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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 (۱۲۰ 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 
۱٥ 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-۳) fatty acids followed by corn oil (CO) high in 
(omega-٦) fatty acids; oilve oil (OO) high in (omega-۹) 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 (۱:۱:۱) 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 ٥۲٫٥۷٪ of the TC 
content. Dietary PO (saturated), on the other hand, showed the lowest HDL-C 
representing ۱۳٫۳۹٪ 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-۳ 
(n-۳) 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-۳ fatty acids might be their precursor, α- linolenic acid (ALA; ۱۸:۳ 
n-۳). 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., ۲۰۰۳ and Moreira et al.,۲۰۱۰). 
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 ٦۰-۷۰ % 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 ۱۸:۱ (n-۹) which is the predominant acid in olive oil. Olive 
oil is the major component in the mediterranean diet, to which it contributes 
more than ۱٥٪ 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., ۲۰۰۲ and Gleissman et al., 
۲۰۱۰). The major dietary of PUFA is linoleic (n-٦) 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, α- linolenic acid 
(n-۳) (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-۳ fatty acids. The first model suggests that omega-۳ 
fatty acids, may divert hepatic fatty acids to β-oxidation (Wang et al., ۱۹۹٤). 
As consequence, there may be less TG synthesis, an increase in apoprotein 
β-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. (۱۹۹۹) and  Harris et al.(۲۰۰۸) 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-۳ 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-۳ 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-۳ 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) ٥ kg was obtained from a 
commercial Flaxseed Press Mill, EL Mehalla EL Kobra, Gharbia governorate, 
Egypt. Corn oil, (CO) ٥ kg was obtained from a local market, Alexandria, 
Egypt and Palm oil, (PO) ٥ kg was obtained from Savola Sine, Suez, Egypt. 
Fresh olive oil, (OO) ٥ kg was obtained from the Gianclis Kroom Co. Egypt. 
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Animals and diets 
Male weaning albino rats (۱۲۰ rats), aging ٤٥ days with an average 

weight of ۳۰-٤٥ 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 ۲۲+ ۲°C, and relative humidity of ٥۰+ ۱۰٪, 
with an automatic lighting from ۰۷٫۰۰ to ۱۸.۰۰ 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 ۱) containing ۱۰٪ protein 
(casine), ۱۰٪ oil, ۱٪ vitamins mixture, ٤٪ mineral mixture, ٥٪ cellulose and 
carbohydrates (starch) were added to complete the diet before being fed the 
experimental diets according to (AOAC, ۲۰۰۰). The rats were randomly 
divided into eight groups of ۱٥ 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 α -linolenic acid (۱۸:۳, n-۳); corn oil (CO) as the richest 
linoleic acid (۱۸:۲, n-٦); and palm oil (PO) as the richest saturated oil (high in 
palmitic acid ۱٦: ۰) and was considered as the control dietary oil. FO was also 
mixed with OO in a ratio of (۱:۱ v/v) and assigned as the dietary (FO/OO). FO 
was also mixed with CO at the same ratio (۱:۱ v/v) and assigned as the 
dietary (FO/CO). CO was mixed with OO at (۱:۱ v/v) and assigned as the 
dietary (CO/OO). Mixture of FO; CO; and OO were also mixed together at 
ratio of (۱:۱:۱ v/v/v) and assigned as the dietary (FO/CO/OO). 
 

Ingredients  
  
  
  
  
  
  

 
 

 
Table۱ 
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Fatty acids composition of oils 

Fatty acids methyl esters (FAME) of oils were performed according to 
the procedure of Radwan (۱۹۷۸). Analysis of FAME was carried out using a 
gas chromatography (HP ٦۸۹۰; Hewlett Packared Co., Wilmington, DE, 
USA). AHP-٥ (٥ % diphenyl ۹٥٪ dimethyl polysiloxane) capillary column (۳۰ m 
x ۰٫۳۲ mm x ۰٫۲٥ nm) and flame ionization detector were used. Injector and 
detector temperatures were ۲۲۰ and ۲٥۰ °C, respectively. N۲ was employed 
as the carrier gas at a flow rate of ۰٫۸ 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 ۱۰۰/initial weight. Feed 
conversion = feed consumption/body weight gain and Feed efficiency = 
weight gain x ۱۰۰/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 ٥٥۰, ٥۱۰, and ٥٥۰ 
nm, respectively, using a spectrophotometer (Du ٦۰۰, Beckman Couller, Inc., 
Fullerton, CA, USA), respectively. The concentration of LDL- cholesterol was 
calculated by Friedwald’s formula (Friedwald  et al., ۱۹۷۲). The  LDL-C : HDL-
C ratio was calculated to compare the degree of cardiovascular risk among 
groups according to (Bermingham et al., ۱۹۹٥). 
Determination of total lipids in serum 

The method of Frings and Dunn (۱۹۷۰) was used for the determination 
of total lipids in serum using a standard total lipid (۱g/dl). The absorbance of 
samples and standard against the blank was measured at ٥۳۰ nm. 
Total lipids in serum (g/dL) =   A sample x ۱/ A standard 
fatty acids analysis  of blood serum 

After being deprived of food for ۱۲ 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 ۳٫۰۰۰ rpm for ۲۰ 
minutes and was stored at -۲۰°C until used for analysis. Quantitative 
extraction of total lipids from different serum was carried out following the 
method of Folch et al., (۱۹٥۷) using chloroform-methanol (۲:۱ v/v). Fatty acid 
methyl esters (FAME) (%) were determined by GC as previously described.
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RESULTS AND DISCUSSION 
 
Fatty acids composition of vegetable oils 

 Fatty acidS composition of vegetable oils used in the experimental 
diets is shown in Table (۲). Comparing the fatty acidS composition of 
vegetable oils used, data showed that CO contained the highest level of ۱۸:۲ 
n-٦ (٥٦٫٦۷ %); FO contained the highest level of ۱۸:۳ n-۳ (٦۰٫۹۰٪); OO 
contained the highest level of ۱۸:۱ n-۹ (۷٤٫۱۲٪); and PO contained the 
highest level of ۱٦:۰ (٤٥٫۱۰٪). The PO showed the lowest polyunsaturated 
fatty acids: saturated fatty acids (P:S ratio) (۰.۱۸) whereas FO showed the 
highest (۹٫٦۰). The CO had the highest n-٦/n-۳ ratio (۱۰٦٫۹۲) whereas, the 
FO showed the lowest (۰٫۲۳). On the other hand, FO had the highest 
peroxidisability index (PI) (۱۳٦٫٥۲) while the PO showed the lowest (۱۰٫٤٦). 
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 α-linolenic acid (flaxseed oil), 
giving them a flavourable ratio of n-٦ to n-۳ fatty acids (Simopoulos, ۱۹۹۹).  
 
