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Abstract 
Quality evaluation of rice in Japan can be carried out by the application of sensory test and 
physico-chemical determinations. The former is a basic method although it requires a large 
amount of samples and many panellers. The latter is an indirect method to estimate the 
eating quality based on the chemical composition, cooking quality, gelatinization tempera
ture and/or the physical properties of cooked rice. Although it is impossible to estimate 
accurately the eating quality by only one physico-chemical determination, if a rapid, simple 
and more accurate method to evaluate rice quality could be developed, it would be very 
useful for both the producer and the consumer of rice. 
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I ntroduction 

Rice is one of I he most importan t crops in the 
world in addition to whea t and maize. In 1988-1 989 
rice covered about 147 mi ll ion ha with a production 
of 506 million I worldwide. As De Daua2

> pointed 
out, rice is indispensable in terms of importance as 
a food crop because it provides more calories per 
ha than any 01her crop. As a staple food in Japan, 
in 1989, rice was cultivated over more than 2 mil
lion ha of paddy fields with a production of 12,934 
thousand I per year. Along with the changes in the 
dietary habits of the Japanese people associated with 
the improverne111 of the economic situation, the con
sumpt ion of rice has decreased rapid ly. As a resu lt, 
the demand for high-quality rice has increased. Also, 
the Japanese government has been promoting rice 
consumption 10 cope with the domest ic surplus of 
rice. For the increase of rice consumption, breed
ing of new varieties with various charac1eris1ics, 
developme111 of low-cost cult ivation technology and 
of new processed rice foods arc essential. Under 
these circumstances, quality evaluation of rice aims 
at two objectives: first, 10 select high-quality rice 
easily and accurately, and second, to characterize Lhe 
processing suitability of the newly bred high-yielding 

rice variet ies. 

General considerations relating to rice quality 

(I) Basic requirements 
Rice qual ity involved various aspects, for exam-

1. le, safety, price level, palatability, nutrition, appear
ance, etc. As we eat rice every day, safety and high 
nutri tive value are indispensable factors. Further
more, as rice is the economical base for the farmers 
and it is prepared, milled and traded b)' wholesalers 
i:nd retai lers, the yield and price arc ver)' important. 
Consumers ask for more palatable rice because they 
have become more affluent recently. 
(2) · Inspect ion standards of rice in Japan 

In Japan rice is graded based on standards depend
i.1g on the weight per volume, moisture content, ap
pearance, and the ratio of head rice, damaged rice, 
dead rice, colored rice, foreign grain and foreign mat
ter. Official inspectors belonging to the National 
Food Agency evaluate rice mainl)' by the appearance 
,:nd classif)' it into first, second, third, sub-standard 
grades and non-standardized. 
(3) "Meigara", five grades depending on the vari

et ies and the producing districts 
Classificat ion of rice, except for the inspection 

s:andards, takes place a1 the Meigara Commiuee. 
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Tnblr I. !'rice of i:raded rice in J a1i:111 
(1>rod11ccd in 1989) 

(Ycn/ 60 kg brown rice) 

Grndc 
Meigara 

I SI 2nd 3rd 41h S1h 

Isl 17,0JS 16,865 16.61 S 16.265 IS,865 
2nd 16,695 16,545 16,295 15,945 15,545 
3rd 15,295 14,945 14,545 

The main commercial rice varieties are grouped into 
five classes based on the amount of rice produced, 
price, rate or free market rice, etc. This classifica
tion leads, along with the inspection standards, to 
differences in the price of rice (Table I). In 1990, 
trading areas for free market rice were established 
in Tokyo and Osaka. This system renects the de
mand for rice and the evalumion by the food indus
try and dealers of the price at which rice is traded. 
(4) Factors and weight in re lation to I he ea ting 

quality of rice 
According to the repon of the National Food 

Research lnsli1u1e91
, the most imponam fact ors for 

tht' eating quality or rice were as follows: variety > 
produdng di s1 rie1, climate, cultivation methods, 
storage, milling> harvest condit ions, soaking, cook
ing, or keeping warm. 

