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INTRODUCTION 

Fatty acids play many important and critical roles in the body. As a major 
constituent of phospholipids, they are important components of every cell membrane. 
The chemical composition of these fatty acids in the cell membrane can alter many 
enzymes and transporters that may be imbedded within these membranes. Fatty acids, 
when esterified to glycerol, are also an important storage form for energy in the body. 
Each gram of such triacylglycerol is capable of yielding approximately 9 kcal of energy 
when the constituent fatty acids are oxidized in tissues such as the heart or peripheral 
muscle. In the animal or human on a fat-free diet, calories that are taken in in excess 
of those required for maintenance of life functions may be converted to fatty acids and 
stored as triacylglycerols. Alternatively, the organism may eat other animals or plants 
that are also rich in a variety of fatty acids. A series of complex biochemical processes 

have evolved that permit these dietary fatty acids to be absorbed from the gastrointestinal 
tract and incorporated into the various pools of lipid in the body. Indeed, in Western 
civilizations approximately 35-45% of total caloric intake is in the form of lipids. When 
any step in this lipid absorptive process fails, the dietary lipids may pass through the 

gastrointestinal tract and be excreted in the feces. Such excessive amounts of lipid in 
the feces is known as steatorrhea and this finding is the hallmark of a group of diseases 
known as the malabsorption syndromes. 

Fat has been a major source of calories in the Western diet for many years. 
However, the quantity of fat consumed and the types of dietary lipids that are taken in 
have changed rather markedly during this century. As illustrated in Fig. 1, the amount 
of fat consumed by each individual in the United States averaged somewhat over a 
hundred grams in the early part of the century and largely consisted of animal fats such 
butter, lard, and various meat fats. Mter World War II there was a significant 
continuous increase in fat consumption up until the present decade. Currently, each 

individual eats approximately 64 lbs/year of visible fat. Visible fat being that which can 
be readily recognized as lipid (meat fat, butter, margarine, salad oil, etc.). In addition, 
each individual eats approximately 74 lbs/year of invisible fat (lipid that is contained in 

various foods such as candy, cakes, pastries, etc.). Thus, each year each American eats 
approximately 138 lbs of fat which averages approximately 160-170 g/person/day. Since 

each gram of lipid yields approximately 9 kcal, this lipid intake accounts for almost half 

of the calories that are expended by each individual each day. 
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Not only has the amount of dietary lipid ingested increased progressively since 
World War II but, in addition, the sources for this dietary fat have changed rather 
markedly. Prior to this century the major source for dietary fat was of animal origin. 

This came from the intake of lipids contained in various meats, from the use of lard and 

tallow in food preparation, and from the intake of animal products such as milk and 
butter. However, after World War II, there was a dramatic increase in the use of 
dietary oils derived from plant sources. This was brought about by a marked increase in 

the farm yields of seed-oil crops such a soybean, com, and peanuts and the development 
of the industrial processes for turning these into edible oils (Fig. 3). As a result of these 
agricultural and manufacturing advances, dietary lipids derived from plant sources 

now account for almost half of the dietary lipid that is ingested each day in the United 

States. 
In order to understand the metabolic consequences of this dietary lipid intake and 

the possible diseases that result from either the mal digestion or malabsorption of these 

substances, it is necessary to understand 1) the chemistry of the various fatty acids 
contained within the dietary lipids, 2) the mechanisms of absorption of these fatty acids, 
3) the metabolic consequences of this absorption and 4) the major syndromes that result 

from fatty acid malabsorption. 
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CHEMISTRY OF FATTY ACIDS 

The fundamental building block of most animal and plant lipid is the fatty acid. A 
fatty acid, shown in Fig. 4, is a polymer of carbon atoms that essentially has no 

hydrophilic groups capable of interacting with water except for the weak acid group on 
the first carbon atom. These are very weak acids with a pKa value of 5-7, depending 

upon the structure of fatty acid. The carbon atom contained in the carboxyl group is 

designated as "1." When the available bonds on the carbon atom are fully occupied by 

hydrogen atoms, the fatty acid is said to be saturated. If, on the other hand, one or more 
double bonds exist between adjacent carbon atoms, then the fatty acid is said to be 
unsaturated. The number of double bonds in the fatty acid molecule may be only one 
(monoenoic, monounsaturated) or multiple (polyenoic, polyunsaturated). The position 

of the double bond is usually indicated by the number of the first carbon to which the 

double bond is attached. Thus, a fatty acid with a double bond between carbons 9 and 10 

may be designated as 9-octadecenoic acid. The physical properties of the fatty acid vary 

markedly depending upon chain length and degree of saturation. Free fatty acids are 

very surface active and can behave as detergents solubilizing various cell membranes 
and disrupting cellular structures. Thus, free fatty acids carried through the plasma 
are generally bound to a protein such as albumin. For storage purposes, however, fatty 

acids are usually esterified to the three carbon alcohol, glycerol forming a triacylglycerol 
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molecule. In this form (Fig. 5), the fatty acids are essentially insoluble and form a lipid 

droplet in the cell that has essentially no biological activity. Virtually all of the plant and 
animal fat which is eaten in the diet is in the form of triacylglycerol. The 
characteristics of this molecule, however, are markedly influenced by the types of fatty 

acids that are esterified at the three positions on the glycerol molecule. In general, the 

longer the chain length of these fatty acids and the greater the degree of saturation, the 
higher is the melting point for the fat. Thus, fats that contain predominantly longer 

chain-length saturated fatty acids are usually solid at room temperature. In contrast, 

those that contain shorter chain-length saturated fatty acids or unsaturated longer 

chain-length fatty acids will form liquids at room temperature. Thus, the 
characteristics of any dietary fat is markedly influenced by the types of fatty acids and 
the position of these fatty acids on the glycerol molecule. These vary according to the 
source of the fat (animal or plant) and they can be modified by various manufacturing 
processes. In order to understand these variations in the types of triacylglycerol, it is 

useful to understand four types of variations that can occur in the fatty acid molecule. 

These are summarized in Fig. 6. The first variation is in the number of carbon atoms 

that are in the fatty acid chain. In a series of fully saturated fatty acids, the hydrocarbon 

chain may vary from 2 to 30 carbon atoms, or longer. The structure of a particular 
saturated fatty acid is usually designated by a two component number such as 8:0. In 
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this designation, the first number represents the number of carbon atoms in the fatty 

acid chain (i.e., 8) while the second number represents the number of double bonds (i.e., 
0). While, in theory, the chain length of such saturated fatty acids could be virtually any 

number, in nature such saturated fatty acids usually vary between 12:0 and 22:0 and in 
most tissues the predominant saturated fatty acids are the 16:0 and 18:0 compounds. 

