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Abstract: Omega-3 polyunsaturated fatty acids have two major field of interest. The first lies in their quantitative
abundance and their role in the development and maintenance of the brain. The second is their role in the
prevention of different pathologies, mainly the cardiovascular diseases, and more lately some psychiatric
disorders, from stress to depression and dementia. Thus, dietary omega-3 fatty acids are very important to ensure
brain structure and function, more specifically during development and aging. However, concerning essential
alpha-linolenic acid (ALA), most occidental diets contain about 50 % of the recommended dietary allowances.
The problem is to know which foods are naturally rich in this fatty acid, and to determine the true impact of the
formulations (enriched in omega-3 fatty acids, either ALA or EPA and DHA) in chows used on farms and
breeding centres on the nutritional value of the products (meat, butter, milk and dairy products, cheese, and eggs,
etc), and thus their effect on the health of consumers, especially to ensure adequate quantities in the diet of the
aging people. The consequences (qualitative and quantitative) of modifications in the composition of animal
foods on the value of derived products consumed by humans are more marked when single-stomach animals are
concerned than multi-stomach animals. Because, for example, hydrogenating intestinal bacteria of the latter
group transform a large proportion of polyunsaturated fatty acids in their food into saturated fatty acids, among
others, thus depriving them of any biological interest. Under the best conditions, by feeding animals with extracts
of linseed and rapeseed grains for example, the level of ALA acid is increased approximately two-fold in beef
and six-fold in pork, ten-fold in chicken, and forty-fold in eggs. By feeding animals with fish extracts or algae
(oils) the level of DHA is increased about 2-fold in beef, 7-fold in chicken, 6-fold in eggs, and 20-fold in fish
(salmon). To obtain such results, it is sufficient to respect only the physiological needs of the animal, which was
generally the case with traditional methods. It is important to stress the role of fish, whose nutritional value for
humans in terms of lipids (determined by omega-3 fatty acid levels) can vary considerably according to the type
of fats the animals have been fed. The aim of preventing some aspects of cardiovascular disease (and other
pathologies) can be achieved, or on the contrary frustrated, depending on the nature of fatty acids present in fish
flesh, the direct consequence of the nature of fats with which they have been fed. It is the same for eggs, “omega-
3 eggs” being in fact similar to natural eggs, were used in the formulation of certain formula milks for infants,
whose composition was closest to that of breast milk. In fact, the additional cost on the price paid by the
consumer is modest compared to the considerable gain in nutritional value in terms of omega-3 fatty acids
content. Interestingly, in aged people, ALA recommendations in France are increased (0.8% daily energy intake
in adult, 0.9 % in aged) and DHA is multiplied by 2 (0.05 % daily energy intake in adult, 0.1 % in aged; as well
as in pregnant and lactating women).

Key words: Animal feeding, omega-3 fatty acids, polyunsaturated, diet, nutrition, aged, nutritional value, cost.

Abbreviation used: FA: fatty acid. PUFA: polyunsaturated fatty acid. ALA : alpha-linolenic acid. EPA :
eicosapentaenoic acid. DHA : docosahexaenoic acid.

Introduction more unsaturated hydrocarbon chains. The main ones are

eicosapentaenoic acid (EPA, 20:5(n-3), 20:5w3, 20:5 omega-3)

Recent reviews in this journal have recently focused and docosahexanoic acid, (DHA, 22:6(n-3), 22:6w3, 22:6

attention on the role of unsaturated fatty acids (especially omega-3).

omega-3 fatty acids) in the brain at various age and during
aging (1) and, more specifically, the importance of dietary
omega-3 fatty acids in psychiatry (2). The first element of the
omega-3 fatty acids (figure 1) is the essential fatty acid alpha-
linolenic acid (ALA, 18:3(n-3), 18:3w3, 18:3 omega-3); other
members of this family are derivatives of ALA with longer,
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For example, all the omega-3 FA are required for the
prevention and treatment of cardiovascular disease, particularly
ischemic obstruction. ALA has been shown to have positive
effects on the cardiovascular system. The main indication for
DHA and EPA from fish oil is that they reduce
hypertriglyceridemia. Other areas, such as inflammation,
certain rheumatological and dermatological conditions
(psoriasis), cancers, and most recently psychiatric disorders, are
under active investigation. Polyunsaturated FAs (PUFAs) are
involved in ageing: their dietary lack may alter membrane lipid
turnover, including the brain.

The omega-3 FA, especially DHA, are implicated in brain
structures and cognitive functions. ALA was one of the first
macronutrients for which experiments showed an effect on
brain structure and function. Its most important actions are to
form part of membranes. It was first shown that the
differentiation and function of brain cells in culture required not
just ALA, but also DHA and arachidonic acid (3). It was then
shown that a lack of ALA altered the composition of the
membranes of brain cells, neurons, oligodendrocytes and
astrocytes, together with myelin and nerve terminals (4). This
lack led to changes in membrane fluidity, resulting in
biochemical and physiological disturbances and their associated
neurosensory and behavioural changes (5). Consequently, the
nature of polyunsaturated FA (especially omega-3 FA) in infant
formulas (for premature and full term babies) influences their
visual, cerebral and intellectual capacities (6, 7). Omega-3 FAs
are important nutrients that actively contribute to the structure
of the brain, and hence to its function, as discussed in popular
science books (8), one of which focuses on the omega-3 FA (9).

