Oils and Fats in Nutrition and Health: 2. Chemistry, Digestion and Metabolism

OILS AND FATS IN NUTRITION AND HEALTH: 2. CHEMISTRY, DIGESTION AND METABOLISM

S.H. Goh

Forest Research Institute of Malaysia

Abstract: Nutrition and dietary recommendations have been reviewed and it is now known that in general most individuals have independent requirements. Generally nutritional requirements need to present trends of comfortable living, lack of physical activity, easy availability of convenience and fast foods and mass production of high glycaemic carbohydrates and sugars. And together with the over-consumption of readily available and subsidised soybean and canola oils (including their hydrogenation products) particularly in N. America and many developed countries, the apparent lack nutritional measures has led to problems of obesity, insulin resistance, type II diabetes, CVD, macular degeneration, undesirable effects to foetuses and possibly cancer. Natural oils and fats as macronutrients are now considered with low glycaemic carhohydrates together with vegetables/fruits to be at the base of the food pyramid. Fats are recognised to provide balance of saturation, monounsaturation and polyunsaturation with the consideration for adequate amounts of n-3 by limiting the n-6 linoleic acids which are in overabundance. Fatty acids cause chemical and nutritional consequences from their chain length and their attachment to the 1-, 2- and 3-positions of glycerol in triglyceride fat molecules. Natural vegetable oils and fats usually have unsaturated fatty acids at the sn-2 position and are readily absorbed. Having long-chain saturated fatty acids at the glycerides cause reduced digestion by the lipase enzymes and reduced or slow absorption as well. Natural or processed glycerides can be made to suit the particular needs for food and nutrition.  Palm Oils. The oils from oil palm fruit (major) and kernel (minor) provide an excellent choice for food manufacturers because of their versatility and nutritional benefits. Palm oil and many other fats (cottonseed, peanut, cocoa butter and shea/illipe butter) are naturally structured to contain predominantly monounsaturated oleic acid (major) and polyunsaturated linoleic acids at the sn-2 position in the major triacylglycerol molecules to account for the beneficial effects described in numerous nutritional studies showing that palm oil is typically representative of a monounsaturated oil. For example, palmolein provides as good as or better blood lipid profiles than extra virgin olive oil in human studies, very much due to the oil molecules being naturally structured to have predominantly oleic and linoleic acids at the sn2 position which are more readily absorbed by the body than the palmitic acid moieties which are mainly at the 1,3-positions of the glyceride molecules.  Mild solvent-free oil extraction of the palm fruit and fractionation of the extracted oil provides a major liquid oil ( palmolein; excellent for cooking and deep frying), semi-solid fats (for chocolate and confectionery) and solid stearin fats for margarines, bakery needs and shortenings. Oil quality and nutritional benefits have been assured for the variety of foods that can be manufactured from palmolein and other palm oil fractions directly or as blends (physical or interesterified) with other types of oils while remaining free of trans fatty acids. Thermal and oxidative stability is ensured by the presence of high amounts of the antioxidant vitamin E and the chemical constitution of moderately high mono-unsaturation. Palm nut kernels are another useful oil resource, providing liquid and solid oil fractions for specialized applications such as medium chain triglyceride (MCT) oils, as solid confectionery fats and for improving organoleptic properties after interesterification, apart from well known uses as oleochemicals. 2-Positional unsaturation in oils and fats. As a naturally structured oil, palm oil provides the 2-positional fatty acids that are mainly mono-unsaturated (65%), partly polyunsaturated (22%) but only 13% saturated. The major marketed palm oil fraction, palmolein, has about 66% mono- and 30% poly-unsaturates but only 4% saturated acids at the 2-position in the glyceride molecules.  Furthermore, the saturated fatty acids consist of palmitic and stearic acids that are shown to have relatively weak effects in blood cholesterol elevation. It is now recognized that dietary contribution to nutrition and health is the outcome of various foods; the contribution of fats depends not only on the nature of fatty acids but also the fat source (glyceride structure and other components). In digestion, enzymatic hydrolysis of palm oil glycerides containing predominantly oleic acid at the 2-position and palmitic and stearic acids at the 1- and 3-positions allows for the ready absorption of the 2-monoacylglycerols containing unsaturated fatty acids while the saturated free fatty acids are absorbed less readily. Due to the nature of lipase 1,3-specificity of action in digestion and metabolism, several lipidaemic consequences may be observed. Thus, in human studies palmolein provides similar or better blood lipid profiles in terms of TG (triglyceride), LDL and HDL when compared to canola, extra virgin olive oil and high oleic sunflower. Various other effects of a variety of oils and fats can also be clarified - anti-obesity effects of diglyceride oils, low cholesterolemic effect from milk fat consumption, effects of low and high sn-2 palmitic oils in infant formula, slightly elevated calcium excretion from sn-1 & -3 long chain saturated fatty acids, behaviour of structured fats and MCT and postprandial TG observations on natural and interesterified stearic-rich fats. The anti-thrombotic property of palm oil is related to the structuredness of the triglycerides as well as the presence of micronutrients such as tocotrienols. The digestion and absorption of glycerides are influenced by the blending of different oils and other food matrices so that the kinetics of the action of lipases can be altered or that acyl-migration can occur with subsequent changes in nutritional effects.
General Introduction

