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Abstract: Lentil (Lens culinaris, L.) is one of the most important pulse crops worldwide and has been known for
many health benefits, but its antihyperlipidemic effect still remains unclear. The aim of this study was to investigate
effects of lentils on serum lipids and glucose, body weight and food intake in cholesterol-fed rats. Sixty male
Sprague—Dawley rats were assigned into five cholesterol-free or five cholesterol-supplemented diets containing
casein (control), raw dehulled lentil, raw whole lentil, cooked dehulled lentil and cooked whole lentil and given ad
libitum to the rats for four weeks. Serum total cholesterol (TC), low- density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), triglycerides (TG) and glucose were then quantified and other biological
parameters were assessed. Compared to control, cholesterol significantly (p<0.05) increased LDL-C, LDL-C/HDL-
C and TC/TG ratios and liver weight, and decreased TG, whereas TC, HDL-C, glucose, weight gain and food intake
were unchanged. In normal and cholesterol-fed groups, compared to control, lentil diets significantly (p<0.05)
increased TC, notably due to increased HDL-C, while glucose was decreased and LDL-C and LDL-C/HDL-C ratio
were unaffected. Triglyceride was decreased in normal groups and was maintained in cholesterol-fed groups
resulting in increased or decreased TC/TG ratio in these groups respectively. In all rats, with exception of cooked
dehulled lentil diet, lentil diets markedly (p<0.05) decreased weight gain, liver weight and food intake. Among all
rats, there were little or no differences in studied variables due to lentil diets. These results show that lentil equally
maintains its favorable lipid modifying activity and low glycemic property in normal and hypercholesterolemic rats
with little or no effect for cooking and dehulling processes.
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1. Introduction well known and oldest pulse crops in the Near East

Atherosclerosis, the basis of diseases of cardio- and Mediterranean region and constitutes an essential
vascular system, is closely related to the elevated part of the local diet [15, 16]. Lentil is usually soaked,
plasma cholesterol concentration, particularly low- boiled, sprouted, fermented, fried or mixed with other
density lipoprotein cholesterol [1, 2]. Cholesterol cereal grains, particularly rice or wheat in preparation
plaque is a characteristic feature of the atherosclerotic of several traditional dishes [17, 18]. Lentil is known
lesions in animals and humans [3, 4]. The epidemic of to have a good nutritional value due to its high protein
cardiovascular disease is a global issue, and continues content, besides it contains several active phyto-
to be the most prevalent cause of death and disability chemicals such as polyphenols, dietary fiber, defensin
[5-7]. Given the public health burdens of this disease, and phytosterols [19]. Further, lentil is reported to
its prevention is becoming a major challenge, urging possess a number of biological activities mainly anti-
the need to identify the factors that may favorably microbial, anti-inflammations, anticancer and anti-
affect plasma cholesterol [1]. oxidant [19].

Diet plays a crucial role in the prevention or Evidence for possible antihyperlipidemic activity
management of cardiovascular disease and other of lentil in humans and animals is very limited. An
related disorders [8, 9]. It is well appreciated that the early study in pigs has revealed that lentil proteins
reduction of plasma cholesterol levels could reverse exert a hypocholesterolemic effect [20]. Further,
atherosclerosis in animals and humans [2, 8-10]. hypocholesterolemic and hypotriglyceridemic effects
Nowadays, there is a growing interest in the intake of of lentil and several other pulses have been reported in
plant foods, especially pulse crops for reducing rats [21]. However, a study in rats failed to support
plasma cholesterol level and the risk of cardiovascular these effects [22]. In humans, cooked lentil given to
disease [11-14]. type 2 diabetic patients has been shown to reduce total

Lentil (Lens culinaris L.), a species belonging to cholesterol without affecting other lipid fractions [23].
the family Leguminoceae (Fabaceae), is one of the Increasing evidence has accumulated in recent years
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showing that addition of mixed pulses including lentil
to diets of healthy subjects reduces total cholesterol or
triglycerides or low-density lipoprotein cholesterol but
not the high-density lipoprotein cholesterol [24-26].
Reductions in the total cholesterol and low-density
lipoprotein cholesterol have been concluded from a
meta-analysis review involving ten clinical trials
studying non-soya pulses including lentil [27].

