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The cholesterolaemic effects in rats of a diet (VS) containing Bambara groundnuts ( Vignu subterrunea), 
a popular legume eaten in Nigeria, were compared with diets PV, PS, LC and PL, containing baked 
beans (Phuseofus vulgms), marrowfat peas (Pisum sutivum), lentils (Lens culinaris Medik.) and butter 
beans (Pheolus funatus) respectively. Sixty Sprague-Dawley rats were fed on hypercholesterolaemic 
semi-purified diets supplemented with 10 g cholesterol and 5 g cholic acid/kg and formulated to provide 
40 % of energy from fat, as in a typical Western-type human diet. Legumes were substituted for 330 g/kg 
of the semi-purified diet on a dry-matter basis, which was modified to maintain the same contribution of 
energy sources as the control diet C3. Another ten rats were fed on control diet C2, which was similar 
to diet C3 but with no added cholesterol. The rats were fed for 8 weeks and plasma cholesterol levels were 
measured at weeks 4 and 8. The diets incorporating the five different legume species produced very 
Merent cholesterolaemic effects. Diets PV and PL  were more potent at lowering raised plasma 
cholesterol levels than diets PS and LC. Inclusion of the Bambara groundnut into the semi-purified diet 
resulted in an exaggeration of hypercholesterolaemia. Differences in cholesterol-lowering capacity of the 
various legume diets in this experiment could not be related to concentrations of faecal bile acids or 
neutral sterols. However, there was evidence that the inclusion of legumes in the diets reduced the faecal 
excretion of secondary bile acids. 

Hypocholesterolaemic effect: Steroids: Lipid metabolism: Legumes 

Evidence for a hypocholesterolaemic effect of grain legumes on raised cholesterol levels in 
animal models and man has accumulated in recent years (Kingman, 1991). The mechanism 
for this is unknown, although various hypotheses have been promulgated. One favoured 
hypothesis is that the dietary fibre and/or saponins intervene in the enterohepatic 
circulation of bile acids and cholesterol, promoting enhanced faecal excretion of acidic and 
neutral steroids (Anderson & Chen, 1979; Oakenfull et al. 1979; Sidhu et al. 1987). 
However, while some studies have shown an increased excretion of bile acids as a result of 
legume feeding (Soni et al. 1982; Mahadevappa & Raina, 1983), others have not. Anderson 
et al. (1984) found that feeding Phaseolus vulgaris (haricot beans) led to a reduction in bile 
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acid excretion in the faeces of human hypercholesterolaemic subjects. Kingman et al. (1993) 
found no difference in faecal steroid excretion in response to any of four separate legume 
species incorporated into diets fed to pigs compared with controls. In contrast, Costa et al. 
(1994) added baked beans (Phaseolus vulgaris) to a cholesterol-raising, semi-purified diet, 
fed to pigs, and found reduced bile acid excretion in the faeces, especially secondary bile 
acids, in comparison with control diets similarly formulated but without baked beans. 
These authors also analysed bile collected from the gallbladder of the animals at the end 
of the experiment and found that feeding baked beans increased the concentration of total 
bile acids in bile, particularly secondary bile acids. They proposed that a baked-bean- 
enriched diet enhances conservation of bile acids and cholesterol within the enterohepatic 
circulation. They considered that the high concentration of bile acids and cholesterol in bile 
may promote a feedback inhibition of hepatic cholesterol synthesis and therefore lead to 
a hypocholesterolaemic effect. 

Although several legume species have been studied for their cholesterolaemic effects in 
separate experiments, there are few reports of comparative effects of different legume 
species added to a diet. For pigs fed on semi-purified diets supplemented with cholesterol 
(10 g/kg), Kingman et al. (1993) compared diets containing baked beans, marrowfat peas 
(Pisum sativum), red lentils (Lens culinaris Medik.) and butter beans (Phuseolus lunatus). 
Each diet was fed for 42 d. In comparison with a control diet also containing cholesterol, 
induced hypercholesterolaemia was significantly inhibited in the groups consuming baked 
beans, peas and butter beans, although HDL-cholesterol levels were maintained. While all 
legumes prevented the mean plasma concentrations of VLDL + LDL-cholesterol rising as 
much as a cholesterol-supplemented control, butter beans followed by baked beans were 
most potent, with red lentils and marrowfat peas showing less effect. 

The objectives of the present study were (a) to investigate the cholesterol-lowering 
potential and effects on faecal steroid excretion of dietary Bambara groundnuts (Vigna 
subterranea) compared with other legumes for which these variables had previously been 
reported, and (b) to compare the more convenient rat model for the study of comparative 
cholesterolaemic effects of different legume species with the pig model previously used in 
this laboratory (Kingman et al. 1993). Thus the diets used by Kingman et al. (1993) were 
followed as closely as possible. 

MATERIALS AND METHODS 

Lentils (split, red) and butter beans were obtained from Whitworths, Wellingborough, 
Northants, marrowfat peas from Wherry & Sons, Bourne, Lincs. and Bambara groundnuts 
were purchased from Hong local government, in Adamawa State (formerly Gongola State), 
Nigeria. The baked beans were Gold Beans in tomato sauce (Richland Pure Food Co. Ltd, 
Malt House, Field End Rd, Eastcote, Middlesex) purchased in catering packs. 

All dried legumes were cooked before compounding into diets. The seeds were soaked 
overnight at room temperature in excess deionized water, and then cooked in the soaking 
water in large, open, steam-jacketed pans. After cooking, the legumes were drained of 
cooking water, frozen in metal trays and freeze-dried. The baked beans were treated as the 
cooked beans above, except that during freeze-drying the sauce was included. 

