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ABSTRACT

Comparitive effects of different dietary omega fatty acids on growth
performance and serum lipids composition in rats were investigated using male
weaning albino rats (VY- rats) fed for two weeks a semipurified diet (basal diet) before
being fed the experimental diets. The rats were randomly divided into eight groups of
Ve rats each. Each group of rats was fed a single experimental dietary oil or an oils
mixture as the sole source of fat for three months. Growth performance; composition
of serum lipoprotein; and fatty acids composition of serums of rats were investigated.
Results revealed that the growth performance of rats was improved when rats fed on
flaxseed oil (FO) high in (omega-Y) fatty acids followed by corn oil (CO) high in
(omega-1) fatty acids; oilve oil (OO) high in (omega-9) fatty acids; and finally palm oil
(PO) high in saturated fatty acids, respectively. Serum lipids of rats fed the dietary PO
showed the highest total lipids (TL), while those fed (FO) showed the lowest. Total
cholesterol (TC) contents increased as the dietary oils increased in the degree of
saturation. Rats fed PO showed the highest TC content. However, data showed no
clear differences in TC among rats fed dietary FO; CO; and OO. Nevertheless, they
were less than those found with dietary PO. CO was less effective, to some extent,
when incoperated with OO than incoperated of FO with OO . Feeding rats on the
dietary mixture of FO/CO/OO (:1:V) further decreased the TC content. High denesity
lipoprotein-cholesterol (HDL-C) showed the same trend as for triglycerides TG and
TC. Feeding rats FO showed the highest HDL-C representing °Y,oV’Z of the TC
content. Dietary PO (saturated), on the other hand, showed the lowest HDL-C
representing V¥,v47 of the TC content. Data revealed that the fatty acids composition
of the serum lipids were markedly affected according to the type of dietary oil used.
Keywords: Omega (n)-fatty acids, growth performance, serum lipid, fatty acids

composition, flaxseed oil, corn oil, oilve oil, palm oil, total cholesterol, high
denesity lipoprotein-cholesterol, low denesity lipoprotein-cholesterol.

INTRODUCTION

Several species of marine fish offer a rich dietary source of omega-¥
(n-v) fatty acids especially eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) but these acids are not regularly included in the
Egyptian diet. For majority of the population, the alternative dietary source of
long chain n-Y fatty acids might be their precursor, a- linolenic acid (ALA; YA:Y
n-¥). ALA is found in many foods including flaxseed oil, walnuts and leafy
vegetables. Previous reports suggested that increased intake of ALA similarly
to be intake of EPA and DHA, may have beneficial effects in health and in
control of chronic diseases (Kurowska et al., Y++¥ and Moreira et al.,Y+"+).
lipoproteins, diet is a cornerstone in the prevention and treatment of such
chronic diseases. In the modern diet the three saturated fatty acids (SFA's),
such as lauric, myristic and palmitic acids comprise 1+-V+ % of all SFA and
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responsible for the cholesterol raising effect of saturated fat. A common
strategy is to reduce (SFA) in the diet and replace it with polyunsaturated
fatty acids (PUFA'S), monounsaturated fatty acids (MUFA) or complex
carbohydrate in order to retain a suitable energy balance. The major MUFA in
the diet is oleic acid YA:) (n-9) which is the predominant acid in olive oil. Olive
oil is the major component in the mediterranean diet, to which it contributes
more than ‘Yo7’ of energy. Studies have shown that blood cholesterol levels
and the incidence of chronary heart diseases (CHD) are much lower in
mediterraneans than other countries (Albert et al., Y+ +Y and Gleissman et al.,
Y+V+). The major dietary of PUFA is linoleic (n-1) which is predominate in
vegetable oils (e.g., corn and sunflower oils), when substituted for SFA, this
markedly reduces the total cholesterol. Other PUFA include, a- linolenic acid
(n-¥) (e.g., flaxseed oil) and EPA and DHA contained in marine fish. There
are currently two possible models to explain the alterations in the serum lipid
profile that occur with n-¥ fatty acids. The first model suggests that omega-v
fatty acids, may divert hepatic fatty acids to -oxidation (Wang et al., Y44¢),
As consequence, there may be less TG synthesis, an increase in apoprotein
B-degradation and a reduction in the size and number of secreted VLDL
particles. An alternative model suggests that the decreases in serum TG
reduce the amount of substrate available for hydrolysis by lipoprotein lipase.
As a consequence of the reduced substrate concentration, the amount of
lipolysis product, nonesterfied fatty acids (NEFA) are also reduced. Data of
Pownall et al. (Y44%) and Harris et al.(Y:+A) suggested that elevated TG
concentration and cholesterol ester transfer activity (CETA) are the two major
determinants of the altered HDL and LDL structure found in
hypertriglyceridemia. Treatment with omega-Y fatty acids appeared to change
the lipid profile of individuals with elevated TG to one that may be less
atherogenic by changing LDL structure lowering serum CETA; serum TG and
VLDL; and increasing serum HDL. Omega-¥ fatty acids increases the
cholesterol ester (CE) content of HDL in a predictable way and may make the
HDL more resistance to the hepatic lipase-mediated conversion to smaller,
more dense HDL. Thus in hypertriglyceridemic patients, n-Y fatty acids
reduce serum TG concentration and improve other mechanically related lipid
risk factors. The aim of this study was to investigate the comparative effects
of different omega-fatty acids on growth performance and serum lipid
composition in rats.