The evidence that links lentil consumption with
plasma glucose is consistent. It has been shown that
lentil fiber is able to hinder the carbohydrate- induced
deterioration in the metabolic control of diabetic rats
[28]. Similar results have been documented in healthy
subjects and in patients with type 1 and type 2
diabetes mellitus [29, 30]. Lentil has been repeatedly
described to have a low glycemic index in different
experimental settings [31, 32].

Noteworthy, the focus of previous researches so
far has been mainly on the effect of mixed pulse diets
on lipid profile [21-27]. Thus, distinction of the effect
of lentil in most of these researches is difficult, and
the evidence derived from them is relatively not
consistent. We have previously shown that lentils
administered to streptozotocin-induced diabetic rats
improve fasting glucose and increase high-density
lipoprotein cholesterol with no influence on the other
lipid variables [33]. Nevertheless, the effects of
processed lentils on lipid profile and glucose in
normal and hypercholesterolemic animals or humans
are yet to be studied. Therefore, this study aimed at
investigating effects of raw and cooked lentils, whole
and dehulled, on serum glucose and lipids and
lipoproteins, body weight and food intake in rats fed
cholesterol-supplemented or cholesterol-free diets.

2. Materials and Methods
Preparation of lentil flours

One batch (25kg) of "Jordan 1" whole and
dehulled lentil seeds (Lens culinaris, L.) was obtained
from the Food Legume Improvement Project,
Department of Horticulture and Crop Science, Faculty
of Agriculture, The University of Jordan, Amman,
Jordan. This variety is domestic to Jordan and is
commonly used in the local diet [34]. The seeds were
freed from broken stones and other foreign materials,
cleaned and then divided into four parts, two were left
as raw (whole and dehulled) and the other two were
cooked as described elsewhere [33]. Whole and
dehulled lentil seeds were washed thoroughly with tap
water, drained and then boiled in an excess of tap
water for 1-2 hours until they became soft. This
process is similar to the home cooking method of
lentils described in the Middle East [18]. The cooked
lentils were spread on aluminum trays, left to cool at
room temperature (25 £ 2°C) and then dried in a
drying oven ((Memmert, Karl lob, Germany)) at 70 °C
for 16 hours. Cooked and raw lentils (whole and
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dehulled) were ground to pass through five mm mesh
(Retsch GmBH, Haan, Germany) to obtain homo-
genous flours. The resultant flours were then placed
desiccated in sealed polythene bags and kept
refrigerated at 4 °C until further use.
Animals

Male Sprague- Dawley rats (n= 60) were obtained
from the Experimental Animal Unit of the Department
of Nutrition and Food Technology, The University of
Jordan, Amman, Jordan. Animals were acclimatized
for 1week before the experiment, during which they
were fed on chow diet with free access to tap water.
They were individually housed in plastic cages with
stainless steel wire-mesh bottom (North Kent Plastic
Cages, Ltd, Dartford, England) under controlled
temperature (22 = 2°C) and hygienic conditions with
12-hour light, 12-hour dark cycle. All the experiments
involving animals were approved by the Institutional
Animal Ethics Committee and carried out according
to the recommended guidelines for animal use.
Diets

Ten isocaloric and isonitrogenous diets were
prepared, five of them were cholesterol-free and
differed in the type and content of lentil flour: lentil-
free, raw dehulled (60.5%), raw whole (66.6%),
cooked dehulled (62.5%) and cooked whole (65.6%),
while in the other five, cholesterol (1%) was added to
induce hypercholesterolemia. Modifications in lentil
content in the lentil-containing diets were made in
accordance to macronutrient content analyses. The
composition of experimental diets is described in
Table 1. All diets contained the same amount of
calories, protein, carbohydrate, fat, vitamins and
minerals. Dietary supplies of nutrients were in
accordance with the dietary recommended allowances
for rats from the American Institute of Nutrition [35].
The experimental diets were freshly prepared once a
week and stored refrigerated at 4 °C. Proximate
nutrient composition of cooked and raw lentil flours is
shown in Table 2.
Experimental protocol