General dietary considerations have been covered previously in Part 1 [Goh, 2006]. There is now a better understanding about diet particularly the relationship of various diets, lifestyle and other environmental factors to major health problems such as obesity, diabetes, cardiovascular diseases (atherosclerosis, stroke, heart diseases), and possibly other diseases (cancer, cystic fibrosis, diabetes, inflammatory diseases, macular degeneration, Parkinson’s and Alzheimer’s disease). Although many questions on nutrition remain unanswered, there is the consensus view that there should be moderate intake of proteins to include all essential amino acids, sufficient intake of minerals, essential fatty acids, micronutrients (vitamins, etc) and fibre, and a balanced (not excess) intake of macronutrient energy foods such as carbohydrates, oils and fats [Weinberg, 2004; Willett, 2000, 2001]. The world faces a situation of an easy availability of high caloric, processed food and it becomes important to have a balance not only of intake of types of foods, rate of intake and expenditure of energy foods but also of adequate amounts of other essential nutrients. Central to general dietary recommendations is the adequate provision of essential nutrients (protein, carbohydrate, essential fatty acids, vitamins and micronutrients) where a balance (not excess) can be optimally achieved while attention is paid to the enjoyment of glorious food [Willett, 2001; Noakes & Clifton, 2005]. In the quest to achieve satiety and also health from the numerous categories of food available, preferences have to be made and have been summarized [Goh & Tang, 2005; Goh, 2006; Weigle et al, 2005]. Considerations of practical choices of dietary components, healthy cooking and moderation of portions have also been described. On the basis of the presently easy availability of foods, moderate consumption of preferred proteins could be from fish, fresh white meat and from vegetable sources (legumes, beans and nuts). Carbohydrates are the most readily available food but low glycaemic varieties are specially preferred, e.g. unprocessed whole grain foods, in contrast to the widely available processed varieties. Low or negative-calorie vegetables and fruits are recommended in high portions for their vitamins, micronutrients, minerals and fibre. As to oils and fats these will be treated in more detail below but the major problem has now been recognised as due to the overwhelming availability of major polyunsaturated oils which have caused an imbalance of nutritional requirements. In particular, widespread hydrogenation has given rise unhealthy trans and other unnatural fats. Recommendations are for dietary fats which require no hydrogenation and having a balanced fatty acid composition, with particular provision for sufficient 3 fatty acids [Mohd et al, 1996; Salmi, 2004].

Dietary Oils and Fats

Nutrition is a complex issue and in relation to oils and fats, dietary recommendations over the years have been controversial as most have been biased due to socio-economic, cultural and geopolitical reasons. Presently much more is known of dietary oils and fats and the decades-old controversy on heart-diet-cholesterol hypothesis has also dissipated in the light of new findings [Hu & Willett, 2002; Kotte, 2003; Weinberg, 2004; Ordovas, 2005; Lefevre et al, 2005]. Central to the misconception is the idea that lowering blood total cholesterol by dietary polyunsaturated acids such as linoleic acid (18:2) and/or by a low cholesterol/low saturated fat diet will be the end-all of the prevention of cardiovascular diseases [Tholstrop et al, 2003; Thijssen & Mensink, 2005; . Unfortunately this idea is based more on socio-economic (e.g. to support a major edible oil industry) and cultural reasons rather than proper science. Excessive linoleic acid consumption is now not favoured as the polyunsaturated acid is proinflammatory and competes with beneficial 3 (or n-3) oils which are normally in short supply from available foods [Felton et al, 1994; . Further, as the majority of prepared foods need semi-solid oils and fats which cannot use polyunsaturated oils directly, there has been the unfortunate popularisation of hydrogenating the oils leading to the subsequently proven detrimental health effects of trans fatty acids and possibly other unnatural glycerides [Ascherio & Willett, 1997; Federal Register, 2003; Fallon et al, 2005; Estruch et al, 2006; Stender & Dyerberg, 2003]. 
Oils and fats are energy-dense macronutrients required by the body for energy, cellular construction, brain/nervous tissue, conveyer of lipid soluble micronutrients and cellular communication. It is the general consensus view that to meet these needs a variety of fatty acid types from available food sources of oils and fats are required. These come from monounsaturated (e.g. oleic acid or 18:1), saturated (e.g. palmitic or 16:0), polyunsaturated (-linoleic acid, 18:3 n-3) or long chain polyunsaturated acid (e.g. DHA or 22:6 n-3). Added to these are the needed small amounts of antioxidant vitamins, notably vitamin E and/or its analogues [Gee & Goh, 2006].
   [image: image1.emf]


Figure 1.  Shapes of fatty acid molecules: trans “opposite” and cis “same side” 
Monounsaturation refers to the presence of one double bond in the fatty acid molecule to which hydrogen can be added to, hence processing by hydrogenation can be used to obtain a saturated fatty acid. In the process of partial hydrogenation unfortunately the normal geometrically cis (“same side” or Z) chemical structure can be transformed to the trans (“opposite side” or E) with an accompanying change in physical and biological properties (Fig. 1). While the need is to be more like saturated fats which have no double bonds but have many desirable organoleptic and processing properties for numerous foods, e.g. palatability, flavour, plasticity, controllable melting points and rheology, the changed trans fats turn out to have the most undesirable biological properties of all fats such as raising bad LDL cholesterol, lowering good HDL cholesterol, raising Lp(a) levels, raising triglyceride (TG) levels and interfering with many cellular signalling pathways.
Many of the detrimental effects of trans fats are related to CVD, chronic diseases, cancer and various disease states, the unborn foetus and others as more new findings emerge. Cholesterol, long known to be needed for human health, biosynthesis of sex hormones and intelligence, is now a cause of concern if levels in blood are too low (<160 mg/dL or 4.1 mmol/L) or too high (>240 mg/dL or 6.2 mmol/L) as the latter may be due to a genetic condition (familial hypercholesterolemia) or unhealthy living conditions (low physical activity or stress), especially when compounded by other unhealthy dietary and lifestyles. Relatively high blood cholesterol per se, even as caused by diet, may not be the cause of CVD as shown by the example of the French paradox and for some Mediterranean countries where positive influences of marine food intake, high intakes of micronutrients from vegetables/fruits and a low-stress lifestyle including the consumption of moderate amounts of red wine. Further, overall considerations of non-genetic factors causing CVD mortality surprisingly seem to favour those with moderate to slightly high levels of cholesterol, especially for the elderly and women.
For a long time oils and fats have been assumed to be just fatty acids and simplistically classified as saturated, monounsaturated and polyunsaturated and this has caused many discrepancies as other details such as chain length, nature of the unsaturation and glyceride structure were omitted. Fig. 2 shows the fatty acid compositions of some oils and fats, including those produced by man/woman. When once the overemphasis is on saturation and polyunsaturation, it is now noted that the desired types of dietary fatty acids should be close at those produced by the body, even as this has seldom been considered except for infant formula. It may be noted that among the major oils, it is palmolein that most closely resembles the fatty acid profile of human fat.

