ST EY.

R EE AL

Master’s Thesis
School of Nutrition and Health Sciences
Taipei Medical University

BE S TR RS 2 R 4 B
PBENEZ "y S B B AP

Effects of Resistant Maltodextrin-Enriched Boiled Rice on

Carbohydrate and Lipid Metabolism in Type 2 Diabetic Rats

R R P Ay i <4

(Liu, Chun-Hsin)
R e E L

(Cheng, Hsing-Hsien, Ph.D.)

PER R L NE R

June 2009



#&

AP E 2P L ER e 7R3 T R (resistant
maltodextrin, RMD) # &< ¥t % 2 | 4E s ~ BUpESE 2 "q [T & Spenp
o= L - &z Wistar ~ &2 streptozotocin 2 nicotinamide 3% % =
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FoRC imd g4 dpif 23 T RO R AL R R 251 3R
# > 33% RMD rice ~ 67% RMD rice 2 100% RMD rice & R 4 %] 12
33%-67%2% 100%7% 7 £ti) P 1§ TR AR KB E 2 K K
EdkE T koSG A FF AR e (S > 100% RMD rice 22 # & n
ﬁﬁ%“%’ﬁ%i LEFER > BEFRRC 2 (P<0.05) - 67% RMD rice
% 100% RMD rice 2 % & % Fut 42 & & % 1>t RC = (P<0.05) »
1m%RMDmeﬁiﬁémﬁiﬁﬁﬁﬁﬂﬁ%ﬁﬁ%&ﬁ%ﬁg
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100% RMD rice ‘e 2_ 5+ B ARk & A % fH 46 3 i (P<0.05) -
33% RMD rice ~ 67% RMD rice %2 100% RMD rice 2. ¥ { "2p2 )k &
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The purpose of this study was to examine the effects of resistant
maltodextrin (RMD)-enriched boiled rice on carbohydrate and lipid
metabolism in type 2 diabetic rats. Thirty-two male Wistar rats with
streptozotocin/nicotinamide-induced type 2 diabetes were randomly
divided into RC (rice control), 33% RMD rice, 67% RMD rice and 100%
RMD rice groups. Four diets were modified from AIN-93M, and the
starch of RC diet was totally from boiled rice without RMD, and the
starch of 33% RMD rice, 67% RMD rice and 100% RMD rice diets were
33%, 67% and 100% from RMD-enriched boiled rice. Four groups were
fed each diet for 4 weeks. The fasting plasma glucose and insulin levels

in the rats fed the 100% RMD rice diet were significantly lower than that
of RC group (P <0.05). The levels of insulin resistance in the rats fed the
67% RMD rice and 100% RMD rice diets were significantly lower than
that of RC group (P <0.05). The levels of attenuation of fasting plasma
triglyceride and total cholesterol in the rats fed the 100% RMD rice diet
were significantly higher than that of RC group (P <0.05). The hepatic

triglyceride levels in the rats fed the 67% RMD rice and 100% RMD rice
diets were significantly lower than that of RC and 33% RMD rice groups

(P <0.05). The hepatic cholesterol levels in the rats fed the 100% RMD
rice diet were significantly lower than that of other groups (P <0.05). The

rats fed the 33% RMD rice, 67% RMD rice and 100% RMD rice diets

had greater fecal bile acid excretion than the rats fed the RC diet (P <

0.05). The levels of fasting plasma glucose, insulin, triglyceride and total



cholesterol, insulin resistance, hepatic triglyceride and cholesterol in the

diabetic rats were negatively correlated with daily intake of resistant
maltodextrin (0—2.7 g/d). These findings support the conclusion that

RMD-enriched boiled rice can significantly suppress hyperglycemic and
hyperlipidemic responses in type 2 diabetic rats, and the suppressive
effect was positively correlated with daily intake of resistant

maltodextrin.
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£ R FEL%)&]@:}%A COF R ETH e o A PR A R T R S
% (Zimmet et al. 2001) - p XA F4 + - & 42> WA s B A S
FF 2w i, pgH ey LT mﬂmﬂ_?ﬁ[ﬁ_j ~ R P
FEF B LARM (T ok s 2008) SR A EE S SRS R e
F 2 AR 8 AT RO B 2 90~95% 0 5 e L & SRR AR
A o AL Ap 8 50% L ek 2 AR AR R T AR d U s 4y
F ke & /]% (Diabetes Control and Complications Trial Research Group
1993) > @ 3 4c iy G KA ET R 5 2 ABFop LK Ho gz o
P35 /& & (Chandalia et al. 2000, Funnell and Merritt 1993, Hosker et al.
1993) o

G RRT OA LKA R 2RR R > 4 205 R PR
HEAREB R BARMAAG AURA MR ET E M e B2 L g
# & 2_ — (Dikeman and Fahey 2006) - ¥gif * & T k4 5 4 1 W e
KA R Rt A IR 2 R R R T T L AR
o AT T TR T ERE AR B2 L
g et 2 (Tokunaga 1999, Wakabayashi 1999, Yuka et al. 2007) - ’
Wolever £ A 3 25 BT aBBRE» afdma* > 3\ jp3t e g

FPorBatrtadd i s M aRARE NS mar 3N Mg B2



Pgere 4 B (Wolever etal. 1991) o o 3K AKX S Iy Je el 820 — >
STIUFE D R TR S TR et R ) R e S e
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Sk

2. ge 4 EM o H 3
o s EREF P F 2 v Fenti @7 & 4 (Gropper et al.
2005) -

Wy 1997 # 2 B4 & ¢ (American Diabetes Association,
ADA) s Fom 2 8THRSE > T 8 T A2 0 ¢ e - 3 7 xR AR
o RELIS- X B o (1) 7 B ARm 2 8 Al o e S s )
P gL MERFE S LY EHE R FREA 2 200
mg/dL > (2) % Hs % H FHER =126 mg/dL - (3) L T5g IR §
Wedt X i Bk 0 2 IS 3]%%“%’#%%)% > 200 mg/dL -

AR L ETRE A R A s BOREE A B g A 3T

&

ok FpREL P 0 S URP R

AN

a2 S e B AR

):/
’ Fq:

7

"‘_ﬂ_?ﬁ.}?—" BT o fEEY AET 11%/9’]'\

Fath B cnf T g 4 s g v ¢ 3 4e (Kendall et al. 2003) » izt A&



TR SR e AR B ¥ AT TRl A RS
T A fE (1) 2% R W (impaired fasting glucose, IFG) @ 7 *f
wopEk AR =100 mg/dL e <126 mg/dL - (2) § § #E@& < % 2 (impaired
glucose tolerance, IGT) : 75g v JR % § #7t X 3% 2 /| PFFis o jf’( 35
)k & =140 mg/dL fx <200 mg/dL -

Wl 5T a5 1 3R (type 1 diabetes) ~ % 2 A4
M (type 2 diabetes) ~ J 4 4% /s (gestational diabetes mellitus, GDM)

2 46y

Sk

ZURERETZY EE S TR SR

RGHFR2FL 5 2ARRPBEERG RIULT F G R APHE
ERAE RN I AR SR I 4'§£%+%ﬂ'\fﬁ3w A RIEE & % A ¥

Pz e A e c AP L Ap A BB A EHE B RF E G 5~10%
i g -g BB = % 2 414 Ao (Chou et al. 1998) -

ERB BRI ek 5 e S HE RE RS R
BESFFRACFRERSEGF O IEE o REF RS FLE

BESFAIRAFLEABETHR AR H s § 0 HH ek

—i

SRR o BRI A R E g ¢ MY # (ketoacidosis) ~ F % B B
% = &£ (hyperosmolar hyperglycemic state, HHS)% 7558 5142 4 o
B MARNEDERES R AL FRE L PR TR

(Franz 2004) * # /s &5 % B % s § B 5 20 op B 62 ~ 4
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(Haffner et al. 1998, Kannel and McGee 1979) > & 2004 & & # {2
©adn G 50 ~ 80%% 2 AMEAR & F 7 ak F A H(Wild et al.
2004)  Fp 0 Sk FAEKE S EH 2 ABRRBDLE S RF o H

*%%%%ﬁﬁﬁ’wiﬁﬁﬁiﬁﬁﬂlﬁéo

B

g R % fﬁff\ffs%ﬂ (international diabetes federation, IDF) iz 3+ »
2007# 22 R20~79FK A o ¢ > K5 e Fa FE ARG OBL
o BEF560% FR2025EFHF AT ZRNFE O FEFS
7.3% (IDF 2006) - & p* 3 4c 48 x 02 37 7% 3 ¥ B 5 B ¥ (Zimmet et al.
2001) e PRI A F2002E 2. = F A L E R B0 ARISA L AP
W2 B RS 5 T747% (R R B 2002) -

1999 ik i ko TALRE T & Eio R AEAoR 2 B E B R AL F R
RN ERE TR VAR 5 & S LU R R
% (Lin et al. 2004) » % R96E & 7~ >0 4 Fofm enih A ik 102314 > 7=
TE G284 > TR ]511>227f/)j‘ pLA TG MRS o B A9
EFE LU TR PR PR E R Y S T E L
F]P AR B AR SRR TRARE B BLLAPM (Rt

2% 2008) 0 o 1 F Ao BRI TR PR AR e R F R



B0 L0 MBI RO AL EANPE RS RE P T R

-~ PR 2ABARR

“F O RS 0 990~95% 5 %2414 ffs & (Franz 2004) o o
WAFA TGRSR A A R AR LR
Bdtm2 - o BL B 96.7%HE s b F 5 % 224 o (Tasi et al.
2002)° 23R IR R FIAR g AR AR 0 T oA d il 8 N AR R R

ralde e FF SRR FIE G AR R T GldoiEPoiE AR E R

Adichd B E 0 2003 £ FAEARES € 4p 0 0 kS22 R
A& pEFF L (1) REF R ~(2) EE~(3) K PESE
FE(4) BAREE Bl AW R ERA G LT FERA LB
FHA ~(5) BIFGRIGTH R ¥ ~(6) B B ~(7) B % &% v
e EE A <35 mg/dL ~ (8) F s B ~ A AR IATE O E
L3098~ (9) 5 E ML iz (ADA2003) -

¥ 2R Ao A TR G R L S B e A e § R BT

¢ % (Ferrannini 1998) % § & Futt L4 9% § & SR 120F 14



LA ZERSELE ZERERED DL ¥ BFF RPN %G
FOER &2 AEDT ¥ DEIF B (Kahn 1978) % 231 ¥ A <7 s i
RV Lz B
Fo G F AR a BT o

THEFRT L ZFERFELBDEH BFLBET Y
% IR A %hﬁ,wgﬁﬁgﬁiﬁﬂ’&%%%ﬁm%%ggm
L feavh g & kivr > waFoe g ¥ (Pratipanawatr et al. 2001,
Tripathy et al. 2000) °
oW R RN E o

L S B G RN PR ST Y
%% § 5 #aX 3 2 (impaired glucose tolerance, IGT)» 132 18 % x
#I % (Tripathy et al. 2000, Vauhkonen et al. 1998) -
FZW R 2R

Efp g 2l € 2 A me AT A k¥ § P e ¥

BN R N E A ﬂ\’»ﬁ*#ﬁ %17 &_ (DeFronzo 1988, Kahn

2001) + $ Rt R I ARIT LI IR
BT % 2 AR 2 o B R 2 AR AR e A B R ©

RN S e RIS H UG LR S AR GRS EC R MRS T AR B
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() %5324 @55
1. FEA & 3
e EPEE - YRR PR

RE ARG E KRR R e k%% (brush border
membrane) 5 S A - FHEE I ( Na'-glucose
cotransporter ) #7: ﬁ?@ﬁ%}" PR EFREF L RBRY > A
CRC LR SRR AL B ﬁ%l (carrier-mediated transport ) =77 3% &
d B 5 4 ﬁg?] #v (glucose transporter, GLUT ) #-953% ¥ hj §
¥+ ~ dmre 4% (Gropper et al. 2005) - GLUT P # % .5 64
ot B R H AR ReavE A4 & £ 5 GLUTI ~ GLUT2
GLUT3 ~ GLUT4 ~ GLUT5 % GLUT7 » GLUT64-GLUT3 % 1‘#}{9 fF o
e 2 £ 7 it (Gropper et al. 2005) © GLUT-14vGLUT-3 & -1 73 #3¢
Mg e FLRE R p cnimre ¢ > A B G a0 GLUT-27F 3t i
B TR ] R OLERBAm e P GLUT-44 & 33 A3t ~ g9k
‘Pz @ GLUTS % 2>t % (Gropper et al. 2005) - 54 7 #F >
GLUTL § % A# % % #3# » (basal glucose uptake ) » GLUT4 7]
BOL G FTTI ey FAEE O APM o FH AR el 0 ik



(glycogenesis ) » # ¥ Fr4 |3 F5 g & 474  (gluconeogenesis) ¥
* 2 AFEE L f3 (glycogenolysis ) 0 i a2 iTH {8 0 T RS
w ¥ B Oy FHEERNKRGR LTSS ¥ #F (Gropper et al.

