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A. 

QUALITY EVALUATION STUDIES OF FOREIGN 
AND DOMESTIC RICES 

By J. E. SI~II'SON, Office of Administrator; C. R. ADAIR, Crops Research Division; 
G. O. KOIILEIt, Western Utilizatiort Research and Development Division; 
E.H. DAWSON, Human Nlttrition llesearch Division; H.J. DEOBAI,D, Southern 
Utiliz(ltion Ilese(lrch Imd Development Division; E. B. Kl!;S'rER,· Western Utili
zaHon Reiil:arch (liLd Development Division; J. T. iIOGAN, Southern Utilization 
llesearch and Development Division; O..M. 13ATCHER, Human Nutrition Research 
D'ivision; und J. V. lIALlcK,2 Crops Uesearch Divisiort 

PART l.-OBJECTIVES AND SCOPE 

Introduction 

A cooperll.tive project. between the Agricultural Research Service 
(ARS) Md the Foreign AgricultUl'o.l Service (FAS) was initiated in 
1957, as a first step toward defining the kinds of rice that move in 
intel'lln.tionlll trllele and the kinds pI'eferred by consumers in import
ing countries. 'fhe primary goal of this joint investigation was to 
establish some basis for compl1ring the competitive position of a 
particular rice in 11 pluticuhu' mnrket. Lack of international grades 
1I1 rice and of correlittion of individual ~rading systems has made this 
compltrison difIi.cult up to the present tune. 

A second purpose of this coopemtive project was to obtl1in infor
mation that \'{ould aid rice-production research agencies in developing 
new stl'llins and vnrieties of rice especittUy ndapted to the requirements 
of oversellS markets, thus assisting in directing rice of the most desired 
types into encll significn,nt marketing nrea. 

1\ third objective of the investigation was to develop basic knowledge 
of the interrelntionships between chemiclli composition and J?hysical 
chltl'llctcr'istics IlS Itffecting pl'Ocessing nnd cooking cimractel'lstics. 

'fhis pI'oject hilS ernbmced a two-part study on nearly 600 milled 
or pllrt1l11ly milled foreign rices obtained by Foreign Agricultural 
Service during 1958 Ilnd 1959 in 33 countries, representing 15 net ex
porters lI.nd 18 net importers. The first pnrt of this study was based 
upon nnalyses by the Agriculturnl Mnrketing Service CAMS) 1l1born
tory nt New Orlet1nS to eVl1luMe the foreign rices in terms of U.S. 
gmde stltndards. Thnt PIll't of this study bas been reported in 
"Analysis of Selected Vt1rieties nnd Grtldes of Rice l\~[oving in World 
Trade," (39)3 which discusses and summarizes the grading reports. 

'fhe second pnl~t of this investigntion, re1?orted herein, was done by 
the Agriculturtll Resenrch Service (ARS), 111 which detailed chemical 

• Deceased. 
2 llesigned. 
3 Itulic numbers in plLrcnthcses refer to Literature Cited, p. l84.. 
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and physical qualHy 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, 
ealiL), the Southern Utilization Reseal'ch and Development Division 
(New Orleans, La.), the Crops Research Division Laboratory at the 
Rice-Pasture Experiment Station (Beaumont, Tex.), and the Food 
Quality Laboratory of the Human Nutrition Research Division 
(Beltsville, ~{d.). Samples of U.S. rices Oong-, medium-, and short
grain) were included 1"01' comparative purposes. Both objective and 
subjective test methods were used in these studies. 

Salllpies Obtained 

Representn,tives of the Foreign Agricultural Service were responsible 
for obtaining u:nd shipping the samples from the foreign sources. 
i)amples were taken from stocks of rice in storage for export, from 
shipments enl'OULe, from shipments in storage at ports of destination, 
llnd from 10clll stocks of indigenous rice, including samples from retail 
1l11Lrket outlets. The FAi) report (39) gives the conditions for sam
pling, and information concerning: Poin ts of origin; local or trade 
names of varinties; grndes at points of origin (if It system of quality 
gro,ding existed); years grown; special processing (i.e., pn,rboiled, 
glazed, etc.); whether grown as upland or irrigated rice; whether 
the vatiety was II mn.jol· one in expOl"t 01' domestic markets; quality 
factors itnd classes ItS reported by AMS gmding service. 

Representative milled 01' partially milled samples of about 3 pounds 
each were obtn.ined under standard sampling procedures. Each sam
ple was divided 111tO two or more parts; one part was forwarded to the 
Gruding Service Laboratory (AMS) at New Orleans for evaluation 
by U.S. gmde stilndnrds, nne! the other part or parts were sent to the 
specified A.RS labomtories. The samples were packed ill polyethylene 
bags, sealed with tape, nnd shipped in heavy canvas bngs. Shipment 
was by nil" to minimize changes due to aging, temperature variation, 
moistll["e flllctulLtion, insect infestntioll, iL!1d mishandling. Samples 
wererecei\red in good condition, with only It few exceptions. 

The numbers of samples received from eilch of the 33 foreign coun
tries represented in this study, totaling 557 samples, were: 

Number of 
Country samples
Africa, South. _____________________________ _ 

5Argentina. __________________________ • _____ _ 11Australia _______________________ • __________ _ 
1BrllziL___________ • ________________________ _ 

Rurrull ____________________________________ _ 16 
Coylol1 ____________________________________ _ 57 
Chilc ______________________________________ _ 10 

48Colombia__________________________________ _ 
5Eeuador___________________________________ _ 
6Egypt.____________________________________ _ 
5 

Francc ____________________________________ _ 
EI Salv:\dor ________________________________ _ 

2 
6Gtmnany, WrsL ___________________________ _

Ghllna. _________________________________ _ 15 
Grcrcc_. __________________________________ _ 1 

16Guatemala____ • _________ • __________________ _ 
2 
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Number of 
Country 8amples 
rndh~ ____ • ________________________________ _ 

66 
Indonesia_____________ --_ - -- ____ -- - ---- ----- 32
Iran __________________________ - - -- --- ----- 
.Italy _______________ - ______________________ _ 15 

\)Ivory Coast ________________________________ _ 
2,'aplIlI_______________________________ ---- --  84!(oreu ______________________________ -- _____ _ 

12 
9:M.cxi~()----- - -.------- --- --'.- .-- - ---- - -- --

~Ig~rm--- ~,_______ • _____________ ----- -- ----- 1
Inklstnll, Eust _________________________ - ___ _ 12 
Pakistan, West___________________ --- - ---- .. --Peru______________________________________ _ 18 

10 
Philippines _________________________ - ------  10 
l)ortugaL_____________________ ---- -- - '.- -- --- 5Spain _______ -- ____________________________ _ 

5'I ImilalHL _____________________ - _ - -- • ___ • __ _ 54 
Turkey________ • ____ • ______ - -- -------- - -- --- 7 

Performance of Testing 

The Cl'OpS Resenrch IJltbomtory Itt the Uice-PllsLure Experiment 
Stn.tion I'eceived n PIU't. of evel'Y snmple. Portions of over lutlf the 
samples-·representing most of the count.,·ies and nil of the gmin 
types-were senL to the Food QlIillity 1,nbol'ntOl'Y of the Humll,n 
Nutrition Hesclll'('h Division for cooking Ilnd relnted tests. In gen,. 
eml, the Southern UtiliznLion Hesenrch and Development Division 
mn.de deLenninlttions pl'ill1ltrily on Lhe long-gmin snmples, and the 
Western Utilizlttion Heseiu'ch nnd Developmen t Division WitS pri 
IlHU'i!y ('oncel'l1ed with evahlltting short-grilin rices, with both labora
tories being involved in eVillllaLing lhe medillrn-gmin snmples. 

Quality Characteristics Determined 

Fol' I,he purpose of eVltllll\ting the quality chnmctel'istics which are 
'distinctly ilPlll't fl'om the pl'esently recognized mal'keting chnmcteris
tics, this pl'esentlllion or the studies made by t.he four Agricultural 
RcsClu:ch SCI'vico InbOl'lltories is limited to the following numerically 
v,tllIed tests and mensurements: 

Physicltl.Measul'ements: 

Kernel Length 

Kernel Width 

Broken Kernels 

COI01' 


'l'hermn1 and Chemical J1enctions: 
Gehttinizlttion Tempemture 
Hent Altemt.ion 
Water Uptltke nnd Sedimentation (at 77° C. I\nd 82° C,) 
Alkl\li Sprending Itnd Clearing 

Chemical Detel'rninntions: 

J,Jipid ContenL (Surface nnd Total) 

Protein (Nitrogen) 

Moisture 

Crude Fibel' 
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Chemical Determinations-Continued 
Ash 
Starch Content (Total, Amylose, Amylopectin) 
Starch-Iodine-Blue Value 

Pl1latnbility Clull"llcteristics (ACter Oooking): 
Appearance 
Cohesiveness 
Tenderness 
Flavor, 

[t i~ emplmsil'.ed t,hllt the lumlyticlll Vlthl{,S det.ermined in these 
investigation~ depkt, the measurements Ilutde on these particular 
sl1mples, MallY of lhese vallles are dependent on the degree of milling, 
the gl'iI.ding system used, hnndling Itne! st()['nge eonditiO!H;, 01" other 
fltctors. Tn othOl' words, the re~;ults reI)()I'led on these siunples do not 
necessarily I'efle('t Lhe Lrue inllel'Cnt ehltmdcristies based on whole
gmin !'ices 11l1l'vesled at ubout the !illlne ll10isture content nnd milled 
il.nd stored under compilrnble ideltl conditions, However, these 
reported vnlues arc believed indicalive of the qUlllity of the rices 
moving in these Illarket chn.rmcls nt the timc. 

The choiee of tests for e'{aluntion of dce qtmlity has been bnsed on 
It cltreful study of the fi ndings r'eported by rice researcher's in the 
technical liter'nture, Itnd on It knowledge oi the elements used in U.S, 
grading liLborn.tol'ies to determine Illarket quality. 
' Kernel diml'118iol/8, part.icularly lnlyth; have long been prime cilltl'tlc
teristics for' cfltltblishillg qUillity of rices, A study of these chal'l1ctel'
istics, plus it cOllsidcmtioll of the amounts of broken kernels pl'esent, 
therefore has beenineludcd in th is in vestigation. 

~rhe color of rice samples submitted in this exnmirllltiOIl of w(lI'leI 
Sitrn pies Vltl'icc[ nvcI' It wide mng-e, u.s will be seen from the fron tis piece. 
00101' is important ill the gmding of rice, since whiteness is it widely 
r'ecognized ('ritel'ion of quality. For' this study, It sensitive colorimeter 
\Vas used 1'01' cvalulttillg ~~olor because subjective methods do not show 
fille gmdlLtions Ilnd introduco an operator' vlu'iltble. The villue of 
this instrulllent IUid been demollstmted in other' rice investigations by 
r'esear'chen; Ill, the Western Utilization Resenrch and Development
Division (21, 22, 40). 

The pI'inciplLI chemical constituent of rice is starch, Rengents 01' 

other factors that produce diseel'l1ible changes in stlu'eh will thCl'efore 
effect related changes in the intact riee gl'llin. Similar'ly, differellces 
ill the ehemienl ILnd ph,nical behavior of rice thllt innately pertnin 
to the differ'en t typcs of stn!'(~h pr'esen t will be reflected in the rice 
itself, as their' proportion din'el's from variety to vl1l'iety. Rice 
starch is composcd of two l11oleeuitu' types: A Illrge brll.nched molecule 
called am,ylo]}('ctin, and It Sill aller' unbmllched 01' "stmight chain" 
llIolecule eallecl nrnylo8e. neCILUSe of the stmctunLl (Wl'erence in these 
molecules, they r'espond difl'eren tly to treatrnell t with water, iodine, 
Illlmli, and other reagen ts. CO/lImon rice vlll'ieties con taill both types 
of starehes, but, the glUtillOIlS r'iees contain ollly small nmounts, if 
Ilny, of amylose stlll'(~h, ,"Vith refel'ence to Amer'icall rices, i,t is 
known that n. genel'lll l'ellltiOllship l~xists betweell gr'n.in type Ilnd 
cooking quality, Accol'ding to ,fndOIl and de III HoussILye (23), the 
dJlll'ILctel'istics ot: cooked I'ices VIU',}' t:r'om IIver-y sticky" to IIflllky," 

• 

,., 

I 
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the short- and medium-grn.in vnrieties being somewhat sticky, whereas 
the long-gmin vltl'ieLies are uSU!tlly flaky. Thus the question arises as 
to whether con'elation of cooking qualIty should be made with gmin 
typo or wi th chemicltl cOlnposition which usually vllries with gmin type, 
1V1UilUI1S n,nd others (45) found, in stHdies of U.S. Vllrieties, thnt as a 
genoml mIe, the long-grain types had higher nmylose content, Toro 
Iwd Century Pn,t,nn, were exceptions in this regnl'd, ttnd when cooked 
they lu'e 1lI00'O sticky thltn othOl' long-grltin rices. 1'hese Toro Ilnd 
Contmy Pit tlll1 dces, dospi te their slll1pe chl1rnctel'istics, hit vo low n:my]ose 
con Len t, iudiclLting titn,t amylose 'TnlL'!1 be an impo7'ta'rtt factor in de
tcrmining tho processing chttl'lLCteristics of rices, As 'n, corolIl1l'Y, one 
{'ould sny thc Slllne of (unlllopectin, nnd of the mt'io between the starch 
constil'uents. Thorofore, for this sLudy, percentages of Lotn] stl1rch, 
tLmylos(~, ILlIIylopcctin, ILnd l'ntio of n.mylo~ to nrnylopectin were 
meltsured 01' cn.lcuhtted. 

'I'he pl'operty of '/l)nter 'ltptakiJ by 'rice at 77° O. wnd 82° O. hits been 
flIClLSllI'cd bC(lILtise it 11Ils fL belll'1ng on cooking Itnd processing qllltlity 
(/6). The sallle is Lruo of loss of solids into the cooking Wlttm' (20). 
Sticky rice vll ..ioties lose 11101'0 solid::; in to cooking W(lter thltn do the 
(laky types. :fi'OI' example, cel·tlLin long-grain domestic vnl'ieties stIch 
ILS Rexo ..o ILncl Bluebonnct IU'C IH·ofe....ed for ccrtltin cOll1ll1m'cinl 
processed pl'Oduels becn,lIse slollghing of solid IlIILUm' \vith these rices 
is minimal. 

Gelatinizah:on tl'.m,pcl'lLtw·e is reln,ted to water uptnke, ItCcording to 
findings repo .. ted by Ilttli<:k nnd Kelly (16). Short- find mediutn
g"lLin rice vltrielie::; Iliwing low gelatini:-nt,ion tampel'!ttlll'e~ ab~orb 
mo ..e wILter LImn do nHlst of tho long-gmll1 t,ypes. Hore ngfill1, 'I oro, 
It long-g ..n.in t'ke with n low gelnt.inizntion tempemtUl:e, wns similn.r to 
the short- llnd lllediurn-grnin I'ices in water-uptake behavior. Two 
IOllg-gmin vitrioLies. \'lith high geltltinizntiol1 tempern,tm'es, Early 
P..o[Hic n,nd Oon tu ..y Plttilit 2:3 I, nbsorbod loss wntor tilltn did tlny other 
dOlllestic rices. 

The 8tltrch-i()(line-Mllc val-lU! WitS OI'iginnlly I\sed by Roberts (40) in 
eXlLlllinntion of pa.. boiled ri(:o samples. It wns litter (ound (17) thnt 
this method could he used to determine nlrietal differences using rice 
Lhttt WItS not parhoiled. The t,cst, is indictttive of the nmylose soluble 
\I ndcl' the conditiol\s of mellslll'olllent, 11I\d Im.s been shown to iuwe a 
dose (~orl'dfLtion with LotnJ tllllylose content (45). For this renson, the 
iodine-blue vllluo is ltllot.!lOr met1l,ure of cooking behnviol'. The test is 
1'1111 ILl. 77° C., whieh is above the geltttinizltt,ion temperature of mnny 
short-gmill vn,ricties but below t.lutt, of such long-grnin vl1rieties ItS 

COIl ttl ry Pntlln 2:31. This t.est, therefore, helps to distinguish rices 
from tlill,!' Sllllldpoillt. becll,use during geillt.inizntion ntnylose npponrs 
t.o solubilize, ILnd in tUI'll pal'ticiplLtes in tho iodine renction. 

1'!I.(' a.lkali SflN!ail'iny a:nd cleariny test wns $elected hecnllse investi
gatiolls by Little, Hilder, I1nd Dnwsoll (31) showed thnt differences in 
respollse to this "cllgent, of vntiot.ies I1l1d lots of !'ice, pllmUeled in 
genel'ILI the difl'e..ellces ill subject.ive Ilssnys of cooking qlln]it,y. Highly 
sigllifi(~fLllt l·eitLt.iollships WOl'O found between scol'es for cohesiveness of 
Gooked sl1l1lples ILlld t.he exticnt, of sprCllding 11nd c]enring of Tice gmins 
immersed in dilllte nlkllIi. 

http:medium-grn.in
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The heat alteration value (30) is a procedure for predicting cohesive
ness characteristics of rice varieties when cooked. It involves micro
scopic examination of finely ground rice after being treated with 
water at 60° C. Rices that are fluffy 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 
gela tinized. 

The i1ttributes of appearance) cohesiveness) tenderness, and flavor oj 
cooked rice are the final criteria of cooking quality. The experimental 
rice-cooking procedures developed at the Ruman Nutrition Research 
Division, Agriculturd Research Service, Belts"ille, Md., have been 
found very suitable for the subjective evaluation of these qualities of 
rices (5, 6). 

Total lipid content affects nutritional and other properties. Assay of 
surface lipids WitS adopted because it had been demonstrated in tests 
of Zenith llnd Rexark rices (3) that the amount of fat extracted from 
whole milled rice was in lille!lr relationship to the amount of bran 
removed up to about six percent of brown rice starting material. It 
Wits further shown that for a given variety, the' relationship between 
the percentage of brIll! removed and the percentage of fat remaining 
on the milled rice is cor, .•ant from year to year. Those studies indi
cate that the fat l'emo\rable from the surface of milled rice is a reliable 
measure of the amount of inner bran Iwd aleurone layer remaining. 

Protein content is important from a nutritional standpoint. The 
itmino acids ill rice, which occur combined as protein, have been 
investigated at Louisiana State University Biochemistry Department 
(35, 36)4 with respect to nU'iatioll of kind and I1mollnt among different 
rice varieties. The locution where the rice was grown was found to 
have an ime.ortant bearing on the content of individual amino acids. 
Removal of bmn layers, as in milling, causes a decrease in the protein 
content of l'Ice, and also in the essentiul umino acid content. From 
results on rice milled to different degrees, it was concluded that the 
nature and distribution of protein ,vithin the gmin was not uniform . 
.Yforeover an increase in the nitl'ogen or protein content of a particular 
,>ariety, from whate\Ter cause, did not necessarily reflect an improve
ment in the essential amino acid pattern of the grain. All 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 determining mainte
nnrlCe of quality in dce during storage, because its level controls the 
rate of deterioration and infestation of ~he gmin. Commonly 
accepted moisture contents for "safe" storage are 13 percent for less 
than 6 months' storage, and 12 percent for long-term stomge (10). 
'When moisture exceeds 15 percent, rice is automatically classed as 
"sample" grade in U.S. grading laboratories. Other quality factors 
may be adversely affected by excessive moisture. The value of 
rnoisture content in rice analysis) however, is in computing percentage 
of other constituents such as starch and protein to the dry basis. 

~ Kyrnal, K., W5.j. VARfA'l'lON IN A~IINO ACID COSTENT m' urCE VAHIETfES. 
[Ph. D. thesis. La. Stn. 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 a 
representative number of samples to ascertain whether unusual 
differences would be found among the samples collected throughout 
the world. Investigators at the South!3rn 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 II.-METHODS AND PROCEDURES 

Physical Measurements 

Kernel Length and Width 

Kernel length anti. width of milled grains were determined by meas
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 gmins to be 
measured was r-eflected on the screen of a modified photographic 
enlarger and magnified exactly 10 diameters. The accuracy 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 (L)-6.16 mm. and greater. 
..Medium (M)-5.16 mm. to 6.15 mm., inclusive. 
Short (8)-5.15 mm. and less. 

Long-, medium-, and short-grain rices are ilh:3trated III figure 1. 

FIGURE I.-Samples of long-, medium-, and short-grain rices. 

Broken Kernels 5 

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

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

B 
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defined as pieces of kernels that are less than three-fourths the length 
of a 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 (1). 

total weight of broken kernels X 100 
P t f b1'0ken kerne s I . htere!. n age 0 fl·welg 0 samp e 

Kernel Color 

Kerr.,el Golor was determined with a Oolor and Oolor-Difference 
).{eter (sueh as i1 Gardner or Hunter) (fig. 2) standar:Jized on the "L" 
scale with Illig-ht-yellow stlllldard (O-LY-1091-58), vlllues L=78.4, 
a

L 
=-1.6, bL =22.9 (12). Glass cells (optical glass base, 82 mill. in 

diameter, anel ;38 mill. in height) were filled with the rice, leveled with 
a spatull1, the cells pilleed over a large aperture (2}~-inch diameter), 
Imel rel1dings made. 

The nsemge of foUl" determinations, for each of the thr~e color 
('omponents (L, IlL' I1nd bL), rotating the cell clockwise for 90 degrees 
between repliefltions, wa.s the vlllue used. Only the "L" (or lightness 
\'ailIe) was evaluated stH.tistically. 

FIGl'HE 2.-Measurillg the color components of rice by the Gardner Color and 

Color-Difference Meter. 
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Thermal and Chemical Reactions 
Gelatinization Tenlperature 

..A slurry was prepared by ll1.ixing 100 gmms of rice flour (prepared 
by grinding in a Xo. 3 Wiley mill to pass 0.5 nun. screen) and 250 m1. 
of distilled water in a lVllring Blendor for 1.5 Illinutes. The slurry 
was tmnsferred to the Amylogrnph (reseflrch lllodelll1ullufaetured by 
the Bmbender ('orp.) (fig. :3) using 150 Ill!. of additional wuter to wllsh 
quantitati\'ely from the blendor. The Amylogrnph mechanism was 
stllrted with the ('ooling coil solenoid switch in the "up" position 
and the slurry nllowed to heat to aoo <. '. with geal' in the "SII po
sition. The churt was then adjusted to II zero minute lllarking, the 
gear switeh plnced in the "e" position, and heating continued nt the 
controlled I'Ilte of 1.5° C. per minute. The temperature of the slurry 
at which the initiftl iIl('l'eaSe of vi::;cosity oecurred wus reeorded as 
gelatinization lempemtul'e (i5, 16). . 

FlcenE 3.-Amylograph for dC'tC'l'mining gelatinization ancl p:lsting character
istics of ground milled rice over it controlled temperature range. 
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Heat Alteration 

Five grams of rice was soaked 2 hours in 25 ml. of 1 percent sodium 
chloride solution at 38-40° C. The mixture was made up to 195 m!. 
with 1 percenlsalt solution at room temperature, and blended for 15 
minutes at medium speed (controlled by a Powerstat Variable Trans
former, Type 116, set at 70) in it "Waring Blendor. The slurry was 
suction-filtered thwugh Xo. 5S!) Blue Ribbon S&S filter paper, 
washed with 300 m1. of distilled water, and dried in air at room tem
perature. The dried sediments of most samples formed a moderately 
brittle cake, which was broken up l"lnd kept in stoppered vials under 
refrigeration until w;ed. When the slurries did not filter well, as in 
the C'!lSe of some se\'erely parboiled samples, they were centrifuged 
and the solid nHlttel' WflS wllshed l"lnd centrifuged repefltedly. After 
the final washing, the materilll was dried to a cohesive cake that could 
be eitsily redispersed in water (30), (See fig. 4.) 

For each replicntion, 0.25 gram of rice powder was dispersed in 
Itbollt 5 ml. of water, heated 30 minutes, fLnd stirred constantly, 
in 65 ml. of distilled water held at 62° C. in fl constant-temperature 
oil bath (fig. 4). A 2-ml. portion of the suspension was diluted to 
15 ml. with water nt room temperatme, a drop of the dilution placed 
on a microseope slide, covered, dnlined of excess liquid, nnd sealed 
with petroleum jelly. The procedme was repented at least once for 

"b'Wl'nE -I,-Equipment used in preparing rice powder for the heat alteration test. 

762-586 0-6fl~-:! 
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each rice lot. Controls consisted of rice powder from the original 
sample, 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 pbase accessories and a magnification of 970 di
ameters) was used to evaluate Lhe effects of the treatments on the 
starch (fig. 5). As the slide was moved across the microscope stage, 
the first 100 gmnules passing through a specified portion of tbe field 
of vision were counted and classified in one of four categories, illus
trated in figure 6, and characterized as follows: 

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

FlG(!RF. 5.-Phasr ('ontmst rnicroscopc and pulsing xenon arc lamp used in heat 
alteration test. 
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Fln['!n: tl.-AltN1Ltion of ;;tarch ~ranul('~ from ditf('f{'ut ri<:c varieties when heat.ed 
nt 02° C. (heat alleration lcst.). 

hilum although oftell Itppearing slightly darker 6 III the center). 
Starch frolll ~di ullhC'ated slllllpies \VIIS of this appeltmnCe, as WitS 
Ill()"t ;;tarch from In'n.led sHlllplC's of some \'Itrielies. 

:2. (;rHllul('s "lightly ltitered (darkencd,6 cracked, or strin,ted from 

" III r1('''('I'ihin~ "tal't"h ~ranul('::; as llat1;ly or t'ol1lp\(~tely dark(,n(,d, tlw intention 
j" til portl'ay nn nppnrl'llt c1P('rpns(' or lo;-:g in IUllIino,;Hy :18 5('('11 in dark contrast 
ph;l~l' iIlllwilmtioll, whielt ~(,Plllillgl.v ('oilll'i(\(>;; wit It 10sH of bin'fringcncc in 
polnri,wd illtllllilHLt iOll. :-:t an'h nit 1'1'('(\ hy t lH' lH'aling ITPlllnwnt no longer 
app!'ar" ('ry"tllllilll', hut, I:; a ';Plllil nlllSIl:trPlll gpl:ltinom; body. This starch is 
Wititl' or {'olurll'l':; ill orrlilHu'Y brip;ht-fi('ld miero:-;:'opl' illumination, and appears 
rl:Lrk ill vila,,!' {'Olltl':l';( only I}('l':lll"c' of tlw quality of light t r:lIIslIIillrd b.I' this 
ill"( l'UllWlll. .\ nla,," of "rlarkpIH'c\" gnwII1!'s ,;l1:;penued in watel' l'onstitl1L('s 
(L whitish Of' lnlIl"lut'Pllt IHlHtJ', 
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the center outward, but luminous in half or more of their diameter, 
perhaps slightly swollen). Granules of this type occurred in heated 
samples, ntrely in unheated samples. 

3. Granules moderately altered (more than half darkened, usually 
swollen, with luminuous are!lS in the form of blocklets, striations, 
or uniform at" patterned rims or convolutions on the surface of the 
otherwise darkened structure). :Moderately tutered granules occurred 
only in heated samples. ~. 

4. Granules greatly altered (slightly to greatly swollen, completely 
darkened, and lacking luminous portions, but definitely outlined and 
surrounded by it lighter halo. ~hrkings suggestive of those described 
in category 3 were commonly pI'esent, but were darker than the 
major portion of the gmnule.) Grelttly altered granules were found 
only in heated snmples. 

For each lot of rice, the number of gml1ules in ench category was 
multiplied (or weighted) by the cntegory number; the weighted 
y[dues wet'e totaled tlnd c:l\,idd by 100 to give it "darkening index." 
Darkening indexes of unheated replications (controls) were deducted ~ 
from the darkening indexes of heated replications to give "heat 
alteration values." In the case of parboiled samples, it was ':,ecessary 
to evaluate darkening indexes of unheated controls along with heat 
oJteration values. 

The heat Illtemtion "niue of It silmple is then the difference between 
the dnrkening index of 100 untreated starch granules Ilnd that of 100 
stn.rch granules from the same snm:ple after heating 30 minutes in 
wMer at 62° C. The darkening index of 1'1 nonparboiled sample 
receiving no heat treatment is low (1.0-1.2, rllrely up to 1.4), whereas 
the diLrkening index of n hellted sample Cilll be any value from 1.0 to 
4.0; the darkening index: of a pnrboiled snmple receiving no additional 
heating treatment miLy be !lny \'Illuc. from 1.2 to 3.9 or 4.0. Thus, 
heat illteration \"idues could be nnywhere between 0.0 and 3.0. In a 
regulnr milled rice sam pIe, the hen,t nItenLtion value is in versely related 
to the gelatinization temperilture of its stnrch. 

Water Uptake and Sedimentation (at 17° C. and 82° C.) 

To 2 gl'lUllS (±0.01) of milled rice in a 25- by 100-nUll. test tube 
WitS ildded It measured Illllount of wlLter. The volume of water was 
6 tn R ml. lJlore than the amount l1.bsorbed by 11 2-gl'llrn sample of that 
rice in 11 preliminur,Y trill!. The tube Ilnd contents were ItHowed to 
stnnd for 30 minutes, stoppered lightly to minimize evaporation 
losses, then immel''Oed for 45 minutes ill 11 water blLth at the desired 
temperilture (77° C. 01' 82° C.). At the end of this time, the tubes 
were immersed ill cold wlLter immediately to stop cooking Itction. 
Results with two slunples (colltl'llsting) Itre shown in figure 7. The 
('on tents were filtered through it Gooch crucible (size ;J) with light 
suction into It gradullted centrifuge tube. The filtrate WllS centrifuged 
Itt [,SOO r.p.m. (head mciius, 8.5 inches) for exactly .5 minutes. 
Volume of sediment (representing insoluble solids) ILnd the volume of 
ullabsorbed wilter were then reild (fig. 8). Absorbed water was 
(\(>tel'lllined hy subll'ncting the unabsorbed from the original YOh11nO 

of water used in the test. Vlllues for witter uptllke and sedimentntiol1 
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Flnun: '.--Two r.:'l. Yaril't:P5 of ricp lwfOre cooking (ll'ft pair) and after cooking 
(right [lair\. 

'HIli<' WPI'(' oi>tllill(;'d by cllkulltling thf.'se dltta on the basis of 100 
l!Tllllh of I'iCl' (}Ii). 

Alkali Spreading and Clearing 

.\ litl'l' [)r s\(H'k ltlktlli solution, nppr()ximn.tf.'ly 60 percent (weight 
/>PI' \iJluIllP) ill S\I'Pllgth, WitS prepared by diss(lh'ing 588.2 gl'l1IllS of 
jlllta::;::;illill hydroxide Iwllrt::; (So) 1)('I'('Pllt purity) in recently boiled 
Hlld cOfJll'd di,;[illl'd wlltpr, :-lufficient distilled \\',ttf.'[' was added to 
;;:1 Ill!. of titP ,;tock solutioll to IlwkP u lit('l' or tf.'sting solution 1.7 
ppn'PIlI (: OJ);)) ill st l'('llgth. Final ('on('entmtions of thc solutions 
W{'I't' ('IH'('\(p<l by titmtilll1. Thp solutions w(,l'e pl'!lteeted rrom 
alll1[J"ph('ric cltdWIl dioxide' by drying tuh(':,; containing soda lime. 

:-,i:-: kl'l'IIds Ill' (,Heh ricp lot wP('(' ,;pnced pn'nl,\- ill ,1 snwll tmn.'lplll'Cnt 
pln,.:til· blIX. sizl' I~, hy I;, b.,' 3.1 ill('h, r('slill,!! ()Il lL black surflH'C nne! 
('1l1l1niuill!.!: III Ill!. uf Ihp It',;1 solution. TI1l' box was ('()\'f.'red Ilnd left 
Illldi"tlll'bpd .::!;\ h()tll'~ ill It room IllnilltaillPd Ht about 70° }'. Three 
r('plj('Hti()Jl~ Ilr the' In'Il1lllPllt \\'('1'(' madE' Ull (,Hch lot ()f ri('('. Samples 
W('I'P I'a.t(ld fill' -,pn'Hdill,!! Itlld dearing !l(,(,OI'ding lo the I-point sealc 
(.H i. Typi('al spl'l'Hding and ('l('aring "ltlU(':; 1'01' the i-point senle arc 
iUu-;tJ'HtPd ill fiu;ul'l' n. 

I\:prn('l" rd' ('Pl1tlll'\' Palna ::!:ll, which :;w('11 slighth- hut do not 
dt'yplujl It ('olinI', W('I'(' lI-;pd It Il l'('r('I'(,I1('P Ilwt('l'iltl; lhp ~pl'(,!lding lwd 

('ll'lll'ill!.!: fOl' litis v!triPty III'(' ('n('h rnt('(llls "1." 
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Fl',! Itb '-.. ~ niJr"r"!I('I'~ ill :tIll Oil 11 t of lIIHlhsorlwd watrr anel ~t'diIllrnt (aftt'!" 
\'!'(it.rIflJgillg' ill till' two Ct). \·aril·tif'ii ;;hown in fih'lI!"(~ 7. 

Thl' ('ofl[litioll ,,/' PHeh krrJlL'l of rieL' WitS s('orrd for spr('adin{j and 
clIlJr;II!1 Oil I ~p(lillt s(·tdt·,., (fig. U) as follows: 

Clearing 
~ ~-.-.~-~ "--~--~-'-l 

K,·n... l tlot nff£'('t',,1, Kpl'Jt!'1 chalky. 

I""rnl'! ,.\\,011"/1. K!'fIwl C'lutlk:,'; ('ollar powdC'rY. 


.j 1\1l'lld '\\,011"11; ('ollar iIH'OIIl- I\prtwl ('balky; eollar eoltony 
1'1,"" 01' lIarrow. or ('Ioudv. 

1\'·n...1 ,.\\,olll'n: ('ollar l'OlllplP!p ('Plltp!" ('olton),: ('ollar cloudy. 
all'! wid... 

I\"rtl"j "'l,lit o!" "l'gIlIPlll'l't!; ('I'IlIPI' ('olton.\'; ('ollar elpuring. 
('ollar ('oIllplptl' awl wid!'. 

Ii l\"fljl'! di"I)!,I'~!'r1. Ul('l'gillg 
\\ jf" ,·ollar. 

K.·I'I,' I,. l·uInpll'!.!'ly rlbpPl'''l'd {'l'llt"r nlld ('ollar el!'a!"pd. 
Blld lIll '·l'IuiIl!!;I .., l. 
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· " . ' ,it ' .". 

" ' • ~ ... 'l't' 


, " ".- .,. ., 

Untreated Spreading 2 Spreading 2" 3 

(Spreading 1) Clearing 1 Clearing 1, 2 

(Clearing 1) 

Spreading 6Spreading 3, 4, 5 Spreading 4 

Clearing 2 Clearing 2, 3 Clearing 4, 5 

Spreading 7 Spreading 7 


Clearing 5,6 Clearing 7 


FIGURE 9.-Riee kernels of eight varieties treated with dilute alkali, illustrating 
spreading and clearing values 1 to 7. 
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Ch.-.rnieal Deternlinalions 

Lipid ConLent 

Sllrj(l("f' iJipid8 

"\pproxillJlltdy~O gralus of t1 Wt'Ll-llllx('d ~tuHple or wilol{'-rniHed 
ri(·p Was wpi!.(ltpd illl!) It 1:2:j-llll. Ilat-bottolll boiling flask, ("e/lux('d 
wit II :2;) ltll. !If petml!'llfll £'tilP[', l}()i!in~ t'tllt~(' ;~ij" to ;~X.:> ('. fill' 2;) 
milllltps lJig. If)). Tht' soln'Il1 WitS rlpellllt!'<1 through It folded fillet' 
(Whlltl1lll.n' .\'0. 1:2, 1:2.:i <'t'lltifl}('(enn, in lL !i00 fun'lIPI, into It Illl'NI 
1!H)-till. f1ul-bot IUJlI('d ('xtml'tioll f1nsk. TI\(' llll'NI flask had beeu 
!l("P\'iOllsly hente'li itl u f(J("c('d-drnft O\'Pll Itt Hll o to 1040 C. fOI' :)0 
lllillUll's, c()ol('d in Ii dpsicClllo(", alld \\'C'ighrd. 
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Fifteen milliliters of petroleum ether was 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. 

'rhefiltered solvent was evaporated on a steam bath until the 
solvent odor had disappeared. The flask was removed from the 
steam bnth, dried at 1010 to 1040 O. for approximately 30 minutes, 
cooled in it desiccfLtor, and weighed. Residue was calculated as 
percentage of rice on a moisture-free basis and reported as surface 
lipids (3, 19). 

Total Lipids 
An accurately weighed 2-gram sample, ground to pass a 20-mesh 

sieve, was wrapped in a 'Vhatmnn No. 43, ll-cm. filter paper, nnd 
rewrnpped in a second paper of the same kind and secured with 
bright soft iron wire. 'rhe snmple was placed one-fourth inch below 
the n,pex of the siphon of t. Soxhlet extractor equipped with an Allihn 
condenser (Corning No. 3840-small) nnd extracted 16 hours with 
dry diethyl ethel' (fig. 11). Siphoning intervals were 5 minutes or 
less. The extraction flask, which had been previously tnred, wa,s 
removed from e)..i;raction setup and the ether was allowed to evapo
rate in a fume cupboard. Extracted lipid material was dried for 
1 hour nt 1050 u., cooled, aud weighed. The nmount of lipids was 
calculated ns percentage of rice on a moisture-free basis (2, p. 371). 

Protein (Nitrogen) 

About 2 grams of a sample (previously ground to pass a 20-mesh 
sieve) was weighed nccurately and transferred to a Kjeldahl flask. 
A scoop (16 ±O.l gmm) of the mbmd catnlyst (1,5DO grams of potas
sium SUlftLte nnd 70 grams of mercuric oxide blended in a ball mill 
or other suitable mLxers)wns ndded and washed down the neck of 
the £lask with 25 m!. of 98 percent sulfuric acid. The mixture was 
digested un til the solution clenred, and hetlting was continued for 
2 hours (oxidntion is probably completed 30 minutes after clearing). 
After completion of the digestion, the flask was cooled and 300 m!. of 
water added. After the flask was cooled again, 50 m!. of the sodium 
hydroxide-sodium thiosulfnte solution (450 grams of sodium hydroxide 
dissolved in wt.ter, cooled, 80 grfuns of sodium thiosulfate added, and 
the volume diluted to 1 liter) was poured carefully down the neck 
of the flask, and t. few pieces of zinc were tldded. The flask was 
flttached to the distillation equipment and swirled to mix contents. 
The mixture was distilled into an Erlenmeyer flask containing 50 ml. 
of 5 percent boric acid solution (held below 400 O. during the entire 
distillation period) until t.bout 250 m!. of distillate had been received. 
Titration was done with standard sulfuric acid, using Universal 
Indicator (2, p. 368 and sees. 2.21 and 2.23 modified). Nitrogen 
detennined in this wlty was calculated as percentage of rice on a 
moisture-free bjt~is. Percentage of protein wns computed by multi.
plying the nitrogen content by the factor 5.95. (The Kjeldnhl 
digestion !tnd clistilliltion equipmen t is shown in fig. 12.) 
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Frc,r'J!Jo. 11 J)PI!'fllIll.ill/!: total lipid of riel' by ~oxhlet pxlractioll llwthocl. 

\loistUl'(' 

TWII grallls of n well-mixed ;.;,unrle. !)J'e\·jou;.;ly I2:l'oUlld tu pn;.;s a 
~()-Jll('sh "'('['('1'11, wn,.; wl'i!,dIPd illto a tal'ed c'()\'el'cll alulllinum dish. 
\Villt lhl' ('IJ\"l'l' lUO";Plll'd. till' ,.;alllplp W;b heated in It \'lH'lllllll (l\'cn at 
1(1» • fl ..)" C., fol' ,j 1,lIlll],"; al :~-1l11l1. PI'PSSlI]'e 0]' less. The (l\'en was 
b],llll!.!hl III atltlo"phNic j)l'eSSllt'C' with dry ail', and tile ('I)\'er WIlS 
I idlt ('11('<1 OIJ I h(' di ..;!!. The dish wa,; then tmn,.;feITC't/ tf) til(' desieeatol' 
Iii!.!. I:~ i, 1'lHllpci III 1'(11111.1 tpllljleratun" ulld wril-dled ;';(JOII afterwal'd. 
Lo"" Ill' w('i!.!l:t Wa .... ('nlc'lIlat ('d a,.; pl'/'('(,llta~(' of Illoi;.;! lire ill the ricr 
(.!. /L 3t)l;) IWl't IIlI,.,i,.;l. 
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FWl:RE 12.-Kjelclahl digestion and distillation equipment for nitrogen analysis 
ill the protein determination of rice. 

Crude Fiber 

The ether-extractable material in polished rice samples tested was 
uSlUllly less than 0.5 percent, so the crude fiber determination was 
made without ethel' extraction. 

A 2-gram sampIe, previously ground to pass a 20-mesh sieve, was 
pbtced in a 600-m1. beaker with iLbout 0.5 gram of asbestos and 2 to 
:3 drops of IUltifo!tTn agent (1 part methyl benzoate n,nd 1 part tributyl 
citmte). Then 200 ml. of boiling sulfuric acid solution (0.255 N) 
was added and the digestion beaker immedilttely placed on a pre
heated hot plate and r,onneeted to a condenser. After the contents 
of the bellker reaehed the boiling point (in about 1 minute), they were 
boiled briskly for :30 minutes. (The beaker was rotated occasionally 
to assure mixing ilnd to wash down nutterial collecting on the sides of 
the beliker nboV'e the liquid level.) The solution was filtered with 
sUdion through linen cloth (about 45 tlu'eads pel' inch, such as 
that made by ~ tltional Filter ~[edia Corp.) on It· Buchner funnel 
into It beaker. The beaker Imel filtered residue were washed 
with boiling wllter until the residue was no longer acid. Then the 
r('sid liP was tmnsferrcd to Il1wthel' beaker with 200 ml. of hot alkali 
(0.:3 L:3 S sodium hyclro",-icle, free or nearly free of cfLrbonltte) until 
l he 200-1ll!. mark Oil I he beaker was reached. (The solution of sodium 
hydmxide was kept boiling under reflux. The setup was high enough 
tllill the Idkuli was delivered by siphon with suflicient force to facili
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FIGURE l3.-Apparatus for in vacuo determination of moisture content of rice. 

tate the transfer of the residue to the beaker.) The beaker and con
tents were placed OIl the hotplate and connected to the condenser, 
brough t 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 filtnLtion from the alkaline 
solution had to be completed in 5 minutes or less, to maintain a 
standttrd time of treatment. When free of alkali, the residue was 
washed with 15 m1. of 95 percent ethyl llicohol. Suction was con
tinued, to remove alcohol in the Illat ilnd residue. After drying 
Itt 1100 C. o\·crnigh t, the crucible was cooled in a desiccator, and 
weighed. The crucible and contents were heated at 5500 O. for 
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30 to 45 minutes, cooled in a desiccator, and again weighed. Loss 
in weight was calculated as percentage of rice on a moisture-free 
basis and recorded as percentage of crude fiber. (The apparatus 
for determining crude. fiber is shown in fig. 14 (2, p. 211 and sees. 
22.31,22.32, and 22.33).) 

Ash 

A 2-gmm sample, previously gl'Ound to pass a 20-mesh sieve, was 
accurately weighed into a 30-ml. Vycor crucible and placed in a muffle 
furnace preheated to 600 0 C. (fig. 15). This temperature was main
tained for 2 hours. nfter which the crucible was transferred to a 
desiccntor, cooled, ala\ weighed immediately. Weight of the residue 
was calculnted as percenta~e of rice on a moisture-free basis and re
ported as percentage of asll (2, p. 368). 

Starch Content 

Total Starch 
A 1.0- to 1.5-gmm portion of the whole rice sample, ground to pass 

n. 60-mesh stimdard screen, was weighed into a 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 lldded and, with il. rubber-tipped glass rod, were mixed 
with the sample. (The same rod was used for each sample throughou~ 

FIGURE H.-Analysis for crude fiber in rice. 

http:22.31,22.32
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F«it,It~; 1;;. -j)pt('rminillg a,,1t coutent of ric!'. 

II!!' wa....i"l!~ alld .... llil-.Pqlll'llt di.... ppr.... ioll. to Il\'oit! loss or ('ontalllilU1tion 
"I' tt:l' ....alltpl!', .\1'1('1' ... tall(lill~ !'lIl' J() millut(',,,. t!tt' slulTY WitS ct'ntri
f1l;';t·d at :2,111111 ",p.IlI ili"l1 r,(·.f.i [IJI' 1(J lIlilllllps 111ld tilt' liquid laycr 
dl'l·.llttpd TIl!' l'1' .... idllt' Wa .... tl'l'ILll'd with ;)(J ml. (If hot SO (1l'l'ecnt 
l'iI.;tll.,J ..... tirl't·d. It,! ... talld III llliHtllps, Cl'lltrifllgt'd. ILIH!. deCILntNI. 

'I'Ll' 1·(·...11111(' Wa... thl'1l tl'an.... fpI·I'(,d t() lL ,100-1lI1. Bt'l'z('lius bCllk('r, 
\\lIh 1\\11 :,-1111 portion... or walpl' alld thl'll ()() IIlI. Dr cld('iUIll e!tlorid('
;~"..tll· acid ... ,,111111111 lILppro'\illmll'ly ;lSS grlllll" or ILIl!tytirollS eaL('iulIl 
I'I!I"nd,· [lPl' ilt(·!, pith gllwial lu'ptie Itl'i([ to gin' pH ~.'I J. 'I'h(' liquid 
11'\ PI \\:t... mark!'d IIll lht' hl'nkpl', Thp lllixtlu'p Wlt:-. IJl'ought to boiling 
mi IllllllltP.... III a ::;lY('l'l'in balh (ollt'-Imlf itu'h dl'l'p, I:W.J to (4,)° ('.), 
Tit!' tH'akl'!' Wa-- I'IJ\P/"l'c! with ;L wI.tell gin....... and IJllilrd IJl'i:-;kly for I fj 
WillOII'''', with fl'l'IPIl'lIt ... lin·illg: W!LIl'1' \m" nddl'd to hell th'(' liquid 
j..\p[ til Ill(' lliark, \\'hl'1l frothill!!; I>PCILltH' tl'oulJlr";olll(" a fe'w dmp,; 
,,( ,,('taH,,1 'w a "'lIlall pil'('p of l'l'lyl alc()hol W:h ILdde'd. 

Till' lla ... k awl j'[J!tlPllt" Wl'rt' {,lIfllpd i!l running WIL[('I' tLlltl tl'Cl1t('d 
\\\tlt III IItL III' Ill'allyl lL{,ptatl' 'ollllioll (Illlld!' Il.\' disso!\'ing;) ~nll1l'; of 
't/',Ill:' I ,"'l'la[(' il! Inn Ill!. III' thp calciulIl ('ldlll'id('-lt(,(.tic· acid ,.;olutill!l). 
'I'Ll' lIli'\llll'l' \\a.... litPII lI'an... fl'rrpd to lL 1I)(1-1l11. \'lilUlllPlric fl!l:-;k alld 
1I1ad(· np I.. \.,lllltlP wilh lit!' ('al('illill ddori([p'iLr'Plir' 1\('1<1 solutioll. 
F":Lllltn:.( [II tli!' lIl'('k lIf IIll' flH"k \\'11 .... ('olltl'oll('d willi IL £Imp or [,,'0 of 
'1,-, i>1'{'r'l'ld l·th,tlt"!. and 11ll' lui'\IUI'P W;b ... lmkl'!I IL.... llu' lLi('"llflll'Ptwhl'd 
ILl' :'1'.011••\rtl'!· lilllt'OIl!.dl ltlixi!l!!;, ,10 [II ,jll Illi. or lltt' :-'IJluliO!l WtL:-. 

http:lilllt'OIl!.dl
http:BT"LLI-.TI
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transferred to n. 50-mL round-bottom centrifuge tube and centrifuged 
for 10 minutes (at 2,000 r.p.m., 650 r.c.f.). The liquid was decanted 
into iL 2-eledmeter polal;meter tube. (Cloudy dispersions after the last 
eentrifuging step sometimes resulted if the solution was not boiled 
vigorously or if the so.mple was stored after grinding.) With sodium 
light used in the polarimeter, 10 rotlLtion readings were taken (5 from 
the left (\!ld 5 from the right) and averaged (9). (See fig. 16.) 

FWl'ftF; IG.-Polarimetric cletermination of total starch contcnt of ricc. 

( \liculations: 
. . A 0 (readinfl')

Perecntn.CTe of st!\reh (dry bl\SIS) =24.6:~)< . ,..,."" weIght of sample (dry basls) 

Arnylose and Amylopectin 

A I-gram sn.mplc, gl'Ound to Pi\SS 1\ 60-mesh staneln.rd screen, was 
lH'('umtely weighed into It round-bottom eenlrifuge tube, to which 
wn.s lLdded 20 1111. of ttbsolute mcthlmol. :'iild shl\king WitS used to 
cl\»perse the slullple. After sto.neling 2.5 hours, the mixture WitS centri
fuged 10 minutes ILt 2,000 r.p.m. (650 r.c.£.) iI.nd the upper lltyer de
G1Lnted elLrefully. 

http:staneln.rd
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'I'llI'll '21l mL ,,!, tlh...olut(' lllPthallul Wa" ad!il'd 1.1) the rp,;i(lue, with 
"hakill!!;, nnd aJtpr "tlllllliu!!; IIi til 1'1 houl'''' at room tpIllj)('mt lire, thp 
IJlh ttlI'(' wn" {'I'1l1 rifngp(l u" hpi'u/'('. 

