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Trend and Further Research of Rice Quality Evaluation
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ABSTRACT : Rice quality is much dependent on the pre-
and post harvest management. There are many parame-
ters which influence rice or cooked rice qualitys such as
cultivars, climate, soil, harvest time, drying, milling, stor-
age, safety, nutritive value, taste, marketing, eating, cook-
ing conditions, and each nations' food culture. Thus, rice
evaluation might not be carried out by only some parame-
ters. Physicochemical evaluation of rice deals with amy-
lose content, gelatinizing property, and its relation with
taste. The amylose content of good rice in Korea is defined
at 17 to 20%. Other parameters considered are as follows;
ratio of protein body-1 per total protein amount in rela-
tion to taste, and oleic/linoleic acid ratio in relation to stor-
age safety. The rice higher Mg/K ratio is considered as
high quality. The optimum value is over 1.5 to 1.6. It was
reported that the contents of oligosaccharide, glutamic
acid or its derivatives and its proportionalities have high
corelation with the taste of rice. Major aromatic com-
pounds in rice have been known as hexanal, acetone, pen-
tanal, butanal, octanal, and heptanal. Recently, it was
found that muco-polysaccharides are solubilized during
cooking. Cooked rice surface is coated by the muco-
polysaccharide. The muco-polysaccharide are contribut-
ing to the consistency and collecting free amino acids and
vitamins. Thus, these parameters might be regarded as
important items for quality and taste evaluation of rice.
Ingredients of rice related with the taste are not confined
to the total rice grain. In the internal kernel, starch is main
component but nitrogen and mineral compounds are
localized at the external kernel. The ingredients related
with taste are contained in 91 to 86% part of the outside
kernel. For safety that is considered an important evalua-
tion item of rice quality, each residual tolerance limit for
agricultural chemicals must be adopted in our country.
During drying, rice quality can decline by the reasons of
high drying temperature, overdrying, and rapid drying.
These result in cracked grain or decolored kernel. Intrin-
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sic enzymes react partially during the rice storage.
Because of these enzymes, starch, lipid, or protein can be
slowly degraded, resulting in the decline of appearance
quality, occurrence of aging aroma, and increased hard-
ness of cooked rice. Milling conditions concerned with
quality are paddy quality, milling method, and milling
machines. To produce high quality rice, head rice must
contain over three fourths of the normal rice kernels, and
broken, damaged, colored, and immature kernels must be
eliminated. In addition to milling equipment, color sorter
and length grader must be installed for the production of
such rice. Head rice was examined using the 45 brand
rices circulating in Korea, Japan, America, Australia, and
China. It was found that the head rice rate of brand rice in
our country was approximately 57.4% and 80-86% in for-
eign countries. In order to develop a rice quality evalua-
tion system, evaluation of technics must be further
developed : more detailed measure of qualities, search for
taste-related components, creation and grade classifica-
tion of quality evaluation factors at each management
stage of treatment after harvest, evaluation of rice as food
material as well as for rice cooking, and method develop-
ment for simple evaluation and establishment of equation
for palatability. On policy concerns, the following must be
conducted : development of price discrimination in con-
formity to rice cultivar and grade under the basis of qual-
ity evaluation method, fixation of head rice branding, and
introduction of low temperature circulation.

Keywords : rice quality, preharvest, postharvest consumption,
safety, nutritive value, taste, economy
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Fig. 1. Determination of rice quality.

)

(Cuitivation management)

Table 1. Importance of rice quality depending on the concerned
person

Concerned person Main items of quality evaluation

Crop scientist cultivar, quantity, tolerance, shape, palatability

Producer quantity, price, grade, palatability

Inspector grade, palatability

Storage worker storability, whiteness, disease and insect pest
Rice miller recovery of milled rice

Seller price, palatability

Processor processing adaptability, price

nutritive value
character of ingredient, palatability
palatability, price

Nutrition scientist
Food scientist
Consumer
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O production — harvest — drying — cleaning — packaging —
storage
- seed : evaluation of biological characteristics and quality
- visual determination
O milling — packaging — sale — consumption
- milled rice : evaluation of food quality
- evaluation of physicochemical properties

Fig. 2. Procedure of rice consumption.
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Mycotoxin, agricultural chemicals,
additive reagents, damaged kernel etc.

safety

nutritive | starch, protein, lipid, mineral,

Rice quality value | vitamin, fiber etc.

palatability, processing adaptability,

m| taste appearance (whiteness, lucid, color) etc.

quantity, perfect kernel, milling

L econom
Y | recovery, appearance, etc.

Fig. 3. Some parameters constituting rice quality
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Table 2. Some important categories for rice quality evaluation

Category Important factors constituting rice quality

size, shape, uniformity, transparency, white core and

Marketing belly, color and gloss, freshness, head rice

cooking method(electric or pressure kettle etc.)
absorptive rate of water. total solid in residual liquid,
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Table 4. Classification of grain shape by length/width ratio in

Korea
Type Long Medium Short
Brown Rice >3.1 2.1~3.0 2.0<
Milled Rice >3.0 2.0~29 1.9<