MATERIALS AND METHODS

Materials:
Oils

Fresh cold pressed flaxseed oil, (FO) © kg was obtained from a
commercial Flaxseed Press Mill, EL Mehalla EL Kobra, Gharbia governorate,
Egypt. Corn oil, (CO) ¢ kg was obtained from a local market, Alexandria,
Egypt and Palm oil, (PO) ¢ kg was obtained from Savola Sine, Suez, Egypt.
Fresh olive oil, (OO) ¢ kg was obtained from the Gianclis Kroom Co. Egypt.
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Animals and diets

Male weaning albino rats ('Y« rats), aging ¢° days with an average
weight of Y.-¢¢ g were obtained from the Home Economics Department,
Faculty of Agriculture, Alexandria University. The animals were housed in a
well-ventilated suspended stainless steel mesh cages and kept in an
environmentally controlled room at YY+ Y°C, and relative humidity of ©++ Y7,
with an automatic lighting from -V,++ to YA.++ hours. Water and food were
provided ad libtium. All animals were adapted to their surrounding for two
weeks and fed a semipurified diet (basal diet, Table Y) containing "+ 7 protein
(casine), Y% oil, V7 vitamins mixture, ¢Z mineral mixture, ¢/ cellulose and
carbohydrates (starch) were added to complete the diet before being fed the
experimental diets according to (AOAC, Y:::). The rats were randomly
divided into eight groups of ‘e rats. Each group of rats was fed one of the
following experimental dietary oil as the sole source of fat for three months.
The basal diet was supplemented with one of of the following oil: flaxseed oil
(FO) as the richest a -linolenic acid (YA:Y, n-Y); corn oil (CO) as the richest
linoleic acid (YA:Y, n-1); and palm oil (PO) as the richest saturated oil (high in
palmitic acid ' 1: +) and was considered as the control dietary oil. FO was also
mixed with OO in a ratio of ():) v/v) and assigned as the dietary (FO/O0). FO
was also mixed with CO at the same ratio (V:) v/v) and assigned as the
dietary (FO/CO). CO was mixed with OO at (V:) v/v) and assigned as the
dietary (CO/O0). Mixture of FO; CO; and OO were also mixed together at
ratio of (Y:):) v/v/v) and assigned as the dietary (FO/CO/OO0).

Ingredients

Table)

oy
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Fatty acids compaosition of oils

Fatty acids methyl esters (FAME) of oils were performed according to
the procedure of Radwan ()4YA). Analysis of FAME was carried out using a
gas chromatography (HP 1A%.: Hewlett Packared Co., Wilmington, DE,
USA). AHP-¢ (¢ % diphenyl 4¢7 dimethyl polysiloxane) capillary column (¥+ m
XYY mm x +,Ye nm) and flame ionization detector were used. Injector and
detector temperatures were YY+ and Yo- °C, respectively. Ny was employed
as the carrier gas at a flow rate of +,A ml/ min.
Growth performance
Feed intake: Feed intake was recorded throughout the experiment period,
and the means of daily feed intake was determined.
Body weight: Body weight of each rat was recorded weekly throughout the
experimental period. The animals were weighed early in the morning before
being access to feed or water till the end of the experiment.
% weight gain = (final weight — initial weight) x . -/initial weight. Feed
conversion = feed consumption/body weight gain and Feed efficiency =
weight gain x V+ +/feed intake were caculated.
Serum lipids composition

The concentrations of (TG), (TC) and (HDL-cholesterol) and (LDL-
cholesterol) in serum were determined calorimetrically using a commercial
diagnostic kits according to manufacturer’s instruction at ¢e+, ©). and ¢°-
nm, respectively, using a spectrophotometer (Du -+, Beckman Couller, Inc.,
Fullerton, CA, USA), respectively. The concentration of LDL- cholesterol was
calculated by Friedwald’s formula (Friedwald et al., Y4YY). The LDL-C : HDL-
C ratio was calculated to compare the degree of cardiovascular risk among
groups according to (Bermingham et al., Y349),
Determination of total lipids in serum

The method of Frings and Dunn (Y4Y+) was used for the determination
of total lipids in serum using a standard total lipid (Yg/dl). The absorbance of
samples and standard against the blank was measured at ¥+ nm.
Total lipids in serum (g/dL) = A sample x Y/ A standard
fatty acids analysis of blood serum

After being deprived of food for )Y h, the rats were weighed and lightly
anaesthetized with diethyl ether. Blood samples were collected from the nick
vain and the serum was separated by centrifugation at Y,+++ rpm for Y-
minutes and was stored at -Y:°C until used for analysis. Quantitative
extraction of total lipids from different serum was carried out following the
method of Folch et al., (Y42V) using chloroform-methanol (¥:) v/v). Fatty acid
methyl esters (FAME) (%) were determined by GC as previously described.
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RESULTS AND DISCUSSION

Fatty acids compaosition of vegetable oils

Fatty acidS composition of vegetable oils used in the experimental
diets is shown in Table (Y). Comparing the fatty acidS composition of
vegetable oils used, data showed that CO contained the highest level of YA:Y
n-1 (¢, %); FO contained the highest level of YA:Y n-¥ (1.,34:7); OO
contained the highest level of YA:Y n-4 (Y£,)Y7); and PO contained the
highest level of Y1:+ (¢2,)+7%). The PO showed the lowest polyunsaturated
fatty acids: saturated fatty acids (P:S ratio) (*.'A) whereas FO showed the
highest (4,%+). The CO had the highest n-1/n-¥ ratio ()+%,4Y) whereas, the
FO showed the lowest (+,YY). On the other hand, FO had the highest
peroxidisability index (Pl) (Y¥1,eY) while the PO showed the lowest (V+,£1).
Olive oil and flaxseed oil shared a number of characteristics. First, they were
uniformly low in saturated fat, secondly, they were either very low in linoleic
acid (olive oil) or had a low ratio of linoleic to a-linolenic acid (flaxseed oil),
giving them a flavourable ratio of n-1 to n-Y fatty acids (Simopoulos, Y4449).

Table (Y): Fatty acids composition of vegetable oils used in the
experimental diets (% of total fatty acid methyl esters).

Fatty acid Co FO oo PO FO/O0 | FO/CO |CO/O0|FO/CO/00

C\:;. +,08 Y.

