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ANDIN MILITh..I!G, COOKING,OF DIFFERENCESCHEMICAL 3ASIS 
Elt'iNG QUALi'iY 0' RICE VAIILi'ES 

Bienvenido 0. Juliano* 

INTRODUCTION 

for milled or polished
Consumers usually base their preference 

not a'.ays related to 
of the ra'."(J'-Ain, which is 

rice on the appearance 

special charact,ristiesrice that have 
eating quality. Processors requir;e 

hnoo.,-nthey test the rice
but little is

for particular food purposes, 

in rdr to e:toablish
Rice re'nders and chm2ists 

for such characteristics. 

pysi-L :e h L::W hrice quakity mwu 
reliable and scientific criteria fcr 

the cooki:. bohavior of rice for 
crituria fo: identifyingcochemica, 

for the screening
ice foods, Such infor:at5on should be useful 

specific 

in coo.iiig quality. This paper
lines for genetic differ--ncesbreeding 

of establishing physicochernical 
-'escribes the feasibility and advY-Latages 


.ertvzs as criteria for rice qualiLy.
 

Chemistry Department, International Rice 
aind Head,k*Chemist 
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phyLsicochemicaI2:,l r 2Jertie l trchU and iotin 

Rice is a starchy food. It contains about 7,,, protein. Filipinos 

obtair 30 to % of their protein from rice, and also a m,.ijor part of their 

mine :I s a -: amnmins. The important , utri WtAs in ricoe naiaely the 

vitamins, thiamine and rioafiavin, are distributed unevenly. The endos

perm is starchy but the euLer IJa ;cs and C-rm are licher in the other 

than millednutrients. Thus, brown rice or p_ion. ni_is richer in nutrients 

rice or iqas. 

Basically, starch is a collection of glucose molecules. 

Depending on the way the molecules are arranged , there are two forms 

of starch; ;amylose (lineair) and amylopcctin (bralnchied). The starch of 

99 percent amylopectin. Incidentally, itglutinous or wa.>-y rice is about 

contains neither wax nor gluten. Nonglutinous , common, or nonwaxy 

milled rice contains 10 to 34 pecent amylose (12 to 37% statrch basis), 

the rest of the mtarch is arnylopectin. The mean amylose content of 

nonglutinous mill(:d rice may be low (< 20%) , inter ediate (20 to 25%), 

modCIdtely hig)h (25 to 27%), or high ( 27%). Philippine rice varieties 

range from low to high .mylose. A variety may vary in amylose content 

by as much as 6%, as does IR8 whose anrylose content ranges from 27 to 

3%. In fact, samples of the same variety may vary in amylose classi

fication. Hence a single analysis of a variety for total amylose content 

is unreliable, particularly w;hen amylose ranges from 24 to 28 percent. 



9C, 

SLaicn is present in the rice endosperm as compound granulet, 

3 to 10 p in size. It is inr-otublc Jn cnld vater buti is dispersed up;on 

heating. GCet: nization tern poraturc, a !n ty sic;al p, pnv of sLare-h, is 

the range oi ter portur. v.ILIAIn vIC.hc: t :hos rch sraw , staxc to :swell 

irreversibly in hot water, :;unltannow;.V losing LI.r,oUi flCence and 

crystallinity. FAl-,a gelatinization Le.proture ranj- from 55 to 790C 

in rice starch and may vary by as miuch as 10C v,%iLhin a variey, ft may 

Allbe low (< 70oC), intermedi, e (70 to 7:oC) or high ( > 74 0 C). 

classes of gelatinization ternperature are represent:el in Philippine 

varieties. 

