2.1.
Oryza (Genus
2
L. Oryza glaberrima Steud.
(Marshall and Wadworth, 1994)

indica japonica javanica indica

japonica

javanica indica japonica
(Matz, 1959; Juliano et al., 1990)
1
740 .. :

Oryza)

Oryza sativa

0. sativa L.

Bulu



2.2
Poleo
Starchy
endosperm
Sterile
ternmoe
(cellulose)
21
1

Lcnuno

i Pericarp
. Togm«m

—— Alnurone layer

Ay -Scutellum

x0T Embryo
Plumule Y
Radicle J
Rochilla
2.1
:Juliano, 1985
(hull) (palea lemma)
20
25 (lignin) 30 (pentosans)
(silica) 95

15

' (Hoseney, 1994)



(pericarp)
6
6 2 20
715 nonstarch polysaccharides (Hoseney, 1994)
v 1 (tegmen seedcoat)
5 8 (Hoseney, 1994)
2 (hyaline layer nucellus)
3 (aleurone layer)
deseusy
grain)
(riboflavin) 3 (niacin)
4 (germ embryo)
2 (scutellum)

(embryonic axis)

05

(aleurone

1 (thiamin)

(tocopherol)

)

2



(endosperm) 2
(subaleurone layer)
(inner endosperm)
(6-glucan) ,
(starch granule)
(starch granule)
( 3-5 )
(compound granule) 150
(milling fraction)
(bran and polish)
2.1
2.1
( )

(N*5.95) 6.7-8.3 8.3-9.6 7.3-8.3 2.3-3.2  13.2-17.3  17.7-23.9  13.0-14.0
2.1-2.7 2.1-3.3 0.4-0.6 0.4-0.7  17.0-229 19.3-23.8 11.7-144
8.4-8.6 0.7-1.2 03-0.6 40.1-534 9.5-132 2.8-4.1 2.7-3.7
3.4-6.0 1.2-1.8 04-09 153-244 9.2-115  6.8-10.1 6.1-8.5
62.1 77.2 90.2 18 16.1 2.4 48-55.4
19.1 4.5 2.1 173 27.6-33.3 0 0

:Pomeranz Ory (1982)



2.3

2 (non-glutinous rice)

(waxy rice) (endosperm)

1 2534)

(Simpson et al., 1965)

( , 2542)
(International Rice Research
Institute, IRRI)

USDA (United State Department of Agriculture)

2.2 2.3
2.2
()
Extra long grain 7.50
Long grain 6.61-7.50
Medium 551 -6.50
Short 5.50
Juliano (1979)
2.3
(LAV)
(slender) 3.0
(medium) 2.1-3.0
(bold) 11-2.0
(round) 1.0

:Juliano (1979)



(gelatinization temperature)
(pasting properties) ( , 2516; , 2517; :
2538; Hirohata and Chen, 1959; Juliano et al., 1964a; 1964b, Palmino et al., 1968; Hettiarachchy,

1977)
2.4
(starch)
(non-starch constituents) |
2.4.1
starch granule
3-5
(Sandhya Rani and
Bhattacharya, 1985) (compound granule) 150
2 (amylose)

(amylopectin)

(semi-crystalline structure) 2.2

70-80



B chains

A chains

“Cluster"

P o P [ [ o [T

2.2 (1)

: Robin (1974)
(amylose)

200 - 2,000

a-14 glucosidic linkage

a-16 glucosidic linkage

(Sandhya Rani and Bhattacharya, 1985)

(Juliano, 1972)
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0-2%

19%

20-24 %

25-33%

(amylopectin)

10,000

10-60

96 Hizukuri

a-14 glucosidic linkage

(crystalline

(1986)

(double helix)

region)

-1,6 glucosidic linkage

a

5%

2.3

(amorphous)
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. Hizukuri (1986)



3 2.4
c (C-chain)
1 1
B (B-chain) C B
B 2
A (A-chain)
ngjutntdi | t 2 mtrd 3
" B2 = - 1
1 1
1 1 | P p— 0
1 B3 2
1 I, . 0 J
P 1 W NN\ 19
1BI
B1
*-CA-n-«-
~CIAE
2.4 A B C
(2543)
2.4.2 2
65 - 12
(Juliano, 1972)
glutelin
80 (alkali soluble)
albumin 9-11 globulin
(salt soluble) 7-15
prolamin (alcohol soluble)