Recent recommendations also consider the importance of good HDL cholesterol and the ratio total cholesterol/HDL becomes a useful index. This indicates that lowering total cholesterol should be accompanied by raising (or not lowering) the HDL cholesterol. The cholesterol lowering effect of linoleic acid (18:2, a polyunsaturated acid) is well known but is accompanied by lowering the good HDL cholesterol, and also compounded by increasing inflammatory and oxidative stress factors [Sulzle et al, 2004; Kang et al, 2005]. On the other hand, the saturated myristic acid (14:0) is known to have the highest cholesterol-raising effect but this is balanced by the elevation of HDL cholesterol and endothelial nitric oxide [Zhu & Smart, 2005]. Lesser HDL cholesterol-raising effects are shown by other saturated fatty acids such as lauric (12:0) and palmitic acids while oleic acid is relatively neutral or slightly elevating. Based on these considerations high consumption of oleic acid relative to the other two major fatty acids is usually recommended. While the polyunsaturated linoleic acid is well known to lower total cholesterol, there remain many important concerns, e.g. decreasing the good HDL-cholesterol, its pro-inflammatory properties, its competition with the more scarce but essential LC polyunsaturated n-3 (or 3) fatty acids and also the increase of oxidative stress. Therefore, a limit has now been recommended for the consumption of linoleic acid (18:2 n-6), particularly by ISSFAL (Fig. 3) [Gunstone, 2005].
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Figure 2. Fatty acid compositions of biosynthesised human fat and milk and comparison with some major oils [range for humans indicate range observed due to influence of dietary fat even when determined for low fat diets]
Apart from the cholesterolemic effects of the different fatty acids, it is now known that the digestion, absorption and metabolism of the different fats are in many cases more important than just considering the chemical nature of the individual fatty acids. Fats are triglycerides or triacylglycerols and not just fatty acids and natural triglycerides can be structured or stereo-structured. The digestion and absorption of fat foods then become very important as these determine the uptake of the fatty acids, their reconstitution in the body and their storage or conversion to energy and other metabolic effects

Furthermore, oils and fats as triglycerides need to be broken down enzymatically when consumed to be absorbed by the alimentary tract and reconstituted to triglyceride oil molecules again as chylomicrons in the circulatory system. In this process of digestion and absorption, important differences are also shown in the intrinsic nature of different oils and fats. The structures and consequences of their digestion and absorption are shown in scheme (Fig. 3). It is therefore important to consider not just the nature of fatty acids but also the positions they occupy in the triglyceride or triacylglycerol structures. Important consequences have been known from empirical data. Notably, for example, palm oil contains saturated acids at the 1- and 3-positions of the glycerol moiety while the mainly unsaturated acids that are well absorbed in the major 2-monoacyglycerol pathway, are those at the 2-position. 
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Figure 3.  Structures of the oil or fat molecule as triacylglycerol with 1,2,3-positional fatty acids

The nutritional value of oils and fats is much dependent on the chemistry (or nature) of the fatty acids and the structural effects of the glyceride molecule, especially the positioning of the fatty acid molecules. The nature of the fatty acids can be seen from the chemical compositions, some of these being given in Fig. 2. The world’s supplies of fatty acids are now dominated by a few major crops and these are given in Fig. 4. It is noted that no major oil crop can provide the total fatty acid profile of human fat or milk; palmolein seems to provide a composition which is close. However, nowadays conventional wisdom takes into account of the balance of saturated, monounsaturated and polyunsaturated as well as the 3 fats. Cholesterolemic effects put some limits to saturated and polyunsaturated fats while monounsaturated fats are favoured as they are considered neutral. Higher limits are placed on the polyunsaturated linoleic acid (a 6 acid) because of concerns of proinflammatory and oxidizability effects as well as its competitive effect against beneficial 3 fatty acids [Burdge, 2004]. The ISSFAL recommendation is also given and compared to the world’s supply of fatty acids [Gunstone, 2005].

Since many of the commercial oils and fats cannot be compatible with the ISSFAL recommendations, suitable blending can be attempted. Palmolein and canola both provide the greatest sources of oleic acid with the former providing palmitic acid while the latter providing adequate amounts of 3 acid needed by the body. Ideally 3 should be long chain polyunsaturated oils (of marine origin) but the normal chains can usually be of some benefit, more especially for women. Considering fatty acids blends, without the effect of positional fatty acids, a 50% blend of palmolein and canola can provide for the ISSFAL recommendation. However, if the positional effects due to enzymatic digestion and absorption are factored in, palmolein is optimal considering the Truswell’s data (below) and 20-50% canola blends are suitable (Fig. 5) [Truswell, 2004].
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Figure 4. Comparison of the fatty acid compositions of major oils, the overall world supply and ISSFAL recommendation [*Gunstone, 2005]
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Figure 5. Comparison of the world’s supply of fatty acids, ISSFAL recommendation and palmolein blends. [Palmolein-sn2 refers to 70% preferential absorption of sn-2 fatty acids; palmolein-sn2+canola20% refers to the previous consideration plus a blend with 20% canola oil; palmolein+canola50% considers the fatty acids as randomly distributed in an equal mixture of palmolein and canola and without positional effects]

