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Summary
This paper provides explanations both of why essential fatty acids are essential and
of biochemical terms which are widely used by the general press.
These explanations should aid an appreciation of two of our papers in this issue
especially that by Haslam et al. Vegetable oils are extracted mostly from seeds of
maize, soyabean, sunﬂower, linseed, rape, olive, and palm.
These oils provide over twice as much net energy/kg compared with starch and so
their consumption can contribute to obesity with its adverse eﬀects on health.
They are a source of two essential dietary nutrients in the form of the
polyunsaturated fatty acids (PUFA), C18:2 6 linoleic acid and C18:3, 3, a-linolenic
acid.
Olive oil is also a rich source of C18:1, 9, oleic acid, a monounsaturated fatty acid
(MUFA), which may contribute to its health beneﬁts. Long chain omega-3 fatty acids,
C20:5, 3, eicosapentaenoic acid (EPA), and C22:6, 3, docosahexaenoic acid (DHA)
are also essential in the diet of vertebrates, but the only major primary source of
them is oceanic mono-cellular organisms, phytoplanktons and algae, the foodstuﬀ
of oceanic animal life.

Thus, production of these oils from a crop which can be grown in temperate
climates will be an essential source for ﬁsh farming, where their current source
from wild ﬁsh oils, is becoming scarce. EPA and DHA consumption beneﬁcially
inﬂuence risk factors of cardio-vascular disease (CVD) when they replace saturated
fats in the diet.
They are more potent than are a-linolenic acid and linoleic acid, or than oleic acid.
All these unsaturated fatty acids are protective against CVD, in comparison to
saturated fatty acids, e.g. palmitic acid (C16:0). Nevertheless, palm oil is rich in both
palmitic acid and oleic acid (Table 1).
Olive oil contains a larger proportion of oleic acid and less palmitic acid than does
palm oil, and is considered to be protective. Nevertheless, unsaturated fats are
prone to oxidation and rancidity, whereas saturated fats are relatively stable and
the hydrogenation of unsaturated vegetable oils during the production of margarine
leads to cis—trans isomerisation of unsaturated fats.
The trans-isomers have been shown to raise plasma LDL cholesterol levels and to
pose a risk for CVD. Hence, legislation has been introduced in the USA, where transfat levels must be declared on the labels of appropriate products in the USA.
However, compared with the relationship of fatty acids with the risk factors of CVD,
the correlation of all these risk factors with the occurrence of CVD is less well
secure, for the obvious reason that individuals do not eat nutrients, but mixed diets;
so there is confounding of factors on the response to the dietary environment of
individuals. Some clariﬁcation of this situation is possible in population studies.
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Deﬁnitions – what are fats?
Lipids
Lipids are a group of naturally occurring compounds that include fats, waxes,
sterols, including cholesterol, fat-soluble vitamins (such as vitamins A, D, E, and K),
monoglycerides, diglycerides, triglycerides, phospholipids, and others.
The main biological functions of lipids include storing energy, signalling and acting
as structural components of cell membranes.
Lipids have applications in the cosmetic and food industries as well as in
nanotechnology. Although the term lipid is sometimes used as a synonym for fats,
fats are a subgroup of lipids called triglycerides or triacylglycerols.
Triglycerides (Triacylglycrols )
Triglycerides are the main constituents of vegetable oil (typically containing
more unsaturated fatty acids) and animal fats (typically with more saturated fatty