At the beginning of the experiment, animals
weighed 93.4+1.1g (n= 60) and they were assigned
into the five cholesterol-free or the five cholesterol-
supplemented groups (6 rats/group). During the
experimental period, which lasted for four weeks,
experimental diets and tap water were given ad
libitum. Body weight and food intake were monitored
weekly. Food efficiency ratio as body weight gain per
100g food intake was also calculated. On the
termination day and after an overnight fast, animals
were anesthetized using chloroform. Blood was
collected by performing cardiac puncture and serum
was isolated and stored frozen at —20 °C until
chemical analysis.
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Table 1. Composition of the experimental diets

http://www.lifesciencesite.com

Ingredient Cholesterol-free diets (g. kg™)! Cholesterol-supplemented diets (g. kg™)!
Control RDL RWL CDL CWL Control RDL RWL CDL CWL
Cholesterol 0 0 0 0 0 10 10 10 10 10
Lentil flour 0 604.8 666.6 625.0 675.6 0 604.8 666.6 625.0 675.6
Cornstarch 667.0 269.6 230.4 237.0 198.2 667.0 269.6 2304 237.0 198.2
Casein 150.0 0 0 0 0 150.0 0 0 0 0
Corn oil 120.0 113.4 112.6 111.8 113.2 120.0 113.4 112.6 111.8 113.2
Vitamin mix (AIN-93)? 20 20 20 20 20 20 20 20 20 20
Mineral mix (AIN-93)* 40 40 40 40 40 40 40 40 40 40
DL-Methionine 3 3 3 3 3 3 3 3 3 3
Carbohydrate (%) 66.7 66.7 66.7 66.7 66.7 66.7 66.7 66.7 66.7 66.7
Protein (%) 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Fat (%) 12.0 12,0 12,0 12.0 12,0 12,0 12.0 12,0 12.0 12.0
Fiber (%) 0 3.1 5.5 1.8 3.0 0 3.1 5.5 1.8 3.0
Energy (kcal. 100g™) 434.8 434.8 434.8 434.8 434.8 434.8 434.8 434.8 434.8 434.8

"RDL: Raw dehulled lentil; RWL: Raw whole lentil; CDL: Cooked dehulled lentil; CWL: Cooked whole lentil

2AIN: American Institute of Nutrition [35]

Table 2. Nutrient composition of lentil flours’

Raw dehulled lentil Raw whole lentil Cooked dehulled lentil Cooked whole lentil

Component (g. 100g™) (g. 100g™) (g. 100g™) (g.100g™)
Moisture 9.0+ 0.04 9.7+ 0.02 5.3+0.02 5.8+£0.05
Carbohydrate 65.7+ 0.05 65.5+0.03 68.8+ 0.04 69.4+ 0.05
Protein 24.8+ 0.04 22.5+0.04 24.0+0.05 22.24+0.02
Fat 1.1+ 0.04 1.1+ 0.06 1.3+ 0.07 1.0+ 0.03
Ash 3.3+ 0.06 3.2+ 0.05 3.0+0.07 3.0+ 0.05
Fiber 5.1+ 0.07 8.2+ 0.07 2.9+ 0.06 4.4+ 0.04
Energy (kcal.100g™) 371.9 361.9 382.9 3754

"Mean of three determinations + SEM on dry matter basis

Chemical analysis

Concentrations of serum glucose and lipids and
lipoproteins including triglycerides, total cholesterol,
low- density lipoprotein cholesterol and high-density
lipoprotein cholesterol were determined by using
commercial kits and according to the manufacturer’s
directives (Boehringer Mannheim GmBH, Germany).
Analysis was performed at the Islamic Hospital
Medical Laboratories, Amman, Jordan, using a pre-
calibrated automated clinical chemistry analyzer

(Roche/Hitachi 912 chemistry analyzer). The ratios of
low-density lipoprotein cholesterol/ high-density lipo-
protein cholesterol and total cholesterol/ triglycerides
were calculated. Proximate nutrient composition of
the cooked and raw lentil flours (whole and dehulled)
used in the feeding experiments was determined by
the Weende method [36]. Proximate analyses included
the determination of moisture, carbohydrate, protein,
fat, ash and fiber.