2005) -

2. P TN

R FHAT AHL AR EL R APk e e T
~ f% (lipolysis) 2 Ei& 3 5 & = (lipogenesis) » % & % 2 #77%5
TS RS FRA VA DM Go %) 7 8 ol
% #Egcp* (phosphofructokinase ) ev/& 1% » B 323 4v ¢ FEdf fir A
(acetyl CoA) > ¥ ¢b » 3% § % .. € WiB [ Ak fk s (pyruvate
kinase ) =E > W 4emifi 4 ¢ (phosphoglycerol ) 34 = - ¢
Fedf BRASRRRCH b % S P & S m SR ot g H S g R d
H o T R EHR AELR S 0 BB Y Gz R W g B e o
THERT MR EARD FERBER L F FERK
) G A FRT I G o FHP R, AL B
Fahmie U o 2 PR B nd a0 R F R E SR
B e R RIS SR RN

sv (Gropper et al. 2005) -



(=) %270 Ffop 2 PEAT S R
Ul B e A B 4 TR ERE s gk
i RLECIE NI I W e ggm—s%}%%ﬁr%&i E% 3 4e > H 4o

Ty msOoTEE D ER S5 4R 9 2 (Basuetal. 2004) -

(2) %225 I PR
FL2AMRFRA BT AR Ao 5']%3 i ¥ fig

(triglyceride, TG) B & + = ~ & % & *3 39 "2 Ff% (high-density
lipoprotein cholesterol, HDL-C) k& "% )2 2 & 4 gk d| 2
BREF DNR R v 2R (low-density lipoprotein
cholesterol, LDL-C) » 12 3> % 2 3|4 7 BF g felion
¥ B gk % (Ginsberg 2000) « 77 3 # 5 2 Ak fop & ¥ 2
i jﬂ"’: TG~ &M% & "5 39 = fa4 ¥ fig (very low density
lipoprotein-triglyceride, VLDL-TG) ~ LDL-C }k & ¥ < % ~ HDL-C
RRTEM > Al P R YA F R IO S R B

(Kuusisto et al. 1994) -

Rl

FIRLRFAELL FRLLY 2AM R BT 2
£ & o5 32 45 H(Ginsberg 2000) © % 2 34 Ao 2 9% 5 & i &

¥ % VLDL k& = 3 i & R %15 TG % #48% 35 B-100

10



(apolipoprotein B-100, apoB-100)4" ;& 3 4v  (Ginsberg 2000) - § %
AW G FAEPE 0 g dEd T kTR TG #f 4k @ i VLDL &
B e (1) Ta R R B4 o 0 A B R4 Rk 0 R
WL 4 X @9 X VLDL © (2) % % % ¥ 2 47 LPL ik %] 4
BNERE LR 3% E2BRFIANEE ZIRMEF > ITE A
® g REPR LK 2 g 39 fqf2fF (lipoprotein lipase, LPL) & ¢
%1 0 3t HE ¢ VLDL ok %4k o SR~ § 8 TG it ik
fe At @ i {3 SAVLDL-TG 2 5 % > i+ 8RR
B & % $  ch VLDL-TG & ¥ + 2 (Merkel et al. 2002) »
ERZGERTEIECT I £ RS 2 N A B El e
(hepatic lipase, HL) 7#4:2 % 52 = 3 B R "q v "2 H %
(high-density lipoprotein cholesterol, HDL-C)jk A& "§ < si #]
(Ginsberg 1991) o i & 3 5 HL /5143 4 » X873 30 A-l
(apolipoprotein A-I, apoA-I)z_ 3843 4v » & HDL 2 i 3¢ 5 3
S o
MR '*“"T‘ FORHR AR AR AR TR Had - BHA A
3R P v & X B (low-density lipoprotein receptor, LDL receptor)
LI FE L hh d o % 5 F 3 & LDL receptors & Flehd 3R

(Streicher etal. 1996)  #7 T 4 i > FRE B fjm & (P& B % g
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%é%ijﬂﬂLDLnﬂiﬁ%gﬁl%(Km%mml9ghoﬂig-%$w4gf§@
LDLh % & 3 4e > A d * %% B A% fn 838 3-v (cholesterol ester
transfer protein, CETP ) % i o CETPa: # #2VLDL g% 54 i fic e -
TG # %LDL>m & 24 § # TGZ "6 Ff fia 5 > ¢ALDL » LDL¥

TG ¢ #LPLHL K% » & 2 3| 2 % & #28 ¢ALDL -

EF2ARRRLE QiR
WA LRES S R ET Y 8 R ERp Ly
Flo g BEFEERBDOBAREF 7T ALUALSHEFRIH £

£

\-a:k
ﬁ
s
"
E
@
‘5\
‘%ﬁ
.A.‘_.
"S
P

7 % ¥ % is% (medical nutrition therapy, MNT) & #& fofm 3241 =
PEE R - TR b A RARREOERBE P AT g LA
LR R A RO e A S R R 2 A 4 L
R 4 BEP A& 2D 2§ 13 dup AT R IR A
g Frdlseid Pl if oo b B (Funnell et al. 1992) o gt #F > A3 7 4

R B Gt £ ook G W E PR SIS B

_

Mem iz g A A o Tl o MR R S T o e B g S

ol o R R D] e A A A A E R A o
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W2 AR EERMR R Y 45 = L iofdp il ¥ = % (National
Cholesterol Education Program-Adult Treatment Panel III, NCEP-ATP
) » @ M4 PR 7] 8w b B AR P % B ' 0 i (NCEP-ATP 11T
2001) o A% S 2F K 40T
(1) Fo AL EME 2 FHUEH S 5 0 -

Q) Rkt &4 b B 50~60% kihkE Bd AF L AR S
MoK FFREDEEE S FEE kK

(3) v FHkREHE 510~20% o

(4) Ak EE 25-35% (g R T REE D T% 0 T AT A
foigipmfate B 1 10% B ~ % &g mpide® 3 20%) > "2 F R E
TRl 200 ® R oo

(5) AT T 20~30 25 0 B - LA HuEKBARR o
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o~ F 23R AR B S

ArFovAoeFoR -BPFFHRE2 A% n P Ok
FRET R ERG () FEREQ ARELO) FRT T -
OFEFEER

Streptozotocin  (STZ) = % % # "= — ® B f %
(glucosamine-nitrosourea)z. i &£ 4+ » € 35 DNA @ i = ‘wmPz 3 4 >
G STZ B2 ¥ ¥ #4p 1 » 7 4 GLUT2 3% 3 w5 p > f STZ 7
g s GLUT &i¥ > Flgt STZ 30945 B e 3 ApHFR I L
(Schnedl et al. 1994, Wang and Gleichmann 1998)-Nicotinamide +# 1/ i%
LB P hmfe LN W 0 ¥ A BB F Bk~ ¥ 04 IR nicotinamide

TN P w20 4% 4 it (Banerjee et al. 2005) ©

1998 & Masiello & A = 3 ¢ > # Wistar & % 22 B /3 &
nicotinamide (100 —350 mg/kg body weight) 15 4 45 s » ;L %+ STZ (65
mg/kg body weight) % % = % 2 3|# i~ 2 (Masiello et al. 1998) -
2002 # 3 ¥ % 1473 5 nicotinamide (230 mg/kg body weight) 15 4 48
(4 » 2 # STZ (65 mg/kg body weight)i F = % 2 AR fim = &> @ &
“RHEER o B 3L i BERES F 55 (FF 2002) - 2006
# Chen % Cheng ¢ i Masiello 2. 3% ¥ = ;% » #-% B vl 5

nicotinamide (180 mg /kg body weight) 15 & 4&1s » 12 M3 & "L 53 &
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STZ (45 mg /kg body weight) » B Fg 1 2 {5 » £AFFEH I > 2 F &
Rl §Z e BEAR 10mmol/L - i X2 5 % 2 A1k
T ehw = (Chen and Cheng 2006 ) > %> ;A7 8 % 2 A0 AR T

CRAERTE L BR T R A Ra 2 s o
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>
»

§ Raga

I
kg

- ~PHESRRE AR EER

2002 & £ FFEFIE & 8 55 FE - 0 g BRAZ B

P
BN E L GRML B N AR A R kRS SRR A
T % 0 ¢ 355 4% (cellulose) ~ & & & % (hemicellulose) ~ + F &

(lignin) ~ % %} (pectins) ~ &4 %% (gums) ~ B-F F § pE(B-glucans) ~ % 4
% (fructans) 2 #f7j i ik §s (resistant starch) o @ 7 it M8 5 © 4 4

B EB RSNk RAR s PRI H AN A

¢ 354 7 B (chitin) ~ ¥ # % (chitosan) ~ ¥ # (polydextrose)
pE A= B T

» & (psyllium) ~ ¥ it & #F (resistant dextrin) & (Food and

Nutrition Board 2002) o

HAREV AL RBE aR s 2R a R E s i AR

KPR FROERBME F 2R R2R R kAR sl & 2

.’B

{%B}}é 7}’@#‘7’ ﬁ;;k*.? , /,J\(/\;I"}N;L/—\\lff‘ ;a_ﬁ%{;g_.% %?ﬁ‘
% 2 — 1 X g% % (Gropper et al. 2005) o + Wi it 4 & T30k pF

2o

Pl EARE AR PEAHIEIESIR o bldo ] FRA
(Wheat bran) i & 7 4 ka4 G484 » A # 44 (oat bran) B

4 S kR SRR (1 2002) -
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SR SRRE T 2 ARER
MRS SRR T o B AR SRR DRRT U MRS
2 414 A e0h % (Salmeron et al. 1997, Schulze et al. 2004) - #% a5

Lo RIS AT RIS L EE RS L R

(;%

B BRI AEDTY 5 F BT R S § F gt 14 (Liese et
al. 2003) o 4B o2 Ak G ok ¢ 0 B4 B R E A S SRy

R AR OR B 2 MR 0 2004 & Yusof ¥ A K4 ¥ 2 MR

PRgeY 2 adar o B#T R ARV i F 2ARGRH ) R
Zon R Ak B % & % g 1+ (Yusof and Said 2004) -
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RBEHE GHET BB T R M) ERRBER 0 T

Fp 0 kin @ B g pedlen e fE 5 Fla R R
A AR P YR R R R AR LA YERE R f}:i_)?»‘:);rﬂgg;%
BORC P R en s A7 5 (Fernandez 2001) o g4 ¢k SRR 4R & 4k
AV BB EER S S A e H P R D M Tf;z{ R
# e ek A& (Jenkins et al. 2000) o { F A7 3 47 1 0 KA &
BHlheEd w b oeng L HRTE R AR A BT i S R 1R
’¥{a% (enterohepatic circulation) F]m *# i *£fL fwx jz (Trautwein et
al. 1999) o iTa kA M SR A B Y § EIERLE L P R R
(micell)@} = 11 2 ' i H & 0] 5 ¢ sz > Flam ¢ a8 { § e
Gg L e Glhed § AL § M KRR R N 0 2 B 05 B0k
i deoxycholic acid (DCA) et 124 & o ik » F2m+ 4 ¢
Bp 3 4o PERL P ) 2 3 4 chenodeoxycholine acid (CDCA) % cholic
acid (CA) h#& % (Marlett et al. 1994) - Ardpt o &S A EE
BOEFIME R B Z R 0 e DA {E 0 B D B S R B (R A
¥ AE ¥ A 4o 3758 ¢ cholesterol 7a-hydroxylase (CYP7AL)shiE |2 %
mRNA % L& F]pt )% s g g il ’H—J‘I% M F MR RL chd e

Foo @ RER B AFEERR RIS %o BT AL 15 B N A T A H) 4o R o
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& & > Fa iE % MEFRE % (Horton et al. 1994) -
R A SRR AR A S SR RN [ ) 3 SRR -
%%(Gerhardt and Gallo 1998) » X @ » 2L-k;3 M5 & 4R A3 "E E g on
SENENE AN R R e E e Eey ST ALk LA
i £0RBE T 0 2005 # van Bennekum ¥ 4 754 25k 145 EE E LN
Z VLY YR E AR chdp B4 0 84 cholestyramine § (¥ 474 k2 (positive

control) » v $ 2tk A M G gk T MR R A B BB o

Cholestyramine £_% & "8 "2 HAs % & > % 35 < (F% L g3 iy o
B3 R BRGNS N A T IR VER G B R N YR Rk

)‘;,Hj_g}ig,j';;g% ;P‘}:ﬁﬂq‘- prglel ””‘Wﬁ?miﬁf’“osﬁi/{ m;&;#’_ ,

Mg S rER cn £ 4 (%35 H 3 BT o $NIE B AR F R eh

o

{
HAE 5§ 304 ehiE* (Vahouny etal. 1980) « @ ft F % ¥ » 2ok 3 {4
L8 4 4p 3t cholestyramine o 1 B § B AERL L a4 o pLoob T

FILFEP- 2L LR M s e C5TBL/6 /) &

B
ki
|l
e

:
k]
R
=

D

FanFlaze kM adRLy XL FAa R MR EL S
PR R A i B o i TR0 30 5 B i eda ff (van Bennekum et al.

