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Te INTRODUCTICON

A Joint FAO/WHO Expert Consultation on the Role of Dietary Fats and
0ils in Human Nutrition was held in Rome from 21 to 30 September 1977. The
meeting was opened by Dr. E.M. DeMaeyer of the World Health Organization,
Geneva. In his opening statement, Dr. DeMaeyer expressed the appreciation
of FAO and WHO to the participants.

There are in the world millions of people whose health suffers because
of an insufficiency of the right kinds of food. By contrast, among prosper—
ous people, diseases associated with dietary excesses are common. ' The
principal nutritional problem of the developing countries appears to be a
deficit of dietary energy, whereas that of developed countries is overcon-~
sumption. Furthermore, the contrast in fat intakes is very great. The
problem of dietary fat in human nutrition is controversial and complex and
is, in fact, one of the most important questions yet faced by nutritionists.

FAQO and WHO are concerned about the implications of dietary fats on
human nutrition because of the positive contribution fats might make to the
health and performance of many people and nations, and because of the
possible adverse effect of certain fats on atherosclerosis, obesity and its
complications. During the last decade, there have been significant advances
in knowledge of the nutritional value and physioclogical effects of different
fats. Some of these advances may lead to a revision of current views about
the quality of dietary fat.

There are two general considerations: firstly the importance of
fats in food and, secondly, the safety aspects.

Dietary fat has five important functions:

(i) as a source of energy;
(ii) for cell structure and membrane functionsj

(iii) as a source of essential fatty acids for cell structures
and prostaglandin synthesis;

(iv) as a vehicle for oil-soluble vitamins;
(v) for control of blood lipids.

In addition, fat contributes to the palatability of food and is
important in cooking and food processing.

In considering the safety of fats, a major issue that still remains
to be resolved is the health implications of the brassica-derived oils and
partially hydrogenated marine oils. Guidelines regarding the use of such
o0ils and fats for human consumption are urgently needed.

Finally, it is important to establish to what extent crop and animal
management affects the nutritional quality of the food eaten.

This document is a synthesis of the papers presented and the sub-
sequent discussion on them, and attempts to record the current gtgtus of
knowledge on the subject of dietary fats and oils in human nutrition.



2. DEFINITIONS

The definitions used follow those employed in previoug FAQO/WHO re-
ports, the 1973 report on Energy and Protein Requirements (*1) being used as
a reference. Because of the specialized nature of lipid biochemistry and
nutrition, the following additional information is presented.

2.1 Fats and 0ils

This group of water-insoluble organic substances predominantly con-
sists of triglycerides, i.e. glyceryl esters of fatty acids. Fats are only
distinguished fram oils by their different melting points; fats are solid and
oils liquid at room temperature. However, the general term 'fat' is commonly
used to refer to the whole group and is synonymous with 'lipids’'.

2.2 Classification of Fats

Although fats constitute a diverse group of substances, they can be
roughly divided into two classes:

(a) neutral fats which include the triglycerides, cholesterol, other
sterols and isoprenoid groups with their esters (vitamins A,
D, E and X would also fall into this category);

(b) amphiphilic fats which consist of the phospholipids; the prin-
cipal members being the choline phosphoglycerides (lecithins),
ethanolamine, serine and inositol phosphoglycerides, together
with the sphingoc lipids such as sphingomyelin. The amphiphilic
group possesses the property of forming bi-layers. Because
part of the molecule (the phosphate ester) is strongly polar,
(miscible with water), and the aliphatic part non-polar, the
phospholipids have the property of orientating on the surface
of a large molecule, on an aqueous surface or at an interface
between two immiscible layers. It is this property whick is
thought to play an important part in their biclogical role in
the formation of cell membranes, and their industrial use as
surfactants or emulsifiers.

Broadly speaking, this chemical classification follows the bio-
logical functions of fats, as there are two separate groups of fats in the
body:

(a) storage fats which are mainly triglycerides and are accumulated
in specific depots in the tissues of plants and animals. These
fats are the most important energy reserves of the body, and in
animals they are also a source of essential nutrients. The
composition of the fatty acids in these triglycerides is re-
lated to the diet;



(b) structural fats mainly consisting of phospholipids and
chaolesterol. Quantitatively, these are the second most important
structural group in all soft tissues of the body and are present
in unusually high concentrations in the brain. The fatty acid
component of the phospholipids is of crucial importance to
their properties and function in biological membranes. The
composition of the fatty acids in the phosphoglycerides in
general exhibits a tissue and species specificity. Although
they are subject to dietary alteration, extreme conditions are
needed to change their composition appreciably.

The basic structures of the main group of the fats are shown

below:
Glycerol Triglyceride Phospholipid
(e-g. choline phosphoglyceride)
i H H
| |

H-cCl - 0H H - ?1 ~ OOCR' H - C - 00CR'

) i
H - ?2 ~ OH H - ?2 — 0OCR® H -~ C° ~ OOCR?

] +

H-C3 - oH H - ¢3 - oocr3 H- o o0- 7 ocH cH - 1 (ci,)

| | | 1 2 "2 3’3

H H H o

R1. Rz, R3 refer to different or similar fatty acids. Usually,

the 1 and 3 positions of the carbon chain are occupied by a saturated
fatty acid and the 2 position by an unsaturated one.

2.3 Fatty Acids

The principal fatty acids of relevance to this report are mostly
straight chain aliphatic monocarboxylic acids with an even number of carbon
atoms., Common names and the IUPAC-modified Geneva names are mostly used
for fatty acids. For example,

palmitic acid CH3 (CH2)14 COOH is systematically called hexadecanoic acid;
stearic acid CH, (CH2)16 COOHE is octadecanoic acid;
oleic acid CHy (CHy), CH = CH (CH,);COOH is octadecenoic acid.

The fatty acids are mostly found in triglycerides and phosphoglycerides
and some are esterified with cholesterol.

In saturated fatty acids, all carbon atoms are joined by single
bonds and, with the exception of the carboxyl group, all other valency
positions are occupied by hydrogen.

In monounsaturated fatty acids, two adjacent carbon atoms are
joined by a double bond. Here, stereochemical isomerization can occur
because the sections of the molecule on any side of the double bond can lie
either on the same (cis) or opposite (trans) side of the bond.




H\ /H CH3(% /H
/C = C\ /C =C \
CH3(CH2)7 (CH2)7COOH H (CH2)7COOH

cis trans

Because the double bond fixes the relative positions of other two .sections
of the molecule, the cis and trans isomers have different biological pro-
perties. Most naturally occurring isomers have the cis configuration.
Positional isomers may also occur since the double bond may be variously
located within the molecule.

In polyunsaturated fatty acids, there is more than one double bond.
The term polyunsaturated fatty acids covers a wide range of acids of 18,
20 and 22 carbon chain length with two to six methylene-interrupted double
bonds. Unless otherwise stated, the double bond sequence is methylene-
interrupted and all double bonds have the cis configuration. The fatty acids
mentioned in this report are listed with synonyms and abbreviations in
Table 1. The diagrammatic representation of the fatty acids is shown in

Fig. 1.

, Fig.1- Diagrammatic representation of the fatty acids

Methyl . Carboxyl

Tearic Acid | Hac\/\/\/\/\/\/\/\/\
18:0 COOH.
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< COOH Essential

i Fétty

fé;linol;nic Acid HjC VNS TNVANAA C0oH “Acids
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TABLE 1 : Nomenclature of Fatty Acids Used in the Report

Common Name Synonym 1/ Abbreviation 2/
capric decanoic 10:0
lauric dodecanoic 12:0
myristic tetradecanoic 14:0
palmitic hexadecanoic 16:0
stearic octadecanoic 18:0
oleic S-octadecenoic 18:1, n-9
arachidic eicosanoic 20:0
gadoleic 11-eicosenoic 20:1, n-9
behenic docosanoic 22:0
erucic 13-docosenoic 22:1, n-9
brassidic trans-13-docosenoic trans 22:1, n-9
cetoleic 11-~docosenoic 22:1, n-11
lignoceric tetracosanoic 24:0 -
nervonic 15=tetracosenoic 24:1, n-9
linoleic 9,12~octadecadienoic 18:2, n-6
y~linolenic 6,9,12-octadecatriencic 18:3, n-6
a~linolenic 9,12,15-octadecatrienoic 18:3, n-3
dihomo-y-linolenic 8,11,14-eilcosatrienocic 20:3, n-6
5,8,11-eicosatrienoic 20:3, n-9
arachidonic 5,8,11,14-eicosatetraenoic 20:4, n~-6
5,8,11,14,17-eicosapentaenoic 20:5, n-3
7,10,13,16—-docosatetraencic 22:4, n-6
4,7,10,13,16—-docosapentaenoic 22:5, n-6
7,10,13,16,19~=-docosapentaenoic 22:5, n-3

4,7,10,13,16,19-docosahexaenoic 22:6, n-3

l/ Double bonds numbered from the carboxyl end.
2/ Fatty acid formulae have been abbreviated in the form x:y, n-m where

x = number of carbon atoms in the molecule, y = number of double bonds,
and m = position of the first double bond numbered from the methyl end.
Thus, palmitic acid is (16:0) and linoleic acid (18:2, n-6). Where
the n-m specification of the double bond sequence is omitted, then
either the position is not known or, where isomers are present, it
refers to the whole group, e.g. (22:1) would refer to an undefined
mixture of isomers which could include 22:7, n-9, n-11 and trans 22:1,
n-9.



2.4 Essential Fatty Acids (EFA)

Linoleic (18:2, n-6) and o-linolenic (18:3, n-3) acids are required
for the normal growth and function of all tissues. They have double bonds
positioned at six carbons (n-6) and three carbons (n-3) from the methyl
end of the molecule respectively. Animals, including man, cannot insert
double bonds in the (n-6) and (n-3) positions and cannot synthesize either
of these two. However, animals can add more double bonds to the parent
EFA by introducing them between the original double bonds and the carboxyl
group; at the same time, the carbon chain length is extended at the carboxyl
end by further desaturation. This metabolic process produces the long-
chain derivatives of 20 and 22 carbon chain length with 3, 4, 5 and 6 double
bonds (Table 1). The result is two families (the n-6 and n-3 families) of
essential fatty acids which are required for cell structures and prosta-
glandin synthesis.

The 20 and 22 carbon chain length fatty acids with 3, 4, 5 and 6
double bonds derived from linoleic (18:2, n-6) and a-linolenic acids
(18:3, n-3) are referred to as the long-chain essential fatty acids; in
practice the two most important are arachidonic (20:4, n-6) and docosa-
hexaenoic (22:6, n-3) acids.

2.5 Visible and Invisible Fats

No all-embracing definition yet exists that will satisfy the
pathologists, nmutritionists and technologists who are professionally con-
cerned with fats. For the purpose of this report, the terms visible and
invisible (as used in food processing) are employed to divide Fats into
separated and unseparated. Visible fats are those which have been se-
parated from animal tissues, milk, oilseeds, nuts or other vegetable sources;
they are used to produce shortening, margarine, salad oils, butter, etc.
Invisible fats are those which have not been separated from their original
source and are, therefore, consumed as part of the tissues in the diet,
principally as meat, fish, poultry, dairy products, cereals, pulses, nuts
and vegetables.

The difficulty with this definition is that invisible fats in fatty
meats are considered in the same context as invisible fats in foods of vege-
table origin and fish. As the awareness of the different types of fats to
nutrition grows, these definitions may need to be reconsidered.

2.6 Units of Energy

] Many nutritionists are accustomed to expressing dietary energy in
kilo calories. In the International System of Units (S1), the unit of
force is the newton, which accelerates 1 kg by 1 m per sec2. The unit of
energy is the joule (J), which is the energy expended when 1 kg is moved

1 m by 1 newvton. In this report, energy values are expressed both in
joules and calories.

1 kilo calorie (kcal) 4.184 kilo joules (kJ)
1000 kilo calories (kcal) = 4184 Xkilo joules (kJ)
= 4.184 megajoules (MJ)

. The energy value of fat is taken as equivalent to 9 kcal (37.7 k
protein as 4 kcal (16.7 kJ)/g and carbohydratg either 4.2 kcal (1§.Z iJ)J)/g'
or 3.75 (15.7 kJ)/g, depending on whether the carbohydrate is expressed
as polysacch@rlde Oor monosaccharide (in practice, a value of 4 kcal
(16.7 kJ)/g is used for carbohydrate).



3. FAT AS A SOURCE OF ENERGY

3.1 Introduction

Man derives his energy from the three major nutrients: protein,
fat and carbohydrate. Of these energy sources, fat has the highest
available energy value, 9 kcal (37.7 kJ)/g as compared with 4 kcal
(16.7 kJ)/g for protein and carbohydrate. Diets of most countries pPro-
vide an average of about 11 percent of calories from protein, although
isolated extremes of 6 to 30 percent have been recorded (1).

For most parts of the world, the non-protein dietary energy
ranges from 80 to 90 percent of the total and comes from fat and carbo-
hydrate. 1In some communities, alcohol may make a significant contribu-
tion to the energy intake. Depending upon the food supply and the family
income, the intake of fat is found to vary widely in different countries
and also within the same country. In the developed countries, average
energy intakes from dietary fat currently range from 35 to 45 energy
percent; however, high fat intakes (>30 energy percent) are not found
solely in these countries.

In many developing countries, intakes of 10 to 20 energy percent
of fat or less are common and have been habitual Ffor many generations
(2,3). Thus, on a global basis,there could be an approximately six~fold
difference in the fraction of energy that is derived from fat by wvarious
populations.

In addition to the differences in amounts of fat consumed, there
are wide variations in the sources of fat. In the past, fat sources have
been categorized as animal or vegetable,but it is now known that this
classification is too broad and must be refined to give a better descrip-
tion of the metabolic effects different fats may produce.

Dietary fats (lipids) are mainly triglycerides composed of fatty
acids with varying chain length, which may be saturated, monounsaturated
or polyunsaturated. The relative proportions of saturated and polyunsatu-
rated fatty acids in the diet may be of primary importance in determining
their nutritional implications. 1In diets very low in fat, phospholipids
may constitute a relatively high proportion of the fat since they are a
component of all vegetable and animal cells. In some parts of the world,
especially in Asia, dietary fat is predominantly of vegetable origin. Else-
wvhere, animal fats may constitute one half to two thirds of the dietary
Fat. Thus, a wide variety of fats and oils are consumed with differing
physical and chemical properties and fatty acid composition. With a few
exceptions, human metabolism can effectively use all of these fats for
energy.

The fatty acid content of some selected foods is given in Appendix 1.

3.2 . PFunctions of Dietary Fat

Dietary fat is thought to be an obligatory nutrient only as a
source of essential fatty acids. Nevertheless, it has several desirable,
non-obligatory nutritional properties. Its physical characteristics
impart a satisfying texture to foods that increases palatability for many
people and may contribute to the acceptance of food., Fat also acts as a
vehicle for some of the fat-soluble vitamins. Thus, dairy fats contain
significant amounts of vitamin A (retinol)} and D, as do some marine oils.



Almost all vegetable 0ils contain vitamin E and are the richest source

of this vitamin in many diets. A few oils, e.g. red palm oil, contain
substantial amounts of carotenoids (pro-vitamin A) which can also be
found in many vegetables and fruits. Rendered animal fat is a negligible
source of Fat-soluble vitamins, but invisible fat in meat may have small
amounts of vitamin A.

The degree to which the amount of dietary fat affects the utiliza-
tion of fat-soluble Vitamins has not been thoroughly studied in man. For
pro-vitamin A, the addition of olive o0il to diets with a very low energy
percent as fat was found to improve utilization, as determined by blood
levels (4). There is little or no evidence that, within the range of
human fat intake, the amount of dietary fat significantly affects the
availability of preformed vitamin A& (retinol) or of vitamins D, E and K.

Although natural fats contain many desirable trace components
such as flavours and vitamins, in recent years they have, like other food
components, become the vehicle for undesirable fat-soluble compounds.

The most common of these compounds are pesticides and other agricultural
chemicals, but contamination with industrial chemicals also occurs.

3.3 Physiological Effects and Utilization of Dietary Fats

Different populations appear to subsist in a good state of health
on widely different intakes not only in the amounts but also in the types
of fat. On the other hand, as societies become more affluent, they tend
also to become less physically active, and a previously satisfactory diet
with respect to energy and fat can become a health hazard, leading to
obesity. In most developed countries, significant fractions of the popu-
lation have high blood 1lipid levels, which are considered to be deleterigus
to health (see Section 7).

Persons who become physically less active need to reduce their
energy intake to maintain ideal body weight, and in many situations this
may necessitate a reduction in dietary fat. On the other hand, normal
individuals in energy balance appear capable of consuming high fat diets
without adverse effects.

The physiology of fat digestion and absorption has been elucidated
in considerable detail in recent years. The degree of utilization by
normal individuals of naturally occurring or processed food fats and oils
is greater than 90 percent (the ability of infants and children to utilize
fats is considered in Section 4.4). As the most concentrated form of food
energy, the fat content of a diet generally determines its energy density.
Diets with a very low energy density may be too voluminous to permit con-
sumption of an amount sufficient to meet energy requirements, particularly
with children. Diets based on root crops, plantains or cereals (especially
when the germ has been removed) may fall into this category. Increasing
the energy density of such diets by the addition of fat should be bene-
ficial (see Section 4.6); the same objective could be achieved by increas-
ing the availability and consumption of those foods which are naturally
good sources of fat and other nutrients.



3.4 Fat as an Energy Source for Work

It is well established that muscle does not utilize significant
amounts of protein and that glucose from muscle glycogen and free fatty
acids transported from adipose stores serve as the primary fuels for work.
Adipose fat is the principal energy store of the body and so most of the
energy at low levels of exercise is derived from transport of free fatty
acids. With light or moderate exercise, of an intermittent nature, the
propor€i§n-of fat and carbohydrate in the diet has no effect on perfor-
mance (5).

Carbohydrate almost exclusively is oxidized in sustained activity
near the maximum workload (as in some athletic competition where the
workload demands more than 80 percent of maximum oxygen uptake). Glycogen
stores are only sufficient for about one to two hours of maximum workload.
When the available muscle glycogen stores are utilized, efficiency falls
rapidly and hypoglycaemia occurs. Concomitantly, the respiratory quotient
declines and the muscle progressively depends on the free fatty acids for
its energy (5). Under such extreme conditions, high-carbohydrate/low-fat
diets are desirable to maintain blood sugar levels. At lower work levels
{below 80 percent of maximum oxygen uptake),a more balanced intake of carbo-~
hydrate and fat is satisfactory and sustained activity can be performed
without difficulty,as both fatty acids and glucose are utilized.

