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AN

Rice intake and type 2 diabetes in Japanese men and women: the
Japan Public Health Center-Based Prospective Study'™

ALl Nawry, Tersuve Mezowe, Modulo Noda, Yoshihido Talabady, Masavuks Kaso, Maonand Tnoee, and Shode b 1 pamwe

fov the Japan PalVie Health Censer-dased Prospective Ssadv Cirowp

ABRSTRACTY

Bachgreund: Retimad cartolodrates huve been suggesied 1o dere
ore glocose metadolive bosvever, whether porsoms with clesaied
Arsakes of wisio o, which is a major stapde Toosd for O Lipaneswe
exporience cmeanad cilk of davcloping type 2 daboies romaos
A

Objective: We prospectnedy imvestipmed the smsocution hetween
white o intake and sk of type 2 diabwies

Dexign: Partisipanes wore 25606 men and 1LA2Y women aged 45

TS5 ¥y who partiopetod w2 the sovoad servey of the Japas Puhbly

e of emamosssental Bcton, perticularty dwlary Bxton, S
might acoount for the opedemic of type 2 diabotes in Japancw
Japanese studics have sbown that 2 low calcium intakie, which i
typical of Japanese populations (61, was assixiated with 3= ¢
evared ek of 1ype 2 diabotes (7), aad 8 Sctary panserm char
acterizod by 2 hugh intake of dradetional Japanese foods soch s
soyBean prodocts, seawood, Jagunese prciies, and ¢

avocsatod wath an mwressed prevakence of glocose intolerascy
151 These previous fadings suggostad that 2 adiscaal Lipe

nese dact may be awociatiod with the high provakence of disbeses

AJCN doi:10.3945 (2010)
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Nessprsed [ |y NTTT

FEEFEEY (Glycemic Index, GI)

David J. A. Jenkins (1981)32 h #4358 > TE[=) B 44
50 gARLSHZ ohiE 0 ERRNDFAHREEIL HE
i LHemek (hHSE FTERNBRERM Y B E
ZflE - BERMETHRALITLGHH-

E&GIA R : Gl < 55

i im
r i
] ]
PCIAER I 55<GL= 70 % E
HGIE R I GL>T0 g g7
T T mmmEm ()

htp:fiwww jtforg.tw/

Can
(- JLEYIEY

Glycemic index: the area under the blood glucose response curve for each food
expressed as a percentage of the area after taking the same amount of
carbohydeate a3 plucase (result are means of

5 1o 10 individuals)

Girain, cereal Vegeiables Fruit
pronducis Brvad Leans (2577 Tz 6 (8 Apples (gulden LLIER
Buckwheat S 10* (5)  Frozen peas 51 x6fF (6 delicious)
Bread (white) 69 x 3 (I Banana 629 (6}
Bread (whaole- 226t (10)  Root Vegelables Oranges 4+ 31 (6)
mealy Beetroot (25)] 64 # 16 (5)  Orange juice 4+ &1 (6)
I iille Tl + 10§ (51  Carrots (2594 92420 (5) Raisins B4 113 (B)
Pasiry Wroer (H) rarsmups (23] Sr Iy (3
Rice (brown) &+ 5 (T) Potalo (instant) 0+ 13 (%) Sugars
Rice (white} T2+ (7] Potato (new) 70+ 8 (3) Froctese W (5)
Spagheni 42 + 4t (6] Potato (sweet) 48 £ 6t (5) Glucose 100 = (35)
(wholemeal) Swede (25)] Trx 8k (5) Maliose 105212 (&)
Spaghetts 508 (6) Yam 51+ 12§ (5)  Suerose 59 + 108 (S)
{white)
Sponge cake 46 £ 6F (5) Dried legumes Dairy products
Sweelcom 59+ 115 (5) Beans (tinned, 40 + 3t (7} lee cream wBxE (5
haked) Milk (skim) 1245 (B)
Breakfast cercals Beans (bulter) x4t (6)  Milk (whole) 4+ 6t (6)
All-Bran 51+ 5t (6 Reans tharcogn i+ &F  (6)  Yophor "+ 4t (%)
Cornflakes B0 £ 6% (6) Beans (kidney) 9= 8 (6)
Meusli 66 £ 95 (6) Beans (soya) 15+ 5t (7} Miscellaneous
Porridge Oats 49 £ 8 (6}  Beans (tinned, soya) 14 £ (7} Fish fingers BE 6t (5)
Shredded Wheat 67 £ 10 (6)  Peas (blackeye) B x4t (6) Honey BT 8 (6)
Wheatabix 754 10 (6)  Peas (chick) 6= 3t (6) Lucozade 9510 (5)
Peas (marrowlat) AT £ 3t (6}  Mars bar b & 123 (5)
Biscuits Lentils 9+3 () Peanus (254 13+ 61 (%)
Digestives 9T 6 Potato crisps 51ETH (6)
Oatmeal 54 +4f  (6) Sausages W et (%)
Rich Tea 55 £ 4F (6D Tomato saup MEe (5
Ryvita 6 £ 10E (T)
Waarer [ L ]