Table (۲): Fatty acids composition of vegetable oils used in the 

experimental diets (% of total fatty acid methyl esters). 
Fatty acid CO FO OO PO FO/OO FO/CO CO/OO FO/CO/OO 

C۱٤:۰ ۰٫٥٤   ۲.۰۱     
C۱٦:۱ ۰٫۰۹  ۰٫۱۱ ۰٫۱۸ ۰٫٤۲   ۰٫۲۱ 
C۱٦:۰ ۱۳٫۲٤٫ ٥۸۲ ۱۳٫۱۸ ٤٥٫۱۰ ۱۲٫۸۳ ۷٫٦۷ ۱۳٫۱٦٫ ٥۳۲ 
C۱۸:۱ ۲٦٫۷٥ ۱٦٫۹۷ ۷٤٫۱۲ ۳۹٫۱۰ ۳۹٫٦٤ ۲۲٫٦۳ ٤٥٫۸٥ ۳۱٫۹٥ 
C۱۸:۲ (n-٦) ٥٦٫٦۷ ۱٤٫۳۰ ۷٫٦٤ ۹٫۱۲ ۱۲٫٦۲ ۳٦٫۰۷ ۳۷٫۲۲ ۲۹٫۷٥ 
C۱۸:۳ (n-٦) ۰٫٥۳ ٦۰٫۹۰ ۰٫٦۱ ۰٫۱۸ ۳۱٫٤٤ ۲۹٫۸٦ ۰.۱۱ ۳۰٫۲۱ 
C۱۸:۰ ۲٫۱۷ ۳٫۰۱ ٤٫۳٤٫ ٤۳۱ ۳٫۰٥ ۳٫۷۷ ۳٫٦۷ ۱٫٥٦ 
∑SFA's ۱٥٫۹٦ ۷٫۸۳ ۱۷٫٥۲ ٥۱٫٤۲ ۱٥٫۸۸ ۱۱٫٤٤ ۱٦٫۸۲ ۷٫۸۸ 
∑ MUFA's ۲٦٫۸٤ ۱٦٫۹۷ ۷٤٫۲۳ ۳۹٫۲۸ ٤۰٫۰٦ ۲۲٫٦۳ ٤٥٫۸٥ ۳۲٫۱٦ 
∑ PUFA's ٥۷٫۲۰ ۷٥٫۲۰ ۸٫۲٥ ۹٫۳۰ ٤٤٫۰٦٥٫ ٦۹۳ ۳۷٫۳۳ ٥۹٫۹٦ 
P : S ratio ۳٫٥۸ ۹٫٦۰ ۰٫٤۷ ۰٫۱۸ ۲٫۷۷ ٥٫۷٦ ۲٫۲۲ ۷٫٦۱ 
n-٦/n-۳ ۱۰٦٫۹۲ ۰٫۲۳ ۱۲٫٥۲ ٥۰٫٦۷ ۰٫٤۰ ۱٫۲۱ ۳۳۸٫۳٦ ۰٫۹۸ 
Peroxidisability Index* ٥۸٫٤۰ ۱۳٦٫٥۲ ۱۰٫۷۲ ۱۰٫٤٦ ۷٦٫٥۰ ۹٦٫۳٦ ۳۸٫٥۹ ۹۰٫۱۷ 
CO: Corn oil; FO: Flaxseed oil; OO: Olive oil; PO: Palm oil; F/O: Flaxseed oil/olive oil; 

FO/CO: flaxseed oil/corn oil; CO/OO: corn oil/olive oil and FO/CO/OO: Flaxseed oil/corn 
oil/olive oil. 

• Peroxidisability Index (Du et al., ۲۰۰۳) as calculated as follows: (% monenes x ۰٫۰۲٥) + 
(% dienes x ۱) + (% trienes x ۲) + (%tetraenes x ٤) +  % hexaenes x ۸. 

• P:S ratio : Total polyunsaturated fatty acids : Total saturated fatty acids 
• 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 ۱۸:۳ (n-۳) (۳۱٫٤٤٪), the FO/CO contained 
the highest contents of ۱۸:۲ (n-٦) (۳٦٫۰۷٪); the CO/OO contained the highest 
contents of ۱۸:۱ (n-۹) (٤٥٫۸٥٪) and ۱۸:۲ (۳۷٫۲۲٪); whereas, the FO/CO/OO 
contained approximately the same contents of ۱۸:۱ (۳۱٫۹٥٪); ۱۸:۲ (۲۹٫۷٥٪); 
and ۱۸:۳ (۳۰٫۲۱٪). The dietary FO/CO/OO showed the highest P : S ratio 
(۷٫٦۱), whereas, the dietary CO/OO showed the lowest ratio (۲٫۲۲). The 
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dietary CO/OO, on the other hand, showed the highest n-٦/n-۳ (۳۳۸٫۳٦), 
whereas the dietary FO/OO showed the lowest (۰٫٤۰), the dietary FO/CO had 
the highest PI (۹٦٫۳٦), whereas the dietary CO/OO showed the lowest (۳۸٫٥۹) 
as compared to the other dietary oil mixtures. Because the (PI) value 
represents the degree of unstauration of dietary lipids (Hu et al., ۱۹۸۹ and 
Saito and Kubo, ۲۰۰۳), it has been used as an indicator of PUFA peroxidation 
(Naggova et al., ۲۰۰۱). 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., ۲۰۰۳ and ۲۰۰٤). 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 PI values and P : S ratio of 
dietary fatty acids on lipid metabolism  (Kang et al., ۲۰۰٥ and Riedger et 
al.,۲۰۰۹).  
Growth performance 

Effects of different dietary vegetable oils on the growth performance 
of male rats are shown in Table (۳). Results revealed that the body weight 
gain percentage (BWG %) of rats increased by ۲۱۲٫٥۰; ۲۰۰.۰۰; ۱۸٥٫۷۱; and 
۲۳۳٫۳۳٪ 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-۹) showed the lowest the BWG% ۱۸٥٫۷۱٪. Nevertheless, rats fed on 
an either the dietary CO (n-٦) or the dietary FO (n-۳) showed ۲۰۰٫۰ and 
۲۱۲٫٥٪ BWG, respectively. 
  
Table (۳): Effect of different vegetable oils and their mixtures on the  

growth performance of rats 

Oil 
Initial 
body 

wt. (g) 

Final 
body wt. 

(g) 

Wt. 
gain 
(g) 

Body wt. 
gain (%) 

Feed 
intake (g) 

Feed 
conversion 

ratio 

Feed 
efficiency 

(%) 
(PO) (control) ۳۰ ۱۰۰ ۷۰ ۲۳۳٫۳۳ ۱٥۱۲٫٥۹ ۲۱٫٦۱ ٤٫٦۳ 
(FO) ٤۰ ۱۲٥ ۸٥ ۲۱۲٫٥۰ ۸۳۷٫٦٥ ۹٫۸٥ ۱۰.۱٥ 
(CO) ۳۰ ۹۰ ٦۰ ۲۰۰٫۰۰ ٦۷٥٫٦۷ ۱۱٫۲٦ ۸٫۸۸ 
(OO) ۳٥ ۱۰۰ ٦٥ ۱۸٥٫۷۱ ۹۸٤٫۹٤ ۱٥٫۱٦٫٦ ٥۰ 
(FO/OO) ۳٥ ۱۱۷ ۷۷ ۲۲۰٫۰۰ ٦۷۲٫۹۸ ۸٫۷٤ ۱۱٫٤٤ 
(FO/CO) ۳۰ ۸٥٥ ٥ ۱۸۳٫۳۳ ۹٦۹٫۲۸ ۱۷٫٦۲ ٥٫٦۷ 
(CO/OO) ٤٥ ۱٥۰ ۱۰٥ ۲۳۳٫۳۳ ۷۸٤٫۱۷ ۷٫٤۷ ۱۳٫۳۹ 
(FO/CO/OO) ٤۳ ۱۰۰ ٥۷ ۱۳۲٫٥٦ ۱۱۱٦٫۱۸ ۱۹.٥۸ ٥٫۱۱ 
CO: Corn oil; FO: Flaxseed oil; OO: Olive oil; PO: Palm oil; F/O: Flaxseed oil/olive oil; 
FO/CO:        flaxseed oil/corn oil; CO/OO: corn oil/olive oil and FO/CO/OO: Flaxseed 
oil/corn oil/olive oil. 
% weight gain = (final weight – initial weight) x ۱۰۰/initial weight. 
Feed conversion = feed consumption/body weight gain 
Feed efficiency = weight gain x ۱۰۰/feed intake. 

