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CHEMICAL BASIS OF DIFFEREMNCES IN MILLIIG, COOKING, AND
ELTING QUALITY Or RICE VARTILYLES

Bienvenido O, Juliano*

INTRODUCTION

Consumers usually base thetr preference for milled or polished
rice on the appearance of the raw arain, which is not always related to
eating quality. Processors requir: rice that have special characteristics
for particular food pwposes, but little is known how they test the rice
for such characteristics, Rice brenders and chomists in ordor to establish
reliable and scientific criteria for rice quality must oo tanlish the physi-
cochemical criteria for identifying the cooking bohavior of rice for
specificiice foods, Such infonzziion should o useful for the screening
breeding lines for genetic differonces in cooking quality. This paper
cescribes the feasibility and acvnatages of establishing pl’lysicochemical

mye certies as criteria for rice quality.

* Chemist and Head, Chemistry Department, International Rice
Rescarch Institute, College, Laguna.

IZSO'CIEIEDINGS OF THE SYMPOSIUM TOWARD MORE PROGRESSIVE BARRIOS
pril 17 and 18, 1972, University of the Philippines at Los Bafios, Laguna
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Physicochemical properties of starch and protein

Rice is & starchy food. It contains about 7% protein. Filipinos
obtair 30 to % of their protein from rice, and also a major part of their
minci - le and -~ tamins, The important nutrients in rice namely the
vitamins, thiamine and rikoflavin, are distributed unevenly. The cndos-
perm is starchy but the cutor layers and germ are vicher in the other
nutrients. Thus, brown rice or pinswa is richer in nutrients than milled
rice or bigas.

Basically, starch is a collection of glucose moleciles,
Depending on the way the molecules are arranged, there are two forms
of starch; amylose (lincar) and amylopectin (branched). The starch of
glutinous or waxy rice is about 99 percent amylopectin, Incidentally, it
containsg neither wax nor gluten. Nonglutinous, common, Or nonwaxy
milled rice contains 10 to 34 percent amylose (12 to 37% sturch basis),
the rest of the starch is amylopectin, The mean amylose content of
nonglutinous milled rice may be low (¢ 20%), intermediate (20 to 25%),
moderately high (25 to 27%), ov high (»27%). Philippine rice varictics
range [rom low to high amvlose. A varjety may vary in amylosc content
by as much as 6%, as docs IR8 whose amylose content ranges from 27 to
23%. In fact, samples of the same variety may vary in amylose classi-
fication. Hence a single analysis of a variety for total amylose coatent

is unreliable, particularly when amylose ranges from 24 to 28 percent.
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Starcn is present in the rice endosperm as compound granules
3to 10 p in size. Itis insoluble in cold water hut is dispersed ueon
heating., Gelatinization temperature, a physical proporty of starch, 1s
the range ou temperature wichin whics “he starch qramiios stare to swell
irreversibly in hot water, sihinultaneonsly losing birefvingence and
crystallinity, lPinal gelatinivation termperiture randges from 55 to 79°C
in rice starch and may vary by as uniciv 4§ 10°9C within a variety, [t may
be low (¢ 70°C), intermediaie (70 to 740C) or high (> 74°9C), All
classes of gelatinizatien temperature are represenced in Philippine
varieties,

Amylose content and gelatinization temperature, ncither of
which is correlated with grain size and shape, arc affected indopendently
by ambient temperature during grain development. I most of tha
Philippinecs ambiont tempeiature does non vary much tarouw shoutl the year,

Proteins are made up of amino acids linkod by peptide bonds.
i the rice endosporm they exist mainly as discrete particles (protein
beoies), 1todp in size., Nutritionaowy, rice protein has better quality
than mnost cereal proteins because of its high level (3,5 to 4. 5%) of
lysine, the first limiting cosential amino acid of cereal proteins. The
high lysine content of rice protein is duc to the low content (only 59%)

5

oi the low lysine protein fraction (prolamin)., Rice protein is made up
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principally (90%) of water-insoluble protcin, The protein content of
[s)

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

Propertics of the ravw/ ara?n

Milled rice is picioned to brown rice because brown rice does
not store as well, particularly when the grain is dehulled by stone or
concrete rollers vhich damage the outer layers and promote enzyme
activity, leading to a Lieaxdown of fats, The rubboer rollers used in
modern nills minimize srain damage and thus dmprove the storage quality.
Filipinos generally prefor ranslucent, slonder, medinm-grain rice.

