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ABSTRACT

The major fatty acids in extracted lipids from flaxseed and sesame seeds
were alfa linolenic acid (C18:3 n3) and linoleic acid (C18:2 né6), respectively. The
fatty acid profile was completely enhanced by mixing flaxseed and sesame oils at the
" ratio of 2:1, respectively. Flaxseed, sesame oils and their mixture at the ratio of 2:1,
respectively were used to replace the shortening at 25, 50, 75 and 100% levels in high
ratio layer cakes. Sensory evaluation of prepared cakes revealed that, using of sesame,
flaxseed oils or their mixture as shortening replacers at 50, 75 or 75 % respectively
significantly (p<0.05) improved the sensory characteristics of cakes compared to
control sample (100% shortening). .

Also, hypercholestroemic rats were fed on diets containing 75, 50 and 75 %
of flaxseed, sesame oils and their mixture (2:1), respectively, it was found that, the
animal fed on diets prepared by supplementation of saturated palm oil with the
aforementioned unsaturated fatty acids sources significantly (p<0.05) reduced the
body weight gain compared to control and high saturated fat groups. As well as, the
flaxseed, sesame oils and their mixture improved the lipid profile compared to control
and high fat group. Furthermore, the flaxseed oil provided protection from
hepatocellular damage.

Key words: Flaxseed oil, sesame oil, omega-3, omega-6, cake, organolepuc
evaluation, hypolipidemic and rats.

INTRODUCTION

Abnormal lipid metabolism is a main cause of dyslipidemia, which is a
major risk factor for cardiovascular disease, obesity, cholesthiasis and overall
mortality (Rizvi et al., 2003). The concentration of plasma cholesterol can be
regulated by cholesterol biosynthesis, removal of cholesterol from the circulation,
absorption of dietary cholesterol and excretion of cholesterol via bile and feces (Choi
et al., 2001). It is well known that diet plays an important role in the control of
cholesterol homeostasis. Winston, (1999) reported that herbs have been used as food
and for medicinal purpose for hyperlipidemia that may be useful adjuncts in reducing
the risk of cardiovascular disease and alterations in liver metabolism.
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Recent studies have demonstrated that ingestion of polyunsaturated fatty
acids (-3 and «-6), present in vegetable oils, is inversely related to the incidence of
heart disease by decreasing cholesterol and triacylglycerol plasmatic levels
(Simopoulos, 1999). Cintra, ef al., (2006) reported that total cholesterol levels in rats
fed the polyunsaturated fatty acids (flaxseed diet) were lower than in rats fed the
saturated fatty acid (chicken skin diet). Flaxseed contains 32—45% of its mass as oil of
which 51-55% is alpha-linolenic acid (ALA) (18:3 n-3 Omega-3 fatty acid), a
precursor to eicosapentanoic acids (EPA). Flaxseed oil (FO) is one of the vegetable
sources of ALA and its content ranges from approximately 40% to 60% of the total
fatty acids (Prasad, 2000). FO (1 g) contains alfa linolenic acid (ALA) 550 mg,
linoleic fatty acid (170 mg), palmitic acid (60 mg), stearic acid (40 mg) and oleic acid
(180 mg). ALA, found in FO desaturates and elongates in the human body to EPA
and docosahexannic acid (DHA) and by itself may have beneficial effects in health
and in control of chronic diseases (Mantzioris et al., 1994). Effect of flaxseed oil on
growth parameters and lipid metabolism of rats fed on high fat diet was investigated
by Devi et al., (2006). The high fat diet resuited in significant alterations in hepatic
lipids, increase in body weight gain and negative effect on lipoprotein metabolism.
Flaxseed oil supplementation lowered the increase in body weight gain, liver weight,
plasma cholesterol, triglycerides, phospholipids, free fatty acids, high-density
lipoprotein (HDL), low-density lipoprotein-cholesterol (LDL-C), very low-density
lipoprotein {(VLDL), LDL/HDL and TC/HDL ratio in high fat diet fed rats. Clinical
conditions such as cardiovascular disease, blood pressure, cancer, skin diseases and
immune disorders such as renal failure, rheumatoid arthritis and multiple sclerosis
may be prevented by ALA in flaxseed oil (Kelley ef al., 1991). The n-3 PUFAs in FO
have anti-inflammatory properties that are mediated by the production of anti-
inflammatory eicosanoids (Cohen ef al., 2005). Hasler et al., (2000) demonstrates that
the flaxseed is a functional food that has recently gained attention in the area of
ASCVD prevention because it contains alpha linolenic acid (ALA). Flaxseed and
flaxseed oil have been cited as potentially useful foods by the American Heart
Association.

