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ABSTRACT 
Refined canola oil, virgin olive oil and pre-refined 

flaxseed oil were used to prepare 7 oil blends containing n-
3 to n-6 fatty acids ratio ranged from 1: 0.83 to 9.1. A 
mixture of 6 ppm ß-carotene and 100 ppm BHA (butylated 
hydroxy anisol) was added to the blends and packed in an 
opaque glass bottles in addition to control (antioxidant 
free). The storage stability of the oil blends was 
determined through 6 months of storage at room 
temperature (22 ± 2 °C). The results showed that oil blends 
containing canola oil had more red colour than other oil 
blends. Extending of storage period to six months caused 
gradual increases in colour darkening, values of FFA, PV, 
TBA, P-anisidine and UV-specific absorbance at 232 and 
270 nm. The rate of changes in these parameters were 
more pronounced in blends containing flaxseed oil rich in 
linolenic acid and were relatively less in blends having 
olive oil high in oleic acid.  Addition of antioxidant mixture 
lowered the oxidation rate of oil blends. According to PV 
values, the shelf life of the formulated blends free of or 
containing antioxidant were ranged from 3 to 6 and 5 to 6 
months, respectively. 

Keywords:  stability, flaxseed oil, olive oil, canola 
oil, oil blends, ω−3. 

INTRODUCTION 
Since studies of Greenland Eskimos which showed 

low incidence of cardiovascular diseases (CHD), serum 
cholesterol and triacylglycerol (Dyreberg  et al., 1975), 
interest in the increase consumption of omega-3 (n-3) 
family of polyunsaturated fatty acids (PUFA) has been 
grown. The n-3  fatty acids (FAs) help to maintain total 
cholesterol and triacylglycerols in the normal levels in 
the blood (Stretenovic et al., 2009), develop brain and 
nerve tissues in children and improve mood pattern and 
prevent aggression and hostility of adults (Hilbeln et al., 
2006). 

The vegetable sources of n-3 FAs are oils of peilla, 
canola, soybean, flaxseed and walnut. All of which 
contain relatively high amount of alpha-linolenic acid 
(ALA). Fish are the major source of eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA), the 
metabolite products of n-3 alpha linolenic acid. 
(Stretenovic et al., 2009).  

The intake of n-3 FAs can be increased by 
encouragement the consumption of food rich in n-3 
FAs, changing the FAs composition of the commonly 

eaten foods by biotechnology and/or utilizing 
microcapsules of fish oil (Huber et al., 2009). 

 Recently the increase concern about industrial 
pollution and human wastes contaminating fish led to 
lower from the consumption of fish oil as n-3 FAs 
source (Gomez-Candela et al., 2011).    

In this study a new approach was suggested to 
increase the intake of n-3 FAs. This approach was 
depended on formulating vegetable oil blends rich in n-
3 FAs to use in food preparation. The considered factors 
taken during formulating such blends were their safety, 
stability and bioavailability. The selected oils of such 
blends were refined canola oil, virgin olive oil, and pre-
refined flaxseed oil having ~ 41% ALA. These oils are 
safe for human consumption, effectively absorbed and 
utilized by body. The main problem of these sources 
especially flaxseed oil is their stabilities against 
oxidation. This can avoid by taking a great care during 
blending, storage and utilization of such source. 
Addition of antioxidants such as butylated hydroxy 
anisol (BHA) butylated hydroxy toluene (BHT) and ß-
carotene either in single or in combination to such 
blends will help also to improve their storage stabilities. 
Therefore, the storage stability of the suggested 
formulating oil blends backed in opaque glass bottles 
were determined through six months of storage at room 
temperature. The effect of adding mixture of ß-carotene 
and BHA on retarding the oil oxidation was also 
investigated along with control blends.  

