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The effcet of acid-induced viscosity complex on fat
and carbohydrate metabolism during endurance
exercise

Abstract

The acid-induced-viscosity complex (acid I-V may attenuate
the postprandial glycemic response to a glucose challenge in
healthy subjects. The purpose of the present study was to
examine the effect of acid [-V mixed on carbohydrate and fat
metabolism during endurance exercise. Nine healthy volunteers
participated in this study. Every subject performed 4 trials. The
subjects ingested glucose drink (GLU), acid-induced viscosity
complex (containing alginate, citrate, and insoluble calcium)
with glucose drink (Acid I-V), nutrious with glucose drink

Nutrious , or fasting (FAST) 3 hours before exercising on a
cycle ergometer at 50% VO2max for 60 min. The test drinks
contained 75 g glucose. An aliquot of 10 ml blood samples were
obtained at fasting, during postprandial period (15, 30, 60, 90,
120, 150, 180 min) and during exercise (15, 30, 45, 60 min via
a cannula. Gas analysis was performed at the same time points
to calculate carbohydrate and fat oxidation rates. Plasma
concentrations of glucose, insulin, C-peptide, triglyceride,
non-esterified fatty acid, glycerol, 3-hydroxybutyrate, uric
acid, NH3, and lactate were measured. The glycemic and
insulinemic responses in the postprandial periods were higher
in GLU, Acid I-V, and Nutrious trials than FAST. However, the

incremental areas under the curve of glucose and insulin were
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not significantly different among the 4 trials (GLU: 626+ 611.4,
Acid I-V: 478+486.9, Nutrious: 470 £ 684.2, FAST: 725+689).
FAST trial had significantly higher plasma non-esterified fatty
acid concentration at 30, 60, 90 min postprandial than Acid [-V;
at 60, 90, 120 min postprandial than GLU; and 120 and 180 min
postprandial than Nutrious. FAST trial showed significantly
higher plasma glycerol concentration than the other 3 trials at
90, 120, and 150 min postprandial. However, the incremental
areas under the curve of non-esterified fatty acid and glycerol
were not significantly different among the 4 trials. The
oxidation rates of carbohydrate and fat were also similar among
the 4 trials during the postprandial and exercise periods. The
results of this study suggested that although acid I-V could
reduce postprandial glycemic and insulinemic responses, it had
no effect on carbohydrate and fat metabolism in endurance

exercise.

Keywords : glucose, insulin, NEFA, glycerol, exercise

v



=

LI A BN G-

R R

pE A FE R flT o g

s

e

-3‘\:%

;'J 'Q;‘ Q\; ‘{éf ) €L A]\ q’I’ ﬁ_ .

A R - EeM o R BRIER T B

3

)

& =
I}
=

im

T

5

G

A

X

=
&

O OPR ] % 1 A AR

dik

SR B A 4T AT
% | A )

S R

i 0 F P 3 s

|

i
1%
&
Ry
=1
s
G
W

ﬁ‘-”\*
:3!3
5
- »
s~
7
%

s
WA HE R A B
7

,_f‘:'a‘.i,”r,g__qgj,ﬁ%}%

ézw:k?l%%Xﬁ—ﬁ—:}\‘_%

*E - BRI
S SR S AR AN N

:%’7513:"5 7;{;,{?,&

it

W
-y
=
T
N
|
=
>~
Ay
A
s
Ty



Beoo 3 2 XL FFMe AR R EABRR B Y
- A TR KR ERFE - ERE L FL- B
FHREAE G RRARL SR A P

.8 3
N (U VA U B R 2 LI

VI



P4

. . .
..,W‘ 9W\ .7@.\

ndi wedy

m e BE

7

T R BBk T

ET

o

A
[

AN

S

A
(d

8

N

RN R T R

» 2

7l

L

P B R K 3SR

Kim

LS

11

b g

m.ﬂ.‘

<~

AN

LS

15
15
15
15
16

=

VII



|4
S

o~

MY
N

P
O

? 54& /;T:“ %E. © e s e ses ses ses ses ses ses sse see see sse ses ses s e

TR B o

PSS > .
o) ;.‘L = }245 e e e

WO TG B

PR

pull SN
D

i
—_\ix_p)‘
ke
T‘ifl
fm\y

VIII



P &

T

a

45

i

o

R SR R N
46

HF A e 4T

W ki

1\
W

IX



e
NG

&
o2 o2

&

>

It

&
e

=

I=q

&
e
7

=
e R R R joR jow 2
> 7 7

i

F H 5 5 § F F H
7

T ¥ OF OF F F T T

=
R R e
7

>

e

H 5 5 H =H
T T OF T T

e
NG

B P &r

N
[o%o)

LOBELEL L.
E R O OEF R ST

N
\O &4

P
50

kR B?ﬁ!*@'fs'ﬂ"‘?

kR OPEREY ORT G ... 55
Do Bt e e 56
kR OBFREY AT af ST
LEERL L 58

kR OPFRE Y &AS9% f

.. 60 kR
61 kR

DB B e 62
kR OBREY RT G . 63
kR OPFREY ®RTHH 65
BB ... 66



EROBE RV R T6T

. 68
. 69

70
71

72

XI



$- & BB

Bk L P oA w4 R AR M FR R Y YR
R R F R PTG M A4 T AL BNk S

(_
W

Br R TR EEAR SR A D RRF WP Rk
m

Prad o PV RAEZBRBELEERFA TR ML S P T
foo Fl o AFE R B R LR RS S a4 E R h A RS
A E R o

PR ARG AR i ko B R B
CR I I B N R T S B R I S SRR R
Ar i B E G F AR o B A o R

e
=
B
‘/;1
?E‘\)
|5
B
ki
e

ok B D g gy BB K 8 PR T R
FRoEBES L ELARARER LT BB R A DB

N

WA E R WA L kY & F & acid-induced-viscosity
(acid 1-V) complex » ¥ {8 4§ @ 4 & & ¢ g -k v & F &2 25 95 &

