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ABSTRACT 

Ojf all the edible oils, only that produced from olives has had its health 
attributes studied in detail. For maximum nutritional benefit, an edible oil should 
contain minimal levels of saturated fats, especially lauric and myristic acids and 
minimal levels of trans fatty acids. If the oils are not to be heated repeatedly and 
i f  they contain high levels of antioxidants, they should contain omega-3 and 
possibly omega-6 polyunsaturated fatty acids. The fatty acid projile should be 
dominated by monounsaturated fatty acids. Secondary products which act as 
antioxidants including polyphenols, proanthocyanidins, tocopherols and 
carotenoids increase the shelf-life of oils, reportedly reduce cardiovascular 
disease and provide some anticarcinogenic properties. More research is also 
required, but there is  evidence that phytosterols and squalene are also beneficial 
components of edible oils. Selection and breeding can be used to increase the 
desirable components of edible oils. Geographic, culture and environmental 
factors can influence the properties of the oil produced by crops, and methods 
of processing can greatly reduce the levels of health promoting components. 
Despite the current anti-GMO sentiments, biotechnology should be used both in 
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the development of plant cultivars which produce nutritional oils and in 
processing to maximize the desirable components. 

INTRODUCTION 

The high incidence of diet related disorders has led to worldwide interest 
in healthy foods. High fat intake, especially saturated fat, has been implicated 
in cardiovascular disorders including atherosclerosis (blocking of cardiac 
arteries), thrombosis (blood clotting), certain cancers and diabetes. On the other 
hand, there is increasing evidence that diets containing higher levels of certain 
lipid components are associated with reduced incidence of several diseases. 

Edible oils are derived from a diverse range of plants and their origin is the 
primary determinant of composition. Nevertheless, the basic features of 
composition are the same in all edible oils. Thus, the major constituents 
(generally up to 98 % by mass) in all oils are triacylglycerols. Numerous minor 
components comprise the remainder. The latter includes free fatty acids, partial 
acylglycerols, phenols, tocopherols, sterols, stanols, phospholipids, waxes, 
squalene and other hydrocarbons (Fig. 1). The precise nature of these minor 
constituents varies greatly among edible oils and both horticultural practices and 
processing can greatly affect the content of these in oils. Hence, the composition 
of commercial oils from the same source may differ greatly and there is a need 
to consider both the nature (e.g. olive, canola, sunflower oil) and source of an 
oil in deciding its potential benefits. Process-induced changes are of two 
fundamental types, simple reduction in the level of a component(s) or, 
alternatively, chemical modification of one or more components. For instance, 
refining reduces phytosterol contents in peanut and olive oils with the loss being 
greater in the latter (Awad er al. 2000). On the other hand, dimer triacylglycer- 
ols, normally not present in crude oils, have been identified in refined oils 
(Gertz and Klostermann 2000). The extent of such losses or modifications 
depends on processing conditions, particularly temperature. Olive oil presents 
an interesting case because extra virgin olive oil has not been exposed to 
elevated temperatures. Nevertheless, Owen et al. (2000) have identified the need 
to consider processing effects in relation to olive oils. Indeed, stigmasterol 
content of olive oils was affected by the extraction system, being highest in 
pressed oils (Koutsaftakis et al. 1999). The ratio of campesterol/stigmasterol was 
significantly higher in oils extracted by dual- and three-phase centrifugation. 

Background information on edible fats and oils including health issues has 
recently appeared (Akoh and Min 1998). The following review examines the 
latest information on the relationship between components of edible oils and 
health, and shows that there is a great need for more research examining the 
healthy constituents of the wide range of edible oils now available. The issues 
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of incidental additives such as pesticide residues (Ranalli et al. 2001) and 
authenticity or adulteration (Kamm et al. 2001) are outside the scope of the 
present review. 

Triacylglycerols 

The difficulty of analyzing parent triacylglycerols meant that oils were 
traditionally characterized by their fatty acid profiles following hydrolysis and 
transesterification typically to fatty acid methyl esters (de Koning ef al. 2001). 
This analysis results in a loss of information, as two oils having the same fatty 
acid profile may differ greatly in their physical and chemical properties. The 
triacylglycerols that constitute the bulk of an edible oil are not a single chemical 
entity; rather the oil contains a mixture of mixed triacylglycerols. Analytical 
procedures are now available for direct measurement of the intact triacylglycer- 
01s (Holcapek et al. 2001; Parcerisa ef al. 2000) and for the regiospecific 
analysis of triacylglycerols (location of fatty acids on glycerol backbone) 
(Mottram et al. 2001) including optical resolution of asymmetric triacylglycerols 
(Iwasaki et al. 2001). 

The distribution of fatty acids both between and within the triacylglycerols 
is selective rather than random. For example, six fatty acids are found in palm 
oil, but only 14 combinations are found in the triacylglycerols (Man et al. 
1998). Thus, distribution of fatty acids in the palm oil triacylglycerols is 
nonrandom. Evidence of selective distribution is also seen in most vegetable oils 
where unsaturated fatty acids preferentially occupy the sn-2 position and 
saturated fatty acids are usually located in the sn-1 and sn-3 positions (Yoshida 
et al. 2001a, b). There is intense interest in sn-2 fatty acids because they are 
preferentially absorbed as the 2-monoacylglycerol and serve as the template for 
reesterification by intestinal cells to reform triacylglycerols (Bell et al. 1997). 
Monounsaturated fatty acids predominate in the sn-2 glycerol position in olive 
oils (Ajana et al. 1998) and the main constituents of both olive and hazelnut oils 
are 1,2,3-trioleylglyceroI, 2,3-dioleyl- l-palmitoylglycerol, 2,3-dioleyl- 1- 
linoleylglycerol and 2.3-dioleyl- l-stearoylglycerol (Parcerisa er al. 2000). The 
regiospecific distribution of fatty acids within the triacylglycerols and diacylgly- 
cerols of olive oil has been examined at different stages of drupe ripening 
(Cossignani ef al. 2001). All triacylglycerols in which the 1 and 3 positions 
carry different acyl groups produce enantiomeric forms (optically asymmetric 
isomers). Thus, enantiomers will exist for at least some of the species identified 
in olive and hazelnut oils. The nutritional impact of enantiomeric species has not 
yet been researched in detail. Indeed, the more general issue of the nutritional 
effect of the regiospecific distribution of the acyl groups on the glycerol 
backbone has only been addressed more recently. This can partly be attributed 
to an increased use of interesterification of fats for human consumption (Becker 
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et al. 2001). Structured triacylglycerols are currently developed by interesterify- 
ing a mixture of conventional fats and oils to achieve a specific fatty acid 
distribution. 

Human and animal feeding studies have shown (Kubow 1996) effects of 
triacylglycerol stereospecific composition on fat absorption, plasma cholesterol, 
and plasma triacylglycerol concentrations and atherogenesis. A recent study 
(Abia et al. 2001) evaluated the effects of dietary intake of oils with equal 
amounts of oleic acid but with different compositions of minor fatty acids and 
triacylglycerol molecular species. The results indicate that oleic acid content may 
not be the main factor affecting triacylglycerol metabolism, but rather the minor 
fatty acids such as linoleic acid and the 2-positional distribution of saturated 
stearic and palmitic acids may be important determinants of postprandial lipemia 
(plasma lipid and lipoprotein levels after a meal) in normolipidemic humans. 
Nevertheless, data considering the regiospecificity of acyl substitution and the 
fate of lipids beyond the bloodstream (absorption, chylomicron formation, and 
deposition in adipose tissue and in different liver lipids) are rather scarce and 
animal model studies are needed. 

Fatty Acid Profiles 

Most published literature on fatty acids focuses on their role in triacylgly- 
cerols. Free fatty acids (FFA) are a minor component of most edible oils and 
increase with deterioration of the product during storage or heating (Agar et al. 
1999; Xu et al. 1999). While elevated levels of FFA in the bloodstream are 
associated with obesity in the upper body including excess visceral fat which in 
turn is associated with adverse health conditions including hypertension and 
premature coronary death (Jensen 1997), it is not known if dietary intake of 
FFA is deleterious to health. 

There is accumulating evidence that diets with fat intake high in monoun- 
saturated fatty acids such as in olive oil, and high in omega-3 polyunsaturated 
fatty acids from certain fish including salmon, tuna and mackerel help prevent 
heart disease (Ponte et al. 1997; Temple 1996; Simopoulos 1999). One of the 
major factors involved in cardiovascular disease is low density lipoprotein (LDL) 
cholesterol in the bloodstream. In contrast, high density lipoprotein (HDL) 
cholesterol is linked to a reduced risk of coronary heart disease (Trichopoulou 
1998). Salmon oil, which contains the omega-3 polyunsaturated fatty acids 
eicosapentaenoic and docosahexaenoic acids, lowers LDL cholesterol to a lesser 
or similar degree as the plant omega-6 fatty acid, linoleic acid (Harris et al. 
1983). Salmon oil, however, dramatically lowers very low density lipoprotein 
(VLDL) cholesterol and triacylglycerol levels without altering HDL cholesterol, 
the form of cholesterol which has beneficial effects on the cardiovascular system 
(Guoping et al. 1999). Harris (1989), however, has shown that fish oils may 
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increase LDL cholesterol in a diet if saturated fat intake is not reduced. Fish oils 
also lower FFA levels in the bloodstream (Dagnelie et al. 1994). Linolenic acid, 
the omega-3 fatty acid in plant oils, also reduces LDL cholesterol. Ornega-3 
fatty acids also reduce plasma triacylglycerols, another factor in cardiovascular 
disease (Hwang er al. 1994). A review by Connor (2000) and a recent book by 
Shahidi and Finley (2001) describe the beneficial effects of omega-3 fatty acids 
on heart disease and other diseases. There has, however, been inadequate 
research done comparing the relative benefits of fish oil omega-3 fatty acids and 
omega-3 and omega-6 fatty acids in plant derived oils. For example, a recent 
review has shown no clear effect of omega-3 polyunsaturated fatty acids on 
intestinal inflammatory diseases (Teitelbaum and Walker 2001). 

Polyunsaturated fatty acids may be more effective than monounsaturated fats 
in lowering total blood serum cholesterol without affecting HDL cholesterol 
(Howard et al. 1995). This controversial result needs further corroboration. 
Linoleic acid and other polyunsaturated fats while reducing LDL cholesterol, 
probably facilitate LDL cholesterol oxidation which may be the most critical 
factor in the development of atherosclerosis (Mensink et al. 1998). As expected, 
diets rich in monounsaturated oleic acid reduce the susceptibility of LDL to 
oxidation when compared with diets rich in polyunsaturates (Svegliati et al. 
1999). In addition, Mata et al. (1992) concluded that monounsaturated fatty 
acids increase beneficial HDL cholesterol to a greater extent than polyunsatu- 
rates. Canola, olive oil, soybean oil, sunflower oil and safflower oil have all 
been shown to reduce total blood serum cholesterol and LDL cholesterol if they 
substitute for fats high in saturated fatty acids (Denke and Grundy 1991; 
McDonald 1993). 