MATERIALS AND METHODS 
Materials: 

Thirty kilograms of each of the following three 
vegetable oils were used in this study, (i) an imported 
Netherland extra refined canola oil from a big supermarket 
at Alexandria city Egypt, (ii) cold press extra virgin olive 
oil from Wadifood company, Egypt, and (iii) fresh cold 
press crude flaxseed oil from a private commercial 
flaxseed press mill at Alexandria city, Egypt. The crude 
flaxseed oil was pre-refined in the same day of it’s 
pressing  by degumming with 85% phosphoric acid, 
neutralizing with 15% sodium hydroxide and bleaching 
under vacuum at 90°C for 30 min. using Tonsil ACCFT 
activated bleaching earth as described by Lillard (1982). 
The cooled bleached oil was packed in opaque, glass 
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bottles and stored at 4°C. β-carotene (E. Merk, Germany) 
and food grade butylated hydroxy anisole (BHA) under 
trade name TENOX were brought from Eastman 
Chemical products, INC, USA. 
Vegetable Oil Blends: 

Seven vegetable oil blends were formulated (W\W)  
by mixing olive oil (O) with each of canola (C) and 
flaxseed (F) oils and also canola oil (C) with flaxseed 
oil (F) as followes: (OC-1) 5.7 olive oil :1.0 canola oil, 
(OC-2) 4.0 olive oil :1.0 canola oil, (OC-3) 3.0 olive oil 
: 1.0 canola oil, (OF)  1.0 flaxseed oil, (CF-1) 19.0 
canola oil :1.0 flaxseed oil, (CF-2) 9.0 canola oil :1.0 
flaxseed oil and  (CF-3) 1.0 canola oil : 1.3 flaxseed oil. 
The blending was carried out at room temperature (22 ± 
2°C) then packed in opaque glass bottles (100 g) under 
stream of nitrogen gas, with and without adding a 
mixture of 6 ppm β-carotene and 100 ppm BHA. The 
bottles were kept at room temperature (22 ± 2°C) for 6 
months.  
Methods: 
      Fatty acid composition (linoleic and linolenic acid) 
of oil blends was determined as described by Radwan 
(1978) using Shimadzu gas liquid chromatograph 
(GC4-CMPFE). Colour of oil blends was assessed using 
Lovibond Tintometer, Model. E, 100000 G, USA, using 
0.5 inch cell as described by Mackinery and little, 1962). 
Free fatty acids as % oleic acid (AOCS, 1985), peroxide 
value (PV) as meq O2/kg oil (AOCS, 1985), thiobarbituric 
acid (TBA) value (Pokorny et al., 1985), Para-anisidine 
value (P-AV), absorbance at 350 nm/gram oil (Egan et al., 
1987), specific absorbance of oil at 230 and 270 nm. 
(Kiritsakis, 1991) were determined monthly during the 
storage period of oil blends. 
Statistical analysis: The standard deviation (SP) was 
calculated using the method described by Steel and 
Torrie (1980). 

RESULTS AND DISCUSSION 
1-Formulation: 

The results of linoleic and linolenic acid 
determinations and calculations of n-3: n-6 fatty acid 

ratio was reported in front of each blend in Table (1). 
Generally the prepared seven oil blends had n-3 to n-6 
fatty acid ratio lies within the ratio recommended by 
World Health Organization and Health and Welfare-
Canada's Scientific Review Committee, 1: 4-10 n-3 to 
n-6, (Kris-Etherton et al. , 2000 ). 
2-Storage stability: 
Colour: Table (2) showed the changes in red colour 
values of the oil blends during storage as determined by 
Lovibond. As shown from the results, oil blends 
containing canola oil had higher red colour values than 
other oil blends. The intensity of the colour was 
depended mainly on the proportion of canola oil than 
other the type of oils sharing in blends. Generally, 
blends consisting of canola and flaxseed oils had higher 
red colour values than those prepared either from canola 
and olive oils and/or olive and flaxseed oils. Addition of 
the antioxidant did not cause marked changes in the red 
colour of oil blends. In contrast, extending storage 
period to six months at room temperature increased the 
intensity of the red colour, causing darkening of oil 
blends. This change may be due to the oxidation of the 
natural pigments in these oils. However, the rate of such 
changes was more pronounced in CF-3 followed by CF-
1, CF-2, OC-2, OC-1, OC-3, and OF oil blends, 
respectively. Antioxidant addition did not reduce colour 
changes. The presence of β-carotene in the added 
antioxidant mixture may lead to a slight increase in the 
redness of the oil blends colour.  According to Sharara 
(1998), storage for six months decreased both 
chlorophyll and β-carotene of olive oil. The lowest 
reduction was in oil stored in tin can followed by that 
kept in glass, opaque and transparent polyethylene 
bottles, respectively. 
Free fatty acids (FFAs):- A gradual rise in free fatty 
acids (FFAs) percentage of the oil blends was occurred 
during storage, Table (3). The rate increment was 
depended upon the initial free fatty acid content, 
proportion and type of oils used for preparing the blend 
formulation. 

