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Plant Starch: Solar Energy StoragePlant Starch: Solar Energy Storage

• Plant stores solar energy as starch via photosynthesisPlant stores solar energy as starch via photosynthesis
• Animal converts starch to glucose and save extra‐blood glucose 
as glycogenas glycogen
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Specialty Rice for Non‐Communicable Diseases (NCD)
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Improved Rice Cultivars became 
higher GI than Traditional 
Varieties

Traditional var

Improved var

55
Fitzgerald et al., 2011. 
Rice J. 4:66 





Road-map to p
Developing Better rice for Better World

Cli t
Nutraceutical
Rice

Low Glycemic
PinK+4
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ready Rice

Rice 
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High Fe/Zn Rice
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Durable 
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80฿

40฿

Retail
20฿



NutrientNutrient‐‐dense, Ecodense, Eco‐‐friendlyfriendly RiceRiceNutrientNutrient dense, Ecodense, Eco friendly friendly RiceRice

• Jasmine+4

• Riceberry
• Antioxidant
• Vit B complex
• Carotenoid

• Low GI/GL
• PinK+4
• Rice  blast

• Rice  blast
• BPH
• Leaf blight
• Submergence 

• Hi fiber
• Hi minerals

• BPH
• Leaf blight
• Submergence 

• RD6+4
• Rice  blast
• Leaf blight
• Submergence 

• Climate Ready
• Heat
• Cold
• Fe toxicg
• Drought
• Stomata
• SalinityDatabase

Management



Hypothesis behind low GI RiceHypothesis behind low GI Rice
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V i t l D l t f L GI RiVarietal Development of Low GI Rice

Stage 1: ScreenSinlek and Riceberry (2007)g y ( )

Stage 2: Gene pyramiding breeding Pinkaset+4 (2010)

Stage 3: Screening improved RD and local cultivars (2018)



Clinical Glycemic Index 2010 Target trait for low GI
Rice varieties: Riceberry and Sinlek

Rice type: Brown and Polished

Clinical subjects: 16 Diabetes type II Hyperchrolesterol

‐ Waxy b: Low Amylose 
‐ Dietary fiber 

Clinical subjects: 16 Diabetes type II, Hyperchrolesterol

Meals: 50 g Carbohydrate + Hot basil minced pork

Post-prandial glucose collection: 240 min (Rama Theepbhodi Hospital)

Glucose

Brown Sinlek

Brown Riceberry

Rice GI

Brown Sinlek 58

P l  Ri b 62Polished Sinlek

Polished Riceberryt

Purple Riceberry 62

White Sinlek 72

White Riceberry 74



Whole grain
- GI/GL and insulin index

RESEARCH 
GI/GL and insulin index

- Supply chain and value chainPUBLICATIONS 
RELATED TO 
RICEBERRY Riceberry BranRICEBERRY y

- Chemopreventive properties

- Phytosterol and triterpenoids: anti-cancer properties

- Functional properties of protein hydrolysate

- Attenuation of gentamicin-induced hepatotoxicity by reducing oxidative, 
Inflammation, apotosis in rat

- Preventing renal dysfunction in gentamicin-induced nephrotoxicity in rat

- Gramisterol: anti-tumor and immune enhancer in acute myelogenosis leukemia  

Hiberry Bran  Supplement
- Longterm supplementation for amelioration of oxidative stress in diabetic rats

- Hyperglycemia and change in lipid profile in diabetic rats

Polished rice
- GI/GL and insulin index



Gene Pyramiding Project
Target Genes for low GI
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Pinkaset+4
GI 55-52



S b i 1/DF 107 ั PPT 1/DF 111 ัSupanburi 1/DF=107 วนั PPT 1/DF=111 วนั PinK 3/DF=121 วนั

Pinkaset+4#66B09
Early/ DF=102 วนั

Pinkaset+44#16C03
Early/ DF=105 วนั

Pinkaset+4#46E05
Late/ DF=127 วนั



Pinkaset+4



Nounmusing et al. 2018. The effect of low and high glycemic index based rice varieties in test meals on postprandial blood 
glucose insulin and incretin hormones response in prediabetic subjects IFRJ 25(2): 835‐841glucose, insulin and incretin hormones response in prediabetic subjects. IFRJ 25(2): 835 841.



Rice Varieties GI Polished GI Brown AC (%) Gel Temp

Riceberry (Purple)
1/

74 62 15.6 low

GI of polished and 
brown rice of 15 Thai

  Sinlek 72 58 16.5 low

 Sunkyod  (Red)
2/

75 63 15+ 2.0 low

RD 15 (Waxy) 69 62 14-17 low

brown rice of 15 Thai 
rice varieties.
Clinical Subjects for GI  RD 15 (Waxy) 69 62 14 17 low