Cooking iodine blue value, expanded volume, gelatinization
temperature etc. Table 5. Classification standard of milled rice type by length and
visual, olfactory, hearing and tactual sense length/width (IRRI)
. - color, lucid, scent, chewing noise, texture and - ;
’ ’ ’ ’ 1 Length/width
Eating consistency taste sense; sweet, saltry, sour and bitter Grain length netyw
taste Type length(mm) Shape length/width
Millin milling ratio(brown/rough, milled/brown rice ratio), Extra long 751~ Slender 3.1
€ head rice, rice bud state Long 6.61~7.50 Medium 2.1~3.0
Nutrition digestion and absorption, utility, protein, lipid, Medium 5.51~6.60 Bold 1.1~2.0
vitamine, mineral Short ~5.50 Round ~1.0
Table 3. Selection standard of high quality rice
Classification Character Standard
grain shape bold type: length/width, 1.7-2.0
Appearance white core and belly none or little
color transparent, lucid, slightly yellow
- milling recovery over 75%
Milling property head rice ratio over 90%
chalkiness amylose content 17-20%
. . gelatinizing temperature 65-72°C, alkali digestion value;5-7
Physicochemical property protein content 7-9%
mineral high ratio of Mg/K
appearance perfect grain shape, lucid
Property of cooked rice scent good scent
texture appropriate elasticity, hardness, texture
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Table 6. Standards of paddy inspection in Korea

Tiems Minimum limit Maximum limit (%)
brown rice ) damaged, colored kernel toreien kemel  forei ol
moisture oreign kerne oreign materia
Grade recovery (%) total colored kernel g £
Special grade 82.0 15.0 1.0 0.0 0.2 0.2
Ist grade 78.0 15.0 4.0 0.0 0.5 0.5
2nd grade 74.0 15.0 7.0 0.1 1.0 1.0
3rd grade 65.0 15.0 10.0 0.5 2.0 2.0

Table 7. Inspection standard of brown rice quality in Korea

Ttem Minimum limit Maximum limit
.. perfect damaged, immature, colored rice kernel . foreign kernel
apparent specific kernel moisture - unhulled  foreign
Grade gravity (g/]) (%) total immature colored rice (%) kernel (%)  total stone per
(%) (%) kernel (%)  kernel (%) (%) 1.5kg

Ist grade 810 75.0 15.0 10.0 7.0 0.0 0.2 0.3 0.1 2

2nd grade 800 70.0 15.0 20.0 10.0 0.1 0.3 0.5 0.2 2
Under grade 780 60.0 15.0 25.0 15.0 0.5 0.5 1.0 0.7 2

Table 8. Inspection standard of brown rice in Japan

Mixture of damaged and foreign kernel(%)

Apparent specific  Perfectkemnel  Moisture

Grade . i
gravity (g/1) (%) (%) immature colored kernel foreign material foreign kernel
opaque rice kernel
Ist grade >810 >70 15.0 <7 <0.1 <0.2 <0.7
2nd grade 790 60 15.0 10 0.3 04 1.3

3rd grade 770 45 15.0 20 0.7 0.6 27
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Table 9. Marketing standard of brown rice in Korea Table 12. Marketing standard of nonglutinous rice in Korea

Grade Excellent Good Fair Grade Excellent Good Fair

Ttem Item

apparent specific gravity (g/]) >810 >800  >780 moisture <16% <16% <16%
perfect kernel >75%  >70%  >65% content of glutinous rice <1.0% <2.0% <3.0%
moisture <16.0% <16.0% <16.0% damaged kernel <0.5% <1.0% <2.0%
immature opaque kernel <3.0% <6.0% <10.0% white core and belly <2.0% <5.0% <7.0%
colored kernel 00% <0.1% <0.3% colored kernel 0.0% <0.1% <0.2%
damaged kernel <5.0% <71.0% <10.0% broken rice <5.0% <7.0% <10.0%
unhfllled rice,.foreign kernel/1.5kg  0.0% 0.0% <3% % Condition: Mixed rice which contains the products of different
foreign material 0.0% 0.0% <0.1% years and the rice produced last year can not be of special grade

3% Condition: Mixed rice which contains the products of different
years and the rice produced last year can not be of special grade.

Table 10. Inspection standard of rice quality in 3 countries

Item Korea Japan USA
Grade range 1 1~4 1~6
Moisture (%) 15 15 -
Deg. of milling standard standard ~WM.RWM.LM
Maximum limit of damaged, = White core and
Feature colored kernel and foreign belly, foreign
materials material

¥WM : Well milled, RWM : Reasonably well milled, LM :
Lightly milled
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Table 11. Inspection standard of milled rice in Korea
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Table 13. Inspection standard of milled rice in Japan
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Minimum limit

Item Maximum limit
degree of millin moisture white coreand  damaged kernel colored kernel broken rice foreien material
Grade & ) belly (%) (%) (%) £
1st grade 1st standard 15 10 1 0 5 0
2nd grade 2nd standard 15 20 2 0.2 10 0.1
3rd grade 3rd standard 15 25 4 0.2 15 0.2
under grade Milled rice whice which is not from 1st-3rd grade and does not contain over 50% of foreign kernel or materials.

Table 14. Major components of rice

Major nutritive components of rice edible portion/100g

. . .. .. Carbohydrates Mineral Vitamin
Rice type Energy Moisture Protein Lipid - —
Starch  Fiber Ca P Fe  Na K Bl B2 Niacin
Kcal (®) (mg) (mg)
Brown rice 351 15.5 74 30 718 1.0 1.3 10 300 1.1 2 250 054 006 45
Half-polished rice 353 15.5 7.1 20 739 0.6 09 8 220 08 2 170 039 005 35
Milled rice 356 15.5 6.8 1.3 755 03 0.6 6 140 05 2 110 012 0.03 1.4
Rice with gerrn 354 15.5 70 20 744 04 07 7 160 0.5 1 140 030 005 22
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Fig. 4. Amylographic analysis of Indica, Japonica and glutinous
rice
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Table 15. Classtfication of rice storage protein by solubility

