem-
peraiure and the related group of alkalt spreading, alkali clearing,
heat alteration, and water uptake at 77° €. {table 27). Confirming
this trend is the indieation of a positive correlation between gelatini-
zation fempernture and the amylose/amylopectin ratio.

The positive correlation Tor conbined “all samples,” regurdless
of grain length, between gelutinization temperature and cooking
quality cohesiveness seemis to justify more detailed studies of this
relationship in specific grain-length categories.

Long-grain.—-Gelalinization temperalure for U8, samples cor-
responded Lo the average for all samples, with those from Argentina,
France, Creece, Italy, Portugal, and Turkey being lowest. Those
froim Tvory Coust, Ecundor, Indonesin, and West Pukistan were
winmong the highest. The varieties from Mexico were the least and
those from Brazil the most variable.

Medinm-grain—-Geluatinization temperatures of samples from the
United States, Japin, Peru, Portugal, and Turkey were much lower
than the general nverage.  Only samples rom Portugal and Turkey
had lower values than those from the United States. The samples
lrent Ceylon, Eeuador, Portugal, the Philippines, and Indir were the
least, and those from Japan varied the most.

Short-grain.—The average values for samples from each country
were exceedingly elose, ranging from 60.0° (. to 63.8° C., except two
from Indin that were 72.0° (I,  Average gelatinization Lemperature
for short-grain rices was substantinlly lower than that for long- and
for medium-grain samples.

Parboiied Milled Rice

Since parboiling gelatinizes starch, the gelatinization temperature
test was not made on the parboiled samples.




TaBLE 5~GELATINIZATION TEMPERATURE: Number of samples, mean, and range of values for each country and for
: “all samples’’

Milled rice

Country Long-grain Medium-grain Short-grain
Number |- Mean Range Number| Mean Rainge Number| Mean Range
°C. °C. °C. °C. °C. °C.

“All samples' . oo oL oL 70 70. 1 50.5-78.0 70 70.2 | 57.0-76. 5 40 62. 4 57. 0-72.0
SR I N USRI S 6 70. 8 66. 0-75. 0 5 064. 5 61, 5-67. 5 2 63. 0 63. 0-63,0
Afriea, South. . ... .. miion 2 69.8 1 69.0-70.5 |ocoo i ]ommomaiafimemaanaas 2 63, 8 63. 0-64. 5
Argentina_ _ o Lo __ll_ 1 64.5 | oo s 1 75,0 |oomcdccecemm 1 615 {orcmmmcmmeee
Australin. . oo i i i e e e i e e e 1 60,0 |oocooaacool
Brazil . il_ & - 66.2 50. 5-73. 5 5 70.3 66, 0-73. 5 2 63. 0 63. 0-63.0
Burman. ool 2 70. 5 | - 66. 0~75.0 10 716 | 69.0-75,0 focoemcfommcmamnfmmmetnemanas
Cevlon. .o i i il 2 75.0°] 75.0-75. 0 |umcmcoaa]mdcman e e cmmmm e
Chile. o et e i i e i iime i rm e mm i e e e
Colombia. o . oo ool luioo o 3 72. 0 69. 0-73. 5 1 TO.5 | mcmcccimmcdm e jom e | em e m e
Beuador . ool __ ... 2 73.5.1 72.0-75.0 3 TS| 700572, 0 |oo oo foemaiemamiacaane
B Y NS N ASEVOCHUIcH PSRN NI I NSRS MU KU 27" 60.8 | 60.0-61.5
Bl Salvador. . ..o oo i 2 7201 70.5-73.5 |. e e el || e e
Franee_._ o ..ol ool oo . 2 63.81 60.0-67.5 |ooccme oo || e e s e e e e o e
g;:rmuny, West_ ool il 5 69.3 1 60.0-73.5 4 69.0 [ 64 5~73. 5 3 62. 0 60. 0-63. 0

AN o o e e i e e SRR SRR FUPRUTTURICIRN JEOPENRTSIS NPT FILRPUURS IO MR IPNPIPIPEPINU I Sy prnppepEe PSSR PES S
Greeee .. .o ... 1 63.C | o]t e e aem 1 61,5 |ommmcmmae
Guatemala_ ... _c_._._.__l__ 2 1.2 70.5-72.0 oo i ce e i ilimmmmm e
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Heat Alteration

The heai alteration test constilutes ancther method of measuring
the probable gelatinization potential of rice starches. Tn this method,
individual starch granules, which have been heated in water at a
fixed temperature (62° (.}, are observed microscopically with phase
contrast illumination, and scored s to degree of chunge from the
natural or unhented appearance. [n any one sample, the alteration
in individual granules appenrs to begin at different temperatures
within o short range, and to require a slight tempersature rise for
completion, so that only in rare cases (extremes) do all granules have
& similar appearance. Therefore, in o study of this kind, granules are
seen in many forms or stages of change, ranging from the unaltered
{small, dense, hard, angular, lumisous, ('z'ystnﬁnid bodies—charac-
teristic of unheated controls) to the completely “durkened” (greatly
enlareed, thin, distended, soft, of low density, gelatinous nonluminous
spheres that are ensily flattened and ruptured). The gelatinization
potential of a sumple is thought to be indicated by the extent of change
observed in n majority of its starch granules. In the previous study
(30} it was observed that samples of known high gelatinization tem-
peratures showed few granules slightly altered {(low heat-alteration
vituesy, and low gelatinization temperatures showed most granules
greatly altered (high heat-nlteration values).

These studies revenled a consistent relation between heat alteration
and gelntinization lemperature for total, long-, medium-, and short-
erain types of rice (table 27).

There was » high degree of positive correlation {table 27) between
hent atterntion and the quality factors alkali ypreading, aikah clearing,
and water uptake nt 77° (G, There was some correlation, but much
fess, between hent alteration and water uptake al §2° C.

Miiled Rice

Ranges of heat alteration values for long-, medium-, and short-
grain milled rices were strikingly similar (table 6).  Average values
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were different, however; for the short-grain varieties, average
values were about three times that for lonv- and :nedmm-(rrmn rices.
These differences, which indicate a low o'elatmmatlon tempemture
for short-grain varieties, may explain, in part,, why short-grain rices
exhibit greater cohesiveness than the other fwo types.

Long-grain.—Samples from Greece and Italy had high heat altera-
tion values, averaging 2.5 and 2.4, respectively. Sumples from the
United States, Brazil, Burma, and West Germany had values near
the average for this group. Those from Colombia, Ecuador, Indo-
nesia, Trun, Mexico, and Rast Pakistan had the lowest values,

Mediwm-grain.—"The average value for medium rices was probably
unduly weighted by the large number of low-value samples from
Burmy, India, and Philippine [slands. Ilighest averages were in the
samples from United States, Japan, Peru, and Portugal,

Short-grain.—The shorl-grain Indin samples, like the India long-
and medium-grain, had exceedingly low wvalues (0.2-0.4). The
other short-grain rices had a range between 1.8 and 2.9

Parboiled Milled Rice

Parboiled long- and medium-grain rices had about the same heat
alterntivn average values and range as did the corresponding milled
samples. Based on the results of this investigation, there was little
differentiation between milled and parboiled “milled rices of similar
lengths, by Lhe heat alteration test.

]’aubmlmfr induces n certain wmount of heat alteration in rices,

varying From slight 1o great, depending both on the type of rice and
on the par bmlmfr conditions, For these reasous, hent alterntion
determinations on parbeiled samples cannot be interpreted in the
sume way as those made vn raw mitled rices.

2580 O -8l -~ 0




TasLE 6.—Huar aLtEraTION: Number of samples, mean, and range of values for each country and for “all samples”

Milled rice
Country Long-grain Medium-grain Short-grain
Number{ Mean Range Number | Mean Range Number{ Mean Range

L Values Values Values Values Valies Values
“Allsamples’” o oo __ 72 7 0.1-2. 6 73 0.7 0.1-2.8 74 2.3 0. 2-2,

S I G RSP TP 6 ST .1-2. 4 5 2.0 1.2-2.8 ‘2 2.2 2. 2-2,
Africa, Soubh - _oo oo oo o et e i i e e e e e mc e i me s e s o fam s e e e o o
Argentina__.___-___ SRR USRS DNIOSEE SRR RIS 1 PSS T SRR 3 2.5 2.3-2. 8
Australia__._._. SRRSO DU AUIRN IESCESUUNY DRUSIIPUNUIPIIDIUN SUSOIIUPRN IR AUNIPLON IR IOR 1 2.7 ecomciaoo
Brazil. izl 4 1.0 .2-2. 4 3 1.4 . 4-2. 4 2 2.5 2.4-2.6
Burma.. .. oo ool o oo 5 .9 .2-1.5 13 .3 [0 TR -7 ORI UG G Ui
Ceylon_. ool i orice e cim s e e i cn e e e - | U SR JUOETIULN NORUITUUURE SRIDUPR
(6] Y1 [ TN IOt M RN SCNRI N PN SIIC IO FCUUIPCUNGN FUIIPIPPLUR [EEPCPSIIPNIIDI (RIS MR BT S BT
Colombia__ . ____ o i a__i. 3 .2 N B S F O VIO NESIPU U LTI MOU U
Beuador. ... oo oo 1 2 IR 3 .2 2 RSO [N Rt
BEgypt. ... RS ! FRUULRTRNU SURPIURTOPON PLOSPUE SONNEIDt RPRLARPUPRN VSPIERUPIUITEY SN SUUppE 1 2.6 |-cicemaiaa
El Salvador__._ . ____..___ U N TN SRR NSRRI MO SCIPEURENIPN MO MR (RS
France - - oo oo e e e e e 2 2.6 2.6-2.6
Germany, West_____ R PR, 2 .9 612 | e i i 1 22 lemieiaen
Ghana. - oo e e B TS AU OO CECICTONI Y MU U ST MO Py
1€ T I 3 2.5 2826 1 oo eemeaaas 2 2.6 2.5-2. 6
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TasLy 6.—Hear avrerarion: Number of samples, mean, and range of values for each country and for. “all
samples '—Continued

Parboiled milled rice

Country Long-grain Medium-grain

Number " Mean Number Mean
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Water Uptake and Sedimentation Values

Water uptake and sedimentation values are interrelated, as evi-
denced by the method of determination. These tests, under various
conditions of temperature and time, have been rather widely accepted
as indicative of cooking qualities and perhaps other characteristics.

Water uptake is o measure of the bydration characteristics of a rice,
which may be influenced by such factors as the gelatinization tem-
perature and the porosity of the kernel. Processing of rice—for
example, parboiling—also changes the sorptive capacity of rices
and radically alters their hysration characteristics. Many re-
searchers (/6, 37) believe that the hydration characteristics are
indicative of the degree of intermolecular association, on the as-
sumption that free hydroxyl groups must be available for the attach-
ment of water.

The sedimentation test is u measure of the insoluble solids lost to
the treating solution at the specified temperature. It is influenced
lb;y thle gelatinization temperature and the physical structure of the

ernel.

In general, water uptake and sedimentation tests give an insight
into the behavior of short-grain rices during cooking, since they
absorb more water and give greater sediment at the temperatures
used than do either the long- or medium-grain rices.

It is to be noted that average values, for the “all samples,” for long-
and medium-grain milled rices under each heading are fairly close,
whereas those for the short grains are considerably higher. However,
because water uptake and sedimentation values vary widely even
within a single grain length, average values are not particularly
meaningful.

Water Uptake at 77° C.
Milled Rice

There was a high positive correlation (table 27) between water
uptake at 77° C. gnd heat alteration. On the other hand, high
negative correlations were found between water uptake and gelatiniza-
tion temperatures (16). There was good evidence of a positive
correlution between wuter uptake and amylopectin content and a
negative correlation fur water uptake with amylose and the amylose/
amylopectin ratio. Cooking quality cohesiveness was negutively
correlated with water uptakes for “all samples” and medium-grain
rices.

There was a positive correlation between water uptake and sedi-
mentation, with a higher degree of correlation in the sedimentation
test made st 77° C,

As expected, there was a high positive correlation between both
alkali spreading and alkali clearing and water uptake for the “all
samples’ of the categories of total, long-, medium-, and short-grain
lengths. :




QUALITY EVALUATION OF FOREBIGN AND DOMESTIC RICES 85

Long-grain —U.8. samples were close to the “all samples” average
and range. Semples from Argentina, France, Greece, Itely, Portugsl,
and Turkey were the highest in these values, with those from Ecusdor
and El Salvador being the lowest {table 7).

Medium-grain—Although the “sll samples” average values were
near those for long-grain samples, examination of the data for the
samples from the individual country would indicate this was more of a
mathematicel coincidence.

Short-grain.—For the most part, short-grain rices had higher
water-uptake values and a wider range than the long- and medium-
grain types had.

Parboiled Milled Rice

As expected, parboiling caused the rices to have lowered total water
absorption and to have a narrower range of voristion than the raw
sampies. Parboiling seemed to make the water-uptake values more
nearly the same for both leng- and medium-grain rices.

Sedimentation at 77° C,
Milled Rice

Sedimentation values for milled rices followed the same patterns as
the water-uptake determinations at this same temperature—higher
values and wider range of variation for the short-grain samples.

A positive correlation (table 27) existed for the milled-rice samples
belween sedimentation values at 77° C. and at 82° C, To a lesser
extent, there was a positive correlation between sedimentation at
77° C. and alkali spreading, alkali clearing, and water uptake at this
temperature.

One unique observation was that the samples from Greece—in all
categories of long-, medium-, and short-grain samples—had the
l(liggfst )sedimentation values of any of the 34 countries considered
table 8).

Long-grain.—Samples from three countries—Greece, Italy, and
Portugel—had much higher sedimentation values than the average
for the 34 countries. On the other hand, samples from Ecuador,
Iran, and West Pakistan had very low values for this determination.
Indonesia and India samples had the widest range of values.

