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Effects of Legume Supplementation on the Glucose and Lipid Metabolism and
Lipid Peroxidation in Streptozotocin-Induced Diabetic Rats

Park, Soo-Hyun® - Lee, Hye-Sung
Department of Food Science & Nutrition, Kyungpook National University, Daegu 702-701, Korea

ABSTRACT

The present study was conducted to evaluate the usefulness of common Korean legumes as a high-fiber supplement
in therapeutic diets for diabetic patients. Streptozotocin-induced diabetic rats were used as animal models and four
kinds of legumes, black soybean (BS), yellow soybean (YS), green pea (GP) and soybean curd residue (SCR) were
tested as high-fiber supplements. Seven groups of normal and streptozotocin-induced diabetic rats were fed isocaloric
experimental diets containing 8% dietary fiber from one of four legumes or purified cellulose and pectin for 6 weeks.
The effects of the legumes on the glucose and lipid metabolism of diabetic rats was examined and compared with the
effects of cellulose and pectin. The legume supplementation did not show any beneficial effect on glucose tolerance,
however, it exhibited a plasma cholesterol-lowering effect in diabetic rats. The cholesterol-lowering action was espe-
cially strong in BS and the degree of the effect was comparable to that of pectin. The levels of total lipids, cholesterol,
and triglyceride in the hepatic tissues of rats fed legume diets were similar to those of the pectin group. All legume
supplements induced an increase in fecal steroid excretion. The fecal cholesterol contents were significantly high
following the supplementations of YS and SCR (p < 0.05). The excretion of fecal bile acids in the BS and YS groups
was significantly higher than it was in the pectin group (p < 0.05). Concentration of lipid peroxidation products in the
blood and urine of diabetic animals was lower in the legume groups than in the cellulose group. The levels of hepatic
lipid peroxidation products were significantly lower in the BS and YS groups than in the pectin group (p <0.05). From
the results of this study, the plasma cholesterol-lowering effect of BS is possibly due to the significant (p < 0.05) in-
crease in fecal steroid excretion, which suggests that BS could be beneficial in improving abnormal lipid metabolism in
diabetic rats. (Korean J Nutrition 36(5): 425 ~436, 2003)
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Table 1. Composition of experimental diets
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, Control diet Experimental diets
Ingredients
Cellulose Pectin BS YS GP SCR
9/100g diet

Total Carbohydrate 59.00 59.00 59.00 59.00 59.00 59.00
Cornstarch 44,00 44,00 41.12 36.09 3117 43.95
Sucrose 15.00 156.00 16.00 15.00 15.00 15.00
From fiber source 0.00 0.00 2.88 79N 12.83 0.05
Total Protein 20.00 20.00 20.00 20.00 20.00 20.00
Casein 20.00 20.00 10.20 4.09 14,23 18.02
From fiber source 0.00 0.00 9.80 1591 5.77 1.98
Total Fat 8.00 8.00 8.00 8.00 8.00 8.00
Soybean ail 8.00 8.00 2.59 0.00 4.20 6.85
From fiber source 0.00 0.00 5.41 8.00 3.80 1.15
AIN 76 vitamin Mix” 1.00 1.00 1.00 1.00 1.00 1.00
AIN 76 mineral Mix” 3.50 3.50 3.50 3.50 3.50 3.50
Choline chloride 0.20 0.20 0.20 020 0.20 0.20
DL-methionine 0.30 0.30 0.30 0.30 0.30 0.30
Dietary fiber 8.00 8.00 8.00 8.00 8.00 8.00

Abbreviations BS: black soybean, YS: yellow soybean, GP: green peas, SCR: soybean curd residue

1) AIN-76 vitamin mix (g/kg mix) : thiamin - HCI 0.6, riboflavin 0.6, pyridoxine - HCI 0.7, nicotinic acid 3. D-calcium pantothenate 1.6,
folic acid 0.2, cyanocobalamin 0.001, retinyl palmitate 0.8 (500,000 1U/g). DL- e -tocopheryl acetate 20 (250 1U/g). cholecalciferol
0.0025, menaquinone 0.005, sucrose to make 1 kg

2) AIN-76 mineral mix (g/kg mix) : calcium phosphate dibasic 500, sodium chloride 74, potassium citrate monohydrate 220,
potassium sulfate 52, magnesium oxide 24, manganous carbohydrate 3.5, ferric citrate 6, zinc carbonate 1.6, cupric carbonate 0.3,
potassium iodate 0.01, sodium selenite 0.01, chromium potassium sulfate 0.55, sucrose to make 1 kg
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Table 2. Oral glucose tolerance fest in normal and diabetic rats

Groups

Fasting (mg/dh

30 min. (mg/dD

60 min. (mg/d

120 min. (mg/dl)

