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Abstract

This study was designed to evaluate the effects of fructose(F) or sucrose(S) and guar gum intake on carbohydrate and lipid
metabolism in 15-week-old male Goto-Kakizaki(GK) rats. Fifty rats were randomly assigned to 5 groups which were different in
carbohydrate(25% of carbohydrate) and fiber(5% w/w) sources. The carbohydrate(CHO) sources of each group were
comstarch(control group, 100% of CHO), fructose with cellulose(F), fructose with guar gum(FG), sucrose with cellulose(S), and
sucrose with guar gum(SG). Each group was fed exterimental diet for 4 weeks. We measured food intake, body weight gain,
adipose tissues weight and organs weight. We conducted oral glucose tolerance test{OGTT) and measured plasma insulin
concentration to examine carbohydrate metabolism. To evaluate lipid metabolism, we measured the lipid profile of plasma, liver
and feces. Food intake and weight gain of FG or SG groups tended to be less than those of F or S groups. Perirenal and
epididymal fat pad weights of SG group were significantly lower than those of S group and those of FG group tended to be lower
than those of F group. In OGTT, blood glucose values of F or S groups were significantly higher than those of C group, and FG
or SG groups tended to be lower than those of F or S groups during the experimental time. The area under the curve{AUC) of C
group was significantly highest among the groups, AUC and plasma insulin concentration of FG or SG groups tended to be
lower than those of F or S groups. Plasma and hepatic triglyceride(TG) of FG and SG groups were significantly lower than those
of F and S groups, plasma and hepatic total lipid(TL) and total cholesterol(TC) of FG and SG groups tended to be lower than
those of F and S groups. Fecal TL, TG and TC of FG or SG groups tended to be higher than those of F and S groups. In
conclusion, intake of guar gum should improve carbohydrate and lipid metabolism in partial substitution of fructose or sucrose for

comstarch in GK rats.
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G2y degid A4 2 FJgHct(Nishimune &
1991). Trowel(1978)2 Aloldf40] A3 FHo] Tkt
o] fglo = a3k 7H5-A o) ki A A]s}ﬁgn:]’
Anderson & Chen(1979)% 4G4 4o|5 HHsI89S
o Pt $Ape] o] rASDZE A& Q70|
Agttia shgich ol A Fiiol AT Aol fas
37 B84 Ao]A82(insoluble dietary fibers)et 4=
24 Ao|Ad8-A(soluble dietary fibers)Z UroiZlct,
AERo2 2ad 5o 284 Holdfde diF W o
2ol olst wrarzl B7Mesto], A ol Aoldfa
o) matrix7t TR @A Hoi tjue} Rujot £AE F
7}A)7]=d] Z3tAo|th(Schneeman 1987). H&, A, 3
DAEROR 2o 284 2o g EE(water—
holding capacity)o] AA FollA geld @Adsto] J=7t
Lolx|mg 2AHo| 9o HE2E= A7 F7HA ET
78 Z3(Torsdottir 5 1991), Y49 431 WU F45
A AAA G 329 Lk WAl (glucose tolerance)S
Z21A)7]= 7AE 7FA9(Granfeldt 5 1994), B EF
AHE 9 SEARS FaEle] o wjdAZleRM &
A ZY2HZ £ A7 A E o] i
9ltt(Newman 5 1989,
Deshigies S 1990, Nishinal 5 1991). Q& 55+ 2 =
7| A€ke] AHAY £3t A&l Cyamopsis tetragonolobus®]
Z2} ujgo] S0t thEdFE (Youn 5 2002) guaran©|
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o AP FA @3 ZecEHE B FAAY e
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olstod, A% 15719 B9 Goto-kakizaki(GK) & 7
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<Table 1> Composition of experimental diet (g/kg diet)
Group?
. C F FG S SG