Tit!' "P"jdllld lIH'tlULnol Wll:-i "PIIlOH'd rn' iIlIII1(>r,;ill!!; the tuhf' ill IL 
WaI'IIl watl'r bath lLllt1 hlowing till' ,;tLlllpll: with lL tine ,.;treltll1 Ill' air, 

'I'll(' dril'd ~1l111plp WitS qUIUltitllli\'ply tl'llll~ferred into It \\'aring 
Bll'udol' bowl with .l Ill!. III' H.i lJe!,('pnt ethanol. Theil gO Inl. of 
I .\' sudiulfl hnlroxi(hl Was added IlIld bIl'lldillg WHS stllrtp(\ illlllle

llilltply, (1 h,l;LY ('!UiSPS caking. dUlllpillU:, or 'IHlhl';;ioll uf nmtel'inl 
under till' !'Oto/'.) 

Ttl<' foalll wus brokpll with ,J Illl. of ethanol, and the dispersion waS 
tran~f('l'red to It bpllk('r, Then IO-fllL. aliquuts of the blended dis
prl'SiOll were pipet t('d into Il lOO-1ll1. \'olumetrie fll1Sk, allowed to 

1· (,.r IH. 17. ('OI(lrilllt'lri<' d,·tl'rlllillaliOJl of tllll\"lO,!' ,.tUf{'h ill riC!' IJ.\' rl'll('tiOIl 
of iodinp and Illllyl(is!', 
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stand in a refrigerator at 0° to 4° O. 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 a lSO-ml. beaker containing 50 ml. 
of distilled water. Hydrochloric acid (O.OS }.;r) was added to an 
apparent pH reading of 10.5. Then 2 ml. of iodine solution (0.2 
gram of iodine plus 2.0 grams of potassium iodide diluted to 100 ml.) 
was added, and the contents of the beaker were transferred to a 100-ml. 
volumetric flask and filled to the mark with distilled water. 

Transmittance at 590 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-rol. beakers containing 50 ml. of water. Af~er the solutions 
were neutralized to pH 10.5, they were treated as described for 
the sample. Transmittances at 590 microns when plotted against 
amylose showed. a linear relationship (34, 41, 45, 46). 

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

t. Amylose/Amylopectin Ratio 
The amylose/amylopectin ratio is a mathematical ratio calculated 

from the percentages of amylose and amylopectin determined for 
the particulll.r rice sample. 

Starch-Iodine-Blue Value 

l 

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 distilled WIl.ter 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-ml. aliquot of the filtrate was pipetted into a 100-mI. volumetric 
flask containing 1 ml. of iodine solution (2 grams of iodine and 20 
grams of potassium iodide in 1 liter of solution), 1 mi. of 30 percent 
hydrochloric acid, and approximately 60 to 70 mi. 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 a 
solution of 1 ml. of iodide and 1 ml. of acid solution in 100 ml. of 
distilled water.) 

762-586 0-66--a 
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FJC:I'RJ:: lS,-Stareh-iodille-blue test. 

Palatability Charaett:'risties (After Cooking) (Appear
aIW(', COlw8iv{'l1es8, Tenderness, l;'lavor) 

('Il"kiu!!; qllality l'illu'u<'l{'ri"lics of nppP1U'ttrICt'. ('ohp:;i\-eness, tender
III''''', lIlld lin \1J1' wprp t!l'tPl"Illin('d on ..;;('ipcted Slllllplp,; of ('(Joked rice, 
:-;p[('['titlll fJf "ILIlljl\t'';; wn,.; bn,.;pd Oil thp grading. cllllrncteristies 11S 

well a.., oil Iht' 1'(",,111(-' flf prelilllilllll"Y physic It! Hnt! chemical tests of 
P1W/i lIlt. Th!',,!' ('()"king: tl'"h htl\-e bpen described (ij, rn, Typicnl 
dlllll;!p"in appP1U'IlIW(' ()f rice kerneh; on ('(Joking nre shown in figuI"e 
l!J 

T(J ,,!ltniIl It lllllrp dil"{'ct c!llnpnrisofl of the (,(HIking quality of the 
f I1 l"l'i!!;11 ri('£''' with <'ll('1! other nncl with LS, riecs, all slullple,; werc 
('(joked In' II "Iuudard (JH'1l method (:j", Ih 

Ol.!' 11I'ludr!'!1 !!!"lUI1S of riel' (without prior wllsbing) wns IHldcd to It 

PI't'tiPI t'l"Illillt'd \"lJlulIle ()r boiling WIller in !l ('o\'ered I-qullrt Pyrex 
Imkiu!! di~1t Hilt! I'llokpt\ in II :lijOV F, O\'PIl for :2\ Illinllles (:3;~ !llinllt~,; 
fill' parb"ill'd ~atllpl('"" Till' lid was Ih(,l1 I'PlllO\'cd and the rice was 
ull(Jwpd III "tpalll ill tlIP !l\"('n ;) millll[C's longer. 

F',r PHi'll lot IIf ric'p, (Itt' yolnme or willp'r 11,,(1(1 in ('(lllking the. ricc 
\\H" «'ult'JIlUll'd frlllll tbp HlIlollnt of wu[('t" ahsorbpd when nn ."i-gram 
~alJlph' of rir'p Wa... ('(J()kpd in Ifj(l ml. of boiling wat!.'r f(lr :20 mir;utes, 

Fill' IIIP IHIlI!'1 Ill"t!' tpst..; (flg~, :l(], :?I,. five trained pnnellllembers 
\\1'1"£' "('1'\ pel fllUl' ~llrllJlh'" IIf ('llIlkl'd ri('p, (Ill!' at ~l t irll!', ()n wHrmed 
\\hilp platp" III ·J.lllilllltp illtl'r\·al". Tlrl' l'i('l' \\'lh ser'\'l'd illlIn('diutely 
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PIGCRg l!l.-Changt's in appearance of rice kernels on cooking. (A) Raw, 

(13) CookPd 21{ minutC's. (C) Cooked, followed by 18 hours' soaking. 
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FW('IU; 20.-Roolll l/;;('d by panel llH'mtwrs for p!llatability evaluations of foods. 

FIG!"Iu; 2\. -Onl' pailI'! llwlIll)('r scorillg the palatability characteristics of cooked 
rice. 



QUALITY EVALUATION OF FOREIGN AND DOMESTIC RICES 31 

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 Well-sepa- Hard centers. No off-flavor;9 bland.grains. rated 
grains. 

Perceptible off7 Fuzzy edges. Partially Firm and 
separated. chewy. flavor. 

Slightly strong5 Sloughing. Sticky or Tender and 
slightly firm. off-flavor. 

clumped. 


3 Indistinct Very sticky, Soft. Moderately 

broken clumped. strong off

flavor.grains. 
Disinte- Pasty. Mushy. Very strong1 


grated. 
 off-flavor. 

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 
in vestigation. No attempt was made to measure 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 commonly 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 
~lltrition Research Division of the Agricultural Research Service.7 

7 HATCHER, o. 1\1., STAI.EY, M. G., and DEARY, P. A. PALATABILITY CHARAC
TERISTICS OF FOREIG!'O A!'OD DOllESTIC RICES COOKED BY DIFFERENT METHODS. 
Ricl' Jour. 66 (9): 19-24 (Aug. 1963) and 66 (10): 13-16 (Sept. 1963). 



PART III.-EVALUATION O.F RICE QUALITY 
~IEASURE~IENTS 

How Data Were Studied 

The itllltlytieni data obtilined in these studies of the 26 quality 
cititl'll('leristics of rice snmples from 33 f'ol'eign coun tries find the 
rnited Stllles hn\'e been extensi\'ely exnmined, Data IlI'C p,'esented 
for long-, medium-, itnd shol't-gmin I'iees under the ('atcgories of 
"milled riee" flnd "pIlrboiled milled l'iC'e," Since only six glutinous 
riee samples nnd one plll'boiled shol't-gmin I'ice salllple were received, 
these two C'ittegOl'ies hlwe been omitted frolll this report. Elllphnsis 
hns been pilleed on the milled-rice studies, since the milled rices 
ou tn urn bel'ed the plll'hoiled milled rices by more than 7 to 1 in this 
Sludy, 11I1d sillee pnrboiling introduces nnothel' unknown vnrinble 
affecting quality, ' 

The nnnivtiC'lll detel'minntio[]s were mude by the foul' AilS labo
rntO!'ies wh()se findings Ill'e reported herein, n';1d by the A~rS Gl'Ilin 
Laboratory (Xe\\, Orleans) nt the request of ]i'AS and used in its 
publication, It.\.nalysis of Selected \Tal'ieties Iwd Gl'lldes of Rice 
~l()villg in World Tl'Ilde," I'efen'ed to in pnl't T (3.?) , 

Firl(Lings tllIlt ap pelll' pIlI'ticuhll'ly signilic llll t ul'e poin ted ou t in the 
discussion of eneh of the 26 qUftlily fadol'S, Each quality fnctor dis
cussion is 1\('Conlpllllied by IL summllry table thl1.t shows, for ellch 
country: (it) The Iletunl nwn bel' or sam pies examined undel' each 
test, sineC' the numbel.' \'nried considembly becnuse of the sllmpling 
pattern iltld limitlltiotl of l'eSOUl'ces Ilvnilnble 1'\)1' the laboratory 
determinations; (b) thc mean \'It/ues; nnd (c) the I'Illlge of vlllues for 
Lhe nnnlytieill results pertaining to CIlC'h qunlily fllctor (tables 1-26), 

Tn nddition, ellC'h table gives summarizing informntion for "nIl 
sl1mples" of long-, mediulll-, ILnd short-gmin rices, regal'dless of country 
where obtnined, for the sallle clltegories given fOl' the individual 
C'oulltries, 

1<'01' ench q unli ty ch al'lletcristic, stn tistical studies hn ve been made 
fot, the 11IillC'd rice snmples to determine 1vhat correlations may exist 
b(,twfen that particular quality characteristic and each I~f the other 
quality.factor,'!. (exccpt moisture, crude r. bel', and ash S), For eXllm pic, 
cnkulntiolls wC'/'e made to detel'minc whnt cOITellLtiollS existed be
[\\'eell totnl lipids Ilnd eneh of the other 22 quality ehul'fi('tel'istics, 
[11 tltl' SlIJllP IUilllner, each qunlily factor wus C'ornpal'ed with each of 
the othC'I' 22 quality fllClol's, An attempt Iws been rnnde to inter'pret 
nny :iuch C'()JT('llltioIlS ill terms or seien tili(' knowledge, and to diffel'
entillte frOllt wlllll IIllty be mere Illllihematieill coincidences, 

; rnknown storage' nne! Itlwelling hal'kgrollllrl mucIe moisture determination 
m{,(lningl(':;:;; mngl':; of ('rud(' filWI' Ilml ash ('un(Pnl Il'pre too narrow for correlation 
purpo!:;(·s. 

a2 
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The number of samples available did not permit, in most cases, 
statistical calculations according to individual countries. However, 
for the l·aw milled rices, correlation studies were made on "all samples" 
(combined long-, mediutn-, and short-grain types) and on alllong-, all 
mediutn-, 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 measurements for one property increase Or decrease, those 
of the other property follow in tbe same direction. A negative sign 
indiciltes that the direction of trend of one measurement is the reverse 
of thnt of the other. The more the figure decreases [rom 1.000, the 
lower is the degree of correlation, until below a certain point no 
significanre is indicated. This is not a fixed poin t for all calculations
it 1s lower, for example, the greater the number of dabL available for 
a given calculation. 

Examination of the data in table 27 reveals that the relation between 
two ftlclors is afrected more or less by a third variable and possibly 
others. To what extent this is true is determined by the value of the 
eocffieient, beciluse tbe square of this figure indicates the percentage 
of variability of one factot· accoun ted for by the second. ]?or this to 
be greater lhtlll 50 percent, the cOtTelatiou coefficient must exceed 
0.707, whose squn~re is 0.500. One must also bear in mind that 
eon·elation coefficients, even though numerically "significant," may 
be spurious. Typicu.i examples would be certain correlations in
\'01 ving percen tllge of broken kernels in commercial samples. Be
Ciluse broken kernels are often added to or partially removed from 
milled rice to meet grade req uirements, there can be no true correlation 
of th('ir percell tage with, for example, composition factors. On the 
other hand, a subjective appearance score would be expected to 
C()lTelate significantly with percentage of broken kernels, which was 
indeed the case in this investigation. 

Physicall\leasurements 

Kernel Length 

Kernel length bas long been used in most; rice-growing areas as a 
charaeteristic for classifying rice vitrieties. Kernel width and thick
lleSS have also been used to further differentiate classes of rice (7, 13, 
1 S). Graham (13) divides rice of India into long spikelet, fine, coarse, 
and !"(HlI)d. Rice varieties in the United States generally are referred 
to as jong-, mediulll-, and short- (pearl) grain. The U.S. long-grain 
\'arieties Ilre in Grahnm's long spikelet or fine class, the medium-grain 
in the coarse do.ss, and the short-grain in the round class. 

Tn this study the sam p1es were arbitrarily classified as to kernel 
length itS follows: 

Long-grain-B.lo nll11. and longer. 
1[edium-grain-5.1B nun. to 6.15 mm. 
Short-grain-5.15 mill. and shorter. 

http:Short-grain-5.15
http:1[edium-grain-5.1B
http:Long-grain-B.lo
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Certain cooking and processing characteristics are generally asso
dated 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 cooked. 
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 cooked (15). Thus, 
it is seen that kernel length and shape are not reliable indicators of 
cooking and processing characteristics. Even though chemical and 
physical characteristics cut across grain-type divisions, this system of 
classification is useful in discussing the usual qualities of rice, and 
affords a basis for comparing foreign rices among themselves as well 
as with U.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 ket'nel length and cooking-quality cohesiveness, 
especially in the medium-gmin rices; and between length and heat 
alteration, 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 flwtors, 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. 

Lon{f-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 Iran, averaging 7.44 mm., \vere the longest of all rices 
studied; those from Brazil, Colombia, and Greece, all exceedin~ 7.00 
mm., were the next longest. The largest variation was found III the 
Thailand samples, whereas those from South Africa and Guatemala 
vllried the least. 

lvledium-[Jrain.-The average 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 
samples averaged 0.06 mm. above the median for this class, according 
to U.S. grade standards. 

8hort-grain.-The slwrt-grain slunples averaged fairly close to the 
maximum f01' 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 t,he entire group. 

, r 
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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 s,hortest of 
this group; those from Thailand had the greatest variation. The 
medium-grain rices from Thailand had the least range in length. 

Kernel Width 9 

Kernel width alone is a little-recognized characteristic insofar as 
r rice specifications are concerned, but is an important factor in 

determining t.he shape (length/width ratio) and weight of the kernel. 
Within U.S. 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 data concerning kernel width are given in table 2. 

Milled 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 quality factors. 

Long-gmin.-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. 

IvIedium-grain.-8amples from Greece and Turkey averaged the 
widest; from India and West Pakistan, the narrowest.• Samples from 
9 countries averaged narrower and 10 wider than the mean of U.S. 
samples (2.55 nun.). Variation was extremely low for all countries 
except India 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 States. 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 a rather 
close range. The medium-grain rices averaged greater width than the 
long-grain samples. 

9 Kernel width is sometimes referred to as "kernel breadth." 
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TABLE I.-KERNEL LENG'l'H: Number of samples, mean, and range of values for each coYmtry and for "all samples" ~ 
~ Milled rice 

~ 
Countl'y Long-grain Medium-grain Short-grain g: 

l>:I 
t-3 

Number Mean Range Number Mean Range Number Mean Range Z ... 
CI> 

Mm. Mm. Mm. Mm. Mm. Mm. CI>...
"All samp1es"__________________ 168 6.80 6.16-7.70 150 5.60 5.16-6.14. 129 4.90 3.84-5.15 
U.S.A__________________________ 6 6.76 6.50-7.08 5 5.68 5.37-6.06 2 4.96 4.92-5.01 c:lAfrica, South__________________ 2 6.46 6.45-6.46 1 5.39 ____________ 2 4.72 4.69-4.75 

~Argentina_____________________ 2 6.21 6.17-6.25 5 5.64 5.50-5.98 4 4.96 4.85-4.94Australia_ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ ___ _ _ _ _ _ ____ ___ _ _ _ _ _ 1 5. 06 ___________ _ 
I::j 

BrnziL_______________________ 7 7.01 6.40-7.30 5 5.86 5.47-6.08 3 4.99 4.. 97-5.02 l>:I 
Burma________________________ 11 6.62 6.48-6.86 35 5.47 5.21-5.87 ___________________________ _ 
Cey1oll________________________ ________ ________ ____________ 7 5.42 5.16-5.63 3 4.56 3.84-5.04 ~ 
Chile ____________________________________________________________________________________________________________ _ o
Co1ombilL_____________________ 4 7.11 6.78-7.67 1 6.13 _____ ... _________________________________ _ "'J 
]~cuadoL______________________ 2 6.82 6.47-7.17 4 5.76 5.57-5.93 ___________________________ _ 
EgypL________________________ ________ ________ ____________ ________ ________ ____________ 5 4.93 4.81-5. 10 15 
E1 Sa1vador____________________ 2 6.89 6.76-7.02 _______________________________________________________ _ ::cl .... 
France________________________ 4 6.92 6.78-7.08 ________ ________ ____________ 2 4.74 4.74-4.75 
Germany, WesL______________ 5 6.72 6.62-6.87 4 5.71 5.45-5.94 3 4.92 4.85-5.00Ghana ___________________________________________________________________________________________________________ _ ~ 

c:lGreece________________________ 6 7.03 6.82-7.16 2 5.20 5.16-5.23 8 5.08 4.99-5.15 ::clGuntemn1n____________________ 2 6.39 ,6.38-6.40 _______________________________________________________ _ l>:I 
Indiu_________________________ 20 6.67 6.16-7.03 21 5.66 5.26-0.07 8 4.65 4.00-5.05 
Illdonesia______________________ 18 6.78 6.42-7.07 8 5.62 5.19-6.14 4 4.98 4. !13-5. 11 

.,. .14- ~:II!' 

http:5.19-6.14
http:6.42-7.07
http:4.00-5.05
http:5.26-0.07
http:6.16-7.03
http:6.38-6.40
http:4.99-5.15
http:5.16-5.23
http:6.82-7.16
http:4.85-5.00
http:5.45-5.94
http:6.62-6.87
http:4.74-4.75
http:6.78-7.08
http:6.76-7.02
http:5.57-5.93
http:6.47-7.17
http:6.78-7.67
http:3.84-5.04
http:5.16-5.63
http:5.21-5.87
http:6.48-6.86
http:5.47-6.08
http:6.40-7.30
http:4.85-4.94
http:5.50-5.98
http:6.17-6.25
http:4.69-4.75
http:6.45-6.46
http:4.92-5.01
http:5.37-6.06
http:6.50-7.08
http:3.84-5.15
http:5.16-6.14
http:6.16-7.70


-------- -------- ------------

-------- ------------

~ y 

!rull __________________________1 9 7.44 7.04-7.70 5 5.53 5.17-5.83 1 5.10 ---------.--
Italy__________________________ 6 6.94 6.88-7.03 ________ ________ ____________ 3 5.04 5.04-5.05 
I\'ory Coast_-_________________ 1 (i. 96 __________________________ • ____ .________ I 5.10 -----------

]'akistnll, West.._______________ 11 6.69 6.32-6.98 1 
PerIL_________________________ 6 6.64 6. 5G-6. 76 4 
Philippines____________________ ________ ________ ____________ 11 
PortugnL_____________________ 1 6.72 ____________ 3 
Spaill _____________________________________________________________ 
Thni\nlld______________________ 27 6.71 6.19-7.51 7 
Turkey________________________ 1 6.99 ____________ 3 

Japall_________________________ 6 6.69 6.45-7.00 18 5.52 5. 2G-6. 08 60 4.91 4.55-5.15
Korra___ . __ • ___ ._- ____ -. ______ .' ___________________________________ -------- ------------ 10 4.87 4.73-4.96 

Ni~~iri~~~::=========:==:======= ______ =____ :~==_ -_:~~~~~._~~_ =:::==:= =::===== ==:==::===:= =::::=:: =::::==: ===:=:::==== 
Pakist.an, ]~ast_________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ------------ I

6.12 -----.------ -------- -------- -----------
5.75 5.69-5.81 
5.72 5.18-6.14 
5.52 '5.42-5.69 

5.86 5.59-6.12 
5.4.6 5.32-5.56 

to:! -------- -------- ------------ <: 
..~ 1 4.76 -----------

5 4.80 4.76-4.86 
-------- -------- ------------ ~ 

3 4.94 4.87-5.01 ~ 
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~'ABLE l.-KERNEL I.ENGTH: Number oj samples, mean, and range oj valuesjor each country andjor /tall samples"-Con. ~ 
~ J>arboiled milled rice 

~ Countl'Y Long-grain l\Iediulll-grain 	 t'I 
t'j 

Number Mean Range Number Mean Range ~ 
.... 
c.:o 

Mm. Mm. Mm. Mm. c.:o..."All samples" ___________________________ 38 6.59 6.17-7.34 26 5.69 5.03-6.13U.S.A__________________________________ 1 7.33 _____________________________________________________ _ 
qAfricll, South_______________________________________________________________________________________________________ _ 

Argentinu_______ . ___________________________________________________________________________ -- ______________________ _ ~ 
Austrulill _________________________________________________________. _________________________________________________ _ 
BrnziL ________________________ ___________________________________________________________________________________ _~ 

Burma_________________________________ 3 6.27 6..17-6. 47 8 5.68 5.22-6.13
Ceylon ____________________________________________________________________________________________________________ _ ~ 
Chile______________________________________________________________________________________________________________ _ 
Colombiu__________________________________________________________________________________________________________ _ ~ 
Ecuador___________________________________________________________________________________________________________ _ 
Egypt_____________________________________________________________________________________________________________ _ t; 
EI Salvador__________________________________________________________________________ ~ _____________________________ _ 
J?rllncc ____________________________________________________________________________________________________________ _ = 
GcrmallY, Wcst_____ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ _ __ ___ _ _ _ __ __ _ _ _ _ 2 5. 52 5. 03-6. 00 
Ghann__________________________________ 1 6.21 _____________________________________________________ _ 
Grceee____________________________________________________________________________________________________________ _ 
Gunt.cmnln_____________________________ _ t'jIndia__________________________________ _ ------ - . 6 -1- ------6:6S-I" -----6:20=7.- 03T -------7T ------s:6sT----- -S:33~S'-93 = 
Indonesiu_______________________________ , __________ , ____________ , ________________ , __________ , ____________ ,_______________ _ 

.. A. 

I 

http:5.22-6.13
http:5.03-6.13
http:6.17-7.34
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Iran •.____ --. ---- - - --- - - ---- -- - -- - - - - --- ----- -- - - - - - --- - - - - - -- - - - - - - - - - -- -- - - - - -- --- -- -- - - - - - - --- - - - - - - - - - --- - -- - ---
Italy ________ -- - - - - --- - - - - -- -- -- -- - - - -- - -- - -- - -- - - - - -- - ---- - -- -- - - ----- --- - - - - - - -- - - ---- - - --- - - --- - - - -- -- - -- --- - - - --
Ivory Coast.____________________________ ---------- ------------ ---------------- ---------- ------------ ----------------

DJapan _______ - - - - --- ---- -- - ---- -- - - - -- - - - - -- - -- -- - --- - - -- ---- - --- - - - - - - - - -- - - - - - - -- - -- - - -- - - --- - - -- - --- - -- - -- - - - -- - c::1I(orea ___________ -- - ~- -- ---- - -- - -- --- - -- ----- -- --- --- - -- --- --- -- - - - -- - - -- - - -- - --- - - - --- - -- -- ---- - - -- - - - - -- - - - ---- - --
Mexico ______ - -- --- -- - - -- - - --- -- - - ---.-- ---- - --- - - --- - - - - - - -- - - - -- -- ---- -- ---- - -- - - - - - -- - - - - - - -- - - - - - - - - --- --- -- - ---
Nigerill_________________________________ 1 6.73 ---------------- ---------- ------------ ----------------
Pakistan, EasL_________________________ 6 6.36 6.23-6.54 6 5.74 5.37-6.12 ~ 
PakistuII, West___ __ _ _ _ _ _ _ __ __ _ _ __ ___ ___ _ 6 6. 55 6. 21-6. 83 - - - -- - - -- - - - -- - - - - - -- - - - - -- - - - - - - --- - ~ 
peru ________ - --- - - - - - --- - - -- - - - - - -- - -- - - - --- - -- - - -- - - - - - - - - - - -- - - - - - --- - -- - -- - -- - - - - - - - - - - -- - - - - --- -- -- - - - ----- --- ~ Philippines ______________________________ ---------- ------------ --------------.- ---------- ------------ ----------------
PortugaL_____ - -- - - - - - - ----- - - - -- - - - - -- - - - -- - -- - - - -- - -- -- - - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - - - --- -- - - - - - - - - - - -- - - - - - - -- a 
Spain __________________________________ ---------- ------------ ----------.----- ---------- ------------ --------------- ~ Thuihmd_______________________________ 14 6.70 6.21-7.34 3 5.76 5.54--5.96 .... 
Turkey_______________________ -------- ---------- ------------ ---------------- ---------- ------------ ---------------- ~ 
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TABLE 2.-KEHNEl, WID'I'll: Nu,mber of sa'mples, mean, and range of vlLlu.es for each country and for "all slL'Tnples" b 

~ 
Milled rice t:I:1 

CO\lllll')' Long-grain lvlediulll-grain Short-grain ~ 
1-3 

52 
Number I Mean Hange Number I Melln Range Number I MClin Range ... 

c:.o 
<:0> 

Mm. Mm. Mm. Mm. .!lIm. AIm. 
"All stlmples"__________________ 168 2.28 1. 73-3. 35 150 2.52 1.65-3.05 128 2.80 L 65-3, 06 qU.S.A_________________________ (j 2.02 1. fl2-2. 10 5 2.55 2.49-2.60 2 2.90 2.82-2. f/7 
Africa, South__________________ ?, 2.]6 2.10-2.21 1 2.52 ____________ 2 2.66 2.65-2.68 ~ 
Argentina_____________________ ~ 2.83 2.82-2.84 5 2.64 2.55-2.77 4. 2.02 2.85-2.99
Auslrlllit\ __________________________ -- __________________ .___ ________ ________ ____________ 1 3.06 ___________ _ '=' l'l 
13mziL_______________________ 7 2.48 2.07-2..69 5 2.60 2.50-2.81 3 3.04 3.03,...3.06
Burmll________________________ 11 2.39 2.13-2.48 35 2.53 2.34.-2.!l2 ___________________________ _ ~ 
Ceylon________________________ ________ ________ ____________ 7 2.52 2.40-2.72 3 2.44. 2.40-2.46 oChile____________________________________________ - ________________________________________________________________ _ "'1 
Colombia______________________ 4. 2.45 2.07-2. (\0 I 2.71 _______________________________________ _ 
Ecuador_______________________ 2 2.16 2.08-2.23 4 2.30 2.15-2.44 ___________________________ _ ~ 

b~f~t~t~~(io"r-_~================== ------2- ---i-24- --2~i9:.2:30- ======== ======== ============ ______ ~____ :~~~____ :~~=:._~~ o 

~ 

}!'rtlncc________________________ 4 2.71 2.51-2.82 ________ ________ ____________ 2 2.80 2.77-2,84 
Germ/lilY, West________________ 5 2.24 2.05-2.88 4 2.71 2.54-2.78 3 2.91 2.82-3.01Ghana ___________________ .________________________________________________________________________________________ _ ~ 

~ 
GrccclL_______________________ 6 2.7i 2.71-2.86 2 3.00 2.99-3.00 8 2.94 2.85-2.97 to;! 
Guatenwltl_ --_________________ 2 2.32 2.23:'2.40 ________ 1____________________________________ ------------
Indiu_________________________ 20 1. 98 1. 76-2. 28 21 2. H\ 1. 65-2. 50 8 2.10 1. 65-2. 69 

'-,.. 

http:2.23:'2.40
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JndoJlci'in ••____________________ 18 2.38 2. 1]-2.70 8 2.40 2.22-2.75 .. 2.00 2.87-2.02 
Irun__________________________ !} 1.!}2 1. 81-2. 00 5 2.81 2.63-3.05 1 3.10 ------------
Huly__ ,. _____________________ .- 6 3.0!} 2.83-3.35 ________________ --- __ .______ 3 3.01 3.00-3.02 
I\'ory Const ________ .__________ 1 2.11 ____________________________ ------------ 1 2.74 ------------ D
Japull_________________________ 6 2.21 2. H-2. 32 18 2.77 2.41-3.01 60 2.83 2.67-2.99
](orl'H_______________________________________________ •• ____ -------r .- __ . ___ ------------ 10 2.84 2.75-2.96 ~ 
l\-lexico ______________ .________ 0 2.21 2; 01-2. 4<2 -------- -------- ------------ -------- -------- ------------ ~ 
Nigl'riu ________________________ ------.- -------- ------------ -------- -------- ------------ -------- -------- ----.------- ~ 
l'nkistnIl, Bllst. ________________ -------- -.----.- ------------ -------- -------- ------------ -------- -------- ------------
Pakistan, Wl'sL._______________ 11 1. O(j 1.73-2.22 1 2. H -----------. -.--.--- -------- ------------

t;rj 

Peru__________________________ 6 2.522.48-2.56 4 2.58 2.17-3.00 -------- -------- ------------
Philippines ________________________________________ ._______ II 2.31 2.06-2.48 -------- -------- ------------
PortugaL_____________________ 1 2.68 ____________ :3 2.82 2.74,...2.88 -------- ---.---- ------------
Spaill ____________________________ .---- _________ .--.------- ________ -------- ------------ 5 2.87 2.77-2.!}5 I
Thailand______________________ 27 2.21 1. 0!)-2. 58 7 2.33 2.17-2.46 -------- -------- ----------. ~ Turkey_----------------------- 1 2.88 __ ._________ 3 2.90 2.76-3.01 3 2.73 2.46-2.08 
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TABl:'E 2.-KEHNEL WIDTH: Number oj samples, mean, and range oj valuesjor each country andjor "allsamples"-Con. ~ 
~ 

Parboiled milled rice til 

~ 
r;;Country IJong-grain Medium-grain 
>-3

Z 
Number Mean Range Number Mean Range .... 

c.o 
c.o .... 

Mm. Mm. Mm. Mm.
"All samples" __________________________ _ 36 2. 13 1. 83-2. 45 26 2. 30 1. 66-2. 93 qU.S.A _______________________ _ 

1 2.06Africa, South________________________________________________ -- _____________________________________________________ _ fJl 
Argentina__________________________________________________________________________________________________________ _ I:'Australill __________________________________________________________________________________________________________ _ trJ 
BraziL ____________________________________________________________________________________________________________ _ ~ Burma_________________________________ 3 2.18 2.09-2.22 8 2.38 2.26-2.48Ceylon ____________________________________________________________________________________________________________ _ 
Chile______________________________________________________________________________________________________________ _ ~ 
Colombia__________________________________________________________________________________________________________ _ 
Ecuador___________________________________________________________________________________________________________ _ t; 

" 
Germany, West_____ ___ _ _ __ __ ___ _______ _ _ _ _ ___ _ _ _ __ __ _ _ __ ___ __ _ _ _ _ __ __ __ ____ __ _ 2 2. 90 2. 86-2. 93 i!:~t:~~~~========= ====== == ==== == === === ===== ===== ==== === === == === === === ==== == ==== ======= ============ ============= === ! 

~ 

Ghana__________________________________ 1 2.22 _____________________________________________________ _ 
trJ 

India___________________________________ 6 2.08 1. 83-2. 45 J 7 2.08 1. 66-2. 56 g~~~~~;la~~= == == ==== ======== === ==== ==== ========== ====== ==== == ========= === === === ==== ==== ===== ===== == = === ===== ===== == 

i#- >" 

http:2.26-2.48
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Indonesia __ - __ -- - ----- --- - --- ---- - -- .--- ---- --- -- - ---- ---- -- - - - -- - - - --- ---- .-- - -- -- -- --- - -.- - ------- -- - ---- - - -- -- - --
Iran _______ -.- - - -- - -- --- -- - ----------- - - -- -- - - ---- - ------ - -- - - -- --- -- - - - - -- --- ------- --- ----- - - - - -- - - - - ---- - - ---- ---

Italy____ ._ - -- -----------.- - --- - ---- -- -- - - -- ------ ---- - -- -- --- --- -- - .----- -- -- -- -- - --- -- -- - - ----- - -- -- - - --- - - ------ 

~ E~~~t~~~:~:~:~~~ ~~~~~ ~ ~~~~~~~~ ~ ~ ~ ~:~ ~~:~~:~ ~~: ~~~~ ~~~ ~~ ~~: ~ ~ ~:~ :~~~ ~~::~:~ :~ ~~~~~~~~ :~~~~~ ~:~:~: ~ ~:~ ~~:~::~ ~~ ~~~ ~ 
r~~~~;t~~l~-E;;t:~======================== ! ~: ~~ ------1:99:2:09- --------6- -------2:27- -------2:iO:2.-47 ~I P,k;,t,,,. w..'--__________ -------------- 6 2. 09 a la-a 21 ---------- ------------ ---------------- ~ 

f~lr~~f~~~::~::::~:::~~:~: ~~:~~=:::::=: ~:::: ~:::: :::::::~:: ~: ~:~:::::::::~::: :::::::::: :::~::::: ~:~ ::~::~ :~:::::::: ~ 

Thailand_______________________________ 14 2.17 1. 95-2.31 3 2.29 2.25-2.33 0 

Turkey_-------------------------------- ______________________ ---------------- ---------- ------------ ---------------- Z 
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Broken Kernels 

The data for "broken kernels" are governed primn.rily by method 
of grading, and may have no relationship to the milling quality of 
the rice. For this reason, data from these samples cannot be ex
pected to eorreltlte with 'U.S. rices Or others in respect to 25 other 
quality factors in these studies (ttlble 27). 

Large pereentages of broken kernels were found in the sllmples from 
about htllf of the 34 countries. Such samples could result from poor 
drying or milling pmctices, or from blending broken kernels with 
run-of-the-mill rice to meet certain grade designations and price 
d ifferen tials. 

'fhe wide l'unge of percentage of broken kemels in the various 
eategories should be noted. Percentage of broken kernels found in 
the slunples in a pilrLiculllr cOllntry is perhaps a symbol of the rice 
qtHllity stunclard::> to whieh that country is accustomed. )dany of 
the countries Ilpparently nre tolemnt to high counts of broken kernels. 

GfIlin size (length Ilnd width) Ilnd degree of milling are not the 
entire cause of broken kernels in rice. Riee thllt is "ehI1lky" (opa<l,ue 
centers) breaks more ellsily than vitreous rice. Changes in the rIce 
kernels during drying also affect the proneness of rice kernels to 
break. 

iUilled Rice 

As expected, there were negati,-e correlations between broken 
kemels and cooking quality appeamllce (tnble 27). 

'fflble :~ illustmtes the results of the alJalyticnl work on the qunlity 
factor "broken kemels." 

Long-[JrCLin.-The Indonesia srunples hnd the highest percentages 
of broken rice, followed by those from I,Tory Ooast, EI Salvador, 
Burmn,Peru, (,olombin, vVest Pnkist/U1, Ilnd Guatemala. West 
Pnkistlln samples had, by far, the widest range, with those from 
Thailand, Brazil, and BmIHa high in this property. 8mnllest per
('entages of broken kernels were found in srunples from Argentina, 
France, nncl It Illy. 

JIedium-[J}"(lin.~JIld()nesia jlgilin had the highest percentage of 
broken kemels. The medium-grain samples hlld the highest percent
nge of broken kel'llels of any I.ypes of rice. 

Sltort-[Jmin.-· 'I'his type hlld the least IUlloun t of broken kernels. 
Jnpl1n, a major ('OnSUlIler of short-gmin rice, had one of the \'ery 
lowest percentages of broken kernels. 

1'(Jrboiled Milled Rice 

The sllmples from Ghfinfi nnd Xigerin. ('ontfiined more than 40 per
cent broken kernels, and sfirnples from Bum1!l, East Pllkistnn, find 
'Vest Pakistall aU had high nrnounts of broken kernels. 'l'hniland 
samples, howe\'er, had a s'mprisingly low tOil tent of broken kernels. 

Kernel Color 

('olm is nn importllnt qunlity frlelol" for riees nil o'"el" the world. 
Customs "fliT from ('ount!"y to country--with premium placed by 
mll.ny Oil the whiteness of the milled ri('e. 'Yhit.eness has been IlS
s()('inted with purity and hilS ll('eoul1led for some of this preference. 

~ 
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It 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 value remaining in the rice. 

The lightness or "L" values for the milled samples examined in 
this investigation ranged from I),bout 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 o'v'erllge, 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 
lmnsformation that usually accom panies parboiling. 

Milled Rice 

There seemed to be mther consistent negati\'e correlations between 
ItL" \?alues (color ligh tIless) ilnd tottlilipids (table 27). The iunount 
of both surface find total lipids is influenced by the degl'ee of milling 
(3), and the degree of milling influences the whiteness of the rice. 
This negati"e correlation was found in long-, mediuIll-, and short
grilin types but was most pronounced in the short-grain types. 

Positlve correlations seem to exist between "V' vrtlues and water 
upUlke and sediment \?alues, pllrticulilrly at 82° C. . 

A negati\re correlntioll WitS indicated in medium~ and short-grain 
rices, between 'IL" color and iodine-blue values. 

The "L" villues for all milled-rice samples ranged between 51.8 !lnd 
79.6-0, spTE~n.d of tlbout 50 percent. Similar average "L" values 
were noted for the long-, medium-, Ilnd short-grain rices from finy one 
eountry. Within grain types, there was much overlapping in the 
"L" "ftiues flIllong rice samples from different countries. 

Throughout all. lengths, the India samples were the lowest in 
light ndue, with the color of the three length Ctltegories avemging 
Itirnm;t the !:lame but having by fill' the. greatest voriations (table 4). 
The C.::-l. silmples il\rernged ltbout midway of ull samples considered. 
It j" in tCI'esling to note thnt the "ri' value for Jnpall 10ng-g1'llin was 
ltimost identicHI with the U.S. long-€,'l'uill, the JapllIl medium-grain 
samples wer'e slightly higher in "L" YfLlue, but the JllpllB short-grain 
sample;.; were d(>(-jnite!y lowe!' in "L" 'Talne thun the U.S. samples. 

Tn addition to Ylll'illliol1s in lightness Ynlnes, it WllS noted that :some 
of the ,mrnples were more yello,,' thlln others. Agllin, U.S. samples 
wel'e IlpproximilleIy midway of all samples studied. 

Lon(J-(Jrain.--The whitest samples-i.e., with highest "Jj' values
wel'e from Portugal llnd Thailand, with ttL" values Ilbove 70, closely 
followed by those from France, Itllly, ~lexicoJ and Turkey-nIl above 
the {'".S. su:mples. Lowest ilL" Yidues were found in the India 
sllmples.

Jfedi1lm-Yl"ain.-HtUllples fl'OIll South Afrie-il, Burmn, West Ger~ 
mUll)" Greece, Philippille Islnnds, and Portugal were definitely 
li~h tel' in ('olor thlHI r .S. medium-grain ~·ice,;. Ou the other hand, 
those from Tndia were consistently lower in "I/' vHlue than U.S. 
medium-grai.n samples. 

SJwrt-!Jra.in.---Ag!lin, India hnd among the lowest ilnd the widest 
l'nnge:-; of "1/' \'nllles. F.S. short-h'l'ain Wits whiter than mediurn
OJ' l(JJlg-~r!\.iJ) slllJlples, mO!:ltly been use of hCl1xier milling pressures 
(or thl' BllOl'L-gmill types. 

http:l(JJlg-~r!\.iJ
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TAHI,h: 3.-B nOKh:N KEnNELS: Number oj samples, mea,u, and 'range oj values jor each. country and jor /tall samples" c 
~ 

Milled rice t:D 

~ 
Country Long-grain Medium-grain Short-grain tzl 

;-3 

~ 
Number I Mean Runge Number I Menn Range Number I Mean Range -Co> 

Co> 

Percent Percent Percent Percent Percent! Percent 
"All samples" __________________ 149 18.2 0.2-74. 3 136 23.7 0.8-72.4 124 7.3 0.3-33.1U.S.A________________________ - _____________________________________________________________________• _____________ _ ~ 
Africa, South__________________ 2 5.6 5.2- 6.0 1 13. 6 ____ ~_______ 2 26.0 21. 8-30. 2 fIl 
Argentina_____________________ 2 3.8 3.6- 3.9 5 8.6 3.4-20.5 4 9.6 3.8-23.1Australia________________________________________________.- ________ ________ ____________ 1 6.2 ___________ _ ~ 
BraziL_______________________ 7 20.0 11.8-41. 0 5 19.8 9.1-40.9 3 10.9 3.6-14.6Bunl1tl________________________ 10 23.6 13.0-41. 3 35 27.6 13.9-41. 6 ______________ - ____________ _ ~ 
Ceylon___________ - ________________________ . __________________ ----- _______________________________________________ _ 
Chile__________________________________.. _________________________________________________________________________ _ ~ 
Columbia______________________ 3 22.4 11. 3-29. 7 1 30.6 _______________________________________ _ 
Ecuador_______________________ 2 5.0 4.1- 5.9 4 21. 6 10.2-38.2 ___________________________ _ ~ 
Egypt_________________________ ________ ________ ____________ ________ ________ ____________ 5 3.9 1.8- 8.4 ~ 

EI Salvador______________ ______ 2 26.6 21. 9-31. 3 ________________________________________________________ c 
France________________________ 4 1. 4 .5-'1. 9 ________ ________ ____________ 2 2.2 1.6- 2.9 
Germany, WesL_______________ 5 10.3 3.8-26.6 4 12.5 1. 2-32. 0 3 8.2 4.6-11.5 e
Ghanll ___________________________________________________________________________________________________________ _ c:: 
Greece________________________ 6 7.3 .2-13.3 2 8.6 4. 5-12. 8 8 5.6 .3-13.8 &;l
Gulltemala____________________ 2 21. 4 14.0-28.9 ______________________________________________________ ._ 
India_________________________ 20 15.0 .4-38.1 21 24.4 3.2-38.1 8 15.6 6.0-30.5 



Indonesiu______________________ 1065.5 54.1-74.3 8 39.8 21. 1-72.4 4 18.6 8.4-26.2 
1mn__________________________ 9 6.2 .2- 9.6 5 23.5 17.9-30.5 1 28.2 ------------
Italy__________________________ 6 .8 .2- 1.4 ________________ ------------ 3 2.1 1. 8- 2.3 
Ivory Coast___________________ 1 41.0 ____________________ -------- ------------ 1 18.3 ------------
Japan_________ ---------------- 6 13.7 9.7-17.3 18 12.6 .8-27.0 60 3.5 .5- 7.9
Korea_____________________________________________________________ -------- -----------.- 10 11. 0 1. 7-33.1 
l\'Iexico________________________ 9 13.8 2; 4-41. 0 -------- -------- ------------ -------- -------- ------------ INigeria________________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ------------
Pakistan, El\St _________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ---- .------- t<:l 
Pakistall, WesL________________ 11 21. 6 7.0-62.3 1 15.2 ------------ -------- -------- ----------- ~ 
Peru_,_________________________ 6 24. 7 14. 8-34. 6 4 25.9 12.2-33.0 -------- -------- ------------
Philippincs _____________________________________ - - - - - - ---- - 10 35. 6 28. 9-43. 2 -- - - - - -- --- -- - -- -- - -- -- ----- 8 
PortugaL_____________________ 1 12.9 ____________ 3 26.9 19.2-34. 2 1 30.3 ----------- ~ Spai.n _____________________________________________________________ -------- ------------ 5 12.0 8.5-14. 2 
Thalland __________________---- 24 15.4 1. 0-46. 5 6 27.8 9.5-49.9 -------- -------- ------------ ~ 
Turkey________________________ 1 7.1 ____________ 3 6.8 3.8-10.4 3 8.1 4.7-11.1 
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~ .....TABLE 3.-BnOKEN KEnNELS: }.,Tumber oj samples, mean, and range oj "values jor each country and jor "all a 

samples' '-Continued ~ 
tl1 
dParboiled milled rice 
~ 
l"J 

Country Long-grain Medium-grain >-3 

Z ... 
Number Mean Range Number Mean Range C» 

--1----------
C» 

d?~~X~~~~l~~'~===== == ======= ==== === ======_______ ~~___ _~::~et!~~ "~::~~n~~~~ ~______~:~~~~~~~~-'- ______ ~~____~::~e~~~______ ~ 
Africa, South___________________ -------- ___________________________________________________________________________ _ 
ArgentiIllL _________________________________________________________________________________________________________ _ ~ 

l"J
AustrlllilL _________________________________________________________________________________________________________ _ 
BrltziL ___________________________________________ "_________________________________________________________________ _ ~ 
Burmlt_________________________________ 3 20.2 19.2-21.1 8 20.6 14.7-24.4Ceylon________________________________________________________________________________ _ ~ 

Chile_____________________________________________________________________________ ~ ________________________________ _ 

colombia__________________________________________________________________________________________________________ _ g; 

Ecuador___________________________________________________________________________________________________________ _ ::0 

Egypt_____________________________________________________________________________________________________________ _ 

El Salvador________________________________________________________________________________________________________ _ 

France____________________________________________________________________________________________________________ _ 
 e 
Germany, West__________ ~______________ __________ ____________ ________________ 2 5.0 3.2- 6.8 d 
Ghana_________________________________ 1 41.1 _____________________________________________________ _ ~ 

g~~~~~~i~\~======== ======= ==== ==== ==== ==== == == === ===== ====== ==== == ====== ====== == === == === ====== === == ========= == ==== == 



India________________~__________________ 6 . 14.5 2.1-28.5 7 15.0 .4-28.2 
Indollesiu _____________________________________________________________ • ____________________________________________ _ 
IT/tn________ • _____ • ________________________________________________________________________________________________ _ 
Italy ________________________________________________________________________________________________________ ..,____ _ 
Ivory Const. _______________________________________________________________________________________________________ _ 
Japan ___________________________________________________________ • ________________________________________________ .-
Korell_____________________________________________________________________________________________________________ _ 
l\{oxico_____• ___________________________________________ - _________________ - ________________________________________ _ INi~eritL-- _ _ _ _ _ __ __ ___ _ _ ___ _ _ _ _ _ ___ _ _ _ _ _ 1 44. 8 __________________________________ .--- _______________ _ 
PaKistan, EasL_________________________ 6 27.6 17.5-42.4 6 17.7 7.3-29.9
'Pakistan, West.__ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ 6 29. 5 18. 0-39. 2 _____________________________________ _ 
peru_____________ , ______________________________________________ - __________________________________________________ _ 
Philippines_________________________________________________________________________________________________________ _ ~ 

~ 
Thailand_ __ _ _______________________ ____ 14 5.4 1. 2-13. 5 2 5.8 5. 1- 6.4§g~r~~~~-___-_-_~========= === ======= ======= == == ==== == == == ==== == == = ===== ==== == === ==== === === ===== ===== === = ====== ==: =: ==== ~ Turkey____________________________________________________________________________________________________________ _ 

~ 
"':! 

~ 
t.zj 

~ 
~ 

~ g 
l:tI 
(j 
I.o;l 
rn 

~ 




~ 

8 
t<J 

~ 
TABLE 4.-KERNEL COLOR: Number oj samples, mean, and range oj values jor each country and jor "all samples" ~ 

1:1:1 
Milled rice 

~ 
Country Long-grain Medium-grain Short-grain ~ ... 

Number Mean Range Number I Mean Range Number Mean Range c.o 
c.o... 

"L" values "L" values "L" values "L" values "L" values "L" values d
"All samples"____________ 116 65.5 52.0-77.6 117 67.5 51. 8-76. 4 123 65.0 54.0-73.2 rnU.S.A___________________ 6 66.2 64.7-67.6 5 65.8 64.6-67.2 2 70.8 70.4-71.:1 
Africa,South____________________ __________ ____________ 1 74.1 ____________ 2 64.0 56.9-71.2 t:;;
Argentina_______________ ________ __________ ____________ 4 64.8 64.7-64.9 4 65.9 63.3-66.9 t<J 
Australia________________ ________ __________ ____________ ________ __________ ____________ 1 71. 2 ___________ _ ~ BraziL_________________ 4 63.4 59.8-67.9 3 66.2 64.2-70.2 2 68.0 67.2-68.6 
BurmR__________________ 7 67.6 65.2-70.8 23 72.3 69.8-76.4 _____________________________ _
Ceyloll--- ________________________________________________________________________________________________________ _ ~ 

~ 
l:!lEcuador_________________g~:~~~bia-_~~============= ======== =====~==== ============ ========3 ========== 68.9-69.4 ========_____________________________ ============_1 67.3 ____________ 69.2 ============ ========== 

I 
a 

~fyf;f~;d~~== ===== === === = === ====== ======== ===== ===== ==== === ===== ===== === ==== ==== == ==______ ~______ ~~~ ~ ____ ~~~~~~~~ France__________________ 4 69.5 68.9-70.4 ________ __________ ____________ 2 71. 0 70.3-72.0 
Germany, WesL_________ 5 64.5 59.0·-71.7 4 70.9 66.8-73.9 3 70.6 68.7-73.2Ghana ________________________ . _________________________________ .. ________________________________________________ _ 
Greece__________________ 6 66.4 64.0-69.0 2 71. 0 69.7-72.4 8 69.5 65.2-12.6Guatemala _______________________________________________________________________________________________________ _ 



India __ , _______ --------- 15 60. '1 52.0-65.1 17 60.8 51. 8-67. 4 6 62.9 55.8-69.6 

Illdollesill._______________ 12 64.7 61. 0-68. 4 8 68. 7 75,3-71.9 4 67.4 66.3-68.4 

Iran____________________ 3 64. ,1 63,8-6,1. 8 5 62.9 62.0-63.5 1 61. 7 ------------
Italy__________ ---------- 6 68.4 67. 3-6!l. 0 ________ __________ ____________ 3 65.8 65.2-66.2 
.Ivory Const, __________________ .-- _______________ • ______________ ---------- ------------ 1 68.1 ------------
Jnpall___________________ 6 65. 9 64. '1-67. 2 18 67.6 60.8-73.2 60 63.2 57.9-66.6 
!(orea______________________________________________ • __________ ------.--- ------------ 10 64.2 57.1-69.0 I
l\lcxico _____________ -____ 8 68.!l 66.6-72.1 -------- ---------- ------------ -------- ---------- ------------ -< 
Nigeria __________________ -------- --.------- ------------ -------- ---------- ------------ -------- ---------- --------.--- t".1 
]lllkistnn, East. __________ -------- ---------- ------------ -------- ---------- ----- ------- -------- ---------- ------------
Pnkistnn, West___________ 11 61. 9 60.4-63.1 1 61. 6 ------------ -------- ---------- ------------
Peru____________________ 6 63.7 62.4-66.4 4 62.8 61. 1-65.8 -------- ---------- ------------
Philippines______________ ________ __________ ____________ 9 70.3 69.6-71. 7 -------- ---------- ------------
PortugaL_______________ 1 71. 4 ____________ 3 71. 3 68.5-72.5 1 73.4 -------.---- I
Spaill. ________________________________________________________ ---------- ------------ 5 68.6 63. !l-71. 9 ~ Thailand________________ 11 70.0 65.3-77. 6 4 65.8 62.6-69.6 -------- ---------- ----------- 
'furkcy__________________ 1 68.6 ____________ 3 66.1 65.1-67.7 3 62.9 62.3-63.4 ~ 
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'rAUL)'] 4'~'](B1tNEI, COLon: Nu.mber oj sa.1llples, mean, lL'Il(im,71gc ojval1wsjor each country a7/(ljor "allsa:mples"-Con. E:; 
..----..----- t:d 

}'Ilrboiled milled riel:' 8 
f;j 

Country Long-gt'llin Mcdium-grllin "3 
Z 
.... 