180 min. {(mg/db

Normal cellulose
Diabetic celiulose
Diabetic pectin
Diabetic BS
Diabetic YS
Diabetic GP
Diabetic SCR

108.67 £ 5.70™
217.75 + 65.74™*
136.67 £ 13.16™
234,92 + 31,25
226.65 *+ 30.13°
259.56 + 31,55
227.67 + 29.19°

15611 = 527
341.50 + 48.98°®
316.42 + 26.37™
414.00 + 29.27°®
417.27 + 33.98°*
47011 + 34.25%
394.58 + 29.84>*

139.00 = 5.76%

339.75 + 58.13°*
340.33 + 16.29"

418.92 + 14.20°®
406.18 + 26.92°°
453.78 + 30.96%
394.83 + 30.55°°

110.78 £ 11.01*
261.50 *+ 27.45°"
301.50 = 24.17°°
405.58 *+ 18.71%
369.09 + 33.25°°
408.11 = 15.77%®
355.58 + 29.60°°

1M1.89 + 3.8
262.50 + 79.34°*
29692 + 23.55%
368.83 + 13.26°°
351.55 + 35.88°°
407.89 + 20.38%*
383.17 + 33.74%

*Mean =+ S.E.

Different small superscripts in the same column indicate significant difference (p < 0.05) between groups by Duncan’s multiple
compairision test. Different capital superscripts in the same row indicate difference (p <0.05) between groups by Duncan’s multiple
comparision test. Abbreviations BS: black soybean, YS: yellow soybean, GP: green peas, SCR: soybean curd residue
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Fig. 3. Effect of legumes on excretion of fecal steroids in normal and diabetic rats. Values are means with their standard errors indi-
cated by vertical bars. Different letter indicates significant difference between groups by Duncan’s multiple comparison test (p <
0.05). Abbreviations BS: black soybean, YS: yellow soybean, GP: green pea, SCR: soybean curd residue.
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Table 3. Levels of TBA-reactive substances in plasma and urine
of normai and diabetic ratfs

Urine
Plasma
Groups (- ole/mD (nmole/  (nmole/mmole
100 gBW/d) creatinine)
Normal 399 + 046> 2551 + 035° 3.34 + 0.43°
cellulose
Diabetic 443 +036° 457.37 = 12053 859 + 2.87°
cellulose
Dg;i’figc 312+ 021° 23590+ 30.33° 3.54 = 0.40°
Dicbetic BS ~ 2.59 + 0.26° 392.58 + 656.39° 4.33 + 0.56°
Diabetic YS 374 + 0.55° 500.52 = 85.18° 3.87 + 0.70°
Diabetic GP  2.16 £ 0.27° 42690 + 5380° 3.52 + 0.68°
Diabetic SCR 3.18 = 0.67% 336.13 = 33.36™ 431 = 0.46°

*Mean £ S.E.

Different superscripts in the same column indicate significant
difference (p < 0.05) between groups by Duncan’s multiple
comparision test. Abbreviations BS: black soybean, YS: yellow
soybean, GP: green peas, SCR: soybean curd residue
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Fig. 4. TBA-reactive substances
status in liver & kidney fissues of
normal and diabetic rats. Values
are means with their standard

O 1 1 1 1 1 1 1 0 1
1 2 3 4 5 6 7 1 2
Group

Liver

errors indicated by vertical bars.
Different letter indicates signifi-

Cholesterol cant difference between groups

1. Normal cellulose

3. Dicbetic pectin 4. Diabetic BS
5. Diabetic YS 6. Diabetic GP
7. Diabetic SCR

2. Diabetic cellulose

by Duncan’s multiple comparison
test (p < 0.05). Abbreviations BS:
black soybean, YS: yellow soy-
bean, GP: green peaq, SCR: soy-