Intake of saturated fats such as palmitic acid (Watts et al. 1996), lauric acid 
and myristic acid (Chong and Ng 1991) may be harmful to health because they 
raise both total cholesterol and LDL cholesterol in the bloodstream. Both lauric 
acid and myristic acid, which together constitute two thirds of the fatty acids in 
coconut and palm kernel oils and also occur in dairy products, both have a 
stronger effect than palmitic acid in raising both total blood serum cholesterol 
and LDL cholesterol (Hayes and Khosla 1992; Zock el al. 1994; Temme et al. 
1996). A number of animal and human studies indicate that the ratio of myristic 
acid to linoleic acid is important in regulating total blood cholesterol; myristic 
acid increases it while linoleic acid decreases it (Pronczuk et al. 1994). Stearic 
acid, although a saturated fat, does not raise serum cholesterol, however, a 
controversial study by Watts et al. (1996) showed that stearic acid and the trans 
fatty acid, elaidic acid, increased coronary disease independent of plasma 
cholesterol levels. In contrast, there is evidence that stearic acid lowers LDL 
cholesterol (Grande et al. 1970; Bonanome and Grundy 1988; Denke and 
Grundy 1991). 
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The impact of saturated fats on LDL cholesterol thus appears to be inversely 
related to the number of carbon atoms with lauric acid (C12) > myristic acid 
(C14) > palmitic acid (C16) > stearic acid (C18). More research is required, 
as serum LDL cholesterol is only one of the several factors involved in the 
development of cardiovascular disease. 

Table 1 shows that fatty acid profiles vary enormously among different oil 
crops. Coconut and palm oils are high in saturated fatty acids whereas soybean, 
corn, olive, sesame, linola, sunflower, grapeseed, safflower and canola oils are 
low in saturated fatty acids. Plant based edible oils also vary in the content of 
polyunsaturated fatty acids, with safflower, sunflower, grapeseed, corn, 
soybean, linola (altered flax oil), sesame, cottonseed, and peanut oils having 
high levels. Monounsaturated and polyunsaturated fatty acids are the predomi- 
nant fatty acids in hazelnut oil although there are significant varietal differences 
(Parcerisa ef al. 2000). Most of the polyunsaturated fatty acid is linoleic acid (an 
omega-6), and only soybean and canola have significant levels of linolenic acid 
(an omega-3). Olive and canola oils alone have high levels of monounsaturated 
fatty acids. The fatty acid content of olive drupes changes rapidly during fruit 
development with palmitic and linolenic acids declining while oleic and linoleic 
acids increase during fruit ripening (Ayton et al. 2001; Ajana ef al. 1998). The 
fatty acid profile of olive oil will depend then on the maturity of the fruit. There 
is thus much scope for altering fatty acid profiles by blending various plant 
derived oils, and it is clear that healthy oil blends could be developed (Carola 
1974; Klahorst 1998). 

Trans Fatty Acids 

Trans fatty acid intake is correlated with increased risk of cardiovascular 
disease because it increases total cholesterol and LDL cholesterol and reduces 
beneficial HDL cholesterol (Mensink and Katan 1990; Judd et al. 1994; Khosla 
and Hayes 1996; Nelson 1998; Lichtenstein 2000). The role of trans isomers of 
fatty acids in causing cardiovascular disease has however been questioned 
(Sambaiah and Lokesh 1999), and they may have a lesser effect than saturated 
fatty acids (Judd ef al. 1994). 

Trans fatty acid isomers form when oils are heated. Each heating episode 
increases the levels of trans fatty acids (Biernat and Grajeta 1998). Heat stability 
of oils, including the propensity to form trans fatty acids, depends on the fatty 
acid profile and antioxidant content. Oils with high levels of polyunsaturated 
fatty acids are prone to form trans fatty acids. A number of studies have shown 
that linolenic acid is 13- 14 times more prone to isomerization than linoleic acid 
(Wolfe 1992). The type and level of antioxidants in an oil also determine the 
degree of trans fatty acid formation, and will be discussed in the section on 
antioxidants. A commercial product, Good-Fry(R) has been developed (Kochhar 
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2000) that incorporates a variety of natural antioxidants from sesame seed oil 
and rice bran oil. Deodorization of canola, soybean, sunflower, peanut and olive 
oils causes a build up in trans-isomeric fatty acids and reduces total tocopherol 
content (Ferrari 1996; Schone et al. 1998; Grob et al. 1996; Henon et al. 
1999). 

Antioxidants 

An increasing body of literature implicates antioxidants in a wide range of 
health promoting benefits including reducing some forms of cancer and 
cardiovascular disease. A large number of antioxidants occur in edible oils 
derived from plants (Table 2). They include polyphenols (also flavonoids such 
as proanthocyanidins), carotenoids, tocopherols and phytosterols (Fig. 1). The 
most widespread and biologically active of the tocopherols (Parcerisa er al. 
2000) is a-tocopherol, (5,7,8-trimethyltocol). Other common tocopherols are p- 
tocopherol (5,8-dimethyltocol), y-tocopherol (7,8-dimethyltocol) and 6- 
tocopherol (8-methyltocol). The structurally related tocotrienols are less 
widespread but occur in large quantities in wheat germ oil, corn oil and palm 
oil. The only difference between the two series is that the trienols have a long 
side chain at carbon-2 which consists of 3 isoprene units instead of the saturated 
side chain in the tocol series. The major carotenoids found in vegetable oils 
have an all trans-configuration as shown in Fig. 1 .  

Antioxidants may prevent oxidation of polyunsaturates in the blood stream 
and thus protect LDL cholesterol from oxidation, a key factor in the develop- 
ment of atherosclerotic lesions (Mensink er al. 1998). Although both linoleic 
acid, and omega-3 polyunsaturated fatty acids from fish oils may lower LDL 
cholesterol, they also make it more prone to oxidation. Addition of vitamin E 
to oils rich in omega-3 polyunsaturated fatty acids may reduce the oxidation of 
LDL (Mensink er al. 1998). Carotenoids have antioxidant properties and the 
high levels in red palm oil have a potent dietary anticarcinogenic effect (Elson 
1992). Virgin olive oil also contains carotenoids and tocopherols, the content of 
which varies with cultivar and method of processing (Cimato et al. 1996). 
Antioxidant activity in virgin olive oil inhibits LDL cholesterol oxidation in uitru 
(Fito et al. 2000). 

Olive oil has also been reported to lower blood pressure, but not through 
its high oleic acid content (Perona and Ruiz-Gutierrez 1998). This could be due 
to the presence of antioxidants. Olive oil has higher polyphenol content than 
macadamia, avocado, sesame, canola, soy, grapeseed, sunflower, walnut, 
peanut, and almond oils (Colquhoun et al. 1996), although this depends on 
processing and other factors such as cultivar and environmental factors. Olive 
oil is the only vegetable oil obtained from whole fruit and thus many of the 
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compounds are transferred to the fluid during processing (Galli and Visioli 
1999). Most other vegetable oils are extracted from seeds and contain little or 
no carotenoids or flavonoids (Trichopolou 1998). Processing reduces polyphenol 
content of oils, and virgin olive oils have higher polyphenol content than more 
highly processed oils (Catalan0 and Caponio 1996; Colquhoun el al. 1996; 
Owen er al. 2000). Shukla er al. (1997) after reviewing the literature concluded 
that processing removes large amounts of antioxidants from canola, olive, 
sesame and soybean oils. There is at least a threefold variation in total 
polyphenol content among olive cultivars (Cimato er al. 1996). There are a large 
number of polyphenols in virgin olive oil including hydroxytyrosol and 
oleuropein which have been shown to be very strong free radical scavengers, 
and thus may contribute to the lower incidence of cardiovascular disease and 
cancer which are associated with Mediterranean diets (Manna er al. 1997; 
Visioli et al. 1998; Visioli and Galli 1998; Coni et al. 2000). Simple phenols, 
secoiridoids and lignans in extra virgin olive oil represent 47% of its total 
phenols (Owen et al. 2000). Lignans are major antioxidants in olive oil and have 
been shown to inhibit skin, breast, colon and lung cancer cell growth (Owen er 
al. 2000). Polyphenols in olive oil have been shown to reduce oxidation of LDL 
cholesterol which reduces the formation of atheroscleric lesions which are a 
major factor in cardiovascular disease (Aviram 1996; Wiseman er al. 1996). 

Grapeseed oil is very resistant to oxidation and is thus a beneficial additive 
to other plant oils (Kang et al. 1998). The major tocopherol of grapeseeds is y- 
tocotrienol (Oomah et al. 1998), however, proanthocyanidins in grapeseed oil 
have been promoted as the significant antioxidants with Bagchi et al. (1998) 
demonstrating that these have much greater antioxidant properties than vitamin 
E, vitamin C and 0-carotene. Oils with high y-tocopherol and oleic acid content 
such as high oleic canola and high oleic soybean oils are more resistant to 
polymerization during frying (Lampi and Kamal-Eldin 1998). Contrary to 
expectation, these authors found that high oleic and high a-tocopherol oils such 
as high oleic sunflower oil are not as resistant. Abdalla (1999) has shown that 
squalene, 8-avenasterol and tocopherols increased the oxidative stability of frying 
oils. The increased resistance to oxidation provided by antioxidants is complex 
because repeated heating or frying of oils also reduces tocopherols and other 
antioxidants (Lampi and Kamal-Eldin 1998). Moreover, phytosterols may act as 
prooxidants or antioxidants depending on their chemical structures (Boskou 
1998). 

Peroxide value, which is a measure of the formation of hydroperoxides and 
other oxidized substances, increases as oils oxidize after heating or storage 
(Gordon and Kourimska 1995). In a survey of 31 olive cultivars, Pandolfi er al. 
(1994) also showed that the peroxide value of olive oils was not negatively 
correlated with linoleic acid content as expected, presumably antioxidant 
components override the susceptibility to oxidation of linoleic acid. These 
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authors further showed that oxidative resistance was only partly related to total 
polyphenol content. Aparicio et al. (1999), however, showed that the antioxidant 
properties of olive oils was mainly due to phenolic and orthodiphenolic 
compounds (51% contribution), and the composition of fatty acids (24% 
contribution). a-Tocopherol, carotenoids and chlorophylls had a minor effect 
and p- and y-tocopherols had negligible effect. Fit0 et al. (2000) also showed 
that phenolic compounds in virgin olive oil have a stronger protecting effect on 
the oxidation of LDL cholesterol than a-tocopherol. The antioxidants, a - ,  y- and 
&-tocopherol at concentrations of 100-500 ppm increased the oxidative stability 
of soybean oil (Jung and Min 1990). Different antioxidants may have additive 
or synergistic effects in oils (Hawrysh 1990; Blekas et al. 1995). Recently, a 
measure known as oxygen radical absorbance capacity (ORAC) has been 
developed to quantify the antioxidant capacity of foods (Prior and Cao 2000). 
There are, however, no published results of this measure on edible oils. 