Animals and diets 
Male Sprague-Dawley rats (n 80) weighing 124 (SD 10.2) g were obtained from Shaws Farm 
(Blackthorn, Oxon). 
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Table 1. Composition of experimental diets (g lkg  dry matter) 

Diets 

Ingredients c1 c 2  c 3  PV PS LC PL vs 
- - - - - - Rat chow 1000 - 

Maize starch - 383 383 281 201 214 218 236 
Sucrose - 84 84 16 74 75 68 80 
Casein - 157 157 70 70 56 66 52 
Cellulose 
Baked beans (Phaseolus vulgaris) - - - - - - 
Marrowfat peas (Pisum sativum) - __ - - - - 333 - 
Red lentils (Lens culinaris Medik.) - - - - - 

333 - Butter beans (Phaseolus lunatus) - - - - - - 
333 Bambara groundnuts (Vigna subterranea) - - - - - - - 

Salt mixture* - 41 41 41 41 41 41 41 
Vitamin B complext - 40 40 40 40 40 40 40 
Vitamin supplement1 - 40 40 40 40 40 40 40 
Vitamins ADEg - 10 10 10 10 10 10 10 
L-Cystine in starch11 - 10 10 10 10 10 10 10 

- - - - - 60 60 - 

333 - 

- 333 - 

Soyabean oil - 30 30 20 25 25 25 6 
Tallow - 145 145 136 155 156 149 150 
Total 1000 1000 1000 1000 1000 1000 1000 1000 
Cholesterol - - 10 10 10 10 10 10 
Cholic acid - 5 5 5 5 5 5 5 

* Salt mixture comprised (g/kg): KH,PO, 3791, CaCO, 371.8, NaCl135.8, MgCO,. 3H,O 644, FeS0,.7H20 

t The vitamin-B complex comprised (g/kg): cyanocobalamin 00008, biotin 0.005, inositol549,p-aminobenzoic 

1 The vitamin supplement comprised (g/kg): thiamin 0.038, riboflavin 0.136, pyridoxine 0.63, ascorbic acid 

5 The vitamins ADE mixture comprised (g/kg) : cholecalciferol 0.040, DL-a-tocopheryl acetate 6,533, retinol 

I/ L-Cystine in starch comprised (g/kg): L-cystine 150.0, maize starch 850.0. 

33.7, MnS0,.4H20 5.8, KI 0.8, CuSO4.5H,O 0.4, ZnSO, 03 ,  CoCI, 0.007, maize starch 7.0. 

acid 2.49, pteroylmonoglutamic acid 0.38, maize starch 991.6. 

0.107, pantothenic acid 0.628, menadione 0.033, nicotinamide 12.56, choline 73.07, maize starch 913.3. 

0.400, maize starch 993.0. 

Table 1 shows the composition of the experimental and control diets. Semi-purified diets 
were formulated such that, on addition of legumes, each diet provided the following 
(percentage total energy): fat 40, protein 12, carbohydrate 48, i.e. similar to the energy 
contributions of major constituents of a typical Western-type diet. For all diets the 
polyunsaturated fatty acids: saturated fatty acids (P: S) ratio was 0.2. 

The legume-based diets and a semi-purified control diet (C3) were supplemented with 
10 g cholesterol and 5 g cholic acid/kg to elevate blood cholesterol levels. There was a 
further control diet (C2), identical with C3 but without added cholesterol. Each diet was 
made up in a single batch of 15 kg. The cholesterol and cholic acid were thoroughly mixed 
in the soyabean oil and beef tallow before being added to the other ingredients and mixed 
thoroughly. The diets were pelleted and dried in a warm-air oven at 100". 

Experimental design 
A total of seventy male Sprague-Dawley rats were randomly allocated to seven test groups 
of ten animals each, housed in pairs in solid-bottomed containers with wood shavings. A 
further ten animals fed only on rat chow were killed to provide baseline blood samples at 
the start of the experiment: blood samples were taken by heart puncture. The feeding 
period was 8 weeks. On arrival in the laboratory the animals were conditioned to their 
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surroundings for 3 d and fed on laboratory rat chow before commencing the experimental 
diets. All rats received feed and water ad lib. ; individual rats were marked by ear-clipping. 
Amounts of food consumed and leftovers were recorded. Animals were weighed weekly and 
maintained under constant temperature and humidity in a room having a 12 h light-12 h 
dark cycle. The animals were started on their diets in five batches, each staggered by 1 week. 
At the start of each week, one cage containing two rats was set up for each experimental 
or control diet. 

At week 4 of feeding; blood samples were taken by tail-vein bleeding, according to the 
technique of Conybeare et al. (1988). At the end of week 8 the animals were anaesthetized 
by intraperitoneal injection (Euthetal, May & Baker, Dagenham; 2 ml/kg body weight), 
the thoracic cavity was opened and blood samples taken by heart puncture. Blood samples 
were collected in heparinized syringes and tubes, shaken and transferred to centrifugation 
tubes and plasma was separated by centrifugation. The liver was removed, washed with 
saline (9 g NaCl/l) blotted to remove excess solution and blood, weighed and kept in a 
plastic bag at -20" for liver lipid analysis. 

In week 7, faeces from each cage were collected for 5 d for steroid analysis. Faeces were 
separated from urine as far as possible, placed in a suitable container, labelled and frozen. 
Before analysis, faeces were thawed, mixed thoroughly and a 1&15 g representative sample 
was freeze-dried. The freeze-dried sample was ground to a fine powder using a coffee 
grinder and stored in a sealed polythene bag at room temperature until required for 
analysis. 

