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Physicochemical Characteristics and Varietal
Improvement Related to Palatability of Cooked
Rice or Suitability to Food Processing in Rice
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ABSTRACT : The endeavors enhancing the grain quality of high-yielding japonica rice were
steadily continued during 1980s~1990s along with the self-sufficiency of rice production and
the increasing demands of high-quality rices. During this time, considerably great progress and
success was obtained in development of high-quality japonica cultivars and quality evaluation
techniques including the elucidation of interrelationship between the physicochemical properties
of rice grain and the physical or palatability components of cooked rice.

In 1990s, some high-quality japonica rice cultivars and special rices adaptable for food
processing such as large kernel, chalky endosperm, aromatic and colored rices were developed
and its objective preference and utility was also examined by a palatability meter, rapid-visco
analyzer and texture analyzer.

The water uptake rate and the maximum water absorption ratio showed significantly
negative correlations with the K/Mg ratio and alkali digestion value(ADV) of milled rice.
The rice materials showing the higher amount of hot water absorption exhibited the larger
volume expansion of cooked rice. The harder rices with lower moisture content revealed the
higher rate of water uptake at twenty minutes after soaking and the higher ratio of
maximum water uptake under the room temperature condition. These water uptake
characteristics were not associated with the protein and amylose contents of milled rice and
the palatability of cooked rice.

The water/rice ratio (in w/w basis) for optimum cooking was averaged to 1.52 in dry
milled rices (12% wet basis) with varietal range from 1.45 to 1.61 and the expansion ratio of
milled rice after proper boiling was average to 2.63(in v/v basis).

The major physicochemical components of rice grain associated with the palatability of
cooked rice were examined using japonica rice materials showing narrow varietal variation in
grain size and shape, alkali digestibility, gel consistency, amylose and protein contents, but
considerable difference in appearance and texture of cooked rice.

The glossiness or gross palatability score of cooked rice were closely associated with the

peak, hot paste and consistency viscosities of viscogram with year difference.

— 41 -



Bh
9,2
A

The high-quality rice variety "Ilpumbyeo” showed less portion of amylose on the outer
layer of milled rice grain and less and slower change in iodine blue value of extracted paste
during twenty minutes of boiling.

This highly palatable rice also exhibited very fine net structure in outer layer and
fine-spongy and well-swollen shape of gelatinized starch granules in inner layer and core of
cooked rice kernel compared with the poor palatable rice through image of scanning electronic
Inicroscope.

Gross sensory score of cooked rice could be estimated by multiple linear regression formula,
deduced from relationship between rice quality components mentioned above and eating
quality of cooked rice, with high probability of determination.

The @ -amylose-iodine method was adopted for checking the varietal difference in
retrogradation of cooked rice. The rice cultivars revealing the relatively slow retrogradation in
aged cooked rice were [lpumbyeo, Chucheongbyeo, Sasanishiki, Jinbubyeo and Koshihikari. A
Tongil-type rice, Taebaegbyeo, and a japonica cultivar, Seomjinbyeo, showed the relatively
fast deterioration of cooked rice. Generally, the better rice cultivars in eafing quality of
cooked rice showed less retrogradation and much sponginess in cooled cooked rice. Also, the
rice varieties exhibiting less retrogradation in cooled cooked rice revealed higher hot viscosity
and lower cool viscosity of rice flour in amylogram. The sponginess of cooled cooked rice was
closely associated with magnesium content and volume expansion of cooked rice. The
hardness-changed ratio of cooked rice by cooling was negatively correlated with solids amount
extracted during boiling and volume expansion of cooked rice. The major physicochemical
properties of rice grain closely related to the palatability of cooked rice may be directly or
indirectly associated with the retrogradation characteristics of cooked rice.

The softer gel consistency and lower amylose content in milled rice revealed the higher
ratio of popped rice and larger bulk density of popping. The stronger hardness of rice grain
showed relatively higher ratio of popping and the more chalky or less translucent rice

exhibited the lower ratio of intact popped brown rice. The potassium and magnesium contents
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of milled rice were negatively associated with gross score of noodle making mixed with wheat
flour in half and the better rice for noodle making revealed relatively less amount of solid
extraction during boiling.

The more volume expansion of batters for making brown rice bread resulted the better loaf
formation and more springiness in rice breed. The higher protein rices produced relatively the
more moist white rice bread. The springiness of rice bread was also significantly correlated
with high amylose content and hard gel consistency.

The completely chalky and large grain rices showed better suitability for fermentation and
brewing.

Our breeding efforts on rice quality improvement for the future should focus on
enhancement of palatability of cooked rice and marketing quality as well as the diversification
in morphological and physicochemical characteristics of rice grain for various value-added rice

food processings.

Key words : rice, physicochemical characteristics, grain quality, high-quality japonica, quality
evaluation, palatability, retrogradation, suitability to food processing
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Fig.1. Various factors affecting the palatability of cooked rice.
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Table 1. Major components of rice grain quality

Item Major quality components

Grain size & shape, translucency, chalkiness, color, freshness,

Marketing quality mixed ratio of poor ripened grains

Eating quality . -
(Preference) Appearance(glossiness), fragrance. stickiness. taste. texture

Milling recovery, head rice ratio, dehulled ratio, condition of eye

Processing quality (germ)

Digestion & utility efficiency, protein, lipid, vitamin, micro
elements

Nutritional quality

PArlE 7lEAot ERE4 Be ohis YA SFAE aFHEN c7ldle & 4
£9 Asgs - o184 dEol B - A - v - $A8 o g mdale ¥9%e

2 440183 AR YAl Wt 1 Wgst BEL gHH 1 58
A gEd o4 AR F99) QYA B o] go] U4z AlFHe] £L 7}
b SRR SAE 9Avgd, AE B0 9% ARE
A 2R 4 g@ B9 L ARG HEe] F2 BUe

\
ol
S
ox
o
£
of, d
00
N
2
o

HojA "ok

gty & E29 FHE WIS dof ol o] o] @ FEHY 7N tE 71
2 YYHQA WPHE A 2R god g ude st A@Ho|EA F3AU
P AYE Warle 4A AT 53] ¢2n] 858 1EH0E Y] sk 1 F
¢ A FAF FrHHOA 2 78 $EEL AN 1 FEVe FEE AvEn