Number Meun Hunge Number MClin Ruuge 
." 
." 

.... 
IIV' valucs rI L" values ilL" vaillell /I I.P valuc!! d

"All slllllples"___________________________ 21 55. I 45.5-65.7 15 50.8 '14.4-50.2U.H.A. __________________________ -______ 1 60.4 _____________________________________________________ _ V> 
Afl'h:lI, South__________________________________________________________ .- ________________________________________ • __ _ 
Argentinll ________________________________________________________________________________________ • ________ • ________ _ t'I 

M 
Austrllli:l_____________________________________________________ • ____________________________________________________ _ ~ 
Brazil 
Burm:~::==== =========== ====: == == === === = ------ --:3- -- -----57~4- ----- -5ii~ii~58~0- == ====== == == === === ==:: :=:====: ===== === o
Ceylon ____________________________________________________________________________________________________________ _ "j 
Chil(J ___________________________________________________________________________________________________ .- _ - __ --. __ _ 
Colombia _______________________________ • _____________________________________________________.-- __________________ _ ~ Eculldor______________________________________________________________________________________ .. _______________ . ____ _ ::tI 

Frauctl_____________________________________________________________________________________________ •. ______________ _ 
Germany, Wes1,_________________________ __________ ____________ ________________ 2 56,5 53. 3-5!1. 2
~f~~~r~'~L~I~;===== === =: == === ===== == ====== === == =: == == == === ===== == ==:: =:=== === ==== ========== =: =========: ==: ========== === 

~ 

IGhanR________________________________ . 50.6 _____________________________________________________ _ M 

8~1~~~;1~~1~\~~= ==:== ======== == ==== ===== === === === == ==. == ====== == == = == ==== ==== ==== === ====== == == ======: === =:=== =========== 



__ ___ 
-- -- --- - -- -- - --- - -- - -- - - -- --- -- - - -- --- --- - -- - - ---- ----

-- - - - - - - - - - - - - - -- - - -- -

Indit\~________ "_________________________ 3 54.1 53.0-55.2 5 51. 7 48.4-53.9 
Indollcsin____ - ____ -- -- ---- ---- ---- - --- -- - ---- ----- --- -- - - -- --- -- --.------ ~ - --- -- - -- -- -- - - - ----- - - -- - ---------- -- ----
Irall_________ - - --- ------- -- -- ------- - - -- .- - --- -- -- - - - -- ------- - - -- - ------- - --- -- - - --- -- - ---- - --- - - -- "---- - ----- -----
ItttJy______ -.- - - - -- ---- - -- ---------- ---. ---- - - -- - - - ------ ---- - -- - - - -- - -- - - ---- --- ------- - -- --------- ---- -- - ----- - ---
Ivory Coast. ____________________________ ---------- ------------ ---------------- ---------- ------------ ---------------- ~ 
Japall _____ -- ----- - ----- - -- -- -- - - ---- - -- - -- - - - -- -- -- -- ----- -- - - -- --- ------- - -- ------ - --- ----- ------- ---- -- --- ---- --- ~ 
Korel\_______ - ___ -- ---- ---- - -- -- -- - - - - - - -- ---- -- -- - ---- - - --- -- ---- --- - - - ---- -- - -- ------- -- --- - ------ -- - ----- -------  ~ 1\Icxico ____ -_ - _-- - ---- - - - --- --- --- - - ---- --- -- - --- - --- --- - -- - - - ~- --- - - - -------- --- - ----- - -- --- ------- - -- - - --- - -- - -- --
Nigeria_________________________________ ---------- ------------ ---------------- ---------- --- -------- ----------------
Pakistan, Eltst._________________________ 3 46.0 
Pakistan, West__________________________ 6 56.3 
Peru . -- - --- ---- - - - - -- -- - - - --- - -- --- - - --- - -- - - -- - -- - ---- - -
Philippines____ - - _ - - - --- -- - - -- -- -- ------ 

§~n~~~J~=== ===== == ============== ======= Thailnlld_______________________________ 

Turkey _______ - -- - - ---- - - - - -- -.- - - - - -- - 

--- ~ --- - - - -- - - - - - - - - - 

~ ======= ========= ===== 4 58.8 

45.5-46.8 6 45.~ 44.4--47.2 
t'!l 

~ 48.1-65.7 ---------- ------------ --------------- 
- -- - - - - - -- --- - -- --- --- - - - - -- --- - -- --- - - --- - --- -- -- ---- 8 

~ 

== ==== ==== ===== === ===== === ==========:= :: ::= =:=::==:=:: ~ 
55.6-61. 8 2 58.4 57.8-58.9 o - --- --- - - -- - -- - - ---- - -- --- - ----- - --- -- ---- -- - --- -- -- -- Isj 
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Parboiled Milled Rice 

A:; experted, the pnrboiled rice:; showed If'w'er "L" ntiues thnn did 
the milled r·ircil. The number' of pI.rboiled :;umples wns 1.00 small to 
make sound ("oneiusions, but genenllly it wns obsenred t1l!lt the Burllltl 
llnd Thailand sam pies were ahou t eq uill to the U.S. Slllll pic whereas 
thoile from Jndill, East Pnkistnn, Itnd West Pakistan were darker 
than the C.S, :mmple, Parboiled samples were mo['e yellow thiln 
the /'ItW milled ones, 

Thermal and Chernical Reactions 

(looking qualities mnk high lunong consumers' criteria in choosing 
rice for the table. Therefore, jUly test that measures the bellaviol' 
of dee or' it.s ('ornponenls when heated in wilter, beinf' direetly related 
to common ('()oking proeedures, shotrld yield nllues highly useful in 
('omparing ['ic'es ns to this their llliljOl' use. An important efrect of 
moist lIellt Oil I'ice is the swelling Ilnd solubilization of sttll~('h. whieh 
leads to slI('iI ('hanges 11..'-; inerellse ill \'olume, splitting lind frngmen
tlltion or sloughing, itnd the development of \'Ilrious textul'ill qualities, 
In this "tudy. sm'el'!L! of the determillations were built nr(}und the 
I'eantions of ~ri('e to hellt, inC'luding tempel'Htlires at whieh nqlleous 
sllspensions of "bl/,C'h show II sudden rise in \'is(:osity (gelntinizntion 
t.elllpemllJre); \'isible (·!tnnges o('curring in indi\'idunl stareh gmllules 
when heilled to (i2° C, (heat nltemtion \Titilles); Ilbso['ption of 
witteI' by kel'l1els henled to 77° C. or :';2° C, (waleI' uptake); loss of 
solids [!'Om kel'l1els when healed to 77° (', 01' :';2° (', (sedimentation 
values); and leaching of Ilmylose f!'Om kemels when healed to 77° (" 
(iodine-blue ndues), All of these tests except the iodine-blue nl'e 
dis('lIl.;sed in this se('tion; iodine-blue will be discussed nlong with 
stnrC'h detennill!ltions, 

GelatinizaltiOI1 Temperature 

Oebltinizllti()1l is the tl'lllJ';fOl'llllltion through hydmtioll of the smull, 
high-density, opaque 0/' white stllr('h gmnu\es into large, fragile, 
l/'llnslll('ent. gellttinolls bodies of low density, usually with ('onsidemble 
loss flf soluble materinl nnd I'dense or some nonsoillble matel'inl 
th/'Ough rupture of the gl'llnules to the water, 'Vhen appropriate 
l1.mounts of starch lire stirred while being heated in wllter, the sUiipen
sion bC'('olll('S 11 translucent paste with grently ilH'I'cllsed vis('osity 
beginning ttt some fairly definite point in the temperntlU'e s(:llle, 
(lelfl.tinizh.. :on lcmpemtul'es for riee vllrieties ItS determined with the 
aid of nn fUlIylognLph, have been reported to rilnge frOIll 58° C. to 
HO° C, (16), 

The I'ilnge of gelatinization telnpemtul'es [or Illost of the samples 
('xarnincd WIlS fro/H about uO O C, to 75° C" as shown in table 5, U,S. 

.. 


, 


I 



t 

QUALITY E\,ALUATIO~ OF FOREIGN AND DOl\1ESTIC RICES 55 

rices had greatest gelatinization tempemtUl"e yalues in long-gmin 
:mmples, mediulll-gl'llin samples were next, and the short-gmin rices 
h!ld the .least. Short-grain f,n'eign-milled rices exhibited the lowest 
ilvemge gehtlinization tempemtures. Consistency of pattern be
t ween long- fwd medium-grain foreign-milled rices was not apparent. 
The one long-gmin milled-rice s!unple examined f1"0111 the Iyory 
('OHst showed the highest absolute gelatinization temperature (78° C.) 
of the rices tested. 'l'h08e from Bmzil yielded the greatest mnge (23 ° 
('.), llnd one of these had the lowest gelatinization temperature 
(50.5° C'.). 

On the it\'"crltge, mnges in gelati[~iz!ltion temperature were less for 
the shol"l-grnin type th/tll for the other two grnin types (table 5). 

Milled Rice 

Therc is n, high ncgllti\'e ('o["["elntion between gelatinization tem
pcrutmc llnd t.he relilted group of alkali spreading, alkali cleltring, 
hcal nltemlion, Ilnd wilter uptake Itt 77° C. (table 27). Confirming 
this trcnd is the indication of 11 positive correlation between gelatini
zation tcmpcl'lllure nnd the Ilmy.lose/lullylopeetin .l'!ltio. 

Thc positive correlation for combined "nil samples," regardless 
of gmin length, betwcen gelatinization tempeI'llture and cooking 
qUllli ly ('ohesi \'cncss scems to justify more detailed studies of this 
relllliouship in spe<:ifk grain-Icngth categories. 

Long-gra'in.-,-Oeilltinizntion temperntllre for U.S. samples cor
responded to the a vernge for all slunples, with those f1"Om Argentinll, 
Fmnee, Greeee, Itnly, Portugnl, and Turkey being lowest. '1'hose 
front "'ory ('oast, Ecuador, Indonesia, 11I1d 'Vest Pakistan were 
lUllong the highcst. The \'Ilrieties from .:\Jexico were the least and 
those frolll Brazil the most vllriable. 

Afedilim-gtain.-~Oeilltiniztltion temperatures of samples from the 
l'nited SUtte:;, Jllpllll, Pel'll, Portugal, and Turkey were much lower 
than t.he gencm} Iwemge. Only sam pies from Portugal und Turkey 
had lower Vl11ues th!ln those from the United Stlltes. The samples 
f("(J1ll ('eylon, Eeundol", Portugal! the Philippines, 11I1d India were the 
ICllst, Hnd those from JaplHl \'llI'led the most. 

,""'/wrl-gmin.-The Iwemge values for slllllpies from each country 
were exceedingly dose, ranging fl'om 60.0° C. to 63.8° C., except two 
fl'olll India that were 72.0° C. Avemge gelntinizlltion temperatUl"e 
[01' short-gl'llin ric'cs WitS slibstnntinJly lower than thnt for long- and 
fol' med iUlll-gnlin slunples. 

PlIrboiled Milled Rice 

Sill('e plLI'boiling geltltinizes stl1rch, the gelatinization temperature 
test WitS not made on the parboiled samples. 
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TAllI,}] 5.-GEI,A'I'INIZA'rION 'l'}<~MPEHA'I'UllE: j\h/,mber oj samples, mean, and mnge oj values jor each e01/mtry and jor 

Hall samples" ~ 
td 

Milled rice ~ 
~ Country Long-grain Med hun-grain Short-grain Z 
.... 

Number I MeitH Range Number I MpIUl RIU1ge Number I !\leaH Ultnge Co) 

Co) .... 
o~ o~ o~ o~ o~ o~ d 

"All samples"__________________ 70 70.1 50.5-78.0 70 70.2 57.0-76.5 40 62.4 57.0-72.0 tnU.S.A__ ..______________________ 6 70.8 66.0-75.0 5 64.5 61. 5-67. 5 2 6a.O 6a. 0-6:i. 0 
Africa, South__________________ 2 61l. S 6!}. 0-70. 5 ____________________ ._______ 2 63.8 63.0-04.5 t; 
Argentina_____________________ 1 64.5 ____________ 1 75.0 .___________ 1 61. 5 -----.------ t'1 
Australia____________________________________________________________________ ._________ 1 60.0 ----------- ~ BraziL. _____________________ ._ 5 66.2 50.5-73.5 5 70.3 66.0-73. 5 2 6a.0 63.0-63.0 
Burma________________________ 2 70.5 66.0-75.0 10 71. 6 69.0-75.0 -----.-- -------- ----------- o 

»j 

gh111~~'~=~-_-~=================== ======== ======== ============ ______ =____ ~~~~___ ~~~~:~~~~_ ======== ======== =========:=: ~ Colombia_______________________ 3 72.0 69.0-73.5 1 70.5 ____________ -------- -------- ----------- ::0 
l~cuador._______________________ 2 73.5 72.0-75.0 3 71. 5 70.5-72.0 -- ______ -------- ------------ .... 
Egypt.________________________ ________ ________ ____________ ________ ________ ____________ 2 60.8 60.0-61. 5 (') 

El Salvttdor.___________________ 2 72.0 70.5-73.5 ____________________________ -------- .------- ------------
France_________________________ 2 63.8 60.0-67.5 ____________________________ -------- -------- ------------ e 

d
Germany, WesL_______________ 5 6!1.3 60.0-73.5 4 69.0 64 5-73.5 3 62.0 60.0-63.0 ::0 

t'1 

g~~{~~~~i~~~:================== ------r ---~rf ==;~:~~;~:~= ======== ======== ============ ~~~~~~~~ ~~~~~~~~ ============ 




Inelin.... ____________________ 1 S 72.0 70.5-75.0 11 73.8 72.0-75.0 3 70.5 67.5-72.0 
lndoncsin______________________ 6 73.8 72.0-76.5 4. 72.8 66.0-76.5 2 (l3.8 (j3. 0-64. 5 
Irnn _____ ._. ___ "" ____ "._______ 1 72.0 .___________ 1 72.0.__ _________ 1 63.0 ----------.-
Italy. __ --._,_------ __ ---.----- 2 63.0 (l3. 0-63. 0 _________________________ •• _ I {IO.O ----.------- o 
l\'ol'Y ConsL _____ ••. ---_-------- 1 78.0 ___ ••. _______•. _____ -.______ ----------.- 1 63.0 ------------
Japan__...... ____________ ._____ 1 70.5 ____________ 6 65.5 60.0-72.0 8 60.8 57.0-63.0 ~ 
}{orca...... ______________________________ • __________________ • __ • __ -------- ------------ 4 (l0.4. 58.5-63.0 ~ 
l\lexico. __ .. ___________________ 9 72.0 70.5-73.5 ---••• -- ----.--- .--.-------- -------- -------- --.-.---.- •• ~ 
Nigerin.. ____• __ ---------------- .------- ----.--- ------------ .------- ---- •• -- ••---------- -.-----. --.----- ---.----.---
Pakistan, East _________________ .------- -------- --------.--- -------- -------- ---------.-- -------- -------- ----------- ~ Pilkistnn, 'Vest._________________ 3 75.0 72.0-76.5 -------- -------- ------------ -------. -.------ ------------
Peru________________ --- ________________________ -___________ 1 66.0 ------------ -------- -------- ------------ 8Philippincs________ ._____________ ________ ________ ____________ 8 72.6 72.0-73-5 -------- .------- ----------- ~ PortugaL._____________________ 1 60.0 ____________ 3 60.5 60.0-61.5 1 60.0 ------------
Spain ________________________________ - ____________________________ -------- ------------ 2 62.2 60.0-64.5 
Thnillllld_______________________ 4 65.6 60.0-69.0 3 74. 0 ~ 
Turkey ____ ...__________________ 1 60.0 ____________ 2 60.0 ~~: t~g: g1------3-1---62~5-1---6i:5:63:0 
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Heat Alteration 
I 

The heal alterntion test constitutes another method of ll1ensuring 
the probable gelittinization potential of rice starches. Tn this method, 
individual starch gI'!tnules, whieh han been hell ted ill waleI' at 11 

fixed tempernJure (62° C.l, Ilre obsen'ed microscopically with phase 
contrllst illumination, lind scor'ed ns to degree of change from the 
Il!tturill or unheated appeat'llnce. fn allY one sample, the alterntion 
in individual gnllluies nppelll'S to begin at different lernpemtures .. 
within It short ntnge, Ilud to require a slight tempcl'Illure rise for 
completion, so t1111t only in mre cases (extremes) do n.ll gmnules 11I1"e OIl 
!l :;imilar !lppelll·lln('e. Therefore, in a study of this kind, granules are 
seen in mnny forms or stnges of chllnge,mngino- from the unaltered 
(small, dense, hard, angular, luminous, crystalloid bodies-chnrac
teristic of unhellted controls) to the completely "darkened" (greatly 1 
enlnrged, thin, distended, soft, of low density, gell1,tinous nonluminous ~ 
spheres tblll Ilre cilsily Oattened n.nd ruptured). 'Phe gelntinizlltion 
potentilll of 11 sample is thought to be indicated by the extent of chnnge J 
obsenced in II ll111jOI'ity of its ::;tarch grtlnule::;. In the previous study ~ 
(30) it WIlS obscr'ved tllllt sllmples of known high geilltiniznlion tem

pemtures showcd few granule::; slightly llitered (low hellt-ulteration 

"l1lues), und low geilltinizution ternpemtures showed most granules 

greiltly altered (high heat-nltel'lltion vnlues). ... 


These studies r'c\'ealed a consistent reliltion between hent illteratioll 
llnd gelatinization lempemturc fOI' tottll, long-, mediurn-, I1nd short- ..,j 
gmin types of rice (table 2i). 

~There WllS !l high degree of positive ('oITelll.tion (table 27) between 
hertt illtenttioll and the q unlity factors alkl1li spreading, nlkali clearing, 
lind wilter uptake Ilt 77° C. There was some eorrelntion, but much 
less, between bellt u1terntiol1 ilnd wilter uplllke at 82° C. 

Milled Rice ,i 

Ranges of helll alterntion values for long-. mediull1-, llnd short- j 
gmin milled rice::; were strikingly similar (table 6). Aver'l1ge vlllues ~ 
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were different, however; for the short-grain varieties, average 
vlllues were about three times that for long- and medium-grain rices. 
These differences, which indicllte II. low gelatinization tempm-ature 
for short-grain vluieties, may explain, in part, why short-grain rices 
exhibit greater cohesiveness thaH the other two types. 

Lon{J-[JrfLin.-Samples from Greece and Italy had high heat altera
tion values, inTeraging 2.5 and 2.4, respectively. Samples from the 
United States, Bmzil, Burma, and West Germllny had vIllues near 
the Ilverage for this group. Those from Colombia, Ecuador, Indo
nesin, T mn, ~Texic(), and East PnkisltlI1 had the lowest v!llues. 

illedinm-gruin.-The Ilvernge vlllue for medium rices WIiS prob!lbly 
unduly weighted by the lnrge number of low-value samples from 
BurrrHL, Indi!1, Ilnd Philippine Islands. Highest averllges were in the 
sllmples from United States, Japan, Peru, and Portugal. 

Short-[Jl'CLin.---fL'he short-grain India sllmples, like the India long
and medium-gmin, had exceedingly low Ylllues (0.2-0.4). The 
olher short-grain rices had o. rlmge between 1.8 und 2.9. 

Parboiled Milled Rice 

Parboiled long- and medium-grain rices had nbout the same heat 
nLtemlion ll\"emge v!llues Ilnd rallge as did the corresponding milled 
!:illmples. :Ihsed on the results of this ilwestigation, there was little 
difl"('l"en liittion bet ween milled Ilnd parboiled milled rices of simiitw 
length~, by the hellt alteration test. 

Parboiling indu('es It certain illllOllnt of heat altemtion in rices, 
\'lLrying from slight to grent, depending both on the type of rice Ilnd 
on the parboiling ('ollciitions. For these reasons, heat Illterntion 
deterll1inlltion~ 011 parboiled samples cannot be interp,·eted in the 
slune WIly as those made on mw milled rices. 

r 
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'l'.oUJI.E 6.-HEA'1' AUl'EHA'l'ION: Number oj samples, mean, and range oj values jor each country and jar "all SamlJles" 
t:D 

8 
Millcd rice t;; 

Jo3 

Country l"ong-gmin Medium-grain Short-grain Z 
.... 
CI) 

N umber I Mean Range Number I Meau Range Number I Meau Range c,;.. 
~ 

VallleS Values Values Values Values Value8I ~ 
"All samples"__________________ 72 .7 0.1-2.6 73 0.7 0.1-2.8 74 2.3 0.2-2.9 
U.S.A_________________________ 6 .7 .1-2.4 5 2.0 1. 2-2. 8 2 2.2 2.2-2.2 ~ 

Afdell, South __________________________________ ------------ -------- -------- ------------ -------- -------- ------------ ttl 

Argeutiua_____________________ ________ ________ ____________ 1 .1 ____________ 3 2.5 2.3-2.8 ~ Australia______________________ ________ ________ ____________ ________ ________ ____________ 1 2.7 -----------
oBraziL_______________________ 4 1. 0 .2-2.4 3 1. 4 .4-2.4 2 2.5 2.4-2.6 ~ 

Burrna___________ ._____________ 5 .9 .2-1.5 13 .3 .1- .8 -------- -------- ------------
Ceylou ____________________________________________________ -------- -------- ------------ -------- -------- ----------- ~ Chilc _____________________________________________________ -------- -------- ------------ -------- -------- ------------ ~ 
Colombia______________________ 3 .2 .2- .3 ________ -------- ------------ -------- -------- ------------ C 

.... 
Eeuador_______________________ 1 .2 ____________ 3 .2 .2- .2 -------- -------- ------------ c:l 

~ 
~Franee ________ ------~- ----:~~- ============2.6-2.6 ~~r~~t~,;~fo-r~~~=================________________________________________ ======== ======== ============.. ___________ ========________ ======== ============____________ 2 2.6 

Oermany, WesL_______________ 2 .9 .6-1. 2 ________ ________ ____________ 1 2.2 ------------ ttl 
Ohana ____________________________________________________________________ ------------ -------- -------- ------------
Oreeec________________________ 3 2.5 2.3-2.6 ________ ________ ____________ 2 2.6 2.5-2.6 



Guatemala·· __________________ I_________ •___ .__ .__________________________________ •_________________ •_____________ _ 
India.________________________ 15 .4 .1-1.0 18 .2 .1-1. 1 7 .3 .2- .4 
Indonesia______________________ 8 .3 .1- .5 5 .4 .2- .6 3 2.2 2.2-2.2 
Iran__________________________ a .3 ,2- .4 5 1. 3 .4-2.6 I 2.4 ___________ _
italy__________________________ 2 2.4 2.3-2.4 ________ ________ ____________ 1 2.8 ____________ t:.l 
Ivory Coast __________________ ., ______________________________________ • ____ • _______________________________________ _ 
Japan_______________________________________________ ._____ 5 2.6 2.4-2.8 38 2.5 1. 8-2. 9 ~ 
!(orca________________________ • ____ • __ • ________ ____________ ________ ________ ____________ 6 2.7 2.4-2.9 
Mexico________________________ 5 .3 .1- .5 ______________• __________________________ • _____________ _ ~ 
Nigeria______________________________________________ •______________________________________________ • _____________ _ 
Pakistan, East_________________ 4 .2 .1- .4 ________________________________________________________ 

~ 

~ ,Pakistan, West_________________ 4 .4 .2- .6 ____________________ • __________________________________ _
Peru ______________________________ .___ ________ ____________ 1 2.4 _________________________________• _____ _ ~ 

j~g~t~~~~~~==================== ======== ======== ============ ______ ~_____ :~~_____ :~~~:~~_ =====:~= ====~:~= =====~:~~~.=iThailand______________________ 5 1. 3 .2-2.5 3 .4 .1- .6 ___________________________• 
Turkey_________________________________________________ • ____ ._____ ________ ____________ 2 2.6 2.5-2.7 ~ 
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TAllIJg U.-HEA'L' AL'l'EHA'l'ION: Number of samples, mean, and range of values for each country and for "all 
samples"-Oontinued t" 

~ 
t" 
l':I 

Parboiled milled rice ~ 
....Country Long-grain Medium-grain t» 
t» 

Number Mean Range Number Mean Range cl 
fn 

Values Val1tes Values Values t:;j
"AU samples" -- _______________ ---------_ 14 0.7 0.4-1. 6 13 0.7 0.2-1. 1U.S.A.__________________________________ 1 .9 _____________________________________________________ _ 
Africa, SOuth _______________________________________________________________________________________________________ _ ~ 
Argcntina__________________________________________________________________________________________________________ _ 
Australia __________________________________________________________________________________________________________ _ :;j 
BraziL ____________________________________________________________________________________________________________ _ 
Burma_________________________________ 1 .6 _____________________________________________________ _ g;
Ceylon ____________________________________________________________________________________________________________ _ l:tl ....Chile ______________________________________________________________________________________________________________ _ 

~~~o;d~:~= == ====== == === === == === === == ========= ==== ==== === === === ===== === == ====== == ======== ====== ==== == == ====== ======= = ~ 
l:tl 
l':IFrancc ____________________________________________________________________________________________________________ _ 

Germany, West__________________________ __________ ____________ ________________ 2 .6 .4- .8
~f~~r~;dO~== ==== ======= ==== === ==== ===== === ===== ====== ======== ==== === === ===== ===== == ==== ======= ===== =========== ===== 



India___________________________________ 3 .6 .4- .8 5 .6 .2-1. 1g~~~~~~~~l~~===========================J====== === ============1 ==== ======= ===== ========== ============ =========== ===== Indoncsia __________________________________________________________________________________________________________ _ ~ 
1ral1-_____ . ___ . ____________________________________________________________________________________ _ ~ Italy______________________________________________________________________________________________________________ _ 
1vory Coast________________________________________________________________________________________________________ _ 
Japall _____________________________________________________________________________________________________________ _ ~ 
1(orea_____________________________________________________________________________________________________________ _ 
l\fcxico ____________________________________________________________________________________________________________ _ 
Nig(·ria____________________________________________________________________________________________________________ _ ~ 
Pakistan, East__________________________ 4 .7 .6- .8 4 .7 .5- .8 8 
Pakistan, West ____________ -------------- 2 .8 .5-1. 2 ___________________________________ -- i:3Pcru ______________________________________________________________________________________________________________ _ 
Philippines_________________________________________________________________________________________________________ _ ~ 

~ 
Thailand_______________________________=== == === ========= = === == ==== = .4-1. 6 == ==== .8 = ===== =§~~r~~~l~==== = == ====== ======= === 4 = .9 === ============= ==== = 2 == === ====== = == == = .5-1.0 ==== 
Turkey___ __ _ _ __ ___ ___ ___ __ _ _ _ __ _ _ _ _ _ _ __ _ _ __ __ __ _ _ _ __ _____________________________________________________________ _ ~ 
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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 a measure of the hydration 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 hydration characteristiC,'>. Many re
searchers (16, 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 a measure of the insoluble solids lost to 
the treating solution at the specified temperature. It is influenced 
by the gelatinization temperature and the physical structure of the 
kernel. 

In general, water uptake and sedimentation tests give an insight 
into the behavior of short-grain rices during cooking, since they 
absorb more Witter 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. and heat alteration. On the other hand, high 
negative correlations were found between water uptake and gelatiniza
tion temperatures (16). rrhere was good evidence of a positive 
correlation between water uptake and amylopectin content and a 
negative correlation fur water uptake with amylose and the amylose/ 
amylopectin ratio. Cooking quality cohesiveness WIlS negatively 
c?rrelated with water uptakes for "all samples" and medium-grain 
!"lces. 

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

As expected, there was a high positive correlation between both 
alkali spreading Ilnd alkali clearing and water uptake for the "all 
samples" of the categories of total, long-, medium-, and short-grain 
lengths. 
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Long-grain.-U.S. samples were close to the "all samples" average 
and range. Samples from Argentina, France, Greece, Italy, Portugal, 
and Turkey were the highest in these values, with those from Ecuador 
and EI Salvador being the lowest (table 7). 

ll1edi-um-grain.-Although the "all samples" average values were 
near those for long-~rain samples, examination of the data for the 
samples from the indIvidual country would indicate this was more of a 
mathematical coincidence. 

Shvrt-grain.-For the most part, short-grain rices had higher 
water-uptake values and a wider range than the long- and me&ium
grain types had. 

Parboiled Milled Rice 

At" expected, parboiling caused the rices to have lowered total water 
absorption and to ha\re a narrower range of variation than the raw 
samples. Parboiling seemed to make the water-uptake values more 
nearly the same for both long- 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 
\-alues and wider rn.nge of variation for the short-grain samples. 

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

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

Long-grain.--8amples from three countries-Greece, Italy, and 
Portugal-had much higher sedimentation values than the' average 
for the 34 countries. On the other hand, samples from Ecuador, 
Iran, and West Pn.kistan had very low values for this determination. 
Indonesia and India sllmples had the widest range of values . 

. Mediuui-grain.--8amples from Greece and Turkey had highest 
sedimentation yalues; those from Oeylon, India, Indonesia, and Peru, 
lowest. 

Short-grain.--Sllmples from South Africa, Egypt, and Greece had 
\-ery high values. 

Parboiled Milled Rice 

The sedimentation values reyeal marked differences between 
mil.led and parboiled samples. Sediment for parboiled samples was 
about one-fourth that for milled rices. 
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'l'ADI,E 7.-"\VA'l'EH UP'l'AKE A'l' 77° C.: Number oj sa.mples, mean, anclmnge oj 'values for each country and for /tall C':l 

samples" ~ 
[Water absorbed by 100 grams of riceJ t:C 

EMilled rice ..., 
z 

Country Long-grnin Med iurn-grnill Short-grain .... 
c;.>.,.. 

Number I Mean Runge Number I Mean Runge Number I Mean Range 
q 
~ MI. All. MI. All. MI. MI. 

"All samples"__________________ 167 175 66-3.53 ]4!) 182 60-367 128 278 !)1-44.1 t;I
U.S.A_________________________ 6 163 66-326 5 255 217-283 2 257 247-261 trl 
Africa, South__________________ 2 190 161-220 1 124 ________ .--- 2 358 321-8!l5 "d 

!"3Argentina_____________________ 2 274 26!l-278 5 120 .104-211 4 259 232-274
Australia______________________________________________________ .-__ ________ ____________ 1 292 ___________ _ 
BraziL_______________________ 7 158 105-275 5 L85 116-278 3 309 268-338 ~ 
Burma________________________ 11 202 138-284 35 166 109-250 _______________________ • __ ._ 
Ceylon________________________ ________ ________ ____________ 7 123 87-157 3 130 91-.172 ~ 
Chile____________________________________________________________________________________________________________ _ ~ 

Colombia______________________ -1 158 107-195 1 185 _______________________________________ _ 
ECUlldoL______________________ 2 84 72- 07 4 157 98-182 ___________________________ _ 

~f~~t~;;~Ja"r~~====:============= ------2- ----i23- -----94:is2- ======== ======== ============ ______ ~_____ ~~~_____ :~~~~~: I~ 
France________________________ 4 304 283-312 -------- -------- ____________ 1 2 314 310-318 trj 

g~~:~:~~=~_~_e~~============:=== _____ .~_____ ~:~_____ ~~:=:~~_______~_____ :~~_____ ~~~=~~~ _______ ~_____:~~______ ~~~=~~~ 



Greece•• ---------------------- 6 297 287~306 2 294. 277-312 8 297 263~336
GuntellmltL___________________ 2 157 150-164. ________________________ .-__ -------- --0----- ------------
India _______________________ ._ 20 14.9 98-207 21 153 60-289 8 160 109-287 
Indollcshl______________________ 18 127 66-209 8 112 66-202 4. 306 294.-328 £) 

Irall__________________________ !) 142 124-153 5 207 130-314 1 248 ------------
Italy__________________________ 6 2!)9 265-34.3 ________________ ------------ 3 305 287-335 ~ 
Ivory Const.__________________ 1 180 ___________________ ..._______ ------------ 1 336 ------_.--- ~ 

f:3
JnpflIL________________________ 6 156 118-201 18 231 148-322 60 280 156-441 "<Korell______________ - ______________________________________________ -------- ------------ 10 295 275-325 

t>j
:Mexico________________________ !) 156 117-220 -------- -------- ------------ -----.-- -------- ----------- ~ 

S~l~y.~~~~~~;,-En~t=:=:============= ======== ======== ============ ======== ======== =======:==== ====:=== :======= ============ 
~Pnkistan, Wcst.________________ 11 124. 90-183 1 14.5 ------------ -------- ------ -- ------------

Peru__________________________ 6 161 148-170 4 190 163-215 ----.--- -------- -------.-._-
Philippincs __________________________________ "_____ ~-______ 11 187 144-256 -------- -------- ------------
PortugnL_____________________ 1 307 ____________ 3 34.0 323-367 1 348 ------------ ~ 
Spain ____________________________________----- ____________________ -------- --------.--- 5 308 299-325 ~ Tlulilnnd______________________ 26 184. 85-353 6 172 132-243 -------- -------- ------------
Turkcy________________________ 1 302 ____________ 3 303 292-320 3 320 307-327 .", 

o 
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TABI,]! 7.-WA'1'EH UP'l'AKE A'l' 77° 0.: N'Il,mber oj samples, mean, and range oj values jor each country and jor "all 

samples":"--'Oontillued ~ 
[Water absorbed by 100 grams of rice) 

Parboiled milled rice ~ 
"3 

Z 
Country Long-grain Medium-grain .... 

Co> 
Co> 

Number Mean Range Number Mean Range. 
C1 
~l

MI. MI. MI. MI. 
"All samples" ___________________________ 37 133 89-192 26 135 !l3-181 t:IU.S.A__________________________________ 1 195 _____________________________________________________ _ tzl 
Africa, South_______________________________________________________________________________________________________ _ 
Argent.ina_______________________ " ______________________________________ " ___________________________________________ _ ~ 
Australia _____________________________________________________________________ , ____________________________________~ 

BruziL ____________________________________________________________________________________________________________ _ ~ 
Burmu_________________________________ 3 11 !I 110-127 8 108 !l3-13,j t; 

~ 

Colombia ___________________________________________________________________________________________________________gh11~~~~~===== == == ========= === == === === === = ===== == ====== ======== == ======= ===== == == ==== ==== ============ === ====== ======= g
Ecuador___________________________________________________________________________________________________________ _ 

FnuICC________________________________________ - ___________________________________________________________________ _ ~ 
l'jI~f~~i~~d;~================ :== == ===== == ======== === == ====: ==== === ==:= ===== :== == ======= =:: ============ ========== ====== 

~ 

Germany, WesL________________________ __________ ____________ ________________ 2 179 178-180 
Ghanll_________________________________ 1 163 _____________________________________________________ _ 



~""I' "......-- 7""'" 

Greece _____ - _-_ --- -- - -- --. - - ---------- - -- - ----- - - - -- ------ - -- - - -- ---.------ -. - -- - - - - -- - - ---- ------ - - -- -------------
Guatemala _______ -- -- - -- - ---- - - -------- - -- - ----- - - --- ----- ---- -- -- ---- - ----- - - -- - - - -- --- --- --------- - ---------- -- --.
Inditl___________________________________ 6 126 89-184 7 139 102-167 
Indonesin ______ --- - ------ ---- -- - - ---- --- -- -- -- - --- .------ ----- -- -- - --- ----- -- - --- ---- -- - -- --- - - -- --- -- - --- --. - - - ----
Iran_______ ._ -- - - - -- --- ---- -- ------ ---- - --- --- --- - - ---- ------ ------ --- --- - -- - - - -- ------ ----- - - --- -- -- - ----- --------
Italy _______ - ---- -- - ------ ---- - - ----- --- -- ----- - -- - -- - ----- --- -.- -- - ---- - - - - -- --- - - -- - -- -- -- -------- -- -- ------------
Ivory Coast_____________________________ ---------- ------------ ---------------- -,--------- ------------ ----------------
Japan _________________ -- - - -- ----- ----- - --- - - ----- -- - -- -- -- - - - --- - ----- - - - --- - - -- - - ----- - --- ---- --- - - - ---- --- --- ---- I
Korea _____ -- ______ • -- - ---- - ------ ----- - --- ----- -- --- -- - - --- - - --- - ---- --.- --- - - --- -- -- -- -- ---- - ----- -- - --- - -- ------
I\lcxico _________ ----- - -- - - - - - - ----- - -- - - - - ----- - -- - - - --- - -- - - - -- ------------- - -- -- - ----- -- - - ----- --- -- ------- - --- ---
Nigeria_________________________________ 1 153 ---------------- ---------- ------------ ---------------- ~ 
Pakistan, EasL _____________ ------------ 6 147 107-173 6 153 120-181 8 
Pakistan, WcsL_________________________ 6 117 96-141 ---------- ------------ --------------- ~ Peru ______ - ______ - ------ -- - -- - --- - -- - -- --- - - - -- -- - - -- - - -- - - -- - -- ---- - - --- ---- ---- - ----- --- - -- ------ ----~- -"--- - -- --
}'hilippincs_______ - - -- -- - - - - - - ---- -- - - - -- ------ -- -- - - - ---- - ---- ---. - ------ - -- -- - -- - --- -- - .--- --- ---- - ---- - - ------ - - - ~ 
§g~t~~~l.:-============ === ==== === ==== == === ===== == === ==== ==== === === ======= ======= ========== ======== == == == ===== ========= ~ Thailand_______________________________ 13 133 94-192 3 128 108-H2 
Turkey ____________ - -- - - - --- ----- -- - -- -- - ------ - - - -- - - - - ---- - - - - --- --- - - - - -- - - - -- - - ----- --- - - - - - - -- - - - - - -- - - -- - ----- "'.I 
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c 
>'l'AHLJ<: S.-SEDllII}JN'l' .-\'1' 77° C.: Number of samples, mean, and range of values for each country and for "all SamlJies" t" 

[From 1 00 grams of rice] t:I:l 

~ 
1'1" ilIed rice t'l 

8 

Z 
Country Long-grain Medium-grain Short-grain .... 

c.> 
c.> .... 

Number I Mean Range Number I Mean Hange Number I Mean nange 
c:! 
~ MI. Ml. MI. JIll. MI. MI. 

"All samples"__________________ 167 17.3 1.5-66.0 149 17.6 1. 0-53. 0 128 26.5 2.0-03.0 t:::l 
U.S.A_________________________ 6 12.2 8.0-19.5 5 26.9 14.5-44.5 2 44.5 40.5-48.5 
Africa, South__________________ 2 28.5 18.0-39.0 1 20.0 ____________ 2 60.0 36.0-84.0 
ArgentiIllL____________________ 2 26.2 25.0-27.5 5 18.0 11. 0-25. 0 4 10.5 J5. 5-28. 5 ~ 
AustraliIL_____________________ ________ ________ ____________ ______ ________ ____________ I 42.5 ___________ _ 
BraziL_______________________ 7 16.2 10.5-24.0 -- 5 24.0 12.0-34.0 3 34.3 27.0-40.0 ~ 
BurmIL________________________ 11 ]3.0 7.0-22.5 35 21. 1 9.0-34.0 ___________________________ _ 
Ceylol1________________________ ________ ________ ____________ 7 5.1 1. 0-12. 0 3 4.0 2.0- 0.0 ~ 
()hile ____________________________________________________________________________________________________________ _ ~ ...... 
Colombia______________________ 4 13.2 10.5-18.5 1 16.0 _______________________________________ _ c 

dEcuILdor_______________________ 2 5.8 3.0- 8.5 4 12.4 7.0-23.0 ___________________________ _ 

~~r~I~~;~\~fo""r~~================== ------2- ---10:5- ---3:5:::17.-5- ======== ======== ============ ______ ~____ ~~~~____ ~~._~:~._~
Ji'rance________________________ 4 21. 4 18.5-25.5 ________ ________ ____________ 2 20.0 15.0-25.0 ~ 

l".l 
Germany, WesL_______________ 5 19.4 10.0-42.0 4 17.1 7.5-28.0 3 42.7 27.5-65.0Ghana ____________________________________________________________________ 1____________________________ ----- ____ ~--



---"T 
.,... I ~ """" 

(1re('Cl'-_e ____ •••• ______ • ______ ' 6 61. 0 4.4.5-06.0 2 52.8 52.5-53.0 8 00.1 4·1. 0-81. 0 
l1U!~tl'lllala _________________ .__ 2 20.5 20.5-20.5 ____________ ---- -------.---- -------- -------- ____ ow_ow_ow

lndiu_________________________ 20 10.2 L. 5-55. 0 21 U.5 2.0-20.5 8 8. 3 3.0-25.5 
lndo!l(,sia.... _________________ • 18 17.0 4.0-,10.0 8 8.5 3.O-J5.0 4 IS.4 lO.O-20.0 

Dlrtlll. _______________________ ._ U H.6 0.0-20.0 5 15. n 13.5-21.0 1 25.0 ___________ _ 
ClItaly____________________ -_____ 0 33.2 Ill. 0-5l. 0 ________ ________ ____________ 3 15.7 14.5-16.5 >

]vory Const-__________________ l 10.0 .___________ ________ ________ ____________ I 41. 0 ----------- t:Jnpllll_________________________ 0 17.5 1.5-28.0 18 23.2 13.5-37.0 00 20.4 11. 5-43. 0 
Kurt'fl _____________________________________________________________________ -___________ 10 2S.6 10.0-4.3.0 ~ 

I:"ll\Jl.xlco________________________ !) 20.4. 12.0-34.0 ________ -------- ------------ -------- -------- -----------
~igerilL----------------------- ________________ ------------ -------- -------- ------------ -------- -------- ------------ ~ 
Pakistan, East_________________________________ ------------ -------- -------- ------------ -------- -------- ----------- 8Pl1kjStllJl, WesL________________ 11 8.3 2.5-20.5 1 24.0 0---- _______ -------- --.----- ---------.--
Peru ___ .:.______________________ 0 13.8 10.0-17.5 -I 8.0 3.0-10.0 -------- -------- ----.-.---- gPhilippines____________________ ________ ________ ____________ ] 1 16.2 13.0-23.5 _________ - ______ -_-------__ _ 
l'ortugnL--------------------- 1 ·11.0 ________ .___ 3 20.7 15.5-38.5 1 28.5 ______ - ____ _ z
13pnin _________ ---------_______ ________ ________ ____________ ________ ________ ____________ 5 32. I 24.5-43.5 o 
Thniltllld______________________ 20 16.4 4.5-00.0 6 Hi. 3 U. 0-26.0 -------- -------- ------------ ~ 
Turkey______ -_________________ 1 32.5 ____________ 3 33.8 25.5-48. 0 3 28.8 28.0-30.0 

--'-----_.. -_._..,-----
io:j 
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Continued I:"l 

S 
Z 

~ o 
o o 
~ 
I:"l 

g 
::tl 
S 
I:"l 
UJ 

~ 
I--" 



0-3 

~ 
I:\j 

~ 
TAlll,}<J S.-8EDa\}JN'l' A'r 77° 0.: Nu,mber oj samples, mean, ~nd mn{le oj values jor each country and jor (tall ~ 

samples' '-Oontmued t< 

[From 100 grums of rice] t:c 
Cl 

PlU'boiled milled rice ~ .., 
Z 

Country Long-grain Medium-grain ..... 
Co.> 
Co.> 

Number Mean Range Number Mean Range 

~ 
f1lMl. Ml. Ml. Ml. 

"All samples" ___________________________ 37 4.2 0.5-20.0 26 4.7 1. 5-20. 0 t:;j
U.S.A__________________________________ 1 1.5 _____________________________________________________ _ tzj 

Africa, South" ______________________________________________________________________________________________________ _ 
Argentina _________________________________________________________________________________________________________ _ ~ 
Australia ____ .___________________ . __________________________________________________________________________________ _ oBraziL ____________________________________________________________________________________________________________ _ ~ 


Burma_._ _______________________________ 3 5.7 5.0- 6.0 8 6.5 2.0-20.0 

Ceylon ____________________________________________________________________________________________________________ _ g; 

Chile______________________________________________________________________________________________________________ _ ::a 

colombia__________________________________________________________________________________________________________ _ a 

EcuadoL __________________________________________________________________________________________________________ _ 

EgypL ________________________________ • ___________________________________________________________________________ _ 

El Salvador____________________________________________________________________ ___________________________________ ~
~ _ ::aFrance ____________________________________________________________________________________________________________ _ tzj 
Germany, West_____ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ __ ___ _ _ _ _ __ _ _ __ ___ _ __ __ _ _ _ _ _ ___ _ _ _ _ 2 2. 8 2. 5- 3. 0 
Ghana_________________________________ 1 12.0 _____________________________________________________ _ 

...l. ..... -.-...tL --'>..olio.....- ...". "'" 



8. ~~Ct~~;l~l~~=: :::::::: ::::::: :::::::::: ::1::::::::::I::::::::::~: :::::::::~: :~:::I!:::::::::: ::::::::::~: =::::==:==:::;::
Incila___________________________________ 6 1.9 .:>- _.5 7 3. - 1. 5- v.5 

o 

~ 

I 
~~~;1~*~~~l~l~jlj~~lllll=j\~jll~~~) ~ )llll~~j ~~ j~llj~ ~~~~ll ~ ~l~llljjl :~llllllllj)l\ljj l~)ll~jj\~ll ))llll~ j~ll) ))ll 
t":I 

l'Ilcxico_________ -- -- ----- -- --- - - - -- - ---- -- --•. -- - - - -- --- - - -- -- -- ----- - ----- -- - --- ---- --- - - - --- - - ---- --- ---- ---- -- ---
Nigeria_________________________________ 1 6.0 ---------------- ---------- ------------ ------ ----------
Pakistan, East__________________________ 6 3.1 2.5- 3.5 6 3.7 1. 5- 6.5 
]'akistan, 'VesL_________________________ 6 8.8 1. 5-20. 0 ---------- ------------ ----------------
Peru. _. ____________ . ____________________ -------.-- ----.------- ---------------- ---------- ------------ ----------------
Philippines ____________ -- - ----- - - ---- - --- -- -- - - ---- -- --- --- --- - - -- -- - --- - -- -- -- --- --- --. - - ----------- -. - - -- ----.- --- ~ 
rg~~~~~l::::::::: ::::::::: =::::=:::::::: :::::::::: :::::::::::: ::::: ::::::::::: :::: :::::: ::::::::: ::: ::::::::::: ::::: o 

I:IjThailand_______________________________ 13 2.9 2.0- 5.5 3 6.3 2.0- 9.5 
Turkey ______________ - --- -- -------- - --- - - - ---- --- - - ---- - - - - --- --- ------ - - - -- -- - -- - - - -- -- --- - - -- - - --- - --- -- - -- - -- -- -- 6 
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Water Uptake (It 82° C. 

Milled Rice 

Corl'elation between water uptake at S2° C. !lnd gelatinization 
temperature, heat alteration, alkali sprelHling, and alknli clearing is 
lower th!Lfl correlation between water uptnke at 77° (). and these 
same quulity factors (table 27). 

Hince 82° C. is higher thttn the gelatinization temperature of most 
rices, the wlLter uptake for 101lg-, medillll1-, and short-gmin samples 
wus neater the stune vnlul';S at this temperature than when determined 
at 77 0 C. However, there WItS an increasingly wider rnnge of values 
from Iong-, to medium-, to short-gntin classes (table 9). 

Long-grain.-'-,·,[,he iLverage for U.S. samples was close to that for all 
the countries, but olle U.S. sample was considembly higher than 
!lIly other tested. The siunpies from India and Japan were among 
the lowest in such \'alues,although the samples from Japan averaged 
near the median for this class. 
J1edium-gNdn.-~Whereas samples from Ceylon, Indonesia, and 

[ndia Iwemged least, U.S. sllmples were typical for tillS group. Sam
ples from Colom bill, the Philippines, and Portuglll avernged consid
erably ILbove the others. 

Shorl-grain.-Exeept. for Portugal, aU countries Iwemged higher 
for this test at 82° C. thlLIl at 77° C. 

Parboiled Milled Rice 

For pllrboiled milled rices, the a\'emge waLeI' uptake was 65 per
('ent higher Ilt 82° C. than Ilt 77° C. E\"en so, there was a narrower 
mnge in wn,ter uptake \"filues Itt 82° C. than at 77° O. 