Triglyceride Structure and Enzymatic Digestion

The nutritional effects of dietary oils and fats are influenced by several factors as tabulated in Appendix 1. Of particular concern are the cholesterolemic effects (e.g. LDL-c, HDL-c, Lp(a), TG levels, etc) exerted by the nature of oils and fats. The effects of saturation, unsaturation, polyunsaturation, chain length and trans structures of the fatty acids have been well researched on. Oils and fats being glycerol esters of fatty acids need to be acted on by digestive enzymes before they can be absorbed. The absorbed 2-monoglyceride and fatty acids are reconstituted to oils and fats again to be conveyed by the circulatory system. Digestive enzymes are very selective or stereoselective, i.e. they can distinguish as right-handedness or left-handedness to 1,3-positional distributions of the fatty acids in the glyceride molecule. As fatty acids are usually long chain and not overly different in the usual oils and fats, the 1- and 3-positions are more or less similar so that the digestive enzymes are mainly 1,3-specific, i.e. 1,3-positional fatty acids are cleaved preferentially in comparison to those of the 2-position. After cleavage, fatty acids and 2-monoglycerides are obtained which are absorbed if there is no other interference. After the action of pancreatic lipase the intestinal medium allows the formation of fatty acid soaps of calcium and magnesium which are insoluble if the fatty acids have saturated long chains. Such soaps are consequently poorly absorbed. Fig. 6 shows diagrammatically the digestion of oils and fats, absorption of 2-monoglycerides and fatty acids and further reconstitution back as oils and fats [Goh, 1999, 2001; Goh et al, 2004].
The literature records numerous studies on fatty acids, cholesterol, commonly encountered fatty acids, trans fatty acids, essential 3 fatty acids, conjugated fatty acids and their effects on health. Selected data given in Table 1 below summarises a large number of data related to the observed dietary outcomes from positioning of fatty acids in the glyceride molecules, saturated/unsaturated fats, naturally structured fats such as palm and cocoa butter, diglyceride oils and structured fats of commercial interest. Digestion and absorption of various oils and fats are governed by the lipase enzymatic activity within the digestive juice matrices of the stomach and the small intestine where the structure and positioning of the fatty acids play important roles. 
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Figure 6. Enzymatic digestion of glycerides and absorption of  2-monoacylglycerol/fatty acids 

Consequences of this scheme are well supported and in fact provide explanations of many controversial observations, as may be outlined below:-

· Palm oil is not hypercholesterolemic in contradiction to its relatively higher saturation while other related fats such as lard which is known to be cholesterolemic due to the differently attached position (sn-2) of the majority of saturated palmitic acid in the glycerides. 

· Palmolein provides a better blood cholesterol profile as compared to virgin olive oil (Fig 7). The major pathway in the digestion/absorption scheme provides for ready absorption of monounsaturated and polyunsaturated fatty acids while direct absorption of saturated palmitic acid directly or via the phosphatidic pathway is estimated to account for only as much as 30% of the total present.

· While adults may not need too much dietary fat due to ready availability of other caloric foods, infants and farm animals need lots of fats for growth especially the saturated palmitic acid. To allow this acid to be readily absorbed slight processing by interesterification may be needed to provide incorporation of more 2-positional palmitic acid. It is also well known that infant formula needs to incorporate essential long chain 3 fatty acids at the 2-position for ready absorption.

· Intrinsic in the scheme of digestion and absorption is that long chain saturated fatty acids may have delayed absorption and that calcium and saturated long chain fatty acids may form soaps and are probably excreted or less absorbed. Also of note, is that digestion by enzymes can be slowed down by long chain saturated fats at the 1,3-positions as evidenced in cocoa butter and substitute fats for such use.
· Also as observed from postprandial (after eating) lipid profiles, the 2-positional fatty acids are much conserved in the chylomicrons (initial circulating fat particles) after absorption and postprandial profiles also indicate delayed absorption for structured fats like cocoa butter, palm oil fractions and fats structured intentionally or unintentionally with long or very long chain fatty acids at the 1,3-positions.

· The selective digestion-absorption scheme explains well the rationale for diglyceride oils introduced as “anti-obesity” oils. It is clear then that with only about 30% of fatty acids in the 2-position means less fat is absorbed while a delayed absorption by the minor phosphatidic pathway of the other 1,3-positional fatty acids may allow for more fat thermolysis (burning) rather than accumulation in tissues.

· Previous postprandial observations of ready digestion and absorption as well as possible ready interesterification due to short chain fatty acids, notably present in milk fats, have important implications in designing structured fats and the need to factor this in studies of fat nutrition. Newer studies have taken this into account and also explained the observation that milk fats are not hypercholesterolemic despite their high saturation due to lauric, myristic and palmitic acids. The ready enzymatic digestion of the short chain fatty acyl esters which occur at the 3-position and in an acidic gastric medium, allows for equilibration of the initially formed 1,2-diglyceride to the predominantly stable 1,3-positions and can then lead to an equivalent of “anti-obesity” diglyceride oil. High postprandial TG lipaemia is a risk factor for CHD especially from the widespread use of stearic rich fats from hydrogenation which give rise to glycerides which are slow to digest and lipoproteins which have slow clearance.

· Short and medium chain fatty acid triglycerides being readily hydrolysed by gastric lipase can influence the digestion of long chain fatty acid triglycerides due to interesterification and hydrolysis at the 1,3-positions.

· Long chain saturated fatty acids at the 1,3-positions are less absorbed due to formation of calcium and magnesium soaps; possible preferential excretion of calcium is expected with such structured fats. Long chain saturated fatty acids also at the 3- and 1- positions can inhibit lipase enzyme reaction directly or indirectly due to low solubility

· Structured fats have now been designed low- calorie, cocoa butter replacers using 2:0 at the sn-2 position, and 18:0 or 20:0 acids at the 1,3-positions so that easy absorption of the short chain 2:0 provides minimal energy intake while the long chain saturated acids remain poorly absorbed. Conversely use of medium chain fatty acids at the 1,3-positions and desirable or essential fatty acids at the 2-position optimizes easy digestion and fat absorption for new-borns or patients suffering from malabsorption of fats.