- Much information on the physiology of work has been obtained with
subjects participating in athletic competitions or under training and
frequently consuming a high-protein diet. These results must be applied
with caution to conditions of manual labour. Few studies have been made
on the relation between dietary intake and workload under free-living
conditions. Finnish lumbermen selected a slightly higher percentage of
energy as fat than did workers in the camp engaged in lighter activities
(6). However, military personnel on manoeuvers in the Canadian arctic

did not select a higher proportion of fat than did troops with lower
levels of physical activity in a temperate climate (7). Fat provided
about 40 percent of energy in both these studies. It would thus appear
that under a variety of types of manual labour classified as "heavy”,
diets relatively high in fat permit satisfactory performance. This state-
ment of course assumes that the "heavy" manual work does not in practice
approach the type of sustained activity near the maximum workload referred
to earlier. There seems to be little evidence for any effect of the
source of dietary energy on industrial work performance, providing total
energy needs are met,

3.5 Geographic Factors and Dietary Fat

Observations in the past on groups subsisting in very cold climates
probably gave rise to notions that cold environments lead to a desire or
need for higher fat intakes than in warm or temperate climates (7). The
high fat intake of such groups, however, was inherent in the available
food, which was primarily of animal origin and therefore high in protein
and fat, and low in carbohydrate. Conversely, most of the populations
living in hot climates of the world subsist on low fat diets, again dic-
tated by the available food sources. A series of studies with United.
States and Canadian Army food rations at locations throughout the world
showved a constant proportion of protein, fat and carbohydrate (9). This
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ndicates that neither temperature nor humidity influenced the pro-
ortion of these nutrients. There thus appears to be no substantial
vidence that climatic factors, in particular temperature, lead to
‘hanges in preference for the amount of dietary fat.

o6 High-fat Diets in Weight Reduction

Diets of high fat content (ketogenic diets) have been advocated
‘or weight reduction in obese individuals. There is, however, no proof
chat high-fat diets lead to greater loss of body fat than isocaloric
liets containing usual proportions of fat, carbohydrates and proteins.
foreover, the use of high-fat diets has undesirable effects on blood

lipid levels, and should be discouraged (10).

3.7 Desiragble Levels of Dietary Fat

The wide range of dietary fat consumed throughout the world has
oeen mentioned. In the developing countries, there is evidence that in
the lowest income groups,with dietary fat comprising about 10 percent of
the energy, an increase to 15 to 20 energy percent of fat with adequate
regard to essential fatty acids, would have beneficial effects. The
importance of this conclusion in child and maternal nutrition is discussed
in Sections 4 and 6. In the developed countries, although many physically
active individuals appear to tolerate diets containing more than 40 per-
cent of the dietary energy as fat with no apparent health problems,
sizable fractions of the population are affected with several degenerative
diseases in which the amount and types of dietary fat are implicated (see
Section 7). 1In these populations, there is substantial evidence that
positive health benefits would be achieved by decreasing dietary fat to
30 to 35 percent of calories, and by increasing the ratio of polyunsatu-

rated to-saturated fatty acids of the diet to 1:1.
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4., THE USE OF FAT IN ADULT AND CHILD FEEDING
4.1 Pregnancy and Fat Intake

During pregnancy, there are increased requirements of energy,
protein and other nutrients for the growth, and also as
maternal energy store in the form of fat, which is subsequently used in
lactation. The additional needs for energy gradually increase from
150 kcal (0.63 MJ) per day in the first trimester to 350 kcal (1.5 MJ)
per day in the second and third trimesters,with an average of 285 kcal
(1.2 MJ) per day over the total 280 days. It is estimated that the total
additional energy requirements are 80 000 kcal (335 MJ) for the whole
period of pregnancy (11).

Data from some developing countries have indicated that average
energy intakes in many pregnant women range from 60 to 80 percent of the
recommended allowances (12-16). Among the causes of these inadequate
energy intakes are poverty, cultural practices and beliefs and low energy
density foods. In these countries,the mean birth weight of offspring
born to undernourished mothers is approximately 2.7 kg compared with an
average of over 3.0 kg for those born to well nourished mothers {17-21).
The dietary energy derived from fat among mothers in many developing
countries does not exceed 15 percent. It is known that additional energy
is required during the first trimester, at which time there may be a
reduced food intake. Consideration should therefore be given to increas—
ing the energy density of the diets throughout pregnancy (the role of
essential fatty acids is discussed in Section 6).

4,2 Lactation and Fat Intake

Breast milk has an energy content of approximately 0.70 kcal
(2.9 kJ) per ml and the average daily production from well nourished lac-
tating women is approximately 850 ml (ranging up to 1000 ml). Since the
efficiency of the mammary gland to produce milk is about 80 percent, an
additional energy intake ranging from 745 to 875 kcal (3.1 - 3.7 MJ) per
day is recommended (11) to cover the energy cost of lactation. During
a six-month period, the total energy required for milk production will be
from 134 000 to 157 000 kcal (560-657 MJ). Since there is a 36 000 kcal
(151 MJ) reserve of body fat accumulated during pregnancy, an additional
100 000 to 120 000 kcal (418~502 MJ) will be required during a 180 day
lactation period, or 550 to 660 kcal (2.3 - 2.8 MJ) per day.

Matermal nutrition during lactation can influence the amount and
quality of milk available to the infant. The fatty acid composition of
milk from mothers consuming a low-fat/highecarbohydrate diet may have a
lower content of essential fatty acids, although the total fat content
remains constant, providing energy requirements are met. In extreme mal-
nutrition, as observed in some East African mothers (22), total fat con—
tent may fall to about one half of the normal, or even lower. In such
cases, increased energy density of the food would be required.

4.3 The Problem of Protein-Calorie Malnutrition (PCM)

Protein-calorie malnutrition is of concern to public health
authorities in many developing countries (23-25). It is particularly ‘
widespread among older infants and young children. When breast feeding is
not practised,inadequate formula feeding may precipitate protein-calorie
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lalnutrition in the first few months of 1ife. It has been estimated 1/that
several tens of million children of preschool age suffer from Fhls con-~
lition to varying degrees. Mortality is high and in the chronic, mild

ind moderate forms, morphological and functional change; occar-whlch,
lepending upon the age of onset and duration, can have irreversible )
consequences in later life. Energy malnutrition in adult women of child
>earing age can affect not only pregnancy outcome and foetal development,
s>ut also lactation performance (26-29). In adults Of»bo?h sexes engaged
in moderate to heavy physical labour, inadequate energy intake limits
energy expenditure in everyday activities (30).

The underlying causes of malnutrition are poverty, inadequate
food availability and general social underdevelopment, which lead to.con-
sumption of diets inadequate both in quality and quantity. The nutrition
problem is aggravated by the sociological setting and by fregugnt episodes
of repeated infections that act synergistically with malnutrition. Under-
nutrition is aggravated by infections that by themselves are responsible
for a large proportion of deaths during infancy and childhood.

Until a decade ago, it was widely believed that childhood malnutri-
tion was due primarily to insufficiency of protein in the diet. There is
now adequate evidence to show that the most limiting factor is not
protein, but energy. In a sizeable proportion of children, however, both
energy and protein are inadequate, because of the very small amounts of
food consumed. But in these same children, the extent of energy deficit
is greater than that of protein. This finding has practical implications
in the control and prevention of the problem (31~33§.

4.4 Fat Intake in Infants

4.4.1 Infants breast-fed by well nourished mothers

-

In well nourished mothers, breast milk alone satisfies the nutri-
tional needs of normal human infants up to the age of about five months.
After this, it is necessary to introduce supplementary foods, but breast
milk should continue as an important source of food, until production
ceases. Breast milk, because of its balanced amino acid composition,
complements vegetable (cereals and pulses) proteins,thus increasing
their net protein utilization. Moreover, it provides ideal hygienic con-
ditions for infant nutrition and health and, unlike cow's milk,it has the
appropriate composition for the human infant. For example, human milk
has a higher content of fat and EFA and a lower content of protein and
minerals than cow's milk. Specific proteins and fats in human milk pro-
mote the absorption of calcium and iron, and miik lipase facilitates the
digestion of fats. Human milk also offers protection against infection
through the secretion of antibodies, and the bifidus factor. Furthermore,
the envirommental conditions in the intestine favour the development of
lactobacillus rather than E. coli, thus protecting against invasion by
pathogenic strains of E. coli and gastroenteritis (33a).

In well nourished mothers, the fat in breast milk contributes
50 to 60 percent and protein about 6 to 7 percent. of the total energy

1/ United Nations World Food Conference, Rome, November 1974, E/CONF 65/3
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intake of their infants. The proportion of protein to the total energy
content ensures optimum protein utilization (13).

Considering the mean protein and energy content of breast milk
of optimal composition on the one hand and the recommended energy intake
and safe levels of protein intakes in infants (11) on the other, an
intake of 1 000 ml milk/day would cease to satisfy the recommended intakes
at about 4 months of age. 1In view of the fact that growth rates of
healthy infants who are solely breast-fed are satisfactory up to the age
of five or six months, it would appear that the current recommended allow-
ances are somewhat high, particularly when it is realized that daily milk
production is most often less than 1 000 ml and closer to 850 ml in well
nourished mothers,

4.4.2 Failure in lactation

Under conditions of inadequate breast milk secretions the early
introduction of supplementary feeding to infants assumes paramount impor-
tance. The questions arise as to what the supplementary intake should be
in terms of nutrients, and through which foods this can be achieved.
There are two alternatives: (i) bottle feeding of milk and/or formulated
foods, and (ii) administration of locally available food mixes prepared
as thin gruels that can be spoon-fed. Whichever system is chosen, an
energy content of around 50-60 kcal (0.21-0.25 MJ)/g of protein should be
aimed at.

Addition of fat becomes essential under both alternatives. As far
as 1s known, there are no data on the maximum amount of fat that small
infants can tolerate; on the other hand, small, severely malnourished
children tolerate up to 70 percent of energy as fat, even in the presence
of partially impaired fat absorption. Two-month old infants are able to
absorb 50-60 energy percent of fat from human milk with an efficiency
greater than 85 percent; similar absorption figures are obtained from
‘vegetable o0ils such as maize oil. Based on these considerations, home-
made preparations as supplementary foods are being studied (see Appendix
2}, Careful consideration should be given to the type of fat (e.g.
essential fatty acid and vitamin E-adequate fats) and to the possible
risk of force feeding, directly or indirectly, in order to satisfy water
needs. These risks include cbesity and diminished desire of the infant
to suck the breast.

Failure of mothers to Dbreast-feed their infants in early 1life
poses a very special and serious problem in developing countries. In
families migrating to urban areas, the practice of breast-~feeding tends
to decline mainly because of soclo-economic pressures and a desire toward
"modernization". Consequently formul: milks are resorted to,with the
inherent danger of infection from contaminated bottles and over—-dilution
of the feeds for reasons of economy.

Unfortunately, foods available in most homes in developing coun-
tries cannot supply the nutrients obtained by the infant from breast

milk, since diets based on cereals and legumes are too bulky to meet the
protein and energy needs of infants under 4 months of age. ~The early
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rintroduction of infant formulae in the form of home-made supplementary
foods ( see Appendix 2) therefore becomes very important.

It is concluded that the development of ‘weaning food'! mixtures
-in developing countries can be useful under these conditions. Special
‘care must be taken to provide enough energy to the child by increasing
the energy density of such formulae. Addition of vegetable fats, adequate
in essential fatty acids and vitamin E, can overcome the relative energy
deficit of such diets. Total energy per gramme of protein in the fat-
enriched mixtures should ideally provide between 50 and 60 kcal (0.21-
0.25 MJ)/g of protein.

4.5 Fat Absorption in Infancy

In normal children, particularly during the first month of 1life,
there are difficulties in the digestion and absorption of certain fats.
Such absorption depends on (i) the chemical properties of the fat itself

~and (ii) on the digestive and absorptive characteristics of the individual,
-which normally depend on age.

Absorption of fat in children can be sumuarized as follows:

(a) Factors dependent on the nature of fat

(i) Vegetable fats containing polyunsaturated faity acids are better
absorbed than saturated fats.

(ii) Fats containing medium chain (8-12 carbon chsii length) and short
chain (less than 8 carbon chain ;ength) fatry acids are more
easily absorbed than those containing longer chains.

(iii) The pancreatic lipase which hydrolyzes fatty acids preferentially
in the 1 and 3 positions of the triglycerides, produces free
fatty acids and 2-monoglycerides; the absorption of certain
fatty acids in the 2 position is thereby favoured (34). This
holds for palmitic acid which in breast milk predominates in
position 2, while in cow's milk it is uniformly distributed in
positions 1, 2 and 3. This fact and the presence of lipase in
human milk explains in part the better absorption of fat from
human milk compared to cow's milk (35).

(b) Factors dependent on the individual

(1) Pancreatic lipase activity can be detected in early gestation
and its activity increases progressively with age (36). However,
feeds rich in protein in the neonatal period accelerate the
development of pancreatic lipase; colostrum can play an important
role in this process (37).

(ii) Bile acid concentration in the duodenal fluid of newborns is
below 2 mMol per liter, which is the critical micellar concentration
(38). Despite this fact, human milk is still well absorbed (39).

(iii) Moderate to severe protein-calorie deficiency states are accom-
panied by slight to moderate decreased fat absorption. The sig-
nificance of the subclinical malabsorption syndrome or tropical
enteropathy, which appears to be widespread in children and
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adults of tropical countries, remains to be established (40).
The fat absorptive capacity of underweight newborn infants
(small-for~date) in relation to premature and to normal infants
also needs to be determined.

4.6 Fats in the Feeding of Young Children

Diets of young children from poor families often do not provide
enough energy and may also be deficient in protein. It is possible, though
improbable, for such children to satisfy their needs of both energy and
protein by merely increasing the quantity of the food they consume,
without significantly changing the quality. Practical problems arise
because the diets contain low amounts of fat and therefore have a low
energy density. Consequently, children, particularly in the younger age
group, often find it difficult to consume the large volumes of food nec—~
essary to satisfy their energy needs, This difficulty can be overcome
by increasing the frequency of feeding (4l1l). In many households this may
not be possible, since the mothers go out to work and cannot devote enough
time and attention to supervise frequent feeding of their children. Under
these circumstances, it becomes important to reduce the bulk of the diet
by increasing the energy density. A rational way of doing this would be
by increasing the fat content of the diet. This situation changes in
older children who can eat larger volumes of food relative to their energy
needs.

Severe malnutrition impairs a number of physiological Ffunctions,
including intestinal absorption of nutrients including dietary fat. It
appears, however, that impaired fat absorption is not a critical factor
in mild and moderately undernourished children (41a).

WVhen diets that provide 66 percent or more of the energy as fat
are consumed by children beyond the rapid growth phase (about one year),
ketosis occurs, and the upper limit of fat in a diet clearly has to be
below this level (42)., Furthermore, the inclusion of large amounts of
fat would necessitate a reduction in the amounts of other food items
that are sources of essential nutrients, such as vitamins and minerals.
This is an important consideration in determining the maximum amount of
fat as an energy source.

The energy-protein ratio of the diet is also an important criter—
ion. The segment of child populations that consumes diets providing
enough protein but inadequate energy will benefit from the addition of
fat. But children whose intakes of both protein and energy are unsatis-
factory would be at risk of not having their protein needs met if the
energy gap were covered through fat alone - an undesirable situation.

An appreciable proportion of children fall into this category; in several
developing countries, nearly one third of the undernourished child popu-
lation belongs to this group (32, 43). Under these circumstances it would
be desirable to provide part of the additional energy through fat and the
rest by increasing the amount of the diet consumed so as to increase the
protein intake also. The amount of Fat or fat-rich foods that should be
added to provide the additionally needed energy will also have to take
into account the EFA needs of children in this age group.
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Diets of children in several developing count;ieg provide between
and 15 energy percent as fat, and the energy deficit in children con-
ing such diets varies from 20 to 30 percent of recommended allowances,

anding upon age.

If the entire energy deficit were to be covered through added fats,
contribution of fats to total energy would rise to between 35 and 40
cent -~ a figure which appears high when judged in the 1ight of health
ks in adults. If one half of the energy shortfall were covered by
itional amounts of added fat and the other half from an increase in
quantity of the diet now being consumed, energy from fat would then
ount for about 25 percent of total dietary energy. In Central Americas
ze-bean based diets fed ad libitum to children between the ages of 15
30 months fulfilled protein and energy needs when the diets contained
percent of total energy as fats (14 percent visible and 8 percent invi-
le). At this level, it should also be possible to meet the EFA require-
ts (see Sections 5 and 6). '

An important practical consideration in promoting the use of fats
the diets of children, particularly in developing countries, is the
ilability and cost of edible fat. In many, but not all, production of

is limited and the per caput availability low. Furthermore, in
eral countries edible fat is an expensive item of food and its level
consumption shows a marked income dependence. The frequency distribu~
n of fat intake is therefore highly skewed. Children whose diets do
provide adequate energy intakes belong to the poorest income groups,
these are the very children whose diets need to be made energy dense
h fat - an item of diet which they cannot afford.

Although it is desirable to improve the energy content and energy
sity of diets of young children by the inclusion of fat, this recom-
dation is unlikely to find immediate application in countries where
ge segments of the population live under economic constraints that do

permit them to afford sufficient quantities of even the cheapest foods
fulfil their needs. This, however, dces not minimize the merits of the
ommendation, but indicates that in developing countries there is an
ent need to increase the per caput availability of edible fats and
rgy-rich foods at a cost which permits an equitable distribution.
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5. ESSENTIAL FATTY ACIDS

561 Introduction

A dietary fat deficiency syndrome was first recognized and described
in the classical papers by Burr and Burr (44, 45) who proposed that lino-
leic acid (18:2, n-6) and possibly o-linolenic acid (18:3, n-3) were
essential fatty acids (EFA). However, in studies on EFA the main emphasis
has been on linoleic acid (18:2, n-6). During recent years, the discovery
of the prostaglandins, thromboxanes and prostacyclin has given further in-
sight into the physiological functions of EFA. Furthermore, recent studies
have shown that o-linolenic acid (18:3, n-3) may have specific functions in
certain tissues and therefore merits careful study.

562 Metabolism

EFA are necessary for the normal functions of all tissues. They
must be egent in the diet because animals, including man, cannot introduce
the (n-3§rand (n~6) double bonds (see Section 2.4). Dietary linoleic
(18:2, n-6) and o-linolenic (18:3, n-3) acids are metabolized by desatur-
ation and chain elongation to long-chain EFA derivatives, resulting in two
families of n-6 and n-3 acids, which are involved in the structures and
functions of all tissues. In the absence of EFA, animals will introduce
double bonds in stearic acid (18:0) but can only start from the n-9 position.
The result is oleic acid (18:1, n-9) which subsequently will be further
desaturated and chain elongated to an eicosatrienoic acid (20:3, n-9), pro-
ducing a third family of polyunsaturated fatty acids. Simplified metabolic
pathways for the three families of fatty acids are illustrated in Fig. 2.

