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Introduction 

The traditional view of nutrition of oils and fats has been narrowly focused on the nature and composition of fatty acids1-5, in particular the degree of saturation or unsaturation of the acids or the associated triacylglycerols from different sources. Recent studies indicate the need to consider not only the degree of unsaturation and the chain length but also positional unsaturation, geometrical isomers (cis/trans) and the positional distribution of the fatty acids in the glycerides. These structural and stereochemical aspects together with other dietary constituents influence the digestion, absorption and metabolism of the oils and fats. It is important to consider these factors especially since experiments on humans are usually short term and more detailed studies are usually carried out on animals; observations in the digestability of fats in animal feeds have also emphasized the need for greater understanding. Many nutritional investigations include the use of not only human subjects but also animals and most data presented below by necessity are also derived from such related studies, even though species differences usually tend to be ignored.

Fatty Acids.
Despite considerable research, the understanding of the effect of dietary fatty acids in nutrition and health has been clouded due to the influence of partisan groups supported by large dietary oils and fats producers. Most summary recommendations tend to favour the consumption of polyunsaturated fats even though for most food applications highly polyunsaturated fats are unsuitable and need hydrogenation to provide the required properties with saturated or trans fatty acid characteristics, and the latter acids are now known to be unhealthy. Excessive polyunsaturation is also known to be undesirable as it increases oxidative instability and cancer risk apart from other undesirable metabolic effects. The trend was then set to favour the ingestion of more monounsaturated fats because of good oxidative stability and that they provide acceptable blood lipid profiles. For human nutrition, recommended proportions of saturates: monounsaturates: polyunsaturates as specified by several countries4 are in the range 1:1-1.7:0.6-1. For animal nutrition the greater emphasis is placed on caloric value provided by free fatty acids and also of blends (e.g. containing some polyunsaturation) which can provide for better absorption.

For human nutrition, oleic acid (18:1) is favoured to replace certain polyunsaturated acids, e.g. linoleic acid, which increases oxidative stress, pro-inflammatory response and competition with the functions of 3 long chain polyunsaturated acids (LCPUFA). There are also specific individual requirements, e.g. saturated fatty acids of medium chains are favoured to provide for rapid absorption and faster metabolism for energy.  The natural relative distribution of fatty acids of Homo sapiens is approximately saturated  ~ monounsaturated > polyunsaturated and when individual fatty acids are considered they fall in the order: 18:1 > 16:0 > 18:2~18:0~14:0 > 12:0 > 18:3. But it appears that fats from different sources are useful to provide energy and that the level of saturated fat intake is not relevant if there is sufficient intake of LCPUFA (from marine sources) and a balanced diet which includes fruits and vegetables (the French paradox). The fatty acids in animal fats (chicken, pig and cattle)5 are somewhat similar to that of man with slightly different distributions of 16:0, 18:0, 18:1 and 18:2 and greater differences in positional distributions in the glycerides.