Amylose content -tnd geld inization ternepraturoe, neither of 

with ,ini. size and hape, are affected indepexxndentlywhich is correlated 

by ambient tenp :rat.ure diring er- in dove loarent .n mo st of the 

Philippines ambioext Leinp . .urc doe. no .ary i,,uch thr :hou L Lie(. year. 

cpeit, bond's.Proteins are miade up of amino .cd lin,. by 

discrete. pixticles (p-Otinhn the rice ondosperm they exist mainly as 

be.,[es , 1 to 4 p, in size. Nutritiona.. *; , rice protein has better quality 

than most cereal proteins because of its high level (3. 5 to 4 . 5%) of 

the first limiing essential amino acid of cereal proteins. Thelysine, 

(only 5%)high lysine content of rice protein is due- to the low content 

oi the low lysine protein fracl.ion (prolamnin). Rice protein is made up 
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principally (90%) of waiter-insoluble protein. The protein content of 

samples of the same vaiety may vary by as much as 6%. 

Proper t e o Che rai' am_-\n_ 

Milled rice is p..::crrcd to brown rice because brown rice does 

not store as well, parti culailJ wlen the grain is dehulled by stone or 

which layers and enzymeconcrete rollers CI, wji:e thu. outer promote 

activity, leading to a }.ieado%,.-, of fats. The rubbe, rolleis used in 

modern Aill- niririz c .rinjn damnigo and thus irnprove tlhe ,.-torage quality. 

Filipinos (eaerally Irf r translucent, slender, menium -gain rice. 

Mlillcd ric,! ii 0, rk, t place is usual] y graded and priced 

on the basis of gre in .c; ' ,r s i e, degree of milling, a ld grain 

translucency (absence Al opaque Jortions). Degree of milling affects 

the appeorance of the milled rice. Uindermill,:ed rice has a darker color 

and is less attractive li.n [Lfilly milled rice. 

There is lit.]J pvcc preimium for head rice (unbroken grains) in 

the Philippines. Protein content and probably gelatinization temperature 

directly aff(e!ct head ric. v'eid . Grain cracks that occur in the field 

with dewwhen the surface of dry,ng gre.in expands after direct contact 

or rain may cause brea!kA:g,-, too. Interestingly, the opaque glutinous 

rice give the same values for breaking hardness as nonglutinous rice. 
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caused by the presence of micropere:"Opaquenes, ,iglutinous rice is 


within the storch g: anules. The opaque portions in nowjl-itinous ric,
 

IR8, ,w v-;r, Lw:tw,,.;nsuch as .. are due to air spacc!; - the loosely ,. ed 

cell contewLb and thuy contribute to yrain breakage. 

Boiled rice a rice di-hes 

in"'.ly corsuned boiled. The method of co,-)king seemsRice is 

less important than varietal diferences in determining the texture of 

cooked rice. Volume expansion and water 1bsorption Wharing coo:in.g are 

COMA, of the ric.e. Cook'ingpositively correla ted vith the ,nyluo.e 

time or rate of cooking corr:Ie;t ePOc'. sitiveiy ,iLf gelatinization nempe

rature and protein content. Protein acts as a physical barrier to water 

waterabsorption because less then 10 ercent of it is soluble. 

The eating quality (conesiveness, tenderness, and color) and 

gloss scores of cooked rice arc negatively corrclated vwith amylose 

SaHM ,ond Antonio (1.965), roper. a preference bycontent (Table 1). 

.u.'an and sihilar varie J',j s with intermedtate .aPilipino taste panel for Benqa 

na raup kM,:I 36anwavose content over Peta , TjcLe Mv .l Str. 4132, 

which have :gh namyow: content. Similm ra:.ults w-r, reported at UPCA 

jc:erence cf lfilipinos fol interby Ofhat- and del Muno (ia ble 2). The 

orctice leftcf keepingmed,.ite amylose rice n'a be related to their 


ovex boiled ice overnirlht and frjng i for breakfast the next morning.
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even when cold,v:hen cooked, remain soft
Interrmdiate amylose rice, 

sticky than high arnylose rice. Gloss differences may be 
but are more 

amount of volume expan.; ion duiin cooking.
directly cu)rrj,latcd with the 

and taste 	panel scores 
TABIE 1. 	 ReItionship htv.en amylose content 

of cooned rice of Philippine milled rices. 