1) & 98 2 4% 344 =4 ¥

Adel 371 drle) Zo), uu], FA g3t UehirE st ArHEFTOE YEhd
FE 9ed 4L dujo F/ZuEA FHAU AL U9 2P 4E 719 108
BYAA FGA7)= S5 Y7) (magnifying projector) 9} caliperE ARE-st 1 15 BX
2A et J20e GARA7 4gE o83l 9% 4FRE HAM & ¥ 29

- 46 —



% AN U JKERA0 DS O3S SA

dolgt v 9] PAA g HolE At AAle] F= B A7 AEH Aok

2 229 48 PxES FPEE giAZ 2BXAE B3 SEEE(9)E Jehirle
st BE 2EEN vlaet FFEC w2 4i vIZXNE AXR FAY njEEH oY W
H S EYUNE AEd @ oS I v8d ne BAE AN T 2 $E7 A o
33 o a3y 2 FFY A8 FIE 4BHez AR PE AT Fe ugy
& 7171& ofd AEHo] YA oo

2) &9 894 E4% AR7Ie

29 AUy 7k A4 2dYL 7T e 293 S4de 42 2 1Y 54,
odzay 54, ¢2ESIE 9 33LE, 39YH, A9 e
39 ALY 55 £E F¥Y0l 2o ZEZFAY Texture B4 5& 83
494 3¢ £ Aq. 29 F2 2 7 FFEEE A3 %%i%‘—%u T
2 15~208 ZANAN F5EFE 159 A HEE e 9

oo LYFHEE 14~17% KOHE&H A3t 0CE271) BAL BN ok
2do] FHE ZHHAZESG FEE)d W 1~T5FLE BRI A0t (F 2) (Park
et al. 1994). ol& TIALEES WAz HAYshs FUOE o {HIIE Wtk

a"zﬁ
ot
B
ox

;

Table 2. Observational scale and its evaluation standard for digestion
(spreading and clearing) of milled rice by alkali solution (ADV) and
corresponding to gelatinization temperature (GT).

ADV Observed status GT
1 Grain not affected o .
) Grain swollen 1 High : 745~80C
3 Grain swollen, collar High-intermediate

incomplete and narow

S

Grain swollen, cracked.

collar complete and wide
5 Grain split or segmented,
collar complete and wide

Intermediate : 70~74C

6 Grain dispersed, merged with

collar, some cleared . .
7 Grain completely dispersed Low : below 70°C

intermingled, and cleared
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WHEY A2 2384E A7MF 120megE 13x100mm & AlEd] @3 02n9 $HY% o
ALZ 0025%(W/V) bromothymol blueE %% €402 ARE ZA 3 o 20m9
02N KOHE ¥ol vortexE¥712 I2H o)A 3o §8E% B 2o Yol s3It
238 ARE 7Auo] 58 Foll Al vortex TRZIZ Z 40lA & T 087 YZA A
o] £ AIFBE BeFol ol w8 1A B3 o] T Lol AolA mmus]E Ue
W el ol 3834 A Zolrt 21~40mme Z(hard), 41~60mmE Z(medium), 6
1~100mm= A(soft) 22 EF& (Cagampang et al. 1973).

ob2 7Y E/JS Brabender Amylographyt Rapid Visco Analyzer(RVA)S o]&3td 10~
12% 27tF dEAE 30~50TCoAA B~BC7A HAHoZ 25 FLA|ZTr}t U] 1L
B8 E oS oA N~HCE FXAL2 ¥ZA1EAN A5dRE 2A8Y (38 2). 31
M= (peak viscosity : P). HAHE (hot viscosity : H), HEHE (cool viscosity : C) £
237171 7184 EAE TEd @ FEFEE YD o5 A FIFE
(breakdown : P-H), SXHE (consistency : C-H). X¥b¥%(setback : C-P) 59 AT
Uehd Aol
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Fig. 2. Varietal difference in amylogram of milled rice flour.
P : Peak viscosity, H : Hot viscosity,. C : Cool viscosity.
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Au] 9 712 A4 U7t BEXAo) e d8 HEL obdzARd A 32
3 27128 (vfadlg(Mg), ZEK), A(P), A(Fe) ) 3} vlelal By, By, Uolofdl &
el §2 Sojc}. o] ojgol T mFo|7l AT LAE, EFHE, o|kAlE § HEEA
E2o] glon, gnjo] o4d 4% Oy E2F fAuld] 8 SGEAoRd 2 ERdA A
& Fol ek

wulo] opdE g HAAH (colorimeter) U AH5-£471(autoanalyzer) & ol-§3td B71F
3o gt FATo me §FE S HAZFYl FE 2430 (Juliano 1971,
Choi et al. 1993).

A AR QEFNTE ofdz At wdt AUETEQ ) E S B F
Ry 522~527nm P8 FF2 556~603nme] ol EHon vkt opdm ARy FFT
o FAEZEE 2YA¥T (a¥ 3) (Kang & Choi 1993). <& HUFFEE ofdE22
T eg 0}‘43} 32 30 wetA ZA @22 5 e 22 Agdrt
i APEe AR E FARAAIZ AIBE mlolazAY(Micro Kjeldahl) FXE o83
BAE A 2ag] 5958 Fhd I e 24, F9 A& 1HaA S8 W
oz 42289 A3 (Dye-binding capacity : DBC ) U HHE B3 (Biuret test)H <8
BABMA (Near-infra red spectroscopy : NIRS)E ol&% ulgajad AFPEL 27|k it
(Juliano 1985, Oh et al. 1995).
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Fig. 3. Interrelationship between amylose content and wave length
of maximum absorbance of starch-I> complex blue color.
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okt FEF2 BAEE 7l FAZ o2 A AZA RS sodium citrate bufferS
SelAIA ofrldt $A712 BASY @ 100eF e 2 AF 10059 g5 8 UehaT