Fig.2 - SIMPLIFIED METABOLIC PATHWAYS

Oleic Linoleic a -Linolenic
18:1, n-9 18:2, n-6 18:3, n-3
- . v
18:2, n-9 y -linolenic 18:4, n-3
: 18:3, n-6 :
H s =
20:2, n-9 dihomo—vy—linolenic 20:4,‘:n-3
: 20:3, n-6 :
eicosat:ienoic Yy arachvidonic eicosapg;ltaeno ic
20:3, n-9 (eicosatetraenoic) 20:5, n-3
20:4, n-6 :
H H -
22:3, n-9 _ i 22:5, n-3
22:4, n-6 :
: -
: docosahexaenoic
22:5, n-6 22:6, n-3

1/ Normally, negligible amounts of oleic acid (18:1,n~9) are
converted to its eicosatrienoic (20:3, n-9) derivative,
but significant conversion does occur when EFA are defi-
cient in the diet. The ratio of this eicosatrienoic acid
(20:3, n-9) to arachidonic acid (eicosatetraenoic acid,
20:4, n-6) can then be used as an index of the deficiency;
this ratio is referred to as the triene/tetraene ratio
(see also Section 5.10).
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It should be noted that dihomo- 7y -~linolenic (20:3, n-6), arachidonic
(20:4, n-6) and eicosapentaenoic (20:5, n-3) acids can be converted into the
prostaglandin families. The 20 and 22 carbon fatty acids of n~6 and n-3
families are preferentially incorporated in the cell membrane phospholipids
where they have an important structural and functional role.

The presence of o-linolenic acid (18:3, n-3) inhibits the desatur-
ation of linoleic acid (18:2, n-6) and that of oleic acid (18:1, n-9) to a
greater extent; similarly, linoleic acid (18:2, n~6) inhibits the desatur-
ation of oleic acid (18:1, n-9). Therefore, in diets containing both
linoleic (18:2, n-6) and o-linolenic acids (18:3; n-3), only negligible
conversion of oleic (18:1, n-9) to eicosatrienoic acid (20:3, n-9) can occur.

563 Conversion Factor for Long-Chain Essential Fatty Acids

Studies in vivo have shown that the A6 desaturation of linoleic
acid (18:2, n-6) 1s the rate-limiting step in the synthesis of arachidonic
acid (78). The efficiency of desaturation is different in different
species. The rat has a highly efficient desaturation mechanism, but
linoleic acid (18:2, n-6) has no EFA activity for the cat which has an
obligatory requirement for the longer-chain polyunsaturated fatty acids (79).

There is evidence that the rate limitations in desaturations observed
in animals are also found in man (80). Because man is genetically poly-
morphic it might be expected that different efficiencies of conversion
would be found between individuals and according to the disease status.

Fatty acids are utilized in the body as a principal source of
energy. Hence a proportion of dietary essential fatty acids are also
oxidized for energy. Furthermore, dietary linocleic (18:2, n-6) and
a-1inolenic (18:3, n-3) acids have been shown to be distributed after
ingestion between adipose fat triglycerides, other tissue stores and tissue
structural lipid. By contrast, the long-chain essential fatty acids,
arachidonic (20:4, n-6) and docosahexaenoic (22:6, n-3) acids, are pre-
ferentially incorporated into the structural 1ipid and are spared from
oxidation (81).

Dietary arachidonic (20:4, n-6) and docosahexaenoic (22:6, n-3)
acids are incorporated into structural lipids about twenty times more
efficiently compared to their incorporation after synthesis from dietary
linoleic (18:2, n-6) and a-linolenic (18:3, n-3) acids (82, 83). Because
of these overall limitations in the metabolism of the parent acids of 18
carbon chain length to their long-chain derivatives, a conversion factor
should be considered.
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5.4 Essential Fatty Acid Deficiency Sybdrome

The most complete description of EFA deficiency symptoms has been
obtained from studies in young rats (see Table 2). Some of these symptoms
‘have also been observed insEFA~deficient humans, such as abormal skin con-
ditions, reduced regeneration of tissues, increased susceptibility to in-
fections and an increase in the triene/tetraene ratio (eicosatrienoic
(20:3,n-9)/arachidonic (20:4, n-6) acids).

5¢5 Essential Fatty Acid Deficiency in Humans

The classical studies by Hansen et al (46-48) on EFA deficiency in
infants and children with various skin disorders showed a curative effect
on intractable eczema in many patients when the diet was supplemented with
lard, maize oil or linseed o0il. Although EFA have not proven to be a general
cure of eczema, these experiments indicated the EFA might be a necessary
nutrient in human diets. In a later study (49) with healthy infants,
Fformula diets varying in linoleic (18:2, n-6) acid content from less than
0.1-7.3 energy percent were used. These studies showed that dermal changes
were not observed when 1 energy percent or more was fed as linoleic acid
(18:2, n-6). On this basis it was concluded that the minimum requirement
for EFA in humans was 1 energy percent or more to cure the skin symptoms.
In recent years, intravenous alimentation using glucose and amino acid
mixtures has been shown to induce EFA deficiency in humans (50, 52). Further-
more, EFA are probably necessary for healing of surgical wounds, for example
in gut resections, in the healing of enterocutaneous fistulae and in severe
burn cases (53, 54).

5.6 a~linolenic Acid {(18:3, n-3) as an Essential Fatty Acid

Although specific a-linolenic acid deficiency has not been observed
in humans or rats, experimental evidence with laboratory rats indicates
that this fatty acid and especially the 20 and 22 carbon chain length acids
(long-chain fatty acids) derived from it have a specific role in the de-
velopment and function of the brain (55) and retina (56). Dietary c-lino-
lenic acid (18:3, n-3) has been shown to prevent skin lesion in monkeys even
in the presence of dietary linoleic acid (18:2, n-6) (57), and is the EFA
in rainbow trout in which linoleic acid (18:2, n-6) has no beneficial effect

(57a).

Because of the possible specific role of this family of fatty acids
in the specialized tissues, O-linolenic acid (18:3, n-3) should be considered
as an essential dietary constituent. However, more research is needed in
clarifying the role of the o-linolenic acid (18:3, n-3) family in human
mitrition.

5.7 Essential Fatty Acid Requirement

Linoleic (18:2, n—6) and a-linolenic (18:3, n-3) acids differ with
respect to their biological activities (see Table 2). Furthermore, the
validity of extrapolation to the human infant from data obtained with newly
weaned, rapidly growing rats is open to question, and even more so extra-
polation to the adult human. For the human infant, a dietary intake of at
least 3 energy percent of linoleic acid (18:2, n-ss can be con§ide;ed.a$
adequate, and is discussed in Section 6. However, this level is significantly
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TABLE 2 : Essential Fatty Acid Deficiency Symptoms

Efficiency ratio
linoleic (18:2,n-6)

Symptoms - ’
a~linolenic (18:3,n-3)
Reduced growth rate 1
Abnormal skin conditions about 10
scaliness (parakeratosis)
dermatitis

increased water loss
Sterility in males and females

Xidney abnormalities
papiliary necrosis and hematuria
renal hypertension

Mitochondria about 3
abnormal swelling of mitochondria
abnormal mitochondrial function
causing decreased food efficiency

Decreased capillary resistance and
increased fragility of erythrocytes

Increased water consumption about 10

Biochemical abnormalities
increase in triene/tetraene ratio
above 0.1
decreased prostaglandin biosynthesis
resulting in a significant reduction 100
in physioclogical functions of tissue,
such as the heart, platelets, adipose
tissue, etc.

Increased susceptibility to infection

1/ The effectiveness of linoleic (18:2, n-6) and a-linolenic
(18:3, n-3) acids in reversing individual signs of EFA
deficiency has been expressed as a ratio where the data
exist.
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lower than the average linoleic acid (18:2, n-6) concentration in human milk.
The efficiency of o-linolenic acid (18:3, n-3) with respect to growth is
somewhat less than that of linoleic acid (18:2, n-6); on the other hand, the
derivatives of linoleic acid ( y-linolenic acid (18:3, n-6); dihomo- y -lino-
lenic acid (20:3, n~6) and arachidonic acid (20:4, n-6)) are more effective
(58, 58a, 58b).

For human adults, a dietary intake of at least 3 energy percent as
EFA is recommended. However, as discussed in Section 5.8, there are many
factors known to increase EFA requirements. Furthermore, in populations
having a high incidence of atherosclerosis (see Section 7), much higher
amounts of EFA may. be required.

5.8 Interactions between Essential Fatty Acids and other Dietary
Constituents

Because EFA never occur alone in fats or foods, it is necessary to
consider possible interactions between them and other nutrients which may
affect the requirement or utilization of them. Most investigations of
interactions have been made on laboratory animals, but the phenomena ob-
served are considered to operate also in humans (59).

(i) Dietary saturated fatty acids have been observed to increase
the requirement of EFA as measured by growth, dermal symptoms of deficiency
and the triene/tetraene ratio in tissue lipids. The magnitude of the
effect is small because relatively large changes in content of saturated
fatty acids are necessary to induce small changes in these indicators of
EFA deficiency. “Increasing saturated fatty acids in the diet of man in-
creases the level of serum cholesterol (60) and the thrombotic activity
?E ?lood platelets, which can be counteracted by linoleic acid (18:2, n-6)

61).

(ii) Ccis-monounsaturated acids substitute partially for EFA in
the lipids of EFA-deficient animals and humans. They likewise suppress
the utilization of essential fatty acids when they are present at high
dietary levels. For example, the principal one, oleic acid (18:1, n-9),
when present at 10 times the amount of linoleic acid (18:2, n-6), induces
a triene/tetraene ratio of 1, which indicates a frank EFA deficiency (68).

(iii) Isomeric unsaturated fatty acids. Positional isomers of
oleic acid (18:7, n-9) occur in small amounts in partially hydrogenated
edible oils. This series of cis - 18:1 isomers and an isomeric series
of cis, cis -~ methylene interrupted linoleic acid (18:2, n-6) isomers
have been tested as substrates in several enzyme and biological systems.
Each system tested displays a unique pattern of specificity or utilization.
For a given system, some isomers are good substrates and others not. Each
isomer is recognized differently by a biological system. The position of
a double bond governs the metabolism of a fatty acid.

Trans isomers of unsaturated fatty acids are produced during
partial hydrogenation of oils and are present in ruminant fats. A range
of positional isomers is found in these products. The trans isomers are
xnowr. to be well utilized for energy. They occur in structural lipids
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of animals and humans consuming partially hydrogenated oils and there are no
consequences. The trans acids occur predominantly in the 1 position of
tissue phospholipids in the place of saturated acids. Their metabolic
pathways are somewhat different from their corresponding cis isomers. Trans
monounsaturated acids have been found to increase the EFA requirement in
animals when fed at moderate levels in the diet (62).

(iv) Polyunsaturated acids belong to several families, each arising
from a different precursor (see Fig. 2). Linoleic acid (18:2, n-6) yields
a Family of acids which all have the n-6 structure and oa-linolenic acid
(18:3, n-3) yields a family with n-3 structure. In the absence of these two
families in the diet, a family of n-9 acids derived from oleic acid (18:1,
n-9) occurs in abnormally high amounts. There is no metabolic crossover
from one family to another. Low concentrations of a~linolenic acid (18:3,
n-3) are very effective in suppressing the metabolism of linoleic acid
(18:2, n-6). Moderate levels of linoleic acid (18:2, n-6) inhibit the me-
tabolism of @ -linolenic acid (18:3, n-3). Oleic acid (18:1, n-9) suppresses
the metabolism of linoleic acid (18:2, n-6) only at high levels of the former.
The competitive properties of these families are: a-linolenic (18:3, n-3)
dlinoleic (18:2, n-6) soleic (18:1, n-9) acids. These interactions were ob-
served in studies using pure fatty acids and have been confirmed under con-
ditions in which all common fatty acids are present in the diet. These
studies indicate that each type of dietary fatty acid influences the utiliz-
ation of the others. The composition of dietary fat controls the metabolism
of polyunsaturated fatty acids and therefore the metabolic activities of
the intracellular membranes containing them.

(v) Cholesterol is not a required nutrient. An increased serum
cholesterol level has been found to accentuate EFA deficiency, probably
because it may deplete the EFA pool available for phospholipids. Dietary
EFA are also effective in reducing serum cholesterol levels.

(vi) Protein is required for synthesis of lipo-proteins of serum
and cellular membranes. Inadequate intakes of protein may reduce growth
and delay onset of overt symptoms of EFA deficiency and may contribute to
faulty lipid transport. Protein nutrition and metabolism must be normal
for EFA metabolism to be normal, because lipo-proteins are involved in
EFA metabolism and transport. :

(vii) Carbohydrate. 1In studying EFA deficiency, EFA in the diet
may be replaced by carbohydrates. The nature of the carbohydrate component
of the diet has been found to have little influence upon the development
of the deficiency; the signs are traceable to lack of EFA rather than to
the abundance of sucrose. EFA deficiency was induced in humans by long-
term intravenous feeding with fat-free preparations containing glucose,
whereas preparations free of glucose did not induce a deficiency. The
constant infusion of glucose without EFA inhibits their release from adipose
tissue due to increased insulin levels, and the reserve of EFA is not avail-
able. Under these conditions,an EFA deficiency can be detected within a week.

) The abnormal metabolism of lipids and carbohydrates in diabetics also
involves EFA. Experimental diabetes accelerates EFA deficiency and fatty
acid patterns of serum lipids of diabetics are modified in the direction
of EFA deficiency.
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(viii) Vitamin E. 1In body tissues, EFA are susceptible to peroxid-
ative loss if not adequately protected by vitamin E. Since increased intakes
of EFA generally increase the tissue content of polyunsaturated fatty acids,
there will be an increased need for vitamin E, as has been observed in the
premature infant (63). Animal experiments indicate that dietary vegetable
fats contain adequate amounts of vitamin E to meet the increased tissue need
for this vitamin when such fats are fed. Vitamin E also stabilizes vegetable
fats against rancidity during processing and storage and thus prevents loss
of EFA in these fats.

5.9 Possible Adverse Effects of Polyunsaturated Fats

There has been concern that a relatively high intake of dietary fat,
especially of polyunsaturated Fats, may be an environmental factor in some
human cancers. Animal experiments have shown that, when fed with a carci-
nogen, polyunsaturated fats are more co-carcinogenic than saturated fats
(64). The addition of synthetic antioxidants could significantly reduce the
co-carcinogenicity (65).

The evidence from several human studies does not support a relation-
ship between cancer incidence and the type of dietary fat (66). Epidemio-
logical data have attempted to draw a correlation between the incidence of
certain human gastrointestinal cancers and the intake of dietary fat, but
the correlations are not entirely consistent. These observations, together
with the animal experiments, have stimulated considerable current research
in an attempt to clarify the possible role of dietary fat in human carcino-
genesis,

A possible increased predisposition to gallstone formation has been
reported in men who consumed a low-cholesterol, high-polyunsaturated fat
diet for several years (67). Laboratory animal experiments have produced
the opposite results. Further evaluation of this possible relationship in
humans should be made.

5.10 Assessment of Essential Fatty Acid Status in Humans

The severe clinical manifestations of EFA deficiency in humans have
been reviewed in detail (59, 68) and they include eczematous lesions, re-
fractive impetigo, dry scaly skin, coarse and sparse hair, frequent stools,
perianal irritation, oozing in the intertriginous folds, and generalized
erythema. These symptoms are variable and are not useful for quantified
estimates of EFA status or intake.

Several biochemical measures of EFA status have been developed for
animals (59, 69) and have been extended to humans (59, 68). The ratio of
triene/tetraene in serum lipids has been used as an indicator of EFA status
in humans (70) but the method of analysis then used is now obsolete.
Currently the ratio of the eicosatrienoic acid (20:3, n-9) to arachidonic
acid (20:4, n-6) of serum phospholipids measured by gas liquid chromato-
graphy is preferred (68) !/. The average ratio measured on a population of

1/ To measure the triene/tetraene ratio, it might be preferable to use the
Phosphatidyl choline fraction of serum lipids instead of total phospholipids.
If packed columns are used for the gas liquid chromatography then saturated
or monounsaturated fatty acids from serum sphingomyelin may co~-chromatograph
with the triene giving a higher apparent value.
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236 Americans,hospitalized for non-metabolic causes, was founq to be appro-
ximately 0.1 + 0.08; none of the individuals had a ratio as high as 0.4, the
1imit of normality set in 1964 using a less precise method. Only minor )
differences were found between males and females. For the population studied,
the upper limit of normality must therefore be set at least as low as 0.2,

the average plus the standard deviation. This value may be hlgher_than found
in adequate EFA status, for there is no guarantee that the population from
which it was derived is truly normal. The value can be used for comparisons
between individuals and populations, but cannot be used to decide normality.
The lower the triene/tetraene ratio, the better is the EFA status.

Several other parameters based upon analysis of fatty acids of serum
lipids are useful for assessing EFA status. Individual fatty acids vary in
concentration in serum lipids in response to level of dietary EFA. 1In EFA
deficiency, palmitoleic acid (16:1, n-7), oleic acid (18:1, n-9) and the
eicosatrienoic acid (20:3, n-9) are significantly increased; and linoleic
acid (18:2, n-6), dihomo-~ Y-linolenic acid (20:3, n-6) and arachidonic acid
(20:4, n-65 are significantly decreased.

In conditions of EFA deficiency, minor changes are noted in other
fatty acids, but parameters even more useful for assessment of status may
be calculated from the fatty acid patterns. Thus there is a marked decrease
(68,71) in (a) the double bond index (number of double bonds per fatty acid
molecule), (b) the total (n-6) acids, and (c¢) the sum (linoleic acid (18:2,
n-6) + arachidonic acid (20:4, n-6) - eicosatrienoic acid (20:3, n-9)). The
linoleic acid (18:2, n-6) content of serum cholesteryl esters has also been
used as a measure of EFA status (72,73).

The recent dietary intake of linoleic acid (18:2, n-6) of an indi-
vidual may be estimated by the following equation:

log,, linoleic acid = 0.079 (18:2 (n-6) + 20:4(n-6) - 20:3 (n-9)) - 1.9

in which linoleic acid (18:2, n-6) is expressed as energy percent and the
other three fatty acids are expressed as percent of fatty acids in serum
phospholipids of infants. Using this equation, the intake of linoleic acid
(18:2, n-6) of normal breast-fed infants was estimated to be 5.1 energy
percent.

) The total n-6 acids of serum phospholipids are also useful for
estimating linoleic acid (18:2, n-6) intake according to the following
equation:

log,glinoleic acid = 5.8 (1og1ototal (n-6)}) ~ 8.5

By this equation, the intake of linoleic acid (18:2, n-6) of normal
breast-fed infants was estimated to be 4.8 energy percent. The values of
apparent dietary intake of linoleic acid (18:2, n-6), calculated by either
of these equations, may be compared with the recommended allowance (see
-8ection 6) to assess the EFA status of an individual.

Abnormality in the metabolism of linoleic acid (18:2, n-6) to ara-
ch@donig: acid (20:4, n-6) may be detected by calculating the ratio of lino-~
leic acid (18:2, n—6) to arachidonic acid (20:4, n-6). For normal infants
this ratio is 1.67 + 0.62, and in severe EFA deficiency about 1.2. In a
case of Achrodermatitis enteropathica it was 12.8, possibly indicating a
?ggezt insghe conversion of linoleic acid (18:2, n-6) to arachidonic acid

: ? n— .
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6. THE ROLE OF ESSENTIAL FATTY ACIDS IN EARLY DEVELOPMENT

6.1 The Structural Lipids

Dietary fat is important in foetal and early infant growth because
this is the period of organogenesis when there is a high essential fatty
acid demand for the synthesis of cell structural lipid. This is true
especially for the central nervous system in which the main period of cell
division is prenatal.