Ta steCPn-.l--c ": / 

Coh1esive-Variety Amylose Tender-	
lo ss% dry bsi 	 s) eSS hSS Coor 

4.1 8.0 
Maklgkit Sungsong 3.9 8.5 7.3 

1.2 5.024.2 6.5 6.2
Bengawan 

3.4 5.921.5 6.9 5.7
BPI-76 

1.3 3.728.3 5.2 3.6
Milfor 6 

1.0 4.232.6 5.2 3.9
Peta 

1.1 3.928.2 4.8 3.6
Tjere Mas 

0.4 0.50.5 	 0.7LSD (5%) 

Mean of triplicate assessmentRice :vatcr (w/w) ratic of ).:1. 8. 
of 1 to 9 were assigned,

by a taste pa n,] of five judIcs. Numerical scores 	
"9" 

")" rciesun'Ljj the lca st xprsslon of the property in question and 

the highest :xpro ssion. 



TABLE 2. 

Rank 

1 


2 


3 


4 


5 


6 


7 


9,4
 

the UPCA (16) ,ild
[-eirence for cooked rice by per,,onnel from 

-icc of 10 Philippinn val ttte 
reported imnylose content. of mil! t d 


anl lines.
 

Total Rc o, ,d , rylos2 
Score cont,-nt (7 dry ha 2s / 

Variety 

22-23
375
Bengawan 


22
417
FK-178A 

21
486
BE-3 


21-24
3 538
Raminad Str. 

23
591
BPI-121 


22-28
594
BPI-76 


26-30
625
Tjere Mlas 

28
631
C-18 


30
632
Norelon 

27-32
682
Peta 

102 judges.
"-'/Sum of the prefLurence score ( a ek) given hy 

IRRI data. 
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flavor than high amyloseve moreIntermediate armylose rice 	h' 

betveen DPI-76, a moderately high
can bB detec~t~1rice. T)ifferences 

a high a ray] ose variety (Ta ble 3). In 
arnylosC injCty, '-,nod V o v.2 

and maya s pecific c<roin size and 	 shape , 
the markvt, W; . xv fers to 

lower 
be mixed v,,ith oth",I var ieties such is ]R20 or BPI-73 vmhich have 

og (Table 4). Water soluble amylose at 
amylose cont-nts than \ 

a be usud to identify moderately high amylose 
10000 of ovei 12 C riiCt ma 

e.nd to ste (l firence:- rmay he related! to texture 
rices. The. flavor 

corr--el , :tion between palatability scores and 
differences. A nc.q:Live 


ranging
rice with amylosc content 
amylose contents among Japane so 

starch is rob ted to texture differences. 
from 18 to 22 percennt of their 

for making ]nelja orrice are sui table
Low amybo se nonlutinon s 

aiso be added to highermayle]2:JV<]OSS.tiious ric:,arroz va le.nciee', a troun h I : 
.

srlcohoS ,-
amylosc, rice to obt;.in the d" 


used in cooking
nave the best flavor and are
Glutinous.; rice 

sumal sa 
ci!e with lye \,-cappcr3 in b-rnana leaves or 

suman so lihia, 


,rid wrapprd in palm leavets. Glutinous
 
iLbus, cake with coconut rnilk 


coke CO ;ocn with purple pericarped
i )1.henrice is used in urn I', 


with food color and cooked by steaming

glutinous rice (Pem.rutong) or 

in bamboo cylinders. 



arId taste 	panel scores for cookutTABLE 3. 	 P-iiylicochemical proprtics 

BPI--76 and Wagwag millud rice (16). 

B11I- 76 	 WagwagProperty 

8.6 	 8.0
Protein (% at 14% moisture) 

26.0 	 28.4Arnylose (% dry basis) 

72 	 72
Final gelatiniziLion temp. (0C) 

a /
Taste panel scores 

6.6 	 5.7Tenderness 

2.74.6Col,esiveness 

3.5 	 1.8Cole, 

4.8 	 3.0Gloss 

/Rice :wat(r (w/w) ratio of 1:2 .2 for 'PI -76 :id 1:2. ( er Wacjag. 