This review evaluates the real contribution, in terms of the
daily requirement, to human consumption of animal products
whose omega-3 FA content has been increased by using high
omega-3 FA feeds, that contain either ALA or EPA and DHA.
Feeds enriched by directly adding omega-3 FA (such as milk
enriched with microcapsules containing fish oil, bread enriched

233

in the same way or with linseed) are not covered in this review.
Bioavailability of omega-3 fatty acids in capsules is briefly
presented in the discussion. The aim is to evaluate the relevance
of improving the omega-3 fatty acid (FA) content of animal
products by feeding animals with appropriate lipids; while
bearing in mind that ALA has quite different properties from
EPA and DHA, so that each must be considered in the light of
its specific properties. In fact, diet in occidental countries is not
adequate, at least for ALA.

A lack of dietary omega-3 FA in occidental countries

The French (10) daily recommended intake of ALA is 2 g
for men (for 2200 kcal/day) and 1.6 g for women (for 1800
kcal/day) and 1,5 g in ageing people (for 1700 Kcal/day). A
recent study carried out in Aquitaine showed that women of
child-bearing age obtain only 40% of the recommended daily
ALA requirement from their diet (11). Similar results were
obtained in Brittany in a study on a small sample of men and
women (12), throughout France in the SUVIMAX study, as
reported by the AFSSA (13) (Table IA) and in other countries:
Canada (14), Sweden (15) and US (16). The actual intake of
EPA and DHA is not clearly documented. The estimated
consumption of the long chain omega-3 FA in France has yet to
be published, but the Brittany study showed that the intake of
DHA and EPA was 110 mg per day in this region (12), which is
less the recommended daily requirement, 120 mg DHA per day
for men and 100mg DHA for women and 100 mg for aged
people. Table 1B presents the recommendations for EPA and
DHA.

Table 1A
Consumption of omega-3 fatty acids in France

All France Aquitaine Brittany Recommended daily
SUVIMAX i

intake (g/day)
ALA
men (g/da}g 1 - 2 (for 2200 Kcal/day)
women (g 2(11}’) 0.8 0.7 1.6 (for 1800 Kcal/day)
pregnant (g/day) 0.8
men + women 0.75
Linoleic/ALA
Men 11.1 - 5
women 10.8 15 5
men + women 14.9

From SUVIMAX, AFSSA report 2003. French recommended daily intake (10). The
Aquitaine study was done on women only (11). The Brittany study (12) gave no separate
data for men and women; they consumed 110 mg EPA+DHA per day. The consumptions
of EPA and DHA for the whole of France have not yet been determined. According to
ISSFAL (17), there are various international recommendations of poly-unsaturated fatty
acids intakes. In fact, the ALA recommendations are 1% of daily energy (i.e. 2,0 g/day for
2000 kcal) for five different bodies/countries in Australia, Japan, the Netherlands. It is
0.68% of daily energy for the food and nutrition board in USA and Canada (1,35 g/day)
and 0.7 % for ISSFAL itself.

According to ISSFAL (17), there are various international
recommendations of poly-unsaturated fatty acids intakes. In
fact, the ALA recommendations are 1% of daily energy (i.e. 2,0
g/day for 2000 kcal) for five different bodies/countries in
Australia, Japan, the Netherlands. It is 0.68% of daily energy
for the food and nutrition board in USA and Canada (1,35
g/day) and 0.7 % for ISSFAL itself. It is 0.8 % of daily energy

in France (10), i.e. 2g for 2200 kcal/day.
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Table 1B
Specific recommendations for EPA and DHA

Date Omega-6/omega-3  Specific recommendations
Ratio recommended
Norway (National nutrition council) 1989 none 0.5 % DE for omega-3 (1-2 g/day)
NATO workshop 1989 none 0.27 % DE (0.8g/day) EPA-DHA
Canada (Scientific Review Committee 1990 5:1-6:1 Omega-3 at least 0.5 % DE
France CNERNA-CNRS 1992 4:1-10:1 0.5-1 % DE for ALA
GB (British Nutrition Task force) 1992 6:1 EPA 0.2 -0.5 % DE,DHA 0.5 % DE
FAO-WHO Expert committee on fats and oils in human nutrition 1994 5:1-10:1 Pre-formed DHA in pregnancy
ISSFAL-USA Expert workshop 2000 none EPA + DHA 0.3 % DE, or 0.65 g/day
Crete, Eurodiet-nutrition 2000 none 200 mg long chain poly-unsaturates per day
France CNERNA-CNRS; AFSSA 2001 5:1 0.8 % DE for ALA, 0.2 %. DE per day long chain
polyunsaturates (500 mg for men, 400 mg for
women), DHA min 0.05 % DE (120 mg for men
and 100 mg for women; 0.1 % DE for aged
(100mg/day)
Netherlands (Health Council) 2001 none 200 mg/day long chains omega-3

From ISSFAL (17) and AFSSA (10). DE: daily energy.

The only foods that are effective dietary components (10),
providing the tens of grams of ALA required daily, are the oils
prepared from rapeseed, soybean and walnuts, plus a type of
egg defined as “omega-3” or “benefic” eggs (in France) or
“Columbus eggs” (in US and most European countries) from
laying hens fed linseed or eventually algae (quite apart from
their other qualities, including ‘organic’ or ‘special’) and
walnuts themselves. Table 11 lists the main sources of ALA.
Wild fatty fish generally have a very high DHA content, as do
farmed fish provided they are fed correctly.