C iy 4 DR SIA GEY oY)
Cin.. VY, Yo | £,AY | YYOA| fo,0 VY,AY v,y \Y,Ve T,YY
Cian YLVe [ YT,AY | VENY | Y4, ¥a,1¢ Yy,1y £o,A0 ¥y,40
Cia:x (N-1) OV [ VEY | Ve 1,y VYN YU,V | YV, YY Y4,ve
Cinr (N-1) D S I P WP BT O YA ¥y,¢¢ Y4,A1 DRR! Y,
Cia.. APRY Y, £,V¢ £, Y,.0 Y,vy Y,y ),en
>SFA's 10,47 | VLAY |Yv,0Y | o),8Y Vo,AA VY,88 VLAY V,AA
> MUFA's YLAE [ YT,4Y | VEYY | Y4,YA 0,01 YY,1y £o,A0 Yy, 1
> PUFA's ov,Ye | Yo,Y. | AYo q,Y. £6,7 10,47 | YV,YY 049,41
P : Sratio Y,0A 1,7 DAY SIA A% o,v1 Y,YY v,
n-/n-¥ YoTLAY | LYY Yoy | o,y i 1,Y) YYA, T +49A
Peroxidisability Index | oA,£+ [Y¥T,0Y] V., VY Vo, Yi,0. 41,71 YA,e4 a4,\Y

CO: Corn oil; FO: Flaxseed oil; OO: Olive oil; PO: Palm oil; F/O: Flaxseed oil/olive oil;
FOICO: flaxseed oil/corn oil; CO/OQ: corn oil/olive oil and FO/CO/OO: Flaxseed oil/corn
oil/olive oil.

e Peroxidisability Index (Du et al., Y:+¥) as calculated as follows: (% monenes x +,*Y¢) +
(% dienes x V) + (% trienes x Y) + (%tetraenes x ¢) + % hexaenes x A.

e P:Sratio : Total polyunsaturated fatty acids : Total saturated fatty acids

e SFA's : Saturrated fatty acids

¢ MUFA's: Monounsaturated fatty acids

PUFA's: Polyusaturated fatty acids

Comparing the dietary oil mixtures, data revealed that the FO/OO
contained the highest contents of YA:Y (n-¥) (¥),£¢%), the FO/CO contained
the highest contents of YA:Y (n-1) (¥1,:VZ); the CO/OO contained the highest
contents of YA:Y (n-9) (¢¢,A¢7Z) and YA:Y (YV,YY); whereas, the FO/CO/O0
contained approximately the same contents of YA:\ (¥),407); YAIY (Y4,ve7);
and YA:Y (Y+,YV7). The dietary FO/CO/OO showed the highest P : S ratio
(V,1Y), whereas, the dietary CO/OO showed the lowest ratio (Y,YY). The

no0
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dietary CO/OO, on the other hand, showed the highest n-1/n-¥ (Y¥A,Y1),
whereas the dietary FO/OO showed the lowest (+,£+), the dietary FO/CO had
the highest PI (31,Y1), whereas the dietary CO/O0 showed the lowest (YA,04)
as compared to the other dietary oil mixtures. Because the (PI) value
represents the degree of unstauration of dietary lipids (Hu et al., Y4A4% and
Saito and Kubo, Y. +Y), it has been used as an indicator of PUFA peroxidation
(Naggova et al., Y+ +Y). When PI value is at the ideal level, lipid metabolism or
antioxidant enzyme activities may be influenced by the dietary P:S ratio
(Kang et al., Y+ Y and Y.« £). Alternatively, it is possible that the effects of the
P: S ratio may be modified by the PI value. However, there are few studies
investigated the interrelated effects of dietary Pl values and P : S ratio of
dietary fatty acids on lipid metabolism (Kang et al., Y++° and Riedger et
al.,Y»+9).
Growth performance

Effects of different dietary vegetable oils on the growth performance
of male rats are shown in Table (V). Results revealed that the body weight
gain percentage (BWG %) of rats increased by YYY,o+; Y+ vv: VAS,VY: and
YYY,YYZ when fed indivedual FO, CO, OO and PO dietary oils, respectively.
These results indicated that feeding rats the dietary PO (source of saturated
fatty acids) showed the highest BWG %, whereas, those fed the dietary OO
(MUFA n-4) showed the lowest the BWG% YA2,Y) 7. Nevertheless, rats fed on
an either the dietary CO (n-1) or the dietary FO (n-¥) showed Y:+,+ and
YVY,o7 BWG, respectively.

Table (¥): Effect of different vegetable oils and their mixtures on the

rowth performance of rats
Initial Final | Wt. Body wt Feed Feed Feed
Oil body [body wt.| gain ain (o/)' intake (g) conversion efficiency
wt@| @ | |9"™ g ratio (%)
(PO) (control) Y. Yoo B YYY,¥Y YoyY,oq Yy, €Y
(FO) 1 Yo Ao YVY,o. ATV, 0 4,Ae AR
(CO) v . T You,on 1ve,1y YY,v1 AAA
(00) vo Yoo 10 YA,V aAE,9¢ yo,V0 1,7
(FO/00) Yo VY 2% YYo,os TYY,4A AV VY, 8¢
(FO/CO) A Ao oo VAT, Y 414,YA A o,y
(CO/00) £o Yo Yeo | YYY,YY VALY v,V Y¥, ¥4
(FO/CO/00) £y Yoo oy YYY, 01 VT VA Y4 0A °,1)
CO: Corn oil; FO: Flaxseed oil; OO: Olive oil; PO: Palm oil; F/O: Flaxseed oil/olive oil;
FOI/CO: flaxseed oil/corn oil; CO/OO0: corn oil/olive oil and FO/CO/OO: Flaxseed

oil/corn oil/olive oil.

% weight gain = (final weight — initial weight) x Y+ +/initial weight.
Feed conversion = feed consumption/body weight gain

Feed efficiency = weight gain x ' » +/feed intake.