When such fatty acids are esterified to glycerol, the length of the hydrocarbon chain 
markedly influences the melting point of the triacylglycerol. The shorter chain length 

fatty acids are usually liquid at room temperature while the melting point for the lipid is 
progressively increased as the fatty acid chain length is lengthened. Thus, for example, 
a triacylglycerol containing three 18:0 fatty acids has a very high melting point and is a 
hard solid at room temperature. 

The second way in which fatty acids may differ from one another (Fig. 6) is the 

presence of double bonds in the fatty acid chain. In theory, one might have double bonds 

at any point in the fatty acid chain. The position of such double bonds is designated by 

the number of the carbon atom closest to the carboxyl carbon. While it is chemically 
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possible to place the double bond in virtually any position along the fatty acid chain, the 

unsaturated fatty acids that are synthesized in plants and animals commonly have the 

position of a double bond r·estricted to the 6, 9, 12, or 15 position. Thus, one of the 

common monounsaturated fatty acids, oleic acid, is designated 18:1 (9c): that is, this 

fatty acid has 18 carbon atoms in the chain with a double bond between carbon atoms 9 

and 10 and, further, this double bond is in the cis configuration. In most biological 

sources for fatty acids, the two most common unsaturated fatty acids are oleic acid [18: 1 
(9c)] and linoleic acid [18:2 (9c, 12c)]. The fatty acid with three double bonds is present in 

biological material in much lesser quantities [18:3 (9c, 12c, 15c)]. In general, the 

addition of double bonds to a fatty acid lowers the melting point of that fat and makes it 

more rapidly absorbable across the gastrointestinal tract. This is also true for 

triacylglycerols. Triacylglycerols containing predominantly long chain, saturated fatty 

acids have high melting points and are solids at room temperature while 

triacylglycerols containing predominantly unsaturated long chain fatty acids have 
much lower melting points and are liquids at room temperature. Thus, the melting 

point for the 18:0 fatty acid is 70°C, for the 18:1 fatty acid is 13°C, for the 18:2 fatty acid is 

-5°C, and for the 18:3 compound equals -11 °C. 

Thus, the two major chemical differences that may occur in naturally occurring 

fatty acids is chain length and degree of saturation. While many compounds are 

theoretically possible, in virtually all biological material (whether animal or plant), only 

four specific fatty acids account for the majority of lipids present in membranes and in 

the storage pools of triacylglycerol. These major fatty acids include the 16:0 and 18:0 

saturated fatty acids and the 18:1 and 18:2 unsaturated fatty acids. 

Since these "naturally" occurring four fatty acids are found in most plant and 

animal lipids, they may reach the tissues of man either through de novo synthesis or 

through absorption of dietary lipids. Nearly 14,000 million pounds of triacylglycerol is 

consumed each year in the United States. As summarized in Fig. 7, the most important 

source of plant triacylglycerol is soybean, followed by corn, cotton seed, palm kernel, 

coconut, peanut, and sunflower. Large quantities of animal fats in the form of beef 

tallow and lard are also used for a variety of cooking and food processing needs. During 

the processing of both animal and plant triacylglycerols for human consumption, there 

may be little alteration in the basic fatty acid composition. The extraction of the edible 

oils from most of these seed plants begins with extraction of the triacylglycerol with 

hexane. The lipids are extracted from olives and palm kernel by pressing. The crude 

extracts are then treated with an acid wash to remove phospholipids and a weak 
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basic wash to remove the free fatty acids that would give the oils a soapy taste. They are 
then treated with bleaching clay and subjected to steam heating under vacuum to 
remove volatile substances that would alter the flavor. At the completion of this process, 
the material is essentially 99% pure triacylglycerol, and the composition of the fatty 
acids remains essentially unchanged. 

As is summarized in Figs. 8-10, the major fatty acids in all such lipids are 
essentially four in number: the 16:0 and 18:0 saturated fatty acids and the 18:1 and 18:2 
unsaturated fatty acids. The relative proportions of these differ, however, in the 
different oils. In general, animal triacylglycerols tend to be evenly balanced between the 
major saturated and unsaturated fatty acids. Many of the plant triacylglycerols, 
however, contain predominantly unsaturated fatty acids. Olive oil, for example, is 

predominantly the 18:1 fatty acid while safflower tends to be more polyunsaturated and 

contains a predominance of the 18:2 fatty acids. In contrast, many of the oils derived 
from tropical plants such cocoa butter, coconut oil, and palm oil contain predominantly 
saturated fatty acids with relatively less of the mono- and polyunsaturated lipids. Only 
occasionally does one see fatty acids that are not normally present in animal tissues. 
The older forms of rapeseed oil, for example, contain significant amounts of the 22:1 

monounsaturated fatty acid while coconut oil contains significant amounts of 
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the shorter chain saturated fatty acids 12:0 and 14:0. Apart from these exceptions, 

however, most animal and plant triacylglycerols contains essentially the same four, 

naturally occurring fatty acids. 

The third way in which fatty acids can differ from one another is related to the 

configuration of the double bond (Fig. 6). All of the unsaturated fatty acids that have 

been discussed thus far (the 18:1, 18:2, and 18:3 compounds) have double bonds that are 

in the cis configuration. This introduces a bend in the fatty acid chain and allows less 

tight packing in the triacylglycerol molecule. Hence, as discussed above, the 

introduction of such double bonds usually lowers the melting temperature of the fatty 

acid. Alternatively, the double bond can be introduced into the carbon chain in the trans 
configuration. This configuration leads to a fatty acid chain that is essentially straight 

and indistinguishable from that seen with a saturated fatty acid. This also leads to a 

marked increase in the melting temperature. Thus, for example, a fatty acid with a 

single double bond in the cis configuration may have a melting point of -10°C while the 

compound with the same double bond in the trans configuration may have a melting 

point of 30°C. State differently, the introduction of a trans double bond makes that fatty 

acid behave as if it were a saturated fatty acid. Double bonds in the trans configuration 

are very uncommon in nature. However, during the further processing of edible oils 

such trans double bonds are introduced into the molecule. 
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While, as discussed above, the initial processing of seed oils does not change the 

fatty acid composition, much of the plant triacylglycerol is subject to further processing 

designed to partially harden the oil so that it can be used to make a variety of food 

products. This processing involves hydrogenation. Essentially, a large quantity of oil is 

heated under pressure in the presence of a catalyst such a nickel or copper and in the 

presence of hydrogen gas. This leads to insertion of hydrogen atoms across the double 

bonds of the fatty acids containing two and three unsaturated bonds. As a consequence 

of this process, the amount of fatty acid with a single double bond markedly increases 

during the hydrogenation process while those containing two and three double bonds 

virtually disappear. The completeness of this reaction depends upon the time of 

exposure of the oil/hydrogen mixture. It should be noted that during hydrogenation, the 

total number of double bonds in the oil mixture decreases (i.e., the iodine number 

decreases); however, the amount of saturated fatty acids actually remains relatively 
constant and there is a marked increase in the monounsaturated fatty acids (Fig. 11). 