The two most important structural components of all cell
structures are protein and 1ipid. Because both linoleic (18:2, n-6)
and o« -linolenic (18:3, n-3) acids and their long-chain derivatives
are found in foetal and neonate structural 1lipids in the human (in
the ratio of n-6 to n-3 acids ranging between 5 and 7 to 1), both
families of fatty acids should be provided in the diet.

6.2 Considerations in Pregnancy

There are no studies on human essential Ffatty acid requirement in
pregnancy and lactation. The additional demand for uterine, placental and
foetal growth, together with the increased maternal blood volume and mammary
gland development, will have to be met from the maternal diet. On the
foetal side of the placenta, the blood phospholipids have a higher content
of long-chain fatty acids (74, 75). The fat in the Ffoetal organs, especially
the liver and brain, is structural and contains a high proportion of phospho-
lipid; the essential fatty acids in these phospholipids are mainly as long-
chain essential fatty acids (75, 75a).

TABLE 3 : Approximate Fat and Essential Fatty Acid Gain in
grammes in Pregnancy and full-term Foetus (3,500 g)

Total Essential fatty
fat acid content
Maternal fat deposited 4,464 553
Foetus, placenta and increase
in uterus, mammary gland and
maternal blood ‘
Phospholipid 63 20
Adipose fat 420 50
Total net gain in essential 623 g
fatty acids

The table has been derived from data in references 13,76,76a,
76b, 76c, 76d. The maternal fat gained during pregnancy con-
tributes to milk production in the first loo days of lactation
(13). The essential fatty acid content of breast milk has
therefore been used to calculate the appropriate proportions
in the maternal fat stores, that is 12.4% as total essential
fatty acids (Table 4), which is in agreement with a small
number of maternal adipose tissue analyses (76a).
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The approximate accumulation of total essential fatty acids during
pregnancy is about 623 g (Table 3), wvhich is equivalent to an additional
0.95 energy percent as essential fatty acids per day, above the basic
energy requirement of 2,200 kcals (9.2 MJ).

6.3 Requirement in Pregnancy

The accumulation of the long-chain essential fatty acids in the
foetus is achieved by a progressive increase in chain length and degree
of unsaturation of essential fatty acids in maternal liver, placenta,
foetal liver and foetal brain, resulting in high concentrations of arachi-
?on%c (20:4, n-6) and docosahexaenoic (22: 6, n-3) acids in foetal tissues
75 L]

Maternal fat is accumulated primarily during the first and second
trimester, representing an energy and essential fatty acid reserve used
during lactation; foetal growth occurs mainly in the last two months of
pregnancy. The total essential fatty acid gain in the mother and the
foetus has been averaged over the whole pregnancy (Table 3). However,
due to the overall limitations discussed in 6.2 and 5.3,it is suggested
that the essential fatty acid intake recommended in pregnancy amount
approximately to an additional 1.5 energy percent above the basic require-
ment for essential fatty acids.

6.4 Maternal Malnutrition and Prematurity

Several neurological and mental handicaps are associated with low
birth weight at term. The highest incidence of low birth weight is in low
socioeconomic groups vho may often be malnourished. In addition to the
known effects of protein deprivation on foetal brain growth, experimental
essential fatty acid deficiency has also been shown in rats to retard
brain growth, alter brain function and increase perinatal mortality (84,
85' 86 L

During growth there is an intimate link between protein and essential
fatty acid deposition. Hence, the role of essential fatty acids and energy
in the aetiology of low birth weight and the associated handicaps should be
given serious consideration.

The premature infant, because of its rapid rate of growth and body

fat deposition, is particularly at risk to nutritional deficiency. Care
should be taken to fulfil its requirements.

6.5 Considerations in Lactation and Infant Feeding

A guide to "optimum" recommended intakes can be obtained from
studies on human milk composition, both for consideration of requirements
for lactating mothers and for infants. The early data on the fatty acids
of human milk suggested a wide variability in its composition and,due to
the technical difficulties, few authors analyzed the long—-chain essential
fatty acids. In addition, the problems of sampling breast milk were not
necessarily appreciated in terms of changes of composition during an in-~
dividual feed at the breast and throughout lactation (22).
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Data now available on the milk fatty acid composition from five
different countries (22, 77) (Table 4) and five separate centres in one
country (U.K.) (77a) exhibit a remarkable degree of agreement. About
4-5 percent of the total energy is present as linoleic (18:2, n~6) and

a-linolenic (18:3, n-3) acids (77a) and 1 energy percent as the long-
chain essential fatty acid derivatives, amounting to about 6 energy per-
cent for the total of all the essential fatty acids (22).

6.6  Kkequirement in Lactation

During a six-to nine-month period of lactation, a decline in the
long-chain essential fatty acids of milk to less than 0.7 energy percent
has been observed (77). However, the milk output increases so that
approximately the same amount of long-chain essential fatty acids and more
linoleic (1832, n-6) and oa-linolenic (18:3, n-3) acids may be secreted.
The fat stored during normal pregnancy is utilized during lactation at
approximately 200-300 kcals (0.84 ~ 1.3 MJ) per day over the first 100 days
of lactation. If maternal food intake matches the recommended allowances
for lactation, it can be assumed that mostof the excess depot fat would
be utilized for milk production. This means that during the first 100 days
of lactation the increased dietary requirements for essential fatty acids
would be two thirds of the amount of essential fatty acids needed to replace
total output in the milk.

Since the efficiency of incorporation of dietary fatty acids into
milk is not known, the precise quantities to replace that which is secreted
in the milk cannot be calculated. However, the actual replacement amount
must be greater than the total amount secreted. Based on the data on
human milk composition, the amounts of the fatty acids to be replaced have
been calculated in grammes per day (Table 5)}.

Between 3-5 g of all essential fatty acids will be secreted in the
milk per day, part of this amount will be as long-chain essential fatty
acids. To express the data in energy terms as parent essential fatty
acids (linoleic 18:2, n-6 and a-linolenic 18:3, n-3 acids), the loss during
their conversion to the long-chain essential fatty acids has to be con~-
sidered (see 5.3).

i

If the loss during conversion is ignored, the essential fatty acid
requirement of the mother would be increased by about 1-2 energy percent.
Taking the conversion efficiencies into account, the requirement for the
parent essential fatty acids in lactation beyond the first 100 days could
be between 2-4 energy percent above the basic essential fatty acid require-
ments. It is better to express this figure as a range because of the in-
sufficiency of data during this latter period of lactation and the need
for the recommendation to reflect the consequent uncertainty.
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TABLE 4 : Composition of Human Milk Fatty Acids
(Results expressed as WI%) 1/

Fatty acid ﬁiﬁagﬁ Elgg wexﬁgged if-i’éﬁaﬁ?
each country the mean
10:0 2.5 2.5 + 0.3
12:0 8.0 6.8 + 0.7
14:0 . 11.0 11.0 + 1.1
16:0 25.0 25,0 + 0.6
161 2.0 19 + 0,2
18:0 6.2 6.4 : 0.3
1811 30.0 32.0 1.1
1812, n-6 9.2 9.1 + 0.5
18:3, n-3 0.9 0.8 z 0.1

long—-chain essential

fatty acids

1’)_--6 0098 1.0 + 003
(20:3,n~6 + 20:4,n~6

+ 22:4,n-6 + 22:5,n-6)

n-3 1-3 1.4 _t 001
(20:5,n-3 + 22:5,n~3
+ 22:6,n-3)

1/ Total number of samples 261. 116 from U.X.,
22 from Denmark, 18 from Sri Lanka, and
38 from Uganda. Sampled between 4-6 weeks post
partum. At later periods the long-chain EFA
decreases.) However, more data are needed on
the composition of milk at later periods (see
also 6.6).
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TABLE 5 : Essential Fatty Acids (EFA) (grammes/day) in Milk
at two Different Energy Levels

' Energy as Grammes/day in milk of
Fatty acid total EFA 600 kcals 810 kcals
in milk (2.5 MJ) (3.4 MJ) 1/

Linoleic acid 6 3.0 4.0

18-2, n""6 4 2.0 2'7

a —-linolenic 6 0.26 0.35
18:3, n-3 4 0.18 0.23
Long~chain 2/ 6 0.19 0.25
EFA n-6 4 0.16 0.21
Long—chain 2/ 6 0.28 0.38
EFA n-3 4 0.19 0.25

1/ 810 kcals (3.4 MJ) is the mean value of the range for
energy requirements from 3 months onwards, discussed
in 4.2,

g/ Total long-chain essential fatty acids taken as 0.68
energy percent for the later periocd of lactation.

6.7 Maternal Undernutrition during Lactatiom

Milk composition varies throughout a single suckling period and
during the lactation. The main compositional change is usually in the
quantity rather than the quality of the fat. However, some observations
suggest milk fat to be decreased in maternal malnutrition in such a way
that the milk would not provide enough energy or essential fatty acids
for the infant (22).

It is recommended that particular attention be given to the mother's
extra requirement for energy and essential fatty acids during lactation as
this is the period when the energy requirement is greatest. Indeed,
maternal nutrition in pregnancy and lactation requires special priority
in the 1interests of foetal growthn, successful lactation, infant nutrition
and maternal health.

6.8 Requirements in Infants and Children

6.8.1 Infants

The argument that many children have been brought up satisfactorily
on cow's milk formulae which had less than 1 percent of their energy as
essential fatty acids is not convincing because (a) infants fed on such
Formulae exhibit significant amounts of the eicosatriencic acid (20:3, n-9),
and a triene/tetraene ratio of above 0.2 in their blood lipids (87-89);
and (b) evidence of early vascular pathology in childhood (90). Hence, at
1 energy percent as dietary essential fatty acid, the requirements of the
infant's normal physiology are possibly not being met. To achieve the
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composition of long—chain essential fatty acids in blood 1lipids and a
triene/tetraene ratio of below 0.1 comparable to breast-fed infants, an
essential fatty acid intake of at least 3 energy percent would be required.

Hwnan milk provides essential fatty acids at approximately the same
energy percent as protein (6 percent). The long-chain essential fatty acids
provide nearly 1 energy percent in early lactation. This amount has been
neglected because it was thought small; however, it is significant as it
is comparable in amount to certain essential amino acids and should be taken
.into account in formulating milk substitutes.

Hence, the ideal recommendation for milk substitutes would be to
match the essential fatty acids &€ human milk from well nourished mothers
with respect to both parent and long-chain essential fatty acids and the
balance of n-6 to n-3 families of fatty acids (approximately 5:1).

6.8.2 Children
(a) Malnutrition

Both protein and structural lipids,with their essential fatty acids,
are used for the growth of cell structures in plants and animals. In general,
this results in a balance between the availability of protein and essential
Ffatty acids in foods.

It has been customary to think of malnutrition as protein—calorie
malnutrition. In practice, diets deficient in protein are also deficient
in essential fats. In severe malnutrition, when cell growth is arrested,
the associated deficiency of essential fatty acids need not necessarily be
obvious, but the evidence is that rehabilitation with diets inadequate in
essential fatty acids can precipitate essential fatty acid deficiency (91).

(b) Primary prevention of cardiovascular disease

There is evidence that the blood cholesterol in children at the age
of 7 years,in communities with high risk to coronary heart disease,is
already)significantly higher than in children from low-risk communities
(92, 93).

Adolescents from high~risk communities have been found to have sig-
nificantly more atheromatus lesions by comparison with low-risk groups (94).
Moreover, where dietary patterns change rapidly from those in less de~
veloped countries to those of populations with a high risk of atherosclero-
sis, an increase occurs in the early incidence of morbidity due to cardio-
vascular disease(95a-e),Since nutritional insults are most effective during
growth, and the most active phase in expansion of the vascular surface is
during childhood, the recommendations for dietary essential fatty acids
during infancy and childhood must be taken into account in the prevention
of the long-term complications of atherosclerosis, especially with respect
to formulae for infant feeding, food preparation for preschool children
and school meals. For such purposes, appropriate sources of fats, rich
in polyunsaturated fatty acids, should be used in order to cover their
fatty acid requirements.
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.7. THE ROLE OF FAT IN THE PREVENTION AND TREATMENT OF
CARDIOVASCULAR DISEASES, OBESITY AND DIABETES MELLITUS

71 © Introduction

Cardiovascular diseases, whose incidence is increasing, are the
main cause of early death in prosperous population groups throughout the
world; obesity and diabetes mellitus increase the risk of their incidence.
Infectious diseases and malnutrition are the main causes of morbidity and
premature death in non-prosperous populations.

Epidemiological data are difficult to interpret. In prosperous
populations, in addition to the dietary factors, lack of physical activity,
excessive smoking, hypertension, "stress" caused by a competitive social
structure and accumulation of toxic envirommental substances can all con-
tribute to the progression of cardiovascular disease.

The recommendations of 18 medical and scientific committees on
dietary factors and cardiovascular disease (Table 6) are mainly based on
the results of a few clinical trials of relatively short duration - short
in respect to the life-span of man - and on the known effects of dietary
composition on blood 1lipids.

All the committees recommend that the intake of excess dietary
energy, saturated Fat and cholesterol should be reduced, and there is
international consensus -~ with the exception of the first report of the
Royal-Society of New Zealand (1971) and the report of DHSS,COMA (Depart-
ment of Health and Social Security, Committee on Medical Aspects) United
Kingdom (1974) - that the intake of polyunsaturated fatty acids should be
increased, preferably to the same level as the intake of saturated fatty
acids.

A dietary intake of 30-35 percent of the energy as fat and a
saturated to polyunsaturated fatty acid ratio of 1:1 are in fact
generally recommended. Since the ratio of saturated fatty acids to
moncunsaturated fatty acids in most dietary patterns is 1:1, this
means that the recommended polvunsaturated fatty acid intake -should
be about one third of the total fatty acid intake, i.e. 10-12 energy
percent.

7.2 Cardiovascular Diseases

Atherosclerosis is the main nutritionally related cause of cardio-
vascular diseases. It is a disease of the arteries that, dependent on
the anatomical location, gradually affects the function of heart, brain,
kidney, lower extremities or more rarely intestine and spinal cord.
Although not usually diagnosed before the age of 40, the onset of this
disease occurs in early childhood. Therefore, it has been recently advo-
cated that priority be given to prevention in children (96~98) (see also
Section 6.7.2).

From epidemiological evidence (99) and from direct nutritional
experiments on  laboratory animals (100} and man (99), it is generally con-
cluded that blood 1lipid concentrations are closely related to the devel-
opment of atherosclerosis. The type of dietary fat, and specifically the
relative proportion of unsaturated to polyunsaturated fatty acids,
influences blood 1ipid levels, the degree of atherosclerosis and the
frequency of its complications (100-102). Blood cholesterol levels are
also genetically determined (99, 103, 104) and therefore can vary signif-
icantly fram individual to individual on the same diet.
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The body has some capacity to control blood cholesterol levels;
decreasing synthesis occurs when cholesterol is consumed. However, there
is a strong evidence that these internal controls are not able to main-
tain low cholesterol levels (101). Changing the cholesterol intake fram
a high level (700 mg/day) to a low level (100 mg/day) reduces blood chole-
sterol by about 30 mg/?OO ml (0.8 mM/1) in normal individuals and can sub-
stantially reduce their risk. In homo- and hetero-zygotous familial hyper-
cholesterolaemia (104) the influence of dietary cholesterol on blood
cholesterol is even more pronounced (101, 104, 105). Dietary protein and
fibre also affect blood cholesterol levels.

Atherosclerosis is the result of many factors acting on the arterial
endothelium and the intima (99, 106). Not only the lipids transported as
lipoproteins but also the reactivity of thrombocytes contribute to the
progression of the arteriosclerotic lesion. Arterial thrombosis is a major
contributor to cardiovascular causes of death, such as acute myocardial
infarction and stroke (107).

7.3 Arterial Thrombosis

The favourable influence of diets high in linoleic acid (18:2, n-6)
and low in saturated fat on the prevention or regression of atherosclerotic
disease is commonly explained by their blood cholesterol-lowering effect
(100-102). However, the saturated fatty acids - especially palmitic (16:0)
and stearic (18:0) acids - increases the thrombotic tendency of blood
platelets but linoleic acid (18:2, n-6) diminishes that tendency, thereby
significantly reducing arterial thrombus formation. These dietary effects
have been confirmed in several clinical studies (108-112). The favourable
effect of linoleic acid (18:2, n-6) can be explained by its influence on
prostaglandin metabolism (1085.

7.4 Hypertension

Genetic predisposition, prolonged intake of a high-sodium diet
and obesity all contribute to a high incidence of hypertension (113). Recent
studies in rats have shown that increased dietary linoleic acid (18:2, n-6)
counteracts salt-induced hypertension (114-116). These results can be ex—
plained on the basis of changes in prostaglandin metabolism (114, 117-119).
These data obtained with rats are strenghtened by two pilot studies with
humans (120, 121), but they need further confirmation.

745 Obesitz

Obesity is a risk factor in cardiovascular disease because it
results in hypertension and maturity onset diabetes. The prevention and
therapy of obesity is difficult as there exists in many individuals a
genetic predisposition to become obese, which for evident reasons cannot
be efficiently corrected. Therapy also is complicated by strong psycho-
logical factors leading for a variety of reasons to overeating. 1If this
1s also accompanied by lack of exercise and an abundant supply of rela-
tively low-cost, attractive, ready-to-eat foods, it is not too surprising
that obesity has become one of the major health problems (122).

] Many dietary measures are based on the assumption that a change
in the ratio of nutrients induces a reduction of food intake. Carbohy-
drates and fats are the nutrients mostly involved because they are the
main energy sources; and possibilities of increasing protein intake are
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very limited because of cost and the danger of overloading kidney function.

As already stated, it is difficult to isolate physiological factors
in the diet from emotional and behavioural factors which normally influence
food intake. In a recent short-term investigation (123), it has been shown
that even wide variations in carbohydrate/fat ratio do not influence
voluntary food intake. More research is required to determine whether this
is also true in experiments of longer duration.

It is probably more important in the prevention and therapy of
obesity to concentrate on reducing the intake of empty calories such as
sugar, alcohol, and saturated and monounsaturated fatty acids, in order
to guarantee a sufficient intake of foods adequate in protein, EFA, vita-
mins and minerals, and containing sufficient indigestible material to
improve intestinal function. Total energy intake should be such that ideal
body weight and composition are maintained in adults, and that growth rates
and vital functions are optimized in children.

7.6 Diabetes Mellitus

The increasing worldwide incidence of diabetes mellitus is associ-
ated with higher average life expectancy, improved standard of living and
increased survival rate of young diabetics to the reproductive age. Dia-
betes mellitus is assumed tO have a hereditary component which becomes
manifest because of obesity, multiple pregnancies or infections (124-126).

No existing classification of diabetes mellitus is satisfactory.
There is still no agreement as to whether it should be classified according
to the insulin secretory capacity of the pancreas or on the basis of
impaired glucose tolerance. The determination of its real incidence is
very difficult because of its insidious onset in many cases of obesity.
Another difficulty is the disappearance of the chemical symptoms when the
patient is on a successful slimming diet.