Relation between eating quality and chemical, 
physicnl or spectrophotomctrical properties of 
rice 

(I) Organolcp1 ic: LCSI 

The members of a trained panel ( 16 10 24 mem
bers) eat cooked rice and give scores for the appear
ance. fla vor, taste, hardness, st ickiness and general 
evaluation on a sensory basis. The resu lts depend 
on I he preference, circumstances and time. This test 
requires rice samples of at least JOO 10 600 g and 
16 panel members. Ncvenhelcss, this sensory lest 
is the basic or the standard method for the evalua-
1ion of rice quality. The cooking condit ions, order 
or eat ing. environment or the 1cs1 and the composi
tion or lite panel members arc important factors ror 
1hc accuracy of I he 1cs1. The results arc expressed 
as numerical values and treated statistically. 
(2) Ph)•sico-chcmical dctcrmimuions 

II ls possible 10 estimate the rice quality based on 
physical determinations. such as rheological measure-
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mems of cooked rice. or chemical determinations, 
such as protein or amylose contents. These objec
tive 1es1s do not fully agree with the results of the 
sensory tests at present, and sometimes a very ex
pensive equipment is required. The advantages of 
these tests arc that the measurements are objective 
and the results can be compared among differe111 dis
tricts and at differe111 time. 

Amylose conlcnl: The main component or rice is 
starch (about 72% or brown rice), which consists or 
amylose, l ,4-glucoside-bonded singlt' chain, and 
amylopectin , 1,4- and 1,6-bondecl branched chain . 
It has been reported that the higher the amylose con
tent, the harder and non-s ticky cooked rice becomes. 
At present. the amylose content is measured by the 
iodine colorimetric method of Juliano or with an au
loanal)•zer, by the amperel itration method, or chro
r:1a1ography after debranching by several enzymes. 

Protein content : Rice co111ains about 5 lO 150/o 

or crude protein. h has been rcponed that cooked 
rice with a higher protein content tends to be hard 
and non-st icky. Protein content has been measured 
Ly the Kjcldahl method. Recently, an automatic sys
tem for the Kjeldahl method (digestion and titration) 
has bee11 developed, and the near i11frarcd reflectance 
(NIR) method has been introducec1J>. The lat ter 
method is preferable because it is a simple, rapid 
i:nd accurate non-dest ructive method, although the 
former method is necessary for the calibration or the 
lauer one (Fig. I). 
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Chemical method 

Comparison of 1>ro1ein content determined 
by chemical and NI R me1hodsJ> 



Miscclluncous ,·c1111ponents: Moiswre content 
( 105°C, oven dr)' method), fat content (acid hydrol
ysis method or ether extrnc1ion method) and the con
tents or some inorganic components, such as Mg or 
K, are reponed 10 innuence the eat ing quality of rice . 

Amylogrnphy: Amylograpl1)' enable.s 10 ana lyze 
the gela tin izat ion characteristics and amylase activi
ty of cereal materials such as wheat or rice. T he 
gclat inizat ion temperature, maximum viscosi ty and 
"breakdown" were reported to be suitable indices 
for the eating qual ity of rice. Rice with a high max
imum viscosity and "breakdown" is, in many cases, 
highly graded in Japan. However amylograph)• is 
1imc-consu111ing (2 hr for each sample) and a large 
quan tity of rice flour (40 to 50 g) is required. 

Cooking (Juality test: Based on Hatcher's method, 
1 he cooking quality test is carried out using 8 g or 
milled rice. A ft cr cooking in a cage hung in a tall 

beaker which cont.1ins 160 111/ o f water , the cxpnnd
ed volume (EV), wa ter uptake ratio (WU R). con
tent of solid s11 bs1a.nces in cooking solut ion (iodine 
blue va lue , 113V) and pH or the cooking solution are 
clctcnnincd. The IBV was rcponccl to be highly cor

related with 1hc amylose content, whi le EV, WlJR 
an 113V arc good indices for rice qual ity. Many or 
the rice varic1ics wi1h a high quality in Japan show 
a low 113\1 and snrnll EV and WU R values. 
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Determination or t>hysical 1>ro1>erties of cooked 
rice 

After cook ing, three gra ins or the mass of cooked 
rice arc subjected 10 the de1crmi11atio11 of physical 
properties such as hardness, stickiness, using a 
Texturomcter, a Tensipresser o r an lnstron tes ter, 
etc. Among the various parameters of the n1 easure-
1,1e111s, hardness, stickiness and their rntio (-H/ H) 
arc of1cn used for 1he evaluation of rice quali ty. 
However, it is necessary to repeal the measurements 
a1 lcas1 5 10 10 iimes because the texture o f the rice 
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Results of sensory cosc 

Fig. 2. Rcl;11io11ship between 1hc results of 1hc 
sensory test and l'1SlC score 1,sing a taste 
nnalyzcr10> 