Mean scores b 1 to ste pc-nor] of six jucv'i.:. . ,rtcaI scores 1 to 9 

too ma :; . :-C:, soio of the 
were asoicn , 	 . score of r.,: -oc.'. L' 


ion and '" ihwt. c:2Ssion .

roporty in 	 quo:a 
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samples of Wagwagp-optrtius of authenticTABLE 4. Physicocherrilcci unples from Calamba a ud Los Lafios.d mai r.: inmilled rice a 

Amrylo -,( 7o',,iLcnt (% 

,spreadiri,Length/width Alkali 	 .. 
Source 	 -

(rmn) clearing values TotaI at ]0Cl 

Authentic si.mones ex 

34.1 12.8
5.3/2.0 6.0, 5.0 (L)

Cabuyao 

30.1 11.2
5.7/1.9 6.0, 5.0 (L)

Acc. No. 5824 

5.4, 4.5 (L/I) 29.9 
IRRI breeding program 5.3/2.3 	

14.9 

Market scaimuc-s 

Wagwag Caluan 5.6/2,2 	 4.4, 3.5 (I/L) 28.0 11.8 

6.9, 6.2 (L) 29.6 10.3 
No!te( 	 5.2/2,1Wagw,'-g 

30.4 12.4 
Sa11n Jose, N.". :.d/2.2 6.8, 5. R 	 (1.)

WagJwaIg 

30.4 13.2.2/2. 1 6.2 , 5. 1 (L/I)Wagwag Nuva rcijil 

Tipo Wag.,'ag 6.0/2.1 4.0, 3.1 (I/H/L) 30.2 12.0 

29.9 13.2 
"". ,o Wagwag 6.8/2.1 	 4.9, 4.3 (L/H/I) 

32.2 12.0 
Tipo Wagwag 6.0/1.9 	 6.7, 6.6 (L/H) 

L = low; I = intermediate; H = high.
aJ'Golatinization temperature: 
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rice are used in rice gruel and t.p.Aiu,...iiOUS and nonglutinous 

Glutinous aw: [ow camylown rice are sen.sitive Lo overcooking and ' n 

the cuooeri glain. I-,-nce glutinous ticO
disintegrate w-,, soaking ot 

gruel or luu,_. tends to be thick. Nueglutinous rice are used in chicken

rice soups (r z,ilooca1h) 

Nutritiona I value 

contract with the National InstitLute of HeathSuppoiLed by a 

(USA), IRR[ breeders anrd chemists arc; attem pting to improve the piotein 

content of milled iice,y z percc:'.iace from its present leve of about 7 

percent, OWhut N sacriicrnq yield. Such an increase in protein content 

has liLt[O effect on the 	eating quality of the rice, but it will
presumably 

protein intake oy at [Paso_ 10 percent withoat changing consumers,
increase 

have demons
food halAts and food intake, Trials with rats ,nd humans 

ou,,,r rico wii1 normal
trated the nu ritiona[ a(va S O ; high ir ,lnrice 

essential ar: .a!noacids. 
nrotein content, duo 	) top,' former's hiq.K." levels of 

cont ent t;o"over, usually accompanied by a 
ncreise in protein is, 


in tWi, ]-,,t ne corT. ot the protein.
an -t4 decrease 

During the irst 3 to '1months after harvest, the physicochemical 

nik c c-ange. Aging improves head
proper'",ies of nonglutino ;sraw 


tvlumci and
,gLs -t a OW;s expansion water absorpt
yield in mit .',: 


cacs cohes.t, cr:eess AA tenderness score: ot
 
huring co,<i. , and d;:c 
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the cooked rice regardless of mnylose content. There is little change in 

amylose and protein coni ems mnd geAitinization tempe;rature. Staich and 

I I IcIi dun ng . BaLrbera PriI!Io ,- Utiprotein bec 1-11eIc SoU b 

(1971) a :ethisL; decleaso in solu;ilitv to crosslinking ofand HarLbor 

products of rice fats. fatty
pIoteiLOn, and pcrK!ps s.!rch, %%ithoxidation 

is may aiso decrease amylose solubility. Since
acids from fat hvdrol. 