Medium-grain—Samples from Greece and Turkey had highest

‘sedimentation values; those from Ceylon, India, Indonesia, and Peru,
lowest.

Short-grain.—Samples from South Africa, Egypt, and Greece had
very high values.

Parboiled Milled Rice

The sedimentation values reveal marked differences between
milled and parboiled samples. Sediment for parboiled samples was
about one-fourth that for milled rices.




TapLe 7.—~Warsr urrake ar 77° C.: Number of samples, mean, and range of values for each country and for “all
5 [’ ” 2 J n/ R
samples : ,

[Water absorbed by 100 grams of rice]

Milled rice

Gountry : Long-grain ] Medium-grain ~ Short-grain

Number [ Mean Range Number| Mean Range Number | Mean Range

Ml ML, M, Ml Ml ML,
66-353 182 60-367 278 91-441
66-326 255 257 247-267

161-220 358 321-395

Argentina : 269-278 259 232-274

Australia )
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105-275 : 116-278
138-284 3 109-256
Ceylon
Chile
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Greece .
Guatemala. . e e

Italy
Ivory Coast
Japan

Mexico
Nigerin
P.\klst‘\n, East
Pakistan, West

Philippines
Portugal ...
Spain

Thailand
Turkey

287-306
150-164
98-207
66-209
124-153

277-312

163-215
144-256
323-367

132-243

292-320
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TanLe 7—Warer UPTAKE ar 77° C.: Number of samples, mean, and range of values for each country and for “all
samples’”’—Continued
[Water absorbed by 100 grams of rice]
Parboiled milled rice
Country Long-grain ~ Medium-grain
Numbeér Mean Range Number Mean Range
. : Ml. ) M. Ml, M.
CAL SAMPLES” Lol 37 133 89-192 26 135 93-181
WA e i e el 1 ) £ 15 3 PO U USRS NSNS S S SUIPN NONPIPE ISP S
Africa, South. . __ . _ L.l ____ PSSR SRR UNSUNUPID ISROURIL! (LU SIPCETNTONENY SRR R
Argentina. .o . il lol. SIS LS SUIPINITN SRS JECNNSUIUSUIRUrY IR uN SRRSO
Australin. _ ... oo . el e iiimeios SUNUIUURE IR, BRI ONILN IUUCIRY IR IR (LT
Brazil o i i o s e e e e e e
Burma. oo L il 119 110-127 8 108 93-134
Coeylon . oo i il i e e e e e e e
Chile . o e e e et e e e e e i iim
Colombia, = L. i i i i e e e e
;quador __________________________________________________________________________________________________
Y P e e e b o e e i e e e e e i
El'Salvador_ .o, oo e e e e e e e i
France. . oo i i et i e e e e
Germany, Wesb . _ . .o i e e 2 179 178-180
Ghana_ o e 1 163 oo e e i
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TasLe 8.—SevimuNT AT 77° C.: Number of samples, mean, and range of values for each country and for “‘all samples”

[From 100 grams of rice]

Milled rice

Country Long-grain Medium-grain Short-grain
Number| Mean Range Number{ Mean Range Number | Mean Range
M1, ML, ML M. ML M,

Al samples’ ool oC 167 17.3 1. 5-66..0 149 17.6 1 1. 0-53.0 128 26. 5 2,0-93. 0
o R R ST 6 12. 2 8.0-19. 5 5 26,9 14. 5-44.-5 2 44, 5 40, 5~48. 5
Afrien, South .o o ..o .. 2 98. 5.1 18 0-39.0 1 20,0 ool 2 60. 0 36. 0-84. 0
Argentina. .o _ 2 26. 2 25.0-27.5 5 18.0 11.0-25.0 4 19. 5 15. 5-28.5
Australin. oo 0o e e e il 1 4208 |2
razil o Llllll 7 16. 2 10, 5-24. 0 5 24, 0 12. 0-34. 0 3 34.3 27.0-40. 0
Burma. .o loliiiiil 11 13.0 7.0-22. 5 35 211 9. 0-34.0 ||l
Ceylon. o ial et e il 7 5.1 1. 0-12. 0 3 4.0 2.0- 6.0
Chile. _ o o e e e e e i i e e e e e
Colombia___. _________.________ 4 13.2 1 10.5-18. 5 1 16,0 oo et eimen el
Eeuador- .. . _T_ o .l 2 58 3.0- 85 4 12.4 7.0-23.0 | feme i i
Bewpt i e e i 4| 638 31.0-93. 0
Bl'Salvador . ___ ..o .o i 2 10. 5 35175 || e e o[t m
France_..._.____ . ____ 4| 214 185255 | | l|ooi o l__ 27772000 15, 0-25. 0
gfrmnny, West_ .o __._..____ 5 19.4 | 10.0-42. 0 4 17.1 7. 5-28. 0 3 42,7 27. 5-65. 0
CGhana . o i o] e e ez e i e
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TapLe 8.—SeoimeNt AT 77° C.: Number of samples, mean, and range of values for each counhy and for “‘all
samples’ '—Continued

[From 100 grams of rice]

Parboiled milled rice

NLLATIAH TVIINHOIL

Country Long-grain Medium-grain

Number Mean Mean
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Water Uptake at 82° C.
Milled Rice

Correlation between water uptake at $2° C. and gelatinization
temperature, heat alteration, alkali spreading, and alkali clesring is
lower than correlation between water uptake at 77° (. and these
same quality factors (table 27},

Since 82° (. is higher Lhan the gelatinization temperature of most
rices, the wufer uptake for long-, mediwm-, and short-grain sninples
was nearer the siune values at this temperature than when determined
at 77° C. However, there was an increasingly wider range of values
from long-, to medium-, to short-grain classes (table 8).

Long-grain.—The average for U.S. samples was close to that for all
the countries, but one U8, sample was considerably higher than
any other tested. 'The samples from Tndia and Japan were among
the lowest in such values, although the samples from Japan averaged
near the median for this ciass.

Medium-grain.—Wherens samples from Ceylon, Indonesiz, and
[ndin averaged lenst, U.S. sumples were typical for this group. Sam-
ples from Colombin, the Philippines, and Portugal averaged consid-
erubly abyve the others.

Short-grain.—Except for Portugal, sll countries averaged higher
for this test at §2° C. than at 77° C.

Parboiled Milled Rice

For parboiled milled rices, the average water uptake was 65 per-
cent higher at §2° C. than at 77° C,  Even so, there was & nurrower
range in water uptake values at 82° ¢, than at 77° C
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Sedimentation at 32° C.

In general, for all three grein-length types, sedimentation values at
82° (' were substantinlly grester than those gbtained at 77° C.
{table 10).

Milled Rice

Thers is evidence of substantial negative correlation between sedi-
ment ab 82° (1. and cooking quality cohesiveness, although not quite
as definite as when tested ot 77° C. (See table 27.)  All grain types
from Indin had very low sedimentation values and would warrant
further study to determine the reason for this behavior.

Long-grain. —Hers ugnin, U5, rice corresponded to the average
sedimentation value for all fong-grain sanmples. Samples from Greeca
were unique in having by far the highest average. The long-grain
milled samples from Thailund had much the grentest range from low to
high values for any type of rice, milled or parboiled miﬁed, from any
country.

Mediwm-grain.—Samples from Ceylon, India, and Peru had exceed-
ingly low values, Sumples from Greece again had the highest values.

Short-grain.—Rices from India had the lowest values.

Parboiled Milled Rice
Parboited milled samples had only slightly higher sedimentation

values nt 82° O than ab 77° (. these values were only about a third of
those for any of the milled swmples.

788 SSG O UGB - -8




TanLe 9. —~Warer vpTakE aT 82° C.: Number of samples, mean, and range of values for each counlry and for “‘all
samples”

[Water absorbed by 100 grams of rice]

Milled rice

Country Long-grain Medium-grain Short-grain
Number| Mean Range Number| Mean Range Number| Mean Range
Ml Ml Ml Ml M, M,

“Allsamples’ L. . . __ 167 312 180443 149 299 111-445 129 336 139-529
A e 6 316 220443 5 320 282-352 2 324 323-325H.
Afnu\ Soubh. ..o .. _l. 2 380 - 345-415 1 201 ool 2 378 373-383
Argentlna ..................... 2 318 310<325 5 296 270-352 4 313 205-322
Australin, - |l e e e A 1 322 | el
Brazil . L 222-374 5 300 249-341 3 348 328-366
Burma_ oo il 256-394 35 305 231404 | )t
Ceylon. .ol i N i e L 7 195 - 111-284 3 204 139-241
Chile . - o e e e el i .
Colombia 260-355 1 359 | e e
EcundOr ....................... 232-238 4 320 277-358 |\ b .
Beypt oo i i e i e 5 384 357-414
El Sulvudor 2 2373857 |oooce e e L
Franee: ..o .. ... __.o_. 4 330 316-344 1o ) i 2 331 328-334
Germany, West-__.___.________ 5 278 265-288 4 308 286-354 3 399 319-529
ANB ool e e e i e e e e Ve
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Greece .
Guatemals

Italy
Ivory Coast

Nigeria -
Pukistan, Bast

Pakistan, West

Philippines
Portugal
Spain
Thailand

SN OOONC

303-363
331-345
180-328
217-357
299-328
331-382

203-309
272-359

247-332

122-367
164356
288-344

284-355
337-445
363-370

310-386
317-351

o

O M Q0

358-393

201-377
328-367

275-502

303-350

335-357
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TaBLe 9—WATER UPTAKE AT 82° C.: Number of samples, mean, and range of values for each country and Jor “‘all
samples”’—Continued

[Water absorbed by 100 grams of rice]

Parboiled milled rice

Country : Long-grain Medijum-grain

Mean Range Mean ‘Range

. M, . M.
‘I}Aél jz\mples” 169-334 144-289

Af ri.cz\, South

40 'Id¥d ‘S'N ‘1881 NILATING TVOINHOTL

.~ Egypt
El Salvador

JYALIADI¥OY

Germany, West
Ghana
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TaBLE 10.—SEDIMENT AT 82° C.: Number of samples, mean, and range of values for each couniry and for “all samples”
[From 100 grams of rice)

Milled rice

Country Long-grain Medium-grain Short-grain

Range Range

"LdAd 'S'A ‘Teel NILATING TVOINHOAL
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TasLe 10.—Sepment AT 82° C.: Number of samples, mean, and range of values for each country and for
' “all samples’’—Continued

[From 100 grams of rice]

Country

Parboiled milled rice

Long-grain

Medium-grain

Number

Mean

Range

Number

Mean

“All'samples’ . ... .
US A o i

Africa, South

Argentina
Australia
Braazil

et LDy A G R S S

Egypt i il
ElSalvador________ .. ________.___ "
France . . i oo ..o

Germany, West
Ghana
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Alkali Spreading and Clearing

Alkali spreading and clearing values represent the reactions of mitled
rice kerne?s to soaking in dilute aikali. TIn previous studies (24, 317,
44), alk: ¥t reactions were shown to be roughly indicative of textural
qunlities 1n the covked rice. Varietal differences iu starch granules
can be determined with the nikali tess.

Alkali spreading and clearing values parallel each other quite
closely, singe they represent separate measurements of a single test
(tables 11 and 12). There is sometimes an advantage in having evalu-
ated the reaction by two subjective scoring systems rather than one.

Generally, in the alkali spreading tests, milled short-grain varieties
spread more extensively than medium-grain, and medium-grain spread
more than long-grain. This was true for both domestic and foreign
rices.

Milled Rice

Sonse interesting refationships were shown in the consistent pattern
of alkall spreading and alkah clearing, being negatively correlated
with amylose, amylose/aniylopectin ratio, and gelatinization tempera-
ture {table 27). And the converse: Alkali spreading and alkali clear-
ing showed high positive correlation with amylopectin, water uptake,
sediment, and heat alterstion. A higher degree of correlation was
found at 77° C. thun at 82° €. lor both water uptake and sediment.
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There were strong negative correlations between alkali spreading
and gelatinization temperature values, with the degree of negative
corre%ution increasing from long-grain to short-grain types.

Long-grain.—Most of the long-grain samples had high average
valurs for alkali spreading, with about one-third averaging above
the U.S. rices. Most of the samples from each country had a relatively
narrow range of values.

U.8. samples showed tiia widest range of values for the alkali clearing
evaluations. Over 80 percent of all samples tested had alkali clearing
vulues above 4.0.

Medium-grain.—Country by country, this class of samples averaged
about the same valaes for both alkali spreading and alkali clearing as
did the long-grain samples.

Short-grazn.—Short-grain samples generally had higher alkali spread-
ing and alkali clearing than the other two types. The range among
the short-grain samples was least of the three types.

Parboiled Milled Rice

Not suf['i(:ient parboiled samples were evaluated for alkall spreading
and alkali clearing to draw definite conclusions. Those parboile
samples tested seemed comparable to the milled samples.