acids), see Figure 1 for a typical structure.
Figure 2 shows four diﬀerent fatty acids. Stearic acid is completely saturated, i.e. it
has single bonds (-CH2-CH2-) between the carbon atoms in its chain.
Saturated fatty acids are “saturated” with hydrogen – all available places where
hydrogen atoms could be bonded to carbon atoms are occupied i.e. each carbon
has two H atoms attached to it, whereas the omega (end of the C chain) will have
three i.e. a methyl group.
Unsaturated compounds have double bonds (-CH=CH-) between carbon atoms,
reducing the number of places where hydrogen atoms can bond to carbon atoms to
one H atom per C atom, as in oleic acid and in a-linolenic acid (Fig. 2).
These carbon bonds are under stress and thus open to oxidation, or to rotation.
The fatty acid bonds to the glycerol through its acyl (carboxyl) group in forming a fat.
Unsaturated fats have a lower melting point and are more likely to be liquid at room
temperature.
Saturated fats have a higher melting point and are more likely to be solid at room
temperature. Melting point is also determined by C chain length of the fatty acids
shorter chains have a lower melting point. Most natural fats contain a complex
mixture of individual triglycerides. Because of this, they melt over a broad range of
temperatures.
Polyunsaturated fatty acids act as valuable structural components in cell
membranes, whereas saturated fats, not used as energy sources, tend to
accumulate in the liver, viscera and subcutenaeous fat depots and are a component
of arterial plaques.
Fatty acids
These are chain-like molecules, the carboxylic acid (-COOH) end of which is
considered the beginning of the chain, thus “alpha” with the methyl (CH3) end, as
the “tail” of the chain, thus “omega.”
Nevertheless, the way in which a fatty acid is named is determined by the location of
the ﬁrst double bond, frequently counted from the methyl end, that is, the omega (
-) or the n- end.
The chain lengths of the fatty acids in naturally occurring triglycerides vary, but most
contain 16, 18, or 20 carbon atoms. Natural fatty acids found in plants and animals
are typically composed of only even numbers of carbon atoms.
Bacteria, however, possess the ability to synthesise odd- and branched-chain fatty
acids.
As a result, ruminant animal fat contains some odd-numbered fatty acids, such as
15, owing to the action of bacteria in the rumen. (see Table 1)

A short notation is used to deﬁne those of each type of fatty acid n.b. see under
Transisomers, below, for an explanation of the term “cis”:
C18:0 denotes an acid with 18 C atoms in its chain, all of which are saturated with
H atoms, a SFA.
C18:1, 9 (also known as C18:1n-9), oleic acid, a MUFA, denotes a fatty acid with 18 C
atoms in its chain, but it has one unsaturated cis-bond, which is 9 C atoms from the
omega ( or n) end, i.e. the methyl-group, of the chain.
C18:2, 6 (also C18:2n-6), linoleic acid, a PUFA, denotes a fatty acid with 18 C atoms
in its chain, but it has two unsaturated cis-bonds, the ﬁrst of which is 6 C atoms
from the end of the chain, whereas the second double bond is 9 C atoms from the
end of the chain.
This is a polyunsaturated fatty acid (PUFA). It is one of the essential fatty acids, so
called because they are necessary for health, and they cannot be produced
adequately within the human body. They must be acquired through diet.). All PUFAs
are dietary essential in humans.
C20:5, 3 (also C20:5n-3), EPA, a PUFA with 20 C atoms in its chain with ﬁve
unsaturated cis-bonds, the ﬁrst of which is 3 C atoms from the end of the chain,
whereas the other double bonds are 6, 9, 12 &15 C atoms from the end of the chain.
C22:6, 3 (also C22:6N-3), DHA, a PUFA with 22 C atoms in its chain, but with six
unsaturated cis-bonds, the ﬁrst of which is 3 C atoms from the end of the chain,
whereas the other double bonds are 6, 9, 12 ,15 & 18 C atoms from the end of the
chain. This is
another PUFA.
C18:3, 3, a-linolenic acid (ALA), an n-3 PUFA with an 18-carbon chain and three cis
double bonds. The ﬁrst double bond is located at the third carbon from the
methyl end of the fatty acid chain, known as the n end- the other two are located at
carbons 6 and 9.
Thus, a-linolenic acid is a polyunsaturated n-3 (omega-3) fatty acid. ALA is found in
seeds: chia, ﬂaxseed, nuts (notably walnuts), and in many common vegetable oils. In
terms of its structure, it is also named from the alpha-end as all-cis-9,12,15octadecatrienoic acid. Its isomer is gamma linoleic acid GLA is 18:3 (n-6).
n.b. I used the term cis. It is unfortunately important to understand this term, as
legislation is in the process for the declaration of the cis-trans composition of fats in
food products (see Trans-Isomers, below).
N-3, Omega, 3
Terrestrial plants can be rich in 18C PUFA such as linoleic acid (18:2 6) and alinolenic acid (ALA, 18:3 3), but the biologically most active omega-3 fatty acids in