Protein Solubility Contents (%)
Albumin water soluble 0.2~0.3
Prolamin ethanol soluble 0.3~04
Globulin salt soluble 0.9~1.1
Glutelin (oryzenin) alkali soluble 3.2~54
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Fig. 5. Relationship between sensory evaluation and protein

content of milled rice.
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AAZ HHo] hexanal 52| aldehyde, ketone 75 AJAdshe]
o|Eo] o] wn|FHe] F o] FHI rHYasumatsu et al.,
1966). 2o] A7gel Aoix F24F F dlFo} HEe] H]
3 XA} Fairt 71 we] sy r] o] FEEsie) A
E2A B 100g 9 AR Felsket] 292 3
= KOHYE mgl & FAsle ARIEE AM-elar Qi) &
3l o] Aol A oleic acidlinoleic acid2} Zto] AW A7
Aol ETHL $hrk(Lee, 1987). o133t o] A& 27,
Jn|FHe] 1o ® wkaF v glon, Fitu|e| anjel ofH
LAY JE7hs oA 7EA] s ofolct

5) F714E

ugse] TS A, A, wlob] RFEo] A i
alFolls 2 $Eo] A2d P K, Mg, Cl, Ca, Si £22 B
th dEoxs &o] Ane} Fr|Ae] AAle] 531 Mg/
K - Nojghe 20| X EE At Horino et al., 1992).

YEojA FaE 25l Ssle FE2 T2 A7, A

Table 16. Classification of rice palatability by mineral content

Sensory Mineral content (%, d.b) Mg/K Mg/
evalutionrank N P K Mg (molarratio) K-N
Highquality 12 033 025 0.13 1.7 140
Fair quality 1.3 033 028 0.12 14 105

Poorquality 1.5 033 030 0.1l 12 80
%Mg/K - N = mEq+(mEq X %)X 100
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<
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K contents(mg/100g)

Fig. 7. Amount of K, Mg and distibution of Mg/K molar ratio in
the grain

AN, B 228 5o FAESE Mg/K - NAS7E 120~
140 ¥R, 2TV TEL 80~10057F0]1 A

gk s SHE 6445F0 TR 238 BAEk] Mg
I} Ke] FAE BAT 3 AL84ELS Mgo] FHE M@
TEZ Mg/KH7F HA 1.50)1AY 2 AR 9o fA]s)
AFEE-Z HHE 154 oo fiXst Kot E5E KE 3
Bolt}, Mgd IE, K& I8 T $789 R FEY
Folut FFY 540 o Aoln| &) ojre FEAE &=
= AFERIIE FEETH(Horino et al, 1992, Okamoto et
al., 1992).

o] whof & shte] AuAE2A Mg/K - N-AmMH|Z FA
7 0.799] e Ve T

o]4ds} Zo] AR Auld] B2 e FIL UL
Fdule] FAEA olF o] A - Fe| JAAA, A4
5o et 0|2 Ao g EHS Ao Table 173} 7
(PE®F, 1983).

o] Wl B7gSe] Aie] 4, B3}, wmslol ojgA B
Aok 4plo] GFe T 7)A0] dhslels 5 Bg A7

sflof & A=t ATt

6) &

W] 2ol fFEFOREAM glucose, sucrose, fructose, maltose
5ol d=tl I g Anjepe] AAM = i
AAQGHA B ATHHE, 1983). L I¥ BRI
glucose, fructose2} 21| e}e] Atojol] fro]dh Adato] Srtal &
THALLL, 1983). B3 48] ny 2p3e] @5 w4 A
o) g3o] 7 AR (EHRE S 2=t shor,
thA] 2 Wej g3l FgREo e ATAES column
chromatogramel] ¢ oHg, &9 55 £l 22i g2
Hi--2] 215 (sapiod)e] TFEE KA 2 FHublo] 4
Hol dom FAn FFo] o] deol Brx Bista Utk
GEEr 5, 1992; HIE &, 1992).
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Fig. 8. Relation of Mg/K * N + Aml ratio and Stickiness.
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Table 17. Quality characteristics of high grade rice
Mineral Palatability Factor Apprepriate value Optimum value Major variations
N - <1.3% <1.2% fertilization
p + > 320 mg up to 360 mg climate
(Correlation with K,Mg)
K - <270 mg 250 mg cultivar
Mg + 120 mg about 130 mg cultivar
K+Mg + (Strong correlation with P) cultivar
(Strong negative correlation with Aml)
Ca ? Cooked rice is hard under the condition of over 10 mg cultivar
Mn ? 3.0mg 25mg soil pH
Aml - 19.5% <18% cultivar
Mg/K + >1.5 > 1.6 cultivar
Mg/K - N + > 100 > 130 cultivar, fertilization
Mg/K - N - Aml + >5.0 >6.5 cultivar, fertilization

% Unit is represented as d.b.(dry weight)%, mg/100 g d.b.; Aml, air-dry matter (%) in milled rice; Constant-temperature of the average for
30 days after heading

[ Kinuhikari] [Koshihikari

Fig. 10. Example of viscosity test from muco-polysaccharides
(Rheometer).

A2 o) ARYED F pel 23S ol B4 F 20

Starch nerE go 2 S 2 A4 SRR Aol Us

(white power after solubilizarion in water and drying) Atk o] A B Plele of 20%, el of
40% HrElel Slok FNHA] B RS galEo] Wt

o] ¥ oA M) A= & A% o] AES fd

ofa|:=Atolut HlE 52 ROo= 7ol Utk gt} o] &

2 5 Ao FZ2 H AuErkl oM Fo3 WS

o] 2 Zlo|th¢it, 2002).