TaBLE 11.—ALxALT SPREADING: Number of samples, mean, and range of values for each country and for “‘all samples”

Milled rice
Country Long-grain Medium-grain Short-grain
Number} Mean - Range Number| - Mean Range Number| Mean Range
Scores Scores Scores Scores Scores Scores

“All samples” .o _._____ 53 5.4 2.3-7.0 52 5.3 2.6~-7.0 48 6.7 4. 0-7.0

S A i 6 5.3 2.3-7.0 5 6.5 5.7-7.0 2 7.0 7.0-7.0
Afriea, Soubh_ . s )i e e e e
Argentina_ L o 1 - S 4 I PO 1 R U PR,
Australia. - e e e e 1 70 e
Brazil .. .l 2 5.9 5, 8-6.0 2 5.5 4.0-7.0 1 (A O
Burma._____.___ . o Lo o __l. 4 4.9 4, 2-5 8 10 5.0 4758 |avcemmen| e e -
Ceylon. oo _cu i |l it e e e e e T Ty
Chile. oo | | | T Ty
Colombia__.. . __ . ... .._._._ 3 6.0 5764 | i e
Eeuador_ ... oo . oL i 1 4.7 |l 3 5.0 4.8-5.3 |ooieafem et
Bgypt i e e e 1 A VI P
ElSabvador. ool oo el e e | T e
Franceoo oo ool i e T 2 7.0 7.0-7.0
Germany; West___________.____ 2 5.4 5,25, 7 | e oo e 1 6.8 |commmimeis
Ghana ool e e e e e T
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lABLE 11.—ALKALI SPREADING: Number of samples mean, and range of values for each country and for
samples’’—Continued

l{all

Country

Parboiled

milled rice

Long-grain

Medium-grain

Number‘

Mean

Number

Mean

Afnca, South_-__ S U ST IO
Argentina_____.__ .. ________._._l._______.
Australia - _ . _____._ .o ____ L.___
Brazil o ol

France. . _ . . i _i_l.l
Germany, West___-_ . .. o __ . _ . __._
Ghana._.... . ol li_

__________
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Thailand

SHOIY OIISENOd ANV NDIFYO04A d0 NOILLVATVAH




06

TABLE 12.—ALKALI CLEARING: Number of samples, mean, and range of values for each country and for “‘all samples”

Milled rice

Country k Long-grain , Medium-grain k Short-grain

Number| Mean | Range Number| Mean Range Number| Mes.. Range
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samples’’-—Continued

TaBLE 12.-—ALKALI CcLEARING: Number of samples, mean, and range of values for each country _and Jor ‘‘all

Country

Parboiled milled rice

Long-grain

Medium-grain

Number

Mean Number

Mean

Al 'samples”
US A .
Africa, South_._____ . ___ o .o . ____.
Argentina..______ e e el
Australia _ ... ___ ...

France_ ... . . o i ..
Germany, West________ .. ... _ . ___.__
Ghana ____._ . i o -
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Chemical Determinations

Lipid Content

A high percentage of the lipid content of the rice kernel occurs in
the true bran (pericarp) and embryo {33).

Autrey and others (8) demonstrated, in 322 fests of Zenith and
Rexark rices, that the amount of [at extracted Irom whole milled
rice was in linear relationship to the amount of bran removed up to
about 6 percent of the original rice. It was further shown that, for
a given variety, the relalionship between the percentage of bran
removed and the perceniage of lal remaining on the milled rice is
constant from year to yeur, Those studies indicate shat reliznble and
consistent results can be obtained by using the {ats extractable from
the surtace of the whole-milled rice as a wensure of the amount of
tnner bran {(the alewrone layer} remaining on the milled rice.

Since the outer layers of rice kernels may be removed by milling,
the grealer the milling the less will be the lipid content, particularly
the so-called surfuce lipids. For this reason, the determination of
the surface lipids may be indicative of the degree of milling.

For the sumples analyzed in this study, it was found that surface
lipids avernged nboul 60 percent ol the toial lipid content. Rices
with 2 high percentage of surfuce lipids had high total lipid contents.

Surfuce Lipids

Table 13 depicts surfuce lipid data for rices by Individual countries,
as well as the mean and range for “sll samples,” according to rice
types.

Milled Rice

In general, long-grain milled rices had the lowest surface lipid
content, medium-grains were intermediate, and short-grain samples
hiad the highest amounts of surface lipids,

Samples from West Germany, Greece, and Portugal bad much
lowsr average surluce lipid content than did *“‘all samples” cr U.5.
samples.  Conversely, Jupanese samples were much higher. Cu-
riously enough, long- sod medium-grain samples from Indonesia,
which probably included indigenous hund-pouncded samples, were
very high, but the reverse was true {or the short-grain samples of
that country, which included imported sumnples.

As has been found by other research workers in this field, these
studies showed a high positive correlation (table 27) between surfnce
lipids and total lipids for long-, medium-, and short-grain categories
as well as for total samples {(combined long, medium, and short).
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Color lightness values increased as surface lipids diminished, in
long-, medium-, and short-grain types, with the effect increasing as
grain length bscame shorter.

There were strong indications that ss surface lipids decreased in
long-grain rices, there was improvement in cooking quality appeararce
scores. The opposite trend may be true for short-grain rices, but
more research is needed fo determine to what extent.

Surface lipids also appeared to affect cooking quality cohesiveness.
For long-grain rices, stickiness during cooking seemed to decrease as
surface lipid content decrensed. However, the opposite may be true
for short-grain rices. Knowledge on these phenomena is vital to a
better unclersianding of cooking characteristics; more research is
necessary on these points.

Long-grain.~—Samples from Ivory Coast, Indonesia, and Peru had
very Dbieh surface lipid values. On the other hand, samples from
Scuth Alrica, France, West Germany, Greece, and Portugal had the
lowest. One sample from India had the lowest value of any sample
studied. Such low values would indicate a higher degree of milling
than average, and were lower than T.3. long-grain (which averaged
about the same as “all samples’” for long-graing.

Medium-grain.~—High lipid content was lound among samples from
Ceylon, Indin, Indonesia, Peru, and the Philippines. Those with
unusuelly low lipid content were from Burma, Colombia, West
Germuny, and Greece.

Short-grain.— .9, rices had less than the “all samples” average for
this cinss; samples from South Africa, Egypt, Argentina, Brazil,
France, West Germany, Greece, Indonesia, and Portugal had much
lower lipid content than did “all samples” averages. Italy and
Jupan, averaging 0.51 and 0.52 percent, respectively, had the highest
nmounts of surface lipids.

Parboiled Milied Rice

Semples from Hast Pakistan, Burma, and Thailand had high
amounts of surface lipids, The long- und medium-grain parboiled
milled snmples averaged somewhat higher than the milled rices for
surface Hpids.

For the sumples studied in this project, parboiled milled rices had
slightly higber amounts of surlace lipids than did the milled samples,
principally because the beginning range was fwo to three times higher
then that for milled samples.




TasLe 13.—Surrace virips: Number of samples, mean, and range of values for each country and for “‘all samples”

Milled rice

Country Long-grain Medium-grain Short-grain
Number |- Mean Range Number;{ Mean Range Number|{ Mean Range
Percent | Percenl Percent Percent ) Percent Percent

YAl samples”_.___.__________._ 156 | 0..349 {0.092-0. 827 147 | 0.392 }0. 067-0. 842 129 | 0.404 | 0.050-0.791
......................... 6 .346 | .283- .427 5 . 366 | .316— .395 2 . 350 .333- . 368
Afr!cn, South. ... _ ... 2 .278 | 1215~ <340 1 AT 2 . 266 210- .320
Argentina. __ . .- .i ool foio e 4 .345 | .330- ..390 4 . 272 . 240- . 350
Austrabia_.- ..o oo ol e i i e i 1 2330 o L . a5
Brazil____________________.____ 7| 349 | .271- .443 5| 0330 | .201— .495 3| .227 | .201-.260
Burma .. .o . oo L 10 8 .417 | .331- .503 35 277 | L 067— (566 |- cieoia|ocasaamans P
ggyllon__-____,-_____-_________ SOV P L 7 547 | . 160~ . 842 3 . 436 184~ .791
(] LIS CRUPE IOl (NS NUSIN [P IO AV PR FRNCTRVU NCSRUNU S USRI US] IR HUIUISRLUNUN AU
Colombia.____.____ .. ..l __. 4 .333 ] .167— . 647 1 % ) IS (RN AN S
Beuador_ .- - . .l _____ 2 . 320 | .268-.372 4 L340 | . 305— . 395 | o |eimeicoifomitas e
Beypt . oo e e e i 5 .240-| . 090- . 620
El'Salvador. ____ .o i ol b e e e A
France. . . _..___.__.__ .l - .. 4 .240 | L180- 800 |- |eeo o _ofooa Ll 2 .265 | .260- .270
.gfrmany, Westo _. .. ____.. 5 . 286 | . 190 . 400 4 .258 | .150- .320 3 . 197 180+ .230
ANA . i el cecmemcni e o e e e ) e e e e e
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TaBLE 13.—8SuRracE Lirips: Number of samples, mean, and range of values for each country and for “all samples”—Con.

Parboiled milled rice

Country ) Long-grain . Medium-grain

Number Mean Range ' - | Number Mean Range

Percent Percent Percent Percent
0. 220-0. 768 0. 448 0, 169-0, 828

Argcu tina
Austyalia

J0- LAUA "§°E ‘18T NITATING TVOINEDAL

lhgypt; __________________________________
El Salvador

TIALINOINDVY

. 230~ . 340
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Total Lipids

As stated previously in this report, these studies conclusively
showed that as surface lipids increased, there was & related increase of
total lipids. On an average, surface lipids were sbout 60 percent of
the total lipid content.

Although there was a wide range of variation in individual deter-
mingtions in each category—long-, ruedium-, and short-grain types
of both milled and par%oiled miﬁed rices—the mean values for “all
samples” were elmost identical, as shown in table 14.

Milled Rice

In agreement with the findings of other researchers, this study
showed that as total lipids increased, the color decreased (table 27).
This darkening muy be due to the lipids becoming oxidized (rancid),
or undergoing decomposition, or reacting with other constituents,

Long-grain.—Rices from Indonesia, lﬁ&Tf, and Peru were particu-
larly high in total lipids; UJ.8. samples were below the “all samples”
aversge; and samples obtained in Ecuador and Portugal were lowest,
averaging about half the “all samples” value.

Medium-grain.—Of all categories studied, the medium-grain rices
exhibited the widest range in total lipid content, with the lowest
sample coming from Burma and the highest from India. T'he saraples
from India had, by far, the widest range of all countries.

Short-grain.—Samples from Egypt were the lowest and highest In
total lipids of the short-grain rices considered.

Parboiled Milled Rices

U.8. rice had the lowest total lipid and Ghana the highest of the
parboiled long-grain rices. Rice from Burma averaged the highest
total lipid content of all parboiled rices considered.

Protein {Nitrogen)

Protein content ol milled rices may be influenced by the t{pes and
amounts of fertilizers applied, by climatic and environmental factors,
by degree of maturity, by varietal characteristics, and by the degree
of milling (33, 43). Little information was available on the foreign
samples used in the present study concerning these background cul-
tursl factors. Therefore, the interpretation of the analytical data on
protein content, summarized in table 15, may not be as meaningful
s desirad,

The quantity and kind of proteins are important factors in the
nutritional value of rice. Total protein is important, but more and
more consideration is being given to the kinds of proteins necessary
for health and well-being. Studies of both foreign and domestic rices
should be extended to characterize the proteins inherent in the
principal varieties of comnmerce, as guidelines toward production and
marketing of more desirable rices. )

Ranges of protein content in the long-, medium-, and short-grain
categories for milled rices, under consideration in this research proj-
ect, were not greatly different, one from another, as shown in table 15.
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Avernge and maximum and minimum protein values exhibited a
venern] downward trend from the long- to the short-grain rices, but
had considersble runge within each grain type. These differences in
protein content between grain types may have been affected by one
or more of the factors mentioned above. Type for type, the par-
bolled samples had lower average protein values than the raw milled
samples.
Milled Rice

Itor the longer types of rices, there was some indication that protein
content 1s iuvemef; related to surfuce lipids (table 27). Also, these
studies further confirmed other workers' findings that protein content
inereased ns grain lenglh incressed, particularly in the long-grain
types (32).

As protein content increased, wuter uptake at both 77° C. and 82° C.
decrensed, although this behavior was not consistent in all grain
lengths. These findings are consistent with other research (28) in
which protein distribution within rice kernels was demonstrated
histochemically for several domestic varieties.

Good evidence was obtained that the higher the protein content
the less will be the cohesiveness after cooking. This is in keeping
with the luct that the short-grain rices, usually more sticky when
cooked than medium- and long-grain rices, average a Jower per-
centuge of protein than do the longer grain typés. “Research should
be undertaken to determine which kinds of protein or protein com-
binations exert the greatest effect on the “stickiness’ properties.

Long-grain.—Samples from three countries—Colombia, Iran, and
Ttaly—had very high average protein values (above 9 percent).
Tran samples hnd ihe highest average value and the smallest range
ef values. U.S. sumples averaged less than that for the whole group.
Swiaples Irom Indonesin not only averaged the least, but one of the
sumples was the lowest of any long-grain rices tested.

Mediwm-grain.—Samples from  Argentina, Brazil, Ecuador, and
PPeru had average protein content exceeding 8.5 percent. With the
exception of the single snmple from Colombiy, the U.8. medium-grain
rices nveraged lowest of alt the countries. India samples had by far
the greatest range of values; one of these samples contained the
highest amount of protein (10.18 percent} of any sample-—miiled or
parboiled—-analyzed in this study.

Short-grain.—U.S. snmples avernged lowest of those from any
country; Tran samples again had a very high value, exceeded only by
those from Ceylon and Spain.

Parboiled Milled Rice

Parboiled rices, type for type, averaged slightly less protein con-
tent, bul had a more narrow runge of values, than the raw milled
samples, For long-grain parboiled rices, the lowest and highest
yrotein percentages were found in the Thailand samples. The
sighest Thailand sample barely exceeded sniuples from the United
States, Nigerin, and India.
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Country

Milled rice

Long-grain

Medium-grain

Short-grain

Number

Mean

Range

Number

Meain

Range

Number

Mesan

Range
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Argentina
Australia

Germauy, West
Ghana

Percent
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0. 64

. 52
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Country

Parboiled milled rice

Long-grain

Medium-grain

Number
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Number Mean Range

All “samples”
U.S.A
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Percent
0.28-1.29
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TasLe 15.—Proremv: Number of samples, mean, and range of values jor each country and for “all samples”

Country

Milled rice

Long-grain

Medium-grain

Short-grain

Number

Mean

Range

Number
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Range

Number

Mean

Range

Percent
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Percent
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Moisture

The moisture content of rice is an important factor in determining
its keeping qualities. During storage, high-meisture samples change
guality characteristics faster than those with lower moisture coutent.
Moisture content is u transitory factor, affected by maturity, drying,
and storage environment. Commoudy accepted moisture contents
for safe storage are 13 percent for less than 6 months’ storage, and
12 percent for long-time storage (10).

