
C H O L E S T E R O L

Lipid Structure, Not Just Fatty Acids

Cholesterol has again come into the limelight as blood cholesterol or more specifically excessive low-density lipoprotein ("bad cholesterol") is a risk factor for coronary heart disease. Apart from endogenous factors (e.g. excessive cholesterol made by the liver or other genetic factors) and contributions from diets (direct intake of high cholesterol foods), the types of edible oils and fats are often highlighted. Oils and fats are partly characterised by the fatty acids comprising them. Certain fatty acids are known to contribute to raising cholesterol levels, e.g. myristic acid (14:0, fourteen denoting the number of carbons in the molecule and zero means saturated). Stearic acid (18:0), although saturated, is considered to be neutral to cholesterol-raising effects while medium chains such as C10:0 behave differently and do not contribute to raising cholesterol. On the other hand, monounsaturated (18:0) and more so polyunsaturated (18:2) acids have the effect of lowering blood-cholesterol levels. Some simplistic equations to estimate the cholesterol-raising or cholesterol-lowering properties were found empirically to sum up the contributions of various fatty acids from dietary oils and fats. It was soon found that such simplistic equations failed when applied to natural oils, particularly palm oil. These anomalies were evident from earlier studies where it was found that it is not sufficient just to consider the overall fatty acids content but that the molecular structures of the triglycerides (or triacylglycerols) from which the fatty acids are derived are important. Text books and obsolete nutritional recommendations continue to cast a poor image for palm oil because of its overall medium to high percentage of saturated fatty acids (49%). This is mainly due to the use of obsolete data of two or three decades ago when the chemical analysis of oils and fats just provided the overall fatty acids content but not the triglyceride structures and compositions.


This lack of information (or even misinformation) has caused misunderstandings on the nutritional quality of palm oil. Another factor is that a higher level of understanding is required, e.g. the fatty acids are derived from three different positions of the oil or fat (i.e. the fatty acids have positional and stereochemical relationships in the triglyceride molecular structure, see Figure). It is therefore not appropriate to take an average of the percentage of saturated or unsaturated fatty acids in all three positions of a fat, bearing in mind that the digestion and uptake of the fatty acids of the three positions can be markedly different. In particular, the 2-positional fatty acids as 2-monoglycerides derived from the action of pancreatic enzymes on oils and fats, being 1,3-specific, are the most easily absorbed. Also liberated are fatty acids from the 1,3-positions with the long chain fatty acids (16:0 and 18:0) being poorly absorbed particularly after being converted to calcium or magnesium salts derived from the diet. This means the description of dietary fat must refer to the molecular constitution of the triglycerides and not just the overall fatty acids. A commonly cited comparison is that although the overall fatty acid composition of palm oil and lard is similar, the latter but not the former is cholesterol-raising which of course is a consequence of the different positioning of the saturated fatty acids in the triglyceride molecule.
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Figure 1. Relationship between S saturated fatty acid content and thrombogenicity (OT) of dietary fats in rats1  [1. Coconut Oil; 2. Triglyceride mixture; 3. Partially hydrogenated coconut oil; 4. Medium chain triglycerides; 5. Whale oil; 6. Palm oil (= and 5 are revised values based on triglyceride structure); 7. Olive oils; 8. Partially hydrogenated soyabean oil; 9. Linseed oil; 10. Rapeseed oil (old); 11. Rapeseed oil (new); 12. Sunflower seed oil]
Palm Oil: A Naturally Structured Fat