1 

I 



QUALITY EVALUATION OF FOREIGN A...1Iffi DOMESTIC RICES 75 

Sedimentation at 82° C. 

In general, COl' all three grain-length types, sedimentation values at 
82° U. were substantially greater than those obtained at 77° C. 
(lilble 10). 

Milled Rice 

There is evidence oC substantial negati\Te correlation between sedi
ment at 82° C. and cooking quality cohesi\'eness, although not quit~, 
as definite as when lested at 77° U. (Bee table 27.) All grtlin types 
frorn InditL had very low sedimentation values and would warrant ! 

Curther study to determine the retlSOn Cor this behavior. 
LOr!g-grain.-Here aglLin, H.B. rice corresponded to the a verag f..! 

sedimentation value for alliong-gmin samples. 8amples from Greec,~ 
were unique in having by far the highest Inoemge. The long-grain 
milled samples from Thnil!lnd had much the gretltest ran~e from low to 
high values for any type of rice, milled or parboiled milled, fl'om any 
country.

JJerlil~m-gr(Lin.-8tllnples from Ceylon, India, and Peru had exce€d
iogly low vnlues. Siunples from Greece i\!?nin hnd the highest values. 

8hort-yrain.-H.ices from India had the lOwest values. 

Parboiled Milled Rice 

Pflruoiled milled b'lmples had only slightly higher sedimentation 

vnlues tlt 82° ('. lhlln ILL 77° U.; these n'l.lues were only about a third of 

those for Illly of the milled samples. 
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TABLE 9: -WA'l'EU UPTAKE AT 82° c.: Nwnbel' oj samples, mean, and J'ange oj 'valu~s jor each country and jor lIall 0 

>8amples" t" 

(Water absorbed by 100 grams of rice] 	 t:d 
d 
~ 
t:'jMilled rice 
8 :;::; 

~ 
Country 	 Long-grain Medium-grain Short-gmin ... 

Co>....Number I Mean I Range Number Mean Range Number Mean Range 	

Co> 

cj 

~ MI. MI. 	 MI. MI. MI. MI. 
"All samples"__________________ 167 312 180-443 14H 299 111~145 129 336 139-529 t1 
U.S.A_________________________ 6 316 220-443 5 320 282-352 2 324 323-825 
Africa, South__________________ 2 380 345-415 1 291 ____________ 2 378 873-383 
Argentina_____________________ 2 818 310-325 5 296 270-352 4 313 295-322 ~ 
Australia._____________________ ________ ________ ____________ ________ ________ ____________ 1 322 ___________ _ 0 

12;1 
Burma________________________ 11 305 256-394 35 305 231-404 ___________________________ _ 
Ceylon________________________ ________ ________ ____________ 7 195 111-284 3 204 139-241 ~ 
BraziL_______________________ 7 326 222-374 5 300 249-341 3 348 328-366 

Chile_______________________________________________________________________________________________ • ____ --------- ~ 

Colombia______________________ 4 316 260-351; 1 359 _______________________________________ _ 0 
.... 

Ecuador_______________________ 2 235 232-238 4. 320 277-358 ___________________________ _ 8Egypt_________________________ ________ ________ ____________ ________ ________ ____________ 5 384 357-414 

El Salvador____________________ 2 297 237-357 _______________________________________________________ _ ~ 

,!<'rance________________________ 4 330 316-:H4 ________ ________ ____________ 2 331 328-334 ~ 


t:'j 

Germany, WesL_______________ 5 278 265-288 4 308 286-354 3 399 319-529
GhaIllL ___________________________________________________________ --------1------------ ______________•____________ _ 



Greecc ____________________ ---- 6 334 303-363 2 290 247-332 8 374 358-393 

Guatcrnnla____________________ 2 338 331-345 -------- -------- ------------ -------- -------- ------------

Indin_________________________ 20 273 180-328 21 280 122-367 8 297 201-377 

Indonesin______________________ 18 300 217-357 8 250 164-356 4 348 328-367 
Iran_ _ ______ ______ __ __________ 9 313 299-328 5 306 288-344 1 318 ------------
Italy__ ___ _ _ _ _ _ ___ _ _ _ ______ __ _ _ 6 357 331-382 ________________ -- - - -- - - - - -- 3 366 344-406 
Ivory Const___________________ 1 267 ____________________' -- ______ ------------ 1 381 ------------
Japan_________________________ 6 320 185-359 18 326 290-360 60 335 275-502 I
Korea_____________________________________________________ -- - - - -- - -- - - ---- - - ---- - - -- -- 10 325 303-350 t'j 
lHexico________________________ 9 361 272-415 -------- -------- ------------ -------- -------- -----------  ~ Nigeria________________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ------------
Pakistan, East_________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ------------ 8 
Pakistan, West___________ .. _____ 11 264 203-309 1 291 ------------ -------- -------- -----------  ~ Peru__________________________ 6 316 272-359 4 317 284-355 -------- -------- ------------ .... 
Philippines____________________ ________ ________ ____________ 11 395 337-445 -------- -------- ------------
PortugaL _ _ __ _ _ _ __ __ _ _ _ _ _ __ _ _ _ 1 356 ____ __ ___ ___ 3 366 363-370 1 333 ---- - -- - ---- ~ 
Spain_____________________________________________________________ -------- ------------ 5 338 316-361 ~ Thailand______________________ 26 334 275-415 6 342 310-386 -------- -------- ------------
Turkey________________________ 1 326 ____________ 3 334 317-351 3 343 335-357 ~ 
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~ .....TABLE g.-WATER UPTAKE AT 82° C.: Number oj samples, mean, anclmnge oj values jor each country and jor tlall f;sainples"-Continued t' 

[Water absorbed by 100 grams of rice] to 
q 
t' 
t'

Parboiled milled r-ice t;j 

~ Country Long-grain Medium-grain .... 
c.> 
c.> 

Number Mean u,ange Number Mean Range 
.-.-1----1------ q 

WMi. Mi."All saInples" _________________ _ Mi. Mi. 
U.S.A ____ .. ____________________________ _ 37 231 169-334 26 214 144-289 t:; 
Africa, South___________________________ _ 1 298 t;j 

-- -1- _______________ 1 __________ 1 ____________ 1 _______________ _Al"gentinu_____________________ _ ~ 
Austrulia __ _ 

BraziL __ 0 

Burma__ .. ~
8-1-- ------ i72-1- --- -----i44=-268 

t:tj 

Ceylon __ _ :> 
Chile __________________ _ 0 

~colombia_______________________________ .__ ..... 
EcuadoL _______ _ g-. - - - - - -- - - - - - - - - -1-- ________ 1____________ 1 _______________ _ 

EgypL ________ _ t'..;:EI Salvador____________________________ _ 
qFrance_______________________________ _ ~ 

Germany, West______ _ t;j 

GhUllu____________________ _ 2 208 202-215
1 230 .__ _ 



------r ..... r "'" 

Greece_ ~ ______ - -- - - - ------ - - --- -- - -- --- - - --- - - -- - -- - - -- - ---- - ------- -- --- ---- - --- - --- -- -- - - - - - -- - - - -- - --- -- --.- - ---

Guatemala____ -- -- - - --- - - ------ - ------ -- -- - - -- - - -- - ----- -- - -- - - - -- - -- --- -- ---- - ---- - - - - - - ------- ---- --- - - - ---- -- - ---

India___________________________ .------- 6 206 169-268 7 216 181-246 
Indonesia____ --- - -- --- - - -- - - -- - - - --- -- - - -- - - - -- - -- - ---- - --- - -- ----- ------ - - --- - - -- -- - - -- - - - ---- ---. - - --- --- - - - - - - ---
Irnll_____ - - -- - --- --- -- .-- ---- - -- - - - - - - -- -- - -- ----- -- - - - - - - ---- -- --- ------ - - - -- ----- - - - -- ---- - --- -- - - -- -- ---- --- -----
Ituly___________ - --- --- -- - - -- - - - - - -- ---- - -- - -- ---- -- -- - -- --- -- - - --- - - - - - - - - - - - -- - - -- - -- - --- - ----- - - - -- - - ---- -- - -----
Ivory ConsL____________________________ ---------- ------------ ---------------- ---------- ------------ ---------------- IJl1 pun ____ -- -- --- -- - -- - - - - - - - - - --- - - - --- - -- - - - - - - - ---- -- - --- -- -- - - --- -- - - - -- - - - - -- - - ---- - - -- - -- - - - -- - --- -- -- - --- - -- 
l(orea____ -- - - ----- - ---- - - --- - - - - -- - - -- - - -- - - - - - - - -- - - - - - -- - - - -- - - - - -- - - - - - - - - - -- ---- - -- - - -- -- - - - - - - - - - - - --- - --- - - -- l2j 

l\1:exico___ - ----- - -- - - - -- - --- - - - -- -- - --- - - -- - - - - -- - - - - - - - - -- -- - -- --- ---- - - ----- - -- - -- - --- --- - -- -- -- - - - -- -- -- - - ------- :;
Nigeria________------------------------- 1 220 ---------------- ---------- ------------ ----------------
Pakistan, EnsL_________________________ 6 236 215-250 6 253 217-272 8 
Pakistan, West__________________________ 6 289 228-334 -------.--- ------------ ---------------  ~ 
Peru _____ -- - - - - - -- --- - - -- - -- - -- - - - -- - - - -- - - - - --- - - - -- - - - - --- - - - - - - - -- - -. ---- - - - --- --- - - - - - - - - - - - -- - -- ---- - - - -- - ---- .... 
Philippines____ - - - - -- - - - - - - - - -- - -- -- - - - -- - - -- -- - - - - - - - - -- - -- --- - -- - ------- - - - -- -- - - - - - - - - - - - - - - - - - -- - - - - - - - --- - -- -- -- ~ 

~ 
Thailand_______________________________ 13 218 175-276 3 251 197-289 
Turkey ______ - - - - - - -- - - - - - - -- - - - - - -- - - - - --------- - - - - -- -- - - - - - - --- - - - - ---- - - - - -- - - - --- - - - -- - - - ----- - - -- - - - - - -- - - -- -- ~ 

~ 

§g~~~~~l~==== == ==== === === ==== ==== == ===== ========== == ==== ====== ==== ==== ==== ==== ===== ==== ======= == == == ====== == ===== === 
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TABLE lO.-SEDIMENT AT 82° C.: Number oj samples, mean, and range of'valuesjor each coun~ry andjor "all samples" ~ 

[From 100 grams of rice) !Xl q 
t" 
t"

Milled rice t'l 

~ 
Country Long-grain Medium-grain Shori-grain .... 

C/O 
c:.> 

Number I Mcan Range Number I Mean Runge Numbed Mean Range 

~ 
~Ml. Ml. Ml. Ml. Ml. Ml. 

"All samples"__________________ 167 23.4 1. 5-73. 0 149 21.9 1. 5-58. a 129 25.4 1. 5-55. 5 t:.lU.S.A_________________________ 6 24.8 15.5-28.5 5 27.6 20. 5-44. 0 2 35.2 33.5-37.0 
Africa, South_ - ----------______ 2 33.0 32.0-34.0 1 45.0 ____________ 2 34.5 31. 0-38. 0 
Argentina_____________________ 2 45.2 41. 0-49. 5 5 28.4 26.0-32.0 4 25.5 24.5-26.5 ~ 
Australia______________________ ________ ________ ____________ ________ ________ ____________ 1 57.5 ___________ _ 
BraziL_______________________ 7 .25.9 18.0-32.0 5 37.6 11.0-58.0 3 33. '7 28.0-41. 0 ~ 
Burma________________________ 11 14.5 10.0-21. 0 35 23.8 11. 0-43. O. ___________________________ _ 
Ceyion________________________ ________ ________ ____________ 7 7.9 1. 5-16. 0 3 7.0 1.5-14. 0 ~ Chile ____________________________________________________________________________________________________________ _ ....Colombia______________________ 4 26.0 16.0--32.5 1 26.0 ____________________________ _ a 

~ 

Ecuador_______________________ 2 10.5 8.0-13.0 4 18.0 13.5-27.5 ___________________________ _ 

~f~~t~~d_;;r~~~================= ------2- ---i6~8- --iO~5~23~O- ======== ======~=,============ _____ -~- ___ ~~~~____ ~~~~~~~~ ~ France________________________ 4 29.6 20.5-47.5 -------- ________1____________ 2 15.8 15.0-15.5 t'l 

g~~~:~~~ ~~~~= ==== ==== ======= ------~----~~~~--- ~~'-~~~~ ~-------~----~~~~----~~ ~~~~~ ~-_____ -~----~~~ ~ -1- __ ~~~~~~~~ 



Grcecc________________________ 6 50.4 33.0-73.0 2 46.2 39.0-53.5 S 42.1 30.0-55.5 
Guatemala____________________ 2 29. S 26.0-33.5 -------- -------- ------- .. ---- -------- -------- -----------~ 
India_________________________ 20 12.4 1.5-27.5 21 12.0 1. 5-23. 0 S 10.9 5.5-16.5 
Illdo!lesia____________ ~ ________ IS 30.4 15.0-58.0 8 23.1 7.5-38. 5 4 24.1 16.0-35.5 
Iran__________________________ 9 16.7 11.5-22.5 5 22.9 20.0-24.0 1 22.5 ------------
Italy__________________________ 6 31. 2 27.5-36.5 ________ ________ ____________ 3 20.0 18. 0-22.5 ~ Ivory Coast___________________ 1 21. 0 ________________ .. ___________ ------------ 1 39.0 ------------
Japan_________________________ 6 24.2 5. 0-3S. 0 IS 26.0 12. 5-3S. 5 60 21. 6 13.0-42.5 ~ Korea_____________________________________________________________ -------- ------------ 10 25.6 15.0-36.5 

t.rJ
i\1exico________________________ 9 32.9 22.0-46.0 -------- -------- ------------ --------. -------- -----------

~~~~i;~:~I~-E~st================= ======== ======== ============ ======== ======== ============ ======== ======== ============ 
~Pakistan, West_________________ 11 14.5 2.5-·27.5 1 22.5 ------------ -------- -------- -----------,. 

Peru__________________________ 6 13.2 11. 0-17. 5 4 9.9 2.5-17.5 ------- .. -------- ------------ .... 
Philippines____________________ ________ ________ ____________ 11 17.1 14.5-21.5 ------- .. -------- ------------
PortugaL ____ _________________ 1 24. 0 ------ -- _--- 3 26. 0 I 20. 5":36. 0 1 45. 0 ------ ------ ~ 
Spai!l _____________________________________________________________ -------- ------------ 5 32.4 25.0-39.0 

~ Thalland______________________ 26 22.9 4.0-61. 0 6 23.8 19.5-29.0 -------- -------- ------------
Turkey________________________ 1 35.0 ____________ 3 28. 0 21. 0-41. 0 3 37.5 31. 5-42. 5 !:oj 
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TARLE lO.-8EDIMENT AT 82° C.: Number of samples, mean, and range oj values jor each country and jor c:l 


"ill samples"-Continued ~ 

[From 100 grams of rice] ~ 

f;jl~l\rboiled milled rice 

~ 
Country Long-grain Medium-grain -c..> 

c..> .... 
~Number Menn Range Number Mean Range 
d 
fIlMI. MI. .Mi. Ml.

"All samples" ---____ ~___________________ 37 7.6 0,5-23.5 26 7.5 2.0-22.0 
~ 
~!~~~~~~~~~~~~================:=====:=== ========~= ========~=~= ================ ========== =::=:=:=:==: ================ ~~~:~fl~~~~=== == ===== ==== ==== ===== ===== ========= === == === ======= ======== == =: ==== === == == ====== ==== ===== == ======== ==== ==Burma - - - --- - - ___ ___ ___ _ _ _ ___ _ _ _ _ _ __ __ _ 3 13. 7 11. 0-18. 0 8 12. 1 6. 0-22. 0 

~ .....

I~~~~~t_~~!;!!i!!!!~;~ ;;~;;;~;~ ~; :;;;;;~;,; ~.;;; ;;22;0: ii!~;!!;!~:;!!!; iiiiii;~ ;i; ii iii;.!oi ~i ;~iii ~2!'-i,~, I 
~ 

2



.~ ...... .~.'i:'. T -


g~~~~~l;;i~~~:==::= :::~::=:==:= ========== =::: ::::~==== == == =====1:== === ====: =::== =:===:::;,==== =====;== ===== ==::~=:=:= =;.Indla~~~~~~~~~~_________________________ 6 3.9 0.5- 6.0 I 3.9 _.0- 6. ., 
I:>Indonesia _____ - --- ---- - - - - --- - - ---- -- - -- - -- - -- - -- - -- - ----- - - -- -------- --- ----- - ----- --.- - --- -------- -- ------- - - ---.-

Iran ____________ --- - - - ------ - -- - --- -- -- - -- -------- -- - -- - - - - --- - --- --- -'- ------- -- -- -- - -- - --- ---- ---- - --- ------- -- -- -- ~ 
Italy____ ----- - - --- - - - - --- - -- - -- - - - ---- - - -- -- -- --- -- ---- - - - -- - - ----- - - -- ------ - -- - - --- •. - - - - --- -- --- - --- -- --- - - ------
Ivory Coast_____ ------------------------ ---------- ------------ ---------------- ---------- ------------ ---------------  ~ 

trjf{tr~I~=====::= -:=== == ===== === ===:== === =: ::::::::== =======:= ==: :::=::==:=== === ====== =::::= == ==: ======= ====::::=:::=:::Jl>Icxico _________________________________ ---------- ------------ ---------------- ---------- ------------ ------ ---------- :;
Nigeria_________________________________ 1 12.0 -------- .. ------- ---------- ------------ ----------------
Pakistan, EasL_________________________ 6 5.5 4.5- 7.5 Ii 4.9 2.0- 8.5 8 
Pakistan, West__________________________ 6 11.0 2.0-23.5 ---------- ------ .. ----- ---------------  ~ Peru ___________________________________ ---------- ------------ ---------------- ---------- ---~.------- ---------------- .... 
Philippines_______ - - - - - - - - -- -- - - - - - --- --- - -- - --- - -- - -- - - - - --- - - -- - - --- -------- - ----- - ---- -- - - --- ----- ---- -------- - --- ~ 
~~~t~~~l~==:: == =:: =: ==== ===:::::::=: :==: :::==::::: :::::::=:::= :::::::::::::::: ::=::=::=: :::::::::::= :::::::=== ===:: = ~ Thailand________________________________ 13 6.2 2. 5-l1. 5 :3 11.2 6.5-15.0 
Turkey_________ ----------------------- ---------- ------------ ---------------- ---------- ------------ ---------------- ~ 
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Alkali Spreading and Clearing 

.Alkali spreading and clearing values represent the reaetions of milled 
rice kernels to soaking in dilute alkali. Tn previous studies (24, 31, 
.',4), alk! Ii reactions were shown to be roughly indicathre of textural 
qualities Hl the cooked rice. Varietal differences ill starch gl'llnules 
('tU, be determined with the n,lko.li test. 

Alkali spreadillg and deltring values parallel each other quite 
dosely, since they r·epI"esen t separate measurements of a single test 
(tables 11 and. 12). There is sometimes an advantage in lawing evalu
ated the reaction by two subjeetive scoring systems rnther than ona. 

Generally, ill the lllkali sprending tests, milled short-grain vnrieties 
spread more extensively than medium-grain, and medium-grain spread 
rnnrB than long-gr-nin. This was true for both domestic and foreign 
rices. 

Milled Rice 

Some interesting relationships were shown in the consistent pattern 
l)f alkali spreading and alkali clearing, being negatively correlated 
with amylose, amylose/amylopectin ratio, and gelatinizatIOn tempera
ture (table 27). And the converse: Alknli spreading and alkali clear
ing showed high positive correlation with amylopectin, water uptake, 
sediment, and heat alteration. A higher degree of correlation was 
found at 77° C. than \1,t 82° O. for both water uptake and sediment. 

.. 

• 

1 

http:n,lko.li


QUALITY EVALUATION OF FOREIGN AND DOMESTIC RICES 85 

There. were strong negative correlations between alkali spreading 
and gelatinization temperature values, with the degree of negative 
correlation increasing from long-grain to short-grain types. 

Long-flrain.-"Most of the long-grain samples had high average 
valul's for alkali spreading, ·with about one-third averaging above 
the U.S. rices. ~fost of the samples from each country had a relatively 
narrow range of values. 

U.S. samples showed the; ;,ridest range of values for the alkali clearing 
evaluations. Over 80 percent of all samples tested had alkali clearing 
values above 4.0. 

Aleclium-grain.--Country by countlT, this rIass of samples averaged 
about the same values for both alkali spreading and alkali clearing as 
did the IOI1!?,-grain sam pIes. 

Short-gra~n.-Short-grain samples generally had higher alkali spread
ing il.nd alkali clearing than the other two types. The range among 
the short-grain samples was least of the three types. 

Parboiled MUled Rice 

Not suflicient parboiled samples were evaluated for alkali spreading 
and alkali clearing- to draw definite conclusions. Those parboiled 
sfLIllples tested seemed comparable to the milled samples. 
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TA.BLE ll.-ALKA.LI SPREADING: }lumbel' oj samples, mean, and mnge oj values jor each cOU1ttry and for "all SamlJlesJl I:D 
Ci 

Milled rice ~ 
>-3 
!;2 

Country Long-grain Medium-gruin Short-grain ... " 
"" ""....

Number! Meun Rllnge Numbcr'! Meun Runge Number! IVlcun Runge 
Ci 
en

Scores Scores Scores Scores Scores Scores 
"All stullplcs"__________________ 53 5.4 2.3-7.0 52 5.3 2. G-7. 0 48 G.7 4.0-7.0 t:;
U.S.A_________________________ G 5.3 2.3-7.0 5 G.5 5.7-7.0 2 7.0 7.0-7.0 t'lAfrica, South __________________________________________________________________________ • __________________________ _ 
Argentim],________________________ .. ____ ________ ____________ 1 4.0 ____________ 1 7.0 _________ .-- ~ 
AustrulitL ____________________________________________________________________ .________ 1 7.0 ___________ _ o 
BraziL_______________________ 2 5.9 5. 8-G. 0 2 5.5 4.0-7.0 1 7.0 ___________ _ I>j 

Burmll________________________ 4 4.9 4.2-5.8 10 5.0 4.7-5.5 • __________________________ _ >

Colombill______________________ 3 G.O 5. 7-G. 4 _______________________________________________________ _ (=)g~rl~~======================== ======== ======== ============ ======== ======== ============ ======== ======== ===========-

o 
!:a 

Ecuador_______________________ 1 4.7 ____________ 3 5.0 4.8-5.3 ___________________________ _ 
EgypL________________________ ________ ________ ____________ ________ ________ ____________ 1 7.0 ___________ _ 
EI Salvador_____________________ . __________________________________________________________________________________ _ ~ 

!:aFrance________________________ ________ ________ ____________ ________ ________ ____________ 2 7.0 7.0-7.0 t'l
Germany, West._______________ 2 5.4 5.2-5.7 ________ ________ ____________ 1 G.8 ___________ _
Ghana __________ _ 

" A. 

http:ll.-ALKA.LI


...a 	 ~ Of" 

Greeee._______________________ 1 7.0 __ • _____________________________ ._•• ____ 2 7.0 7.0-7.0 

Guatemala•. ________ - __________ -------- -------- ------------ -------- -------- -------.---- -------- -------- ----------- 
lndia ________________ .-------- 11 fl. 3 4.2-6. S 13 4.8 2.6-5. () 5 5.2 4.0-5.7 
Indonesia______________________ 9 4. () 3. 2~7. 0 2 5.1 4. 8-·5. 4 -------- -------- ------------ D
Iriln __ •• _____ .________________ 1 5.5 _________ .__ 1 4. S ____________ 1 6.3 ------------
Ital)"__________________________ 2 6.4 6.2-6.6 ._______ ________ ____________ 2 7.0 7.0-7.0 51 

t" 
Ivory Cotlsk_________,.--------- -------- -------- ------------ -------- -------- ------------ -------- -------- ------------
Japan_________________________ ________ ________ ____________ 3 6.9 6.8-7.0 l() 6.9 6.3-7.0 ~ 
Korea_________ ---------------- ____________________________ -------- -------- ------------ 6 7.0 6.9-7.0 
~Iexieo________________________ 5 5.4 4.7-6.8 -------- -------- ------------ -------- -------- ------------
Nigeria ________________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ------------ ~Pakistan, East_________________ -------- -------- ---.-------- -------- -------- ------------ -------- -------- ------------
Pakistan, \Vest ____ ._____________ 3 4.7 4.2-5.7 -------- -------- ------------ -------- -------- -----------  ~ 
Peru________________ ________ 1 6.2 ------------ -------- -------- ------------ -------- -------- ------------	 .... 
Philippines ______________ ------ ________________ ---- ____ .___ 9 5.1 4.6-5.5 .------- -------- --.--------  ~ PortugaL____________ ~_________ ________ ________ ____________ t) 7.0 7.0--7.0 -------- -------- ----------- 
~ain---------~--------------- ____________________________________ -------- ------------ 2 6- 6 6.5-6,8 ~ haihmcL_____________________ 2 6.3 6.0-6.6 1 5.2 ------------ -------- -------- ------------
Turkey ____________________________________________ . _______ -------- -------- ------------ 2 7.0 7.0-7.0 	 "'.I o 
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~ TABLE 1l.-ALKALI SPREADING: Number oj samples, mean, and mnge of values for each country and for "all 

samples"-Oontinued bj 

~ 
t"' 

Parboiled milled ricc l'l 
'"3 
Z 

Country Long-grain Medium-grain ... 
Co> 
Co> 
..... 

Number Mean Range Number Mean Range 
c1 
W 

Score Scores Score Scores
"All samples" ___________________________ 7 5,3 4. 9-6. 0 9 5.1 4. 4-6. 0 t::1U.S.A__________________________________ 1 5.6 _____________________________________________________ _ l'l
Mrica, South_____________________________________________________________________________________--- _______________ _ 
Argentina________________________________________________________________________ - _________________________________ _ ~ 
Australia __________________________________________________________________________________________________________ _ 
BraziL _____________________________________________________________________________________________________________ o 

I'lj 

Burma ____________________________________________________________________________________________________________ _ 
t; 
l:ll 

Colombia __________________________________________________________________________________________________________ _ 
Ecuador___________________________________________________________________________________________________________ _ 
Egypt_____________________________________________________________________________________________________________ _ 

g~11~_~====== ====== === ~== ====== ========= == ====== ===== === ====== ===== == ======== ====== === == ===== ==== === ===== ======== === 
~ 

EI Salvador________________________________________________________________________________________________________ _ 
France ____________________________________________________________________ :.. ____________________________ . __________ _ ~ 

l'l 

gh~~:~::_~~~t_-.:_=== ==== ====== ===== ====== == === ===== ==== == === === ==== == ====== ==== ________ ~_________ ~~~__________ ~~ ~~~ ~ 

, ""'" 



----- - - -- - -- ----- - - - -- --- -- - -- - - --- -- - - --- - - - --- -- -- - ---- - -------- ---- ---

--- - - -- ----- --- - --- -- -- - ---- - - -- - -- --- - - -- -- - -------- ---- --- -- --- --------

--- - --- - - - - -- - -- -- -- - - --- --- --- - - -- - - - -- - -- - -- - ---- ----- -- ----- - -- -- - - --- -- -- - ----- ----- - -----
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"......;a -...- .. ..... ~ l' r"O!' J 

Grecce__ - __ - - - -- - --- - - ---- - --- --- - - ---- -- -
Guatemala___ -- - - - - - - - ----- - ---- ----- --- - --
India___________________________________ 
Indonesia__________ ---- - -- - - - - -- - ----- -- - --
Iran _________ - - -.- ------- ------ - - - - - ---- ---
Italy.----- ___ ---- - ---- -- ----- -- ----- --- - -------- - -- --- - -- -- -- --- --- -- ------ - - - --- ------ ----'--------- ---- ---- ---- ---- ....t' 
Ivory CoasL____________________________ ---------- ------------ ---------------- ---------- ------------ ----------------
Japan ___ -_ - -- - - - - ---- ---- -- --- -- ----- -- - -- -- ---- - - - ----- - - - -- - - - - - - - - -- - -- -- - ---- -- -- - - - -- -- -- - ---- - --- - - -- -------- ~ 
Korea _______ - _- - --- -- ---- -- --- - - ----- - - - ---- -- - -- -- - - -- - - -- -- - --- -- -- ---- -- -- - - - - --- - - - - - -- - -- - - -- - -- --- ----- -- ---- trj 

l\fexico ___________ -- --- --- - -- ----- -- --- - - ---- ----- - ---- - -- ---- -- -- ----- --- - --- - -- - -- - - - - -- --- - - --- -- -- - -- - ------ - --- <: 
Nigeria _________ -- - -- - -- - ----- - - - - -- - --- - ---- ---- - - - -- - -- - - --- - - --- -- - - - - -- - -- - --- -- - - -- - - - -- -- --- -- - --- - - ---- --- --- E:Pakistan, East_ _ _ ______ _______ ___ _______ 1 5. 2 ____ ________ ____ 2 4. 8 4. 4-5. 2 c:1 
Pakistan, West__________________________ ---------- ------------ ---------------- ---------- ------------ --------------- ~ ...Peru __________ ---- - -- - ---- - - - - -- - -- --- - - ----- - - -- - - -- --- ---- - -- - - --- - ---- - - -- --- ----- -- -- - -- - --- --- ----------- ---. 0Philippines________ --.

§~~t~:~l.:-== ==== ======= ====== ===== ====== ===== ======Thailand_ __ ____________________________ 2 
Turkey________ -- - --- - - - - -- -- - - ---- -- --- ---- - --- - 

----- -- ------ -- --- - --- - ------ --- --- ---- ------ --- --- ------ ----- --- ------.
3 5.4 5.0-6.0 5 4.9 4.5-5.7 

--- - --- ------- ----- --- --- -- -- - --- -- ---- --- -- - ---- .------- ------ --- -.-- -- t:> 
c:1 
> 

Z 
0 
":j==== === ==== ======= == == == ==== ====== == ========== ==== === ======= ======5.2 4.9-5.6 1 4.8 ---------------

- ---- - - - -- - - - - - - - --- -- --- --- -- - --- -- - - ---- - -- - ---- --- ------ - - ----- ":j 
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TABLE 12.-ALKALI CLEARING: Number oj samples, mean, and Tange oj values jor' each country and jor <tall samples" OJ 
d 
8 

l\lilled rice 	 t<:l 
8 

Z 
Country 	 Long-grain l\fedium-grain Short-grain ... 

c:.> 
c:.> 

Number I Mean Range Number I Mean Range Number I Mea_. Range 	
... 
d 
rnScores Scores Scores Scores Scores Scores

"All samples"___ ____ _ _ __ ____ _ _ _ 53 4. 6 1. 3-7. 0 52 4. 7 1. 9-7.0 48 6. 6 3. 3-7. 0 t:;:1
U.S.A.________________________ 6 4.5 	 t<:l1.3-7.0 5 6.2 4.9-7.0 2 6. 9 6. 8-7. 0 Africa, South _______ ~ _________________________ _ 

Argentina ________________________________________________ _ 1 7.0 ,___________ _ ~ 


1 2. 7Australia________________________________________________ _ 1 7.0 ____________ 
BraziL________________________ 2 5.2 5.0-5.5 2.6-7. 0 1 7.0 ___________ _ ~ 2 4. 8
Burma________________________ 4 4.5 3.7-5.6 	 2.6-5.21 ___________________________ _10 4. 3 ~ 

~ ....g~11~~1:= == ========= === ==== ==== === ==== ==== == === ==== === === ==1 == == ===] ==== ====1 == ======= ===1 ==== ====1 ==== ====1==== ====== ==Colombia______________________ 3 5.0 4.4-5.4 _______ _ 
Ecuador_______________________ 1 3.4
Egypt________________________________ _ 3 4.4 4. 2-4. 7 

1 7.0 .___________ _ ~ 
EI Salvador____________________________ , ________ , ____________ ,________ , ________ , ____________ , ________ . ________ . ___________ _ d 

2 t<:l~~~~:I~Y: W~~t= ==== == ==== =====1- ---- -2 -1- --- 5.- i-I--- ~5:0=5:2-. -- -- ----. --- -----	 1 ~: gL___ ~·_~=~~~ 
~ 

Ghana _______________________________________ _ 

~ 	 J.... ~ 

http:2.6-5.21




;Ii. 

GI'CCCC________________________ 1 7.0 ____________________________ 1____________ 2 7.0 7.0-7.0 

Guatcma\a ____________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ------------

India_________________________ 11 4.6 2.5-6.7 13 4.0 1.9-5.8 5 4.9 3.3-5.6 

~ Illdollcsia ________-------------- 9 3.7 2.3-4.!l 2 4.2 3.6-4.9 -------- ----~--- ----------- 
t;> Iran_ .________________________ 1 4.8 ____________ 1 4.0 ------------ 1 5.!J ----------- 
~ Ita\y__________________________ 2 6.4 u. 6-G. 2 ________ ________ ____________ 2 7.0 7.0-7.0 
c:> Ivory Coast ___________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ----------- f Japall _________________________ -------- -------- ------------ 3 6.9 6.8-7.0 19 u.8 6.0-7.0 I 
oo ~~~~~~~======================== ------5- ----4:7- ----3:3=6:8- ======== ======== ============ ------~- ----~~~- -----~~:~~.-~ t-l 

..,r ~~~1~i~;1~-E~~t================= ======== ======== ============ ======== ======== ============ ======== ======== ============ Pakistan,1Vcf't_________________ 3 8.6 2.4-5.4 -------- -------- ------------ -------- -------- ------------

Peru__________________________ 1 5.5 ------------ -------- -------- ------------ -------- -------- ------------
 Ifg~t~~~~~~~~================== ======== ======== ============ ------~- ----!:-~- ----!:-~~~~- ======~= ====~:~= =====~.=~~~.=~ ~ Thailand______________________ 2 6.2 5.9-6.4 1 4.3 ------------ -------- -------- ------------
Turkcy___________________________________________________________ -------- ------------ 2 7.0 7.0-7.0 I>j 
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~ 
~ TABLE 12.-ALKALI CLEARING: lVumber oj samples, mean, and range of values for each country and jor "all 

samples"-Continued 

Parboiled milled rice ~ 
~ 

COllntry Long-grain Medium-grain .... 
c.:I 
.:.:> .... 

Number I Mean Range Number Mean Range 
d 
~ Scores SCOrt8 Scores Score8

"All samples" ___________________________ 6 4.8 4.0-5.8 9 4.6 3. 8-6. 0 
U.S.A__________________________________ 1 5.5 _____________________________________________________ _ 
Africa, South_______________________________________________________________________________________________________ _ 
Argentilla_____________________________________________________________________________________ -- ___________________ _ ~ 
Australia__________________________________________________________________________________________________________ _ 
BraziL _____________________________________________ - ______________________________________________________________ _ ~ 
Burma ____________________________________________________________________________________________________________ _ 

.~ 

.... 
Ecuador___________________________________________________________________________________________________________ _g~;tf~~;=========== === == ====== === ====== == ==== ==== ============ =============== =========== ==== ======================== 

::0 

~f~r~;d~~=============== === == ==== ==== === ==== ==== ==== ======== ====== =======~== ======= === ====== == ==== ======== ======== _ I:Frallce____________________________________________________________________________________________________________ 
l"J 

Germany, WesL_________________________ __________ ____________ ________________ 2 6.0 6. (H). 0 
Ghana________________________________________________________________________ 1_____________________________________ _ 

-,....:'Y',.. 



....,. 
~ -~ .... ~ .. • ;I. ;'1 

Grecce. _________________________________ ----------, ------------ ---------------- ---------- ------------ ----------------
Guatemall\_____ -------------.- -- _- ----- - --- ---- -- - - - -- - - - ----- --- - ----- - -- -- -- ----- ---- - --- -- --- -- - - -- -- ----- -- -----
Indil\___________________________________ 3 4.5 4.0-5.2 5 4.:'>' 3.8-4.9 
Indonesil\ _________________________________________ -. -- - - - ------ -- - - - -- - --- ----- --- r - ----- - ---- - ---- -- --- --- -- - ------

IrI\Jl ____________ -- ____ ------- ---- ---- --- - - -- ------ - - - --- -- - - -- - --- - - -- - - -- ---- -- - - ---- -- -------- - --- - - -- -- ------ ---

~g~~~~~~:~~~ ~ ~~ ~:~: ~~~ ~::~~~~ ~ ~~~~: ~ :~: ~~~:~:~ ~ ~~~ ~~ ~~: ~~~ ~~ ~ ~~ ~ ~~ ~~~:~ ~~ ~ ~::~~ ~~~~: ~~~~ ~ :~~:~:~ ~: ~ ~ :~: ~~ ~~~: ~~~ I 
t-J 
l'vlexico_________ - -_ - - - - - -- - --- ----- - -- - - .- -- -- - - - - --- - ----- - - - -- - -- - - - - --- --- - -- --- - - - -- ----- -- ----- --- ---- - - - -- -- -- < 
Nigeria _________________________________ ---------- --- --------- ---------------- ---------- ------------ ------.,-------- ~ Pakistl\lI, East__________________________ 1 4. 6 ________________ 2 4.2 3.8-4.6 C:j 
Pakistan, \Vest ______________________ .. --- ---------- ------------ ---------------- -------.--- ------------ --------------- ~ 
Peru __________ --- _- - - - - -- --- - - -- - - - - - -- -- - - - - - -- - - - -- - --- -- -- -- - - --- - - - - - --- - .- - - - - - - - - - -- - - -- - - -- - -- ---- - - - - -- ---- lot 

Philippines __________ --- - -- - - - --- ------ - - - -- - - - - --- - ---- -- --- -- - - -- - --- - -- -- -- - - --- -- --- - -~- - - - --- - - - - ----- -- - -- ---- ~ PortugaL__________ - _-- - -- -- - -- - -- - - - - - - -- -- -- - - - - - - - - - - - -- -- - - - - -- --- --- ---- - -- - ---- -- - -- --- - --- - - - - -- - -- ---- --- --
~~~::;;d~~== ===== ==== === ====== ===== == == --------2- ---- ----5.-4- ------ --5.- i':5'-8- --- --- --i- ---- ----4.-0- == == ===== ===== == 

Turkey---- ___ -- __ - --- - - - - --- - -- - - - - --- - - - - -- - - --- -- -- - -- - - - - - - -- -- - - - - - - - - -- -1-- ---. ---- ------- ----- --------------- ~ 
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Chemical Deternrinations 

Lipid Content 

A high percentage of the lipid content of the rice kernel occurs in 
the true bran (pe.ricarp) lwd embryo (33). 

Autrey and others (3) demonstrated, in 322 tests of Zenith and 
RexlU'k rices, that the amount of fn.t extracted from whole luilled 
rice was in linear relationship to the !UUOlUlt of bran removed up to 
about 6 percent of the original rice. It WitS further shown that, for 
tL gi ven nU'iety, the relationship between the percen tage of bran 
removed Iwd the percen Lage of fiLt l'emaining on the milled rice is 
constant from ,retn' to yelL!'. Those studies indicate thiLt reliable and 
consisten t results C1Lll be obtained by using the hts extmetable from 
the surface of the whole-milled rice as tt measure of the n,mount of 
irmer bmn (the aleUl'one lay~r) remaining on the milled rice, 

Since the outer layers of rice kernels may be removed by milling, 
the greaLer the Illillillg the let''> will be the lipid content, particuln.rly 
the so-cailed surface lipids. For this reason, the determillt1,tion of 
the surface lipids nmy be incLicn.ti \"e of the degree of milling. 

For the sttmples tLl1nlyzed in this study, it was found tlmt SUl'ftlCe 
lipids iwel'uged lLbout 60 percent of the total lipid content. Rices 
with a high pe.l'centage of surfaee lipids had high total lipid contents. 

Surface Lipids 

Table 13 depicts surface lipid cia ta for rices by indi\Tidunl coun tries, 
as well as the meall B.nd range for "Illl sample.s," according to. rice 
types. 

Milled Rice 

In general, 10ng-grail1 milled rices had the lowest surface lipid 
content, medium-gmins were intermediate, and short-grain samples 
had the highest tl.mounts of slll'fl1ce lipids. 

Samples from "Vest Germany, Greece, and Portugal had much 
lower average surface lipid content than did "all st1.mples" or U,S. 
sitmples. Conn~rsely, JI1.pt1.l1ese samples were much higher. Ou
riOllsly enough, long- and medium-grain samples from Indonesia, 
whic.b probably included indigenolls hand-pounded siLmples, were 
very high, but the reverse WllS true fol' the short-grain siLmples of 
that countlT, which included imported samples. 

~1.s has been found by other I'esettl"ch wo.rkers in this field, these 
studies showed a high posith'e correliLtion (titble 27) between surface 
lipids imcl total lipids for long-, meclium-, imel short-gnlin categories 
ns well I1S for totnl samples (combined long, medium, and short), 
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Color lightness values increased as surface lipids diminished, in 
long-, medium-, [md short-grain types, with the effect increllsing as 
grain length became shorter. 

There were strong indications that as surface lipids decreased in 
loug"grain rices, there was improvement in cooking quality appearance 
scores. 'rhe opposite trend may be true for short-gl'llin rices, but 
mOre research is needed to determine to what extent. 

Surfilce lipids also l1ppeared to affect cooking quality cohesiveness. 
For long-gnLin rices, stickiness during cooking seemed to decrease as 
:mrface lipid content decreased. Howevel', the opposite may be true 
fo1' sho)·t-gl'l1in l·ices. Knowledge on these phenomena is vital to a 
better understtLnding of cooking characteristics; more research is 
necessary on these points. 

Long-gr(Lin.-Snmples from I \'ory Coast, Indonesia, and Peru had 
"cry high sW'fllce lipid values. On the other hand, samples from 
South Africa, France, West Germllny, Greece, and Portugill had the 
lowest. One l:lample from India had the lowest value of [I,ny sample 
studied. Such low values would indiCl1te a higher degree of milling 
than llVertlge, and were lowel' than U.S. long-gnLin (which averaged 
1I.bout. the sttme as "llil samples" fO!' long-gl'llin). 

1\1ediwn-gl'ain.-High lipid content was found nmong samples from 
Ceylon, Inditl, Indonesia, Peru, and the Philippines. Those with 
unusU!lliy low lipid content were from Burma, Colombia, West 
GernllLny, flud Greece. 

Short-fJrain.-U.S. rices had less limn the "all samples" lwerage for 
this etass; siLmples from South Africa, Egypt, Argentina, Brazil, 
Fmnee, vrest Germany, Greece, Indonesia, and Portugfll had mucb 
lower lipid content than did "all samples" averages. Itl1ly and 
J!lP!lIl, lweruging 0.51 lwd 0.52 percent, Tespectively, hn.d the highest 
amounts o[ sUTfnce lipids. 

Parboiled ~[illed Rice 

Samples from East Pakistan, BW'mll, and Thailand had high 
lU110unts of surface lipids. The long- n,nd medium-grl1,in parboiled 
milled samples averaged somewhat higher than the milled Tices for 
surface lipids. 

For thf' samples studied in this project, parboiled milled rices hn,d 
slightly higher amounts of sW'[ace lipids than did the milled samples, 
principilily because the begin.ning range was two to three times higher 
than that for milled slLmples . 
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'L'ABLE 13.-SuRFACE LIPIDS: Number oj samples, mean, and 7'ange oj 'Values JOI' each country and jor "all samples" @ 
&.;Milled riee 

~ 
Country I.ong-grain Medium-grain Short-grain .... .,..,. 

..... 
______________\ Number I Mean I Range INumber I Mean Range INumberl~:lean I Range 

c:l 
tnPercent Percent Percent Percent Percent Percent 

"All samples"_____ ---__________ 156 0.349 0.092-0.827 147 0.392 0.067-0.842 i29 0.404 0.050-0.791 I:;:j 
U.S.A_________________________ 6 .346 .283- .427 5 .366.316- .395 2.350.333- .368 
Africa, South__________________ 2 .278 .215- .340 1 .470 ____________ 2 .265 .210- .320
Argentina_____________________________________ ~ 

4 .345 .330- .390 4 .272 .240- .350Australia________________________________________ _ ________ ________ ____________ 1 .340 ___________ _ 
~ BraziL________________________ 7 .349.271- .443 5 .330.201- .495 3.227.201- .260 

Burma________________________ 8 .417.331- .503 35 .277.067- .566 ________________ ----------- >Ceylon_________________________________________ .:_ Cl7 .547.160- .842 3.436.184- .791Chile_____________________________________________ _ ::>:l.... 
Colombia______________________ 4 .333 .167- .647 1 263
Ecuadof_______________________ 2 .320.268- .372 4 .340 I . 305- . 395 Egypt________________________ _ ~ 5 .240 .090- .620EI Salvador ___________________ , ________ , ________ . ___________ _
France_______________________ _ 

4 .240 .180- .300 _____ ---_---. ---- --2-1- --:265-1- -:260~-:270 ~ 
Germany, West _______________ _ 5 .286 .190- .400 4 .258 .150- .320Ghanu_______________________ _ ______ ~_L _~~:~___~~~~_~:~~ 



Greecc~_~_~_~-_~ __ ~___________ 6 .228 .180- .290 2 .155 .090- .220 81 .181 J .090- .240 
Gutltcmala_____________________ 2 .344.319- .370 -------- -------- ------------ -------- -------- ---..,--.-----
India_________________________ 19 .313.114- .607 20 .518.125- .836 8.345 .235-.543 
Indonesia_____________________ 18 .597.336- .827 8.502.290- .730 4.192.050- .430 I:)
Iran ____________ .,_____________ 9 .319 .269-.356 5.319 ..258-.390 1.400 ------------
Italy_________________________ 6 .400 .370- .430 ____________________________ 3 .513 .490- .550 
Ivory Coast____________________ 1 .674 ____________________ -------- ------------ 1 .480 ---------,,--
Japan________________________ 6 .360 .350- .370 18 .417 .280- .570 60 .521 .300- .670 ~ Korea_________________ . __________________________________ ---- ____ -------- ------------ 10 .345 .200-.490 

It.ll\lexico ________________ ,,_______ 8 .339.258- .429 -------- -------- ------------ -------- -------- -----------  <
Nigerin__ .. _____________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ------------
Pakistan, East_________________ -------- -------- ------------ -------- -------- ------------ -------- -------- -----------  8
Pnkistan, WesL_______________ 11 .398 .253- .489 1 .418 ---------- -------- ------"- ------------
Peru__________________________ 6 .665.560- .820 4.498 .420- .580 1--------1--------1------------ ~ .405- .613 ____________ ____ I___________~ _Philippines ____________________ ~ ________________.... ___ ----- 11 .484 

PortugaL____ -________________ 1 .180 ----,,------- 3 .307 .190-.440 1.270 1------------ ~ 

SV _________________________ ________ ________ ____________ ________ ________ ____________ 5 .296 .200-.510


aill
Thailtmd__ ____ __ __ _ _ ___ _ _ _ __ __ 24 . 301 . 092- . 628 6. 3!14 . 140- . 651 - --- - - - - - - -- -- -- - - ------- --- ~ 
Turkey________ _____________ 1 .330 ____________ 3 .447 .360- .500 3 .443 .330- .540 

~ 
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'J'A13LE 13.-SURFACE LIPIDS: N1lrnber of samples, mean, and t'ange of valuesfor each country andfor Itallsumples"·-Oon. t:d 

Parboiled milled rice E 
~ 

Country Long-grain Medium-grain .... 
c:.> 
c:.> 

Number Mean HtHlge Number Mean Rllnge 
.... 

~ 
fJlPercent Percent Percent Percent 

"All samples" ---------__________________ 38 0.450 0.220-0.768 26 0.448 O. 16()-O. 828
U.S.A__________________________________ 1 .1()7 ___________________ • ___________________ ., __ "' __________ _ '=' 

~ 
Australia _______________________________________________________________ , ______________ , _____________________________ _ 
BraziL ____________________________________________________________________________________________________ , _______ _ 
!~~~l~ti~~~~~l~~==== ======= ===== ========= ==== ===== ==== ====== === ===== ===== ======= ==== ====== === ==== == === === ========= == == 

~ 
Burma_________________________________ 3 .389 3.72 -4.12 8 I .551 . 17()- .828 

;aColombia ______________________________________________________________________ _g~1i~o~~== == == ====== ======= == == ========= ====== == === ========= ====== ======= ====== == === ===== o 

g; 
Ecuador_________________________________________ _ 

~f~~r~ado~==== =================== === === ======= ==] ==== ========'- --- -- ----- -----, --- -- -- ---
1-'3 

France__________________________________________ _ ~ 
t;.j-,----- -- -----,- ----- -- ---- - --2 . 285 . 230- . 340 

--1- _________1____________ 1 _______________ _g~::~~~l::_~~~~~-::======= ==: -- ---- __ == === == ==== === :1:====== ==== ='

8 



- -- - - - -- -- ------- -- - ------ --

Greece_________________________________ ---------- ------------ ---------------- ---------- ------------ ---------------
GUflt()mfllfl______ - - - - - - - - -- --- - - - - - - -.- -- -- - -- - - - - - - - -- - - -- ---- -- - - -- -- - - --- --- - -.- - - ---- -- - -- - ----- - - -- - - - - --- --- ---
Iodin__________________________ _________ 6 .319 .240- .442 7 .278 .208- .449 

£)Illdouesifl______ -- - - - - - - ----- --- --- ------ - - - - -- -- -- - - - - -- --- --- --- -- ---- --- - --- --- - ----- - - - --- -- ----- ----- - - ------- --
In\II _____ - - -- -- -- - - - - -- - - -- - - - --.-- --- - - - -- - --. -- - ------ - -- --- ---- --- - --- -- - - - ---- --- - -- -- --------- - ---- -- - ---- -- -- ~ 
Itnly_____________ - - --- --- -- - - ---- - -- --- •• - - -- .-- - - - --- -. ----- - --- - -- --- ------ - -- .-- -- - - --- -- - .-- --- ---- ------- ----
l\'ory CoasL. ___________________________ ---------- ------------ ---------------- ---------- ------------ --------------- §Japall _________ - - 0- _ -- -- -- - ---- -- - - -- - -- - -- - ------- - ---- - -------- --- -- - ----- ----- - - ---- -

Korea_________ - - ---- - - --- - --- --- - - -- - - - - -- -- ---- - -- - -- - - -- -- - - - -- - ---- - - ----- - ----- - - -- -- --- - - ---- - --- ------------
i'.lexico__________ -- --- - ----- ----- ------ - - -- - --.- - - ----- - --.-- - -------- --- --- -- ---- -- -- - - -- -- --- -- --- -- -- - - - --- ------ ~ 
Nigeriu_________ ------ - - --- -- -------- - -- -- - -- --- - - -- - - - -- ----- -------:--- - ---- - ---- -- --- - -- ----- -- --- -- - -- - - - - - -- - -- ~ Pakistan, ElIsL_________________________ 6 .688 .633-.768 6 .525 .297- .755 o 
Pakistan; \Vest__________________________ ---------- ------------ ---------------- ---------- ------------ ---------------- > 

~~t~f~!l~~s:~~========
Spain __ _ 
Thailand _____ - - __ _
Turkey__________ _ 

~ 

=========== ======== === ======= =========== ================= ==========1============ ================ - - --- - - -1- - - -i4T ---- -:425-,- ----: 220:-:628-'---- --- -aT ----- -.-527-'---- --.-500:-.-544 
__ 1_____ -----1--- - - ___ - - -1- - _______ - - - - -1-- ___ -' -_-1 __ -- --- --1- -- -- ---- - -
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Total Lipids 

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

Although there was a wide range of variation in individual deter
minations in each category-l~~f' medium-, and short-grain t.ypes 
of both milled and parboiled . ed rices-the mean values for "all 
samples" were almost 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 may be due to t.he lipids becoming oxidized (rancid), 
or undergoiugdecomposition, or reacting with other constituents. 

Long-yrain.-Rices from Indonesia, Italy, and Peru were particu
larly high in total lipids; U.S. samples were below the "all samples" 
average i and samples obtained in Ecuador and Portugal were lowest, 
averaging about half the "all samples" value. 

),1edium-yrain.-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. The samples 
Jrom India had, by Jar, the widest range of all countries. 

Short-!lrain.-Samples f!"Om Egypt were the lowest and highest in 
total lipids of the short-grain rices considered. 

Parboiled Milled Rices 

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

.Protein (Nitrogen) 

Protein content of milled rices may be influenced by the types and 
amounts of fertilizers applied, by climatic and environmental factors, 
by degree of maturity, by varietal characteristics, and by the degree 
of milling (33, ;"3). Little information was available on the foreign 
samples used in the present study concerning these background cul
tural factors. Therefore, the interpretation of the analytical data on 
protein content, summarized in table 15, may not be as meaningful 
as desired. 

The quantity and kind of proteins are important factors in the 
nutritional v!Llue of rice. 'fotal 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 commerce, as guidelines toward production and 
marketing of more desirable rices. 

Ranges of protein coutent 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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AveI'llO'e and maximum and minimum protein values exhibited a 
~enerI5 downwH,rd trend from the long- to the short-grain rices, but . had considemble :mnge within each grain type. These differences in 
pl'otein eon tent between grain types may have been affectedbv one 
or more of the factol's mentioned above. Type for type, the par
boiled samples had lower average protein values than the rnw milled 
:mmples. 

Milled Rice 

For the longer types of rices, there wns some indication that protein 
('ooteot is inversely related to surface lipids (table 27). Also, these 
studies further eonfirmed other workers' findings that protein content 
increased as grain length increased, partj,cularly in the long-grain 
types (32). 

As protein content inerensed, water uptitke at both 77° O. and 82° O. 
decreased, IllthQugh this behlwior wns not consistent in all grain 
len~tbs. These findings are consistent with other resellrch (28) in 
wlu('b protein distribution within rice kernels wns demonstrated 
histochemically for several domestic varieties. 

Good eyidelwe was obtained that the higher the protein content 
lhe less will be the cohesi \'eness after cooking. This is in keeping 
with the fltd tlUlt the short-grllin rices, usually more sticky when 
cooked LImn mediurn- and long-grain Tices, Itvera~ It lower per
("enLage of protein than do the longer grain types. l:tesearch should 
be undertaken to determine which kinds of protein or protein com
bilHLtions exert the grelt.test effect on the "stickiness" properties. 

Long-grain.--SILmples from three countries-Oolombia, Iran, and 
Haly-had vel'y high average protein vnlues (above 9 percent). 
Iran samples hlld lhe highest Ilvemge ntlue and the smallest muge 
d vldues. U.S. samples avemged lessthall dULt for the whole group. 
Sillilples from Indunesia not only averaged the le'"st, but one of the 
l:mm pies was lhe lowest of allY long-gmin rices tested. 

,J1edium-grain.-SILlllples from Argelltintl, Bmzil, Ecuador, and 
Peru had Iwemgf' protein content exceeding 8:5 percent. With the 
exception of the single Stllllple from COIOIllbiil, the U.S. medium-grain 
ricos fwemged lowest of all the countries. Indin, sltmples had by far 
the gt"catesl l'llnge of vlLlues; one of these slunples COlltaiued the 
highest amount of protein (10.18 percent) of any slLmple-milled or 
parboilod-··tul!tlyzed in this study. 

SIIOI"l-gmin.-U.S. slLmples Ilvemged lowest of those from !Lny 
eountry; hlln slunples ag!Lin had n very high value, exceeded only by 
t.hose from Ceylon Iwd Spain. 

'·arooiled Milled Rice 

Pltrboilcd riees, type for type, avemged slightly less protein con
tent, but hlLd tlll10re mUTOW mnge of values, than the rllw milled 
slun pIes. For loug-gmill parboiled rices, the lowest and highest 
protein percentages' were .found in the Thailand samples. The 
highest Thaihmd Sllm pie barely exceeded samples from the United 
Sln.tes, Nigeria, and India. 
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1'ADLE l4.-TOTAL LIPIDS: Number of satnpus, mean, and range oj mlues for ead country and for "aU samples" t:I. , ct 
~ 

MiUcd rice L".I 
8 
Z 

Country Long-grain l\(edium-grain Shortrgrain ... 
0> 
0> 

Number I Mean Rangc Number I Mean Range Number I Mean Rangc 
c! 
~-Percent Percent Percent Percent Percent Percent 

"All stlmples"__________________ 89 0.66 0.19-1. 82 102 0.64 0.16-2.73 50 O. 66 0.30-1.52 t:;j
U.S.A__________________________ 6 .51 .35- .71 5 .52 .45- .57 2 .55 .53- .57 t'.1 
Africa, South___________________ ________ ________ ____________ 1 .96 ___________ _ 2 .65 .55- .74
Argentina_____________________ ________ ________ ____________ 1 .88 ____________ ~ 1 .66 

1 .66 o 
>.g~~:~rl~l~~:_-_~~================== ------5- ----:53- ---:4~-:67- ------3- ----:39-'---:32:.-:44- 3 .40 .37- .43 

Burma________________________ 8 .67 .50- .80 35 .49 .16-1. 00Ceylon____________________________________________________________________ _ ~ 
Chile______________________________________________________________________.__ l:tl 

Colombia______________________ 4 .60 .36-1. 08 1 .37 8 
Ecuador________________________ 1 .39 ____________ 3 .50 .42- .54Egypt____________________________ .. _______________________________________ _ ~ 5 .61 .30-1. 52EI Salvador_______________________________________________________ _ q 

l:tlFrancc________________________ 2 .46 .46- .47 1 t'.1 
Germany, West________________ 5 .49 .37- .59 4 .45 .32- .59 3 :g~ '----:36::-.-38 
Gharia _________ . ____________________ _ 

http:0.30-1.52
http:0.16-2.73


:r .,A- --...- -

Grcccc_________________________ 1 .52 ____________ 1 .53 ------------ -------- -------- ----------- 
Gul\tl'I\)ah~____________________ • _______ ----0--- ------------ -------- -------- ------------ -------- -------- ----------.-
India_________________________ 15 .52 .26- . n\) IS . \)2 .27-2.73 7 .66 .38- ,98 
hldoncsin_______________ .. ______ 11 1. 29 .55-1. 82 5 .76 .52-1. 02 1 .20 ------------
Irlul__________________________ 3 .65 .56- .73 2 .70 .47- .94 -------- -------- ------------
Italy__________________________ 2 .!J3 .91- .95 ________ ________ ____________ 1 1. 21 ------------
Ivory COllsL_______________________________________________ - _______ -------- ------------ 1 .87 -----------  ;JUpllll ______________________ -___ 2 .54 .50- .57 5 .67 .45- .88 12 .81 .50-1. 07 
I{orca _________________________ - __ - _________________________ - _______ .------- ------------ 4 .77 .65- .87 

I 
t".ll\lcxico________________________ 8 .46 .34- .58 -------- --.--.-- ------------ -------- __ow. --- ------------

Nigeria_________________________________ - ------ ------------ -------- -------- ------------ -------- -------- ------------
Pakistan, East _________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ------------
Pakistan, 'Vest-________________ 4 .72 .48- .88 -------- -------- ------------ -------- -------- ------------
Peru___________________________ 2 1.06 .91-1. 21 ---- ________________________ -------- -----.-- ------------
Philippines _________ - _____________._____ ________ ____________ \l .71 .69-1. 09 -------- -------- ------------
PortugaL_,,___________________ 1 .36 ____________ 3 .56 .38- .83 1 .55 ----------- 
~t\ill------------------------- _____________ ,. ______________________________ ------------- 2 .48 .42- .53 

hail!md _________________ -_____ 8 .59 .19-1. 32 3 .84 .53-1. 40 -------- -------- ------------ ~ 
Turkey___ ---___________________ t .55 __ ._________ 3 .76 .60- .84 3 .76 .57- .94 
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TABLE 14.-'l'O'l'AL .LIPIDS: Number of samples} mean, and mnge of values for each country and for "all samples"-Con l:J:! 
g 
t"

Parboiled milled rice 	 t."l 
103 
~ 

Country 	 Long-grain Medium-grain ... 
~ 
~ ...

Number Mean Range Number Mean Range 
Cj 

~Percent Percent 	 Percent Percent
All "sumples"___________________________ 15 0.60 0.41-0.90 20 0.64 0.28-1.29 
U.S.A__________________________________ 1 0.27 _____________________________________________________ _ '=' t."lAfrica, South__________________________________________ .. ____________________________________ • _____________________-__ _ 

~ 
BraziL _____________________________________________ ~ ___________________________________, ______________________ ___ w_ >sj 

o 
~~~~t~!mt:~~======= === === === === == == ==== ===== =:=== = ===== ==== ==== === ==== ====== ==== ======= ====== ====== == == ==== == ====== Burma_______ ~_________________________ 3 .53 .50- .56 8 .76 .29-1. 29 