Milled rice in the market place is usually graded and priced
on the basis of grain v+ and shave, degree of milling, and grain
translucency (abscence of opaque portions). Degree of milling affects
the appcarance of the milled rice. Undermilled rice has a darker color
and is less attractive tian fully milled rice,

There is litde price premium for head rice (unbroken grains) in
the Philippines. Protein content and probably gelatinization temperature
directly affcct head rice yiclds, Grain cracks that occur in the field
when the surface of divog grain expands after direct contact with dew
or rain may cause breakage, too. Interestingly, the opaque glutinous

rice give the same values for breaking hardness as nonglutinous rice.
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Opaquenes.s 1 glutinous rice is caused by the presence of micropare:
within the starch granules. The opaque portions in nonglutinous rice,
such as IR8, huwover, are duc 1o air spaccs petwoesn the loosely puched

cell contens and they contribute to yrain breakage,

Boiled rice and rice diches

Rice is musnly consuined boiled, The mcthod of conking socems
less important than varictal differences in Adetermining the textuve of
cooked rice. Volume cxpansion and water absorption during coolking are
positively correlated with the amylose content of the rice, Cooking
time or rate of cooking corrclates pesitively with gelatinization tempe-
rature and protein content, Protein acts as a physical barrier to water
abscrption becausce less then 10 percent of it is water soluble,

The eating quality (conesiveness, tenderness, and color) and
gloss scores of cooked rice are negatively corrclated with amylose
~ontent (Table 1). Salon and Auntonto (1855}, reperid o nreference by
A Filipino taste panel for Bengawan and sinilar varicties with intermediate
amvtose content over Peta, Tjeve Mas, and Sqraup Hexchil 36 Str, 482,
which have high amylose content, Similar rosults voore reported at UPCA
by Onate and del Mundo (fable 2). The preference of lipinos fov inter-
med:ate amylose rice may be related Lo their practic? of keeping left-

over boiled 1ice overninht and {rying ic for breakfast the next morning.
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Intermdiate amylose rice, vhen cooked, remain soft even when cold,
bul are more siicky than high amvlosec rice. Gloss differences may be
dircctly cOrrelated with the amount of volume expansion during cooking.

TABLL 1. Relationship betveen amylosc content and taste pancl scores
of cooled rice of Philippine milled rices.

a/

Toste pancl scorey

Variety Amylose Tender-  Cohesive-
(% dry bhusis) ness ness Color __Gloss
Malagkit Sungsong 3.9 8,5 7.3 4,1 8.0
Bengawan 24,2 6.5 6.2 1,2 5.0
BPI-76 21.5 6.9 5.7 3.4 5.9
Milfor 6 28.3 5.2 3.6 1.3 3.7
Peta 32.6 5.2 3.9 1.0 4,2
Tjerc Mas 28.2 4.8 3.6 1.1 3.9
LSD (5%) 0.5 0.7 0.4 0.5

Sl"/Rice:'\.-/au:r {(v/w) ratic of 1:1.8, Mecan of trinlicate asscssment
by a taste pancl of five judges, Numerical scores of 1 to 9 were assigned,
P pepresenting the least cxXpression of the property in question and "9"
the highest expression,



94

TABLE 2. Freicrence for cooked rice by personnel from the UPCA (19) «ad
reported amylose content of milled rice of 10 Philippine varictiey

and lines.,

e oo - e i e e —_————

Total Reporied anylose
Rank Variety Score a/ content (5 dry bacis) h/

1 Bengawan 375 22-23

2 FK-178A 417 22

3 BE-3 486 21

4 Raminad Str. 3 538 21-24

5 BPI-121 591 23
BPI-76 594 22-28

6 Tjere Mas 625 26~30
C-18 631 28
Norelon 632 30

7 Peta 682 27-32

s et et . e it i -

v
2/ gum of the preference scorc hoenk) g

b/ IRRI data.