 Surin Black Jasmin (Purple) 64 61 13.2 low

 KDML 105 63 57 16.23±1.0 low

Pathumtani 63 57 14 18 low

1/Using
2/Using 12 pre‐diabetic senior subjects
3/Using 12 young healthy subjects

j

Pathumtani 63 57 14-18 low

RD 6 (Waxy) 62 61 5-7 low

 Tubtim Chumpae (Red) 60 59 12.3 low-medium

Using 12 young healthy subjects

Phitsanulok 59 65 17.3 low

 RD43 58 57 18.82 low

 Kradunkgha (Red) 57 54 22.7 low

 Khoatahang 54 49 25 low

 Luengpratiw 123 50 41 29-32 low-medium

 Jekcheua 49 49 27.1 low

Pinkaset+4_1E_06 55 <50 29.1±1.5 low

Pinkaset+4 _20A09 52 <50 27.2±2.2 low

%AC = Amylose content
Gel temp = Gelatinization temp  



Comparison between GI studies on Pink+4 vs RD43

Comparison Pink_4 RD43
Amylose content Amylose 30% Amylose 18-19%
Methodology Young, healthy subjects Elderly, DBII
GI of polished rice 48.1 – 54 57
GI f f KDML105 90 7 63GI of reference KDML105 90.7 63

RD6 - 62
Publication Nounmusing et al., 2018 None



C ll b d f ft t d i b t l GI ?Can we really breed for soft‐tender rice but low GI ?

• Dietary Fiber Hypothesis



R l ti hi b t GI d di t fib (t t l t hRelationship between GI and dietary fibre (total non-starch 
polysaccharides determined as monosaccharides) in 4 Thai rice lines 
(Polished rice). 





RAG SAG Ara+Xyl Pectin Glucans

RAG 1

SAG ‐0.19609 1

Ara+Xyl 0.027426 0.324907* 1

No. Variety RAG SAG Ara+Xyl Pectin Glucans

1 Pinkaset plus IV (117A08) 18.88 4.33 4.36 6.87 3.65

2 Pinkaset plus IV (1E06) 18.75 3.41 5.33 7.26 5.46

3 Pinkaset plus IV (20A09) 14.54 9.19 3.74 5.94 3.85 y

Pectin 0.108452 0.152922 0.815192** 1

Glucans 0.011796 ‐0.22989 ‐0.39858 ‐0.53199* 1

4 Pinkaset plus IV (66B09) 22.72 3.56 5.24 7.23 4.69

5 Pinkaset plus IV (78A03) 14.77 12.61 4.33 6.02 3.03

6 Pinkaset 3 (PK3) 20.75 12.09 7.59 8.85 1.78

7 Pinkaset plus IV_104A03 16.18 3.36 5.96 7.51 3
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8 Pinkaset plus IV_105G03 20.22 3.71 5.23 6.74 1.68

9 Pinkaset plus IV_16C03 18.75 6.56 6.74 7.45 3.05

10 Pinkaset plus IV_19G11 13.84 5.83 5.35 6.69 2.81

11 Pinkaset plus IV_30A10 15.7 3.6 6.32 7.56 3.21

0.00

2.00
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a

SAG

12 Pinkaset plus IV_33H04 16.57 9.44 10.15 10.11 2.54

13 Pinkaset plus IV_35A10 16.73 5.78 5.75 7.76 2.66

14 Pinkaset plus IV_37C11 23.41 7.5 8.48 8.85 1.59

15 Pinkaset plus IV 38C02 15.71 4.42 7.8 7.5 3.05 SAGp _

16 Pinkaset plus IV_46E_05 18.72 2.36 4.56 8.05 1.49

17 Pinkaset plus IV_60E_03 23.66 0.88 4.73 7.81 2.84

18 Pinkaset plus IV_83C02 15.8 1.12 5.1 6.66 3.5

19 Pinkaset plus IV 90A08 14.36 7.2 7.86 9.56 1.399 kaset plus _90 08 .36 . .86 9.56 .39

20 Sinlek 22.29 6.64 5.81 6.17 3.72



GI Polished GI Brown Ara+Xyl Pectin Glucans

GI Polished 1

GI Brown 0.78446964** 1

Ara+Xyl 0 203931384 0 088962 1

No. Variety GI Polished GI Brown Ara+Xyl Pectin Glucans

1 RD43 58 57 6.34 8.85 1.66

2 KDML105 63 57 9.34 7.79 1.92

3 Khoatahang 54 49 6.43 8.88 1.99

10 00

Ara+Xyl ‐0.203931384 0.088962 1

Pectin ‐0.447557998* ‐0.01158 0.680478 1

Glucans 0.051850413 ‐0.30609* ‐0.38273 ‐0.41361 1

3 Khoatahang 54 49 6.43 8.88 1.99

4 Pinkaset plus IV (117A08) 64 57 4.36 6.87 3.65

5 Pinkaset plus IV (1E06) 55 47 5.33 7.26 5.46

6 Pinkaset plus IV (20A09) 52 46 3.74 5.94 3.85

k  l   ( )
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C ll b d f ft t d i b t l GI ?Can we really breed for soft‐tender rice but low GI ?

• Endogenous Amylase Inhibitor Hypothesis
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GI=Glycemic index
RS=Resistance starch
AAC=Apparent amylose contentC ppa e t a y ose co te t
AAIA=Alpha amylase inhibitory 
activities
IR=Imbibition ratio



Amylolysis
during Digestion

AG=alpha glucosidase

AGI=AG inhibitor



Nutritional Factors Contributing to GI/GL and Insulinotropic Effects

Nutrition Factors Polished Whole Grain

Alpha Amylase activities + ++ Alpha Amylase activities + ++

 Polyphenol/Tannin - ++

 Glycemic index + ++

 Dietary fiber + ++

 Resistance starch + ++

Protein/Peptide + ++ Protein/Peptide + ++

 Fat - ++

 Flavonoids - ++

 Gelatinization
temperature + ++

Prebiotic - ++