Significance of difference from equivalent glucose load: * = p < 0.01; f = p < 0001 § = p:tﬁs; §=p<Oil
| = p < 0.002; § Only 25 g carbohydrate portion given.

(Jenkins erak 1981)
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#1997 £ 55 4B &9 £ 48 & (FAO) B 487 4 42 4k (WHO) :

BHEREHE  ZHRUGHEA T AHm KSR >

gy b

FRMBRH S AEBAREE RBRAR L LIBERTGIE -
#1995 FAm. J. Clin. Nutr & — R K 348 64 12 WL 4556548

£He9Gl » 2002E £ AR 0 B AT E Y IR A & 2008 & -
FEERiEE c B EEAMGLMRR GRS BERB A S

e B BRR - IKGIg AR B A B AR E R BIK

L5 R L% B

FHE & 15 (Glycemic Load, GL)

1997 &£ o4 48 K £ Salmeron % A2 HH 4 &5 (GL): £ &
(=l PHAKLSHeEQELABEHORERS
LL100 = f5)4m ¥ kAR &) FHAE 25 2L A 55 » H P st kib 44
#4550% » ALl — 22 80gHY AR

GL = 55%(50%*80)/100 = 22

—ERANSERLBARFEETAT LA RAGIR
GL 2 REAR—e)#THE > HEWEAREER -

10
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Effect of amylose and amylopectin content on glucose and insulin response

13- a 237% N
AMYLOSE
1417%
1o & AMYLOSE 1
o 0% AMYLOSE
naE- * GLUCOLA N

_
2
1

PLASME INSULIN [ulifmb

L T T T T
o 23.8%
&0 AMYLOSE
2 14175
AMYLOSE
LI}

GLUCOLA

a 0% AMYLOSE |

I
o B0 120 180
TIME {man}

Glucose response

L
o k] Ed 120 180
TIME {min|

Insulin response

13
(Gruddard ef al, 1984)
B aszuzs
sl i KIT
) e TR RN TR
Effect of processing on GI-Parboiling
Metabolic responses to test meals (n=9 type 2 diabetic subjects: means T s.e.m.)

White bread Rice NP Rice TP Rice PP
P-glucose IAUC: (mmol/1* 130min) 626+ 80° 335243 274+ 53" 23137
Gl 100* 5550 468" 39+6°
P-glucose peak (mmol/T) 14.0£ 0.6 10.9+£0.5° 11.0£0.5" 10.5+£0.5"
Fasting p-glucose (mmol/1) 82204 TE=04 B2x0.5 S.lx04
S-insulin IAUC (pmol/] # 180min) 165624+ 3142 7305+ 1474° 7719+ 1202° 75904 1600"
NP: Non-parboiled; TP: traditionally parboiled; PP: pressure parboiled; [AUC: incremental area under curve: Gl
glveaemic index.
Means in the same row followed by different superseript letters are significantly different.

JLarsen er af, 2000
]
ARRIEA B BEK $9GIE
14
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Rice: a high or low glycemic index foods?