iven by 102 judges.
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Intermediate amylosc rice have more flavor than high amylose
rice. DNifferences can be detected petwaen BPI-76, a moderately high
amylose variely, and Wagwasg, o high amylose varioty (Table 3). In
the markot, Wigwag efors toa epectfic grain size and shape, and may
be mixed with other varicties sueh as IRZ0 or BPI-76 waich have lower
amylosc contents than Wagwag (Table 4)., Water soluble amylose at
100°C of ovel 12 poveant may be uscd to identify modarately high amylose
rices. The flavor and taste differences may be related to texture
differences. A necyative correlation between nalatability scores and
amylogse contents among Japanecse rice with amylose content ranging
from 18 to 22 percent of their ciarch is rclated to texture differences.

Low amylose nonglutinous rice are suitable for making paella or
arroz valoenciens, althouon glutinous rice may also be udded to higher
amylose rice to ebtiin the desited cohesiveness,

Glutinous rice nhave the best flavor and are uscd in cooking
suman se lihivae, cabke with lye vrapped in banana Jeaves or suman sa
ibug, cake with coconut milk and wrapped in palm leaves, Glutinous
rice is used in pinto bumbong, cuke coloved with purple pericarped

glutinous rice (Peruratong) or with food color and cooked by steaming

in bambhoo cylinders,
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TABLE 3. IPuycicochemical propertics and iaste panel scores for cookuil
BPI-76 and Wagwag milled rice (16).

Property BPI-76 Wagwag
Protein (% at 14% moisture) 8.6 8.0
Amylose (% dry basis) 26.0 28.4
Final gelatinization temp. (°C) 72 72
Taste pancl scorcsgf

Tenderness ‘ 6.6 5.7

_ \:

Conhesiveness 4,6 2.7

Color 3.5 1.8

Gloss 4,8 3.0

a/_. S ‘ .
L Riceswater (w/w) ratio of 1:2.2 for BPI-70 and 1:2.06 ior Wagwag.,

Mean scorcs by a tasto pancl of six judcus, Numorical scores ol 1to 9
e ing the least exprassion of the

were assicnoed, ¢ score of ropresent

'

sroperty in question and "9t ihe higheost Cpression,



TABLE 4. Physicochemical propertics of authenti

milled rice and market

97

c samples of Wagwag
samples from Calamba and Los Baros.

Amylose content (%

dry 1basi

|
Jilcrsol,
1

v

Source Length/width  Alkall spreading,
(min) clearing va]uo‘;g-/ Total 00°C

Authentic samples eX

Cabuyao 5.3/2.0  6.0,5.0 (L) 34.1 12.8
Acc. No. 5824 5.7/1.9 6.0, 5.0 (L) 30.1 11,2
IRRI hreeding program 5.3/2.3 5.4, 4.5 (L/T) 29.9 14.9
Market samples

Wagwag Calauan 5.6/2.2 4,4, 3.5 (1/L) 28,0 11,8
Wagwag Norte 5.2/2:1 6.9, 6.2 (L) 29.6 10.3
Wagwag San Jose, N. 7. LA/ 6.8, 5.8 (1) 30.4 12.4
Wagwag Nucva Leija 3.2/2.1 6.2, 5.1 (L/1) 30.4 13,2
Tipo Wagway 6,0/2.1 4.0, 3.1 (I/H/L) 30.2 12.0
Tipo Wagwag 6.8/2.1 4.9, 4.3 (L/H/1) 29.9 13.2
Tipo Wagwag 6.0/1.9 6.7, 6.6 (L/H) 32.2 12.0

g/Gclatinizm;ion temperature: L = low; I = intermediate; H = high.
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Giu.nous and nonglutirous rice arc used in rice gruel and suupe.
Glutinous an iow amylose rice ere senaitive Lo overcooking and ¢en
disintegrate g soaking of the coored grain,  Fonce glutinous rice
gruel or luyaw tends to be thick. Nunglutinous rice are used in chicken-

rice soups (noe caldo).