Analytical methods 
Plasma was separated from the blood samples by centrifugation at 1500 g for 30 min at 4". 
The separated plasma was aspirated and transferred to polycarbonate ' flip-top ' containers, 
containing 2 ~ 1 0 . 1  g/1 sodium azide as preservative, according to the method of Chapman 
et al. (1981). 

For the separation of HDL and LDL, the density of the plasma samples was adjusted 
to density @) 1.05 g/ml with KBr and the samples were placed in balanced polycarbonate 
ultracentrifugation tubes. Each plasma sample was carefully overlayered with 
2 ml p 1.05 g/ml KBr solution (prepared by diluting 12-223 ml p 1.21 g/ml KBr to 50 ml 
with water). The tubes of plasma were centrifuged in a Beckman L8 55 M ultracentrifuge 
(Beckman, High Wycombe, Bucks) for 20 h at 40000 rpm at 12", using a Ti TLA-75 rotor, 
at minimum acceleration and deceleration. On removal of the tubes from the centrifuge, the 
top fraction (4 x 0.5 ml) of the plasma solution (containing the LDL with small amounts 
of VLDL) was aspirated off using a curved pipette attached to a 10 ml plastic syringe, 
transferred to a 2 ml volumetric flask and made to the mark (LDL) with p 1.006 g/ml KBr 
solution. The sides of the ultracentrifuge tubes were carefully wiped with filter paper to 
remove remaining LDL. The bottom fraction remaining contained the HDL. This was 
transferred to a 5 ml volumetric flask using a straight pipette, sampling from the bottom 
of the tube until empty. The tube was washed with p 1-006 g/ml KBr solution (prepared by 
diluting 3.669 ml p 1.21 g/ml KBr to 100 ml with water). The washings were added to the 
volumetric flask to make up the volume to the mark. The LDL and HDL samples thus 
prepared were frozen at - 20" for cholesterol and triacylglycerol analyses. 

Plasma HDL- and LDL-cholesterol and triacylglycerol were estimated using a fully 
automated clinical analyser (Baker ENCORE Clinical Chemistry System, Baker Instru- 
ments Ltd, Windsor, Berks.) in conjunction with an enzymic kit (ENCORE Reagent Set 
No. 27-012-700-000; Baker Instruments). The methods used were that of Allain et al. 
(1974), combined with the phenol4 aminoantipyrine system of Trinder (1969) and Megraw 
et a/. (1979). The total liver lipid was measured by the method of Folch et al. (1957), while 
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the method described by the International Union of Pure and Applied Chemistry (1979) 
was used for liver cholesterol. 

Steroids 
The analysis of faecal steroids was carried out by the method of Almk et al. (1977), as 
modified by Owen et al. (1984). The method is detailed by Costa et al. (1994). Results are 
reported as faecal concentration on a dry-weight basis, in the absence of weights for total 
faecal output. 

Statistical analysis 
Data for each variable studied were subjected to ANOVA to separate the overall variation 
due to different components, i.e., the differences between diets, between batches of animals 
(based on date of commencement of diet) and diet x batch interaction. The variation 
between diets was further split into components, to allow the following planned 
comparisons : (1) differences between control diets C2 and C3, (2) differences between 
legume diets, (3) differences between diet C2 and legume-based diets and (4) differences 
between diet C3 and legume-based diets. All data, except for values for C1, were included 
in the ANOVA. In cases where the ANOVA F test showed evidence of overall differences 
between diets, t tests were conducted corresponding to each of the above contrasts. 

RESULTS 
Animals 

All animals remained healthy and active through to the 6th week of the 8-week experiment. 
However, by the 6th week, rats receiving Bambara groundnut (VS) and butter bean (PL) 
diets became notably less active. The total food intakes of the groups of rats (Table 2) 
during the experimental period of 8 weeks showed a significant difference ( P  < 0.01) only 
between control diet C2 and the legume diets. 

The mean weight gains of rats over the 8-week period are shown in Table 3. ANOVA 
followed by the t test showed that rats fed on the baked-bean diet (PV) weighed 
significantly less (P < 0.01) than rats on all other diets, and that this was the major 
contributor to significant differences found in the ANOVA. 

Plasma total cholesterol 
The mean values for plasma cholesterol at weeks 4 and 8 for rats fed on control and legume 
diets are shown in Table 4. The mean value for rats at the beginning of the study (baseline 
control, Cl)  was lower than for rats in both the other control groups at weeks 4 and 8. 
However, the mean values for rats in control group C2 at both weeks 4 and 8 were 
significantly lower (P < 0.001) than all other experimental groups. There were notable 
reductions in mean plasma cholesterol levels at week 8 in group C3 and all legume diet 
groups (P < 0.001) compared with week 4. 

At weeks 4 and 8, ANOVA (Table 4) revealed differences in mean plasma cholesterol 
levels of all diet groups tested: namely, between controls C2 and C3 ( P  < 0.001), between 
legume diets (P < 0-OOl), between C2 and legume diets (P < 0001) and between C3 and 
legume diets (P < 0.05 and P c 0.001 for weeks 4 and 8 respectively). The differences 
between mean values for rats fed on legume diets and control diet (C3) were further 
investigated using the t test. At weeks 4 and 8, the baked bean (PV) and the butter bean 
(PL) diets showed a significant effect ( P  < 0-01 in each case) in preventing excessively 
raised plasma cholesterol levels, compared with diet C3. However, there was no significant 
difference between the marrowfat-pea (PS) diet or the lentil (LC) diet and C3. The rats fed 
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Table 2. The mean weekly and total feed intake of rats on the experimental diets* 
(Mean values for five groups of two rats caged in pairs, expressed on an individual rat basis) 