A2YF2 2 FHAR [g& 98AA) Ya 288 A2NA ¥ BZAE 234
Soxleht+-&719 ZAzd] od E& d48 Y& UL AE7}t E YEAAE Soxleht AlE
Ao 91, 571847 & ol Soxleht FNE 2P T3 YA $E8 QAN YL
odo] 9 e ZHAILE 7Y, UAIZ ol A8 DL odo] 2ZAAN 220
TUE Zetrag] od S AT & Ee 229 TAE 2339 ok At Fze 7}
23 20kE 72 9)(Gas-chromatography) & 01831 23 AAL A4 =9 Ags AL
¥t (Juliano 1985, Park et al. 1994).
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AR HEY HE FEEHE o183 FF 23 UL 22 5247 AEE w4
¥5 Gas-Chromatography-Mass-Spectrometry (GCMS) B4& A A3},

4) ¥ 294 43 9 v F7py

T BE B4 5 EHE 233 J1H: Texture analyzer, Plastometer. Texturometer.
Tensipresser. Instron. Visco-elastograph ¥ Rheolograph-Micro £°] l&d] olFo] 99 o4l
7HE A ML FAIRY YFE $HOE FE AL ZAR UshE AE T= ©
A% 9 g 7248 s 714012 Rheolograph-Micro & Hlum)2igl fetog wig
Hqed g 88k 7Aool

Textwre 2HAZ d¥e ¢ MY FLE &34 FFAIE 2Y49) 2 mgos
F ¥ st | FA9F YA "o orldA HE 99 AR -He 34, AaRze
FRE A/A B SR, avare BEHoE FH¥9 yo 4L Jehn Ang
2 FEYol Ade AP 29 F¥E(balance) ¢ -H/HE WA B3 H)T A2 A}
&3 % it
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Fig. 4. A typical curve of texture analyzer, TAXT-2
H : Hardness, -H : Viscousness, -H/H : Balance(B), A¥A; :
Cohesiveness(C), Az : Adhesiveness(A), a»/a; : Springiness(S),
H-C-S : Chewiness(CH), As(-H) : Stickiness(ST), CH - ST : TPL
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Brto] F-83HA ol &5l qloh
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g8 277 de Fog Ao g4 oA ey ole 59 &L F= Y9 THE
o] of 74X R @7 E7bEeld Atges HA HuA HS 2719 @3¢ e
Zg Az 2 Aoz AZdd ey 7 dudhe 320 MEe NBEE A7
she 2 TEAS Anlg Fio] mE Ao i olFojan. 29 A i VIES
B (E 3), JBAFIA dr] 2Eue 17~20, Y5 1722, A8Y 3= (0~9)
E 0~ ¥3% 9 Ado] Fud Aotk Aujst FWE oty EHoM e otdes §F
2 0%e1s, du] UFRFE 7~9%, ¢ EAZ(~T) € 5~7 WSlolA o] o]F]
Az Qg Aue gol &717F AX Ao wjse] E2 T WAZE . FFE] 27
7b lemA e AP FEPT @¥o] A2 o] Hojk Ho] ZoAA ge FE=
A Zo] ugFsitt, EFERUAXE Frlgo] 75%0180] HEA ddrgo] 0%°1°3
Rg A 71E2s A1 .

Table 3. Selection criteria for developing a high-quality rice in Korea

Item Quality components & Selection criteria
Grain appearance Length/width ratio of brwon rice @ 1.7~20
1000-grain weight of milled rice : 17~22g
Chalkiness (White-core & white-belly) (0~9) : 0~1
Translucency & gloss (1~9) : 1~2

Physicochemical properties Amylose content : below 20%
Protein content of brown rice : 7~9%
Alkali digestion value (KOH 1.4%) (1~7) : 5~7

Palatability of Appearance : Glossy & intact

cooked rice Fragrance : Weak aromatic
Stickiness : Considerably sticky
Taste & Texture : Good
Retrogradation of cooked rice : Slow

Processing Milling recovery from rough to polishing : Above 75%
Head rice ratio : Above %%
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2) du] FA ol £ d¢ 2 FF W
Exo) A Aol 71AxBM B EFthe ¥9 BAA ol X7k uH Al -
ujztelut AR 9 Gt Wolzt & Rog IA otk O 4oA BE o E5T d
T ALEFEY FAF W Y Aol dXge ¢ Aok ALY TIEr
g7 £A% 808 FolAg £AF 0%C]H AY T3] ol2A dn. H¥krdd
EZHo|E E 404 By B B3 4Y F¢ niE 2 FA9 o 11~13, ulE 84Y 3¢
o} 14~16807} o] EFo) wel HA] 7igeFol 3A Holg& YeT S-S € T+ AT
NEESFBS FE woly} nE2g TAY o LI8~1.27417t Hol 83 B9 v 7leE%t
A9 v AL AT oHT 4 9 HEEFES A9 3335 4 AU 2H?
BAE Jebddt (Choi et al. 1999).
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Table 4. Classification of tested rice cultivars by proper water amount for rice cooking

Proper water amount adding on soaked milled

rice (ml for 100g 12% moisture milled rice) Corresponding rice cultivars

110~115 Sasanishiki

116~120 Dobongbyeo, Cheongcheongbyeo, Yongiubyeo,
Chucheongbyeo

121~125 Ilpumbyeo, Hwaseongbyeo, Nagdongbyeo,

Samgangbyeo, Odaebyeo, Anjungbyeo.
Chilseongbyeo, Kinuhikari, Jinmibyeo

126~130 Jinbubyeo, Nampungbyeo, Gwanagbyeo

141~145 Cheongcheongbyeo

146~150 Odaebyeo, Anjungbyeo, Yongjubyeo, Obongbyeo.
Chucheongbyeo, Chilseongbyeo, Jinmibyeo

151~15 Sasanishiki, Nampunghyeo, Ilpumbyeo,
Dongjinbyeo, Hwaseongbyeo, Samgangbveo,
Kinuhikari

156~160 Gwanagbyeo, Nagdongbyeo

161~165 Dobongbyeo, dinbubyeo -

* The cultivars underlined are Tongil-type rices.
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Fig. 5. Comparison of water absorption rate of milled rice during 120 minutes after soaking in cool tap
water(10°C) among three typical rice varieties, and between new and old rices harvested in
1990 and in 1989, respectively.
Thick lines indicate the water absorbabilities of the new rice and thin lines point out those
of the old one. .