~ 
~ 

Colombia __________________________________________________________________________________________________________ _ ....gh11~~==== ======= ===== ==== ======== === == ===== == ======= ======= ==== ==== === ==== == ========== ============ ====== == ===== === Ecuador__________________________________ w ________________________________________________________________________ _ 


Egypt____________________________________ ~ ________________________________________________________ __________ ~ ____ e
~ _ 
EI Salvador__________________________________ ~ ___________________________________________ _____________________ w ___w 	 _ 

France__________________________________________________________________________ w __________________________ ~ ______ _ 
jil 

Germany, West. ___ _ _ _ ______ _ _______ ____ _ _ __ __ _ _ _ _ __ ___ __ _ _ _ __ __ __ __ _ _ __ ____ _ _ 2 .42 . 33- . 51 t."l 

Ghana_________________________________ 1 1.14 __ ~ ________ w _________________________________________ _ 

http:0.28-1.29
http:0.41-0.90


Grceee____________ - ------ ---- --- ----- -- -- ------ - - -- - --- - --- - - -- ----- -- - - --- -- - ---- ----- -- - - - --- ---- -- --- ----- -- ----

GulltcmuhL______ - - ----- -- --- - - ---- ----- _--- ---- - - -- --- ----- -- ---- ----- - ---- -- -- ----- -- - --- - - - -- - - - - - - --- ---- - ------

IllditL__________________________________ 3 .51 .41- .68 6 .48 .28- .76 

~g;~~~mmmm~mmmmm~mmm ~~mmm~mmmm~m~mmmmmmm m~~mm~m~ I 

~i~~~~~================================= ========== ============ ================ ========== ============ ================ ~ Pak!stall, EnsL_________________________ 2 .86 .82=.90 2 .73 .43-1.03.~ 

Paktstan, WesL_________________________ 2 .83 .78 .88 ---------- ------------ ---------------- ~ 


Splli.IL _________________________ -'- _________________ ------------ ---------------- ---------- ------------ ---------.------- 0~~!~~~!~~s~~============================ ========== ============ ================ ========== ============ ================ ~ 
Thmlnnd_______________________________ 5 .57 .42- .86 2 .74 .70- .79 "'.! 
Turkey___________________________________________________ -- - - - -- - - -- -- --- - - -- - - -- - - -- - - - -- -- - - - ---- -- ----- -- ------- ·-1 
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TABLE 15.-PnOTETN: Numbe1' oj samples, mean, and range oj values jor each countty and jor I'allsamples" td 

Milled rice ~ 
15z 

Country Long-grain Medium-grain Short-gbUn ... 
C<I 
c.: 

Number Mean Rallge N uJrtber Mean Range Number Mean Range 
... 
C:I 
[IIPel'cent Percent Percent Percent Percent Percent 

"All samples" -_________________ 156 8.32 6.40-9.99 147 7.78 6.20-10.18 129 7.31 5.63-9.40
U.S.A_________________________ 6 8.17 7.02-9.34 5 6. HS 6.21- 7. H42 5. H05. 63-6. 17 ~ 
Africa, South__________________ 2 8.67 8.38-8.1)6 1 7.62 ____________ 2 7.08 6.84-7.32 
Argentiliil._____________________ ________ ________ ____________ 4 8.69 8-57- 8.81 4 7.66 7.56-7.73 ~ 
Australia_ -- - - --- - -- --___ - _ _ _ _ _ __ _ _ _ _ _ _ _ __ _____ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ ___ ___ ___ _ _ __ _____ ____ _ 1 6. 31 ___________ _ 
BraziL_______________________ 7 8.96 7. 7H-9. 85 I> 8.73 7.02- H.94 3 7.88 7.62-8.33 ~ 
Burlna________________________ S 8.01 7.06-8.60 35 7.70 6.20- 8.62 ___________________________ _ >Ceyloll _____________________________________________ ~______ 7 8.3U 7.08- 9. OS 3 S.57 7.39-9.4.0 oChile____________________________________________________________________________________________________________ _ 
Colombia______________________ 4 9.40 8.36-9.94 1 6.07 _______________________________________ _ 

~ 

Ecuador_______________________ 2 8.09 7.40-8.78 4. 8.54 7.5H- 0.45 ___________________________ _ ~ ~f~~r~l~dor~~======== ======= == = = === ==== === ===== = === == ===== === ===== = = ==== ======== ==== === ______ ~____ ~~~~____ ~._ ~~~~._:~ ~ Frahce_ - -- - - - _ _ __ ___ __ __ ___ ___ 4 8. III 7. 73-H. 34 ___________ " _ _ _ _ _ _ _ __ _ _ __ _ _ _ 2 6. 9H 6. 78-7. 20 tr:I 
Gcrrhany, WesL_______________ 5 8.75 8. 33-H. 52 4 7.56 7.32- 7.7H 3 7.34 6.72-8. 33Ghana _____________________________________ -- ____________________________________________________________________ _ 

http:7.32-7.7H
http:7.5H-0.45
http:7.40-8.78
http:8.36-9.94
http:6.20-8.62
http:7.06-8.60
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http:7.56-7.73
http:8-57-8.81
http:6.84-7.32
http:7.02-9.34
http:5.63-9.40
http:6.20-10.18
http:6.40-9.99


"/)..<.,~~'" ... . ~ 	 T .. 

Grl'l'cl'. _______ ._.------------- 6 I 8.20 8 . .15-S. 51 2 7.14 I 6.06- i.32 8 6.05 6.37-7.91 
Guatemala-------------------- 2 7.78 7.55-8.00 --.----- ------.- --.--------- -.------ ---, --- ------------
India_________________________ 10 i.95 6.84-0.40 2(l 7.56 6.60-10.18 8 7 -t'l 5.80-0.08 

;;: 	 Indonesia_____________________ 18 7.65 6. 40-!l. 27 8 8.00 7.56- 8.65 4 7. ~8 6.90-7.68 §'r 	 £1'1111__________________________ 0 9.82 0.76-0.09 5 8.19 7.79- 8.37 1 8.15 ----------- 
~ 	Haiy__________________________ 0 U.20 8. U8-U. 58 ___________ ----- ------------ 3 7.28 7.26-7.32 
'" Ivory Coast _________ .__________ 1 7. \)!J • ___________________ • _______ ---- ..• ----- 1 7.08 ------------ S 
f Japall_________________________ 0 7.72 7.38-8.03 ]8 7.43 0.70- 8.03 60 7.32 6.19-8.98 ~ 

){orl'u. ________________________ -------- --- •. --- ------------ -------- -------- ------------ 10 7.09 6.13-7.68 
l'Ilexico________________________ 8 8.95 8.07-9.48 ---.---- -------- ------------ -------- -------- ---.-------  ~i ~~~?;i:I~;j~ast================= ======== ======== ============ ======== ======== ============ ======== ======== ============ 

8 
C7J 	 Pakistan, WesL________________ 11 7.70 6.97-8.:34 1 7.11 ------------ -------- -----.-- ------------

Peru__________________________ 0 8.12 7.56-8. 61l 4. 8. i6 7.44.- 0.58 -------- -------- ------------ ~ 
Philippines. _______________________ ----- ________ ------------ 11 7.68 7.11- 8.45 -------- ------.- -----------  ~ PortugaL_____________________ 1 8.45 ____________ a 7.54 7.32- 7. OS 1 6.:U ----.-------
Spain _______________________________ .,- ____:- ____ .----------- -------- -------- ------------ 5 8.27 7. 7!J-9. 10 ;j
Thailand ___________ ----------- 24 S.24 7. 29-U. 55 6 7.88 7.10- 8.40 -------- -------- ------------
Turkey_______________________ 1 8.09 ____________ 3 7.64 7.26-7.97 3 7.58 7.20-8.15 

_~_...--!---__....., _ ...._ .............__ 2 ... .,._.__..........-~_~_____~__1.__.___ -.-..!....-----'-------'----  ~ -------.----~-..-. 	 Conill)ucd .... 
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'l'AllLE 15.-PnoTEIN: Number oj Saml)les, mean, and range oj values jor each country and j01' "all samples"-Con. b3 

~ 
r,jPnrboiled milled rice 

~ 
Country Long-grnin Medium-grnin .... 

c.> 
c.> ..... 

Numbcr Meilll Runge Numbcr Mean Range 
c:j 

Percent Percent Percent I Percent fJl 
"All snmplcs" ___________________________ 38 7.73 6.53-8.86 26 7.56 6.36-10.09 t:::IU.S.A__________________________________ 1 8.61 ______________' ___________________________________ ~ ___ _ 
Africa, South_______________________________________________________________________________________________________ _ 
Argcntilla __________________________________________________________________________________________________________ _ ~ 
Australia __________________________________________________________________________________________________________ _ 
BraziL ____________________________________________________________________________________________________________ - ~ 
Burma_ ______________________________ __ 3 7.17 7.16-7.19 8 7.46 7.15- 7.58 
Ceylon ____________________________________________________________________________________________________________ _ 
Chile ____________________________________________________________________________________________________________ - .. - ~ 
colombia__________________________________________________________________________________________________________ _ 
Ecuador___________________________________________________ .:. ___________________________________________ _ ~. 
~f~~~~;d~~=== ===== ======= ==== === === == == = == == ===== ===== == ===== === == ======== ========== === ==== == ====== === ==== ===== ==== ~France ____________________________________________________________________________________________________________ _ 
Germany, WcsL _ _ _ __ _ _ _ _ _ _ _ _ _ _ __ __ _ ___ _ _ __ ___ _ _ _ _ __ ____ ___ _ _ _ __ ___ ___ _ _ ____ _ _ 2 7. 32 7. 26-7. 38 
Ghanl\c_________________________________ l' 7.44 _____________________________________________________ _ 

http:7.15-7.58
http:7.16-7.19
http:6.36-10.09
http:6.53-8.86
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Greece __ -- - * ---.- --- -- --- - -- --- - - - ----- - --- -- - --- - - -- - - - - ---- --- -- -- -- - - - ---- -- - --- ---- -- - ---- --- - - ---- -- -- --.- -.--

Guatemala ___ - ______ -- ----- - - --- - - --- -- - -- ---- --- - - ------ -- -- - -- - -- - ---- - ----- -- - -- - - - - - - ---- - ------ -- ----- - -- ----.-
India___________________________________ 6 7.90 7.12-8.72 7 7.15 6.64- 7.61 

/:)
Ilfdollcsia____ - - - -- - - ---.---- -- - - --- - - --- --- - --- - - - --- - -- - ----- --- - ----- - - -- --- ---------- - -- - - - - - -- - - --- ------ --- ----
Iran _______ - - -- - .-- - ---- - - -- --- --- -- ---- - - - -- -- - -- - --- - - ---- - - - -- --- - -- --- -- -- ----- - --- - - - - -- - - - --- - -------- - -- - - ---
Italy___________________________________ - --------- ------------ ---------------- ---------- ------------ ---------------- ~ 
Ivory CoasL____________________________ ---------- ------------ ---------------- ---------- ------------ --------------- ~ Japall __ -.- - - - ---- --- --.- - ---- - --- -- -- - - -- - -- ---- - - - -- --- - - -- - ---- -- -- - -'---- - - - -- -- ---- - -- -- -- - - - - -- - -- -- - -- - - -- -- -

[oj}(orca____ -_ - -- --- -- - - -- ----- - --.- - -- --- - --- -- - - -- - - - - -- --- - - - - - -- - - - - - -- - - - -- - - - - --- - -- - - -- -- - - - -- - -- - --- - ----- ---
l\Icxico_ -- ------ - --- - --- ----- - --- - - - - -- - ------ - - -- - - - -- --- --- - - - ---- - - ---- - - -- -- ---- - - - - - -- - -- - - ---- - ------ --- .-- -- ~ ~!~~~t~~I:-E;;t::~ === ======== ====== ====== ~ ~: ~A ------6:69=8:45- ------ --6- --- -- --8.-20- -- ----6: 36=10:09 
Pakistan, West__________________________ 6 7.45 7.28-7.61 ---------- ------------ ---------------- ~ Peru ___ -- - - - - -- --- - ------ - -- - -- - - - - - - - - --- -- -- --- - -- - -- - --- - - ---- --- - - - - - - - -- - - - - --- - - - ---- - - - --- - - - ---- -- - -- --- ---
Philippines _____ - - - - -- - -. -- -- - -- - - - -- ---- - - --- - -- -- - -- -- - -- -- - - -- - - -- - --- - - - --- -- -- - - -- -- - - ---- - - - - - - --- - -- - - --- - - - -- ~ 

5j~~~~~~~l:== ======== === === === === == == ===== ==== ===== ===== ===== == ====== ===== ====== === === ==== ==== ==== ==== ===== === ======== Thailahd_______________________________ 14. 7.83 6.53-8.86 3 6.99 6.55- 7.92 I:l:l
Turkey_____ -- --- - - - -- - - - --- - -- - - - --- - - - ---- ---- - - -- - ---- - - - - - --- - ---- - -- ----- --- - - - - - -- - - --- - - - -- - - --- - -- ------ -- -
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:Moisture 

The moisture content of rice is an important factor in determining 
its keeping qUl11ities. During storage, high-moisture samples change 
q Ull.tity cLuLnlCteristics laster than those "rith lower moisture content. 
NIoisture content is a transitory iactOl', n,ffected bY.llllLtmity, dryingj 
and stornge environment. Oommonly accepted moisture contents 
for safe stomge Itre 13 percent for less than 6 monlilrs' stomge, and 
12 percent Jor long-time stoJ"age (10). 

In the United States, rice witu lll0l'e than 15 percent LIloistlu'e is 
clussed itS sltmple grl1,de. Among the foreign rices exarniued, the 
moisture content ruuged from 11bout 9.5 percent to 16 percent (tiLble 
16). Some sllmples recei\"ed from Brnzil, BUl'lllil, Greece, Indonesia, 
Japan, Korea, ILnd Thailand c:ontl1ineciin excess of 15 percent moistlU·e. 
The l'itnges of Illoisture pel'cen titges Jound within the. diffel'ent kernel 
type categories were not widely different ill these foreign rices. 
High-and low-01oisLlU'e values were fairly well ru,ndomized tlu'oughOllt 
the mrious colllltl'ies, irTespective of widely mnging climatic condi
tions, haudlingmethods, aud othel' f!tctors . 

.Milled rices had a somewhat widermnge in moisture vnlues thl1Il 
did the pn,rboiled milled sl1m pIes. 

Milled Rice 

A ,"erILge ll1oistlU'e "nlues fOl' the three gl"llin lengths did not show 
n.ny wide difl'et'ene6, n,nd no consistent trend wns found among the 
tlU'!~e typm;. 

Indin. sllmples had the lowest pet'centl1ge moistlll'e in each of tltree 
grain types-Iong-, mediml1-, n.nd short-grain rices. Furthermore, 
the sample with the lowest moistlll'e in eu,ch cn,tegol'Y wn.s from India. 

Long-grain,-Indonesia had the highest moisture sample l1,nd the 
highest a vel'itge for ,my cotmtry in this group, The Thllill1.nd sl1,mples 
were next highestin lnoisture content. U.S.long-gmin rices avemged 
<'omewh,tlt below the gl'OUp u,vern,ge. 

i\:£edi'll,m-grain.-'1'he Burml1 samples had the highest moisture 
content. U.S. rices in"eraged next to those from Indin. in being the 
lowest in moisture. 

Short-[Jrain.-Rices from Koren, Japan, and Greece ranked highest 
in moistul'e. Rices from India had the lowest vnlues, followed 
rather cJosely by rices from Egypt fmc! Spain. 

Parboiled Milled .Rice 

Hel'e again it Wl1S noted thnt the India slLmples were lowest in 
llvemge .moisture conten t u,nd had the lowest iudividtU11 sample 
moisture of any examined in this pl'oject. As noted previotIsly,the 
moisturemnge was less for pn,rboiled samples than for the raw milled 
ones. 

http:Thllill1.nd
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Crude Fiber 

Most of the crude 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 pel'centage of fiber in these samples ranged .from 0.18 to 1.28 
percent, the tweruge values of the different categories were not much 
different from each othel' (table 17). The sample with 1.28 percent 
c.rude 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, tllis study did not o;fford much basis for relating .fiber content 
with cooking und processing qualities. Research on pure varieties 
with known· histories, with controlled degrees of milling, would be 
the only sound approach to establishing such relationships. 

Milled Rice 

For the milled sfl1nples, trends for crude fiber content were con
sisteu tly down ward from long- to medium- to short-grains. 

Long-gr£Lin.-Samples from Indonesia n,nd West Pakistan had much 
higher percentages of crude fiber than others in this class, and evidently 
were ulldermilled. This WtlS consistent with the findings that these 
snmples also had high surfttce lipid content, indicat,ing less milling. 
On the other hnnd, sfl1l1ples from Germany, Japan, and Mexico 
averaged lowest in crude fiber, which was consistent with their having 
low amounts of surface lipids. U.S. samples were about average. 

i\1edilLrn-gmin.-High crude fiber values for India and Thailand 
tHe probably not due to undermilling. Those from India had the 
greatest variability of any country for all rice types. Samples from 
Japan had the lowest crude fiber content, which is consistent with its 
high milling practice. Medium-grain rices from the U.S., with least 
mnge of values, were somewhat below average in fiber, which is 
consistent with higher degree of milling than most foreign sfl1l1ples. 

Short-gra,in.-Samples from Egypt varied most; those from India 
had least vn,riation. 

Parboiled Milled Rice 

The range of crude fiber volues was smnller for the parboiled 
Iro milled rices than for the milled-rice samples . 
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TABLE lU.-l\1oIS'l'UHE: Nl1,mber oj samples, mean, and range oj values for each country and for "all samples" OJ 

d 

l\lillcd rice 	 ~ 
~ Country Long-grain 	 Medium-grain Short-grain .... ... ... 

NUinbcr wIcnn I Rungc Number MClln Range NUlnb~r Mcnn Range 	 .... 
q 

Percent Percent Percent Pucent Percent I Perceni rn 
"All SIlIl1PlCS"------------1 156 13.58 9. M-IG. 01 146 13.67 9.52-15.46 127 13.76 10.32-15,87
U,~.A------------------- 6 13.10 12.26-14.08 5 12.47 12.14-12.68 -------- ----------1------------ t:I 
ArllCII, South____________ - _____________ ~ __ ~ ____________________________________________________________1.. __________ _ 

Argclltilill ___________________________________________ .. __________________________________________________ , ~ Australill_________________________________________________________________________________________________________ _ 
oBrllziL_________________ 7 13.75 12.16-14.94 5 13.88 12.18-15.15 _____________________ .. _______ _ I2j

Burmll__________________ 8 13.96 1a.28-15.18 35 14.59 13.22-15.46 ___________________ ,, _________ _ 
Ceylon__________________ --______ ________ ______________ 6 13.88 13.48-14.74 _____________________________ _ ~ Chilc___________________________________________________________________ .,,_______________________________________ _ l:1l
ColombitL ________________________________________________________________ '. _______________________________________ _ SEcuador__________________________________________________________________ ~ __ ~ ____________________________________ _ 
Egypt____________________________________________________________________________________________________________ _ 
El Salvador______________ -------- ________ ______________ ________ ________ ______________ 5 12.51 11.70-13.50 ~ 
g~:~:~l~~~~~~~~~======== ~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~t======= ======== ============== ======== ========== ============ 

1i\i 

http:11.70-13.50
http:13.48-14.74
http:13.22-15.46
http:1a.28-15.18
http:12.18-15.15
http:12.16-14.94
http:12.14-12.68
http:12.26-14.08
http:9.52-15.46


Greece __________________ ] 6 13.02 11. 97-i3. 72 ________________ 1______________ 8 14. 11 12.05-15.87 
GuateIl\UhL. _____________ -------- -------- -------------- -------- -------- -------------- -------- ---------- ------------
India___________________ 19 11. 84 9.54-13.28 20 12.27 9.52-14.18 8 i2.05 10.32-13.59 
Indonesiu________________ 18 15.01 14.39-16.01 8 13.84 13.41-14.. 30 -- ..~---- ---------- ----------- §Iran____________________ 9 11. 87 11. 22-12. 54 -------- -------- -------------- -------- ---------- ------------
Italy____________________ 6 13.25 12.90-13.74 -------- -------- -------------- -------- ---------- ------------
Ivory Coast _____________ -------- -------- -------------- -------- -------- ------------.,-- -------- ---------- ------------ ~ Japan___________________ 6 13.20 12.80-13.69 18 13.97 12.96-14. 84 60 14. 22 12.84-15.74 '<!(orea _________________________________________________________ -------- --------- .. ---- 10 14.72 14.34-15.29 

l"J
l\Iexico__________________ 8 12.72 10.86-14.58 -------- -------- ---------._---- -------- ---------- ------------
Nigeria __________________ -------- -------- -------------- -------- -------- -------------- -------- ---------- ------------ ~ 
Pakistan, East___________ .------- -------- -------------- -------- -------- -------------~ -------- ---------- ------------ ~ 
Pakistan, West___________ 11 13.22 12.69-13.66 -------- ..------- -------------- -------- ---------- ----------- ~ Peru____________________ 6 13.94 13.52-14.37 -------- -------- -------------- -------- ---------- ------------ .... 
Philippines ___________________________________ - - - -- - -- - 11 13.42 12. 69-14. 30 --- - - -- - -- - - -- - -- - - - ---- - - - -- ~ PortugaL _______________ -------- -------- -------------- -------- -------- -------------- -------- ---------- ------------Spain __._______________________________________________________ -------- -------------- 5 12.88 12.10-13. 82 ;]
Thailand________________ 24 14.31 12.89-15.14 6 14.14 13.84-14. 66 -------- ---------- -----------

~Turkey __________________ -------- -------- -------------- -------- -------- -------------- -------- ---------- -----------
~ 
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'J'ABLg I G.-nJoIS'l'UHE: iVumber of samples, mean, and range of values .lOT each country a.nd for "allsamples"-Con. OJ 
q 

~ 
Parboilcd milled ricc trj 

8
ZCountry Long-grain Mcdium-gmin 
""0> 
Co> ....Number l\ICIll1 Hunge Number Mean Rangc 
q 

Percent Percent Percent Percent rn 
"All sumpIes" _ 38 13.32 10. 81-15. 20 26 13.41 10.51-15.06 bU,S:A_ -- 0- -- --- ___ -. _ _ • _______ ----- ___ 1______ -- __ 1___ •-- _-- -- _1_ ------ -- _______ 1_ --- ___ -- _1 ____________ 1_. ___ • _________ _ trj
AfrJCII, South _____ _ 

--- --- - .. -- ---1- - ... - ..' __ ___ 1____________ 1- --- ____________ 1____ ".. ... ____ 1___ ......... _ ... ____ 1______ ... ____ ......... _~
Argcntillll ____________ _ ~ ... ---- --1- _ ...... - _____ I .. --- __ ... _ ... ___ 1_'" _ ---_ -- _______ 1__________ 1_:.. ___ ,-,.. _____ 1________ .... ______ _Austmlia ____ _ 
- --- ...... -- -,.. -- _1 __ ........ _ -- ___ 1_ --- _______ -.1'-_ --- ___________ 1 __________ 1______ .,. _____ 1_ ... _____________ _


Bra1,iL_______ ___________________________________ • ___________________________________________________________ _ ~ 
Burma_________________________________ __________ ____________ ________________ 8 1"".60 1"".21-15.06 
Ceylon ___________________________________________________________________________________________________. _________ _ >-
Chile____________________________________________________________________________________________________________ • __ fJ 
Colombill_______________ ~____ • ______________________________ .. ______________________________________________________ _ .... 

c
Ecuador____________________________________________ .. ______________________________________________________________ _ 
Egypt_____________________________________________________________________________________________________________ _ 8 
EI Salvador. _______________________________________________________________________________________________________ _ ~ }i'rltllCC______________________________________________________ _ ~ 
GermallY, 'Vest________________________ . _________ _ --- -- -,- -- -----~-I-- - --- __ ----1------ _________ _ trj 

GhtUIlL_____ -- _--- - _____________________ 1____. __ . __ ,__ . ________ _ 

http:1"".21-15.06
http:10.51-15.06
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g~l~~l~~~al~l::: =: =: _: :==:::==::=~: ~ ==:::= =1=:: =:: ~::: :::::::::::: :=: ==: :::::::::==: ~::::::: ::::::::=::: ::::::::::::::::
1ndill __________ • ________________ .. ______ li 11. 72 10. S1. -13.44 7 12. OS 10.51-13.30 

bIndonesia. ______________________________ ---------- ------------ ---------------- ---------- ------------ --------------- q
11'nn________ --------------------------- ---------- ------------ ---------------- ---------- ------------ . --------------- > 
It!!.ly _______ - ___________________________ ---------- ------------ ---------------- --------.- ------------ ----------------
Ivory C'oast. ______________________ .---- ---.------ ------------ ---------------- ---------- ------------ ---------------- ~ 
Jnpllll ____________ • _______________________________ - ___________ ----- - ---------- ____ --- - -- --------- ------ ---- ------ >-:.w 

]Corca____ - - - -.- - - --- -- - - _. - - - - - - - - - - - - - - - - -- - - - - - --- --- ------ ----- - - --- - --- -- - - - -- - - - - - - --- ----- -- - ------ ---- ------ l'j 

~lexico _____ • ____ - - ____ - - - - - - - w __ - - --- - - - -- -- - --- - ---- - -- -- -- - --- ----- --- ---- - --. - - - - -- - ----- -- -- --- - -- - - ---------- ~ 
Nigeria______ -- --- - - -- - - - - - - - -- - - -- - - --- --- -- -- -- - -- - - -- - --- - - --- ------- - ----- - - - -- -- - - - --- - -- - ---- - --- -- -- ----- ---- t"I qPnkistan, East._________________________ 6 13.39 13.07-13.74 6 13.37 12.93-13.76 
Pakistan, West__________________________ 6 13.05 12.52-13. S1 ---------- ------------ ---------------- ~ 
Peru _____________ - - - - - ________________ - - -- --- - -- - ,-- ----- ---- - - - --- - -- _w -------- ---- ------

.... 
Philippines______ -- - -- ---- -- - --- --- --- --- -- - - --- --- -- --- --- --- - ---- - -- - - - --.-- - -- --- -- - -- -- - - - ------- ----- ------ --- -- ~ 

b~g~~~~~l~~= == == =:::::=::::::::=:::::::== ::::::::== ==:=:=::::== :===: === ==::::=: =:=::::::: ::::==::=::: =~ -- ------ ----- "'.l 
Thailand_______________________________ 14 14. OS 12.93-15.20 ---------- ------------ --------------- "'.l
Ttirkcy ______ -- - - --- -- - -- - - -- ------ ---- - --- - - - - --- - -- ---- - __ -- - ----- - - - -.- - - - ------- 0ow - -- --- - -- - - -- - - - - - - --- - ------ 
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'J'AULE 17.-CnUDE FrEEn: Nl1mber oj samples, mean, and range oj values jor each country and jor <tall samples" 
~ 
&jMilled rice 
"3 
51 

Country Long-gmin 	 Mcdiuln-grilin Short-gmin .... 
Co> 
Co> 

~Number I l\Ieiln Range NUinber Meun I Range Number Mean Range ""' 
c:1 
fPPercent Percent Percent Percent Percent Fercelii 

"All sllmples"__________________ 88 0.35 0.18-0.68 103 O. J2 0.22-1.28 49 0.29 0.10-0.68 
U.S.A_________________________ (j .332 .28- .40 5 .286 .2(j- .30 ___________________________ _ 	 ~ 

o 
BraziL_______________________ 4 .350 .24- .48 3.287.26- .32 ___________________________ _ ~ 

Burma________________________ 8 .316 .23- .48 35 .313 .22- .45 ___________________________ _ 

::a 
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g~;~~~l;ni!;~~~===:===:=====::== ------~- ---~~~~- ============ ==::============ =========::=1=======: ====:::= ===:====:==:India_________________________ 15 .307 .24- .41 18 .31)6 .25-1. 28 7.306 .28- .32 
Indonesiu______________________ 11 .482 .25- .68 5.326.24- • 52 -------- -------- ------------ £) 

Iran__________________________ 3 .407 .34- .46 -------- -------- ------------ -------- -------- ----------- ~ Italy__________________________ 2 .360 ------------ -------- -------- ------------ -------- -------- ------------
Ivory Coast___________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ------------

to< 
~ Japan_________________________ 2 .290 .24- .34 5.256.22- .33 12 .282 .22- .34 '<l{orea________________ ~ ______________ • _____________________________ -------- ------------ 3 .280 .23- .34 

l\{exico________________________ 8 .236 .18- .31 -------- -------- ------------ -------- -------- ------------
l1j 

Nigeria________________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ------------ ~ 

~~:~l~~:~:_~~~~~=============== ------r________ ---:~~r ---:-:~=-:-~r____________ ======== ========.290 ========.==== ======== -------- --------======== ------------

8 
....

Philippines____________________ ________ 9 .26- .32 ============ 
~ 

§~~t~~~~-:.-:.::=::=:::====:===:== :=:====: ===:=:== ===:=:=:=:=: :::=:=== ======== ============ ------2- ---:260- ----.-23~-.-29 ~ i~:~~I~~I_~:= :======= ===== == ===== ______ ~____ ~~~~____ ~:~~_~ ~~_______ ~____ ~ ~~~ ____ ._ ~~~_~ ~~_I==~ === =: == ==== ====== ==== == == ~ 
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~ TABLE 17.-0nUDE FIBEU: Number of samples, mean, and range of -values for each country and for "aU 

. samples"-Oontinued 

Parboiled milled rice 

Country Long-grain Medium-grain .... 
c.> 
c.> .... 

Number Mean Range Number Mean Range 
q 
inPercent Percent Percent Percent 

0.37 0.26-0.62 20 O. 35 O. 23-0. 50 .1;;"All samples"---------------------------1 t"117U.S.A ___________________________________________ _ 

Africa, South_____________________________________ _ ~ 


Argentina______ _ !"3 

Australia__ o 


!:ojBraziL ____ _ 
Burma_~ .28- .42
Ceylon_______ _ E; 
Chile______ _ l:a 

I 
....

Colombia_______________________________ ,_________ _ (';) 

Ecuador__
Egypt__________ _ 

gk:~;;~~~~;-=-~==============Ghana__________________ _ ===== ===I== ===== ==:~~~ -- -- ----

http:0.26-0.62


Greece __________ _ 

Guatemuhl_____________________________ _

Indiu__________________________________ _ 


3 .323 .30- .36 6 .303 .23- .34 
Indone~u______________________________ _ 
Irun_______________ _ I:) 


Ituly__________________________________ _ 

Ivory Coust_______________ _ ~ 

Japan ___________ _ ::3 
I(oren_ >< 
Mexico____________ _ l'.l 

W~~~!~~~1~-E;~t--____ -------- 2 .440 .42-.46 2 .470 .44- .50 ~ 
Pakistan, West______________ ~2 .590 .56- .62Peru______________________ _ ~ Philippines_____________________________ _ 

PortugaL_______ _ ~ 

Spain____ _ 

Thnilnnd _______ _ 
 5 .330 .26- .41 ~ 
Turkey_____ _ 

~ 
l:I:I 
1':1 

~ 
~ 
~. 

~ 
IJI 
13 o 
l:I:I 
5 
t!!I 
IJI 

i-< 
i-< 
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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 influenced i 
by cultural environment and less significantly by variety of the rice. 
In other words, variation in percentage of ash may reflect variation 
in inorganic constituents of the soil, fertilizer, and water in which the 
rice was grown. 

Of all the parts of the rice 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 0.61 percent ash. It may be assumed, 
therefore, that samples with high ash values are either not well
milled or are admi.'(ed \vith foreign matter of high mineral content. 

Ash percentages of all samples examined ranged from 0.26 to 1.95. 
The highest average value for ash (1.49 percent) was found in the 10ng
grain samples obtained from We,-t Germany (table 18). However, 
this finding was not meaningful because the Germany samples repre
sented rices from several countries. 

The 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 \vide range of samples examined, it was interesting 
to note that the ash average for the different categories was ap
proximately two times the average of crude fiber: 

Milled Parboiled 
Rice type A8h/fiber A8h/fiber

Long-grain____________________________________ _ 
2.00 2. 03

lYledium-grain_________________________________ _ 2. 04 2.23Short-grain ___________________________________ . 2. 09 

. 
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Mi!ledRice 

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 
ha ve a comparably higher degree of milling and perhaps more ef
ficient handling and processing that minimizes mineral contamination. 

Lony-qrain.--Greatest amounts of ash were found in samples from 
West Germany, Indonesia, and Peru. U.S. long-grain rices had the 
lowest percentage of ash. Other low-ash samples came from Iran, 
.~:Iexico, and Thailand. 

j\tledium-yrain.-Again, the U.S. samples averaged the lowest in 
ash content and had the least range of values. Others with low ash 
per'centilges were from Brazil, Burma, and Japan. The samples from 
India had by (ar the highest amount of ash. 

Short-yrain.-In this category, ash content was determined for 
only five countries. These country ,~verages (except Egypt's) were 
exceedingly close together, with a rang'e of only 0.05 percent. 

Parboiled Milled Rice 

A.sh 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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TABLE IS.-AsH: Number oj samples, mean, and range oj valu.es for each countr!/ and jol' "all samples/l IX! 

~ 
til1\1iIled rice 0-3 
~ 

Country LOlIg-grnin Ml'dium-grnin Short-grain .... 
to> 
to> .... 

Number I MClin Hunge Number I Mean Hange Number I Mel\n lllUlgc 
q 
in

Percent Percent Percent Percent Percent Percent 
\:j"All sumples"__________________ 88 0.6U 0.26-1. U5 104 0.64 0.34-1. 90 47 0.61 0.36-1. HIU.S.A_ .. _______________________ n .40 .36- .48 5 .46 .42- .49 __________________________ ._ til 

Africa, South ____ ,, _____________________________________________________________________________________ • __________ _ 
Argelltitia _________________________________________________________________________________________• ______________ _ ~ 
Australiu ______________________________________________________________________________________________________ ._._ 

~ BraziL_______________________ 4 .55 .3{}- .72 3 .52 .39- .63· ___________________________ _ 
Burma________________________ 8 .60 .54- .71 35 .51 .34- .72 ________________ -----------

~ .... 
C'l 

~ 
!=lf~~Jt~~~~:l--_:~~:l~~---~-~ -~-~-~l~ ~-~~~~~~ ~~~-~~;~~-~~ ~~~i-:~~ ~~~_:r~ ~_-~.1:~-7._ ~~_;;:5; --:-!~i: :_-_~3~I-l~ 
t'l 
::0 

Germany, West________________ 5 1.49 .56-1.95 _______________________________________________________ _
Ghana ________________________________________________________________________________ • __________________________ _ 



Grcece___ ~____________________ .59 ------------ ----'---- -------- ----.------- ------.- ---.-.-- .----_.-•• --

Guatemala____________________ -------- -------- ------------ -------- ---.---- ------------ -------- -------- .-----------

India,____ -----_-------_------- 15 .65 .. 44-1. 14 18 .90 .56-1. 90 7 .63.46- .98

C! Indonesia•. ____________________ 1~ 1. 02 .55-1.46 5 .62 .34-1. 02 -------- -------- ------------ t:J 

~ n:l~~-~======================== ~ :i~ :it :~~ ======== ======== ======~===== ======== ======== ============ ~ ~ ~~~~l_~~~~~__--====---~:======:=== ------2- ----:53- ---:52~-:54- ------5- ----:53- ---.-4.8~-.-60- -----12- ----.-00- ----.-6i~-.-74 § 
t~1Ef~~i~~:~~:~~::~~~: ~~: ;;;;;;~; :;:;:~~; ;;;:~~;:~~; :~ ~~:: ~ ~ ~ ~~ ~:: ~~ ~~::~ ~:~~ ~~~ ::::::~: ::::~~~: ::::~~r=:~~~ ~ 


Pakistan, West_________.________ 4 .62 .53- .67 -------- -------- ------------ -------- -------- ------------ ~ 

If~,~~~~~:~~~~~~~::~~:~~~~~~ ::::::~: ::::=~~: :::.:~~~~~~~: :;;;;;~; ;;;;;~~; ;;;;~~;.;~~; ::::::~: ::::~~i: :::::ii~:~;~ ! 

Thailand______________________ 8 .49 .26- .91 4 .78 .51- .93 -------- -------- ------------ ".1 

Turkey________________________ -------- -------- ------------ -------- -------. ------------ -------- -------- ------------ I'!I 
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TABLE IS.-Asa: Number oj samples, mean, and mnge oj values j01' each country and jor "all samples"-Oolltinued 

Parboiled milled ricc ~ 
~ 

Country Long-grain Mcdium-grnili ... 
t» 
t»... 

Numbcr Mean Rangc Numbcr Mean Range 
q 
fJlPercent Percent Percent Percent"All snmplcs" ___________________________ 17 0.75 0.38-1. 31 20 O. 78 0.63-1. 06 

~U.S.A ______________ • __ __________________________________________________________________________________________ '_ ~ 
Africa, South________________________________________________________________________ - ______________________________ _ 
Argentina ____________ .-- _____________________________________________________ ~ _____________________________________ _ ~ 
Australia __________________________________________________________________________________________________________ _ 
BraziL _. __________________________________________________________________________________________________________ _ ~ 
Burma_________________________________ __________ ____________ ________________ 8 .78 .63- .90 
Ceylon ____________________________ ._._____________________________________________________________________________ _ ~ 
Chilc ______________________________________________________________________________________________________________ _ 
Colombia __________________________________________________________________________________________________________ _ ~ 
Ecundor _______________________________________________________________________ • ___________________________________ _ 

= = • ______________________________________________==========1_ ------- ---- ----,- ------1----- - _ ~~r~~~;;d~~====Francc ==== ========= ========= = ----,- ------- •-___________________________________ -- -- -----,---- -.-- -- -----
Germany, 'Vest _________________________________________________________________ .- __________________________________ _ tc.! 