TR A
HaF R o



S
!
5
51

AR T KB AR

o8 % 4 (dietary fiber)s 2 & 5 & H# ¢ F Bk v & F
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polysaccharides)® % & X % @& % (Hemicellulose) ; 2k 3 &
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el

fEr o2 - EuE MY N O b3 il

RwmpFpEH F G ®% AP E ¥ A 2 B R (short
chain fatty acid) > 2 & f& & #3242 & § (" = ~ - F
F)o iy R E A E R B e s BBk

Pl B B R B R LW B S AR M e

ke

B AR T B R S RAT ST R 4 TR



B E AR o bk PER ATy el By 0 e B P
% ## (Roberfroid, 1993). ™ 31 i 3 ik ¥ & & fi i ﬁ
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WO FRE ) F 8 F b A el 10 = F B 7B E R E L LA
B oH % > s u AFE R o 30 A 4 A W FEBE HGI £ & LGI £ >
fe & B TN e B i $ (70% VOoamax)2 | FF > M (6 12 (7 4 B
Bl R R A Bk R ER LR FR
WP LGI A v R HF EFH 2 ) FF x> f LGl & 4 B pF
i ¥ % > HGI 2 59% (DeMarco, Sucher, Cisar, &
Butterfield, 1999)
MR EERIELRERHE RSN EERES 3 FE
B LGI % (GI=37)& HGI % (GI=77) @ & & % # & # (70%
VOomax) X # B> % % % 3 LGl 2 F & pF F & ¥ + > HGI & >
LGI & %3 % § v % & » HGI %2 (Wu & Williams, 2006) - *
TH % o A w3 EHE 6] F P HGI &
LGI & & » % (6 & & % 3 ) pF#HE P> HGI & LGI = £ » i & §a
W F F (70% VOomax)3F F 60 A & o & % % I % 5 1 B o
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A= R B & S

¥ AR 2 LGl e = & (8= ] PFrgps i v F 33 HGI & » A

Bk v & % 5 it F Pl F 2 (E. Stevenson, Williams, & Nute,
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fior o @R EER AR E o 6 REE RS
Z o S I
whole-grain rolled oats: SRO, 7 7 5 " 8 & %) fa b
(sweetened whole-oat flour: SOF, % 3 5 % & % &) > & 47 4]
oo & FH LN R R F R (609 VOina)i B B % ¥R
SRO & + B pr @ 3 > 44 %2 > & SRO & & SOF = A ¥ ¥ ¥
Z B (Kirwan, O'Gorman, & Evans, 1998) » % 1 & & » 45 &
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6 R F I H % S B BE w45 5 48 PR R
(% £) & % % (Moderate GI=61) » R i} &

(HGI=82) » & -k (dz#l &) fe £ A L %K 2 FH(60%
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CE IR R B SR E

A R’?\ %2 5 8 ¥ ¥ £ B2 (Kirwan, Cyr-Campbell,
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Campbell, Scheiber, & Evans, 2001) o

¥ - 23 5 » WMAF T HFREFD FE> LG A 8 & 4 1
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B o0 F B¢ P g e 2 HGI 28 3 > ~ LGI &= =X 2 > I ]
..“:E'_&i‘&’fz“‘-ﬁ%iﬂ’%ﬁ&ﬁﬁlﬂzﬁj
(Febbraio & Stewart, 1996) > % 5w & & = g -k i & P & P
HONEE N L B E R A R LB L BB R hd
N EF EAEM o 10X B R FEEF TR
oW iE B W 45 A s EPF F 8 (HGI) > % # (LGI) > & 3 4]
oo R b B H AR B ER o P PR3 ERYERENF L
2 o LGl x4 %8 153 45 & & chx & F W HGI & > &
LGI 2 & ¢ o # % * HGI %2 (Stannard, Constantini, &
Miller, 2000) -

DI A T R

LE R W 2 ) pFE
B HGI % & LGI % - fie & B 2% % iy & i b (

70% VOimax)2
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PE o M f8 i 7 300 k) E B R P E o B EF R R A 300Kk]
pE R S gk i L4 P F v F o kg ¥ L B (Burke, Claassen,
Hawley, & Noakes, 1998) - 1 8 = i & R & & & ~ 4+ 2 F %
$ 9 o A ow AFHow 3 B HGI & & LGIL & » e & 88 %
W H (65% VOo2max)60 » 48 4 » » 7 7 % I HGI =2 £ & & #
B b % 3 % LGl & BB X F A * & ¥ 4 B E R PO
R F Ih o M E g s e oW kR Y LGI & 3§ 3 HGI &2 > i§ &
Pon ok F pla k¥ LR (E.J. Stevenson, Williams,
Mash, Phillips, & Nute, 2006) - & & % # > LGl £ ¥ R & #
PRy M K BB e 7RG RT s E S AR
Fhow 3 P HGIL £ & LGI R i £ #H 8 & (71%
VOi2max)30 & 48 i » o & % % M % & 3] F 2 HGI &= 9o p i+
pE ok B % > LGIL %2 15% > m HGI &2 i & {8 ve p "7 pF )k B
(129.1£16.1 mmol/kg)® * LGI = (87.9+15.1 mmol/kg)(Wee,



Williams, Tsintzas, & Boobis, 2005) - T ¥ B LGI & {5 »v

W L 2 R HGI & © > 7 & 4 LGI & ‘a4 w5 % § 1+ &

APR e 7 B T M A FERHE R AN AT B ERX A
fe

Bk mpERH 3L REESR S R R RS R R

£ 83 B E R (65% VOzmax)lfLH%Eﬁ SRR - R N O
gL fF % 7 HGL &= ¥ ¥ 3 » LGl &2 » &F & & F 2 7 4|

Pl & % % #4 £ (E. Stevenson, Williams, Nute, Swaile, & Tsui,
2005) B¢ BB M A B kR T R E SR E F BRI R
B ¥ g hE R N FH R Fok oo O REE T LT R

% o A u A & ow 3 PP HGI & (GI=77.4) LGI %
(G1=36.9) > & Z S (=4 2 ) e & §8 #H 45 F % (65 % VOarmax)
FH 60 » 4 - % % % B HGI 2 (108.7 mmol/ min)i& & # &

