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Effects of Legume Supplementation on the Gastrointestinal Function and

Diabetic Symptoms in

Streptozotocin-Induced Diabetic Rats
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Department of Food Science and Nutrition, Kyungpook National University, Taegu 702-701, Korea

ABSTRACT

The present study was conducted to evaluate the usefulness of four kinds of legumes(black soybean: BS, yellow soybean: YS, green
peas: GP, soybean curd residue: SCR) as a high-fiber supplement in the therapeutic diet for diabetic patients. Seven groups of normal
and streptozotocin-induced diabetic rats were fed isocaloric experimental diets containing 8% dietary fiber from one of legumes for 6
weeks. The effects of legumes on the gastrointestinal function and diabetic symptoms in diabetic rats were also cxamined and compared
with the effects of cellulose or pectin diet. Legume supplementations had no significant effects on alleviating typical diabetic symptoms
such as polydipsia, polyphasia, polyuria, and urinary glucose excretion when compared with cellulose or pectin supplementatons. The
supplementations of legumes all resulted in remarkable changes in gastrointestinal functions: shortening of GI transit time and
increases in fecal volume, fecal water and crude fat contents. Legume supplementations appeared to supress the damages of the small
intestine villi and the enteritis symptoms in diabetic rats. GP led to regular villus patterns closer to normal villus. BS, YS and GP led to
the enlargement of cecum in diabetic rats. In conclusion, the present studies have demonstrated that legumes may possess a significant
physiological actions in the control of various diabetic conditions. (Korean J Nutrition 32(6) : 617~627, 1999)
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Table 1. Composition of experimental diets

Control diet Experimental diets

Ingredients
Cellulose Pectin ~ BS YS GP  SCR
g/100g  diet

Total Catbohydrate  59.00  59.00 59.00 59.00 59,00 59.00
Cornstarch 4400 4400 4112 36.09 31.17 4395
Sucrose 15.00 15.00 15.00 1500 15.00 15.00
From fiber source 0.00 000 288 791 1283 005
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 5.77 198
Total Fat 8.00 8.00 800 800 8.00 8.00
Soybean oil 800 8.00 259 000 420 685
From fiber source 0.00 000 54 8.00 380 1.15
AN 76 vitamin Mix”  1.00  1.00 1.00 100 1.00 1.00
AIN 76 mineral Mix®  3.50 3.50 3.50 350 3.50 3.50
Choline chloride 020 0.200 020 020 020 0.20
DL-methionine 0.30 (.30 0.30 030 0.30 0.30
Dietary fiber 8.00 8.00 800 800 8.00 8.00

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

1) AIN-76 vitamin mix(ghkg mix): thiaminHCl 0.6, riboflavin 0.6, py-
ridoxineHC! 0.7, nicotinic acid 3, D-calcium pantothenate 1.6, folic
acid 0.2, cyanocobalamin 0.001, retinyl palmitate 0.8(500,0001U/g),
DL-o-tocopheryl acetate 20(2501U/g), cholecalciferol 0.0025, mena-
quinone 0.005, sucrose to make 1kg, 2) AIN-76 mineral mix(gkg
mix): calcium phosphate dibasic 500, sodium chloride 74, potassi-
um citrate monohydrate 220, potassium sulfate 52, magnesium ox-
ide 24, manganous carbohydrate 3.5, fertic citrate 6, zinc carbonate
1.6, cupric carbonate 0.3, potassium iodate 0.01, sodium selenite 0.
01, chromium potassium sulfate 0.55, suctose to make Tkg

To provide 8g dietary fiber/100g diet, the following amounts of
legumes(g/100g diet) were used: BS: 45.7, YS: 29.0, GP; 33.3,
S5CR; 11.7
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Table 2. Composition of legumes

BB EEEE 3206 617-627, 1999/619
5) 2l 3 FEEF X TNYFY =F
*E‘“é’—M TR CHAE ARl Al 48413 Bt vl HE
EH*&-%— 315 23|14 F35te] FEEAGH Y] FAE AT
T JFAATZ)F -50TA g 28 7R BF
ﬂ_ A7 A AZFAE At T8 2A43E FA 9
Zo)g g 2 Pt ¥ F A v e Sox-
hlet 29 ofstith

6) M3 X ZN My

AE7IZE R A W AR EES 1247 AN B
8w ol3 1% % ketamin hydrochloride £9-& A
F 100gF 0.2mlFe 2 B FAlES obE A7) £ 718
82 heparin(100units/ml) X 27} & FAZ| 2 B35 R4
= (inferior vena cava)ollAx] L F st o]F ALl
A 1A12F ¥Ex] & & 3000rpmoll A 2083 YA€) &8
g 225k B4R -40ToNA WE BHAsIETh 8
BG AMFH )2 FA| 7 FRE FHEF AGE AA
3 3 A AEsE g I $ JoHE RS
AAs FAS et =3 FE 2739 g F&
ato] AHHT F ZolE FASIUC. B Wde AlRE
58 2G7pA| 9 ol = i

7) B9 ¥HSNY HE
o] ey 4L 3 B FES vy #3
I EF 4olRge] dFRY lemE EH 5 10% "er"" x
TGl 12~24A7 B AR F B2E Bl 124
7+ @R Trt 50% o8 EdA AxFEoE 100% ¢
g 4F FERIEOF AT § AelHoE 2ot
Sum 72 w2 sle] PAS(Periodic acid schifl) 2 4§+
X FErEuF o7 400 9] v &ollA BEEITH

_4

8) IR 2% 2L 2y 5F

Lactase, Maltase, Sucrase /-2 Dahlqvist Bl
o3 At o|FF &4 FAEE specific activity
(units of activity/g protein)2A Vehi= 2899 o
WA &S hovine serum albuming EFE2AZ AHE:
ste] Lowry® el oj&f A #alnt.