Recently rescarch has been conducted on the effect of dietary ALA on
hepatic cholestero! metabolism in the hamster model (Morise et al., 2004). However,
little is known about the effects of flaxseed oil on hepatic lipid metabolism in rat
model, it is therefore of interest to conduct research in this line.

Chena et al, (2005) Reported that the diet with sesame significantly
decreased the levels of serum total cholesterol and LDL cholesterol and slightly
reduced the levels of thiobarbituric acid-reactive substances in LDL in 21
hyperlipidemic patients. The time for erythrocyte hemolysis and the lag phase of LDL
oxidation were significantly increased by sesame ingestion. The mechanism by which
a diet containing 24% sesame oil reduces levels of serum and liver cholesterol, liver
LDL cholesterol, and liver lipids is not known. However, the high degree of
unsaturation (85%) of sesame oil and the presence of linoleic acid may be important
factors (Satchithanandam et al., 1996).

Satchithanandam et al., (1996) determined the total cholesterol, LDL.-
cholesterol, HDL-cholesterol, triglyceride, and Liver cholesterol levels in Wistar rats
(75-100 g) which fed on a control diet or a diet containing 12 or 24% sesame oil. All



Biological Evaluation Of Omega-3 & 6 Polyunsaturated......1113

previous parameter levels were significantly lower in rats fed on the 24% sesame oil
diet, compared with those of in the control group. When hypercholestrolemic rats
were fed on diets containing alpha-linolenic acid of linseed oil or linolenic acid of
sesame seeds it was found that linseed oil were effective for lowering the cholesterol
as compared to sesame oil Cintra, et al (2006).

The objective of the current study was to prepare cake with different levels
of flaxseed, sesame oils or their mixture as shortening replacers, and to determine the
best replacement levels. Also, to examine the effects of selective levels from flaxseed,
sesame oils or their mixture on hyperlipidemia by determining the changes of plasma -
lipid levels, lipoprotein cholesterol levels and hepatic lipids in high fat diet fed rats.

MATERIALS AND METHODS
Materials
Flaxseed and Sesame oils were procured from the Research Department,

Field Oils. Research Institute, Agriculture Research Center, Ministry of Agriculture,
Giza, Egypt.

Liver functions, total cholesterol, total triglyceride kits were purchased from
Biodiagnostic, Co. Egypt. High density lipoprotein, Low Density Lipoprotein kits
were purchased from Biosystem, Spain.

Flour (72% exteraction), whole fresh egg, sucrose, shortening, fresh milk,
baking powder, vanilla and salt (sodium chloride) were purchased from local market.

Male albino rats (Wister strain), with an initial body weight of 150 g were
obtained from Organization of Biological Products and Vaccines, Helwan farm,
Egypt.

Methods
Fatty acid profile

Fatty acid profile of extracted lipids was estimated according to AOAC
(2000).

- Animals experiment and diets

Twenty five albino rats were housed in screen-bottomed aluminum cages in
room maintained at 25 £ 1°C with alternating cycles of light and dark of 12h;
duration. Rats were randomly allocated into two groups, the first group
(normolipidemic) contained five animals and the second group (hyperlipidemic)
contained twenty animals with a noticeable mark on their tails as a mean of
differentiation. In the normolipidemic group, rats were fed on normal diet. In the
hyperlipidemic group, rats were forward to be hypercholesterolemic by feeding a
hypercholesterolemic diet.