Table 1.  Content of linolenic, linoleic acids and the calculated n-3 : n-6 fatty acid ratio of 
Formulated vegetable oil blends                                                                     

Oil blend Linolenic acid (%) Linoleic acid (%) n-3 : n-6 Fatty acid ratio 
CF-3 26.99 22.42 1.0 : 0.83 
CF-1 12.97 24.77 1.0 : 1.88 
CF-2 11.42 24.69 1.0 : 2.16 
OC-1 2.47 18.76 1.0 : 7.60 
OC-2 2.94 19.15 1.0 : 6.50 
OF 2.65 17.39 1.0 : 6.56 

OC-3 2.01 18.58 1.0 : 9.10 
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 Table 2. Changes in red colour value of oil blends during storage at room temperature 
(22±2°C) 

Storage period (months) 

Zero time 3 6 Oil blend 

A B A B A B 

CF-3 1.85 1.90 2.29 2.33 2.69 2.71 

CF–1 2.22 2.23 2.31 2.32 2.60 2.62 

CF–2 2.26 2.28 2.30 2.31 2.60 2.61 

OC–1 1.10 1.12 1.30 1.31 1.80 1.81 

OC–2 1.17 1.18 1.32 1.33 1.81 1.82 

OF 0.83 0.83 1.07 1.07 1.61 1.62 

OC–3 0.92 0.93 1.09 1.10 1.71 1.72 
A - without antioxidants.          B - with antioxidants. 
Oil blends consisting of flaxseed and canola oils had 
higher FFAs than those formulated from flaxseed and 
olive oils and/or olive and canola oils. Generally, 
addition of antioxidant reduced the rate of the FFA 
formation during storage. The high rate of FFAs 
formation was noticed of blends containing flaxseed oil 
rich in linolenic, (CF-3, CF-1, CF-2), then canola, (OC-
1, OC-2, OC-3) and olive oils rich in oleic acid, (OF). 
However such increment in all oil blends did not reach 
to the FFA value at which oil should be rejected, 2% as 
oleic acid. This confirms the good stability of such oil 
blends against hydrolysis especially in the presence of 
antioxidants. 

Malcolmson et al. (2001) reported that flaxseed oil 
rich in linolenic acid is easily damaged when exposed to 
light, heat and air. Therefore, this oil should never be 
cooked at high temperature. It is best to eat this oil in 
raw state and storage in unopened dark containers under 
20°C to extend its shelf life. Alpha-linolenic acid in a 
free form or as a component in oil is susceptible to 
autoxidation and polymerization when exposing to air 
or high temperature (Chen et al., 1994). Sharara (1998) 
found that the value of FFAs was higher in olive oil 
stored for 3 months at 40°C than at room temperature 
(22±2°C) and in oil packed in transparent polyethylene 
bottles than in opaque one. 
Peroxide value (PV):- The results in Table (4) 
indicated that: 
1- PV increased gradually with extending the storage 

period of the oil blends. The formation of PV was 
due to the oil oxidation by the air trapped during 
filling and left in the head space after of the closing 
containers. Addition of antioxidant reduced the 
formation rate of PV in oil blends during storage. 