In the United States, rice witu more than 15 percent moisture is
classed us sample grade. Among the foreign rices examined, the
ioistire content ranged from about 9.5 percent to 16 percent (table
16). Some samples received from Brazil, Burin, Greece, Indonesta,
Jupan, Kores, and Thailand contuined in excess of 15 percent moisture.
The ranges of moisture percentages found within the differeat kernel
type categories were not widely different in thése foreign rices.
High- and low-moisture values were I'airly well randomized throughout
the various countries, irrespective of widely runging climatic condi-
tions, handling methods, and other factors.

Milled rices had a somewhut wider range in moisture values than
did the parboiled milled samples.

Milled Rice

Average noisture values for the three grain lengths did not show
any wide difference, nnd no consistent trend was found among the
three types.

Tudia samples had the lowest percentage moisture in each of three
grain types—long-, medium-, and short-grain rices. Furthermore,
the sample with the lowest moisture in each eategory was from India.

Long-grain.—Indonesia had the highest moisture sample and the
highest average for ruy country in this group. The Thailand samples
were next highest in woisture content. U.S. long-grain rices averaged
comewhat below the group nverage.

Medium-grain—The Burma samples had the highest moisture
content. LS. rices averaged next to those from India in being the
lowest in moisture.

Shert-grain —Rices from Korea, Japan, and Greece ranked highest
in moisture. Rices from Indin haed the lowest values, followed
rather closely by rices from Egypt and Spain.

Parboiled Milled Rice

Here again it was noted that the India samples were fowest in
average moisture contert and had the lowest individual sample
moisture of any examined in this project. As noted previously, the
moisture range was less for parboiled samples than for the raw milled
ones,
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Crude Fiber

Most of the erude fiber of rough rice is in the bran and outer layers.
Although there may be varietal differences, the fiber content of milled
rice is largely a function of the degree of milling. It was not surprising,
therefore, that the fiber content exhibited random variation among
the samples examined in this investigation (table 17). Although
the percentage of fiber in these sa.mpfes ranged from 0.18 to 1.28
percent, the average values of the different categories were not much
different from each other (table 17). The sample with 1,28 percent
crude fiber also was high in protein {10.18 percent) and in ash (1.62
percent), which indicated it was only very lightly milled. For these
reasons, this study did not afford much basis for relating fiber content
with cooking and processing qualities. Research on pure varieties
with known histories, with controlled degrees of milling, would be
the only sound upproach to establishing such relationships.

Milled Rice

For the milled samples, trends for crude fiber content were con-
sistently downward from long- to medium- to short-grains.

Long-grawn.—Samples from Indonesia and West Pakistan had much
higher percentages of crude fiber than others in this class, and evidently
were undermilled. This wus consistent with the findings that these
samples also had high surface lipid content, indicating less milling.
On the other hand, samples from Germany, Japan, and Mexico
averaged lowest in crude ﬁEer, which was consistent with sheir having
low amounts of surface lipids, TI.S. samples were about average.

Medium-grain.—High crude fiber values for India and Thailand
are probably not due to undermilling. Those from India had the
createst variability of any country for all rice types. Samples from
Jupan had the lowest crude fiber content, which is consistent with its
high milling practice. Medium-grain rices from the U.S., with least.
range of values, were somewhat below average in fiber, which is
consistent with higher degree of milling than most foreign samples.

Short-grain—Samples from Egypt varied most; those from India
had least variation.

Parboiled Milled Rice

The range of crude fiber values was smaller for the parboiled
milled rices than for the milled-rice samples.




TaBLg 16.—Moisrure: Number of samples, mean, and range of values for each country and for “all samples”’

Country

Milled rice

Long-grain

Medium-grain

Short-grain

Number

Mean

Range

Number

Mean

Range

Number

Mean

Range

Ah 1cn, South
Argentina
Australia

Percent
y

Percent
9. 54-16. 01

12, 26-14. 08

12. 16~14. 94
13.28-15.18

Percent

Percent '
9. 52-15. 46
12.14-12. 68
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10. 32-15. 87
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Country

Parboiled milled rice
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Tasue 17.—Crupe riBer: Number of samples, mean, and range of values for each country and for “all samples”

Milled rice
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Number| Mean Range Number|{ Mean Range Number | Mean Range

Percent Percent ’ Percent Percent ) | Percent
35 : , 0.10-0. 68

Ecuador.__
Eg yp

L1019V 40 "IdEd 'S' ‘TegT NILITIOE TIVOINHOFEL 91T

qTyN,

(-crman ¥, W(\st
Ghana



http:3.287.26-.32
http:0.10-0.68
http:0.22-1.28
http:0.18-0.68

Greece. . mveeaee e ———
Guatemala

Ivory Coast
Japan

Korea._.
Mexico
Nigeria. ..o -—o-
Pakistan; Bast

- Pakistan, West

Philippines. _ .. S S
Portugal.
Spaiin

Continued

SEOIY OILSAWOd ANV NDIFHOJd J0 NOI

LIT



http:5.256.22-.33

TapLe 17.—CrUDE riBER: Number of samples, mean, and range of values for each country and for “all
samples’ '_Continued

Parboiled milled rice

Country ‘ Long-grain Medium-grain

Number Mean Range ‘ ) Mean Range

Percent Percent Percent
0. 26-0. 62 , ¢ ! 0. 23~0. 50

Argentma
Australia

k.
[
Qo
)
B
g
g,
]
(=}
t
=
2]
g
[
©w
w
\:—‘
o
0
i~
=
r
=B
(=]
=
2
=
b,
a
a
=
H
(=}
=
=



http:0.26-0.62

Italy -
Ivory Coast

" Nigeria
Pakistan, East
Pakistan, West

Philippines
Portugal




120 TECHNICAL BULLETIN 1331, U.S. DEPT. OF AGRICULTURE

Ash

Ash content of rice may be affected by several factors. It has been
reported (33} that the amount of ash in rice is significantly infiuenced
by cultural environment and less significantly by variety of the rice.
In other words, variation in percentage of ash meay reflect variation
in inorganic constituents of the seil, fertilizer, and water in which the
rice was grown.

Of all the parts of the riee kernel, the principal source of ash is from
the bran layer, which may have an ash content of up to about 5
percent (33). These same investigators reported that the endosperm
of rice may contain up to 0.81 percent ash. It may be assumed,
therefore, that samples with high ash values are either not well-
milied or are admixed with foreign matter of high mineral content.

Ash percentages of &ll samples examined ranged {rom 0.26 to 1.95.
The highest average value for ash (1.48 percent) was found in the long-
grain samples obtained from We.t Germany (table 18). However,
this inding was not meaningful because the Germany samples repre-
sented rices from several countries.

) ’%‘ilg_ highest amount of ash in a medium-grain sample was obtained
in India.

Although the proportion of ash to crude fiber showed considerable
variation among the wide range of samples examined, it was interesting
to note that the ash average for the different categories was ap-
proximetely two times the average of crude fiber:

Milled Parboiled
Rice type Ashffiber Aghlfiber

Long-grain . 2.08
Medium-grain 2.23
Short-grain -t




QUALITY EVALUATION OF FOREIGN AND DOMESTIC RICES 121

Milled Rice

The milled samples averaged about 0.65 percent ash. The U.S.
rices examined (long- and medium-grain) averaged about two-thirds
that for all rices, which further substantiates the belief that U.S. rices
have a comparably higher degree of milling and perhaps more ef-
ficient handling and processing that minimizes mineral contamination.

Long-grain.-—Greatest amounts of ash were found in samples from
West Germany, Indonesia, and Peru. T.8. long-grain rices had the
lowest percentage of ash. Other low-ash samples came from Iran,
Mexico, and Thailand.

Medium-grain—Again, the U.S. samples averaged the lowest in
ash content and had the least range of values. Others with low ash
percentages were {rom Brazil, Burma, and Japan. The samples from
Indis had by far the highest amount of ash.

Short-gratn.—In this category, ash content was determined for
only five countries. These country averages (except Egypt’s) were
exceedingly close together, with a range of only 0.05 percent.

Parboiled Milled Rice

Ash content of parboiled milled samples was slightly higher than
for the raw milled rices, Variation in ash content for both long- and
medium-grains was substantially less than for the raw milled rices.
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Starch Content

Starch makes up nearly 90 percent of the total dry matter of milled
rice, and consists of two molecular types: Amylose, whose molecules
ere linear chains of glucose units; snd amylopectin, in which the
molecular chain Is highly branched. Many researchers have made
various claims as to the roles played by each of these molecular types
of starch—how they may affect cohesiveness and texture ufter cooking,
tendency of the kernels to brenk, and various processing eharacteristics.
Many of these claims are still in the speculative stage, however, and
it is believed this study may clurify some of these points.

Amylose Starch

Although the reaction of rice to heating (us in cooking) may be
tempered by factors such as ripeness when harvested, milling, condifions
and length ol storage, and heating conditions (11), it is largely de-
pendent on compositionsl factors, of which starch is the major
component. The relation Lo cooking quality of starch and its
fractions-—amylose and amylopectin—has been a frequent subject
for investigation.

There has been n growing ucceptance that the percentage of amy-
lose plays an important part in determining the cooking and process-
g qualities of rice. TN, long-grain rices usually cook to n light,
Hufly consistency, wherens cooked short-grain rices eommonly tend
to be pasty and cohesive (5). Williams and others (45) found that,
as a general rule in U.S, rice, long-grain varieties had a higher amylose
content than did medium- and short-grain varieties. Toro und
Century Patna were exceptions, however. Those investigators also
observed that cooked samples of Toro differed in moistness from those
of other long-grain varieties, such us Rexorc and Bluebonnet,

In this study on foreign rices, the mean amylose content for long-
and medium-grain rices was almost identical, and the short-grain
varteties had about 4 percent less amylose than either of the other
grain types (table 18). Fukuya, according to Nagal (87), assumed
from his studies that the amylose content of the starch from japonica
varieties was less than thal from indica varieties. Results of the
present study substantiale bis view. Many of the long-grain varieties
grown in the Temperate Zone are progeny of hybrids of japonica and
indica parents. Varieties of this type, even though the grain is long,
often are low in amylose content.  Long-grain varieties from France,
Greece, Ttaly, and Portugal are of this type, and all are low in amylose
content. On the other hand, many indica varieties from southeast
Asin are medium- and short-grain types when classified necording to
the criteria used in this study. Thus, when samples from all sources
are averaged, the mean and range of amylose content for the three
grain-length classes are similar.  The results suggest that amylose is not
the only component of rice contributing to its cooking and processing
behavior. It is possible, as Fukuya (37) suggests, that the length of the
terminal chain of the amylopectin may affect cooking behavior. It
also may be true that the amount and composition of the protein
fraction may have a mujor effect on cooking quality.
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Milled Rice

Table 19 reveals some interesting information about amylose content
of rices from different countries. Of interest are the high amylose
content of the indica types of rices from Ceylon, India, Iran, East
and West Pakistan, and Thailand, and the very low amylose values
found in japonica type varieties [rom Argentina, Brazil, Colombia,
France, Germany, Indonesia, Ttaly, Japan, and Portugal. Some of
the imported samples collected in Japan had high amylose content.

For long-urain rice, increase in amylose content seemed to be
accompanied by darkening in color of the raw milled kernels (table 27).

As amylose coutent increased, there was a significant decrease in
elkali spreading, alkali clearing, and water uptake (greater decrease
at 77° (~ than ot 82° C).

There was some jndication, but not to a highly significant degree,
that as amylose ingreased, there was & decrease in cohesiveness when
cooked. FEvidence also was found, in the medium-grain rices, that
incrensing amylose content exerted an adverse effect on flavor and
appearance nfter cooking.

Long- and medium-grain rices contained about the same amounts
of amylose, although the parboiled samples were somewhat higher
in amylose than the raw milled ones.

Long-grain. - -Samples from Greece, Italy, Portugal, and Turkey
avernged lowest in mmylose. On the other hand, highest amylose
was found, on the average, in those {rom India, Japan, West Pakistan,
and Thatland. TU.8. rices were somewhat lower than the average for
the foreign samples,

Medinm-grain. - U8, rices were almost the lowest in amylose
content of all the samples, with only those from Argentina and Colom-
bin being lower, Samples from Japun &nd Burma had widest ranges.

Short-yrain. -Except for the samples from Ceylon and India, the
country sverages for short-gruin rices were rather close together.
Short-grain samples averaged lower than the long- and medium-grain
samples, which averaged rather close together.

Purboiled Milled Rice

Parboiled rices averaged slightly higher amylose content, and had
somewhat less range in variation, than the raw milled rices. Both
tong-grain and medium-grain samples from East Pakistan and India
zu'eruiged higher than the other countries in percentage of amylose
staren.,

Amylopectin Starch

Since amylopectin is complementary to amylose in the makeup of
rice starch-—which varies little in total perceniuge (about 90 percent)
of the dry matter of milled rice—it is evident that its ranges of value
of amvlopectin among the different categories and its relationship to
couking and processing quality follow an inverse trend to those of
winylose.

Amylopectin content incrensed, for both milled and parboiled
rices, as grain length decreused. Milled rices, type for type, had
somewhat more amylopectin than the parboiled rices.
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Table 20 gives deteailed information concerning amylopectin con-
tent of the milled and parboiled samples studied.

Milled Rice

From these studies, it would seem worthwhile to investigate fur-
ther the possible relationship between amylopeetin content and per-
centage of broken kernels, and befween amylopectin and color.