Rats fed the dietary mixture of FO/CO oils (V:) v/v) showed the
lowest BWG% (YAY,YYZ) as compared to those fed the dietary FO/OO (:)
viv) (YY+,++7) or to those fed the dietary CO/OO (V:) v/v) (YYY,¥V%). The
BWG% of rats fed the dietary mixture of FO/CO/OO ():):) v/v), on the other
hand, showed the lowest body weight gain (Y¥Y,°1%) as compared to the all
other dietary vegetable oils studied. These results revealed that incorporation
of a CO or a FO with OO at a ratio ():) v/v) increased the BWG % of rats

on
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(i.e., YY+,++ 9% in case of FO/OO and YY¥V,¥Y % in case of CO/OO as
compared to YAe,¥V/ for the single dietary OO. Data also revealed that
incorporation of CO with FO or vice versa in the FO/CO mixture decreased
the BWG% to YAY,YY % as compared to the single dietary vegetable oil by
itself. These result indicated that feeding rats on dietary oils highly in either
(n-¥) or (n-1) fatty acids by itself increased the BWG % of rats to YVY,¢+ and
Y.+, v/, respectively. However, addition of n-1 (CO) was more effective
when combined with n-4 (OO) as in the CO/OO0 (Y¥Y,YY %) than the effect of
addition of n-¥ (FO) to n-4 (0OO0) as in FO/O0 (YY+,*+ %). On the other hand,
feeding rats the dietary mixture containing n-¥ and n-1 such as FO/CO ():)
viv) decreased the BWG% to YAY,YY7,

Data also revealed that rats consumed the largest amounts of feed
intake in the case of the dietary PO (Y°)Y,24 g) during the three months
feeding, followed by the dietary OO n-% (3A£,4¢ g); FO n-Y (AYVY,7e g) and
finally CO n-1 (1ve,1V g). Nevertheless, rats consumed less amounts of feed
intakes such as 1VY,%A; 414,YA; YA£,VV: and finally YY)1,YA g when fed on
FO/OO0; FO/CO; CO/O0; and FO/CO/OO0, respectively.

The single dietary FO showed the best feed conversion ratio (FCR)
(4,42%), followed by the dietary CO (VYY1 %); OO (Y°,)° %) and finally, PO
which showed the lowest FCR (YY,1) %). The lower the FCR value, the better
the feed conversion in animals. These values of FCR explained the highest
increase in BWG% in rats fed on FO as compared to rats that fed on CO or
0OO. Again, data revealed that the FCR improved when OO ( n-%) was added
to CO ( n-1) as in the CO/OO dietary mixture (V,¢¥) and when FO (n-¥)
was added to the OO( n-% ) as in the FO/OO dietary mixture (A,Y¢) as
compared to their corresponding single FCR values. Mixing CO( n-1) with FO
( n-¥) as in the FO/CO dietary mixture, however, decreased the FCR ()V,1Y)
as compared to their corresponding single values. Rats fed the dietary
mixture of FO/CO/OO0, however, showed Y4,2Y FCR. These results supported
the previous finding that the increase in BWG was related to the FCR
occurred in the animals. The lower the FCR value the higher BWG obtained
in the animals i.e rats fed on CO/OO showed the lowest FCR value (V,£¢V)
and showed the highest BWG (YYY,YYZ), whereas, rats fed on FO/OO
showed A,Y¢ FCR and showed YY:,«+Z BWG . Those rats fed on FO/CO
showed VV,1Y FCR and showed YAY,Y¥Y/Z BWGwhile rats fed on FO/CO/O0O
showed Y4,°A FCR and YYY,21 % BWG.

Once again, data revealed that the feed efficiency % (FE%) was the
highest with rats fed on FO () +,)e%), followed by those rats that fed on CO
(MAAZ); OO0 (WL1+7); and finally PO (£,1Y%). The FE% was improved in
animals that fed on CO/O0 (¥,v4Z); followed by those fed on FO/OO
(V),€¢7%). On the other hand, the FE % decreased to the lowest value when
animals fed on FO/CO (°,1¥7) as compared to the other oil mixtures. The
FE% of animals fed on FO/CO/OO was the lowest (°,) %) as compared to all
other dietary mixtures. These results of FE% confirmed the results of BWG
obtained. The higher the FE%, the lower the FCR and the higher the BWG %
obtained in animals.

From the above results, it could be concluded that feeding animals
on the dietary n-Y improved the BWG, FCR, and FE%; followed by the dietary

eV
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(n-1); (n-%); and finally by the dietary highly saturated oil such as PO,
respectively. The dietary CO n-1 and FO (n-Y) improved the BWG, FCR and
FE% when the OO n-i was added to them, respectively. However, the
improvement was more effective with FO than with CO. Neverthless, feeding
animals on the dietary mixture of FO/CO/OO ():):) v/v/v), on the other hand,
decreased the BWG, FCR and FE %.

Alternations in dietary fat composition can influence metabolic
functions and lead to changes in body weight and/or composition. The PUFA
(n-Y) have received considerable interest because their consumption has
been associated with beneficial health effects. Available data on the effects of
different types of PUFA on body adiposity are controversial. It has been
reported that a (n-¥) PUFA such as fish oil could elevat body fat and lower
body protein content, whereas a n-1 rich diet could not induce obesity in rats
(Dulloo, et al., Y44¢). These finding was confirmed with the present results.
Gaiva et al. (Y« + V) found that enrichment of the diet with n-¥ PUFA decreased
adipose tissue lipolysis, whereas n-1 PUFA increased the uptake of diet-
derived lipids by this tissue, both effects favoring fat deposition. Conversely,
the consumption of 1+7 of dietary energy as n-¥ fatty acids prevented obesity
in mice, whereas the n-1 rich diet did not produce these effects (Tsuboyama-
Kasaoka et al., Y44%). Animals fed diets containing OO or high oleic acid-
sunflower oil (HOSO) had similar body weights, but these were higher than
those fed the fish oil (Ruiz-Gutierrez et al., Y3449).

Effects of dietary oils on serum lipids composition

Effects of feeding rats on different vegetable oils having different
omega fatty acids on the composition of serum lipids were investigated and
are shown in Table (¢). Data revealed that the total lipids (TL) in serums of
rats decreased as the degree of unsaturation increased. Serum lipids of rats
fed on PO (the most saturated oil) showed the highest TL ()++Y,Y+ mg/dl),
followed by those fed on OO n-% (4++,++ mg/dl); on CO n-1 (Ae+,)+ mg/dl)
and finally those fed on FO n-¥ (AY4,.+ mg/dl). Nevertheless, mixing different
vegetable oils increased the TL in serum lipids as compared to the
corresponding values of individual oil.

Table (¢): Effects of different dietary oils on composition of serum lipids

of rats.