Table 3. Body weight, liver weight, food intake and food efficiency ratio of rats fed lentil diets for 4 weeks' *

Variable Cholcsterol-free groups® Cholesterol-supplemented groups®
Control RDL RWL CDL CWL Control RDL RWL CDL | CWL
Initial body 89.7+ 93.0+ 88.8+ 90.8+ 89.2+ 99.0+ 97.0+ 95.7+ 952+ | 95.7+
weight (g) 2.5° 2.1° 3.7 3.8° 2.9° 5.7 3.4° 2.5° 3.3 2.8
Final body weight 198.2+ 143.8+ 126.0= 181.2% 137.0+ 210.2+ 143.2+ 1258+ | 177.8+ | 141.6+
(2) 8.6" 6.5° 4.6° 5.1° 4.7° 14.9* 6.1 6.1° 11.2° 7.6°
Weight gain (g. 3.86% 1.81+ 133 3.24+ 171 3.97+ 1.65+ 1.08+ 295+ | 1.65
day™) 0.35° 0.16° 0.11° 0.23" 0.12° 039" 0.13° 0.22° 032° | 0.09°
Food intake (g. 10.32% 7.88% 6.76+ 10.10+ .11+ 11.32+ 6.98+ 6.54+ 0.6+ | 812+
day™) 0.26" 036" 0.30° 0.40° 0.41° 1.06 030" 0.37° 095" | 0.52°
FER? 37.2+ 22.7+ 19.6+ 31.9+ 21.0+ 35.0+ 234+ 15.9+ 304+ | 19.7+
2.5 1.0° 1.4° 1.8 1.0° L7 1.0° 28" 1.0° 16"
Liver weight (g) 3.66+ 2.44+ 2.10+ 3.28+ 2.58+ 716 2.84+ 242+ 494+ | 396k
0.20° 0.18° 0.08° 0.06™ 0.17° 0.36" 0.29° 0.14° 045" | 033"

TValues are means = SEM

? Means within a row with different superscripts are significantly different (p < 0.05)
SRDL: Raw dehulled lentil; RWL: Raw whole lentil; CDL: Cooked dehulled lentil; CWL: Cooked whole lentil
*FER: Food efficiency ratio, body weight gain (g)/100g food intake
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Statistical analysis

Data analysis was performed using statistical
analysis software (SAS version 9, USA). Statistical
significance was assessed by two-way ANOVA
followed by the Duncan's multiple range tests, and the
significance was set at p < 0.05. Data were expressed
as means =+ standard errors of the mean (SEM).

3. Results

The proximate nutrient composition of cooked
and raw lentils used this study is given in Table 2. The
moisture contents of raw whole and raw dehulled
lentils were almost similar and higher than those for
cooked whole and cooked dehulled lentils. On dry
matter basis, dehulling process resulted in marked
decrease in fiber and increase in protein without
appreciable influence on carbohydrate, fat, and ash
contents of lentils. Cooking process noticeably
decreased fiber and increased carbohydrate in both
whole and dehulled lentils without affecting the
contents of other components.

Body weight, liver weight, and food intake and
food efficiency ratio of rats fed lentil diets are
presented in Table 3. Initial body weights were
essentially similar (p > 0.05) in all experimental
groups. Compared to the cholesterol-free control,
cholesterol feeding did not significantly (p > 0.05)
influence body weight, weight gain, and food intake
and food efficiency ratio, but it induced a significant
(p < 0.05) increase in liver weight. In cholesterol-free
groups, compared to control, raw dehulled, raw whole
and cooked whole lentils resulted in significant (p <
0.05) decrease in weight gain, liver weight and food
intake and food efficiency ratio, whereas these
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variables were unaffected (p > 0.05) by cooked
dehulled lentil. The different lentil diets produced
similar pattern of effects on the aforementioned
variables when compared to control in cholesterol-
supplemented groups. Noteworthy, when compared to
other lentil diets, cooked dehulled lentil significantly
(p < 0.05) increased weight gain, liver weight and
food intake, as well as food efficiency ratio in the
cholesterol-free and cholesterol-supplemented groups.
Differences in these variables due to raw dehulled,
raw whole and cooked whole lentils within or between
cholesterol-free and cholesterol-supplemented groups
were minimal.