Vascular disorders, macro—~ and micro-angiopathy, occur frequently
at an early stage in diabetes mellitus. A recent review of the relation-
ship between abnormal circulating insulin levels and atherosclerosis con--
cluded that high levels of circulating insulin contribute to the develop-
ment of atherosclerosis (127). This may explain why the long-term results
of treatment of diabetes mellitus are so disappointing.

The dietary strategy for the two main types of diabetes mellitus
has been reviewed recently (125, 128, 129). Most therapies concentrate
on the control of hyperglycaemia. However, in diabetes mellitus, hyper-
lipidaemia is always present and should be treated in the same way as
hyperlipidaemias from other causes. A well controlled clinical experiment
on obese, non-insulin requiring diabetics (125) has demonstrated that even
without weight reduction, an isocaloric diet high in linoleic acid (18:2,
n-6) (about 25 energy percent) can significantly lower blood cholesterol,
fasting and nonfasting blood triglycerides, blood glucose and insulin
concentration over a period of ten days. The tentative nature of this
experiment does not allow definite conclusions, and further experiments
along these lines are necessary.

An excess of food energy is laid down as fat, especially in the
presence of insulin. Before insulin came into use, fat was the main source
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of energy for the diabetic. Since that time the allowed amount of carbo-
hydrate has steadily increased (130-131).

Until now, no attention has been paid to the quality of the
dietary fat. In practice, the diets for diabetics were high in saturated
Ffatty acids and cholesterol, because butter, cream and eggs were considered
advantageous for the diabetic patient. The positive atherogenicity of
these fats (125, 132) can explain to a great extent the poor long-term
results of diabetes therapy. Almost all investigations suffer from the
restriction of the criteria used, because only some measures of carbo-
hydrate metabolism have been studied,namely glycaemia and glycosuria.
Furthermore, no sharp distinctior is made between macro- and milCro-
angiopathy. Diabetic macro-angiopathy is not different from that of
atherosclerosis without diabetes, but diabetic micro-angiopathy is almost
specific for diabetes. The latter complication can be favourably influ-
enced by a strict control of diabetes (132), whereas the prevention of
atherosclerosis does not differ from that in nondiabetic individuals.

77 Conclusions

Hypocaloric diets will induce significant decreases in body weight
and blood cholestercl, triglyceride and insulin levels, and will normal-
ize most cases of maturity onset diabetes. After ideal body weight is
reached a normal maintenance diet should be used.

Food habits in population groups with a high incidence of athero-
sclerosis, obesity and maturity onset diabetes are such that it will be
difficult to achieve a reduction in fat intake below 30 energy percent.
Furthermore, the commonly consumed food products are such that the invis-
ible fat is mostly saturated, and the EFA have to come mainly from visible
fat sources. For these reasons the generally recommended diet for the
prevention of atherosclerosis should contain energy to maintain ideal
body weight, 10-15 energy percent of protein, 30-35 energy percent of fat,
with less than one third of saturated fatty acids and at least one third
of linoleic acid (18:2,n-6). It should be low in refined sugars and
alcohol and contain less than 300 mg cholesterol per day (Table 6).

_ There is good evidence from studies on animals and humans that
such diets will significantly decrease two main risk factors for athero-
sclerosis: namely,

~ blood lipoproteins carrying cholesterol and triglycerides
- thrombotic tendency of blood platelets.
Furthermore, there are indications that such diets may have pre-

ventive and curative effects in sodium-induced hypertension and may
normalize carbohydrate metabolism in maturity onset diabetes.
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8. EFFECTS OF PROCESSING ON THE NUTRITIVE VALUE
OF FATS AND OILS USED IN HUMAN NUTRITION

8.1 Introduction

Until comparatively recent times, edible oils and fats were
extracted locally by mechanical operations, with or without the application
of moisture and extermal heat,and were used as such, i.e. in the unrefined
form. This practice is still widespread in many countries and, apart from
alterations caused by release of free fatty acids or rancidity, any nutri-
ents naturally present remain in the product. The major vegetable oils
traditionally consumed in many countries in a clean but unrefined form are
groundnut, coconut, rapeseed, mustardseed, palm, olive and sesameseed
0oils. Fats and oils of animal origin include tallow, lard and the oils
from marine mammals and fish.

For the last 50 years, vegetable fats and oils have also been
obtained by more efficient mechanical expression and by solvent extraction.
Furthermore, they are subjected to technological processes to make them as
bland and colourless as possible. The refining techniques consist of
washing, alkali refining, bleaching and deodorization. The resultant oils
and fats may be Ffurther processed by hydrogenation, randomization and
winterization for different food uses. Figures 3 and 4 show the steps
commonly used in oil processing.

Most vegetable oils used for human food are relatively high in
polyunsaturated fatty acids, primarily linoleic acid (18:2,n-6),» but in
some o0ils small amounts of o-linolenic acid (18:3,n-3) are also present.
These fatty acids are susceptible to autoxidation if not properly protected
by adequate antioxidants. Vegetable o0ils naturally contain compounds of
the vitamin E family, tocopherols and tocotrienols, which are effective
antioxidants in stabilizing these oils under normal storage conditions.
If 0ils are overheated or re-used excessively for deep-fat frying of foods,
loss of vitamin E and formation of oxidized and polymerized products will
occur. Early studies with animals showed that these products can be toxic,
raising questions of possible adverse effects of overheated o0ils in human
nutrition. Subsequent investigations of the nutritional effects of used
cooking oils have indicated that under practical dietary conditions these
0ils have no detrimental effects and that the long-termpossibilities of
toxic manifestations are remote (132a).

8.2 Recovery and Processing of Vegetable 0ils

A summary of the major effects of processing is given in Table 7.

(a) 0il recovery

The content of naturally occurring nutrients remains unchanged in
mechanically expressed and unrefined vegetable oils. However, the presence
of toxic materials, such as aflatoxin in groundnut oil and isothiocyanates
in rapeseed and mustardseed oil, may cause concern when these oils are
consumed in the unrefined form.

Vegetable oils which have been solvent-extracted either directly
or from residues of the raw material after mechanical pressing, may contain
traces of solvents, or more important, of undesirable solvent residues.

The process of heating the oil to high temperatures to ensure total removal
of these substances may also cause damage to the oil.
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Fig. 3 - STEPS IN PREPARING AN EDIBLE OIL
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Fig. 4 - FURTHER TRANSFORMATION OF EDIBLE OILS
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TABLE 7 : Effects of Processing
Fat components Components
altered/added removed/reduced
Solvent 1. Residual solvents in
extraction small amounts
2., Minor modification of
the o0ils if heating
excessive
Degumming 1. Hydratable non-oil materials,
mostly carbohydrates and pro-
teins partially removed
2. Hydratable non~-glyceridic li-
pids such as phospholipids
partially removed
3. Chlorophyll (partially removed),
especially if phosphoric acid
is employed
Alkali 1. Free fatty acids and other ma-~
refining terials removed
2. Residual phospholipids removed
3. Proteinaceous materials re-
duced 1
4, Colouring matter reduced 1/
Bleaching 1. Conjugated acids 1. Carotenoids removed
formed and peroxides |2. Chlorophyll and its decomposi-
destroyed tion products removed
3. Gossypol-like pigments removed
4. Toxic agents,such as polycyclic
aromatic hydrocarbons removed
(if carbon is used in quantity)
Deodo~ 1. Formation of geomet- |1. Free fatty acids, peroxide de-
rization rical isomers in composition products, colour
sensitive acids bodies and their decomposition
2. Formation of linear products eliminated
and cyclic dimers/ 2. Sterols and sterol esters re-
polymers duced 1
3. Tocopherols reduced 1/
4. Pesticide residues and mycotoxinq
removed totally
Hydro~ 1. Partial saturation 1. Bssential fatty acids reduced 1/
genation 2. Formation of posi-
tional and geometric
isomers .
3. Formation of linear
and cyclic dimers/
polymers
Winter- 1. Enhancement of unsa- |1. Higher-melting triglycerides
ization turated triglycerides removed
Randomi- 1. Rearrangement of tri-
zation & glycerides to a more
intereste- random distribution
rification

1/ Reduced in quantity
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(b) Degumming and alkali refining

The degumming process removes phospholipids and other polar
hydratable lipids. Alkali refining has little effect on the triglycer-
ides of the o0il, and thus on its principal nutritional function. The
process is employed to remove the free fatty acids present. In addition,
alkali refining also removes nutritionally valuable constituents such as
carotenoids (often mostly g ~carotene). While the removal of water-
binding phospholipids may be advantageous in preventing spattering and
browning if the product is used for frying operations, it is desirable
to minimize the loss of carotenoids and to consider their addition after
processing. In red palm oil, which is an important source of carotene
in certain populations, refining may therefore not be desirable.

(c) Bleaching

Bleaching consists of treating refined oils with small proportions,
about 0.5 percent, of activated earths which are often mixedowith about
0.05 percent of active carbon, at temperatures of around 100°C for periods
of 15-30 minutes, to remove most of the remaining pigments (eg. carotenoids,
chlorophyll, gossypol). However, the acidic nature of most bleaching
earths does give rise to measurable gquantities of conjugated fatty acids
derived from the polyunsaturated fatty acids present. Peroxidized fatty
acids also break down to yield conjugated compounds., The nutritional
significance of the conjugated acids has not yet been clearly defined.
Transformation of sterols into materials with unknown biological properties
is also suspected to occur during bleaching.

During Bhe process of vacuum bleaching, when temperatures are as
high as 17C-190°C, and large quantities of acid-activated clay are used,
positional and geometric isomers are produced from the more reactive fatty
acids. Active carbon can remove phenanthrenes, c-benzpyrenes and similar
compounds when these are present.

(d) Deocdorization

The passage of steam through layers of oil held in trays under
vacuum at temperatures of about 250°C strips the 0il of traces of free
fatty acids, volatile fat oxidation breakdown products and other odori-
ferous compounds. At the same time, other effects occur, such as the
partial removal of both free and esterified sterols and tocopherols. On
the other hand, the simultaneous removal of all pesticide and organo-
chlorine residues, and mycotoxins is clearly beneficial.

During deodorization the tocopherol content of the oil is frequently
reduced by one third. Since vegetable oils, especially those containing
essential Ffatty acids, are good dietary sources of tocopherols, such losses
conld be detrimental, although in practice there is rarely a recognizable
dietary shortage of vitamin E even in the diets of low-income populations.

The high temperatures used in the deodorization process cause
limited isomerization (changing the natural cis to trans configurations)
in both linoleic (18:2,n-6) and «-linolenic (18:3,n-3) acids. In fact,
the degree of isomerization is a sensitive index of the degree of undesir-
able changes in the oil. Formation of conjugated acids of cyclic monomers
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through intramolecular bonding, and of polymers through intermolecular
bonding, is liable to occur. New deodorization techniques that replace
the use of trays and towers with thin films of o0il through which steam

is blown, greatly reduce residence time and are believed to produce only
a fraction of the changes occurring in conventional cascade-type or bubble
tray equipment. Such technological developments should be encouraged.

In unrefined oils of exceptionally good quality, direct deodori-
zation is now being used for removal of free fatty acids. The step of
alkali refining after hydration and vacuum bleaching is omitted. The
effects of such physical refining on oils containing linoleic (18:2,n-6)
and a-linolenic (18:3,n-3) acids require further study since such deo-
dorization is conducted at even higher temperatures and fFor longer periods
of time than the conventional procedure.

8.3 Further Transformation

(a) Hydrogenation

Slight hydrogenation is practised to increase the stability of
certain fatty materials by selective reduction of the level of o -linolenic
acid (18:3,n-3). To a much greater extent, it is used in a less selective
fashion to convert large quantities of liquid oils into semi-solid fats
for edible use as such, or after further processing. Partial hydrogenation
results in extensive changes in the fatty acids of triglycerides, reduces
the carotenoid pigments and lightens the colour, but does not affect toco-
pherols. ’

Saturation of all the unsaturated bonds in one triglyceride mole-
Cule or in one molecule of fatty acid is rarely the major effect of partial
hydrogenation. Extensive shifts of the unsaturated bonds occur both in
poly- and monounsaturated acids to yield a wide range of both positional
and gecmetric isamers,with the same number of, or fewer,unsaturated bonds
as the original fatty acids. Conjugated materials of complex nature are
known to be produced and cyclic monomers and intramolecular linear dimers
are also generated. A loss of essential fatty acids (EFA) is axiomatic
in hydrogenation.

Fatty acids with trans configurations occur to extents varying
from 5-45 percent in commercial hydrogenated fat products. Feeding of
such fats to animals such as rats and swine, even for several generations,
has shown no undesirable effects. Nutritional studies comparing hydro-
genated oils with their starting materials have shown no particular differ—
ences if the need for EFA and other nutrients lost during hydrogenation
is met (132b, 132c).

Research is currently being conducted on the effects of isomeric
fatty acids on cellular membrane structures and cellular functions.

(b) Winterization

The process of winterization removes higher-melting triglycerides
from a chilled oil and produces a liquid oil that remains clear at
refrigerator temperatures. If employed in the processing of oils, such as
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cottonseed oil or of partially hydrogenated materials containing trigly-
cerides rich in saturated or trans fatty acids, the removal of these
compounds increases the proportion of the unsaturated fatty acids in the
winterized product and could therefore be considered as nutritionally
beneficial. The higher-melting triglycerides removed from non-hydrogen-~
ated oils are suitable for use as solid fat matrix in margarines and
shortening. If derived from partially hydrogenated oils, this fraction
of higher-melting triglycerides may also include trans acids.

(¢) Randomization and interesterification

During this process, conducted under dry, oxygen—free conditions
at moderate or low temperatures, fatty acids in the triglyceride molecules
are rearranged to assume a more random distribution. Randomization of a
single 0il generally changes its consistency and raises its melting point.
When two oils are present, the process is called interesterification. A
" common application of this process is to produce a plastic fat from a
polyunsaturated liquid oil interesterified with a smaller amount of fully
saturated fat. The nutritional value of any linoleic acid (18:2,n-6)
present has been shown experimentally to be unimpaired (1324).

8.4 Toxic Substances in Vegetable 0Oils

(a) Endogenous substances

Cyclopropenoid acids are characteristic of plants of the order
Malvales. Crude cottonseed oil and kapokseed o0il contain 1-2 percent and
about 24 percent respectively of total cyclopropenoid acids, specifically
malvalic and sterculic acids (133). Cocoa butter is free of these acids,
although the cocoa tree belongs to the same botanical order. Alkali
refining of cottonseed oil does not reduce the content of cyclopropenoid
fatty acids markedly, but deodorization reduces it severalfold, as does
partial hydrogenation. Residual levels of cyclopropenocid fatty acids in
fully refined cottonseed o0il are sufficiently low to avoid adverse effects
being experienced by man. Refined groundnut, coconut, soybean and
herring oils have been investigated and found free of nitrogenous sub-

' stances thought to be allergenic (134).

Oxidized fat has been shown to be toxic. However, soybean oil
of a peroxide value as high as 100 did not induce obvious toxic symptoms
when fed to rats at 20 energy percent of the diet (135). Peroxide values
of this level do not occur under normal processing. Thus, although per-
oxidation is a potential hazard to be avoided, it is not a probable one
in this instance. Moreover, decdorization destroys peroxides, and in any
case fats containing even 10 milli-equivalents of peroxide per gramme are
unpalatable to most consumers.

(b) Exogenous materials

Organochlorine compounds are now ubiquitous and pesticide residues
of this type, as well as polychlorinated biphenyl compounds,are often found
in unrefined vegetable oils at levels between 3 and 10 times their detec-
table limits (136). Marine oils contain these materials, and they can
also be found in ruminant fats. Current refining practices reduce the

levels of these compounds in refined vegetable oils to insignificant pro-
portions.



44

Pyrolysis of chlorinated phenols can yield chlorinated dibenzo-
p—dioxin and its isomers, all of which are classified as producing
hydropericardial symptoms. The reaction conditions for their formation
are likely to occur during vegetable o0il processing. Since the polarity
and molecular weights of these compounds do not differ markedly from those
of DDT, it can be expected that the deodorization process would remove
such materials also. The polycyclic aromatic hydrocarbons anthracene and
phenanthrene occur naturally in palm oil wvhich also contains carotenoid
pigments. Palm oil is now sometimes refined by the non-traditional
"physical refining" process which employs relatively high temperatures
(220 —270°C). Concern that carotenoid pigments wculd thereby be cyclized
to produce increased quantities of polycyclic aromatic hydrocarbons has
not been substantiated, since the level of polycyclic aromatic hydro-
carbons in palm oil decreases after such refining (137).

B.5 Deep Frying Operations

0ils commonly used in deep frying processes are vegetable o0ils:
such as groundnut, sunflowerseed, sovbean and rapeseed oils to which per-
mitted chemical antioxidants may have been added. Partially hydrogenated
(semi-solid) vegetable oils, vegetable oils with a high content of satur-
ated fatty acids (coconut oil, palm o0il) or animal fats are seldom used
since their appearance and palatability on cooling are not attractive to
The consumer.

Deep frying consists of immersion of food in hot fats or oils.
Some oil (pick-up 0il) penetrates and cooks the outer layers of the food
or breading, but o0il transfer to the interior of the product is minimal.
Surpius oil is drained off into the main body of oil where pieces of the
product and/or breading may also accumulate. In some operations fresh
oil is frequently added to make up for lost pick-up o0il when processing
is continuous. The peroxides and polymers formed are thus diluted and
removed on a continuous basis. However,an important part of quality con-
trol is the monitoring of peroxide values in the oil used. In batch
operations ir industry, institutions, food services and in the home,
polymer build-up in frying oil is a serious matter. Some polymers are not
absorbed by the body and are thus simply wasteful in energy terms, but
other carbon-oxygen linked materials, or cyclic products, are likely to be
deleterious to health, and require careful study. Pick-up oil has been
shown to contain residual tocopherol which contributes to the total dietary
intake of tocopherol.

8.6 Conclusions

0il refining operations reduce the levels of certain nutrients and
this could be of specific concern where the unrefined oil is the principal
source of the nutrient concerned. In some instances undesirable compon-
ents are also removed, with consequent improvement in the quality of the
oil. Deodorization produces appréciable quantities of isomers of linoleic
acid (18:2,n-6) when unnecessarily severe conditions are applied. The
pPhysiological significance of these isomers should be further studied.
The severity of deodorization conditions needs to be reduced, especially
when physical refining is applied to o0ils which contain linoleic acid
(18:2,n-6). New and less drastic processes need to be deveéloped.
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The nature of the by-product artefacts of the hydrogenation and
decdorization processes should be established and their biological sig-
nificance carefully examined. More work on the biochemical effects of
polymers is advocated.