Dietary TL TG TC HDL-C LDL-C VLDL-C LDL/H

Qil mg/ml{mg/ml| % |mg/dl |mg/ml| % |mg/ml| % |mg/ml| % DL
PO VoW Y [AETYE ] AYYA [YYE cu | e, [ AY,YA [N, | Vo0 [ Yo, [ VYN | oY
(Control)
FO AYA, e [eve, Yy [ Y, Yy YA Aoy [ov,ov [ o ha [ ey,ov [ LAY [ o1t | 4,vA
co Ao Ve [evy, vy av,an e, e oy, v [ ey, o0 [y,AY [ ga,¥a [ vy,0e [ 4,y [ )04
00 e, [TAY, Yo [ Ve, ta [NYAY [ ey [ eV, Y [ oAel [ go,00 [ A YA [V, YY [ LAy
FO/O0 [aA«, 1 [1av,00 [ Ve, [Yav,ac ]| co,As [ oy, vo [ 601 [ 6V,0A | V,Yo | 1,vy ., V4
FO/CO [AAe,so[myt,vai| 1,70 [Veo,Ye[ ov, AT [ oy VA [ e, ¥y [ 0,0y ‘l,w A VA
CO/00 [V Y [TIr v vy, e [Vye,Y | £A,a) [ €Y,67 | oo,Af | €A,£4 JEY [ Ay [ e
FO/CO/OO YAY,aY [£ay,ve[ 1Y,Ad [V o, va] 0a Y [ oA [ ¥V, 00 [ ¥, A | V,AY [ v,00 Y3

FO= Flaxseed (n-Y); CO= Corn (n-1); OO= Olive oil (n-%); FO/OO= Flaxseed /Olive; FO/CO=
Flaxseed /Corn; CO/OO= Corn 0il/Olive; FO/CO/O0= Flaxseed/ Corn/Olive.TL=Total lipids;
TG= Triacylglycerol; TC= Total cholesterol; HDL-C= High-density lipoprotein- cholesterol;

ToA
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LDL-C=Low- density lipoprotein- cholesterol; VLDL-C= Very-low density lipoprotein-
cholesterol.

Feeding rats on FO/OO (:) v/v) showed higher TL content (%A,
mg/dl) than those fed the single dietary FO (AY4,++ mg/dl), or to those fed the
single dietary OO (%++,++ mg/dl). The same trends were also found when the
rats fed on FO/CO or when fed on CO/OO. The highest TL, however, was
obtained when rats fed on FO/OO (n-Y¥/n-1) (4A+,7+ mg/dl) as compared to
that obtained in case of feeding on CO/O0 (n-1/n-3) (AY7,)YY mg/dl) or in the
case of feeding on FO/CO oils (n-1/n-Y) (Ae,¢2 mg/dl). On the other hand,
the TL decreased to the lowest content when rats fed the dietary mixture of
FO/CO/OO0 (V:V:) viv) (YAY,4Y mg/dl).

Once again, the triacyglycerols (TG) in rats serum lipids decreased
with increasing the degree of unsaturation in the dietary vegetable oils. Rats
fed on PO showed the highest TG content (A¢:.1Y mg/dl) and the highest
increase in the TG % (AY,V47) relative to its TL content; followed by that fed
on OO (Ye,14%); CO (1V,417); and finally that fed on FO (1Y,Y)Z) meaning
that the polar lipids in the serum lipids increased with increasing the degree
of unsaturation. Furthermore, the TG increased when rats fed the dietary
mixture of vegetable oils as compared to their corresponding of individual
dietary oil. The highest increase in the TG was obtained when rats fed on
CO/00 (V:Y) (¥Y,VeZ), whereas rats fed on FO/CO showed the lowest
increase in the TG% (14,%2%). On the other hand, rats fed on a mixture of
FO/CO/OO0 showed 1Y,A47 TG relative to its TL.

Data revealed that, once again, the total cholesterol (TC) contents
decreased as the dietary oils increased in the degree of unsaturation. Rats
fed on PO (high in saturation) showed the highest TC content (YY¢,:+ mg/dl);
Data, however, showed no clear differences in TC among rats fed on FO;
CO; or OO. Nevertheless, the values were lower than that found with dietary
PO. A total cholesterol content below Y-+ is considered normal. If rises to
Yo. it increase twice the normal risk of CHD. If it climbs to Y.+, the risk
doubles again. If it is Yo+ and beyond, it has eight times the normal risk of
having diseased and constricted arteries (Miller and Vogel,Y441). The TC
content, on the other hand, was reduced when rats fed dietary mixtures of
vegetable oils. Feeding rats a dietary FO/CO showed the lowest TC content
(Y +°,Y¢ mg/dl); followed by dietary FO/OO () +V,4+ mg/dl), and CO/OO ())e,Y
mg/dl). These results indicated that FO (n-¥) reduced the TC contents in
serum lipids when added to the other dietary oils. This effect, however, was
augmented when added to the dietary CO (n-1) rather than with OO (n-%). CO
(n-1) was less effective, to some extent, with OO (n-4) than FO (n-¥) with OO
(n-2) when incorporated in the dietary feed. Feeding rats the dietary mixture
of FO/CO/O0 ():):Y), however, further decreased the TC content to Y+ ¢,+9
mag/dl.

High- density lipoproteins cholesterol (HDL-C) showed the same
trends as for TG and TC. Feeding rats FO (n-Y) showed the highest HDL-C
(\¥,e¥ mg/dl), representing °Y,oVZ of the TC content. Dietary PO , on the
other hand, showed the lowest HDL-C (¥+,:+ mg/dl), representing ‘¥,¥47 of
the TC content. Feeding the rats the dietary CO (n-1) and those fed the
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dietary OO (n-%) showed ©Y,+1 and 1:,¢Y mg/dl, representing ¢),°+ and
£V,VY7 of the TC, respectively. It is interesting to note that OO had more
beneficial effect on HDL-C than CO. Incorporation of OO (n-4) with FO (n-Y)
in the FO/OO dietary mixture or with the CO (n-1) in the CO/OO dietary
mixture decreased the HDL-C to ¢°,A¢ and ¢A,%Y mg/dl, representing ©Y,ve
and £Y,¢%7 of the TC content, respectively. On the other hand, rats fed the
dietary FO/CO showed (°¥,A1 mg/dl) with (°Y,YA %) of the TC. Furthermore,
the HDL-C of rats fed the dietary mixture of FO/CO/OO was ©4,'Y mg/dl
representing ©%,A+7 of the TC.

