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ABSTRACT 

 
Flax seed oil (FO) is one of the most important vegetable oils that have high content of the essential 

polyunsaturated fatty acids (PUFA) specifically α-linolenic acid (ALA, omega-3). FO is very prone to 
oxidation, so, the present work is carried out to enhance FO oxidation stability through blending with other 
vegetable oils rich in bioactive and antioxidant compounds. FNO and FSO were formulated by blending FO 
with cold pressed Nigella sativa (NO) and sesame (SO) oils in a ratio of 80:20 (w/w). Fatty acid composition, 
total phenolic content (TPC), radical scavenging activity (RSA %, DPPH* assay) and shelf-life (oxidation 
stability) of pure oils (FO, NO and SO) as well as oil blends (FNO and FSO) were evaluated. Oxidation stability 
was followed up by measuring peroxide value (PV), conjugated dienes (CD), conjugated trienes (CT) and para-
anisidine (p-AnV) values of pure oils and oil blends. Inhibition of primary or secondary oxidation product 
formation was also calculated. Results indicated that TPC of pure oils were 38.45, 105.86, and 65.20 (GAE/ 100 
g oil) for FO, NO, and SO, respectively whereas TPC of oil blends were 55.41 and 41.33 (GAE/ 100 g oil) for 
FNO and FSO, respectively.  FNO and FSO blends improved the RSA % by about 20 % and 10 %, respectively, 
compared to pure FO. The blend FNO inhibited formation of PV (31.71%), CD (49.46%), CT (54.17%) and p-
AnV  (75.29%) more significantly (p<0.01) than FSO with inhibition percentage of 9.75%, 29.24%, 35.42% and 
20.06% for PV, CD, CT, and p-AnV, respectively. Results demonstrated that blending FO with cold pressed 
Nigella sativa oil greatly enhanced its oxidation stability which make blending a simple promising alternative 
technique  to replace synthetic antioxidants. 
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Introduction 

 
The relatively short shelf-life of most commercially available vegetable oils limits their usefulness in 

various applications (Merrill et al., 2008). Oxidative rancidity is the primary mechanism affecting stability 
during storage of processed and packaged vegetable oils (Gulla and Waghray,2012; Nawar, 1996). This 
oxidation is an important problem for food, pharmaceutical and cosmetic industry, specifically when the lipidic 
substrates are composed of unsaturated or polyunsaturated fatty acids (PUFA) that are sensitive to oxidation 
(Ramadan and Wahdan, 2012). Factors affecting the oxidative stability of vegetable oil include the fatty acid 
(FA) composition of the oil, antioxidants, oxygen, light and storage temperature. Oxidation imparts undesirable 
flavors and aromas, and leads to the induction of toxic compounds (Ramadan and Wahdan, 2012). 

Flax seed oil is one of the richest plant source of linoleic (omega-6) and α-linolenic acid (ALA, omega-3) 
polyunsaturated fatty acids (PUFA), which are essential for humans since they cannot be synthesized in the 
organism and must be ingested in food (El-Beltagi et al, 2007). Flax seed oil with the high levels of PUFA, is 
more readily oxidized if stored or handled improperly (Lukaszewicz et al., 2004). 

Partial hydrogenation, addition of antioxidants and metal chelators (Warner et al., 1985; Frankel et al., 
1985; Snyder et al., 1986), mutation breeding to reduce the linolenic acid content (Anonymous, 1990; 
Haumann, 1990; Scowcroft, 1990), and interesterification of oils having high content of polyunsaturated fatty 
acids with oils having high content of saturated fatty acids (Neff et al., 1992, 1993), have been used to improve 
polyunsaturated (PUFA) vegetable oils resistance to oxidation. Although  hydrogenation of PUFA oils improves 
the stability of the edible oils, one negative effect correlated with hydrogenation is the production of trans fats  
which has been associated with risks of heart disease in humans (Lists, 2004; Ascherio, 2002; Mensink and 
Katan, 1990; Zock and Katan, 1992). Interesterification of PUFA oils with other stable vegetable oils increases 
processing costs which is not economically acceptable (Chu and Kung, 1998). Like any new technology, genetic 
engineering carries with it some level of uncertainty and requires ways to predict and assess potential 
unintended effects, whether adverse or beneficial (Prakash, 2001).  