Plant Stanols and Sterols 

Phytosterols occur widely in plants and may be considered as derivatives of 
a fused, reduced ring system, perhydrocyclopentanophenanthrene (Fig. l), 
comprising three fused cyclohexane rings (A, B, and C) in the nonlinear 
phenanthrene arrangement plus a terminal cyclopentane ring (D). Specifically, 
the stanols and sterols contain a hydroxyl group at carbon-3 of ring A and a 
branched aliphatic chain of eight or more carbons at carbon-17. The two groups 
are distinguished by the degree of unsaturation at carbon-5 (stanols being 
saturated and sterols unsaturated). The commonly consumed plant sterols are 
sitosterol, stigmasterol and campesterol which are predominantly supplied by 
vegetable oils (Piironen er al. 2000). Vegetable and plant oils are also a rich 
source of sterol esters. 

Phytosterols inhibit cholesterol absorption in humans and can lower total 
blood serum cholesterol and LDL cholesterol by 10-15% (Jones et al. 1997, 
1999; Hendriks et al. 1999; Moghadasian and Frohlich 1999; Sierksma et al. 
1999; Williams et al. 1999). The major phytosterol in grapeseed oil and oil from 
avocados is 0-sitosterol (Miric et al. 1992; Martinez et al. 1988), and olive oil 
contains a number of phytosterols. The principal sterols in both olive and 
hazelnut oils are 6-sitosterol and &(5)-avenasterol (Ajana e? al. 1998; Parcerisa 
et al. 2000) with campesterol and stigmasterol as minor sterol compounds. 
Obtusifoliol, which is a major sterol in olive oil, is unique to this oil. The 
phytosterol levels in unrefined peanut oil are higher than those in unrefined olive 
oil (Awad ef al. 2000) although caution must be exercised in such comparisons 
as phytosterol levels in olive oil are significantly affected by fruit maturity and 
processing practices (Koutsaftakis et al. 1999; Gutierrez et al. 2000). High 
levels of phytosterols in corn oil are a major factor in its LDL cholesterol 
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lowering properties (Howell et al. 1998). Oat oil contains a range of phytoster- 
01s including b(5)-avenasterol (Maatta ef al. 1999). 

For ease of intake from processed oils and margarines, plant sterols and 
stanols can be converted to fat-soluble esters (Miettinen and Gylling 1999). 
Stanols occur in low amounts in oils and are equally effective in lowering 
plasma cholesterol and, unlike the sterols are not readily found in plasma 
(Piironen et al. 2000). There is evidence that campestanol is more effective than 
sitostanol in reducing cholesterol absorption and lowering LDL cholesterol 
(Gylling and Miettinen 1999), although soybean sterol esters (sitosterol, 
campesterol and stigmasterol) are effective in lowering total blood serum 
cholesterol and LDL cholesterol (Pelletier ef al. 1995; Weststrate and Meijer 
1998; Jones and Ntanios 1998). 

Squalene 

Squalene is a hexaisoprenoid or triterpene widely found in plant and animal 
tissue and is a precursor of sterols. Olive oil appears to have a cancer protective 
effect and this may be the result of its squalene content (Rao et al. 1998; Smith 
ef al. 1998). There is some evidence that squalene reduces colon cancer (Rao 
et al. 1998; Kelly 1999) and skin cancer (Owen et al. 2000). There are, 
however, reports that high levels of squalene intake increases total serum 
cholesterol and harmful LDL cholesterol (Miettinen and Vanhanen 1994), 
although other workers have shown that lower intakes of squalene had no effect 
on serum cholesterol (Strandberg ef al. 1990). Squalene is present in olive oil 
and some seed oils. Some researchers have shown that squalene levels in olive 
oil vary from 30 to 70 mg kg-l (Cimato et al. 1996; Koutsaftakis et at. 2000). 
In contrast, a squalene content 100 times higher has been determined by other 
workers; 4200-4700 mg kg-' in extra virgin and 3400 mg kg-' in refined virgin 
oil (Alessandri et al. 1997; Owen el al. 2000), and between 1700 and 2500 mg 
kg-' in a range of oils (El Antari ef al. 2000). The huge variation in squalene 
contents of olive oils needs further investigation because of the serious 
inconsistencies in the published data. Oils other than those from olives have low 
squalene contents (Owen et al. 2000). 

Other Components 

There are many other compounds found in vegetable oils and some warrant 
mention here. Erythrodiol, a triterpene diol, is not usually found in vegetable 
oils other than olive oil (Blanch et al. 1998) but was identified in cottonseed oil 
in small but measurable amounts (Reina et al. 1999). Waxes (also termed wax 
esters) are fatty acid esters of any aIcohol other than glycerol. Common 
examples found in vegetable oils include stearyl behenate (C40) and lauryl 
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arachidate (C32) (Herman et al. 1999; Reiter et al. 1999; Botha et al. 2000). 
Waxes comprise the bulk of jojoba oil which is poorly digested (VanBoven et 
al. 1997) and suggested as a low-energy substitute for conventional oils. Gas 
chromatograms of the wax fraction of edible oils often contain unexplained 
peaks (Botha et al. 2000; Henon et al. 2001). These waxes were recently 
identified (Henon et al. 2001) in vegetable oils as monounsaturated waxes, esters 
of long-chain saturated fatty acids, and a monounsaturated alcohol, mainly 
eicosenoic alcohol. Such waxes were absent in corn or rice bran oils. 

A number of compounds are formed in oils as a result of oxidative changes. 
Oxidation proceeds continuously in the presence of suitable substrates until a 
blocking defence mechanism occurs. Lipid oxidation proceeds (Adegoke et al. 
1998) via three different pathways: (1) nonenzymatic free radical mediated chain 
reaction, (2) nonenzymatic, nonradical photooxidation and (3) enzymatic 
reaction. An example of route (2) is the stoichiometric oxidation of oleic acid 
by singlet oxygen (Tanielian and Mechin 1994; Lercker ef al. 1998) to produce 
two allylic hydroperoxides via addition of oxygen at either end of the double 
bond. The singlet oxygen is produced by sensitizers such as myoglobin or 
chlorophyll. High chlorophyll levels increase the rate of tocopherol decomposi- 
tion and formation of polymers in heated rapeseed oil (Boskou 1998). Pathway 
(3) involves the action of lipoxygenases on various substrates; particularly 
linoleic and linolenic acids (Ranalli ef al. 2001). The lipoxygenases are activated 
following cell damage. Regardless of pathway, a range of unstable hydroper- 
oxides is formed and decomposition of these primary products of lipid oxidation 
generates a complex mixture including epoxides, ketones (e.g. butanones, 
pentanones, octanones), hydrocarbons, and saturated and unsaturated aldehydes 
such as hexanal (Halliwell and Gutteridge 1999). An oil is perceived as rancid 
when the level of these secondary oxidation products reaches a critical value. 
However, the same compounds formed via the lipoxygenase pathway (Ranalli 
et al. 2001) are essential to the flavor of olive oil and many lipoidal foods such 
as oats. The distinction is between the level of the compounds in the oil or food 
(Antolovich et al. unpublished). 

Oxidation is not restricted to the triacylglycerols and fatty acids. Oxidation 
products of the main phytosterols, 0-sitosterol and stigmasterol, are hydrocar- 
bons (35diene and 3,5,22-triene), mono-, di- and triunsaturated ketosteroids 
(4-en-3-one, 3,5-dien-7-one, 3,5,22-trien-7-one), 5,6-epoxy derivatives, 3,7- 
diols and pregnane derivatives (Boskou 1998). Quantification of the steradienes, 
e.g. 3,htigmastadiene and other steroidal hydrocarbons is a valid tool for the 
recognition of refining (in particular bleaching) of edible oils (Toschi et al. 
1996). 

Finally, the use of enzyme aids in olive processing (Ranalli et al. 2001) 
means that residues will ultimately find their way into the oil. These residues are 
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said to be harmless to consumer health but nutritional data on the diverse 
compounds discussed here are generally unavailable. 

Breeding and Selection 

There is considerable interest in breeding and selecting of plants that 
produce oils with healthier fatty acid profiles. In the USA, ‘Soyola’ is available 
which is processed from a variety of soybean with low linolenic acid content and 
which will produce less harmful trans fatty acids at high temperatures (Burton 
unpublished). Low linolenic acid varieties of canola have also been selected (Hu 
et al. 1995; Xu et al. 1999). 

Sunflower lines have been bred with less than 6% total palmitic and stearic 
acids (Heaton er al. 1992), and soybean with 4% palmitic acid has been 
produced by mutagenesis (Fehr et al. 1991). Palm oil, which has high levels of 
saturated fat, is being developed with higher monounsaturated fat content (Jalani 
et al. 1997). 

A number of publications show that the levels of saturated fatty acids vary 
greatly between different cultivars of olive trees (Averna et al. 1972; Talantikite 
and Ait 1988; Surinder and Sharma 1991; Alessandri el al. 1994; Tous and 
Rornero 1994; Cimato ef al. 1996; Guinda et al. 1996; Mincione et al. 1996; 
Alessandri 1997; Spangenberg et al. 1998; Vlahov et al. 1999). In most studies 
where a large range of cultivars were tested, the cultivars with the highest levels 
contain twice as much palmitic acid as the cultivars with the lowest levels. Olive 
oil low in palmitic acid and high in oleic acid is generally of higher quality 
(Baldini el af. 1996). 

Environmental, Regional and Cultural Practice Effects 

Variation in the composition under different environmental, regional and 
cultural regions has been studied in many oils. It is likely however that most oil 
crops will have oil composition altered by environmental factors. For example, 
in soybean, low temperatures during seed development increase linoleic and 
linolenic acids contents (Heppard ef al. 1995). Much work would be needed to 
quantify environmental effects on oils from the wide range of oil crops in 
cultivation. 

Tous and Romero (1994) and Colakoglu (1972) have shown that quality and 
fatty acid profiles in some olive cultivars varied considerably between locations 
in Spain and Turkey, respectively. There are also a number of papers showing 
that the fatty acid profile of mono-varietal olive oils varies with regions 
(Alessandri 1997; Spangenberg ef al. 1998). Whether these effects are 
temperature related or due to other climatic and cultural factors is unknown. 
Barone er al. (1994) have shown that palmitic acid, linoleic acid and polyphenol 
content of olive oils increase with reduced crop load. Palmitic acid content of 
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olives also decreases as the fruits mature (Frega et al. 1991; Parlati et al. 1994), 
although Tombesi et al. (1994) found the opposite trend, and Frega et aZ. (1991) 
found little differences in fatty acid profiles with time of harvest and locality. 
Ranalli and Morelli (1999) and Gutierrez el al. (1999) have shown that in olive 
cultivars, the level ofphenols, carotenoids and tocopherols falls as olives mature 
with a resulting fall in oil quality. This shows that it is possible to alter oil 
quality in olives by planting in different regions and by manipulating the trees. 