Palm oil as with most vegetable oils have a composition of triglycerides in which the 2-position is mainly unsaturated while the 1- and 3-positions are relatively saturated. Remembering that the 1- and 3-positional fatty acids are liberated by the digestive enzymes (which are 1,3-specific), while the 2-monoglyceride remains and this is most readily absorbed. The 1- and 3-positional fatty acids when released have different absorbabilities, the unsaturates are absorbed relatively easily while the long chain saturated acids (or salts derived from them) are poorly absorbed. This has an important consequence in considering the nutrition of edible oils, especially for palm oil. It means the fatty acid profile of the fatty acids absorbed by the body will be mainly the profile of the 2-positional fatty acids and for crude palm oil this is about 11% saturated while the average of 49% is commonly referred to by competitors of palm oil. It would even have a better absorption profile (about 8% saturated) if it is considered that only the unsaturated fatty acids from the 1- and 3-positions are absorbed by the intestine. This situation is somewhat similar to cocoa butter fat which is highly unsaturated at the 2-position while and 1- and 3- positions are almost all saturated. No wonder nobody ever complains of chocolate fat, even though a lot of palm mid-fractions go to this type of fat. There is another important consequence; only slightly more than a third of the calories in palm oil is taken up into the body. It means palm oil is a naturally structured oil so that a large part of the fat will not be absorbed by the body as compared to other fats which may be claimed to be polyunsaturated or monounsturated but can result in the absorption of the dietary fat consumed. Calorie-conscious consumers should realize the better choice of such fats rather than relying on anti-calorie pills which basically try to stop the digestive enzymes which split out the 1- and 3-positional fatty acids. A lot of research effort has been made to design fats, which are modelled from 1-saturated-2-unsaturated-3-saturated type of molecules present in palm oil so that the body absorbs less of the fatty acids and also provide protection from cholesterol elevation. 


One of the earlier surprise findings which can support the above considerations has been from Hornstra's experiments on animal thrombosis. The Figure shows thrombosis observed as obstruction time (OT) before the artery is clogged up by blood LDL cholesterol when different fatty diets were experimented on. Based on cholesterol-raising effects due to the absorbed fatty acids (and perhaps other effects), saturated fatty acids will raise cholesterol (leading to short OT) while unsaturated fatty acids will lower (longer OT). When the data was published the results for palm oil was most surprising as it did not fall into the usual pattern (Figure). Subsequent testing considered the presence of antioxidants but this not sufficient to explain the "expected" deviation. In the light of the discussion given above, a reinterpretation of this data shows that the results are to be expected of palm oil if one considers that palm oil is actually highly unsaturated due to the 2-positional fatty acids which are to be absorbed as 2-monoglycerides. When replotted considering only 2-positional fatty acids (11% saturated) or inclusive of unsaturates of the other positions which are also preferentially absorbed (8%), the results are as shown in the Figure. A good re-fit can now be seen from the experimental data and this perhaps is the correct interpretation of the data, without even considering the contributions of minor components. Noteworthy from the Figure is that palm oil is superior to almost all other oils, even olive oil, apart from other benefits (mentioned above) that can be derived from it. It would be useful for such related experiments to be performed to throw more light on the importance of triglyceride structure in designing structured lipids and for genetic engineering or crop breeding programmes.

Research Notes. The above write up will perhaps help to bring attention to the better lipid structure of palm oil and comes about from several of our studies as well as with reference to the literature on micronutrients, antioxidants and oils/fats' nutrition in animals and humans. Many nutritional studies have been fraught with contradictions and studies using palm oil and their minor components are no exemptions. The metabolic fates of fats and other micro-constituents must also not be ignored2-4 especially as palm oil provides lipid profiles with beneficial triglyceride structures as well as providing several types of antioxidants. In the controversy on fatty acids and hypercholesterolemia, the total structure of palm triglycerides has mostly been overlooked.5 Pancreatic lipase is 1,3-specific and saturated fatty acids of relatively long chains (C16:0 and 18:0) released from the 1,3-positions are poorly absorbed with the 2-acylmonoglycerides being well absorbed. Palm oil is beneficial from the high unsaturation of the 2-positional fatty acids as well as the high content of natural antioxidants. Palm olein and superoleins (liquid fractions with high unsaturates) supplied as cooking oils will be even more beneficial for consumption. From this point of view it is clear which are the fats to be avoided in excess (i.e. milk fat and lard). Lard is 78% saturated at the 2-position while milk fat is similarly more than 70% saturated and notably with a large percentage of the highly atherogenic myristic (14:0) acid.
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