Table 2
Human dietary sources of ALA

ALA (g/100g) Linoleic/ALA
Mother’s milk 0.6 10
Fats
lard 1 9
Beef dripping 0.5 4
Mutton dripping 0.2 0.7
Butter 0.5 1.5
Margarine " oméga-3 " 1.2 12
Oils
Rapeseed 10 19
Soybean 7 6.7
Walnut 12 4.4
Olive 0.7 9
Meat
Horse 0.10t0 0.8 0.6
Rabbit 0.10t0 0.5 2t05
Chicken 0.04t00.2 6.3
Duck 0.04t00.2 9.8
" omega-3 " eggs 04 34

From (9, 13). Although linseed oil contains 54 g ALA per 100g, it is presently banned for
human consumption in France, but not in many other countries. There are no data for
ruminant (sheep, goats, cattle) meat as their ALA, EPA and DHA contents are very low.

It is clear that the effects of animal feed on the nutritional
value (for mankind) of derived products destined for human
consumption is in fact much greater than the influence of
methods used to grow vegetables on their nutritional value. The
variety and the species of plant influence the compositions of
plant products much more than the growing methods. For
example, the polyunsaturated FA contents of peanut oils
produced from African and American peanuts are very
different. The same is true for olive oils. A study of olive
cultivars in Tunisia (18) showed that they differed significantly
in their contents of oleic and linoleic acids and ALA. This is
not so for animals, whose lipid reserve may be very sensitive to
the type of fatty acids obtained from the diet.

Modulating the lipid composition of mammalian meats

A practical distinction must be made between structural
lipids (most of which are more or less genetically determined
and are mainly found in membranes) and reserve lipids that can
vary with the dietary intake. The structural lipids include the
polar lipids (mainly the phospholipids), whose quality and
quantity depend on their constituent fatty acids rather than on
the diet. Their incorporation into biological membranes is under
overall genetic control as each membrane has a function-
specific fatty acid profile that is only partly dependent on the
diet. In contrast, the quality of reserve lipids (neutral fats,
mainly triglycerides) varies considerably according to their
anatomical location and the fat content of the animal. The fatty
acid profile is characteristic of the species, or even the breed,
but above all, the diet.

The biochemical and physiological parameters of the
digestive system produce changes, sometimes radical ones, in
foodstuffs, particularly lipids. This is why meat from
monogastric mammals like pigs, horses and rabbits differ
somewhat from polygastric animals like cows, sheep and goats.
Hence pig meat has a much higher polyunsaturated FA content
than does beef. The bacteria in the rumens of polygastric
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animals hydrogenate plant PUFA so that their meat has much
less (< 50%) of these FA than does the meat of monogastric
animals. This means that attempts to improve the PUFA
content by feeding linseed (12), or seafood or derivatives are
much more successful in pigs and rabbits than in cattle or
sheep. Indeed, progress in genetics and a better knowledge of
dietary needs has allowed to improve growth performances, to
increase muscle weight in poultry and pig; and, in the pig, to
strongly decrease carcass adiposity (19).

In pig, the fatty acid composition of lipids deposited with
rapeseed oil diet may alter the technological qualities of
adipose tissues and that of meat (20), as well as nutritional
interest for human. For example, feeding pigs with ALA
(linseed) up to 10g/kg feed, the ALA in their backfat could
reach a maximum of 6.8g/100g (21). Interestingly, extra intake
of ALA may stimulate growth in growing-finishing pigs, this
effect being independent of the conversion of ALA into EPA
and DHA (22). Curiously, rabbit have not been extensively
studied (23), although being an important element of the Cretan
diet.

Several possible ways of enriching the human diet in omega-
3 FA by modifying pork and beef by changing the diet fed to
the animals are shown in Tables III, IV and V.

Formaldehyde treated whole linseed given to lamb raised the
PUFA: saturated fatty acids ratios in the liver and adipose
tissue, but not in muscle (24); algae can also be used (25). It has
been shown that the sheep rumen has a relatively great
hydrogenating capacity that is able to saturate both mono- and
polyunsaturated FA; but the very long polyunsaturated FAs
seem to be less well hydrogenated (26). Biohydrogenation in
cow is high, and, for instance, supplemental dietary ALA is
hydrogenated to various trans fatty acids (27). In contrast to
sheep, the long chain fatty acid pattern in the cow duodenum
show a high degree of hydrogenation of 20 and 22 carbon fatty
acids (28). Interestingly, the widespread idea that linseed oil
decreases the digestibility, arising from studies with sheep, do
not seem to apply to lactating cows fed 3% linseed oil (29).
Feeding lactating cows with flaxseed increases milk protein
percentage and its omega-3-to-omega-6 ratio (30); but fish oil
significantly decrease feed intake, increases milk yield,
decreases protein, casein and fat concentration (31). In fact, the
label “omega-3 enriched butter” for butter, and to a lesser
extent cheese, is not nutritionally acceptable because, although
there is a marked enrichment, the amounts of omega-3 FA are
minute compared to the dietary requirement and the quantity of
saturated FA is overwhelming. Moreover, the omega-3 FA
content of butter also varies enormously with the season, from
0.35 g/ 100 g in spring to 0.43 g/100 g in summer and 0.26
¢/100 g in winter (32). In addition to feeding the livestock
linseed (12) and soybean, it clear that incorporating fish oil in
the diet of cows (table VI) is a promising way of increasing the
EPA content of milk (33).
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Table 3
Pork (filet, neutral lipids)

Pigs fed control diet Pigs fed linseed

ALA (% fatty acids)
DHA (% fatty acids)

1.10
0.07

7.90
0.05

As % fatty acids (99). Fed a diet containing 15% linseed for 42 days. Quantitative data
(g/100g meat) were not calculated.