Glycemic index Insulin index
Faads {glucose = 100) (glucase = 100)
Calrose white (n = &) 8313 67 £ 13
Calrose brown (i = 8) 87+ § 51+7
I Felde white (1 = T) 03+ 11 67 11

Pelde brown (n = 8) Texé 55 = 10
Pelde (parboiled) (n = 8) 877 57+6
Doongara white (high

amylose) (n = 8) 649 40 = 10
Dwoongora brown (high

amylose) (n = B) 66+ 7 i ]
Sunbrown Quick (n = §) +7 54+ 6
Wanxy rice

(0-2% amylose)

=" 38+ 11 89 + 19
Rice cakes (n = 6) 8211 13x12
Rice bran (n = §) 19+3 23+4
Brown rice pasta (n = 6) 92+ 8 218
Wheat pasta {n = @) 587 52.9
Rolled oats {1 = 7) S8+ 4 54112
Rolled barley (n = 8) 66+ 5 64 + 11

* i + SE. The rice with a higher amylose content (Doongara. 28%
amylose) gave a significantly lower glycemic index and insulin index (F
= (1.01) than did the normal-amylose nice varieties (Calrose and Pelde, 15
20% amylose). Miller er ai, 1992)

(@)e21023

BRRHTEEBHIRE--E

Effect of nutrients on GI--sugar

Bread

— All Bran
Toasted Muesli
Sultana Bran

Natural Muesli
Sustain

Sweetened

Porridge
Vita Brits
Rice Bubbles

No added sugar
0 20 40 60 80 100

Glycemic index

16
(Miller er ai, 1994)
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Effect of nutrients on GI--fiber
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EEIARRB=3

A BB BE 1 3%

B E,
FRREALADFAZ A
20095 &+ RFEHF R
ERTHA LRTEAAR

M Ll $EIE B
1 BHER 28.1 24.9
2 N 10.6 11.94
3 B A B B A 7.3 8.33
4 B X 5.9 7.78
5 ¥ 5 5.8 6.62
6 FE4F 5.2 2.58
7 TR T ok % 18 % % 3.5 4.75
8 1% HAT 7% BT AR 1L 3.5 2.03
9 TEXaR5F(AN 2.9 0.85

10 FX-FREHATRMER 2.8 3.43
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Obesity 3

FERE B AT RARMR] ~ FE ~ BMIZ L&

60
50 [
CRS Y44
* ~19% obese
40 REERN
o D |
2o - I || oas
~ ~18%, obhese
20
2 2 Lol LS 30=BMI : ¥ EREM
10 27SBMI<30: AR
28<BMI<27: ¥
0 . . . BMI = 28 % (ka)/ 4 #(M)*
NABSIT NABSIT NABSIT NABSIT
1993-1996 % [2004-2008 % | 1993-1996 +« | 2004-2008 4
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OBES'TY' The percentage of the population older than
* 15 with a body-mass index greater than 30.

Slovak
Republic

o =

7-(

Mexico Greece Australia
23%
Canada Spain Ireland Germany Portugal Finland Turkey Belgium

EU TR

13% 13% 13% 13% 13% 12% 12%

Netherlands Sweden  Denmark France Austria Italy Norway Japan

IR TR - S

10% 10% 10% 9% 9% 9% 8% 8% 5% 3%

Drawing by

ex.php?title=image:Bmi30ch did=107854217 http://'www.WellingtonGrey.net

BOY"3 BODY FAT - - sen
5-18 YRS Orearfat
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ACE [VEARE) AGE [VEARE)

Figure 9: Paediatric body fat centile charts for use in growth monitoring

6
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Figure 4: Age-related increase in body fat (solid bars) for normal men at
constant BMI 7
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Figure 3: Racial differences in the relationship between BMI and body faj
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Body Fat Distribution and FFA

Same BMI
C— i

% BMI = % ¥Kg/ % % M*

“ .

mayo
)
Normal FFA High FFA Fﬁ_‘

@ AR & A

High Risk4—— Same BMI—>  OK

10

From: www.dailymail.co.uk/pages/ilive/femail/article
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Visceral Adiposity:
The Critical Adipose Depot

R r‘ AEE T
i 3,» & z

Abdominal
Muscle Layer

- & Intra-
abdominal Fat

AR 3 JE 1% 2% Metabolic Syndrome

. PR (AREH): BE (F >90cm; %4 > 80 cm)
2. % B fo: > 100 mg/dL. (&% > 126 mg/dL )

3. HDL-C: ¥ <40 mg/dL; 4 <50 mg/dL

4.6 % : W &R >130 mmHg; 475 & >85 mmHg

5. =8 k85 (TG): > 150 mg/dL

AAEORAREFPIIRAUE  H2REHARH
(modified from NCEP ATP Ill)
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Muscle

Insulin

resistance
Upper body/

visceral obesity

Insulin
resistance

Liver

T glucose
release

Vasculature

T constriction
J relaxation

Jl | Glucose
Bl Utilization

Pancreas

T insulin
secretion

Digestive System (GI)

Copyright © The McGraw-Hil Companies, Inc. Permission required for roprodwcton or display.

