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SUMMARY

Hypolipidemic effect of vegetable and cereal dietary 
mixtures from Egyptian sources.

Hyperlipidemia is a predominant risk factor for atherosclerosis 
and associated cardiovascular diseases (CVD). The international 
guidelines issued by the World Health Organization recommend 
a reduction in dietary saturated fat and cholesterol intake as a 
means to prevent hypercholesterolemia and CVD; however, 
only limited data are available on the benefits of vegetable 
consumption on CVD risk factors. The aim of this study was to 
prepare two powder mixtures containing vegetables and cereals 
and to evaluate their effect in hyperlipidemic rats. The first mixture 
was prepared from whole wheat, cabbage, parsley and pepper, 
while the second mixture was prepared from whole wheat, red 
beet root, parsley and pepper. Whole wheat was used as a 
source of dietary fiber, while cabbage and beetroot were used 
as sources of glucosinolates (GLS) and betalains respectively 
as well as dietary fiber. The chemical compositions of these 
mixtures were determined. The safety of these mixtures was also 
evaluated by examining liver and kidney functions. The chemical 
compositions of the powder mixtures revealed that mixtures 
(1) and (2) contain 19.1% and 13.3% protein, 2.1% and 2.5 % 
fat, 69.6% and 77.5% carbohydrates, 1.8% and 1.2% crude 
fibers, 7.4% and 5.5% ash and 18.3% and 16.8% dietary fibers 
respectively. Vitamin E was 7.4 and 4.5 mg/100g in mixtures 
(1) and (2) respectively. β-carotene was 830 and 786µg/100g in 
mixtures (1) and (2) respectively. Total phenolic compounds were 
1910 and 1710 mg as gallic acid equivalents/100g in mixtures 
(1) and (2) respectively. The results of the animal experiment 
showed a non-significant reduction in final body weight and body 
weight gain in rats fed the control diet containing mixture (1) or 
(2) when compared with different groups. Rats fed the control 
diet containing mixture (1) or (2) showed a significant reduction in 
plasma total lipids, T-Ch, LDL-Ch, TG and the ratio of T-Ch /HDL-
Ch in different degrees, while HDL-Ch increased significantly. 
The studied mixtures showed a hypolipidemic effect, which 
may be due to the presence of dietary fibers, plant protein, and 
phenolic compunds. 

KEY-WORDS: Beetroot – Cabbage – Cereals – Dietary 
mixtures – Hyperlipidemia – Vegetables. 

1. INTRODUCTION

Hyperlipidemia, mainly an increased level of total 
cholesterol (T-Ch), triglycerides (TG) and low-density 
lipoprotein cholesterol (LDL-Ch) along with a decrease 

RESUMEN

Efecto hipolipidémico de mezclas de verduras y 
cereales comestibles de procedencia Egipcia.

La hiperlipidemia es un factor de riesgo predominante en 
la ateroesclerosis y enfermedades cardiovasculares asocia-
das (CVD). Las directrices Internacionales dictadas por la 
Organización Mundial de la Salud recomiendan una reduc-
ción en la ingesta de grasas saturadas y colesterol como 
medio para prevenir la hipercolesterolemia y las CVD; 
sin embargo, solamente hay un número limitado de datos 
disponibles sobre el beneficio del consumo de verduras en 
los factores de riesgo de las CVD. El objetivo de este estudio 
fue preparar dos mezclas en polvo que contenían verduras y 
cereales. El efecto hypolipidémico de estas dos mezclas fue 
evaluado en ratas hiperlipidémicas. La primera mezcla fue 
preparada con trigo, col, perejil y pimiento mientras que la 
segunda mezcla fue preparada con trigo, remolacha, perejil y 
pimiento. El trigo fue usado como fuente de fibra, mientras 
que la col y la remolacha como fuente de glucosinolatos 
(GLS) y betalinas, respectivamente y fibra también. La com-
posición química de estas mezclas fue determinada. La se-
guridad de estas muestras fue también evaluada a través de 
las funciones del hígado y del riñón. La composición química 
de las mezclas en polvo indica que la mezcla (1) y (2) contie-
nen un 19.1% y un 13.3% de proteina, un 2.1% y un 2.5 % de 
grasa, un 69.6% y un 77.5% de azúcares, un 1.8% y un 1.2% 
de fibra cruda, un 7.4% y un 5.5% de cenizas y un 18.3% y 
16.8% fibra, respectivamente. El contenido de vitamin E fue 
de 7.4 y 4.5 mg/100g de mezcla (1) y (2) respectivamente. El 
contenido de β-carotene fue de 830 y 786µg/100g de mezcla 
(1) y (2) respectivamente. Los compuestos fenólicos totales 
fueron 1910 y 1710 mg como equivalentes de ácido gálico 
/100g de mezcla (1) y (2) respectivamente. Los resultados de 
los experimentos con animales mostraron una reducción no 
significativa en el peso final y en la ganancia de peso en ra-
tas alimentadas con dietas control conteniendo la mezcla (1) 
y (2) cuando se compara con diferentes grupos. Las ratas 
alimentadas con dietas control conteniendo mezcla (1) y (2) 
mostraron una reducción significativa en los lípidos totales 
del plasma, T-Ch, LDL-Ch, TG y la relación de T-Ch /HDL-Ch 
con diferentes grados, mientras que HDL-Ch aumento signi-
ficativamente. Las mezclas estudiadas mostraron un efecto 
hipolipidémico, que puede ser debido a la presencia de fibra, 
proteínas de plantas y compuestos fenólicos. 