Generally the rate of PV formation depends on type, 
content and the saturation degree of the fatty acids 
of the oil blends in addition to other factors which 
promote or accelerate the oxidation process such as 
oxygen availability, prooxidants, light …etc. (Huber 
et al., 2009).  

2- Blends containing both flaxseed and canola oil (CF-
3, CF-1, and CF-2) and OF had higher PV values 
compared with other blends. Such increase in PV 
reduced the shelf life of such oil blends. PV value 
reached more than 10 meq O2/kg oil in CF-3, CF-1, 
CF-2 and OF oil blends free from and that 
containing antioxidant after 3 and 5; 3 and 5; 4 and 
6; 6 and 6 months of storage in glass bottles at room 
temperature, respectively. On the other side, the 
stability of other oil blends, OC-1, OC-2 and OC-3, 
was continued to the end of storage period. The 
Canadian Standards stated that canola oil considers 
acceptable as edible oil when its peroxide value was 
not more than 10 meq peroxide oxygen per kilogram 
of oil (Genser and Eskin, 1982).  

Thiobarbituric acid value (TBA):- This test measures 
malonaldehyde.  Such aldehyde gives the obnoxious 
odour and flavour characteristics of oxidative rancidity 
in oil. According to the data in Table (5), TBA value 
differed according to source of used oil and its 
proportion in oil blends, storage period and the 
interaction between these factors. Generally, a gradual 
rise in TBA values was observed with extending the 
storage period of oils. The highest TBA values were 
recorded in the blends containing flaxseed oil with 
canola one, CF-3, CF-1, CF-2, then that with olive oil, 
OF. As in the case of PV, the lowest values of TBA 
were in blends, OC-1, OC-2 and OC-3. This may be due  
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to the natural antioxidant substances such as 
polyphenols and tocopherols found in virgin olive oil. 
These substances inhibit the formation of PV and it's 
decomposition into malonaldehyde, the TBA reactant 
(Sharara, 1998). Addition of antioxidants lowered the 
formation of this component.  
Para-anisidine value (P-AV):- This test indicates the 
oil rancidity due to the formation of the secondary 
oxidation products, aldehydes and ketones. According 
to the data in Table (6), the P-anisidine values were 
paralled with those of TBA values. Oil blends 
containing flaxseed oil had higher P-anisidine values 
than those blended made from the other two oil sources. 
Generally, extending storage of the oil blends was 
associated with an increase in P-anisidine value. 
Meanwhile, the addition of antioxidant lowered the rate 
of the formation of the secondary oxidation products 
and sequentially the values of this test. 
Ultraviolet specific absorption (K232 and K270):- The 
ultraviolet absorbance of oil estimates the conjugated 
hydroperoxides absorbed at 232 nm and the secondary 
oxidation products (aldehydes and ketones) absorbed at 
270 nm. As seen from the results in Tables (7) and (8), 
oil blends containing flaxseed oil had the highest levels 
of absorbance at 232 and 270 nm followed by those 
containing olive and canola oils. Extending the storage 
period of these oils at room temperature increased their 
UV-absorbance values. The rate of this increase was 
more pronounced in blends having flaxseed oil due to 
their higher levels of both trienoic (linolenic) and 
dienoic (linoleic) fatty acids compared with blends 
containing olive oil rich in oleic acid (monoenoic acid). 
As in the case of PV, TBA and P-anisidine, addition of 
antioxidants slowed down from the oxidation rate and 
sequentially the values of the specific absorbance at 
K232 and K270. This indicated that the hydrolysed 
products of PV were responsible for the rise of TBA, P-
anisidine and UV-absorbance. According to Vieira and 
Regitano d' Arce (2001), the formation of secondary 
oxidation products of oil was correlated with the 
decrease of peroxide value. 
      Borneo et al., (2007) formulated a filling for 
sandwich cookies containing 400 mg of 
eicosapentaenoic acid, 20:5, n-3 (EPA) and 
docosahexaenoic acid, 22:6, n-3 (DHA) encapsulated in 
a matrix of starch and gelatin. They found that no 
significant loss of EPA and DHA was observed during 
storage such cookies at 18 and 23°C under both 
atmospheric and vacuum packed for 28 days 