2-4 (Cagampang et al., 1966; Mitsuda et al., 1967; Del Rosario et al., 1968;
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Juliano and Boulter, 1976) Hamaker (1994)

pasting property
(alkali extraction)
80
(Heim and Burks, 1996) (protease)
Arai (1993)

actinase peak viscosity,

breakdown viscosity, apparent viscosity, yield stress consistency index

243 (lipid) 0.3-0.6
(Juliano, 1972) (germ)

“non-starch lipid surface”
“lipid”
“starch lipid”
“internal lipid” (Morrison, 1981) 2
nonstarch lipid surface lipid (nonpolar solvents)
(diethyl ether) (petroleum ether)
starch lipid (water-saturated butanol)
(Juliano, 1985) non-starch lipid
(neutral lipid) (starch lipid)
(linoleic  acid)
(palmitic acid) (oleic acid) (Maningat and Juliano, 1980; Choudhury and
Juliano, 1980; Morrison et al., 1984; Juliano, 1985; Champagne, 1996; Jane et ah, 1996)

(Choudhury and Juliano,
1980; Morrison et ah, 1984; Blanshard, 1987; South et ah, 1991)

(Senivegaten and Biliaderis,



1991; Morrison et al, 1993) Hoseney (1994)

2.5

A50UNSO

2.5

: Hoseney (1994)

2.4.4 (vitamins)

2.4.5 ' (minerals)

(Juliano, 1985)



2.5 (gelatinization)

14

2.6

o } - pasling temperatlure
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60 100

2.6
. Sanders (1996)

birefringence
2

water bridge

“ " (gelatinization)
birefringence
temperature Brabender viscoamylograph

” “pasting temperature”

birefringence

gelatinization



15

“peak temperature” “peak viscosity”
3
3
(Sanders, 1996) paste
paste
(Schoch, 1964)
2.
Horigane (1999)

Nuclear Magnetic Resonance (NMR)

100

2.7

pasting properties
(Barber, 1972; Villareal et al., 1976; Indudhara Swamy et al., 1978; Charstil,

1990¢; 1992; Pomeranz, 1992; Perdon, et al., 1997; 1999; Noomhorm et al., 1997; Suzuki et al.,
1999)



(Ramesh et al., 2000)

Vo pasting property

Pasting property

Amylograph
Villareal (1976)
b
2
viscosity set back
b
(1985)

peak viscosity
3
(1979) peak viscosity
Lin
property
Noomhorm (1997)

i 12

Villareal

Perdon

(1979)
37
peak viscosity

2.7

16

pasting property

29
(1976) peak
Juliano
(1997)
20 37
Lin
pasting
7 12

final viscosity
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breakdown

200
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73-86
(enthalpy) 83 - 9.7 Jgl
Fan Marks (1999) Fan
(1999)
38
4 21

(P < 0.0001)



(Juliano, 1979; 1985; Webb, 1985; Lii et al., 1996)

(Delwiche et al., 1996) Tester (1990)

cohesiveness tenderness glossiness

Juliano (1965)
(medium amylose)
(low amylose) 55-
65 (Bhattacharya et al., 1972; 1982)
18.4-29.5 (Ong and Blanshard, 1995a; 1995b) Bhattacharya
(1978)

(amylose-lipid
complex) (Swinkels, 1985) (Sano, 1984; Villareal and
Juliano, 1986)

(Tester

et al., 1990)

100 (Bhattacharya et al., 1978)



Barber (1972)

tenderness cohesiveness
stickiness (Juliano, 1985)
Primo (1962)
Onate (1964) Juliano (1965)

tenderness cohesiveness

(Chakrabarthv et al., 1972)

(Juliano, 1985)

sulfhydryl disulfide (Charstil, 1990b; Hamaker and Griffin , 1993) sulfhydryl

disulfide
sulthydryl disulfide firmness
stickiness Chrastil Zarin (1990)
sulfhydryl disulfide disulfide
Moritaka ~ Yasumatsu (1972)
hydrogen sulfide oxidizing agent

sulfhydryl
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cysteine

oxidation '
reduction

cystine

2.8 sulfliydryl cysteine
disulfide cystine
:Branden and Tooze (1999)

Charatil ~ (1990b)