Table 4
Charolais beef (filet, neutral lipids)

Cattle fed Cattle fed Cattle fed Cattle fed
control diet linseed fish oil linseed
+ fish oil
ALA (% fatty acids) 0.40 0.60 0.40 0.40
ALA (g/100g muscle) 0.010 0.019 0.015 0.012

As % fatty acids (100). The DHA content of polar lipids was not assayed, as being fond in
phospholipid. Feeding for 120 days. The cattle were fed silage at 2 pm, concentrate at 9 am
and at 4.30 pm. The linseed content was 213 g/Kg feed and that of fish oil was 54g/kg
feed. The linseed/fish oil mix contained 213 g linseed and 27g oil.

Table 5
Lamb (filet, triglycerides)

Lamb Control Fish Fish oil
ALA (g/100g meat) 0.021 0.008 0.0120
DHA (g/100g meat) 0 0.004 0.0017

As % fatty acids (101, 102). The diet was fed for 46 days. The “fish” diet
contained 9% fish. The “fish oil” diet contained 1.5% fish oil.

Table 6
Composition of milk produced by cows fed fish oil
g fish oil/ cow / day 0 150 300 450
ALA (g/100g fat) 0.30 0.33 0.37 0.32
EPA (g/100g fat) 0.07 0.10 0.15 0.53
DHA (g/100g fat) 0.05 0.06 0.12 0.17

Diet fed for 6 weeks (33).

Micronization of flaxseed do not reveal any advantage over
raw flaxseed (34). But, clearly, if the PUFAs could be protected
from hydrogenation by rumen bacteria by, for example, using
microcapsules or some chemical treatment, they could find
their way in some measure into the meat and milk of ruminants.
Such a trial has been done on goats (35) and is currently
assayed in other species. In contrast, extrusion could increase
luminal and whole tract nutrient degradabilities of flaxseed
(36).

Fish

Although ALA accounts for less than 0.5% of the total fatty
acids in fish (37), fish contain a great deal of EPA and DHA. It
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has been known for several years that farmed fish generally
have a poorer omega-3/omega-6 ratio than do wild fish: it is 2
for farmed trout and 7 for wild trout, 2 for farmed eels and 5 for
wild eels, and 6 for farmed salmon and 11 for wild fish (38).
The omega-3 FA content of fish can vary considerably, from 1
to 20, depending on the feed (39). The difference is even more
spectacular for the fattiest fish. Unfortunately, the lipids in the
feed of farmed fish are more likely to be selected as a function
of world prices rather than for their nutritional value for the
fish. Fish oils are presently widespread and easy to obtain
because of the requirements for animal protein and thus the
production of fish meal for animals. But vegetable oils have
been used in the recent past. This may occur again in the near
future because fish oils have been contaminated with dioxins in
some regions, so that the EU forbids the mixing of oils from
different regions. The main vegetable oils used are palm oil and
coconut oil, which should be avoided for human nutrition as it
contains too much saturated FA. Fish fed these oils contains
minute amount of omega-3 fatty acids, but high amount of
saturated fatty acids, thus providing diet not recommended for
human.

In fact including components like linseed and rapeseed in
fish feeds is effective only if the fish are, like carp, vegetarians.
These fish have the enzymes required to transform ALA into
EPA and DHA. In contrast, such a seed-based diet is not very
effective for carnivorous fish, which have little or none of these
enzymes. This is also true of the land- based feline family. And
about 75% of the fish used for human consumption are obligate
carnivores that are poorly able of transforming ALA into DHA
and EPA. Hence, the quantity of DHA in the meat of trout or
salmon (carnivores) varies directly as the amount in their diet.
Feeding salmon a diet containing rapeseed oil or pork fat
results in the same fish tissue concentrations of DHA and EPA,
while a diet containing herring oil results in much higher
concentrations (40). Salmon are much like trout, as it is
unsatisfactory to feed them olive oil or one variety of sunflower
oil (called Oleisol, as it is rich in oleic acid). Diets containing
these FA result in lower omega-3 FA contents than does a diet
containing herring oil (41). Feeding trout with herring oil or
lard produces great differences in their omega-3 FA content
(Table VII) (42). Feeding farmed trout a diet containing ALA
results in the production of only 5% of the DHA in the fish
meat that could be produced by a more suitable diet (43).

Table 7
Trout fed herring oil or pork fat.