ﬁsh are the long-chain polyunsaturated 3 fatty acids primarily EPA (20 carbons and 5
double bonds) and DHA (22 carbons and 6 double bonds) (Fig. 3).
Some freshwater and salmonid species of ﬁsh can produce EPA and then from EPA,
the more crucial, DHA, but most marine ﬁsh are unable to do so in adequate
quantities from the shorter-chain omega-3 fatty acid ALA (18 carbons and 3 double
bonds) provided in dietary plant sources.
The ability of vertebrates to make these longer-chain omega-3 fatty acids from ALA
may be impaired even more by aging, and is generally considered not to exceed 5%,
so this ability is inadequate to meet their dietary requirement.
It may be concluded that vertebrates, including ﬁsh, cannot adequately synthesise
PUFAs (i.e. fatty acids with more than one double unsaturated bond) because they
lack the enzymes required for their production from monounsaturated fatty acids.
Trans-isomers (see Fig. 4)
An unwelcome side eﬀect occurs during the partial hydrogenation of
the unsaturated fat when some of the cis double bonds are converted into
trans double bonds by an isomerization reaction with the catalyst used for
the hydrogenation during production to raise the melting point of products such as
margarine.
Cis and trans forms are known as geometric isomers of fatty acids. They are
structurally identical except for the arrangement of the double bond, and so the
location of the two H atoms in relation to the two carbons is changed.
Most natural fatty acids have a cis-conﬁguration i.e. vegetable sources.
The fatty acids in Figs 2 and 3 are all indicated as cis-isomers. Fig. 4 indicates the
change in the bond during trans formation – a structural arrangement possessing a
lower energy.
There is pressure on legislators to place a legal limit on trans-isomers of
unsaturated fatty acids, especially in hydrogenated vegetable fats. In 2013, the
United States Food and Drug Administration (FDA) issued a preliminary
determination that partially hydrogenated oils (which contain trans fats) are not
“generally recognized as safe”.
On 16 June 2015, the FDA in the USA set a three-year time limit for their removal
from all processed food. Trans fats levels can be reduced or eliminated using
saturated fats!1.
High intake of trans fatty acids can lead to human health problems as it contributes
to obesity, high blood pressure, and a greater risk for heart disease.
Trans fat is abundant in fast food restaurants. It is consumed in greater quantities
by people who do not have access to a diet consisting of fewer hydrogenated fats,
or who often consume fast food2.

