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Abstract: Canola has become one of the important sources of vegetable oil on the global market. Canola is an Australian export crop with the majority of the exports going to Japan and China. Canola oil contains a significant amount of the omega 3 fatty acid alpha linolenic acid, high levels of oleic acid, and very low level of saturated fatty acids. Due to its fatty acid profile, canola appears to be effective in lowering blood cholesterol. There is also some evidence that canola decreases the risk of thrombosis. More research is required to clarify the role of canola oil on peroxidation and its effect on diseases. The nutritional benefits of canola oil have been demonstrated in a series of studies, which have shown that a diet that includes oils such as canola oil reduces the risk of cardiovascular disease.
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Introduction

In China and India, oils from Brassica species (rapeseed) have been in common use for cooking for centuries. With improved agronomic and processing methods, the use of food grade Brassica oils became widespread in the West following the Second World War. More recently, rising concerns over consumption of saturated fats, the potential health benefits of monounsaturated oils, and the perceived need to balance omega 3 and omega 6 fatty acids in the diet, have increased consumer demand for Brassica oils, such as canola oil. Canola is not rapeseed. Unlike rapeseed, canola is much better suited to meet nutritional requirements. It contains less than 2% erucic acid in its oil, and less than 30 micromoles of glucosinolates in its meal.1 However, in the literature the terms canola and rapeseed are sometimes used interchangeably. 

While soybean oil is still by far the largest global source of plant oil, canola has become one of the important sources of vegetable oil on the market. While most oils are consumed domestically by major producers in Canada and Europe; substantial quantities have been exported to China, India and Japan.2 In Australia, Brassica oilseeds have been cultivated since the 1960s, with the first highly successful Australian canola cultivars released in the late 1980s.3 Canola became an Australian export crop in 1992, with the majority of the exports going to Japan and China.3-4 In 2003/04, 1005 ha of canola were planted in Australia, and over 75% of the total 1622 kt produced was exported. Production is expected to increase over the next 5 years.5

Fatty acid composition of Canola

Canola oil can be characterised as a plant oil with very low amounts of saturated fatty acids (SFA), high levels of monounsaturated fatty acids (MUFA), and intermediate levels of polyunsaturated fatty acids (PUFA) such as linoleic acid (LA, 18:2) and alpha-linolenic acid (ALA, 18:3n-3), an omega 3 fatty acid6 (Fig. 1). Canola oil contains much lower levels of SFA than other plant oils. This may be of some advantage when trying to meet the dietary recommendation of low SFA dietary energy intake. Canola is second only to olive oil in the amount of MUFA found in the fatty acid profiles of food oils. MUFA are now widely believed to be as effective in lowering plasma cholesterol as PUFA.7 This makes canola a primary candidate for achieving beneficial blood lipid modifications.

Canola differs from other oils by containing considerable amounts of ALA.6 ALA can be converted in vivo to eicosapentaenoic acid (EPA, 20:5 n-3) and, to a lesser extent, to docosahexaenoic acid (DHA, 22:6 n‑3).8 The balance between LA and ALA in canola is approximately 2:1, compared to 7:1 in soybean oil, the only other plant oil with significant amounts of ALA. There is some evidence that the LA/ALA ratio is an important factor in the nutritional value of oils.9 