Ghnun_____________________________________________________________________________________________________________ _ 

8 



-- - -- --- -- --- -- - - - - - - - - - - - - - ------- - -- - --- --- -- - --- ---- --- --- - -- - --- -- ------ - - --- - -------- ---

- ------ ---------

Greece ____________________________ ,, ____ ---------- -----.------ ---------,,----.- ---------- ---------- -- ----------------
Guatemala______________________________ ---------- -.---------- ---------------- ---------- -----.------ ----------------
India___________________________________ 3 .67 .64- .70 6 .72 .63- .77 
Jjj(loncsia______ • __ •• ____ - _w -_ - - - - .-- - - -- - - -. - - - - - - -' - -- -- - -- -- - - - - - - -.-. --- --- - - -.- -_. - - -- - - ---.--- - - -- -- ---- - - -.--- D 
Iran.________ ._ -- - - - ____ - -------. ----- - - -- - -- - - -' - - - --- -- ---- - - - -- - - -- ------- - - - - - - --- -- -- - - ------- - • -- ----- -- ------
Italy• ______ - _--- - - __ -- - - - .•--- -- - - ----- - -- - - - -- - - - ---- -- - - --- - - --- - -- ----- - - - - - - - - - --- - ---- --- --- -- ------------ - ---
Ivory Coast_____________________________ ---------- ------------ ---------------- ---------- ------------ ---------------  §
Japan __________ • ____ 
T(orca ____________ --_ -- --- - -- ---.- - - - -.- 
l\fexico __________ - _--- - - - - - -- -- ------ - - - -
Nigeria __________ - __ -- - -_ ---- -- - ---.- - - - -Pakistall, El!'.~,. _________________________ 
Pakistan, Wesli__________________________ 

-. 
- -- - - - --- ---- -- - - - --- -.- - --- - ----- - - - - - --. -- -- - -- - ------ -- - - -- ---.- -------- !:oj 
---- - - - -- - ---- ---- -- - - - - - ---- ---- --- - - -- ---- -- - - ---- --- - --- - -- -- .-- - ------ 
--- - - - --- - ------ ----- -- -- --- -- -- -- - - - -- - ------ - - --- - ------- --- -- -- -- ,------ 2 1. 03 ________________ 2 .98 .89-1.06 ~ 

2 .72 .54- .90 ---------- ------------ -------------.-  ~ Peru. _______ ------ ----- ----_- -------- -- -.--- -- - -- - ------ -- - - - - - - -- -- - -- --- -- - - - - --- - -- - -.-- - --- --- -

Philippines_________ - _____ -- ---- - - -- -- - -- - - -- --- -- - - ---- -- ----- --- - -- -- - ------- - -- - --- -- - -- - -- -- -. -- 
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Starch Content 

Starch nULkes up nearly 90 percent of the total dry matter of milled 
rice, nnd consists of two molecular types: Amylose, whose molecules 
nre linenr chnins of glucose units; and amylopectin, in which the 
moleculal' dlllin is highly branched. ~Iany researchers hnye ron,de 
vnrious daims lUi to the roles played by ench of these molecular types 
of starc.h-how tbey mny affect cohesiveness and texture nJter cooking, 
tendency of the kernels to break, and vnI"ious processing cblLI'Ilcteristics. 
Many of tbese dainn; /1,re still in the speculntive stnge, however, and 
it is belie\'ed thls study mity cliLrify some of these points. 

Amylose Starch 

Although tbe reaetioll of rice to henting (Il!:; in cooking) nUlY be 
tempered by fltctOI'S such n!:i /'ipeness when harvested, milling, conditions 
Mel length of stol"llge, Iwd hellling conditions (11), it is IILrgely de
pendent on compositional fnctors, of which starch is the mujor 
componen l. The reliLtiol1 to cooking q unJity of stu,rch and its 
fmetions--amylose ilnd illl1ylopectin-has been a fI'equent subject 
for IDvestiglltioll. 

There has been !l growing acceptance thilt the percentage of amy
lose plays a.n irnporlitn l part in determining the cooking and process
ing qualities of rice. r.s. long-grain I'iees usually cook to a light, 
tl ufJ'y ('onsisleney,wbereas cooked short-gnlin rices commonly tend 
to be pnsty ilnd eohesh'e (5). vVillialUs and others (45) found that, 
ns it genernJ rule in U.S. J'iee, long-grain vnrieties had a higher o,mylose 
con ten t than did medium- tUld short-grain vn,rieties. Toro and 
Century Po,tuit were exceptions, however. Those investign.tors also 
observed that cooked sample$ of '1'01'0 differed in moistness from those 
of other long-grain vl1ripties, sueh its Rexoro Ilnd Bluebonnet. 

In this study 011 foreign rices, the mean amylose content for long
lwd medium-gmin riees WtlS Illmost identical, and the short-gmin 
Vlu'ieties had about 4 pereent less amylose thau either of the other 
gmin types (lilble 19). ,Fukuya, iLccOI'ding to Nagai (37), nssumed 
from his stuclies thn.l the Itlllylose COn teu t 0'( the starch from j aponiclL 
varieties WIlS less thiLn thilt from indica \'in·ieties. Results of the 
present study substttntiate his "iew. ~:[iLny of the 10ng-gl'lLin yndeties 
~rown in the Tem pemte Zone nre progeny of hybrids of j I1ponica. and 
mdiC!L paTents. Varieties of this type, e\"en though the gmin is long, 
often nre .low in amylose content. .Long-grtlill YlLrieties from Frtlnce, 
GrE""Je, Hilly, and Portugnlare of tllis type, and ILliare low in n,mylose 
c'ontent. On the other hand, many indica nlrieties from southenst 
Asill are medium- and short-grain types when clnssified according to 
the ('riteria used in this study. 1'h us, when sam pIes from all sources 
IHe 1H'E'rnged, the mean Iwd mnge of Ilmylose eontent [01' the three 
grain-length eiasses are similar. The results suggest that amylose is not 
the only eomponent of rice (,ontributing to its cooking and processing 
behlL\'ior. It is possible, ns Fukuya (37) suggests, that the length of the ,~ 
terminnl ('!lain of the Itlllylopectin mny affect cooking behavior. It 
nlso luny be true that the ILmount ILnd composition of the protein 
fmelion mny have n major e£l'eet on cooking quality. 
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Milled Rice 

Table 19 revenls 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 vVest Pakistan, twd Thailand, a.nd the very low t1mylose values 
found in japonicil type \,!u1.eties from Argentina, Brazil, Colombia, 
Fmllce, Germany, Indonesia, Italy, Japan, and PortugllL Some of 
the imported siunpies collected in Jap!1n had high amylose content. 

For long-gmin ric-e, increase in n.mylose content seemed to be 
tt('companied by darkening in ('0101' of' them\\' milled kernels (table 27), 

As funylose con tent increased, thel'e was a significan t dec1'easein 
alkali spreading, alkali dearing, and water uptake (gren.ter decrease 
at 77° C. than at 82° 0.). 

There wns some indication, but not to a highly significant degree, 
that as 1101ylose increased, ther'e was a decrease in cohesi\Teness when 
cooked. Evidence also was found, in the medium-grain rices, that 
inerellsing iLmylose content exerted an adverse effect on flavor and 
appearauce after' cooking. 

Long- and mecliul11-gmin rices contained about the same amounts 
of amylose, although the parboiled samples were somewhat higher 
in amylose tluUJ the raw milled olles. 

Lon!l-fIJ'ain.Samples from Greece, Italy, Portugal, and Turkey 
tLYemged lowest in lunylose. On the other hand, highest amylose 
was found, (Ill the average, in those from Indill, Jil.ptUl, 'West Pakistan, 
11nd ThiLiland. r.s. rices were sornewhtlt lower than the uyerage for 
the foreign samples. 

khdiu,I'II,-[Jraill. C.S. rices were nlmost the lowest in amylose 
('onlent of n.ll the samples, with only those from Argentina and Oolom
bia being lower. Samples from Japall and Burma had widest ranges. 

Short-(f)'ain.-Exeept for the stlrnples from Ceylon and India, the 
('ounlry lwel'llges for short-gmin rices were 1't\,ther close together. 
Shorl-gl'llin Si11l1 pies avemged lower than the long- and medium-groin 
samples, wbieh Ilyemged rilther close together. 

I'arboiled l"lilled Rice 

Ptlrboiled rices Ilvemged slightly higher t1Illylose content, and had 
sOllle\dmt less l·ll.ngc in variatiou, than the raw milled rices. Both 
IOllg-gmin ILnd rnediull1-grll.in samples from East Pakistan and India 
twel'llged higher than the other countries in percentage of n.mylose 
slar(·h. 

Amylopectin Starch 

Sinee tunylopeetin i" complementary to amylose in the makeup of 
I'I('.e stiu'C'h--whi('h nl.ries little ill total pereentnge (!lbOllt 90 percent) 
(If the dry [naHel' of milled ri('e-it is e"ident thu.t its nmges or value 
of IUllylopeetin am.ong the difl'erent categories and its l'elatiollship to 
(!c)()kitlg and proeessing quality follow lUI inyerse trend to those of 
iuny!ose. 

Amyloped in eonten t iner'ellsed, for both milled and pll.rboiled 
.I'iees, itS grain length deereused. Milled rices, type for type, had 
somewhat .Ulore uInylopeetin that! the parboiled rices. 

http:rnediull1-grll.in
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Table 20 gives detailed information concerning amylopectin con
tent of the milled ILud parboiled samples studied. 

1Uilled Rice 

From these studies, it would seem worthwhile to investigate fur
ther the possible relationship between amylopeetill content and per
centage of broken kenlels, aud between amylopectin and color. 

As expected from theiindings under studies of amylose, it wnsfolUld 
that increase in amylopeetin content accompanied increase in ulkali 
spreading and c1enring Iwd in water uptake (less at 82° C.). (See
table 27.) 

Some evidence was obtained to indicnte that ns amylopectiu in
creased, the eohesi\'eness (stickiness) incrensed. Also, it WtU:; indi
cated thn.L with inereasing amylopeetin, the cooked gntins became 
softer and mushier. However, increasing amylopeetin seemed to be 
Il:>sociated with impr() \'edfla \'or nJter cooking. These .findings are 
consi.:;teot with the :fact that short-grain rices, ioherently more sticky 
than other types nJter cooking, hnve more IUllylopectin than long
and meditun-grllin rices. 

Long-grain.-Some sample.:; from theCllited States, Burma, 'Vest 
GermanjT, Greece. ILnd ItILly ('ontained above 70 percent amylopectin. 
,Long-grain .·i(:es from India, Iran, flnd vVest Pakistan, with averages 
less than 60 pe.·eent, had the lowest amounts of Iunylopectill. 

l\ieciiu,m-{lrain.-,Here agaiu, siUnples from India and 1mn were 
among the lowest in amylopectin. CS. samples were among the 
highest ill iLl1lylopecLin, as were those from Argentina, Colombilt, and 
PoJ"!,ugal. 

Short-grain.-The grelltest rullollnt of amylopectin, fOl' all the 
milled rices examined, was in a sample f!"Om Egypt. '1'he srunples 
fmm Australia, Brazil, 'West Germany, Indonesia, and Portuglll were 
among the highest in rullylopeetin. Ceylon samples had the lowest 
avemge. LT.S. riees were (,lose to the "all samples" avemge in this 
categol'j'. 

P.urboiled lUilled Rice 

ruited Sttttes, Burma, and Ghann, samples were abo\Te average in 
tLIl1ylopeel in for this group. Long-grain ill1d mediulll-grain a vemges 
were ILlmost identical in IUHo.unts of amylopeetiu. 'With the excep
tion <;f Burmll, the lL\~el"llge nllues for long- ':nd mediulll-~mill were 
praetlCally Lhe same HI each country for which these allalyses were 
lllade. 

Amylo....e/Amylopectin Ratio 

The ealeulated ratios of amylose toamylopectiu, whieh are the two 
types of starch eomponents found in l'iee, make more apparent therela
lionship of one stiLl'ch constituent to the other, I1nd permit IL more 
pointed ind ieat.iO[l of the influence of sHuLlI differences in starch 
rnakeu p upon processing bel111. dor of rices. 

Table 21 shows It similar It\'emge !LIllylose/llmylopeetiu ra,tio for 
IOllg- !Lnd medium-gl'ltinmilled s!Lmples, iLud tbese I1vel'llge values were 
su bstan tinIly higher Llmu the 11 verage for milled short-gmin rices. 
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The a\-eJ'uge ratio f(u' parboiled milled long-grain WtlS greater tJltln for 
the medhun-grilin ri('es,. and both these ratios were considerably 
higher tlum the co.nesponding milled rice nuues, but the ranges 
o\-edap. 

Milled Rice 

The tl108t significant relationship was the finding that as the 
!unylose/tullylopectin ratio increased, there was a J'elated increase in 
gelatinization temperature (table 27). Almost of eqmu significance 
were the fi.ndings HUlt as am~vlose/tunylopectin ratio increased, the 
ntlues for !llknli spreading, alknJi clen.ring, and water uptake decreased. 

There was eddence, throughout !lll gr'ain lengths and for total 
81unples, tbtlt m; the amylosejw.rrylopectin l'!ltio increased, there was a 
deerease in iodine-blue vuJues, with seeming more effect in long-grain 
lengths than in the shorter varieties. 

For the most part, the wnylosejwll.ylopectin ratio was negatively 
related to sediment values (at both 77° C. and 82° C.). 

At len;;t in InecLiulll-grain rices, there WitS some indication of a possi
ble ill\-el'se relationship between iunylose/t1.Illylopeetin ratio and color 
d!U'kening-·-ooe incl'ensinga8 tbe other decreased. 

In longer types of .rices, the wnylosejiunylopectin l'aUo beeame less 
us protein eonteut increased. 

As in the case for amylose, it was indicated thitt cooking quality 
appeamnce !uld fla \-01' lllay be in \"el'sely J'elated to the t1.Illylosej 
wllylopeetin ratio. Enough evidence was found regarding the effect 
of tlli::; ratio upon cooking quality cohesiveness (it positi\-e correlation) 
to Ill!lke iLdditioullI stucLies desimble. 

Long-grain.-West Pakistnn swnples !lVeragedhighest in this 
deterrnintLtion; other high ayemges were samples from IncLia, Iran, 
JitpaO, Peru, und Thailand. Lowest values were found in st1Jllples 
fl'()fll Fmnee, Greece, Italy, Portug!ll, tlnd Turkey. U.S. rices had a 
lower iweruge than the group n\-erage. 

Jfeciil1m-!Jl'ain.-S!Unples frolll the enited States, Argentina, ilnd 
('olombilL were iUUO.ng' the lowest ill n\"emge vnlues. Those from 
Ceylon, India,. l'Lnd \Vest Pnkistan were bighest, with 'iVest Pakistitll 
IlIn-iug tbe higbest value sample of ilUY medium-grain riee. 

Shorl-!Jl'ain.-Srullple::. from Ceylon and India had the highest 
tunylo;;e/tuHylopeetin values; from Argentina, Australia, Bl'tlzil, Egypt, 
\Yest Ger/nallY, Indonesia, and PortugnJ, the lowest U.S. st1.Illples 
were equintlent to tbe group's average. 

Parboiled .MilledRice 

Tbe amylo::;e/amylopeC'tiu l'!ltios were higber, type for type, for 
parboiled stullples tlllln for the .milled j·ices. East Pakistan samples 
hlld the highest vnlue for both long- and mediulll-gmin parboiled 
rke. S!unples JI'OIH BUTmtl lUld the lowest nllue stunple-llnd aver
age~f()l' long-grain parboiled. The sitluples from 'Vest Germany 
were lowest of the medium-gmins. 
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'l'ABLJi: 19.-AM\"LOSE S'l'AHCII: Number oj samples, mean, and J"an[le oj values jor each country and /tall samples" t:d 
§ 

l\l illed rice ~ 
8 

~ 
CO\lntry J"ong-grain Medium-grain Short-grnill .... 

Co> 
Co> ....

Number I Menn Rnnge Number I l\lt'lln RIII~gC Number l\Iean I Range 
d 
~ Percent Percent Percent Percent Perce1lt Percent 

"All s!lInples"____________ 156 24-.87 13.54-34.03 147 24.80 13.21-33.63 12!1 20.38 ]4. !l5-33. 07 
U.S.A___________________ 6 22.65 17.90-25.18 5 18.66 14.16-23.77 2 20.!l4 20.70-21.17 ~ 
Africa, South____________ 2 24.46 23.97-24.96 1 26.36 __________ .___ 2 20.72 ]n. 66-21. 7!l 
Argcntina _________________ • ______________ -----________ 4 14.34 13.21-15. :39 4 18.62 ]7.70-10. 82 ~ 
AustraliIL_______________ ________ ________ ______________ ________ ________ ______________ ] 18.72 _________ . ___ _ o 

";jBrnziL_________________ 7 22.04 17.53-23.84 5 In.:11 15.73"':21. 65 3 18.61 17. 56-ln. 16 
Burmn__________________ 8 20.10 13.54-27.40 35 24.7a 16.67-30.52 ___________________________ .--
Ceylon__________________ ________ ________ ______________ 7 28.28 26. 55-2n. 54 3 28.15 27.29-20.56 t;
Chile_______________________________________________ .! ____________________________________________________________ _ ~ 

H

Colombia________________ 4 22.92 21. Oa-24. 22 1 18.3n ____________________________________ ... _____ _ C 
Ecuudor_________________ 2 24.44 23. n;J-24. \)4 4 26.40 23.38-28.00 _____________________________ _ El g~f~'~~~~~fo"r~~============ ======== ======== ============== ======== ======== ============== ______ ~___ ~~~::____ ~~~:~=:~~~~ 

tr.lFrnnce__________________ 4}!}. 47 19.,10-20.11 ________ ________ ______________ 2 22.84 22.57.23.12 
Gcrmany, West__________ 5 21.94 18. \)8-24.15 4 22.40 19.67-24.81 3 ]7.96 16.48-20.58GlUlllll___________________________________________________________________________________________________________ _ 

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


.'
"'" 

Grcccc__________________ 6 16.74 15.92-17.1)1 2 I 20.21 20.07-20.35 8 19.22 18.07-20.57 
Guatcnlllla______________ 2 24.49 22.56-26.42 -------- -------- -------------- -------- -------- ---.----------
India___________________ 19 28.43 24.16-34.03 20 28.66 24.98-33.63 8 27.61 23.95-33.07 
Indollcsia________________ 18 25.12 20.28-28.65 8 25.66 21. 98-28. 46 4 17.79 17.29-18.14 £) 

Iran _____ --------------- 9 26.64 2.5.38-29.0.5 .5 28.19 21. 11-32.70 1 21. 74 --------------
Italy__________________ __ 6 15.87 14.36-17.35 ______________ -------------- 3 20.07 19.91-20.30 ~ 
Ivory Coast_____________ 1 26.31 ______________________ -------- -------------- 1 22.10 ------------- ::3 
Japan___________________ 6 27.82 26.39-28.97 18 24.26 18.27-32.52 60 19.58 14.95-24.82 "1
}(orcl\ _________________________________________________________ -------- -------------- 10 19.49 18.33-22.06 (oj 

Mcxico__________________ 8 24.31 20.70-27.86 -------- -------- ------------ -------- -------- ------.-------
Nigeril\ __________________ -------- -------- -------------- -------- -------- -------------- -------- -------- ----------.--- ~ 
Pakistall, East___________ -------- -------- -------------- -------- -------- ----------- .. - -------- -------- ------~-------
Pakistan, West___________ 11 31. 48 27.34-33.62 1 33.56 -------------- -------- -------- -------------- ~ 
Peru____________________ 6 26.77 25.19-28.55 4 22.62 17.00-27. 97 -------- -------- --------------
Philippines______________ ________ ________ ______________ 11 25.36 21. 69-27. 85 -------- -------- --------.-----
PortugaL_______________ 1 17.63 ______• __ .____ 3 19.35 15.67-22.19 1 17.94 -------------- ~ 
Spain ______________________________________________ .-- -------- -------- -------------- 5 21. 37 16.72-24.66 ~ Thailand________________ 24 27.02 21. 76-30.16 6 27.34 23.42-30.30 ----.--- ----.--- -------------
'l'urkey__________________ 1 18.43 ______________ 3 24.74 24.25-25.64 3 24.66 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
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TABLE 19.-AMYLOSE STARCH: Number oj samples, mean, and range oj values jor each country and jor Hall t" 

samples"-Continued t» 
El 

Parboiled milled rice ~ 

~ 
Country Long-grain Medium~grain ... 

<:0> 
<:0> 
..... 

Number Mean Railge NUIIl.ber Mean Range 
tl 
tnPercent Percent Percent Percent 

"All samples" ___________________________ 38 27.13 16.60-32.92 2626.58 16.24-32.33 t:;,
U.S.A__________________________________ 1 25.40 ____________________________________________________ ~_ t'J
Africa, South_______________________________________________________________________________________________________ _ 
Argentina____________________________________________________________________ . ____________________ ._________________ _ ~ 
AUstralia _______________________ ---- _~w __________________________________________________________________________ ~ __ o 

"lIj 

~~~~;:~=============================== --------3- ------i9.-29- ----16:60.::.22:21- --------8- ------24.-03-,-----20_-34:27.-67Ceylon _______________________________________________________________________________________________________ _ g; 
Chile__ " _~ ________________________________________________________________________________ '- ________ _ ~ 

~ ~Colombia_____________________ _______________________________ _______________________________ "_____ >_______________ _ ti 
Ecuador_____________________________________________________________________ _____________________ _ g~ 

Egypt_____________________________________________ "___________ '- ___________________________________ _ 

~ 
t'J

Germany, Wcst_________________ _________ === ==='======.=== ________________ ====== ========== === ====~== =__________ 16.46 
Ghana__________________________________ 1 24.49 __________________ "_________________________ '- ________ _ 
:!a~.c~~~~~=== === ====== == ==== ====== ===== ======= ____________ 2 ====== =====, =====16.24-16.68===== ===== = 

... .'~ 

http:16.24-16.68
http:16.24-32.33
http:16.60-32.92


______________________ 

Greecc__ _ 

Guatemala________ -- - ----

7 --- ---28:96 -1- --- -27.-i6=30.-70
28.48 26.36-30.44India____ ---- --.- ----- -- -- ----- _-- - ---- - -I 6 
Indoncsia________ - -- - - --- -- - ----- --- -- - - -- - --- - ---
Iran_________ - ___ -- -- --- - - - - - - - -- -- - -- - -- -- - - - ---Italy__________________ _ ~ 
Ivory CoasL__ 
Japan ~ 1{orea__ _ 

~ _____ - - ___ - - - __ -1- _____ __ __ . - ______ - __ - -1-- -,--- - - --- - -- -
~exico_____________ T-------------------
N igeria ______ - - -- 1 25. 15 -- -;---- -6 -1- ---- -30:00-1--- --28:46=32:33 ~ 

6 31. 50 30.50-32.92Pakistan, East __ _ ct- _________ , - __ - - __ - - - _-1-- ___________ --6 29.76 27. 14-32. 05Pakistan, West___ - - - - - - - - - -- -- -- - --- ----Peru ___________ _ - _-1- _______ --1- __ - ________ 1- -- ---- --- ------ ~ 
____ - --1- - - - - _____ - - ----1- - - ____ - - _1- - - - - __ __ ,__ -I --- - ---- -- -- -- --Philippines_____ -_ 

- ____ - - _____ - __ -1- _________ 1- - ___ - - -- --- ~ PortugaL_______ _ 
- ______ - - ____ - _-1- _________ I - - - - - ______ -1- - - -- - - - --- --- --Spain ___ _ 


Thailand _____ _ 14 25. 70 22. 94.-28. 71 3 27.73 26. B4-28.41 ~ 

Turkey_________________________________ I __________ , ___ --------
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TA.BLE 20.-AMYLOPECTIN STA.RCH: Number' oj samples, mean, and mnge oj valuesjOl' each country andfor Itallsamples" b:l 

i 
o 

Milled' rice 

Countt-y Long-grain Medium-grain Short-grain .... 
c.> 
c.> ....

Number! Meull Runge Number! Meun Range Number! Meun Runge 
·-~-----I---II---I-----I---------------------- o 

1nPercent Percent Percent Percent Percent Percent 
"All snmplcs"____________ 156 62.82 53.95-72.70 147 63.38 55.04-75.35 129 68.46 55.71-76.80 
U.S.A___________________ 6 65.67 62.30-71. 55 5 70.49 65.94-73.35 2 69.86 69.28-70.45 ~ 
Africn, South____________ 2 64.00 63.94-64.06 1 64.59 ______________ 2 70.22 68.68-71. 76 
Argelltitut_______________ ________ ________ ______________ 4 73.56 72.31-74.57 4 69.35 67.20-70.50 ~ 
AustrnlitL_______________ ________ ________ ______________ ________ ________ ______________ 1 71. 36 _____________ _ 

~BraziL_________________ 7 65.42 62.05-69.12 5 68.96 63.92-73.03 3 70.5669.86-71. 17 
Burmu__________________ 8 66.08 58.41-71.91 3S 62.52 55.61-72.29 ____________________________ ._ 
Ccylon__________________ ________ ________ ______________ 7 57.98 55.48-59.29' 3 57.18 55.71-59.98 g;
Chilc____________________________________________________________________________________________________________ _ ~ .... 
Colombiu________________ 4 64.47 63.72-65.37 1 71. 66 _____________ _ g
Ecuudor_________________ 2 64.41 63.77-65.05 4 61. 75 60.15-64.75 -------- _____________________ _
Egypt__________________________________________ . _______ .. ___ _ _ _ _ ___ _____ ____ _ _ _ _ _ _ __ _ _ 5 72. 06 65. 96-76. 80 t" 

EI Salvudor_______________________________________________________________________________________________________ _ ~ 1 
Fruncc__________________ 4 68.64 67.24-69.83 -------- -------- ______________1 2 67.18 66; 86-67. 50 

~ 
tzj 

ghl;::;~~l~~~~~~~~~======== ______ ~___~=._~~___ ~~~~~~~~~~~_______=___~~._~~___~~~~~~~:~~~_______ ~___ ~~~~~_ 69.11-71.59 

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


On)C>Cl'. --.-------------1 G 71. 22 (i!). !l3-72. 70 2 G8.41 68. :~8-G8. ·14 8 6!l, S9 67. 27-71.,4:~ 
O\IIIL('lI1l\lu._. ____ .______ 2 64.33 H2. 41-66. 25 -------- -------- -------------- ---.--.- ----.-.- -.------.----
Illdin_---- • ___ ..... _____ l!l 59.n 55. 18-1l3.25 20 59.02 55.04-61.85 8 61.06 56.41-65.07 
JlldoIlCSitl_________ .______ 18 62.40 58.44-67.62 8 63.68 60.78-66.52 4 71. 80 71. 32-72. 21 
Imll_ ___________________ 0 5!l.85 58.li2-61. 00 5 59.28 55.08-66.08 1 64.77 .-------.-----
Italy____ .. _______________ 6 68. no 62.07-72.20 ___ .____ ________ ______________ 3 68.53 67.89-69.42 
IVOl'Y COIlS!,.____________ 157.87 ______________________ -. ______ -------------- 1 67. 05 ------.-~----- IJapall_________________ -_ 6 01. 81 60.74-63.21 18 65.43 56.0\)-71. 24 60 G\). 27 63.54-73.18 ~ 
l(ol'('ll____ • ___________________ ._- ______________________________ - - - - - -. - -.--- - ----- - -- 10 69. :15 68. 04.-70. 24 

t".l 
l\lexico__________________ 8 6:l.41 57. 90-on. 8S ----•• -- -------- -------------- -------- -------- -------------
Nigcl'i:I __________________ -------- -------- -------------- ------.- -------- ------------.- -------- -------- -------------- '~ 
PakiStilll, Enst_-- ________ -------- -------- -------".---. - -------- -------- -------------- -------- -------- -------------- o 
l'akist:lll, West________ --- 11 56.45 53. \)5-G1. 08 1 55.50 -------------- -------- -------- .------------ e3PenL____________ - ____ -- 6 01. 60 GO. :14-63. 06 4 64.88 60.99-69. 4!) -------- -------- -------------- ~ 

Philippines ____________ -- ________________ ----__________ 11 63.38 60.34-68.63 -------- -------- ----.---------
PortugaL _____________ -- 1 72.01 _______ .______ 3 70.76 67.68-75.35 1 73.82 -------------- ~ 
Spllin.---- _________________ • __________________________________ --_.---- -------------- 5 65.27 61. 50-69. 69 ;j
Thailand ______________ -- 24 61. 63 51l. 36-64. n 6 (10.18 58.95-62.70 -------- -------- --------------
Turkey________________ -- 1 68.53 ______________ 3 G:l.30 62. :32-64. 87 :l 63.78 58.62-69.00 "J o 
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'I'ABI,g 2o.-AIIIYI,OPEC'l'IN S'l'.\HCn: 'AT'umber oj sa,ml>les, mean, and range oj values jor each country a,nd jol' "all ~ 
saml>Zes' '-Contin ued t:I:j 

____e __________~______~_____________________________________________ 

EParboiled milled rice 
f'3 

t? 
Country Long-gr·ain Mcdium-gmin .... ... ... 

.....
Number Mean llange Number Mean Range 

S 
!J1Percent Percent Percent Perce"t

"All samples" --_________________________ 38 59.!)O 53.82-70.11 26 60.07 54.06-.72.20 
V.S.A__________________________________ 1 63.15 ________________________________________________ • ____ _ '=' t'l 

~ 
Austra1ill ___________________________________________ .. _____________________________________________________ .' ________ _~~~~:~Li~~~':~I::=:: == ======== ====== == == === === ======= ========= === =========== ===== === ======= ===== == ===:= ==== ============ o
BrllziL_______________• ____________________________________________________________________________________________ _ ~ 

Burma_________________________________ 3 66.01 61. 62-70. 11 8 61. 54 57.16-64.38 

::1l 
a 

~ 
::1l 
t'l1!I~O~;L~~i~~ii;ii:i;iiii::iii;i i ~:~~ ~;:~1: ::;"i!.,;89~ i i ii;~:;;;i;iii i ;;!~! ~!!2; ;:::::70:.7~1 ;:::;~;"-72:2. 
~ 
.... 

http:57.16-64.38
http:54.06-.72.20
http:53.82-70.11


Grc('cl' ______ • _________________________ • _______________________________________________ • ____________ • _____________ _ 
Ountell\nln_____________________________________________ • ______________________ • _____________________________ • ______ _ 
Indhl_-_________________________________ 6 51l.00 57. 27-{il. 56 7 59.14 57.51-60.69Indol1esiu________________________________________ • _________________________________________________________________ _ 
Irnl\____________________________________ • _____________________________________ • ____________________________________ _ £) 

It,nly_________________ • _____________ • ______ • _____________ ' __________________________________________________________ q 
Ivor.Y ConsL___________________________ . ___________________________________________________________________________ _ §JI\P!lIl _______________________ - __________ • ______________________________________ - ___________________________________ _ 
l(or(~n________________ • __________________________________________ • __________________________________________ • ______ _ ~ 
l\h'xico _______ • _____________ ' _________________________ • _________________________________________ • ___________________ t'j
NigQritl_________________________________ 1, 61. 10 ________________________________ • ____________________ _ ~ 
Pll.kistun, East._________________________ 6 54.38 53.82-55.58 6 51>.54 54.06-57.13
}'lIkistnn, West__________________________ 6 57.80 54.22-61. 26 _____________________________________ _ 	 8
PQru __ • ___________________________________________________________________________________ • _______________________ _ ~ Philippines____________________________ , ______ • _____________________________________________________________________ _ 	 ..... 

0 

§~~~~~~~-=========== === ======~= == == == === ====== ==== ====::=:: === === ======:=::=:= ========== :=:===::==== ===== ====: =: :=== 	 ...,0 

Z 

Thnilnnrl_______________________________ 14 61. 82 58.39-66.81 :3 60.14 59.77-60.62Turkey___ • _________________________________________________________________ • __________ • ___________________________ _ 
i-.j 
0 '-~ 

~ 
t'j ..... 
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http:59.77-60.62
http:58.39-66.81
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'J'AJlI.E 21.-AIIlHOSE/Al\rnOl1 BCTIN HA'l'IO: Number of samples, mean, and mnge oj values jor each country and for OJ
"all samples" d 

~ 
Mill('d rice lj 

Z 
....

Country Long-grain l\ledium-grain Shori-grain e.:> 
e.:> .... 

Numbell Menn Range Number I Menn Range Number I l\{ean Range q 
fJ1 

"All salllples"__________________ 156 0.391 0.188-0.615 147 0.391 0.178-0.611 129 0.298 0.195-0.586 
U.S.A______.___________________ 6 .347.250- .402 5.267.193- .360 2.300.204- .305 
Africa, South__________________ 2 .382.374- .390 1.408 ____________ 2 .296 .274-.317 
Argcntilllt_____________________ ________ ________ ____________ 4 .195.178- .213 4.2(1).251- .295 ~ 
AustraliIL __________________________________________________________________ .__________ 1 .262 ___________ _ 
BrnziL_______________________ 7 .337.249- .384 5.282.215- .339 3.264.247- .274 ~ 
Burmn________________________ 8 .307 .188-.438 35 .398.231- .548 ___________________________ _ 
Ceyloll________________________ ________ ________ ____________ 7 .487.466- .500 3.4U3 .455-. 52!1 ~ 
Ohile ____________________________________________________________________________________________________________ _ ::0 ....
Colombitt______________________ 4 .355.321- .374 1.256 _______________________________________ _ 
EcUltdor_______________________ 2 .379.367- .3Ul 4.422.361- .450 ___________________________ _ ~ 

::0~F~~t~~\~j;r~~================== ======== ======== ============ ======== ======== ============ ______ ~____ ~:~~___ ~~:~~_~~:~Frnllce________________________ 4 .284.276- .299 ________ ________ ____________ 2 .340 .334-.346 t'.:l 
Germany, WesL_______________ 5 .341 .271- .391 4 .330 .283- .367 3 .252 .223- .298Ghana______________ '- ____________________________________________________________________________________________ _ 



------------

------------

-------- -------- ------------

Greecc_______ • ___ •• _______ .___ 6 .235 .220- .256 2 .296 .293- .298 8 .272 .275- .300 

Guatl'ma\t\._.___________________ 2 .382.341- .423 ________ -------- ----- •• ----- -------- -------- ------.---.-

IndilL ________ .________________ 19 .479 .386- .615 20 .487 .420- .611 8 .456 .363- .586 

~ Indonesia._____________________ 18
'F Irtlll _______ • _________________ • 9 
~ It/tly__________________________ 6 
<:> Ivory Coast___________________ 1I JapluL_____________________ .__ 6 
<:> lCorclL _______________________________ • 

.405 .300- .482 8 .404 .330- .459 

.445.417- .477 5.486.320- .591 

.232 ,IO!)-. 280 __________________ .- _______ 

.455 ______ • _____________________________ .___ 

.450.428- .466 ]8 .376.258- .580 
_•• _________________________ -------- '"--------- 

4 .248 
1.336 
3 .2()3
1 .330 

60 .284 
10 .281 

.242- .254 

.287-. 2()7 

.204-.383 I.261-.324 
t."l 

~ qI D:~i~~1r~~=~~~i~~:-=-~====::=:=::= ====:=~~ ====~~~= ==~~~~==~~~= ====:=:= ======== ========:==: =:=::=:: =:::==== ::::========<:> Pakistan, West.________________ 11 .560.453- .612 1.604 ------------ -------- ------.- ------------
Peru_______ __________________ 6 .435.400- .465 4.355.245- .459 
Philippines______________________ • __ • ______ .___ ____________ 11 .402.316- .461 
PortugaL_____________________ 1 
Spain_______ • _______________________• 

Thailand______________________ 24 

Turkey________________________ 1 


.245 ______ 3.276 .208-.328 
_______ . ________ • __________ -------- ----------- 

.439.341- .5lr8 6.455. 3()1- .510 

.269 ______ ._____ 3 .391.375- .40!l 

-------- -------- --------.--- ~ 
-------- ----.--- ----------- 

1.243 ------.----- ~ 
5 .331 .240-.396 

f; 
3.392.291- .500 Is:! o 
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TABLE 21.-AMYLOSE/AI\fYLOPEC'l'iN UA'l'IO: 	Number of samples, mean, and 1'ange oj values ]01' each country and for b:l 
"allsamples"-Continued §l 

t"' 
to:! 

Parboiled milled rice ~ 

Z 


Country .....
Long-grnin M edium-grnin 	 Co» 
c.> 

'"' Numbcr Mcnn Rnnge Number Mean Range c:j 

fJl 
"All snlnples" ---------------____________ 38 0.458 0.250-0.611 26 0.448 0.225-0.595
U.S.A__________________________________ 1 .402 _____________________________________________________ _ I:; 
Africa, South _____________________________________________ • _______________________________________________________ • __ to:! 
Argcntinn________ _w _________________________________________________________________________________________________ ~ Austrnliu __________________________________________________________________________________________________________ _ 
Brazil. ____________________________________________________________________________________________________________ _ ~ 
Burma_________________________________ 3 .294 .250- .360 8 .391 .315- .458
Ccylon ____________________________________________________________________________________________________________ _ 
Chile ______________________________________________________________________________________________________________ _ ~ 

I 
~Colombi!L ___________________________ ~ ______________________________________________________________ _ ..... 


Ecundor______________________________________________________________________________________________ _ 

Egypt__________________________________________________________________________________________________ _ 

Ei Snlvndor ________________________________________________________________________________________ _ 

France_____________ • ______________________________________________________________________________ _ 

Germany, West __________________________ --________ ____________ ________________ 2 . 1 .225- .239 to:! 

232Ghanll__________________________________ 1 .377 ____________________________________________________ _ 



g~~t~~~~~\iJ~~:~::::::::::::--:::::::::::::~ ::=::~::= :1=:: =::::::=: =:::::::::::::== ::::~=:::= :::::::::::= ::====::::::::=: 
India___________________________________ 6 .483 .432- .521 7 ,490 .448- .533 

oIndoncsi!l_____ --- - - --- --- -.--- --- --.- -- - - - - -- - - - .. - -. -- - - -- - -- - -.- ---- ---- -- - - - - - -- -. --- .-- ----- - -.- ---- - -- - - - - ---.-
Irall____ • -.- .-- - - -- - - -- - - ------ ------ -- - - -. - .--. - - - -- ---- - - -.- -----------.- -- - - - -- - - - -- - - --- - -- - - --- --- --- ------ ----
Ital),__ -. _- - --- -- - -- - -- -.-- - - - --- - - - - -- - - -- - - - - -- - - - --- - ------ - ------ - ---- - - -- - - - -- ---- - --- -- ------- ------ --- -- -- --- ~ Ivory COllst_____________________________ .--------- ------------ ---------------- ---------- ------------ ---------------

~ Japan _" _------ --- -- - - --- - - --.- --- - - - --- - - - - - ---- - - - ----. -- --- --- -- - -- - ----- -- ----- - -- -- ----- ---- - -- --- - -- ----- - ---
}(orcll _____ - __ --- - .-- .. - -- - - -- -- - .. - .... - - - - - - - -- - - --- ----- -- -- -- - - - ---- --" ------ - ---- -" - -.- ----- -- ---- - ----- .. --- --- ---- t-J 
~fexico_____ - - .. - -- --- .. ---- ------- - -- -- -- - --- - - - --- --- - .. - -- ---- - -- - - -- -- ------- --- - - -- - - - --- -- ------ - --- --- --- - - -. -.-
NigcritL ___________________ ------------- 1 ,412 ---------.------ ---------- ------------ --------------.- ~ 
Pllkistllll, ErlsL ____--------------------- () ,57H .550- . Gll G .540 .500- .595 ~ l'akisll\l\, \'''cst__________________________ () .518 .443- .579 ---------- ------------ ---------------

~Peru________ - - --- - ---- ---- ----- ----- --- - --- -- --- - --. - - - ------ - - -- --- -- - - ---- - - -- -- ----- - - ------- --- - ----- --- - - - ----
Philippincs__ ---- - - - --.- -- -- -- - - - --- ---- - -- -------. -------- -- - - -- - -.- ----- - -- - - -- - -- ---- - -- --- - - ---- - - --- -.-- - ----- -- ~ 
l)oi'tugaL _____ -- - -- - ------------- -- - -- -- ------ -- - - --. ------- -- - -- - -- --- - - --- -- - -- - --- -- - --- - - -- --- -- .- ------ -- -- ----
Spnin __ .. ___ -- - - - -. ------- - ---- - -- ---- - - --- ---.-- - --"-- - ---- -. -- - - ------ -- - -- - - - - - - - -- -- - -- --- - - - --- - --- ---- --- -- --- ~ Tlltliland_______________________________ 14 ,417 .344- .482 3 .461 .447- .475 
Turkey____ -_ - - .. - - -- ----------- -- - - --- - - - -- - - ----- - -- -- - -- - --- -- ------ - --- - - -- --- ------ - --- - --- -- - - - - -- -- ---- - -- -- --
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Starch-lodirte-Bltte Value 

'l'he reaction between amylose and iodine serves as the bnsis of the 
very useful sbueh-iodine-blue testin measuring an important varietal 
characteristic of rice. Starch-iodine-blue values were used by Roberts 
and others (1,0) to estimate the degree of parboiling in rice. VarietlLl 
difrerenees i/l plI,rboiled rice were also observed by these ill vestiglltors. 
It. was later shown (17) that this test could be used to determine 
varietal difl'el'ences in rnw milled rice by ('ooking the ground rice in 
wn:ter at 77° C. for 45 minutes. 'l'he intensity of the blue color 
pt"oducecI by lhe addition oJ dilute iodine solution is indic!~th'e of the 
amylose Iea,ebed from or diffused from ground rice under the con(litions 
of the test. As stated previously, the stn,reh-iodine-blue test also 
provides for the detection of \ra,rieLies ll!l\~ing abuormally high gela
tinlzll.tioll tern pemtW"es. 

It 1s I'ecognized that the jodine-blue \ralue of i1 particular rice 
variety rnay be influenced by the lOC'UtiOll of growth, the environmental 
(~onditions during growth a,nd matU1"ity, the degree of luilling aud 
polishing, the l1.ge /l,ncl condition uuder w.hich the piLddy !1.ndmilled 
rieE' were stored, and possibly by nu1.l.lY other fattors. However, when 
the varieties ltre gl"OWIl under compn,l'Ilble conditions and are treated 
lInifonoly, C'ertain com parlsons C!LIl be made. ,"YilliiUl1s and others 
(45) repol·ted It higb cOlTelatioll between the iodine-blue values und 
quantitative amylose d!l.la for rice VlLrieties grown under comparable 
conditions !tnd treated uniformly. 

Since information cOllcerning" th.e C'ultunu b!1.Ckgro.und, hanresting, 
posthiLrvest tren.tmenl, and storiLge of the foreign sl1.mples used in this 
Hludy was not lLnLilable, the dnta on iodi[]e-blue vtuues, summarized 
in table 22, al'e not as men.ningfull1.s desired. );"'o/' example, by plotting 
one \T!1riable (io(line-bhte) n.g!tinst IUlQther (amylose), it rough.lineaI" 
reliLtionship GiLn be sho\\"n but with consideJ'able sCltttering of poiuts, 
t\,nd indeed sorne extreme cases were found in this sLud\T w11ere no 
apf)!H"en l relatiollship exists. Thet'efore, in this study the"iodiue-blue 
vil ue or !1 plutiC'ullll" satnple lnight lend to 11 fluse conclusion in esti
IHl'Lling the ,relative !1.ll1ylose content of particuJar siUl1ples. 

http:nu1.l.lY
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Milled Rice 

In general, the milled long-grain 1'ices used in tills study had some
what higher iodine-blue values r1mn either the medium- or the short
grain stLlnples, 

As iodine-blue \'alues incl'eased, color (lightness) decreased; e:g., the 
darker the sample the grelLtel' the iodine-blue number (table .27). For 
IlIecLium-grain rices, itt least, impl'Oved appearanee after cooking 
seemed to aC'('ompll.ny increased iodine-blue nwnbers. In long-grain 
rices, as iodine-blue values increlLsed, tbere was increased stickiness 
after cooking, 

Iodine-bJ ue \Till ueS seemed inversely related to kernel length, 
partieularly as shown b.r the negative correhttion between iodine-blue 
iLnel kernel length in short-gr'ain rices. 

Lon[J-!1rain. CS. sl1Jnples averaged close to that for till the foreign 
riees in iodine-blue values. Slwlples from Burma, Greece, ItILly, 
West Pakistan, 11nd Turkey had highest Itvemge values; from Guate
"uLla, IriLI1, Japllll, fwd Th!Liland, the lowest average values. 

1\ieilium-yraill. Samples front theCnited Stlttes. Brazil, and 
Ceyloll had \'ery high !weruges, exceeded only by the group from 
.\.rgen LirllL ('olom bilL, Imn, Ilnd the Philippines hud the lowest for 
this group of slLIllples. 

Shori-!Jrain. III tllis Gutegory, the Ceylon sltmples were highest. 
;\~Ilin Imn hReI one of the lo,,"est itvel'l1ges. e.s. rices we1'e consider
ably below the Itvemge for the group. 

Parboiled Milled Rice 

A verllge iodine-blue values 1'01' parboiled samples were half again 
highf'r Ullin values fol' the Illilled sumples (table 22). The U.S. 
sample WitS Ilrllong the lowest iodine-blue ntlues. Five countries
Ghlum, ;\'igel'iu, EllSl and West Pn.kistllll, Ilud Thailluld-had values 
ttbon' 70 in tbe long-gmin category. In mediull1-gruin rices, Burma 
ILtld J~ast Pakistan had iodine-blue \"Illues of 80 01' above. 

http:aC'('ompll.ny
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TABLE 22.-IoDINE-BLUE VALUE: N'Ilmber oj samples, mea,n, a.nd range oj val'llesjor ea.chcountry andjor ttallsamples" ~ 
~ Milled rice 
~ 
...COUlltry Long-grain Mcdium-grain Short-grain 00 
00... 

Numbcr I MCIIIl :Uangc NIlmber I Mean Range Number I Meall Rangc ~ 
!Jl 

"All sl\lllplcs"__________________ 164 38 7-78 148 33 7-82 129 36 13-72 \::1
U.S.A_________________________ 6 36 25-57 5 50 27-71 2 24 23-26 tol 
Africa, South__________________ 2 32 28-37 1 34 ____________ 2 36 34-37 
Argclltill!L____________________ 2 4341-45 5 73 44-82 4 37 35-40 ~ 
Australia______________________ ________ ________ ____________ ________ ________ ____________ 1 14 ___________ _ o
BraziL_______________________ 7 3424-56 5 51 38-57 3 4744-51 ~ 
Burma________________________ i1 5927-73 35 27 15-54 __ .. ________________________ _ 
Ccylon________________________ ________ ________ ____________ 7 55 32-81 3 58 37-72 ~ Chilc____________________________________________________________________________________________________________ _ ::c 
Colombia______ _ _ __ __ _ _ _ _ _ __ _ _ _ 4 27 It-53 1 i8 _______________________________________ _ 
Ecuador_______________________ 2 32 27-37 4 27 21-31 ___________________________ _
Egypt___ -- --- - - _____ ___ _ _ _ _ __ _ _ _ _ ___ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ __ ___ _ _ _ _ __ _ 5 36 18-62 
El Salvador ___ _ _ _ _ ___ ___ ___ ___2 48 17-78 ________________ .. ______________________________________ _ IFmncc________________________ 4 48 29-65 ________ ________ ____________ 2 32 29-34 tol 
Gcrmany, WcsL_______________ 5 36 26-47 4 30 24-40 340 29-49Ghalla___________________________________________________________________________________________________________ _ 



Greece____________ ~___________ 6 58 50-70 2 26 22-30 82824-37 

Gutltemz\la____________________ 2 2424-25 -------- -------- ------------ -------- -------- ---~--------

India _____________________ . ___ 20 31 13-62 21 40 7-72 8 38 24-55 

Indonesia______________________ 18 4726-65 8 40 29-50 4 40 32-54 

Iran___________ --------------- 9 24 23-25 5 16 13-20 1 15 ------------
Italy__________________________ 6 55 46-62 ________ ________ ____________ 3 26 25-26 ~ .t" 
Ivory Coast___________________ 1 35 ________________• ___________ ------------ 1 24 ------------
Japan_________________________ 6 24 16-32 18 27 11-43 60 39 22-60 ~ 
KorClL______________ ---------- ____________________________________ -------- ------------ 10 29 18-38 I!r.l 
l\iexico________________________ 9 30 21-44 -------- -------- ------------ -------- -------- -----------~ < 

~~!~~!!:~,-E~t================= ======== ======== ============ ======== ======== ============ ======== ======== ============ Pakistan, West_________________ 11 55 47-72 1 40 ------------ -------- -------- -----------  ~ Peru__________________________ 6 32 12-48 4 41 13-61 -------- -------- ------------ .... 
Philippines____________________ ________ ________ ____________ 11 14 8-17 -------- -------- -----------  ~ Portugal. _ _ _ __ _____ ___ __ _ _ _ _ _ _ 1 37 __ _ _ ___ __ __ _ 2 26 22-30 125 - - - - ----- - - 
~ain- _______________________________________________ .-- __________ - ---- - -- --- -- -- ---- - 5 35 22-55 ~ lailand_ ___ _ _ _ _ _ _ __ ____ _ _ _ _ _ _ 23 26 7-37 6 28 9-47 - -- - - - - - --- -- -- - - - -- -- - -- - --
Turkey________________________ 1 54 ____________ 3 31 20-37 3 21 13-27 ~ 
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TABLE 22.-IoDlNE-BLUE VALUE: Number of samples, mean, and range of values for each country and for "all 

samples"-Continued ! 

Parboiled milled riee ~ z 

Country Long-grain Medium-grant 
.... 
~ 
~ ... 

Number Mean Rangc Number Mean Range q 
~ 

"All samples" ___________________________ 38 54 18-86 26 53 17-87 I;j 

Xi~~~;S~~th--~===:====================== ________ ~__________ ~~_ ================ ========== ============ ================ ~ 
Burma___________________________ ~_____ 3 56 54-60 8 68 28-87 >S~:!~~:~~-~============================= ========== ============ ================ ========== ============ ================ ~ 
I~~~tm~-m~~mmm~~~~mm~ ~mmm m~mm:~ mm~:~~:lm~ ~mm~~~ ~mmm:~ ~mm~mm~~ ;

Ftancc__________________________________ w _____ ~ ___________________________________________________ w ________________ t!!l 

gh~~:~!:_~~~~-_-~:===~=========:=:====== --------i- ---------73- ====:=========== ________:__________ ~:____________ :~~~~ 



Greece ____ -_ - - ------- --- - -- --- - - --- ---- ----- ---- - - -- - - --- - -- - - - ----- - - ---- --- --- -- ----- --------- --- - ----.- --- -.- ---
Guatemaltl _____ ---- -----.- -- ------- - --- - --- -- --.- - -- - --- -- --- - ----- -- -- - - ---- - - -- ------- -- - -- ---- --. - - -- --------.-.-
India __________________________ ,_________ 6 41 27-68 7 34 17-68 
Indonesia ____• -- - -- -- --- ----- --- - - - - -- - - ----- -- - - - - - - ----- -- - - -- ---- - -- - - -- - - - - --- ------ - -- - --- -- -- - ------- ----- ---  g
Irall ____ - --- ------ -- - - - -- --- - --- --- - -- - --- - ------ -- ------- - - - --- ---- -- ---- - -- --- -- --- -- -- - -------- - -- ----- --- -- ---  >Italy_______ ---- ----- -- --- - -- --- -- -- ---- -- --- - --- - -- ------ --- - - ---- --- - - - -- -- - -- - ------ - - -- - - --- - -- - ------ --- - ------ SIvory Coast_______ - _____________________ ---------- ------------ ---------------- ---------- ------------ ---------------- "3Japan ______________________________ • ___ ---------- ------------ ---------------- ---------- ------------ ---------------  >< 
Korell____ .. ____ -- --- - -- -- -- ---- ----- - -- - -- - - -- --- - -.--- - - -- - -- - - -- - --- - - -- - -- - ---- ---- - - - --- - --- -- -- -------- -- -- - -.- t.o.:I 
l\lc::dco___________ - - ----- -. - -- --- - --- - - - --- - -- - -- - -- - ---- ----- - - - - --- -- --- - - - - - ----- - -- - - -- -------- - -- - - -- ------- ---
Nigeria___.______________________________ 1 77 ---------------- ---------- ------------ ---------------- ~ 
Pakistan, East___________________________ 6 68 62-75 6 70 57-80 S 
Pakistan; West__________________________ 6 69 50-86 ---------- ------------ ---------------  ~ Peru__________ -- ---------- -- -- - - -- - - - -- ------- - - - - - - ----- - --- ----- - ----- - --- - - - --- - - -- - - --- - - - ---- - - - - -- --- - ----- --
Philippines_______ ---- - - - - - ---- -- - -- -- -- - - ----- -- - - - - - - -- - - ---- --- - - -- -.- - .. -... - -- - - ---- - - -- ----- -- - ---- - --- -- -- - --  ~ 

~ Thailllnd______ ___ ___ ____ ___ ___________ __ 14 46 18-71 3 33 20-58§;~~~~~!=== == ==== ====== ==== === ======== == === === ======== ==== ==== ====== ===== ===== ==== ==== == ==== == == === ====== == ==== ===== 
Turkey _________________________________ -- ------------ ---------------- ---------- ------------ ----------.----  ~ 
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Palatability Characteristics (After Cooking) 

Appearance 

Milled Rice 

Distinct differences in the appearance of rices from vnrious countries 
were noted after cooking. Appenrance vnIues of kernels ttfter cooking, 
for the various countries, are indicated in table 23. 

Differences in nppearance scores of the rices were grell.ter nmong 
individual lots from different eountries thnn among long-, medium-, 
and short-grnin varieties from one country, as shown by the over
lnpping ranges among grain types within most of the countries. In 
contrnst to some foreign rices, the U.S. long-, medium-, nnd short
grain rice siLmples had similar nppearance scores. A tendency for 
the long-grnin kernels to split longitudinally and for the short-grain 
samples to slough was noted (fig. 19). 

Long-grain.-8nmples from Indonesia had the lowest vnlues, being 
below the avernge of 6.3. 'fhe United Stntes, India, nnd Iran rices 
exhibited the highest appenrance scores. Long-grain rices had the 
widest range of nppearance scores of nny of the three types. 

jvledium-{fI'ain.-U.S. rices in this class had the highest appeamnce 
scores, whereus the Indin sample was the lowest. 

Short-grain.-These snmples nveraged the same as medium-gmin 
rices, but this mny be It mathematical coincidence. Here agnin, 
the U.S. samples tlVertl~ed n high rating, exceeded only slightly by one 
snmple obtnined from Argentina. 

Parboiled Milled Rice 

The cooked samples of pnrboiled rice from West Germnny, Indin, 
East Pakistnn, nnd the United States hnd whole smooth gmins. 
Parboiled milled rices had higher scores for nppeamnce than did 
milled sam pIes. It was shown that parboiled milled rices increased in 
volume, but otherwise changed little in appeamnce during cooking. 
Parboiled samples showed this same general behavior and ll.ppeamnce 
even when subjected to more dmstic treatment of t1.dditional soaking 
prior to cookiug·(fig. 19). 
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Cohesiveness 

Milled Rice 

A wide ran~e in the cohesiveness of cooked milled rices was noted 
among the rIce varieties from the different countries (table 24). 
Cooked grn;ins of most of the rice samples were either partially sep
arated (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 came from Inditt. 

These investigations showed increasing cohesiveness from long- to 
medium- to short-grain types of rices. Range in cohesiveness scores 
was widest for long-grain rice and least for short-grain rice (table 24). 
The range ill scores for cohesiveness for the foreign rices WIlS some
whllt wider than for the sllmples [rom the United States. Differences 
in cohesiveness were grenter within a gmin type (among individual 
lots [wIn difl'erent countries) than among gmin types from within a 
countl-Y, itS illustmted by the overlapping rangeE'. This may be 
related to the origin of these rices, U,S discussed under starch constit
uents in this report. 

A eonsistent negative correlation existed between cooking qunlity 
e()hesiveness and sediment nt 77° C. nnd 82° C. (table 27). 

A negati\Tc con'elation was found to exist, in crall sllrnples" and 
lIlediuIll-gmiri rites, between cooking ([unlity cohesiveness nnd nlkuli 
elenring, alknli spreading, and wItter uptake (77° C. and 82° C.). 

Long-f}}'(Lin.Slunples from Brazil, West Germany, Indin, Imn, and 
Peru \\"cre les::; sticky thlHI those [rom the O'nited Stu,tes. The most 
cohesi \"c long-grn.iu 'samples e\~!lluated cnme from Greece, Indonesia, 
Ttaly, [mel .\ [exic'o. 

i\1e(lium-flrain.~,Samples from India, Portugn.l, and Japan were the 
most cohesive ill this type; those [roUl Thailn,nd, Indonesia, Ecuador, 
flnd Burrnn" the least cohesive; rices from the United States, Argentinn" 
Ilnd Inln were illtermediate in such values. 

Short-grain. -Rices from Egypt, Austrnlitl, and 'West Germany WCl'e 
the stickiest; thosc rrom Argcn tina and Iran, the least sticky; and 
those frolll the (Tuited StiLLes, Fmllc'e, Greece, Iran, Italy, ,Japan, and 
Korea were between these extrcmes. 

"arlmilf3d Jtlillecl Rice 

The parboiled cooked rices had more well-separated grains "and 
were less stitky or cohesi\'c thllll the regular milled rice samples. 
The cooked siunples of ptl,rboilcd rices from "Vest GermnllY, India, 
Ij;ftst Pakistan, Ilnd the Cnited States had well-sepnmted grains. In 
filet, all parboiled samples (cooked) examined had exceedingly low 
cohesiveness vnlues. 

http:long-grn.iu
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'l'AJ1LE 23.-PALA'l'ABILl'l~Y CHAHAC'l'ElUS'l'IC-ApPEARANCE: Number oj sa,mples, mean, and mnge oj 'values jor each. t" 

country and j01' /lall Saml)les!l t:d 
d
g: 

.M ilIcd rice t'.l 

~ 
Country 	 Long-b'fain Medium-grain Short-gmin .... 

to.) 

....
Number I ~felln Rluige Number I Mean Rango Number I Mean Rllnge 

Co> 

------------,---1---1-----1----1----------1 -	 d 
~ Scor(].~ Scores Scores Scores Scorcs Scorcs 

"All sllmples"__________________ 27 6.3 3.8-8.8 20 Q.O 2.8-7.3 30 6.0 4.8-7.2 
U.S.A_________________________ 6 7.4 6.9-7.8 5 6.7 6.2-7.3 ? 6.6 6.4-6.7 	 ~ 

~1:~~~:~ti~~~~~~~===:=======:==== ======== ======== ============ ------1- ----6~4: ============ ------i- ----7.-0- ============ Australia______________________ ________ ________ ____________ ________ ________ ____________ 1 4.9 ___________ _ 

N~~~~ll~======================== ______ :_____~~:_____ ~~~~~~~_ 1 g: ~ ====:======= ======== ======== ============ 	
~ 

Co\'lol1 	 §
Colombia_________________________________________________________________________________________________________ _Chilo_:======================= ======== ======== ============ ======== ======== ============ ======== ======== ============ 	 g
Eclltldor_______________________ ________ ________ ____________ 2 5.8 5.8-5,9 ___________________________ _ 

~f~l~r~n~ior~:================== ======== ======== ============ ======== ======== ============ ______ ~_____ ~._:_ ============ 	 ~ Frallce____________ -----------_ ________ ________ ____________ ________ ________ ____________ 2 6.1 5.9-6,3 
GcrlllllllY, WcsL_______________ 2 6.9 6.5-7.3 ________ ________ ____________ 1 5.0 ___________ _ 
Ghllllll ________ _ 



Greece________________________ 1 7,4 ___ .________ ________ ________ ____________ 2 5.7 5.3-6.1 

Guntemala ____________________ -------- -------- ------------ -------- -------- ------------ ----.--- ----.-.- ------------
Indill_________________________ 3 8.8 8.8-8.8 I 2.8 --.--------- -------- -------- -----------
Indone!liu______________________ 8 4.4 3.8-5.6 2 6,0 5.4-6,5 ----.--- -------- ------------
Iran__________________________ 1 7.9 ____________ 5.6 ____________ 1 5.6 ------------
Ituly______________________ -___ ? 6,6 6.6-6.7 ________ ________ ____________ 'J 6.1 6.0-6.2 ~ 
Ivory Coast ___________________ -------- -------- ------------ -------- -------- ------------ -------- -------- -----------Jap!\lI________________________ . ________ ________ ____________ 3 5.9 5.8-6.0 ]8 6,2 5.1-6.9 ~ 

~ 
!{oren____ .-------------------- _________ • __________________________ -------- ------------ 6 6.0 4.8-7.2 

t.!ll\fexico________________________ 2 6.0 5,8-6.1 -------- -------- ------------ -------. -------- ----------- <: 
~igerhL----------------------- -------- -------- ------------ -------- -------- ------------ ------.- -------- ------------
Pakistun, Enst,_________________ -------- -------- ------------ -------- -------- ------------ -------- -------- ----------- 8 
PakistuTl, \VesL________________ -------- -------- ------------ -------- -------- ------------ -------- -------- -.--------- ~ Peru__________________________ 1 5.2 ------------ -------- -------- ------------ -------- -------- ------------
Philippines ____________________ -------- -------- ------------ -------- -------- ------------ -------- ------.- ------------
PortugnL_____________________ ________ ________ ____________ 2 5. -1 5.3-5.5 -------- -------- ------------ ~ 
Spain _________________ .------ ____________________________________________ ------------ 2 5.4 5.3-5.4 
Thailand______________________ ________ ________ ____________ 1 6.4 ------------ -------- -------- ------------ ~ 
Turkey________________________ -------- ----- .. -- ------------ -----.-- -------- ------------ -.------ --.----- - .---------- I:Ij 
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TABLE 23.-PALA'l'ABILITY CHARACTERISTIC-ApPEARANCE: Number oj samples, mea.n, and 1'ange oj values jor each t" 

count?'y and f07' "all samples"-Continued til 
§ 

Parboiled milled rice ~ 
tj 
~ 

Country Long-grain Medium-grain ... 
c.> 
c.> .... 

Number Mean Hallge Number Mean Range 
q 
fPScores Scores Score., Score.,

"All sample>;" _______________ _ 4 8.9 8. 8-9. 0 5 8. ti 8. '1-8. 9 t:::IU.S.A ___ ____ ______ ______ ______ ____ ___ __ 1 l':l8. 9 

Australia __________________________________________________________________________________________________________ _1~~~:;ti~~~I~~I~~== == == ======= === === ===== ======= ===== ===== ====== =========== == === ========= == ======= ===== ======== ==== ==: = 

~ 
BraziL _______________________________________________________________________________________________________ - ____ _ ~ 
Burnllt ____________________________________________________________________________________________________________ _ 
Ceylon ____________________________________________________________________________________________________________ _ ~ 

!'jChile ______________________________________________________________________________________________________________ _ ....
Colombia __________________________________________________________________________________________________________ _ 
Ecuador___________________________________________________________________________________________________________ _ g 

!'j 
l':l 

Germnny, West__________________________ __________ ____________ ________________ 2 8.7 8. 5-8. 9~!~~~~~~~~============================= ========== ============ ================ ========== ============ ================ 

~ 

Ghana_____________________________________________________________________________________________________________ _ 
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TABLE 24.-PALA'l'ADlLIl'Y CHARAC'l'EHIS'l'IC-COHESIVENESS: Number oj samples, mean, and range oj values jor ~ 

each country and jor "all samples II t:I:l 

Milled rice ~ 
~ Country Long-grnin M0dium-grain Short-grain .... 
c.> 
c.> 

Number I l\fenn llange Number I Mean Hange Nlilnber I Mean nange 
~ 

Scores Scores Scores Scores Scores Scores fP 
"All samples"__________________ 27 5.6 a. 6-8.!l 20' 5.0 :l. 2-6. 5 an 4.5 a. 2-6.1 t:;,U.S.A_________________________ 6 5.7 5. 1-6. I 5 4.7 a. 8-6. I 2 4.0 :i. 0-4. 4
Africa, South _____________________________,______________________________________________________________ • _________ _ 
Argelltina_____________________ ________ ________ ____________ I 5.3 _______ .____ 5.5 _______ • ___ _ ~ 
Australin______________________ -_______ ________ ____________ ________ ________ ____________ a.6 ___________ -' 
BraziL________________________ 2 6.6 6.2-6. \) 1 4.7 _____________________________________ --. ~ Burma________________________ ________ ________ ____________ 1 5.!l ____________________ • _______________ • __ _ 
Ccyloll_________________________________________________________________________________________________________ • __ 

I 
~ Chile____________________________________________ : __________ • ______________________________________ • _____________ _ :XI

Colombia________________________________________________________________________________________________________ _ 

Ecuador_______________________ ________ ________ ____________ 2 U.O 5.9-6.0 ____________________________ 

EgypL________________________ -_______ ________ ____________ ________ ________ ____________ __ 1 a.2 ___________ _ 

El Salvador _________ ,, _____________________________________________________________________________________________ _ 

Frtlllcc ________________________ -_______ ________ ____________ ________ ________ ____________ 2 4.7 4.7-4.7 

Germany, WesL_______________ 2 6.4 6.2-6.5 ________ ________ ____________ 1 :J. 4 _____ • _____ _ l"J 


Ghana ____________________________ • _______________________________________________________________________________ 




GreeC('________________________ 
GUtlt.cLUnlll ________________ • ___ 
India_________________________ 

~ Indonesia. _________________ .___ 
If frtlll__________________________g Italy._.____________ .__________ 

"" Ivory CoasL_____ - _____________ .------- .------- -----.------ -------- -------- ---.-------- -------- -.------ -----------f Jnpan. __________________________ ._•• _. ________ ------------ a 4.1 3.6··4. \) 18 4.7 3.6-6.1 
\.oj"" 1(orcn ____________________ ._. __I________ -------- ------------ -------- -----.-- ------------ 6 4.:l :3. 3-5. 0 

l\lexico________________________ 2 4.8 4.8-1. \) -------- -------- ------------ -------- -------- ------------ ~ 
~r!f~l:!:::: ~~t~~::::::::::::::::::::::::::::::: :::::::::::: :::::::: :::::::: :::::::::::: :::::::: :::::::: ::::::::: ::: ~ 

Peru__________________________ 1 5.8 ------------ ---.---- -------- ------------ -------- ---~---- ------------
Philippines ____________________ -------- -------- --.--------- -------- ----.--- ------------ -------- -------- ---------.-- ~ 
Kg~i~~~~~-_~:=::=:=:===:===::=== ====:::: :::::::: :::::::::::: ______ =_ ----~~~- ----~~~~~~:- ------2- ----;r2- -----3:9:4:4 ~ 
Thailand______________________ ________ ________ ____________ 1 6.\} ------------ -------- -------- -.----------
Turkey _______________________ -------- -------- ------------ -------- -------- ------------ -------- -.------ ------------ ~ 

~ Continue!\ ::; 
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I:j 

5 
~ 
!:I:l 

~ 
Ul 

s 
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4.!.l _____ .. _____1. ___ .___,________ ------------ 2 4.2 :3.5-4.8 
•• ------ ---.---- ------------ ----.--- --.----- ------------ -.------ .----.-- --------.--

2 8.7 8.6-8.9 a.2 ------------ ---.---- -.---.-- -----------
8 4.4 3.6-5.2 2 6. -1 6.4-6.5 --.----- .------- -.---------- .~ 

1 7.7 ____________ 1 5.5 ------------ 1 5.3 ------------ ~ 2 5.0 4. i-5. 2 ________ ._______ ____________ 2 4.6 4.5·4.7 § 



~ g; 

~ 

~ .... 
'I'ADI.E 24.-})ALA'l'.-\DJI,lTY CHAIUC'l'EHlS'l'IC-OOHESIVENESS: ~Numbel oj saml)ies, mea,n, and mnge oj values jor ~ 

each. country an(ljor Hallsamples"-ConLinued bl 

8 
Parboiled milled rice &; 

Country ~ 
l.ong-grain l\fed iUIll-b'1'llin ... 

to> 
to> 

Numb('r M('an Range Numb('r Mean Range 
... 
q 

ItAll samples"___________________ • ______ _ Scores Scores Scares Scares ~ 
U,S.A ___ --_ --. - ___ • __ • ___ ___ ____ ___ ____ 3I 8. S 8.8-8. I) 5 8.7 8. 4-0. 0 .~SoO ... - -- __ ..., ___ 1__ .. ______ ...... ____ ...Africa, South _______________________________________________________________________________________________________ _~---------------I~-_~ __ ---- --

Argentina ____________________ • _______________________________________________________________________________• _____ _ ~ Australia _________________________________________________________________________________• ________________________ _ 
BraziL_______ • _______________________________________________________________________________________ • ____________ • o 

'ojBurma___________________________ • ________________________________________________________________________________ _ 
Ceylon_____________________________________________________•. ________________ • _______________________ • ____________ _ >

CChile ______________________ • ________________________________________________________________________ • ______________ _ 
Colombia___________________________________________________________________________________________ • ______________ _ ~ 

EClIador________________________. __________________________________________________________________________________ _ ~ 
~!EI:~d~~::::::::::::::::::::::::::::: :::::::::: :::::::::::::::::::::::::::::::::::::: :::::::::::: ::::: ::::: :::::: ~ 
Germany, West__________________________ __________ ____________ ________________ 2 8.8 8.6-9.0 t"l 
Ghana_____________________________________________________________________________ • ________________________ • ______ _ 



Greece ________________________________ _ ------- ---j-- -_. -" -----I'.·. -------------l----------I------- -- ---1----.---.--------------i-(-------s.-s- =::::::::::::::: --·-----~r --------S.-6- ---------8.-4:.8.-9Gualemala___ -- - - - - - - - -.- - -- - - - -- - - --- --India. _____________________ ------------
t:)

Indonesia __ .-- - - --- - - - - - - ------.- - - - -. -- --- - - -- - - - • - - --- - -- -- - -- - ------- -- --- - -- --- ----- -- - -- .----.- .-- -- - --- ------ .~
Iran~______ -_ --- - - - - - -- --- -- -- -------- - - .-. -- -- - - - - -- -- - -.- -- - -- - - ------ ----- - ---. ------ .--- - -- --- - - --- -------------
Italy____ -- -- -- -- - - -- - - -- ----- - -- - - -- -- - - - - •• - - -- - ------- - - - - - - - .--- - -- ---- --- -- - - ------ - -- - --- -- - -- ------ - - --- -- ---
Ivory Coast. ____________________________ ----.----- ------------ ---------------- ---------- ------------ ---------------- ~ 
i{6~~1~:::=:::::=::::::::::: ::::: ::: ::::: :::::: :::: :::::::::::: :::::::::::::::: :::::::::: ::: ::::::::: =::::::::::=::=: >< 

t.zj 

~Iexico.- ___ ---.-- - - - --.- ---- --- --- - --- - -- ----- -- - - ------ -- --- -- - - - --------- -- -- -- - - - --- -- ---- -- -- -- ----- -- -- ---- ---
Nigeria _______ ----- ---- - - ---- ----- -- ---- - ---- -- -- - - ----- -- ~- -- -- ----- -- - --- --- --- ----- -- --- - --- -.--- - -.-- - - ---------Pakistan, East___________________ ------- 1 8.8 ________________ 8. 6 ---------------- ~ 

tj~:~l~~t~~l~ _~_e~~::::: :=:::::::::::::==:::: :=:::=:::: ::::::: ::::: ::::::::::::: ::: :::::::::: :::::::::::: ::::: ::::::::::: 
> 

Philippines________ - __ - - ____ - - - _____ - ______ • _____ - - - ---- -- ----- - - ----- - 0-- ---- - ------ ---- ----.-- -- -0- -- --- ----- .-- .- ~ 
~g~t~~~I::::::::=::::::::::::::: :::::::: :::::::::: :::::::::::: ::=::::::::: :::: :::::::::: : ::::::::::: :::: :::::::::::: ~ 
Thailand_____________ - - --- ---- - - -- ----- - ---- ---- - - - - - ---- ---- - - - -- -- -- -- .---- -- - - ------ - --- ----- --- --- ----- - -- ----- ~ 
Turkey_~ ______ - ----- --- --- - -- - ---- -- -- - -- - -- --- -- --- - - --- - - - - - - - - --- -- ----- - - ---- ------ --- - ------- - - -- ---- --- -- - --
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Tenderness 

Milled Rice 

~lost of the cooked rice samples were fairly tender und firm (op
timum donene:;s), represented by scule nuue 5. In accorcit1l1ce with 
pru.ctical u:>e experience, the results of these tests showed a eJ.l!lI1ging 
direction frolll.fil·nlIless Itnd chewiness iu long-grilin dces to :5ofter 
textures for Illediurn- nnd short-grwn types. 

In geoeral, the pilrboiled samples were slightly more finn lWeI chewy 
lhllll the regulll!' milled rices aCter cooking. A filu']Y wide moge of 
tenderness store was e\Oiclenl in both milled and parboiled samples
(table 25). 

A l"Itlher consistent relationship WIlS found, in this study, between 
lipid ('(lotent und tenderness (tttble 27). As surface and totnllipids, 
paJ'lieulu.riy the total lipids, illcrensed, cookiug teudel'l1ess texture 
was iropr{)V'cd. Jt. would seem thnt ildditionni resenl'ch should be 
dirccLed to deLennining the killds of lipids Iwd the specific reaclions, 
if any. between theBe lipids ilnd other rice eonstituenls to account 
for qll!tlity behtlyjoral elHl.l'acteristics, espeeinlly those nffecting
tenderness, 

SulIident negaliYe tOlTeh'ttiou ;:;eemed to exist between cooking 
qUltliLy tenderness alld wuler uptake (ttt 82 0 C,) in totltland m.edium
~n'tin rices to Justify further study of this relationship. About the 
slune degree of ncgati\Oe cOITelution wns found bet\\een cooking 
tenderness tmel sediment aL 77 0 

('. for total and short,-grain rices; a 
le:;::.er rellltionBhip Wils indj('llted between tenderness ilnd sediment Ilt 
82° ('. A ::>omewlmt simihu' relationship was fouud for tenderness 
and wnler uptake al 82° ('. Jor "all samples" !tlld mediulU-grnill 
ri('cs. 'rho possibility or 1111 o\'emll rellttion ('ouecl'ning ('ooking quality 
Lende1'll.ess Hnd tlte quality f"af'l.o/'t; of cohesl\'eoess Rnd flavor should 
be ,.;Llldw.d further. 

/.ong-!lrailL Hices f"1'01l1 Brazil, J Ildonesill, and I tiLly IHld lhe highe:;t 
degree of tLrclU1Css ilftcl' ('(Joking. Those. from Lhe United States, 
vVeht GenlHLJlY, India, 1mil, Greece, and ~J.exico Iwernged midway, 
wiLh the lowesl\'illue~ (::;oflest) b~i.ng It U.S. siLmple, one from Indo
ne..;; in , and one from Peru. 

~\ledil/1n-[JreLia' -"Sample::; frOtH the United SttlLes IUld In,piLl1 were 
quite s.ullilnr ill tenclerneBs quality, !1nd Gorresponded with Lhe average 
for thi::; group. The one nlediurn-gmin ;';itmple fl'om Indin, WtlS yery 
soft \lnd mU::;by (1.6). 

Short-(ll'ain--·Riees front Argentina. Au;.;tmlia, JRpan, Korell, Sptlin, 
!Lnd the CulLed State» were praGticnUy identical in tendel'lless 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 tested to make generalizativns. 

Flavor 

Very pronounced flavors, not typical of most U.S. rices, were evident 
in the rices from many of the foreign countries. 'fhese fla\Tors found in 
cooked rices were attributed to such factors as: Storage conditions, 
milling or p!1rboiling, fermentation during the pn:rboiling process, and 
the inherent "flt1VOl'" of many Asiatic rice \"il.rieties. 

Of l1.ll sl1.mples ti~ste-testea, the U.S. long-grain smuples were the 
only ones receiving a perfect score (9.0); medlum- and short-gruinl'ices 
Jrom the United States a\'eraged 8.2 and 8.6 (table 26). 

Milled Rice 

I twas obse.I'\"ed that for "all samples" the milled short-grain rices 
a \"eraged highest in fl!l. vOl' eVilluatioll, with slightly lower !1 vemge value 
for medium-gmin, and the long-grain samples avemging the lowest. 

Long-grain.-U.S. ;rices had the highest score, (with a ne!1l"-perfect 
a\'cmge ro.ting of 8.9). Other very high-rating samples were those 
Jrom \Vest Germany, Greeee, Iran, and l\'1exico. The lowest mted 
l'iamples were from India, Indonesi!1, and Peru. 

JJ1eciilltn-gl'ain.-Sn,mples from the United Stn.tes, Argentina, 
B.razil, and Portugal o.\"cmgecL highest (above 8.0). 'J'he mecLium
gmin 1'1('es JUtd 11 .l't1lher l1aITOW range, aud most were considered to be 
of flLirly good quality.

,"'lwrt-gl'cL'in. --rl'hese sll.mple::; not only !1Vel'iLged the highest score in 
£111\'01', but nearly all samplps tested were consistently good. Samples 
fronl the L"nited States, Egypt,Australia, France, ,"Vest Germany, 
Greece, Italy, and Korea I'lmked highest. 

Parboiled Milled Rice 

The foreign parboiled sil,mples e\"aluated had rn.ther low flavor 
S(;()reB. The long-grain samples It\'eraged somewhat higher than the 
medium-gl'ltin l:mmples, but all had slight to moderately strong off
:flavors. 'J'he U.S. parboiled snmple had an acceptable flavol' rn.ting 
of 7.2. 
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TABLE 25.-]>ALA'l'AJHLl1'Y CHARACTERISTIC-TENDERNESS: Number oj samples, mean, and range oj values jor each. ~ 

country and jor "all samples" ttl 

Milled riee 	 ~ 
~ Counlry 	 -0> 

Long-grain 	 Medium-grain Short-grain 

cO:> .....Number I Mean Range NUluber I Mean ~Range Number I Mean Range 

.~ 
?J 


"All samples"_ .... _._ •. _.________ 26 5.8 4. 2-7. 7 20 5.0 1-6-6.0 39 5.1 3.4-6.3 

Scores Scores Scores Scores Scores Scores 

.0U.S.A_____ .____________________ 6 5.1 	 4.2-6.0 5 5.1 4. 7-5. 82 5.0 4.9-5.1. 
Africa, South_____ ._.______________________________ ,___________________________________________________ .- ___________ _ t".l 

Argentina_____________________ ________ ________ ____________ 1 4.7 ____________ 1 5. 1 _____ ~ _____ _ ~ 
Australia______________________ ________ ________ ____________ ________ ________ ____________ 1 5.0 ___________ _ oBraziL.________________________ 2 6.6 	 6.5-6.8 1 4: 7 _______________________________________ _ >:oj
Burma________________________ ________ ________ ____________ 1 4. 8 _______________________________________ _ 

Ceylon ___________________________________________________________________________________________________________ _ t;

Chile ____________________________________________________________________________________ ~________________________ _ ~ 

Colombia_________________________________________________________________________________________________________ _ .... 

Ecuador___.____________________ ________ ________ ____________ 2 5.4 5.4-5.4 ___________________________ _ 

Egypt._____ •_________________ ._ ________ ________ ____________ ________ ________ ____________ 1 4. 7 ___________ _ 

EI Salvador______________ . ________________________________________________________________________________________ _ 

France________________________ ________ ________ ____________ ________ ________ ____________ 2 4. 6 4. 3-4. 8 I 
Germany, West________________2 5.4 	 4.5-6.2 _________________ ~__________ 1 3.4 ___________ _ t".l 
Ghana______________________________________________ ~ ____________________________________________________________ _ 



--------

-------- --------
--- - - -- - - - --

-------- --------

___ _______ __ 

2 4. 4 3.9-4. 9 

g~~et~~;;~i~~~-_~=:== ===== ===== :== ______ 
India_ ________ ________________ 

Indonesia_______________________ 

Iran__________________________ 

Italy__________ 

Ivory Coast___ _ 

Japan _________ - - --- --- - - - - - - - - -1-------1Corea_________________________________ _ 

: _____ 
2 
8 
1 
2 

:l\'lexico________________________ 
Nigeria_____________________ - - -
Pakistan, East_
Pakistan, West__________________ 
Peru______________________ .____ 
Philippines____________________ 
PortugaL ____ -------- - - -- -- - - - - -
SpaiIi _________________________ 

Thailand. 
Turkey__ 

2 5.7 
- ------ J-------

1 4.2 

-- - -- - -- -- - - ----, 