these changes occur in :.stored rice, whether rotcilh, brown, or milled, a
 

general mechanism of ac;ing still has to b demonstrated since fat changes 

in unmilled rice, Starch undergoes similar 
are probably much slovniA 

changes in properties duornj stoircge but the fraction involved in the 

cannot. be detected readily by p3c sent
oxidation change is sm illInd 

Filipinos find freshly harvested 1R24 very sticky but find its
methods. 

texture acceptablc when cookcd aftei being stored for & few months. 

undergoes little change in taste
Interestingly, glutinous rice oi a.iging, 

panel scores of boilcd ice, 

Aging niiy be accIolerated by dry or wet heating. Parboiling or 

vas prob:ably originally developed forsteaming of steeped rough rice 

Dry heating in sealed containersinstantly aging freshb; harvested rice. 

has the same eifect. I-lot sand and infrared high-temperatule drying of 

rough rice with over 25 percent moistuie results in a parboiling effect 

that improves translucency and head rice yield. The main nutritional
 

advantage ascribed to parboi ling is the greater resistance of parboiled
 

of the bran is left on the grain.
grain to milling so that more 



In tiu Philippincs , aromaLic varieties, such as Milagrosa , Ai, 

often consumed at harvest or vhile still sticky, when the aroma is 

strongest. hi other counti(S, suc i vtQetiles . ,ged sealed coi-.-.n 

tainers to minimize the loss of the yew,[,tile aroma. 

Processed rice.jouct.s_ 

Few studies have been pubtished on varietal differ mnces on the 

processing quality of Philippine rice. The standard glutinous variety, 

Malagkit Sungsong, is used for making pl.nifrgi of -icefltlta:e in Lla-.guna. 

Dry or freshly harvested grain is phuescxiL.-d, hea.ed tc 5etisiize the 

starch, and then pounded ,, hand wii hot, A non-aromaic glutinous 

IR253 line (Gain Pai/2 x Ta ichung Native 1) is now grown ,(exLensively 

and is used in pinpicj makin but lacks the a1od ,nd does not have the 

chewiness of Miaiagkit Sungsong. Another early-maturing glutinous line, 

IR833-6-2 (IR262-43-8-1l x Gam Pai 15), is also being evaluated. The 

UPCA variety Panpet 63 a i;o lacks this aroma and has a ih celc:1 tii. 

z-ion temper-.iture. Although gelajlira-,'tion temperature has little effe( 

ci;, :ie texture of freshly boiled glrtxnous rice, ic ma.y have an effect o,

processed foods, as it has on Ja!,-,ne:se rice cokes. 

, which ha.uve no amylose, al",Glutinous rice flor and vtch 

of their stableidea raw materials for des sit.s rIr, 1; .xen sauce because 

gel. 
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In making carameled popped rice or arnpw, nipjq from brown 

waxy rice is m~ijnly used. It is eithcir deep-fried in fat or puffed in a 

"gun. " Manufa cturer cL im Jlutinous rice ezxcnds most during popping. 

non-Popped o puf!, ,d rice rermade from aCed, low amylose , 

-crud n redi,'rice in the US,"-. Translucent, fully milledglutinous, 

grains are needed for uniform processing. Long-grain varieties tend to 

water content of steeped raw glutinous andexpand unevceiy. The hiyher 

low amylose flof.rj 1utinous rice may be the cause of the superior puffing 

with rice that have a higherproperties of th,'e vorieties compared 

amylose content. Puffed rice began to be produced in the Philippines as 

used.a breakfast cere:-al in 1971 but I do not know what kind of rice is 

To maintain cr :piness the moisture content should he below 6 percent. 

dried rice flakes irmported into the Philippines from thePrecoolcd 

USA are made from low anylciose, nongiutinous, medium-grain rice used 

for making b : uruel. The intecirity of the grain may be lost in low 

rw,}ose rice but a thick texture is readily obtained because of high 

precooked, packed,amylopectin content. Low amylese rice are used for 

foods they have the desired texture and thereacly-to-eat b, because 

starch tehcls to retrograde ]ess than rice with higher amylose. IR24 may 

be suited for this purpose. 