Health and trans fats
There are two accepted blood tests that measure an individual’s risk for coronary
heart disease.
The ﬁrst considers ratios of two types of cholesterol, the other the amount of a
cellsignalling cytokine called C- reactive protein. The ratio test is more accepted,
while the cytokine test may be more powerful. The eﬀect of trans fat consumption
has been
documented3,4,5 .
Cholesterol ratio: This ratio compares the levels of LDL to HDL. Trans fat behaves
like saturated fat by raising the level of LDL, but, unlike saturated fat, it has the
additional adverse eﬀect of decreasing levels of HDL.
The net increase in LDL/HDL ratio with trans fat is approximately double that due to
saturated fat. (Higher ratios are worse.).
C-reactive protein (CRP): A study of over 700 nurses showed that those in the
highest quartile of trans fat consumption had blood levels of CRP that were 73%
higher than those in the lowest quartile6,7,8.
A 2006 study supported by the National Institutes of Health and the USDA
Agricultural Research Service concluded that palm oil is not a safe substitute for
partially hydrogenated fats (trans fats) in the food industry, because palm oil results
in adverse changes in the blood concentrations of LDL and apolipoprotein B just as
trans fat does10,11,12,13,14.
Conjugated Linoleic acid (CLA)
Conjugated fatty acids are polyunsaturated fatty acids in which at least one pair of
double bonds are separated by only one single bond, as in conjugated linoleic acid,
in Fig. 5, whereas in Fig 4 you will notice the three double bonds of alpha-linolenic
acid (in red) are separated by one further carbon, i.e. they are not conjugated.
Conjugated linoleic acids (CLA) are a family of at least 28 isomers of linoleic acid
found mostly in the meat and dairy products derived from ruminants (Table 1).
One such isomer of CLA is shown in Fig. 5
CLAs are both a trans and a cis fatty acids. The cis bond causes a lower melting
point and ostensibly also the observed beneﬁcial health eﬀects. Unlike other trans
fatty acids, they may, therefore, have beneﬁcial eﬀects on human health.
In the United States, trans linkages in a conjugated system are not counted as trans
fats for the purposes of nutritional regulations and labelling.
CLA and some trans isomers of oleic acid are produced by microorganisms in the
rumens of ruminants (Table 1).
Non-ruminants, including humans, produce certain isomers of CLA from trans
isomers of oleic acid, such as vaccenic acid (not a conjugated fatty acid, as it
possesses only one double bond, Table 1), but, which is converted to CLA by the

enzyme, delta-9-desaturase.
Most studies of CLAs have used a mixture of isomers wherein the isomers c9,t11CLA (rumenic acid) and t10,c12-CLA were the most abundant. More recent studies
using individual isomers indicate that the two isomers have very diﬀerent health
eﬀects15,16.
In healthy humans, CLA and the related conjugated linolenic acid (CALA) isomers are
bioconverted from linoleic acid and alpha-linolenic acid, respectively, mainly by
Biﬁdobacterium bacteria strains inhabiting the gastrointestinal tract.
This bacterium is considered to produce beneﬁcial eﬀects, especially in babies. In
2008, the United States Food and Drug Administration categorized CLA as generally
recognized as safe (GRAS).
Dietary sources of conjugated linoleic acid
Kangaroo meat may have the highest concentration of CLA17. Food products from
grass-fed ruminants, e.g. mutton, beef18, dairy products and eggs are good sources
of CLA19,20.
Some mushrooms, such as Agaricus bisporus and Agaricus subrufescens, are
rare non-animal sources of CLA21.
Health eﬀects of N-6 and N-3 polyunsaturated fatty acids (i.e. LA, ALA, EPA and DHA
) and monounsaturated fatty acids (e.g. oleic
acid)
The relationship between blood levels of cholesterol and cardio-vascular disease
(CVD), or that between the intake of SFA and PUFA or MUFA and CVD is somewhat
inconclusive.
Investigations have failed to show an eﬀect on ﬂow-mediated dilatation, or other
measures of vascular function; whereas signiﬁcant beneﬁcial eﬀects on blood lipids
and slight beneﬁcial eﬀects on blood pressure have been observed by replacing SFA
with either MUFA or PUFA, or by a diet high in carbohydrate 22,23,24,25,26,27.
It can be concluded that LC PUFA, (n-6 & n-3) and MUFA do beneﬁt blood lipids
when they replace SFA in the diet; but the relationship between this and risk
of cardio-vascular disease is less clear.
On balance there seems to be a beneﬁt from the use of unsaturated fatty acids.
However, it should be borne in mind that margarines, where the melting point of
unsaturated oils has been raised, may contain undesirable concentrations of transfatty acids.
When this occurs the beneﬁcial eﬀect can be nulliﬁed. This points to the importance
of declarations on labels of the trans-fatty acid content.