However, not only are the number of double bonds reduced but, under the 

conditions of this hydrogenation, the remaining double bonds may actually migrate out 
of their normal positions along the length of the fatty acid molecule and the abnormal 

trans configuration may be induced in some of these molecules. For example, as shown 

in the diagrams in Fig. 12, the cis double bond in the fatty acids of margarines have been 

shifted to either the left or right of its normal position at the 9-10 carbon and, in addition, 
trans double bonds have been introduced into the molecule which also have migrated 

either proximally or distally along the length of the carbon chain. Thus, both the 

introduction of trans double bonds and the migration of these bonds to unusual positions 

results in an increase in the melting point of these lipids and, consequently, 

"hardening" of the oils. 
During the manufacture of a variety of foods, the majority (60-70%) of the edible 

oils are subjected to this hydrogenation process. This results in a series of edible oils 

that have varying viscosity and varying melting points, and these substances are then 

used to manufacture a whole variety of food products including margarines, 

shortenings, candies, etc. Thus, in contrast to the variations in chain length and degree 

of saturation outlined above, these processed, edible oils contain fatty acids that are 

distinctly "unnatural" and that have double bonds either in the trans configuration or in 

abnormal locations along the fatty acid chain. 
The fourth variation in fatty acid chemistry (Fig. 6) involves the possibility of 

processing triacylglycerols in such a way that they will have specific fatty acids at 

specific locations on the glycerol molecule or, alternatively, that the fatty acids will be 

esterified to some core compound other than glycerol. New manufacturing processes 
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are being developed that will make it possible to insert specific fatty acids in the one and 

three position of glycerol. This will allow manufacturers to custom synthesize 

triacylglycerols that have certain viscosity or melting point characteristics that would be 

desirable in the manufacture of a specific food product such as infant formula, ice 

creams, chocolate, etc. In addition, glycerides are being developed in which the ester 

bond is not attackable by normal pancreatic lipase. Such lipids would have the 

characteristics of a typical cooking oil yet would be nondigestible and, therefore, would 

pass through the gastrointestinal tract unabsorbed. Such compounds would, therefore, 

yield essentially zero calories to the individual eating these substances. It is clear that 

as these new processing techniques become widely utilized a number of glycerols will be 

introduced into dietary lipids that are not normally encountered in nature. 

ABSORPTION OF FATTY ACIDS 

From these various considerations, then, it is clear that the average American 
eats approximately 100-150 grams of triacylglycerol each day. Approximately half of this 

comes from plant sources while the other half consists of animals fats. The major fatty 

acids in the diet consist of the 16:0 and 18:0 saturated fatty acids and the 18:1 and 18:2 

unsaturated lipids. In addition , the diet contains a number of abnormal fatty acids, 

particularly the 16:1 and 18:1 monounsaturates with cis double bonds that have been 

moved into unusual locations or with trans double bonds. The initial events in lipid 

absorption involve the enzymatic breakdown of the triacylglycerol molecule and the 

solubilization of the products of this digestive process in preparation for absorption (Fig. 

13). These processes involve secretions from the pancreas and liver. 

Initial digestion of triacylglycerol may take place under the action of a lingual 

lipase. This enzyme has a pH optimum in the acid range and so can act in the stomach 

to liberate free fatty acids and monoglycerides. However, at the acid pH normally 

encountered in the stomach, these products do not become ionized and, hence, remain 

largely associated with the triacylglycerol phase of the diet. However, such 

"predigestion" may be quantitatively important in the young infant. The bulk of 

triacylglycerol digestion occurs in the proximal small intestine when the food becomes 

mixed with lipase and colipase enzymes of pancreatic origin. In addition, the contents 

are mixed with bile acids derived from biliary secretions. Pancreatic lipase 

preferentially attacks the one and three positions on the triacylglycerol and gives rise to 
free fatty acids and ~-monoglycerides. In the absence of bile acids these products may 

form liquid crystals that coat the surface of the lipid droplets. However, in the presence 

of adequate concentrations of bile acid, these liquid crystals are progressively removed 
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and form either mixed micelles or vesicles which essentially maintain the products of 

lipid digestion in a water soluble form. The diet also contains other lipids such as 

cholesterol. However, the quantity of these lipids is much less than the triacylglycerol 

content and in most Americans amounts to only a few hundred milligrams a day. Most 

of this cholesterol comes from cell membranes or from egg yolk and is unesterified 

cholesterol. The small quantities of cholesteryl esters that are present in the diet are 

also hydrolized by a pancreatic cholesteryl esterase. The small quantities of sterols, 

along with the fat soluble vitamins present in trace amounts in the diet, are also 

solubilized in the bile acid micelles and vesicles. In this manner, all of the lipid soluble 

materials taken in in the diet are presented to the intestinal epithelial cell brush border 

in a water-stable form. 
These mixed micelles and vesicles diffuse up to the brush border of the proximal 

jejunal epithelial cell where the individual components apparently move down their 

concentration gradients into the epithelial cell (Fig. 14). Once inside the cell the 

monoglyceride and free fatty acid is immediately reesterified back to triacylglycerol and 

the free cholesterol is also esterified to a fatty acid to 'form cholesteryl esters. In this 

manner the chemical activity gradient is always maintained in the direction of 

absorption. These very hydrophobic triacylglycerol and cholesteryl ester molecules form 

a lipid droplet within the cystosolic compartment of the epithelial cell and form the basis 
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for the synthesis of a lipoprotein particle - the nascent chylomicron. The surface of the 
lipid droplet is coated with free cholesterol and phospholipids to stabilize the interface 
and specific apoproteins (A and B-48) are added to the surface. This particle is then 
exocytosed from the base of epithelial cell into the loose connective tissue of the intestinal 

villus core. There it is able to interact with high density lipoproteins and so acquires 

additional apoproteins (E and C). This mature chylomicron is now swept into the 

centrallactile of the villus core and enters the intestinal lymph. This particle is so large 
that it is excluded from the dense capillary network also contained within the villus 
core. Hence, at this point there is anatomic separation between the absorption of sugars 
and amino acids (into the portal circulation) from the absorption of lipids (into the 
lymphatic circulation). Only a portion of the shorter chain length fatty acids and some 
of the unsaturated fatty acids may enter the portal circulation and be carried directly to 

the liver. 
The mature chylomicron then moves through the intestinal lymphatic system, up 

the thoracic duct and, finally, gains access to the circulation. Within the capillaries of 
the heart, peripheral muscle and adipose tissue, the chylomicron particle becomes 

associated with an enzyme, lipoprotein lipase, through the apo C. This enzyme, like 

pancreatic lipase, splits free fatty acids from the core triacylglycerol molecules. These 
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free fatty acids then enter the adjacent cells of the heart or muscle where they are 

activated to acyl-CoA derivatives and oxidized for energy. Alternatively, the fatty acids 

may enter adipose cells and be reesterified to triacylglycerol for long term storage. Once 

approximately 75% of the core triacylglycerol has been removed, the apo C becomes 

dissociated with the chylomicron particle and the chylomicron remnant is now released 

back into the circulation (Fig. 15). This remnant is immediately recognized by a 

remnant receptor predominantly located on the liver and the particle is immediately 
cleared. In this manner, a portion of the dietary triacylglycerol and the majority of the 

dietary cholesterol and fat soluble vitamins are delivered to the hepatocyte in the liver. 