29 og¥ty 4 w9 E2l4 9 4u] s F 594 R ule} o] o AFAE
9 ZelA wixd ZAges TAF FAES Jehiith Grlex 53] AuFBPg 2P
BAE Yehd oltd B4 opdeA 3 duAehE ¢ZEEIs, v2aaadsy, H
e 9EFAL 9 BEIPEY, My/K-N-A S0t oldzs §Fe F2 4
BESH 2. 33388 Mg/K - N - As 19 27), A2 o] =9 43¢ 4¢
< YehAith (Choi et-al. 1989, 1990, 1991. Chikubu et al. 1985. Juliano 1985, Hsu & Song
1988, Lee 1990, Horino 1989). ol2i¥t mld &4 7+ ¥ AXYstst 548 52 ¥ U
Fo] 29 HH(E 6) 9uZ dET 4FE] FIE ol AvjFHET opd 2 A% ¢ 4d
£ Asie E57 met O3 3EE A 232 USE €+ A (Choi et al. 1990).
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Table 5. Interrelationships between the physicochemical properties of milled
rice and palatability components of cooked rice

Correlation

coefficients Source

Relevant characters

WUB - GPS .33 * Chot et al. (1991)
IBV - GPS .75 = Chikubu et al (1989)
ESA - GPS .57 ** "

Amylose content - Hardness 0.56 ** Choi et al (1991)

" - " 059 ** Juliano (1985)
" - " 049 * Hsu & Song (1988)

Amylose content - Adhesiveness -0.60 ** Choi et al. (1991)

" - " 082 ** Juliano (1985)
" - " -0.89 ** Hsu & Song (1988)

Gel consistency - Adhesiveness 058 ** Choi et sl (1991)

" - " 0.40 * Juliano (1985)
" - " 091 = Hsu & Song (1933)

ADV - Adhesiveness <051 * Choi et al. (1991)
To- " 53 * Hsu & Song (1983)

Protein content - Hardness 029 * Choi et al. (1991)

" - 018 * Juliano (1985)
Hardness - GPS -0.80 ** Choi et al (1991)
Adhesiveness - GPS 0.79 ** "

) - GPS 0.88 ** Hsu & Song (1988)
GPS - Protein content -0.60 ** Choi et al. (1990)

To- " 037 * Chikubu et al. (1985)
To- i -0.63 ** Hsu & Song (1988)
T~ " .62 * Lee (1990)

GPS - amylose content 041 * Choi et al. (1989)
"o- "’ .56 ** Chikubu et al. (1985)
To- " 083 = Hsu & Song (1983)
M " 040 = Lee (1990)

GPS - ADV .28 * Choi et al. (1990)
T 050 * Hsu & Song (1988)
" - Crude ash .50 ** Lee (1990)

" - Breakdown 042 * Choi et al. (1989)
"o ! 0.68 ** Chikubu el al. (1985)
"o- ) 0.36 * Lee (1990)

" - Consistency .57 * Chol et al. (1989)

" - Setback 049 ¥ "

" - Peak viscosity 0.61 ** Chikubu et al. (1995)

Mg/K + N - A - Stickiness 0.79 ** Horino (1989)

WUB : Water uptake ratio of boiled rice, GPS : Global palatability score of cooked rice, IBV :
Iodine blue value of cooking water, ESA @ Extracted solid amount of cooking water. Hardness,
Adhesiveness, Stickiness : Hardness, Adhesiveness and Stickiness of cooked ricee. ADV : Alkali
digestion value.

*, ** . Significant at 5% and 1% levels, respectively.
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Table 6. Difference in interrelationships among palatability and physicochemical
~ properties of milled rice between japonica and Tongil-type rices

Correlation coefficients

. Relevant characters

o Japonica ~ Tongil-type

Mg - GPS -0.093 -0.519*

K/Mg ratio - ADV 0.012 -0.424*
) - Amylsoe 0.393* -0.004

) - Retrogradation ; 0.134 .40
Protein - ADV -0.385* -0.366*
- Amylsoe -0.602* 0.174

- Retrogradation -0.073 -0.583*

" ~ADVD 0.022 0.425*

- Panel's var. -0.251 -0.461*
ADV - GPS -0.408™ 0.09%

" -ADVD 0.418* -0.428*

- Retrogradation 0.024 0.556™

" - Amylsoe 0.658** 0.327*

Amylose - GPS -0.357* -0.594*
~ Panel’s var. 0.360* 0.202*

GPS - Panel's var. -0.590* -0.508**
Panel's var. - Retrogradation 0.387* 0.215

GPS : Global palatability score of cooked rice, ADV : Alkali digestion value,
ADV D : Difference between ADV in 1.0% and 1.4% KOH solutions,
Retrogradation : Difference of GPS between hot and cool cooked rice

Panel's var. : Panel's variation of GPS.

* * . Significant at 5% and 1% levels, respectively.