PALABRAS CLAVE: Cereales – Col – Hiperlipidemia –
Mezclas alimentarias – Remolacha – Verduras.
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(Brassica oleracea), green pepper (Capsicum annum), 
red beetroot (Beta vulgaris) and whole wheat. All plant 
materials were purchased from local market.

Animals

Male white albino rats of 83.8 ± 3.375 g average 
body weight were used throughout the study. The 
animals were kept individually in stainless steel 
cages at room temperature of about 25 ± 2°C, food 
and water were supplied ad-libitum for two months. 

2.2. Methods

Preparation of plant materials 

Parsley herb, green pepper and beet root were 
washed with tap water and then cut into small 
pieces. Cabbage heads were peeled off and cut into 
slices. All studied plants were dried separately in an 
air-circulated oven at 40°C to complete dryness. All 
dried plant materials were reduced separately into 
powder form as far as possible and stored in plastic 
bags in a refrigerator at 4°C.

Preparation of mixtures

Two mixtures were prepared from the different 
dried plants. Dried powder of whole wheat, 
cabbage, parsley and green pepper were mixed 
together in the ratio of 6:2:1:1, respectively for the 
preparation of mixture (1), while mixture (2) was 
made up of whole wheat, red beetroot, parsley and 
green pepper in the ratio of 6:2:1:1, respectively. 
These mixtures were used in the preparation of a 
control diet (30%) for feeding hyperlipidemic rats. 

Chemical analysis of mixed samples 

Proximate compositions including crude protein 
content, crude fiber, ash and crude fat were 
analyzed. Crude protein content was determined 
by estimating the nitrogen content using the 
Kjedahl method. Ash content was determined by 
incineration at 600°C. Crude fat was determined 
by the Soxlet method and the crude fibers were 
assayed by acid digestion and alkali digestion. 
Dried samples were analyzed for the above 
compositions in duplicate, in accordance with the 
AOAC standards (1995). Total dietary fiber content 
of the both mixtures was determined according to 
the method of AOAC (1997). The mineral content 
(K, Na, Fe, Ca and Zn) was determined using an 
atomic absorption technique spectrophotometer 
(Varian spectr AA 220).

Determination of total phenolic compounds 

Total phenolic compounds were extracted from 
the dry powder samples of the plants under study 
according to the method of Velioglu et al. (1998). 
Each sample (200 mg) was extracted separately 