2 4



24 4 40
12
medium grain long grain
control 4°C  40°C control 4°C 40°C
moisture (%) 13.00 13.00 1290 1320 1310 13.10
protein
total, % 8.30 8.30 8.30 7.60 760 7.60
soluble, % 6.00 5.30 3.60 5.10 470 3.00
starch
total, % 90.00 89.50 89.40 90 10 90.00 90.10
amylose, % 1700 1710 17.70 26.00 26.10 27.00
oryzenin
, % as-SH- 0.20 0.19 0.13 0.16 016 0.14
, % as-SS- 0.13 0.14 0.20 0.16 016 0.18

: Charatil (1990b)

2.4
disulfide bond (-SS-)
cystine
endosperm
(Little and Dawson, 1960)
endosperm  (Juliano,  1985)
matrix protein
viscoelastic properties 10% (Hamaker, 1994)
Marshall (1990)

pronase protease

0.03 M

2

Differential scanning calorimetry (DSC)

pronase pronase
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Marshall (1990)
Lemont 0.03 M pronase 0.02 %
Scanning Electron Microscopy (SEM)
pronase 0.02 %
pronase
Martin Fitzgerald (2002)
dithiothreitol (DTT) 6
Shumazi mochi Tarra 140 Koshihikari Amaroo
18 Doongara Basmati

25

29

Rapid visco analyser (RVA)



DTT
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2.9 DTT 6
RVA
DTT Basmati DTT reagent

peak viscosity
Basmati peak viscosity break down final viscosity
, disulfide bond

DTT
peak viscosity
3
2
(Sowbharya and Bhattacharya,
1976)
free lipid
sulfhydryl cysteine
disulfide cystine

(p M)

(substrate)
2.10



(protease)
-CO-NH-
+
» - ( 3
Enzyme Substrate ~ Enzyme-substrate complex
2.10
(substrate)
. Whitaker (1994)
Dhaliwal (1991) protease
Rusell (1987); Slade Levin (1991); Lima Singh
(1993); AMC (1995); Noomhorm (1997); Fan Mark (1999); Chatakanonda
(2000) protease
Barber (1972) outer layer residual
13 143 15.7 525 35

2.5



26

2.5 protease 13

143 15.7 525 35

Storage conditions Proteolytic activity
Moistrue Temperature (units/mg protein, d.b.)
(%) (°C) Outer layer  Residual nucleus
13.0 5 0.486 0.051
13.0 +25 0.451 0.048
13.0 +35 0.355 0.048
143 +5
143 +25 0.356 0.051
14.3 +35 0.328 0.037
15.7 +5
15.7 +25
15.7 +35
Original rice sample 0.508 0.053

Barber (1972)

Barber (1974) 2.5

protease disulfide

cystine

(substrate) substrate
enzyme-substrate complex
(Chrastil, 1988; 1990a)

2.8 (Texture of cooked rice)

Texture Profile Analysis (TPA) TPA test
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hardness, stickiness (adhesiveness), cohesiveness, springiness, gumminess, chewiness

fracturability (Del Mundo et al., 1989; Champagne et al., 1996)

Lyon (1999)
stickiness
hardness stickiness (Juliano, 1985)
(Villareal et
al., 1976; Lima and Singh, 1993; Perdon et al., 1999)
stickiness
(Moritaka et al., 1971; Shibuya et al., 1974; Okabe, 1979) Mellent (1999)
421 38
38
4
stickiness Tsugita (1983)
40
4 stickiness
sulthydryl cysteine disulfide cystine
Tamaki (1993)
12 hardness 15 18
Mellenet (1999)
hardness stickiness
Tamaki (1993)
stickiness 20

36
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Moritaka Yasumatsu (1972)
2.11

(fatty acid-amylose complex)

disulfide

(Mechanism of aging)

sulfhydryl
disulfide

28



Substrate Storage changes Cooking Effect Sensory Effect

Starch Increase of strength — ---se-e-semeeeeeee- ) Inhibitor swelling Texture
of miscelle binding  \ A of starcl*granule
Fatty acid-amylose

/ Complex

Lipid Hydrolysis Free fatty acids

AOxidation (air)
Oxidation (air) N Hydroperoxides Increase of volatile

Carbonyle compounds /carbonyl compounds \

Aroma
l Decrease of volatile /'
/ Sulfur compounds
Protein Oxidation (air) N SSH ) - e ) Inhibit swelling
Interaction among of starch granule - ) Texture
Proteins Appearance

2.11 ( ‘Monta Yasumatsu ,1972)
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