# AUC ¥ 52 LGI =& (48.9 mmol/ min)2 # » @ HGI & & LGI

e PF A g kL ¥ MY i 4l e HGL & BB s B M3
baseline = » LGI & #3 % % it & % 3> HGI %* (Wu, Nicholas,
Williams, Took, & Hardy, 2003) - & & = # B 7 F 2 ;}F] #e

Bk E R P ERER Y G BF O ER M
2 LGl & & & & ¢ fgip g v Fx 3 & HGI o 8 i R 28

34)E F % E g w AE R w3 BB HGI
B8 LGL & o & 8 H B F # (70% VOomax): 4 B o % % 3% R
13 3 ) HGI & o B2 3% § 2 3 3 2 4 8 2 > F & £ B &

# h 4 (5 7

o

L3 - EBhA4H 20448 HGl 2w % § 7 W 2 & 45
B FH P LG 2 p kit &5 5 v F g HGI 2 K 12% 5 5 %%

5 v X 2 LGI 2 #& HGI =23 118% - & & ¢ 5 8t "p % K & 4
@ 1 LGI 2 3 * HGI %2 (Wee, Williams, Gray, & Horabin,

1999)c % % & & # #H B LGL & F 55 0 5 4o 75 % &% 3o & 0 R
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Fhowh A B Ak Gy Y E R
Bohor o AT EREEHEER AR 6 R EE R
LM AR %R s u AER T 45 A BERR R S P (75

g) Fh & P(RO) & k(p#l )t AT HEH 2 (60%
VOiomax) X # # > #F 3t Moderate GI ¢ 2 F I E o £ I o
=3B ME B R BROD 120 A 4 F & B RO £ e 4] 4
A4l %2 > RER ¥ ¥ # 3 > £ 4 2 > & 3 4 B o
insulin, FFA, glycerol & A i ¥ ¥ £ 8 o @ & BF F A & § ¥
A3 o Bk &P ﬂ * % (Glucose Ra, glucose rate of
appearance)’” RO % (2.36+0.22 mg - kg'1 . min'l)r‘s KO A 1/ -
(1.9240.27 mg » kg'' » min™') (Kirwan, O'Gorman et al.,
2001)? - & 7 & # ¢ 4 % Moderate GI & $ ¥ & & 4] 75 » @
R R R KL PR

MO IR g (B OFE L LR F R oW 4540 4P
Z AR~ B AL BEB%) S0%E L EFTS0%T F B 80%
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g h )@ & R GER 10%M T ) 7 B &% 5 & > &
s HEFE T F VR R MRS o E® Pk
BRI EE YA R R MR E S Fx f By B
B OUR M OR R AR ER Y R S O R kS
oo i 2 HE BEREERHELLFAF RS R T

L@ E 7 HEPRE - Rk C L p L ERY N R KR T E
Bk LR e TR TR R A NERYT B
& (HGI) > % # % i® (LGI) > -k (424 &2 )fe ¢ E & 41 » (50 £5%

VOiomax X) ¥ § 1804 48> 7/ 7 % M HGIE &2 LGlE th o 4 K ¥

%

ZE EEC R R R ERK S ORF

Ed 1)@ a4 @R TRk AP (30-60

APl e o 5 o g g e LGLA R K ¥ M Y HGLae o

3

e gk i A P R T oE LR PN B Al e x N LGLE

%4

) fe b BAS WS EH A (50% VOana)2 ) B

—,—,HGI.,‘?E'_°’§§IEJ/?§*L-'§;“5E)§ ﬁ?%ﬁ‘%‘%/p/&"ﬁ"‘ﬁij\'t

v i o B 0 e d g % % 7 if (Massicotte et al., 1986)

AR AR FEHES? LR KRR
pofF @ & £ 3

(V)]
<
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=
*

~ (1.0 g/min) +% # (0.5 g/min) » & -k

AE I HR3E R KA N ER Y T F
(

A RES Y ESFFRLER O 2 TR F

e B

B

kit & R iR Y 3 ] & (Jentjens et al., 2006) o
A U8 E R p B E B TR E A M A

O F BAE BRI Y RFEEFF RS AP

A

]



WA R (1.2 g/min) > F % # (1.2 g/min)+% # (1.2 g/min)® &
AR Rk (HEAlE) fprE LN YD EFE R (60£01%
VOomax)1504 48 > 2 R 2@ & ¢ F P> § F 4 + % 8 2 2 |2
Bk v & F i & E1.75 g/minc & % 603 1504 4 B O F
F - R Bk 3 Bkt & B F o (1.49 g/min) e i
5 8 2 (0.99 g/min)® (Jentjens & Jeukendrup, 2005) - 2 8 =
T e R ERESLSLFATHEEFR? EERIEB R A
= @ & M R (1.2 g/min) > § F 4% ® (1.8 g/min) > % # (0.6
g/min)+ % F # (1.2 g/min)i3 & - fie & % & F & (63%
VOomax)1204 48 4 > » F 348 & ¢ HB % B +5 §F #05 Rk R
kit &P RB o gR o FEERY R FBE EBEDR L
Bk g oEE R E A kA okt & F 5 it it b (Jentjens,
Moseley, Waring, Harding, & Jeukendrup, 2004) - 12 F = 3 2
BT d 5 B +% 8 E L% 7% (0.5~1.2 g/mint1.0~1.2 g/min) %
FRA A ABRK T BT F

Mo EEFEFS DT LA H Y 5K F % B EPY
F o (50g2 100g) » % # (50g 100g) » & % # (500)+¥ ¥ #
(50g) > fr & B TN B B F # (60.7£2.9% VOomax)2 ) FF A
N B MR BT B E A Bk S S R HRT F B
B ot PR EMRKT EPRE - KA KRR E
# % I (Adopo, Peronnet, Massicotte, Brisson, &
Hillaire-Marcel, 1994) -