7) ob)=it

o] frg] ohulieAt SR F5, A, ARzl
2} Zpolzt glom dwtHom Anyt 2 &L fg ohv=
Ab Freko] wrhal delA SIvhCE&EME, 1986, Taira er al,
1964).

Hol| A FFE& o= {3 olu| =42 glutamic acid,
aspartic acid, arginine, ~ABA glycine, alanine, serine, tyrosin
otk FHubmel fe] oplicslel] gk AtellA] FHutals W

Muco-polysaccharide
(transparency formation after solu- o
bilization in water and drying) njEG 2-36 wie] 2 opx=Ats RSk Jom O FF
Fig. 9. Photograph of starch and muco-polysaccharide extracted = frARiths ik v dEshe A Huge] oe
e FNRYolA §EHoAE AYE F Fm)

¢

>

from rice.
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5= g olplxaAteln 1 7hed oF 30%E HEE= A
2 glutamic acide]® YZr]ol| gloide L Hgo] Erix
QA JATHEIME, 1988; FEF, 1991).

FAY, Asi7tE] 3 AEEe felobreats M 4
I gulof| oA F 7] ohnfmAtel Wit glutamic acid Al
A ojuiak FaulE TAB|7lE] 7t 57.24%, FHH )
48,92%2X IAE)7VE)7F B9k, glutamic acidite] M=
oF 8% =UTH 53] A= Y 2 A7)l st
& P& &2 BATKE, 1992).

o9} o] F] ofuiite] FFZF 2polot, Au|GHOZAM
S5 2] A7t} Auje] gk BAE HEs|oF & Ha
’do] Ut

8) &=

Futaj ] 714
Foll g g2 A7t Fdg=lo] g

SR=)
-11_—1_

1 o}_*:_ /d

=2

grle] Fad THLLE
or] 55 Al B4

sk= 3718 EF GColl o3 &4 23 2000 o4
peakE ¥o] 1 FollA 100F 01”4 AEE B9% v ot
©] 5 191, & 5 1996, A 5 1999). Ayte] FHwAd HE
Table 18. Amount of free amino acids contained in the brown rice
) Amino acid (ug/g rice)
Amino acid

Chucheongbyeo  Koshihikari ~ Samgangbyeo
Aspartic acid 125( 9.41) 103(10.96) 19( 2.63)
Anserine 52( 3.91) 122(12.98) 59( 8.16)
Glutamic acid 154(11.59) 122(19.15) 78(10.79)
Glutamine 45( 3.39) 180( 1.49) -
r-gaba 129( 9.71) 34( 3.62) 26( 3.60)
Alanine 106( 7.98) 71( 7.55) 129(17.84)
Prolamine 39( 2.93) 14( 1.49) 11( 1.52)
Total 1329(48.92) 940(57.24) 723(44.54)

%% () represents amino acid per total free amino acid (%)

$2{F25(KOREAN J. CROP SCl), 47

(S), 2002

< F2 {354, dEYoL, opEYH 0lE, WEwzt, At
g 59 7 tRdSEC] EAlsh dnjole 7R dslet
o] F¥o] UL 53] drpd Fol F7Hvs At
B9 Y 1t Yasumatsu et al., 1966).
3 ule] | RS GC-MSO| 2% a7Ad% 100 ©1
Q"JO}C"O“ﬁ Q”L’S‘ g2 W] Z3) Bo] FhEo]
EHsled EHJlxq AE-L acetone,
butanal, pentanal, hexanal ol o HId= HAL=ZA
26g o] g3t IR B4, BF T &8 RauHY
UTHE 5, 1996). $2tete] YEHT} BUA FEe FHut
& Tenax GCTo B b ARS IFsl] GCE 43
A3 1009707} de= peakZt UEREEH olFoll= acetone,
butanal, pentanal, toluene, hexanal, heptanai®] ZHA] peak W
9] 55% BEE AW it 28]y o) FHEAd AE
Z Ao 7 #e AL hexanale]oH, o=
acetone, pentanal, butanal, octanal, heptanalsc©]$ it} 3
JEHH FUYP Fg JE BT At ATl F

ol dEHF AT wekorl (A7EE BEjs AR 3o] wgith
24
1
5
15 50 63
35

9

21 102
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) Time (min)

Fig. 12. Gas chormatograms of volatiles of cooked rice.

Peak No. 6: Acetone, 9: Butanal, 15: Pentanal, 21: Toluen, 24:
Hexanal, 35: Heptanal, 50: Octanal, 63: Nonanal
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Fig. 11. Chromatogram on free amino acid analyzer of brown rice. (1) Samgangbyeo, (2) Chucheungbyeo.
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© 2 B2 FREol de vl #Ed AES B8
o} 3 Wy irzd F2d] 5538 F duEy a+
o o3k W@ F3 ol TEF, vl FHF AEAE
7F ew g e ARAETL He olsi o] EAjshe
OSTE2 ol ATHiRE, 1990).

TE 2o g AEE YRS vgIAC s EA
she Aol o3 HAjsled EAjsr] Wil o8 e #
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Fig. 13. Schematic profiles of rice grain.

ror
o

!,_:L

0

ol
R

Telek 43

=

4

H]ge] 9F O RHE dAalsle) A ujRe] 7}EE AJE

HEAJE Table 193 o} vjduiie Aio] 34

Folle AE 9o AAEE 2 FE8E ol HAlsld £

ke Ao YA o] vl Aw, 28|7Y, fEjohr| it

g SE Table 199} Zo] u|ge] 32 o

A F2IHE, 1992).
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Photo 1. Microscopic photogram of cross section of brown rice
by iodine staining

4L0 : Outer 0~9% layer of brown rice.