Afier arising the cholesterol level to > 240 mg/dl, the hypercholesterolemic
rats were divided into four groups (with five rats each) to be fed on the experimental
diets. One group received a high-fat (HF) diet of 10% palm oil, 6% cholic acid, and
30% lard. . The other groups received diets similar to the HF diet, but with lipids
provided by flaxseed (FP), sesame oil (SP) or their combination (MP) to replace the
palm oil. Corn starch and protein contents of the diets were adjusted to maintain
isocaloric diets (Table 1), and the changes in body weight were recorded ones every
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week. Blood samples were also obtained from the retro-orbital plexus of the eyes
from all animals of each group on 10, 20 and 30 days, after which rats were
slaughtered at the end of the experiment for organ weight.

Table (1): Composition of experimental diets (%) fed to the investigated male

Compeosition %

Corn starch

Vitamin mixtue
Cellulose

Lard

Cholic acid
Flaxseed oil

MP, 75% Mixture of Flaxseed and Sesame oil (2:1) with 25% Palm oil

Cake preparation

High-ratio layer cake was prepared according to AACC (1983). The cake
batter was formulated from 100 g flour, 60 g whole fresh egg, 140 g sucrose, 50 g
shortening, 110 g fresh milk, 9 g baking powder, 2 g vanilla and 1.6 g salt (sodium
chloride). Shortening and sucrose powder were creamed together until light for 5-10
min. Flour and baking powder were mixed together, then the mixture were added
gradually to shortening, sucrose, egg, vanilla, sait, milk mixture and beaten for 3 min.
using the mixing machine at low speed. The batter was scaled at 375 g into each of
two 20 cm diameter pans and baked at 175 °C for 25 min. After baking cakes were
left to cool for 1 hr at room temperature until analysis. For evaluating the effect of
different oil types, shortening used in cake making was partially replaced by 25, 50,
75 and 100 % of sesame, flaxseed oils and their mixture.

Sensory evaluation
High-ratio layer cakes were evaluated for cells, grain, texture, crumb color
and flavor according to AACC (1983).

Biochemical analysis
Liver functions

The activities of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were determined colorimetrically according to the method
adopted by Reitman and Frankel (1957), using special Biodiagnostic kits, (Egypt).

Total cholesterol
Enzymatic determination of total cholesterol was carried out according to
the method of Aliain (1974).
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Total triglyceride :
Enzymatic determination of total triglycerides in plasma was measured
colorimetrically at 546 nm. according to the method of Fossati and Principe (1982).

Low Density Lipoprotein

Low Density Lipoprotein (LDL) in the tested samples was precipitated with
polyviny! sulphate. Its concentration was calculated from the difference between the
serum total cholesterol and the cholesterol in the supematant after centrifugation. The
cholesterol was measured according to the method of Assmann, et al. (1984).

High density lipoprotein

Very low density lipoprotein (VLDL) and low density lipoprotein in the
tested samples were precipitated with phosphotungstate and magnesium ions. The
HDL was measured according to the method of Burstein, et al. (1980).

Statistical analysis procedure

Internal organs weight, AST and ALT data were subjected to statistical
analysis using t-test. Other obtained data was exposed to analysis of variance. The
analysis was carried out using the PROC ANOVA procedure. Duncan multiple ranges
at 5 % level of significance was used to compare between means. Results followed by
different alphabetical letters were significantly differed. All procedures were
subjected using Statistical Analysis System program (SAS, 1996),

RESULTS AND DISCUSSION

1. Fatty acid composition of flaxseed, sesame and its mixed oils

Figure (1) presented the fatty acid pattern of lipids extracted from flaxseed
and sesame oils and their mixture, The major fatty acid in extracted lipids from
flaxseed was alfa linolenic acid (C18:3 n3). On the other side, the linoleic acid (C18:2
n6) was the main fatty acid in extracted lipid from sesame seed. The percent of C18:3
n3 and C18:2 n6 in flaxseed and sesame oils were 55.04 and 43.20 %, respectively.
The fatty acid profile was enhanced with mixing the flaxseed and sesame oils at the
ratio of 2:1, respectively. The balance between C18:3 n3 and C18:2 n6 was observed
in the mixture however, their percent was achieved to 36.8 and 26.3 %, respectively.
The obtained results are agreed with Baba, ef al. (2000) and Cintra, et al. (2006)