Week . . . 1 2 3 4 5 6 7 9 Total feed 
Dietary group intake (g) 

C2 Control 2 259.0 2709 321.2 285.1 335.2 309.3 309.0 286.5 2383 
C3 Control 3 2185 2903 347.6 338.2 323.0 321.5 321.0 300.0 2443 
PV Baked beans 298.7 325.0 440.0 3702 340.0 325.1 300.0 286.0 2642 
PS Marrowfat peas 290.6 312.7 398.1 319.5 336.1 325.6 341.0 335.2 2748 
LC Red lentils 289.6 331.0 369.3 372.1 326.1 319.0 321.0 319.9 2648 
PL Butter beans 290.0 345.0 389.1 362.1 341.7 356.1 319.0 327.1 2730 
VS Bambara groundnuts 277.3 3569 423.0 379.3 3423 315.0 3000 3100 2704 
Probability values for assessing specific comparisons between diet means (P): 
Difference between C2 and C3 NS 
Difference between legume diets NS 

< 0.01 
Difference between C3 and legume diets NS 

_____ 

Difference between C2 and legume diets 

* For details of diets and procedures, see Table 1 and pp. 558-560. 

Table 3. The body weight (g)  of rats at the start of the experiment and weight gain after 
8 weeks of feeding on experimental diets* 

(Mean values and standard deviations for ten rats per dietary group) 

Weight gain (g) Starting wt (g) 

Dietary group Mean SD Mean SD 

C2 Control 2 124.2 10.5 334.0 105 
C3 Control 3 125.0 17.8 336.9 17.8 
PV Baked beans 127.2 11.8 270.2 11.9 
PS Marrowfat peas 125.0 10.0 354.0 10.0 
LC Red lentils 124.7 14.4 348.7 14.4 
PL Butter beans 125.4 14.6 333.4 19.6 
VS Bambara groundnuts 125.2 15.0 331.1 15.0 
Probability values for assessing specific comparisons among diet means (P) : 
Difference between C2 and C3 NS 

< 0.001 
< 0001 
< 0.001 

Difference between legume diets 
Difference between C2 and legume diets 
Difference between C3 and legume diets 

* For details of diets and procedures, see Table 1 and pp. 558-560. 

on the Bambara-groundnut diet (VS) showed a mean plasma cholesterol value greater than 
that of rats fed on control diet C3, and the difference was significant in week 8 (P c 0.01). 

HDL-cholesterol 
The mean plasma HDL-cholesterol levels of the rats in the various diet groups at week 8 
are also shown in Table 4. ANOVA showed that the HDL-cholesterol values were different 
(P < 0.001) for all the diet groups tested. The mean plasma HDL-cholesterol for rats in 
group C3 was not different compared with marrowfat pea (PS) and lentil (LC) diets, but 
was less than values for groups VS, PL and PV (P < 0.01). 
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Table 4. Mean plasma total cholesterol concentrations of rats fed on experimental diets for 
4 and 8 weeks and mean cholesterol contents of plasma HDL and LDL and HDL:total 
cholesterol ratios at 8 weeks, with baseline control (Cl)* 

(Mean values and standard deviations for ten rats per dietary group) 

Plasma cholesterol (mmol/l) HDL: total 
cholesterol 

Totlal Total HDL LDL ratio 
at 4 weeks at 8 weeks at 8 weeks at 8 weeks at 8 weeks 

Dietary group Mean SD Mean SD Mean SD Mean SD Mean SD 

C1 Control 1 (Baseline, week 0) 
C2 Control 2 
C3 Control 3 
PV Baked beans 
PS Marrowfat peas 
LC Red lentils 
PL Butter beans 
VS Bambara groundnuts 

2.24 0.09 - - 0.54 0.06 0.32 0.02 0.24 
2.71 0.15 3.13 0.23 0.64 0.08 0.91 1.27 0.50 

10,34 0.72 6.72 0.60 0.98 012 4.87 1.27 0.15 
7.06 0.29 4.28 0.32 1.39 0.09 2.29 1.38 0.33 
8.68 1.02 5-78 065 0.90 0.06 3.56 1.38 0.18 
9.72 1.22 6.27 0.42 096 005 3.30 0.70 0.16 
8.48 0.69 5.11 0.42 1.38 007 2.98 1.68 0.30 

12.02 1.39 8.66 0.91 1.65 0.11 4.70 1.11 0.21 

002 
0.04 
002 
0.03 
002 
0.0 1 
0.04 
0.04 

Probability values for assessing specific comparisons among diet means (P) : 
Difference between C2 and C3 < 0.001 < 0.001 < 0001 < 0*001 < 0.001 
Difference between legume diets < 0.001 < 0.001 < 0001 < 0.001 < 0.001 
Difference between C2 and legume diets < 0.001 < 0.001 < 0001 < 0.001 < 0.001 
Difference between C3 and legume diets < 0.05 < 0.001 < 0.001 < 0.001 < 0.001 

* For details of diets and procedures, see Table 1 and pp, 558-561. 

The mean HDL: total cholesterol ratios are shown in Table 4 for all diet groups, together 
with data for rats fed on diet C1. Significant differences (P < 0.001) were observed for all 
the diets when tested by ANOVA. However, the t test showed no significant difference in 
mean ratios between rats on diet C3 and those fed on diets LC or PS, but diets PV and PL 
yielded ratios significantly higher than those for rats fed on diet C3 (P < 0.01). 

LDL-cholesterol 
The mean plasma LDL-cholesterol levels for the various diet groups at week 8 are shown 
in Table 4. The ANOVA showed differences in all diet groups tested (P < 0001). The t test 
showed that the mean plasma LDL-cholesterol values for all the diet groups were 
significantly reduced compared with those fed on C3, except for the rats fed on the 
Bambara-groundnut (VS) diet, which showed no difference. 