The only reservation to this is the conjugated fatty acids of dairy products, brought
about by the rumen microbial activity, in which the molecule contains both cis and
trans modiﬁcation in adjacent pairs of C atoms in the carbon chain.
The evidence indicates that conjugated fatty acids are generally recognized as safe.
Health eﬀects of Long chain N-3 fatty acids
The three types of dietary essential omega-3 fatty acids involved in human
physiology are a-linolenic acid (ALA) (found in plant oils)28,29,30, eicosapentaenoic
acid (EPA), and docosahexaenoic acid (DHA) (both commonly found in marine oils).
A meta-analysis31 showed a positive relationship between dietary cholesterol
intake and serum cholesterol concentration; but surveys of any speciﬁc relationship
between serum cholesterol concentration and the incidence of cardio-vascular
disease (CVD) is weak.
The reason for this is that the incidence of CVD is negatively associated with dietary
ﬁbre and vegetable protein intake which are also inversely associated with
cholesterol intake.
The risk of CVD is correlated with saturated fatty acid intake and the proportion of
energy from fat, which in turn is positively associated with cholesterol intake.
Nevertheless, saturated fatty acids are relatively stable in air, whereas foods
containing unsaturated fatty acids are vulnerable to oxidation and rancidity when
exposed to air if the foods are inadequately protected by natural or synthetic
permissible antioxidants.
The results of meta-analyses of surveys and prospective cohort studies indicate that
the consumption of ﬁsh or ﬁsh oil, in which there are high concentrations of
tocopherols and other natural antioxidants protecting the n-3 fatty acids,
eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), is associated with decreased cardiovascular death,
whereas consumption of the vegetable oil-derived n-3 a-linolenic acid is beneﬁcial,
but not as eﬀective31,32,33.
Randomized control trials (RCTs) in the context of secondary prevention indicate
that the consumption of EPA plus DHA is protective at doses <1 g/d. The therapeutic
eﬀect appears to be due to suppression of fatal arrhythmias rather than
stabilization of atherosclerotic plaques.
At doses >3 g/d, EPA plus DHA can improve cardiovascular disease risk factors,
including decreasing plasma triacylglycerols (triglycerides), blood pressure (systolic
and diastolic), platelet aggregation, and inﬂammation, while improving vascular
reactivity33.
Eﬀects of Omega-3 Fatty Acids on Cardiovascular Disease
Mainly on the basis of the results of RCTs, the American Heart Association
recommends that everyone eat oily ﬁsh twice per week and that those with

coronary heart disease eat 1 g/d of EPA plus DHA from oily ﬁsh or supplements34.
Owing to the global scarcity of ﬁsh oil sources farmed ﬁsh at present contain less
EPA or DHA, than do wild ﬁsh.
This situation, we trust, will be rectiﬁed in due course by the development of a
genetically modiﬁed Camelina
sativa, as a land-based source of EPA and DHA by Haslam et al. (pages15-23).
Inﬂammation
Some research suggests that the anti-inﬂammatory activity of long-chain omega-3
fatty acids may translate into clinical eﬀects.
A 2013 systematic review found tentative evidence of beneﬁt35. Consumption of
omega-3 fatty acids from marine sources lowers markers of inﬂammation in the
blood, such as C-reactive protein, interleukin 6, and TNF alpha.
For rheumatoid arthritis (RA), one systematic review found consistent, but modest,
evidence for the eﬀect of marine n-3 PUFAs on symptoms such as “joint swelling
and pain, duration of morning stiﬀness, global assessments of pain and disease
activity”35,36.
However, the American College of Rheumatology has stated that there may be
modest beneﬁt from the use of ﬁsh oils, but that it may take months for eﬀects to
be seen, and cautions for possible gastrointestinal side eﬀects and the possibility of
supplements containing mercury or vitamin A at toxic levels37.
Sources of long-chain N-3 fatty acids
The world’s oceans are warming up.
As the mean temperature of oceans rise it decreases their oxygen tension with a
likely impact on wild ﬁsh stocks.
This fact together with over-ﬁshing to meet the demands of an ever-increasing
world human population, is leading to a depletion of these stocks, indicating the
essentiality of ﬁsh farming.
Fish, squid and krill are a good natural source of N-3 ( -3) fatty acids.
However, these species are unable to manufacture long chain N-3 fatty acids (EPA
and DHA) to meet their needs.
They depend on marine algae and phytoplankton as the primary sources of these
fatty acids.
These single cell organisms are the only signiﬁcant source of EPA and DHA, required
by both ﬁsh and humans, (although several bacterial genera have been identiﬁed as
sources, e.g. Cellulophaga, Pibocella and Polaribacter in the Antarctic are able to
produce EPA & DHA)38.

