
2

indica type

Itani, 2000) 

2541) 

2545) 

He and Xing, 1991)
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Ingredient Black rice outer layer fractions

units/100g)

White rice outer layer 

fractions units/100g)

Protein, g

Fat, g

Carbohydrate, g

water, g

Fiber, g

Minerals, mg

Phosphorus

calcium

Potassium

Magnesium

Sodium

Iron

Zinc

Copper

Selenium

Vitamin, mg

Thiamin

Riboflavin

Vitamin E

Niacin

Flavonoids, g

13.90

13.20

47.36

9.80

8.32

7420

1694.10

60.20

673.70

79.40

2.11

16.46

8.96

1.49

0.15

2.30

0.40

0.60

21.00

6.40

12.20

14.10

50.95

7.96

7.04

7750

1542.50

45.30

624.60

80.40

4.35

6.30

4.92

0.91

0.06

1.20

0.14

0.30

13.00

1.17

Wen Hua Ling et al., 2002
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(antrocyanin) 

(vegetative organs) (flora 

organs) (embryo) (endosperm) 

(Chang, 1964) (flavonoid) 

diphenylpropanoide 

(C6(A-ring)-C3(C-ring)-C6(B-ring)) chromane ring aromatic 

ring B (Hou et al., 2003 ; He, 2004) (

pelargonidin (Pg) peonidin (Pn) cyaniding (Cy) malvidin (Mv) 

petunidin (Pt) delphinidin (Dp)) (Hou et al., 2003 ; Kong et al., 2003) 

glycosides) 

Hou et al., 

2003) cyaniding-3-

glucoside (Mazza and Miniati, 1993 ; Chung and Woo, 2001) peonidin-3-glucoside (He et 
al., 2004 ; Escribano-Bailon et al., 2004 ; Oki et al., 2006) 
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: HE, 2004

Name substitution Visible 

colour

Visible max. (nm)

in MeOH-HClR1 R2

1. cyaniding (Cy)

2. peonidin (Pn)

3. pelargonidin (Pg)

4. malvidin (Mv)

5. delphinidin (Dp)

6. petunidin (Pt)

OH

OCH3

H

OCH3

OH

OCH3

H

H

H

OCH3

OH

OH

margenta

margenta

red

purple

purple

purple

535

532

520

542

546

543

ortho-dihydroxyphenyl B ring Rice-

Evan et al.,1996 ; Tsuda et al., 1994 ; Burda and Oleszek, 2001 ; Hou et al, 2003) 

Frank et al., 2002) 

Escribano-Bailion et al., 2004) 

low density lipoprotein : LDL) 

plaque Miller et al.,
2002) Qureshi et al., 2002 ; Morimitsu et al., 2002) 

phosphorylation protein kinase 

extracellular signal-regulated protein kinase (ERK) c-jun N-terminal kinase (JNK pathway) 

(mitogen-activated protein kinase; MAPK) (Hou et al., 2003 ; Konczak-Islam et al.,
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2003) (Hyun et al., 2004 ; Kang et al., 2003 ; Katsube et al., 2003 ; Hagiwara et al., 2001 ; 

Zhao et al., 2004 ; Zhang et al., 2005a) 

antibacterial agent) (Kong et al.,
2003) 

(free radicals) Reactive oxygen species (ROS) 

2

(superoxide anion), (hydrogen peroxide), 

(hydroxyl radical) 

(superoxide dismutase), (catalase), 

(GPX) 

antioxidant) 0 0 0

0 0 0 natural antioxidant) 0 0 synthetic 

antioxidant) UV

0 0 0 0

phytochemicals) polyphenol) 
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secondary metabolite

(-OH) 

Glycoside

(Flavonoid) 

simple monocyclic phenol phenyl propanoid phenolic quinone polyphenolic 

(Sosulski, 1979)

ultraviolet 

marine algae 

Rice-Evans et al., 1997 ; Shahidi and Naczk, 2004

- flavon-3-ols quercertin kaemperol

- flavone rutin, luteolin apigenin

- flavan-3-ols epicatechin epigallocatechin

- flavanone taxifolin, narirutin hesperidin

- anthocyanin cyanidin delphinidin

(Nitrogen) 

4
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ATP (Adenosine 

triphosphate) 

Blamey et al., 1987

NH3 volatilization

leaching and runoff

Dinitrification 

Vegetative growth Reproductive growth 

(heading) 
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Murato (1982) 

De Datta (1981) 

tillering stage maximum tiller stage

late stage of spikelet 

initiation

(spikelets) 

Kumura, 1956

culm

Wada et al., 1986

late stage of spikelet initiation) 

Wada, 1969

sink size

specific leaf weight

Wada et al., 1986
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Shama and Prasad 

(1980) 

De Datta (1981)

IRRI (1989) 

Indica type 

Moor et al. (1981) Lebonnet 

indica type 

(2542) 

Lie et al.
(1996) 90 140

14.4 22.4 Yang et al.
(1996) 225 36

Carreres et al. (2000) loamy clay) 
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0 100 16

150 24

Pathak et al. (1980) 0

90 14.4 2.3 

368 4.58 732.8 120

19.2 

0 70 150 

220 11.2 24 35.2 

Won et al., 1999

Eitzen (1991) 

total nonstructural carbohydrates : NC) 

1,000 

Lie et al., 1996 Yang et al. (1996) 

1,000 

Sims, 1965)

(upland rice) 
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 1. 

3-5 30

5-8

6-8 ./

7

 2.

15 ./

 3.

30

15 ./

(Garrity, 1984 ; Huke, 1982) 

( Huke, 

1982) 200 .

(De Datta and Vergara, 1975)

-
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12 . -

40 ( Yoshida, 

1981 ; Vergara and Chang, 1985) 

(Khamboonraung, 1981 ; De Datta and Vergara, 1975) 

( , 2527 ; , 2527)

12 .

30

12 . (Yoshida, 1981 ; Vergara and Chang, 1985) 

14-18

( IRRI, 1979 ; Gupta and O’ Toole, 1986)

( Gupta and O’ 

Toole, 1986) 35

15 (Yoshida, 1981)

IRRI (1991) 
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( )

De Datta (1981) 

1. 

(

)

Senewiratne and 

Mikkelsen (1961) 

2. 



16

-

- Chemmical reduction redox potential

- pH pH Calcareous Sodic Soils.

- (specific conductance)

- Fe3 Fe2 Mn5 Mn

-

2

- SO4
2- S

-

-2

- Zinc Copper 

-

3. ( Soil Toxicity)

Reduction Iron Manganese Organic acid Acetic 

Butyric Carbon-dioxide Methane Hydrogen Sulfide 

Methane 

( )

physiological disease 

decomposition 

oxidized 
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toxin 

2-3 ./

4. 

20-30 IR8 

Indica uptake 

Silicon Potassium 

Indica 

nutrient uptake 15

(Bhattacharyya and De Datta, 1971)