Flesh of trout fed Flesh of trout
herring oil fed pork fat
EPA (% fatty acids) 3.50 1.40
EPA (g/100g, recalculated) 0.17 0.06
DHA (% fatty acids) 11.50 4.30
DHA (g/100g, recalculated) 0.55 0.18

From (42). The diets contained 8% herring oil or pork fat. The herring oil diet contained
1.7% fatty acids as DHA and 2.2% EPA, the pork fat diet contained 0.5% FA as DHA and
0.5% as EPA. No ALA was detected. Initial fish weight: 30 g. Fish were fed for 124 days.
Adding 1.5 g/kg alpha-tocopherol to the diet improved the amounts of DHA and EPA in
the trout flesh; those fed herring oil increased from 8.9% fatty acids to 11.3%. The data
shown in the table were obtained with a diet containing 50 mg/kg alpha tocopherol. The
flesh of the trout fed pork fat had a lower lipid content (4.2%) than that of trout fed herring
oil (4.8%). These data were used to recalculate the amounts of EPA and DHA as g/100g

trout flesh.

In practice, it would be useful to determine the time prior to
harvest that carnivorous fish should be fed omega-3 FA (EPA
and DHA) in order to provide the consumer with a product of
acceptable composition.

Many hundred papers have been published on the effect of
omega-3 fatty acids in fish oil to prevent cardio-vascular
diseases, especially ischemic ones, and brain ischemic stroke,
in number of animals models and in human. Most studies in
human have shown that there is an inverse association between
fish consumption and the risk of coronary heart disease.
Moreover, both consumption of fatty fish and higher blood
concentration of omega-3 fatty acids are associated with a
reduced risk of sudden death. Several trials have assessed the
positive effects of fish (and fish oil supplements) on coronary
heart disease, mainly after cardio-vascular events, mainly
myocardial infarction. The possible mechanism of action of
omega-3 fatty acids are: antiarrhythmic, antithrombotic,
antiatherosclerotic, anti-inflammatory, lowers blood pressure,
lowers triglyceride concentration in blood, improve endothelial
function, improve membrane fluidity, etc. Fish oils capsules are
now recognized as true drug, mainly to prevent
hypertriglyceridemia. However, the specific effect of EPA and
DHA on coronary heart disease is not yet clearly determined;
and even the relative merit of oily fish compared with fish oil
capsules require further investigations, although recent
guidelines from American Heart Association has supported the
use of fish oil supplements for patients with documented
coronary heart disease. The specific effect of purified EPA or
DHA, as ethyl esters for example, is not significantly
documented. Moreover, the optimal intake of long chains
omega-3 fatty acids is not firmly established, nor their
mechanism of action; although French recommended dietary
allowances (ANC) provides data for DHA only.
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Poultry

The intestinal physiology of birds results in the relatively
good preservation of their dietary PUFAs, especially those from
fish oil (Table VIII). There is a dose-response effect in the
poultry tissues. This is most evident for the ALA content, and
less so for DHA as diets with a high linseed content slightly
reduce the amounts of this FA, while increasing the ALA
content (Table IX). Poultry are thus considered to be an
excellent means of appropriately modifying the dietary intake
of omega-3 FA by Americans (44). Certain plants with a high
omega-3 FA content, particularly sub-tropical ones like chia
have even been suggested (45).

Table 8
Chicken leg, with skin

Leg of chicken Leg of chickenLeg of chicken

fed corn oil fed linseed oil fed fish oil
ALA (% fatty acids) 14 114 1.1
DHA (% fatty acids) 02 04 14

Diet fed for 7 - 8 weeks, starting on day one after hatching. Diet contained 2.5% corn,
linseed or fish oil (103). The data from this publication could not be used to calculate the
amounts as g/100g meat.

Table 9
Effect of increasing amounts of dietary linseed oil on the fatty
acid composition of checken legs (with skin)

1.0% 2.5% 5.0%
ALA (% fatty acids) 44 114 219
DHA (% fatty acids) 04 0.5 0.3

As % total fatty acids (103). See legend to Figure VIII.

De novo fatty acids synthesis in birds occurs mainly in the
liver, and adipose tissue growth and subsequent fattening
depend on the bioavailability of plasma triglycerides, which are
transported ass components of lipoproteins. Indeed, enhanced
fatty acid uptake by adipose tissue represents a major factor in
determination of adiposity in the chicken (46), and difference in
fattening between genotypes seems to be due to both increased
VLDL secretion and VLDL removal form plasma without
difference in VLDL characteristics (47). In fact, lipoprotein
metabolism is clearly related to fattening in poultry (48). The
effect of omega-3 fatty acids remains to be determined.
Usefulness in human diet of fats from palmipeds in south-west
of France is due to the huge presence of corn in the diet of
ducks and gooses, thus their fat contains mainly oleic acid and
minute amount of ALA, as both are present in corn oil.
Changing corn with other fat will alter the nutritional value for
human.

The fatty liver used in human diet is another problem.
Susceptibility to liver steatosis was studied in various species
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(49) and differential channelling of liver lipids in relation to
susceptibility to hepatic steatosis in the goose examined (50).
Overfed palmiped de novo hepatic lipogenesis prevails over
dietary lipid intake to modulate lipid composition of the fatty
liver plasma membrane (51). Interestingly, hepatic lipid
characteristics of laying hen respond to omega-3 fatty acids
(52).

Eggs as a source of alpha linolenic acid and DHA for the
human diet

With fish, eggs are just about the perfect model of dietary
transfer, as the type of FA in the egg yolk is closely linked to
the type of lipid consumed by the hen. It was held for many
years that the yolk composition was constant whatever the diet
fed to the laying hen, so that the hen acted as a sort of
filter/regulator. However, the omega-6/omega-3 ratio (for all
hydrocarbon chain lengths) is 1.3 for wild Cretan Greek eggs,
but it is 19.9 for “industrial” eggs. The amounts of ALA are 40-
fold higher, while those of DHA are 5-fold greater (53). One
explanation is that Cretan Greek laying hens eat snails, slugs
and purslane, a type of green plant.