Oral cavity
Teeth
Tongue
Sublingual gland
Diaphragm
Liver
Gallbladder
Duodenum
Ascending colo
Cecum
Appendix

Small intestine
Anus

Pancreas

Parotid gland
Pharynx

Submandibular
gland

Esophagus
Stomach
Common bile duct

Transverse colon
Descending colon
Sigmoid colon
Rectum

Anal canal -




Islets of Langerhans ( @ K/ &)

Close Up Wiew of an
Isl=t of lLangerhans

Duct

DeHa Cell

R=d Blonod
Cell
Fancreatic

Islet of

| Beta
Langerhans | Cell

From http://health.howstuffworks.com/diabetes1.htm 15

Insulin (B& & %)

1922, Banting and Best

o F& 5808

51 EA KA

A sk fu B4k — Sisidin

Intra-chain

A chain ‘ disulfice ®@ @
c: y8) ; :Gz CDQEQD

From http:Ilopenlearn.open.ac.ul1(6
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\ Cell growth General gene
Differentiation expressKn

Glucose metabolism
Glycogenllipgd/protein synthesis
Specific gene expression

Insulin Resistance (3% & % Fa.31)

TREFAZASaSRHEE HIERE
AT HaBERPEEL 0 3k
REAPP B S FE -

BE2 o ROTHBREERRER D
Pl kB EEARAEZ A MBI,
Fr# > (Moller and Filer, 1991)
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& 3% & 5 (Diabetes mellitus) @ B4 X &2 4%

LEIREAR - R BHFRRAY

Type 1 DM: Insulin-dependent diabetes mellitus

2LE2A AR RS FRAY GEREFTRAR)

Type 2 DM: Insulin resistance diabetes mellitus
( Non-insulin-dependent diabetes mellitus )

19
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L-arginine

oxLDL MM, _

TNF__

g " [VCAM-1 4
Inflammation o) M { P-selectin
CRP 1 VICAMA A

B 3

From: www.nspodiatry.com/diabetes.html From:www.lowvisionclub.com %
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Diabetic foot/arm ulcers

From: www.diabeticfootcare.webhealth.comiwiki/Effects_O

Diabetes Ulcer of Foot

On Admission

From: stemcell.taragana.net/.../zh_TW/
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Diabetes Patient Undergoing Amputation Surgery

From: www.betatherapy.com/eleotindiabetes.htm From:http:/iwww.everestinfo.org/laos2/uploads/imatfes/
ArtificialLimbs_360p.jpg

Diabetic complication

Diabetic retinopathy

.'."'.‘:V ' '
LT e .
"_
e v

—

26

From:www.lowvisionclub.com
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Heart
Anterior Exposure

27
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sounds every systole sounds
Cuff pressure Cuff pressure Cuff J:ressure Cuff pressure

=14 = 12 =10 =80
Systolic pressure Diastolic pressure
h&;ﬁdi =120 mmHg = 80 mmHg

Blood pressure = 120/80

No flow== Turbulent flow ==Laminar flovg

Cuff
pressure il
A;lté 3 - Sound Arlte
silent ..y v silen
Blood M.
pressure / "
Diastole

AR AL R 4T TR B LA

-51-



b iE R - RWAAA

W RE e B AR BER T 0 Bt dm
PHABFHNOEERX - BH " BEEE
(lipoproteins) - TR BAsH BE&k G K AT
e BIEEASRLERE  BHE

B HhE C BEBRBEY

31
58 & 0iEE
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Digestion and Absorption 113

LDL-CHOLESTEROL

AND CHD RISK =2 ... -
(Men in Framingham, MA) AN A5 $‘

Martality rnisk ratio

Morbidity nsk ratio

(age-adjusted) LOL (age-agjusiaq) HOL
20¢ 20r
Avarage risk Average rish
10 prrcwancmcncvncwn o Phe --——-——- - Femeecacceee R - - e L
0 0
50 100 150 200 20 40 60 80
LOL (mg/al) HOL (mg/al)

LDLRE

HDLR &
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Third Report of the NCEP Expert Panel. NIH Publication No. 01-3670
2001. http://hin.nhlbi.nih. gov/neep_slds/menu. htm
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Progress of Arteriosclerosis

B Mk AR AL 8

4 Mids
¥ Ak
100% O

Blood flow

] ] | L,
80%
0 25 50 75 1“““51.;.