Tahir 2. Chan~cs in cooking 111111litirs of the newly brrcl vnricti(•s nt 

Vanc1ics 

Koshihikari 

Kinuhikari 

II NAF.S charing storage 

S1ornge"' 

13 
A 

1l 
A 

EV 

36.4 
40.2 

35.2 
38.9 

WUR 

334 
36& 

335 
JS~ 

rnv 
0. 118 
0.184 

0. 170 
0.248 

ss 
0.361 
0.567 

0.467 
0.663 

IUV/ SS 

0.327 
0.325 

0 .364 
0.374 

.... ··--- . --. -... -. --. ------.......... ·---... ··- ----------. ----·· ..................... --... -··· .. -------. -.... -- . -----.. --....... . 
Akichikara 

Ochikara 

H 
A 

I) 

A 

37. 7 
44.0 

36.4 
37.7 

355 
392 

304 
340 

0. 192 
0.254 

0.222 
0.232 

0.536 
0.666 

0.6 10 
0.661 

0.358 
0.381 

0.364 
0.351 

·-············--·····················------------- ······-·····················-······- -------------···-······~---··········-
Halrnrnkl 

Hokuriku 142 

1l 
A 

B 
A 

36.4 
37.7 

40.2 
45.2 

354 
375 

362 
387 

0.140 
0.172 

0.190 
0.300 

a): A: 4°C st0rage for 70 days, B: 30°C s1oragc for 70 clays. 

0.430 
Q.605 

0.43 1 
0.655 

0.325 
0.284 

0.44 1 
0.458 

EV: Expanclccl volume, WUR : Water upi.,ke ra1io, IUV: Iodine blue value. SS: Solid subs10 11ccs 
in residual solution. 



98 

g_rains cliangcs remarkably. In Japan, sofl and sl icky 
rice is preferred. 

r aslc :urnlyzer: "Taste a11alyzcr" i~ an apparatus 
ror physico-chcmical measmcnients or rice quality, 
consisting or a micro-computer, a display device. and 
a software. Its primary function is to convert vari
ous physico-chcmical parameters of rice grains into 
"taste scores", based on correlations between 
physico-chemical va lues and the scores derived by 
sensory tests. 

These "taste analy1.ers" were developed l>)' sever
al private companies based on the principles of NIR 
and multi-var iance sta tist ics. These systems are cur
rently used by the agricuhural cooperatives, rice mil
ling industry or rice traders in Japan, because "taste 
~core~" can be rnpidly and e.isi ly obtained. Some 
reports have pointed out the need ror the improve
ment of the system in terms of accuracytll> (Fig. 2). 

Misl·cll:1ncous suhjccts: ·111e role of the cell wall 
or enzyme act ivit ies, the errcct of harvest, drying or 
storngc conditions. change~ in the microstruc1111·c of 
the rice grains during cooking arc major research sub
jects in Japan (Table 2). 

Changes in rice quality from 1iroduetion 10 con
su1111i1 io11 

( I) Varieties 
The rice varieties produced in the Hokkaido dis

trict (northernmost island of Japan) had been ranked 
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Fig. 3. lmprovcmcnr of Hokkaido rice quality· , 
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as the worst ones in Japan due to their low qual ity 
ror the past decades. However since 1he breeders 
in Hokkaido succeeded in developing new varieties 
with a low amylose contctll, the eating qua lity of 
I lokkaido rice varieties such as Kirara 397 marked
ly improved71 (Fig. 3). 

(2) Fertilizer application and eating quality 
Application or an excessive amou111 of nitrogen 
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fertilizer, particularly af1er heading, lowers the em
ing quality of rice, al1ho11gh ii leads 10 high yield. 
Proper choice or 1hc amoum and riming of ni1rogen 
applicalion is necessary from the viewpoi111 of yicl.d 
and qualii/1 (Fig. 4). 
(3) Drying and ca1ing qua li1y 

Drying at a high 1emperawre leads 10 1he rapid 
deterioration of I he eating quali1y of rice. 
(4) Storage and ea1 ing quality 

Storage a1 a high temperature and high humicliny 
severely impairs the eat ing quali ty of rice. Low tc111 -
pera1ure storage is very cffcc1ive 10 preven1 the 
dc1criora1ion of the eating quali1y. Colorime1ric 
mcasuremcn1 or 1hc fa1 acidi1y is useful for evalua t
ing 1hc changes in 1hc rice qualily du ring storages, 
{Fig. 5). 