 
Rats fed the dietary mixture of FO/CO oils (۱:۱ v/v) showed the 

lowest BWG% (۱۸۳٫۳۳٪) as compared to those fed the dietary FO/OO (۱:۱ 
v/v) (۲۲۰٫۰۰٪) or to those fed the dietary CO/OO (۱:۱ v/v) (۲۳۳٫۳۳٪). The 
BWG% of rats fed the dietary mixture of FO/CO/OO (۱:۱:۱ v/v), on the other 
hand, showed the lowest body weight gain (۱۳۲٫٥٦٪) 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 (۱:۱ v/v)  increased the BWG % of rats 
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(i.e., ۲۲۰٫۰۰ % in case of FO/OO and ۲۳۳٫۳۳ % in case of CO/OO as 
compared to ۱۸٥٫۷۱٪ 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 ۱۸۳٫۳۳ % as compared to the single dietary vegetable oil by 
itself. These result indicated that feeding rats on dietary oils highly in either 
(n-۳) or (n-٦) fatty acids by itself increased the BWG % of rats to ۲۱۲٫٥۰ and 
۲۰۰٫۰۰٪, respectively. However, addition of n-٦ (CO) was more effective 
when combined with n-۹ (OO) as in the CO/OO (۲۳۳٫۳۳ %) than the effect of 
addition of n-۳ (FO) to n-۹  (OO) as in FO/OO (۲۲۰٫۰۰ %). On the other hand, 
feeding rats the dietary mixture containing n-۳ and n-٦ such as FO/CO (۱:۱ 
v/v) decreased the BWG% to ۱۸۳٫۳۳٪.  

Data also revealed that rats consumed the largest amounts of feed 
intake in the case of the dietary PO (۱٥۱۲٫٥۹ g) during the three months 
feeding, followed by the dietary OO n-۹ (۹۸٤٫۹٤ g); FO n-۳ (۸۳۷٫٦٥ g) and 
finally CO n-٦ (٦۷٥٫٦۷ g). Nevertheless, rats consumed less amounts of feed 
intakes such as ٦۷۲٫۹۸; ۹٦۹٫۲۸; ۷۸٤٫۱۷; and finally ۱۱۱٦٫۱۸ g when fed on 
FO/OO; FO/CO; CO/OO; and FO/CO/OO, respectively. 

The single dietary FO showed the best feed conversion ratio (FCR) 
(۹٫۸٥%), followed by the dietary CO (۱۱٫۲٦ %); OO (۱٥٫۱٥ %) and finally, PO 
which showed the lowest FCR (۲۱٫٦۱ %). 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 
OO. Again, data revealed that the FCR improved when OO ( n-۹) was added  
to  CO ( n-٦ ) as in the CO/OO dietary mixture (۷٫٤۷) and when FO  (n-۳ ) 
was added to the OO( n-۹ )  as in the FO/OO dietary mixture (۸٫۷٤) as 
compared to their corresponding single FCR values. Mixing CO( n-٦ ) with FO 
( n-۳) as in the FO/CO dietary mixture, however, decreased the FCR (۱۷٫٦۲) 
as compared to their corresponding single values. Rats fed the dietary 
mixture of FO/CO/OO, however, showed ۱۹٫٥۲ 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 (۷٫٤۷) 
and showed the highest BWG (۲۳۳٫۳۳٪), whereas, rats fed on FO/OO 
showed ۸٫۷٤ FCR and showed ۲۲۰٫۰۰٪ BWG . Those rats fed on FO/CO 
showed ۱۷٫٦۲ FCR and showed ۱۸۳٫۳۳٪ BWGwhile rats fed on FO/CO/OO 
showed ۱۹٫٥۸ FCR and ۱۳۲٫٥٦ % BWG.  

Once again, data revealed that the feed efficiency % (FE%) was the 
highest with rats fed on FO (۱۰٫۱٥٪), followed by those rats that fed on CO 
(۸٫۸۸٪); OO (٦٫٦۰٪); and finally PO (٤٫٦۳٪). The FE% was improved in 
animals that fed on CO/OO (۱۳٫۳۹٪); followed by those fed on FO/OO 
(۱۱٫٤٤٪). On the other hand, the FE % decreased to the lowest value when 
animals fed on FO/CO (٥٫٦۷٪) as compared to the other oil mixtures. The 
FE% of animals fed on FO/CO/OO was the lowest (٥٫۱۱٪) 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-۳ improved the BWG, FCR, and FE%; followed by the dietary 
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(n-٦); (n-۹); and finally by the dietary highly saturated oil such as PO, 
respectively. The dietary CO n-٦ and FO (n-۳) improved the BWG, FCR and 
FE% when the OO n-۹ 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 (۱:۱:۱ 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-۳) 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-۳) PUFA such as fish oil could elevat body fat and lower 
body protein content, whereas a n-٦ rich diet could not induce obesity in rats 
(Dulloo, et al., ۱۹۹٥). These finding was confirmed with the present results. 
Gaiva et al. (۲۰۰۱) found that enrichment of the diet with n-۳ PUFA decreased 
adipose tissue lipolysis, whereas n-٦ PUFA increased the uptake of diet-
derived lipids by this tissue, both effects favoring fat deposition. Conversely, 
the consumption of ٦۰٪ of dietary energy as n-۳ fatty acids prevented obesity 
in mice, whereas the n-٦ rich diet did not produce these effects (Tsuboyama-
Kasaoka et al., ۱۹۹۹). 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., ۱۹۹۹).  
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 (٤). 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 (۱۰۰۳٫۲۰ mg/dl), 
followed by those fed on OO n-۹ (۹۰۰٫۰۰ mg/dl); on CO n-٦ (۸٥۰٫۱۰ mg/dl) 
and finally those fed on FO n-۳ (۸۲۹٫۰۰ mg/dl). Nevertheless, mixing different 
vegetable oils increased the TL in serum lipids as compared to the 
corresponding values of individual oil.  
 