3. /=29 AN

SuAe F715H AT PAE Holds FU
(%)

legumes Moisture Protein Fat Ash Carbohydrate  Total dietary fiber
Yellow soybean 6.0 337 18.6 43 99 27.5
Black soybean 6.7 348 18.9 4.8 17.3 17.5
Green peas 5.1 17.3 11.4 37 38.5 24.0
Soybean curd residue 2.7 16.6 9.6 3.4 0.4 67.3
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Table 3. Eifect of legumes on growth performance and organ weight in normal and diabetic rats

Groups Initial body Final body  Body weight gain Liver weight Kidney weight

weight(g) weight(g) (g/42 days) @ (g/42 days) ® {g/100 gBW)
Normal cellulose 303.10 £11.67* 481.56 +14.61* 176.44 = 3.22° 13.19 £ 0.73* 273 + 0.87° 2.58 =+ 0.09° 0.54 + 0.01*
Diabetic cellulose 307.75 + 7.67 370.50 +45.79° 40.00 £39.45° 1256 + 1.00* 3.47 + 0.27% 3.19 + 0.17° 092 + 0.15*
Diabetic pectin  296.50 = 8.19 29567 £ 7.67° -0.83 +11.48" 969 + 037 3.27 + 0.74* 256 + 0.09° 096 = 0.02¢
Diabetic BS 29833 + 831 272.08 £11.36°-26.25 + 9.30° 1047 + 039 3.87 + 0.89° 2.80 + 0.07* 1.05 + 0.04"
Diabetic YS 298.08 = 8.10 280.82 £17.11° =-15.00 i13.50w 10.72 =+ 0.52% 3.85 + 0.98% 3.05 + 0.08= 1.12 + 0.06°
Diabetic GP 297.17 & 7.89 276.89 £12.19° -2044 + 7.07" 498 + 0.40° 361 = 065 294 = 0.10° 1.07 + 0.03*
Diabetic SCR 298.33 & 8.05 303.20 £14.34° 12.20 +13.54*

*Mean =+ S.E., Different superscripts in the same column indicate significant difference(p <{ 0.05)between groups by Duncan's multiple com-
parision test, Abbreviations BS: black soybean, Y5: yellow soybean, GP: green peas, SCR: soybean curd residue
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Fig. 1.

.Food intake, water intake, urine volume, urinary glucose excretion and blood glucose in normal and diabetic rats. Values are means

with their standard errors indicated by bertical bars. Different letters indicate significant difference between groups by Duncan's multiple com-
parison test{p <7 0.05). Abbreviations BS: black soybean, YS: yellow soybean, GP: green pea, SCR: soybean curd residue,
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Eg. 2. Fffects of legumes on gastrointestinal parameters in normal and diabetic rats. Values are means with their standard errors indicated
by vertical bars. Different letter indicates significant difference between groups by Duncan's multiple comparison test(p < 0.05). Abbreviations
BS: black soybean, YS$: yellow soybean, GP: green pea, SCR: soybean curd residue.
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Fig. 3. .Light micrographs of intestinal villi in normal
and diabetic rats. Abbreviations N-C: normal cellulose,
D-C: diabetic cellulose, D-BS: diabetic black soyhean,
D-Y$: diabetic yellow soybean, D-SCR: diabetic soy-
bean and residue, D-GP diabetic green pea, D-P. dia-
betic pectin. Arrows are goblet cells.
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Table 4. Disaccharidase enzyme activity of jejunal mucosa in normal
and diabetic rats

Groups Lactase Maltase Sucrase
(specific activity)
Normal cellulose 15.07 — 1.38* 191.17 = 25.89- 57.69 & 8.03

68.67 = 12.51=
179.26 & 27.69~

Diabetic cellulose 17.10 + 2.70+ 262.06 + 43.66=
Diabetic pectin 26.78 = 3.17« 483.35 & 73.00~

Diabetic BS 19.80 £ 1,53« 245.17 + 20.22= 105.68 &+ 22.07+
Diabetic YS 31.03 & 3.29+ 392.80 + 22.02= 146.72 + 16.70~
Diabetic GP 40.89 = 7.58 605.81 £ 94.40¢ 257.74 + 55.66°
Diabetic SCR 25.48 + 2.99+ 351.76 & 40.95« 120.85 * 15.66~
*Mean + $.E, Different superscripts in the same colurnn indicate

difference(p < 0.05)between groups by Duncan's multiple compari-
sion test. Abbreviations BS: black soybean, YS: yellow soybean,
GP: green peas, SCR: soybean curd residue

i ”m »
Dl Bt g
k 4‘ o

L T
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Fig. 4. Appearance of cecum in normal and diabetic
rats. Abbreviations N-C: normal cellulose, D-C: diabe-
tic cellulose, D-BS: diabetic black soybean, D-YS: dia-
betic yellow soybean, D-SCR: diabetic soybean and
residue, D-GP: diabetic green pea, D-P: diabetic pectin.
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