FeOH e R EBRROFEYT O MIEREFR TN LW
oo A B A E R P EEF F BE(CGI=100) 8 § (Gl = 35)
Bl e (X B AR )R &R SR FERe4 2 A 2 s B A
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o2 ﬁlﬂ'.ﬂ T 3 w48 2 éﬁtéi%ﬁx?él622$§]ﬂ:ﬁ &
¥ A 4 dp #ic @& M (Earnest et al., 2004) - m 8> § <X & p 7

2R E AL H R A B &Y F (2.4 g/min) > R B
(¥ ¥ 1.2 g/min+t% # 0.6 g/min +5& # 0.6 g/min)fe & F
%R B8 B (62+1% VOomax)1504 4 /1 > » W R & B R &
FEBH 2 RER KT S A E o B E R
RTINS TR NP O ST - JETAECE o S R

L 5 v 2B F X FH % # (Jentjens, Achten, &
Jeukendrup, 2004) -
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A s S S AR A el B - BT S AR G
?:,]ngzzg,_usagf%ﬁs"r:‘s;’s"i:%ﬁ"‘*ﬁ?’/’»\ | # P~ 15 ¥
7 % # (FRU: 1 g+ kg-1) i& & % v et F] (CAF: 5 mg- kg-1) >
Eh¢ FF H(GLU: 1 g« kg-1)» i & 5 % F +er 22 F] > F &

P F FBE(CFG) & dl e (m ¥y £ 2 4 ) o & B2 g d
S H (70% VOomax)90A 45 o & % % B w ## 12 CFG# GLUK & -
e Ry s M #2422 » CA 0 and FRU% * CFG#¥ GL » &
ARFRUM % % M4 m wm@er > w3 bl %% 3% 2 4§
(Erickson, Schwarzkopf, & McKenzie, 1987) -

S d EHEERGE DL GRS F PR

L S

[ 4

WA LR A B (F 2 Pl glkg )T P M
fhedep R L A F @ 24 ) BB B LR R E S
7-10 g/kg ' (Burke, 1997) > p 4 - P ' H & £ F h i@ & f
T # w] L

s

A5 =y
LA T LR I =

2 THEAE R S ER RS K
Bk B R R Sk P 6 FP R AR (B



L SR ERHEH G BEH (70% VOoamax)? /) BFF i 1 B 5 <
HGI # > » 2 F g 2 ) BF » & %W 5 0-4 ] pF(IT) & 2-6 | B+
(DT) > v $& IT & DT $# 3% & < 4L & > 7 3 3 R IT 4p
. DT> B £ 3 5 HE% 5 32 ER AR F AR e WwE&F
FE-60-EipmE BPERFERES B LR FREaE 8 24 pF
g 3v g M pE & & ¥ (Parkin, Carey, Martin, Stojanovska, &
Febbraio, 1997) -

T gL iEE RIS RE RSN E R
(70% VOrmax)90 & 45 {5 &~ % #H P> HGI % £ 22 LGI % £ (8 &
6 30~ 48 2 ) i A VEYERNE O ESEFRS
Ri%m§ 2 kEAEAFLE =R 1%L 2kAE HGI A §
¥ % * LGI # > HGI £ F ¥ & # % > LGl £ - ¥ 7+ # > HGI
AR aoR|RDPF % FERRKRS > F B3 EERL S S

Sk

z % (E. Stevenson, Williams, & Biscoe, 2005)? = = + 2 B =
FERBFEHL 2 TEA B ERL L ELE RS
Eh RN TR Lk LA LR T

PR T RK T SRS H L S L R 8K
B R FD T ME S L KRE RS BT R (A LN D

o+

75% VOomax F 5 - ] F » 8 F 6 125% VOormax & &
Tl 1 &2 48 0 fe & 1 ~ 4k L) L ZTHE A JEF 58
(HGI) » & % # (maltodextrin : HGI) » # i # (waxy starch :
HGI) » & £ %k # (resistant starch : LGI)» 2 % % I F & {5 24
o fR B R HGI 3% & & & (F 5 # © 197.7£31.6

mmol « kg ': & ¥ 4 : 136.7£24.5 mmol - .kg ' ; 4 & B
171.8+37.1 mmol - kg ')# * LGI(+90.8+12.8 mmol - .kg™')>

e 4o B ARFLL fAREIEE AR Y R

i)
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kR BRI SR R E A LR RES
= & (Jozsi et al., 1996) -

Foob g ko FE YD VRKRAE Y IR EER
TR ARHEE S ¥ - A FER Y P TS T70% VOrnax
I 4 #H(R1)# » = &3 HGI % & LGI % (CHO 8 g/kg) > & P
BE AR E B A (R2) > - R F 2 4 ks F
Hyad Th Gk LR o 5P R R EHEYEERF D
LGI 2 % * HGI 2 » "3 % § i+ ¥ 2 LGI &2 ¥ ¥ 3 » HGI & -
GI & $ 7§ 3 4m g Fd a4 i &i7T - =%

L
FH A 8 % v (Stevenson E. , Williams, McComb, & Oram,

- A7 R GI g g B 8 R

TR EATH R R RN PR S FER ) 4 400 F > R E
& % F Gl 2 # & % & 400 + (Ex-LG > Ex-HG)= & £ & & 7
B GI 2 # & % £ 400 + (LG-Ex » HG-Ex)% & B % % % i 2
Fod o) 42 400 F 0% % % M Ex-LG & ¥ Ex-HG & ch 7y § 1t
B ¥ % > LG-Ex ¥ HG-Ex > & %3 % § * £ (Ex-LG : 23.4+4.7
g: Ex-HG: 23.4+6.5 g; LG-Ex: 18.4+4.7 g; HG-Ex: 19.6%4.9
g4 FHF B A ATHFLEET GLAE H %3
ok kL F M E ok o L E B Y B E B fE 2 ) PER OB F T
T % R R oz HER 0 Gl 8 b4 s R a R
(Bennard & Doucet, 2006) -
=R G R Y P FEEE R KRR F
5 70 % VOomax ¥ & 90 » 48 {5 #% > HGI £ & LGI