Ingredients

Com starch 629.486 472115 472115 472.115 472.115
Fructose - 157.371 157.371 - -
Sucrose - - - 157.371 157.371
Casein 200.000 200.000 200.000 200.000 200.000
Soybean oil 70.000 70.000 70.000 70.000 70.000
Fiber 50.000 50.000 - 50.000 -
Guar gum - - 50.000 - 50.000
Mineral mix? 35.000 35.000 35.000 35.000 35.000
Vitamin mix® 10.000 10.000 10.000 10.000 10.000
L-cystine 3.000 3.000 3.000 3.000 3.000
Choline chloride 2.500 2.500 2.500 2.500 2.500
Tert-butyl hydroquonone 0.014 0.014 0.014 0.014 0.014
Total 1000.000 1000.000 1000.000 1000.000 1000.000

Y C: Control group (AIN-93G diet)
F : Fructose substitution group with cellulose
FG : Fructose substitution group with guar gum
S : Sucrose substitution group with cellulose
SG : Sucrose substitution group with guar gum

2 Mineral mix (AIN-93G-MX) (g/kg mixture) : Calcium Carbonate 357, Potassium Phosphate monobasic 196, Potassium Citrate
monohydrate 70.78, Sodium Chloride 74, Potassium Sulfate 46, Magnesium Oxide 24, Ferric Citrate 6.06, Zinc Carbonate 1.65,
Manganous Carbonate 0.63, Cupric Carbonate 0.30, Potassium Iodate 0.01, Sodium Selenate 0.01025, Ammonium Paramolybdate 4H20
0.00795, Sodium Metasilicate 9 hydrate 1.45, Chromium Potassium Sulfate 12 hydrate 0.275, Lithium Chloride 0.0174, Boric Acid 0.0815,
Sodium Flouride 0.0635, Nickel Carbonate 0.0318, Ammonium Vanadate 0.0066, Sucrose finely powdered 221.026

® Vitamin mix (AIN-93-VX) (g/kg mixture) : Niacin 3, Calcium Pantothenate 1.60, Pyridoxine HCl 0.70, Thiamine HCI 0.60, Riboflavin 0.60,
Folic Acid 0.20, Biotin 0.02, Vitamin E Acetate (500 IU/g) 15, Vitamin B12 (0.1%) 2.50, Thitamin A Palmitate(500,000 IU/g) 0.80, Vitamin
D3 (400,000 1U/g) 0.25, Vitamin K1/Dextrose Mix (10 mg/g) 7.50, Sucrose 967.23

TolA 30&7r a2 3tsint. 2 & F4S Haste - oh e gigh FA 7 oldE wello] & Y A%
80T deep freezero]| Histo] Z+zF ol | x4 & o] Feo2 A8ate] gkl o) whAE gMst
HEY Y el s2E H45 of 52 & 4ot YelE o83 B4 kit(Mercodia,
S Y5 T FA] 78 wlo] BAS £A38ta -80C Sweden)E AHEStq % U] & S5 451y
deep freezero] Este] 7 Y 2 =2 24591,
9] A A, R 238 glo] BAE &3 2) €%, 1+ 4 9 74 &
stoict, g4 W % A4 FE+ Frings & Dunm(1970) #oz
E48% o], o] & A& methanol? o] ZAx}
3. dTLEsHEAL T ZU2HE, 12E o ZYAHEY T8 B35
AAFTES A7) 5U A 124 7F FAAZ B 50% Aot 244 52 glycerol-3-phosphate oxidase—
L BHE o] gote] AF keY EETF 1g0] HEE PAP B4HE o] 83t B4 kit(oMakaehE AR 3] ZA3)
TR 2ey Fol A(1247 24 ), ZEY A, T FULHE s FHAHE 7laRs) 548 F
7o 2 30, 60, 90, 120+ Z7a] AL Zs}0] Yol AAEHEN AUATO R Bajste] 2sHe B4 kit(oFAHA)
AFste] d 4 7](accu—check, Germany)2 9-& ) o]-8-ste] vl Hgeiglon] uUE XThd Zi A
4391, WinNolin Program(Ver 1.1)& o]&3}o & SEC AYUE AT JAAA TUEA|chE o) &
Ze vhE WA (The areas under the curve of the AAHES Al B4 kit(oOMKHAIehE o) &3le &3
glucose response)& F-3F5ict, sklch 2 W & A2 HE& Bligh & Dyer(1959) Moz
SATAL, @Y W A 2 £ SYAHE 5 &3
4. Msisty 2 Ao r 7 Y W & ZY2HE sEE