Triacylglycerol 
Table 5 shows the mean values of plasma triacylglycerols of rats at weeks 4 and 8. The mean 
plasma triacylglycerol levels of rats fed on both C2 and C3 diets at week 4 were greater (P -= 0.001) than corresponding values at week 8. At week 4 the mean plasma triacylglycerol 
level of group C2 was greater than that of group C3 ( P  < 0.001) and those of rats fed on 
legume diets (P < 0.001). At week 8, although a similar pattern was observed, all the values 
were reduced compared with week 4. Mean values of HDL- and LDL-triacylglycerol for 
the various experimental groups in week 8 are shown in Table 5. ANOVA revealed that the 
differences in plasma triacylglycerol appeared to be due to differences in LDL- 
triacylglycerol rather than HDL-triacylglycerol. 
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Table 5 .  Mean plasma triacylglycerol concentrations of rats fed on experimental diets for 
4 and 8 weeks and mean triacylglycerol contents of plasma HDL and LDL at 8 weeks, 
with baseline control (Cl)* 

(Mean values and standard deviations for ten rats per dietary group) 

Triacylglycerol (mmol/l) 

Dietary group 

Total Total HDL LDL 
at 4 weeks at 8 weeks at 8 weeks at 8 weeks 

Mean SD Mean SD Mean SD Mean SD 

C1 Control 1 (Baseline, week 0) 0.650 0.041 - - 0.026 0.030 0.281 0.025 
C2 Control 2 2.387 0.238 1.540 0.089 0.174 0020 1.066 0.152 
C3 Control 3 1.365 0.165 0.818 0.111 0.175 0017 0.492 0.080 
PV Baked beans 0.730 0.059 0.498 0,052 0.163 0.027 0.239 0.063 
PS Marrowfat peas 0.959 0.149 0.725 0090 0.166 0.017 0.387 0.041 
LC Red lentils 0.839 0.083 0.546 0045 0.114 0.017 0367 0047 
PL Butter beans 1.022 0.132 0.795 0.081 0.142 0.015 0484 0.040 
VS Bambara groundnuts 0.673 0-085 0531 0.670 0152 0-018 0.260 0.042 
Probability values for assessing specific comparisons between diet means (P): 
Difference between C2 and C3 < 0.001 < 0.001 NS < 0001 
Difference between legume diets NS NS NS NS 
Difference between C2 and legume diets < 0.001 < 0001 NS < 0.001 
Difference between C3 and legume diets NS NS NS NS 

* For details of diets and procedures, see Table 1 and pp. 558-561. 

Liver weight 
Table 6 shows the mean liver weights of rats fed on control and experimental diets. The 
livers of rats fed on diet C2 were of normal size and a healthy dark colour at week 8, while 
those of group C3 and rats fed on the cholesterol-supplemented, high-fat legume diets were 
swollen and pale in appearance. ANOVA revealed lower mean weights for rats in group C2 
compared with those fed on diets C3 and the legume diets (P c 0.001 in each case) and this 
was reflected in comparisons of the mean liver: body-weight ratios. 

Liver lipid 
The values of mean percentage liver lipid and its cholesterol content are shown in Table 6. 
ANOVA showed differences between values for rats fed on diet C2 compared with C3 
(P < 0001) and between each of these and the legume diets (P < 0-001 and P < 0.01 
respectively), but not between legume diets. The mean values for cholesterol in liver lipid 
are also shown in Table 6. ANOVA showed significantly lower values for rats fed on diet 
C2 compared with diet C3, between diet C2 and the legume diets (P < O.OOl), and between 
legumes (P < 0.05) but none between rats fed on diet C3 and legume diets. The t test 
showed that the group fed on the cholesterol-supplemented diet containing Bambara 
groundnut (VS) resulted in a higher mean value for liver cholesterol than that for the group 
fed on diet C3 (P < 0.05). 

Faecal steroids 
The mean values for bile acids and neutral steroids present in the faeces of the rat groups 
(faeces collected from pairs of animals housed together) are given in Table 7 and the 
probability values for assessing specific comparisons of these values for the different diet 
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Table 6.  Liver fresh weight and lipid composition, 1iver:body weight and cholesterol content 
of liver lipid of rats fed on experimental and control diets for 8 weeks, with baseline control 

(Mean values and standard deviations for ten rats per dietary group) 
(CI )* 

Cholesterol 
Liver wt Liver:body-wt Total lipid (mg/g total 

ig) ratio ( x lo*) img/g) lipid) 

Rat group Mean SD Mean SD Mean SD Mean SD 

C1 Control 1 6.6 0 3  5.20 0.4 42 3 10 0 1  
C2 Control 2 17.8 0 6  3.93 0.1 72 5 6 1.0 
C3 Control 3 27.9 1.3 6.23 0.1 278 11 93 40 
PV Baked beans 25.3 1.4 6.24 0.2 287 8 109 6 0  
PS Marrowfat peas 28.8 1.3 6.18 0.2 276 9 98 4.0 
LC Red lentils 29.1 1.4 6.29 0.2 284 12 107 6.0 
PL Butter beans 28.6 1.5 6.42 0 2  268 17 87 6.0 
VS Bambara groundnuts 30.2 1.7 693 0-3 300 9 113 90  
Probability values for assessing specific comparisons among diet means (P): 
Difference between C2 and C3 < 0.001 < 0.001 < 0.001 < 0.001 
Difference between legume diets NS NS NS < 0.001 
Difference between C2 and legume diets < 0.001 < 0.001 < 0.001 < 0.001 
Difference between C3 and legume diets NS NS NS NS 

* For details of diets and procedures, see Table 1 and pp. 558-561. 