Blood lipid modification: Cholesterol and lipoproteins

Grundy10 gave a summary of the effect of MUFA based diets on serum lipids and lipoproteins. He described that ‘Mediterranean style’ diets, though high in fat, have been linked to low incidence of Coronary Heart Disease (CHD). He reported evidence of varied effects on serum cholesterol and lipoprotein of diets based on SFA, MUFA and PUFA. He confirmed that MUFA reduce LDL (Low Density Lipoprotein, the ‘bad’ cholesterol), do not lower HDL (High Density Lipoprotein, the ‘good’ cholesterol) levels, and do not increase serum triacylglycerols (TAG) levels. He recommended a diet rich in oleic acid (OA). This finding was confirmed in studies, where individuals that consumed a Mediterranean diet high in olive oil with low rates of CHD despite obesity, had three times more ALA in their plasma than a comparable cohort on a northern European style diet.11-12 The Lyon Diet Heart Study13 examined CHD sufferers on standard diets and on an experimental diet in which animal fats were replaced by a margarine containing 4.8% ALA and 48% OA. For individuals on the experimental diet, plasma ALA increased by 70%, EPA by 40% and LA fell by 7-8%. Blood cholesterol did not change significantly. After 27 months, there were 16 
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Figure 1. Comparison of saturated fat (SFA), monounsaturated fat (MUFA), alpha-linolenic acid (ALA) and linoleic acid (LA) content of some important plant oils
cardiac deaths and 17 non-fatal cardiac infarctions in the control group, compared to 3 death and 5 infarctions in the group consuming the experimental diet. Canola oil could be an alternative to olive oil as the base of a high MUFA diet. There have been a number of studies on the effect of canola oil on blood lipid composition that confirm the health benefits of canola oil. In one of the first studies to evaluate the effect of canola oil on plasma lipids and eicosanoid production, the effect of a diet high in canola or sunflower oils was compared to a mixed fat diet14. The vegetable oil diets, including canola-based diets, significantly decreased plasma cholesterol and LDL, and increased bleeding times. Mattson15 reviewed the evidence for the beneficial blood lipid changes of high MUFA and low SFA diets. He highlighted the advantages of the low SFA canola oil as an alternative to olive oil in North-American diets. Other studies have shown that supplementation of diets with canola oil led to increased bleeding times and decreased blood pressure, serum cholesterol and LDL and beneficial changes of other indices.16-20 Research into the effect of substituting canola oil for other sources of SFA and PUFA in free-living human subjects in a 13 week intervention trial has shown that the changed diet resulted in significant reductions in TAG and LDL levels despite a high total lipid intake. This change was especially evident in individuals who were close to hypercholesterolemic.21

It has been hypothesised that beneficial nutritional qualities extend to most plant seed oils. Chan et al.22 examined the effect of oleic acid, LA and ALA based on mixtures of olive, sunflower, soy, and flax and canola oils on plasma lipid metabolism of healthy men. Diets based on vegetable oils contained half the levels of SFA compared to a mixed-fat diet. All experimental diets led to significant reductions in plasma cholesterol and LDL. The authors concluded that the effects of OA, LA and ALA on serum lipids were due to a common mechanism. Other studies have found no differences between sunflower oil enriched diets and canola oil enriched diets.23-25
In contrast, a number of studies have suggested that canola has superior health benefits compared to other plant oils. Wardlaw et al.26 found that while LDL could be lowered by following a high MUFA diet based on canola oil, this did not necessarily extend to safflower based high PUFA diets, at least under the experimental conditions of their study. When comparing the effects of MUFA from canola oil to LA from sunflower oil on lipid composition of lipoproteins in healthy humans, it has been reported that canola oil lowered LDL cholesterol by 23% versus 17% for sunflower27. Lichtenstein et al.28 reported that canola and corn oil had similar effects on LDL cholesterol, while olive oil was less effective. It has also been suggested that that the higher levels of ALA in canola oil made it a superior alternative to vegetable oils such as sunflower oil,29 and that canola oil results in higher levels of serum tocopherols and EPA than other oils.22 There is also some evidence that the plant sterols found in canola may interfere with cholesterol absorption, as indicated by decreases in the serum concentration of the cholesterol precursor cholestanol and other measurements.29-31
In summary, due to its low level of SFA, high level of MUFA and the presence of significant amounts of polyunsaturates (18:2 and ALA), canola appears to be very effective in lowering blood cholesterol, in particular the LDL fraction. Canola oil is at least as effective as other plant oils, and may also have some advantages over other oils.
Platelet activity and thrombogenesis

Lowering the risk of thrombosis, that is the formation of blood clots, plays an important role in heart improving heart health. As with atherosclerosis, the type of fat in the diet is implicated in thrombosis.32‑33 This became apparent when significant difference in the incidence of CHD between Inuit and Danish populations of Greenland could be linked to the effect of omega 3 PUFA fish oil intake to platelet aggregation.34-35 As a consequence, there has been much interest in the role of the omega-3 ALA in preventing thrombosis.

While there is convincing evidence that humans convert ALA to EPA and DHA only at very low levels,36‑38 there is also evidence that ALA reduces platelet aggregation in humans. Renaud et al.39 examined the effect of reductions in SFA intake on platelet function and composition of healthy men. SFA were replaced by high PUFA (sunflower) and moderate PUFA (sunflower and canola) products. SFA intake was correlated to increased platelet clotting and response to thrombin. Elevated level of a stearic acid derivative, which is known to promote platelet aggregation, was found in individuals with high SFA intake. When SFA were replaced by PUFA, platelet responses to thrombin and platelet aggregation decreased. There are a number of other studies which have shown a relationship between intake of canola oil and decreased platelet aggregation.39-43
Chan et al.44 carried out a series of experiments that aimed to investigate the effect of total ALA intake and ALA/LA ratio on eicosanoid production. They concluded that both play an important role in the conversion of ALA into omega-3 FA in platelet and plasma phospholipids. LA/ALA ratio should be less than 6.9 to have a significant effect on levels of omega-3 FA. Valsta et al.45 examined plasma fatty acid consumption following feeding of ALA in canola oil in combination with restricted fish intake to 40 healthy men and women. They recommended the use of canola oil as a source of ALA and extrapolated that the consumption of 50 g per day is equivalent to consumption of 50-100 g of fatty fish per day. 