Y 22 A FFEY AN Ak e ud B4 T 38E B TdA By, ¢geEE
AE, ofR2s U A} E oy B9 wdkedd v §2 AFEF 1o JTFE A3}
e At el vE §4 ¢ Aol A €3 e ¢ F Aok olEE nE B4 Ao 2
g BAE vIBeE AHuig FYAYE 2 BHE E 80AM B F8 49 ¥
g Ao il AAYE JAPEA] 2% FuHEEd 9sPAE wPEE H¥a
AEPAT ddduis B HRY, 9UZeE okda¥d o/ vg SUIES
Mg/KE S22 Al g2t 2 Aolg Yehl AT (Choi et al. 1997).
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Table 7. Correlation coefficients () between physicochemical or structural properties of
milled rice and physical characteristics or sensory evaluating score of cooked
rice in 1991 and 1992

Concerned T Concerned r
characters 1991 1992 characters 1991 1992
ESA - Cohesiveness 065* 021
GPS - Hot paste 06z 0.34 Break down - Cohesiveness 062 0.3
- Consistency 0.58% 006 - Chewiness 058 016
AP - Peak 060\ b 0 0
- Hot Paste .74 031 GC - Cool paste 041 058"
- Consistency ~0.64 -0.04 - Peak 05 050
ADV - Amylose oz 07 - Cool/Hot 0w 0%
- Mg/K 0.4 084 - Breakdown 024 064*
- Balance 0.15 0.59* - Hot/Peak om 06
- Peak 0 0% - Consistency 00 0T
- GT ot 0 - Setback 020 072"
- Cool/Hot 065 010  Conl/Pesk 0s -7
Amyloe - Me/K 036 0 1 - Protein 06 0
- Protein ~0.60* -0.60* - IRV 016 075
Mg - VER 067 03 - apS 0% o4
K - Fr. III 05 AL ey - Hot/Peak 0% 06
VER - ESA 0% 02 - Setback 039 08
- Cohes_lveness 0.75 .31 Fr. 11l - GT 03 06
- Chewiness 0.68i .39 -K 063 0
- TFI 0.64 034 - Adhesiveness 009 -0.80*
DG - ESA 060 o8 ~ Stickiness 008 065"
CO A e
) . ‘ Fr. IV - Cohesiveness €020 060"
- Cohesiveness 0.65* -0.17M= Fr. IV/Fr. 1 - GT 033 054
IBV - ESA 033 0.78 ~ Cohesiveness 017  063*
- Hardness 086  -049 - TPI 008 058
- Balance 0.65* 0.49
- Chewiness 0.64* 047

GPS : Global palatability score of cooked rice,

*** . Significant at 5% and 1% levels, respectively.

AP : Appearance of cooked rice, ADV : Alkali
digestion value, GT : Starting temp. of gelatinization, VER : Volume expansion rate of cooked rice,
ESA : Extracted solid amount of cooking water, TPI : Textural palatability index, DG : Degree of
gelatinization after short cooking, IBV : Jodine blue value of cooking water, GC : Gel consistency.
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Table 8. Multiple liner regression formula for indirect estimation of global palatability
score of cooked rice

Year Multiple linear regression formula . K

Y =-0.0106 Xi+0.3092 Xz-4.2392 Xa+0.3877 X¢+ 0.00145 X5-21.839 0895

191 Y : GPSS, X : Hot paste, X : Temperature of
peak viscosity, X3 : IBV, X¢: VER, X5 : Peak

Y =-3648 X,+0.0264 Xo-0.247 X50.855 X+ 1986 X5+ 0986 ° 0974
1992 Y : GPS, Xi : Adhesiveness, Xz : Protein. X3 :

Short/long chian ratio of amylopectin,
X : Consistency ratio Xs : Mg/K ratio

GDP, IBV, VER : See Table 7. R? : Coefficient of determination.

GZY BT, ofdzs g guldgdso] A vlRItHA Pute] Aol el ¥ FF
ES Anjxgd g 72 g 23 F93 HolE Uehd &g ujd 548 ¥ 9ol
Ay 29 Aujrl 33 FHE0] BEQU FE5E vl 9d 2R 38340] Rt woH
A ZHEEE 1 S3AEY MR 42 FEE Yehlio v2338 BYo] F4%
A 544¢ ¢ & Aok

Table 9. The physicochemical properties of rice grain related with the eating quality of

cooked rice
Palatability of t (-3~

cooked  Corresponding cultivars o Pane test 979 AD.V Amg lose

rice Year  Appearance  Palatability 1~7 (%)

Excellent Ilpum, Dongjin, 01 0.72 0.65 6.8 186

Hwaseong, 92 0.34 041 6.8 195

Koshihikari Mean 0.53 0.53 6.8 19.1

Good Jangan, Seoan, 01 0.25 0.25 6.8 19.0

Bonggwang, 92 0.13 0.04 6.7 19.2

Chucheong Mean 0.19 0.15 6.8 19.1

Fair Yeongsan, Donghae, 91 -0.26 .34 6.8 189

Palgong, Daecheong 92 -0.06 ~0.31 6.7 189

Mean .16 .33 6.8 18.9
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. Gel :
Pz?yte)m Mg/K consistency ESA (mg/g) Amylogram properties (BU)

0 (mm) Breakdown  Consistency Setback
6.89 0.263 8.4 399 501 413 -88
6.84 0.221 725 61.0 479 406 -74
6.87 0.242 69.5 90.5 490 410 -81
6.86 0.248 57.6 440 463 446 -16
713 0.225 709 66.8 440 407 -3
1.00 0.237 643 %4 452 427 -25
6.82 0.268 576 50.0 433 44 08
7.30 0.238 65.8 498 21 419 -28
7.06 0.253 61.7 49.9 437 437 -1.0

AD.V. : Alkali digestion value, ESA : Extracted solid amount during cooking

Auzt Aojuks Al F59 obd2HY RN FFIL 4FE 2t vl FEE B
FAT (2¥ 6), E 10904 BE of ¢ wlujgt o] o]yl AT AXU7ts} Qs 5
BF ohlz2 §go] B W] £ FFUSE ohuzdaq wgH vigel 9 £
¢S B2gn

Differential refractiva Index
- i i

I . [ 1" _..%
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Fig. 6. Varietal difference in distribution of debranched starch fractions.

The rice starch was debranched by isoamylase treatment and weak alkali gelatinization and
fractionized by HPLC.