As expecled from the findings under studies of amylose, it was found
that increase in amylopectin content nccompanied increase in alkali
spreading wnd clearing and in water uptake (less at 82° (). (See
table 27.)

Some evidence was obtained to indicate that as amylopectin in-
cressed, the cohesiveness (stickiness) increased. Also, it was indi-
cated that with increasing amylopectin, the cooked grains became
softer and mushier, However, increasing amylopectin seemed to be
associnted with improved flavor after cooking. ~ These findings are
consistent with the fact that short-grain rices, inherently more sticky
than other types after cooking, have more umylopectin than long-
and mediwm-grain rices.

Long-grain.—Some samples from the United States, Burma, West
Germany, Greece, and Italy contained above 70 percent amylopectin,
Long-grain rices from Indin, Iran, and West Pakistan, with averages
less than 60 percent, had the lowest amounts of amylopectin,

Mediwm-grain.—Here again, samples from India and Iran were
among the lowest in amylopectin, ~ U.S. samples were among the
highest in amylopectin, as were those from Argentina, Colombia, and
Portugal.

Short-grain—The grentest amount of amylopectin, for all the
milled rices examined, was in a sumple from Egypt. The samples
from Australia, Brazil, West Gerinuny, Iudonesia, and Portugal were
among the highest in amylopectin.  Ceylon samples had the lowest
average. U.S. rices were close to the “nll samples” avernge in this
calegory.

Parboiled Milled Rice

United States, Burma, and Ghana samples were above average in
amnylopectin for this group.  Long-grain and medium-grain averages
were almost identical in amounts of amylopectin,  With the excep-
tion ol Burina, the average values for long- and medium-grain were
_pmjtica'lly tlie same in each country for which these analyses were
made,

Amylose{ Amylopectin Ratio

‘The calculated ratios of amylose to amylopectin, which are the two
types of slarch compenents found in rice, make more apparent the rela-
tinnship of one starch constituent to the other, and permit » more
pointed indicetion of the influence of small differences in starch
makeup upon proecessing behavior ol rices.

Table 21 shows u similar average amylose/amylopectin ratio for
long- end medium-grain millad sumples, and these nverage values were
substentially higher than the average for milled short-grain rices.
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The average ratio for parboiled milled long-grain was greater than for
the mediwm-grain rices, and both these ratlos were considerably
higher than the corresponding milled rice values, but the ranges
overlap.

Milled Rice

The most significant relationship was the finding that as the
anylose/nmylopectin ratio increased, there was a related increase in
gelatinization temperature {table 27). Almost of equal significance
were the findings that ss amylosefanylopectin ratio increased, the
values for alkali spreading, alkali clearing, and water uptake decreased.

There was evidence, throughout all’ grain lengths and for totai
samnples, that as the amylosefamylopectin ratio increased, there was &
decrease in iodine-blue values, with seeming more effect in long-grain
lenuths than in the shorter varieties.

For the most part, the amvlosefarmylopectin ratio was negatively
relaled Lo sediment values (at both 77° C. and 82° C.).

At least in medinm-grain rices, there wus some indication of & possi-
ble inverse relationship between amylose/umylopectin ratio and color
durkening——one increasing as the other decreased.

In onger types of rices, the amylosefumylopectin ratio became less
as protemn content increased.

As in the case for amylose, it was indicated that cooking quality
uppearance and flavor may be ioversely related to the amylose/
amylopectin ratio. Enough evidence was found regarding the effect
of Lhis ratio upon cooking guality cohesiveness (u pusitive correlation)
tu make additions! studies desirable.

Long-grain.—West  Pakistan samples averaged highest in this
determination; other high averages were samples from India, Iran,
Jupan, Peru, and Thailand. Lowest values were found in samples
from France, Greece, Italy, Portugal, and Turkey. U.8. rices had =
lower average than the group average.

Medtum-grain.—Samples from the United States, Argentina, and
Colombia were among the lowest in average values. Those from
Cevion, India, and West Pakistan were highest, with West Pakistan
having the highest value sample of any medium-grain rice.

Short-grain.—Samples from Ceylon and India had the highest
amylose/amylopectin values; from Argentina, Australia, Brazil, Egypt,
West Gertmuny, Indonesin, and Portugal, the lowest U.S. samples
were equivalent to the group’s average.

Parboiled Milled Rice

The amyloselainylopectin ratios were higher, type for type, for
parboiled sumples than Tor the milled rices. East Pakistan samples
had the highest value for both long- and medium-grain parboiled
rice.  Samples from Burma had the lowest value sample—and aver-
age—Ifor long-grain purbotled. The samples from West Germany
were lowest of the medium-grains.




TasLe 19—AMyLOSE starcii: Number of samples, mean, and range of values for each country and “‘all samples”

Milled rice

Country Long-grain Medium-grain Short-grain

Number

Mean

Range

Number

Mean

Range

Number

Mean

Range

Argentina
Australia__ _

. Beuador
Egypt
El Salvador

Germany, West
Ghana_:

| Percent

24, 87

Percent
3. 54-34.

19, 10-20. 1
18.98-24. 15

Percent

Percent.

3. 21-33.

Percent
20. 38
20. 94
20. 72
18. 62

Pereent
14, 95~33. 07
20: 70-21. 17
9. 66-21. 79
. 70-19. 82

. 57.23. 12
. 48-20. 58
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http:16.48-20.58
http:19.67-24.81
http:22.57.23.12
http:19.,10-20.11
http:23.38-28.00
http:27.29-20.56
http:16.67-30.52
http:13.54-27.40
http:17.53-23.84
http:23.97-24.96
http:20.70-21.17
http:14.16-23.77
http:17.90-25.18
http:13.21-33.63
http:13.54-34.03

18, 07-20. 57

23. 95-33. 07
. 29-18. 14

o

. 92-17, 91
. 56-26. 42 : ,
- 16-34. O: : 66 | 24.98-33.63
., 28-28. 5. . 98-28. 46
5. 38-29. 19 | 21.11-32.70

Greece
Guatemala:. .-

Jtaly.
Ivory Coast. . cocouncan

GG OLONG

4. 05-24. 82
. 33-92. 06

-y
O S e W e D

Nigeria

Pakistan, East

Pakistan, West .
. 00-27.97

. 69-27. 85

Philippines
ortue . 67-22. 19

Portugal
Spain : , : : : ; :
- Thailand . . . . 34 . 42-30: 30 :
' . . 25-25. 64 . 20..06-29, 32
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http:20.06-29.32
http:24.25-25.64
http:23.42-30.30
http:76-30.16
http:16.72-24.66
http:15.67-22.19
http:25.19-28.55
http:27.34-33.62
http:20.70-27.86
http:18.33-22.06
http:14.95-24.82
http:18.27-32.52
http:26.39-28.97
http:19.91-20.30
http:14.36-17.35
http:11-32.70
http:17.29-18.14
http:20.28-28.65
http:23.95-33.07
http:24.98-33.63
http:24.16-34.03
http:22.56-26.42
http:18.07-20.57
http:20.07-20.35

TasLE 19. —AMYLOSE STARCH: Number of samples, mean, and range of values for each country and for
samples’ '__Continued

Country

Parboiled milled rice

Liong-grain

Mediuni=grain

Number

Mean

Range Number Mean

Range

Germany; Wést
Ghana,

Pereent
16..60-32. 92

Percent
16. 24-32. 33
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http:16.24-16.68
http:16.24-32.33
http:16.60-32.92

Greece
Guatemala

Italy

Jvory Coast

Japan )

KOre8f . it i ————
Mexico. _ouocmacoaoo R SR P
Nigeria

Pakistan, East._..

Pakistan, West

Philippines
Portugal

30. 50-32. 92
27.14-32. 05



http:B4-28.41
http:30.50-32.92
http:26.36-30.44

TasLE 20.—AMYLOPECTIN STARCH: Number of samples, mean, and range of values for each country and for “all samples”

Milled rice

Country Long-grain Medium-grain Short-grain
Number| Mean Range Number|  Mean Range Number] Mean Range
. Percent Percent Percent Percent Percent Percent
All samples” .. ___Z_ 156 62..82 53.95-72. 70 147 63. 38 55. 04-75. 35 129 08. 46 55.-71~76.°80
................... 6 65. 67 62. 30-71. 55 5 70. 49 65, 94-73. 35 2 69. 86 69. 28~70. 45
Africn, South_ _________ ’ 21 64.00-| 63.94-64. 1 . . 68. 68-71. 76
Argentina_ ___ ..o o ool oA s o 4 3 67. 20-70, 50
Australia.___.__ USRS S [P, ISR RENTIITON I TP TP ERUIDN S JF SR 6 JOF- 1 B DU,
Bragil _____.______ . ._._ 7 65. 42 62..05-69 69. 86-71. 17
Burma. ... .. 8| 66,08 | 5841-71.91 | 35| 6252 | 5561-72.29 {_______-f _.____ ). _____. .. \
Ceylon. i 55. 71-59. 98
Chile._ . ool e Y e e e
Colombia_-_______ .. ... 4 64.47 [ 63.72-65.37 | 1| TLO66 [ s |eiocoli|emommaly| ool
Beuador_____.._o L ____ 2| 64.41 | 63.77-65.05 ! @ 4| 6L75 | 60 15-64.75 |- ___. | ___.___ | _-__ . __._.
Beypt o i)t T 65. 96—76 80
BYSalvador.. . L. __of o fo ol e b b .
Franee.._.__________ . . 4| 68.64 | 67 24-69. 66. 86-67. 50
8;,1 many, West___.______ 5 64. 55 61. 72-70. 69. 11-71.°59
hana. ool s ei o i e i e e e e e i
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http:69.11-71.59
http:67.24-69.83
http:60.15-64.75
http:63.77-65.05
http:63.72-65.37
http:55.71-59.98
http:55.48-59.29
http:55.61-72.29
http:58.41-71.91
http:63.92-73.03
http:62.05-69.12
http:67.20-70.50
http:72.31-74.57
http:63.94-64.06
http:69.28-70.45
http:65.94-73.35
http:55.71-76.80
http:55.04-75.35
http:53.95-72.70

Greeet. . ccvnvenawnsis e 6] 7122 .6Y.93-72.70 9] 6841 ] 068 38-68. 44 8] 69,89 67. 27-71. 43
Guatemala. .o owanrcnonan 2 64,33 AL TE B (T, S DU SIS SIS PUNEITO JUp SRS PR T P
Indin . . v emiinsiannnnn ; 19 59.73 1 55 18-63. 25 20 {- 59.02 | 55.04-61. 85 81 61.00 56. 41-65. 97
Indonesit,  ocemanasimmmen 181 62,40 [ 58 44-67. 62 81 63,68 60.78-606. 52 4] 7180 71,32-72.21 &
P s e sin i m e = 9| 5985 58 62-61.00 51 59.28 | 55.08-60. 08 17} 6477 |eeoomiaem e a
Tialy oo e cwcn 61 6896 1 02 07-72.20 | verefmmmca e icracrnc i e ns 31 68.53 67, 89-69.42 - >
Ivory Coast 1 1] 6705 {ocoemoen g
JAPAD L L i ci i e 6 60 | 69.27 63. 54-73. 18 ';g
FOrOt o vs e memm e m s s wieim 10 69. 35 68. 04-70. 24 )
MexiCo o nticmmam e 8| 63:41 | 57.90-06. 88 |.rcmmio]ommmomaaf e i me et mmc e e o e e e té‘
BT et B B e ettt Bttt R I -
Pakistun, Bast . _-cooomcan]ocanoas RN DESEIRIET S IO N o apnesoe PR SR EESL PR EEESERE S L B
Pakistan, Westooomoaacnns 11| 56.45 | 53.95-61.08 | = 1] 5580 |ncmream e et g
Pertd.ceesme o mmenmacam== 6 CIURETETU PRI JFRS
T T RUACTSGII ORI R EETSSREREI NI o S o021 B -t il -l Ll
Portugal. . icmemerieonme 1 1 73,82 |iceciicmiaa
SPRIN . coer cmsmemmemmms i b 5| 65 27 61. 50-69, 69
Thailand oo ccomaniaaia=- 25| 61.63 ] 59.36-64.73 | . 6| 60.18 [ 58 95-062. 70 oo locamuoonfun PO
Turkey, ciieccoemsinma- e i 3 63. 78 58. 62-69. 00
Continued
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http:58.95-62.70
http:67.68-75.35
http:60.34-68.63
http:63.54-73.18
http:60.74-63.21
http:67.89-69.42
http:62.07-72.20
http:55.08-66.08
http:60.78-66.52
http:58.44-67.62
http:56.41-65.07
http:55.04-61.85
http:18-1l3.25

TanLe 20.—~AMYLOPECTIN STARCH: Number of samples, mean, and range of values for each country and Jor ‘“all
samples’—Continued

Country

Parboiled milled rice

Long-grain

Medium-grain

Number

Mean

Range Number Mean

Range

YAIl samples”
e Y R e b e i d - o
Africa, South
Argenting
Australia
Brazil_
Burma

Beypt. o LT
El Su_lvn‘d,or

Percent
53. 82-70. 11

Percent
54. 08--72, 20
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Greece
Guatemala
India
Indonesia.