Percent of aortic stenosis

The coronary arteries
deliver oxygen and
nutrients to the heart
muscle.

Quter layer .- — A
(supportive tissue)

Middle layer

(smooth muscie)
Inner layer
(artery lining)

The same artery (section) years

later, half blocked by plaque. 38
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% WL b= B,
Smooth

muscle
cells

fi&&'ﬁ“’fo':’,l; 76,790 B ] B8 360 5% b

Accumulation
*ﬂ of foam cells

An atherosclerotic plaque. This
develops when white blood cells and
LDL particles penetrate the artery
wall. LDLs become oxidized and are
taken up into the white blood cells via
scavenger receptors. The cholesterol-
filled white blood cells are
transformed into foam cells that
B " —— deposit in the artery wall. (Photo, ©
ite avenge idi
Py A“r:ﬁi'y bl Srceao:l:lt%e;r Of%lied CNRI/Phototake NYC)

L L Eftal fULHLDL o

B Bk 3 AR AR AL B9 T AR S SE

Atherosclerosis and Sudden Death

R Q E 'ﬁ Form cells
;‘;iﬁ’—ﬁ 7@_‘, / x Macrophages 3k b BB,
./ "

ELé £ ox-LDL

Free radicals

-56 -



Cut-section of artery http://www.cardiocheck.co.uk/

A ay ! vl
' &
(1Y)
9
3 )
f
A 4
B

P AR IR

Tear in artery wall

%;ﬁoﬁ? a% cell

Cholesterol deposits
Red blood cell

Macrophage foam cell

Fat deposits

42
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RAE & B R B

* 199044, : Ferrannini #v Reaven R £ F A 51k
Bk e £ 4 2 E AR S £ MEyu(insulin resistance)

M > B @S RBEENT L AR S T RE
4% & (insulin resistance syndrome) %, X JE /&8

(syndrome X) °

« 19984 : R A GERRA TRIEBZSE | L
MEAZRZ ZUARHNRBEEHSLHA
WA EE-

43

Yo 457 T8 By A HHEAE B 7

3D

Do Control
Do Healthy diet
Do Exercise
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Visceral Adiposity:
The Critical Adipose Depot

AL

& Subcutaneous / >

Fat

N Abdominal
Muscle Layer

s Intra-
abdominal Fat

-59.-




“Old” USDA Food Pyramid

The Food Guide Pyramid (S and 36020 saars m foos:
A Guide to Daily Food Choices i =
AN B3 Fat (naturally occurring and added)
K2 sugars (added)
Fats, Oils, & Sweets

USE SPARINGLY s it

Milk, Yogurt,
& Cheese Group
2-3 SERVINGS

Vegetable
Group
3-5 SERVINGS




Ideal % calorie
Protein: 12~15%
Fat: 25 ~30%
CHO: 55 ~63%
Fine sugar: <10%

49

ig!g Find your balance between food and fun Ferts and sugars — know your bmits ===z USDA ﬁﬂ;

50
http://www.mypyramid.gov/kids/index.html
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o fT A AR R R ATE T RRRH A BEEE ?
How to prevent and/or reduce Metabolic
Syndrome by Changing Diet and Lifestyle

4%
O
W
%4, i
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Go, Go for
WALKING!