Studies on the role of ALA have been criticised because conclusion on alteration in eicosanoid synthesis had relied on ex vivo measurements. Ferretti and Flanagan46 tried to determine if ALA is able to modulate the synthesis of eicosanoids to the same extend as EPA and DHA. They found that in vivo measurements supported the previous findings that ALA is a modulator of thromboxane and prostacyclin biosynthesis.

There are a number of studies which cast some doubt on the findings reported above. Some show similar effects on platelet aggregation for sunflower or safflower oils, while others find no elevation in EPA and DHA as a result of ALA intake.15,39,47-48 The different experimental conditions and analytical procedures used in these studies are likely to contribute to such contradictory evidence. It is crucial to take the LA/ALA ratio into account when carrying out feeding studies.42 Intervention data on the effect of canola oil on platelet function remains inconclusive.49 While the antithrombotic effect of canola oil is not as clearly established as its power to change blood lipid composition, there is some evidence that canola can decrease thrombus formation
Oxidation of serum lipids

It has been suggested that increased lipid peroxidation is involved in CHD, diabetes and other diseases. Oxidised LDL products have been found in atheriosclerotic lesion.50-51 OA is much less susceptible to oxidation than LA, and consequently MUFA oils such as canola oil may be less likely to cause oxidation of LDL than PUFA oils. 

Following evidence on oxidation of LDL and the onset of CHD, Abbey et al.52 assessed the oxidation of LDL after dietary supplementation with oils high in PUFA or MUFA. Diets rich in LA resulted in faster oxidation of LDL than diets high in OA. Vijay Kumar el al.53 observed that men with CHD had higher levels of the lipid peroxide metabolite malondialdehyde (MDA) than normal controls. There were significantly lower levels of plasma ALA, EPA and DHA in CHD sufferers. 

Turpeinen et al.54 investigated the effect of canola or sunflower oil on lipid peroxidation. They found no significant changes in plasma MDA or the presence of conjugated dienes. In a similar study, they found that other indicators of oxidation were lower in diets based on sunflower oil. However, in vitro measurements did contradict these findings. There appears to be considerable disparity with measurements of lipid oxidation, especially in vivo. Sodergren et al.55 reported that consuming a diet rich in canola oil did not increase lipid peroxidation, probably due to the high levels of antioxidants in the oil. Kratz et al.56 found that a diet high in ALA in the presence of high levels of MUFA did not lead to increased oxidation of LDL.

More research is required in this area to clarify the role of fatty acid composition on in vivo peroxidation and its effect on diseases. In particular, high intake of PUFA with and without MUFA and in the presence and absence of a range of antioxidants should be further investigated.

Conclusion

Canola oil contains a significant amount of the omega-3 fatty acid ALA, high levels of OA, and very low level of SFA. Of the other food oils in use, soybean oil contains significant levels of ALA, but soybean oil also contains a large amount of LA. Due to its fatty acid profile, canola appears to be as effective in lowering blood cholesterol, in particular the LDL fraction, as other plant oils, and may even have some advantages over other oils. The antithrombotic effect of canola oil is not as clear, but there is some evidence that canola can decrease the risk of thrombosis. Further research is required to clarify the role of fatty acid composition on peroxidation and its effect on diseases. The nutritional benefits of canola oil have been demonstrated in a series of studies, which have shown a diet that includes oils such as canola oil reduces the risk of cardiovascular diseases.
Glossary
	ALA
	Alpha linolenic acid; 18:3 n-3

	CHD
	Coronary Heart Disease

	DHA
	Docosahexaenoic acid; 22:6 n-3.

	EPA
	Eicosapentaenoic acid; 20:5 n-3

	HDL
	High Density Lipoprotein

	LA
	Linoleic acid; 18:2 n-6

	LDL
	Low density lipoproteins

	MDA
	Malondialdehyde

	MUFA
	Monounsaturated Fatty Acids

	OA
	Oleic acid

	PUFA
	Polyunsaturated Fatty Acids

	SFA
	Saturated Fatty Acids

	TAG
	Triacylglycerols
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