Italy

Tvory Constocnocacinciiimmmnnmann e
Japan .
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Nigeria
Pakistan, East
Pakistan, West

Philippines_... . W .
Portugal

Spain

Thailand

Turkey
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http:59.77-60.62
http:58.39-66.81
http:54.06-57.13
http:53.82-55.58
http:57.51-60.69

TABLE 2]1.—AMYLOSE/AMYLOPECTIN RATIO: Numbel of samples mean, and range of values for each country and for
“all samples”

Country

Milled rice

Long-grain

Medium-grain

Short-grain

Number

Mean

Range

Number

Mean

Range

Number

Mean

Range

Afrlcn, South_
Argentina
Australia

Egypt
El Salvador

0.391

0. 188 0. 615

147

W OV

0. 391

0.178-0.611

0.298
. 300
. 206
. 209

. 195~0. .)86
. 294- .
.274-
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0T—09—0 98S-59L

Greecte . aivan e i rmemmm— it 6 235 | . 220~ .. 256 2 2206 1,203~ .298 8 272 275~ . 300
Guatemalil, con e conaii s inn 2 L8382 1 841- 423 |l e e emeifenm e m e a e nma e m e e e e e
Indit. o cvmeme et semn s I 19 L4791 386- .615 20 487 | 420~ . 611 8 456 363~ . 586
TNdONeSIA L el e mmmmmmmem e 18 405 300~ , 482 8 .404 | . 330- . 459 4 . 248 242- . 254
DR Y U U - 9 445 417- . 477 5 .486 | , 320~ . 591 1 336 |a
Ttaly . it e dalaemmmammimaas 6 232 | ,199= 280 |ocucnocecmcin )it i 3 . 293 . 287- . 297
Tvory Coasto oo ohomianoninaas 1 1Y 8 IR URNURUPIUUIPU SUUNIPIUINE MERUNIEIR RS ERNpEayROupRpR e 1 2330 e i
JAPAN it e 6 .450 | . 428~ . 466 18 | .376 | .258- .580 60 . 284 204— .383
B LS L T S UU S NUVUP NUNPISUIURRIc) IO Mty [Epe BRI SE RS EE R 10 . 281 261- .324
MeXit0 e mm s cmcm ol o e 8 V386 [ .800- (481 |l i mmmn e e e e e e e
T ST AU ISP SIS s MumIeRsIon e BEESSERT EEERS TR RS SRS ) EE At ikiededuiebrt
Pakistan, Bast. oo oovmommccmmafom i et e a i ma  e e e eeemmmee fesmmofmm em
Pakistan, West. ... e 11 .560 |, 453~ .612 1 410 S AU SUNUIUNIUPE SRSSIUIUNPURS NEEUR R,
Peru_. ... e ianaaZmedeen 6 . 435 | .400- . 465 4 . 355 245~ 450 [ococieaslimeim oo
Philippines. . o« ocicccicmmmmcmn|ommmmm oo remca s | 11 2402 | L3816 . 461 Jo i |iaaa|emeenaenaae
Portugal. L iiealian-- 1 245 |- _-. ———— 3 .276 | .208- .328 1 243 oot
(5] 7101t SNSRI U ISP BRI JEUS TP SISO U PRUOR 5 .331 240~ . 396
Thailand . Lo m i nceaeina 24 .439 341- . 5u8 6 L4558 ] 891~ 510 | e en e
TUFKCY v e e i m ] 1 269 |omicimmo e 3 .391 375~ .409 3 L3921 .291--.500
Continued
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TABLE 2]1.—AMYLOSE/AMYLOPECTIN RATIO: Number of samples, mean, and range of values for each country and for
“all samples”’—Continued ,

Parboiled milled rice

Country Long-grain Medium-grain

Number Mean Range Number

“All snmples” 3 . 0. 250-0,611
US.A ,
Africa, South

Argentina___ _.
Australia
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Starch-fodine-Blie Value

The reaction between amylose and iodine serves as the basis of the
very useful starch-lodine-blue test in measuring an important vurietal
characteristic of rice. Starch-iodine-blue values were used by Roberts
and ethers (40) to estimate the degree of parboiling in rice. ~ Varietal
diflerences in parboiled rice were nlso observed by these investigators.
It was later shown (/7) that this test could be used to determine
varietal differences in raw milled rice by cooking the ground rice in
water at 77° (. for 45 minutes. The intensity ol the blue color
produced by the addition of dilute jodine solution is indicative of the
amylose leached from or diffused from ground rice under the conditions
ol the tesl. As stated previously, the starch-iodine-blue test also
provides for the detection of varieties having abnormally high gela-
tizalion temperabures,

It is recognized that the iodine-blue value of a particular rice
vurlely may be influenced by the location of growth, the environmental
conditions during growth and maturity, the degree of milling and
polishing, the age and condition under which the paddy and milled
rice were stored, and possibly by many other (actors. However, when
the vurieties nre grown under comparable conditions and are treated
unlformly, certain comparisons can be made. Williams and others
(48) reported w high correlation between the iodine-blue values and
Guantitative amylose duta for rice varieties grown under comparable
conditions and treated uniformly.

Since informuation concerning the cultural background, harvesting,
postharvest treatment, and storage of the foreign samiples used in this
study was nol uvailable, the data on iodine-blue valies, summarized
in table 22, are not as meaningful as desired.  For example, by plotting
one variable (lodine-blue} against another (amylose), a rough linear
reletionship ean be shown but with considerable scattering of points,
andl indred some extreme cases were found in this study where no
apparent relutionship exists.  Thereflore, in this study the jodine-blue
vnfue of a particular sample might lead to a false conclusion iu esti-
mating the relative amylose content of particular samples.
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Milled Rice

In general, the milled long-grain rices used in this study had some-
what higher ivdine-blue values shan either the medium- or the short-
grain samples.

As lodine-blue values increased, color (lightness) decreased; e.g., the
darker the sample Lhe greater the iodine-blue number {table 27). For
medium-grain rices, at least, irmproved appearance after cooking
seemed to accompany increased iodine-blue numbers.  In long-grain
rices, us iodine-blue values inereased, 1here was increased stickiness
after cooking,

lodine-blue values seemed inversely related to kernel length,
particulnrly as shown by the negative correletion between iodine-blue
and kernel length in short-grain rices.

Loag-grain, - U5, swinples nvernged close Lo that lor all the foreign
rices 1n iodine-blue vulues. Samples from Burmu, Greece, Italy,
West Pakistun, and Turkey had highest average values; [rom Guate-
mele, Iran, Japun, and Thailand, the lowest average values.

Medium-yrain.-- Samples {rom the United States, Brazil, and
Cevlon had very high aversges, exceeded only by the group from
Argentina.  Colombin, Tran, and the Philippines had the lowest for
this wroup of sunples.

Short-yrain.  In this category, the Ceylon samples were highest.
Again Tran had one of the lowest averages. .8, rices were ¢onsider-
ably below the average lor the group.

Purboiled Milled Kice

Averuge iodine-blue values for parboiled samples were half again
higher than values Tor the milled samples (table 22}, The U.S,
sumple was wnong the lowest lodine-blue values. Five countries—
(ihana, Nigerin, East and West Pukistan, and Thailand—had values
ubove 70 in the long-grain categorv.  In medium-grain rices, Burma
and loast Pakistan had iodine-blue values of 80 or above.
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TaBLE 22.—I0DINE-BLUE VALUE: Number of samples, mean, and range of values for each country and for “all samples”

- Countiy

Milled rice

Long-grain

Medium-grain

Short-grain

Number

Mean

Range

Number

Mean Range

Nuniber

Mean
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TaBLE 22.—IODINE-BLUE VALUE: Number of samples, mean, and range of values for each country and for “all
samples”—Cont;.nued

Country

Parboiled milled rice

Long-grain

Medinm-grain

Number

Mean

Mean

U.8..
Afriea, Soubh. . oo Clai_ool._l .

Argentina.__.____-___ .l _._ e lmcleanos
Australia. . ol oL

Germany, West .
Ghana__ - 0 ool oaiiiioalie G

30 "IL4Ad 'S0 ‘PSSl NILATIAM MVOINHDAL OF1

AUALTADTEOV




Greece
Guatemala
India

Ttaly.

Ivory Coast
JaApan . L iioeiiea it i

Mexico

Nigerin__ -,

Pakistan, East

Pakistan; West

Peru_-_ .. _._- i ————
Philippines

Portugal .. __ .o _--_-lo mmmmeiaae
Spain .

SAOXY. DILSAWOd GNV NDIFZH0d 0 NOILVATIVAA




148 TECHNICAL BULLETIN 1331, U.S. DEPT. OF AGRICULTURE

Palatability Characteristics (After Cooking)

Appearance
Milled Rice

Distinct differences in the appearance of rices from various countries
were noted after cooking. Appearance values of kernels after cooking,
for the various countries, are indicated in table 23.

Differences in appearance scores of the rices were greater among
individual lots from different countries than among long-, medium-,
and short-grain varieties from one country, as shown by the over-
lapping ranges among grain types within most of the countries, In
contrast to some foreign rices, the U.S. long-, medium-, and short-
grain rice samples had similar appesrance scores. A tendency for
the long-grain kernels to split longitudinally and for the short-grain
samples to slough was noted (Ag. 19).

Long-ygrain—Samples from Indonesia had the lowest values, being
below the average of 8.3. The United States, India, and Iran rices
exhibited the highest appearance scores. Long-grain rices had the
widest range of appearance scores of any of the three types.

Medtum-grain—1U.8. rices in this class had the highest appearance
scores, whereus the Indis sample was the lowest,

Short-grain—These samples averaged the same as mediem-grain
rices, but this may be u mathematical coincidence. Here again,
the 11.3. samples sveraged a high rating, exceeded only slightly by one

sample obtained from Krgent.ina.

Parhoiled Milled Rice

The cooked samples of parboiled rice from West Germany, India,
Bast Pakistan, and the United States hud whole smooth grains.
Parboiled milled rices had higher scores for appearance than did
milled samples. It was shown that parboiled milled rices increased in
volume, but otherwise changed littﬁ} in appearance during cooking.
Parboiled samples showed this same general behavior and appearance
even when subjected to more drastic treatment of additional soaking
prior to eooking-(fig. 19).
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Cohesiveness
Milled Rice

A wide range in the cohesiveness of cooked milled rices was noted
among the Tice varietles from the different countries (table 24),
Cooked grains of most of the rice samples were either partially sep-
urated (scale value 7) or were slightly sticky and clumped {scale value
5). It was of interest to note that the most cohesive sample (3.2)
and the least cohesive one (8.9) both eame from India.

These investigations showed increasing cohesiveness from long- to
wedium- 1o short-grain types of rices. Rauge in cohesiveness scores
was widest for long-grain rice and least for short-grain rice (table 24).
The range in scores for cohesiveness for the foreign rices was some-
whut wider than for the samples [rom the United States. Differences
in cohesiveness were greater within a grain type (among individual
lots from different countries) than among grain types from within a
country, as illustrated by the overlapping ranges. This may be
related to the origin of these rices, as discussed under starch constit-
uentls in this report.

A consistent negative correlution existed between cooking quality
rohesiveness and sediment at 77° C. and 82° C. (table 27).

A negative correlation was found to exist, in “all samples” and
medivin-grain rices, between cooking guality cohesiveness and alkali
clearing, alkali spreading, and water uptake (77° C'. and 82° C.).

Long-grain.  Samples from Brazil, West Germany, India, Iran, and
Peru were less sticky than those from the United States. The mast
coliesive long-grain samples evaluated came from Greece, Indonesia,
Ttaly, and Mexico,

Medium-grain.---Samples from Indie, Portugal, and Japan were the
most cohesive in this type; those from Thailand, Indonesiz, Ecuador,
une Burina, the least cohesive; rices from the United States, Argentina,
aaed Iran were intermediate in such values.

Short-grein. - Rices (rom Egvpt, Australin, and West Germany were
the sticldest; those from Argentlina and Iran, the least sticky; and
those [rom the United Stiates, France, Greece, Iran, Ttaly, Japan, and
Korea were between these exbremes,

Parboiled Milled Rice

The puarboiled cooked rices had more well-separated grains-and
were less sticky or cohesive than the regular milled rice samples.
The cooked samples of parboiled rices from West Germany, India,
Bast Pakistan, and the United States had well-separated grains. In
(nct, all parboiled samples {cooked) examined had exceedingly low
cohesiveness values.
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TABLE 23.—PALATABILITY CHARACTERISTIC—APPEARANCE: Number of samples, mean, and range of values for each
country and for “‘all samples”

Milled rice

Country Long-grain Medium-grain Short-grain

Number] Mean Range Number| Mean Range Number | Mean Range
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TasLe 23, *—-PALATABILIT) CHARACTERISTIC—APPEARANCE: Number of samples, mean, and range of values for each
country and for “‘all samples’”—Continued

Parboiled milled rice

Country ‘ Long-grain Medium-grain

Number Mean Range Number Mean Range

Scores

Argentma
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TaBLE 24, —PavaraBIiLITY CHARACTERISTIC—COHESIVENESS: Number of samples, mean, and range of values for
each country and for “‘all samples”’

<}
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Milled rice 8
: 2
Country Long-grain Medium-grain Short-grain -
&
Number| Mean Range Number| ‘Mean Range Number| Mean Range -
. . (=}
wm
. ) i . Scores .Scores : Scores Scores Scores Scores '
“All samples” .. oo lio 27 5.6 3.6-8.9 20 50 3.2-6. 5 39 4.5 3.2-6.1 b
USB. A _Z P, Meiddion 6 5.7 5.1-6.1 5 1.7 3. 8-6. 1 ) 1.0 3.6-4.4 B
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TABLE 24 —~PaLATABIITY CHARACTERISTIC—COHESIVENESS: Number of samples
' each country and for “all samples—Continued

, mean, and range of values for

Parboiled milled rice

Country Long-grain Medium-grain
Number Mean Range Number Mean Range
Scores Scores Scores Scores
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Tenderness
Milled Rice

Most of the cooked rice samples were fairly tender and firm {op-
timum doneness), represented by scale vulue 3. In accordance with
practical use experience, the results of these tests showed a changing
directivn from frmness and chewiness in lopg-grain rices to solter
textures for medium- and short-grain types.