Table 7. Faecal output, on a dry matter basis (mglg), of neutral and acidic steroids of 
rats fed on experimental and control diets for 8 weeks* 

(Mean values and standard deviations for five pairs of rats per dietary group) 

Diet ... c2 c3 PV PS LC PL vs 
Steroid Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Cholesterol 4.7 1.4 31.1 5 2  32.7 6 6  40.1 5.6 44.0 4.5 29.3 1.3 39.8 3.1 
Coprostanol 0.3 1.0 5.3 0.9 5.0 1.6 1.9 0.6 3.1 1.2 4.2 1.4 6.3 1.3 
Total animal steroids 5.1 1.5 36.4 5.3 37.0 5.6 42.0 6.2 47.1 4.0 33.2 1.3 47.3 0.8 
Total plant steroids 2.1 7.8 7.2 2.4 11.3 5.8 14.2 3.0 13.5 4.5 10.3 4.7 9.2 2.3 
Total neutral steroids 7.1 2.2 43.6 6.5 49.0 5.6 56.2 4.9 606 6.5 433 2.4 56.5 5.2 
Coprostanol of TNS (%) 4.1 - 12.3 - 10.2 - 3.4 - 5.1 - 9.7 - 11.4 - 
Cholic acid 5.9 2.6 10.6 1.8 20.0 2.6 15.5 3.2 23.1 2.6 13.5 2.6 26.3 0 7  
Chenodeoxycholic acid 1.8 1.5 1.0 0.3 1.6 0.2 1.5 0 4  1.9 0.4 1.7 0.5 1.9 0.4 
Deoxycholic acid 14.7 2.2 14.1 1.3 9.7 2.1 6.6 2.8 7.8 1.4 11.7 2.0 4.8 1.0 

Primary of TFBA (YO) 34.0 - 45.0 - 69.0 - 506 - 76.2 - 56.5 - 85.7 - 
Sulphated conjugated 0.3 0.05 0 6  0.22 0 6  0.2 0.4 0.1 0.4 0 1  0.3 0-1 0 4  0.1 

TFBA 22.4 - 25.8 - 31.3 - 33.6 - 32.8 - 26.9 - 32.9 - 

bile acid 

TFBA, total faecal bile acids; TNS, total neutral steroids. 
* For details of diets and procedures, see Table 1 and pp. 558-561. 

groups are shown in Table 8. The concentration of cholesterol in the faeces (dry-matter 
basis) was much less in rats fed on control diet C2 compared with control diet C3 or 
compared with legume diets (P < 0001). However, there were no differences between 
values for rats fed on the legume diets or between those fed on C3 and the legume diets. 
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Table 8. The probability values from ANOVA for assessing speciJc comparisons of faecal 
steroids of rats fed on experimental and control diets for 8 weeks* 

Variables (1) (2) (3) (4) 

Cholesterol < 0.001 NS < 0.001 NS 
Coprostanol < 0.001 NS < 0.001 < 005 
Total animal steroids 4 0.001 < 0.001 < 0.001 NS 
Total plant steroids NS 4 0.001 < 0.001 NS 
Total neutral steroids (TNS) < 0.001 < 0.001 < 0.001 NS 
Coprostanol of TNS (%) < 0.05 NS NS NS 
Cholic acid NS < 0.001 < 0.001 < 0001 
Chenodeoxycholic acid NS NS NS NS 
Deoxycholic acid NS NS < 0.001 < 0.05 
Sulphated conjugated bile acid < 0.05 NS NS NS 

(l), Differences between controls C2 and C3; (2), differences between legume diets; (3), differences between C2 

* For details of diets and procedures, see Table 1 and pp. 558-561. 
and legume diets; (4), differences between C3 and legume diets. 

Mean faecal coprostanol concentrations were much lower for the group of rats fed on 
diet C2 than for all the other diets tested (P < 0.001) and values for rats fed on diet C3 were 
higher than for the legume diets ( P  c 0-05). Although there was much variability in the 
mean values for this metabolite between the different legume diets, this was not found to 
be significant because of data variability. 

Total animal sterols is the sum of cholesterol and coprostanol concentrations, and 
besides showing similar trends to cholesterol values, the difference between mean values for 
animals fed on different legume diets was significant (P < 0001): values for rats fed on diets 
PV (baked beans) and PL (butter beans) were lower than for the other legume diets. 

Total plant sterols concentration was not different between diets C2 and C3, which 
would be expected as the diets were very similar, but there were differences in concentration 
between the legumes (P < 0001). Although the variability for some of the mean data was 
large, concentration values for rats fed on different legume diets ranged from a mean value 
of 9.2 (VS) to 14.2 (PS) mg/g dry weight. 

Mean faecal cholic acid concentrations of rat groups fed on the two control diets were 
not significantly hfferent, but differences were found between the legume diets (P < 0.001), 
with mean values ranging from 13.5 mg/g (diet PL) to 263 mg/g (diet VS). Mean faecal 
cholic acid concentrations for rats fed on the legume diets were significantly higher than 
those for groups C2 and C3 ( P  < 0.001 in both cases). 

While there was no difference in the mean values for faecal concentration of the primary 
bile acid chenodeoxycholic acid between any of the diet groups tested (Table S), the 
concentration of the secondary bile acid deoxycholic acid was lower on the legume diets 
than in either rat groups C2 ( P  < 0001) or C3 ( P  c 0.05). Thus, for all legume-diet groups, 
although the faecal total free bile acid concentration was very similar to both controls, the 
percentage occurring as primary bile acids was higher than for either control. 