One way to improve the stability of these oils is by blending with oils of high oleic acid contents (Anwar et 
al., 2007; Premavalla, Madhura, & Arya, 1998). Compared with PUFA, oleic acid is more resistant toward 
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oxidation, both at ambient storage and at high temperatures (Warner & Knowlton, 1997). Also, blending with 
oils rich in natural antioxidants (polyphenols, lignin, vitamins,…etc.) has emerged as an economical way of 
modifying the physicochemical characteristics of vegetable oils and fats besides enhancement in oxidative 
stability (Gulla and Waghray,2012; Ramadan and Wahdan, 2012). As a consequence, blending of linseed oil 
with oil rich in both oleic acid and natural antioxidants like black cumin (Nigella sativa) oil and sesame oil to 
improve its oxidation stability was the aim of the present study. 

 
Material And Methods 

 
Cold pressed flaxseed  oil (FO), Nigella sativa oil (NO), and sesame oil (SO) were obtained as pure (crude)  

oils from the oil extraction unit in National Research Centre (NRC), Dokki, and Cairo, Egypt. 1,1-Diphenyl-2- 
picrylhydrazyl (DPPH, approximately 90%) was purchased from Sigma (St. Louis, MO, USA). All solvents and 
reagents from various suppliers were of the highest purity needed for each application and used without further 
purification 

 
Stripping of vegetable oil: 

 
Stripping of oils was carried out according to Lampi and Kamal-Eldin, 1998. Samples of FO, NO and SO 

were stripped from free fatty acids, mono- and diacylglycerols, antioxidants and from trace metals and other 
prooxidants via adsorption chromatography using a glass column (40 × 2.5 cm i.d.) packed with 250 g of 
activated alumina (100°C for 8 h and then at 200°C for 12 h) suspended in n-hexane. The oil (100 mL) was 
dissolved in an equal volume of hexane and passed through the column which was then washed with 200 mL of 
n-hexane. The chromatographic column was wrapped with aluminum foil to prevent light-induced oxidation 
during the purification process, and triacylglycerols were collected in an aluminum foil-wrapped flask.  

 
Preparation of different oil blends: 

 
Two oil blends were formulated from pure flaxseed oil with pure Nigella sativa oil (FNO) or pure sesame 

oil (FSO) in proportion of 80:20. The oils were stirred thoroughly to form uniform blends at room temperature.  
 

Chemical Analysis: 
 
Eight oil samples namely pure flaxseed oil (FO), pure  Nigella seed oil (NO), pure sesame oil (SO), stripped  

flaxseed oil (SFO), stripped Nigella seed oil (SNO), stripped sesame oil (SSO), pure flax : pure Nigella oil blend 
80:20  w/w ( FNO) and pure flax : pure sesame oil blend 80:20 w/w (FSO) were prepared and stored at -20 oC 
until analyses.  

 
Fatty acid composition: 

 
For determination of fatty acid composition sunflower oil methyl esters were prepared according to 

A.O.A.C. method (1997). Determination of fatty acids composition was carried out according to Hamed et. al., 
(2012) using a Hewlett Packard HP 6890 gas chromatograph, operated under the following conditions: Detector, 
flame ionization (FID); column, capillary, 30.0 m X 530 μm, 1.0 μm thickness, polyethylene glycol phase 
(INNO Wax); N2 with flow rate, 15 ml/ min with average velocity 89 cm/s (8.2 psi); H2 flow rate, 30 ml/min; 
air flow rate, 300 ml/min; split ratio, 8:1, split flow, 120 ml/min; gas saver, 20 ml/min. Detector temperature, 
280 ºC; column temperature, 240 ºC; injection temperature, 280 ºC. Programmed temperature starting from 100 
ºC to reach a maximum of 240 ºC was used for eluting the fatty acid methyl esters. The identification of the 
peaks was made as compared with chromatograms of standard fatty acids methyl esters (Sigma, USA).  