Table (٤): Effects of different dietary oils on composition of serum lipids 

of rats. 
Dietary 

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

DL mg/ml mg/ml % mg/dl mg/ml % mg/ml % mg/ml % 
PO 
(Control) ۱۰۰۳٫۲۰ ۸٤۰٫٦۳ ۸۳٫۷۹ ۲۲٤٫۰۰ ۳۰٫۰۰ ۱۳٫۳۹ ۱٦۹٫۰۰ ۷٥٫٤٥ ۲٥٫۰۰ ۱۱٫۱٥٫٦ ٦۳ 

FO ۸۲۹٫۰۰ ٥۱٥٫۲۱ ٦۲٫۲۱ ۱۲۰٫۸٦ ٤۳٫٥۳ ٥۲٫٥۷ ٥۰٫۱۹ ٤۱٫٥۳ ٦٫۸۱ ٥٫٦٤ ۰٫۷۹ 
CO ۸٥۰٫۱۰ ٥۷۷٫۷۷ ٦۷٫۹٦ ۱۲٥٫٤۳ ٥۲٫۰٤ ٦۱٫٥۰ ٦۱٫۸۳ ٤۹٫۲۹ ۱۱٫٥٤ ۹٫۲۰ ۱٫۱۹ 
 OO ۹۰۰٫۰۰ ٦۸۱٫۲٥ ۷٥٫٦۹ ۱۲۸٫۲۰ ٦۰٫٤۲ ٤۷٫۱۳ ٥۸٫٤۰ ٤٥٫٥٥ ۹٫۳۸ ۷٫۳۲ ۰٫۹۷ 
FO/OO ۹۸۰٫٦۰ ٦۹۰٫٥۰ ۷۰٫٤۲ ۱۰۷٫۹۰ ٥٥٫۸٥ ٤۱٫۷٤٤٫ ٥۱٤ ٦۱٫۱۸ ۷٫۲٦٫ ٥۷۲ ۰٫۷۹ 
FO/CO ۸۸٦ ٥٫٤٥۱٦٫۷۱ ٦۹٫٦٥ ۱۰٥٫۲٥ ٤۳٫۸٥ ٦۱٫۱۸ ٤۲٫۲۳ ٤۰٫۱۳ ۹٫۱٥ ۸٫٦۹ ۰٫۷۸ 
CO/OO ۹۱٦٫۱۲ ٦٦۳٫۱۳ ۷۲٫۱٥ ۱۱٥٫۲۰ ٤۸٫۹۱ ٤۲٥٥٫ ٫٤٦۸٤ ٤۸٫٤۹ ۱۰٫٤۲ ۹.۰۷ ۱٫۱٤ 
FO/CO/OO ۷۸۲٫۹۲ ٤۹۲٫۳٦ ٤۲٫۸۹ ۱۰٤٫۰۹ ٥۹٫۱۲ ٥٦٫۸۰ ۳۷٫٥٦ ۳٦٫۰۸ ۷٫۸۲ ۷٫٥۱ ۰٫٦٤ 
FO= Flaxseed (n-۳); CO= Corn (n-٦); OO= Olive oil (n-۹);  FO/OO= Flaxseed /Olive; FO/CO= 
Flaxseed /Corn; CO/OO= Corn oil/Olive; FO/CO/OO= Flaxseed/ Corn/Olive.TL=Total lipids; 
TG= Triacylglycerol; TC= Total cholesterol; HDL-C= High-density lipoprotein- cholesterol; 
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LDL-C=Low- density lipoprotein- cholesterol; VLDL-C= Very-low density lipoprotein- 
cholesterol. 
 