2005) -
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RN Ky Y LR

BARENL IR AP R AR B AT E AR E W
FI% R EEEE AL 9% 2§ BB & F o k2 Ea v (short
chain fatty acid ; SCFA) # frx(acetate) [# f&(propionate) # 7 fi&

(butyrate) & o BEpEZ kMR s R B2 REH Y 3TV R PR

\

R 2R B SR e F A B IR A e R e B 2

\_\

Adr LEGATIRELA 2R Y > T P d BH ST IFMER S I &
4 STAFERP 4 ?gqﬂnrfnqﬁgrﬁghg ,g»ﬁp;i}}% ey SRR Y D
PR FrATRIERIME S F ML L S0 TG BN A R Ly
(Anderson et al. 1995) o fig fix feu i # b 58 @4A P VL 090% 0 B

EAEEE rg s A 0 R~ B IEIEIRS 0§ 20~25 % TR

~

MR ETR A T B & i S IR e it B 2 ik

‘3\

N~

2% mrz i £ (Roediger 1982) > e d *t72 i S8 b % ¥ FaEan

A EHAA Esan sy £ AR A HAMTG A

WA LI N EET R SR g R /P R
(acetate/propionate/butyrate, A/P/B)tt & o — LB~ A F it 4 8 eh%
;é—f; » Hg5 Y G A/P/B Y E S K G 60:25:15 0 @ FEBKE € MR T
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AR HE A RP-F RS BRZH e gHTF WRDAES F RS
Fakafrzn? APBL69:21: 100 7 2 g akaz o
K2 & ® APB A 92:7: 15 d po7 4 K4 % & 5 a7 3
b PR 2 T ek & (Maczulak et al. 1993) 0 ¥ 3 B 7 5 % BT o
a7l e HaEgainiap g 4 iz 23 9772 o KRB
SHMZE IR ERE YRR AR T R R
ER B ER A BB AL SR ER e Y [

fe ek & (Wang et al. 2004) -
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e & Epy i TR

- ~ @3 E it 4§ 4 (resistant maltodextrin, RMD)
gy it & 7 (Fibersol-2, Matsutani Chemical Industry Co.
Ltd., Hyogo, Japan) 3 #- 2. 5 ks S5 B EL ~ 4o 44 2 o-amylase &

glucoamylase -k f# S 17 31| s &4 &-(Ohkuma et al. 1990) -

S ETEETRRLAIER

BBy LY CmRP R 90%5:E Ak H
AL RAMRE BIERE o KiBiRiFiETe THAFEL
2000 Da ° 3 it (& T dF 2 7 v SHEdc Rl - ron o " 237
WA CEEE Y o4 % o-Lo BHEES S - PG F aAR
Bk B Sreha & B-1,2 2 13 AEH AR T B R TRl
EpA A BB o gy it 1 TR 2 B R K > 30°C 2 30%3R)
U & Tk okia R 2 AR S 15 cps (centipoise) ~ ££ T F 0 F]

i & Py Ao eE 3 8 %% 404 ¢ (Gordon and Okuma 2002) »
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H:OH

H
—0

cron OF CJ-I:O
0
cmoﬁH o OH
BEH™

- R TR T S

RN+ 47 AN R R EM Y]

By TR ETRRREIRNESF S S F TR RS 2P
(generally recognized as safe, GRAS) » % - % - g & hfl g = o
B S T A 2 B Bk SRR RERER S S
MR L F 2 Fh o A5 REH&RF % i)

M TR EFHyr Tt 2Rt > 2 g Bh#S 2 HIGE% T

‘:E_\*
m

SiR-313 I 22 w3 B A2 %% (Ohkuma et al. 1990) -

SRS TR R
TR AR SR PR RS B e s AR

§EELG TR E B & AT~ 4t W Bk & 2% (Ohkuma

et al. 1990) -

23



I gL E P

B YRR T M A R FoEH R R
% =] A% )k & (Nagata and Saito 2006, Nomura et al. 1992, Wakabayashi et
al. 1991) ; #rd]~ B& 1 5 % = fa4 7 fig ik & e0 2 (Kishimoto et al.
2007) BB X EE HPEL LS TR o T RE RS B
w R E FF =Y gk Rt 2 (Kishimoto et al. 2007,

Tokunaga 1999, Wakabayashi 1999) -
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Bsd
i
s

b i

¥4
|
d

§ 2L % HER

Z2 14 Wistar < &
2 streptozotocin (STZ) / nicotinamide
HE N2 AR~ B

O %) RNk
BB (N g HAE 4 i

B a1 A et b2

> ZEEE WA REFER B R A Y MR

Rt v SRR R A
na—”-‘ iaea fig % ﬁgﬂéx},‘]ﬁg/}%&
3. £ 1 v 'H—'ﬂﬁ?& w W A

-1
RN A

w3t zﬁd“ﬂ}?ﬁﬁﬁﬁﬁ%ZW%%%%ﬁ

PELE 2 P %ﬁ— R e
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CER N IS

- > ﬁ:‘,#}r\;”:‘“
7iEds ~ 22 Wistar + B> € 5 20010 Bp &~ F

Blf ok oo
S RS FFD LA R
i EEP 2 48 EP 2. & B4 D Rodent Laboratory Chow 5001 »

Eifl %”‘ %ggr}%?,%ﬁé;l';tﬂ FININI)

C R A

10

1. % Kk (cornstarch) : Roquette Freres i& v U.S.P & 1. X
Bafe 0 2B e

2. f& 39 (casein) : ICN Biochemical Inc. > # F]

3. * & (soybeanoil): &AE2 P I EF2 X BV 0 £

4. FH4 R £+ (AIN-93M mineral mixture) : ICN Biochemical Inc. -

2H -
5. a4 28 &% (AIN-93M vitamin mixture) : ICN Biochemical Inc. °
2H -

6. L-cystine : Sigma chemical, C-9500 (St. Louis, MO) » % & o
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7.

€ F)% e *2f4 (choline bitartrate) : Sigma chemical, C-1629 (St.
Louis, MO) » £ | o
%% (cellulose) : ICN Biochemical Inc. » % B
5@&“H§7H%$ﬁiﬂ/ﬁﬁdﬁﬂ}gﬁﬁﬁﬁ
RHEEIERFFRLT > 2 F & £ 200 25 0 F FERY L
FYRMBATLTE L 13T 20 S YoM B
e ”J‘“Eﬁ/ﬂ L TR RAARR o £ AdeT DY E 66.3
Doy HAE3905 cER205 B 1625 s FEE L6 S
B EFL65c BE L6 o kL 1.6 (BT S
TAWZER) e SHAv 2 ¥y it E Mg P A~ Matsutani

Chemical Industry Co. Ltd. -

T~ AT R

l.

A& A A
n-hexane : Sigma H-9379 (St. Louis, MO) » # ] -

Copper (1T ) sulfate pentahydrate © vk %1 £4Rk38 4L > p & o
Potassium sulfate : frk &1 £4k;\ ¢4+ > p & o

Sodium hydroxide : Merck > & B °

Boric acid : Sigma B-0252 (St. Louis, MO) » # B o
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4

Heat stable a-amylase : Sigma A-3306 (St. Louis, MO) » % ] -

Protease : Sigma P-9910 (St. Louis, MO) » # & -

Amyloglucosidase : Sigma A-9913 (St. Louis, MO) » % F] -

. & B & F ¥ : Randox glucose kit

J\
. X fo': %3, £ % . Rat Insulin Mercodia kit
B jﬂ"’( 3 3FE FAg ¢ Randox laboratories kit; CH1350

.ox B2 O3FERZ AL H % fig - Randox laboratories kit; TR210

A

¥ if ¢ % ¢ Randox laboratories kit; CH1350

¥ q *2p& : Randox BI605; Antrim, U.K.

CRERA

. &< % Himac Centrifuge, Hitachi

£ A 3w % 0 Edwards Instruments Co., Australia

. -80°C4z 8 4 i # : MDF-U52V, Sanyo

-30°C 4 % #% : MDF-U537, Sanyo

AR P RRE
E

M 3 1 Microcentrihuge tube, Labcon

. HeE &1 B Micropipette, Gilson
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9. #Mcgf g - Tips, Greiner

10. KB ;%4 § % © Aspirator, Tokyo Rikakikai Co.
11. *#45 : Drying oven, Sanyo

12. & # % T : Mettler AE 200

13, G 4gags ¢ fr g SR

14. -K;# % © Constant temperature bath, 3 % & %
15. f&# A 4% 4% t% : VERSA max

16. ¥=2 % # : Polytron, PT 3100

17. # 40 & 47 & : Hitachi, G-3000

18. Fris il ¢ fofi g
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>
»

T

¥ Bk

- ~ BRI

FH 32 8 7ik# > 22 Wistar ~ & 0 L4 & Rodent Laboratory
Chow 5001 5 1 ¥ e 16 > L &EFZH 2% 2B BEAF
BEIPE B AR 4 F 8 e FEAY 4EDF &K
- B E S 4R FREINY F AR 3E5% (intraperitoneal
glucose tolerance test, IPGTT) » % 4 ¥ e b~ HE{ » SEFRZ S
o RS HWE TR BS gk DR TR R R o

—? r%% /:‘L %Erﬁ;] ‘&r,"[ :

i A EXEY T 2
| |
| |
-3 -2 0 4 F

S R ERAE

#- STZ/nicotinamide 3% 2 2. % 2 7| W < B A S 4 e & & 8
a
(1) RC (rice-control)

o EREBE T100% A RS LR T A AR
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(2) 33% RMD rice &
¢ kb 133% hp HFEHY LS TRAREK
67% FHp LR
(3) 67% RMD rice &
¢ kb ES 167% hp HFEHY L TRARE
33% mp Xk ARk
(4) 100% RMD rice ‘&

o B T100% A FFET CEE TR R

ERN- -2 2 8 8|

plpe gl 24 AIN-93M H & sgpe ™ » f & F 28y v & 5
HREL A2 - L2278 % (A- ) BEERY L0k
LB e § FEL VI TR AL B Y 0T g s 0 I
Breos #8 B ks 15 0 £ 14 40 mesh 3B & RiE & (5 0 % 2 B 5(33%~67% ~
100%)P~ % 3. ks e WAl o A BB &£ 200 ) AW B L L o
ME200 4 LEETERYRFZRE > A AL EL WE40 »
BB LIS ATF B BEAETL R4 CILEEY
PYg o F EARL e S A Aok = T o

* AIN-O3M R0 6Pifie = ¢ 5 B8 B b 4 £ e bl e o

(AIN: American Institute of Nutrition, M: maintenance)
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B oA RE P S TR

(1) 33% RMD rice % :
25 g <aspwps X 26% wpe5ipupasrsaie X 13.7% i rupitssae RMD £

:O9g < RE P2 RMD FE °

(2) 67% RMD rice ‘e
25g «aspwpg X 53% wposirmpasrrit X 13.7% i RMD 2%s#4¢ RMD § £

= 1.8g “REp#E2 RMD ¢ & °

(3) 100% RMD rice ‘e
25g «aspepe XT9% wpv i pupasrzie X 13.7% s rMpasrxs RMD ¢ £

:27g < HEp#E:2ZRMD 78 °

I ~EERBE 2

E LA RAEN T4 B b SRR RFN 211£2°C ApHIRA 5
55+ 10% ™1 p & 2 pF B4k 6 j5 % 0 06:00—18:00 3 % pe ¥y - 18:00
—06:00 2 2 - FRPT > pIESEZL K- FHRDPT > &8

4 25+05g F&AHFLE pd Ak TR X ebES

I
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* 0~ F 2B RmAE
%3 A2 5 L 1MLt B nicotinamide (180 mg/kg body weight) » 15 4

b8 £ e 8 STZ (45 mg/kg body weight) » BFFg 1 X {8 » £ 45 24 3%

2m > Y

& p #& > 10 mmol/L FF » 3273

2.