Poultry fed flaxseed contains significantly more omega-3
fatty acids into their eggs (54). The enrichment is proportional
to the amount of omega-3 FA in the hen’s diet. It is greater with
a diet containing linseed than with one containing rapeseed
(55). This relationship holds for the ALA content of the diet,
provided by the linseed or rapeseed, and the concentration of
this FA in the egg yolk (Table X) (56).

The biological effects of dietary omega-3 FA incorporated
into eggs on the physiological parameters of animals have been
studied and the findings may be extrapolated to humans.
Several lipid parameters reflecting the structure and function of
membranes, particularly brain membranes (57-60), were
measured (61, 62). The consumption of these eggs by humans
had beneficial effects, especially on lipid parameters (63, 64).
Feeding hens a diet containing 0%, 10% or 20% linseed oil
increased the ALA in the eggs (28, 261, and 527 mg per egg)
and the DHA to 51, 81, and 87 mg per egg without altering the
amount of cholesterol in the eggs (65). In the trial, 28 men each
ate 4 eggs a day (for the experiment, not to promote egg
consumption). There was no significant difference in their total
cholesterol, HDL cholesterol, or total plasma triglycerides. But
those who had eaten omega-3 FA eggs had higher blood plasma
ALA and DHA concentrations and a lower omega-6/omega-3
ration in their platelet phospholipids. The authors conclude that
these eggs are a promising dietary constituent that complies
with the (Canadian) government guidelines and could increase
omega-3 FA consumption.
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Table 10
Effect of adding oils to the diet of laying hens on the composition of the eggs laid by them

Control Laying hens fed fish oil Laying hens fed Tinseed oil Laying hens fed soybean oil Laying hens fed safflower oil

ALA

% total fatty acids 04 04 94
EPA

% total FA - 2.1 0.3
DHA

% total FA 0.6 6.3 22
Total w3 0.6 10.1 12.6
% FA

Total w6 + w3

% FA 18.8 19.7 323
w6 /03 17.8 1.0 1.6

1.7 0.06
1.8 02
3.1 03
283 36.2
8.1 120

Laying hens were White Leghorns. Egg yolk. As % total fatty acids (56). The diets contained 10% fish, linseed or safflower oil. The controls were fed a diet containing 2.9% of
unidentified lipid. The data in the paper could not be used to calculate the amounts as g/100g egg yolk. The fish oil was Maxepa oil.

Omega-3 FA enriched eggs alter the blood lipid profile of
patients suffering from hypercholesterolemia, reducing plasma
triglycerides and platelet aggregation. Omega-3 FA could cause
a shift in the LDL size towards particles that are less
artherogenic (66). Naturally enriched eggs are presently on sale
in several countries, particularly those enriched in omega-3 FA,
vitamin E and carotenoids (lutein and zeaxanthine), such as
“omega-3 eggs”, “benefic eggs”, “Columbus eggs”. They are
said to improve several human physiological parameters (67).

Extracts of egg yolk, usually lecithins (the eggs taken from
hens fed a special diet, based upon algae and linseed), have
been added to several brands of baby formula, so that these
formulas provides the same quantities of very long chain FA
(especially omega-3 FA) as mother’s milk (68-72). The fatty
acids in blood plasma and red blood cells of these babies fed
the omega-3 FA enriched formula were identical to those of
breast-fed babies (73). Similarly, the milk of women eating
omega-3 rich eggs also contained more of these fatty acids (74).

Reconstitution of a human diet using products from
animals raised on linseed

In France, in Brittany, a group of volunteers, 32 men and 43
women aged 25 — 45 years, was fed one of two diets for 35
days (12). The control diet was produced by normal farming;
while the test diet was based on livestock (beef, milk, butter
and cheese, pork, poultry and eggs) fed partially on linseed,
which is particularly rich in ALA. The feeding period was
interrupted by a 35-day washout period. The enriched diet had a
most interesting effect on the human diet (Table XI). The ALA
intake was doubled from 0.75 to 1.65 g/day, while the total
omega-3 FA intake increased from 0.86 to 1.91 g/day. The
linoleic acid/ALA acid ratio was halved, from 14.9 to 6.8,
which is close to the recommended ratio of 5. There were
measurable effects on the blood lipids, too, with the blood
serum ALA concentration increasing from 0.44 to 0.93, the

total omega-6 FA/ omega-3 FA ratio dropping from 14.3 to
10.2 and the linoleic/ALA ratio increasing from 71 to 34. Thus
the trial showed that the test diet was effective.

Table 11
ALA, EPA and DHA contents of foods and their effects on the
amounts absorbed by humans

ALA EPA + DHA
Control Lin Control Lin
Milk % total FA 03 09 0.1 0.1
Eggs % total FA 0.6 6.6 0.8 1.6
Pork % total FA 1.1 29 0.2 0.2
Chicken % total FA 14 6.0 0.2 04
Absorption by human 0.75 1.65 0.11 0.25

volunteers (g/day)

From (12). Beef was not tested. The exact cuts of meat used were not specified.