- 59 —



X of

3]

Table 10. Cérmariéon of amylose, protein, and distribution of starch fractions
debranched by isoamylase between rice varietal groups or rice cultivars

Amylose  Protein Distribution of starch fractions debranched FrIV/

Eco-ty

o % % Fr R T Pl
Odaebyeo 190 7.7 58 12.3 369 449 1.22
Jap. Hwaseongbyeo 209 6.8 130 97 3.0 42.3 121
Chucheongbyeo 21.2 6.5 16.1 111 336. 382 114
Average 204 7.0 11.6 11.0 35.2 418 119

~ Jungweonbyeo 17.8 79 78 87 362 473 131
Ind Yongjubyeo 180 83 9.3 10.1 373 431 116
IR841-76-1 2.6 85 16.1 12.8 35.6 35.4 0.9
Average 18.8 83 1.1 10.5 36.4 419 115

BY] FIZo2HH FHER old22 g 9P ugFF &F dy] AFE 4
Bl HEE B9 (B 1D Av7t d3¢ dFurt o2 F5E54 vl 53] 2] 3
ofigA gho] JuFoR e ZAES By ok st 48 o Ayl dgHe @
of L7A He ¥ %39 239 HERCl FHI O FFEA vlHA S AR 1
TEFY 2EAYS el e AT FAA = R 29 (RD.A. 1992).

Table 11. Varietal difference in the relative proportion of amylose and protein content to

average content of whole brown rice kemel on endosperm layers stratified by
milling degree

Milled part

Layer  from outer
of endo- layer of rice
sperm  grain (W/W, Ilpum-  Dongjin- Akibare Mine- Donghae-  Palgong-

Relative proportion of amylose content to average amylose content of whole
brown rice kernel (%)

%) byeo byeo hikari byeo byeo Average
L1 100-92 121 126 96 105 152 125 121 e
L2 92-87 51.0 62.3 579 570 628 63.1 590 d
L3 87-83 %6.1 66.3 596 64.0 64.6 63.1 623 d
L4 83-78 720 70.3 674 68.0 70.7 67.5 69.3 ¢
L5 78-74 64.3 754 73.0 69.8 774 67.5 N2c
L6 74-65 713 834 715 744 82.3 756 74b
L7 65-60 75.2 86.3 798 77.3 829 80.0 803 b
18 _60-0 126.1 120.6 1247 1250 120.7 1238 1235 a
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Relative proportion of protein content to average protein content of whole brown rice kernel (%)

[lpumbyeo  Dongjinbyeo ~ Akibare  Minehikari  Donghaebyeo Palgonghyeo Average

161.1 1639 161.4 169.7 167.1 1593 1638 a
157.6 1514 1482 155.3 155.7 1535 1336 b
1482 151.4 1482 1474 1494 1535 149.7 be
1482 147.2 1446 1474 145.6 150.0 147.2 cd
1447 1444 1446 1395 138.0 1500 1435 de
141.2 1444 1386 1395 1380 1430 1408 ef
1353 1444 1349 136.8 1342 1395 1375 f
60.0 8.3 61.4 59.2 60.8 383 N8 g

Same character in average column indicates nonsignificance at 5% level by

Duncan's multiple range test.

2S BB I F& B 229 B Lol £29 2a=FNES FAF ¥y
€2 R (39 6) 47 I3¥ EFYTE JA WA 8239 JiF Wsigol ¥
2 € 7 AT 829 5 TUZETY s §UHE AdATE FAF BAF W)
VBHA A2 Aujgte] PAE EAL $71 YA (Choi et al. 1997).

Changed ratio of fodine blue valus (%) Changed ratio of extracted sofuble proteln (%)
Minehlkarl a Dong] In
80 - 2 0onghae "

7 g <
R Aklibare 120

Walled 4 Pataa

Fig. 6. Varietal difference in changed ratio of iodine blue value of extracted soluble amylose and of
extracted soluble protein in cooking test of milled rice. The changed ratio was represented by the
relative ratio to those at twenty five minutes after soaking the milled rice in boiling water.
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¥l ks sotE AEYAT ] ZoAEA s #7] 9 23] ViAlE 848
Faje} o7ld FERE THHAL e ordEAY ofdzHY Exle] 2P JAHAH
05 843% $x39 Zs= 9dd 4Rl 93] opriddh

oY =HPEY 23L& « -amylose-iodine ol B -amylose-pullulanase ¥ § HAHY
PHoE 3EE FFq Ued 7 U3 Whe ¥ B 42 JHE AT 23 o
T texture £A7|E ol &3] Tl ol did Aol ZABEE vl ALY A4E U
T& Aok

FARARAUE AR Hol dFEH S o] ¥yl =¥ F59 2 T o] ¥k
$7F WE F300 vl JZRF FeA ol A HEA 53 0E w3 383ARY
Aol 2t 9 28] §5FXUF @ AFHA:

Y] 3E Tt g @goly YRREY BE $E R Wied fot JREe
et A GA T gl dete] & £59 BY4E WY k357 AL FEolL ¥
el geigo] £ ZROIATHE 12). 2 =3B Ert A% 35 42 AR A& A
EZZANY 49 HADEE Y2 BRI AFHEe 52 o‘?}°l‘215} T e
gEo] & 42 vfadladFol 2 AYIUT Yol £AWHE Uk F9] I3
0E Z2EREE AW F dYY 849% A=Y 8¢ 1¥E -‘4~— 7o JAFAE v
WATHE 13).

Table 12. Correlation coefficients between retrogradation properties and palatability

of cooked rice
Character HARD RI HDR PA
Degree of retrogradation of cooled cooked rice (DR) 0383 07207 02% -06%
Sponginess of cooled cooked rice (HARD) 0314 0014 0554
Retrogradation index (RI) 0214 0373
Hardness—changed ratio of cooked rice by cooling (HDR) 0.274

Palatability of cooked rice (PA)

* ** . Gignificant at 5% and 1% levels, respectively
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Table 13. Interrelationship between retrogradation components of cooked rice
and physicochemical properties

Relevant characters COI'I‘GI?UOI’I

coefficients
Degree of retrogradation - Hot viscosity -0.527.
of cooled cooked rice - Cool viscosity 0.636
Sponginess of cooled - Magnesium content 0.556;
cooked rice - Volume expansion of cooked rice -0.666
Hardness-changed ratio - Volume expansion of cooked rice -0.581:
of cooked rice by cooling - Solids amount extracted during cooking -0.574

4, & JREEM TR OGN SX
1) 2 934 32 J3d 54

29 ¥e), 27]. ABUAE 9 £9E9 oj3y EXo| TRt ¥ T2 A3 Hy)
9 ¥n) 743 defrba) uld E43e) 4% WAE A9 vk HPHL ghdn o
H79nd 832 ¥F HUE F4Y] FPEt HUn SAYRE So= Yeigs
o E£37F o)z} S ek

Il SREe]l B EZYSE HPRY £AZ0] Y HAH Eer dnFTrt
B2 Aotk T 38 A(gel)o] YAl B ZoIAR G AL Bo|AY opF
ZAgo] Yo EEUSE du| g Hug 4%‘%0] ET H74 82330 shHen f7y

o £HWRF] £ AP otB22AYT] Y EX ZolT Ao} Y

% 59 Oﬂ%r_z 5740 £X g 3 amc}.