in high-density lipoprotein cholesterol (HDL-Ch), is 
the predictor of coronary artery disease, fatty liver 
disease, and carcinogenesis, which is associated with 
the formation of reactive oxygen species (Roberts 
et al., 2006). Hyperlipidemia is a predominant risk 
factor for cardiovascular diseases (CVD) (Deng, 
2009). Hyperlipidemia is an important risk factor 
in the initiation and progression of atherosclerotic 
impasse (Harrison et al., 2003). A high cholesterol diet 
increases serum LDL levels and oxidative stress which 
results in increased oxidized LDL levels and thereby 
increases atherosclerotic plaque formation (Warnholtz 
et al., 2001). Therefore, a prime consideration in the 
therapy for hyperlipidemia and atherosclerosis is to 
attenuate the elevated blood serum/plasma levels of 
lipids. The standard international guidelines issued by 
the World Health Organization recommend reductions 
in dietary saturated fat and cholesterol intake as 
means to prevent hypercholesterolemia; however, 
only limited data are available on the benefits of fruit 
and vegetable consumption on CVD risk factors in a 
community-based population. Data on the effects of 
fruit and vegetable intake on LDL are inconsistent. 
Fruit and vegetable consumption decreased LDL 
concentration in hypercholesterolemic subjects 
(Suido et al., 2002). A diet rich in vegetables, fruit and 
cereals may provide protection against cardiovascular 
disease (Eastwood, 1999; Prior, 2003). Vegetables 
and cereals are rich sources of a variety of nutrients, 
including vitamins, trace minerals, dietary fiber and 
many other classes of biologically active compounds 
(Lampe, 1999). These phytochemicals can have 
complementary and overlapping mechanisms of 
action, including modulation of detoxification enzymes, 
stimulation of the immune system, reduction of platelet 
aggregation, modulation of cholesterol synthesis and 
hormone metabolism, reduction of blood pressure, and 
antioxidant sources (Gordon, 1996). In recent years, 
many studies have focused on the bioavailability of 
phenolic compounds in the prevention and treatment 
of hyperlipidemia and obesity. Phenolic compounds 
and flavonoids have pharmacological properties such 
as antioxidant, antimutagenic, antithrombotic, anti-
inflammatory, anti-cancer and hypolipidemic (Monfort 
et al., 1995; Son & Lewis, 2002). They are widely 
distributed in plants and form part of the human diet. 
So we formulated two mixtures from cereals and 
vegetables which contain sources rich in dietary fibers 
and phenolic compounds. The objective of the present 
study was to prepare two dietary mixtures and evaluate 
their hypolipidemic effects in hyperlipidemic rats. The 
chemical compositions of the studied mixtures were 
also assessed. The safety of these mixtures was 
evaluated through the examination of liver and kidney 
functions. 

2. MATERIALS AND METHODS

2.1. Materials

Plant materials

The plant materials used in this investigation were 
the parsley herb (Petoslimum crispum), cabbage head 
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sample was re-extracted twice with hexane. Then 7 
ml of the hexane extracts were dried to completion 
under a nitrogen stream and resuspended in 1 ml 
of 50% ethanol for analysis. 

HPLC System 

The samples were run using Waters Melinnium 
3.2 software using a system equipped with a 
binary pump system (Waters 515), an autoinjector 
(Waters 717 plus), a PDA detector (Waters 996), 
and a column heater (SpectraPhysics SP8792). 
The compounds were separated on a 4.6 x 250 
mm, 5µm, YMC Carotenoid column (C-30 reverse-
phase) purchased from Waters (Milford, MA), 
which was maintained at 35C. For the analysis of 
β-carotene, the following gradient system was used: 
methanol/water/triethylamine (90:10:0.1v/v/v) (A), 
and methanol/MTBE/triethylamine (6:90:0.1v/v/v) 
(B); gradient (min/%A) 0/99, 8/99, 45/0, 50/0, and 
53/99. The column was brought back to initial 
conditions and allowed to equilibrate for 10 minutes 
before injection. All solvents were filtered and 
degassed before use. β-carotene was analyzed at 
450 nm.

Preparation of diets 

Experimental diets were prepared as in Table 
(1). The control diet contained 10% fat from corn oil, 
10% protein from casein, 3% fiber from cellulose. 
The hypercholesterolemic diet contained 25% fat 
from butter as a source of highly saturated fat, 
10% protein from casein, 1% cholesterol, 0.25% 
cholic acid. The control diets containing mixture 
(1) or (2) contained 10% protein from plant protein 
in the mixtures used and casein, 10% fat from 
corn oil and the fat determined in the mixtures. A 
salt mixture and vitamin mixtures were prepared 
according to Briggs & Williams (1963) and Morcos 
(1967), respectively and added to all diets prepared 
in the study as 3.5% and 1% respectively. Oil 
soluble vitamins were given orally in a dose of 
0.1 ml/rat per week. The hyperlipidemic diet was 
prepared according to Zulet et al. (1999) but with a 
modification by adding butter fat instead of coconut 
oil as a source of saturated fat. 

Design of experimental study 

Thirty rats were assigned to two dietary groups. 
The first group (6 rats) received a control diet (CC), 
while twenty-four rats (the second groups) were 
fed a hyperlipidemic diet (HH). This first stage 
continued for a month. After the development of 
hyperlipidemia, the hyperlipidemic rats were divided 
into four sub-groups of six rats each (second 
stage). The rats in the first sub-group continued 
on the same hyperlipidemic diet (HH group), the 
second sub-group (HC group) of rats received the 
control diet. The remaining two hyperlipidemic sub-
groups of rats received the control diet containing 

with 2 ml of methanol (80%) containing 1% HCl 
at room temperature in a shaker for 2 hours and 
then centrifuged at 3000 rpm for 10 min. The upper 
layer was collected in different clean tubes and re-
extraction of the residue was carried out using the 
same previous procedure. The second extract was 
added to the first and used for the determination 
of total phenolic compounds. Total phenolic 
compounds were determined colorimetricaly in 
the powder mixtures using the Folin-Ciocalteu 
reagent (Singleton & Rossi, 1965). Absorbance 
was measured at 765 nm using a UVPC 
spectrophotometer. The total phenolic content 
was expressed as gallic acid equivalents (GAE) in 
milligrams per 100 grams dry material.