Influence on the taste of the human diet

Actually, the main constituents involved are the lipids as
they directly influence the flavour of food. The taste of meat is
linearly dependent on its quality, and the phospholipids are the
main source of flavour (75). In addition to the Maillard
reaction, the nature of the polyunsaturated FA in beef has a
verifiable influence on the flavour as a result of the production
of volatile compounds during cooking (76). Certain substances,
like 2-alkyl-thiapyrans and 2-alkylthiophenes, have been found
in cooked beef and lamb (77).

For instance, a study carried out on enriched pork (fed a diet
containing 2% fish oil and 1% rapeseed oil) showed that the
enrichment in omega-3 FA did not alter either the colour or
taste of the meat (78). Some sensory deficits are noted when
using high levels of stabilised tuna fishmeal (79). Trained
panellists in triangle tests are able to identify bacon from pigs
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fed 10 and 15% flaxseed (80). On the contrary, high dietary
concentrations of linseed (15% of the feed) can sometimes
slightly alter the taste of the meat, increasing the intensity, with
more frequent defects (81). Feeding large amount of vegetable
oils contribute to decrease flavour of goat dairy products (31).
Feeding poultry a diet high in linseed or menhaden fish oil may
alter the taste of the meat (82). But the eggs laid by hens fed
this fish oil taste quite normal (83).

Slightly increased cost to the consumer, but considerably
increased nutritional value

It is thus quite possible to improve considerably the
nutritional value of foodstuffs by modifying the diets fed to
slaughter livestock to make it more traditional, if not natural (6,
7). This is especially true for the quality of the lipid fatty acids
and the contents of several essential or non-essential micro-
nutrients. Products with high omega-3 FA contents are
presently available, so that is now possible to evaluate the cost
of this enrichment (Table XII). The cost of the feed for hens
laying omega-3 eggs is 5% more than the cost of feed for hens
laying “label” or free range eggs. This increases the production
cost by only about 1% and results in an approximately 4%
increase in the consumer price. But the nutritional value is
increased 9-fold, thus reducing the price of a unit of omega-3
FA by this much.

Table 12
Cost of alpha-linolenic in eggs compared to that of vegetable
oils

Euros per 1g ALA
(50% daily requirement)

Rapeseed 0.015
Soybean 0.03
Walnut 0.05
Eggs - " linseed " standard 09
Eggs oméga-3 M... 1.3
Isio-4 oil 0.12
Standard eggs 8
Free range eggs 12

The cost of 50% of the daily requirement for DHA is about 0.02 euro, provided by less
than 10 g of mackerel or sardines. From (8, 9).

Conclusion

The major source of ALA for human is rapeseed oil (canola
oil), the cheapest source of ALA; and walnut oil. Soyabean oil
is also interesting, but contains too high amount of linoleic
omega-6 acid; plus a type of egg defined as “omega-3 or
“benefic” eggs (in France) or “Columbus eggs” (in US and
most European countries) Interestingly, vegetable oils
contributed surprisingly little, just 9% of the ALA intake in
Aquitaine, while total plants and their derivatives account for
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27% (26). Consequently, it is easy to increase ALA by using
rapeseed oil, for instance. Some other food could be useful to
provide amount of ALA, such as flaxseed oil and flaxseed: up
to 50 g high ALA flaxseed per day is palatable, safe and
nutritionally beneficial in human by raising the omega-3 fatty
acids in plasma and erythrocytes and by decreasing
postprandial glucose responses (84), without compromising
antioxidant status (85). In human subjects, by adding ground
flaxseed and flaxseed oil to one or two daily meals, it is
possible to obtain significant effects on serum levels of
enterolactone and ALA (86). But these seeds are not commonly
used in diets, so it is interesting to enrich animal products by
feeding animals with omega-3 rich diets, made with rapeseed,
linseed or linseed oil, or fish products, so as to improve a
balanced diet.

Omega-3 fatty acids are involved for many years in cardio-
vascular diseases and brain development. Very recently, most
experimental data has focused on the prevention of psychiatric
problems (like depression, dementias and bipolar disorder) by
consuming fatty fish. The main feature of these fatty fish is
their high omega-3 fatty acid content; but other components,
such as iodine, which has a considerable effect on the brain,
and selenium, may also have positive effects. Rigorous clinical
trials have yet to provide incontrovertible proof that capsules
containing omega-3 fatty acids as fish oil extracts are effective.
The same applies to purified omega-3 fatty acids, generally
supplied as their ethyl esters, as not nearly enough experiments
or clinical trials have been done to provide conclusive,
convincing evidence in psychiatric diseases. Moreover, the
absorption of fish oils and concentrate remains not clear (87).
Difficulties have arisen because clinical trials have used fish
oils of unspecified composition; and some trials are made with
either ethyl esters or even free fatty acids. Moreover, there are
at least 3 route of absorption in human: pre-duodenal route,
lymphatic route via chylomicron and route via the portal vein to
the liver. In addition, positions of fatty acid on glycerol
molecule (or on the phospholipid) participate to the absorption
process. Some, authors have found that bioavailability of ethyl-
esters is 20% of fatty acids bond to triglycerides (88), but is
enhanced by co-ingestion with high fat meal (89). For another,
omega-3 fatty acids given as ethyl-esters or triglycerides are
equally absorbed (90).