H780 AYES HAEHE U SHoE Py ARUATI} NG FRUSE YL
A%e szm ol FFo] B RYFE AN BHA) AUAA FAAN &
o] 27 A Aol BITHE 14).
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Table 14. Correlation coefficients between popping characteristics and morphological
or physicochemical properties of rice grain

Correlation

Relevant characters coefficients
Chalkiness (WB or WC) - Ratio of intact popped brown rice 0585
Translucency - " -0.456
Hardness - Ratio of popped rice 0472
Gel consistency - Bulk density of popped brown rice -0.706
% - Bulk density of popped milled rice 0776
” - Ratio of popped rice 0792"
Amylose content - Bulk density of popped milled rice 0512
% - Ratio of popped rice 0484
” - Expansion rate in length of milled rice 0477
" - Expansion rate in volum of milled rice 0475

WB : white-belly, WC : white~core in rice grain

2) B {4 B3 oy 54

BLol AR E WY 42 A8 1% £35S AT 0~46H% vleE 7 o
& U572 958 £54 AW/E I5E Axd AE B 2E FEE ARG

AVEAN L H GH4FE(1~9)E SToE AT AlEFFY Z2A4(1~9)& §33o
et 229 S48 29 B3R5I (1~9), =5 8=(1~9) 2 §E1¥EF
S ZAREY Jehgen zeWe 24 vlaste] @, A, €9, ot 9 Fge dig
TAMNE AABAT o8 B BUELT 29 o 71 oty S4A9 BAE
A% Botoud A fot 4REES Uehl HolA oI, ¥ 1504 HE upe}h 2o
29 25K 9 vtadaMe) Eol £2 F5U5 AW $Yo] ¥ ZFoIAx AHo]
3 Aol ZFEe & TP EF] H2 FFIAUG. B B8l U & A WY
€ o Aol § 2 ERI vlE 49 AUl AT (X 15). AVSEH x2d FES|
e A2 SHEY BH0E2AM T/ B4ol BF gudt FFE ofEL 9] wluy

a7 SHAZUTF FF FAA & + AN
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Table 15. Correlation coefficients between suitability for rice noodle and
physicochemical properties of milled rice

Relevant Characters Correlation  coefficients
K content - Gross score of noodle making -0.603*
Mg content - " ~0.553*
Extracted solid amount -  ~ -0.522
Doughing time ~ Acceptability to noodle formation 0.905*
Toughness of dried noodle -  © 0.798*

*, * . Significant at 5% and 1% levels, respectively. Gross score of noodle
making is mean estimate of acceptability to noodle formation and
toughness of dried noodle.

3) A¥FY B %Y 54

¥ E50ole AR Aolzh ot @nle guizie] F3d Aole RAT. Y F
Fol dEHe drig u] 29 SN AR AolE Uele Ak YN A& £9
Q] FFAHE w2 28E Y 4 UAYAT EuiEe AWl ue At
Az Hol2 Awidol X E2 EFEc] Eul AWAol Fid FFoIA

o)} Aolg ojety £t AW HYHY YRS 2TRE(E 16). ErlY B¢ &
59 Fu37H80l & 2YUTE FAY #ol AUve AW A7} Jhsdien wne F¢ ¢
AP0l 2275 ¥ =79 2o He FEIUL, ALYP0 £E5E WFY
2717F #3 gdste] gF4o] oA & Aol TEolAE FZIAT (Kang et al. 19%7a).

- 65 —



ral
o
i

Table 16. Coirelation coefficients among chemical properties of rice grain and

various characteristics related to processing quality of rice breed

Correlation coefficients

Relevant characters

Brown rice  Milled rice
Protein content - Moistness of rice bread -0.547 ~.783*
Fat content - Uniformity of porous cell size in rice bread 0.537 0.824*
~ Sized of porous cell in rice bread -0.637 -0.898*
- Springiness of rice bread -0.351 -0.875%
Expansion of batters - Loaf formation of rice bread 0.859* 0.720*
- Size of porous cell in rice bread 0.301 0.703*

- Springiness of rice bread 0.761* 0.204

Amylose content - Springiness of rice bread - 0.571*
Gel consistency - Springiness of rice bread - ~0.652*
- Retrogradation of rice bread - 0.572*
Alkali digestibility - " - -0.625*

* ** . Significant at 5% and 1% levels, respectively.

OFRRZE AYO| ¥ETF L8] 4RYTE A gl E APoIAT T8I A

ol 43 2YFE UTe BATSL £ & sH2EL Be BASE 2

04 & ZgolAt (E 16) (Kang et al. 1997b).