Determination of vitamin E 

Vitamin E was determined according to the 
method of Amaral et al. (2005). Samples from each 
plant mixture (~300mg) were accurately weighed 
in glass screw cap tubes and homogenized with 
2 ml ethanol by vortex mixing (1 min), 100 µl of 
butylated hydroxy toluene (10 mg/ml) was added 
for the protection of tocopherols from oxidation. 
Subsequently, 4 ml hexane was added and again 
the vortex was mixed for 1 min. After that, 2 ml 
saturated NaCl aqueous solution were added, the 
mixture was homogenized (1 min), centrifuged (2 
min, 5000g) and the clear upper layer was carefully 
transferred to another glass screw cap tube. The 
sample was re-extracted twice with hexane. The 
combined extracts were dried under a nitrogen 
stream at room temperature. The samples were 
transferred to microcentrifuge tubes with 1.5ml 
of hexane and finally, dehydrated with anhydrous 
sodium sulphate. The extract was centrifuged 
(10000g, 20 sec.), transferred into a dark injection 
vial and analyzed by HPLC. HPLC analysis was 
carried out using an HPLC/Agilent model, Agilent 
1100 G 1311A Quat pump, G1322A Degasser, G 
1329A Autosampler, G 1330A Chiller, G 1316A 
column compartment, fluorescence detector PC 
and Chemstation software along with an SI (150 
X 4.6 mm) column. The wave length of excitation 
was at 290 nm and emission at 330 nm. The 
mobile phase was a mixture of hexane and 
isopropanol (99:1, v/v) at a flow rate of 1ml/min. 
The concentration of vitamin E in the samples was 
obtained by comparing their peak areas with the 
peak area of standards in relation to concentration. 

Determination of β-carotene 

β-carotene was determined using the HPLC 
method as described by Scoot (2001). Ten grams 
from each mixture of samples were weighed in 
glass screw cap tubes and homogenized with 20 
ml ethanol by vortex mixing (5 min), then 10 ml of 
hexane was added, mixed for 2 min, centrifuged (5 
min, 5000g) and the clear upper layer was carefully 
transferred to another glass screw cap tube. The 
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urea (Fawcett & Scott, 1960) were determined 
as indicators of kidney function, while the activity 
of aspartate transaminase (AST) and alanine 
transaminase (ALT) (Reitman & Frankel, 1957) 
were determined as indicators of liver function.

Statistical analysis 

Values were expressed as mean ± SE. Data 
from the first stage were analyzed statistically 
using the student’s t-test. Data from the second 
stage were analyzed statistically using the one-way 
analysis of variance ANOVA followed by Duncan’s 
test (Duncan, 1955). In all cases, p<0.05 was used 
as the criterion of statistical significance.

3. RESULTS

The chemical compositions of the mixtures 
shown in Table (2) clarified that both mixtures 

30% of mixture 1 (HM1 group) or mixture 2 (HM2 
group) for four weeks (diet compositions shown 
in Table 1). During this experimental period the 
control group continued on the same control diet 
(CC group). During the experiment, body weight 
and food intake were recorded weekly. At the end 
of the first and second stages, total food intake, 
body weight gain and feed efficiency ratio were 
calculated. Blood samples were collected from all 
rats after an overnight fast at the end of the first and 
second stages for the determination of plasma total 
lipid (Toro & Ackerman, 1975), total cholesterol 
(T-Ch) (Watson, 1960), high-density lipoprotein 
cholesterol (HDL-Ch) (Burstein et al., 1980), low-
density lipoprotein cholesterol (LDL-Ch) (Gerard & 
Gerald, 1981) and triglycerides (TG) (Megraw et al., 
1979). T-Ch / HDL- Ch ratio was calculated. The 
nutritional safety of the plant mixtures was studied 
through the evaluation of liver and kidney functions. 
The plasma levels of creatinine (Houot, 1985) and 

Table 1
Composition of different experimental diets (g/100 g)

Ingredients
Diets
Hypercholesterolemic diets

Control Hypercholesterolemic Mixture 1 Mixture 2
Casein 11.9* 11.9 8.33 8.33
Corn oil 10 - 9.66 9.43
Butter - 25 - -
Sucrose 23.5 38.2 22.9 22.9
Starch 47.1 19.15 35.86 29.23
Salt mix. 3.5 3.5 3.5 3.5
Vit. mix. 1 1 1 1
Fiber 3 - 3 3
Cholesterol - 1 - -
Cholic acid - 0.25 - -
Powder (mix. 1) - - 15.75 -
Powder (mix. 2) - - - 22.61

*11.9 Casein has been estimated to contain 10 g protein (AOAC, 1995).