The composition of the fatty acids in the liver thus often takes on the characteristics of 

the fatty acids in the diet and these fatty acids may exert metabolic regulation of a 

number of biochemical pathways. Similarly, the arrival of dietary cholesterol in the 

liver is associated with suppression of hepatic cholesterol synthesis and with significant 

changes in the levels of cholesteryl esters in the liver cell. Ultimately, however, much of 

the fatty acid that has reached the liver will be exported to peripheral tissues in the very 

low density lipoprotein particle. Much of the cholesterol will either be converted to bile 

acid or will be secreted in bile back into the gastrointestinal tract. The various fat 
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soluble vitamins will become associated with specific carrier proteins and shipped out of 
the liver to their sites of utilization. 

Two points need to be emphasized. There is very little metabolic alteration of 

specific fatty acids during this absorptive process. Thus, the fatty acids that are found in 

the lipid stores in the adipose tissue and in the liver closely reflect the composition of the 

dietary triacylglycerols that have been eaten. Thus, "unnatural" fatty acids that cannot 

be well metabolized by the various organs can potentially alter metabolic processes. 

Second, this is a relatively complex process that depends upon the integrity of the 

pancreas, the enterohepatic circulation of bile acids, the intestinal epithelial cell, the 

intestinal lymph, and enzymes and transporters in the peripheral adipose and muscle 

tissue and liver. It is not surprising, therefore, that a number of very different diseases 

manifest themselves as malabsorption diseases. 

METABOLIC CONSEQUENCES OF FA'ITY ACID ABSORPTION 

As is evident from the preceding discussion, in an individual who IS eating 

essentially no fatty acids, the major fatty acids that appear in the tissues are the 16:0 and 

18:0 saturated fatty acids and the 18:1 and 18:2 unsaturated fatty acids. It is possible to 

change the proportions of these fatty acids by taking in large quantities of the naturally 

occurring fatty acids or those which are less commonly found or that are entirely 

artificial. Thus, for example, the intake of large amounts of hydrogenated coconut oil 

will lead to enrichment of the peripheral fat stores and liver with the 12:0 and 14:0 

compounds. The intake of rapeseed oil will lead to the accumulation of significant 

quantities of the 22:1 monounsaturated fatty acid. The intake of large amounts of 

processed lipids will result in the accumulation of unsaturated fatty acids containing 

trans double bonds. 
To some extent the liver and other tissues of the body can alter the structure of an 

ingested fatty acid. For example, the liver has the necessary enzymes to elongate the 

fatty acid chain. As shown in Fig. 16, however, the activity of these enzyme systems is 

relatively limited. They appear to be unable to elongate saturated fatty acids of 8 carbons 

or less and 18 carbons or greater. This ability is reflected in the fact that when large 

quantities of 12:0 fatty acids are fed, the liver becomes enriched with the 14:0 and 16:0 

fatty acid as well as the 12:0 compound. 
In addition, certain tissues in the body have a limited capacity to introduce a 

double bonds at the 9-10 position. Again, as illustrated in Fig. 17, these enzymes are 

apparently active for only the 14:0, 16:0, and 18:0 compounds. This enzyme system, 

presumably, allows the individual to manufacture the 18:1 monounsaturated fatty 
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acid from newly synthesized, long chain saturated compounds. Most mammalian 

tissues, however, cannot introduce a second double bond into the structure. This 

relatively limited ability to modify fatty acid structure leads to the situation where 
distinctly unusual fatty acids may accumulate in the liver and other tissues if such 
"unnatural" fatty acids are present in significant quantities in the diet. There are 

several examples of the metabolic effect of this limited ability to interchange fatty acids 
that can be cited. 

As briefly summarized in Fig. 18, the polyunsaturated fatty acids 18:2 and 18:3 are 
important precursors for the synthesis of PGE1. PGE2, and PGE3. Since mammalian 

enzyme systems generally cannot introduce the second and third double bonds into the 

fatty acid molecule, fatty acids such as these are considered "essential." Thus, any 

animal, including the human infant, that is put on a fat-free diet devoid of trace 

quantities of these essential fatty acids becomes essential fatty acid deficient. This is 

usually manifest by a thickened, rough skin with scaling, hair loss, and changes in 

barrier function. Another example of the body's inability to deal with unusual fatty 

acids comes from past experience with rapeseed oil. While this is a naturally occurring 

seed oil (Fig. 9), it is unusual in that it has a high content of the 22:1 monounsaturated 

fatty acid. As illustrated in Fig. 19, when this fatty acid is absorbed into the body, it is 

taken up by the muscle tissue and heart, as are other fatty acids, but can only slowly 

interact with acetyl CoA and the camitine transfer process that allows the fatty acid to 

be oxidized as a source of energy. Not only is it a poor substrate for these reactions but, 

in addition, its presence appears to interfere with the oxidation of the more natural fatty 

acids. Hence, when rapeseed oil is fed to experimental animals, a mild cardiopathy 
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develops in which there is accumulation of fat droplets throughout the myocardium that 

contain significant amounts of the 22:1 fatty acid as well as the other more natural 16:0 

and 18:0 compounds. It should be emphasized that when this potential toxicity was 

recognized, new strains of rapeseed have been developed that have virtually no 22:1 fatty 
acid in them. 