Table 1. Dietary and nutrition outcomes from chemical positioning of fatty acids and other aspects of fats

	Study Conditions
	Positive outcomes
	Negative outcomes

	Fats with sn-2 palmitic acid most beneficial in infant formula [Lien et al, 1997;  Schmelzle et al, 2003]
	Greater weight and head circumference in infants; better absorption in rats and avoids Ca excretion
	High saturation at sn-2 position means high absorption of cholesterol-raising saturated fatty acids, which may be undesirable for some people.

	Structured glyceride containing palmitic acid at the sn-2 or 1- or 3-positions for preterm infants [Carnielli et al, 1996; Lucas et al 1997; Innis et al, 1997; Rings et al, 2002; Linderborg & Kallio, 2005]
	TAGs with sn-2 palmitate (similar to breast milk) beneficial for absorption, less loss as calcium soaps in stools; useful formula for preterm infants
	Structured lipids now well known and long chain saturated fats at 1,3- positions are less digested and also cause some Ca excretion. MCTs are readily digested and influence the digestion of other fats.

	Factor VII (coagulation): Palmitic, oleic and linoleic acids [Sanders et al 1999; Sanders et al, 2003; Tholstrup et al, 2003]
	sn-2 oleic acid in cocoa butter is easily absorbed but interesterified cocoa butter causes activation of factor VII
	Oleic and linoleic acids appear to have adverse effects on the endothelium function. Totally unsaturated TAGs increase FVIIa more than totally saturated ones.

	Milk fat intake[ Lucas et al, 1997; Warensjo et al, 2004]
	Negative correlation with CVD despite high saturation
	

	Palmolein is less atherogenic than sunflower oil and lard in vervet monkeys with moderate fat diet [van Jaarsveld et al, 2002]
	Less atherosclerosis was found with palmolein diet relative to lard and sunflower oil diets.
	

	Palmolein not cholesterolemic [Truswell et al, 1992; Choudhury et al, 1995; Sundram, 1997; Choudhury et al, 1997]
	Palmolein is comparable or better than extra virgin olive oil, canola and high-oleic sunflower oils
	

	Glyceride structure, animal feed, atherosclerosis in rabbit [Neoh & Goh, 2003; Kritchevsky et al, 1996; Kritchevsky, 2000]
	Palm oil not atherogenic despite overall relative saturation at 50%; saturation mainly at 1,3-positions
	Lard and randomised palm oil glycerides more atherogenic than natural palm oil; naturally structured glycerides leads to lower absorption by poultry and swine.

	2-Positional unsaturation in palm oil [Goh, 1999, 2001; Ong & Goh, 2002; Goh et al, 2004]
	High unsaturation at sn-2 and saturation at 1,3-positions provide good cholesterolemic effects
	

	Postprandial effects and structured glycerides [Aoe et al, 1997]; lipaemia from stearic acid-rich fats [Berry & Sanders, 2005]
	OPO glycerides were absorbed and transported more effectively than OOP glycerides
	

	Stearic acid, cocoa, blood pressure, CVD mortality [Hu et al 1999; Hu et al, 2001; Berry & Sanders, 2005; Buijsse et al, 2006;]
	cocoa butter intake inversely correlated with blood pressure and CVD mortality
	Increased intake showed exaggerated postprandial lipemia, may increase risk of CHD; increase platelet aggregation; stearic acid classified with other 12:0 to 16:0 acids

	DELTA study (Ginsberg et al, 1998). Reduction of total and saturated fat from 37% to 30% and 26%.
	Reduction of LDL cholesterol
	Reduction of HDL cholesterol.

Total-c/HDL did not show improved benefit; Lp(a) rose.

	LDL-cholesterol lowering is mainly from statin drugs, to a lesser  extent by controlled fat diets and moderately by a strict overall diet [Jenkins et al, 2005]
	Up to a total of 30% reduction can be from combined controlled fat intake and plant-foods, additional intakes of sterols, fibre, soy protein and nuts. Exercise increases HDL.
	Statins can lower LDL up to 30%, sometimes with side effects; low saturated fat diet can only achieve 4.7% reduction; similar reductions can be from plant-based diet

	Oxidative stress from polyunsaturated fats [Kang et al, 2005; Pamploma et al, 1998]]
	Polyunsaturated:saturated oils ratio to be less than 1-1.5 for optimal oxidative stress
	Life span of mammals inversely related to the peroxidizability index of mitochondrial membrane


continued Table 1. Dietary and nutrition outcomes from chemical positioning of fatty acids ….
	Use of long chain fatty acids (DHA & EPA but not 18:3 n-3) [von Schacky 2004; Wheland & Rust, 2006; Garg et al, 2006]
	Protective of sudden death and cardiovascular catastrophes; also of cystic fibrosis, inflammatory diseases, dyslexia and depression
	

	Effect of -linolenic acid (18:3 n-3) conversion to long chain n-3 acid [Giltay et al, 2004; Burdge & Calder, 2005]
	Women can benefit possibly because of  “evolved” potential for meeting demands of the foetus
	Limited conversion to long chain n-3 acids for man

	Flaxseed oil chemopreventive on colon cancer development [Chandradhar et al, 2005]
	18:3 n-3 chemopreventive against colon cancer
	

	Long chain n-3 fatty acids in food and animal feed [Christon, 2003]
	Cardiovascular health could be enhanced with n-3 oils intake; long chain n-3 fatty acids regulate endothelial dysfunction
	Linoleic and saturated acids do not inhibit endothelial activation

	High 6/3(fish) ratio of 11-30 in N American and Israeli diets [Vos, 2005]
	
	Possible contribution to heart disease, cancer, asthma, arthritis and depression and possibly increasing risk to infectious diseases; Israeli paradox 

	Israeli paradox: high 6 polyunsaturated and low saturated fat intake [Pierce & Dayton, 1971; Dubnov and Berry, 2003; Kark et al, 2003]
	
	High linoleic acid (~12%) in Jewish diets; high CVD, hyperinsulinemia, metabolic syndrome X, obesity, and cancer; increase in cancer incidence in the Veterans Trial

	6/3 Ratios in diets and CVD mortality [Vos & Cunnane, 2003; Wolfram 2003; Bulk et al, 2004]
	High 3 and low CVD mortality, e.g. Greenland, Japan
	High 6 cause of high CVD mortality

e.g. US, Northern Europe, Israel; risk of asthma, arthritis, depression and increased infection

	Linoleic acid and DHA [Kalmijin et al, 1997; Demar et al, 2005]
	3 fish oils protective unless polluted by mercury or other heavy metal
	Linoleic acid prevents absorption of DHA in infants and is associated with cognitive impairment; risk of cataracts and dementia for adults.