On contrast to HDL-C, the low-density lipoproteins-cholesterol (LDL-
C) and very low-density lipoprotein-cholesterol (VLDL-C), increased with
increasing the degree of saturation. Feeding rats the dietary PO showed the
highest LDL-C (Y14,++ mg/dl) and VLDL-C (Ye,++ mg/dl), representing Vo,¢o
% and )Y,V of the TC content, respectively. Rats fed on FO (n-Y), however,
showed the lowest LDL-C (¢+,Y% mg/dl) and the lowest VLDL-C (1,AY mg/dl)
with €Y,0Y% and ¢,%¢% of the TC, respectively. Rats fed on CO (n-1) and that
fed the dietary OO (n-4) showed 1),AY and °A,¢+ mg/dl LDL-C, representing
€4,Y4 % and ¢°,°° % of the TC, whereas, the VLDL-C were Y),o¢ and 4,YA
mg/dl, representing %,Y:% and V,YY % of the TC content, respectively. At this
point, it is interesting to clear that the present results revealed that OO (n-%)
showed lower VLDL-C than CO (n-1). It is also interesting to note that
incorporation of OO (n-1) with the FO (n-Y) in the dietary FO/OO decreased
the LDL-C content to ¢¢,%7 mg/dl with the same percentage of ¢Y,YA %
relative to the TC as compared to £Y,°Y7 for the single dietary FO, whereas,
when mixed with CO (n-1) in CO/OO dietary mixture caused a little decrease
in the LDL-C content to ¢°,A¢ mg/dl with £¢A,£3 % of the TC as compared to
LAY mo/dl with  €9,Y47 with the single dietary CO. In either dietary mixture
FO/OO or CO/OO0, the LDL-C was lower than that observed for the dietary
single OO. The LDL-C decreased when rats fed the dietary FO/CO and was
£Y,YY mg/dl with ¢+,VY7 of the TC and further decreased with the dietary
mixture of FO/CO/OO0 to YV,21 mg/dl, representing Y1, A% of the TC.

Rats fed the dietary FO/OO (n-Y/n-1) showed the lowest VLDL-C
content V,Ye mg/dl with 1,YY % of the TC as compared to that fed the other
dietary mixtures. Rats, however, fed the dietary CO/O0O; FO/CO; and
FO/CO/OO0 showed V+,£Y; 4,Y¢; and V,AY mg/dl with 4,+V, A% and VY,0V7 of
the TC contents, respectively.

The high intake of SFA is associated with a high level of serum
cholesterol and strongly correlated with death rates. Also, the
hyoercholesterolaemic effect is influenced by the level of SFA rather than by
the amount of total fat in the diet (Muller et al., Y:+Y and Chattipakom et
al.,Y++%). However, the effects of dietary PUFA on regulation of lipid
metabolism and on prevention of CHD appear to be diverse (Lee et al., Y1A4;
Muller et al., Y++Y; and Satio and Kubo, Y-+Y). In many studies, a balanced
intake of dietary PUFA and SFA was thought to be very important in
regulating serum cholesterol (Lee et al., Y4A4; Du et al., Y+ +¥; and Muller et
al.,, Y++¥). The degree to which different SFA exert their cholesterol-raising
effects is still unknown (Temme et al., Y43V). They concluded that both lauric
and palmitic acids were hypercholesterolemic compared to oleic acid.
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Lauric acid raised TC concentrations more than palmitic acid, which
is partly due to a strong rise in HDL-C. Early metabolic studies implicated all
saturated fatty acids equally in elevated cholesterol responses to animal
based fats. However, it is now clear that it is mainly lauric, myristic and
palmitic fatty acids (C,y-C,+) which are responsible for increasing plasma TC.
Stearic acid (Y A:+), has been shown not to increase TC or LDL concentrations
(Bonanome and Grundy, Y3AA). The reason may be that stearic acid rapidly
desaturaed into oleic acid, in contrast, palmitic acid (1%:+) appeared to be
converted relatively slowly to oleic acid, and thus tends to accumulate in the
body (Grundy Y3AA))). Keys et al., (Y21°) indicated that for every one percent
of total dietary energy in which oleic acid is substituted for saturated fatty
acids, the serum total cholesterol concentrations falls by an average of Y,vY
mg/dl.

The effects of MUFA rich diets, however, compared to those that are
rich in PUFA as well as the effects of an intake of single oils compared to oil
mixture, however, are controversially discussed and results are contradictory.
Wagner et al., (Y++)) reported that the intervention of two weeks for each
diet and the following cross over the corn oil diet had more influence on
lipoprotein metabolism than MUFA-rich diet.. Omega-Y fatty acids in high
concentrations may reduce blood levels of TG, which may be responsible for
their impact on the risk of CHD. However, which fatty acids may be important
for altering lipid profiles has not yet to be investigated (Moyad, Y +°).

In conformity of the present results, Yang et al., (Y++°) concluded that
ALA from flaxseed oil possessed hypocholesterolaemic activity while
conjugated linolenic acid (CLN) had no effect on blood cholesterol, at least in
hamsters.. In the present study, the serum LDL-C concentrations were
affected by the dietary oils, being the highest with SFA (palm oil); PUFA (n-1)
CO; MUFA (n-1) OO; and was the lowest with PUFA (n-¥) as FO.