There is a need also for extensive research on the nature and
nutritional effects of by-products developed during fat frying.
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9. SPECIAL CONSIDERATIONS

9.1 Health Implications of Brassica—-Derived 0Oils

9.1.1. Introduction

0ils derived from seeds of various Brassica sSpp., €.J. rapeseed
0il and mustardseed oil, are produced and consumed in many countries.
The most characteristic feature of these oils has been the presence of
erucic acid (cis- Al3-docosenoic acid; 22:1,n-9) amounting to 20-55 per-
cent of the total fatty acids. 1In addition, these oils contain about
10 percent of ll-eicosenoic acid (20:1,n-9). These two long-chain fatty
acids are not present in appreciable amounts in other vegetable oils used
for human consumption. Through plant breeding, the Content of erucic
acid (22:1,n-9) and ll-eicosenoic acid (20:1,n~9) has been lowered to
close to zero in some varieties of rapeseed {see also Section 11.1.1).
0ils with a high level of erucic acid (22:1,n-9) contain a low proportion
of oleic acid (18:1,n~9); as the erucic acid content decreases that of
oleic acid (18:1,n-9) increases, while the proportions of the other fatty
acids vary only slightly. Brassicasterol is a characteristic constituent
of brassica oils, and can be used for the purpose of identification. The
seeds also contain sulphur compounds, the glucosinolates.

Reports in the literature since the 1940's have revealed that
feeding large amounts of rapeseed oil high in erucic acid (22:1,n-9) to
laboratory animals caused growth retardation and changes in the heart,
adrenals and liver. This observation did not bring about any action as
far as hwnan consumption was concerned until the early 1970's.

Brassica oils constitute an important source of vegetable oils,
preceded by soybean , sunflowerseed , groundnut , cottonseed and palm
0ils (see Table 14, Section 10.1l). The main countries producing rapeseed
are India, Canada, the People's Republic of China, some European countries,
Pakistan and Bangladesh. Rapeseed and rapeseed oil are mainly exported
from Canada and Europe; the main importing countries without domestic
production are Japan and the North African countries (see Tables 8 and 9).

_ In several countries with populations conswming a diet with a

high proportion of fat, production of rapeseed o0il expanded rapidly fram
the 1940's onward. 1In these countries rapeseed 0il can be considered to
be an untraditional source of dietary energy. In countries such as India
and the People's Republic of China, however, rapeseed and rapeseed oil

gave a long tradition as foods. Here production has increased to a lesser
egree.

The amount of fat consumed varies from one region to another, and
what may be a health implication in one part of the world is not necessar-
1ly so in another. The average consumption of fats in different countries
is reported in Section 10.2.

Observations in regions of India where the diet contains unrefined
brassica oils indicated that the extent of lipidosis and necrosis in human
hearts was not different from that in other populations consuming ground-
nut and sesameseed oils (138).
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TABLE 8 : Production/Import/Export of Rapeseed (1975) 1/
in Major Countries

Production ('000 MT) Export ('000 MT) 2/ Import ('000 MT) 2/
World - -8 121 World 1 048 World 1 127
India 2 211 Canada 734 Japan 669
Canada 1 635 Sweden 118 FR Germany 130
China 1 254 3/ Denmark 62 France 55
Poland 700 France 48 Netherlands 48
France 532 Poland 30 4/ United Kingdom 48
Sweden 332 FR Germany 12 Bangladesh 43 4/
Pakistan 248 Hungary 1 4/ Algeria 40 4/
Bangladesh 110 4/ '

TABLE 9 : Import/Export of Rapeseed and Mustardseed 0ils (1975) 1/
in Major Countries and Territories

Export ('000 MT) Import ('000 MT)
world 353 World 277
France 118 Morocco 84
FR Germany 64 Algeria 25 4/
Poland 52 4/ Hong Kong 24 4/
Sweden 39 FR Germany 19
Netherlands 33 Japan 15
Canada 20 Italy 14

Sources: FAO Production Yearbook 1975, FAO Trade Yearbook 1975
Includes mustardseed

FAO estimate

Unofficial

TN
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9.1.2 Studies on rapeseed oil high in erucic acid

In the last five years three extensive reviews on the nutyitional
properties of rapeseed oil have been published (139-141). The main results
from the studies reviewed are shown in Table 10.

Brassica oils high in erucic acid (22:1,n-9) cause a retardation
of growth in some experimental animals. Various organs are adversely
af fected morphologically, biochemically and functionally. Heart and red
skeletal muscle showed intracellular fat accumulation after administration
of rapeseed 0il to young rats; on continued feeding, the amount of fat in
the heart regressed, but the contractility of the heart muscle was impaired
(188). Little is known about the mechanism of fat regression from heart
and skeletal muscles. Concomitant with fat accumulation, a decrease of
the glycogen stores in the heart was found, indicative of a shift in
metabolism. Other chemical findings were changes in the proportions of
different phospholipids and of the fatty acid composition of mitochondrial
membranes.

Later myocardial changes were characterized by cellular infiltra-
tion, death of heart muscle cells and replacement of these by scar tissue.
These lesions did not occur in the rat when rapeseed oil was removed from
the diet after one week. A sex difference in the response to rapeseed
0il has been reported, especially regarding changes in the heart, which
were more severe in the male rat. There is generally good agreement
between different laboratories on the effects caused by oils high in erucic
acid (22:1,n-9).

Synthetic triglycerides containing erucic acid also induced fat
accumulation and the long-term lesions in the rat heart. Isomers of erucic
acid (22:1,n~9) present in partially hydrogenated rapeseed oil produced
cardiac lipidosis. This condition has also been observed in such species
as the gerbil, rabbit, guinea pig, monkey and duckling when fed high erucic
acid rapeseed oil. The degree and pattern of occurrence varied among
species. There was agreement in three studies on monkeys (squirrel monkeys,
Macaque and Cynomolgus monkeys) that brassica oils high in erucic acid
(22:1,n-9) caused lipidosis (141). In humans fed high erucic acid rape-
seed 0il, the platelet count was greatly reduced (189).

9.1.3 Absorption and digestion of erucic acid

It was apparent that rapeseed oil high in erucic acid (22:1,n-9)
had an unusually slow rate of absorption in the rat (190) and the digest-
ibility was about 80 percent. Both the slow absorption and the low
digestibility were attributed to the erucic acid (22:1,n-9) present,which
occupies positions 1 and 3 in the triglycerides of rapeseed oil. After
interesterification, which randomly distributes the Ffatty acids in the
three positions of the triglycerides, erucic acid (22:1,n-9) was better
absorbed by the rat.

In humans, an average digestion of rapeseed o0il as high as 98.8
percent was reported as early as 1918 (191) and was confirmed later. For
erucic acid (22:1,n—9;, an absorption of 99 percent was reported. Dietary
erucic acid (22:1,n-9) digestion and Transport in the human being was
normal. However, incorporation of erucic acid in different lipid classes
of chylomicrons and very low density lipoproteins was somewhat different
from that of oleic (18:1, n-9) and palmitic acids (16:0).
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TABLE 10 : References on Effects of Dietary Rapeseed 0Qil
High in Erucic Acid (22:1, n-9) on Different Organs
Organ : , . J
L;; site Animal | Dietary 911 Effect Reference
Body fat Rat Rapeseed o0il | Ovary and adrenal fat are 142-148
most influenced
Swine Rapeseed o0il Plasma and adipose tissue 149
fat are influenced
Erucic acid is mainly in- 146,
-corporated in triglycerides, | 150-153
in lesser amount in phospho-
lipids; with the .
exception of adrenals and 144,
ovaries where erucic acid 154-156
is incorporated mainly in
the cholesterol ester
fraction
Milk Rat Rapeseed 0il Milk from rats contains 151, 157
eicosenoic acid and erucic
acid
Adrenals Rat Rapeseed o0il Enlarged and contained 154,156,
more fat 158-161
During cold stress (+ 4°C) 162
cholesteryl erucate was less
efficiently utilized for the
synthesis of steroid hormones}
plasma corticosterone level
was lower : _
Low rat survival rates in 163-164
the cold
Repro-- Rat Rapeseed 0il | Mortality of the offspring 165
duction was high due to deficient
mammary development and
lactation in the mother
Rapeseed 0il | Young rats fed rapeseed oil 166
Maize o0il had lower weanling weights
than rats fed maize oil
Rapeseed 0il | Fewer and smaller offspring | 157
Blood Guinea Rapeseed 0il | Tendency to hypercholeste- 175
pig rolemia
chicken
Rabbit Rapeseed o0il Influence on blood 161,175
cholesterol
Duckling | Rapeseed oil Increased hematocrit and 170
reticulocyte count
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TABLE 10 (Cont'd.)
|0rgan
. i i i fect Referenceg
or site Animal Dietary oil Ef
Liver Rat Rapeseed o0il |No histiological lesions 160-161,
' after short time. After 167-169
1-2 years indication of
fatty infiltration and de-
generation in central parts
of lobes
Duckling | Rapeseed o0il |Cirrhotic changes after 170
at 30 energy |three weeks
percent
Duckling | Isocaloric oil{When the level of dietary 171-172
guinea + erucic palmitic acid was increased,
pig acid the cases of liver cirrhosis
decreased
Duckling | Rapeseed o0il |Increased erythropoesis 169,171,
chicken in the liver 173
pig
Spleen Duckling | Rapeseed o0il |Atrophy of the red pulp, 171
guinea at 30 energy |lipidosis, increased
pig percent erythropoesis
Guinea Rapeseed o0il |[Hypertrophic spleen with 169
pig at 50 energy |enlarged fat infiltrated
percent red pulp, intensive
erythropoesis
Xidney Rat Rapeseed o0il Increased kidney weight, 159-161
nephrosis characterised :
by vacuolation of the
tubular epithelium, tubu-
lar dilatation, focal
connnective tissue pro-
liferation
Female Rapeseed 0il |Renal concentration capa- 174
rat city was lowered
Skeletal Rat Rapeseed 0il |Reversible fatty infiltra- 159-161
muscles at 60 energy |tion
percent
Duckling | Rapeseed oil Fatty accumulation, edema, 170
at 30 energy |disintegration of the
percent muscle fibres, cell
infiltration
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TABLE 10 (Cont'd.)

cerides in the heart

r . . .
grgggte Animal Dietary oil Effect References
Heart Growing Rapeseed oil Intracellular lipidosis, 159,161,
rat histiocytic infiltration, 176-=178,
finally fibrosis 186-187
Rapeseed 0il | Dose-related lipidosis 178
at 30 energy :
percent
Rapeseed oil Some abnormal accumulation 177
at 20 energy | of fat
percent Lipidosis of the myocardium | 160,
never disappears completely | 176-177
Adult Rapeseed oil | Milder 1lipidosis 160,179,
rat 180
Rat Rapeseed oil Lipidosis of the heart 161,
duckling muscle 170-171,
guinea 180
Pig
rabbit
gerbil
miniature
Pig
piglet
squirrel
monkey
Duckling | Rapeseed oil Severe hydropericardium 170
Rat Rapeseed oil Focal or diffuse infiltra- 160
tions of mononuclear cells,
histiocytes proliferation
of fibroblasts
Fibrosis 179
Pathological changes 159,160,
170,178
Docosenoic Lipidosis, degenerative 177,181
acid lesions in the myocardium
Bicosenoic Fat droplets 182
acid
Erucic or Appreciably greater accu- 182
cetoleic malation of myocardial
acid lipids
Rapeseed 0il | Accumulation of trigly- 183-185
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9.1.4 Mitochondria

(a) oxidation

Feeding of dietary rapeseed oil with a high content of erucic
acid (22:1,n-9) resulted in fat accumulation in the hearts of different
species of experimental animals. As the deviations in fat metabolism
were primarily observed in heart and skeletal muscle, in which a major
function of the fatty acids is to supply energy to the muscle cells, it
appeared that erucic acid (22:1,n-9) was less efficiently oxidized.

It has been suggested (192) that the inhibitory effect of erucic
acid (22:1,n-9) might be exerted on any one of the following steps in
the mitochondriat: fatty acid activation, acyl-CoA transfer across the
mitochondrial inner membrane, beta-oxidation of the activated fatty acid
to acetyl-CoA and finally, the complete oxidation of active acetate to
carbon dioxide and water.

Studies on the ability of mitochondria isolated from rat hearts
to oxidize substrates and to synthesize ATP have led to considerable con-
troversy. A depressed production of energy first reported (176) was not
subsequently confirmed.

The translocation of erucic acid (22:1,n-9) through the mitochon-
drial membrane involves its carnitine derivative but no difference in the
relative amounts of Ffree carnitine to acyl carnitine in the rat heart was
found. It was also reported that oxygen uptake was lower in the presence
of erucoyl carnitine than with palmitoyl carnitine, suggesting that the
presence of erucic acid (22:1,n-9) had an inhibitory effect on the beta-
oxidation of other fatty acids, which could explain the accumulation of
triglycerides.

The in vitro oxidation of palmitoyl carnitine was reduced by more
than 50 percent, even with levels of erucic acid (22:1,n-9) as low as
1.4 percent in the diet. It was reported that the activity of acyl-CoA-
dehydrogenase progressively decreased from oleoyl-CoA to eilcosenoyl-—CoA-
to erucoyl-CoA. It has been reported that erucoyl carnitine competitively
inhibited the oxidation of other acyl carnitines in the heart mitochondria.
Furthermore the carnitine esters of the isomers of erucic acid (22:1,n-9),
cetoleic (22:1,n-11) and brassidic acids (trans 22:1,n-9), which are
formed during hydrogenation, were reported to undergo both intramitochon-
drial-CoA acylation and beta-oxidation at the same slow rate as erucoyl
carnitine (193-195).

(b} Incorporation of erucic acid into membrane phospholipids

With high dietary levels of erucic acid (22:1,n-9), the cardiac
triglycerides contained more than 50 percent erucic acid (22:1,n-9) and
the phospholipids approximately 7 percent. Ancther study reported that
erucic acid (22:1,n-9) constituted 2.5 percent of the fatty acids of the
phosphiolipid fraction. Erucic acid (22:1,n-9) was found to be incorpor-
ated into the cardiolipin fraction of rat heart mitochondria at the
expense of linoleic acid (18:2,n-6), and suggested that erucic acid
(22:1,n-9) as a constituent of cardiolipin in the inner mitochondrial
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membrane might influence energy production (153).

9.1.5 Studies of low erucic acid brassica oils

(a) Body and organ weights

Rapeseed o0il low in erucic acid (22:1,n-5) permitted growth of
the rat to the same extent as other fats and oils (196) and also food
intakes were the same as in the control animals. Growth- and appetite-
depressing effects attributed to the presence of erucic acid (22:1,n-9)
were not present (196a). It was also found that the growth rate of male
and female rats fed rapeseed o0il with 1.0 percent erucic acid (22:1,n-9)
as 30 energy percent did not differ from control animals receiving
groundnut oil (197). The feed efficiency of the diet containing the oil
low in erucic acid (22:1,n-9) was the same as the efficiency of the
control diet. From a study with ducklings, it was concluded that there
was no significant difference in growth rate when these animals were
given 50 energy percent as rapeseed oil containing 8.5 percent erucic
acid (22:1,n~9), compared with controls given 50 energy percent sun-
flowerseed oil. No influence on growth rate was reported in rats when
low erucic acid rapeseed oil was supplemented with palmitic acid (16:0),
whereas high erucic acid rapeseed oil, on the other hand, needed supple-
mentation. -

The weights of heart, spleen, pancreas, testes and adrenals in
the rat were normal when low erucic acid rapeseed oil was fed as 30 per-
centof the energy (196). Inconsistent reports however mention an increase
in the weights of the liver and kidneys. In ducklings fed low erucic acid
rapeseed oil normal weights of pancreas, spleen, liver, kidneys and heart
have been reported.

(b) Histopathology

Histologically detectable moderate lipidosis was reported with
about 2 percent of the energy as erucic acid (22:1,n~9) and slight lipi-
dosis at a level of about 0.8 energy percent (186). Intracellular
deposition of 1lipid droplets was reported consistently when high erucic
acid rapeseed oils were fed. It was also well established that this
deposition was related to the dietary level of erucic acid. Apart from
effects of low erucic acid rapeseed oils on the heart, no abnormal alter-
ations have been observed in any organ.

(c¢) Long-term lesions

Cellular infiltrations, lysis of heart muscle fibres, and fibro-
sis were observed in male rats fed low erucic acid rapeseed oil as 30
percent of energy; female rats showed only a slight response to this oil
(197). Reports also indicate variations in response occur between
different strains of rats. Other studies with 40 percent of energy from
low erucic acid rapeseed oils (0.1-4.8 percent) demonstrated lesions in
male rats (147, 197-200). Minor lesions, not significantly different
from those in the control animals were observed when rats were fed low
erucic acid rapeseed oil containing from 0.3 to 1.4 percent erucic acid
(22:1,n-9) (187, 201, 202). After the feeding of one of the oils con-
taining 0.3 percent erucic acid (22:1,n-9) (187), no lesions were found
despite serial-sectioning of the whole heart. On the contrary, all

animals fed high erucic acid rapeseed oil, both male and female, were
reported to show lesions.
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Partial hydrogenation was found to reduce the cardiopathenicity of
low erucic acid rapeseed oil but not of high erucic acid rapeseed oil (203).
Although many feeding studies on rapeseed oil low in erucic acid (22:1, n-9)
have been reported, the varying and sometimes high frequency of similar le-
sions in control rats makes interpretation difficult.

9.1.6 Comparative animal studies

(a) Ducklings

In a study (204) in which young ducklings were fed a rapeseed
oil with 8.5 percent erucic acid (22:1,n-9) as 50 percent of the energy,
the heart was pale after two weeks (fatty infiltration) in five animals
out of ten. After three months, the hearts of six animals were normal,
while four had enlarged hearts (204).

(b) Pigs

Pigs receiving low erucic acid rapeseed o0il did not show any
lipidosis but did show cellular infiltration and fibrosis. These effects
were milder than in pigs fed high erucic acid rapeseed oil (204a).

A few other studies of the effects of rapeseed oils in pigs have
been published. In these studies, infiltration of mononuclear cells was
independent of the kind of oil fed; control animals, not given rapeseed
0il, showed such infiltration in 4 to 67 percent of the hearts examined.

(c) Monkeys

In a six-month study with Cynomolgus monkeys fed low erucic acid
rapeseed 0il no long-term lipidosis was observed and also no difference
existed between the hearts of these animals and the controls in respect
of the few long-term lesions observed (204b).

9.1.7 Background lesions in cardiac tissue

Lesions in the hearts found after prolonged feeding of rapeseed
0ils are unspecific. They can be induced by several dietary components
as well as other agents, and are frequently observed in the control
animals not given rapeseed oil. In some experiments, the presence of
lesions in animals on control diets was reported to be as high as 50 per-
cent. However, it was more common to find frequencies of about 10-30
percent. The causes of these lesions were not identified, but could not
be connected to any known dietary components. However, a high frequency
of myocardial alterations in the control animals undoubtedly tends to
obscure the interpretation of the results obtained by testing low erucic
acid rapeseed o0il,

9.1.8 Causes of long-term lesions

It has been proposed (197) that in addition to erucic acid (22:1,
n-9) some other characteristic of rapeseed 0il was responsible for the
long~term lesions. Possible causes were suggested: the low content of
saturated fatty acids, an unbalanced ratio between saturated and mono-
unsaturated fatty acids, or unsaponifiable matters of the oil. Testing
of the hypothesis that an unbalanced fatty acid composition was the cause
showed that only when erucic acid (22:1,n-9) was incorporated into the
mixtures of synthesized fats, could long-term lesions be induced in male
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rats. Other workers suggested that the long-chain fatty acids (20 car-
bon atoms or more) were the sole cause. They interpreted the residual

lesions induced by low erucic acid rapeseed oil as being caused by the

erucic acid (22:1,n-9) still present. However, attempts to concentrate
or eliminate a toxic factor were unsuccessful. '

9.1.9 Conclusions

Reports from several laboratories indicate that a short-term
dietary intake of brassica oils with a high percentage of erucic acid
(22:1,n~9) causes transient diffuse myocardial lipidosis (fat deposition
of the myocardium) in several animal species. The accumulation of tri-
glycerides in the heart of the rat reaches a peak after about one week
and falls to almost normal levels by four weeks, despite continued feeding
of the dietary fat. The accumulation of triglycerides in the heart is
directly proportional to the amount of erucic acid (22:1,n-9) in the diet.