~~~_I======~=====1- ---
5.8 
6.5 
5.2 
6.2 

5. 7-6. 3 
4.3-7.7 

5.6-6.9 

4. 9-6. 5 

~ ------2 -1- ---5~2-1----4.- 5=5:8-1:=====~=I==== I===::i:;~i.=i 
- - __ - ___ ,____ ----1- _____ -----

____ - - - - - - __ , __ - - __ - -1-- ____ --1 ____ --- -- --- ~ 
- _____ - - __ - _, ___ - - - --1- _____ -- Is:! 

§l 
t.<.lOontlnued 
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~ 
~ 
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---.-- -- ----.------ -----
1 
2 --- -i~6-1== ==========1== ==:==: ===== ===5.9 5.8-6.0 ------i- 6. 1 §1 5.7 ------------ 2 5.9 5. 6-6. 2 ~ 
3' 5. 2 ----4.-6=5~8T----i~T---r~T----rtr~ ~ 

t.<.l 
-< 

____ ~ - - -1- _______ - ___ .__ -- --- -1-- - - - -- -1- - - - - -- -- --
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~ TABLE 25.~PALA'l'ADILI'l'Y CHAHAC'TEUIsTrc-TENDERNESS: Number' oj samples, mean, ancl1'an!le oj 'values for' each 

countl'Y andjor "allsamples"-Continued 

Parboiled. milled riee 
8
Z 

Country Long-gruin M edium-gmin ..... 
C<> 
C<> 
.....

Number Mean Range Number Meun Range 
d 
1nScores Score Scores Score 

"All sum pIes" _ 4 5.5 4. 6-6. 3 5 5.6 4.1-7.0U.S.A__________ _ g
1 6. 3Africu, South_______________ _ 

Argell tina _____________________ _ ~ 
Australia_BraziL ________________ _ ~ 

Burmu_________ 

Ceyloll __

Chilc __________________________ _ ~ .....
Colombia_____________ _ 
Ecuador____________________________________________________________ _ I
Germany, WesL_________________________ __________ ____________ ________________ 2 6.8 6.7-7.0J!~~~~~~~====== ==== ==== == ===== ======== ====== === = = =========== ========== == ====1======== ==j=== ==== =====1== === ======= ====Ghana___________ _ 