— 4LI1: 9~14% "
— 4L2: 14~19% "
— 413: 19~24% "
__ 4l4: 24~29% ‘

4L5: 29~34% .

|

<L6: 34~100% "

M.R : 9~100% (Milled Rice)
B.R : 0~100% (Brown Rice)
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T glo} o] kol i EAAe) Avlolel BAE AL & B4S AnAo= 2Hal: o] o) ANl 24eke
AEg "ano) auEs wpgolth. olefd e AMgrteN FUw} AN
HeB) Rete W, 223 a7k ERAAE ask 59

217] &= ojst m} Al o} RS Ao} 29U 52 Y8

olsist 2Aolg 224 Ei 553 249 ofn|zA o)

‘ot minte} 2214 B4 F A ARs) el =
1 20
3 P~
Table 19. Nutritional characteristics of different layers from
brown rice of Chucheungbye
Layer Fat (%) M.OV (ng/g) FEA.A? (mg/g) .l m‘é
LO 4.54 17.44 6464 = 13
LI 2.60 130.65 2725 - 10
L2 221 73.39 1260 o 2
L3 1.85 47.69 569 Sk g
14 1.59 38.24 477
L5 1.54 27.90 11
L6 0.21 34.32 287
0 0
BRY 2.00 72.10 1329 SE2R8S ?
MR? 136 53.63 506 ES LI S

1) Malto Oligosaccharide (DP2-7), *DP: Degree of Polymeriza- Ratio of milling (%)

tion, 2) FA.A: Free Amino Acids, 3) BR: Brown rice, 4) MR: Fig. 14. Contents of N, K, Mg and amylose in each layer of rice
Milled Rice grain. @; N, 2A; K, & ; Mg, O; Amylose.

Table 20. Taste comparison from milled rice surface of Japonica and Indica rice

Ingredient of brown rice Taste of milled rice surface powder
Caltivars Characteristic Mg K Ca Mg/K sweet taste bitter taste Taste evaluation
mg/100g mEq Sensual value of taste
Japonica
Koshihikari non waxy 136 240 9 1.83 A D ©
Sasanishiki " 135 264 7 1.64 A - @)
Nihonbare " 123 244 8 1.62 B - O
Alkawa 1 " 140 318 10 1.41 C B A
Milkyqueen low amylose 143 260 9 1.76 B - O
Ouu " 121 309 11 1.26 D B A
Mochiminori waxy 134 297 9 1.45 A - ©
Himenomochi ! 141 281 11 1.61 E B VAN
Indica
Hoshiyudaka high amylose 110 231 13 1.54 E - X
Yumetoiro " 113 230 12 1.58 C D VAN
MR384 ” 123 237 8 1.68 - A X
STETAN " 137 262 10 1.68 D B VAN
BAXMATI 370 scented rice 150 268 14 1.80 B A X
KHAODAWK BC " 145 249 11 1.88 D B A
Odorokimochi waxy 150 346 11 1.39 E - X
Okubane 349 " 133 301 14 1.42 A E A

A. very strong; B, strong; C, moderate; D, slightly weak; E, weak
©, excellent ; O, good ; A, fain ; X, poor
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™ H 2 Ao ISR AL QYo £Ho| r1ed A
2 wrpgwieog el Bl Ax ¥ HAY 5L texturo-
meter, plastometer, tensipresser, amylogram, rheometer 5 il
o3 22ttt ojE gt Wiy @ mvke} AelzA Az=u 4
T &2 @ v Ee vdEe 3354 24 @ Ave] &
HAee R v ojdz2 2~ 5 2 @ i F
FE&o £& opdEL 58 4 dNEA e HEHA
oF Wh=A] dxjehe A FE] A ot 44719
R7HA] ] EA S gl o] 2u]e] FHo] rhsatelEta
AZFETHIFH—, 1996, 1999). AF7HK9] A7-27E 2H
AellX AFst SAHoA os] Lozl it Anx|te] #
AlE Table 213} 7o) A=l St

2) A)g 2]

u|ge] o|slslx B wjE F3lH BAld o) 7t 54
< AR sl 2] Al A3 oA 1AEL
UTH A4 5(1983. 1985y T opdE A o2 Y] &
A = IS, HAA FE, breakdown, ¥ BA £ 90
AAC | texturometer B4 = AL, B2 =8 2|3 o)
Z23% A E2 AAFSHT

AME7HERE7HY SAWR(Y s 2 DA ((X]), o
a3 EXNE HIHEEX2), A HE(X3), breakdown(X4),
Frelo] g o= HAE(XS) § 5PES] SHAZNEH AR
BE ATk o5 19833 1839] WulE 7T B4
o] el e A Aat A5 AL SRS} 0.843%*9] g
ol en WA FEE 712010, LrM HFOE 4
me] FH<l F40] ekt

A HHEF(1992) 52 Mg/K, Mg/K - NHlof| &35 @n|
% No| AAAE 1~3% I8k, Mg®] #AAHA= 120 mg/100 g,

o5

Table 21. Relation between each ingredient and taste properties

Classification Charateristics Excellent  Poor
gelatinizing temperature low high
maximum viscosity high low

Amylogram break down high low
final viscosity low high
consistency fow high
hardness (H) low high

Texturogram viscosity(-H) high low
H/-H low high
heating absorptance rate low high

Cooking  expanded volume low high
Quality  jodin blue value Tow High
total solid in residual liquid low high
amylose content low high
Component of . .
milled rice protein content low high
Mg/K high low