A third area where the accumulation of fatty acids markedly influences a 

physiologic process is in the area of regulation of LDL-cholesterol concentrations. As 

illustrated in Fig. 20, for example, feeding individual fatty acids leads to marked 

changes in hepatic LDL receptor activity and, hence, circulating plasma LDL 

cholesterol concentrations. In the presence of cholesterol, compounds like 8:0, 10:0, and 
18:0 have little effect on hepatic receptor activity. In contrast, the fatty acids 12:0, 14:0, 

and 16:0 markedly suppress receptor activity and elevate the circulating plasma 

cholesterol level while the 18:1c compound markedly restores receptor activity and 

lowers the plasma cholesterol level. However, the abnormal fatty , acid 18:1t also 
suppresses receptor activity and increases the plasma cholesterol concentration. The 

practical consequence of these changes in that the intake of large quantities of 

hydrogenated coconut oil (containing the shorter chain length saturated fatty acids) 

always markedly raises the plasma cholesterol level whereas the intake of olive oil (rich 

in the 18: 1c fatty acid) lowers this level. Data are now accumulating which indicate that 

these fatty acids specifically interfere with a particular enzyme reaction in the liver that 

is responsible, indirectly, for the regulation of hepatic LDL receptor activity. Once 

again, this accumulation of unusual fatty acids within the liver and other tissues can 

markedly influence major metabolic events in the body. 

Major Diseases of Fatty Acid Malabsorption 

The values for the major absorptive studies in diseases that result in 

malabsorption are presented in Table I. These laboratory data were derived from over 

1,000 cases reported in the literature. In order to be included in this series an acceptable 
evaluation of stool fat (expressed in grams per 24 h or percentage of intake) was 

required. Insofar as possible the diseases have been grouped according to the site of the 

defect in digestion or absorption. Some disorders produce more than a single defect, 

while in others the site of the defect remains poorly understood. 

1. Insufficient Intraluminal Pancreatic Enzyme Activity 
The first major step in fat absorption is that of hydrolysis of triglyceride to fatty 

acid and ~-monoglycerides. Diseases that result in a marked decrease in secretion of 

pancreatic enzymes cause malabsorption because of diminished enzymatic activity in 
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the proximal small intestine. In this category of illnesses one would anticipate that 

maldigestion and malabsorption would involve fat, protein, and carbohydrate but that 
the tests of intestinal mucosal integrity, i.e., xylose and B12 absorption and mucosal 

biopsy, would be normal. 

The specific diseases that fall into this category are shown in group 1, Table I, and 

include chronic pancreatitis, pancreatic carcinoma, pancreatic resection, and cystic 

fibrosis. The common defect in all of these conditions is reduction of enzymatic activity 

either because of destruction of the gland or because of ductal obstruction. In general, 

the steatorrhea is severe and in this series varied from 25 to 44 g per 24 h (from 30 to 45% 

of intake). As anticipated, there also was significant azotorrhea with fecal nitrogen 

excretions ranging from 4.2 to 7.5 g per 24 h. Insofar as they have been reported xylose 
absorption and small intestinal biopsies usually are normal or near normal. B12 

absorption studies also are normal in the majority of cases although recent reports have 
indicated that values may be reduced into the range of 2 to 7% per 24 h in approximately 
40% of cases, and a possible role for pancreatic enzymes in absorption of vitamin B12 

has been elucidated. It should be emphasized, however, that very low absorption rates, 

< 1 to 2% per 24 h are virtually never seen in malabsorption due to pancreatic 
insufficiency. Thus, diseases that result in pancreatic insufficiency commonly produce 

severe steatorrhea and azotorrhea while small bowel function as evidenced by the xylose 
and B12 absorption studies and the small bowel biopsy is usually normal. 

2. Insufficient Intraluminal Bile Acid Activity 

In this section clinical conditions are discussed in which insufficient 

intraluminal bile acid activity presumably is the predominant, if not the sole cause of 

the development of malabsorption. This group of illnesses includes those disease states 

where there is diminished secretion of bile acids into the intestine or where there is 

intraluminal bacterial alteration of the bile acids. 
Biliary obstruction and liver disease. In the presence of biliary obstruction and 

liver disease at least three steps in normal bile acid metabolism may be altered; these 
include (1) uptake by the liver, (2) de novo synthesis by the liver, and (3) secretion into the 

bile. A defect in hepatic intake is suggested by the delayed clearance of intravenously 

administered labeled bile acids from the circulation observed in both acute and chronic 
liver disease. In this circumstance significant urinary losses of bile acid may occur. 

Diminished bile acid synthesis also may contribute to the low bile acid levels seen in 

patients with predominantly hepatocellular damage. In some instances patients 

demonstrate a relationship between the severity of steatorrhea and the severity of liver 

dysfunction. This possibility is supported by isotope studies that have demonstrated a 

low pool size and daily production rate of bile acid in some hepatitis patients. 
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Regardless of the mechanism, any one of these defects may lead to diminished 

concentrations of bile acid in the intestinal contents, inadequate micellar solubilization 

of lipids, and subsequent steatorrhea. Although intraluminal bile acid concentrations 

have been measured in only a few of these patients, in these cases steatorrhea has been 

shown to be associated with low intraluminal concentrations of conjugated bile acids 

and impaired lipid micellar solubilization. 

The steatorrhea of uncomplicated biliary obstruction and liver disease is usually 

mild and, on the average, varies from 15.5 to 18.1 g/24 h. Since bile acid is required only 

for the absorption of lipids, and other tests of absorption, e.g., fecal nitrogen, xylose 
absorption, and vitamin B12 absorption are normal. Serum albumin may be depressed 

and serum globulin elevated as would be appropriate for the underlying liver disease. 

Cholecystocolonic fistula. The cholecystocolonic fistula is the second most 

common fistula between the gallbladder and the gastrointestinal tract. The presence of 

a stone in the common bile duct with the development of a fistulous communication 

between the gallbladder and the colon leads to shunting of conjugated bile acids away 

from the small intestine. This diagnosis is suggested by the presence of contrast 

medium only in the proximal colon following intravenous cholangiography. The entry 

of increased quantities of bile acids into the large bowel presumably is responsible for the 

diarrhea occurring in these patients since perfusion studies have shown that bile salts 

stimulate the secretion of water and electrolytes in the colon. 
The data again demonstrate that the level of steatorrhea is mild in patients with 

diminished intraluminal bile acids secondary to cholecystocolonic fistula (12.2 ± 1.9 g/24 

h). Insofar as they have been performed, other tests of absorption are usually normal. 