Concentrations of serum glucose and lipids and
lipoproteins of rats fed lentil diets are shown in Table
4. In contrast to cholesterol-free control, cholesterol
feeding induced significant (p < 0.05) increase in
LDL-C concentration and ratios LDL-C/ HDL-C and
total TC/ TG and decrease in TG concentration,
whereas TC, HDL-C and glucose concentrations were
unchanged.

In cholesterol-free groups, compared to control,
raw dehulled, raw whole, cooked dehulled and cooked
whole lentils produced significant (p < 0.05) increase
in TC and HDL-C concentrations and ratio of TC/
TG, and significant (p < 0.05) decrease in TG and
glucose concentrations, whereas LDL-C concentration
and ratio of LDL-C/ HDL-C were unaffected (Table
4). With the exception of TG concentration and
TC/TG ratio, glucose and the other lipid fractions
exhibited similar pattern of changes due to the
different lentil diets when compared to control in
cholesterol-supplemented groups. In the latter groups,

Table 4. Serum glucose and lipid and lipoprotein concentrations of rats fed lentil diets for 4 weeks"*

Variable Cholesterol-free groups® Cholesterol-supplemented groups’

Control RDL RWL CDL CWL Control RDL RWL CDL CWL
TC? 46.5+ 61.5+ 62.0+ 65.7+ 68.7+ 52.6% 74.5+ 75.9+ 73.3+ 70.3+
(mg.dl™) 3.9° 1.6° 3.6" 3.9° 3.3 42° 5.3 3.5 5.3 46°
HDL-C’ 37.9+ 52.0+ 47 4= 511+ 54 4+ 36.0+ 55.0+ 53.0+ 432+ 50.6=
(mg.dlI™) 1.4° 0.7° 4.0° 13° 3.4° 1.9° 3.9° 2.4° 2.1° 3.6°
LDL-C® 8.3+ 9.4+ 14.5¢ 14.6+ 143+ 16.6x 17.4+ 226+ 33.6+ 21.8+
(mg.dl™) 3.4¢ 2.0° 1.7% 2.0% 1.2% 3.0 4.9° 42" 5.1¢ 43"
Triglycerides 101.3+ 62.1+ 56.5+ 82,1+ 50,1+ 76.3+ 545+ 47.1% 60.4= 572+
(mg.dl™) 6.9* 5.1¢ 5.6% 6.3" 5.2¢ 8.0 3.0% 6.1 8.9% 5.7¢
LDL-C/ 0.22+ 0.18+ 033+ 0.28+ 027+ 0.55 0.34% 0.45% 0.78% 0.46%
HDL-C 0.08° 0.04° 0.05" 0.03* 0.03" 0.07% 0.12" 0.10™ 0.12° 0.11°%
TC/ 0.46+ 0.98+ 1.15+ 0.85+ 1.42+ 0.78% 1.36= 1.83 1.39+ 1.32+
Triglycerides 0.03° 0.10° 0.12° 0.12 0.11® 0.17% 0.14® 0.12° 0.20% | 0.12®
Glucose 120.3+ 81.1+ 57.9+ 90.2+ 70.1+ 119.9+ 90.1+ 747+ 69.1+ 60.6+
(mg.dl™) 7.8% 5.7° 3.5¢ 5.2° 8.5 10.0°* 4.5° 4.2° 5.9% 4.5¢

! Values are means + SEM

? Means within a row with different superscripts are significantly different (p < 0.05)
'RDL: Raw dehulled lentil; RWL: Raw whole lentil; CDL: Cooked dehulled lentil; CWL: Cooked whole lentil

“TC: Total cholesterol
*HDL-C: High- density lipoprotein cholesterol
SLDL-C: Low- density lipoprotein cholesterol
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compared to control, the different lentil diets lead to
significant (p < 0.05) decrease in TG concentration
without affecting TC/ TG ratio. There were little or no
differences in glucose and lipid profile within and
between cholesterol-free or cholesterol-supplemented
groups as a result of feeding different lentil diets
(Table 4).