AL > SRR -
SRR TR RE o
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Continuous Rice Cooking Process and Equipments

" oy 60°C (% X) (#£4)
4 1 hr 506C (B R) 1o =2n - ,
1:1~ 1:1.1 7=>9.1kg 45 &520 x 7340 x;R230mm K
1115~ 1:1.25 i"‘g“? . E¥ 24kg BA  62-65%
W00ceiritd  meg (@sr) 30x30 cm X 57-60%
EF 181 kg 3




Manufacture of rice flours and their applications

*’{ Soaking

| Draining [+ Wet f\-‘Ii]]ing‘

Brown Rice ¥ ¥
Milled Rice Semi-dry |,] Drving &
. Millin ndi
Brokens g Grinding Noodles
Cakes
Rth? F]UU[ C[acken;
Cleaning . Rice Paper
Egg Roll Wrapper
Baked products (breads, muffins,
) crackers, cake,
»  Drv Milli Rice uddings)
ry Milling Flour P £
Puffed & (baby foods,
Extrusion breakfast cereals,
Cooked snacks)

ar

Adr Classification

Enzyme Digestion

Instant milk
Gruel
Pudding

—* | High-Protein Rice Flour {

Yeh, 2004
Chap 17 in Rice:Chemisiry and Technolomy

Edited by E. T. Champagne 5
Eftect of Moisture Content on Damaged Starch
and Water Absorption Index
10
- B i
¢ E
3 L F
gL .
o 00 | | | |
10 15 20 25 20 25 0 2 4 [ 8 10
Moisture content (55 Damaged starch (%)
(Chizng & Yeh 2001} B
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Rice Noodles

bifun (bihon) or vermicelli in Taiwan, China, and east southern Asia

Photo is taken by George Chao-Chi Chuang .
harusame in Japan 7

Yeh, 2004. Chap. 17 in Rice:Chemistry and Technology

Traditional process for manufacturing rice noodles.

Polished Rice Wet Dehydration Mixing
ot Milling by filtration & _
Brokens Pulverization

l

Forming a Dough

iBalls or cylinders}

. ) , Steam or water
— . -— .
Forming Kneading Cooking -—

|, Cooking in Cooling

boiling water in cool water
L, Cooking —_— Wet __, Drying — Packaging —* Product
by steam noodles
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Sheeted or Flat Noodles

Photo is taken by George Chao-Chi Chuang
Yeh, 2004. Chap. 17 in Rice:Chemistry and Technology 9

Process for Sheeted or Flat Noodles

Milk layer

Rice flour + Water > Suspension m stamnless steel sheet
{indica) \

steam channel

moving, taut, cotton conveyor belt

cut to noodle strips

Drying :
with a paper cutter

10

-69-




Niangao

Photo is taken by George Chao-Chi Chuang

Yeh, 2004. Chap. 17 in Rice:Chemistry and Technology L
Photo is taken by George Chao-Chi Chuang
Yeh, 2004. Chap. 17 in Rice:Chemistry and Technology 12
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Lunjiaogao

(%)

Photo is taken by George Chao-Chi Chuang 13
Yeh, 2004. Chap. 17 in Rice:Chemistry and Technology

Process for Manufacturing Lunjiaogao.

Milled Rice ) .
Wet Pressing for .
or — Milline " draini — Pulverization
Brokens g raming

!

Steaming +—— Fermentation «—  Cooling  «——  Mixing

Yeast I
Cooking
cut — Product —  Packaging T

Mixture of
Water & sugar

14
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Production of Senbei and Arare

SENBET

Moisture®a
about 15%

Washing. Soaking

34-389%
30-34% Roller Milling | -
20-459%, Steaming kneador —

C110°C, 5-10 min)

Cooling to 60.-65"C by

aliowus-3 immersing into water (18°C)

Primary diyi

0% nge

» (hot air st 70-75"C) |
Tempering e
(10-20 hr)

10-12% Secondary drying

(hot air at 70-757C)

Yeh, 2004
Chap 17 in Rice:Chemistry and Technology
Edited by E.T. Champagne

ARARFKE
Issues Moisture®s
Vanety of rice about 15%
Degree of polishing
(pweferved 9196)
Waxhing
Hydration Soaking for 6-12 hr
Draining 30-34%
Particle saze
Degree of starch ] Steam cooking
gelatinization (926-100"C, 15-20 min)
—_Knecading 40%
Quick cooling at 2-5°C
to harden for 2-3 davs
- Homogenization
- <
Forming & Cutting
Control of temperature Drying 2¢
and tisne to yield uniform 0%

(hot air at 45-75°C)