BFH 208 RIE G BEE

El

% 2 A4 F T ek = # (Chen and Cheng 2006) - 3% % ¥ & )2 Rodent

Laboratory Chow 5001 4% -

=~ VR R F AR 2% (Intraperitoneal glucose tolerance test )

-

PRk L 180 A4 F H BRI s o A AN F &% E G 12 1
14 /P> %3 PEHEESREFERES L BE» WEEIHET B

%% (0.5 g glucose/kg body weight ) (Pawlak et al. 2004) » 2L % % 0

bk oo L EF{S A W% 306090 120 ~ 180 A a4k & o i o BIE

L6 PR B L R R ARG RIRA S SR AT G
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AR R R R
1. & -

R F 28X F a1 & (120 FF)ts o 1% v pUR-H RAS (S 2
o p T REB R Bed iR 0 L~ 3 F fuEs A (EDTA) ShE % A
#0 34°C~ 3000 x g T AL 10 A4E RSB ) )g;irlj{:,ﬂ AR A

1 ® (micropipette) #-x J]‘i F MR 4o ¥ (eppendorf) #0033

-80°C z_ 4 /ﬁ;ﬁ » (FRfS A T

2. HJ—E;{{ :
R B2 (L BT 1 0.9% 4 RA Bk 2% f A
shigd e gpihie G R »ipfsg ¥ @40 2 BREF

-80CH Wtk UEER (A AT o

3. 1 ¢
FHWEL 10 > 52X e 1 KT > £ERE > Bjchh
¥ 8 60°CHME 20 ) PF > 0 Bres 8 B A % 0 130 18 40 mesh A

Pl o B~ AL RBH B30T K L ED AT
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1~ &
1. &z, — 8= o o 45

k& (moisture) ~ 2 A% 4 (crude ash) ~ 2 75 %% (crude fat) ~ 2 F-v
B (crude protein) ~ 3% & & & (total dietary fiber) ~ 2% 4 11 4>

(non-nitrogen extract) °

(3) % b % Fubhdn i -
(4) = Herq FEA -
= paH @ fg (triglyceride) ~ 34, *2£ F|f% (total cholesterol) o
3. S R A
= paH e fig (triglyceride) ~ 44,*2£ %] f% (total cholesterol) o
4. F g = L

® [+ A% (neutral steroids) ~ %, *%4f& (total bile acids) °
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Lo
[P 2 SRR I PAAR &
(1) k% (Moisture) -

Refr g AR E 0 TR E R 0 R R A 105C 4 v
overnight (M35 5 B) o [E X Bl B 30 37% m 4 4r 20 A 4518 > X T
FE 28 F B 105Cldate g 1) pF > £45 1 il fr 2 f2d oh
HEFRFFIEL (@ o) BFHFEPEES b ) R
B3 105C-4a ¢ overnight (%487 B) - x F BFEFI € (c

B)e B AN 4eT kA TR (%)=(a+b—c)=bx 100 -

(AOAC 1980)

(2) #2 39 & (Crude protein) -
Ll BE B AR R (a ) 4o~ A fEFLP (H - % blank)

4o 5B @A (KoSOs CuSO,=10:13% & 4+) % L Fipk 20 mL 12 4c

P

FE AT A

1:>i

REFTEREFISRS cAfrenzag kgl 100

mL - 2~ 10 mL/pu i%%‘ %%EF\ 22l },@%Xé\:)‘ 3 mL 0.4%
FERe (4p 77 A © Bromophenol Blue Indicator) » £ 4c » 10 mL ehéefo g
FUANEE S 2R e 5 ¥ 37C% 45 ¢ overnight o

Fe®x % 0.0SNH,SO4 i 2 F er? e I B3 4 ooz o e
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$ o jedif Wk R (b mb) e 4 0.1% (NHi)SO, 75 M fE -
(AOAC 1980)

5 O\ .
“:;_L_E? 2 ,}\‘ 'QL"T .

2 35 F (%) =(b—c) x 0.0014 x 100 x F x N.F. + a x 100%

o

0.1% (NH4)>SO4 (mol) = F x (d—c) = 1000

o

c: F ¢ HREISF L HEE (mL)

o

d: 0.1% (NH4),SO04 i 2ij 4 € (mL)

o

F: H,SOq4 mf&‘? ER

o

NE: $h&g & Blic (AR %7 ¥ llics 625)

(3) #2%57% (Crude fat) :

PR AL H 4P fr NaOH 4 #1 (3 R REDINRCE {8k~ 105°C
Wedh P® overnight (48 7 B) o R X B~ B g0 4 4r 20 A 4E TS o
A LFEE > 2 (5 F B 105CHFAcR 1 ) F o EAF L s 4
FEOHI F RFFIEL @) B FY 4o » ZH KR ED
OSC & (b)) M1 R pAEEL TR FiRAd > %
B P oo FgaRFg M Av » X 2/3 HEPl ¢ = (n-hexane) 0 B A K E 2

5L 95 Cieyn I8 P PEIL Y 0 RASKE BY Gl o BRI w T o

#rg dpFgte ~ 105°C#-48 ¢ overnight (5 BE48) - fE X F BFETI &
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E o(Ch)e BN 4eT igmnins € (%) =(c—a)=bx100° (AOAC

(4) #2 % 4 (Crude ash) :

Wb 3R e 0L o 4 B AL E a0 £ 3% ~ 105°C %44 ¢ overnight
(dhp B) o IRX BB 2050w A 4r 20 A4 > 1R TE > 2
(SF Bz 105Cudasedt || P> E4F 4 b fr 2 fof s B K
B EIEE (ai)e MEAAA (3HAK) HAEERES b L)
SR RN 0 2 1 r 5SOC AU A it 18 [ pEII L o A YR
BT 2000 T SF B gh o 2k~ 105C U4 ¢ overnight (%5 7
B)efpx F REIFIEE (c )

SEOR LT a5 R (%) =(c—a)+bx 100 - (AOAC 1980)

(5) # &g (Total dietary fiber) :

HAtk& (@) B » pH E 6.0 2 50 mL phosphate buffer *» >
4v ~ 0.1 mL o-amylase ;2 & F + 4875432 95C-kip P 4o 30 & 45 -
42 i > 12 0.275N NaOH A pH &2 7.5 £ 0.1 > 4 > 0.1 mL
protease # * 485K 0 3 60°CRiE ¥ 4o 30 A 4o 4 4T is 0 12 0.325N

HCl# # pH & % 4.5+ 0.1 » £ 4c » 0.1 mL amyloglucosidase # } 4
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4

Ji

ES
=L

X

FEHM > T 60 CRip ¥ Sedh 30 A 48 o sk BT {8 R R

P
\*:t

A55g 0 T4 » 95 %iFWE (14 60°CHE £ iF) 300 mL > TR o 5
ez i8> = #5VBL iR 0 X & A 12 60 mL 78 %iFpH ~ 20 mL 95
YoiF ¥ % 30mL 5 fk 4 Bl A o TR R AR I EE 0 TRl A
i (525CH i 5 ) 250 F2 8 TEREEHETE -k
PFiTse Fokd THBE E 24T
A=(HRERBE)—HRERLTY T E—HRERBAFEE)

= (FOeRATHE)(I—FIRATOF FZE —F0oRAAR
Tz )
TDF = (A—B) +a x 100

* phosphate buffer = (1.40 g Na,HPO,+9.68 g NaH,PO,) / 1L dis-H,O

(AOAC 2001.03)

(6) #£% $# 1'% (non-nitrogen extract) :
1 100%i 2 kA s g Few B de g e s e A 2 g Ay

EATEZE A S o
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2 i
(1) = fo( FAERR AT

F1#* glucose ¥ glucose oxidase (GOD) ¥ s » A 4 enH,0, £
£ 4-aminophenazonetphenol % peroxidase (POD) eriglit & » 4 %

4 ¢ ¢ quinpneimine 4+ B %%.E; BIE NS Fama kB kY w gD

I

Glucose + O, + H,O  GOD Gluconic acid + H,O,

H,0, + 4-Aminophenazone + Phenol ﬂ» Quinpneimine + 4H,0

F 7B EFA 2 (Randox glucose kit) » B~ 200 pL = reagent
(H ¢ 7z phosphate buffer, MOPS buffer, phenol, 4-aminophenazone,
glucose oxidase £7 peroxidase) 4¢ » SuL & ¢ R £393 » 3 37CH
BTFEE2 245 T3 E S500nm Bl FX BRI o ¥ it v 2%
EARE S BER T R B R T AR AN BB R -

Blood sugar concentration=(Agumpie/ Astandard) X 100 (mg/dL)

(2) _\L’J\% EE2ER AT
# * Rat Insulin Mercodia Kit i& {7 & 45 o #_1¥ enzyme-linked
immunosorbent assay (ELISA) 7 j& » 5 LB~ 25 ul e+ &l 51]%5 ke

EEEE R 2 FRLE F R aicE A7 P 0 2 {840 & enzyme
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conjugate solution &% F & & 2 -] F¥ > 41 * wash buffer ‘PF‘- e 6 =X 18

4 »~ 200 pL substrate TMB ¥ J& 15 4 4 > # {4 4 » 50 pL stop solution

¥

30 RS Tk 450 nm L E T o g R R 2

PR DL E 2 akR o

Blood insulin concentration=(Agumpie/ Astandard) % 5.5 (UL /L)

(3) % § % kg i
HOMA index = Fasting insulin (WU/mL) X glucose (mmol/L) / 22.5

(Matthews et al. 1985)

(4) & % ik A A 1
O = pa+H @ fig (triglyceride) :

11 %% % (fully-enzymatic GPO-PAP) % ipl % > RIZEA|* v f&
f% % : lipase ~ glycerol kinase (GK) -~ glycerol-3-phosphate oxidase

(GPO) ~ peroxidase & F £ tk & ¢ ch = fa 4 @ fig 18 % > o\

i

3,5-dichloro-2-hydroxyl = benzene-sulfonic ~ acid  (DHBS) e
4-aminoantipyrine (4-AAP) ¥ it B & ) = — k& & PH F
(quinoneimine) ° 4 7 F4oT 1 BT E i ;“ﬁ%ﬂfﬁ%—i?;‘% R A E A

ME¥E > 5 2225C T kg 10 48 > 1A kB34 E 500 nm
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TORIEB e B BRI Rz Rk BRI A RFRSEY 2R

fig sk R

@ "2 % pE (total cholesterol) :

B * fE %% (enzymatic CHOP-PAP method) > R IZ 8 4| * = b fi%
% ! cholesterol esterase ~ cholesterol oxidase - peroxidase ¥2 #k & ¥ 1
cholesterol % cholesteryl ester i£#* » 2 = &= ¢ 7 quinonoimine » F
o EERRT 500 nm ok E TRIHERGEE o L EEER B2 R ERE
R d m FREY WERRER o 447 BT DB TE hd ’jf‘i”f‘-"
TR ARICF AR ESE] 0 b 22-25C T -kip 10 245> 1A kk
Bt R 500 nm TORjH ek iE > R AR ) kL EHEF A

FEEEY LEARLER -
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3. FEEG RE R A 4T
(1) "5 55

Bl Wk e FER R wOR 0 B 0.5 RoendFER 0 e r 6 mL H B3R
(chloroform : methanol =2 : 1, v/v) » & * IS4 (polytron) H#-3F
BIAE I > 2 iR g (1 3LRA) WIRFRIET IR P 15 mL ¥ %
El: AN ? ¢ o

2 {8 BAFERE P 2 3 10mLo 4 » 2mL 0.05 % CaCl, & ¥ &
Fio3 > 3500 rpm~4CHE 2T G 3 A4 e g2 153 R FR
£ 2 E P& (chloroform : methanol : water =3 : 48 : 47 , v/v/v) & 3
12mL #* 2353 > i 3500 rpm ~4CiE i T 3w 3 448 o
w2 fs 3 “,/TT_F Gk s P R (methanol) T# T 9 ml» &fo L 1%

P~;% (chloroform : methanol=2:1<v:v>) ¥ I 10mL > & &3

B30T L E R A -

(2) "FE = peH @ gk & (liver triglyceride) :

HBIFRE B 20 pL *t kg 3w g (eppendorf) P oo 4e » 500
uL 7 ki3 % (7 7.5 mg Triton X-100)° & 7 ;}éﬁ*ﬁ;}dy 353 K,/T‘jé 1% A 2
f6 o v kA 1000 uL R £353 > 2T F B 20 £ 45 0 A 500 nm

/K{T/P'J;F"VR’IDE"F“?*EL‘—E %/]Q’ VAJ!:IE' g }"i‘ﬁ@rn 1\]5”]‘% Z2_
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o M EkR o

(3) "ERAPEH Rk & (liver total cholesterol) :

BT E B % 20 Lt g 4§ (eppendorf) P oo 4e » 500pL
k%R (72 7.5 mg Triton X-100) » E 7k SRR IR R S
enzymatic CHOP-PAP method (Richmond 1973) 4 45 » 41 * cholesterol
esterase ~ cholesterol oxidase % peroxidase ¥ # & ¥ 2. cholesterol %
cholesterol ester i #* @ & 4 ;X ‘= ¢ ¢ quinonimine A £ > ** 500 nm &

£ TP

\F‘b

Hekig o 30 fofidBaik it J 5 J R0 SRR &

Z_ BPF*"f&Fﬁ;F‘]ﬁ% ER o

4. KGNS
(1) £ @ ¢ M FpE (fecal neutral sterol) :

T T R LR A v > £ 0F P30 (chloroform :
methanol = 2:1, v/v) 5B~2. > L B 2 frZ B 3 T353R &
Y20 24 piA (1 3gA) B2 & > 4o > 0.05% CaCly * 11 %
it TEL RS o

A7 PSR T X PR 20 pL At A 3w F (eppendorf) P oo Ae »

500 uL /3 fir % % (7 7.5 mg Triton X-100) - & % k&R dc2 (4 - 42
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f% % /2 (enzymatic CHOP-PAP mathod, Richmond et al. 1973) % 47> 41
* cholesterol esterase ~ cholesterol oxidase %# peroxidase £2 #k &7 2.
cholesterol % cholesterol ester T % @ & 4 ;% = ¢ &7 quinonimine & 3
500 nm A E TR EHmRE > ¥ fefR BEAR F HER o d B

bR KT S Y BEBBER

(2) % { % ":p: (fecal total bile acids) :