Biotechnology and Genetic Engineering 

Biotechnology has already led to the development of oilseeds with altered 
fatty acid profiles. Since the gene for stearoyl-ACP desaturase, which converts 
stearic acid to oleic acid, has already been cloned from olives and Thunbergia 
data (Haralampidis et al. 1998; Cahoon et al. 1997), there is an opportunity to 
genetically engineer olives and other plants for reduced saturated fat levels, 
especially by using different promoters to give over-expression. Levels of C16:O 
(palmitic acid) and C18: 1 (oleic acid) fatty acids are controlled by the enzymes 
acyl-acyl carrier protein (ACP) thioesterase and 6-keto acyl ACP synthase 11, 
and specificity or activity of these enzymes could be modified by genetic 
engineering. An ACP thioesterase isolated from mangosteen has been introduced 
into Brassica n a p s  to increase its stearic acid content (Facciotti et al. 1999). 
Artificially constructed ACP desaturases have been developed using mutagenesis 
which can produce novel monounsaturated fatty acids from palmitic and stearic 
acids (Cahoon et al. 1997). 

Increased expression of 6-9 desaturase enzymes in oilseeds will reduce 
saturated fatty acid content, and suppression of plant desaturases such as omega- 
6 desaturase in soybeans and 6-9 desaturase in rapeseed favors oils which are 
less prone to trans isomer formation because of decreased polyunsaturated fatty 
acids and increased stearic acid, respectively (Kinney 1996). 

The palmitic acid content of olives could also be reduced by switching off 
the gene for palmitoyl ACP thioesterase by antisense technology. Stearic acid 
has also been increased in canola by suppression of 18:O-ACP desaturase using 
antisense molecular techniques (Voelker 1995). 

Mutagenesis could be used to increase monounsaturated fatty acid content 
by modifying ACP desaturase activities (Cahoon et al. 1997). The above 
approaches could lead to production of healthy edible oils by reducing their 
palmitic acid content. Varieties of rapeseed and soybean with altered oil profiles 
resulting from genetic modification have been approved for cultivation in the 
USA. However, the market acceptance of ‘healthy’ oils from genetically 
modified plants could be a long way off. 
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Designing a Healthy Edible Oil 

Defining a precise composition of the ideal ‘healthy’ oil to be used for 
cooking and other purposes is difficult as the nature of epidemiological and trial 
studies prevents precise modelling of the effects of constituents. Nevertheless, 
some general principles can be established. Firstly, fatty acid content should be 
dominated by monounsaturates such as oleic acid. Recent work has, however, 
shown that polyunsaturated fatty acids can also improve blood cholesterol 
profiles, although their susceptibility to oxidation (in vitro) could accelerate 
atherosclerosis in vivo, a major factor in cardiovascular disease. The polyunsatu- 
rated linolenic acid is also not heat stable and undergoes trans isomerization 
when heated. On the best available evidence, linolenic acid levels should be kept 
to a minimum in a healthy oil if it is to be subjected to repeated heating. As 
discussed earlier, the saturated fatty acid stearic acid may actually reduce LDL 
cholesterol. 

The fatty acid profile of edible oils should therefore have 80-90% 
monounsaturates such as oleic acid with the remainder mostly the polyunsaturat- 
ed linoleic acid. While both linoleic and linolenic acids are essential fatty acids 
in human nutrition, studies in the US recommend that healthy oils should contain 
4 to 10 times as much linoleic acid as linolenic acid (Dupont et al. 1989). 
Linolenic acid should also be kept to a minimum unless accompanied with 
antioxidants. Many epidemiological and trial studies have shown that high intake 
of the saturated fatty acids, myristic, lauric and palmitic acids, results in 
elevated blood serum levels of total cholesterol and harmful LDL cholesterol. 
Myristic, lauric, and palmitic acids should thus be kept to a minimum. Canola 
oil, especially with low linolenic acid, has a fatty acid profile approaching this 
(Table 1). Olive oil and blends with grapeseed oil as a minor component also 
mimic this fatty acid profile (Table 2). 

Most published work shows detrimental effects of trans fatty acids on 
human health, and healthy oils should contain minimal amounts of trans fats. 
This has important implications for the deodorizing and other heat treatments of 
oils. Deodorizing is an important part of the refining process of most oils to be 
sold as ‘light’. Highly refined ‘light’ edible oils which contain linolenic acid may 
also have significant levels of trans fatty acids. ‘Light’ oils may also have 
undergone bleaching prior to deodorizing which reduces antioxidant levels. 

It is clear that healthy oils need to contain antioxidants for both anticancer 
properties and to increase oxidative stability of the oil and its fatty acids both in 
vitro and in vivo. Both a- and y-tocopherols and other vitamin E homologs 
should be significant constituents of a healthy oil, especially if it contains 
significant levels of polyunsaturated fatty acids. Both olive and grapeseed oils 
contain significant levels of antioxidants, a number of which have stronger 
antioxidant activity than a-tocopherol. Polyphenols, tocopherols, flavonoids such 
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as proanthocyanidins and carotenoids have antioxidant properties, and because 
they have been implicated in both reducing certain cancers and lowering harmful 
LDL cholesterol, they should be constituents of a healthy edible oil. Squalene 
could be a constituent of a healthy edible oil because of its putative anticancer 
properties. Table 3 summarizes the known beneficial effects of various 
components of edible oils, and there are still many gaps in our knowledge. 

TABLE 3.  
HEALTH ATTRIBUTES OF CONSTITUENTS OF EDIBLE OILS 

Constituent Cardiovascular Anti-cancer 
Benefit Benefit 

Monounsaturated fatty acids + ? 

Polyunsaturated fatty acids + l- ? 

Squalene ? + 
Phytosterols + ? 

Polyphenols + + 
Tocopherols + + 
Carotenoids ? + 
Proanthocyanidins ? + 

Future Research Directions 

More work is required to clarify the relationship between fatty acid types, 
other oil components and the development of cardiovascular disease and various 
cancers. There is also a need to establish the dietary effects of position of 
different fatty acids on the glycerol backbone of triacylglycerols. Despite the 
immense number of publications describing analyses of edible oils there is no 
single study which, under defined conditions, compares both fatty acid profiles 
and the levels of key antioxidants and other health promoting substances in the 
major edible oils. As Table 2 shows there is not a great deal of reliable 
quantitative data on the antioxidant profiles of edible oils and how this is altered 
during processing. A standard method of measuring the oxidative resistance of 
oils is needed, and the Rancimat, ORAC and other methods need to be 
compared. Even though there has been a great deal of research on polyunsaturat- 
ed fatty acids in oils, more research is needed to determine what are ‘healthy 
levels’ in oils, and in particular what associated level of antioxidants is required 
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to offset oxidative vulnerability. Only extensive analytical research has been 
done in olive oil. The International Olive Oil Council has set standards for 
analyses and labelling of virgin olive oils but there is no internationally accepted 
set of protocols for analyzing and labelling of ‘healthy’ oils. In particular, 
detailed standards for antioxidant and polyphenol content need to be established. 
The chemical composition labelling of edible oils is generally inadequate. For 
example, listing sodium, potassium and cholesterol levels which are usually at 
negligible levels is not useful. The term ‘light’ is undefined and should not be 
used unless referring to the color or some other defined parameters. Edible oils 
promoted as ‘healthy’ should have a complete fatty acid composition, not simply 
list the percent saturated, polyunsaturated and monounsaturated fat. All health 
promoting substances including phenols, phytosterols, tocopherols, carotenoids, 
flavonoids such as proanthocyanidins and other antioxidants should be 
quantified. Work also needs to be done to more accurately screen the chemical 
profiles of blends of olive and grapeseed oils from different cultivars, which on 
the available evidence, have the healthiest attributes. Work is also required on 
the effect of region and cultural practices including time of harvest (crop 
maturity) on the chemical composition of edible oils of all major oil crops. 
There is little quantitative data on the relative benefits of different sterols in oils. 
There is also little quantitative data on which of the large number of antioxidants 
found in plant-derived oils have the greatest benefits to health. However, 
existing literature shows that edible oils with added phytosterol and stanol esters 
could also be developed. More research is needed on processing to maximize 
health promoting components of edible oils, especially antioxidants. 

Since the chemical composition of oils produced from different cultivars 
varies widely, selection of olive and grape varieties with low levels of palmitic 
and stearic acids, and high levels of key antioxidants should be a priority for 
research as this would have great marketing advantage. 

ACKNOWLEDGMENTS 

We would like to thank Deborah Crist and Catharina Vroomen for 
assistance with references, and James Hutchinson and John Faragher for 
reviewing the manuscript. Funding was provided by the Naturally Victorian 
Program. 

REFERENCES 

ABDALLA, A.E.M. 1999. Antioxidative effect of olive oil deodorizer distillate 
on frying oil and quality of potato chips. Fett/Lipid 101, 57-63. 



HEALTH PROMOTING CONSTITUENTS IN EDIBLE OILS 21 

ABIA, R., PACHECO, Y.M., PERONA, J.S., MONTERO, E., MURIANA, 
F.J.G. and RUIZ-GUTIERREZ, V. 2001. The metabolic availability of 
dietary triacylglycerols from two high oleic oils during the postprandial 
period does not depend on the amount of oleic acid ingested by healthy 
men. J. Nutr. 131, 59-65. 

ABOU, R.M.A., ABDEL, N.A.A., ABOU, S.O.R. and MOHAMED, M.K. 
1998. Characteristics and composition of grape seed oil. Alex. J. Agric. 
Res. 43, 67-79. 

ACKMAN, R.G. 1983. Chemical composition ofrapeseed oil. In High andLow 
Erucic Acid Rapeseed Oils, (J.K.G. Kramer, F.D. Sauer and W.J. Pigden, 
eds.) pp. 85-129, Academic Press Canada, Toronto. 

ACKMAN, R.G. 1990. Canola fatty acids an ideal mixture for health, nutrition, 
and food use. In Canola and Rapeseed - Production, Chemisty, Nutrition 
and Processing Technology, (F. Shahidi. ed.) pp. 81-98, Van Nostrand 
Reinhold, New York. 

ADEGOKE, G.O., KUMAR, M.V., KRISHNA, A.G.G., VARADARAJ, 
M.C., SAMBAIAH, K. and LOKESH, B.R. 1998. Antioxidants and lipid 
oxidation in foods -A critical appraisal. J. Food Sci. Techno1.-Mysore 35, 
283-298. 

AGAR, I.T., HESS-PIERCE, B., SOUROUR, M.M. and KADER, A.A. 
1999. Identification of optimum preprocessing storage conditions to 
maintain quality of black ripe ‘Manzanillo’ olives. Postharvest Biol. 
Technol. 15, 53-64. 

AITZETMULLER, K. VON and IHRIG, M. 1988. Zur fettsaurezusammensetz- 
ung von mandelol. Fat Sci. Technol. 90, 464-470. 