bean curd residue.
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31A guar gum¥} EEFEHE FA 3 FYsk 3
UEE2 A4S T7HIA 5739 & FrEEE AN
AozR 7ol aFY9E A5k A9 gum
< & FHAREE AAAR o2 s AT
T A glon 2E AFPAEPLE oat gumd ¥
59 84 Aol dR/7t 279 unstirred water layerd)
FAE TR EN 53] A FFE AAAIH 2
23= AAd vlEgtin Basigich B4 Alo)Adgel
AZZ 9 A9l | AEZ A9 452l uronic acid7} 8
BRI oS QAABAL Joeng Y Astae]
B84 Aoldfrt 1 FEe Sk ARdo] ARECEY
H]R= 20l ko] 65%°) Eah= 120l 4
oy I F dif¥e Afdvt B8 RERe R
4478 HNFEY T Aol ¥FH I A5ty AF
AezHE AEd AT F HIRY HFAF7T 622
71 Wthe B u'¥E0] o] st nix|e] FA)
£2 Foll= 4439 lectin, saponin, phytate, tannin %
9] antinutrient’} ¥FPOZH HFAFE WEFo] I
] AAtel] Hr1E of ded 27 FUIgle] F
Aujrtel] folgt FFE X Fo] AEZ o219 uro-
nic acid &2 FFEC H For 0 AFR 9 @
S Frhikeg Yehdigy B g vp Qoh” B AN
AT st AAbel g daFe FPRSE duey
FTEAE T A7EY 9] B AER ey
o] A9} #FF o)zt il Wl s F 180
e BE F57 Arhzo] g2 e HY Hridte
v FA JebdE #EE £ 9tk 28v 55 F ol
T, &, ARTLS e ¥ 308 60%e SR &8
A5 FH-et £ 1808l 42 15.8%, 13.4%, 11.1%
@& o2y AT 6.3%00 vl o & st anE
YeRNITE 778 8373 avhs AHeA #Ed AF
AL Aol Y& Aoz FHEY & T/ 7}
7t AR dEACEN FuF9] 43¢ ErE
S5 AAALY T g 9% vE rksAde] Slvka
2ot 2822 5/ BFEE Tty Frie 4
e A I FEAM WE A avds B 53
sl Ueld % S Zoj)

2. FF HWAONT B R AEOACl ORI

Bx/deolM WAk 1AE5 3 % HDL-S9 2
5o AR A3 gy EAlel o] niAEd A%
PHES /410l vjal] 2~4u) o)A Eo o] A%
=2 Qg AP 75~80%F gttt ByEw

flo 1o wju
p off

oft

ALk® Aol frt dF NAFE 53] ZH2HE 5%
o WX &) diAE B2 BuP st g9lew 1 &
Tz A4 FRe wet xlel7t e AoE Btk
Ebihara $%2-& guar gum A3 4171 # 9 Ao 2HE
ZY2HER FAALS F40t vislE s #HEsn 4
A AR7t FAAHES] Fo T8 IS o ¥
2 FHAEHE v, AZHAHER GF Y, A F £
AAEES] d Fol JE o B3k AZA (oat
bran)” 2t F (bean)?oll EAsHs 484 A5 8%
ZYAHE A3t aTE RuFHA o9 22 AHEEY
B] Ao dF & gelS A= guar gum, pectin, oat bran
T Aol & 78 AoldfEel EF A Al
BEHRAYE & F Jon mepr] g xS XAt
Mol =84 A o A3 /o Ao 9
th & AN FRE X S dFd 653
Tt 43 % $49AA9] 5L ATl 93
7P e g Blon )X R HAuTy FARKE
T @S YERTE 8% SHAHE JoME B
£ TRTE0] B84 o)/ AEZ oA HE Ayt
Aoz W AYS wGloH, £ HAuyy 2 £F9
o3t 8% FHAHE Astans Yehfo] $E5E s
o} o] F AR, &F, T PR o ¥ ¢
9 8% FU2HE 58 Yehiglon HDL-EA
HE skl vXE o5 F7 YL ST HE o)
g A7 fAkE BAEE RIS AR gl 87
A= HDLo| 8% FaAHE9 328 2ukd FA)d
oo FYAHE d5FS A dAgdty glerg ¥
2 FEUYAEHE 5571 ZAage) ue HDL-S8AHE
= xd AsH foh £ A4 HDL-ZelAH &3
FZY2HE g vES FRA7REEe) e &
ARt 29 g JERIIY. BEASAISE O AL
&S AT gy dELlge] FolxH,
FRA7REE 7 AR uF HAEE AEEA e
HAAZHOE o R £X& Jehfigith oj4y g 4
oA FHAEsAT7 23818 Z4AE AL FRY A2
Q& =7 HDL-EdAsHEe] $7HH 1, =3 8%
LDL—Zal2H &2 Aoz o]go] &X¢ Ay} 7
A2 B0 74" Aoz AlgH A Goswamy S
9] AN FuFHY 2AS AYFH ) A H £
2L ZAasta XA FEAAEL FrNstchy B gt v
o™, Hundemer 52 FHXAHE 209 soybean
fiber, rice brang 7%% A7}st A}, 7} o) F =3
2HES 7o) HDL-FHAHE sXol= W)
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FHL R el 9] BE GadolA A
Hjg) At oz A3t ol 23 F FAEY A
sl w2 @Jog Btk YuFor S5 B8 F
AAAE FEAM FYAJ AeE B A 89 5 F
7tle #o] lE Aotk & FRAVIEE Tl &F
T2 354 €A 7HE 2o Ude HAex
A9 7P T3 olAS B FF I
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AETE FaAFeER 84 AAE WEvy Rud v}
ATHS iR A7 AvolA], AP AolAdwie A
F F7he W F 34 AHZo|Te il Fotel HE 9%
€ UXA] god O diAl A F 2FAEY wjlgss S
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A wde] vAE 9L 53] ZATH UiFY 954

e a3t HRe] AR 44 Hojdo| ARHI. o
2 A= guar gumt H-e] A A B T Fe2H

29] 749 T¥o] BEA WA 2718 B8 Takehisa
%

< Aoz FuelA A FHEAR gl &
Y2EE FEAY FFE JARCEA FHaHEY 7
e g & Qe AR By, 53] & A
A A 7848 ARl AR 98 FULHE A
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AE MToR o e RN 2kx2E] o FH2H
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3. §F faen: 3P FY RELM) ORI