Digestion, Absorption and Metabolism of Fats

It is increasingly evident that nutrition and health effects from the intake of dietary fats are dependent on their digestion, absorption and metabolism after ingestion. In the stomach and intestine, gastric and pancreatic colipase-dependent lipases hydrolyse TAGs to free fatty acids (FFAs) and sn-2 MAGs. The process is subject to kinetic and thermodynamic controls and also dependent on the matrix determined by other food materials. Gastric lipase is much less important than pancreatic lipase for hydrolysis of fats and is somewhat selective for short and medium chain (MC) fatty acids so that MCTAGs and TAGs containing 1,3-MCFAs can be partially hydrolysed while the pancreatic lipase completes the hydrolysis (by removal of 1,3-long chain acids) (see Figure). Studies on the action of lingual, gastric and pancreatic lipases on structured and defined TAGs and the subsequent reconstitution of the digestion products into lipids and their transport to the lymph over a 24-h period have revealed that a lot of observations are still not completely understood. Gastric lipase can release medium chain (and partially polyunsaturated) FAs at the 3-position of TAGs under the relatively acidic conditions while the main digestion will have to be dependent on pancreatic lipase aided by bile acids and bile salts. 1,3-Positional PUFAs are likely more readily hydrolysed than similar long chain saturated FAs. Unlike long chain, saturated fatty acids, MUFAs and PUFAs are readily absorbed after their release by the action of pancreatic lipase and with bile salts emulsification. However, saturated long chain FAs such as 16:0 and 18:0 from the hydrolysis of fats seem to be relatively poorly absorbed because of their higher melting points and tendency to form less soluble soaps (of Ca and Mg) and hydrates at the pH of the small intestine. 2-MAGs from enzymatic hydrolysis are micellarized and absorbed much more readily as compared to the long chain saturated FFAs. After absorption reesterification of 2-MAGs with FAs provide TAGs which are transported to the lymph by chylomicrons. The 2-positional FAs in chylomicron triacylglycerols after 4 h feeding remain closer to sn-2 FAs of feed material (i.e. mainly conserved) while after 8 h changes are seen in the TAGs which may involve the incorporation FAs from hepatic VLDL.6-9 Not much quantitative data however is known of the much slowly digested TAGs containing long chain saturated FAs at the 1,3-positions and their fate as a consequence of their much slower absorption. There is a possibility that the behaviour may resemble diglyceride oils, the fatty acids of which are mainly metabolized by beta-oxidation.10,11
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The differences observed for digestion of fats have some practical applications. For example, medium chain triglycerides (MCTAGs) are used to provide a fast source of energy and desirable fatty acids are incorporated at the 2-position of triglycerides for optimum absorption. Baby food fats can have palmitic acid (16:0) and 3 LCPUFAs (DHA or EPA) at the 2-position while the 3- or 1,3-positions can be medium chain and other fatty acids. Similarly, structured fats can be designed for patients with fat malabsorption. If uptake of fats by the body is to be minimized (low-calorie fats) such as for structured cocoa butter-equivalent fats, the designed fats can have a short chain fatty acid at the 2-position (e.g. 2:0) and long chain fatty acids at the 1,3-positions (e.g. 18:0 to 22:0). This will be a useful functional fat for providing low calories while providing the desirable food characteristics. Reduced (or slow) absorption and enhanced excretion have been to explain the widely observed neutral cholesterolemic effect of stearic acid from cocoa butter.1,5,6 Highly structured TAGs with long chain saturated fatty acids at the 1,3-positions will therefore be less bioavailable especially with diets high in minerals (Ca and Mg) and fibre. The other extreme is to have no 2-positional fatty acid as in diglyceride (DAG) oils which have been demonstrated to have less absorption and undergo oxidation; these properties have made DAG oils to be useful for the management of obesity.10,11
Only recently6-.9 have experiments been designed to try to understand digestion, absorption and metabolism of different dietary fats. Fatty acid chain length and unsaturation and the positional distribution are now known to affect their degree and rate of digestion and absorption and subsequent metabolism. Studies on postprandial lipid profiles show that stearic (18:0), palmitic (16:0) and particularly behenic (22:0) acids from 1,3-positions of TAGs are more slowly absorbed, indicating the possibility that long chain fatty acids undergo considerable beta-oxidation or are excreted.


Gastric and pancreatic lipases have specific and stereospecific characteristics and these properties have several experimental consequences some of which have already been discussed above. However not much have been studied on the transesterification and interesterification effects of these lipases on food and feed. But there are experimental data which indicate that such effects are important and some obvious examples are from nutritional studies where more than one type of oil or fat are used. For example it is known that it may not be necessary to specially prepare structured fats (e.g. with 1,3-medium chain fatty acids) to provide for better nutritional uptake of some desirable fatty acid if one provides in admixture medium chain triglycerides. This means a certain degree of 1,3-interesterification can be provided by gastric (or pancreatic) lipase acting on the medium chain triglycerides and the other glycerides in admixture. Also, 1,3-polyunsaturated fatty acids are more easily hydrolyzed off than long chain saturated fatty acids and this will have nutritional consequences, as seen in postprandial studies6-9 and also inferred some livestock data discussed below. In the light of the discussion above, it may now be possible to examine some similar problems of oils and fats in animal feed, for which less focused studies are available.  

Oils and Fats in Livestock Nutrition

Animal feeds are usually constituted from low quality oils and fats which can contain high amounts (up to 20%) of free fatty acids (FFA). In cases where there is similar complete absorption, the derived high FFA oil, compared to the original triglyceride oil, should cause little change on the available energy content, FFA being more energy-dense than TAG.12-17 In feed meal for pigs and chickens, it is known from studies that the latter have poorly developed lipolytic (digestive) systems, and only the older chicks have the capacity to more effectively digest fats. High FFA tallow or soy oils lower the AME (apparent metabolizable energy) on the laying hen and there is a progressive reduction in dietary energy value with increasing FFA content. This may be expected in view of the earlier discussions as under acidic conditions 2-MAG will potentially be lower in high FFA oils and so that reconstitution for TAGs after absorption will also depend on the possibly less efficient glycerophosphate pathway (Figure). Saturated fats also reduce the AME especially for chickens due to the more difficult hydrolysis of 1,3-positional saturated fatty acids compared to the polyunsaturated ones and the subsequent poorer absorption of long chain saturated FFA. Although unsaturated oils have empirically provided a higher dietary energy value in animal feeds, their excessive use leads to a lower shelf-life feed and this is coupled with a greater risk of obtaining higher levels of polyunsaturates in the carcass fat. It is for this reason that unsaturated fats are fed early in chick life for better absorption, when dietary energy is important for growth, to be replaced by more saturated fats when carcass fat considerations become more critical for older chicks. Again even though the older chicks can digest polyunsaturates better, a blend of saturated fat with polyunsaturated oils is needed provide comparable nutritive values, taking in consideration that “the more saturated fats” are currently cheaper. Noteworthy is the fact that AME and utlization energy for turkeys are in the order lard > soyoil > tallow (Table) which indicates the importance of unsaturation in the 1,3-positions. Lard is unusual in that it has saturated fatty acid (16:0) mainly in the 2-position while the 3-position is mainly unsaturated (with 18:1 and 18:2).5 Similarly with turkeys the AME values were maize oil > lard > tallow. The data for refined palm oil is interesting as it demonstrates the known1,4,5 predominantly structured triglycerides with 2-positional unsaturated and 1,3-positions mainly saturated, making lipase hydrolysis relatively difficult and the subsequent predominant formation of saturated FFA which are more slowly absorbed. High acid palm oil however provides better AME as the oil will have suffered considerable isomerisation and the presence of diglycerides provide for better emulsification, lipolysis and absorption.
Studies on swine using soyoil, beef tallow and palm oil showed that the metabolizable energies are in the order soyoil > beef tallow ~ palm oil, very much a consequence of slower hydrolysis of saturated fat or slower absorption of saturated FFA; the digestability of fats by swine is apparently much better than poultry. Yellow grease is also a high FFA (~15%) fat mixture, with TAGs considerably hydrolysed and forms the basis of readily absorbable fat in feed.