AJANA, H., EL ANTARI, A. and HAFIDI, A. 1998. Fatty acids and sterols 
evolution during the ripening of olives from the Moroccan Picholine 
cultivar. Grasas y Aceites 49, 405-410. 

AKOH, C.C. and MIN, D.B. 1998. Food Lipids. pp. 816, Marcel Dekker, 
New York. 

ALESSANDRI, S., CIMATO, A., MATTEI, A. and MODI, G. 1994. 
Harvesting period and variations in Tuscan olive oil composition: a 
multivariate approach. Second international symposium on olive growing, 
Jerusalem, Israel, Sept. 6-10, 1993 (S. Lavee and I. Klein, eds.) Acta Hort. 
356, 233-238. 

ALESSANDRI, S., CIMATO, A., MODI, G., MATTEI, A., CRESCENZI, 
A., CASELLI, S. and TRACCHI, S. 1997. Univariate models to classify 
Tuscan virgin olive oils by zone. Rivista Italiana delle Sostanze Grasse 74, 

APARICIO, R., RODA, L., ALBI, M.A. and GUTIERREZ, F. 1999. Effect 
of various compounds on virgin olive oil stability measured by Rancimat. 
J. Agric. Food Chem. 47, 4150-4155. 

155- 164. 



22 D.  BEARDSELL, J .  FRANCIS, D.  RIDLEY and K.  ROBARDS 

AVERNA, V., BAZAN, E. and LOTTI, G. 1972. Further researches on 
varietal influence on olive oil composition. Tecnica Agricola (Italy) 24, 

AVIRAM, M. 1996. Interaction of oxidized low density lipoprotein with 
macrophages in atherosclerosis, and the antiatherogenicity of antioxidants. 
Eur. J. Clin. Chem. Clin. Biochem. 34, 599-608. 

AWAD, A.B., CHAN, K.C., DOWNIE, A.C. and FINK, C.S. 2000. Peanuts 
as a source of beta-sitosterol, a sterol with anticancer properties. Nutr. 
Cancer 36, 238-241. 

AYTON, J . ,  MAILER, R., ROBARDS, K., ORCHARD, B. and VONARX, 
M. 2001. Oil concentration and composition of olives during fruit 
maturation in south western New South Wales. Aust. J .  Exp. Agri. 41, 

BADOLATO, E.S.G., MAIO, F.D., LAMARDO, L.C.A. and ZENEBON, 0. 
1987. Oleos naturais: vericacao de sua qualidade por cromatografia em fase 
gasosa. Rev. Inst. Adolfo Lutz 47, 87-95. 

BAGCHI, D., KUSZYNSKI, C., BALMOORI, J . ,  BAGCHI, M. and STOHS, 
S. J .  1998. Hydrogen peroxide-induced modulation of intracellular oxidised 
states in cultured macrophage J774A.1 and neuractive PC-12 cells, and 
protection from a novel grape seed proanthocyanidin extract. Phytotherapy 
Res. 12, 568-571. 

BALDINI, A., CASELLI, S. ,  MARRANCI, M., TRACCHI, S. ,  
LOMBARDO, N., IANNOTTA, N. and BATI, C.B. 1996. Oil storage: 
evolution of analytical and sensory parameters in monovarietal Tuscan oils. 
(Conservazione dell’olio: evoluzione di parametri analitici e sensoriali in oli 
toscani monovarietali). Attidel convegno. L’olivicoltura mediterranea: stato 
e prospettive della coltura e della ricerca. Rende (CS) Italy, gennaio 26-28, 

BARONE, E., GULLO, G., ZAPPIA, R. and INGLESE, P. 1994. Effect of 
crop load on fruit ripening and olive oil (Oleu europeu L.) quality. J .  Hort. 
Sci. 69, 67-73. 

BECKER, C., LUND, P. and HOLMER, G. 2001. Effect of randomization of 
mixtures of butter oil and vegetable oil on absorption and lipid metabolism 
in rats. Eur. J .  Nutr. 40, 1-9. 

BELL, S.J., BRADLEY, D., FORSE, R.A. and BISTRIAN, B.R. 1997. The 
new dietary fats in health and disease. J .  Am. Diet. Assoc. 97, 280-286. 

BEYER, R. and MELTON, L.D. 1990. Composition of New Zealand apricot 
kernels. New Zealand J .  Crop Hort. Sci. 18, 39-42. 

BIERNAT, J .  and GRAJETA, H. 1998. Level of trans unsaturated fatty acids 
in some edible oils. Bromatologia I Chemia Toksykologiczna 31, 381-386. 

300-3 1 1, 470-477. 

8 15-821. 

677-680. 



HEALTH PROMOTING CONSTITUENTS IN EDIBLE OILS 23 

BLANCH, G.P., VILLEN, J. and HERRAIZ, M. 1998. Rapid analysis of free 
erythrodiol and uvaol in olive oils by coupled reversed phase liquid 
chromatography gas chromatography. J .  Agric. Food Chem. 46, 1027- 
1030. 

BLEKAS, G., TSIMIDOU, M. and BOSKOU, D. 1995. Contribution of a- 
tocopherol to olive oil stability. Food Chem. 52, 289-294. 

BONANOME, A. and GRUNDY, S.M. 1988. Effect of dietary stearic acid on 
plasma cholesterol and lipoprotein levels. N. Engl. J .  Med. 318, 1244- 
1248. 

BOSKOU, D. 1998. Frying temperatures and minor constituents of oils and fats. 
Grasas y Aceites 49, 326-330. 

BOTHA, I., MAILER, R. and ROBARDS, K. 2000. Evaluation of the role of 
saturated fatty acids in sedimenting canola oils. J. Am. Oil Chem. SOC. 77, 

CAHOON, E.B., LINDQVIST, Y., SCHNEIDER, G. and SHANKLIN, J .  
1997. Redesign of soluble fatty acid desaturases from plants for altered 
substrate specificity and double bond position. Proc. Nat. Acad. Sci. USA 
94, 4872-4877. 

CAROLA, C. 1974. Human needs for fat: Proposals for a balanced oil. Rivista 
Italiana delle Sostanze Grasse 51, 353-361. 

CATALANO, P. and CAPONIO, F. 1996. Machines for olive paste preparation 
producing quality virgin olive oil. Fett/Lipid 98, 408-412. 

CHONG, Y.H. and NG, T.K. 1991. Effects of palm oil on cardiovascular risk. 
Med. J. Malaysia 46, 41-50. 

CIMATO, A., BALDINI, A , ,  CASELLI, S. ,  MARRANCI, M. and MARZI, 
L. 1996. Observations on Tuscan olive germplasm. 3: Analytical and 
sensory characteristics of single-variety olive oils. Olivae 62, 46-51. 

COLAKOGLU, M. 1972. Analytical characteristics of Turkish olive oil 
produced during the period 1966-1969. Grasa y Aceites 23. 292-308. 

COLQUHOUN, D.M., HICKS, B.J. and REED, A.W. 1996. Phenolic content 
of olive oil is reduced in extraction and refining. Analysis of phenolic 
content of three grades of olive and ten seed oils. Asia Pacific J. CIin. 
Nutr. 5 ,  105-107. 

CONI, E., DI BENEDETTO, R., DI PASQUALE, M., MASELLA, R., 
MODESTI, D., MATTEI, R. and CARLINI, E.A. 2000. Protective effect 
of oleuropein, an olive oil biophenol, on low density lipoprotein oxidiz- 
ability in rabbits. Lipids 35, 45-54. 

CONNOR, W.E. 2000. Importance of n-3 fatty acids inhealth and disease. Am. 
J. Clin. Nutr. 7l(Suppl.), 171s-175s. 

COSSIGNANI, L., SIMONETTI, M.S.  and DAMIANI, P. 2001. Structural 
changes of triacylglycerol and diacylglycerol fractions during olive drupe 
ripening. Eur. Food Res. Technol. 212, 160-164. 

429-435. 



24 D. BEARDSELL, J .  FRANCIS, D. RIDLEY and K. ROBARDS 

DAGNELIE, P.C., RIETVELD, T., SWART, G.R., STIJNEN, T. and VAN 
DEN BERG, J.W.O. 1994. Effect of dietary fish oil on blood levels of free 
fatty acids, ketone bodies and triacylglycerol in humans. Lipids 29,41-45. 

DE KONING, S. ,  VAN DER MEER, B., ALKEMA, G., JANSSEN, H.G. and 
BRINKMAN, U.A.T. 2001. Automated determination of fatty acid methyl 
ester and cis/trans methyl ester composition of fats and oils. J. Chromatogr. 

DEMAN, Y.B.C., HARYATI, T., GHAZALI, H.M. and BUANA, L. 1998. 
Randomness test of fatty acids distribution in triacylglycerol molecules of 
palm oil. J. Food Lipids 5,  113-123. 

DENKE, M.A. and GRUNDY, S.M. 1991. Effects of fats high in stearic acid 
on lipid and lipoprotein concentrations in men. Am. J.  Clin. Nutr. 54, 

DUPONT, J . ,  WHITE, P.J., JOHNSTON, K.M., HEGGTVEIT, H.A., 
MCDONALD, B.E., GRUNDY, S.M. and BONANOME, A. 1989. Food 
safety and health effects of canola oil. J. Am. Coll. Nutr. 8, 360-375. 

EL ANTARI, A., HILAL, A . ,  BOULOUHA, B. and EL MOUDNI, A. 2000. 
Influence of variety, environment and cultural techniques on the characteris- 
tics of olive fruits and the chemical composition of extra virgin olive oil in 
Morocco. Olivae 80, 29-36. 

ELSON, C.E. 1992. Tropical oils: nutritional and scientific issues. CRC Crit. 
Rev. Food Sci. Nutr. 31, 79-102. 

FACCIOTTI, M.T., BERTAIN, P.B., LING, Y. and LING, Y. 1999. 
Improved stearate phenotype in transgenic canola expressing a modified 
acyl-acyl carrier protein thioesterase. Nature Biotechnol. 17, 593-597. 

FEHR, W.R., WELKE, G.A. ,  HAMMOND, E.G., DUVICK, D.N. and 
CIANZIO, S.R. 1991. Inheritance of reduced palmitic acid content in seed 
oil of soybean. Crop Sci. 31, 88-89. 

FERRARI, R.A., SCHULTE, E., ESTEVES, W., BRUEHL, L. and 
MUKHERJEE, K.D. 1996. Minor constituents of vegetable oils during 
industrial processing. J. Am. Oil Chem. SOC. 73, 587-592. 

TORRENTS, J., DE LA TORRE, C. and MARRUGAT, J .  2000. 
Protective effect of olive oil and its phenolic compounds against low density 
lipoprotein oxidation. Lipids 35, 633-638. 

FLOR, R.V., LE TIET HECKING and MARTIN, B.D. 1993. Development of 
high-performance liquid chromatography criteria for determination of grades 
of commercial olive oils. I. The normal ranges for the triacylglycerols. J. 
Am. Oil Chem. SOC. 70, 199-203. 

922, 391-397. 

1036- 1040. 