2. Effect of oil types on sensory characteristics of cake

Results in Table (2) presented the sensory properties mean score values of
cake samples prepared by partially using replacement of shortening with sesame,
flaxseed oils or their mixture. The results showed that, there were no significant
differences (p>0.05) in cell characteristics (uniformity, size and thickness), grain,
moistness, softness and flavor of prepared cake samples contained 25 and/or 50 % of
sesame oil as 1at replaces compa~ed to control cake sample which prepared using 100
% shortening. The same trend could be also noticed in prepared cake samples using
flaxseed oil as fat replacer with the same substituted lcvels for the same
characteristics. While, the flavor in sample prepared using 75 % flaxseed oil appeared
no significant difference (p>0.05) compared to the control. On the other hand,
tenderness and crumb color of prepared cake samples were significantly (p<0.05)
improved compared to the control cake sample. Using the mixture of both flaxseed
and sesame oils (2:1) as shortening replacer appeared no significant differences in cell
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characters grain, softness and flavor of cake crumb samples at levels of 25, 50 and 75
% compared to the control sample. While, the moistness, tendemess and crumb color
were significantly (p<0.05) improved compared to the control sample. From the same
Table it could be noticed that, cake samples prepared by replacing 100% shortening
by sesame, flaxseed oils and their mixture was significantly affected on the flavor of
cake samples in comparison with control sample.

In conclusion it could be reported that, using of sesame, flaxseed or their
mixture oils as a shortening replacers at 50, 75 or 75 % respectively improved the
sensory characteristics of cakes. Therefore, there levels were used in the nutritional
experiment. ‘

3. Effect of FP, SP and MP oils on the body and internal organs weight of male
albino rats:

Body weight gain of animals fed on HF diet significantly increased as
compared to those fed on the normal diet. Animals fed on diets supplemented as
replacer with unsaturated fatty acids oils (flaxseed, sesame and their mixture)
significantly reduce the body weight gain compared to control and HF groups. No
statistically changes were noted between groups fed on FP, SP and MP diets (Fig. 2).
This trend has also been reported for humans (Almario et al., 2001). The hypothesized
that the content of polyunsaturated fatty acids compared to that of saturated fatty acids
may decrease body weight and that the lipid intake type may stimulate satiety (Hill et
al,, 1993).

Statistical analysis (P<0.05) of the data in Table (3) revealed no significant
differences in the relative weights of the considered internal organs of different rats
groups. The only exception was observed in liver weight that showed significant
increase in animals fed on HF diet. This unexpected result may be due to cholesterol
deposition in the liver of HF group compared with others group.

4. Biochemical analysis of the blood plasma of male albino rats:
4.1. Liver Function parameters:

Data in Tables (4 & 5) indicated that high fat diet induced significant
elevation in aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
enzymes in plasma over the experimental period. Conversely, no detectable
hepatocellular enzyme leakage as assessed by an increase in aspartate
amiiotransferase, alanine aminotransferase in the high-PUFA flaxseed, sesame oil
and their combinations groups. Furthermore, the flaxseed oil provided protection from
hepatocellular damage as evidenced by a decrease in the decline rate in liver function
and a reduction in hepatocellular injury; these findings are in agreement with the
results obtained by Vijaimohan et al. (2006).

4.2. Lipid profiles:

The fat enriched diet is regarded as an important factor in the development of
cardiac diseases since it leads to the development of hyperlipidemia, atherosclerosis
and abnormal lipid metabolism (Onody et a/., 2003).
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4.2.1 Triglycerides
Plasma triglyceride levels (mg/dl) are shown in Table (6). It could be noticed