£) BxA45 Bad M2 =4

wel ksgrrt

2o BRAYL ¥ (Aspergillus oryzae) o1t BT Monascus anka)®l FAFEE3E 9
AL A4 SadE F 33 AAFLEAN FRE £ Atk EES(IFH) o} 7R
(7E460x) B} & wiAA 7} Mok A(A4615) 0] FAMEY WEy} =31 wadko] Fo

o 33 A2HME 2 APl (F 17).
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Table 17. Mycelia rooting density and saccharogenic power during the processing of
fermented rice using Aspergillus oryzae

Saccharogenic power

Endosperm Rooting density of mycelia (me/glucose/hr/g)

Variety .
characteristics
Brown rice  Milled rice Brown rice Milled rice

Suweon 460 milky, ++ + + 374 R2
amylose : 9%

Suweon 461 opague, ++ + +++ 41.6 454
amylose ; 19.3%

TIpumbyeo translucent, amylose ++ +++ 393 426

. 189%

Fxgave dagedel Aol Wkl FU46lEdM M FTHAT 53] red &
orange 442 HaBGF) 4 2%, BBBE =X (R 18). oj9kzo] A¥o] go] A3l
€ EFE¢ 2UTE AFFoh wan Axg tEo] ¢2Y 4gT 4] ¢ oy
EF o] F3 geiddFo] B2 2ol g g2 fAF Rez LA Uk

Table 18, Piament concentration of fermented rice using Monascus anka

Absorbance
Variety
400nm (yellow) 470nm (orange) S00nm (red)
Suweon 460 7.32 421 10.42
Suweon 461 1372 11.50 19.70
Ilpumbyeo 14.34 931 14.84
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Z}Eqﬁ'} =59 BRM ’iluliﬂ}i Ago] ga 7FESHL A ARG RWE Ro) AFA
249 & Foldlt

dujo] A/Eu7 AXU7L FFELS WAl 18~19Ud viE] BUF FFEL 22~258 F
A Aol Rk wEty 598 F59 Y/FHE 20082 dFI ARl A9 o]
HI FEE oF FLo| dx¥ ¢Er FFE Adske dd B2 xFHE 7Ied. olg¥
ia,] BH FYY FT2E F/Fu7L 20018to1HA gl AL gy, AYY Fol A
2 HEHAoY HyY Fo] FI FA} ol AXYI EEAE BEEA TFEIA
3 % SLYESE WZEAA 2 T FH B ojF A oL A IHRE PF
28 sl Aozt A AAHUT (E 19).
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Table 19. Achievement in grain quality improvement of Tongil-type and japonica rices

Brown rice grain (mm) WC/ tosPro-tei
e DTed T Thicknl / W 0%)“”3 g AmvlosProeip
type year  Lengt e ratio
Tongi! 971 554 262 193 224 05 IL 2833 87 A
Tongil-ty Milyang 23 19796 615 25 197 24 140 191 79 F
pe Samgangbyeo 1982 551 28 18 22 172 ) 174 76 F
Jungwonbyeo 1984 510 268 179 190 /1 To1.7 718 G
Average 557 258 189 219 - - 191 80
Pungok 1986 516 291 206 177 111 L 182 76
Japo-  Jinheung 1%2 48 258 218 189 11 " 198 77

nica Dongjinbyeo 1981 505 294 200 172 O T 180 73
Ilpumbyeoo 199 496 271 207 18 01 T 189 67

e R ep B Bles

Average 501 278 207 180 - - 188 173

WC/WB : White-core and white-belly (chalkiness). GT : Gelatinization temperature,
IL : Intermediate low, L : Low, PC : Palatability of cooked rice, A : Acceptable.
F : Fairly good, G : Good, E : Excellent
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AZU7E 5L 19708U7HAE old 44 B2 /AEA Xt 1980d o] 34H
& AF 23 Au) AQde A 8 71807 AFAAT vgy arig e Ad 60
ozt A9 walgle] dvl F/ZFu] 17~19, GrldPF 19~Bg B9 Hol& 7 $4¥
% 999 FHE Wolux ¥ =¥HE A EE 5] IRt Usta
ofd 2 Agtgo] 17~20% HHAZ dtch 198080 olF Mdd AXUst FFE<] 23 FF
of vja} & WEDe] ti ATHAR F9] ¥uto] AAA Folioh (F 19).

g Yol & AFY 133 9 dELE it §51 F5E0] O T BEHA
o @AY 5ol 35gd UiEy 1E Ade]l FREEFS 92, TeE HEAZE A& g
H1% 9 2359 ddy], ol ofFdkay 9 @, EXAu)l EAFE 9 g
50 aReld (E 20). dP¥lse APAAY S8, BrESES FHe FAAI7] 4
& HY Gl A g, FUNESEL o] 7 & AF9 g4l JlE BdAL
988 889 7 g Ao 474

Table 20. Major characteristics of newly developed rice cultivars possessing the special
properties of grain quality for the other utility beyond the cooked rice

Cum Milled 1000~ DD Amg-]

Cultivar Bred Heading length rice yield grain WO/WB Pericarp Aroma 0se
ear ) L/W (-9  color (0-9)
(cm) (kg/10a) weight ) (%)
ratio

Daeribbyeo 1 93 815 88 445 34.8 1.94 10 YW 0 195
Hyangmibyeo 1 93 815 72 493 206 246 111 " ) 18.3
Hyangnambyeo 9% 811 82 503 213 181 0/0 " 3 117
Hyangmibyeo 2 ‘% 8 4 7 614 28 244 172 " 3 19.0
Yangjobyeo 94 814 71 511 254 1.78 7/0 " 0 202
Aranghyangchalbyeo 97 8.13 88 537 205 1.9 WX " 3 0.0
Heugjinjubyeo 97 15 80 405 170 222 - BP 1 151
Heugnambyveo 97 813 73 497 235 2U4 - " 1 167
Seothyangchalbyeo 99 8. 8 89 523 242 210 - YW 3 0.0

WC/WB : White core/White belly,. YW : Yellowish white, BP : Black purple.
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RlEe §xo wet nde Hey oy EAolA Ut HolE a7 Hu & 4
F9 7H8dold 71340l oE @& $3F ST H9HE Ao] ofig Be gael
FALA7E BRI 7] d o] Mgt 273 F3ALo] AN $THA Afao] 17
42 %o} (Choi et al. 1994ab).

ALE Fueln 27HE 12 E4L 94 AN A¥o] glo] By £33 u)
+ €2 o] Ex FERR &Vt T =HES gAngo] ko Anjsl gud o)
o EF FEE HolA 92 Fgoly Yot vEEIRY A njgas =
< 4ud 3A 9L ‘;WX] & AN HEE 24 fA%e Rol v w o=
EZA] wjo} R4go] £ EAE A F2& /ME o] £ Aoz 7Y
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