FITO, M., COVAS, M.I., LAMUELA-RAVENTOS, R.M., VILA, J., 



HEALTH PROMOTING CONSTITUENTS IN EDIBLE OILS 25 

FREGA, N., BOCCI, F. and LERCKER, G. 1991. Lipid composition of drupes 
of two olive cultivars from Chianti in relation to maturation stage. 1. 
Triacylglycerols and fatty acids. Rivista Italiana dell Sostanza Grasse 68, 

GALLI, C. and VISIOLI, F. 1999. Antioxidant and other activities of phenolics 
in olives/olive oil, typical components of the Mediterranean diet. Lipids 34 
(supplement), 23-26. 

GANDUL, R.B. and MINGUEZ, M.M.I. 1996. Chlorophyll and carotenoid 
composition in virgin olive oils from various Spanish olive varieties. J. Sci. 
Food Agric. 72, 31-39. 

GERTZ, C. and KLOSTERMANN, S .  2000. A new analytical procedure to 
differentiate virgin or non-refined from refined vegetable fats and oils. Eur. 
J .  Lipid Sci. Technol. 102, 329-336. 

GRANDE, F., ANDERSON, J.T. and KEYS, A. 1970. Comparison of effects 
of palmitic and stearic acids in the diet on serum cholesterol in man. Am. 
J. Clin. Nutr. 23, 1184-1193. 

GROB, K., GROLIMUND, B., BRONZ, M., BRUENNER, M. and ETTER, 
R. 1996. Trans-diene and triene fatty acids in edible oils from deodoriza- 
tion. Mitteilungen aus dem Gebiete der Lebensmitteluntersuchung und 
Hygiene 87, 168-181. 

GUINDA, A., LANZO, A. and ALBI, T. 1996. Differences in hydrocarbons 
of virgin olive oils obtained from several olive varieties. J. Agric. Food 
Chem. 44, 1723-1726. 

GUOPING, L., WINDSOR, S.L. and HARRIS, W.S. 1999. Omega-3 fatty 
acids alter lipoprotein subfraction distributions and the in vitro conversion 
of very low density lipoproteins to low density lipoproteins. J. Nutr. 
Biochem. 10, 151-158. 

GUTIERREZ, F., JIMENEZ, B., RUIZ, A. and ALBI, M.A. 1999. Effect of 
olive ripeness on the oxidative stability of virgin olive oil extracted from the 
varieties Picual and Hojiblanca and on the different components involved. 
J .  Agric. Food Chem. 47, 121-127. 

GUTIERREZ, F., VARONA, I. and ALBI, M.A. 2000. Relation of acidity and 
sensory quality with sterol content of olive oil from stored fruit. J. Agric. 
Food Chem. 48, 1106-1 110. 

GYLLING, H. and MIETTINEN, T.A. 1999. Cholesterol reduction by different 
plant stanol mixtures and with variable fat intake. Metabolism 48, 575-580. 

HALLIWELL, B. and GUTTERIDGE, J.M.C. 1999. Free Radicals in Biology 
and Medicine, 3rd Ed., Oxford University Press, Oxford, UK. 

HARALAMPIDIS, K., MILIONI, D., SANCHEZ, J . ,  BALTRUSCH, M., 
HEINZ, E. and HATZOPOULOS, P. 1998. Temporal and transient 
expression of stearoyl-ACP carrier protein desaturase gene during olive fruit 
development. J. Exp. Bot. 49, 1661-1669. 

69-74. 



26 D. BEARDSELL, J .  FRANCIS, D. RIDLEY and K. ROBARDS 

HARRIS, W.S. 1989. Fish oils and plasma lipid and lipoprotein metabolism in 
humans: a critical review. J. Lipid Res. 30, 785-807. 

HARRIS, W.S., CONNOR, W.E. and MCMURRY, M.P. 1983. The 
comparative reductions of the plasma lipids and lipoproteins by dietary 
polyunsaturated fats: salmon oil versus vegetable oils. Metabolism 32, 

HAWRYSH, Z.L. 1990. Stability of canola oil. In Cunolu and Rapeseed, (F. 
Shahidi, ed.) pp. 99-122, Van Nostrand Reinhold, New York. 

HAYES, K.C. and KHOSLA, P. 1992. Dietary fatty acid thresholds and 
cholesterolemia. FASEB J .  6,  2600-2607. 

HEATON, T.C., COLE, G.S. and MARTIN, B.A. 1992. A cytoplasmic 
determinant for low levels of saturated fatty acids in sunflower oil. Proc. 
13th Intern. Sunflower Conference Vol. 2, pp. 1065-1071, Sept. 7-11, 
Pisa, Italy. 

HENDRIKS, H.F., WESTSTRATE, J.A., VAN VLIET, T. and MEIJER, 
G.W. 1999. Spreads enriched with three different levels of vegetable oil 
sterols and the degree of cholesterol lowering in normocholesterolaemic and 
mildly hypercholesterolaemic subjects. Eur. J .  Clin. Nutr. 53, 319-327. 

HENON, G., KEMENY, Z., RECSEG, K., ZWOBADA, F. and KOVARI, K. 
1999. Deodorization of vegetable oils. I. Modelling the geometrical 
isomerization of polyunsaturated fatty acids. J. Am. Oil Chem. Soc. 76, 
73-81. 

HENON, G., RECSEG, K. and KOVARI, K. 2001. Wax analysis of vegetable 
oils using liquid chromatography on a double-adsorbent layer of silica gel 
and silver nitrate-impregnated silica gel. J .  Am. Oil Chem. SOC. 78, 

HEPPARD, E.P., KINNEY, J., STECCA, K.L. and GUO, H.M. 1995. 
Developmental and growth temperature regulation of two different 
microsomal omega4 desaturase genes in soybeans. Plant Physiol. I 10, 

HERRMAN, L., MAILER, R. and ROBARDS, K. 1999. Sedimentation in 
canola oil. Aust. J. Exp. Agric. 39, 103-113. 

HOLCAPEK, M., JANDERA, P. and FISCHER, J. 2001. Analysis of 
acylglycerols and methyl esters of fatty acids in vegetable oils and in 
biodiesel. Crit. Rev. Anal. Chem. 31, 53-56. 

HOWARD, B.V., HANNAH, J.S., HEISER, C.C., JABLONSKI, K.A., 
PAIDI, M.C., ALARIF, L., ROBBINS, D.C. and HOWARD, W.J. 1995. 
Polyunsaturated fatty acids result in greater cholesterol lowering and less 
triacylglycerol elevation than do monounsaturated fatty acids in a dose- 
response comparison in a multiracial study group. Am. J .  Clin. Nutr. 62, 

179-184. 

401-410. 

3 1 1-3 19. 

392-402. 



HEALTH PROMOTING CONSTITUENTS IN EDIBLE OILS 21 

HOWELL, T.J., MACDOUGALL, D.E. and JONES, P.J. 1998. Phytosterols 
partially explain differences in cholesterol metabolism caused by corn or 
olive oil feeding. J. Lipid Res. 39, 892-900. 

HU, J., QUIROS, C., ARUS, P., STRUSS, D. and ROBBELEN, G. 1995. 
Mapping of a gene determining linolenic acid concentration in rapeseed with 
DNA-based markers. Theor. Appl. Genet. 90, 258-262. 

HWANG, S.G., MATSUI, T., YANO, H., DJAJANEGARA, A. and 
SUKMAWATI, A. 1994. Effects of dietary triglycerides rich in saturated, 
monounsaturated and polyunsaturated fatty acids on lipid metabolism and 
fat accumulation in rats. Sustainable animal production and the environ- 
ment. Vol. 3, poster papers, pp. 181-182, Proc. 7th AAAP Animal Science 
Congress, Bali, Indonesia. 

IWASAKI, Y., YASUI, M., ISHIKAWA, T., IRIMESCU, R., HATA, K. and 
YAMANE, T. 2001. Optical resolution of asymmetric triacylglycerols by 
chiral-phase high-performance liquid chromatography. J. Chromatogr. 905, 

JALANI, B.S., CHEAH, S.C., RAJANAIDU, N. and DARUS, A. 1997. 
Improvement of palm oil through breeding and biotechnology. J. Am. Oil 
Chem. SOC. 74, 1451-1455. 

JENSEN, M.D. 1997. Health consequences of fat distribution. Horrn. Res. 48 

JONES, P.J., MACDOUGALL, D.E., NTANIOS, F. and VANSTONE, C.A. 
1997. Dietary phytosterols as cholesterol-lowering agents in humans. Can. 
J. Physiol. Phannacol. 75, 217-227. 

JONES, P.J. and NTANIOS, F. 1998. Comparable efficacy of hydrogenated 
versus nonhydrogenated plant sterol esters on circulating cholesterol levels 
in humans. Nutr. Rev. 56, 245-248. 

1999. Cholesterol-lowering efficacy of a sitostanol-containing phytosterol 
mixture with a prudent diet in hyperlipidemic men. Am. J. Clin. Nutr. 69, 

JUDD, J.T., CLEVIDENCE, B.A., MUESING, R.A., WITTES, J., SUNKIN, 
M.E. and PODCZASY, J.J. 1994. Dietary trans fatty acids: Effects on 
plasma lipids and lipoproteins of healthy men and women. Am. J .  Clin. 
Nutr. 59, 861-868. 

JUNG, M.Y. and MIN, D.B. 1990. Effects of a-, y and &tocopherols on 
oxidative stability of soybean oil. J. Food Sci. 55, 1464-1465. 

KAMM, W.,  DIONISI, F., HISCHENHUBER, C. and ENGEL, K.H. 2001. 
Authenticity assessment of fats and oils. Food Rev. Intern. 17, 249-290. 

KANG, H.C., PARK, W.J., KIM, S.D. and PARK, J.C. 1998. Characteriza- 
tion of grape seed oil. Agric. Chem. Biotechnol. 41, 578-582. 

11 1-118. 

Suppl. 5, 88-92. 

JONES, P.J., NTANIOS, F.Y., RAEINI-SARJAZ, M. and VANSTONE, C.A. 

1144-1 150. 



28 D.  BEARDSELL, J .  FRANCIS, D. IUDLEY and K.  ROBARDS 

KATAN, M.B. and MENSINK, R.P. 1993. Dietary fat quality and serum 
lipoproteins - an update. Scandinavian J .  Nutr. Naringsforskning 37, 

KELLY, G.S. 1999. Squalene and its potential clinical uses. Altern. Med. Rev. 

KINNEY, A.J. 1996. Designer oils for better nutrition. Nature Biotechnol. 14, 

KLAHORST, S.J. 1998. Dreaming of the perfect fat. Food Product Design 7, 

KHOSLA, P. and HAYES, K.C. 1996. Dietary trans-monounsaturated fatty 
acids negatively impact plasma lipids in humans: Critical review of the 
evidence. J .  Am. Coll. Nutr. 15, 325-339. 

KOCHHAR, S.P. 2000. Stabilisation of frying oils with natural antioxidative 
components. Eur. J .  Lipid Sci. Technol. 102, 552-559. 