Table 2
Chemical composition of mixtures (1) and (2)

Ingredients/ 100g dry samples Mixture 1 Mixture 2
Fat (g) 2.1 2.5
Protein (g) 19.1 13.3
Ash (g) 7.4 5.5
Crude fibers (g) 1.8 1.2
Carbohydrate* (g) 69.6 77.5
Total dietary fiber (g) 18.3 16.8
K (mg) 1250.1 1319.4
Na (mg) 107.1 144.5
Zn (mg) 3.0 2.8
Fe (mg) 9.0 9.0
Ca (mg) 214.4 165.3
Total phenolic compounds (mg GAE) 1910 1710
Vitamin E (mg) 7.4 4.5
β-carotene (µg) 830 786

*Carbohydrate is defi ned as the residue excluding protein, lipid, crude fi ber and ash (= 100 − proteins − lipid − crude fi ber − ash). GAE: 
Gallic acid equivale
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The plasma lipid profiles of hyperlipidemic rats 
(first stage) are shown in Table (4). Rats fed the 
hyperlipidemic diet showed a significant increase in 
the plasma levels of total lipids (+152%, p <0.001), 
T-Ch (+131%, p <0.001), TG (+9%, p <0.001) 
T-Ch/HDL-Ch ratio (+260%, p <0.001) and LDL-
Ch (+80%, p < 0.001), which was accompanied 
by a decrease in HDL-Ch (-35%, p <0.001) when 
compared to normal rats. 

The nutritional parameters of hyperlipidemic rats 
after feeding different dietary treatments are shown 
in Table (5). No significant changes were observed 
in all nutritional parameters of rats subjected to 
different dietary treatments. Hyperlipidemic rats fed 
the control diet containing mixture (1) or (2) showed 
a non-significant reduction in final body weight and 
body weight gain when compared with different 
groups.

Table (6) shows the plasma lipid profile of 
different experimental groups in the second stage. 
The replacement of the hyperlipidemic diet with the 
control diet and or control diet containing mixture (1) 
or (2) for four weeks showed a significant reduction in 
the plasma lipid profile in all rat groups with different 

contain high percentages of protein (19.1 and 13.3 
respectively). It can also be seen that fat content 
was 2.1% and 2.5 %. Carbohydrate contents 
were 69.6% and 77.5% in mixtures (1) and (2) 
respectively. Crude fibers were present in mixture 
(1) and (2) as 1.8% and 1.2% respectively. The ash 
contents were 7.4 and 5.5/100g in sample mixtures 
(1) and (2) respectively. Total dietary fibers present 
in mixtures (1) and (2) were 18.3% and 16.8% 
respectively. Vitamin E represented 7.4 and 4.5 
mg respectively. β-carotene contents in mixtures 
(1) and (2) were 830 and 786 µg respectively. K, 
Na, Zn, Fe and Ca were present in mixture (1) at 
1250.1, 107.1, 3.0, 9.0 and 214.4 mg respectively; 
while they were present in mixture (2) at 1319.4, 
144.5, 2.8, 9.0 and 165.3 mg respectively. Total 
phenolic compounds were present in mixture (1) 
and (2) at 1910 and 1710 mg gallic acid equivalents 
respectively. 

The nutritional parameters of normal and 
hyperlipidemic rats from the first stage are shown in 
Table (3). The results revealed that non-significant 
changes were found in all nutritional parameters 
between normal and hyperlipidemic rats. 

Table 3
Nutritional parameters of normal and Hyperlipidemic rats (first stage)

Parameters
CC

(Mean ± SE)
HH

(Mean ± SE)

Initial B. W. (g) 83.8 ± 4.376 83.8 ± 2.374

Final B. W. (g) 176 ± 9.123 164.2 ± 5.452

B. W. gain (g) 92.2 ± 6.288 80.4 ± 3.721

Total Food Intake (g) 449.5 ± 26.901 426.1 ± 14.583

Feed Efficiency Ratio 0.206 ± 0.009 0.189 ± 0.006
CC: Normal group fed the control diet. HH: Hypercholesterolemic rats fed the hypercholesterolemic diet.