Recent to1>ics relating to research on rice 
quality in J:11,an 

( I ) Rapid and simple mcnsurcmcn1s of rice qualit y 
NI R sys1em has been found 10 be usefu l for rapid 

and simple de1cnnina1ions of 1he co111cn1s of rice 
components, such as protein, mois1ure, fa1, etc. The 
usc of multi-variance sia1islics and computer wi1h 
some i111provcmcn1 of 1he soflwarc ma)' lead 10 the 
dcvclop111c111 of a simple and rapid quality cvalua-
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Fig. 6. Multiple regression ro, cs1ima1ion 
or rice cati11g qu.tlity 0 

tion system in the fu1ure. 
(2) lrnprove111en1 of 1he accuracy of qual i1y 

cvalua1 ion 
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Chikubu el a1. 1> developed a new equation for 1he 
cs1 ima1ion of the caring quali1y of rice using a mul
liplc regression analysis based on physico-chcmical 
de1erminaiions, such as amylography, protein assay 
and IBV measurements (Fig. 6). 
(3) New ph)•sical measurement system 

Sugiyama ct al.~l, Nat ional Food Research l11s1i-
1u1e, developed a new physical measurement system, 
" Rheolograph micro", which was based on 1hc con
duct ive charac1eris1ics of vibrat ions of cooked rice 
gra ins (Fig. 7). 

{,1) Breeding of new rice varieties wi th various 
charnct cris1 ics 

To expand the rice marker in Japan, new rice var
ieties with various properiies, including low or high 
amylosc con1cn1, seemed 1astc, large grain, gia111 cm-
1,ryo, pigmenia1ion, sugary 1aste, are now being bred 
by 1hc Minis1ry of Agricullure, Forestry and Fisher
ies, under close cooperation wi th universities or 1hc 
food industry. 
(5) Grouping of rice varieties 

Ohtsubo c1 c11.~> have a1tcmp1cd 10 classify 1hc rice 
varie1ics it110 several groups based on 111eir propcr-
1ics, such as amino acid composi tion, 113V and 1000 
kernel weigh t. wi1h the use of ch1$1cr analysis (Fig. 8), 

TV camera 

"'"~"" 
Sample Spacer 

Fig. 7. Diagram of Rhcolograph -micro"' 
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Mahalanobi.s' generalized distance 
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Rciho 
Tainung 67 
Chugoku 102 
Kanta 138 
Hokuriku 130 
Ni ppenbare(Chugoku) 
Saika i 168 
Ni ppenbare(NARC) 
W i l yang 23(Tohoku) 
Sasanishiki 
Hokuriku 129 
Kiyonishiki 
Saikai 180 
NillllOnbare(Kyusbu) 
Akihikari (NARC) 
Akenohoshi (Kyushu) 
Akenohosh i (Chugoku) 
Akihi.kari (Hokuriku) 
Akihikar.i (Tohoku) 
Ouu 325 
Reimei 
VilyanR 23(NARC) 
Koshihikari 
lloncn...,se 
llokuri ku 133 
Ouu 326 
Ouu 327 
Saikai !79 
Toi·onishik i 
01111 a24 

Fig. 8. Clust~r analysis or rice based on 1>hysico-chc111ical data 

(n = 40, cocrr. or ,1c1cnninalion =0.59, 111111. corr. cocff.= 0.77) 
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Fig. 9. Es1i111ation or dee eating q u:llity by physico-chcmical 111casurc111cn1s 



1101 for ranking or grading purposes but for analyz
ing the charac.terist ics of each variety of the same 
level. 
(6) Quali1y evaluation at Hokurik11 Nat ional 

Agricuhural Experimcm Station (HNAES) 
Al HNAES. quality evaluation or rice is carried 

out by applying the sensory test, cooking quality test, 
physical measuremem with Rheolograph-micro, and 
spec1ropho1omctric measurement with an NI R sys
tem centered on the characterist ics of the newly bred 
rice varieties (Fig. 9). 
(7) Problems of quality assessment 

h is necessary 10 standard i7.e the me1hods and 
indices for the assessment of I he eating quali ty or 
rice in Japan. For example, sample preparation 
(milling, removal of residual bran, moisture content , 
fl ouring, etc.), cooking conditions (soaking, water 
addition, cooking apparatus, etc.), measuring 
methods, and !heir condi1ions, as well as the calib
ration samples must be standardized in order Lo 
compare the various data measured a1 differen t 
expcri111en1 stations in Japan. 
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