FEi =05 K BRI A F P o 4o SmL KR &

-

g2 150 1800 x g T A 15 A& B D R B T RERAS
A= @ R Ficz B F P £ 20~ 10 mL 7
(petroleum ecther) » 2_ {4 £ 3+ 1800 x g F &~ 15 & 45 > 2 “,/T‘. L
TAFIE T =0 > SUk4 1 P BR (methanol) A fFT £ 2 10 mL > <
IHREIL R 30CT NEFER AT o

& +5 41 * 3-0-hydroxy-steroid dehydrogenase # diaphorase 2 "% f4

f®% » & 4 F% ¢ Formazan 72 $ » At £ 500 nm ¥ ip| 2%k & o

SHRAEE S AR TR -
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L - AT

#ci@ 2 mean+ SEM % 71 > @ * SAS 9.0 itk > 12 one-way
analysis of variance (ANOVA)i& {7 ¥t 4 45 > i@ * Duncan’s multiple
range test ¥#& B 2 ¥ £ 8 > 12 paired Student’s t test & 7 & 24 ~ F B
Ukl e 3 {8 2. £ B > 12 simple linear regression 4 7% p ¥ v 4 &
TRAEFEZ S P RERLESNEE 2 CiE2 B § P<0.05

2T E G AL R o
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F2AMER RS L iR FR o B HE
MEH©E FRE - RERPEEEPJ/EBEF R T HFLE (&
Z)e

Fo8 B RTITRERERRR

FRAMRH RN R R B o2 a0 BT B2

LhEERLTHFLB RS LR S 155 100% RMD rice

N

e Ha RFEFHE LG FRARNF M RC 2 (P<0.05) 0 100%
RMDrice 2 & /i » ¥ S éofte i 2 £ a0 J i § 482 % 5 %k

BOoBEMA > kR (P<0.05)(Fm)e i » FBblle Fis
wlinz G R H F kR CEE A 4oT IRC & 1.8 %33% RMD
rice 2 -0.9% ~ 67% RMD rice & -11.9% ~ 100% RMD rice 2. -16.3%
(M=) 2 F a5 %0 FkRCRE ~ 4T 1RC 2 16.1% -
33% RMD rice % -33.1% ~ 67% RMD rice & -30.6% ~ 100% RMD rice
B -60.0% (Bl=) o % p i) M & Thd@Es g £ a0
SR FEREEF 2 %M (Pfortrend=0.0012) » # & & A

Dk BB EFNE2 "% M (P for trend = 0.0073) (£ ~) o & P RAUR S FHP

Ik
%
*»r
>

G R EEELL FERLT HERBARRM G (1)

>
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8 ity e Ek ﬂj&ﬁ“ﬁ*&a WL EY AT R
F2AEAR RS L pRROP e S 28 R
FHYRT AL HEFLE S 33%RMDrice ~ 67% RMD rice %
100% RMD rice ‘2.2 s %% § % % 87 & 4 3 % /| ** RC &2 (P<0.05)
(#3)°% P RMD #2220 B0 5 50 8T 6 ff 25 A FRLAR

SR SRR RS R SN XY P I PR

T oo fE R FE2 % M (P for trend = 0.0043) (% ) o F p HAKE &
PREEL RN FHERL R RT R HRLG RYRLAETH T (%
1)

Fe & L FEER

2 AIME Ao+ R % - BASPF > = 22 HOMA-IR B2}
BEFLR o &8 :pF kA ¥ 67%RMDrice 2 100% RMD
rice &22. HOMA-IR & % ¥ <> RC 2 (P<0.05) ; 67% RMD rice .
2 100% RMD rice %2 & /i » F S 4 v iF 15 2 HOMA-IR & & ¥ 43
i ~ 7 2. HOMA-IR & (P<0.05) (Blz ) - "g-& p £ 28 74
#P~ % o 4r » HOMA-IR &% ¥ 5 2 % 1< (P for trend = 0.007) (%
Ao E P RARE #EP-E 22 HOMA-IR @725 B ¥ RPARS M & (%

1)
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A

g o

N

B

LH @2 WEERIER

*7‘#
I

AR L RS & p 54 1 > 100% RMD rice
T Han MR RERBER L REHF AN RCE

(P<0.05) (BT W= )-"EF pEp & T HEE a4 #

N,

8 51‘&.’: fat b fnlk &R 2 "% M E A FAE2 H 4 (P for trend =
0.0027)> # & & J‘ BOEFRR R R 2 LT B FE2 M 4 (P for trend =
0.0216) (% ~)o& P RAEK L FEPFE B H G 1 :“F]%; fat b fig 2 44 PEF

Fook R 2 % B M EABABRM G (R 1)

¥ PRI BH N EERER

2AMESR RS L P S&RAF e &1 67% RMD rice 2
% 100% RMD rice .2 "%k = e+ 74 fig )k B B ¥ X3 RC 2% 33%
RMD rice % (P<0.05) ; 100% RMD rice i 2_"F%"% B A%k & & F 1<
% RC ~33% RMDrrice 2 67% RMD rice % (P<0.05) (% = )°%* P
B TR ERE O A IR B R iR R B F
(P for trend = 0.0003) » "#5%"E B f% )k & & ¥ “E2 " ™ (P for trend <
0.0001) (% ~) e "E# p 3 AM K $EB- £ chdlf 4o > RCL AR R R B F
B2 "8 M (P fortrend =0.0284) ; & p 3 AR #EP-E 2R Z e

/Fbﬁq/k)iuk &E%ﬁr}i\%irﬁg % (%’L)"
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Fo8 R RLRMREERER
F2AMERR S RS L p AR e B2 F (Y
BHEmpBERLT BEFLE S 33%RMDrice ~ 67% RMD rice 2 100%
RMDrrice &2 ¥ { *spe kR 8 ¥ % ** RC &2 (P<0.05) (% - )& p
Byt T HERE S LY BREMBERIER LG EEFRAR
BB (AN P REKGEFELZL TP BHE - BRERR

FEFRLABRM R (2 1) -
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AELTHS B 2ARARA RERE AR S TRH S
Bz e e ko SRS S 2AMRE S B3 FlE p R R E
ZEEF R T g HE CHER LR FE R E 2
AP EDLB AT A PEET R B M E TS

78R
- S

Y

2AME RS R 2 R 2 g 2R

£ 8 &y

i AT S ARE R R F R &% (medical

nutrition therapy, MNT) 0 &2 — o gt ?h » 3 5 g A B 7n ¢ 504

b FuAeR 2 %5 § £ A (Yki-Jarvinen 1997) #5142 18 Fps

ERFTI A By LR
RN T R EE 0 e R YR A
= #EF 4] (Jenkins et al 2000, Qi et al. 2005) © *F 7 % % B 1 = |

-

S LS TR R e F 2R R # S TS
Wb REAZ L APBAANEEL Ko d MV AL H
BO2AEAE S RA M S TSR LR
g e 2 AR S R -
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i

ZB1E KA 1 e psyllium ~ B-glucan ~ pectin % guar gum ¥ i
o A5 AR e BT BT 2O M AR~ e chif st
Foo B F FHEAG wie T Fla ' M kAR (Rendell 2000) ©
¥ oeboFm g BT 8 R 3 4o glucagon-like peptide-1(GLP-1) 2 %] %
BT 0 RELE F A RENR A~ Prd] glucagon A ik 0 F@ FE L b

JE B (D'Alessio et al. 1996) © 3§ 4c -k i3 P4k 2 B > 7 H 4c ¥ Hrtim

-

vt GLUT-4 2 5 £ » F]@ " 5 #5E & (Song et al. 2000) - & ** ¥k
WA TR AL RS R R A T B R S T
HLET A AEd B4 GLP-1 1R RE ~ 5 40 4 4y eim™e 30

GLUT-4 2. 7 & > M " Mu fE2 »2%k » mr @408 - H 277 o
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WA BT H e S BRI R T 0 F 2 A R & K
2 % § % 42 & (Jenkins et al 2000, Qi et al. 2005) » & 47 3 & % &g
T F2AMERR S RS g R o v BB 2 IPGTT &
REFHIRT oI HFLE A7 22 @i Ak - 7 4
G A AeEmi g TRk 2 Akl aniew] (33% RMD rice ~ 67%
RMD rice 2 100% RMD rice 2)» # IPGTT & %% § % & 87 6 k&
FoP oS Ry LS T L ptanien] RC ) Bl
A 4 AR 2 T o IPGTT sk R0 ) 3 & 807 6 fidi] » 47
PR G ATV PR AR 4 0 F T e L f & fud
AR 2R P R T AR R i e 8 R G R
AT 62 HOMA-IR @5 Fuf2 "% i1 v avgp i) Y M & 5o il

BT RE T 2 AR R AR AR Rk i

=
e
b
b2
\m
i
i
+=
=
ki
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L k)

- AT REEEIETRE

BAREH G R LA S F LG B AR LR R
) F% & & (Bloomgarden 2004) > & &3 7 7 I HE R R E 2 % g %
P € HRE B A W fas g2 B PR FE L g 0% 2 (Ginsberg
1994) c AFT 7 RS Bw 5 FH VB TRHRAT EEE K 2
y%%@%Qiﬁaiﬁmgékaaﬁgﬁﬁﬁﬁ&w?%ﬁ?i
MRS R a2 ACERARE R T RAREEE Py
ERECEE S8 R R R N RN A L E R R
AR N B 2 ABAop S BT e F s A2 kg B 20

A AL ABREEE P CEETREEERET I o

SO EE S TR & R SRR i A

W3 A7 3 3 AR RIR M e psyllium ~ B-glucan ~ pectin £
guargum%’gé RIS R 0 MR E NS e PR Rk
Boo YARE AR G 2 OFREE 2 PE R E 0 e e Acad 5 0 Fa 'R
1 P& ARk R (Eastwood and Morris 1992) o pt #F > Zh4 K3 HH 4
;ﬁtg ARREE S E e ROER > R FPER A Z S d BT R L R

Yoo d K ig T et (Turley et al. 1991, Vahouny and Cassidy

54



1985)» # F AT dp i L SR JEd FREERRE L B2 P
41 3 48 ¢t (Story and Kritchevsky 1976, Vahouny et al. 1980) - & # i £t
Bz R R K e o 6 i A B OTIRTRE SRR R R S A N B
BT T R € M S TER S SRR HE o Flw T MOTEE R R R
(Eversonetal 1992) - i§ 2 77 7 » B s Ak p AE¥ A 2 ®
4Py ippL > B P anf L € 'E MO Z oL P2 TRk A& (Anderson and
Chen 1979) -

AFTREREAES PR TR e 0 % 2
AR W2 B9 jfﬁ—:— et fig ~ SEFRE R BRH W fig 2
EEREREF R Mo AR ERERAEE PRt T
ki Lk Ay B Ul B e 7 AR LR T2 ARl

%] (33% RMD rice ~ 67% RMD rice 2 100% RMD rice ) » H X if "%
PRk BRI E R RS R LY MRS T L e RC
Eyod PFATEL B E T RHT Fd BRERLS & 0 4R &
R eng > MG E Y 2 R R EARGITERL St ERE
L B ST MR € W A TERS SRR E > FA VRS
fad = w0 Bptr —PEEER R R TE Mo p o R E Y 2 PERLE ¢
Fr | AR d (micell)2. 252 » Flm "8 047 H e b fig & PRI LR

N DR o BB R P R kR GRS ¥ e T
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EAR R IS TS I CF L E RGN SRR RS
i;” ?ﬁ ’ —rﬂl’LL E,ﬁ"ﬂ i 'ngé ?#‘7}%? Rt L?\'? rl %%.d 3}';8% N *]f';]’);? ﬁ?’-éi ﬁ

B RARM AR L R o S e H 2] ¢

= BOAREOR 2 RO B enis

W2 AT RERET O FRKBPERT A RE K&K 5 d
20~60 B & f& 5 3~8um 2 Rpkrie s chB &4 0 I F Mk < ¥
TFORD AN ARG N FEEL P RS EOTREF R R
B (Cheng and Lai 2000) « A4 § % % & 7 565 P S 40K A B B o
e B 2 AR C RZFRCERBR R A F L Mo BAR Y

R B AR F AR T TR AR A -

56



FI& BytEdvRERE

- ~EEY RS TR
(1) 33% RMD rice & :
25 g <aspwps X 26% wpe5ipupasrsaie X 13.7% i ruptssae RMD ¢ £
=09g «aspmrrpup it °
# % 60kg & £ — = RMD &~ £
3099+ 04ke ane x60Kkg +ne =135 g
RS T
1178+ 6.25 o nepmnpnies =21.6 g
d ¥ 33% RMDrice 2+ 8% p RMD#&B-E 48§ >t = A &
#P21.6 g RMD -