 
Total phenolic content (TPC): 

 
Total phenolics were determined colorimetrically using Folin-Ciocalteau reagent according to Hung et al. 

(2002). The absorbance was measured at 725 nm using a UV – 1601 PC UV-visible spectrophotometer 
(Shimadzu, Japan). Total phenolics were quantified by calibration curve obtained from measuring the 
absorbance of a known concentration of gallic acid and the results were expressed as milligrams gallic acid 
equivalent (GAE) per 100 g extract. 
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Oxidative stability: 
 
Oxidative stability was followed up by measuring radical scavenging activity (RSA %), primary oxidation 

products [peroxide value (PV), conjugated diene (CD), and conjugated triene (CT)] as well as secondary 
oxidation product (p-anisidine value, p-AnV). Primary and secondary oxidation parameters were measured after 
storing pure oils and oil blends in a thermostated aerated oven at 60±2 ºC. 

Radical scavenging activity (RSA %) was assessed by the stable 2,2`-diphenyl-1-picrylhydrazyl free radical 
(DPPH*) scavenging method as described by Hamed et. al., (2012). In details, 5.0 μL of each sample (gallic 
acid, FO, NO, SO,  FNO  and FSO) was added to 1 mL pure methanol and 2 mL of freshly prepared 0.13 mM 
DPPH* solution in methanol. The sample solutions were vigorously shaken on a vortex for 30 seconds and then 
immediately placed in a UV/VIS spectrophotometer (T80 UV/VIS Spectrometer, PG Instruments Ltd, UK). The 
absorbance was measured at 516 nm against pure methanol after different time intervals (0-200 min). 
Concentration of gallic acid (reference antioxidant) was 0.01g/100 mL methanol. A blank was made as above by 
replacing the sample with 5.0 μL pure methanol.  

PV and AnV were  measured according to American Oil Chemists’ Society Method (AOCS, 1997). 
Conjugated dienes (CD) and Conjugated trienes (CT) were determined according to recommended methods of 
IUPAC (IUPAC 1987). All analyses were carried out in triplicates. 

 
Statistical analysis: 

All chemical analyses were performed in three replicates and the results were statistically analyzed. 
Statistical analysis was performed using the GLM procedure with SAS (2004) software. 

 
Results: 
 
Stripping  of vegetable oil: 

 
Analysis by thin-layer chromatography showed that the stripped oil only contained triacylglycerols (TG) 

while non-stripped oils contained free fatty acids (FA), monoacylglycerols (MG) and diacylglycerols in addition 
to triacylglycerols (Fig. 1). A previous work (Lampi and Kamal-Eldin, 1998) showed that the triacylglycerols 
prepared by this method was void of tocopherols (HPLC, <0.5 ppm) and peroxides (<0.6 meq O2/kg oil), while 
atomic absorption spectroscopy, showed that they were void of iron (<0.01 ppm) and copper (<0.001 ppm). 

 

 
 

Fig. 1:Thin Layer Chromatography of pure and stripped oils.  FO = pure flaxseed oil; NO = pure Nigella oil; SO 
= pure sesame oil; SFO = stripped flaxseed oil;   SNO = stripped Nigella oil; SSO = stripped sesame oil; 
TG= triacylglycerols; MG= monacylglycerol; DG= diacylglycerol; FA= free fatty acids. 

 
Fatty acid composition: 

 
Fatty acid composition of substrate oils and oil blends is presented in Table 1. The main fatty acids in NO 

and SO were palmitic, oleic, and linoleic acids with 13 %, 21,08% and 57.7% (NO) and  10.47%, 40,18% and 
42,59% (S0), respectively. While,  The main fatty acids in FO were oleic, linoleic and linolenic acid with 16,95 
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%, 15.02 % and 58.11 %,  respectively. As a result of blending, major changes were noted in the contents of 
C18:1 and C18:2 of the substrate oils. Blending of FO with 20 % of NO or SO resulted in significant (p < 0.05) 
increase in oleic acid and linoleic acid content whereas significant (p< 0.05) decrease in linolenic acid content 
was observed (Table 1). Oleic acid and linoleic acids were increased by more than 10 % for FNO and FSO. On 
the other hand linolenic  acid content exhibited a decrease by more than 8 % upon blending. 