< &Ast7] Y& -80¢
FAAZRIZ 2447 A
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<Table 2> Food intake, calorie intake, body weight gain and body weight per 100 kecal in GK rats fed experimental diets

Groupl) Food intake Calorie intake Body weight gain B(/);Z g;?‘?;gﬁim
(g/day) (kcal/day) (g/4 weeks) (2/100keaD)
C ' 1212409729 4537 £3.65% 22714999 226095
F 12.68 +1.412 47.44%5.29° 20.90+8.18 2.03£0.85%
FG 10.80+1.11° 40.34£4.15P 11.4745.11° 1.29+0.58"
S 11.94+0.77% 44.67+2.85% 21.63+5.36° 2224058
e} 11.18+1.84° 41.79+6.86° 9.55+8.30 0.99 +0.84"¢

L ¢ ; Control group (AIN-93G diet)
F : Fructose substitution group with cellulose
FG : Fructose substitution group with guar gum
S : Sucrose substitution group with cellulose
SG : Sucrose substitution group with guar gum
2 Mean =+ Standard Error (n=10)

3 values within a column with different letters are significantly different at a=0.05 level by Duncan’s multiple range test
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<Table 3> Adipose tissue weight in GK rats fed experimental diets

Group? Perirenal fat pad Epididymal fat pad

{g/100g BW) (g/100g BW)

C 5.50 +0.242b3) 5.19+£0.06°

F 5.31+0.36° 5.02+0.19%

FG 5.2440.270 4.78+0.10%

S 6.47+£0.25* 5.244+0.24°

SG 4.68+0.30P. 4.56+0.44°

D See Table 2

D Mean + Standard Error (n=10)

3 values within a column with different letters are significantly
different at a = 0.05 level by Duncan’s multiple range test

9 Values within a column are not significant at a = 0.05 level by
Duncan’s multiple range test



<Table 4> Blood glucose concentrations during oral glucose tolerance test in GK rats fed experimental diet
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(UNIT: mg/100mL)

GroupV e 0 30 60 90 120
C 141.00+10.682b3 296.86425.15P 376.86+28.16° 335.14+34.28" 319.71£29.88°
F 159.13+12.84 381.75+64.26 436.88 +59.34? 413.75+68.93° 396.38+77.12*
FG 140.44 +10.03P 377.44+39.817 420.00+48.16% 405.33 £ 44.69* 376.22442.14%b
S 154.25+15.73% 388.75+38.922 433,88 +61.42° 416.75+47.35° 396.88+62.412
SG 141.14 +12.20° 329.71+25.48° 390.43 +35.12%° 381.00433.53% 344,71 +39.04%P
D See Table 2

2 Mean + Standard Error (n=10)

 Values within a column with different letters are significantly different at & = 0.05 level by Duncan’s multiple range test

FOR EUUE FT BRUS o 4

AES AsHA7| BE
(Kim & Chang 1993, Kim & Paek 1997, Max &
Edzard 2001) Fobgd A Al o] M W A% S
o] Z4a7 YElgE= Zog AlgHuh E3 Shah ¥
(1982) 4 Kim & Chang(1993)2] #lo] W] JLolA o] 42
o] Z7t T2 AlF St gadnte drAne 2 A
o Jtopy Al AF S A dAsA
AAFES A% =4 A 9 23k ko] A=
H
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7 ol AHPEO vlael BRI, AR Rl
vstel 2 RS Mt B PohAEE TEo]
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o ¥go] f)HoR Woton] ZEY Fol T 302