Intestinal stasis syndrome. A number of anatomical and motility derangements 

of the gastrointestinal tract, e.g., multiple strictures, surgical blind loops, afferent loop 

dysfunction, enteric strictures and fistulae, multiple jejunal diverticula, diabetic 

neuropathy, and scleroderma, may give rise to the intestinal stasis or blind loop 
syndrome. The characteristic feature of this syndrome is the presence of massive 

bacterial overgrowth in the proximal small bowel secondary to stasis of intestinal 

contents. 
Under normal fasting conditions, bacterial counts of fluid from the proximal 

small bowel rarely exceed 102 to 103 organisms per milliliter, and most of the bacteria 

are aerobes or facultative anaerobes. In contrast, bacterial counts in intestinal fluid of 

patients with the intestinal stasis syndrome may reach 108 or 109 organisms per 

milliliter. Anaerobic bacteriologic studies have demonstrated that bacteroides may be 

the most prominent organisms encountered in this syndrome, but coliform, bactobacilli, 

enterococci, and diptheroids also may be present. Several of these species are able to 
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deconjugate bile acids. Analysis of the intestinal contents of patients with intestinal 

stasis usually reveals a decrease in the concentration of conjugated and an increase in 

the concentration of unconjugated bile acids. The total concentration of bile acids may 

be normal or low. While it is currently unclear whether malabsorption in this disease 

results from a direct toxic effect of unconjugated bile acids on the intestinal mucosa or 

from the decrease in concentration of conjugated bile acids, most evidence favors the 

latter possibility. It has been demonstrated, for example, that while unconjugated bile 

acids impair intestinal absorption and fatty acid esterification in vitro they do not exert 

such effects in vivo. It also has been shown that while unconjugated bile acids produce 

morphologic alterations in the intestinal mucosa in vitro, most patients with the 

intestinal stasis syndrome have essentially normal mucosal architecture in the 
proximal mucosal architecture in the proximal small bowel. Finally, the absorptive 

defect has been corrected by the administration of conjugated bile acids despite the 

continued presence of significant concentrations of unconjugated bile acids in the 
intestinal contents. 

The enterohepatic circulation of increased quantities of unconjugated bile acids 

apparently increases the load on the hepatic conjugating mechanism. As a result, the 

availability of taurine becomes relatively rate limiting and, consequently, a higher 

percentage of the bile acids than normal becomes conjugated with glycine. 

In addition to the effect of bacterial overgrowth on bile acid metabolism, these 
organisms also have the capacity to bind the vitamin B12-intrinsic factor complex and so 

compete with the specific binding sites in the ileal mucosa. Hence, a very low vitamin 
B12 absorption test with or without intrinsic factor is characteristic of the intestinal 

stasis syndrome. Less commonly, the xylose absorption test also may be abnormal. 

This abnormality has been attributed to bacterial utilization of this five-carbon sugar or 

to inhibition of sugar transport by unconjugated bile acids. 
The characteristic laboratory findings in the intestinal stasis syndrome are also 

presented in Table I. As is true of the other types of steatorrhea resulting from an 

absolute or relative deficiency of bile acid in the proximal small intestine, the degree of 

steatorrhea typically is mild, averaging 17.5 ± 10.5 g/24 h. Fecal nitrogen excretion 
rarely is elevated and in most reported cases is normal. Vitamin B12 absorption 

invariably is very low (0.9%/24 h ± 0.8%) while xylose absorption may be low or normal. 
These patients, as noted above, also excrete an excessive amount of 14C 0 2 after 

administration of glycine-1-14C-cholic acid. The characteristic, essentially 

pathonomonic, feature of the intestinal stasis syndrome is that these various 

abnormalities in absorptive tests return essentially to normal following the 

administration of appropriate antibiotics (usually tetracycline) for three days. 
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lleal dysfunction syndrome. As outlined in the first section of this protocol, the 

second or micellar solubilization phase of fat absorption depends upon the presence of 

adequate concentrations of bile salts in the jejunal contents. The capacity of the body to 

maintain this concentration, in turn, depends upon the ability of the small intestine to 
reabsorb bile salts. If ileal bypass, resection, or disease (i.e., granulomatous or 
radiation ileitis) is present, bile salt absorption is compromised, and unabsorbed bile 
salts enter the colon and are lost in the feces. In such conditions, kinetic studies have 

demonstrated a grossly shortened half-life and diminished pool of bile acid suggesting 

virtual loss of the enterohepatic circulation. Other studies, however, suggest that 
significant reabsorption of bile salts does occur with ileal dysfunction. Studies in 

monkeys, for example, indicate that resection of the distal one-third of the small bowel is 
equivalent to a 50% interruption of the enterohepatic circulation. It now appears 
therefore that the ability to maintain normal bile acid levels in the jejunum largely 
depends upon the extent of ileal involvement. It has been estimated, for example, that 
patients with less than 100-cm resection of the ileum are able to compensate for bile salt 
loss. Under these circumstances a number of events have been observed: 1) Hepatic 
synthesis increases several fold. 2) The ratio of primary to secondary bile acids is 
increased in the feces. The increased concentrations of bile acids in the colon appear to 
influence the bacterial alterations of bile acids since 7 -dehydroxylation is reduced and 
deoxycholic acid may be absent in bile and feces. 3) The relative amounts of bile acid 
conjugated with glycine and taurine is altered so that the glycine:taurine ratio of bile 
salts in duodenal fluid may be increased to as high as 15:1 (normal, 3:1). 4) Steatorrhea 

is mild, usually < 20 g; whereas, diarrhea is often a more important clinical finding 
than steatorrhea and presumably is due to inhibition of absorption or secretion of water 
and electrolytes by bile salts in the colon. In these patients cholestyramine, a bile acid 
sequestrant, may benefit the diarrhea without increasing steatorrhea significantly. 

In patients with more extensive ileal involvement, the picture described above is 
somewhat altered. Although hepatic synthesis of bile salts increase at an enhanced 

rate, it is insufficient to maintain adequate levels of bile salts in the jejunum for effective 

micellar solubilization. Steatorrhea is more severe which reflects, in part, both an 
inadequate bile acid pool and decreased absorptive surface area. The bile acids of bile 
feces contain a normal or high level of secondary bile salts indicating bacterial 
dehydroxylation is taking place. Diarrhea remains a problem but probably occurs by a 
different mechanism for it has been corrected by the replacement of dietary long-chain 
FAs with medium-chain FAs but not by cholestyramine. It is suggested that the 

cathartic effect of long-chain FAs is due to stimulation of water and electrolyte secretion 

by the ileum and colon. 



As shown in Table I, the degree of steatorrhea varies, on the average, from 15 to 

30 g/24 h and is determined undoubtedly by the amount of ileal function lost in 

particular patients. In general, the steatorrhea is more severe when the dysfunction is 

secondary to ileal resection than to Crohn' s disease of the distal small bowel. However, 

it should be stressed that ileal resection does not produce as severe a defect in fat 
absorption as seen with massive intestinal resection or bypass, indicating that 

significant fat absorption still occurs in the proximal small bowel despite ileal 

dysfunction. Xylose absorption is usually normal unless there is concomitant jejunal 
involvement, while vitamin B12 malabsorption is almost invariably present. This latter 

defect is not corrected by intrinsic factor or antibiotic therapy. 