that, the total plasma triglycerides after 10 days was significantly (p<0.05) lowest in
animals fed on the FP, MP and SP diets compared with animals fed on control diet.
While, no other difference in triglycerides level was observed in animals fed on HF
diet compared with the control group. The same trend was observed between animal
groups over the experimental period; with increase the fed period the triglyceride level
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decreased in all groups except animals fed on HF diet. While, the animals fed on the
FP, MP and SP diets showed the lowest triglyceride levels without any significant
differences over the experimental period (p<0.05). Triglyceride in the blood tend to
damage vascular endothelial cells, leading to heart discase (Suprijana et al., 1997).
High fat diet produces an increase in triglyceride levels due to lipoprotein lipase
triglyceride hydiolysis, so that the accumulation in the liver becomes more evident
(Feoli et al., 2003). While; the effect of ALA in the flaxseed oil could be attributed to
a reduction in the hepatic synthesis of fatty acid, which decreases the concentration of
triglyceride in the liver. Prasad (2000) and Baba et al. (2000) reported that flaxseed oil
lowers triglyceride levels in high fat diet fed rats, which might be due to the increased
activity of adipose tissue lipoprotein lipase. Moreover, in the male hamster model the
hypotriglyceridemic effect of flaxseed oil is well documented (Morise ef al., 2004).
This view is paralleled in our study also by decreased triglyceride levels in animals
fed on FP diet which could be due to lipid lowering effect of flaxseed (Chan et al.,
1991). Baba et al. (2000) reported that rats fed on high fat diets containing olive oil
increased serum triglyceride concentrations compared with rats fed on sesame oil diet.

Table (2): Mean values of sensory characteristics of cake prepared using

Acceptability

Control

25 %
‘.g 50.%
T5 %
100 %
Control

25 %
50 %
75 %
100 %
Control

2% |
50 %
75 %

Dilffercnt alphabes are significantly at P<0.05.
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Table (3): Effect of different oils on some internal organs weight (g/100g b.wt.) in
male albmo rats.

Control

Organs weight (2/100g b.wt.) days
HF FP

SP

2.01 +0.208

2.91 +0.139

2.4240.029

2.46+0.064

0.67 +0.109-

0.89 £0.012

0.86+0.111

- 0.85+0.034

1.08 +0.060

0.88 £0.039

1.0040.005

1.02+0.051

0.38 £0.056

0.33 40.018

0.2740.006

0.3240.007

0.32+0.021 |

0.40 +0.016

0.50 £0.029

0.37+0.030

0.38+0.012

0.410.025 §

2.9220.112

2.27 £0.350

2.3020.026 |

2390459

2.66+0.255 |

* Statlstwal significant differences (P<0. 05)

Table (4): Effect of treatment with different Olls on ASI‘ /L) in male albino rats.

20
13.0+£58

20514

19.9+3.2

253+53

226+173

162+25

125%1.5

19.5+22

1L1£58 _

HF, High fat; FP, 75% Flaxsced oil with 25% Palm oil; SP, 50% Sesame oil with
50% Palm oil; MP, 75% Mixture of Flaxseed and Sesame oil (2:1) with 25% Palm oil
* Statistical significant differences (P<0.05) :

Table (5) Effect of treatment with different Oils on ALT (U/L) in male albino rats.

ALT actmty (UIL) at the indicated post-treatment (days)
20 30
11.8+12 12.34+0.9*
21.0+0.6 216+ 1.8
10918 8014
11.8+12 10.1+16
8.7+12 118+ 16

HF, High fat; FP, 75% Flaxseed e R 7 oil; SP, 50% Sesame oil with
50% Palm oil; MP, 75% Mixture of Flaxseed and Sesame oil (2 1) with 25% Palm oil
* Statistical significant differences (P<0.05)