Hig-hy milled, white nonglutinous rice is used as raw mal.eriil 

for rice cakes or Diuto. The ice flour is usuz.ll fenentd but bakin.: 

powder may ,, ;d(,ded instead. Cakes from internmediate .mylose rict:, 

remo tij,.r soft whenparticularl, G4-63, hve the advantage of 

exposed after storage for over 6 hours in contri st to cakes from high 

prodhuces bette. quality pQ.utoamylose rice which hard'n fast. Aged rice 

than freshly harvested rie. 

Thto intermeci, c ainylose variety Yntan is comm,:e.ly used in 

ur,.coked rice in army raLions ank in dehydrLacd soupsdehydrated 

because of its t"ndurness and its re.istance to disintegration if over

low in fat contenL if( preferredcooked. liighly milled rice wh!ch are 

because thuy minimize lipoxidation of the processed product. 

or fromRice noodles or bih.on a.e ffade from white millcd rice 

orwhite corn grits which are soaked, wet milled, and mixed with corn 

cassava starch. The onl y requirf:or:nt ior iK milled rice is a white 

-.:lor since most Philippine rice hove at len.,sst lntrmeliatt y SC 

Cn-..Ii so the noodles do not CIK.yt.do vh en cooked. But since, ii 

and hN rnoss of ,ooktd nol:, i1es increaso v,,thresi: -once to disinteration 

l.s tha. arc dCsist L toawnylosc content, higlh imylose rim! produce 


A sample of bihlnoi th two, tested cont.ined 32% 6mylos.
dis: 'tegration. 

(34%T starch basis). Degeined qrins of 1S Philippine co.rn v.rieti.: !,,t, 

27 to 36A, a.. :lose, d .Is..s. Although corn starch provides bottr c ,.ncj 

tability bec:use of its high annyloqds content ',nout 35%), cassav, st,. eh 

about 2:.1 am,,o::- provides a more tidnslucent noodle. 

http:CIK.yt.do
http:comm,:e.ly
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prefer highly milled rice as a substrata
Wine and beer makers 

potein content and fat content and 
and an adjunct. Deep in]ling reduces 

th., product, particularly if
tcste and stability inthus produces i bland 

in beer making inbrewers' rice is used
rice is the iisajor subsi v:te. Only 

should contain less than 
the U.S. Rice used as adjunct in beer making 

is advantageous since 
0. 	 75 percent fat. A low gelatinization temperature 

to prevent the destructionat a low., ter!-eeraturestarch can be dispersed 

raltmr and to shorten the! cooking tie 
of the 0-amylase enzYme in 

fermented.before the starch slurry is 

S U MvI MARY 

are reliablePhysicochemicail properties of starch and protein 

of rice intended for specilic fooddesired characteristicsindexes of tlhe 

is kn wn of charac-Hoiled rc,. Lessu;es, particularly t .o involi2'n 

other
teristics O .)red for rime food products for whicn processi sq factors 

may be inpartant. Unless the rice processors,thn amylose content 


and cereal chemists

food scicntis s , and technologists inform breeders 

cts , sources of
of the pMticular cha ,c istics they need for rice prod 

replace the old
those prope.rties may ultimately be lost as new varieties 


should vw;ork together

ones in the breeding piwrjnim. These two groups 


for definite objectives, since
 
to systematiclly produce rice varieties 


processed rice
different chmaacteristic.: are desired for each type of 


jroduct.
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