3. Intramural Small Bowel Disease 
The third major step in fat absorption is uptake of the fatty acid and 13-

monoglyceride into the cell followed by esterification and chylomicron formation. In a 

number of diseases the primary ·pathology is found in the small intestine and 

presumably causes malabsorption by mechanisms that may vary from diffuse 

destruction of the mucosa to highly specific intracellular enzyme defects. In this 
category of diseases, the tests of intestinal function such as xylose and B12 absorption 

and the small bowel biopsy are valuable in the differential diagnostic approach to the 

cause of malabsorption. 

Gluten enteropathy. The characteristic histological abnormalities in gluten 

enteropathy are short, blunt villi, elongated crypts, abnormal epithelial cells at the 

luminal surface, and cellular infiltration of the lamina propria. In addition, under the 

electron microscope the microvilli of the surface epithelial cells are variably reduced in 

size and number and often appear fused at their bases. Many prominent lysosome-like 
structures and unattached ribosomes lie free in the cytoplasm of the epithelial cells. 
The basement membrane frequently is absent with numerous inflammatory cells 

interspersed among the epithelial cells. As a result of these marked structural changes 

throughout the jejunum and, in some cases, in the ileum there is poor absorption of a 

number of dietary constituents including fat, protein, and carbohydrate. This, 

characteristically (Table I) there is massive malabsorption of both fat (28 ± 1.8 g per 24 h 

or 32% ± 4.4% of intake) and protein (5.0 ± 1.2 g per 24 h). Since the disease most 

commonly produces extensive destruction of the jejunal mucosa, xylose absorption is 

uniformly low and in many cases is < 2 g per 5 h. Where the lesion extends into the 
ileum low B12 absorption may be found while in other cases with less extensive 

involvement this test of ileal function is normal. The histological findings in this 

disease are characteristic so that biopsy of the proximal small intestine usually is 

essentially diagnostic. 



Topical sprue. skin diseases. and non~ranulomatous jejunitis. There are a 
number of other clinical entities in which the morphology of the villous absorptive cells 

is abnormal. They include tropical sprue, dermatitis herpetiformis, and other skin 

diseases and nongranulomatous peculiar to these entities are summarized in Table I. 

The common denominator in these diseases is a loss of villous structure and absorptive 

surface that presumably results in malabsorption of fat and other nutrients. In tropical 
sprue fecal fat averages 16 ± 0.6 g per 24 h (13 ± 0.8% of intake) and the xylose absorption 

test is low (2.2 ± 0.6 g per 5 h). Dermatitis herpetiformis and other skin lesions are 

associated with a very mild steatorrhea (8 to 9 g per 24 h) and near normal xylose and 
B12 absorption. 

Whipple's disease. In contrast to gluten enteropathy, the morphological changes 
in Whipple's disease are most striking in the lamina propria. The normal cellular 
elements of the lamina are virtually replaced by macrophages containing periodic acid
Schiff positive glycoprotein within their cytoplasm (Table I). In addition, there are rod

shaped structures seen in the lamina propria that under the electron microscope have 
the typical features of bacteria. The villous absorptive cells and mucosal surface area in 
Whipple's disease appear relatively well preserved yet in in vitro studies using tissue 
obtained by biopsy there is a decrease in capacity for amino acid transport and fatty acid 
esterification. Furthermore, there is morphological evidence to suggest that the delivery 
of triglyceride into the lymphatics also may be impaired. 

These findings are reflected in the absorptive studies shown in Table I; patients 
with this disorder manifest severe malabsorption of both fat (34 ± 4.8 g per 24 h or 50 ± 
5.9% of intake) and protein (3.8 ± 0.5 g per 24 h). In contrast to gluten enteropathy, 

however, the average value of xylose absorption (3. 7 ± 0.4 g per 5 h) is near normal as is 
B12 absorption (12.8 ± 3.7% per 24 h). As outlined in Table I, appropriately prepared 

sections of small intestinal biopsies are diagnostic of this disease. 
Amyloidosis. Although the extent of amyloid involvement of various structures in 

the bowel wall is variable, the most frequent site is in the submucosal blood vessels. In 
familial Mediterranean fever and secondary amyloidosis deposition appears in the 
inner coats of the small blood vessels while parenchymal deposition occurs 
predominantly in the mucosa. On the other hand, in primary amyloidosis and 
amyloidosis associated with multiple myeloma, amyloid deposition is found in the outer 

coat of the small blood vessels while parenchymal deposition occurs predominantly in 

the muscularis extema. Mucosal architecture usually is normal until massive deposits 

destroy the glandular structures. 
From the data presented in Table I, tlte absorptive defect is rather extensive in 

both primary and secondary amyloidosis. There is a moderate increase in both fetal fat 
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(15 to 22 g per 24 h) and fecal nitrogen (3.0 to 4.9 g per 24 h) and marked depression of 
urinary xylose excretion (2.1 ± 0.3 g per 5 h). The B12 absorption test is near normal. 

Because diffuse involvement is common, biopsy of the small intestinal mucosa usually 
is diagnostic. 

Small bowel resection. In this review, small bowel resection has been divided into 

three essentially distinct syndromes: massive resection or bypass, jejunectomy, and 

ileectomy. As would be anticipated, massive small bowel resection results in severe 
malabsorption of fat and protein as well as xylose and B12· In contrast, isolated 

j~junectomy causes only a mild defect in fat absorption (9 g per 24 h). Thus, while 

absorption of major foods normally takes place in the proximal small intestine, in the 
fact of surgical ablation of this area of the intestine, ileal absorption apparently can 

nearly fully compensate. Paradoxically, resection of the ileum results in severe 

malabsorption as discussed below under diseases with multiple defects. 

Intestinal lymphan~ectasis. The basic defect in intestinal lymphangiectasis is 

considered to be a congenital anomaly of lymphatics with obstruction of intestinal 

lymphatic outflow which results in loss of lymph containing albumin and chylomicrons 

into the intestinal lumen. Biopsy reveals dilated intestinal lymphatics containing lipid
laden macrophages. In addition, chylomicrons are present in the intercellular areas, 

extracellular spaces of the lamina propria, and lymphatics. In this syndrome there is 

mild steatorrhea (23 ± 4.0 g per 24 h or 20 ± 3.0% of intake) and a modest elevation of the 

fecal nitrogen (3.2 ± 1.0 g per 24 h). However, this latter finding may be a manifestation 
of the marked protein-losing enteropathy seen in this disease rather than of true protein 

malabsorption. Xylose absorption is usually normal (7 .8 ± 0.5 g per 5 h). 
A-6-lipoproteinemia. Steatorrhea and a f3-lipoproteinemia- appear to result from 

inability of the patient to synthesize the protein moiety of the chylomicron; hence, 

droplets of triglyceride accumulate in the mucosal cell and can be identified in mucosal 

biopsies of affected individuals even after prolonged fasting. Steatorrhea apparently is 
mild (18 ± 2.4% of intake) while xylose and B12 absorption are perfectly normal as would 

be anticipated. 
Lymphoma. Lymphoma is the most common malignancy producing intestinal 

malabsorption. Presumably, this tumor results in poor intestinal absorption because of 

extensive involvement and destruction of the intestinal mucosal and submucosal 

tissues. Steatorrhea (25 ± 2.8 g per 24 h or 35 ± 6.9% of intake) and mild azotorrhea (2.4 g 

per 24 h) are both present, and there is depressed absorption of both xylose (2.2 ± 0.5 g per 

5 h) and B12 (4.0 ± 0.8% per 24 h). 