DISCUSSION 

Body weight 
The reason for lower weight gains of rats fed on the baked-bean diet (PV) compared with 
the other experimental diets, including the controls, is not clear, particularly as no 
difference in feed intake over the 8-week study period was noted between legume-based 
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diets or between legume-based diets and C3. The effect of a bean (Phaseolus vulgaris) diet 
on weight gain compared with control was noted by Chang et al. (1986) in rats, by Costa 
et al. (1993, 1994) in pigs, and by Anderson et al. (1990) in human subjects. However this 
is the first report of differences in weight gain of rats fed on different legume species. This 
unexpected reduction in weight gain due to the inclusion of baked beans in the diet 
compared with other legumes deserves further investigation. 

Plasma cholesterol 
The decline in plasma cholesterol levels at week 8 compared with week 4 in all experimental 
groups suggests an adaptation to the diets. However, this did not interfere with the ranking 
order of the treatments. Adaptation and even restoration of plasma lipid levels has been 
observed in human experiments of sufficient duration (Edgington et al. 1987). 

The inclusion of 300 g freeze-dried legumes/kg in the semi-purified, high-fat and high- 
cholesterol diets resulted in significant reductions in the mean values of plasma cholesterol 
from the diet groups compared with those fed on control diet C3 (Table 4). The greatest 
reductions were for rats fed on the baked-bean diet (PV) and butter-bean diet (PL). 
Although there was a reduced weight gain of the group of rats fed on diet PV, this was not 
true for rats fed on the PL diet, so it is unlikely that differences in weight gain would 
account for the hypocholesterolaemic effect of diet PV. 

It is apparent from the results presented here and from those reported by other 
investigators (e.g. Anderson et al. 1984) that some legumes have a cholesterol-lowering 
effect, but they may not all be equally potent. Soni et al. (1979) reported that lentils had 
no effect on reducing plasma cholesterol in rats, while peas increased the level. However, 
the experimental conditions were very different from those chosen here: rats were fed on 
low-fat diets with no added cholesterol. Kingman et al. (1993) carried out an experiment 
with pigs fed on similar diets to those used here, except that the diets were not 
supplemented with cholic acid. They reported that diet-induced hypercholesterolaemia was 
significantly inhibited by diets containing baked beans, peas, butter beans and lentils, but 
that butter beans and baked beails were the most effective at reducing LDL-cholesterol, 
which accords with our findings. An unexpected finding from the present study was that 
rats fed on the Bambara-groundnut diet (VS) showed plasma cholesterol values in week 8 
which were significantly higher than values for rats fed on diet C3 (P -= 0.01). This indicates 
that Bambara groundnut is unusual among legumes reported on thus far, in causing a rise 
in plasma cholesterol in a hypercholesterolaemic animal model. 

It was notable that the reductions in plasma cholesterol level observed with diets PV and 
PL were accompanied by a significantly higher HDL-cholesterol : total cholesterol ratio, 
compared with the other legume diets. In man at least, a high ratio is considered to reduce 
risk of coronary heart disease, even when total cholesterol level is elevated, although the 
significance of the ratio in the rat is less clear, as most cholesterol is transported in HDL 
in this species. (It should be noted that in the data presented in Table 4 the HDL:total 
cholesterol ratio is less than 0 5  for all treatments. Since most of the circulating cholesterol 
is carried by HDL in the rat, this would suggest that there was less than 100 YO recovery of 
plasma cholesterol in the HDL fraction.) There is supporting evidence from studies in pigs 
(Kingman et al. 1993) that the ratio is preserved by these two legume species. In addition, 
there is evidence in man (Shutler et al. 1989) that baked beans preserve a high ratio. 

Many dietary factors have been reported to contribute to the hypocholesterolaemic 
effects of dietary legumes. In the present study the following possibilities were eliminated 
by the use of standardized diets: total fat content, polyunsaturated fatty acid content of 
lipid compared with saturated fatty acid content (P: S ratio) and protein content. Like 
Kingman et al. (1993), we have not been able to eliminate the possibility of the involvement 
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of NSP. Much of the NSP in legume seeds is present in soluble form. Lin & Anderson 
(1978) showed that guar gum, an isolated soluble-NSP fraction prepared from the Indian 
cluster bean (Cyarnopsis tetrugonoloba), is hypocholesterolaemic when fed to rats with 
raised cholesterol levels, in contrast to insoluble NSP from cereals which has no effect. 

Using the method of Englyst & Cummings (1988), Kingman et aZ. (1993) reported the 
soluble NSP of baked beans (haricot variety), marrowfat peas, red lentils and butter beans 
to be 67, 23, 10 and 46 g/kg DM respectively. Using the same methodology, Dabai (1992) 
reported that Bambara groundnuts contain 33 g soluble NSP/kg DM. It was notable that 
the two species showing greatest hypocholesterolaemic effects, namely baked beans and 
butter beans, are also highest in soluble NSP. The smaller soluble-NSP content of Bambara 
groundnut might have contributed to its inability to lower raised cholesterol levels, but is 
unlikely to account for the cholesterol-raising effect of this legume, which was not shown 
by lentils and peas which have contents of soluble NSP lower than that of the Bambara 
groundnut. These findings indicate that, even if soluble NSP is involved, other factors may 
also moderate the cholesterol-lowering response. For example, minor components such as 
saponins have also been reported to have cholesterol-lowering effects (Oakenfull et al. 
1979; Sharma, 1987). 