Table 4

Plasma lipid profile of normal and Hyperlipidemic rats (first stage)

Parameters
CC 

(Mean ± SE)
HH

(Mean ± SE)

Total lipids (mg/dl) 341.3 ± 16.632 859* ± 9.769

 %Change  - 152 

T-Ch (mg/dl) 86.7 ± 2.903 200.3* ± 3.267

 %Change  -  131 

TG (mg/dl) 80 ± 1.391 87.5* ± 0.748

 %Change  -  9

LDL-Ch (mg/dl) 21.4 ± 0.628 105.2* ± 3.036

 %Change  -  80

HDL-Ch (mg/dl) 43.4 ± 0.711 28.2* ± 0.518

 %Change  -  -35

T-Ch/HDL ratio 2 ± 0.0802 7.2* ± 0.209

 %Change  - 260 
Values signifi cantly differ from normal rats: *: p< 0.0. CC: Normal group fed the control diet. HH: 
Hypercholesterolemic rats fed on hypercholesterolemic diet. T-Ch: total cholesterol, TG: triglycerides, 
LDL-Ch: low density lipoprotein-cholesterol. HDL-Ch: high density lipoprotein-cholesterol.
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degrees when compared with hyperlipidemic rats still 
fed the hyperlipidemic diet. The hyperlipidemic rats 
fed the control diet (HB group) showed a significant 
reduction in plasma levels of total lipids, T-Ch, LDL-
Ch and T-Ch/HDL-Ch ratio (-15%, -23%, -15%, -42% 

respectively). While HDL-Ch increased significantly 
(+32%) in comparison with hyperlipidemic rats fed the 
hyperlipidemic diet (HH). 

Hyperlipidemic rats fed the control diet 
containing mixture (1) or (2) showed a significant 

Table 5
Nutritional parameters of different experimental groups (Mean ± SE)

Groups
Initial body 

weight
(g)

Final body 
weight

 (g)

Body weight 
gain
 (g)

Total Food 
intake

(g)

Feed 
efficiency 

ratio

CC 176 ± 9.12a 262.3±11.35a 86.33±5.92a 430±15.42a 0.20±0.01a

HH 164.8±9.82a 246.2±8.13a 81.33±2.23a 407.7±25.54a 0.20±0.01a

HB 172±12.12a 253.3±12.02a 81.33±2.53a 415.2±17.47a 0.20±0.01a

HM1 166.33±12.88a 241.5±9.60a 75.17±4.41a 449.5±17.25a 0.17±0.01a

HM2 153.67±14.74a 233.5±14.41a 79.83±3.66a 427.2±19.66a 0.19±0.01a

In each row same letters mean non signifi cant difference; different letter mean the signifi cance among the tested groups at 0.05 
probability. CC: Normal group fed the control diet. HH: Hypercholesterolemic rats fed the hypercholesterolemic diet. 
HC: Hypercholesterolemic rats fed the control diet. HM1: Hypercholesterolemic rats fed the control diet containing 30% mixture 1. 
HM2: Hypercholesterolemic rats fed the control diet containing 30% mixture. 

Table 6

Plasma lipid profile of different experimental groups (Mean±SE)

Parameters

Groups

CC HH HC HM1 HM2

B A B A B A B A B A

Total 
lipids 

(mg/dl)

Mean 341.33 351.99a 914.6 941.34c 853.80 717.14b 820.79 687.42b 846.79 697.59b

±SE 16.63 15.56 21.79 19.52 12.53 17.29 14.49 17.62 18.34 27.36

% Change – – – 3 – –16 – –16 – –18

T-Ch 
(mg/dl)

Mean 86.73 89.06a 200.67 213.90c 200.08 154.31b 200.33 142.8b 200.25 147.62b

±SE 2.90 2.73 8.64 10.04 5.35 6.90 10.28 7.413 5.35 8.15

% Change – – – 7 – –23 – –29 – –26

HDL-
Ch 

(mg/dl)

Mean 43.37 42.87c 29.11 28.15a 27.27 35.95b 28.18 39.0b 28.38 37.82b

±SE 0.71 0.81 0.83 0.60 1.32 0.92 1.47 0.668 1.02 0.76

% Change – – – –3 – 32 – 38 – 33

T-Ch/ 
HDL-

Ch ratio

Mean 2.00 2.08a 6.94 7.61c 7.47 4.32b 7.20 3.54b 7.12 3.93b

±SE 0.08 0.08 0.43 0.37 0.58 0.28 0.51 0.236 0.40 0.29

% Change – – – 10 – –42 – –51 – –45

LDL-Ch 
(mg/dl)