ZREER 12 ) F > X P AR ER T 0 R
HGI & & LGI & ¥ & # ¢ NEFA eh{l * » &= 7 % B 7 3% B

I
|
E

%
B
=
&
-
fei
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# # ¢ HGI B kit & 4 ¢ 5 > NEFA v 4] * (Trenell,

Stevenson, Stockmann, & Brand-Miller, 2008) - &T? K N T R =

%5'3‘?2]3;)1!"Lfﬁg\{@‘fiﬁiﬂ;b%mﬁx%,gi;i‘@ih%é%
mHER LR IR Y

2N

&

B~ LGI % i % 8 %5 % § 1 »c 3
ﬁﬁgtwg:g\,;g,o

m

14



AN FT L9 LR E TG

]

)
¢
B

FARB CBAER B EEARAR TR RFR

3R E R
Fh o4 gbE  chpVHRERFFLIRE AR K- 2B
it o

bt

A TR Y R KK LWL ek T4k
B oo o= fiiéﬁ‘ﬁii:'#%%%fééﬁ% A

acid-induced-viscosity ~ glucose ~ nutrious -~ fast (4=x § % fe
AP Khee i - ) B KRLI)F O BT REFF L
#rpy 2 & B A~ (50% VOomax) 1) FF o & X F & BRI P14
ot g RAFTHOREF - FRTF 2RI F L
FEH TR ETEHEEAPR G PNF 0 FF KW 24 W L

7 E e
ENER N A - S
B ERGE 10 P F R 8B FE KT KR
EMELD  BRERKFIHLRE A AL ERI T F T

Jo B ow R o JRTT AL 1S 15 &~ 48> 30 & 480 60 A 480 90 & 4B o
120 ~ 48 > 150 » 48 > 180 » 48 ~ % jc & 10 ml ehn & & & o
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¥z & 3F B p R

FHD R FRHANRLE TR F R

-

wrEs o D B MO A PF 0 B E N T MY e = ¥
Come gk B +omg BosE 3k Ao R GE P
 F E ER PR kA F AL
P BrAR AL F N R N X o B o

|

T

v

Sk Er
%ow
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o G B ode o & IR Ak PE O 4
ooy i R S
PEd Ty E kT MmO
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>
>

& R %k
O O O a
e 8 o e @
'y A A A A A A A 'y A A
| | J | | | | | | | J |
Fast 15 a0 60 90 120 150 180 EX15. EM30 EX45 E6D
FlpbE T
B (5
O: kAWM HEEC 8
o REAMOFRE 2 8
A c AR BF 1 %
O %2 %M RTAHEPLE 6 & 4 A Ak e
FMA RSN EFH 6N E -
@ & TP rE KR Lok Aok Aok o sk o

KA Y FOM AP RA BB F W 2 A 4 o

AL EEER Y Y P e E T L A 10mle JR
T At 15 A ks o 30 A 4 0 60 A 48 0 90 A 4 o 120 A 4 o

150 ~ 48 > 180 4~ 4& >

60 ~ 4 & w Jc B 10 m

EPfy BO15 4 4 0 30 4 4 0 45 4 & o

o

I eh i % &
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¥ 8 FoRERE
SRR B R i
i * § B A~ 47 & (Vmax Series 29C, Sensor Medics,
California, USA) fc & kh = % & (BOSCH - ERG 550) & 9 =%
o AR ¢ A BCOBE R o
S B o A4
w % ¥ Bl P ¢ 3£ glucose ~ insulin ~ C-Peptide ~ TG ~
NEFA - glycerol ~ 3-HB ~ UA ~ NH3 ~ lactate » & /& 2 - & &
o he T
(- )= %9 & Hak R 2 F ¥ 3 H (Quick Auto
Neo Glu-HK ) i = # i+ 2 2 £ R ( Shino, Tokyo,
Japan)» ¥ ™ > p # 24 i & 45 % ( Hitachi 7020,
Ibaraki, Japan) # i ° exmission & & 5% 340nm -
emmission & £ 5 450nm
G-6-PD
Glucose + ~—* G-6-P + ADP
G-6-P + NADP ~— »6-Phosphoglucoin acid + NADPH + H'
(=) & 3]3: P insulin JBE B > M B OE F OB B 74 T
2 F & ( Roche Diagnostics, Basel, Switzerland) i
& streptavidin fig ¥ + ¥ anti-insulin AB-biotin »
anti-insulin AB-Ru(bpy)s* "% & % & 4 i+ # 4 %, %
e B 4k 2 47 ik (Elecsys 2010, Roche
Diagnostics, Basel, Switzerland ) & 7 #& B o
(=2 ) =& Jf: ? C-Peptide )k B » M F ¥ 3 & £ 7 ¥
i 2 %2 F & ( Roche Diagnostics, Basel,

Switzerland ) ¥ ¥ streptavidin fg f F £
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anti-C-Peptide AB-biotin ~ anti-C-Peptide
AB-Ru(bpy):* ' % s % & 4 i+ 8 4 k » £ v 8 2 &
&~ 45 &k ( Elecsys 2010, Roche Diagnostics, Basel,
Switzerland ) & 7 & B -
(2 ) i 3]% » TG )k B # * Triglyceride reagent H -
LTYPE Small
B ¥ A &2 (WAKO,Osaka,Japan) > ™ g # &2 7 &
(Hitachi 7020,Hitachi Science systems, Ltd,
Lbaranki, Japan)4 47 » &% %k & & & 600 nm > & &

£ 700 nm > it B F B R E AT

£ - % %
GK

Internal 4+ — % A DP+ glycerol-3-phosphate (G3P)

GPO .