B A A2 A" - Jropzd o] Adetol v|ste] 894
o8 Wy, - o e ﬂ%&ﬂl Hgto] We A
TS Bt o) Hgat Ak §-olF ¢l ztolr) ¢l
Atk g Fo 3608, 905} 12080 g - 7
obfwtIt Hg - FolhFte] "o Zhzh ﬂﬂﬁ-ﬂ ek
of Hjgte] e AL =t fﬂrﬂW HestE 99
20%5 IpFo|vt Agod oA s H$- ﬂ%iv}oﬂ H| 3}
o] =9k, FobdE A 2ES NERORE 4
A Fsof vigte Fgo] Wkt B3 Aupat Hw -
Totgde] " o)t mhFyt wi - poph o) gt
zoje] Hlé}oi FEstth 22 vhS W2 (Table

<Table 5> The areas under the curve of the glucose response in
GK rats fed experimental diet

The areas under the curve of the glucose response

Group" (mg - 120 min/dL)
C 37176.43 £ 2240.389b3

F 45303.75 +6580.17

FG 43944 .44 + 4217 60

S 46352.14 + 2858.09

SG 42462.00 +4424.262

D See Table 2

2 Mean + Standard Error (n=10)

» Values within a column with different letters are significantly
different at a = 0.05 level by Duncan’s multiple range test

<Table 6> Plasma insulin concentration in GK rats fed
experimental diet

Group oo
C 1.24 +0.60PN8
F 1.324+0.77
FG : 1.01+0.31
S 1.33+0.37
SG 1.02+0.34

D See Table 2

2 Mean + Standard Error (n=10)

» Values within a column are not significant at o = 0.05 level by
Duncan’s multiple range test
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<Table 7> Plasma total lipids, triglyceride, total cholesterol, HDL-cholesterol concentrations and HDL-cholestero!: total cholesterol ratio in
GK rats fed experimental diets

Group? Total lipids Triglyceride Total cholesterol HDL-cholesterol HDL:total
(mg/dL) (mg/dL) (mg/dL) (mg/dL) cholesterol ratio
C 381.98 + 28,7429 65.48+3.0209 068.39+4.63% 62.8616.21" 0.94+0.15"
F 437.64+35.09 90.41 +£6.85* 78.07 £4.97° 50.82+4.03 0.68+£0.07
FG 363.04%31.02 67.61+2.76 67.18+5.64% 55.25+4.86 0.89+0.14
S 399.83+£37.01 82.91+5.40° 73.11+5.39%P 55.67+4.71 0.821+0.11
SG 370.91+22.61 65.25+2.17P 62.16+3.01P 52.17+4.10 0.87£0.09

D See Table 2

2 Mean + Standard Error (n=10)

% Values within a column are not significant at o = 0.05 level by Duncan’s multiple range test

¥ Values within a column with different letters are significantly different at o = 0.05 level by Duncan’s multiple range test

g 2Ho\ iAol TS nlA A P A0R del BO WS Ve, Tk A9l B - Foby
A YriUusitupa 1904), T30} & AFoIE B4sl2 23 A9 - FolATEG o £9ThER B 240G
of FRlow NS FFY TolA Bl WobA] Rk wimo] vlstel HekEnt dukzol HHoR wron|
oh ol B Aol ASH A 28 P BUY OK rat  Fobdol RS wol Tw . TojuRw Mg TobuR

ey FHFo] AstEo] Nz o F7t AFHEZ A o] HFwyt HFTETY; FYHoR ¢ WA ehgt
2| Uz|YoeT LTS o]L3ty] 95t TLTrANY Takuya & Hiroshi(2004)9] d-tolx= 2 A Au}e}

Aol &%t hepatic glucose output®] E7hE7] &0 Zo] IeFe] A f 24 A 20| Zrhstdont
2 AtaHEch Blakely (19819 AFNME F Ao]g] G- Fordtoll e ATl HelE . Y-S A3
15%°1 sidste Hd-S 15709 7+ F5S o, A8 A T FEOA & AE, FAAY U FHAHE £F0] F7}
of vlsto] F& A %8 s Boled, o #g 4= St AL o] djd A4 4= A4 dAR AEst=
Qlato] T AAEA #49 phosphoenolpyrovate glucokinase®t phosphofructokinase? Zd< iz
carboxykinase® #Ao] FoA0 2 =olA hepatic O w27 tiAlE | tlEo 2 AjZtE) gy dekgt
glucose outpute] F7tE7] WEolgti RIusiyict B 9 @3 U F FH2HES YRIEY £ FFL 29
AN Aol dfAE BERo2E THT Fof Hsty I, A obdw AR - Fobdde w9 Aut
TForHer FEd FEol ATFRS AN B dyg off Hlgte] @& A Bk ol Folel AHE Y