Sato §*¥0] Bi¥ Ak ANA A FAlsIEC] F
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vebgth 3 23 olEg k= F5 AdPAAEEY] F
7h= HPLCH & ©]4% Gallaher 59| 239} U3t}
2 Ao B2 » F AAISES] SR Aol
A bR o F7he AARISES AANTEE B
A1 0 2A AR 715 @A 7108 Zoz Hol
A= w Fo XA ST AL i A
ol A Aue] AR} SIHERSS AASTT B 5
ot 18y Gl TR A HIe 72 W
e AZFZ AT HF FYFoz @t XAH5E
9 FEE YeRiET ole 79 HRle] Hrie dnF
A7t o= A g3l ot ] HeE F5k @
o}zl Rojgt Algdrh 23 F AAFIge] 7 AxE
ZAof W} i o7t Wtk Bahid ¥ 654 s
oM AL BAtE doleEs Ui eeA
27 Foll FHHEe AAHPNEES] FF0] woldtn
Bu¥sREd, B AgeMe 3t 23 9 A3t
E o] AT gu el 7938 Ao)rt JERER
3Tt o)A TR AAAAY R GuFAV) 3
Ao} 2N AFuilst Wol7|He] gz X
20 EEE] gHEoE AAH Aoz nlr) Al
Z29 AAMNAE ST AhT fFgFoz
< FF5E Jeped o)A 784 Aolda FrE
9] A AT e ARl o7 FEHA AFF
7 Fo] A= e A b8 vz JdHEE
Al ZeE o2 Holu, AT wE APoF Qs
Al Wl Ags A7 A0R AlgH) £33
EF] Aol duy W 3T AR o-go] F
7HE Y f1871310] oA WA Aol AR (kidney
failure) & Go7lAl HeHl oA YaMAQ dlozE
A 7\ A ek wlgel ERTAE (mesangial cell) 2} o
I AAE A 7159 F4aE E T Utk

a4 £

F=E]lo) g T 3% (UIF, ARE 49 v
Aol i3l Fr Bxke A85AE A nAo)dt BE
E2A9 7edE A8 ARSI A8 FEL strepto-
zotocin®ll 28] BAdeElrt e BAE AMgEIion A
PHL 7t TRERY 8% T AolMd{rt FEHES
3t3 oA ot FUSEE dFYdA 3 243
Ao} Q2T AT AEZOA T HAEZQA T
= Y Foqroz 3igick AYAE 657 5% ¥
7t BaF 2 A Addabel vA e deqE ZANE

o o3 22 A7E 43tk

1) AAF, dF vATL ATt ZAMIA FEA|
ggrEo] HRiye naiie AT d2d A2
AFT FARE FE01 o FRFECE S Ugs A
F¥= #EEA dodch

2) T ke dxFY dF FurHES A
A WFen O Astaze] Aee Fd3 fARI e
123 F AAEFFY ZY2uE QL F4X-e nX=
F= d87 AR 295 JeRidch

3) 779 g9+ A F ZY2HE, coprostanol, BF
ARl Hd g Nk o7 FolE: ANE B W F 9
2EHE9 wjdBE diFo} vIxTelA ko HET
Hl&A &= Wt} WE coprostanol BlAEE BF TRl
A HEF B =% 95 WS AR dF s
ATl HelFRo foFoz 3t (p<0.05).

4) F=F) 39 x F AAPEEY v FF
A7V AEEATRUEE W1 AR £93 2}
o] glo] FARE FFolon AAZTH diF Hrll e
zA Fo AARNEE FEo] AYTHT FoFog

< TE0)U} (p<0.05).

o] ANZRE FxnF ol glo] T HIIE A o
e A Zke e dskeou 7R F ARATL 2
=FHA EF FHAEE AstaAd ¥ T 5N w2
S vehdglth =23 F79 ke 839 x $2 X
AISLE Astads vehliglen 53 AAEH dT
= 123 Y AP E 55 W5 ed a5
o w2t AAZH diFe 2y AddAke AP E
AsiM AR dEZ e} Fde v]a) Stof] oiF 3§
E7F w3 & g AHoldf BHEEY AAERAY 58 Tt
A7Y 9T 7 Aok waEh
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