Internal Glycerol-3- — > ite Dihydroxyacetone

phosphate+ H202

AR I Lipoprotein

Triglyceride + Lipase » 3 Fatty acids+ glycerol

GK
Glycerol+ AT —> ADP+ glycerol-3-phosphate (G3P)

GRO
Glycerol-3-phosphate ——®Dihydroxyacetone

phosphate+ H202

) _ . Peroxid
H202 + 4-aminoantipyrine - Blue complex
—_—

19



SIS LR R LR L
)3
B ( WAKONEFA, Germany ) » & 12 > p & 24 i* & 47
®(Hitachi
7020, HitachiSciencesystems, Ltd, Lb

aranki, Japan) ¥ -

FolEs R 25 0 sy 1 CoASynt

NEFA+ ATP+ CoA > Acyl CoA+ AMP+ Ppi
Acvl1CoAOK«Xxi

AcylCoA+ O:2 » 2 .,3,-trans-Enoyl-C

oA+ H2O0:
Peroidas
2H20 2+ TOOS+4-AAP — > purple adduct+ 4H20
() & % kRS R A B Yo
R N B ERAE AR E

A I AT

) W oRl e F R R E 2N

GK
Glycerol+ ATP » Glycerol-3-ph
GP

osphate+ ADTP

Glycerol-3-phosphate+0O0O2—3»H2O0
2+DAP

20



2H202+DCHBS+4-aminophenazone
PO ACSB

(: ) s FENH3E R » o f ¥ alie 78 Frz ¥
& ( Kanto Chemical CO., Kanagawa, Japan) » £ M
> p & 4 v o 47 &k (Hitachi 7020, Ibaraki, Japan)
kBl 0 %k @k £ 450nm > F F i R OIE 4o T

NADs
NH3 + Deamido-NAD" + ATP — NAD ™ + AMP

GlucDH
NAD" + Glucose ~— > NADH + & -

% it s ~ NAD" + Formazan
WST-8 + >

-D-3-# A 7 B ( D-3-Hydroxybutyrate) }k B & & %
v B Jf: ® D-3-Hydroxybutyratejk B # *
3-Hydroxybutyratereagentf ¥ # # &

( Randox,RANBUT,UK) - ™ p # 4 it & # &

( Hitachi7020,HitachiSciencesystems, Ltd,
Lbaranki,Japan) A 47 » =% %k & & & nm:> it & F
B R B 4o T

3-hvdroxvbutvrate

3-Hydroxybutyrate+ NAD

v

acet

oacetate+ H++ N A D H

dehvdrogenase
(~) & Rt BRI EEME
%2 F J& ( Randox, Co. Antrim, United Kingdom ) » # ™
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>p & 4 v » 47 ik ( Hitachi 7020, Ibaraki, Japan) % i
Bl o kB R E 550nm > v F R R I e T

Lactate Oxigase
L-Lactate + O2 ’ Pyruvate + H202
Peroxidas

H202 + H donor + ’ Chromogen' + 2

BE T o EF LT o Y £ E K- T (P
Fxfed )R B oA 7 4 24 - 82 £ 8> 1 2 Bonferroni
B AFE SR A - PR L Rl Bz R
B H Pl R R A F A EAUCT B oARE R 2

P

g

R

2 2 E HF LR > B # * Bonferroni j# i (7 % {8 v f& o
BoF kB 2 5 .05 FoH AR * St it 4 SPSS 10.0 for
Windows (SPSS Inc., Chicago, IL, USA) -

glucose-pF ¥ B ~ insulin-pF & B -~ C-Peptide-pF & B ~ TG-
R Bl - NEFA-p5 fF B ~ glycerol-p% % B ~ 3-HB-pF & B ~ UA-
PR OB > NH3-pF 7 B ~ lactate-PFF P B » ™ gt & & & &k A 0
11 B P g%t s 2R B AP b Y 2 8286 0
93 B W & v T &2 Baselice ™4+ % f o Baseline & * % - B

R OBE > ® MO ) 2t baseline c RIS G F AR G 0
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- &
R A ide 2 =2 > 22 7 F HRHE RS Ao EO#
BoOE 3G t S BE +
¥ - &
- n R o4
(- glucose » insulin > ¥ C-Peptide

PR R E BB (8 k%@iﬁﬁglucosei&@i%‘rhar
- 0 ¥ vk (p=0.003) PR % 5 (p=0.001) ¥ i ¥ & p&
B2 3 %% i (p=0.001)E & ¥ - 4p F ¥ & ® glucose &k B » %
{6 155 30> 60 » 45 fast & & ¥ K H & = & ; £ {5 180 &~
48 &2 3F & 15 &~ 48 fast 2 B ¥ & *t acid [-V % - nutrious &
B

P 15 4 48 fast & B F F > glucose & o & Jm B

=z i A
R L M TG Ao Bl - 0 A AE TR M F AL LE
(p=0.3721) «

o AR 2R B R LR insulin kR R 4 B
= ’/f@.“é*"if.@z(l):o-()()l)’ﬂ?ﬂ“*ii@(P:0-001)’—*:'5.’1%@.“é-‘;’5?
Y 3 3% B (p=0.001)iF % ¥ - 40 I PF & B glucose )k & >
A % 15>30°60° 90> 120 4 4 nutrious * & ¥ F % fast 2 >
* B {5 30060090 4~ 4 fast % insulin )k & % ¥ < > glucose

e v acid 1-V &2 - fou insulin = ﬁﬁ;‘%@t-%ﬁ“i@'ﬁ"&

Lo R
FAcBl e > & 8 F el £ 2 (p=0.263)
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R AR &R B PFR G B C-Peptide k B ® 1t 4¢
Bl I » ® Bk e (p=0.001)> FF B »c i (p=0.001) " & g
Boam R I ooxk(p=0.001)F & ¥ - 4p b B & B C-Peptide
E R > A 15 155300 600 90> 120 A 45 fast % B % i1 H @
B oo % g} C-Peptide k B - R 2 & &7 & ff & B » > &
i B (p=0.269) -
TG » NEFA > glycerol » 3-HB
PR REEGRFET LR TCR AR B - RE R
B (p=0.513) A E ¥ ¥ » a BFF 2k (p=0.035) &£ & ¥ >
e B B PR LI ok s (p=0.001)iE B ¥ o Ak PR B A A
¥
Jae