	Linoleic acid (18:2 n-6) versus DHA (22:6 n-3) [Buchner et al, 2002; Larsson, 2004; Hooper et al, 2006]
	DHA may be associated with suppression of cancer; 3 fatty acids more effective in reducing mortality than statins. 
	Linoleic acid closely associated with mammary tumours and frequently associated with cancer but may protect (40% less) against prostate cancer.

	Linoleic acid, 6 versus 3 fats [Kalmijin et al, 1997; Simopoulos & Cleland, 2003 ; Johnson & Schaefer, 2006; Arterburn et al, 2006]
	3 marine fats provide cardiovascular, mental and visual health benefits
	6 High linoleic acid intake associated with high risk of macular degeneration (a major cause of blindness), cognitive impairment and breast cancer

	Polyunsaturated acids 18:2 and 18:3 [Lu et al 2005]
	
	Risk of age-related lens opacity

	Conjugated linoleic acid [Smedman et al 2005]
	In vitro cytotoxicity and possible ‘anti-obesity’ action
	Increased C-reactive protein

	Risks from trans fats [Ascherio & Willett,1997; Lichtenstein et al, 1999; Mozaffarian et al, 2006]
	Except for CLA, trans fats are among the worst in lipidemic behaviour
	Possible link to the 93% rise in CVD; reduction of 2% trans fats with 18:2 can reduce CVD by 53%; possible cause of high incidences of macular degeneration

	trans fats versus saturated fat [Fed Register, 2003]; similar effects of stearic acid diet compared to trans-fat diet [Turpeinen et al, 1998]
	Labelling of trans fats required by 2006
	trans fats lower the good HDL and interferes with cellular signalling pathways; trans fat associated with a 10-fold higher risk for CVD and possible detrimental effects to foetus/newborns 

	Myristic acid stimulate nitric oxide (NO) production [Zhu & Smart, 2005]
	NO considered anti-atherogenic; palmitic is slightly less stimulatory
	Myristic acid (14:0)-induced increase of plasma cholesterol may be offset by effects of NO
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Figure 7. Comparison of the lipidemic effects of palmolein, canola, extra virgin olive and coconut oils [Ng et al, 1991; Truswell et al, 1992; Truswell, 2004]

Palmolein and Other Major Oils
It may be pointed out that palmolein is probably the only widely available oil that provides the fatty acids required by the human body in terms of the fatty acid composition (Fig. 2). Studies on the lipidemic effects of palmolein and palm oil further consistently demonstrate that they have physical, chemical and nutritional properties much more like monounsaturated oils, the monounsaturated oleic acid being its major constituent fatty acid. In comparative studies of three monounsaturated oils (Fig. 7) it has been clearly demonstrated that the composition of sn-2 fatty acids will manifest their lipidemic properties, notably explaining why palmolein can be similar to (total-c) or better than (ratio of total-c/HDL) extra virgin olive oil [Choudhury et al, 1995; Sundram, 1997; Truswell et al, 1992; Truswell, 2004].  Total-c lowering is much more due to the effect of presence of linoleic acid (18:2) in the sn-2 position as can be seen in the comparison of palmolein with coconut oil which is almost devoid of 18:2 but has an excess of HDL-raising saturated fatty acids (Fig. 7).

Fig. 8 shows the expected blood lipid cholesterol-lowering effects with respect to 18:2 polyunsaturation [Ahrens et al, 1957; Hayes & Khosla, 1992; Truswell, 2004]. Noteworthy is the somewhat variable results obtained by various groups on same oils probably as a result of the complexity of dietary regimes where digestion/absorption can be affected by intakes of combination of fat types and other nutrients. Cocoa butter is also outstanding as a neutral cholesterolemic fat as it is naturally structured to have unsaturation at the sn-2 position in contrast to animal fats which are well known as hypercholesterolemic fats [Sanders et al 1999; Sanders et al, 2003; Tholstrup et al, 2003]. Apart from this, stearic acid is known to be poorly absorbed compared to lauric and myristic acids, especially as calcium soaps. Fig. 9 is a chart which allows the comparison of a number of oils and fats for the sn-2 positional fatty acids. Apart from cocoa butter natural vegetable-based oils and fats can be highly structured as in palm, peanut and cocoa butter. Olive, palm, peanut and canola oil provide little of saturated fatty acids at the 2-position of the glycerides; they are in fact predominantly mononunsaturated and slight to moderately polyunsaturated.   Fig. 10 which depicts antithrombotic effects of various oils and fats also provides complementary evidence that positional unsaturation of oils and fats is important [Hornstra and Kester, 1997]. As palmolein and palm oil provide glycerides of which the major oleic fatty acid and minor polyunsaturated acids are preferentially well absorbed, the spread of results for palm oil is suggestive of  the presence of more anti-thrombotic minor components, presumably tocotrienols which may be somewhat variable as some may be lost in oxidation or during transport.