Mean 21.35 22.02a 111.99 123.50c 107.88 92.22bc 98.51 80.40b 102.32 81.28b

±SE 0.63 0.46 10.31 11.76 5.28 4.24 3.44 1.97 6.15 2.927

% Change – – – 10 – –15 – –18 – –21

TG 
(mg/dl)

Mean 80.02 82.86a 84.98 88.17ab 87.8 87.91ab 89.52 82.20a 87.84 82.73a

±SE 1.39 1.11 1.27 1.42 2.21 2.46 1.28 2.25 1.49 1.97

% Change – – – 4 – – – –8 – –6
In each row same letters mean non signifi cant difference; different letter means the signifi cance among the tested groups at 0.05 
probability. CC: Normal group fed the control diet. HH: Hypercholesterolemic rats fed the hypercholesterolemic diet. 
HC: Hypercholesterolemic rats fed the control diet. HM1: Hypercholesterolemic rats fed the control diet containing 30% mixture 1. 
HM2: Hypercholesterolemic rats fed the control diet containing 30% mixture 2. T-Ch: total cholesterol, TG: triglycerides, 
LDL-Ch: low density lipoprotein-cholesterol, HDL-Ch: high density lipoprotein-cholesterol.
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in hyperlipidemic rats fed the control diet containing 
30% of mixture (1) or (2) were shown, which may be 
attributed to the presence of phenolic compounds, 
plant proteins, glucosinolates, betalains, carotenoids 
and dietary fibers. All these compounds are present 
in both mixtures studied, as shown in table (2).

In the present study, cabbage and red beetroot 
were used in the preparation of mixtures (1) and 
(2) respectively. Cabbage and beetroot contain 
two major types of phytochemicals, glucosinolates 
(GLS) and betalains respectively, which were 
previously known to possess antioxidant activity 
(Fahey et al., 2001; Zielinska-Przyjmska et al., 
2009). Therefore, we decided to evaluate their 
hypolipidemic effect.

Cabbage is a good source of phytochemicals 
and has high antioxidant activity (Cao et al., 1996). 
Cabbage belongs to the Brassicaceae family, 
Crucifers, and contains many bioactive components 
including flavonoids (e.g. quercetin), minerals (e.g. 
selenium) and vitamins (e.g. Vitamin C) (Finley et 
al., 2001; Jeffery et al., 2003). Among the most-
studied bioactive compounds in crucifers associated 
with cancer protection are glucosinolates (Zareba & 
Serradelf, 2004). GLS share a similar basic structure 
consisting of a β-d-thioglucose group. GLSs are not 
bioactive in the animal that consumes them until 
they have been enzymatically hydrolyzed to an 
associated isothiocyanate (Rouzaud et al., 2003) by 
the endogenous myrosinase enzyme that is released 
by disruption of the plant cell through harvesting, 
processing, or mastication (Finley, 2005). In vitro and 
in vivo studies have reported that isothiocyanates 
affect many phases of cancer development, including 
the modulation of phases I and II detoxification 
enzymes. They function as a direct antioxidant 
or as an indirect antioxidant by phase II enzyme 
induction, modulating cell signaling, induction of 
apoptosis, control of the cell cycle, and reduction 
of Helicobacter infections. The most characterized 
GLS compounds are sulphoraphane, phenethyl 
isothiocyanate, allyl isothiocyanate and indole-3-
carbinol, but many other isothiocyanates that are 
present in lower quantities may also contribute 
to the anti-carcinogenic properties of crucifers 
(Fahey et al., 2001; 2002). Sulforaphane, indole-3-
carbinol, glucaric acid, and other isothiocyanates 

improvement in plasma lipid profile with different 
degrees when compared with hyperlipidemic rats fed 
the hyperlipidemic diet. The plasma level of LDL-Ch 
and TG reduced significantly in hyperlipidemic rats 
fed the control diet containing mixture (1) or (2) when 
compared with different groups. 

The plasma levels of creatinine and urea as 
indicators of kidney function showed non-significant 
changes in all groups (Table 7). In addition, the 
plasma levels of AST and ALT as indicators of 
liver function showed non-significant changes in all 
studied groups. This revealed the complete safety 
of the mixtures studied. 

4. DISCUSSION

Hyperlipidemia was induced in rats by feeding a 
diet rich in saturated fat (25%). The assessment of 
the lipid profile in the plasma of rats fed a high-fat diet 
enriched in saturated fat and cholesterol revealed a 
situation of hyperlipidemia which was accompanied 
by a decrease in HDL-Ch and an increase in LDL-
Ch. These alterations resembled a situation of type 
II hyperlipidemia in humans (Tholstrup et al., 1995), 
which could be associated with a down- regulation in 
LDL receptors by the cholesterol and saturated fatty 
acids included in the diet (Stucchi et al., 1995).