&=
ok}
- &
fmf

c Mk TG B RAR-FR LN AT G RN &N
¥ £ 2 (p=0.299) -

PR R E ® AR PR NEFA R AR % Bl 4 0 AR
2 s (p=0.05) A & & ¥ > pr 2z i (p=0.001) & & ¥ > j
B e BT 3o s (p=0.185)K & B ¥ o 4k P F % NEFA k
B oo B {5 30 60 90 & 45 fast ® B ¥ % > nutrious & ; %
i 60> 90> 120 » 48 fast & % ¥ & ** glucose & ; £ & 120>
180 » 4 fast = % ¥ % > nutrious &£ ° ¥ & % NEFA & ¥ ik
Bo-p B2 T e iAo R BB F el 4R (p=0.994)

Pk RE® R R L K glycerol kR ® e W L - o
P ¥ i s (p=0.42) A B F o B REx B (p=0.001) & &
FoooARE B FEF LIt k(p=0.636)AETHEF -k ETFR
glycerol JE & » & 15 90 120> 150 4~ 45 fast 2 ¥ ¥ 3 > H @
EN ] glyceroli’Iﬁi%fi-%@i@'fﬁ‘faﬁ&r@#
= BN ¥l £ B (p=0.421) -

PR RE® G REEL R 3-HBRAE R R -
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Fe® 2tk (p=0.604) 2 & B ¥ > R % (p=0.001) & &
¥ o AR BT It k(p=0.667)A L ¥ o 4k PF T B
3-HB )k B » % {5 60 4~ 4 fast 2 & ¥ 3 * acid [-V &2 &

nutrious 2 ; & {8 90 4~ 4& fast 2 % ¥ % % glucose =& 2

nutrious ¥ ® glucose & ¥ % *% nutrious 2 - % & % 3-HB =
RER-PFPR L4 RT 5 ffoc®= - - > BHF R L3P
(p=0.377)

(=) lactate » UA » NH3

7»Fﬁaﬁﬁ?lPEE%F'E“J&;”PI%lactatei};é)i%?Lﬁrlfﬁ?]*L::’}%@
2w g (p=0.276) A 2 ¥ ¥ » F F» g (p=0.001) £ & ¥ >
Fo B B R 2 3 2 B (p=0.682)& & B ¥ o 4p F P B lactate

i
k B & @ fast 2 & ¥ 3 * acid I-V %2 > nutrious »= ¥ ¥ 3

~

N

glucose 2 ; & {6 15 & 4& fast 2 ¢ ¥ F * acid [-V & ; %
i 6090 » 45 acid I-V %2 % ¥ % >% nutrious % - % s ¥ lactate
iﬁlﬁi}é&-fﬁﬂ*i@'éﬂfaﬁwr@4m B OF ol AR
(p=0.685) o

PR lE B RRERE L UARR R BT el
s (p=0.042) 2 E H ¥ » FF >k (p=0.001) & & ¥ >
Bul B BT 23 2t B (p=0.123)A £ 5 ¥ - 4o b P T 2. UA 3k
B ° baseline > & % 30> 60> 90 120> 180 & & & 15 &
# 30 60 4~ 48 glucose 2 & ¥ 3 * fast & ; £ & 30 60 >
90> 120> 180 & & & ¢ 15> 45> 60 ~» 45 glucose & ¥ ¥ 3 *
nutrious * o & {& 90 120 & & & 15> 60 ~ 48 glucose = %
FA T oacidl-Vie o 2l UAL RIEAR-PFR 28 &7 6 ff
e Bl 2 BB OF Rk £ R (p=0.238) -

Ao R o B ONH3 kAR % Bl -4 ek
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s (p=0.852) 2 E H ¥ » FF >k (p=0.001) & & ¥ >
Bul & BT 23 ox B (p=0.799) A £ B ¥ - 4p b PF A 8 NH3
kB > & 18 30 & 45 nutrious = B F § 3 fast & ;5 £ & 180
4 48 nutrious = B ¥ % > glucose ¥ o & A ¥ NH3 = % kR -
W R TR B &N F el £ 3 (p=0.120)-
(z ) CHO oxidation, fat oxidation, VO2, VCO2, RQ

2

hi#H ¢ HCHO oxidationdr B = + — o % % & 7 & @ &
e 2 e Rl T RGO F LR i # ¢ hfat oxidation
e Bl = - o BEEAERSERY L ERF LRGN F S
£ 2 - V0O2, VCO2, RQ4r B = + = > =t e > Bz + 3

BEETALEF DEAEY LEERF TR REFDLE
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¥ LE

AP %L BEFHER ALY SRR e R Y ¥
WE B L L R R MR BFER AR o AP KT RE
% T75g % F AR & 180 ~ 4 P 0 acid I-V £ nutrious %
glucose % % # ~insulin JE & ¥ & 8¢ ¥ £ £ > £ 3% 15-60 » 48
BREBEEFIFNLIR O EFZIIREN, D3 Rk
B2 00 & sk 28z AP 2 REHEETHFBEN 2
3 AR 3 IEFLBERY AT R FITAEEFLE

sl

=t

4

acid I-V &= & & T T g f #& nutrious = F ° 19%> #& glucose

R D 36% BT R % BAAEP 4 acid I-V complex ¢

# nutrious & % > A G e B & R A > T oa0w M KR (S LB

A g R o

20 5 B2 3 B (s L PR B2 insulin )k B & B ¥
B fe 180 A stk 2 &z HApk 2 kR o BB G F

L
% =
& -
R
(ﬂ

32> &% i 3 P insulink B ¢ T 6 f ™~ &
¥ £ B > fw oacid [-V &2 T 54 R T G f 2 nutrious & g 0
25% » $& glucose 2 & > 20% > B 7 & Z F F B AR P 7t
acid I-V complex » #& nutriousé};‘i};%ﬁ]& v o8 B Vo
GNP SR - T S I
@—ilﬂi"?‘iﬁﬁﬁf’*ﬁ%)%’\—':’ii%:i']ﬁ‘%fﬁf}}%%ﬁ’#%B’*i
S

ol ot

R o8 %2 > b 4o beta-glucan ~ guar gum > Ao
Mg e LG 2 2 2 A g R (Anderson, Gustafson,
Bryant, & Tietyen-Clark, 1987; Behall, Scholfield, Hallfrisch,
& Liljeberg-Elmstahl, 2006; Wolever, Jenkins, Nineham, &