The future of oceanic phytoplankton is unclear, owing to climate change. There are
plant sources of shorter chain N-3 fatty acids e.g. alpha linolenic acid (ALA),
including walnut, edible seeds, clary sage seed oil, algal oil, ﬂaxseed oil, Sacha Inchi
oil, Echium oil, and hemp oil.
Fish and eventually Man depend on phytoplankton and the algae for the synthesis
of long chain N-3 fatty acids in quantities to meet their nutritional requirements.
The ability to transfer phytoplankton genes for the desaturase and elongase
enzymes for the synthesis of EPA and DHA from shorter chain a-linolenic acid to
false ﬂax, described in this issue by Haslam and colleagues at Rothamsted, oﬀers to
potentially meet these needs without further destruction of the marine
biosphere.
Omega-3 and omega-9 conclusions
Overall, there is strong evidence that ﬁsh oils have a beneﬁcial eﬀect on blood
triglycerides (neutral fat) that is dose-dependent and similar in various
populations33,39,40.
There is also evidence of a very small beneﬁcial eﬀect of high doses (3-4g/d) ﬁsh oils
on blood pressure41, especially that of DHA42 and possible beneﬁcial eﬀects on:
coronary artery restenosis (stenosis-narrowing of the artery, restricting blood ﬂow)
after
angioplasty43,44 and on exercise capacity in patients with coronary
atherosclerosis, and possibly heart rate variability, particularly in patients with
recent myocardial infarctions44, 45.
No consistent beneﬁcial eﬀect is apparent for other analysed CVD risk factors or
intermediate markers. However, there is also no consistent evidence of a
detrimental eﬀect of omega-3 fatty acids on glucose tolerance. The correlation
between intake of omega-3 fatty acids and tissue levels is fairly uniform in diﬀerent
tissues46.
Palm oil (from Elaeis guineensis L.)
In this Issue we publish a paper on palm oil which contains approximately 44%
palmitic acid and 37% oleic acid.
As palmitic acid is fully saturated, and in an oil, a liquid at room temperature, it is
more stable than many other oils, and so less subject to rancidity; but its saturated
nature could have poorer health beneﬁts than oils containing polyunsaturated fatty
acids. Furthermore, its production has led to the destruction of vast areas of tropical
forest.
Nevertheless, it contains approximately 38% oleic acid, a monounsaturated fatty
acid (Table 1), a fatty acid that has some putative health beneﬁts.
Olive oil (from Olea europaea L.)
The Mediterranean Diet is one heavily inﬂuenced by monounsaturated fats.