P 25 oiist 45

K9] HARAE 270 mg/100 g, Mg/Ke] AAFA= 1.5 o4, Mg/
K - NJAA A= 100 olgelefof ghiar 3Tt R4 (1992)
5 N, opgE2: K, MgE 42 sl F3lAEAS 3 4
3 FFEAIT 0800+ AU E3F o5 N(%), K(mg/
100 g), Mg(mg/100 g2 AHHFZ 3l An|Eg 2A2S
At =& AuHPEM), Wl 2= AMEN), we] B
FEAP), &l AR, W] JEAH S HHHTE 519
Ao Eg g Ao AARAIZY Yo F5H eV 2"
3L SFSITHZEE. 1984, 1985, HEF 1985. 1989).
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1995). o’de] F3|FEA el 2Jal Lokl APHFES oF 60~
70% BN Qi Bl 2o AWHELSS 3P| YA
= M2 54 F7HE et stk

3) Au Hrr 7)7]

Ao] Aulg Prlshs 7|l Al AR 239 E
BAo] o3k AulAE 198634l sHsidd o] AlE F
Ao olstehRAa) 7he W o A7 Q3R] §a
AES vy oz 24ste] B FES By gty 1 $
NIRECO, FEREHEE, (WATUWRRT, SRR ERT 7} 52122
7o R 2|71 /pEEte] AlEsial vk dEAnFH3] ¢
ZAbl 2Jahd ol3E ZAISS AulFgol i 95
of AL, 5 Aux)e] AgxAl, Bz t)gsle] Ed)
sl YelEAL B3 Anidalel Wesle] S4E Qo 2
Ak 5 ©A R ole} 9]2)2kg] Hok Fellm At
Fx2] o] fo] = Jlom sl HEE PHE o R
71T AuAlY /et 2 5402 Table 239} 7t

olE Am 247171 TOYO AUAIZ A9)sts thio]
24 9] AR E o838l 22 2)44(700~1200 nm)ol| A

N

it

4

o T4 ox
)
il
ot
=
1> o

n7} Ae2 BAEE 2|9 TOYO nlLA)
)7L AR FHyto] Thesh fadel W RiEke
ek o] 2Ab) o8] 2 Alge]
Al =Hol Aok, 1995). ©l5 4n|A7} A

o rfr ot J

f
2

L

f
o)
o
u
B
=

2
=)
i .
e



46

Table 22, Development of an equation for palatability determination

F'E5E(KOREAN J. CROP SCL.), 4

7(S), 2002

Major parameters Equation of palatability Researcher Year
protein(X1), Y =-0.12716X1 - 0.09285X2 Chikubu er al 1985
maximum viscosity(X2) + 0.09020X3 + 0.09457X4
minimum viscosity(X3) —6.59552X5 +2.645251
breakdown(X4)
iodine blue value(X5)

N(%), K(mg/100g) Y =3.625 -2.274N Horino et al 1992
Mg(mg/100g) —0.00972K + 0.02197 Mg
*R=0.755
broken rice ratio(M) Tt=—0.159M + 0.161P + 7.181N Okuno et al 1989
iodine blue value(N) + 3.054R - 0.583S — 6.405
expanded volume(P)
adhesiveness(R)
viscosity(S)
amylose(A) APES' = (25-A) X 50/9+50} X 0.3 Yoshigowa 1992
protein(P) +{(8-P) X 50/4+50} X 0.5
Mg/K molar ratio(E) +{(E-1) X50/1.5+50} X 0.2
amylose content(X1) Y =-0.2073X1 - 0.4370X2 Sakurata 1998
crude protein content(X2) —0.222X3 -0.2341X4
moisture content of milled rice(X4) +0.1356X5 + 6.5312
brown rice quality(X3)
whiteness of milled rice(X5)
heating absorbance rate(X1) Y =-0.25X1+0.11X2 + 0.34X3 Ohtsubo 1993
expanded volume(X2) —-0.74X4 +0.33X5 0.27X6 + 0.13
breakdown(X3) *R=0.79
dynamic elasticity(X4) *coefficient = 0.62
dynamic loss(X5) :
crude protein content(X6)
crude protein content(X1) Y =-0.0973 - 0.414X1 Kuroda 1995

Mg/K molar ratio(X2)

breakdown(X3) *R =0.827

+ 1.72X2 + 0.719X3

*coefficient = 0.684

Table 23. Some equipment for palatability evaluation and test item

Company Test item Composition of equipment
Satake amylose, protein, moisture fat acidity milling machine, grinder, thermostat, near infrared rays analyzer,
computer etc.
NIRECO Mg, K, N complex amylose, iodine-blue value near infrared rays analyzer, computer
Shizuoka protein, iodine blue value grinder, near infrared rays analyzer
Yamamoto  protein, iodine blue value grinder, near infrared rays analyzer
Kuboda potein, moisture, amylose near infrared rays analyzer, computer
TOYO water holding membrane high temperature chamber, tester of water holding membrane,

computer
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Fig. 15. Distribution of sensory promontory in oral cavity.
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Fig. 16. Composition of food taste.
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Table 24. Evaluation method of rice taste according to japanese
organization

major rices from each province, city, or village

Test rice (product region, cultivar)

Standard rice saga prefecture product Nihonbare(1st grade)

798 g water in 600 g rice (water addition by 1.33

Moisture times), standard of 13.0% moisture. Upon
content increase or decrease of 0.1% moisture, water
1.2 g increases or decreases.
Cooking  electric kettle
appearance, odor, taste, stickiness, total evaluation:
6 items
) standard rice:0 point
Test items

little variation from standard: £ 1
some variation from standard: +2
much variation from standard: £ 3

A excellent over standard
A'  equal to standard rice

grade B little inferior to standard rice
B' some inferior to standard rice
C much inferior to standard rice

AEMOKEEMEEEER, 1991).