Alberti, 1979; Wursch & Pi-Sunyer, 1997) > F 24 3 % i1 & §
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BRBE S - SRS BRBEF R L el
FARARSY G R E B ¥ g R E R DR RL e
WA E R RN R R RGP RE O B ER RBR A
Y T HR AR DEIRLAE  AFE LR DA R

2

z 7 alginate > ¢ % % ¥ d family Phacophyceae (¥ ¢ & &

brown seaweed)® 4 # @ #F > i & = & 5 mannuronic acid %

s
oo
|

guluronic acid » & - % P B # G R T > alginate
B et 80 o § 3 mES
P 4T 3 F € 27 alginate ¥ & o i g H 7 R > A M

R AP LR 2K FFOBRE > BT DR ER

g

RIS AU

NA
{

o
o
)
7=
=

S
\'_;_k

>

&~
=)
phud

B® v ¢ o 43+ 5 & alginate B & > i alginate Ak {2
¥ 4 (Torsdottir, Alpsten, Holm, Sandberg, & Tolli, 1991) -
Fl ¢ £ 5 acid-induced viscosity ©

H 4R A o ok oacid -V T R TS g FOF B

e

180 A &P > & kAR Y R T G ff o oacid I-V & & 5 Bk
B2 b3 E8iydles g FLE g8 60-150 4~ 48 4
30

B % 2 Bk R ERFE ( Ak ) B 4T % > oacid I-V
w2 TR R A N g e o Acid I-V 2 B (8 % ok X &
BOE G N Edle o i 180 A& H W BTG T RN F L

B oacid I-V " T B e Bk B X oE BRI G

e m
"

B (B. W. Wolfetal., 2002) ¥ - ® # 3 » % 75+ >acid [-V
U A AL ERGABESS 22 2 KA A

e BV oo & kK p A acid I-V B g 9

1l
S
[

T
!

(gastric
emptying)(Torsdottir et al., 1991) -
Guar gum &_ ¥ /?J‘ et a Y s Es B iR
Y
f

AR R R v ¥ 4] & # 2% % (Ebeling et al., 1988;
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Groop, Aro, Stenman, & Groop, 1993) & & & 3 & & & > 7
AR e R Y 7o /,91‘ v s P oM R B E g E B (Wolfetal.,
2003)#- B fb M R B B ERP R R AR R M A

alpha-amylase e 5 & T > § %K b K f&2 > 2@ @ &8 3 &
BV LAk A8 g AM s B fL 5 amylase-induced

viscosity » ™ @ B % £ A 5 7 8 % dp > amylase-iv ¥ A

FU MR BB EEY AT R B L R Y oRF
B ¥ - 2 7 ¥ guar gum 4 » & $ # (bar)? o B OF P M %
S A MR R R E R B S %G % > C-peptide sh} & g &
(Flammang, Kendall, Baumgartner, Slagle, & Choe, 2006) - #-
alginate & guargum—’:—ﬁ}‘ﬁ;‘,ﬁtﬁ*’?%%t‘ v A 8 P 4o A~ p A
B a7 50ghp e (2 33448 a5%4) 2 60g% % -40¢g
okras> 7 ¥ & ¥ f M B 5 B E 2 A mig A o ¥ guar
gum ¥ alginate - Az e E PP o T O OB N on A B
B &Y T e ff (Williams et al., 2004)

oA 15 4 s g T fast o ch o H & = & glucose k
B ¥ % LT Y 4B 4L ¥ K 3t baseline kK B 5 g P F H 4~ B oA B
X i & %5 Dblood glucose o d 3 & F %% K 3+ & & & B ve p T
pEE R 0 B i i i B 40 ¥ glucose B R TR o 4 3 H_iF #
H_% GLUT4 # # I W% "+ > T ¥ glucose # @ 1 v g 'm %
Pk EER G R RER L) FHRE 3 B RT oG
&£ % ¥ £ 2 > it oacid [-V 2 & nutrious £ 6 f % ® 2 - #&
glucose = & f ™ 23 o d ¥ Fracid I-V complex /,91‘ be AN F
FREAEE T AT REBEE RS 3 EFE s ES L)
e glucose Jk B » & o

A F % % R insulin & C-Peptide B B £ F 48 0 ¥ & B
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GO GRS 153 120 A 4

insulin ¥ C-Peptide )k B - fast
pd AP REER R HE A BRI HEFPAEYRT M

R A - NI O T

7

r_rs-%

2 3 > @ acid I-V 2 & f #r
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* B ™ % 4 4 (units/100 g product)

Acid I-V Glucose Nutrious FAST
Solid( 748 & 47) (mg) 30.8 0 31.5 0
Potassium (mg) 462 0 466 0
Calcium (mg) 60.8 0 67.4 0
Phosphorus (mg) 27.7 0 27.6 0
Total dietary fiber(g) 1.77 0 1.88 0
Glucose (g) 24.7 24.7 24.5 0
Fructose (g) 4.7 0 4.8 0
Galactose (g) 0.2 0 0.2 0
Viscosity (mPa -« s) 249 0 289 0

£ 2 A 5 0k250 ml

Corp., Newark, DE, USA),

Ingredients were obtained from the following sources:
glucose (dextrose,Corn Products International, Inc., Bedford Park, IL, USA), Sodium
alginate (Kelco, San Diego, CA, USA),
Gum Arabic and guar gum (TIC Gums, Inc., Belcamp, MD, USA),
Potassium citrate (Prillaman Chemical Corp., Germany), Microcrystalline cellulose (FMC

(Tastemaker, Cincinnati, OH, USA).Acid I-V, acid-induced viscosity.

Tricalcium phosphate (Abbott Laboratories, Abbott Park, IL, USA), and lemon flavor
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PR T IofciE B 28
N 9

& #4(year) 26.4+6.7

£ % (cm) 171.3+7.8

e (kg 69.2+7.5

BMI (kg/m*) 23.6%2.2
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