Liver weight and lipid content 
The large liver weights observed at the end of the study in rats fed on the control diet C3 
and legume diets can be attributed to the supplement of the cholesterol with cholic acid 
added to the high-fat diet. Feeding a high-fat, high-cholic-acid diet without additional 
cholesterol did not result in increased liver weight (C2). Prema & Kurup (1973) and Beynen 
et aZ. (1984, 1986) also observed heavy liver weights of rats fed on high-fat, high-cholesterol 
diets. 

All the heavy livers were very pale in colour and contained much greater proportions of 
total lipid and cholesterol than those from rats fed on diet C2, again agreeing with the 
observations of Beynen et al. (1984). It had previously been noted that by the 6th week of 
the experiment some groups of rats were less active and this was most marked in those with 
largest livers at the end of the experiment, suggesting that accumulation of fat in the liver 
of the animals had induced liver dysfunction. Thus, although the dietary regimen used here 
for raising blood cholesterol in the rat has been the most extensively used by other workers, 
the severe pathological changes that it induced would indicate that the model is far from 
ideal. 

Faecal steroids 
Mean coprostanol concentrations were lower in the faeces of the animals fed on legume 
diets than for the group fed on diet C3, except for rats fed on diet VS. Coprostanol is a 
metabolite of cholesterol, formed by the action of the microflora in the gut, and its presence 
may indicate fermentation activity in the large intestine. Costa et al. (1994) showed that 
pigs fed on a baked-bean diet similar to that fed here with the supplementation of 
cholesterol (but no cholic acid) showed a higher excretion of coprostanol compared with 
pigs fed on a similar diet, in which fermentation in the large intestine had been eliminated 
by an ileo-rectal anastomosis, or compared with intact pigs fed on a semi-purified control 
diet, low in soluble NSP. 

The presence of large amounts of coprostanol in the faeces may indicate the extent of 
bacterial fermentation in the large gut, or the time of faecal residence in the gut. The 
presence of soluble NSP might be associated with a high coprostanol content of the faeces, 
but so would the presence of residual starch, which is also fermentable and was not 
measured in the present study. Although the discovery of coprostanol in the faeces of rats 
fed on legume diets may be due to the presence of soluble NSP, this cannot be so for the 
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high level in the faeces of rats fed on diet C3. This control contained no soluble fibre, but 
the unintentional presence of residual starch cannot be ruled out. The habit of coprophagy 
in the rat makes interpretation of the consequences of microbial fermentation difficult. 

The animals fed on the legume diets showed higher concentrations of plant sterols in 
faeces (dry-matter basis) when compared with those fed on C2. Dietary plant sterols have 
been suggested to inhibit cholesterol absorption by competing for mucosal binding sites. 
Although these data give no indication of the compositional profile of the plant sterols, 
there were significant differences between the total mean plant sterol concentrations in 
faeces of rats fed on the different legume diets. On the basis of these results, it seems 
unlikely that total plant sterols are responsible for the more potent hypocholesterolaemic 
effects of baked beans and butter beans, as the faeces of rats on these diets showed lower 
plant sterol content than those on the pea and lentil diets, which showed less potent effect. 

Although all experimental diets and controls contained the same amount of cholic acid, 
the concentrations in the faeces of rats fed on legume-based diets were higher than for either 
control group. These findings are in agreement with the study of Soni et al. (1982) who 
observed higher cholic acid concentrations in faeces of rats fed on cholic-acid-supplemented 
legume-based diets compared with cholic-acid-supplemented controls. The enhanced cholic 
acid concentration may indicate cholic acid binding to components of the legume diets 
(such as dietary fibre). 

The faecal concentration of the secondary bile acid deoxycholic acid (recycled in the 
enterohepatic circulation) was lower for all the legume diets than either control diet which 
might indicate that there were fewer primary bile acids available for absorption in the 
legume-supplemented diets. Costa et al. (1994) also reported a reduction in secondary bile 
acid excretion in pigs fed on baked beans compared with a control diet. These authors also 
collected bile samples from the gall bladders of the animals at slaughter, which showed a 
higher concentration of bile acids, especially secondary bile acids, in those pigs fed on the 
baked-bean diet compared with control. These authors proposed that a baked-bean- 
enriched diet potentiates bacterial fermentation and steroid degradation in the large 
intestine and enhances conservation of bile acids and cholesterol within the enterohepatic 
circulation. They suggested that the high concentration of bile acids (and cholesterol) in bile 
promotes a feedback inhibition of hepatic cholesterol synthesis and thus reduces plasma 
cholesterol. The reduced concentration of secondary bile acids in the rat faeces in the 
present study would accord with this, but there was no further support for this hypothesis 
from the current study, due to the differences (dietary, hepatic, and gastrointestinal) in the 
hypercholesterolaemic model used. 

CONCLUSIONS 

The inclusion of the seeds of five different legume species in the diets of rats supplemented 
with cholesterol and cholic acid (10 g/kg and 5 g/kg respectively on a dry-matter basis) 
produced very different cholesterolaemic effects. Baked beans and butter beans were more 
potent at lowering raised plasma cholesterol levels than marrowfat peas and lentils. 
Inclusion of the Bambara groundnut resulted in an exaggeration of hypercholesterolaemia. 

Despite the fact that the rat model showed cholesterolaemic differences between different 
legume-based diets, the addition of cholesterol and cholic acid to the diet resulted in severe 
liver pathology. There is a need for the model to be re-examined before being used further 
to assess the cholesterolaemic effects of foods. 

Differences in cholesterol-lowering capacity of the various legume diets in this experiment 
could not be related to faecal bile acid concentration, or concentration of neutral sterols. 
However, there was evidence that the inclusion of legumes in the diets reduced the faecal 
concentration of secondary bile acids. 
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