TABLE L REPRESENTATIVE VALUES IN SPECIFIC DISEASES OF THE MAJOR 
DIAGNOSTIC TESTS USED TO DIFFERENTIATE V ARlO US MAlABSORPTION 
SYNDROMES 

Disorder A. Fecal fat B. Fecal C. Urinary D. Urinary 
excretion nitrogen xylose vitamin B12 

excretion excretion excretion 

g/24 hr g/24 hr g/5 hr %/24 hr 

Representative normal values <.6 <2.0 >4.5 >7.0 

1. Insufficient intraluminal pancreatic enzyme activity 

A. Chronic pancreatitis 37±4.5 4.7±0.6 6.1 ± 0.7 

B. Pancreatic carcinoma 41 ± 7.0 6.0±0.9 5.5±0.6 8.4 ± 2.0 

c. Pancreatic resection 44±4.3 7.5 ± 1.0 

D. Cystic fibrosis 25±4.1 4.2±0.6 

2. Insufficient intraluminal bile acid activity 

E. Extrahepatic biliary obstruction 1.2±0.2 

F. Intrahepatic disease 19±2.0 1.2 ± 0.1 4.3±0.9 11.0 ± 1.0 
with jaundice 

G. Intrahepatic disease 19±3.0 1.6 ± 0.3 5.9 
without jaundice 

H. Cholecystocolonic fistula 13 1.2 

I. Intestinal stasis syndrome 17 ± 1.9 1.8±0.2 3.0±0.5 0.9±0.3 
jaundice 

3. Intramural small bowel disease 

J. Gluten enteropathy 28 ± 1.8 5.0± 1.2 2.0±0.3 2.4 ± 1.0 

K. Tropical sprue 16±0.6 2.2±0.6 5.1 ± 1.3 

L. Skin disease 

1. Dermatitis herpetiformis 9±0.6 3.0±0.6 14.9 ± 1.3 

2. Others 8±0.5 4.0±0.6 6.2 



M. Nongranulomatous jejunitis 27 ± 5.4 0.6 3.4 ± 1.1 1.9 

N. Whipple's disease 34±4.8 3.8±0.5 3.7 ± 0.4 12.8 ± 3.7 

0. Amyloidosis 

1. Primary 22±3.2 4.9±0.7 6.0 ± 1.0 

2. Secondary and multiple 15±2.9 3.0±0.1 2.1 ± 0.3 
myeloma 

P. Eosinophilic gastro- 14±2.1 2.3±0.5 3.0 
enterology 

Q. Food allergy 19±6.1 0.7 11.2 

R. Small bowel ischemia 

1. Atherosclerosis 15± 1.6 2.0±0.5 6.8 

2. Polycythemia vera ID 

3. Vasculitis 14 

4. Kohlmeier-Degos ~ 1.9 
syndrome 

s. Small bowel resection 

1. Jejunectomy 9 

2. Massive resection or 49±7.2 2.3 ± 1.2 1.1 ± 0.5 
bypass 

T. Intestinal lymphangiectasia 23±4.0 3.2± 1.0 7.8±0.5 

u. A-(3-li poproteinemia 15 6.2 ± 1.3 19.0 ± 2.6 

v. Lymphoma 25±2.8 2.4 2.2±0.5 4.0±0.8 

4. Malabsorption caused by multiple defects 

W. Zollinger-Ellison syndrome 24±2.4 3.0±0.8 31 

X. Scleroderma 19±2.0 2.1±0.2 2.6±0.4 11.5 ± 2.0 
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Y. lleal dysfunction 

1. lleal resection 24±2.8 2.9 ± 0.4 4.8 ± 1.9 3.3 ± 0.4 

2. Ileal Crohn's disease 15± 2.3 4.0 ± 1.1 5.7±0.7 

z. Postgastrectomy 16± 15.0 6.5±2.3 3.1 ± 0.6 2.7 ± 1.5 

AA.Radiation enteritis 32± 15.0 6.5±2.3 3.1±0.6 2.7± 1.5 

FURTHER READING 

1) Chandler, C.A. and R.M. Marston. Fat in the U.S. Diet. Nutrition Program 
News, U.S. Department of Agriculture, May-August 1976. 

2) Yardley, H.J. Epidermal Lipids. In Biochemistry and Physiology of the Skin, 
Volume I. L. A. Goldsmith, editor. Oxford University Press, New York, pp 363-

378,1983. 

3) Biochemistry of Lipids and Membranes. D. E. Vance and J.E. Vance, editors. 
Benjamin/Cummings Publishing Company, Inc. Meno Park, CA. 1985. 

4) Dutton, H.J. Hydrogenation of fats and its significance. In Geometrical and 
Positional Fatty Acid Isomers. E.A. Emken and H.J. Dutton, editors. American 
Oil Chemists' Society, pp 1-16, 1979. 

5) Beare-Rogers, J .L. Partially hydrogenated rapeseed and marine oils. In 
Geometrical and Positional ·Fatty Acid Isomers. E.A. Emken and H.J. Dutton, 
editors. American Oil Chemists' Society, pp 131-149, 1979. 

6) Sprecher, H. Biosynthesis of long chain fatty acids in mammalian systems. In 
Geometrical and Positional Fatty Acid Isomers. E.A. Emken and H.J. Dutton, 
editors. American Oil Chemists' Society, pp 303-338. 1979. 

7) Hansen, A.E., M.E. Haggard, A.N. Boelsche, D.J.D. Adam, and H.F. Wiese. 
Essential fatty acids in infant nutrition. III. Clinical manifestations of linoleic 
acid deficiency. J. Nutr. 66:565-576, 1958. 

8) Holman, R.T., S.B. Johnson, and P.L. Ogburn. Deficiency of essential fatty acids 
and membrane fluidity during pregnancy and lactation. Proc. N atl. Acad. Sci. 

USA 88:4835-4839, 1991. 
9) Hunter, J.E. and T.H. Applewhite. Reassessment of trans fatty acid availability 

in the US diet. Am. J. Clin. Nutr. 54:363-369, 1991. 

10) Small, D.M. The effects of glyceride structure on absorption of metabolism. Annu. 

Rev. Nutr. 11:413-434, 1992. 

32 