 
Table 1: Fatty acid composition of pure oils and oil blends. 

 NO FO SO FNO FSO 
Palmitic 13 5.12 10.47 5.7 5.98 
Stearic 2.96 4.8 6.76 3.11 5.6 
Oleic 21.08 16.95 40.18 19.15 18.65 

Linoleic 57. 7 15.02 42.59 16.59 16.97 
Linolenic 0.89 58.11 ND 53.34 52.88 
Arachidic 4.4 ND ND 2.11 ND 

TSFa 20.34 9.92 17.23 10.92 11.58 
MUFAb 21.08 16.95 40.18 19.15 18.65 
PUFAc 58.59 73.13 42.59 69.93 69.85 

TSFa = saturated fatty acids; MUFAb = monounsaturated fatty acids; PUFAc = polyunsaturated fatty acids 

 
Total phenolic content (TPC): 

 
Phenolic compounds comprise a wide variety of molecules that have a polyphenol structure (i.e. several 

hydroxyl groups on aromatic rings), or molecules with one phenol ring such as phenolic acids and phenolic 
alcohols. The main groups of polyphenols are: flavonoids, phenolic acids, tannins (hydrolysable and 
condensed), stilbenes and lignans (Ignat et al., 2011). Phenolic content is correlated extensively with oxidation 
stability of lipids since phenolics may act as antioxidants and protect lipids from peroxidation. (Hamed et al., 
2012; Lutterodt et al., 2010; Žilić et al., 2010; Fukumoto and Mazza, 2000). Results of TPC of pure oils and oil 
blends were presented in Fig.2. TPC of the pure oils were 38.46 mg GAE /100g oil (FO), 65.2 mg GAE /100g 
oil (SO), and 105.86 mg GAE /100g oil (NO). Blending of FO with 20 % of NO or SO changed TPC to 55.41 
and 41.33 mg GAE /100g oil for FNO and FSO, respectively. The blend FNO had higher TPC (55.41 mg GAE 
/100g oil) than that of FSO (41.33 mg GAE /100g oil).  

Such changes in total phenolic content as well as in fatty acid composition could expectedly affect the 
oxidative stability of the oil blends.  

 

 
 

Fig. 2: Total phenolic compound of different oils; pure Nigella oil (NO), pure flaxseed oil (FO); pure sesame oil  
            (SO); flaxseed-Nigella oil blend; (FNO) and flaxseed-sesame oil blend (FSO). 
 
Radical scavenging activity (RSA %): 

 
The model of scavenging stable free radicals is widely used to evaluate the antioxidant properties in a 

relatively short time, as compared to other methods.(Ramadan et al., 2012). RSA % of pure oils as well as oil 
blends are shown in Fig.3. As the absorption of DPPH* solution decreases this indicates increase in RSA% and 
vice versa. The results are expressed as TC50 value that represents the time taken (in min) giving 50% inhibition 
of DPPH* concentration (absorbance units). It should be noted that lower TC50 means higher RSA %. Fig. 3 
shows that gallic acid revealed the highest RSA % (with TC50 of 8 min) while FO gave the least RSA % (TC50 
of 195 min). Results indicated that FNO and FSO blends improved the RSA % by about 20 % and 10 %, 
respectively, as represented by TC50 of 155 min and 175 min for FNO and FSO compared to 195 min of pure 
flaxseed oil (FO). 
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Oxidative stability: 

 
Lipid oxidation may be assessed in many ways, among which changes in the initial reactants and formation 

of new oxidation products are most commonly assessed. Meanwhile, sensory analysis assesses both the 
subjective and, in some cases, objective measurements of oxidative changes in foods. Each method shows both 
advantages and disadvantages, thus it is highly recommended to use two or more methods assessing both 
primary and secondary oxidation products. 