In many studies, serum LDL, HDL, and LDL: HDL ratios has been
known as a risk marker for CHD (Ehnholm et al., Y3AY; Green et al., Y3A¢;
Muller et al.,, Y++¥). The serum LDL concentration is positively associated
with the incidence of CHD.. LDL:HDL ratio has been known as an important
factor to predict the evidence of CHD (Green et al., Y4A2). When this ratio is
higher than °, it means a serious risk sign in CHD (Meyer et al., Y+ +¢). In the
present study, apart from the dietary PO which showed the highest LDL/HDL
ratio (°,1Y), all the other dietary oils showed normal LDL: HDL ratios and
were lower than Y. These results suggest that the dietary PO might has a
serious risk sign in CHD, while the other dietary oils have no risk sign of
CHD. The value of LDL/HDL ratio was the lowest with the dietary FO (+,v4),
followed by the dietary OO (+,4Y), and the dietary CO (Y,)%). These results
indicate that the LDL/ HDL ratio was independent of the degree of
unsaturation and the n-Y fatty acids was the most effective > n-% fatty acids >
n-1 fatty acids in reducing the risk sign of CHD.

Results of the present study also revealed that incorporation of FO
with another oil reduced the LDL/HDL ratio. The dietary mixture of FO/OO
and FO/CO reduced the ratio to +,¥% and +,YA respectively. The dietary
CO/O0, however, showed Y, ¢ LDL/HDL. The LDL/HDL ratio was further
reduced to the lowest value with the dietary mixture of FO/CO/OO to +,1¢.
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Table (°) shows the effects of feeding different dietary vegetable oils
on the fatty acid composition (%) of serum lipids of rats. Data, generally,
revealed that the fatty acid profiles was markedly affected by the dietary oil
used. The serum of rats fed on the dietary FO showed the highest total short
chain fatty acids (SCFAs) +,Y¢VZ followed by those fed on the dietary OO
(3,£Y47%). The serum of rats fed on the dietary CO and PO, on the other hand,
showed the lowest SCFA content (Y,):¢ and Y,i¥VZ, respectively).
Nevertheless, serum of rats fed on the dietary mixture FO/CO/OO showed
the highest SCFA (Y,11¢/)followed by those fed on the dietary mixture
FO/OO (A,eV17); FO/CO (Y,Ae7) and finally those fed on the dietary mixture
CO/OO0 (¥, +¥7%).

The total long chain saturated fatty acids (LCSFAs) content was
approximatelly the same in all serums of rats fed on different dietary oil and
ranged from Yo,4\Y to YA,11YZ, Palmitic acid, nevertheless, was the dominant
acid among this group and its content ranged from Y¥,07¢ to Y1,YYAZ,

The monoenes (n-1) content was the highest in the serum of rats fed
on the dietary OO (°+,:117), followed by £¢7,%+4 % in the serum of rats fed on
PO. On the other hand, the serum of rats fed on FO showed the lowest
content (Y+,Y¢17) as compared to the other single oil diets. The serum of rats
fed on the dietary mixture of CO/OO, however, showed the highest content
(£4,¥.07), followed by ¢¢,+3V7 in the serum of rats fed on FO/OO and
YV,£4Y/ in the serum of rats fed on FO/CO.

Table (°): Effects of different dietary vegetable oils on the fatty acids
composition (%) of rat serum.

Fatty acids CcO FO (0]@] PO FO/O0 | FO/CO | CO/00 FO/((;O/O
\. Short chain saturated fatty acids (SCSFA)
C... Y, £Y .,0m0 Y,£9) YA E A LY
C... Y, 11 BEEE Yo v 0490 LYY YV,A)0
C-.. AV Y ,00) ),¥Yo
C... LY V08 ,OAY L YAE LTEY T LarY
Cv.. v, V00 AR OYYE EA R
SCSFA y,004 Y,e1e Y,hav LAYy Y,YeY Y,rrY XK £,YVe
Short chain unsaturated fatty acids (SCUFA)
Ch. RT3 RER VAN
C..\ YA Y,4v4 V,67¢ LYY AT LAY NCER Y,ov1
C-.y Y,«0 Y,.00 LAYy Y, 0¥ AP IRY-2 Y, AY
Cv. L Y,ov1 V,¥Y € o Y, VY0 EEE
Cx» EEE NEETS Y4 LYY N LYY e
Ca.» ot GVAE YV LYYY NCER €D
Civ.\ Yot LYY EYY )14 L YAR YA BEER e
Civ. ¢ ,0YA ER ., YVo LYYY ERE L YVA
Chv. v L yay L, E4) it ,00A YL ANV
> SCUFA V,061 V,IAY 1,van Y, .9 1,FVE 0, EAY Yo A, YAQ
T. SCFA YAE | Ve, vev | 4,ev4 Y, AoV V,AVe [ EEELY
Y. Long chain saturated fatty acids (LCSFA)
C... Yoy VAL L8 Yo LYE) Y IRER
Cho. . T Yoy YT LY LVY vt VAN
Ch-. . VEEAT | AY,enE | Yo, YT [ YTLYYA [ voe,edn | YE,NAY [ V£,V | Ve, TV
Chv. . LYV L,Yvo Ve RN LY LYYY ., YVo
Cix . IVA NEER .oV YY) LYY Eet ek L YAY
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Ch.. VYV T Y149
C-... Vg Y,A9¢ N Y, iov Y.
Cv. . iVt LofY