KOUTSAFTAKIS, A., KOTSIFAKI, F. and STEFANOUDAKI, E. 1999. 
Effect of extraction system, stage of ripeness, and kneading temperature on 
the sterol composition of virgin olive oils. J .  Am. Oil Chem. SOC. 76, 

KOUTSAFTAKIS, A., KOTSIFAKI, F., STEFANOUDAKI, E. and CERT, A. 
2000. A three year study on the variations of several chemical character- 
istics and other minor components of virgin olive oils extracted from olives 
harvested at different ripening stages. Olivae 80, 22-27. 

KUBOW, S .  1996. The influence of positional distribution of fatty acids in 
native, interesterified and structure-specific lipids on lipoprotein metabolism 
and atherogenesis. J .  Nutr. Biochem. 7, 530-541. 

LAMPI, A.M. and KAMAL-ELDIN, A. 1998. Effect of alpha- and gamma- 
tocopherols on thermal polymerization of purified high-oleic sunflower 
triacylglycerols. J .  Am. Oil Chem. SOC. 75, 1699-1703. 

LERCKER, G., BORTOLOMEAZZI, R. and PIZZALE, L. 1998. Thermal 
degradation of single methyl oleate hydroperoxides obtained by photosensi- 
tized oxidation. J .  Am. Oil Chem. SOC. 75, 1115-1120. 

LICHTENSTEIN, A.H. 2000. Trans fatty acids and cardiovascular disease risk. 
Curr. Opin. Lipidol. 11, 37-42. 

MAATTA, K., LAMPI, A.M., PETTERSON, J . ,  FOGELFORS, B.M., 
PIIRONEN, V.  and KAMAL-ELDIN, A. 1999. Phytosterol content in 
seven oat cultivars grown at three locations in Sweden. J. Sci. Food Agric. 

MAN, Y.B.C., HARYATI, T., GHAZALI, H.M. and BUANA, L. 1998. 
Randomness test of fatty acids distribution in triacylglycerol molecules of 
palm oil. J .  Food Lipids 5,  113-123. 

304-312. 

4, 29-36. 

946. 

77, 79-80, 83-85. 

1477-1481. 

79, 1021-1027. 



HEALTH PROMOTING CONSTITUENTS IN EDIBLE OILS 29 

MANNA, C., GALLETTI, P., CUCCIOLLA, V., MOLTEDO, O., LEONE, 
A. and ZAPPIA, V. 1997. The protective effect of the olive oil polyphenol 
(3,4-dihydroxyphenyl)-ethanol counteracts reactive oxygen metabolite- 
induced cytotoxicity in Caco-2 cells. J. Nutr. 127, 286-292. 

MARTINEZ, N.L., CAMACHO, R.F., RODRIGUEZ, V.S. and MORENO, 
R.M.V. 1988. Extraction and characterization of avocado oil. Grasas 
Aceites 39, 272-277. 

M. 1992. Effects of long-term monounsaturated vs polyunsaturated-enriched 
diets on lipoproteins in healthy men and women. Am. J. Clin. Nutr. 55, 

MCDONALD, B.E. 1993. Canola oil in human nutrition - physiological 
effects. Scandinavian J. Nutr. Naringsforskning 37, 58-59. 

MEHRAN, M. and FILSOOF, M. 1974. Characteristics of Iranian almond nuts 
and oils. J. Am. Oil Chem. SOC. 51, 433-434. 

MENSINK, R.P. and KATAN, M.B. 1990. Effect of dietary trans fatty acids 
on high-density and low-density lipoprotein cholesterol levels in healthy 
subjects. N. Engl. J. Med. 323, 439-445. 

MENSINK, R.P., TEMME, E.H.M. and PLAT, J. 1998. Dietary fats and 
coronary heart disease. In Food Lipids, (C.C. Akoh and D.B. Min, eds.) 
pp. 507-535, Marcel Dekker, New York. 

MIETTINEN, T.A. and GYLLING, H. 1999. Regulation of cholesterol 
metabolism by dietary plant sterols. Curr. Opin. Lipidol. 10, 9-14. 

MIETTINEN, T.A., PUSKA, P., GYLLING, H., VANHANEN, H. and 
VARTIAINEN, E. 1995. Reduction of serum cholesterol with sitostanol- 
ester margarine in a mildly hypercholesterolemic population. N. Engl. J. 
Med. 333, 1308-1312. 

MIETTINEN, T.A. and VANHANEN, H. 1994. Serum concentration and 
metabolism of cholesterol during rapeseed oil and squalene feeding. Am. 
J. Clin. Nutr. 59, 356-363. 

MINCIONE, B., POIANA, M., GIUFFRE, A.M., MODAFFERI, V. and 
GIUFFRE, F. 1996. Research on monovariety olive oils. 2. Characteriza- 
tion of Peranzana oil. (Richerche sugli oli di oliva monovarietali. Nota I1 
caratterizzazione dell’olio di Peranzana) Rivista Ital. delle Sostanze Grasse 

MIRIC, M., KOVACEVIC, N., LALIC, Z. and SOBAJIC, S. 1992. The 
composition of oils in fruit seeds. Hrana I Ishrana 33, 67-69. 

MOGHADASIAN, M.H. and FROHLICH, J.J. 1999. Effects of dietary 
phytosterols on cholesterol metabolism and atherosclerosis: clinical and 
experimental evidence. Am. J. Med. 107, 588-594. 

MATA, P., ALVAREZ-SALA, L.A., RUBIO, M.J., NUNO, J. and DE OYA, 

846-850. 

73, 245-257. 



30 D. BEARDSELL, J. FRANCIS, D. RIDLEY and K. ROBARDS 

MORDRET, F., AJANA, H. and GAUCHET, C. 1985. Fractionnement de 
l’insaponifiable par CLHP isolementde la fraction sterolique. Rev. Franc. 
Corps Gras. 32, 305-309. 

MOTTRAM, H.R., CROSSMAN, Z.M. and EVERSHED, R.P. 2001. 
Regiospecific characterisation of the triacylglycerols in animal fats using 
high performance liquid chromatography-atmospheric pressure chemical 
ionisation mass spectrometry. Analyst 126, 1018-1024. 

MURPHY, D.J. 1995. The use of conventional and molecular genetics to 
produce new diversity in seed oil composition for the use of plant breeders 
- progress, problems and future prospects. Euphytica 85, 433-440. 

NELSON, G.J. 1998. Dietary fat, trans fatty acids, and risk of coronary heart 
disease. Nutr. Rev. 56, 250-252. 

OOMAH, B.D., JUN, L., GODFREY, D. and MAZZA, G. 1998. Microwave 
heating of grapeseed: effect on oil quality. J. Agric. Food Chem. 46, 

OWEN, R.,  MIER, W . ,  GIACOSA, A,,  HULL, W.,  SPIEGELHALDER, B. 
and BARTSCH, H. 2000. Phenolic compounds and squalene in olive oils: 
the concentration and antioxidant potential of total phenols, simple phenols, 
secoiridoids, lignans and squalene. Food Chem. Toxicol. 38, 647-659. 

PANDOLFI, S . ,  TOMBESI, A., PILLI, M. and PREZIOSI, P. 1994. Fruit 
characteristics of olive cultivars of different origin grown in Umbria. Acta 

PARCERISA, J., CASALS, I., BOATELLA, J., CODONY, R. and 
RAFECAS, M. 2000. Analysis of olive and hazelnut oil mixtures by high- 
performance liquid chromatography-atmospheric pressure chemical 
ionisation mass spectrometry of triacylglycerols and gas-liquid chromatogra- 
phy of non-saponifiable compounds (tocopherols and sterols). J. Chroma- 
togr. 881, 149-158. 

PARCERISA, J., RICHARDSON, D.G., RAFECAS, M., CODONY, R. and 
BOATELLA, J. 1998. Fatty acid, tocopherol and sterol content of some 
hazelnut varieties (Corylus avelluna L.) harvested in Oregon (USA). J. 
Chromatogr. 805, 259-268. 

PARLATI, M.V., PERRI, E., PALOPOLI, A. and RIZZUTI, B. 1994. Further 
observations on oil quality of Calabrian olive cultivars. Acta Hort. 356, 

PELLETIER, X., BELBRAOUET, S.,  MIRABEL, D., MORDRET, F., 
PERRIN, J.L., PAGES, X. and DEBRY, G. 1995. A diet moderately 
enriched in phytosterols lowers plasma cholesterol concentrations in 
normocholesterolemic humans. Ann. Nutr. Metab. 39, 291-295. 

PERONA, J.S. and RUIZ-GUTIERREZ, V. 1998. Two highly monounsaturated 
oils, olive oil and high-oleic sunflower oil, induce different triacylglycerol 
molecular species distribution in rat liver. Nutr. Res. 18, 1723-1732. 

40 17-402 1. 

Hort. 356, 362-366. 

327-330. 



HEALTH PROMOTING CONSTITUENTS IN EDIBLE OILS 31 

PIIRONEN, V., LINDSAY, D.G., MIETTINEN, T.A., TOIVO, J. and 
LAMPI, A.M. 2000. Plant sterols: biosynthesis, biological function and 
their importance to human nutrition [Review]. J.  Sci. Food Agric. 80, 

PONTE, E., CAFAGNA, D. and BALBI, M. 1997. Cardiovascular disease and 
omega-3 fatty acids. Minerva Med. 88, 343-353. 

PRIOR, R.L. and CAO, G. 2000. Analysis of botanicals and dietary supple- 
ments for antioxidant capacity: A review. J. AOAC Intern. 83, 950-956. 

PRONCZUK, A.,  KHOSLA, P. and HAYES, K.C. 1994. Dietary myristic, 
palmitic, and linoleic acids modulate cholesterolemia in gerbils. FASEB J. 

PSOMIADOU, E. and TSIMIDOU, M. 1998. Simultaneous HPLC determina- 
tion of tocopherols, carotenoids, and chlorophylls for monitoring their effect 
on virgin olive oil oxidation. J .  Agric. Food Chem. 46, 5132-5138. 

RANALLI, A., MALFATTI, A. and CABRAS, P. 2001. Composition and 
quality of pressed virgin olive oils extracted with a new enzyme processing 
aid. J. Food Sci. 66, 592-603. 

RANALLI, A. and MORELLI, R. 1999. Effect of olive ripeness on the content 
of lipochromes and other components of virgin olive oil. Leatherhead Food 
Ind. J. 2, 346-358. 

RAO, C.V., NEWMARK, H.L. and REDDY, B.S. 1998. Chemopreventive 
effect of squalene on colon cancer. Carcinogenesis 19, 287-290. 

RAZUVAEV, N.I., NECHAEVA, P.F., GRIBOVA, N.I., GORSHKOVA, E.I. 
and ESTRINA, F.B. 1973. Grape oil from seeds. Vinodelie-i-Vinogradar- 

REINA, R.J., WHITE, K.D. and FIRESTONE, D. 1999. Sterol and triterpene 
diol contents of vegetable oils by high-resolution capillary gas chromatogra- 
phy. J. AOAC Intern. 82, 929-935. 