Feeding rats on FO/OO (۱:۱ v/v) showed higher TL content (۹۸۰٫٦ 
mg/dl) than those fed the single dietary FO (۸۲۹٫۰۰ mg/dl), or to those fed the 
single dietary OO (۹۰۰٫۰۰ 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-۳/n-۹) (۹۸۰٫٦۰ mg/dl) as compared to 
that obtained in case of feeding on CO/OO (n-٦/n-۹) (۹۱٦٫۱۲ mg/dl) or in the 
case of feeding on FO/CO oils (n-٦/n-۳) (۸۸٥٫٤٥ mg/dl). On the other hand, 
the TL decreased to the lowest content when rats fed the dietary  mixture of 
FO/CO/OO (۱:۱:۱ v/v) (۷۸۲٫۹۲ 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 (۸٤۰.٦۳ mg/dl) and the highest 
increase in the TG % (۸۳٫۷۹٪) relative to its TL content; followed by that fed 
on OO (۷٥٫٦۹٪); CO (٦۷٫۹٦٪); and finally that fed on FO (٦۲٫۲۱٪) 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/OO (۱:۱) (۷۲٫۱٥٪), whereas rats fed on FO/CO showed the lowest 
increase in the TG% (٦۹٫٦٥٪). On the other hand, rats fed on a mixture of 
FO/CO/OO showed ٦۲٫۸۹٪ 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 (۲۲٤٫۰۰ 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 ۲۰۰ is considered normal. If rises to 
۲٥۰, it increase twice the normal risk of CHD. If it climbs to ۳۰۰, the risk 
doubles again. If it is ۳٥۰ and beyond, it has eight times the normal risk of 
having diseased and constricted arteries (Miller and Vogel,۱۹۹٦). 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 
(۱۰٥٫۲٤ mg/dl); followed by dietary FO/OO (۱۰۷٫۹۰ mg/dl), and CO/OO (۱۱٥٫۲ 
mg/dl). These results indicated that FO (n-۳) 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-٦) rather than with OO (n-۹). CO 
(n-٦) was less effective, to some extent, with OO (n-۹) than FO (n-۳) with OO 
(n-۹) when incorporated in the dietary feed. Feeding rats the dietary mixture 
of FO/CO/OO (۱:۱:۱), however, further decreased the TC content to ۱۰٤٫۰۹ 
mg/dl.  
 High- density lipoproteins cholesterol (HDL-C) showed the same 
trends as for TG and TC. Feeding rats FO (n-۳) showed the highest HDL-C 
(٦۳٫٥۳ mg/dl), representing ٥۲٫٥۷٪ of the TC content. Dietary PO , on the 
other hand, showed the lowest HDL-C (۳۰٫۰۰ mg/dl), representing ۱۳٫۳۹٪ of 
the TC content. Feeding the rats the dietary CO (n-٦) and those fed the 
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dietary OO (n-۹) showed ٥۲٫۰٦ and ٦۰٫٤۲ mg/dl, representing ٤۱٫٥۰ and 
٤۷٫۱۳٪ of the TC, respectively. It is interesting to note that OO had more 
beneficial effect on HDL-C than CO. Incorporation of OO (n-۹) with FO (n-۳) 
in the FO/OO dietary mixture or with the CO (n-٦) in the CO/OO dietary 
mixture decreased the HDL-C to ٥٥٫۸٤ and ٤۸٫۹۱ mg/dl, representing ٥۱٫۷٥ 
and ٤۲٫٤٦٪ of the TC content, respectively. On the other hand, rats fed the 
dietary FO/CO showed (٥۳٫۸٦ mg/dl) with (٥۱٫۱۸ %) of the TC. Furthermore, 
the HDL-C of rats fed the dietary mixture of FO/CO/OO was ٥۹٫۱۲ mg/dl 
representing ٥٦٫۸۰٪ 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 (۱٦۹٫۰۰ mg/dl) and VLDL-C (۲٥٫۰۰ mg/dl), representing ۷٥٫٤٥ 
% and ۱۱٫۱٦٪ of the TC content, respectively. Rats fed on FO (n-۳), however, 
showed the lowest LDL-C (٥۰٫۱۹ mg/dl) and the lowest VLDL-C (٦٫۸۱ mg/dl) 
with ٤۱٫٥۳% and ٥٫٦٤% of the TC, respectively. Rats fed on CO (n-٦) and that 
fed the dietary OO (n-۹) showed ٦۱٫۸۳ and ٥۸٫٤۰ mg/dl LDL-C, representing 
٤۹٫۲۹ % and ٤٥٫٥٥ % of the TC, whereas, the VLDL-C were ۱۱٫٥٤ and ۹٫۳۸ 
mg/dl, representing ۹٫۲۰% and ۷٫۳۲ % of the TC content, respectively. At this 
point, it is interesting to clear that the present results revealed that OO (n-۹) 
showed lower VLDL-C than CO (n-٦). It is also interesting to note that 
incorporation of OO (n-۹) with the FO (n-۳) in the dietary FO/OO decreased 
the LDL-C content to ٤٤٫۱٦ mg/dl with the same percentage of ٤۱٫۱۸ % 
relative to the TC as compared to ٤۱٫٥۳٪ for the single dietary FO, whereas, 
when mixed with CO (n-٦) in CO/OO dietary mixture caused a little decrease 
in the LDL-C content to ٥٥٫۸٤ mg/dl with ٤۸٫٤۹ % of the TC as compared to 
٦۱٫۸۳ mg/dl with  ٤۹٫۲۹٪ with the single dietary CO. In either dietary mixture 
FO/OO or CO/OO, 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 
٤۲٫۲۳ mg/dl with ٤۰٫۱۳٪ of the TC and further decreased with the dietary 
mixture of FO/CO/OO to ۳۷٫٥٦ mg/dl, representing ۳٦٫۰۸% of the TC. 
 Rats fed the dietary FO/OO (n-۳/n-۹) showed the lowest VLDL-C 
content ۷٫۲٥ mg/dl with ٦٫۷۲ % of the TC as compared to that fed the other 
dietary mixtures. Rats, however, fed the dietary CO/OO; FO/CO; and 
FO/CO/OO showed ۱۰٫٤۲; ۹٫۱٥; and ۷٫۸۲ mg/dl with ۹٫۰۷, ۸٫٦۹ and ۷٫٥۱٪ 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., ۲۰۰۳ and Chattipakom et 
al.,۲۰۰۹). However, the effects of dietary PUFA on regulation of lipid 
metabolism and on prevention of CHD appear to be diverse (Lee et al., ۱۹۸۹; 
Muller et al., ۲۰۰۳; and Satio and Kubo, ۲۰۰۳). In many studies, a balanced 
intake of dietary PUFA and SFA was thought to be very important in 
regulating serum cholesterol (Lee et al., ۱۹۸۹; Du et al., ۲۰۰۳; and Muller et 
al., ۲۰۰۳). The degree to which different SFA exert their cholesterol-raising 
effects is still unknown (Temme et al., ۱۹۹۷). 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 (C۱۲-C۱٦) which are responsible for increasing plasma TC. 
Stearic acid (۱۸:۰), has been shown not to increase TC or LDL concentrations 
(Bonanome and Grundy, ۱۹۸۸). The reason may be that stearic acid rapidly 
desaturaed into oleic acid, in contrast, palmitic acid (۱٦:۰) appeared to be 
converted relatively slowly to oleic acid, and thus tends to accumulate in the 
body (Grundy ۱۹۸۸).). Keys et al., (۱۹٦٥) 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 ۲٫۷ 
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., (۲۰۰۱) 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-۳ 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, ۲۰۰٥).  

In conformity of the present results, Yang et al., (۲۰۰٥) 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-٦) 
CO; MUFA (n-۹) OO; and was the lowest with PUFA (n-۳) as FO. 

In many studies, serum LDL, HDL, and LDL: HDL ratios has been 
known as a risk marker for CHD (Ehnholm et al., ۱۹۸۲; Green et al., ۱۹۸٥; 
Muller et al., ۲۰۰۳). 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., ۱۹۸٥). When this ratio is 
higher than ٥, it means a serious risk sign in CHD (Meyer et al., ۲۰۰٤). In the 
present study, apart from the dietary PO which showed the highest LDL/HDL 
ratio (٥٫٦۳), all the other dietary oils showed normal LDL: HDL ratios and 
were lower than ۲. 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 (۰٫۷۹), 
followed by the dietary OO (۰٫۹۷), and the dietary CO (۱٫۱۹). These results 
indicate that the LDL/ HDL ratio was independent of the degree of 
unsaturation and the n-۳ fatty acids was the most effective  > n-۹ fatty acids > 
n-٦ 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 ۰٫۷۹ and ۰٫۷۸ respectively. The dietary 
CO/OO, however, showed ۱٫۱٤ LDL/HDL. The LDL/HDL ratio was further 
reduced to the lowest value with the dietary mixture of FO/CO/OO to ۰٫٦٤. 
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Table (٥) 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) ۱۰٫۲٤۷٪ followed by those fed on the dietary OO 
(۹٫٤۲۹٪). The serum of rats fed on the dietary CO and PO, on the other hand, 
showed the lowest SCFA content (۳٫۱۰٤ and ۲٫۹۳۱٪, respectively). 
Nevertheless, serum of rats fed on the dietary mixture FO/CO/OO showed 
the highest SCFA (۱۲٫٦٦٤٪)followed by those fed on the dietary mixture 
FO/OO (۸٫٥۷٦٪); FO/CO (۷٫۸۱٥٪) and finally those fed on the dietary mixture 
CO/OO (۳٫۰۰۳٪). 

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 ۱٥٫۹۱۷ to ۱۸٫٦٦۲٪. Palmitic acid, nevertheless, was the dominant 
acid among this group and its content ranged from ۱۳٫٥٦٤ to ۱٦٫۳۲۸٪. 

The monoenes (n-۹) content was the highest in the serum of rats fed 
on the dietary OO (٥۰٫۰٦٦٪), followed by ٤٦٫٦۰۹ % in the serum of rats fed on 
PO. On the other hand, the serum of rats fed on FO showed the lowest 
content (۲۰٫۲٤٦٪) 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 
(٤۹٫۳۰٥٪), followed by ٤٤٫۰٦۱٪ in the serum of rats fed on FO/OO and 
۲۷٫٤۹۲٪ in the serum of rats fed on FO/CO.  
 