<o) Hrie] W

@ 7 . Wz, ujole] A=, Futde FAEE), SRl
ot 5 e, ¥¥e AH, 4] FYE FHHCE

He o QJogRE IT 3= |2 gyl
@ Bty go g Eo oz ) e £ =4, 4

= o e e W S5 et

A% ge B W Aokt T3l ez s|Ens

& 71Em| vt FAJE A9 AnE FFA o
2 gt $9rke o T 58] A8 ke He
3h= Zo] ol oJt)7kA|L} Panel AHlo] 71Ewm]9}t H]|wE}
o T3 VRS F8E s guiit

<H7te] A% (Table 25)>

@ W R WA A =g "alsl tagy BlEE 4

@ x5 : A HA A=A BHEeR] gou o= Hx At
ol7F STl AR E A

@ o A WA AR BHEH] Rkl F oA AR
Azl =7le e

@ NEH Y F AR AIRRE Zol7h e fleA

Table 25. Evaluation method and related index

Evaluation Poor Equal to Good
index | mych | some | low |standard | 1ow | some | much
Total
appearance
scent
taste
Weak Stron
Stickiness Equal to &
much | some | low |standard| 1o | some | much
Soft Hard
Hardness Equal to
much | some | low |standard | jow | some | much

2ol oiHy

2o FAY) FEoE TaAHE AL FFEY, T
F&, SAEE Fol Y Slole 71FA] oslelojo} Fitt
FUHA ARRTIE A "ad ARSEIIES A AF
ofeRE AN w=d HAF, AHIAT £ A=l
TR AEEHS BEUR ARSEFS LA sl =3
Aore] FFEHL JITE 02 mgkgs WESLI|F0E B}

[e]

oJebd | 2002y Table 269} 7] A3 Tt

el A7lelAe A%, A% 2 =AY Fo) 4
AdE Wstel] thate] afstaal wict.
=

W AzA BAAEEA FERLY Wokso] 7by Fas
ok BURY WY S 2 AN Azxswolth. B
Fig 175} 2ol clef3elz 2yssd vl S8 9
B A A1 Fvhse) mgLge] eixn, et
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B AzA 28YLS IAAT7] YstdEs Bl 2u)4n
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H gy 2 oS Yeld Aoz 45°C oslollA Az}
= o] HAYsidthel 5 1991, AT 5 1996)
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Table 26. Residual agricultural chemical tolerance limit

it 2% ol 49

. Tolerance . Tolerance . Tolerance
Chemicals limit (mg/kg) Chemicals Jimit (mg/ke) Chemicals lim(j)t (£ o/kg)
2.4-D 0.05 Chlorothalonil 0.2 Fenobucarb 0.5
Aldicarb 0.02 Chlorpropham 0.1 Fenoxaprop-ethyl 0.05
Aldrin & Dieldrin 0.01 Chlorpyrifos 0.1 Fenthion 0.1
Aluniwmium phosphide 0.1 Chlorpyrifos-methyl 0.1 Fentin 0.05
Azinphos-methyl 0.1 Cypermethrin 1 Fenvalerate 1
BHC 0.2 DDT 0.1 Fludioxonil 0.02
Bendiocarb 0.02 Daminozide 0 Glufosinate-ammonium 0.5
Benfuracarb 0.01 Deltamethrin 1 Glyphosate 0.1
Benfuresate 0.1 Diazinon 0.1 Guazatine 0.1
Benomyl 0.1 Dichlorvos 0.1 Imazalil 0.05
Bensulfuron-methyl 0.02 Dimethylvinpos 0.1 Imedachoprid 0.05
Bentazone 0.05 Diquat dibromide 0.02 Iprobenfos 0.2
Bifenox 0.05 Disulfoton 0.5 Iprodione 3
Buprofezin 1 Edifenphos 0.2 Isofenphos 0.05
Carbaryl 1 Endosulfan 0.1 Isoprocarb 03
Carbendazim 0.1 Endrin 0.01 Isoprothiolane 0.5
Carbofuran 02 Epn 0.1 MCPB 0.1
Carbosulfate 0.1 Esprocarb 0.1 Malathion 0.3
Carboxin 02 Ethofenprox 0.5 Metalaxyl 0.05
Cartap hydrochloride 0.1 Etoprophos 0.005 Methiocarb 0.05
Chinomethionat 0.1 Ethylenedibromide 0.5 Methomyl 0.1
Chlordane 0.02 Etrimfos 0.1 Methoprene 5
Chlorfenvinphos 0.05 Fenitrothion 0.2 Methoxychlor 2
Methyl bromide 50 Phenothrin 0.1 Pyridaphenthion 0.2
Metolachlor 0.1 Phenthoate 0.05 Silafluofen 0.1
Metribuzin 0.05 Phosmet 0.5 Tebufenozide 0.3
Omethoate 0.01 Phoxim 0.0 Terbufos 0.005
Oxadiazon 0.05 Pirimicarb 0.05 Thiabendazole 0.2
Oxadixyl 1 Pirimiphos-methy! 1 Thiobencarb 0.2
Oxamyl 0.02 Procymidone 1 Thiometon 0.05
Paraquat dichloride 0.5 Propamocarb 0.1 Thiophanate-methyl 0.1
Parathion 0.1 Propanil 02 Trichlorfon 0.1
Parathion-methyl 1 Propiconazole 0.1 Triclopyr 03
Pendimethalin 0.05 Propoxur 0.1 Triforine 0.01
Permethrin 2 Pyrethrins 3 Vamidothion 0.2
2) A%