CONCLUSION 
The above results confirmed the importance of using 

olive oil for preparing oil blends containing a proper n-

3 to n-6 fatty acids ratio. Blending olive oil with either 
flaxseed and/or canola oils could be improved their 
storage stability due to the increase of monoenoic fatty 
acid (oleic acid) in blends. The n-3 to n-6 fatty acids 
ratio of the oil blends containing olive oil ranged from 1 
to 6.5-9.1. This range lies within the recommended 
range stated by World Health Organization (1:4-10) n-3 
to n-6 fatty acids. Gomes-Candela  et al., (2011) stated 
that the recommended ratio of n-3 to n-6 fatty acids is 
1:3-5 and should not exceeding 1:10 to maintain good 
health. The formulated oil blends in this study had n-3: 
n-6 ratio less than 1:10. Teneja and Singh (2012) 
showed that omega-3 fatty acids can not be synthesized 
in the organism but have to introduced through diet to 
lower the risk of chronic diseases. 
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  الملخص العربي

  ٣-تشكيل وثبات خلطات زيوت نباتية صحية غنية في الاحماض الدهنية أوميجا
  رحاب عبد السلام مصطفى، يحيى جمال الدين محرم، رمضان شحاته عطية، سميرة أحمد الشرنوبي

أستخدم زيت الكانولا المكرر، وزيت الزيتون البكر، وزيـت         
الكتان نصف المكرر في تشكيل سبع خلطات من الزيوت تحتـوي           

 الى  ٣- من الأوميجـا   ٩,١ الى   ٠,٨٣ : ١على نسب تتراوح من     
وقدرت درجة ثبات هذه الخلطات ضد      .  أحماض دهنية  ٦-الأوميجا

حـرارة الغرفـة     شهور على درجة     ٦الأكسدة خلال تخزينها لمدة     
داخل زجاجات معتمة في وجود وغياب مخلوط من        ) م° ٢ ±٢٢(
 جزء في المليون من بيوتيـل       ١٠٠كاروتين و - جزء في المليون بيتا    ٦

ووجد أن قيم اللون الأحمر المشاركة      ). BHA(هيدروكسي أنيسول   
في لون الزيت كانت أعلى في الخلطات المحتوية على زيت الكانولا           

  . ت الأخرىعن بقية الخلطا
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

وأن هناك زيادة تدريجية في دكانة اللون وقيم كل من الأحماض           
-الدهنية الحرة، ورقم البيروكسيد، وحمض الثيوباربيتيوريك، والبارا      

 ٢٧٠، ٢٣٢أنسيدين، وقيم الأمتصاص عنـد أطـوال الموجـات     
وكـان معـدل    . نانوميتر للخلطات السبع مع زيادة فترة التخزين      

يرات السابقة أكثر وضوحآ في الخلطات المحتوية على زيت بذرة          التغ
الكتان الغني في محتواه من حمض اللينولينيك وأقل نـسبيآ في تلـك             
الداخل في تكوينها زيت الزيتون المرتفع في محتـواه مـن حمـض             

وأدت أضافة مضاد الأكسدة الى خفض معدل الـتغيرات         . الأوليك
 وتراوحت فترة تخزين هذه الخلطات      .في هذه الخلطات أثناء تخزينها    

 شهور في الخالية من     ٦-٣بناء على محتواها من رقم البيروكسيد من        
  .    شهور في المحتوية عليه٦-٥مضاد الأكسدة ومن 

  
 

 
 
 
 
   

  
  
  
  
  
  

  