(2) 67% RMD rice
25g caspwpe X53% wpviiruprarrie X 13.7% i rMpassse pMD 4 £
=18g «aspmrspup it °
HE 60kg = £ — X RMD #3&P> &
> 1.8g+04kg ane x60kg s:ne =270 g
R R T e
270 g+ 6.25 twn-momanumres =432 g
d 1 F¥ i 33%RMDrice 2+ &% P RMD#&B-E /g >t A & P
P~ 432 g RMD o
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(3) 100% RMD rice &
25g <aspepe X 79% epeispupasrxse X 13.7% 4 rMpessss RMD ¢ £
=27¢g «aspmrspMD i E °
HE 60kg & A — X RMD erdfs£
D27g+04kg aue x 60kg e =405 g
A g% B2 B ek e 8
405 g+ 6.25 ca asmanmnies =648 ¢g
d 11+ ¥ 5w 33%RMDrice 2+ B p RMD#&B-E4p 3 30 L & p
5 64.8 ¢ RMD -

PUB MR 2 B0 BT 60kg 2 H AR @S E g
AERERE > TV EE S THEZ 2 REFE R kT EHE S

RS = p 2 JPAHE o~ 0 K

N

CERCRE BN LY S R

APHA A B2 N BETR B S 6250 )8 BUE 9.01 (v 1997) 0 3t E N &

Vit ALY
S EHESTHEZERRE = A MERERE - L 60 (kg) x6.25

JREDTHE B E = A W RERE - M E 60 (kg) x 9.01
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Z R st RERE

EEPEETE SNy SR SN P SN

R GH o do 2 FEA KR > P GG E L 1000 % +
P 14 2G5 o TPt > B4 19~50 iz T 10 Fop AL G

MIERIER L 38 0 h 0 250 iz T Eop sl & 5 ik kIR

531 25 0 BRI 1950 k24 Fop R G R RERER
F 22505 250k~ Fp i aiERE L 21 o

2L

b0 PR AR aiEP-E LG 3T 2 &P~ £ (US Department of Health
and Human Services 2005) °

STTRPSERETY ST ER TS STy
BB G RRA R PP 42400 SR e F p S 189
DA SRR B E P RP 424 20U S N ME 2
URB R F L R 2 %G AR 2 2Rl F R p 4

P~ 189 = 5fi 8 @ (Karlstrometal. 1984) - ¥ 3 7 87 %45 % 2

|

UBRBEE > F2ERE A RPRLFE2H8 BRI 7 P&
Br50 NG G E pEB24 O SR B0 B P BB
50 =5 H s B[RRI SR HTE S 2 AR R
BH 2t BRE - F% G R g2 RARZ AR HF RN p 4k

B~ 24 = 5.% a % % (Chandalia et al. 2000) °
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AT A 2AE R R 3 RE M F TR E2
F A > w4 bl 33% RMD rice ~ 67% RMD rice 2 100% RMD
rice> #-H A4 r 2 gt TR ERE S 60T ET AP
SRR RALE PP 216 432 5 648 4RI (1 Vs
Mom AL SR GEF P ALY VS TR E e % 2 )
%@%aQiﬁ%iﬁ%§%~m5%%§~%5%ﬁﬁﬁﬁ‘%%

- E&

i 2P i fia ~ ROEFIRE TR B g 2 ERRRE R MY L
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¥ LS T L &
AR LR REAF F R T ot I
PRS2 - RAY O d B RPCRAR SR PR R~ SR 1
Byt A SR BPE 0 IR FER R T A

RS 22D op * B2 TRl e 2P L B 5 M7

=y

A RS TR st B 2 AR+ R 4 6k

5

55%~%%%%&~%%%ﬁﬁﬁ&\ﬁﬁiﬁiﬁﬂﬁﬁ~%
PERIEE ~ MFRRZ A W g 2 PETIRDR R B F L2 "E K 0 2009 £ pF
Livesey % Tagami #3237 i3 3 i* & T2 2 7 > BT ¥
AR e S 1“‘%/"]‘ Se ALY AR RO R et g Y R MR R Bk
R 2o v S fidhd o B R Fiv SR 8 - 5 #7 3 (Livesey and Tagami 2009) o %]
AR R RS TR R 6 R B LT
B TS TR R o AR B OB 2 T AR i g ik

WLk 43t G 4P 4F o
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FAR B

% I;‘EMJ L TR ART % 2 E'H%ﬁ}'\}?ﬁ”‘ Bz # a0 j]%

FHM %G A 2R R IR WERAM R R G AR T
W2 b o 2 R AR AN S 2 M Ch HFHE

W E TR EREO0—2Tgd)E D AP H -

62



R FYR
1= (1997) F skt fofof s b o Hophe o p127-132 0 ¢ B A X TRAL o

EiEpk (2002) s a2 W BHd o432 o 951 ¥ 34:3-10

S (Q002) &8 AR AR 2 AEHE S AR LA STZif Kl
CO HppA TR RE A A FECRRFELIS SRR
?‘é'\']Q o

RAEEh (2002) %+ F 3o B - BB - B qB 73R A AL
p http //'www.bhp.doh.gov.tw/health91/study-2.htm - B~¥ : 2009 & 5 * 27
E] °

FrcriEd F (2008) £k ® L A FEE TR FrckiEd T e o A e

American diabetes association (2003) Screening for type 2 diabetes. Diabetes Care 26:
S21-S24.

Anderson JW (1995) Short chain fatty acids and lipid metabolism: human studies. In:
Physiological and Clinical Aspects of Short Chain Fatty Acids (Cummings
JH, Rombeau JL, Sakata T, eds.), pp. 509-523. Cambridge University
Press, New York.

Anderson JW, Chen WJ (1979) Plant fiber. Carbohydrate and lipid metabolism. Am J
Clin Nutr 32: 346-363.

Association of Official Analytical Chemists (1980) Official methods of Analysis, 13
ed. pp. 15; 132; 133-134; 211; 227. AOAC, Washington DC.

Banerjee M, Kanitkar M, Bhonde RR (2005) Approaches towards endogenous
pancreatic regeneration. Rev Diabet Study 2: 165-176.

Basu A, Shah P, Nielsen M, Basu R, Rizza RA (2004) Effects of type 2 diabetes on
the regulation of hepatic glucose metabolism. J Investig Med 52: 366-374.

63



Bloomgarden ZT (2004) Consequences of diabetes: cardiovascular disease. Diabetes
Care 27: 1825-1831.

Chandalia M, Garg A, Lutjohann D, von Bergmann K, Grundy SM, Brinkley LJ
(2000) Beneficial effects of high dietary fiber intake in patients with type 2
diabetes mellitus. N Engl ] Med 342: 1392-1398.

Chen CW, Cheng HH (2006) A rice bran oil diet increases LDL-receptor and
HMG-CoA reductase mRNA expressions and insulin sensitivity in rats with

streptozotocin/nicotinamide-induced type 2 diabetes. J Nutr 136: 1472-1476.

Cheng HH, Lai MH (2000) Fermentation of resistant rice starch produces propionate
reducing serum and hepatic cholesterol in rats. J Nutr 130: 1991-1995.

Chou P, Li CL, Wu GS, Tsai ST (1998) Progression to type 2 diabetes among
high-risk groups in Kin-Chen, Kinmen. Exploring the natural history of type 2
diabetes. Diabetes Care 21: 1183-1187.

D'Alessio DA, Vogel R, Prigeon R, Laschansky E, Koerker D, Eng J, Ensinck JW
(1996) Elimination of the action of glucagon-like peptide 1 causes an
impairment of glucose tolerance after nutrient ingestion by healthy baboons.
J Clin Invest 97: 133-138.

DeFronzo RA (1988) Lilly lecture 1987. The triumvirate: beta-cell, muscle, liver. A
collusion responsible for NIDDM. Diabetes 37: 667-687.

Diabetes Control and Complications Trail Research Group (1993) The effect of
intensive treatment of diabetes on the development and progression of

long-term complications in insulin-dependent diabetes mellitus. N Engl J
Med 329: 977-986.

Dikeman CL, Fahey GC (2006) Viscosity as related to dietary fiber: a review. Crit
Rev Food Sci Nutr 46: 649-663.

Eastwood MA, Morris ER (1992) Physical properties of dietary fiber that influence

physiological function: a model for polymers along the gastrointestinal
tract. Am J Clin Nutr 55: 436-442.

64



Everson GT, Daggy BP, McKinley C, Story JA (1992) Effects of psyllium hydrophilic
mucilloid on LDL-cholesterol and bile acid synthesis in hypercholesterolemic
men. J Lipid Res 33: 1183-1192.

Fernandez ML (2001) Soluble fiber and nondigestible carbohydrate effects on plasma
lipids and cardiovascular risk. Curr Opin Lipidol 12: 35-40.

Ferrannini E (1998) Insulin resistance versus insulin deficiency in non-insulin-dependent

diabetes mellitus: problems and prospects. Endocr Rev 19: 477-490.

Food and Nutrition Board (2002) Dietary Reference Intakes for Energy, Carbohydrate,
Fiber, Fat, Protein and Amino acids. Washington DC: National Academy of
Sciences.

Franz MJ (2004) Medical nutrition therapy for diabetes mellitus and hypoglycemia of
nondiabetic origin. In: Food, nutrition, & diet therapy (Mahan LK,
Escott-Stump S, eds.), pp.825-829. Elsevier, USA.

Funnell MM, Donnelly MB, Anderson RM, Johnson PD, Oh MS (1992) Perceived
effectiveness, cost, and availability of patient education methods and
materials. Diabetes Educ 18: 139-145.

Funnell MM, Merritt JH (1993) The challenges of diabetes and older adults. Nurs
Clin North Am 28: 45-60.

Gerhardt AL, Gallo NB (1998) Full-fat rice bran and oat bran similarly reduce
hypercholesterolemia in humans. J Nutr 128: 865-869.

Giacco R, Parillo M, Rivellese AA, Lasorella G, Giacco A, D'Episcopo L, Riccardi G
(2000) Long-term dietary treatment with increased amounts of fiber-rich
low-glycemic index natural foods improves blood glucose control and reduces

the number of hypoglycemic events in type 1 diabetic patients. Diabetes Care
23: 1461-1466.

Ginsberg HN (1991) Lipoprotein physiology in nondiabetic and diabetic states.
Relationship to atherogenesis. Diabetes Care 14: 839-855.

65



Ginsberg HN (1994) Lipoprotein metabolism and its relationship to atherosclerosis.
Med Clin North Am 78: 1-20.

Ginsberg HN (2000) Insulin resistance and cardiovascular disease. J Clin Invest 106:
453-458.

Gordon DT, Okuma K (2002) Determination of total dietary fiber in selected foods
containing resistant maltodextrin by enzymatic-gravimetric method and
liquid chromatography: collaborative study. J AOAC Int 85: 435-444.

Gropper SS, Smith JL, Groft JL (2005) Advanced nutrition and human metabolism.
4" ed. pp. 80-82; 114; 253-255. Wadsworth, USA.

Haftner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M (1998) Mortality from
coronary heart disease in subjects with type 2 diabetes and in nondiabetic
subjects with and without prior myocardial infarction. N Engl J Med 339:
229-234.

Hertzler S (2000) Glycemic index of “energy” snack bars in normal volunteers. J Am
Diet Assoc 100: 97-100.

Horton JD, Cuthbert JA, Spady DK (1994) Regulation of hepatic 7 alpha-hydroxylase
expression by dietary psyllium in the hamster. J Clin Invest 93: 2084-2092.

Hosker JP, Kumar S, Gordon C, Bhatnagar D, France M, Boulton AJ (1993) Diet
treatment of newly presenting type 2 diabetes improves insulin secretory
capacity, but has no effect on insulin sensitivity. Diabet Med 10: 509-513.

International diabetes federation (2006) Statistics at a glance. Available at:
http://www.eatlas.idf.org/index2983.html. Accessed May 27, 2009.

Jenkins DJ, Kendall CW, Axelsen M, Augustin LS, Vuksan V (2000) Viscous and
nonviscous fibres, nonabsorbable and low glycaemic index carbohydrates,
blood lipids and coronary heart disease. Curr Opin Lipidol 11: 49-56.

Jenkins DJ, Wolever TM, Rao AV, Hegele RA, Mitchell SJ, Ransom TP, Boctor DL,

Spadafora PJ, Jenkins AL, Mehling C (1993) Effect on blood lipids of very
High intakes of fiber in diets low in saturated fat and cholesterol. N Engl J

66



Med 329: 21-26.

Kahn CR (1978) Insulin resistance, insulin insensitivity, and insulin unresponsiveness:

a necessary distinction. Metabolism 27: 1893-1902.

Kahn SE (2001) Clinical review 135: The importance of beta-cell failure in the
development and progression of type 2 diabetes. J Clin Endocrinol Metab 86:
4047-4058.

Kannel WB, McGee DL (1979) Diabetes and cardiovascular disease. The
Framingham study. JAMA 241: 2035-2038.

Karlstrom B, Vessby B, Asp NG, Boberg M, Gustafsson IB, Lithell H, Werner I (1984)
Effects of an increased content of cereal fibre in the diet of Type 2

(non-insulin-dependent) diabetic patients. Diabetologia 26: 272-277.

Kendall DM, Sobel BE, Coulston AM, Peters Harmel AL, McLean BK,
Peragallo-Dittko V, Buse JB, Fonseca VA, Hill JO, Nesto RW, Sunyer FX
(2003) The insulin resistance syndrome and coronary artery disease. Coron
Artery Dis 14: 335-348.