Table (٥): Effects of different dietary vegetable oils on the fatty acids 

composition (%) of rat serum. 
Fatty acids CO FO OO PO FO/OO FO/CO CO/OO FO/CO/O

O 
۱. Short chain saturated fatty acids (SCSFA) 

C۲: ۰ ۱٫۱٤۲ ۰٫٥٦٥ ۱٫٤۹۱ ۰٫۲۸۸ ۰٫٥۲۲ ۰٫۸۰۱ ۰٫۰۰۰ ۰٫٦۰۲ 
C٤: ۰ ۰٫۰۰۰ ۱٫۰٦٦ ۰٫٦۱۹ ۰٫۲٥۰ ۰٫٦۷۹ ۰٫٥۹٥ ۰٫۲۳۰ ۱٫۸۱٥ 
C٦: ۰ ۰٫۰۰۰ ۰٫۰۸۷ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫۱۳٤ ۰٫۰۰۰ ۰٫٥٥۱ ۱٫۳۲٥ 
C۸: ۰ ۰٫۲٦۱ ۰٫٥٤۳ ۰٫٥۸۳ ۰٫۳۸٤ ۰٫٦٤۳ ۰٫٤٥۷ ۰٫۰۰۰ ۰٫٦۳۳ 
C۱۲: ۰ ۰٫۱٥٥ ۰٫۳۰٤ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫۲۲٤ ۰٫٤۸۰ ۰٫۱۰٦ ۰٫۰۰۰ 
∑ SCSFA ۱٫٥٥۹ ۲٫٥٦٥ ۲٫٦۹۳ ۰٫۹۲۲ ۲٫۲۰۲ ۲٫۳۳۳ ۰٫۸۹۱ ٤٫۳۷٥ 
Short chain unsaturated fatty acids (SCUFA) 
C۲: ۱ ۰٫۰۰۰ ۰٫۰٦٤ ۰٫۱۹٤ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫۱۸۸ 
C٤: ۱ ۰٫۱۰۸ ۱٫۹۳۹ ۱٫٤۳٤ ۰٫۲٦۳ ۰٫۸٤٦ ۰٫۹۱۳ ۰٫۳۱٦ ۲٫٥۳٦ 
C٦: ۱ ۰٫۰۰۰ ۳٫۰٦٥ ۲٫۰٥٥ ۰٫۹۲۷ ۲٫٥۰۳ ۲٫۰۳٦ ۰.۹٥۲ ۳٫۰۸۷ 
C۷: ۱ ۰٫۳٦٦ ۱٫٥۷٦ ۱٫۳۲٤ ۰٫٦٥۰ ۱٫٦٦٤ ۱٫۲۰۱ ۰٫۰۰۰ ۰٫۳٦۱ 
C۸: ۱ ۰٫۱۳٦ ۰٫۱٦٥ ۰٫۲۱۹ ۰٫۰۰۰ ۰٫۲۰۳ ۰٫۱۹۰ ۰٫۳۱۷ ۰٫٤۲٦ 
C۹: ۱ ۰٫۱٥٤ ۰٫۱۸٤ ۰٫۳۷۱ ۰٫۰۰۰ ۰٫۲۳۲ ۰٫۳۱٦ ۰٫۱٤۱ ۰٫۰۰۰ 
C۱۲: ۱ ۰٫۲٥٤ ۰٫۲۰۳ ۰٫٤۳۳ ۰٫۱٦۹ ۰٫۲۸۹ ۰٫۳۱۸ ۰٫۱۱٦ ۰٫٤۲٦ 
C۱۲: ۲ ۰٫٥۲۸ ۰٫۱۹٤ ۰٫۲۷٥ ۰٫۰۰۰ ۰٫۲۳۳ ۰٫۰۰۰ ۰٫۱۲۱ ۰٫۳۷۸ 
C۱۲: ۳ ۰٫۰۰۰ ۰٫۲۹۲ ۰٫٤۹۱ ۰٫۰۰۰ ۰٫٤۰٤ ۰٫٥۰۸ ۰٫۱٤۹ ۰٫۸۸۷ 
∑ SCUFA ۱٫٥٤٦ ۷٫٦۸۲ ٦٫۷۹٦ ۲٫۰۰۹ ٦٫۳۷٥٫٤ ٤۸۲ ۲٫۱۱۲ ۸٫۲۸۹ 
T. SCFA ۳٫۱۰٤ ۱۰٫۲٤۷ ۹٫٤۲۹ ۲٫۹۳۱ ۸٫٥۷٦ ۷٫۸۱٥ ۳٫۰۰۳ ۱۲٫٦٦٤ 
۲. Long chain saturated fatty acids (LCSFA) 
C۱٤: ۰ ۰٫۲٥۷ ۰٫۱۸٤ ۰٫٤٤٦ ۰٫۰۰۰ ۰٫۲٥۱ ۰٫۳٤۱ ۰٫۱۰۳ ۰٫۳۹٦ 
C۱٥: ۰ ۰٫۱۳٦ ۰٫۱٥۷ ۰٫۰۰۰ ۰٫۱۲۳ ۰٫۱۱۲ ۰.۱۷۲ ۰٫۱۷٦ ۰٫۱۸۸ 
C۱٦: ۰ ۱٤٫٤۸٦ ۱۳٫٥٦٤ ۱٥٫۲٦۰ ۱٦٫۳۲۸ ۱٥٫٥۹۰ ۱٤٫۱۸۱ ۱٤٫۱۷۰ ۱٤٫۲۷۱ 
C۱۷: ۰ ۰٫۲۷٤ ۰٫۲۷٥ ۰٫۰۰۰ ۰٫۱۷۰ ۰٫۱٦٦ ۰٫۲٤٦ ۰٫۲۲۲ ۰٫۲۷٥ 
C۱۸: ۰ ۰٫٦۷۸ ۰٫٦۱٦ ۰٫٥۷٦ ۰٫۸٥۹ ۰٫۳۰۲ ۰٫٤٤٤ ۰٫٤٤٤ ۰٫۳۸۲ 
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C۱۹: ۰ ۰٫۰۰۰ ۱٫۲۷۰ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫۰٤۹ ۲٫۱۹۹ 
C۲۰: ۰ ۱٫٦٤٤ ۱٫۸۹٤ ۰٫۰۰۰ ۰٫۷۰٦ ۰٫۰۰۰ ۱٫٤٥۷ ۰٫۲۱۰ ۰٫۰۰۰ 
C۲۲: ۰ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫٤۷٦ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫٥٤۳ ۰٫۰۰۰ 
∑ LCUFA ۱۷٫۳۲۹ ۱۷٫۹٦۰ ۱٦٫۲۸۲ ۱۸٫٦٦۲ ۱٦٫٤۲۱ ۱٦٫۸٤۱ ۱٥٫۹۱۷ ۱۷٫۷۱۱ 
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Continued 
Fatty acids CO FO OO PO F/O F/C C/O F/C/O 
۳.Monoenes 
C۱٤: ۱ (n-۹) ۰٫۳۰۷ ۰٫۲۱٤ ۰٫۳٦۸ ۰٫۲۱۷ ۰٫۳٥۲ ۰٫۲٤۰ ۰٫۰٦۳ ۰٫۰۰۰ 
C۱٥: ۱ (n-۹) ۰٫۲۹٦ ۰٫۰۹۲ ۰٫۰۰۰ ۰٫۱۷۹ ۰٫۰۰۰ ۰٫۰۰۰ ۰٫۱٥۳ ۰٫۰۰۰ 
C۱٦: ۱ (n-۹) ۰٫۲٥۰ ۰٫۱۳۳ ۱٫٤۷۲ ۰٫۲۳۸ ۰٫۰۰۰ ۱٫۹۰٥ ۰٫۲۸۹ ۰٫۰۰۰ 
C۱۷: ۱ (n-۹) ۰٫٤۹۱ ۰٫۱٦٦ ۰٫۳۸۲ ۰٫٤۳۹ ۰٫۳۱۸ ۰٫٤۸۰ ۰٫۳۰۱ ۰٫۹۰۹ 
C۱۸: ۱ (n-۹) ۲۱٫٤۳۰ ۱۳٫۱٥۹ ۳۸٫٦٤۸ ۳٥٫۰۰۰ ۳٥٫۸۱٦ ۱٥٫۸۳۱ ۳٦٫۸۱۰ ۷٫٦۳۳ 
C۲۰: ۱ (n-۹) ۱۰٫۰۰٦٫٤ ٥۸۲ ٦٫۱٦۷ ۸٫٥۲۷ ٤٫۸۳۰ ٤٫۱۹۹ ۷٫٦٤٥ ۷٫٥۰۷ 
C۲۲: ۱ (n-۹) ۰٫٤۰٤ ۰٫۰۰۰ ۳٫۰۲۹ ۲٫۰۰۹ ۲٫۷٤۷ ٤٫۸٥۷ ۰٫۰٤٤ ۲٫۲۸٤ 
∑ MUFA ۳۳٫۱۸۳ ۲۰٫۲٥ ٤٦۰٫۰٤٦٫٦ ٦٦۰۹ ٤٤٫۰٦۱ ۲۷٫٤۹۲ ٤۹٫۳۰٥ ۱۸٫۳۳۳ 
٤.PUFA (ω-٦) 
C۱٤: ۲ (n-٦) ۰٫٤۱۷ ۰٫٥۸۸ ۰٫٥۸٥ ۰٫٦۱۸ ۰٫٦٦۳ ۰٫٥٤۲ ۲٫۷٥۱ ۱٫۷۳۱ 
C۱٦: ۲ (n-٦) ۰٫٦۱۰ ۰٫۹۰۹ ۰٫۰۰۰ ۱٫۸۸٦ ۱٫۰٥٤ ۰٫٤٤۷ ۱٫۰٦۰ ۰٫۷٦۸ 
C۱۷: ۲ (n-٦) ۰٫٦۸۳ ۰٫٥٤٤ ۰٫۰۰۰ ۰٫۷۳۹ ۰٫٦٥۳ ۰٫۰۰۰ ۰٫٤۸۷ ۰٫۷۳۳ 
C۱۸. ۲ (n-٦) ۲٤٫۹۷۹ ۲۲٫۸۹۹ ۸٫۷۹٦ ۱۰٫۰۷٤ ۸٫٥۸٥ ۱٦٫۳٥۳ ۸٫۰۱۰ ۱۷٫۰۲۰ 
C۲۰: ۲ (n-٦) ۰٫۰۰۰ ۰٫٥۸۲ ۰٫۲٤۲ ۰٫٤۲٤ ۰٫٤۹٥ ۰٫۰۹٤ ۰٫۳۹۷ ۰٫۰۰۰ 
C۲۰: ۳ (n-٦) ۰٫۰۰۰ ۰٫۳۹٥ ۰٫۰۰۰ ۰٫٥۷۱ ۰٫۳۹٥ ۰٫۰۰۰ ۰٫۳٦۰ ۰٫۰۰۰ 
C۲۰: ٤ (n-٦) ۱۰٫٥۹۹ ۰٫٤۱۲ ۰٫۰۰۰ ۰٫۲۷٦ ۰٫۳۸۰ ۰٫٦۷۹ ۰٫۱۷۸ ۰.۱۲۲ 
C۲۲: ۲ (n-٦) ۰٫۰۰۰ ۰٫۹۹۰ ۳٫۰۲٤٫ ٦۹۷۳ ۳٫۷۷۰ ۲٫٦٦۲ ۳٫٥٦۳ ۰٫۸۸٦ 
C۲۲: ۳ (n-٦) ۰٫۰۰۰ ۰٫۰۱۸ ۰٫٦۰۹ ۰٫٦۳۱ ۰٫۷۹٦ ۱٫۱۸٤ ۰٫۷۱۲ ۱٫۲٤۰ 
C۲۲: ۲ (n-٦) ۰٫۰۰۰ ۰٫۹۷۲ ۰٫۰۰۰ ۰٫۳۸۸ ۱٫٤۳٥ ۰٫٤۲۳ ۰٫۲۱۳ ۰٫۱۷٦ 
C۲۲: ٥ (n-٦) ۷٫۷۳۱ ۰٫۰۰۰ ۱۰٫۹۰۷ ۱۰٫۹۱۹ ۰٫۳٦۹ ۰٫۰۰۰ ۹٫۱۹٥ ۰٫۰۰۰ 
∑ PUFA ٤٥٫۰۱۸ ۲۹٫۳۰۹ ۲٤٫۱٦٥ ۳۱٫٤۹۹ ۱۸٫٥۹٥ ۲۲٫۳۸٤ ۲٦٫۹۲٦ ۲۳٫٦۷٦ 
٥.PUFA (ω-۳) 
C۱۸: ۳ (n-۳) ۱٫۲۲۰ ۱۱٫٥۱٦ ۰٫۰۰۰ ۰٫۳۰۱ ۰٫۲۹۰ ۹٫٦۰٤ ۰٫٦۹۰ ۱۰٫۲۲۳ 
C۲۰: ٥ (n-۳) ۰٫۰۰۰ ۰٫٦۰٤ ۰٫۰۰۰ ۰٫۰۰۰ ۱٫۲٦٦ ۱٫۳۰۸ ۰٫٥۰٥٫٦ ٦۹٦ 
C۲۲: ٦ (n-۳) ۰٫۰۰۰ ۹٫۸۱۹ ۰٫۰۰۰ ۰٫۰۰۰ ۱۰٫۷۳٥ ۱٤٫۷۰۲ ۳.٦٥۳ ۱۱٫٦۰۸ 
∑ PUFA ۱٫۲۲۰ ۲۱٫۹۳۹ ۰٫۰۰۰ ۰٫۳۰۱ ۱۲٫۲۹۱ ۲٥٫٦۱٤٫ ٤۸٤۹ ۲۷٫٥۲۷ 
 