People in countries bordering the Mediterranean consume more total fat than
those who live in Northern European countries, but most of the fat is in the form of
monounsaturated fatty acids from olive oil and omega-3 fatty acids from ﬁsh,
vegetables, and certain meats, while consumption of saturated fat is minimal in
comparison.
The diet in Crete is fairly high in total fat (40% of total energy, almost exclusively
provided by olive oil) yet it aﬀords a remarkable protection from coronary heart
disease49 (and probably colon cancer) ,owing, possibly to a very high oleic acid
content50 (Tables 1 and 2). Much of the beneﬁt may stem from the use of this oil in
its uncooked form by Mediterranean countries.
Although olive oil contains oleic acid at levels of 60-80% a major health beneﬁt is
thought to be the non-fat lipids (e.g. 0.2% phytosterol and tocosterols,
hydroxytyrosol, oleuropein aglycone, and ligstroside along with traces of squalene
(up to 0.7%) present only in the extra virgin oil).
Olive oil is a source of at least 30 phenolic compounds, among which is elenolic acid,
a marker for maturation of olives.
The composition of a sample varies by cultivar, region, altitude, time of harvest, and
extraction process (Table 2).
Although epidemiological studies indicate that a higher proportion of oleic acid in
the diet may be linked with a reduction in the risk of coronary heart disease a
comprehensive scientiﬁc review by the European Food Safety Authority (EFSA)51 in
2011, concluded cause-and-eﬀect relationships have not been adequately
established for consumption of olive oil and for maintaining 1) normal blood LDLcholesterol concentrations, 2) normal (fasting) blood concentrations of triglycerides,
3) normal blood HDL-cholesterol concentrations, and 4) normal blood glucose
concentrations.
But a large scale KANWU study52 found that increasing monounsaturated fat and
decreasing saturated fat intake could improve insulin sensitivity, but only when the
overall fat intake of the diet was low.
Studies have shown that substituting dietary monounsaturated fat for saturated fat
is associated with increased daily physical activity and resting energy expenditure53.
More physical activity was associated with a higher-oleic acid diet than one of a
palmitic acid diet. In
children, consumption of monounsaturated oils is
associated with healthier serum lipid proﬁles54.
Limited and not conclusive scientiﬁc evidence suggests that eating about 2 tbsp.
(23g) of olive oil daily may reduce the risk of coronary heart disease owing to the
monounsaturated fat in olive oil.
To achieve this possible beneﬁt, olive oil is to replace a similar amount of saturated
fat and not increase the total daily energy intake. In the United States, producers of
olive oil may place a restricted health claim on product labels55.

This decision was announced November 1, 2004, by the Food and Drug
Administration after application was made to the FDA by producers. Similar labels
are permitted for foods rich in medium chain omega-3 fatty acids such as walnuts
and hemp seed. (A Summary of Qualiﬁed Health Claims Subject to Enforcement
Discretion).
But as mentioned above the low incidence of heart disease associated with a
Mediterranean diet may owe, at least in part, to the non-fat, lipid constituents
present only in extra virgin olive oil and the use of oil in the uncooked form, rather
than as margarine.
Overall Conclusions
1. Vegetable oils are extracted mainly from seeds of: maize, soyabean, sunﬂower,
linseed, rape, olive, and palm. There is concern over the eﬀect of oil palm
plantations on the destruction of wild life, reduction in biodiversity and damage to
soil composition and structure, as well as the release of greenhouse gases during
the initial clearance of the planting area.
2. The yield of oil/ha from the genetically improved oil-palm is very considerably
greater than that, for example, of olives.
3. Vegetable oils provide over twice as much net energy/kg compared with starch
and so their consumption can contribute to obesity with all its adverse eﬀects on
health.
4. Vegetable oils are a source of two dietary essential nutrients in the form of the
polyunsaturated fatty acids (PUFA), C18:2, 6, linoleic acid and C18:3, 3, a-linolenic
acid. Olive oil is also a rich source of C18:1, 9, oleic acid, a MUFA, which may
contribute to its health beneﬁts.
5. At present there has been no vegetable source of long chain omega-3 dietary
essential fatty acids C20:5, 3, eicosapentaenoic acid (EPA), and C22:6, 3,
docosahexaenoic acid (DHA).
Both these omega-3 fatty acids are essential in the diet of vertebrates, including ﬁsh
and humans; but the only major source of them is the simple oceanic mono-cellular
organisms, phytoplanktons and algae.
Haslam et al. at Rothamsted describe in this Issue, their harvesting from these
organisms the group of genes needed for the elongase and desaturase enzymes
necessary for the production of EPA and DHA from a-linolenic acid, a C18:3, omega3 acid.
They have successfully incorporated these genes in the gene pool of Camelina
sativa, false ﬂax, a crop which can be grown in temperate climates. This will be an
essential source for ﬁsh farming where their current source from wild ﬁsh oils, is
becoming scarce.