Kishimoto Y, Oga H, Tagami H, Okuma K, Gordon DT (2007) Suppressive effect of
resistant maltodextrin on postprandial blood triacylglycerol elevation. Eur J
Nutr 46: 133-138.

Kissebah AH (1987) Low density lipoprotein metabolism in non-insulindependent
diabetes mellitus. Diabetes Metab Rev 3: 619-651

Kuusisto J, Mykkanen L, Pyorala K, Laakso M (1994) NIDDM and its metabolic
control predict coronary heart disease in elderly subjects. Diabetes 43:
960-967.

Liese AD, Roach AK, Sparks KC, Marquart L, D'Agostino RB, Jr., Mayer-Davis EJ
(2003) Whole-grain intake and insulin sensitivity: the Insulin Resistance

Atherosclerosis Study. Am J Clin Nutr 78: 965-971.

Lin T, Chou P, Tsai ST, Lee YC, Tai TY (2004) Predicting factors associated with
costs of diabetic patients in Taiwan. Diabetes Res Clin Pract 63: 119-125.

67



Livesey G, Tagami H (2009) Interventions to lower the glycemic response to
carbohydrate foods with a low-viscosity fiber (resistant maltodextrin):

meta-analysis of randomized controlled trials. Am J Clin Nutr 89: 114-125.

Maczulak AE, Wolin MJ, Miller TL (1993) Amounts of viable anaerobes, methanogens,
and bacterial fermentation products in feces of rats fed high-fiber or fiber-free
diets. Appl Environ Microbiol 59: 657-662.

Marlett JA, Hosig KB, Vollendorf NW, Shinnick FL, Haack VS, Story JA (1994)
Mechanism of serum cholesterol reduction by oat bran. Hepatology 20:
1450-1457.

Masiello P, Broca C, Gross R, Roye M, Manteghetti M, Hillaire-Buys D, Novelli M,
Ribes G (1998) Experimental NIDDM: development of a new model in adult

rats administered streptozotocin and nicotinamide. Diabetes 47: 224-229.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC (1985)
Homeostasis model assessment: insulin resistance and beta-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia 28:
412-419.

Merkel M, Eckel RH, Goldberg 1J (2002) Lipoprotein lipase: genetics, lipid uptake,
and regulation. J Lipid Res 43: 1997-2006.

Nagata J, Saito M (2006) Effects of simultaneous intakes of indigestible dextrin and
diacylglycerol on lipid profiles in rats fed cholesterol diets. Nutrition 22:
395-400.

National Cholesterol Education Program (NCEP): Executive Summary of The Third
Report of The National Cholesterol Education Program (NCEP) Expert Panel
on Detection, Evaluation, And Treatment of High Blood Cholesterol In
Adults (Adult Treatment Panel III) (2001). JAMA 285: 2486-2497.

Nomura M, Nakajima Y, Abe H (1992) Effects of long-term administration of

indigestible dextrin as soluble dietary fiber on lipid and glucose metabolism.
J Jpn Soc Nutr Food Sci 45: 21-25.

68



Ohkuma K, Matsuda I, Katta Y, Hanno Y (1990) Pyrolysis of starch and its
digestibility by enzymes-Characterization of indigestible dextrin. Denpun
Kagaku 37: 107-114.

Pawlak DB, Kushner JA, Ludwig DS (2004) Effects of dietary glycaemic index on
adiposity, glucose homoeostasis, and plasma lipids in animals. Lancet 364:
778-785.

Pratipanawatr W, Pratipanawatr T, Cusi K, Berria R, Adams JM, Jenkinson CP,
Maezono K, DeFronzo RA, Mandarino LJ (2001) Skeletal muscle insulin
resistance in normoglycemic subjects with a strong family history of type 2
diabetes is associated with decreased insulin-stimulated insulin receptor
substrate-1 tyrosine phosphorylation. Diabetes 50: 2572-2578.

Qi L, Rimm E, Liu S, Rifai N, Hu FB (2005) Dietary glycemic index, glycemic load,
cereal fiber, and plasma adiponectin concentration in diabetic men. Diabetes
Care 28: 1022-1028.

Richmond W (1973) Preparation and properties of a cholesterol oxidase from
Nocardia sp. and its application to the enzymatic assay of total cholesterol in
serum. Clin Chem 19: 1350-1356.

Rendell M (2000) Dietary treatment of diabetes mellitus. N Engl J Med 342:
1440-1441.

Roediger WE (1982) Utilization of nutrients by isolated epithelial cells of the rat
colon. Gastroenterology 83: 424-429.

Salmeron J, Ascherio A, Rimm EB, Colditz GA, Spiegelman D, Jenkins DJ, Stampfer
MJ, Wing AL, Willett WC (1997) Dietary fiber, glycemic load, and risk of
NIDDM in men. Diabetes Care 20: 545-550.

Schnedl W1J, Ferber S, Johnson JH, Newgard CB (1994) STZ transport and
cytotoxicity. Specific enhancement in GLUT2-expressing cells. Diabetes 43:

1326-1333.

Schulze MB, Liu S, Rimm EB, Manson JE, Willett WC, Hu FB (2004) Glycemic

index, glycemic load, and dietary fiber intake and incidence of type 2

69



diabetes in younger and middle-aged women. Am J Clin Nutr 80: 348-356.

Simpson IA, Cushman SW, Egan JJ, Habberfield AD, Londos C, Nishimura H, Saltis
J (1990) Hormonal regulation of glucose transport in rat adipose cells.
Biochem Soc Trans 18: 1123-1125.

Song YJ, Sawamura M, Ikeda K, Igawa S, Yamori Y (2000) Soluble dietary fibre
improves insulin sensitivity by increasing muscle GLUT-4 content in
stroke-prone spontaneously hypertensive rats. Clin Exp Pharmacol Physiol
27: 41-45.

Story JA, Kritchevsky D (1976) Comparison of the binding of various bile acids and
bile salts in vitro by several types of fiber. ] Nutr 106: 1292-1294.

Streicher R, Kotzka J, Muller-Wieland D, Siemeister G, Munck M, Avci H, Krone W
(1996) SREBP-1 mediates activation of the low density lipoprotein receptor
promoter by insulin and insulin-like growth factor-I. J Biol Chem 271:
7128-7133.

Tasi ST, Wong CH, Lin RS, Chang SH (2002) A report of diabetes quality care.
Annual Report of Taiwanese Association of Diabetes Educator, Taiwanese

Association of Diabetes Educator, Taipei.

Tokunaga K, Matsuoka A (1999) Effects of a FOSHU (food for specifed health use)
containing indigestible dextrin as functional component on glucose and fat
metabolisms. J Jpn Diab Soc 42: 61-65.

Trautwein EA, Kunath-Rau A, Erbersdobler HF (1999) Increased fecal bile acid
excretion and changes in the circulating bile acid pool are involved in the
hypo-cholesterolemic and gallstone-preventive actions of psyllium in
hamsters. J Nutr 129: §96-902.

Tripathy D, Carlsson M, Almgren P, Isomaa B, Taskinen MR, Tuomi T, Groop LC
(2000) Insulin secretion and insulin sensitivity in relation to glucose

tolerance: lessons from the Botnia Study. Diabetes 49: 975-980.

Turley SD, Daggy BP, Dietschy JM (1991) Cholesterol-lowering action of psyllium

mucilloid in the hamster: sites and possible mechanisms of action.

70



Metabolism 40: 1063-1073.

US Department of Health and Human Services (2005) The Report of the Dietary
Guidelines Advisory Committee on Dietary Guidelines for Americans.
Available at: http://www.health.gov/DietaryGuidelines/dga2005/document.
Accessed May 27, 2009.

Vahouny GV, Cassidy MM (1985) Dietary fibers and absorption of nutrients. Proc Soc
Exp Biol Med 180: 432-446.

Vahouny GV, Roy T, Gallo LL, Story JA, Kritchevsky D, Cassidy M (1980) Dietary
fibers. III. Effects of chronic intake on cholesterol absorption and metabolism
in the rat. Am J Clin Nutr 33: 2182-2191.

Vahouny GV, Tombes R, Cassidy MM, Kritchevsky D, Gallo LL (1980) Dietary fibers:
V. Binding of bile salts, phospholipids and cholesterol from mixed micelles
by bile acid sequestrants and dietary fibers. Lipids 15: 1012-1018.

Vauhkonen I, Niskanen L, Vanninen E, Kainulainen S, Uusitupa M, Laakso M (1998)
Defects in insulin secretion and insulin action in non-insulin-dependent
diabetes mellitus are inherited. Metabolic studies on offspring of diabetic
probands. J Clin Invest 101: 86-96.

van Bennekum AM, Nguyen DV, Schulthess G, Hauser H, Phillips MC (2005)
Mechanisms of cholesterol-lowering effects of dietary insoluble fibres:
relationships with intestinal and hepatic cholesterol parameters. Br J Nutr 94:
331-337.

Wakabayashi S, Kishimimoto Y, Nanbu S, Matsuoka A (1999) Effects of indigestible
dextrin on postprandial rise in blood glucose levels in man. J Jpn Assoc Dietary
Fiber Res 3: 13-19.

Wakabayashi S, Satouchi M, Nogami Y, Ohkuma K, Matsuoka A (1991) Eftfect of
indigestible dextrin on cholesterol metabolism in rat. J Jpn Soc Nutr Food Sci

44: 471-478.

Wang JF, Zhu YH, Li DF, Wang Z, Jensen BB (2004) In vitro fermentation of various
fiber and starch sources by pig fecal inocula. J Anim Sci 82: 2615- 262.

71



Wang Z, Gleichmann H (1998) GLUT2 in pancreatic islets: crucial target molecule in
diabetes induced with multiple low doses of streptozotocin in mice. Diabetes
47: 50-56.

Wild S, Roglic G, Green A, Sicree R, King H (2004) Global prevalence of diabetes:
estimates for the year 2000 and projections for 2030. Diabetes Care 27:
1047-1053.

Wolever TM, Vuksan V, Eshuis H, Spadafora P, Peterson RD, Chao ES, Storey ML,
Jenkins DJ (1991) Effect of method of administration of psyllium on glycemic
response and carbohydrate digestibility. ] Am Coll Nutr 10: 364-371.

Yki-Jarvinen H (1997) Acute and chronic effects of hyperglycaemia on glucose
metabolism: implications for the development of new therapies. Diabet Med
14 Suppl 3: S32-37.

Yusof RM, Said M (2004) Effect of high fibre fruit (Guava-psidium guajava L.) on
the serum glucose level in induced diabetic mice. Asia Pac J Clin Nutr 13:

S135.

Zimmet P, Alberti KG, Shaw J (2001) Global and societal implications of the diabetes
epidemic. Nature 414: 782-787.

72



N S VIR RS TS P

TABLE 1
Composition of powder of resistant maltodextrin-
enriched boiled rice

% (W/w)
Moisture 12.0
Crude protein 5.8
Crude fat 0.9
Crude ash 0.6
Total dietary fiber 11.4
Non-nitrogen extract

(Carbohyrate)' 69.3

: Non-nitrogen extract (available carbohyrate) = 100 — (moisture

+ crudeprotein + crude fat + crude ash + total dietary fiber)
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TABLE 2
Composition of experimental diets'"*”

33% RMD 67% RMD 100% RMD

Ingredient RC ) ) )
rice rice rice
g/kg diet
Cornstarch - 415.9 204.8 -
Starch from boiled rice 620.7 - - -
Starch from RMD-enriched boiled rice - 204.8 415.9 620.7
Sucrose 100.0 100.0 100.0 100.0
Casein 88.1 122.9 105.2 88.1
Protein from boiled rice 51.9 - - -
Protein from RMD-enriched boiled rice - 17.1 34.8 51.9
Soybean oil 31.9 37.3 34.6 31.9
Oil from boiled rice 8.1 - - -
Oil from RMD-enriched boiled rice - 2.7 5.4 8.1
AIN-93M mineral mix 29.6 33.2 314 29.6
Mineral from boiled rice 54 - - -
Mineral from RMD-enriched boiled rice - 1.8 3.6 54
AIN-93M vitamin mix 10.0 10.0 10.0 10.0
L-Cystine 1.8 1.8 1.8 1.8
Choline bitartrate 2.5 2.5 2.5 2.5
Cellulose 18.5 16.3 - -
Fiber from boiled rice 31.5 - - -
Fiber from RMD-enriched boiled rice - 33.7 68.4 102.1

" Diet abbreviations: RC, 100% starch from boiled rice; 33% RMD rice: 33% starch from
RMD-enriched boiled rice & 67% starch from cornstarch; 67% RMD rice: 67% starch from
RMD-enriched boiled rice & 33% starch from cornstarch; 100% RMD rice: 100% starch from
RMD-enriched boiled rice.

> RMD: resistant maltodextrin.