4.2.2 Total cholesterol

Animals fed on the FP dxet showed the significantly (p<0.05) lowest levels
of plasma total cholesterol after ten days of treatment (Table 7). On the contrary; the
animals fed on the HF diet showed the statistically highest levels of serum total
cholesterol compared to animals fed on SP and MP diets over the experimental
period. Serum total cholesterol levels were decreased after 20 and 30 days, its levels
in animals fed FP, SP and MP diets were significantly (p<0.05) lower than those of
the animals fed on control and HF diets. The decrease of plasma cholesterol by
administration of flaxseed oil was ascribed to the decrease of both free and esterified
cholesterol (Wiesenfeld et al., 2003). ALA rich flaxseed oil results in a higher
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cholesterol secretion into bile, leading to a depletion of the intrahepatic pool of
cholesterol, and thus to an increase in cholesterol synthesis and tumover (Morise et
al., 2004). Moreover, ALA rich diet .reduces hepatic lipid accumulation both by
sumulatmg B-oxidation and by suppressing fatty acid synthesis (Murase ef al., 2005).
All these mechanisms may account for the better regulation of hepahc lipid
metabolism by flaxseed oil. On the other hand, the mechanism of sesame oil is
difference. The serum total cholesterol levels were reduced after 4 weeks of sesame
supplementation (Chen et al., 2005). The hypolipidemic effect from sesame oil might
be related to the amounts of sesamin or unsaturated fatty acids (Tsai ef al., 2004).
Hirata et al., (1996) reported that daily oral intake of sesamin in hypercholesterolemic
patients for 4 weeks significantly decreased total cholesterol concentrations. In
hyperlipidemic rats, dietary supplementation with sesamin reduced plasma and liver
total cholesterol concentration (Kamal-Eldin et al., 2000). In the rat, the mechanism
for the hypocholesterolemic effect of sesamin is beheved to be related to inhibition of
intestinal absorption of cholesterol, increased excretion of cholesterol into bile, and
decreased activity of 3-hydroxy-3-methylglutaryl coenzyme A reductase (Hirose ef
al., 1991). The content of fatty acid may be associated with this effect because
unsaturation has been reported to be inversely related to serum cholesterol levels. The
v-linolenic fatty acid (C18:3) in flaxseed oil may also be associated to its cholesterol-
lowering property, according to Cintra, et al., (2006),

Table (6): Effect of different oils on plasma triglycerides level (mg/dl) in male
albino rats at the indicated (days).

Treatment Triglycerides (mg/dl) level at the indicated (days)
10 20 30
Control 104.3 £17.4° 968 +2.1° 97.4 £12.5°
HF 113.0 £3.0° 1165 =118 1153 £11.8°
FP 77.1 £10.2° (YNl 73.6 £8.8°
SP 84.6+4.4° 782 +1.6° 75.0 1.8
MP 31.129.0° 76.5 +4.6° 742 £8.2°

HF, High fat; FP, 75% Flaxseed oil with 25% Palm oil; SP, 50% Sesame oil with 50% Palm oil;
MP, 75% Mixture of Flaxseed and Sesame oil (2:1) with 25% Palm oil

Letters compared betveen the means in the same column.

Different alphabets are significantly at P<0.05.

Table (7): Effect of different oils on plasma total cholesterol level (mg/dl) in male
albmo rats at the indicated (da S).

T. Cholesterol (mgldl) level at the indicated (days)
10 20 30
Control 103.0 £16.6® 978 +31° 95.6 +37°
HFD 105.2 +4.6° 106.3 3.6 108.1 £3.6°
FP 70.9 +1.8° 63.4£25° 6474 3°
SP 80.8 £213% 77.1+15.0° 68.4 £1.3°
; MP 72.6 +31% 64.4 +4.9° 63.5+74°
HF, High fat, FP, 75% Flaxseed oil with 25% Palm oil; SP, 50% Sesame oil with 50% Palm oil;
MP, 75% Mixture of Flaxseed and Sesame oil (2:1) with 25% Palm oil
Letters compared between the means in the same column,
Different alphabets are significantly at P<0.05.

Treatment
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4.2.3 LDL and HDL cholesterol

Effect of oils type that used in preparation of animal diets on LDL~cholesterol
levels is presented in (Table 8). No differences were observed in plasma LDL-
cholesterol levels between treated animal groups after 10 days. At the end of
experimental period, the LDL levels were significantly decreased reaching to lower
levels in tested plasma for animals fed on diet prepared using FP, SP and MP with.
Conversely, high fat diet showed the highest levels of low-density lipoprotein- v

Table (8): Effect of different oils on plasma LD -cholesterol level (mg/di) in male
albmo rats at the indicated da s)

LDL (mg/dl) level at the indicated (days)
10 20 30

127.1 £55.0°

113.3£24 4%

94.742.1"

142.146.2°

140.8 £22.6°

144.2 46.5

86.3£17.2°

82.212.6°

78.849.2°

87.9 +20.0°

88.7+19.8°

8734£20°

85.1+18.7

HF, High fat; FP, 75% Flaxseed o1l with 25% Palm oil; SP, 50% Sesameoﬂ with SO%Palmoﬂ
MP, 75% Mixture of Flaxseed and Sesame oil (2:1) with 25% Palm oil

Letters compared between the means in the same column.