Total usatd. ۸۰٫۹۷ ۷۹٫۱۸ ۸۱٫۰۳ ۸۰٫٤۲ ۸۱٫۳۲ ۸۰٫۹۷ ۸۳٫۱۹ ۷۷٫۸۰ 
Total satd. ۱۹٫۰۳ ۲۰٫۸۲ ۱۸٫۹۷ ۱۹٫٥۸ ۱۸٫٦۸ ۱۹٫۰۳ ۱٦٫۸۱ ۲۲٫۲۰ 
Tunst/T sat ٤٫۲٥ ۳٫۸۰ ٤٫۲۹ ٤٫۱۱ ٤٫۳٤٫ ٥۲٤٫ ٥۹٥ ۳٫٥۰ 
n-۹/n-٦ ۰٫۹٥ ۰٫٦۹ ۲٫۰۷ ۱٫٤۸ ۲٫۳۷ ۱٫۲۳ ۱٫۸۳ ۰٫۷۷ 
n-٦/n-۳ ۳٦٫۹۰ ۱٫۳٤ ------ ۱۰٤٫٦٥ ۱٫٥۱ ۰٫۸۷ ٥٫٥٥ ۰٫۸٦ 
CO (Corn oil); FO (Flaxseed oil); OO (Olive oil);  PO (Palm oil); FO/OO (Flaxseed oil/ Olive 
oil (۱:۱ v/v); FO/CO (Flaxseed oil/ Corn oil ۱:۱); CO/OO (Corn oil/Olive oil ۱:۱); and 
FO/CO/OO ( Flaxseed oil/Corn oil/Olive oil ۱:۱:۱). 
 