? Diets were based on the AIN-93M rodent diet (AIN, 1993)
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TABLE 3
Body weight, body weight gain, organ weights and daily food intake in type 2 diabetic rats fed the
experimental diets for 4 weeks'

ks

Diet™ RC 33% RMD rice  67% RMDrice  100% RMD rice
Body weight (g) 3764 £ 153 378.1 £20.6 387.3£25.0 384.3 £ 18.0
Body weight gain (g) 449 +£9.6 50.5+21.3 509+13.9 589+ 11.1
Liver (g) 11.7£0.7 12.2+0.7 10.7£ 1.0 10.0+0.4
Epididymal fat (g) 51£1.0 6.5+1.5 53+£0.8 6.1t£1.2
Daily food intake (g/d) 23.8+£0.5 244 +0.1 24.1+0.2 23.6+0.3

! Values are means + SEM, n = 8. Means in the same row with superscripts without a common letter are significantly
different, P < 0.05. Statistical significance was assessed by one-way ANOVA followed by Duncan’s multiple range test.
? Diet abbreviations: RC, 100% starch from boiled rice; 33% RMD rice: 33% starch from RMD-enriched boiled rice &
67% starch from cornstarch; 67% RMD rice: 67% starch from RMD-enriched boiled rice & 33% starch from cornstarch;
100% RMD rice: 100% starch from RMD-enriched boiled rice.
3 RMD: resistant maltodextrin.
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TABLE 4
Fasting plasma glucose and insulin levels in type 2 diabetic rats fed the experimental diets for 4 weeks'”

Diet™* RC 33% RMDrice  67%RMDrice  100% RMD rice
Plasma glucose (mmol/L)
Initial plasma glucose 11.58 £0.59 11.07 £ 0.51 11.47+0.55 11.22+0.50
Final plasma glucose 11.79 + 0.35 10.97 £ 0.51* 10.10 + 0.42* 9.39 +0.24"
Plasma insulin (pmol/L)
Initial plasma insulin 213.5+43.2 229.0+45.6 213.5+32.2 258.3+59.6
Final plasma insulin 246.2 +51.1° 155.5+21.9% 148.1 £ 16.4% 105.0 +34.7

! Values are means + SEM, n = 8. Means in the same row with superscripts without a common letter are significantly
different, P < 0.05. Statistical significance was assessed by one-way ANOVA followed by Duncan’s multiple range test.

? Values with asterisk (*) are significantly different from week 0 in the same group. Statistical significance was assessed by
paired Student’s t test.

3 Diet abbreviations: RC, 100% starch from boiled rice; 33% RMD rice: 33% starch from RMD-enriched boiled rice &
67% starch from cornstarch; 67% RMD rice: 67% starch from RMD-enriched boiled rice & 33% starch from cornstarch,;
100% RMD rice: 100% starch from RMD-enriched boiled rice.

4 RMD: resistant maltodextrin.
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TABLE 5
Area under the glucose and insulin curve during the intraperitoneal glucose tolerance test in type 2
diabetic rats fed the experimental diets for 4 weeks'

Diet*? RC 33% RMD rice 67% RMD rice 100% RMD rice
AUC glucose

(mmol x min/L) 2898 + 235 2448 + 220 2251 + 161 2333 + 248
AUCinsulin

(pmol x min/L) 37600 + 3977° 19084 + 2807° 17125 +3283° 19238 + 3395°

! Values are means + SEM, n = 8. Means in the same row with superscripts without a common letter are significantly different,
P < 0.05. Statistical significance was assessed by one-way ANOVA followed by Duncan’s multiple range test.

? Diet abbreviations: RC, 100% starch from boiled rice; 33% RMD rice: 33% starch from RMD-enriched boiled rice & 67%
starch from cornstarch; 67% RMD rice: 67% starch from RMD-enriched boiled rice & 33% starch from cornstarch; 100%
RMD rice: 100% starch from RMD-enriched boiled rice.

3 RMD: resistant maltodextrin.
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TABLE 6
Hepatic triglyceride and cholesterol levels in type 2 diabetic rats fed the experimental diets for 4 weeks'

Diet™” RC 33% RMD rice 67% RMD rice 100% RMD rice
Triglyceride

(umol/g liver) 1136.9 + 87.1° 1067.8 + 42.5 725.3 +53.1° 857.4 +52.5°
Cholesterol

(umol/g liver) 622.8 + 26.1° 603.6 +21.7° 593.6 + 18.1° 402.9 +12.4°

! Values are means + SEM, n = 8. Means in the same row with superscripts without a common letter are significantly different,
P < 0.05. Statistical significance was assessed by one-way ANOVA followed by Duncan’s multiple range test.

? Diet abbreviations: RC, 100% starch from boiled rice; 33% RMD rice: 33% starch from RMD-enriched boiled rice & 67%
starch from cornstarch; 67% RMD rice: 67% starch from RMD-enriched boiled rice & 33% starch from cornstarch; 100%
RMD rice: 100% starch from RMD-enriched boiled rice.

3 RMD: resistant maltodextrin.
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TABLE 7

Fecal neutral sterol and bile acid levels in type 2 diabetic rats fed the experimental diets for 4 weeks'

Diet™? RC 33% RMDrice  67% RMDrice  100% RMD rice
Neural sterol

(umol/g feces) 63.6+ 1.1 63.0+1.2 65.6 1.7 63.1+0.7
Bile acid

(umol/g feces) 0.5+0.1° 13+£0.2° 1.2+0.1° 1.1+0.1°

! Values are means + SEM, n = 8. Means in the same row with superscripts without a common letter are significantly

different, P < 0.05. Statistical significance was assessed by one-way ANOVA followed by Duncan’s multiple range

test.
? Diet abbreviations: RC, 100% starch from boiled rice; 33% RMD rice: 33% starch from RMD-enriched boiled rice

& 67% starch from cornstarch; 67% RMD rice: 67% starch from RMD-enriched boiled rice & 33% starch from
cornstarch; 100% RMD rice: 100% starch from RMD-enriched boiled rice.

3 RMD: resistant maltodextrin.



08

+

N B 2ABARORB S ARG R R 4L 2 kg B F p RMD 5 chat B ik

TABLE 8
Biomarkers according to daily RMD intake in type 2 diabetic rats fed the experimental diets for 4 weeks'”

Daily RMD intake (g/d) P for trend

0.9 1.8 2.7
Fasting plasma glucose (mmol/L) 11.8 £ 1.3 11.0£0.5 10.1 £ 0.4 94 + 0.2 0.0012
Fasting plasma insulin (pmol/L) 246.2 + 51.1 155.5 + 21.9 148.1 * 16.4 105.0 = 34.7 0.0073
AUCycose (mmol x min/L) 2898 * 235 2448 *+ 220 2251 + 161 2333 1 248 0.0603
AUC;sutin (mmol x min/L) 37600 * 3977 19084 *+ 2807 17125 + 3283 19238 £ 3395 0.0043
HOMA-IR 19.7 £ 6.0 104 £ 1.4 93 + 1.1 6.1 £2.0 0.0070
Attenuation of plasma triglyceride (umol/L) 49.1 + 89.0 311.0 = 82.3 291.7 £ 107.0 5484 + 1240  0.0027
Attenuation of plasma total cholesterol (umol/L) -403.4 *+ 96.7 -235.4 + 150.0 -195.5 + 162.9 476 + 106.0  0.0216
Hepatic triglyceride (umol/g liver) 11369 £ 87.1 1067.8 + 42.5 7253 £ 53.1 857.4 + 52.5 0.0003
Hepatic cholesterol (umol/g liver) 622.8 * 26.1 603.6 = 21.7 593.6 * 18.1 4029 + 124  <0.0001
Fecal neutral sterol (umol/g feces) 63.6 £ 1.1 63.0+1.2 65.6 £ 1.7 63.1 £ 0.7 0.8452
Fecal bile acid (umol/g feces) 0.5 £ 0.1 1.3+£0.2 1.2 £ 0.1 1.1 £ 0.1 0.1088

! Values are means = SEM, n = 8. Statistical significance was assessed by simple linear regression.

> RMD: resistant maltodextrin; AUC: area under the curve; HOMA-IR = fasting glucose (mmol/L) x fasting insulin (uU/mL) / 22.5.
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TABLE 9
Biomarkers according to daily boiled rice starch intake in type 2 diabetic rats fed the experimental diets for 4 weeks'”
Daily boiled rice starch intake (g/d) P for trend
5.1 10.4 15.5
Fasting plasma glucose (mmol/L) 11.0£0.5 10.1 £ 0.4 10.0 £ 0.3 0.5267
Fasting plasma insulin (pmol/L) 15515 S2119 148.1 = 16.4 175.6 * 34.4 0.5673
AUClycose (mmol x min/L) 2448 *+ 220 2251 * 161 2616 * 180 0.4357
AUChpsulin (mmol x min/L) 19084 * 2807 17125 *+ 3283 31251 £ 3702 0.0619
HOMA-IR 104 =+ 1.4 93 + 1.1 129 £ 3.5 0.5096
Attenuation of plasma triglyceride (umol/L) 311.0 + 82.3 291.7 £ 107.0 298.6 £ 97.8 0.9424
Attenuation of plasma total cholesterol (umol/L) -235.4 £ 150.0 -195.5 £ 162.9 -178.2 + 91.0 0.7464
Hepatic triglyceride (umol/g liver) 1067.8 £ 42.5 725.3 * 53.1 1030.8 £ 72.2 0.8667
Hepatic cholesterol (umol/g liver) 603.6 £ 21.7 593.6 £ 18.1 512.9 £ 31.6 0.0284
Fecal neutral sterol (umol/g feces) 63.0+1.2 65.6 £ 1.7 63.4 £ 0.6 0.8667
Fecal bile acid (umol/g feces) 1.3+£0.2 1.2 £ 0.1 0.8 £ 0.1 0.1087

! Values are means + SEM. Statistical significance was assessed by simple linear regression.

2 AUC: area under the curve; HOMA-IR = fasting glucose (mmol/L) x fasting insulin (uU/mL) / 22.5.
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FIGURE 2 The percentage of change in plasma glucose levels in type 2 diabetic rats fed the experimental
diets for 4 weeks.Values are expressed as mean + SEM. Diet abbreviations: RC, 100% starch from boiled rice;
33% RMD rice: 33% starch from RMD-enriched boiled rice & 67% starch from cornstarch; 67% RMD rice:
67% starch from RMD-enriched boiled rice & 33% starch from cornstarch; 100% RMD rice: 100% starch
from RMD-enriched boiled rice. RMD: resistant maltodextrin.
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FIGURE 3 The percentage of change in plasma insulin levels in type 2 diabetic rats fed the experimental
diets for 4 weeks.Values are expressed as mean + SEM. Diet abbreviations: RC, 100% starch from boiled rice;
33% RMD rice: 33% starch from RMD-enriched boiled rice & 67% starch from cornstarch; 67% RMD rice:
67% starch from RMD-enriched boiled rice & 33% starch from cornstarch; 100% RMD rice: 100% starch
from RMD-enriched boiled rice. RMD: resistant maltodextrin.
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FIGURE 4 The insulin resistance index in type 2 diabetic rats fed the experimental diets for 4 weeks. Values are
expressed as mean + SEM. Means without a common letter are significantly different (P < 0.05), and statistical
significance was assessed by one-way ANOVA followed by Duncan’s multiple range test. Values with asterisk (*) are
significantly different from week 0 in the same group, and statistical significance was assessed by paired Student’s t test.
HOMA-IR = fasting glucose (mmol/L) x fasting insulin (uU/mL) / 22.5. Diet abbreviations: RC, 100% starch from
boiled rice; 33% RMD rice: 33% starch from RMD-enriched boiled rice & 67% starch from cornstarch; 67% RMD

rice: 67% starch from RMD-enriched boiled rice & 33% starch from cornstarch; 100% RMD rice: 100% starch from
RMD-enriched boiled rice. RMD: resistant maltodextrin.
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FIGURE 5 The change in plasma TG (triglyceride) levels in type 2 diabetic rats fed the experimental
diets for 4 weeks. Values are expressed as mean + SEM. Means without a common letter are
significantly different (P < 0.05), and statistical significance was assessed by one-way ANOVA
followed by Duncan’s multiple range test. Diet abbreviations: RC, 100% starch from boiled rice; 33%
RMD rice: 33% starch from RMD-enriched boiled rice & 67% starch from cornstarch; 67% RMD
rice: 67% starch from RMD-enriched boiled rice & 33% starch from cornstarch; 100% RMD rice:
100% starch from RMD-enriched boiled rice. RMD: resistant maltodextrin.
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FIGURE 6 The change in plasma total cholesterol levels in type 2 diabetic rats fed the
experimental diets for 4 weeks. Values are expressed as mean + SEM. Means without a common
letter are significantly different (P < 0.05), and statistical significance was assessed by one-way
ANOVA followed by Duncan’s multiple range test. Diet abbreviations: RC, 100% starch from
boiled rice; 33% RMD rice: 33% starch from RMD-enriched boiled rice & 67% starch from
cornstarch; 67% RMD rice: 67% starch from RMD-enriched boiled rice & 33% starch from
cornstarch; 100% RMD rice: 100% starch from RMD-enriched boiled rice. RMD: resistant
maltodextrin.
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