6. There is now reasonable evidence that long chain omega-3 dietary essential fatty
acids (C20:5, 3 and C22:6, 3), inﬂuence risk factors of cardio-vascular disease
(CVD).
The best evidence is that they are more potent than are the dietary essential, alinolenic acid, an omega-3 acid (C18:3 3), linoleic acid an omega-6 acid (C18:2, 6),
or than oleic acid, an omega-9 acid (C18:9, 1). All these unsaturated fatty acids are
protective, as measured by risk factors to CVD, response; whereas saturated fatty
acids, e.g. palmitic acid (C16:0), are considered to promote CVD, in comparison to a
low fat diet56. Nevertheless, it should be remembered that palm oil is rich in both
palmitic acid and oleic acid (Table 1).
Olive oil contains a larger proportion of oleic acid and less palmitic acid that does
palm oil, and is considered to be protective, but the yield per ha of olive oil is far less
than that of palm oil which has its environmental consequences! (see Murphy pages
24-34).
Unsaturated fats are prone to oxidation and rancidity, whereas saturated fats are
relatively stable and the hydrogenation of unsaturated vegetable oils during the
production of margarine leads to cis-trans isomerisation of unsaturated fats.
The trans-isomers have been shown to raise plasma LDL cholesterol levels and to
pose a risk for CVD. Hence, legislation has been introduced in the USA, where transfat levels must be declared on the labels of appropriate products in the USA.
The relationship of fats to risk factors of CVD is well established and accepted.
However the correlation of these risk factors with the occurrence of CVD is less well
secure57 owing to the confounding of factors in mixed diets on the response of
individuals.
Some clariﬁcation of the situation is possible in the analysis of population studies.
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Figures

Figure 1.
Fig. 1 A triglyceride is a compound derived from glycerol and three fatty acid alkyl chains, R1,
R11 and R111, forming an ester through their acyl group. These three chains may be identical,
or each one may have a diﬀerent formula.

Figure 2.
Figure 2 The structural formulae of four fatty acids, the lower two of which are dietary essential
fatty acids, in that mammals and ﬁsh are incapable of their synthesis from non-essential fatty
acids. n.b. The methyl group is at the omega end of the chain, regardless of its length (also
known as the n end) and the carboxyl group is at the alpha end.

Figure 3.
Figure 3 The structural formulae of two long chain cis 3 fatty acids (EPA & DHA), essential in the
diet of vertebrates, including ﬁsh and of Man. The third is a saturated fatty acid rich in palm oil.

Figure 4.
Fig. 4 Reaction scheme for three fatty acids in a molecule of a triglyceride (a triacylglycerol): of
trans fat during the hydrogenation process for the production of margarine from oils. Up to 45%
of the total fat may contain trans fatty acids. The Figure shows a triglyceride containing in one
saturated fatty acid, palmitic acid (blue), one mono-unsaturated fatty acid, oleic acid (green), and
one polyunsaturated fatty acid, a-linolenic acid, (red). The latter is changed to a trans.oleic acid*
(black), the blue remains palmitic acid; whereas the monounsaturated fatty acid (green)
becomes saturated stearic acid (black).*see table 1 for another C18:1 acid, Vaccenic acid.

Figure 5.
Fig. 5 Conjugated Linoleic acid which has adjacent trans7- and cis9bonds.

Figure 6.
Table 1 Chemical composition of vegetable oils and butter (Moles %)47
Footnotes
* Palm kernel oil is obtained from the kernel of the oil palm fruit.
Vaccenic acidv, also known as (E)-Octadec-11-enoic acid is a C18.1 naturally occurring trans-fatty
acid found in the fat of ruminants and in dairy products such as milk, butter, and yogurt. It is
also the predominant fatty acid comprising trans fat in human milk48.
The name was derived from the Latin vacca (cow).

Figure 7.
Table 2 Range in fatty acid composition of olive oil
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