Nutritional value

Supported by a contract with the National Instiiute of Health

(USA), IRRI hreeders and chemists are attempting to improve the potein

percent, vithout sacrificing yield, Such an increase in protein content
presumably has little cffect on the eating quality of the rice, but it will
increasc protein intake py at least 10 percent without changing consumers’
food habits and food intake, Trials with rate and humans have domons-
trated the nutritional advantage of high vrotein rice over rice with normal

Arotein content, due to the former's higior levels of ossential amino acids,

% ipcretse in protein contenb is, narever, usually accompanied by a

e st decrease in tue lvsine cunler 0- the protein.,

Puring the tirst 3 to 4 months after harvest, the physicochemicel
propéeriics of nonglutinous raw rice change., Aging improves head r.oe
yield in mit g tesuee coasos volume expansion and water absorptic

furing cooxii.;, and ducieaces cohesioness o 4 tenderness scores ot
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the cooked rice regardless of amylose content. There is little change in
amylosc and protein conients and gelatinization temperature, Starch and
protein become less soluble in nol water during aging.  Pruno, Barber,
and Barber (1971) atritute this decrcase in solubility to crosslinking of
protein, and periieps siarch, with oxidation products of rice fats., Tatty
acids from fat hydrolveis may aiso decrease amylosc solubility. Since
these changes occur in stored rice, whether rough, brown, or milled, a
general mechanism of aging still has to bz demonstrated since fat changes
are probably much clovor in unmilled rice. Starch undergoes similar
changes in propertics during storage but the fraction involved in the
oxidation change is small and cannot be detected readily by pyesent

A
i

methods. Filipinos find freshly harvested W24 very sticky but find its
texturc acceptable when cookod atter being stored for & few months.
Interestingly, glutinous rice on aging, undergoes little change in taste
panel scores of boiled nice,

Aging may be accelerated by dry or wet heating. Parboiling or
steaming of steeped rough rice was probably originally developed for
instantly aging freshlv harvested rice,  Dry heating in sealed containers
has the same eifect. Hot sand and infrared high-temperature drying of
rough rice with over 25 percent moistuie results in a parboiling cifect
that improves transluccency and head rice yield. The main nutritional

advantage ascribed to parboiling is the greater resistance of parboiled

grain to milling so that morc of the bran is left on the grain.
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In e Philippines, aromaiic varieties, such as Milagrosa, a2
often consumed at harvest or while still sticky, when the aroma is
strongest. u other countiics, such virieties ave aged in sealed coi~

tainers to minimize the loss of the vulatile aroma,

Processed rice products

Few studies have been published on varietal differ 'nces on the
processing quality of Philippine rice. The standard glutinous variety,
Malagkit Sungsong, is used for making pinipig or rice flakes in Laguna,
Dry or freshly harvested grain is presoaked, heated to jelatinize the
starch, and then pounded by hand whiic hot, A non-aromatic glutinous
IR253 line (Gam Pai/2 % Taichung MNative 1) is now grown exwensively
and is used in pinipig makin_ but lacks the aroma and does not have the
chewiness of Malagkit Sungsong. Another early-maturing glutinous linc,
IR833-6-2 (IR262-43-8-11 x Gam Pai 15), is also keing cvaluated. The
UPCA variety Pannpet 63 also lacks this aroma and has a hizh gelatini-
2>*ion temperature, Althouyh gelatinization temporature hes little effect
aeohe texture of freshly boiled glutinous rice, ic may have an effect ou
processed foods, as it has on Japanese rice cokes,

Glutinous rice flour and starch, which have no amylose, are
ideat raw materials for desserts and Liozen sauce because of their stable

gel.
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In making carameled popped rice or ampaw, pinipig from brown
waxy rice is mainly uscd. It is either decp-fried in fat or puffed in a

C Manufacturer claim glutinous rice expands most during popping.