3% Expanxion affocted by

Propertios

I PRODUCT I

15

4E

wWr

EHHRBEBHERR

AR o THAHT ~ B ok

B E KR EEL
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STARCH GRANULE

http://mse.iastate_edu/images/microscopy/bot7.jpg

1 B A FLAR B 7
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H bR B B o2 B o418

ety 48 BATALES |BRALERE |LARE
giﬂ pi:tl?tr:nle Slowly digestible | Resistant Starch
stgfch:HDS} starch{5D5) (R 5) Type1-4
{H LR 20 57887 20-120 5348 =120 5748
THAERRAL CIf BB 8
N
1 WEER SR | ERETREREE | E£EREB
e - THE ELAEDE
ey EEHRE 65 | MEH 28 & B 1 75
(01000 8zm)
FESHWTE |tEsIEERE |1 @RCfEkRE | ERRESRE
M s | BRI EE
imtE $ TR & EERANEY {1 (Bl B Fr A A T
R TH
FEREEN

(Englyst et al. 1992)
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| | B asdmg > BERER B
P |ma -7 285 AT 2200 -

R FEBE > Bl ibF E R
oo EEMS R L Tz g 0
EREAEZEES - wHESETE 0 T
EHEEFEE - FFERE - -

— i gy S 2ER AL S S
- R - kil e E -

% w5 By S LR EEHER REX KBS
KAER - AR EE ~ LT

5 B4 TR

s HESFEREBEHSA 0N E4R
B

CHE4E X =EfEH58

ClassV ---50% & & & #

Class VIl -—- 70% & & % 45

Class IX ---90% & & % 45
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SEMSREARECYERBSES ST

HeEma(%) | eEds(%)
At (AEFGE) 19~31 69~81
Bk (FZAGE) 15~22 78~85
f2rg (EAER) 3~8 92~97
ALag (EAEE) 7~10 90~93

5 oK R R BUAR B Z T

wgREae (%)
B #
+ &Sy oAy BEERE
Al 3 7 083 3.13 9.51
AR A 062 0.41 0.79
A% A 025 0.27 —--
A% R 0.33 0.07 —--
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kLB BRERESTH
PLER B 5= Z 48 B M

1O b F 12 L
AR 0.016
oA -0.703
BREL 0.596"*
THaE -0.709™

ik 7% {2 (ADV) 0.404
HiEESAF (). Qgo**
EOHSE 0.235
EEHELE 0.945

= Significance at 1% probability level

(#% - 2009)

L AR B B B 2R AR
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—— Chins

I a0 il 120

n=10 Time (it}

SRR e L& o - HE 45 3
(Glycemic index )14

* R eI & oL
AREE-ERBEEE - KRS

« FAEIE8L 65~80
o FLELE RSB E A 30% B R B 4
s ApEdsgiz AT {AlG4é s A E(100)
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HEZEsds EOo9FESE HaEEs

ﬂ'dﬁ i {[j.-'b} {n,-"rn} i{ﬂfﬂ}
FEE3G 14 863 a 1042 31.102
155

bt 0. 11b 6 620 16.800

Meanscores in the same column followed by different letters are
significantly differentatp < 0.05 by L5SD test.
C&%-20100

KGR &M
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HF10E AFMTALE BEE - #235251000
ANEIBARE

O7 + 34 A#tgm S5 5 XEE(11,0044) -
A& (10,565 A) ~ & (9,516 A) ~ & 3LE
(8,136 A ) o Bz (5,781 A)

a6 BARABLSACIHRL

BB e+ o am

ke ID-1 D LR rr ¥ & 24k
N BLNXCREA

53 B ek
CEE FrERY-Y: A7 1750 1325
1 £33 034 BE- £ TR Ta51 M5 %9
2 2z [KF-fo ko 3G F 2 7,750 B 2
3 C1& 21 uE- L RFANS 4,521 LT3 144
4 50 EMHHLE 153 Eail) 106
5 Cl6 E% 232 ag 73
6 "I ong 1249 97 75
7 061 LR (R BN I R4 an 50
g 15 L 1489 65 50
0 £as [ 45 - 1420 64 49
10 53,055 Frwadm iR TFOE 657 RN 42

R F-FEIEERE TR
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172 5
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10.8%
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B8 23.7%

55% me
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EL @ ILEB
LLIEZ A
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Food Science, Cereal Tech.
HACCP
Chinese Medicine Used in Foods Processing
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= v-S25k [ #& (y- aminobutyric acid, GABA)
(FEZHK)

= KRS (y-Oryzanol) KEEHEE (Inisitol)
(CKiEH)
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