Although feed studies on many purified oils are not available, it is seen (Table) that dietary energy values may vary considerably according to the nature of the source of fat and the free fatty acid content as a consequence of differences of digestability and absorption. Furthermore for birds, the quantity of different oils to be added to the compound diet will affect their nutritive value, as will the age of the bird to which they are fed. Analogies can be drawn to infants which have poor digestability and absorption for some fats during the earlier months but improve considerably as they grow up. Suitable blending with polyunsaturates and possibly MCT (to allow for lipase-catalysed interesterification) may be able to provide better nutritional values to poultry oil feeds. In addition it should be mentioned that unsaturated fats and oils are not particularly stable materials, and even less so if there is a high degree of polyunsaturation. If feed oils have undergone a degree of oxidative and/or thermal damage (and it must be remembered that heat is invariably applied to fats and oils at some stage in processing) then decomposed products will be formed. These will have adverse effects on the nutritive value of the fat or oil to a degree dependent upon the nature and quantity of transformed molecules present13 (e.g. Wiseman 1986) may affect the quality of the animal meat.

Table. Energy value of feed fats 

	Oil/Fat
	AME (kcal/kg)
	Notes and Ref.

	Maize oil
	9163
	Turkey (Young and Artman, 1961) 14

	Lard
	8684
	Turkey (Young and Artman, 1961)

	Tallow
	6172
	Turkey (Young and Artman, 1961)

	Soy oil
	9070
	Chicken (Young and Artman, 1961)

	Lard
	8650
	Chicken (Young and Artman, 1961)

	Beef tallow
	7330
	Chicken (Young and Artman, 1961)

	Palm oil (Refined)
	5800
	Chicken (NRC, 1994)15

	Palm oil (Fatty acid composite)
	7100
	Chicken (NRC, 1994)

	Beef tallow
	7920
	Chicken (NRC, 1994)

	Poultry fat
	8228
	Chicken (NRC, 1994)

	Soy oil
	8020 to 8650
	Chicken (NRC, 1994)

	Yellow Grease
	9340
	Chicken (NRC, 1994)

	Choice White Grease
	9060
	Chicken (NRC, 1994)

	Soy oil
	8400
	Swine (NRC, 1994)

	Beef tallow
	7680
	Swine (NRC, 1994)

	Palm oil
	7690
	Swine (NRC, 1994)


AME = apparent metabolizable energy; Yellow grease is typically from used, high FFA edible oil of ~70% unsaturation
It should be noted that price is one of the major determinants of the suitability of any feed ingredient, so it is important to be able to improve the nutritional value by suitable blending, while other considerations such as ease of formulation and storage, may be important in deciding the value of feedstuffs.

The importance of the nature of the oil or fat in digestion and absorption in feed emphasizes the need to be careful to provide correct interpretations for experimental results from the use of various oils and their mixtures in nutritional studies on man and animals. 

Abbreviations

16:0 = palmitic acid, 16 carbons, no unsaturation; 18:0 = stearic acid, 18 carbons, no unsaturation; 18:1 = oleic acid, 18 carbons, 1 unsaturation; 18:2 = linoleic acid, 18 carbon, 2 unsaturation; 10:0 = 10 carbons, zero unsaturation

AME = apparent metabolizable energy

DAG = diacylglycerol or diglyceride

FA = fatty acid

FFA = free fatty acid

LCPUFA = long chain polyunsaturated fatty acid

MAG = monoacyglycerol or monoglyceride

MC = medium chain; medium chains are the saturated acids of about 8 to 10 carbons

MCTAG = medium chain triglycerides or triacylglycerols

MUFA = monounsaturated fatty acid

PUFA = polyunsaturated fatty acid

TAG = triacylglycerol or triglyceride
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