Different alphabets are significantly at P<0.05.

No significant differences (p<0.05) were observed in HDL-cholesterol levels
between the control and HF groups. While, animals fed on the HF showed the lowest
HDL-cholesterol levels than animals fed on FP, SP and MP diets (Table 9) with
significant difference (p<0.05). Plasma levels of HDL are important predictors for the
development of premature cardiovascular disease. HDL-cholesterol has been indicated
as a positive factor in determining the development of atherosclerosis (Miller and Miller,
1997). The hypolipidemic effect of -3 polyunsaturated fatty acid decreases the LDL
hepatic secretion (Kawahara et al., 1997). Hyperlipidemic subjects fed with flaxseed and
sesame oil had a significant reduction in LDL~cholesterol without a reduction in HDL-
cholesterol (Bierenbaum et al., 1993; Kaminskas et al., 1991; Jenkins et al., 1999,
Kamal-Eldin et al., 2000). The obtained data are agreed with those of Mahfouz and
Fred, 2000. They reported that, in high fat diet group, hyperlipidemia is accompanied by
an increase in the secretion of LDL, which leads an increase in cholesterol.

Table (9): Effect of different oils on plasma HDL~cholesterol level (mg/dl) in
male albmo rats at the indicated (days).

Treatment "HDL (mg/dl) level at the indicated (days) .

20

Control

456 1.1

42.2 i7.W

HFD

36.1 £0.5°

37.1+7.3°

43.18.5°

52.8+3.9°

475+5.1

537426

47.430.5"

52.7+2.3°

HF, High fat;, FP, 75% Flaxseed oil with 25% Palm oil; SP, 50% Sesame oil with 50% Palm oil;
MP, 75% Mixture of Flaxseed and Sesame oil (2:1) with 25% Palm oil

Letters compared between the means in the same column.

Different alphabets are significantly at P<0.05.
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Fig. (3): Effect of different oil types on total cholesterol (TCh)/HDL-~cholesterol
ratio in male albino rats at the indicated (days).
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Fig. (4): Effect of different oil types on LDL/HDL-cholesterol ratio in male
albino rats at the indicated (days).




Biological Evaluation Of Omega-3 & 6 Polyunsaturated...... 1123

4.2.4 Total cholestero/HDL~cholesterol ratio

The plasma total cholestero/HDL-cholesterol ratio in the control and
experimental animals are shown in Figure (3). The ratio was significantly increased
(p<0.05) after 10 day in animal fed on HF diet while decrease statistically in animal
fed on FP, SP and MP diets. However, this ratio was decreased with progressing the
experimental period to low values in animals fed on FP, SP and MP with significant
difference (p<0.05) compared to control and HF diet groups. On the other hand, same
trend was observed in the LDL/HDL- cholesterol ratios. However, this ratio was
significantly (p<0.005) decreased in animals fed on FP, SP and MP compared to HF
diet animals. These findings are presented in Figure (4) and agree with Ide ef al,
2003; Vijaimohan ef al., 2006,

Total cholesterol/HDL-cholesterol and LDL/HDL- cholesterol ratios are
also predictors of coronary risk (NCEPEP, 1994). A significant increase in total
cholestero/HDL ~cholesterol and LDL:HDL- cholesterol ratios were observed in high
fat fed rats that has an effect on cardiovascular diseases. Flaxseed and sesame oils
may inhibit the apolipoprotein B synthesis or increased its catabolism, which
explained the reduction of these ratios in FP, SP and MP animals. -3 and w-6 fatty
acids rich diets resulted in significant decrease of a number of proatherogenic factors,
such as LDL- cholesterol and LDL/HDL- cholesterol (Morise ef al., 2004).
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