In general, the purboiled sumples were slightly more firm and chewy
thun the regular milled rices after ecooking. A fairly wide range of
tenderness score was evident in both milled and parboiled samples
{tuble 25),

A rather consistent relationship was found, in this study, between
hpid content und tenderness (table 27).  As surface and total lipids,
partivulurly the totad lipids, incressed, cooking tenderness texture
was limproved. It would seem that additional research should be
directed to determining the kinds of lipids and the specific renctions,
I any, between these lipids and other rice constituents to account
for quality bebavioral churacteristics, especially those affecting
tenderness.

Sufficient negative correlation seemed to exist between cooking
quality tenderness and water uptake (at 82° €'} in total and medium-
grain rices Lo justify further study of this relationship. About the
swne degree of negative correlalion was found between cooking
tenderness and sediment at 77° (. for total and shori-grain rices; a
lesner relationship was indicated between tenderness and sediment at
82° (. A somewhat similar relationship was found for tenderness
und waler uptake at 82° (. for “all samples” and medium-grain
rices.  Uhe possibility of wn overall relation coneerning cooking guality
tenderness und the guality factors of cohesiveness and favor should
be studied farther.

foag-grain - Rices from Brazil, Iudonesia, and [taly had the highest
degree of firmness ufter cooking., Those from the United States,
West Gernany, India, Iran, Greece, and Mexico nveraged midway,
with the lowest values (softest) being o U.S. saple, one from Indo-
nesin, and one from Peru,

Medinm-grain- - Samples frum the United States and Japan were
guite similar in tenderness quality, and corresponded with the average
for this group. The one medium-grain sample from Indin was very
soft and mushy {1.6).

Short-grain---Rices froms Avgenting, Australig, Jupsn, Kores, Spain,
and the United States were pructically identical in tenderness scores.
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Parboiled Milled Rice

The parboiled rices evaluated were somewhat less tender after
cooking than the regular milled rices. However, too few samples
were fested to make generalizations.

Flavor

Very pronounced flavors, not typical of most U.S. rices, were evideut
in the rices from many of the {oreign countries. These flavors found in
cooked rices were attributed to such factors ss: Storage conditions,
milling or parboiling, fermentation during the parboiling process, and
the inherent “favor” of many Asiatic rice varieties.

Of all samples taste-tested, the U.8. long-grain samples were the
only ones receiving a perfect score (9.0) ; medium- and short-grain rices
from the United States averaged 8.2 and 8.6 (table 26).

Milied Rice

1t was observed that for “all samples” the milled short-grain rices
averaged highest in flavor evaluation, with slightly lower average value
for medium-grain, and the long-grain samples averaging the lowest.

Long-grain—T.S. rices had the highest score, (with a near-perfect
average rating of 8.9). Other very high-rating samples were those
from West Germany, Greece, Iran, and Mexico. The lowest rated
samples were from India, Indonesia, and Peru.

Medinm-grain.~Samples from the United States, Argentina,
Brazil, and Portugal averaged highest (above 8.0). The medium-
grain rices had a rather narrow range, and most were considered to be
of fairly good quality.

Short-grain. - These samples not only averasged the highest score in
flavor, but nearly all samples Lested were consistently good.  Samples
from the United States, Egypt, Australia, France, West Germany,
Greece, Italy, and Korea ranked highest.

Parboiled Milled Rice

The foreign parboiled samples evalusied had rather low flavor
scores, The long-grain samples averaged somewhat higher than the
medium-grain samples, but all had slight to moderately strong off-
Il;wo‘rs. The U.S. parboiled sample had an acceptable fiavor rating
of 7.2,




TabLe 25 —PALATABILITY cHARACTERISTIC—TENDERNESS: Number of samples, mean, and range of values for each
country and for “all samples”

Milied rice
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TABLE 25.—PALATABILITY CHARACTERISTIC—TENDERNESS: Number of samples, mean, and range of values for each
country-and for “all samples”’—Continued

Parhoiled

milled rice
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TaBLE 26.—PALATABILITY cHARACTERISTIC—FLAVOR: Number of samples, mean, and range of values for each country

and for “‘all samples’

Country

Milled rice

Long-grain

Medium-grain

Short-grain

Number

Mean Range Number

Mean

Range

Number

Mean |

Range

“All samples”
USAL i
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Bavpt i
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TaBLE 26.—PALATABILITY CHARAC'I‘ERIS’I‘IC—FLAVOR Number of samples, mean, and range of values for each country

Country

milled rice
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PART IV.—INTERRELATIONSHIPS

The voluminous technical data—both objective and subjective
measurements—have been subjected to detailed statistical studies in
an effort to establish possible correlations between these various
fuctors of [vreign and domestic rices.  {See tuble 27.) These studies
(n) revealed certain significant corvelutions, {b) indicated interesting
trends, and {¢) pointed out the need for [urther research to better
establish certnin relationships and to simplify the techaicul proce-
dures for fully eharacterizing rice cooking and processing qualities.

One of the objectives of these investigntions was to charncterize
the rices according to: {n) grain length (long-, medium-, or short-
grain); (b} trentment (raw milled, purboiled, and others); und ()
country in which the samples were obtained. However, in many
instances there were lewer than the minimum five samples required
for any sort of stutistieal treatmenl-—in fuct, o imany cnses there were
no semples wbl all for a particular eategory. On the other hand, in
some classifications the number of samples was so Inrge that, from a
mathematical standpoint, at least, correlation coefficients were
obtiined that indicated exisfence of significant relationships which
seemed to have liltle seientific justification bul apparently were
muthematical happenstonees,

For the rensons just enumerated, the principal discussions of cor-
relations have heen limited to clussifications within the broad cate-
gories of grain lengths plus a combined “all samples” classification
(cambined long-, atedium-, and short-grain rices}.  Such groupings of
the snmples have permitted more meaningful interpretution of the
t.e(:hnicm[ duts.

In this part ol the report, the broad interrelationships between the
various quadity factors are pointed out und cognizauce is tuken of the
seemingly contradicltory results sometimes indicated in comparing
long-, medium-, and short-grain rices.

Physical Measurements

Since warld markets place much emphasis on grain length s o
criterion of quality, iL would be expected that many relationships
might be fvund between grain lengths and other quality factors.
Under the webitrary grain-length ¢lassifications {(accepted in the
United States) used in this study, however, not many such signifi-
eant relationships were found.

There was not a single example of kernel lenglh being consistently
wnd significantly correluted with 1 of the 23 other quality lactors
across all lenglh elassifieations (combined, long-, medium-, and short-
grains),  There were indications, however, suggesting a positive
correlation  between kernel lenglh and palatability cohesiveness,
gspecially in the medinr-grain rices; short-grain rices exhibited some
relation between length and heal alterntion (table 27).

Muny varietal differences were apparent that were not associsted
with grain length.  For instunee, although the long-grain rices Lo

1648
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which T.8. consumers are accustomed are vsually not very cohesive
or sticky, and short-grain rices tend to be very cohesive, in this in-
vestigation there were many exceptions. Only about 20 percent of
the variation in the cohesiveness scores was associated with kernel
lenyth, wherens 80 percent was related to other faclors. “l'hese
ﬁn(ngs huve a counberpart in u previous study on 26 varieties of
milled U8, rices in which several long-grain types were found to be
more cohesive than the short-grain types {8).

Kernel width could not be significantly correlated with any of the
25 factors. Other studies, however, have shown that the combina-
tion of various shape factors—Ilength, width, thickness, and general
contour- -have an unportant beuring on consumer prefervence.

Colpr (177 value for lightness) of rice was negatively correlated
with surface lipids-4n all grain lengths—and positively with water
uptuke und sediment. Surluce lipid content and color are recognized
as purtly dependent upon the degree of milling, and it may be that
removal of the vuter protective layers by milling would make the
rice more amenuble to water absorption.

Thermal and Chemical Reactions

A substantial number of correlations were found among the quality
factors involving thermal and chemical reactions {table 27).

These studies have given strong indications that gelulinization
lemperature iy be significantly correluted with such measurements
ws wlkadi spreading, alkall clesring, water uptuke, heut alberation,
wmvlosefamylopectin ratio, and palatability cohesiveness. These
findings are consistent with those reported by other researchers who
found that Lhe gelatinization properties were related to the cohesive-
ness of cooked rice, and that coliesiveness was associated with the
manner in which rice responds to treatment in other processes. The
possibility is eavisioned that some sort of gelatinization temperature
determination may offer one of the greatest opporfunities for a single,
simplified procedure Lhat would sdequately predict the cooking and
processing characteristics of rices. '

These studies revealed a low but consistent relation between heat
alleration and gelatinization temperature for total, long-, medium-,
and short-grain types of rice, Also, heat alleration was found to be
somewhat reluted to several other quality facltors—alkali spreading
und clearing, and waler uptake.

Water uplake wnd sedimeniation sre interrelated by virtue of the
technical provedure for making the determinations, and were found
in these investigations to be related to several other measureinents
sucl ns abkall spreading and clearing, sad palalability cohesiveness.
Water uptuke at 77° ', was not as significantly related to water up-
fuke at 82° (% as were the sediment values at these two ternpernlures.

Response of rice Lo trealment with an alkaline solution was associ-
ated with muany of the other characteristics, parbicularly those involv-
ing heat. More than 80 pervent of the varistion in either alkal
spreading or alkall clearing was associnted with gelntinization tempera-
ture, heat alteration values, and water uplake at 77° (. Either
atkali spreading value or ulkuli clearing value could be used in measur-
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tng rice quality, since 93 percent of variation in the ulkali spreading
seore was associated with the varintion in the alkali clearing score.

Chemiecal Determinations

Surface Lipidg, which in this study averaged aboul 60 percent of
total [ipids, has long been recogni-ed as indicative of the degree of
milling.  Pulatability uppearance is affected by surlace lipid content,
although there does not seem to be & uniform trend in &l grain lengths.
As surfage lipids decreised, and to o lesser extent fotal lipids, color
(lightnessy increased (table 27). Although many researchers have
believed that palatability cobesiveness Is influenced by surfuce lipids,
these studies did not show ruy cousistent pattern of such behavior.
luterestingly enough, the effect of surlace lipids seemed to be in
opposite direction for long-grain rice to that for short-grain rice.

Although the protein fractions constitute less than 10 percent by
weight of the milled kernel, the protein and the amino acid patterns
are known to differ considerably among varieties or types (4, §, 26).%
Previous studies have been devoted to evalueting the essential amino
ncids with reference to the nutritive value of rice varieties {(25). The
texturnl qualities of cooked rice also are likely to be influenced by the
protein and nimine seid patterns and their differential resctions to heat,
The nitrogen determinalions reported in this study represent only a
beginning, since nitrogen deferminations give ne indication of the
relative amounts in wineh proteins or amine acids muay be present,

In this study, only about one-fourth of the variation in protein
content of rice was assotialed with grain length (table 27).  less cor-
refution wus found between protein content und any of Lhe other 24
charucteristies included 1 the investigetion, ‘Ihe kinds of protein
and the distribution of protein, rather than total protein content, have
been suggested as more likely influences contributing to the cooking
eharacteristics of rice (28}

One of the most important Tactors affecting the quality of rice,
particularly during storage, is motsture.  However, since practically
nothing was known about the cultural, handling, and storage con-
ditions prior Lo obtaining the samples, this nporiant factor could be
given litile consideration in these evalualion studies.

Nearly half of the variation in the amount of water nbsorbed at 77°
. cnny be related to the amyluse or amylopectin content of the rice or
to the ratio between the two starch fractions (Ltable 27).  There was
less corrclation for waler absorbed at 82° (., With an increase in
wnyluse and a corresponding desrease n amylopectin, less water was
absorbed Ly the rices,

About one-fourth of the variation in alkall spreading und clearing
vilues was assoctated with the stareh freetions of wnylose and smy-
lopectin, A shghtly betier relulionship was found between amylo-
pectin und the alkuli clearing vulue than between wnylose und alkali

1 See wlsa fuotnote 4, p. 6.
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clearing (table 27). Samples with high amylopectin content (tow
wnvlose) had low clewring values.

These investigations did not reveal any consistent pattern of the
effect of amyluse or amylopectin conlent upon Lhe palatability charae-
teristies of riee (table 27).  Other researchers (f7, 38, 45), however,
huve reported relutionships between amylose content and eertuin
cooking und palutability truits; some have suggested that the molec-
plar weight of the wnylose fractions may be governing Netors.

Over o Uhird of the vuriation in gelatinization Lemperature has been
ohown 1o be related to the amplosefumylopectin ratio (tuble 27). As
(he ratio inereased, the welatinization Lemperature incrensed.  Pre-
vions studies (/61 have poitled oul thal gelatinization temperature is
nol dependent on the wmount of amylose; ez, Century Putini und
Tors rices contain similar amounts of winylose but have quite dif-
ferent gelatinizalion Lemperslure,

Tl jodine-bine velue indicates the nylose in the rice that is soluble
under the conditinns of Lhe tesl,  However, 1hese studies did not
tow e close n relaljonship between iodine-blue and the waylose
rontent us expeeted fiable 277, There was o fuir corcelution helween
iodine-blue and the nmylose wmylopectin eatio values.  There secmed
to be u higher degree of correlation between color lightness) and the
iodine-blue deleringtions.

Palatability Characteristics (After Cooking)

In the pulabubility investigations, ap altempl was maele to cvok
all (he sanples to pptmum doneness, 1 the swnples had been cooked
for a certain perind of time W a specified voluine of water, ruther
thun to optimum doneness, some of the pulatubility refationships
empecially coliesiveness and lenderness  might have Dbeen cutirely
different.