4. Discussion

We used "Jordan 1" variety of lentil which is
domestic to Jordan [34]. Although macronutrient
content of lentil has been previously reported, data are
not always comparable [33, 37-39]. Compared to
documented values, the presently recorded protein
content of raw whole lentil was lower [38] or higher
[33, 39], whereas that of raw dehulled lentil was close
[33] or lower [38]. The carbohydrate content of raw
whole lentil was close [38] or lower [33], whereas that
of raw dehulled lentil was close [33] or higher [38]
than those reported. Among the macronutrient content
of lentil, fiber showed the greatest variability [33, 37-
39]. The contents of fat and ash were almost close to
documented values [33, 38]. This variability can be
attributed to a number of factors, such as differences
in genotype, product quality, postharvest handling,
dehulling techniques and storage conditions and
methods of analysis [33, 37].

Cooking and dehulling perhaps cause changes in
the macronutrient content of lentils. However, little
information is available regarding the effect of these
processes on the chemical composition of lentils [38,
39]. In the current study, dehulling slightly increased
the protein content and markedly decreased the fiber
content in both raw and cooked lentils, whereas other
components were unchanged. These results are in
agreement with those of previous studies [33, 37]. It is
possible that the fiber-rich seed coat contains little
protein, thus dehulled lentil seeds would contain
proportionally less fiber and more protein, a matter
which explains these findings [33, 37]. Compared to
raw whole and dehulled lentils, cooking increased the
carbohydrate content and decreased the fiber content
without affecting protein, fat and ash contents.
Consistently, the decrease in the fiber content has
been reported and attributed to softening of soluble
fiber due to cooking that might lead to subsequent
loss and reduction of its content [33, 37]. It has been
claimed that the loss of soluble solids during cooking
could be the reason behind the documented change in
the macronutrient content of lentils, particularly
carbohydrate and protein [37].

Cholesterol has been widely used in animals to
induce hyperlipidemia [40-42]. Consistently, after 4
weeks of cholesterol feeding, defective lipid profile
was established in this study. Cholesterol feeding
induced elevation in LDL-C paralleled by marked rise
in ratios of LDL-C/ HDL-C and TC/ TG and a fall in
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TG concentration, though the concentrations of TC
and HDL-C were not affected. This indicates impaired
lipid metabolism in the cholesterol-fed rats. These
findings are in close agreement with those of several
reports [43, 44]. However, TC concentration has been
shown to increase [44, 45] or remain unchanged [46]
as a result of cholesterol feeding in animals. In fact,
this may reflect differences in experimental protocols
and procedures, particularly animal model, diet
composition and duration of feeding. The recorded
increase in liver weight has been considered an
evident marker of cholesterol-induced hyperlipidemia
that could be a consequence of increased fat content
in rats [21, 47]. There is also a general agreement
regarding the lack of influence of cholesterol on
weight gain, food intake and food efficiency ratio [43,
46], a matter that is consistent with the results of the
current study.

To the best of our knowledge, this study is
perhaps the first demonstration that links processed
lentils with lipid parameters in rats. We examined the
effect of feeding raw and cooked, whole and dehulled,
lentils on serum glucose and lipid and lipoprotein
concentrations in the cholesterol-fed rat. This model is
known to have abnormal lipid profile and functional
atherosclerosis [40- 47]. Authentic variety of lentil
was used and included into the isocaloric and
isonitrogenous semi-purified diets and fed ad libitum
for four weeks. The prevailing custom of lentil
preparation, at least in the Middle East, was closely
followed [17, 18]. Male rats were used and changes in
body weight and food intake were also considered.

The lower food intake of rats fed raw whole, raw
dehulled and cooked whole lentil diets compared with
the cooked dehulled lentil diet and normal and
hypercholesterolemic controls could explain the lower
weight gain and liver weight observed in these rats.
Despite these changes, the recorded food intake, food
efficiency ratio, weight gain and liver weight were
still comparable with those reported for normal rats
[48-50]. However, in contrast to controls, these
variables were maintained unchanged in the cooked
dehulled lentil diet of both normal and cholesterol-fed
groups. The reason for these findings is not quite
clear. Few studies on lentils and other legumes have
dealt with this aspect in humans and animals. The
effect of bean diets on weight gain compared with
control has been documented in several animal
species [20, 21] and in human subjects [51] which
accord with our findings. Consistently, it has been
also found that lentil-based meals were more potent at
increasing satiety and lowering food intake, and thus
controlling body weight than chickpeas, navy beans
and yellow peas meals [52]. Further, epidemiological
observations have provided marked evidence that
consumption of pulses confers numerous benefits,
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particularly low incidence of obesity [53]. However,
this study is the first to demonstrate differences in
weight gain and food intake of rats fed different
processed lentil diets.