Gr('('c('~ ____ - - - - - - - - - - - - ______ - __ - - __ - __ - ____ - - -- - - -- - - - - - ----1- --- - -- - -- -- --- - -- - --- - --- -- ----- -.-- - --- - ------ .-. --. 
Guatemala_____ - _- - - - - -- - - .--- - - .-- - - - -- - --- -- - - -- - - - - - - - - -- - - - - - -- -- --- - -- --- - - - - - - --. - - -- - -- - --- - - - -- -------- - - ---
India___________________________________ 2 5. -1 4. 6-6. 3 2 4.6 4.1-5.1 
Illc\on('sin___ - - - - - - - - - - - - - ----- - -- - ---- -- .--- - --- -- - - ---- - -- --- ----- ----- - - - - -- -- - --- - --- -- - --- ----- - - -- - - -------- --- t:> 
Iran__________ --- - --- - -- ----- -- --- - ---- - ----- - -- - - - --- - - - - - --- ---- ------- - - - -- --- - ------ - -- --------- - ------ - ---- - -- ~ 
~~~~i~~C;;;C: =:=:= :====== ::============ :==:=:==:= ==== =:==:==: ::==::===::::::= =:=:=:=::: : ::::: ::::=: =:=::=:=::::::=: §
~6~~::::::::::::::: :::::: ::=:::::::::: =::::::::: =:::::===::: :::::::==:::::=: : ::::::::: ::::: ::::::: ::::::=::::::=== 
~l('xico_______ - --_ --- --- - - - ----- - ------- -- - -- - - --- -- --- ---- -- - -- - ------ -- - ---- --- -- -- - ,.- -- - - - -- -- -- - --- - - -----------
Nigeria ____________ --------------------- ---------- ---------.-- ---------------- ---------- ------------ --------- .------ ~ Pakistan, EnsL_________________________ 1 4. 7 ________________ 1 5.1 ---------------

~~:~:~t~~l~_~~~:=:==== ==== ==== ============ ===:= ===== ::=== =:==:== ========= == ===== ==:=: ===== ==:==:=:==:= ===== ====:: ====:
Philippines_______ - _--- -- - - -- - --- - - -- -- -- - -- ------- -- -- ------ -- - --- - --- -- ----- - --. -- - ---- ----- ------- ---- ----- ------ ~ 
§g~l~~~~:::: ::===== ===::===== =:====:== ==:::::::=: =::=:==== =:= =: ::=::=::::=:=: :::=:::::: ==:= :::::=:=:====:=:=::====: ~ Thailand _____ - -- ---- --- - - -- -.- --- -- - --- - - --- --- -- - - ----- -- -- - ------- --- - - .--- -- - ---- -- - -- - ------ --- -- - - ---- - - - -----
Turkey______ - ----.- - --- - - - - --- -- -- - -- -- - --- .•-- -- - - - -- --- - - - - - --- - - - --~ ----- - - - -- ----- - - ------.----- - - --- - ---- ----- ~ 
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'l'ADL}} 26.-PALA'l'Anrr,J'l'Y CHARAC'l'ElUs'l'fc-li'LAvon: J.lumber oj Saml)Zcs. mean, and 1'ange oj values jor each country t" 

and j01' "all samples}) til 

Milled rice ~ 
.1-3 
ZCountry -C;> 

LOl\g-grnin 1\IrciiuII1-grnill Short-grain 

-C;> 

Number I l\{cun H1\nge Numb"r I 1\1e1\n HungI' Number I Menn Hange 
~ 

rnScore Score Score Score Score Score 
"Alls:lmples"__________________ 27 7.0 1.7-U.O 20 7.7 6.2-S.1l 31l 7.S .5.1-8.0 
U.S.A_________________________ 6 8.0 S. 5-0.0 ;i 8. 2 6. 7-S. n 2 8.6 8. 2-S,!l ~ Arrien, South _____________________________________________________________________ .- _______________________ ~ ______ _ 

tl~i~ll~{i::~~~=====:============= ======== ======== ============ ____________ ~~:_ ============ i ~: i ============ 
~ 

BraziL________________________ 2 6.2 5.5-6.8 1 S.6 _____________ .. _________________________ _ ~ 
BUrIll:"- ________________________________________________ .. __ 1 7.3 ____________________________.___________ _ 
Ceylon ____________________________________ .. ______________________________________________________________________ _ ~ Chile _____________________________- _________________________________________________________________ .. ____________ _ ~ 
Colombln..___________________________________________________________________________________________________ - ____ _ .... 
Ecundor,_______________________ ________ ________ ____________ 2 6. -1 6.3-6.6 __________________________ _ g 

~~f~~r~~~l~~~===================France_________ --------------- ======== ----- _______ ======== .. ============ ._________ ======== ======== ________ ============ ______ ~_____ 7. S 
trj

_____ ____________ 2 ~~~_ ============ ~ ________ 7.2-8.4 
Germany, WesL_______________ 2 7.6 7. I-S.0 ________ ________ ____________ 1 8.8 ___________ _
Ghnnu ___________________________________________________________________________________________________________ _ 

http:6.2-S.1l


________________________ 

Gre~cc._______________________ 1 8.1 _____________ • ______________ j____________ 2 a. 5 8.4-8.6
Guntemnlll ______________________________ • __________________________ • ____________________ , ___ • ________________ ._. __ 
fndi!l _____ .. __________________ • 2 5.3 4.6-6.0 1 7.0 J------------ ___.______.______._________ _ 
Indonesla______________________ 8 5.7 1. 7-7.7 2 7.9 7.5-8. 8 ___________________________ _ 
Iran__________________________ 1 8. '1 ____________ 6.2 ____ ._______ 5.1 ____________ D 
Italy__________________________ 2 7.4 7.8-7. (; _. ______________________ .___ 2 8.0 7.9-8.1 ~ Ivory Coast. ______________________________________ • _________ • __________________________________________________ • __ 

~ Japall .• _________________________________ ._••______ ._______ 3 7.8 7.1-8.·1 18 7.6 6.3-8.7 8Korell__________________________ '- _______ .-- _________________ • ____ • ____________ .________ 6 8.2 7.. 7-8.9 >< 
~h~)(ico________________________ 2 8.0 7.6-8.4 __________________________ - ._. __ trj
Nigeria_____________________________________________________ .. _______________________________ • _____________________ _ 
Pakistan, Ellst_________________________________________________________ ._.________________ • ____ ._________________ • __ ~ l)Hkisttlll, 'Vcst______________________________________________ • ___________ • ________________ • _______________________ _ 
Peru__________________________ 1 5.0 ________________________ .-- _________________________ • _____ -________ _ ~ 
Philippines ______________________________ • _____________________________ .-,.________________________________________ _ 

~ ~g~r~!~~~--~~=========:========: ======== ======== ============ ______:_____ ~._~_____ ~~:~~~~_ ------2- ----7.-6- -----7.-5~7.-6Thaillllld _____________________________ .. ________ ____________ 1 7.6 ________ • _________-- _________________ • __ ~ Turkey_________________________ ,c _________________________________________________________ • _______________________ _ 
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'l'ABLE 2G.-PALA'l'ABILITY CHAUAC'l'EHIS'l'IC-FLAVOU: Number oj samples, mean, and 'range oj values jor each country ~ 
and for "all samples"-Oon tinued txi 

~ 
Parboiled milled ricc t"1 

~ 
Z 

Country Long-grain Medium-grain ..... 
1:1> 
c;, 

Number M~~an Rauge Number Mean Rllnge 
c: 
rnScore Score Score Score

"All samplcs" _________ . __ __ ____ _________ 4 5. 2 3. 7-7.2 5 4. 6 2.6'-:6. 5 
U.S.A__________________________________ 1 7.2 ___________________________.__________________________ _ 1:1 

Africa, South_______________________________________________________________________________________________________ _ .~ 

BraziL ___________________________ . ________________________________________________________________________________ _ .~ 
Burma_________________ • ___________________________________________________________________________ .-_____________ _ 
1~1~~~~::~~___-~==: == == ==: ================== ========== ==== ==== ==== === ======== :::== =====:= :== :==:: ::===== ====== === ======= 

g; 
~ .... 

Ecuador___________________________________________________________________________________________________________ _8~li;:~~;=====:=================:======= ====:===~= ============ ================ ========== ============ ================ ~ ~f1~r~~d;;: == ::::===::::::==: ===:== === =::==== ::== ::== === =:== ====== == == =:===:= :=======:= ::=::=: ::::= -------- -- -- --- ::0 

g~~~~~~~~~~~~~========~============== ========== ============ ================ ~~~~~~~~~~ ~~~~~~~~~.:~~[~~- --- -~~.~~~ 
t'l 



g~~~~~l't~l~l~=:=: :::- ::: ::.: ~ ::~.::~ . ===::: ':== =:: :=!=::::: ::::::1:::::::::::::::: ::::::::::1:::::::::::: :::::::::::::::: 
India __•••••••..• __ ._. __ .......... _._. 2! -1." 3.7-5.1 2 4.2 a. 4-4. 9 
Iudonesia ___ - .• ______ .• - ..• - •..• - •.• -.-- •. _---_.'-.--_._._--- -- ••-----.----.- ---------- ------------ -----------.---  g
Irnu .. ,, ___ ._ ••• -_ 0- .-  .... -----.---.-.-.- '" -----.-- .. -.--------- _.-----.-------- ------.--- .----------- ---.-.----------

Ital),, _____________ - ___ • ______ • _________ ••• -------- ------------ -.----.--------- ---------. ------------ ---------------- :>
~ I\'ory COtlsl.. ____ • __ . ___________ . __ ·._··_· -------- --.-----.--- ----.---.------- ---------- -.---------- -.---.-.------- 
~ i~J~~~::::=:::::=::::~=:~:: ::=::~=-=:::~-:'~:::=::: :::::=:::::= :::::::::::::::= ::::=::::: :::::::::::: :::::::::::::::: .l"j 

1\1cxico __ ... , .. _.. _...... - - .... - ......... - .. - - ... - - - .... - - - - - - - - .. - - - .. - - - - - • -. - - - - - - - - - .... - - - - - .... - - • - - .. - - - - - - - - - - - • - - - .. - - - - - • - - - ... - --

Nigcritl."" __________ .. __ ..... _______________ -------- --•. -------- ---------------- ---------- ------------ ---------------- ~ 
Ptlkist:\n, Ens\, ______ .. ___ .... ____ •• _. ___ .. 1 4.8 __ ._____________ 1 2.6 ---------------  8
}'akislnn, ,,·cst. ____ • _•• -. - ______ • _________ --.---.- ------------ --.-------.---.- -----•• --- ------------ ------------.--  ~ }'cru ________________ .-_ -- -.-----.-----.- -- .. ---- ------------ .-------.------. ---------- ------------ --.--.------.--- H 

rhilippines ______ .. _ ..... -- .. - - - - - - -- -- - .. - --- - -- - - - - - - .. - - -- - - - - --- - --- - - - -.- --- .. - - --- -- - - --- - ---- --- --- - - - .----- -- -.- --  ~ 
§~~i~:~~I_-:::::::: :=: ~:::=:::=:::::=::::::: :::::::: ::::::::: ::: ::: :::=: :::::::: :::::::::: ::::::==:::: ::::=:=::::==::: ~ Thnilnnd_ ..... ". __________ . ___ . __________ -------- ------------ ---------------- ---------- ------------ ----------------
Turkey ___ -- -- -. _---.--- - - - - - - --- ---- -. - - - - - - .--- --------- ---1----- ------- ---- ---------- ------------ -- -------------- g 
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PART IV.-INTERRELATIONSHIPS 


The voluminol.l~ technical data-both objective Imd subjective 
measuremenLs-}HL\re been Hlbjected to detailed stn,tistical studies in 
an effort to establish possible correlations between these various 
file tors of foreign and domestic rices. (See table 27.) These studies 
(lL) revealed certain I-iignificant correlations, (b) indicated interesting 
trends, ltnd (C') pointed out the need for further research to better 
establish eertH,in rellLtionships Iwd to l:limplify the techniclLl proce
dures for fully chit,mcterizing rice cooking and processing qualities. 

One of the objecLi ves of these in vestigations was to c:harilctel'ize 
the rices Iweordiug to: (a) gl'l1,in length (long-, mediuUl-, or short
grain) ; (b) ll'ClLtInent (l'ILW milled, parboiled, and others); ILnd (e) 
ccnmtl'Y in whi('h the samples were obtiLined. However, in many 
in"tances thel'e were fewer thlln the minimum fi \'e sfunples required 
fol' I\,ny sort of stiLlistielll tl'elLtment-in faet, in rnany enses there were 
n(J samples III IL11 for a particular category. On the other hand, in 
:::;om(} da:::;sifiefLtiol)s the llumbm' of ::;arnples was so large HULt, from 11 

ITlu,thematieal l:ltanclpoin t, nt least, correlation coeffieien ts were 
obtltined Llmt indicated oxist,ence of :::;ignlficant 1'eln.tionships which 
seemed to hUNe liLLIe scientific j lIstifieation but appl1,l'ently were 
mn,thetnILticl\l !mppen::;lILnees. 

For the rell:-ions just enum emted, the principal discussions of C01'
rellttiou::> hl1,\'o been limited to eiassifieations within the bron.d CI1,te
gOl'ies of ,!;rltin lengths plus a combined "all silmples" elassification 
(combined l()n~-, mcdiwrt-, <I.nd shOl't-grain riees). Sueh groupings of 
the sam[)les 1U1\'e permitted more meaningful interpretation of the 
teehnieil data. 

In this PILlt of the report, the broad interTeliLtionships between the 
vaJ'iotrs quality (a('to!'s n.re pointed (Jut and cogniztLlIc:e is taken of the 
seeIllingly eontmclieLory results sometimes indicated in eomplLring 
IOIlg-, me<i.iulll-, [Lnd sllort-gl'l1in riees. 

Physical lVleasurerncnts 

Since wol'ld ma['kets pillee much emphflsis on grilin lengt,h as a 
('riter'ion of qlHLlity, it would be expected thn,t many l'eln,tiol1ships 
might be round beL\vecn gmin length.s nne! other quality [netors. 
Cnder' the 1t1'biLl'Iu-y gr'!lin-length dllssifielltions (llccepted in the 
Cutted St,llte<:;) ,used in this study, however, not mllny suelt signifi
C!Lnt reltttlOnslups were found. 

There wits not n I-iingle example o/' kenlCllength being eonsisterltly 
ILnci signifielLntly (:orl'elnted with 1 of the 25 other quality fl1c:Lol's 
11Cr:OSS 1111 length dm;sifieiLLions (eo III bin ed, long-. III ediulll-, and ;;;hort
gndnsj. There were indi(,ILLions, howe\'er, suggesting It positive 
(,()[TeitLtio!l between kernel length ILnd palnLilbility (:oitesiveness, 
c:-ipeclllll.'t in the llleclillrn~gl'ltil1 riccs; sbort-gmin riees exhibited some 
reIlttion between length and heltL ILiLemtion (llthle 27). 

~V[!U1.v' Vlu·ietn,i differences were !tpplLrenl thnt were not ILss()(:ill,Led 
with gmin lenglh. For insllLllcc, ILIUtOugh the .long-gl'n,in rices to 

J()i{ 
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which U.S. consumers are accustomed are usually 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 v!tri!ttion in the eohesi ,'eness SCOl'es was associated with kemel 
length, whereas 80 percent was related to other fnetol's. These 
.findi.ngs have n counterpart in a pre,·i01.1S study on 26 vH,rieties of 
milled U.S. xices in which se\'erai long-grain types wexe found to be 
more cohesi ve tlHLn the short-gmin types (5). 

J(en2el1vidth could not be significantly correlated with any of the 
25 factors, Other studies, however, have shown that the cOlnbina
Lion of vtlriou:; shape factors-length, width, thickness, and general 
contour-·have an important bearing on consumer preference. 

Color ("1/' value for lightness) 01' rice WIts negatively cOlTelated 
·wilh surft\ee lipids···in nIl gmin lengths-and positively with water 
upltlke tl.ncl sediment. S·ur(tlee lipid content and color 11re .1'ecognized 
Its pllrtly dependent upon lhe degree of milling, and it may be that 
renlOvol of the outer proteGti \'e layers by milling would Jnake the 
riee more luuerutble to water absorption. 

Ther.Illaland Chemical Reactions 

A i:lubstitntilLl number of correlations were foundlunong the quality 
[1t(~Lol's in v()h'in~ theJ'mal and ehem.icall·eaetions (table 27). 

These studies have given stl'Ong indications that gelatinization 
temperalw'e !!lay be signifitlwtly correltLted with such measurements 
ItS alkltli ;-;pretldin~, Itlkali clearing, wnter upttl.ke, heat llltemtion, 
n:mylo;-;e/n.mylopeetin ratio, and palatability cohesiyeness. These 
findiL1~s n.re c.om;istent witl) those reported bv other researchers who 
found that the gelatinization properties were related to the cohesive
n.ess of cooked riee, and that cohesiveness was flssocillted with the 
umnnel' in whkh I'ice responds to trelLtrnent in other processes. The 
p()ssibility is en \'isioned that some sort of gelu,tinizatiot"l temperature 
determination nUtY offer one of the greatest opportunities for n single, 
Hirnplified pl'Ocedme that would adecpmtely pl'ediet the cooking and 
proce>l;-;ing ehamcteristics of rices. . 

These studies revealed II low but consistent relation between heat 
(Lltel'alion t),ncl gelatiniuLLion temperature [or total, long-, mediul1l-, 
Itrld shOl'L-~l'lLin types of rice. Also, heat illteration was found to be 
80rnewhaL rehLted to seveml other qunJity faeLoTs-alknli spreading 
llnd den,l'ing, and water uptake. . 

WaleI' uptake ILlld seciimentation are interrelated by virtue of the 
teehnielll pl'oeedUl'e for nUlking the determinfLtions, (md were found 
in theBe in ve::;tign.tion;.; to be reit1ted to se\'entl other measurements 
slI<,h a::; HJklui ::;preadil1f; Itnd detLriog-, !Lnd palatability cohesiveness. 
"'ttlter u ptllke ilt 77° C. Wit::; lIot as significltntly related to water up
take at H2° (', nti were the tiedilllent \'alues itt these LWO tempel'ittul'es . 

.Re~poni'le of rLee to treiLlment with an illknJine solution was associ
ut.ed with tnlltTy of the othel' ('/lflrfwteristieB, particularly those ill vol\'
ing heM. ).(ore l han 60 pereen t of lhe variation in either alkali 
8precutin{1 or alkal£ c:te(lriny \\'It!; ilsso(>intcd with gellltinizlLt.ion tempem
ture, hen.l nJtemtion \'I1hICS, and water uplRke iLt 77° C. Either 
III klLli Bprcading \,{tlue or fllknli. deltring \'nlue Gould be used in 1.l1ellSUI'

http:upttl.ke
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ing rice quality, since 98 percent of variation in the alkali spreading 
sco.re was associated with the yitriation in the alkali cleitring score. 

Chemical Determinations 

Surface lipids, whieh in this stU(tr averacred about 60 percent of 
total lipids, hm:, long been l:etogni·"ed as indicntive of the degree of 
milling. Pala,lability appearance is affeeted by smface lipid content, 
although there does not seem to be It uniform tre.nd in all graiulengtils. 
As surface lipids decret\sed, n,nd to II lesser extent totil11ipids, Col01" 
(licrht.ness) irwreilsed (Lable 27). Although many reSelLr(:..ilers ba ve 
believed that pl1lnMlbility cobesi\'eness is influenced by :nu-flice lipids, 
these studies did not show tLUY consistent pattern vC sueh beimviOl·. 
Interestingly enough, the efl"eet of surfl1ce lipids seeIlled to be in 
opposite dire(,tion for long-grlLiu J'ice to HUlt for short-graiu rice. 

llithotlgh the .'I1l'otein fractions constitute less than 10 per'Cellt hy 
weight of Lht' .Inilled kernel, the protein nud the runino ncid pll.tterns 
are known to differ co08ideritbly Il.Il1ong YILl"ieties or types (4, 8, 26').10 
Previous studies have beetl devoted to e\'n.!uilting the e.::;sentilliamino 
Ileids with reference to the nut.ritive vnlue of .rice varieties (25). 'l'he 
textural qualities of cooked rice also ilre likely to be influenced by the 
protein and Il,mino acid patteru::> aud t,heir differential reactions to heat. 
The nitrogen determinations .reported iII this study j'epresent only 11 
begiuoing, 8inee uitl'ogen detenniuatious gi \'e 110 indicn.liOll of the 
relilLive aIllounts in whieh proteins or lutuuo acids mliy be preseot. 

In this ;;tl.ldy, only Il.bout one-fourth of tbe \'ariatiOIl in protein 
content of riee WllS ilS8otii~ted wiLh grain length (titble 27). J.Jcss Cor
relation was found between protein Con teo t Ilnd il.ny of the other 24 
ehtLntC'tel"i8tics induded in tbe in \'estiglLtioo. The kinds of protein 
ll.ud the distribution of Jjmtein, .ntther Llnn1 total protein content, hlwe 
been suggested us more likel.r influenees eontributing to the cooking 
(:h~u·tl.('teri8tl(;S of riee (28). 

One of tbe mo::>t important fllctO!"::;· nffeetillg (he quality of rite, 
PIl.l"tieulady dming ~tonlge, .i:,; moisture. Howe\rer, since practic!Llly 
nothiug wn:,; known abou t tbe cultuml, handling, and stOl"lige COll
diti()n~ prior to obtltining the slunple;;, thh3 important fll.etor could be 
gi \'en liUle ('onsidemtioll in these entlufLLion studies. 

~elLl'Jy ball' of the nlrinJion in the amount or witter nb::;orbed n,t 77 0 

( '. <:110 be rell.l.ted to the (LlfLylol:le 01" (Llnylopeciin eon ten t of t he rice or 
to the ratio between lhe two stfll'eh fl"llctioJls (table 27). There Will:; 
Ies;; (~()JTeltlti(J1l for wiLLer Ilb;;orbed at ,<.;2 0 C. ,Yitll l~n illC'rense in 
lUuylo;;e and tt ('O!Tesponcling decrell{5e in n,nwlope(·tin, le::;s water WitS 

11bl3orbeel by lhe riees. " 
About Olie.-fIJu.rth or lhe qU'hl~;()n in alkali spreading lWei dearing 

\'lilue;; WitS ttsso<-ll1led with the sltt("eh fmc-lions of ILlUylose tmel tl.lny
lope('tin. A slightly' bettcr rclatiou;;hip WitS found bet ween 11l11ylo
pc(·tin ILnd the alkali c1clLring millc thl111 between Itlllyio;;e ILnd illkllli 

)0 SC(' ltlS() footnot{' 4, p. G. 
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C'lear.il1g (table 27). Stunple.s with higb amylopectin eontent (low 
a1nylose) had low dearing \,ruue::;. 

These in vestigatioIlS did nol ["e\'eal 11Ily ('(Jl)sl!:lLcnt pllt tern of the 
e£r('('t of lunylo;o.e OI' IUllylope(,tin (:onlenL upon the pttlulnbililY el.l!U'!lC
terbti('s of riel' (tltble 27). Other rCBetu:dl(,I'S (J7, 88. ,~5), hOWOVCl', 
ban repOl'ted reliltiollships between iunylose eonLent ILnd eertilin 
('ooking ILnd ptllttlttbility traits; Home hil\'e suggested Utllt the JIlo\.ce
ulllr weight of lhe IlfJly\OSC fl'llc-liol1s UHlY be go\'erning [lttLors.

o\'cr !l. t hiI'd of t hemrillt ion in geltLt in i:'.I1tion lelll pentlll 1'(' hus been 
",110W1I to be reltlled to the ulfIlIlvlie/lLlltyivpeclin ralio (tltble 27). As 
lltl' mtio il)(TellSed, the gelatinizlltion lcmpemlu.!'l' ilH'I'em:;oci. Pre
vious stu dies (Hi) IHl\'e poin ted O\ll lLllll gcl!~ti.lI.izld iOll telll pcnlLurc is 
not depl'lItiPll t ou the IllllOllll t of Illllylose; c.g., ( 'en tu ry PaUll\' Illid 

Toro d('('s ('olltain sillliltll' alllouuts of tLllIylo:·;e b\lt hll\'c q~litc dif
f('rent gclatinizlI.lio.ll Lelllpemtlll'("

The iwli11I,-bb(('value ind k!ltes t be Illllylose in lhe rice lbtl L is sol uble 
undcI' the ('ollditions or tbe te:-;l. }lowc\'er, thl'se studies did noL 
s!lm\' Uh ('los(' It rl'laliouship hetwecn iodiIH'-blue !Lnd the l\,ll1ylose 
('I)l\U~lIt as ('xp('('lt'd (tlt1>\(' 27). '1'1Iel'(, was u filiI' ('OITcl!tliol\ between 
iodilll'-billt' ILnd till' IlUly\ose !lrnyloped in mllo \'ttl ues, There !:leerned 
to lie it highel' dpgrc(' of ('olTehllion bet W(,('O colur Oigh (ness) lLnd the 
iod inc-blll(' (h'lel'lIl illllliollS. 

J'ala tability Chara(.~ tt'risties (After Cooking) 

JII the ptllutlLbility illy('stiglltlOn:;, Ull IIHempl was nllldc to cuok 
nil lite ;o.lll!lpll's to optimulII dOl\('IH'SS. rf the slllnplcs IHld been cooked 
for tl ('(,j'lllill (Jl'riod (If lillw ill It sp('('i(ied yolulIlc of WILLer, .rathel· 
Ihlln to 01' lilll Utll (\m1('UPs;o., Sil III (' of tl1(' pllhllu.bility r('hltion~h ips" 
('s[)('('iuli.\' ('ohpsi n'lI(,ss llnd l('nd(,rllcss rni~h t .lilt n' been C.ll lirel}' 
dilr!'I·('nt. 

('0101' l[i~lttL\es",) nlilH's of !'ItW milled I'kr tlpptLrcnlly were llot 
,.,igniIi ('Illl t Iy (,(,tnINI to (l)JplW'CWel' of ('ooked ric'l'. I)Oll~-gl'tlill 
"'ltruph'", with low lipid contents \\'('1'(' gi\'Pll high :,;eOl'es 1'01' IlppeHnWGC 
llfl(,l' ('(loki 1I~, btl t t hp r('\'rrSl' Wits nOLed for shorl-gntill riel's, TId;; 
('elu.tion is prolwbly IL rel1('('lioll or tl!l' d('~r('(' of lIlillin~. In gellcml, 
hi~h ",('on's i'or Ilppl'tU'lllH'(' W('I'(' tlS;-;OCilllN\ wi.t b low pef'('cnltl.~eH of 
bl'nkf'll kprnt'\s ftabiP ~7),

(·()It(.'!i/'(/((s.~ of cooked riel' sl'Plllcd Lo be dep('nclelll oil IIll1llY 
rlll'lor,.;. ;\0 "in~l(' citllJ'IH'lprbli!' or rice il.wluded in this reSl'.llrdl WII::; 
J'plnt(.d Lo IIlDI'p t hall 50 pl'r('t'ul of t \1(' \'Ill'jlllion ill ('ohe,.;in~lll'ss 
";('O('('S, About o!l('-tltil'd or tltt' varial iOIl in ('oltp,.;in'lll'ss :,;eo./'l':; of 
!'/)ok('d rlc'P Wth Ils..;()('inted wilh tht' g('\lItinizlllio(l (1'1I1PPI'llllll't" wRler 
absorption tit 77° ('., s('dillll'nt III 77° ('., or til!' helll tdlel'llLiollnllu(' 
I lllblp 27 ! , 

lA'S,., (Imll a fifth of diP \'lLrilltioll in .,c'.nrC's fo/' l('nrll'l'lt(s"': or ('(Jokcd 
ric!' Wli'" Il"'-,(Willlp(l with allV or thl' utili'/' ftl('(ors induded in lhis 
projPl't. ~I ()f'(' of tlH' \'Ill'illlioll ill (.('11(\(·I'IH'S-; s('orps of shol'l-~min 
('ook('d ri('(' Wth lls;o.()('ialed with (he surfu('l' H.nd toUd lipid eonlent, 
hut 1I.l.i~ W!lS p/'Obllbly It rdlc('lion of t IH' d('~rl'e of l1liI.lin~, 

7025st}(t 60 12 
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TAll!.},) 27.-Significant correlations 101' total, longo, medium-, and short-gl'ain 1·ices ~ 
tAIl "I''' \'ulut'5 tl'OIT('llllion l'(:·effiC'ients) aTC signifi(!ant. or 11ighly signifiennt; the highly significnnt correlation cocfficients nrc mnrkcd m 

with nsterisks. Snmplt:'s arc clnssified nr:eo/'ding to grnin length but witho\lt rt:'gnrd to counlry) H 

~ 
Total Long-grain 1\\ ('diu Ill-grain Short-grnin \xl 

\'nrinbl('s 
Numberl "r" Numberl Itt" Numbt'l" "1''' N\1lnbcrl fir" E 

of values of v/lilles of "allies of v/lilles 1'-3 
samples s/lmples samples samples Z 

.... 
t>OKCl'lwllcngth: t>O ....llroken kt:'l'llc1s_________________________ 422 0.1!l!l* ]152 -0.180 147 O. ]8\1 )23 -0. ]83

~lIrf:lc(' Iipids ____________________________ • __________ •• ____ 155 -.173 _____________________ • ____________ _ 
Totnl.lipids________ •• ________________________ .____ • __________ • _________ •• ___ - 103 .235 •• _____ •• _•• _. ___ _ q 
ProLC'lll ____ •• ____ ••• ________ .__________ 441 .503* 155 .511* ._. ___ ._ __________ J27 -.280* fn
Amylosl.'____ . ___ ._.____________________ 441 .:lOS* 155 - 220* ________________ ._ 127 -.236* 
Alllylo)l{'(·lin. ____ -" ___________ .. ________ 441 -.381* ._. _____ • ___ ~ .. __ • ______ • _____ • __ .-- 127 . a07* -~ 

M 
Amylosc/nmylop('rUn mUo_______________ 441 .326* 155 -,214* __ • __________ .____ 127 -.207* 
Iodin~-blllt:' "!lltH)__ ._ .. _________________ • _______ •_______________________ .- ______________ .____ 127 -.404* -~ 
Alknl! aprea.chng __ ._____________________ 156 -.3\}2* ________ __________ ________ __________ 45 .606'" 
AlknlI deal'lllg__________________________ 156 -.480* ________ __________ 56 -,278 45 .731* 

o 
"'1 

WtltCI' uptttke-77° C_______________ ____ 471 -.451* ____________________ • ___ .- ____ ._____ J26 .257* 
Water llptake-82° G___________________ 472 -.140* 1________ -- ______________ . _________ -_ 127 .348* 15
Sediment-77° G ____________________ .__ 471 -.217* __________ ._______ ________ __________ 126 .280: ill 
H]'NIiIlH'nt-82° G_______________________ • _____.__________________________ .-_______ .__ __________ 127 .290 §
't\!t\tability-Goht:'si\'cncss_______________ 87 .454* ________ __________ 24 .521* ____ • ____________ _ 

PnIntabilitY-'l'enclerness________________ 87 .365* 
Gelatinization tcmperntul'e_______________ 181 .366* ---- -71-1--=:254--1== ==== ==1=== == =:=:=1-- -- -39 -1- --=:a:ig· ~ Bent nltel'tltion_________________________ 210 -.501* ______________ • ____________________ • 71 -.475* M 

Kernel width: Broken kernels_______________ _ 422 -.253* 147 -.27!l* 12:J -.280* 



I3rokt'n kl')"Ill'ls: I I I I
1:)\lI'facI.lipids.... , , .. , •.• _........107) .205*1' 139 .614* 145 ,204 123 I -.410* 
Total lipids." .' _., ....... _._. ___ •. 218 .275* 75 .582* . 90 .230 ___ ••• ___________~ 
Pl'otl'in .' .,., _ . __ .. _._. ___ • ___ •• ___ .•.• __ ... ___ 139 -.351*, ..... _. _•••• ____ • __ ••• __ • ____ • __ •• _1 /:)Amylmll>. _ .... _•.. ___ • __ ••••• _••. ___ .107 .302* __ • ___ ._ ••• ___ •• __ 145 .220* 123 .188 
Am~.lojJl.ctill. _" . _.. __ .-. __ • ___ " __ ._ 407 -.324* "'_"' ___ • ___ • .•. 145 -.25(\* 123 -.175 ~ 
Amylosl.', ll!llr1o(>{wlin rntio. ___ • __ "" __ .. ", 407 • 303'" ___ "" _. _____ ... __ _ 145 .215* 123 . 197 t' 

8Alkali s(ln\adill~_ ". __ ."._......... __ ]37 -.5GS* 4.-1 -.434* 50 ·-.359* 43 -.412* 

~ Alkuli ell-nring._ '" .. _. n_ ... '·' _ .• _. 137 -.566* ,f4 -,426* 50 -.364* 43 -.39';*

WaleI' Ilplllk(··77" C ___ ", _______ ._____ 419 -,400* 150 -,398* 147 -.361* ••• _____ ._._.. ~ __ • l'i 
~Wnl,'}' upll\kc-·82° Co- ____ ._._ •• _. ___ • 420 -.210* 150 -.214* -.-- •• _••• ____ ._. ___ •• _. __ •• _•• ____ • 

St>dinwnt.-77" C _____ • ____ 0_. ______ .. _ 419 -.209* ._ ....... ___ •• _____ 147 -,328* • _________ ~. ___ • __ g

S('(lillwl\l---82° C __ ."' .... -_- __ ._. _____ • _____ • _____ ._._. _______ .'_, • ____ .____ 147 -.214* _. ____ • _____ • ___ ._ 
Pnlntllbility·-Appenl'l\l\cP .... ___ • ___ ."' _0' 70 -.3t)!>\< 17 -.715* • _____ ..._••• _.___ 34 -.523* ~ 
Pn!t\lnbility.,-Fh\\'OI·_________ • __ ._______ 70 -.426>\< 17 -.49S __ ._.-_••______________._. ____ • ___ •• @Gl'll\linizt\Uon Il'mjlt>ratur(l _______ • ______ . 160 .483* 60 .324. 63 .461 *37 .390 

Hpl\t l\ll('1'I\!ioIL ... _....... ___ • ___ ••• __ H)7 -. Mi8* 61 -.310 67 -,457* 69 -.463* 

Kl.\'Jwll('nglh. ______ • __ ...... _. __ , 422.199* 152 -.186 :47 .189 123 -.183 ~ 

Kl'nwl width. _____ ... __ ..... ____ • _____ • 422 -.253* ______ .• _...... __ 147 -.279'" 123 -.280* 
 ~ 

L-color (lightness); ~ 
Surfllcl'lipids.... _. __ ... ________ .____ 357 -,3!H* 108 -.209 127 -.397* 122 -.566* S'l'o(nllipids.• ____ .... __ ••• _... _____ .... 211 -.2M'" __ • ___ ._ __________ 87 ·-.301* 47 -,495* zl'rot('in ...... _ .. ____ • _____ • ___ . ___ .. _ • __ •• ,_. ". __ • _____ 108 .290'" • ___ • _______ ._.___ 122 -.207 
Alllylos('. __ ., ____ • ___ .-.... __ ._ .. ___ •___ • ___ ._ • ____ .... _._ lOS -. 436* ~-- ___ ._ ._._._._._ --- _________ .-__ ._ .~AlllylojJ\'clin _____ ....... ___ ._ •• __________ • __ • __ ._ -_ •• __ .___ 108 .484* • ___ • __... -- __ • ____ • - •• _____ ----.- __ •• \:lAlnylose>!anlyloppclin 1'nOo_. __________ • _________ • ___ ." ____ 108 -.463* _____________ • ___ • -----. __ --._. ____ _ 
lodin('-bille YUillI.'•• ___ • ____________ -____ 357 -.323* ________ __________ 127 -.487* 122 -.367* 8Alkali spn'ading __ • _____________ .-_____ • _____ • ____ • _________ • _____ - •• ___ • _______ ._ •• ______ -._~ 45 .378* 
Alkali clearing. ___ ... __ - ____________________________ ._____ 51 .296 _________ •• __ .____ 45 .337 ~ 
WaL(>l" uptake-77° C.- ____________________ • ______ ._______ III .441* _______••________ • 121 .180 ~ 
WlltPl'uptllk<,-8Zo C___________________ 361 .298* III .525* 128 .247* 122 .323* ::=;
Sediment-n° 0 ___ • __ - _______ -________ 360 .281* III .428* 128 .185 121 .405* 
Sedinwnt-82° C _______ ._______________ 361 .346* 111 ,,502* 128 .259* 122 .368* 
Pnilltllbility-Cohesivcncss_______________ 85 -.237* 26 .636* 23 .412 --- _____ .-_______ _ ~ PllllltllbiJily-Flavor ___________ -________ 85 .349* 26 .453 _________ ._. ___ • __ -------- ---------- rJJ 
Hcat allp\'alioll ___________________ • ____ . ________ __________ 66 .311* -------- __________ -------- -----.--- 

~ 
-...) 
~ 



..... .... 
TAJlL}~27 ,--Signfficant corl'elation,~ for total, long-, medium-, and shm't-grain rices-Contiulled ~ 

[All iiI''' \'nlu(';; (eort"plntioll coctlicients) are significant or highly significant; lhc highly significant correlation coclllcieuls are marked t;i
with nsleri"ks, Samples nrc classifi('d nccording lo grain length but without regard t.o count.ry] 

.~ 
Tol al Long-grain Medium-grain Short-grain C 

H 

_______~~--------.f__------~---------:--------~--------------~~--------- >
t'\'t\ri:\blc~ 

N\Il\\berl "1''' !Nulllbcr' 1'1"'"' Numbed "r" N UIll bed "I''' t:d 
of v!tlues of vnlues of I valucs of 1 valuc.> 8samples stlmpl('s samples samples t' ..;::t'J 

8 

Gelatinization tClllpl'l'Ilture: Z 
Heat allel'lllion_- _______________________ : 160 -0,4.83* 60 -0,324.* 63 -0.461* 37 -0,390 ....
Kern('ll!>ngth__________________________ 181 .366* 71 -,254 ________________ :-_ 39 -.338 co 

coBrok(,l\ kernds_________________________ 160 ,483* 60 ,324 63 .461* 37 ,390
Surfac(' lipids___________________________ 175 ,236* 66 ,324 ____________ • ____ - • ________________ _ 
1'0tnllipids____________________________ 123 ,241* ________ ._________ 52 .313 • ________________ _ 
Protein ______________ .-________________ 175 .250* _______________________________ __ ____ __ ~ __ ____ _ d~_w~ ~ ~ ~ 

tnAmylose/amylopectin rntio_______________ 175 ,607* 66 ,538* 70 ,565* 39 .341 
Alkttli sprcading________________________ 75 -.795* 30 -.592* 30 -,838* 15 -.942* t:l 
Alkali clcllring__________________________ 75 -.787* 30 -,611* 30 -,816* 15 -.938* l"'l 
Walc!' uplllk('-77° C___________________ 180 -,835* 71 -,733* 71 -,851* 33 -,585* ~ Waier uplnkc-82° C___________________ 181 -,318* 71 -,330* 71 -,237 _________________ _ 
Pl\latability-Cohesiveness_______________ 36 ,589* ___________________ .~ ______ • _________________________ • 0
Pnllltability-Fla\'or _______ .- _________________________________ • ________ .---- 12 -,601 ____ • ____________ _ I>j 

Amylose_______________________________ ________ __________ 66 ,524* ________ __________ 39 ,324 
Amylopectin___________________________ ________ __________ ________ __________ 70 -.612* _________________ _ t; 

tl:l 
()Heat IIltenllion: 

]('rnelleI1gth__________________________ 216 -,501* ____________ .-____ ________ __________ 71 -.475* 8 
13l'okl'll kerJ\l'ls_________________________ 197 -.568'!' 61 -,310 67 -.457* 69 -,463* 8 
Ircolor (lightness) __________________________ .___ __________ 66 ,311* ___________________________________ _ d 

tl:lAmylose/amylopectin ratio_______________ 409 ,308* ________ __________ 146 ,216* 123 .197 l"'l 
Alkali spreading________________________ 153 ,809* 53 ,477* 56 ,852* 44 .894* 
Alkali clcnring__________________________ 153 .816* 53 ,570* 56. .824* 44 ,888* 

http:count.ry


-------- ---------- -------- ----------
-------- ---------- -------- ----------

-------- ----------

0 

\Yatp!" uptake-77° C ___________________ 215 .846* 72 .820* 73 .771 * 70 .699* 
Water uptake-82° C _______ - -.- ----. --- 215 .332* 71 .356* .. ------- -- ... ------- 71 .268 
Gelatinizution temperature_______ --- - - - -- 160 -.483* 60 -.324* 63 -461* 37 -.390 
Palatability-Cohesiveness_____ - - - - •. - - -_ 84 -.531* ---- ... --- ------ ... --- .. - ----- -- .. -- ... ---- ---- ... --- ---------

'Vater uptake-77° C.:Water uptake-82° C ___________________ 471 .541 * 166 .512* 178 .478* 126 .580* ~ 
471 .567* 167 .580*Sediment-77° C ___ • ___________________ 178 .632* 126 .403* 8 

><j
471 .351* 166 .329* 178 .393* 126 .449*Sediment-82° C ________ -_ - --- -- - - ---- 

l".iPalatability-Cohcsivcness___ - - - -- - - - - - -- 86 -.547* -------- ---------- 24 -.815* ...,------- ---------- <:r __

Palatability-Tenderncss __ - -- - _- -- __ ---- 86 -.312* -------- ---------- ... ------- -.--------- -------- _______ 

Palatability-Flavor_________ - ___ - ___ --- 86 .342 ------ ... - ------ ... --- -------- ---------- -------- ---------- ~ 
c::jGelatinizution temperature____________ . __ 180 -.835* 71 -.733* 71 -.851* 38 -.585* 

IIeat alteration ______ ----- __ -- -- - -- - - --- 215 .846* 72 .820* 73 .771* 70 .699* ~ ..... 
Kernel length_. _________ -_ - --- - - - --- --- 471 -.451* -------- ----- ... ---- -------- ---------- 126 .257* 
Broken kernels __ - ___ - ____ --- ---- - - - - --- 419 -.460* 150 -.398* 147 -.361* -------- ---------- ~ 
L-color (lightness) _______ -- - - ------- - --- -------- ---------- 111 .441* -------- ---------- 121 .180 0 
Surface lipids__________ - _- - -- - - - - - -- - --- -------- ---------- 156 -.262* -------- ---------- -------- ---------- "'.lProtebl________________________________ 126 -.241*440 -.206* -------- ------_ ... _- -------- -------- .... - "'.l 
Amylose starch__________ -_ -- ----- - - - --- 440 -.621* 156 -.583* 158 -.447* 126 -.405* 0 
Amylopectin starch_____________________ 440 .574* 156 .576* 158 .534* 126 .547* ::t: 

t;.j
Amylose/amylopectin ratio_______________ 440 -.642* 156 -.574-* 158 -.487* 126 -.538* ..... 
Alkali spreadblg________________________ 155 .797* 55 .688* 56 .813* 44 .645*. 0 

ZAlkali clearing _____________ - ___ - -- -- ---- 155 .806* 55 .753* 56 .786* 44. .626* 

Sediment-77° C.: ~ Sediment-82° C _______________________ 166 .741* 178 .753* 125 .724*471 .719* 
Palatability-Cohesivenesc ______________ 86 -.554* 27 -.3!)4 24 -.659* 35 -.544* t:; 


Palatability-Tenderness._________ - ______ 86 -.250 35 -.424 
0 


Kernel length _____________________ - ____ 126 .230* ~471 -.217* 
Broken kernels___________________ - - _ - __ 419 -.209* 147 -.328* -------- ----------------- ---------- ~ L-color (lightness) _______________ - _- ____ ....360 .281* 111 .428* 128 .185 121 .405* Q
Amylose/amylopectin ratio_______________ 440 .439* 155 .478* 15S -.374* 126 .274* 
Iodine-blue valu e _______________________ 159 -.331* 126 -.191 ::t:4.49 -.108 .....
Alkali spreading _________________ - _- ____ 55 .300 56 .536* 44 .484* Q 

t;.j155 .458*
Alkali clearing __.________________________ .475*155 .451* 55 .328 56 .495* 44 "(Jl
Water uptake-77° C ___________________ .632* 126 .403*471 .567* 167 .580* 178 
Water upt,ake-82° C ___________________ 471 I .416* 178 .313* 126 .469*.413* 166 I-' 

...;J 
Cl 



--l TABLE 27.-Significant con'elations jor total, longo, medi1lrn-, and short-grain l'ices~-Oontillued i-' 

~ 

[All "r" vnlnes (correlntioll coefficients) nre significant or highly significant; the highly significant correlation coefficients arc marked 
with asterisks. Samples are classified according to grain length but without regard to country) ~ 

Total Long-grain Medium-grain Short-grain ~ 
Yariables ("') 

~Number "r" INumber "r" INumber "r" INumber irr " 
of values of values of values of values OJ 

samples samples samples samples 

~ 
Water uptake-82° C.: 


Sediment-77° C________________________ 471 0.413* 166 0.416* 178 0.313* 126 0.469* 
 ~ 
SedimenL-82° C________________________ 472 . 32!}* 166 .380* 17!} .210* 127 .434* 

.....Palatability-Appearllnce________________ 87 -.232 ___________________________ • _________________________ _ 
to>

Palatability-Cohesiveness_______________ 87 -.456* 27 -.398 24 -.645* _________________ _ to> 
.....Palat,ability-Tcndcrness________________ 37 -.283* ________ __________ 24 -.426 _______ _ 


Gelatinization tempemture_______________ 181 -.318* 71 -.330* 71 -.237 _______ _ 

Heat alteration_________________________ 21.5 .332* 71 .356* ________ __________ 71 .268 ~ 

Kernellength _____________ .____________ 472 -.140* ________ __________ ________ __________ 127 .348* !Jl 

Broken kernels_________________________ 420 -.210* 150 -,214* ___________________________________ _ 

L-color (lightlless)______________________ 361 .298* III .52.'5* 128 .247* 122 .323* ~ 

Snrfac(' Iipids __________________________________________ ._________________________ :..___ __________ 127 -,184 
Protein________________________________ 441 -,198* ________ __________ 1511 -,260* 127 -.243* ~ 
Amylose starch_________________________ 441 -,268* 155 ,233~ ________ __________ 127 -.354* 
Amylopectinstarch_____________________ 441 .a47* 155 ,295* 1511 .189 127 .401* ~ 
Amylosc/amylopectin ratiQ_______________ 441 -.2119* 155 -,266* ________ __________ 127 _ -.371* 
Iodine-blue valuc_______________________ 450 -.272* 163 -.272* 160 -.410* ~ 
Alkali spreading________________________ 156 .435* 55 .569* 56 .300 ::u 
Alkali clearing__________________________ 156 .417* 55 .548* 56 .285 ----]~-,-----:-Ug:
Water uptake-77° C___________________ 171 ,541* 166 .512* 178 .478* 

Sediment-82° C.: ~ ::u
palatabilitv-Cohesiveness_______________ / 871 -.518* I 271 -.641* 1--------'---------- 36 -.585* t'.1Palatability-Tenderness ___________________________________________________________ _ 

36 -.346Kernellength _____________________________________________________________________ _ 
127 ,290* 

2 



-------- ----------

---------- -------- ----------

-------- ----------

-------- ----------

-------- ----------

147 -.214* 1________ ----------Brokrn krmels _________________________ --------1--------.-- ------. -- -----..-,: 
128 .259* 122 .368* 

Amylose/amylopectin ralio_______________ 441 -.364* 155 -.375* 
L-l'olor (lightness)______________________ 361 .346* III .502* 

158 -.3615* 127 -.338* 
159 -.2lG* 127 -.249*Iodine-blue value_______________________ 450 -.101 -------- ----------


Alkali spfl'ading________________________ 156 .276* -------- ---------- 56 .422* 45 .478* § 

Alkali clearing__________________________ 156 .243* -------- ---------- ~
56 · 336* <13 . 482* 
Water uptake-77° C _______ - .__________ 471 .351* 166 .029* 178 · 393* 126 . 449* 
Water uptllke-82° 0___________________ ·j72 .329* 166 .380* 17D · 210* 127 .434* 9,
Sedinlent-77° 0_______________________ 471 .719* 166 .741* 178 · 753* 1 126 . 724* 

~ Alkali spreading:
Alkali clearing _________ - - - - - - -- 156 .966"" 55 · 936* 56 · 963* 45 · 977* 8Water uptake-77° 0 __________________ _ 155 · 797* 55 · 688* 56 · 813* 44 · 645* 
Water uptake-82° C _________ _ 156 · 435* 55 · 569* 56 · 300 45 · 407* .... ~ 
Sediment-'/7° 0 _______ _ 155 · 45S* 55 .300 56 .536* 44 · 484.* 

56 .422* 45 · {78* ~ Sedimcnt-82° 0 ___ _ 156 .276* -------- ---------
l)alatability-Oohesiveness______ - _______ _ 87 -.418* 24 -.698* -------- --------- ~ Pnlatability-Flavor____ _ 87 .320* ------ ... - ---------- 24 .422 -------- ---------

-.942*Geltttinization temperature______________ _ 75 -.795* 30 -.592* 30 -.838* 15 ~ 
Heat alteration ____________ - __ -- 153 .809* 53 .477* 56 .852* 44 .894* o 
Kernellength __________ _ 156 -.392* -------- ---------- -------- ---------- 45 .696* ~ 

50 -.359* 43 -.4.12* ....
Broken kernels __ _ 137 -.568* 44 -.434* p
L-color (lightness) ________ _ -------- ---------- 45 .37&* ZAlnylosc______________________________ _ 45 -.523*-.491* 55 -.471*152 -------- ----------Amylopectin ________________ _ 55 .525* 45 .544*152 .520* -------- ---------
Amylose/amylopectin ratio______________ _ 152 -.507* 55 -.506* 4.5 -.546* ~ 

o ~ Alkali clearing: 
Water uptake-77° 0 __________ _ 155 .806* 55 .753* 56 .786* 4c4 .626* ~ 
Water uptake-82° 0 __________________ _ .417* 55 .548* 56 .285 45 369 t;j

156
Sediment-77° 0 ______________________ _ .328 56 .495* 44 · -}75*155 .451* 55 
Se<;iim(mt-82° 0 ____ _ 156 .243* -------- ---------- 56 .336* 45 .482* ~ 
raiatability-Oohesiveness______________ _ 87 -.435* 24 -.712* -------- -------.,..--------- ---------- l:dPalatability-Tenderness___ . ___________ _ 87 -.234 -------- ---------- -------- ---------- .... 
Palatability-Flavor___________________ _ 87 .339* -------- ---------- -------- ---------- -------- ---------- ~ 
Gelatinization temperature______________ _ 75 -.787* 30 -.611* 30 -.816* 15 -.938"" Ul 
Heat alteration ________________________ _ 56 · 824* 44 · 888* 153 · 816* 53 · 570* 
Kernel length _________________________ _ 56 -.278 45 .731*156 -.430* ~ 
Broken kernels ________ _ 137 -.566* 44 -.426* 50 -.364* 43 -.397* "'-l 

"'-l 



-------- ----------

...... 
--l 
00 

'fA13LE 27.-Significamt correlations fo7' total, long-, medium-, and short-grain 1'ices-Continlled 8 
t'l 

[All "r" vaiu('s (corr('iatioll eoefficients) arc significant or highly significant; the highly significant correlation coefficients arc marked 
with ast('risks. S,lmplcs arc ciassifiNI accorcling to grain length but \\'ithout regard to country1 ~ 

(") 

> 
Total Long-grain Medium-grain Short~gmin t< 

!;!j 

Yariablcs 
Number HI''' Number (tru Number Ur " Number HrU El 

f;jof values of values of vulues of values 
8samples samples samples samplGs 
~ 
..... 

Alkali clearing-Continued c.> 
c.>L-color (lightness) _____ _ 51 I 0.296 45 O. 337 .....

Amylose stnrelL ________ _ 1521-0.492* 55 )-=0:428*- 45 -.439* 
Amylopectin starch __________ _ 152 .527* 55 .4.89* 45 .476* d
Amylose/amylopectin ratio__ 152 -.511* 55 -.467* 45 -.466* ~Ioclino-blue vahIC _______ _ 45 -.341 
Alkali sproae! ing ___ _ 156 I .966* 55 I .936* 56 .963* 45 .977* t:1 

t'l 
Surface lipids: ~ Totallipids____________________________ 240 .779* 88 .843* 102 .677* 49 .900*

Protein____ __ ___ __ ____ __ ___ _ _ __ ___ __ _ _ _ 441 - .. 118* 155 -.277* -------- ---------- -------- ---------- o 
Amylose/mnylopectin ratio_______________ ________ __________ ________ __________ 158 .234* _________________ _ ":l 
Water uptake--77° C___________________ ________ __________ 156 -.262* ___________________________________ _ 
\Vn,ter uptake-82° C___________________ ________ __________ ________ _____ _____ ________ __________ 127 -.184 ~ 

::>:IPalatability-Appearallce________________ 87 -.292* 27 -.I:H8* ________ __________ 36 .496* 
Palatabilit,y-Cohesiveness_______________ ________ __________ 27 -.606* ________ __________ 36 .474* 
Palatability-Tenderness_ ____ _ _ _ _ __ ____ _ 87 . 323* __ _ _ __ __ _________ _ ____ _ _ _ _ __ ____ ___ _ 36 . 641 * 2 
Pahttability-Fhwor__ __________________ 87 -.238 ~ Gelatinization tell1perature_______________ 175 .236* 66 .324 ::cKernellength ___________________________________________ _ 155 -.173 t'l 
Broken kernels_________________________ 407 .205* 139 .614* ---- f~~-,--~:~g~:-'----I~r ,---=:i~~:L-color (Jightness)______________________ 357 -.394* 108 -.209 



_______ __________ 

_____________________________________________________ _ I 
Total lipids:Protein ___________ .,_______ • ________________ " ___ ._______ 

Amylose/:ul1ylol)('l'tiu ratio_, ____________ • 240 ,137 
Palat:\bility-Cohc~jvt'ness ._______ ________ 
Palatability-Tenderness________________ 54 ,431*
Pnl:ttability-Flavor _________ _________ 54 -,300 
Gelatiniz:ttion temperature_______________ 123 ,241* 
Kcl'1lcllength__________________________ ________ __________ 
Broken kcrnels__________________________ 218 ,275* 
L-color (lightness)______________________ 211 -,264* 
Surfnee lipids___________________________ 240 ,779* 

Protein:Amylose/tunylopectin ratio________________________________ • 
Water uptnke-77° C___________________ 440 -,206* 
Water uptllke-82° C___________________ 441 -, H)8* 
Palat:tbility-Cohcsivencss_______________ 87 ,401*
Palat:\bility-F1:wOl'____________________ ________ __________ 
Gelatinization tcmperntur~______________ 175 ,250* 
Kerncllength-------------------------- 441 503*
Broken kernels_________________________ ________ __________ 
L-cGlor (lightness)______________________ ________ __________ 
Surface lipids__________________________ 441 -,ll8 
Totallipids____________________________ ________ __________ 

Am vlose starch: 
. Alka,I! spre~ding--_--_------------------ 152 -,491*

Alknh clearlllg__________________________ 152 -,492* 
Water uptake-77° C___________________ 440 ...?,621*
Water uptake-82° C___________________ 441 -,268* 
Palatability-Appearuncc________________ ________ __________ 
Palatability-Cohesivcncss_______________ 87 .386* 
Palatnbility-FlavoL___________________ 87 -,397* 
Kernellcngth__________________________ 441 ,308* 
Broken kernels__ _______________________ 407 ,302* 
L-color (lightness)_______________________ ________ __________ 
Gelatinization temperature_______________ ________ __________ 

88 -,2S9* . ____________________________ • _____ _ 
___ .____ __________ 102 ,228 _____ • _____ • _____ _ 

22 -.477 ___________________________________ • 
22 ,500 ________ __________ 17 .582 

________ __________ 52 .313 _________________ _ 
________ __________ 103 ,235 _________________ _ 

~75 ,582* !J6 .230 _________________ _ 
________ __________ 87 -,301* 47 -.495* t:;j 

88 ,843* 102 ,677* 49 .900* ~ 
t< 

~ 155 -,329* 158 -,175 _________________ _ 
________ __________ ________ __________ 126 -,241* ~ 
_______________ .• _ 159 -,260* 127 -,243* Z 
________ ______ ___ 24 ,511 36 ,386 
________ __________ 24 -,408 ______________ • __ _ ~ 
____________ • _______________________ - ________________ _ 

>:rj 
155 ,511* ________ _________ 127 -,280* o 
139 -,351* ___________________________________ _ ::0 
lOS ,290* ________ __________ 122 -,207 ~ 
155 -,277* ___________________________________ _ o 
88 -,289* __________________________ • ________ _ Z 

~ 
t:1 

-------- -.-------- 55 'I -,471* 45 -,523* t:1 ____ --__ __________ 55 --,428* 45 -,439* 
156 -,583* 158 -,447* 126 -,495* ~ 155 -,233* ________ __________ 127 -,354* t'j 

________ __________ 24 -,442 _________________ _ rJl 

__________________________________________ • ______ • ___ _ ~ a ________ __________ 24 -,498 _______________ • __ 
155 -,220* ________ __________ 127 -,236* ::0 

________ __________ 145 ,220* 123 ,188 t) 
t'j108 -,436* __________________ -- _______________ _ rJl

66 .524* ________ __________ 39 ,324 

I-' 
'-lc:o 



________ __________ 
________ __________ 

________ __________ 

___________________________________________ _ 

00 
f-" 

'rA13LE 27.-Significant corl'elations j01' total, longo, medium-, and short-grain l'wes-Continued o 

[All "r" values (correlation coefficients) are significant or highly significant; !;he highly significar:.t correlation coefficients are marked 
wiih asterisks. Samples are classified according to grain length but without regard to country] ~ 

Yariables 

Amylopectin starch: 
Alkali spreading________________________ 
Alkali clcaring ______________________ --__ 
Watcr uptnke-77° C___________________ 
Water uptake-82° C___________________ 
Palatability-Cohesiveness_______________ 
Palatability-Tenderness________________
Palatability-Flavor____________________ 
Kernellength__________________________
13roken kernels ____________ -____________ 
L-color (lightness)_______________________ 
Gelatinization temperature_______________ 

Amylose/amylopectin ratio: 
Iodine-blue value________________________ 
Alkali spreading_ -----__________________ 
Alkali clearing__________________________ 
Water uptake-77° C____________________ 
WaterLlptakc'-S2° C____________________ 
Sediment-77° C________________________ 
Sediment-82° C_______________________
Palatability-Appearance_________________ 
Palatability-Cohesiveness_________ --- _ _ _ _ 
Palatability-Tenderness_________________ 

mLong-grain Medium-grain Short-grain Q 
H 

~ 
INumberl "r" Numberl "l''' Number "r" l:d

of values of values qof vn1.ues 
samples samples sltmples ~. 

t'j 
i-3 

Z 
55 O. 525* 45 0.544* .....
55 . .j89* 45 .476*-- --HrI---o:g~g:- 158 .534* 126 .547* "" ..... "" 159 .189 127 .401* 


-- - - ----1--- - ___ ---. ________ 1__________ 1_______ ... , _________ _ 
~ 

________ __________ 24 .515 _________________ _ !fJ 
______________________ .-- _________ -- 127 .307* 

t:I ________ __________ 145 -.256* 123 -.175 
108 .484* ___________________________________ _ 

________ __________ 70 -.612* _______________ _ ~ 
~ 

154 -.377* 1.57 -.270* 127 -.174 
________ __________ 55 -.506* 45 -.546* g; 
________ __________ 55 -.467* 45 -.466* ::tJ 

H 
156 -.574* 158 -.487* 126 -.538* 
155 -.266* ________ __________ 127 -.371* 8 

155 .478* 158 -.374* 126 .274* 

t< 


155 -.375* 158 -.365* 127 -.338* 
 g 
________ __________ 24 -.421 _________________ _ 
______ -- ___ --- ____ 1_ - - ---- - - _- - - - __ ._ -- _______________ _ 

t'j 

Number 
of 

samples 

152 

152 

440 

441 

87 

87 

87 


441 

407 


439 

152 

152 

440 

441 

440 

441 


87 

87 


Total 

"r" 
values 

0.520* 
.527* 
.674* 
.347* 

-.462* 
-.309* 

.423* 
-.381* 
-.324* 

-.263* 
-.507* 
-.511* 
-.642* 
-.299* 

.439* 
-.364* 

. 420* 

.233 




Palatability-Flavor ___________________ -- 87 -.415* ' _____ ._ ----------1 24 -.530* ,_- ______ -.-_. ___ ._ 
O",latinization templ'rature_______________ 175 .607* 66 .538* 70 .565* 30 .341 
Heat alt('rntioll value _________________ --- 400 .308* ________ __________ 146 .216* 123 .197 
Ki.'l"lwllength____________________________ 441 .326* 155 -.214* ___ .-___ __________ 127 -.207* 

t:)Broken kernels_________________________ 407 .303* ________ __________ 145 .215* 123 .197 
L-color (lightness) ___________________ --- ________ __________ 108 -.463* - _______ ---------- ----____ ------ ___ _ 
Surface lipids __ . _________________________ ________ __________ ________ __________ 158 .234* -------- ------___ _ ~ 
Totallipids ___ ._________________________ 240 .137 ________ __________ 102 .228 -- ______ - ________ _ ::3 

>-<Protein___ ----------------------------- ________________ ._ 155 -.329* 158 -.175 --______ - ________ _ 
t."l 

Iodine-blui.' value:Alkali clearing _____________ -- _______________________________________ -- ______ -- ______ ---- ----- 45 -.341 ~ Sediment-HO C________________________ 440 -.108 ________ __________ 159 -.331* 126 -.101 
Sediment-8Zo C _______ --______________ 450 -.101 ________________ -- InO -.216* 127 -.240* ~ 
Palatability-Appeurance___________________________________________ .________ 23 .524 ----____ - ________ _ ~ 
PalutabiliLy-Cohesivencss_______________ ________ __________ 27 -.520* _______________________ • __ - ________ _ Z 
E:erncllength______ ._________________________________________________________________ ---------- 127 -.494* 
L-color (lightness)______________________ 357 -.323* ________ __________ 127 -.487* 122 -.367* 

o 
"':I 

Amylose/amylopectin ratio_______________ 430 -.263* j 154 -.377* 1.57 -.270* I 127 -.174 "':I 
o 

Pulatability-Appearullce: ~ 
HBroken kernels _____ ----________________ 70 I -.361* 17 -.715* ------ __ -----.---- 34 -.523* o'Vater uptakc-82° C___________________ 87 -.232 __________________ -- ______ ---------- -------- --------- ~ Surface lipids _____________ -----__________ 871 -.202* 27 -.848* ________ __________ 36 .496* 

Anlylosi.'_______________________________ ________ __________ ________ __________ 24 _.442 ---_____ --- ______ _ 
Amylose/amylopectin rn.tio_______________ ________ __________ ________ __________ 24. _.421 ----- ___ ------ ___ _ ~ 
Iodine-blue value ________________________________ .__________ ________ __________ 23 .524 -------- ---------

t;:j 

o 
Pulutability-Cohesivencss: ~ 

Gelatinization temperature__ _ 36 .589* ---------- -------- ---------- -------- ---------- i:'J 
________ __________ 24 .521* ________ - ____ ..___ _ YJKernellcngth ________________ _ 87 .454* 26 -.636* 23 .412 _________________ _ ~ L-color (lightncss) __ _ 85 -.237 o

Surfucc lipids _________ _ 27 -.606* --T----- __________ 36 .474* 
Totullipids_____ _ 22 -.477* __________________ -------- ---------- i:l
Protein______________________ _ ________ __________ 24 .511 36 .38687 .401* &3Amylosc_________________________ - ____ _ 87 .386* YJ
Amylopectin__________________________ _ 87 -.462* 
Amylose/amylopectin rutio______________ _ 87 .420* I-' 

I-' 
00 



!-' 
00 
t\:) 

1-3 
TABLB 27.-Significant correlations }or total, long-, mecZium-, and short-grain ~J'ices-Oontillued t'l 

(') 

~ rAil "r" \"Illuos (correlation coefficients) are significant or highly 'iicrnificantj the highly significAnt correlation coefficients are marked H
with aslerisks. Samples are classified accordh.g to grain length but without regard to country] f; 

r 
Total Long-grliin :Medium-grain Short-gmin b:i 

Variables 
Numberl "r" N um berl Itr" NUIll berl Itr " Number Itr" ~ 

1-3of values of values of values of values 
smnples samples samples samples Z 

..... 
¢o 

Palatability-Cohesiveness-'Continued 'Col 

Iodine-blue value_______________________ ________ __________ 27 -0.529* _________ --------- _________________ _ 
Alkali silreadillg-_______________________ 87 -0.418* ________ __________ 21 -0.698* _________________ _ dAlkali e earing__________________________ 87 -.435* ________ __________ 24 -.712* _________________ _ 
Water uptake-77° C___________________ 86 -.547* ________ __________ 24 -.815* _________________ _ ?Ii 
Watcr uptake-82° C___________________ 87 -.456* 27 -.398 24 -.645* _________________ _ gSediment--'-77° C_______________________ 86 -.554* 27 -.394 24 -.659* 35 -0.544* 
Sedinlcnt-S2° C_______________________ 87 -.518* 27 -.64.1* ________ __________ 36 -.585* ~ Heat alteration_________________________ 84 -.531* 

~ Palatability-Tenderness:
Kernellength__________________________ 87 .365* ____________________________________ •_________________ _ g;Surface lipids___________________________ 87 .323* ________ __________ ________ __________ 36 .641* 

Total lipids_ _ _ _ _ ___ ____ ___ _ _ _ _ __ __ _ _ _ __ 54 . 431* 22 . 1500 _ ______ _ __ _ _______ 17 . 582 
 ~ 
Amylopectin___________________________ 87 -.309* _________________________________________________.---- g
Amylose/amylopcctin ratio_______________ 87 .233 _____________________________________________________ _ 
Alkali clearing__________________________ 87 -.234 _____________________________________________________ _ 
Water uptake-77° C___________________ 86 -.312* _____________________________________________________ _ ~ 
Water uptake-82° C ___________________I 87 -.283* ________ __________ 24 -.426 -------- ---------- t'l 
Sediment-77° C_______________________ 86 -.250 ________ . _________ ________ __________ 35 -.424 
Sediment-82° C ______________________ .. _________________________ .1_ ___ ______ __ ______ __ _____ __ _ 36 -. 346 



-". 

Palatability-Flavor: IGelatinizatiOll temperature_______________________ • _________________ - _________ -----.-- ---------- 12 -.601 

Broken kernels_________________________ 70 -.426* 17 -.498 -------- ---------- ------.- .-------- 
L-color (lightness)______________________ 85 .349* 26 .453 -------- ---------- -------- --------- 

~~~~;~~~!~~~s~~======================:== _____ 87___ =~~~~__ ____________________ ========== ======== _____ ========== =====~i=24 ===~~i~§= !
'<

Amylose____________________________ ___ ~~ -.397* ======== • ---------. -.498 
Amylopectin___________________________ 87 .423* __________________________ ----._____ 24 .515 
Amylose/amylopectin ratio_______________ 87 -.415*. _________________ --. _____ ---------- 24 -.530* t<:i 

<:Alkali spreading________________________ 87 .320 __________________ -------- ---------- 24 .422 
Alkali clearing__________________________ 87 .339* -------- ---------- -------- ---------- -------- ---------  8
Water uptake-77° C___________________ 86 .342* -------- ---------- -------- ---------- -------- --------~- :.

~ 
~ 
~ 
»j 
o 
gj .... 
~ 

~ 
'=' 

~ 

~ 

~ 

Ul 

i-" 
00 
~ 
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