UERQITE ol 4ol9] T%(w/w)oll dYdhs Fobd e S AHE F0] A3tEIch= Chen & Anderson(1984)
AHE A 18 G TETU] ddo] §o)zoz Yol o A Aete dAsteh, oty AulolA Fy A

& Eo& Cameron~Smith 5(1997)8 A+ Axte} A 2 £ 3 954y S48 AR, @54 A7kes)
Y G FAES QYO R 559 FolAS 3R 33 A A (enterohepatic circulation)& ZaAlA g4 wjAd
e o AFH Aol wisty ddo] gasisitE A % < S7HZIRR, T - ot E e - ol o)
(1989)¢] A-rAze}t dA3tATE B84 ’“Ol*x:‘l%ib U“é e GHAHE B35 Yoo Eolo ZY2HES ©E
Gzxdo] & Y¢S v £ HKim 5 1990), £ A AEY AAAR Ao =N dF ZYAHE £
Aol Rl ot 9o viE £ 28 oR|5te 4 *‘U WiEs g ARdd, B YR AUy ZYaHE
o] F7HE U geld AJsto] aFfo Ao stpslE o)
A3 9 542 AR 5ly] wEo| A% ) AR 7hai <Table 8> Liver total lipids, triglyceride and total cholesterol
5 W EFE ) ded 4 2 | concentrations in GK rats fed experimental diets
ZItHCameron-Smith & 1994, Granfeldt 5 1994, —— — —— -
L= = _ tal lipi i i ta t
Cameron-Smith 5 1997, Russo & 2000). E 2ob  Group? (1 4 oD gDy
A ded g4 /st (Cameron-Smith %5 C  2151£247%93) 8394220 1.03+0.172
1997, Kim & Chang 1989) ZLEFAlAYEHA S L 01 g F 12.05+5.41° 4504134 0.8240.14"
= cgb C
9 G des waln oo Sy T SR s gy
H ]‘o‘l ©] 2 S I = i U= R
1997) = A= oeh 7o b AT S SG 14.20+3.81° 3.28+1.06% 0.85+0.16"

o Yol sl Aoz Azan
D See Table 2

fe= A 2 2] A ZA%}HI—DJ_%.?_ AHZEY =r=

g H 3 A = oo ]_0 A E EEs /\'E’] R » Mean + Standard Error (n=10)
(Table 7ol AAISHH. B3 W & AA 522 A ¥ values within a column with different letters are significantly
I AEro] tiERte] vldhe] Lo)F el Aol g ot different at a = 0.05 level by Duncan’s multiple range test
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<Table 9> Fecal total lipids, triglyceride and total cholesterol excretions in GK rats fed experimental diets

Group? Wet weight Dry weight Fecal lipids excretion (mg/day)
(g/day) (g/day) Total lipids Triglyceride Total cholesterol
C 1.03£0.062N5 0.80+0.04™ 1.33+£0.35" 0.99+0.95*9 0.08£0.02°
F 0.87+0.12 0.641+0.08 0.65%0.14 0.15£0.02° 0.0840.03
FG 1.06+0.16 0.71+0.10 2.11£0.59 0.17 £0.06° 0.17£0.03%
S 1.16£0.09 0.79+0.05 1.45+0.28 0.19£0.06° 0.1440.022b
SG 09640.13 0.6740.07 2.004+0.90 0.21£0.08b 0.1940.022

D See Table 2
2 Mean + Standard Error (n=10)

¥ Values within a column are not significant at o = 0.05 level by Duncan’s multiple range test
® values within a column with different letters are significantly different at o = 0.05 level by Duncan’s multiple range test
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