In this study, proportional modifications in the
lipid profile were observed with all experimental
diets. In this respect, raw and cooked, whole and
dehulled, lentil diets were equally potent with little or
no differences between them. The increase in TC
concentration induced by lentil diets relative to
normal and cholesterol-fed controls was in effect a
consequence of increased HDL-C concentration.
Similarly, in all rats, it was evident that the recorded
change in the ratio of TC/ TG was essentially due to
the changes in TG concentration. It was also notable
that LDL-C concentration and LDL-C/ HDL-C ratio
remained unchanged. It follows that regardless its
form in the diet, lentil equally improves lipid profile
in normal and cholesterol-fed rats through increasing
HDL-C, decreasing TG and maintaining LDL-C
concentrations.

Cholesterol- induced hypercholesterolaemia has
been inhibited in pigs consuming red lentils, baked
beans, peas and butter beans for 42 days, without
affecting HDL-C concentrations [20]. Among five
legume species, namely baked beans, butter beans,
marrowfat peas and Bambara groundnuts, lentils have
been shown to reduce the TC, LDL-C and TG
concentrations and increase HDL-C concentration in
rats fed these legumes for 4 and 8 weeks [21]. On the
other hand, peas-based diet has been reported to
increase TC, while lentils maintain it [22]. Tt is
apparent from our results and from those of other
studies that lentil has a favorable effect on lipid
fractions in animals, though some controversy exists.
The experimental conditions of previous studies were
quite different from those given here. Experimental
diets were either with added cholesterol alone [20], or
with added cholesterol and cholic acid [21], or were
low fat- diets with no added cholesterol [22]. These
studies have used cooked legumes including lentil, but
they did not specify its form, whether whole or
dehulled; besides animal models were different [20-
22].

Some evidence is now available which indicates
that regular inclusion of mixed pulses including lentil
to the diet of normal individuals could favorably
modify lipid profile, particularly reduction in TC, TG
or LDL-C concentrations [24-27]; however effects of
the lentil cannot be isolated from those of other
pulses. Among the lipid fractions, reduction in TC has
been reported in a randomized cross-over clinical trial
on 30 patients with type 2 diabetes mellitus given an
experimental diet containing 50g cooked lentil for 6
weeks [23]. In streptozotocin-induced diabetic rats,
we have demonstrated that cooked dehulled lentil was
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more effective in improving HDL-C concentration
than cooked whole, raw dehulled and raw whole
lentils with no noticeable effects on TC, HDL-C and
TG concentrations [33]. These observations are in
agreement with the present findings which show that
lentil has an improving effect on serum lipids and
possibly has a role in the dietary management of
diabetes.

It was evident that lentil diets equally reduced
fasting serum glucose concentration in normal and
cholesterol-fed rats with little or no differences among
the different lentil diets. The available evidence that
links lentil with glucose concentration is consistent
and accords with our findings. It is well known that
lentil and meals or diets containing lentil have low
glycemic indices in healthy [29, 31] and diabetic [29,
30] humans and are able to reduce blood glucose
concentration in diabetic rats [28, 33]. Compared to
cooked whole, raw dehulled and raw whole lentils,
cooked dehulled lentil has been shown to be more
potent in reducing glucose in streptozotocin-induced
diabetic rats [33].

Taken together, when incorporated into normal
diets or those with high cholesterol content, cooked
and raw lentils (whole or dehulled) exhibit similar
anti-atherogenic and hypoglycemic activities, and
have an appreciable effect on food intake and body
weight control in rats. Thus, regular inclusion of
lentils in the diet is recommended, especially in
regimens involving lipid, glucose and weight control.
However, the present hypothesis demands further
investigations in humans.
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