Fig. 17. Diagramatic figure of cracked kernels.
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Table 27. Effect of drying temperature on the creacked kernels
and germination of dried paddy

Drying temperature(°C)
40 45 50 55 60 65 70

Cracked kemels (%) 3 5 7 10 19. 28 38
Germination (%) 98 93 8 8 75 60 30

Item

O C4H ;06 + 60,— 6CO; + 6H,0 + 677.2 keal
O (C1sHs1COO);C3H;s + 72.50;, = 51CO, + 49H,0 + 7616.7 keal

Fig. 18. Chemical change by respiration.

(respiratory quotientye 7]&dl| &3] T2y ¥ 7|A=E
shs 5713 $387d0] 1.0, FeAde] FrRIZEHES 0.7
ojt}. W] TFHFHFE 2=} T BEFE 5] st
Al A o] F29 ot TEEFS FVHA 0]
SFHCCIF 5 1996).

g o] gl WA aho] Zhgo) ofs) i,
A, Ad Fo A& Fai7t e 7Py we] 28t
= AL AH2A lipaseol] 23] glycerindt F-2]1 A4k
o7 RaEt AELZ amylase®] #-gof 28] dexstrino|Y}
maltose2 FaHo] Yol Frigth. 22 WA
proteasel} peptidase®] 2H8-ol 2]l peptidett aminodt2 2
walgot. S A R FUAWALS A3 BillE AA
pentanalo|t} hexanal® Ho} 31m] 9] flQlo] Hr} HEFH g4
g o5t Fajolo]oll = F714tste) 0%k Azo] W3l vl
E}R1e) 2k gl FIES] rly) olFe] dojdtt. B A%
3 =94 W3Ee =878 A, FFEe Ak A

BPgAe] 37} aew vjue] A5t L 39 gLt Lo
Wk meb] AgEel wokg, AAlE, EA8, TEFH)
F%9) hexanal, B9 L w]ehel Fo| FFWSe) AF

ARE-E o] ZIT}h(Yasumatsu 1966).

3) &4

HE IAS, v7bE, ul, vif=2 A= den #r)r)
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g At 38E =Rl s o] T At
AHEQ A, w7, AEP] Sol BAs) =L o 7R
Z1AZA7E AX =] B A4S At dikEoz ¥
- A=A Rl -] EeoAlE £07 o
Folxirth. olzgl 3PS AH A== 22 Table 289 7+
o] o] QIAte] gkl we} FHo] A}

E3 =AY 5 EAEE FEsH Avshs A uds
ozt olE Ak WHoE &AW =H7APE Sl
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FH 7} 8526%, LU 9357} 8259%9 L 5 3133 E
59.84%, FHHME 58.86%ATHC] 5 1991).
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Substrate Storage Changes Cooking Effect Sensory Effect
Starch Increase of strength — Inhibit swelling ——» Texture
of micelle binding of starch granule
Fatty "acid-amylose
complex
Hydrolysis P

» Free fatty acids
Lipid- oxidation(air)

Oxidation(air) ¢

»

Oxidation(air)

¥ Hydroperoxides
Carbonyl compounds / carbonyl compounds

Increase of volatile

Aroma

Decrcase of volatile
sulfur compounds

Protein—— g1 ,5-52"_ Inhibit swelling

of starch granule — Texture

Interaction among proteins

» Appearance

Fig. 19. Summary of aging mechanisms from rice grain.
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Table 28. Some factors related with milled rice recovery

Factor Detailed item Table 29. Proportion of rice grain with embryo parts by common
O Moisture content, Cracked kernels milling method in 19 rice cultivars and breeding lines
Quality of Immature and damaged kernels, Degree of Proportion of rice ]
Paddy purity Hardn_ess with embryo part Rice genotype
O Rice Bran(thickness, color)
Paddv ol —— more than 90% Obongbyeo 96.7, llpumbyeo 92.4
© P? ¥ cleaner, Lehuller between 80 and 89%  Sangpungbyeo, Milyang 93
Millin O Paddy separator .
S g O Miller(Frictional, Abrasive) between 70 and 79%  Suweon 351, Yeomyeoungbyeo
ystems O Color sorter between 50 and 59%  Suweon 313, Chucheolngbyeo
O Length grader Palgongbyeo, Odaebyeo, Sobaegbyeo,
: Iri 374
- O Flow rate paddy less than 30% o ) )
I\IXI 1t1111m§ O Pressure, Milling times ¥ Gyehwa 3, Iri 373, Iri 384, Milyang 94,
cHnods O Combination of milling machine Milyang 95, Nagdongbyeo, Yeongdeog 7

Fig. 20. Processing of head rice production.

A) (B) ©) (D) (E)

Fig. 21. Photography of different rice shapes occurred during culture or processing: A, head rice; B, white core and belly; C, damaged
rice; D, colored rice; E, broken rice.
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Table 30. Distribution of rice brands according to head rice ratio in different countries

Number of brands according to head rice ration(%) Total head rice ratio
Country
40-50 50-60 60-70 70-80 80-90 90-100 brands (%)
Korea 8 10 4 4 - — 26 57.4
Japan - - - 1 1 2 4 86.0
US.A - — - 4 3 - 7 80.5
Australia - - - - 4 1 5 85.2
China - - - 2 1 - 3 79.6
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