It is obvious that palmolein and oils from the oil palm have been emphasized because of their versatility in providing nutritional fats, heat stable fats, semi-solid fats without hydrogenation and trans-free fats [Juttelstad, 2004; deMan, 2000; Timms, 2005; Kita et al, 2005]. Modern processing methods of fractionation, blending, interesterification and enzymatic interesterification can provide the whole range of manufacturing fats, e.g. frying oils, margarines, bakery shortenings, puff-pastry fats, confectionery and specialty fats, and structured glycerides [Goh & Tang, 2005; Ong & Goh 2002; Warner & Gupta, 2005; Timms, 2005]. It is clear other oils such as extra virgin olive, canola and high oleic sunflower oils can fill special culinary needs while the latter two oils can well have blends with various palm oils and fractions to provide the needs of the food processor [deMan, 2000; deMan & deMan, 2001; Braipson-Danthine et al, 2005].

Many high linoleic and linolenic oils will now need to blend with semisolid fats from palm, cottonseed and other minor sources or they will have to resort to total hydrogenation to avoid having trans fats [Petrauskaite et al, 1998]. The resulting solid stearic-rich fats will need to be interesterified with liquid oils to provide for food processing needs. However the new unnatural glycerides that result from such treatments can give rise to potential problems not unlike the decades’ old problem of trans fats. Early studies have cautioned that stearic-rich fats can cause postprandial (immediately-after-eating) lipaemia which is a risk factor for CVD and indeed such fats are similar to trans fats in terms of platelet activation and endothelial PGI2 production (measures of thrombogenic properties) [Berry & Sanders, 2005; Buijsse et al, 2006].
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Figure 9. Distribution of 2-positional fatty acids in oils and fats [Goh et al, 2001; Ong & Goh, 2002]
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Figure 10. Rat thrombosis: effect of 2-positional polyunsaturation (CB=cocoa butter; HSB=hydrogenated soybean oil) [Hornstra and Kester, 1997]

Overview of Diet and Fats

Dietary recommendations have been controversial over the years but fortunately science and reason are slowly taking centre-stage [Goh, 2006; Table 1; Appendix 1]. For a long time the food pyramid has almost been a sacred cow but many changes have now been introduced. While it is accepted that no fixed diet is suitable for everybody, new recommendations have to take cognisance of on one hand the overwhelming successes in land-based agricultural foods and on the other hand the prevalence of obesity and diabetes/insulin resistance (“diabesity”). Previously oils and fats were restricted to the top of the food pyramid, they (nutritional fats) are now of equal value with low-glycaemic carbohydrates to provide for macronutrient energy [Reaven, 1995; Willet, 2001; Tarvani et al, 2003; Volek et al, 2004; McMillan-Price et al, 2006]. Present-day carbohydrate productions are as much a success story of modern agro-industry which effortlessly provides inexpensive processed and convenience foods, most of which tend to be easily digestible high-glycaemic carbohydrates and sugars. Other problems are in modern lifestyles (comfortable, sedentary, modern labour-saving facilities and little need for physical activity) and the widespread acceptance of convenience and fast-foods. Many N. American dietary recommendations have the potential of causing obesity because of the high carbohydrate recommendation while mistakenly just targeting for fat reduction. Before trans-fats were recommended for elimination, saturated fats have been savagely targeted for reduction. And for a long time CVD and obesity had been blamed on fat intake and measures such as fat reduction and switch to low-fat foods had not been effective. Apart from giving rise to the problems of obesity, insulin resistance and type II diabetes, there were also urgent problems such as CHD, cancer, macular degeneration and foetal damage that needed to be addressed, much of which are now attributed to over-consumption of trans and n-6 polyunsaturated fats.  
Presently much more is also known of dietary oils and fats as the decades-old controversy on heart-diet-cholesterol hypothesis dissipated in the light of new findings. It is now clear that natural oils and fats (palm, cottonseed and peanut) with relatively more saturation than the traditional temperate oils (canola and soybean) are acceptable and are even preferred because their triglycerides, which are structured with high sn-2 unsaturation, render them more like monounsaturated oils (in the class of extra virgin oil). Further, trans fats from processing are to be eliminated while total hydrogenation has been cautioned as providing unnatural stearic-rich glycerides with questionable nutritional quality. As most oils and fats cannot fulfil the present hypothetical needs of high monounsaturation, moderate saturation, limited n-6 polyunsaturation and adequate amounts of essential n-3 fatty acids, use have to be made of the presently available oils of which the oil palm can provide a substantial proportion. Nutritional optimisation as well as food-processing requirements can thereby be fulfilled. This also takes into cognisance that other dietary components such as marine foods and vegetables and fruits also provide other much needed essential nutrients.
Abbreviations

CVD = cardiovascular disease; CHD = coronary heart disease, HDL-c = “good” high density lipoprotein cholesterol; ISSFAL = International Society for the Study of Fatty acids and Lipids; LDL-c = “bad” low density lipoprotein cholesterol; Lp(a) = a lipoprotein, high levels undesirable; MCT = medium chain triglycerides, containing mostly saturated C8-10 fatty acids; NO = nitric oxide, artery relaxing signalling molecule, lowers blood pressure; 3 or n-3 essential polyunsaturated fatty acid required by the body; RDI = recommended daily intake; TG = triglyceride or triacylglycerol, TG levels measure circulating neutral fat, an independent CVD risk factor; total-c = total cholesterol.

Appendix 1. Influence of dietary and environmental factors on health

	Condition/environmental factors
	Positive outcomes
	Negative outcomes

	Smoking, stress and high blood pressure [worldheart.org]
	
	Increase in cardiovascular disease (CVD) risk

	Caloric excess and restriction [Heilbronn et al, 2006)
	Caloric restriction increases longevity in animals; increases weight loss 
	Obesity and increase in associated risks (diabetes, hypertension and CVD) from excess food intake

	Moderate (<33% energy) or low (<20% energy) fat diets but of similar caloric intake [McManus et al, 2001]
	No discernable difference on mortality: caloric intake, not fat alone, is the cause of weight gain
	Extreme fat restriction may be deleterious to cardiovascular health. Moderate fat diet shows lower risks to CVD than low fat diet.