The oxidation stability of the stripped oils, pure oils (crude oils) and oil blends were evaluated by following 
up the formation of primary oxidation products (PV, CD and CT) as well as formation of secondary oxidation 
products (p-AnV). 

 
 
Fig. 3: DPPH radical scavenging activity expressed as TC50. GA=gallic acid; SO = pure sesame oil; FO = pure  
            flax seed oil; NO = pure Nigella stiva oil; FSO = flax: sesame oil blend; FNO = flax: Nigella oil blend 

 
Peroxide value (PV): 

 
Lipid oxidation involves the continuous formation of hydroperoxides as primary oxidation products that 

may break down to a variety of nonvolatile and volatile secondary products. The formation rate of 
hydroperoxides exceeds their rate of decomposition during the initial stage of oxidation, and this becomes 
reversed at later stages (Fereidoon Shahidi and Ying Zhong, 2005). Therefore, PV is a very important indicator 
of stability at the first stages of oxidation. PV measured for pure oils, stripped oils and oil blends were shown in 
Fig. 4. Results indicated that pure oils showed very lower PV compared with stripped ones which assessed the 
antioxidative effect of the minor polar components (including phenolic compounds, sterols and tocopherols and 
carotenoids) which were removed in the stripping process. Our results revealed that pure sesame oil had the 
least PV among all tested oils throughout the whole storage period. In agreement with this result, Hemalatha 
(2007) reported similar results and attributed that to its endogenous lignans (sesamin and sesamolin) along with 
-tocopherol which confer superior oxidative stability to sesame oil as compared to other vegetable oils. PV of 
N. sativa oil was non-significantly (p > 0.01 %) different than SO until a storage period of 16 days after which 
significant difference (p > 0.01 %) between sesame PV and N. sativa PV was observed (Fig. 4). Surprisingly, 
stripped sesame oil was oxidative less stable than stripped Nigella seed oil ( Fig 4) although sesame oil had 
more monounsaturated fatty acid content (MUFA, 49.18 %)  and less polyunsaturated fatty acids (PUFA, 42.59 
%) than N. sativa oil  with MUFA 21.08 % and PUFA 57.7 %. Such a result in spite of being opposed by the 
idea that there is a strong correlation between MUFA and PUFA content and oxidation stability of lipids, but it 
may not be the only rate determining factor. Regarding oil blends our results revealed that FNO oil blend was 
significantly (p > 0.01 %) more stable than FSO blend through the entire storage period, which may be due to 
the presence of effective essential oils, principally thymoquinone (El–Massry et al, 2012) as well as bioactive 
phytosterols and tocopherols from the N. sativa oil moiety which proved superior antioxidant effects (Ramadan, 
2007). FNO could inhibit hydroperoxide formation by 31.71 % (relative to PV of pure flax seed oil) while FSO 
inhibited it by only 9.75% (Table 2).  
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Fig. 4: Peroxide values of pure oils, stripped oils and oil blends; SO = pure sesame oil; FO = pure flax seed oil;  
           NO = pure Nigella stiva oil; FSO = flax :sesame oil blend; FNO = flax : Nigella oil blend. 

 
Table 2: Inhibition % of peroxide (PV),   conjugated dienes (CD) and conjugated triene of different oil blends. 

  FSO FNO 
PV Inhibition % 9.75 31.71 
CD Inhibition % 29.24 49.46 
CT Inhibition % 35.42 54.17 
p-AnV Inhibition % 20.06 75.29 

FSO = flax: sesame oil blend;   FNO = flax: Nigella oil blend. 