LCUFA YWLFYS [ AV,A% e | YTLYAY | VALY | NN, €YY | YT, AEY | 1,80V | VY,V
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Continued
Fattyacids | CO | FO | oo | Po | FO | FC | c/o | FIClO
.Monoenes
Ci:.» (n-9) LYY LYY OYIA LYV ., Yoy Y v,y
C..., (n-9) KR! ,eay EYE ov
Cx» (n-9) Yo LATY Y, EVY OYYA V,9.0 YA
Civ.\ (n-9) LR RS L YAY L YA EA oY 944
Ciay (N-9) YV,6¥ [ V¥, Ve YATEA Yo, v 0 Yo,AM Y o,AYY YA V,rY
C..., (n-9) Yo, 000 | T,EAY 1,0y A,0vY £,AY £,144 v,¢0 V,0.V
C,,:\(n_i) Eeg AN ¥,e ¥4 Y, 44 Y,vév ¢,A0V Ve b g Y,YA¢
ZMUFA FYNAY | Ya,ven O, £7,7.8 €6, Yv,é4y £4,¥.0 VA,V
¢ PUFA (w-1)
Ci:.v (n-1) GEVY YN .,0A0 A oy . ,08Y Y,Vo) ),VF)
Cy-.« (n-1) Y 4.4 V,AAT \, .08 VLEEY Y, 0T VA
Cv.v (P-1) «TAY V08¢ ., vYa .oy EAY OYYY
Cia v (n.'k) Y¢,4va YY,A44 Avan Ye,eVeE A,0A0 \1,voy Ao VY,e¥
Cr..v (n.'k) e +,OAY oYEY LEYE v, ¢90 v,ede YAy e
C...r (n-1) ) «,0V) ., ¥do oY
C...: (n-1) y.,0449 EVY BREAS YA +,ve VA CAYY
C,,:,(n_‘k) vy +,949. Yo ¥ £,4VY Y,VVY. Y,y y,ony  ,AAT
Cvv.r (n-1) VA 1eq I ZR VA LYY Y V,Vé
Cv.v (n-1) +,AvY O YAAN \,iv0 EYY LYY BEYAS
Cv.o (n-1) Y,V Y V4,404 BEAK 9,140
PUFA €0, VA Y4,r.8 Yé, e vy,£44 \A,0480 YY,FAE ¥i,4¢1 Yy,ava
° . PUFA (w-*
Cm:,.(n-V“) y,YY. Yy, e DA R DAL 4,7+¢ 140, Ya,YYY
C:... (n-V) Gt Y,Y1 VYA V001 0,141
(OTTR (n_\‘) D ,M4 D D Ya,VYYe YE, VY Y. oy VY, A
PUFA V,YY ¥y,4v4 Ve oY VY,Ya) Yo,1\¢ £,A84 Yv,evv
'Total usatd. Av,AY Y4,V A AV, oY Ao, €Y ALYY Av,AY AY,V4 YY,A
'Total satd. V4,.Y Yo ,AY YA,4Y V4,0A YATA V4,.¥ VLAY Yv,Y.
Tunst/T sat ¢,Yo0 Y,A £,Y4 £,1) ¢,Yo ¢,Yo0 ¢,40 A-
n-4/n-1 .40 IR X,V Y, 6A X,YY VLYY Y,AY %%
n-1/n-¥ Y1,4. 1S I N R—— Veg,10 \,0) LAY 0,00 AT

CO (Corn oail); FO (Flaxseed oil); OO (Olive oil); PO (Palm oil); FO/OO (Flaxseed oil/ Olive
oil (V:' v/iv); FOICO (Flaxseed oil/ Corn oil Y:Y); CO/OO (Corn oil/Olive oil Y:Y); and
FO/CO/OO0 ( Flaxseed oil/Corn 0il/Olive oil Y:\:Y).

However, serum rats fed on the dietary mixture FO/CO/OO showed the
lowest content (YA,Y¥Y7) as compared to other dietary mixtures. Oleic acid
was the most dominant and ranged from Y¥.Ye4 to YA,1¢AZ in the single oil
diets and from Y,¥Y to ¥1,AY 7 in the dietary oil mixtures. C Y::) n-% was the
second dominant acid in this group and ranged from 3,1V to Y+,++2 in the
single oil diet and from £,Y34 to v, VY7 in the dietary oil mixtures.

The total PUFAs (n-1) content was the highest in the serum of rats
fed on the dietary CO (¢°,:YAZ), followed by Y),£44 % in the serum of rats
fed on PO. On the other hand, the serum of rats fed on OO showed the
lowest content (Y¢,1107) as compared to the other single oil diets. The serum
of rats fed on the dietary mixture of CO/OO, however, showed the highest
content (Y1,4Y17), followed by Y¥,1Y1/ in the serum of rats fed on FO/CO/O0
and YY,¥A¢Z in the serum of rats fed on FO/CO. However, serum rats fed on
the dietary mixture FO/OO showed the lowest content (YA,23¢7) as compared
to other dietary mixtures.
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The total PUFAs (n-Y) content was the highest in the serum of rats
fed on the dietary FO (Y),3¥47), followed by Y,YY+ % in the serum of rats fed
on CO. On the other hand, the serum of rats fed on OO or PO showed the no
or traces. The serum of rats fed on the dietary mixture of FO/CO/OO,
however, showed the highest content (YV,oYVZ), followed by Yo,%\¢7 in the
serum of rats fed on FO/CO and ‘Y,Y41% in the serum of rats fed on FO/OO0.
However, serum rats fed on the dietary mixture FO/CO showed the lowest
content (£,A£39%) as compared to other dietary mixtures.

It seems intresting to note that the total unsaturated as well as the
total saturated fatty acids and hence, the ratio between them. They showed
approximatelly the same content within the group in all serums fed on
different dietary either single or in a mixture. Roes et al. (Y ¢) reported that it
should be realized that the fatty acids profile of adipose tissues are reflection
of the intake and metabolism of fatty acids in the last days prior to slaughter,
wheras the fatty acid composition of organ tissues are global refelection of
the livelong fatty acid metabolism of the animals. Nevertheless, it is believed
that a comparison of the fatty acid profiles of different organs may reveal
some insight into fatty acid metabolism. Therefore the present study revealed
that it was not the total unsaturation or the total saturation the effect on the
profile of serum lipids but the type of an indivedual fatty acid and its omega
type. In that respect the ratios of n-4/ n-1 and the ratios of n-1/ n-Y were the
cornerstone i.e. the ratio n-1/n-¥ in serum rats fed on the dietary PO showed
the highest () - £¢,1°), followed by those fed on CO (¥1,%+), however the serum
of rats fed on FO showed the lowest ratio (1,¥¢).

In conclusion, the present results confirmed the previous reported
results that high intake of SFA is associated with a high level of serum
cholesterol and strongly correlated with coronary death rates. However, the
effects of the dietary PUFA on prevention of CHD appear to be diverse and
frequent consumption of PUFA (n-¥), MUFA (n-%), PUFA (n-1) are associated
with reducing the coronary mortality in the same order. Intake of n-Y fatty
acids improves platelet function, blood viscosity, blood flow and blood
pressure, as well as, HDL and TG concentrations, and all of which are

thought to be related to risk for coronary heart disease events (Morris et al.,
Ya4y),
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