	Change from high to low fat (<20% energy) intake for women 50-79 years [Howard et al, 2006]
	Statistically insignificant reduction in risk of breast cancer over the 8-year study
	No significant change in obesity, diabetes, stroke, metabolic syndrome or colon cancer

	Diets low (<20% energy) or  very low (<9% energy) in fat and high in simple carbohydrate intake
	High carbohydrate/low fat diet need to specify unprocessed whole grains and be coupled with intensive exercise
	Increased risks of insulin resistance, type II diabetes, and CVD [Reaven, 1995; Willet, 2000; Noakes et al, 2006].

	Low fat/low cholesterol diet ineffective [Corr and Oliver, 1997; Young, 2005]
	Treatment necessary for vascular inflammation and to raise HDL-c 
	Reduction in fat and saturated fat and cholesterol intake is ineffective in reducing coronary events or total mortality.

	Natural oils and fats are favoured in the new food pyramid [Willett, 2001]
	Whole grains, natural vegetable oils and vegetables/fruits are favoured.
	Excessive calories from processed grains of high glycaemic index not natural oils and fats are new dietary problems.

	American heart association diet [Chahoud et al, 2004]
	High fruit and vegetable diet favourable against CVD and cancer
	High carbohydrate diet unsuitable for high-TG subjects and favours obesity

	High fat or high saturated fat for healthy men [Poppit et al, 2006]
	Saturated fat has no effect on ghrelin and leptin hormones which control food intake and adiposity
	High fat diet may adversely affect leptin

	Moderate and regular exercise [Thrall & Lip, 2005]
	Reduced risk of CHD, stroke, diabetes, hip fracture and some kinds of cancer; increase in good HDL-c
	

	Familial (genetic) hypercholesterolemia [Sijbrands et al, 2001]
	Treatment available by statin drugs with anti-inflammatory properties
	High risk of CVD mortality

	Plant-based diet (high in fruits, vegetables, whole grains, nuts and legumes) rather than replacing saturated fats  important [Gardner et al, 2005]
	Lowered LDL-c, decreased risk of CVD and cancer; lower blood pressure; cholesterol lowering despite saturated fat and cholesterol diet; enhance effect of low fat diet
	

	Diet with moderate and high (unpolluted) fish intake
	Decreased risk of CVD 
	A worldwide shortage in supply of fish and LC 3 polyunsaturated oils

	Diet high in red meat [Wu et al, 2006]
	
	Increased risk of CVD and colon/prostate cancer (from the food or its preparation)

	Fast food diet (large portions, high fat of >40 % energy including trans fats and high glycaemic food and drinks)
	Convenience foods encourage undesirable rapid eating habit and overeating
	Increase risk of CVD, obesity and certain types of cancer; little concern to health of consumers until exposed


… continued   Appendix 1. Influence of dietary and environmental factors on health
	Condition/environmental factors
	Positive outcomes
	Negative outcomes

	Commercial monopolies of foods and processed foods
	Need introduction of more difficultly digestible (or low glycaemic index) foods for the general population
	Foods are inexpensive or tasty but may be of questionable nutritional quality and of limited variety; lesser availability and choice of nutritional foods 

	Low carbohydrate diet versus low fat but energy-matched diet [Tavani et al, 2003]
	Satiety-induced calorie restriction occurred in low carbohydrate diet; low glycaemic index rather than low carbohydrate preferable
	No significant difference in weight loss over the long term. Low carbohydrate diet may be unsuitable for people with coronary heart disease, gout or kidney disease.

	High protein (Banting-Atkins) and low carbohydrate diet [Arora & McFarlane, 2004]
	Low glycaemic index rather than low carbohydrate diet required; increased satiety and weight loss
	Concerns of possible long term damage to kidneys and osteoporosis in high protein diet

	Replacing high fat (45% to 25%) and saturated fat with carbohydrate (40% to 60%), [Abbasi et al, 2000]
	
	82% increase in fasting TG, 133% increase in remnant lipoprotein, 250% increase in remnant TG and 11% lowering of good HDL-c

	Comparison of hypo-energetic and isocaloric diets of very low carbohydrate (~10% energy)/high fat (60%) and high carbohydrate (55% energy; 25% fat)
	More weight and fat loss in the very low carbohydrate diet; but over the longer term effects tend towards equality; high protein effective with anorexic effect [Wiegle et al, 2005]
	

	Palm oil is antithrombotic [Hornstra and Kester , 1997]
	Reduce atherosclerosis in animals; palmolein has structured glycerides with cholesterolemic effects similar to virgin olive oil
	Palmitic acid in animal fats slightly cholesterol-raising compared to monounsaturated and polyunsaturated acids

	Lowering saturated fat in average American diet  from 15 to 6.1%, Ginsberg et al (1998) Delta 1 study
	Reduced bad LDL-c by 11%
	Good HDL-c fell by 12% and bad Lp(a) rose by 17%

	Low fat (15% energy) diet versus moderate fat for athletes [Horvath et al, 2000]
	MCT with carbohydrates optimal for endurance
	Low fat diet reduced endurance in tests

	Serum cholesterol and mortality [Stemmermann et al 1991]
	Lowest mortality found in men with moderately high cholesterol 4.65-6.18 mmol/L
	Colon and lung cancers strongly correlate with low serum cholesterol

	Nuts in diets [Albert et al, 2002; Kris-Etherton et al, 1999]
	Arginine (precursor to NO) is recognised to be important blood vessel relaxing factor; other benefits are from Mg and 3 polyunsaturated acids
	


Disclaimer

Information provided is from authoritative sources but this is not intended to substitute advice from medical and health care professionals. Problems related to health, diet and ailments should normally be referred to medical authorities as body weight or lack of it can be symptoms of problems which may need urgent medical attention.
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