However, serum rats fed on the dietary mixture FO/CO/OO showed the 
lowest content (۱۸٫۳۳۳٪) as compared to other dietary mixtures. Oleic acid 
was the most dominant and ranged from ۱۳.۱٥۹ to ۳۸٫٦٤۸٪ in the single oil 
diets and from ۷٫٦۳۳ to ۳٦٫۸۱۰٪ in the dietary oil mixtures. C ۲۰:۱ n-۹ was the 
second dominant acid in this group and ranged from ٦٫۱٦۷ to ۱۰٫۰۰٥ in the 
single oil diet and from ٤٫۱۹۹ to ۷٫٥۰۷٪ in the dietary oil mixtures. 

The total PUFAs (n-٦) content was the highest in the serum of rats 
fed on the dietary CO (٤٥٫۰۱۸٪), followed by ۳۱٫٤۹۹ % in the serum of rats 
fed on PO. On the other hand, the serum of rats fed on OO showed the 
lowest content (۲٤٫۱٦٥٪) 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 (۲٦٫۹۲٦٪), followed by ۲۳٫٦۷٦٪ in the serum of rats fed on FO/CO/OO 
and ۲۲٫۳۸٤٪ in the serum of rats fed on FO/CO. However, serum rats fed on 
the dietary mixture FO/OO showed the lowest content (۱۸٫٥۹٥٪) as compared 
to other dietary mixtures. 
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 The total PUFAs (n-۳) content was the highest in the serum of rats 
fed on the dietary FO (۲۱٫۹۳۹٪), followed by ۱٫۲۲۰ % 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 (۲۷٫٥۲۷٪), followed by ۲٥٫٦۱٤٪ in the 
serum of rats fed on FO/CO and ۱۲٫۲۹۱٪ in the serum of rats fed on FO/OO. 
However, serum rats fed on the dietary mixture FO/CO showed the lowest 
content (٤٫۸٤۹%) 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. (۲۰۰٤) 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-۹/ n-٦ and the ratios of n-٦/ n-۳ were the 
cornerstone i.e. the ratio n-٦/n-۳ in serum rats fed on the dietary PO showed 
the highest (۱۰٤٫٦٥), followed by those fed on CO (۳٦٫۹۰), however the serum 
of rats fed on FO showed the lowest ratio (۱٫۳٤). 
 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-۳), MUFA (n-۹), PUFA (n-٦) are associated 
with reducing the coronary mortality in the same order. Intake of n-۳ 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., 
۱۹۹۳).  
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المختلف��ة عل��ى كف��اءة النم��و  ) الأومیج��ا(دراس��ة مقارن��ة لت��أثیر الأحم��اض الدھنی��ة 
 ومكونات لیبیدات السیرم فى الفئران

 نھلة جابر عامر ومحمد زیتون  و* اسامة راشد ابوسماحة،  عمر البربرى 
 جامعة الاسكندریة –) سابا باشا(زراعة لكلیة ا 
 جامعة الاسكندریة –)* الشاطبى(كلیة الزراعة *
 

الاومیج�ا عل�ى كف�اءة النم�و ومكون�ات لیبی�دات  تم دراسة الت�أثیر المق�ارن للأحم�اض الدھنی�ة
تم تغذیتھم على وجبة اساسیة لمدة اسبوعین قبل التغذیة على ) فأر ۱۲۰(السیرم فى الفئران باستخدام 

ت�م تغذی�ة ك��ل ، ف��أر  ۱٥قس�مت فئ��ران التجرب�ة عل�ى ثم��ان مجموع�ات ك�ل منھ�ا  .الوجب�ات التجریبی�ة
للدھن خلال فترة التجربة وھى ثلاثة شھور حیث   دمجموعة على زیت او خلیط زیوت كمصدر وحی

 .تم تقدیر كل من كفاءة النمو ولیبوبروتینات السیرم وكذلك تركبب الاحماض الدھنیة فى السیرم
أوضحت النتائج تحسن كفاءة النمو فى الحیوانات التى تم تغ�ذیتھا عل�ى علائ�ق تحت�وى عل�ى 

ثم المحتویة على زی�ت )  ٦-اومیجا ( ة على زیت الذرةیلیھا تلك المحتوی)    ۳-اومیجا (زیت الكتان 
كماس��جلت المجموع��ة الت��ى ت��م ) . زی��ت النخی��ل(ث��م الزی��وت الاكث��ر تش��بعا ، )  ۹-اومیج��ا ( الزیت��ون 

تغذیتھا على زیت النخیل أعلى محت�وى م�ن اللیبی�دات الكلی�ة ف�ى الس�یرم وأقلھ�ا لتل�ك الت�ى ت�م تغ�ذیتھا 
المجموع��ة الت��ى غ��ذیت عل��ى زی��ت النخی��ل أعل��ى محت��وى م��ن كم��ا أظھ��رت . عل��ى زی��ت الكت��ان  

الكولسترول الكلى بینما لم یكن ھناك اختلافات واضحة بین المجامیع التى تم تغذیتھا على زیت الذرة 
 .أو زیت الكتان أو زیت الزیتون وان كانت جمیعھا أقل من زیت النخیل

أدت  ۱:۱:۱ذرة والزیتون بنسبة أوضحت الدراسة أن التغذیة على خلیط من زیت الكتان وال
الى خفض محتوى الكولسترول الكلى كما لوحظ أن خلیط زیت الذرة   مع  زیت الزیت�ون أق�ل كف�اءة 

 .فى ذلك مقارنة بزیت الكتان مع زیت االزیتون
 اوضحت النتائج ان التغذیة على زیت الكتان  زادت من نسبة اللیبوبروتینات مرتفعة الكثافة

ف��ى ح��ین أن نس��بتھ عن��د التغذی��ة عل��ى زی��ت النخی��ل كان��ت % ٥۲٫٥۷) لى الكثاف��ةالكولس��ترول ع��ا(
 .من الكولسترول الكلى%  ۱۳٫۳۹

كم��ا أظھ��رت نت��ائج الدراس��ة أن تركی��ب  لیبی��دات الس��یرم ت��أثر بدرج��ة كبی��رة بن��وع الزی��ت 
 .المستخدم فى الوجبة

 
 قام بتحكیم البحث

 

 عة المنصورةجام –كلیة الزراعة  ممدوح محمد احمد ربیع/ د .أ
 الاسكندریة جامعة –كلیة الزراعة  على احمد عبد النبى/ د .أ
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