 
Conjugated dienes and conjugated trienes: 

 
Increase in hydroperoxides due to oxidation is accompanied by and is reflected in increase in UV 

absorption of oxidized fats and oils (Fereidoon Shahidi and Ying Zhong, 2005). One of the first steps in the 
oxidation of linoleate (C18:2) or higher PUFA in an oil is a shift in the position of the double bond. The shift 
occurs as one hydrogen atom is lost from the active methylene group positioned between two double bonds 
existing in the original 1,4-pentadiene configuration (White, 1994). A pentadienyl radical is formed and reacted 
with oxygen to form conjugated hydoperoxides. The resulting conjugated dienes exhibit an intense absorption at 
234 nm; similarly conjugated trienes absorb at 268 nm (Shahidi and Wanasundara, 2002).  As a consequence of 
increasing peroxide value shift in UV absorbance at 234 nm (conjugated dienes, CD) or at 268 nm (conjugated 
trienes, CT) also increased simultaneously (Fig.5A and B). Results indicated that CD and CT of stripped oils, 
pure oils or oil blends went in the same trend as peroxide value. CD and CT increased gradually with time and 
pure oils or oil blends showing significantly (p > 0.01 %) less values than stripped oils did. Again the oxidative 
stability of flax seed oil mixed with 20 % N. sativa oil (FNO) was better than either pure FO oil alone or FSO 
blend containing 20 % sesame oil. Inhibition percentage of CD formation were 49.46 % and  29.24 %  and 
inhibition percentage of CT formation were 54.17 % and 35.42 % for  FNO and FSO blends, respectively, 
relative to CD and CT  of pure flax seed oil (Table 2).  
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Fig. 6: para-Anisidine values (p-AnV) of pure oils, stripped oils and oil blends; SO = pure sesame oil; FO =  
            pure flax seed oil; NO = pure Nigella stiva oil; FSO = flax :sesame oil blend; FNO = flax : Nigella oil   
           blend. 

 
Discussion: 

 
Clinical studies suggest that flaxseed oil and other omega–3 fatty acids may be helpful in treating a variety 

of conditions (El–Massry et al., 2012; De Spirt et al., 2009). Flax seed oil with its high levels of the very 
important α-linolenic acid (ALA, omega-3) is more prone to oxidation that may limit its use both as a vegetable 
oil or as a medicine. Oxidation is considered the major obstacle facing lipids and lipid-containing foods and may 
lead to deleterious health hazards. Although being very effective in retarding oxidation, synthetic antioxidants 
carry great consumer concern and are subjected to careful scrutiny and complex toxicological studies for 
approval (Hamed et al., 2012). These concerns urged many scientists to seeking antioxidants of natural sources 
to enhance oxidation stability (Anwar et al., 2007). Most cold pressed vegetable oils (sometimes called virgin or 
pure) exhibited more stability against oxidation compared to other refined ones. In the present work cold pressed 
sesame oil (SO) showed the highest oxidation stability among all tested oils which may be due to its specific 
chemical composition with high content of oleic acid (less easily oxidized) compared to N. sativa oil with higher 
content of linoleic acid (more  easily oxidized). Blending flax seed oil with 20 % of N. sativa oil (FNO) has led 
to superior oxidation stability compared to its blend with 20 % sesame oil (FSO). Such stability of FNO may be 
attributed mainly to its  essential oil content especially thymoquinone and its related compounds such as thymol, 
carvacrol and dithymoquinone (Tekeoglu, et al 2006) that may act as a synergist with other polyphenolic 
compounds found either in N. sativa oil or flax oil. Results demonstrated that FNO (FO fortified with 20 % by 
weight of N. sativa oil) enhanced the oxidation stability significantly (i.e. lowering PV, CD, CT and p-AnV), 
and also increased its radical scavenging ability as well.  

 
Conclusion: 

 
Oxidation is one of the most serious problems facing food industry and nutraceuticals. In an attempt to 

prevent or retard oxidation of lipids or lipid containing food and nutraceuticals, blending with oils rich in 
antioxidants is becoming one of the emerging trends. Flax seed oil (FO) is very important oil both from a 
nutritional or medicinal point of view due to its high content of omega-3 and omega-6 fatty acid. Unfortunately, 
its high content of PUFA makes it very susceptible to oxidation and hence limits its use. Such a problem could 
be solved through blending with other oils rich in natural antioxidants like N. sativa oil. Seeking new stable oils 
and proper ratio of blending should be  a research point depending on  the target oil as well as the application it 
will be used in. 
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