REITER, B., LECHNER, M., LORBEER, E. and AICHHOLZ, R. 1999. 
Isolation and characterization of wax esters in fennel and caraway seed oils 
by SPE-GC. HRC-J. High Resol. Chromatogr. 22, 514-520. 

SAMBAIAH, K. and LOKESH, B.R. 1999. Nutritional properties of trans fatty 
acids. Indian J. Biochem. Biophys. 36, 211-220. 

SCHONE, F., FRITSCHE, J., BARGHOLZ, J., LEITERER, M., JAHREIS, 
G., MATTHAUS, B., SCHONE, F., FRITSCHE, J., BARGHOLZ, J., 
LEITERER, M., JAHREIS, G. and MATTHAUS, B. 1998. Changes of 
rapeseed and linseed oil during processing. (Zu den Veranderungen von 
Rapsol und Leinol wahrend der Verarbeitung). Fett Lipid 100, 539-545. 

SEDGLEY, M. 2000. Wild Olive Selection for Quality Oil Production. Project 
No UA41A. Rural Industries Research and Development Corp., Australia. 

SHAHIDI, F. 1990. Canola and Rapeseed: Production, Chemistry, Nutrition 
and Processing Technology, pp. 355, Van Nostrand Reinhold, New York. 

939-966. 

8, 1191-1200. 

stvo-SSSR. NO. I ,  54-56. 



32 D.  BEARDSELL, J .  FRANCIS, D. RIDLEY and K. ROBARDS 

SHAHIDI, F. 1997. Natural Antioxidants: Chemistry, Health Effects, and 
Applications, pp. 414, AOCS Press, Champaign, IL. 

SHAHIDI, F. and FINLEY, J.W. Eds. 2001. Omega-3 Fatty Acids: Chemis- 
try, Nutrition and Processing Technology. ACS Symposium Series 788. 
American Chemical Society, Washington, DC. 

SHERIN, I., AZRA, Y., KHAN, M.R. and SUFI, N.A. 1993. Fatty acid 
composition of apricot kernel oil. Sarhad J. Agric. 9, 113-116. 

SHUKLA, V.K.S., WANASUNDARA, P.K.J.P.D. and SHAHIDI, F. 1997. 
Natural antioxidants from oilseeds. In Natural Antioxidants: Chemistry, 
Health Effects andApplications, (F. Shahidi, ed.) AOCS Press, Champaign, 
IL . 

SIERKSMA, A., WESTSTRATE, J.A. and MEIJER, G.W. 1999. Spreads 
enriched with plant sterols, either esterified 4,4-dimethylsterols or free 4- 
desmethylsterols, and plasma total- and LDL-cholesterol concentrations. 
Brit. J. Nutr. 82, 273-282. 

SIMOPOULOS, A.P. 2000. Evolutionary aspects of omega-3 fatty acids in the 
food supply. Proc. SOC. Exp. Biol. Med. 223, 8-13. 

K. 1998. Inhibition of 4-(methy1nitrosamino)- 1-(3-pyridyl)-l-butanone- 
induced lung tumorigenesis by dietary olive oil and squalene. Carcinogene- 
sis 19, 703-706. 

SPANGENBERG, J.E., MACKO, S.A. and HUNZIKER, J.  1998. Character- 
ization of olive oil by carbon isotope analysis of individual fatty acids: 
implications for authentication. J .  Agric. Food Chem. 46, 4179-4184. 

STRANDBERG, T.E., TILVIS, R.S. and MIETTINEN, T.A. 1990. Metabolic 
variables of cholesterol during squalene feeding in humans: comparison with 
cholestyramine treatment. J. Lipid Res. 31, 1637-1643. 

SURINDER, K. and SHARMA, T.R. 1991. Fatty acid composition of Himachal 
olive oil. J. Food Sci. Technol. India 28, 171-172. 

SVEGLIATI, B.S., AMELIO, M., FIORITO, A., GADDI, A., LITTARRU, 
G. and BATTINO, M. 1999. Monounsaturated diet lowers LDL oxidis- 
ability in type IIb and type IV dyslipidemia without affecting coenzyme QlO 
and vitamin E contents. Biofactors 9, 325-330. 

SZPIZ, R.R., JABLONKA, F.H. and PEREIRA, D.A. 1987. Avaliacao de oleo 
de cultivares de abacate provenientes da regiao do Cerrado. (Evaluation of 
oil of avocado cultivars from the Cerrado region). Boletim de Pesquisa, 
Empresa Brasileira de Pesquisa Agropecuaria, No. 16, pp. 11, EMBRAPA, 
Brazil. 

TALANTIKITE, M. and AIT, A. 1988. Acid composition of the olive oils 
obtained from three Algerian cultivars. Olivae 5 ,  29-31. 

SMITH, T.J., GUANG-YU-YANG, SERIL, D.N., LIAO, J. and SUNGBIN, 



HEALTH PROMOTING CONSTITUENTS IN EDIBLE OILS 33 

TANIELIAN, C. and MECHIN, R. 1994. Reaction and quenching of singlet 
molecular oxygen with esters of polyunsaturated fatty acids. Photochem. & 
Photobiol. 59, 263-268. 

TEITELBAUM, J.E. and WALKER, W.A. 2001. The role of omega 3 fatty 
acids in intestinal inflammation. J. Nutr. Bichem. 12, 21-32. 

TEMME, E.H., MENSINK, R.P. and HORNSTRA, G. 1996. Comparison of 
the effects of diets enriched in lauric, palmitic, or oleic acids on serum 
lipids and lipoproteins in healthy women and men. Am. J. Clin. Nutr. 63, 

TEMPLE, N.J. 1996. Dietary fats and coronary heart disease. Biomed. 
Pharmacotherapy 50, 26 1-268. 

THAKUR, B.S. and CHADHA, T.R. 1991. Comparative studies on the fatty 
acid composition of olive (Olea europaea L.) oil extracted from pulp and 
kernel. Gartenbauwissenschaft 56, 3 1-33. 

TOMBESI, A., PILLI, M., BOCO, M. and PROIETTI, P. 1994. Evolution of 
olive fruit respiration, photosynthesis and oil composition during ripening. 
Acta Hort. 356, 278-283. 

TOSCHI, T.G., BENDINI, A. and LERCKER, G. 1996. Evaluation of 
3,5-stigmastadiene content of edible oils - comparison between the 
traditional capillary gas chromatographic method and the on-line high 
performance liquid chromatography capillary gas chromatographic analysis. 
Chromatographia 43, 195-199. 

TOUS, J. and ROMERO, A. 1994. Cultivar and location effects on olive oil 
quality in Catalonia, Spain. Second international symposium on olive 
growing, Jerusalem, Israel, Sept. 6-10, 1993. ( S .  Lavee and I .  Klein, eds.) 
Acta Hort. 356, 323-326. 

TRICHOPOULOU, A., LAGIOU, P. and PAPAS, A. 1998. Mediterranean 
diet: are antioxidants central to its benefits? In Antioxidant Status, Diet, 
Nutrition and Health, (A.M. Papas, ed.) pp. 107-1 18, CRC Press, Boca 
Raton, FL. 

VANBOVEN, M., DAENENS, P., MAES, K. and COKELAERE, M. 1997. 
Content and composition of free sterols and free fatty alcohols in jojoba oil. 
J. Agric. Food Chem. 45, 1180-1184. 

VISIOLI, F., BELLOMO, G. and GALLI, C. 1998. Free radical-scavenging 
properties of olive oil polyphenols. Biochem. Biophys. Res. Commun. 247, 

VISIOLI, F. and GALLI, C. 1998. The effect of minor constituents of olive oil 
on cardiovascular disease: new findings. Nutr. Rev. 56, 142-147. 

VLAHOV, G., SCHIAVONE, C. and SIMONE, N. 1999. Triacylglycerols of 
the olive fruit (Olea europaea L.): Characterization of mesocarp and seed 
triacylglycerols in different cultivars by liquid chromatography and 13C 
NMR spectroscopy. Fett/Lipid 101, 146-150. 

897-903. 

60-64. 



34 D .  BEARDSELL, J .  FRANCIS, D .  RIDLEY and K.  ROBARDS 

VOELKER, T.A. 1995. Genetic manipulation of plant oil composition. Induced 
mutations and molecular techniques for crop improvement. pp. 93-99, 
Proceedings, June 19-23, Vienna, Austria. , 

WATTS, G.F., JACKSON, P., BURKE, V. and LEWIS, B. 1996. Dietary 
fatty acids and progression of coronary artery disease in men. Am. J. Clin. 
Nutr. 64, 202-209. 

WESTSTRATE, J.A. and MEIJER, G.W. 1998. Plant sterol-enriched 
margarines and reduction of plasma total-and LDL-cholesterol concentra- 
tions in normocholesterolaemic and mildly hypercholesterolaemic subjects. 
Eur. J. Clin. Nutr. 52, 334-343. 

WILLIAMS, C.L., BOLLELLA, M.C., STROBINO, B.A., BOCCIA, L. and 
CAMPANARO, L. 1999. Plant stanol ester and bran fiber in childhood: 
effects on lipids, stool weight and stool frequency in preschool children. 
J. Am. Coll. Nutr. 18, 572-581. 

WISEMAN, S.A., MATHOT, J.N., DE FOUW, N.J. and TIJBURG, L.B. 
1996. Dietary non-tocopherol antioxidants present in extra virgin olive oil 
increase the resistance of low density lipoproteins to oxidation in rabbits. 
Atherosclerosis 120, 15-23. 

WOLFE, R.L. 1992. Trans-polyunsaturated fatty acids in French edible 
rapeseed and soybean oils. J .  Am. Oil Chem. SOC. 69, 106-110. 

XU, X.Q., TRAN, V.H., PALMER, M., WHITE, K. and SALISBURY, P. 
1999. Chemical and physical analyses and sensory evaluation of six deep- 
frying oils. J .  Am. Oil Chem. SOC. 76, 1091-1099. 

YOSHIDA, H., ABE, S . ,  HIRAKAWA, Y. andTAKAGI, S .  2001a. Roasting 
effects on fatty acid distributions of triacylglycerols and phospholipids in 
sesame (Sesamum indicum) seeds. J. Sci. Food Agric. 81, 620-626. 

YOSHIDA, H., HIRAKAWA, Y. and ABE, S .  2001b. Influence of microwave 
roasting on positional distribution of fatty acids of triacylglycerols and 
phospholipids in sunflower seeds (Helianthus annuus L.). Eur. J .  Lipid Sci. 

ZOCK, P.L., DE VRIES, J.H. and KATAN, M.B. 1994. Impact of myristic 
acid versus palmitic acid on serum lipid and lipoprotein levels in healthy 
women and men. Arterioscler. Thromb. 14, 567-575. 

Technol. 103, 201-207. 