The possibility has been discussed that erucic acid (22:1,n-9) is
less efficiently oxidized and therefore accunulates in the form of tri-
glycerides in the heart cells. Experimental data indicate that erucoyl
carnitine competitively inhibits the oxidation of other acyl carnitines
in the heart mitochondria. The fatty acid compositions of the main mem-
brane phospholipids of rat heart mitochondria, i.e. phosphatidylcholine,
phosphatidylethanolamine and cardiolipin, are influenced by dietary erucic
acid (22:1,n-9). :

Long-term feeding of high erucic acid brassica oils induces focal
necrotic lesions with reactive cellular infiltration leading to fibrotic
changes in the rat heart muscle. It has been reported that in the rat,
erucic acid {22:1,n-9) per se is a cardiopathogenic agent and can induce
cardiac necrosis and fibrosis.

Studies of low erucic acid brassica o0ils show that they permit
growth in the rat to the same extent as do other fats and oils.

In some, but not all, laboratories, long-term feeding of brassica
oils low in erucic acid (22:1,n-9) has been reported to increase necrotic
lesions in the myocardium above background levels, but the Severity was
less than that found with high erucic acid rapeseed oil. Partial hydro-
genation reduced the cardiopathogenicy of low erucic acid rapeseed oil.
Morphological studies of other organs have revealed no deleterious effects
caused by rapeseed o0ils low in erucic acid (22:1,n-9).

At present, there is considerable controversy on whether the long-
term lesions in test animals produced by brassica oils low in erucic acid
(22:1,n-9) are due to the erucic acid (22:1,n~9) or to another factor.

Three theories have been proposed:

1. The lesions are the effects of erucic acid (22:1,n~-9) still
present in the oils.

2. The nontriglyceride part of the oil may contain a cardio~
pathogenic component.

3., There is an imbalance in the fatty acid composition which
is not tolerated by the cardiac tissue.
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In the light of present knowledge from animal studies, it seems
prudent to recommend, for populations in which fat constitutes a high
proportion of dietary energy, (a) the reduction of the erucic acid (22:1,
n-9) in brassica oils and/or (b) the blending or use of brassica oils
with other fats and oils. This recommendation,which may be of special
importance for children, may have to be modified in the light of further
data from human studies.

9,2 Health Implications of Long-Chain Fatty Acids in Marine Oils

9.2.1 Introduction

Marine oils have always been part of the human diet, mainly con-—
suned as fresh fish or oils from marine animals. No epidemiological data
exist to indicate that an intake of a reasonable gquantity of fats of
marine origin carries a specific risk factor for human health.

In several countries (Table 11), partially hydrogenated marine
oils (PHMO) have been consumed as a component of margarine and shortening
for over 50 years. Commercial marine oils are generally divided into two
broad classes. Anchovetta and menhaden oils are low {1-4 percent) in
docosenoic acids (22:1), while oils from herring, capelin, sand launce and
some marine mammals contain noticeably higher quantities (10-20 percent)
(Table 12). The principal docosencic acid is cetoleic acid (22:1,n-11).
The docosenoic acid content is not greatly altered by partial hydrogenation
but positional and geometrical isomers are formed in the partially hydro-
genated product. Generally the positions of the remaining unsaturated
bonds are close to those in the parent structure (n-11), and about half
of them are of the trans confi ation. The same observation has been
made for the eicosenoic acids (20:1), often present in quantities compara-
ble to the docosenoic acids (22:1) (Table 125.

9.2.2 Biochemistry and nutritional value

Various in vitro experiments with carnitine esters of different
isomers of docosenoic acids (22:1) from PHMO indicate some differences in
their metabolism. Brassidoyl carnitine (trans 22:1,n-9) inhibits the
mitochondrial oxidation of palmitoyl carnitine, and respiration, less than
erucoyl carnitine (22:1, n-9) and cetoleoyl carnitine (22:1,n-11). All
carnitine esters of docosenocic acids (22:1) seem to be relatively better
oxidized in the liver than in the heart mitochondria (195). The mito-
chondrial metabolism of docosenoic acids (22:1) is more fully discussed
in Section 9.1.4.

Fatty acids present in PHMO are readily assimilated by test ani-
mals and do not affect growth, provided there Is an adequate supply of
d1eta€y eisential fatty acids, similar to that found for other edible
oils (205).

9.2.3 Short-~and long-term effects on the heart in animals

The result of studies on short-and long-term effects of PHMO on
the heart in animals are summarized in Table 13. It is accepted that
docosenoic acid (22:1)-induced cardiac lipidosis can be demonstrated in
experimental animals when PHMO is fed on a continuous basis as part of
high-fat diets. This effect is most marked when the oil belongs to the
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TABLE 13 : Summary of Results from Different Laboratories where
High-fat Diets, including Marine 0Oils and PHMO, were
Fed to Experimental Animals ,

Species Place of work Result

Rat Ottawa (141) Partially hydrogenated capelin and herring
oils gave acute lipidosis 1/ above 4-5
energy percent 2/. Long-term lesions ob-
served in various studies. Raw anchovy
0il gave no lipidosis 1/ at 1 energy per-
cent 2/.

Halifax (210) Partially hydrogenated and raw fish oil
‘1 of 10 energy percent g/ gave lesions
comparable to control oil after 16 weeks.

Dijon (211, Partially hydrogenated herring oil gave
212) acute lipidosis 1/ at 9 energy percent 2/.
Fewer lesions on partially hydrogenated
herring oil than on rapeseed ocil at si-
milar docosenoic (22:1) acid level

after 16 weeks.

O0slo (213) Partially hydrogenated capelin oil gave
an increasing incidence of acute lipi-
dosis 1/ above 2 energy percent g/;
after 76 weeks long-term lesions were
comparable to control oil.

Bergen (205) Partially hydrogenated capelin oil at
6 energy percent 2/ and raw capelin oil
at 4 energy percent gave no lipidosis.

Pig o0slo (214) Partially hydrogenated and raw capelin
oils at 7 energy percent 2/ gave no acute
lipidosis 1/. Mild lipiddsis developed
eventually. No lesions above control

01l number after 1 year.

Primate Saskatoon Partially hydrogenated herring oil at

(215) 12 energy percent 2/ gave lipidosis 1/
comparable to control diet after 6 and
12 months, but no important lesions at
these times.

Lipidosis detection either chemical (gravimetric determination of
1lipid, triglyceride or fatty acid) or histopathological (oil-red-O
staining and microscopic evaluation).

<

Dietary energy percent contributed by docosenoic acid (22:1).

N
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high docosenoic acid (22:1) group (Table 12), contributing more than
4-6 energy percent from these acids to the diet, and seems directly
related to the content of docosenoic acids (22:1) in the diet. 1In the
rat the disappearance of lipidosis on continued feeding (adaptation)
parallels that observed for brassica oils. The appearance of long-term
lesions, discussed in Section 9.1, shows species differences (Table 13).
However, the lesions often do not differ in number and severity from
those observed in control groups. There appear to be important differ-
ences among the responses of different species in both the short-and
long-term effects. No data on pathological changes in other organs have
yvet been reported.

9.2.4 Possible effects on the heart in man

Since differences exist among species in the degree of myo-
cardial lipidosis and since the mechanism of adaptation to docosenoic
acid (22:1§ appears to vary in many respects among the species, great
care should be taken in extrapolating to man observations on the
lipidosis phenomena obtained from experiments and observations on
animals, However, in view of the fact that myocardial lipidosis can
be induced in the non-human primate, it is not unlikely that the same
pheno?ona ?ay be observed in man on a high-fat diet rich in docosenoic
acid (22:1).

If 1lipidosis due to intake of docosenoic acid (22:1) does occur
in man, it should probably have been noted by pathologists in countries
in which the consumption of docosenoic acids(22:1) from either marine or
vegetable sources has been relatively high.

Populations of Eskimos in Greenland have had a lifetime exposure
to natural marine oils containing docosenoic acid (22:1) and recent
surveys and epidomiological studies indicate that cardiovascular diseases
are uncommon (207, 208). ‘ !

: In a study of fatty changes in 34 Finnish subjects aged over 20
years who died suddenly from mechanical trawna or rapid suffocation, the
incidence of parenchymal fatty changes assessed as medium or profuse was
about 50 percent of the cases (206). This suggests that the lipidosis
phenomenon, at least in a mild form, may be relatively common among this
population which is not generally exposed to large quantities of doco-
senoic acid (22:1) of any origin.

‘ The hearts of 54 Norwegian men aged 20-69 who had died suddenly
in accidents were screened from some 600 hearts i1/. They were selected as
heing free of myocardial infarction, coronary thrombosis, myocardial
hypertrophy and valvular diseases. Histochemical lipidosis, mostly of
mederate degree, was found in 60 percent of the hearts. The fatty acids
of the total 1lipids of the 54 hearts were examined and all were found to
contain docosenoic acid (22:1) at 1 percent or less of the fatty acids.
Canadian data 2/ from a more limited study of the fatty acids from human

?ggrt)triglycerides, also show less than 1 percent of docosenocic acid
:1). '

1/ H. Svaar (in press) .
2/ R.G. Ackman (in press)
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These forensic data indicate that very mild cardiac lipidosis,
not necessarily associated with deposits of docosenoic acid (22:1),
may be widespread in humans consuming a Western high-fat diet, irrespec-
tive of the type of fat consumed.

The literature indicates that diffuse myocarditis in man is not
an unusual phenomenon, but there is no report associating this condition
with high-fat intake generally, or with docosenoic acid (22:1) originat-
ing from PHMO in particular (209). In the examination of the 54 human
hearts reported above, no evidence of multifocal heart muscle lesions of
the type seen in rats fed rapeseed oil was found in normal men from a
population suspected of long-term exposure to PHMO.

In many feeding experiments on rats a considerable time lag has
been found between the lipidosis phenomenon and the finding of muscle
cell necrosis, suggesting that moderate lipidosis per se is not injurious
to the heart muscle cell. The absence of acute heart muscle cell necrosis
or myocardial fibrosis, despite the concurrent presence of mild to moder—
ate cardiac lipidosis, in a human population exposed to PHMO, supports
this view. :

9.2.5 Conclusions

1. Cardiac 1lipidosis can be induced in certain experimental animals by
continuous feeding of PHMO containjing high proportions of docosenoic
acids (22:1) in a high~fat diet. The increase of cardiac lipidosis
above control levels is related to the dietary concentration of
docosenoic acid (22:1). Although the effects caused by PHMO are
qualitatively similar to those caused by rapeseed oils containing
erucic acid (22:1,n-9), quantitatively the effects of the PHMO are
somewhat milder.,

2. On the evidence available relating to PHMO, there is no support for
a relationship between lipidosis observed in experimental animals
and the long-term myocardial lesions sometimes observed in the same
animal experiments.

3. Mild lipidosis, but no long-term myocardial lesions, was found in a
proportion of hearts from human populations on high-fat diets. Since
only two populations, one suspected of exposure to PHMO, and one not,
have been examined critically, additional studies are urgently
required.

4. No harmful effect in man has been attributed to the intake of unpro-—
cessed marine lipids.

5. In the light of present knowledge from animal studies, it seems
prudent to recommend, for populations in which fat constitutes a
high proportion of dietary energy, the blending or use of par- .
tially hydrogenated marine oils (PHMO) with other fats and oils.
This recommendation, which may be of special importance for
children, may need to be modified in the light of further data
on human studies,

9.3 Biological Significance of Uneven Fatty Acids

Fatty acids of uneven carbon numbers are at present minor constit-
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uents in the diet of man. There is, however,a possibility of consuming
increased amounts of them from preparations of single cell proteins

grown on n-alkanes. Metabolically, uneven fatty acids are degraded by
beta-oxidation to yield acetic and propionic acids which are utilized
normally. Polyunsaturated uneven fatty acids may have essential fatty
acid activity if the cis double bonds are methylene-interrupted, normally
in the same position as in the next higher homologue (216).

Although most biosynthetic uneven fatty acids have 15 and 17 car-
bon chain lengths, much of the published work in this field has dealt
with carbon chain length of 11, the glucogenic property of which was found
. to assist in the maintenance of serum glucose and liver glycogen during
starvation.

Lipide of single cell protein preparations containing a high con-
centration of uneven fatty acids are incorporated into tissue lipids, but
have not been shown to affect functional capacity (217). This indicates
that the level of consumption of lipids in single cell protein preparat-
ions appears to be within the capability of mammals to metabolize them.
-?his)conclusion accords with that of the Protein-Calorie Advisory Group

218). . '
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10. RECENT TRENDS IN PRODUCTICN, TRADE
AND CONSUMPTION OF FATS AND OILS

101 Production and Trade

The production of visible fats and oils is summarized in Table 14.
Of the total production, about 70 percent is of vegetable and 30 percent of
animal origin. About three quarters of the total output is used for human
food, and the remainder for such products as detergents, soaps, paints,
animal feeds, etc. Many fats and oils are joint products, e.g. meat/animal
fats, oilseeds/oilmeals. Supply of fats and oils is therefore linked not
only to the demand for them but also to the demand for their joint products.

At world level, output - and consumption — of fats and oils has been
increasing by nearly 1.2 million metric tons a year over the last decade.
The most important increases in output have taken place in soybean, palm,
rapeseed and sunflowerseed oils. Developing countries, in spite of their
need for increased domestic consumption and higher exports, have only just
maintained their share of total output.

Annual net exports currently amount to about 10 million metric tonms,
equally divided between developed and developing plus centrally planned
countries. They derive from a large number of developing countries and
relatively few developed countries (principally the United States, which
is by far the largest exporter of fats and oils). The share of developing
countries in exports (but not in production) fell during the late 1960's,
owing to a relatively slow growth in output and rapidly increasing domestic
consumption (see Table 15). However, in recent years, the exports of a few
have begun to increase, notably Malaysia, Brazil, Indonesia and Ivory Coast.
On the other hand, in other developing countries, the volume of exports
has declined or shown only marginal growth.

TABLE 15 : Net Exports of Oils and Fats ('000 MT) 1/

1964-66 1969-71 1973~75
average average average
Developed 3 460 4 460 4 540
Developing 3 630 3 550 4 370
Centrally planned 390 910 540
Total world 7 480 8 920 9 850

1/ Aggregated export supplies (i.e. gross exports
minus gross imports) of net exporting countries.
Trade figures include the equivalent of oilseeds
traded.

while the largest importers continue to be Western Europe and Japal,
imports into developing countries have been growing at a faster rate (over
7 percent a year) and now account for about one quarter of the world total
(see Table 16). A
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TABLE 16 : Net Imports of Fats
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and 0ils ('000 MT) 1/

1964-66 1969~71 1973-75
average average average
Developed 5 820 6 540 6 670
Developing 1 420 1 980 2 550
Centrally planned 450 440 420
Total world 7 690 8 960 9 640

1/ Aggregated import requirements (i.e. gross imports
less exports) of net importing countries. Trade
figures include the oil equivalent of oilseeds
traded.

Importing developing countries are widely spread over the different
regions. In Africa, the Mahgreb countries are the most important; in the
Near East they are Egypt, Iran and Iraq; in Latin America, the largest
importers are Cuba, Mexico, Venezuela, Brazil, Peru, Chile and Colombia;
in Asia they are India, Pakistan, Bangladesh and the Republic of Korea.

In addition to these, there are ten other countries whose imports of fats
and oils averaged over 30 000 metric tons a year in 1972-74. 1In recent
years, food aid shipments have provided about 10 percent of the requirements
of developing countries, divided more or less equally between gifts and con-—
cessional sales.

10.2 Consumption

In addition to the visible (i.e. separated) fats and oils of plant
and animal origin dealt with in the preceding Sections, there are the in-
visible (i.e. unseparated) oils and fats derived from other food groups,
namely: grains, nuts and seeds, fruits and vegetables, meats, dairy pro-
ducts, eggs and fish. As shown in Table 17, invisible fats are more
abundant in the diet than visible ones and in most regions amount to 60 per-
cent of the total fat supply.

In the developed countries, the total per caput supply 1/ of
fats available for human consumption in 1974 was 126 g (1134 kcal;
4.7 MJ) per day, of which 86 g (774 kcal; 3.2 MJ) or 70 percent was
of animal origin. The supply of fats of animal origin in almost all
regions of the developed countries is twice as great as that of plant
origin. In the developing countries, the total fat supply is much
lower, amounting to only 35 g per day (315 kcal; 1.3 MJ/dav)} of which
only 14 g (126 kcal; 0.53 MJ? or 40 percent was of animal origin.
Among the developing countries, only in Latin America and in the
Asian countries with centrally planned economies are the fats of
animal origin in the same order of magnitude as those derived

l/ The data refer not to the quantity of fat actually ingested (actual
consumption data are not available) but to supply for human consumption
derived from data on production, trade, stocks and non-food uses. This
concept estimates the quantity available at kitchen level.
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from plants. Africa and especially the Far East have the lowest supylies

of animal fats. The low levels prevailing in these regions are attributable
primarily to the low availability of animal products, in particular meat and
dairy products; here the average consumption of both visible and invisible
fats and oils of animal origin does not exceed 8 g (72 kcal; 0.3 MJ) per
day. Among the developed countries, Japan is notable for the relatively
low supply of fats and oils of animal origin.

For the world as a whole, the energy supplied by fat averages
nearly 22 percent of all energy supplied by food. The proportion of energy
derived from fat is 33 percent for developed countries and over 40 percent
for the high-income countries of America and Europe. By contrast, in the
developing countries fats supply on the average only 14 percent of the
dietary energy.

Inequalities in fat consumption are to some extent explained by the
ecological environment which determines the consumption pattern. This is
particularly true for populations living in subsistence economy. But in
monetary economies, household income appears to be the main variable ex-
plaining changes in fat consumption.

Thus, developed market economy countries, Eastern Europe and the
USSR, in 1974 utilized 61 percent of the visible fats and oils and 59 per-
cent of the total fat available for human consumption in the world, although
they have only 28 percent of the world's population.

Fig. 5 illustrates the changes in per caput supply of total fat in
relation to changes in per caput income during the years 1965-74.

In the developing countries, which consume small amounts of fats
and oils, the elasticity of demand is very great, but rapidly increasing
populations and slow income growth have severely limited any improvement
in per caput consumption. This is particularly evident in the African
and Asian regions. Accordingly, the gaps in per caput consumption between
developed and developing countries in 1965 widened for both visible fats
and oils and total fats in 1974. 1In virtually all developing countries, -
therefore, the potential for increased per caput consumption is enormous,
although its realization will depend on higher incomes, unless other
measures to increase availability at low prices are instituted.