Cholesterol is an animal sterol best known for 
its association with atherosclerosis and coronary 
heart disease. High levels of LDL cholesterol are 
deposited in the interior of blood vessels resulting in 
hardened arteries, narrowing of the blood vessels 
and coronary heart disease. High levels of HDL 
cholesterol have been shown to reduce some of the 
harmful effects of LDL cholesterol. HDL picks up 
and transports cholesterol in the blood back to the 
liver, which leads to its elimination from the body. 
HDL can help to keep LDL cholesterol from building 
up in the walls of the arteries (Awan, 1993). 

In the present study two dietary mixtures from 
whole cereals and vegetables were prepared and 
the hypolipidemic effect on hyperlipidemic rats was 
evaluated.

In the present study, a significant improvement 
in the plasma lipid profile and a non-significant 
reduction in body weight gain and final body weight 

Table 7
Liver and kidney function of different experimental groups (Mean ± SE)

Groups
Creatinine 

(mg/dl)
Urea

(mg/dl)
ALT

( IU/l)
AST
( IU/l)

CC 0.59a± 0.01 25.40a ± 0.69 57.17a ±1.97 136.00a ± 1.39

HH 059a ± 0.01 25.83a ± 0.98 58.00a ± 1.48 136.33a ± 2.08

HC 0.58a ± 0.01 25.37a ±0.59 56.33a ± 0.80 136.83a ± 0.79

HM1 0.59a ± 0.01 25.20a ±0.61 56.00a ± 0.58 136.83a ± 1.08

HM2 0.58a ± 0.01 25.87a ± 0.79 56.50a ± 0.43 136.67a ± 0.88
In each row same letters mean non signifi cant difference; different letter mean the signifi cance among the tested groups at 0.05 probability. 
CC: Normal group fed the control diet. HH: Hypercholesterolemic rats fed the hypercholesterolemic diet. HC: Hypercholesterolemic rats fed 
the control diet. HM1: Hypercholesterolemic rats fed the control diet containing 30% mixture 1. HM2: Hypercholesterolemic rats fed the 
control diet containing 30% mixture 2. ALT: alanine transaminase, AST: aspartate transaminase.
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hypothesis explaining these reductions in final body 
weight and body weight gain is the strong feeling 
of satiety provided by dietary fiber as reported by 
Pereira & Ludwig (2001).

Our prepared mixtures contain 19.1% and 
13.3% protein in mixtures (1) and (2) respectively. 
Plant proteins have been previously shown to have 
hypocholesterolemic activity (Atwal et al., 1997). 
Plant protein showed a remarkable cholesterol 
lowering effect in pigs fed a cholesterol-rich diet, 
compared with casein (Martins et al., 2005).

Mixtures (1) and (2) contain 830 and 786 µg 
β-carotene /100g sample. It was reported previously 
that β-carotene reduces cholesterol in-vitro and in-
vivo (Fuhrman et al., 1997; Elson et al., 1999). 

Whole-grain cereals and vegetables are a 
major source of phenolic compounds, especially 
phenolic acids such as ferulic, vanillic, caffeic, 
syringic, sinapic and p-coumaric acids (Sosulski et 
al., 1982). All of them have potentially antioxidant 
properties due to the presence of an aromatic 
phenolic ring that can stabilize and delocalize the 
unpaired electron within its aromatic ring (Rice-
Evans et al., 1997). Ferulic, vanillic and p-coumaric 
acids are the most abundant free phenolic acids in 
wheat. Ferulic acid is generally the predominant 
phenolic acid (Zhou et al., 2005; Liyana-Pathirana 
& Shahidi, 2007). Phenolic compounds have 
been reported to reduce hepatic cholesterol 
concentrations and increase fecal sterol excretion 
in rats with hypercholesterolemia (Kotani et al., 
2000; Park et al., 2002).

5. CONCLUSIONS 

Hyperlipidemic rats fed a control diet containing 
mixture (1) or (2) showed significant improvements 
in plasma lipid profile that are of beneficial 
effects towards cardiovascular diseases. This 
improvement may be attributed to the presence 
of dietary fibers, glucosinolates, betalains, plant 
proteins, carotenoids and phenolic compounds in 
these mixtures. Both glucosinolates and betalains 
in mixtures one and two respectively showed similar 
activity towards hyperlipidemia. So vegetable 
and cereal mixtures with different ratios can be 
used to treat hyperlipidemia or reduce the risk of 
atherosclerosis.
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