Color lighitnes<) values of raw milled rice apparentiy were not
sirnifienntly  related W epprurance ol covked  rice.  Long-grain
samples will low lipid conlenls were given high scores for appearance
after cooking, bul the reverse was noted for short-grain ricos.  ‘T'his
celutinn is probubly a reflection of the degree of milling. o general,
high scores for appearsnce were associnted with low percentayges of
hroken kernels (table 275,

Coliesireness of covked riee scemed to be dependent on many
fartor<.  No ~ingle characteristic of rice included in (his research was
related to more than 50 pereent of the variation in cohesiveness
weores.  About one-third of the variation in cohesiveness seores of
rooked Fiee wis assorinted with the gelatinization temperature, saler
absorption at 77° O, sediment ot 77° O or the heat alteration value
iLable 277,

Less thiat o Mt of the varistion i seores for tenderness of cunked
riee wan assoeintes] with any of the othier Nictors ineluded in Lhis
project.  More of the variation in tenderness scores of short-erain
ponked rice was assoeinted with the surface nod total lipid content,
hul Lhis was probably & relloction of the degree of milling.

TOI HHEL O BG 12
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TanLe 27.~Significant correlations jor total, long-, medium-, and short-grain rices

(ALl e walues {correlation ceeflicients) are significant or highly
g with asterisks.

significant; the highly significant correlation cocflicionts are marked
Samples are classified aceording to grain lengih but without regard to country)

Total Long-grain Medium-grain Short-grain
Variables )
Number sy Number fept? Number ot Number Sy
of values of - values of values of values
samples samples samples | samples
Kernel lengih:

Broken kernels. .- . el 492 0.190% 152 | —0.186 147 0,189 123 | - —0.183
Surface lipidg..... .. [ NS NI ST 155 e 4 T PN FUSSUNUR R TSt NI PR
Total Bipids. e SRR SRS SUOR ETTRRU MU 103 P11 T I S
Protein.. oo o i 441 . 503* 155 T E I 127 — . 280*
Amylose... ... ~ 441 . 308* 1 —_220% | 127 ~, 23G¥
Amylopeetin. o ... e ———— 441 o) S U SN DU 127 307*
Amylose/amylopeetin ratio .. oo oo 441 326% 155 | — 204% |oo oo donus ——— 127 —, 207*
Lodine-blue value. o (T T T T v 127 — . 404*
Alkali spreading_ .. oL . 156 | —.392% | . ___ [Tt 45 696+
Alkali elearing. ... . __..____. . 156 | —.430% |- _______|__TTrmm 56 | —.278 45 .731%
Water uptake—77° C_o oo - 471 | e an1x | T N R 126 257*
Water uptake—82° C__ ___ e 472 | = na0x | Tt 127 348*
Sediment=~77° C__._._____ .. . .. 471 S T4 I IR O R R 126 . 230*
Sediment—82° C_________________ I 1) T | T 127 . 290%
Palatability—Cohesiveness.. ... ___ .. 87 454% | o T 24 B21* | i cclfomcm e
Palatability—Tenderness_ .- .. ... 87 365% §_ e e i e i e
Gelatinization temperature._ ... ... 181 366* 71 — 284 | 39 —.338*
Heat alteration.. . .. ___. e 216 | —.801% L Tt 7 —. 475*

‘Kernel width: Broken kernels.______.________ 422 | — 253% | bl 147 — . 279% 123 —, 280%
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Broken kernels:

Surface Wpidg.... ..o

Total lipids... .

Protein: oo ovee ol

AMYIOEE. S s i s wm e
Amylopeetin, .o u i e
Amvlosn umvlope{,hn rauo_v.m._ ..........
Alkali sproading. . aoieiis i

Alkitli elearingo. oo ieniiminmnoe s an
Water uptake 77" Gl s
Water uplake—582° C.. .. .
Sediment—77% Co.ooa. o
Sediment—~82° C

Palatability- w\ppm\mnco»-._ )

Palatability —Flavor

Gelatinization temperature

Tleat alteration_ .o .y i r e
Kornel Tenglli, e i v e a
Kernel width

L-color (lightness);
Surfacs Jipids. e s lonmmmc i a e
Tolal ipids. oo mvnnnunn e
Protein . L. i s av v
Amylose, .o Lo TN, i
Amylopectin
Amvylose/amylopectin ratio..
TIodine-biue value
Alkali spreading
Alkali elearing
Water upt'll\c'-—~77° ¢
Water uptake—=82° C
Sediment—77° Q..
Sediment~82° C
Palatability~—Cohesiveness
Palatability—DTlavor

~  Jleat alteration
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TanLy 27 ~Significant correlations for total, long-, medium-, and short-grain rices—Continued

[AN P values (correlation coeflicients) are significant or highly signifieant; the highly significant correlation coeflicients are marked
with asterisks.  Samples are classified aceording to grain length but without regard Lo country]

Total ); Long-grain Medivm-grain Short-grain
; ; :

Varviables
Number gt Nuniber T Number Hph Number fprt

of values of values of values of values

samples samples saumples samples

Gelatinization temperature: .
Heat alteration 160 { —0. 483* ' . 324 —0, 461*
Kernel length 181 .- 366*
Broken kernels 160 . 483*
Surface lipids..: 175 . 236%*
Total lipids . o123 . 241%
. 175 . 250%
Amylose/amylopectin ratio 175 . 607*
Alkali spreading. oo .o iioiioiaaiial 75 . 795%
Alkali c’leuring 75
Water uptake—77° C_ . _io. . .. R,
Water uptake—=82°-C
Palatability—Cohesiveness
Palatability—Flavor. ... ... e
Amylose

- Amylopectin

Heat alteration:
Kernel length
Broken kernels
T~eolor (lightness)
Amylose/amylopectin ratio
Alkali spreading
Alkali clearing,
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Water uptake—77° C
Water uptake—82° C
Gelatinization temperature
Palatability—Cohesiveness

Water uptake—77° C.:
Water uptake—82° C
Sediment—77° C
Sediment—82° C
Palatability—Cohesiveness
Palatability—Tenderness
Palatability—TFlavor
Gelatinization temperatire
Heat alteration
Kernel length
Broken kernels
L-color (lightness)
Surface lipids
Protein
Amylose starch
Amylopectin starch
Amylose/amylopectin ratio
Alkali spreading
Alkali clearing

Seditnent—77° C.:
Sediment—382° C
Palatability—Cohesiveness
Palatability—Tenderness
Kernel length
Broken, kernels
L-color (lightness)
Amylose/amylopectin ratio
Todine-blue value
Alkali spreading
Alkali clearing
Water uptake—77° C
Water uptake—82° C
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TaBLe 27.—Significant correlations for lotal, long-, medium-, and short-grain rices—-Continued

[AI"*r* values (correlation ecoefficients) are significant or highly significant; the highly significant correlation coeflicients are marked
. . . ¥ > . :
with asterisks.. Samples are classified according to grain length but without regard to country]

Total Long-grain Medium-grain Short-grain

Variables
Number Fptd Number o) Number| gt Number tept
of values of values of values of values

samples samples sampics samples

Water uptake—82° C.:
Sediment—77° C | , 4 i . 416 178
Sediment—82° C ’
Palatability—Appearance
Palatability—Cohesiveness
Palatability—Tenderness
Gelatinization temperature.
Heat alteration
Kernel length
Broken kernels
L-color (lightuess)

Surface lipids
Protein

Amylopectin starch
mylose/amylopectin ratic

Isdine-blue value

Alkali spreading

Alkali elearing

Water uptake—77° C

Sediment—82° C.:
Palatability—Cohesiveness
Palatability—Tenderness
Kernel length
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Broken kernels

L-color {lightness)
Amylose/amylopectin ratio
Todine-blue value

Alkali spreading

Alkali clearing

Water uptake—77° C
Water uptake—82° C
Sediment—77° C

Alkali spreading:
Alkali clearing
Water uptake—77° C
Water uptake—82° G
Sediment—77° C
Sediment—382° C
Palatability—Cohesiveness
Palatability—Flavor
Gelatinization temperature
Heat alteration
Kernel length
Broken kernels
L-color (lightness)
Amylose
Amylopectin
Amylose/amylopectin ratio

Alkali clearing:
Water uptake—77° C
Water uptake—82° C
Sediment—77° C
Sedimoent—82° C
Taiatability—Cohesiveness
Palatability—Tenderness
Palatability—Flavor
Gelatinization temperature
Heat alteration
Kernel length
Broken kernels. _ ool -i-coo.os
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Tavsre 27.—Significant correlations for total, long-, medium-, and short-grain rices—Continued

[AD “ 1 values (correlation coeflicients) are significant or highly significant; the highly significant correlation coefficients are mnrl\ed
with asterisks. Samples are classified aceording te grain length but without regard to country]

Total Long-grain Medium-grain Short-grain

Variables

Number foplt Number iyt Number Hp?? Number fpnt
of values of - values of values of values
samples samples samples samples

Alkali clearing—Continued
L-color (lightness)
Amylose starch
Amylopectin starch
Amylose/amylopeetin ratio
Todine-blue value
Alkali spreading.

Surface lipids:
Total lipids
Protein
Amylose/mnylcpectin ratio
Water uptake—77°
Water uptake—=82° C
Palatability—Appearance
Palatability—Cohesiveness
Palatability—Tenderness
Palatability—Flavor
Gelatinization temperature
Kernel length
Broken kernels
L-color (lightness)
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Total lipids:

Protein . e icee e i he Al i

Amylosefamylopecetin ration. oo ouoooon
Palatability—Cohesiveness . oo oo oo
Palatability—Tenderness. - .o __l..as
Palatability—¥Flavor .o iiaiaane
Gelatinization tempeiature. oo oo ian-
Kernel length o oo oo ol hnenaee
Broken kernels. oo i i il
L-color (lightness) - . lo oo cmcena ool
Surface HpidSa . oo c e e v m b

Protein:

Amylosefamylopectin ratio__ ... Lo
Water uptake—77° Clos Lo vmeimccioaan
Water uptake—82%CL oo L liaaaaooioos
Palatability—Cohesiveness. o oo .iovan
Palatability—Flavor. . aaoaas
Gelatinization temperature. o2 oo _.
Kerel length_ o oL
Broken kernels. oo ol iimaooaoaan
L-color (lghtness) - ocomomoovaooooan oo
Surface liplds_ . o oo ool
Total Hpids. - ce o mncn e aas

Amylose starch:

Alkali spreading .- - . oo im e
Alkali elearing ., ool i
Water uptake—77° Co oo iii_ao-
Water uptake—82° C______. et
Palatability—Appearance. ... e e
~ Palatability—Cohesiveness__ .. inooz
Palatability—Flavor_ __ . _.__._.
Kernellength. . Lo oo al..
Broken kernels. ..ol ioiaiana
L-color (lightness) e oo inmonan
Gelatinization temperature.__._._.___._.._.

52 .313
103 . 235

96 . 230

87 —. 301*
102 L677*

24 .511
24 | —.408
55 | —,471%
55 | --.428*
158 1 . 447*
IR S ARV
B 7 R T-T-
e | - 220%

..........

__________

-
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TasLe 27.—Significant correlations for total, long-, medium-, and short-grain rices—Continued

[AlL#* values (correlation coefficients) are significant or highly significant; the highly significart correlation coefficients are marked
: with asterisks. - Samples are classified according to grain length but without regard to country]

Total Long-grain j. . Medium-grain Short-grain

YVariables i ‘

Number tepr Number e Number foph? Number ‘ot
of values of values of values of values

samples samples samples samples

Amylopectin starch:
Alkali spreading 152
Alkali clearing ) 152
Water uptake—77° C 440
Water uptake—82° C
Palatability—Cohesiveness
Palatability—Tenderness
Palatability—Flavor
Kernel length
Broken kernels
L-color (lightness)
Gelatinization temperature

"$'n ‘Teel NILITING TVOINHOWL - (KT
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Amylose/amylopeetin ratio:
Todine-blue valie
Alkali spreading
Alkali clearing
Water uptake—77° C
Water uptake—82° C
Sediment—77° C
Sediment—82° C
Palatability— Appearance
Palatability—Cohesiveness
Palatability—Tenderness
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Palatability—Flavor

Gelatinization temperature

Heat alteration value. oo oo iodmaeamns
Kernel length

Broken kernels . oo co o fomia e
L-color (lightness)

Surface lipids

Total lipids

Protein

Iodine-blue value:
Alkali clearing
Sediment—77° G
Sediment—=82° Co ol imemann
Palatability—Appearance .
Palatability—Cohesivenecss
Kernel length
L-color (lightness)
Ampylose/amylopeetin ratio

Palatability—Appearance:
Broken kernels
Water uptake—82° C
Surface lipids
Amylose
Amylose/amylopectin ratio
Iodine-blue value

Palatability—Cobesiveness:
Gelatinization temperature
Kernel length
L-color (lightness)

Surface lipids

Total lipids

Protein

Amylose

Amylopectin
Amylose/amylopectin ratio
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Tasus 27.—Significant correlations jor total, long-, medium~, and short-grain rices—QContinued

[All #" values (com,latlon cocfficients) are significant or highly sienificant; the highly significant correlation coefficients are mm‘k(,d,
Samples are classified accordir.g to grain length but without regard to country)

with asterisks.

Yariables

Total

Long-grain

Medium-grain

Short-grain

Number ot

of values
samples

Number
of
samples

{3}
Y

values

Number, ot

of values
samples

INumber thprr

of values
snmples

Palatability—Cohesiveness—Continued

Todine-blue value
Alkali spreading
Alkali clearing

Water uptake—77° C
Water uptake—=82° C
Sediment—77° C
Sedimient—82° C
Heat alteration

Palatability—Tenderness:
Kernel length
Burface lipids
Total lipids
Amylopectin
Amylosc/amylopectm ratio
Alkali clearing
Water uptake—77° C
Water uptake—82° C
Sediment—77° C
Sediment—=82° G
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Palatebility—Flavor:
Gelatinization-temperature .. .- ccea-—-
Broken kernels-

Licolor (lightness)

Surface lipids

Total lipids

Protein

Amylose

Amylopectin
Amylose/amylopectin ratio
Alkali spreading

Alkali clearing

Water uptake—77° C
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