By contrast, in the developed countries intake of fats has increased
over the decade, due notably to a considerable rise in household income.
This is particularly marked for Japan, the Eastern European countries and
the Mediterranean countries of Western Europe which, in terms of consumption,
were in a middle position in 1965. Several high-~income countries have
reached or are reaching a saturation threshold for some visible fats and
oils. Thus, for butter, income elasticities of demand are close to zero in
the European Common Market countries and are even negative in Canada, the
USA, the Scandinavian countries, Australia and New Zealand.

. In Western Europe and North America, the increase in intake of total
fats is more moderate than the rise in household income would lead one to
assume; in Oceania intake is declining.

) These changes are the result of several trends. 1In Oceania, the only
region showing an overall decline in fat consumption, the increase in the
supply of vegetable fats was more than offset by a decline in supply of
fats of animal origin.
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FIG. 5 - CHANGES IN DAILY PER CAPUT SUPPLY OF TOTAL FAT BY REGIONS IN

RELATION TO CHANGES IN PER CAPUT INCOME BETWEEN 1965 AND 1974
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For the developed countries as a whole, during the period 1964-74,
the supply available for human consumption of visible fats of plant origin
increased roughly by 5 g per person per day, and at the same time invisible
fats of animal origin showed a notable increase (10 g/caput/day).

In the developing countries as a whole, the changes are minor and
mainly relate to increases in visible fats and oils of plant origin, as
Table 18 shows. The supply of animal products has changed very little and
the small contribution of animal fats to the increases reflects this.

TABLE 18 : Changes in Supply of Visible and Invisible Fats
between 1965 and 1974 (g/caput/day)

Developed Countries | Developing Countries World
1965 1974 1965 1974 1965 1974
Visible fat
Plant 25.1 30.5 9.6 10.7 14.4 16.3
Animal 22.3 23.0 2.7 2.9 8.8 8.6
Invisible fat
Plant 9.7 9.8 111 11.0 10.7 10.7
Animal 53.0 62.8 10.6 10.9 23.8 25.8
Total fat 110.1 12’6-2 3400 3505 5707 61:4
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11. IMPACT OF PLANT AND ANIMAL BREEDING AND
MANAGEMENT ON QUALITY AND COMPOSITION
OF FATS AND OILS

111 Plant Breeding

' To meet greatly increased demands for all forms of fats, including
edible vegetable oils, developed countries - in addition to increasing their
own production - have also sought to overcome certain natural limitations

in the o0ils by genetic manipulation. On the other hand, the prime aim in
the developing countries has been to increase supplies of conventional oils
through expansion of both cultivated areas and yields per unit area.

11.1.1 Alteration of oil composition

work in Canada and Sweden has resulted in the breeding of strains of
rapeseed that yield an oil almost free (below 0.5 percent) of erucic acid
(22:1, n-9), which in traditional strains had stood at around 40 percent.
The o-linolenic acid (18:3, n-3) content is elevated in the low-erucic acid
strains but is associated with flavour and rancidity problems.

These new varieties comprise a substantial part of the rapeseed crop
in several countries (e.g. Canada and Sweden). The fatty acid composition
of these oils as percentage of total oil 1is as follows:

palmitic acid (16:0) 3
stearic acid (18:0) 2
oleic acid (18:1, n-9) 50-65
linoleic acid (18:2, n-6) 20

o~linolenic acid (18:3, n-3) 10
eicosencic acid (20:1, n-9) 0-10
erucic acid (22:1, n-9) 0-5

Apart from the change in fatty acid composition, it has been possible,
by plant breeding, to reduce appreciably the contents of glucosinolates.

A major problem with cottonseed oil has been the presence of the pig-
ment gossypol which is toxic to non-ruminants, including man. Selective
breeding has eliminated gossypol glands from the seeds, but rendered the
cotton boll itself more susceptible to insect attack. From the normal
linoleic-rich varieties, selective breeding of safflower has yielded an
oil rich in oleic acid (18:1, n-9).

. Breeding programmes are slow and very expensive, even when rapid
techniques such as irradiation and aseptic cell cultures are used. The
possibility that irradiation mutants may revert to type must also be borne
in mind. Such breeding programmes should be embarked upon only if there
is an exceptionally sound reason.

11.1.2 Improving oil Yield

) There are several approaches to breeding for improvement in oil
yield. One is to develop varieties having a larger density or a greater
proportion of oil in the oil-bearing seed, fruit or nut. Other approaches
include reducing the hull content, as has been done with the sunflower and
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the safflower, or reducing or eliminating shattering, a course being pursued
in sesame. 0il production can also be increased by developing early maturing
varieties and those requiring less moisture. Improved analytical screening
methods are available to assist the breeder, such as the rapid determination
of oil content by non-destructive nuclear magnetic resonance, rapid gas
liquid chromatography techniques for fatty acid analysis and fast protein
estimation by dye binding techniques. 1In practice, a higher oil content in
an oilseed is frequently accompanied by a higher protein content.

11.7.3 Conclusions

Since oil palm yields several times more oil per unit area than many
other oilseed crops, and soybean has received widespread publicity, certain
developing countries could be unduly induced to grow these crops. Palm oil
contains a high proportion of saturated fatty acids and a low proportion of
essential fatty acids. The soybean has a relatively low oil content and the
bulk of the produce is a protein oil cake that may not always have high
economic value within developing countries. The higher yields given by
‘newly introduced varieties frequently result simply from the attention given
to fertilizers and irrigation which, if similarly applied to traditional
crops, might yield results just as satisfactory. A good general principle,
therefore, would be to plan for maximum possible oilseed diversity, both
to stabilize yields and protect overall world supplies against gluts of
individual oils.

Knowledge of biosynthetic pathways of triglyceride synthesis would
greatly assist breeding efforts. In attempting genetic manipulation, the
levels of minor components of oilseed lipids such as phospholipids, toco-
Phexrols and other lipid associates should also be routinely checked since
these would be relevant to human nutrition. When a new oilseed has proved
its potential and is ready to be raised on a large scale, suitable systems
of management and marketing must be developed. Continued efforts should
be made to explore and develop other natural oil-bearing plants not yet in
cultivation.

In considering other crops, however, green vegetables, although
they have a low fat content, should not be overlocked; they are a source
of o-linolenic acid (18:3, n-3) and provide important amounts of carote-
noids (pro-vitamin A) vitamin E and other vitamins and minerals.,

11.2 Animal Breeding and Management

11.2.1 Carcass and tissue fats

The intake of foods of animal origin tends to increase with afflu-
ence. In developing countries, poultry products and, in certain societies,
other small animals are important contributors to foods of animal origin.
Poultry meat has a low content of saturated fats and is a good source of
long-chain EFA. In developed societies, pork and beef are important animal
foods. Increasing animal food intake could have three general consequences
that concern human nutrition: (i) intensive animal production systems
tend to yield foods high in fats; (ii) the proportion of dietary saturated
fatty acids rises, and (iii) cholesterol intake tends to increase.
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The principal components of fats in animal Fissues and milk are tri-
glycerides, Patty acids, cholesterol and phospholipids. The triglycerides

_are the predominant lipids of adipose tissue and of milk. Although cow's

milk has relatively low amounts of EFA (about 1 energy pgrcent), it is none-
theless an important source of energy and essential nutrients.
|

Fats in meat, liver, kidneys and other offal are naturally rich in
long-chain EFA which are components of their structural phospholipids. Under
intensive management systems, increased adipose fat deposition conceals this
characteristic. This, fat consists mainly of triglycerides rich in saturated
fatty acids (219, 220).

In non-ruminants, the fatty acid composition of the adipose fat re-
flects the nature of the dietary fat. In ruminants, biohydrogenation in
the rumen raises the content of saturated acids and lowers that of EFA, both
in adipose and milk fat. Cholesterol occurs either free or esterified to
a fatty acid, generally unsaturated. Its concentration is greatest in cells
with a high degree of membrane development (e.g. brain, liver, kidney).

11.2.2 Quantitative aspects

During animal growth there is a physiological stage at which the

~ fattening phase begins (222). Prior to this, protein is deposited pro-

portionately to fat deposition. The onset of this phase varies according
to species and sex. This stage is reached sooner with early maturing ani-
mals and at a given weight they are therefore preferable to other types.
By selection of suitable genotypes, it is possible to obtain carcasses of
various weights while maintaining the juvenile characteristics of low adi-
pose fat and high protein content.

The system of production management also significantly affects the
shape of the growth curve for a given type of animal (222). The energy/
protein ratio of the diet and the activity patterns of the animals are ge-
nerally varied to modify fat deposition (223). This does not apply to wild
herbivores nor to domesticated herbivores on rangelands. Wild herbivores
deposit little adipose fat and have a high carcass protein (224). Ruminants
finished in the feedlot are often fed for maximum growth, regardless of
size, and very fat animals sometimes result.

Intenstively reared animals with high carcass fat of the order of
30 percent may provide more fat than other nutrients (220). This fat is
expensive in terms of efficiency of feed conversion, and its production
looses sight of the true nutritional value of the animal product,which lies
in muscle tissue and offal.

11.2.3 Qualitative aspects

The adipose fats of wild herbivores and birds are generally
more polyunsaturated than those of their domestic counterparts
(219,225,225a), It is therefore technically possible that animal
fat can e modified by dietary fats. This has long been recognized
by the producers of poultry and pig meats. Thus the fatty acid com-
Position of fats from animal origin can be modified and the choles—
terol content of pork products can be reduced by increasing the
dietary polyunsaturated fatty acids (221).
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In ruminants, it has been shown (226) that protected lipid supple-
ments can bypass the rumen biohydrogenation process. At the same time,
proteins are protected from proteolysis and digested normally in the small
intestine; oils or fats emulsified in protein solutions can be protected
from ruminal lipolysis and hydrogenation by formaldehyde treatment of the
emulsion. When such protected polyunsaturated oils are fed to cattle and
sheep, the concentration of linoleic (18:2, n-6) and o~linolenic (18:3,n-3)
acids, both in tissue fats and in milk fats, is increased. The non-
functional rumens in veal and lamb make their fats susceptible to dietary
modification (227). Milk fat is dependent on breed of cow, stage of lac-
tation and feed. The linoleic acid (18:2, n-6) content of milk fat can be
raised to a level of 20 percent of the fatty acids by feeding encapsulated
fats; the increased transfer of such fats into milk can also raise both
milk fat concentrations and total daily secretion.

Products with an elevated linoleic acid (18:2, n-~6) content are
more susceptible to oxidative deterioration. Their flavour has been found
to be 1little changed in beef and veal, but may be a concern with sheep
meats for some consumers.

11.2.4 Conclusions

Foods of animal and plant origin complement each other in terms of
agriculture production and human nutrition. However, in aiming for a ba-~
lanced diet, competition with human food production should be avoided
whenever alternative animal production systems are available; thus the
importance to use agricultural industrial by-products in developing countries
for animal feeding. Alternative feeding schemes for poultry, pig and beef
are already available in developing countries.

More attention should be paid to the fact that, although animal
tissues are naturally rich in long-~chain EFA, intensive fattening destroys
this property. The most econamical way to solve this problem would seem
to be through control or reduction in Fattening, with a consequent saving
of high energy foods.

The nutritional characteristics of poultry products, offals and
wild life resources, which may be major sources of animal foods in develop-
ing countries, should be given more attention in the future.
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12. KECOMMENDATIONS

A number of recommendations arose during discussion on the papers

presented at this Consultation. They basically concern diet, processing
and production on one hand, and lines of future ?esearch on the othgr._
They are listed below, without necessarily implying any order of priority.

1201

General

12.1.1 Diet

(1) For population groups with low energy intake,_every effort
should be made to increase the fat content of the diet to raise the
energy density of the diet and satisfy the energy needs.

(ii) The recommended minimum content of essential fatty acids (EFA)
in the human diet is 3 energy percent. Since requirements for EFA
are higher in pregnancy and lactation, this value is raised to

4.5 energy percent in pregnancy and 5-7 energy percent in lactation
(see section 6.6).

(iii) Breast milk substitutes for infants should ideally match the
EFA content of human milk. Thus, weaning diets should contain at
least 3 energy percent as EFA.

(iv) For population groups with a high incidence of atherosclerosis,
obesity and maturity onset diabetes, the recommended composition

of a diet adequate to maintain ideal body weight is 10-15 energy
percent protein and 30-35 energy percent fat. The latter should
have a reduced saturated fatty acid content and a linoleic acid
(18:2, n-6) content amounting to at least one third of the total
fatty acids. The diet should have a low content of sugar and
alcohol and should contain less than 300 mg cholesterol per day.

(v) In the light of the present knowledge from animal studies, it
seems prudent to recommend, for populations in which fat constitutes
a high proportion of dietary energy and includes brassica oils, that

(a) the levels of erucic acid (22:1, n-9) be reduced in brassica
oils and/or

(b} brassica oils should be blended or mixed with other oils.

This recommendation, which may be of special importance to children,
may need to be modified as a result of Ffurther data from human
studies.

(vi) 1In the light of the present knowledge from animal studies, it
seems prudent to recommend, for populations in which fat consti-
tutes a high proportion of dietary energy and which includes partial-
ly hydrogenated marine oils, the blending or mixing of partially
hydrogenated marine oils with other oils. This recommendation,

which may be of special importance to children, may also need to

be modified as a result of further data from human studies.
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(vii) It is recommended that food products contributing signifi-
cantly to total fat intake be labelled to indicate content of total
fat, and percentages of saturated, cis-monounsaturated, trans

and all cis-polyunsaturated fatty aCids in the fat. Cholesterol
should be shown as mg per 100 g product.

12.1.2 Processing

(i) Loss of EFA during hydrogenation and other processes should be
minimized.

(ii) $pecifig nutrients, such as tocopherols and carotenes, if re-
moved in nutritionally significant amounts during refining, should
be replaced whenever feasible.

(iii) Prolonged exposure of polyunsaturated fats to high temperature
during refining should be discouraged.

12.1.3 Production

(i) Edible oil production in developing countries should be in-
creased. Whether achieved by increasing existing edible o0il crops
or by introducing new varieties, full account should be taken of

the need to maintain EFA levels in order to meet the minimum dietary
requirements of the nutrient of particular population groups.

(ii) Bxcess accumulation of adipose tissue containing highly
saturated glycerides should be reduced by changing intensive animal
feeding practices or by breeding.

12.2 Future Lines of Research

1. Yrequirements for the different EFA (1inoleic acid (18:2, n-6),
o~linolenic acid (18:3, n-3) and their long-chain derivatives) with respect
to organ development and function; :

2. proportion of EFA utilizable for growth, tissue repair and
prostaglandin biosynthesis;

3. improvement of methods for assessment of EFA status in humans
in order to evaluate this status more accurately;

4. determination of (i) optimum EFA intake during pregnancy, lacta-
tion and early development, and (ii) the effect of maternal nutrition on
lactation, especially with respect to milk lipid composition and its effect
on child growth and development;

5. role of EFA in conditions leading to retardation in foetal and
child growth and development, especially in protein-energy malnutrition and
during nutritional rehabilitation;

6. effects of early supplementary feeding of high-fat diets ade-
quate in essential fatty acids in two conditions (i) infants breast-fed
by malnourished mothers, and (ii) early weaned infants;
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7. blood lipid responses in children to changes of Qietgry Egtty
acid composition and the value of the low-saturated fatty acid/high-lino-
leic acid diets in the early prevention of atherosclerosis;

8. biochemical and physiological mechanisms involved in the
effects of dietary fats on blood lipoprotein levels, especially of high-
density 1lipoprotein;

9. effect of low and high EFA-containing diets on the insulin re-
quirement for the control of diabetes mellitus;

10. continued evaluation by epidemiological and clinical studies
of the possible long-term health effects in subjects consuming diets with
relatively high amounts of polyunsaturated fatty acids, trans-fatty acids
and fatty acids with carbon chain lengths of 20 or more;

11. vitamin E status in different population groups and especially
in those with low fat intake;

12. use of improved analytical methods to provide more complete in-
formation on the vitamin E content of foods;

13. effects of dietary antioxidants on EFA metabolism;

14. extensive investigations into the nature and nutritional effects
of by-products developed during fat frying;

15. examination of all components of brassica oils in an attempt to
identify substances other than erucic acid (22:1, n-9) leading to focal
necrosis in hearts of experimental animals;

16. 7relationships between consumption of the monounsaturated fatty
acids of 20, 22 and 24 carbon chain lengths and their effect on the patho-
physiology of the heart and other organs in the presence and the absence
of factors such as hypoxia, stress and alcohel;

17. differences in metabolism of the 20 and longer carbon chain
length saturated and monounsaturated fatty acids and fatty acids of shorter
chain length; (this study should include clarification of the processes
leading to the decrease in lipidosis while the causative agent is still
being fed); :

18, _detgrmination of the fatty acid composition, including the cis/
trans distribution, of foods using modern analytical methods in order to
improve the available food composition tables;

19. further investigation of the biochemical and nutritional pro-
perties oi the uneven carbon chain length (e.g. 15 and 17 carbon chain
lengths) and branched chain fatty acids from single cell protein preparations
intended for human consumption.
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APPENDIX 2
" HOME~MADE PREPARATIONS AS SUPPLEMENTARY FOODS

Examples of possible formulae for food supplementation of two- to
four-month old infants based on easily available flours in different parts
of the world are given below:

Invisd Energy Added Energy in
Formulae Protein| fat [Fiber | water| kcal/ MJ/ fat | total mixture

% % % % 100 g 100 g g kcal

Maize flour
+ beans
(ratio
2.2 + 1) 6.2 T4 | 1.1 72 |, 140 0.58 22 338/122 g

Wheat flour
+ legume
(ratio

2 :1) 5.9 1.4 | 1.1 70 168  0.70 21 357/121 g

Rice flour
+ soya (full
Pat) (ratio
2.6 : 1) 3.9 1.3 | 0.5 70 101 0.42 12.5 214/112.5 g

Oatmeal
+ milk
(ratio
2 : 1) 5.6 3.0 | 0.5 | 63 156  0.65 17 309/117 g

Note: It should be stressed that these mixtures are only examples of
nutritional approaches under study and should be carefully tested.

The first two mixtures provide equal amounts of protein from cereals
and legumes; the third mixture provides two thirds from soya flour.

Assuming intakes of 600 ml of breast milk, the energy intake obtained
when these mixtures are given in amounts to fulfil total nitrogen and
essential amino acid safe levels of intake approach the recommended energy
requirements without exceeding them. (Note that the energy content of 150 ¢
or rice-soya mixture is equivalent to 100 g of the other mixtures.) The
energy contributed by fats in these mixtures ranges from 52 to 66 percent
of the total energy and 32-34 kcal (0.13-0.14 MJ?/Q protein. Total energy
is between 55 and 60 kcal (0.23-0.25 MJ)/g protein or 14 to 15 kcal '
(59-63 kJ) per protein kcal. The net dietary protein energy percent of
the 600 ml of breast milk,plus these supplementary feeds, is above 7.5, which
is satisfactory for small infants.
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