“gun,'
Popped o1 puired rice are made from aged, low amylose, non-
glutinous, medivin-¢rain rice: in the USA. Translucent, fully milled
grains arc needed for uniform processing. Long~grain varieties tend to
expand unevenly, The hivlier water content of steeped raw glutinous and
low amylose nonglutinous rice may be the cause of the supcrior puffing
properties of these varictics compared with rice that have a higher
amylose content, Puffed rice began to be produced in the Philippines as
a breakfast corcal in 1971 but I do not know what kind of rice is used,
To maintain cri piness the moisture content should be below 6 percent.
Precookod dried rice flakes jmported into the Philippines from the
USA arc made from low amylose, nonglutinous, medium-grain ricce used
for making baby crucl, The integrity of the grain may be lost in low
arvlose rice but a thick texture is readily obtained because of high
amylopectin content, Low amylose rice are uscd for precooked, packed,
ready-to~cat biby foods Lecause they have the desired texture and the
starch tehds Lo rctrograde less than rice with higher amylose. IR24 may

be suited for this purposc.



Highiy milled, white nonglutinous rice is used as raw material
for rice cakes or putn, The tice flour is usually fermented but bakin:
powder may v added instead. Cakes from intermediate emylose rice,
particularl, C4-63, have the advantage of rematiring soft even when
exposed aftor storage for over 6 hours in contrast to cakes [rom high
amylose rice which harden fast, Aged rice produces better quality puto
than freshly harvestoed rice.

The intermediace amylose variety fntan is commonly used in
dehvydrated precooked niee in anmy rations anc in dehydrated soups
bocause of its tenderness and its resistance to aisintecriation if over-
cooked. 1lighly milled noee which are low in fat content are preferred
because they minimize lipoxidation ol the proces sed product,

Rice noodles or pihon ere made from white milled rice or from
white corn grits which are soaked, wet milled, and mixed with corn or
cassava starch. The only requircment for the milled rice is a white
~slor since most Philippine rice nave at least intermediate amylose
Co.-ent so the noodles do not drmintegeate whan cooked,  But since botn
resi: -ance to disintearation and hacdness of cooned nocdles increase vath
arnylosc content, high amylose rice produce noodles that are resistant Lo
dis: ‘tegration, A samuvle of bihon that we tested contained 32% amylos»
(34% starch basis), Degeimed arains of 18 Philivwine corn verictic: ned
27 to 364 a..slose, d . . 1s1s,  Although corn starch provides better ¢oo-ang
_tability bocease of its high amylose content - sout 35%), cassav. starch

about 214 amytove provides a more translacent noodle.
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Wine and beer makers prefer highly milled rice as a subsiratc
and an adjunct. Deep milling roduces protein content and fat content and
thus produccs bland taste and stability in the product, particularly if
rice is the maejor substiate, Only krewers' rice is used in beer making in
the U.S. Rico usced as adjunct in boer making should contain less than
0.75 percent fat. A low gelatinization temperature is advantageous since
starch can be dispersed at a low tomperature to prevent the destruction
of the @-amylase cnzymo in barley malt and to shorten the cooking time

befpre the starch slurry is fermented.

SUMMARY

Physicochemical propertics of starch and protein are reliable
indexes of tho desired characterisiics of rice intended for specitic food
uses, particulorly thoso involving iailed rice, Leso is hnown of charac-
teristics dosired for rics food products for which processivg factors other
than amylosce content may be important, Unless the rice processors,
{cod scientisis, and technologists inform brecders and coreal chemists
of the particular charicioristics thoy neced for rice products, sources of
those propartics may ultimately be lost as new varieties replace the old
ones in the breeding program. These two groups should work together
to systematically produce rice varicties for definite objectives, since
different characterislics are desired for each type of processed rice

yroduct.
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