Usefulness of capsules as dietary complement is not evident,
if not containing natural fish oil triglycerides (or
phospholipids), bioavailability of triglycerides from algae is
poorly documented. Omega-3 fatty acids are not isolated pure
compounds in their natural state, but are parts of large natural
molecules, triglycerides and phospholipids, that are used by the
human body. To obtain capsules containing enriched in either
EPA or DHA, these compounds must be destroyed
(hydrolysed) and the omega-3 fatty acids purified and stabilised
as ethyl esters. This results in a product that is no longer
natural, but a chemical, and there is no definite proof that this is
a medication for instance in psychiatric diseases or to prevent
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cognitive decline during aging. A clear distinction must be
made between dietary requirements and pharmacological doses,
which are much more important. For instance, the safest
approach is therefore to look for these essential omega-3 fatty
acids in foods that naturally contain them.

In a balanced diet, both ALA and longer chains must be
found in the diet, as conversion of ALA into EPA and DHA is
variable according to sex (91), and is altered in older men (92).
For instance, supplementing lactating women with flaxseed oil
increases ALA and EPA in their milk (and their plasma and
erythrocytes), but not DHA (93). In young men, EPA and
docosapentaenoic acid (and not DHA) are the principal
products of ALA metabolism (94). Moreover, DHA itself is
speculated to be essential for human (95). In fact, co-ingestion
modifies the kinetics of omega-3 fatty acid metabolism in
human: fish based diet reduce the synthesis of DHA (96).
Desaturases activities during development in human and animal
have been recently reviewed (97, 98). Concerning aged people,
it is important to note that ALA recommendations are increased
in France (0.8% daily energy intake in adult, 0.9 % in aged) and
multiplied by 2 for DHA (0.05 % in adult, 0.1 % daily energy
intake in aged, as well as in pregnant and lactating women).

The consumer must still select the best cuts of meat or fillets
of fish and know how to prepare them. And each type of meat
has lean and fatty cuts that require specific treatment. Thus
stewing cuts can have very different lipid contents, ribs have
16% fat while shoulder has only 4%. A minimum of ribs adds
richness and flavour; without them, the dish is too “dry”. The
cooking method also influences the fat content, but less than is
generally believed. Grilling does not remove all the fat, while
using fat in a preparation does not always determine the fat
content. For example, a grilled entrecote steak still contains
about 12% fat, while a normal serving of Burgundy beef has
only 7%.

The way a dish is cooked is also fundamental. Steamed
plaice has only 2% fat, but fried plaice has 16%. The difference
is similar for lemon sole cooked plain or breaded. Herrings
have a high fat content, whether raw or fried, but they are not
the same. The fat of this oily fish dissolves into the frying fat
when they are fried, so that the natural oils are replaced by
those from the fryer. Thus the nutritional value of a breaded or
fried fish depends almost completely on the nutritional value of
the cooking oil. Fish may thus prevent or aggravate
cardiovascular disease, depending, in part, on how it is cooked
9).

It is now essential that the regulations governing the
scheduling, raw materials and food programs of restaurants do
not just define minimum contents of toxic substances, but also
defines the real nutritional value of foodstuffs, which must
nourish but not poison. This is necessary, and urgently so for
such things as fish and eggs. The omega-3 FA content in the
feed of food animals may considerable influence fish and eggs,
but is less important for poultry, pork, and beef and lamb. It has
essentially no influence on butter and dairy products.

(a) Article publié¢ dans “Nutrition, Cognitive Decline and

Aging” Serdi, 2005, pp 140-164

17.
18.

20.

21.

22.

23.

24.

25.

26.

240

References

Bourre J.M. Roles of unsaturated fatty acids (especially omega-3 fatty acids) in the
brain at various ages and during ageing. J.Nutr. Health Aging 2004; 3 : 163-174.
Bourre .M. Dietary omega-3 fatty acids and psychiatry: mood, behaviour, stress,
depression, dementia and aging. J. Nutr. Health Aging 2004; In press.

Bourre J.M., Faivre A. and Dumont O. et al. Effect of polyunsaturated fatty acids on
fetal mousse brain cells in culture in a chemically defined medium. J. Neurochem.
1983; 41 : 1234-1242.

Bourre J.M., Pascal G., Durand G., Masson M., Dumont O. and Piciotti M.
Alterations in the fatty acid composition of rat brain cells (neurons, astrocytes and
oligodendrocytes) and of subcellular fractions (myelin and synaptosomes) induced by
a diet devoided of (n-3) fatty acids. J. Neurochem. 1984; 43 : 342-348.

Bourre J.M., Frangois M. and Youyou A. et al. The effects of dietary alpha-linolenic
acid on the composition of nerve membranes, enzymatic activity, amplitude of
electrophysiological parameters, resistance to poisons and performance of learning
task in rat. J. Nutr. 1989; 119 : 1880-1892.

Bourre J.M. Effets des nutriments (des aliments) sur les structures et les fonctions du
cerveau : le point sur la diététique du cerveau. Rev. Neurol. 2004; 160 : 767-792.
Uauy R., Hoffman D.R., Mena P., Llanos A. and Birch E.E. Term infant studies of
DHA and ARA supplementation on neurodevelopment: results of randomized
controlled trials. J. Pediatr. 2003; 143 : S17-S25.

Bourre J.M. Diététique du cerveau : la nouvelle donne. Editions Odile Jacob. 2003.
Bourre J.M. :. La diététique du cerveau de I’intelligence et du plaisir. Editions Odile
Jacob. 1990, (Paris) France. Bourre J.M. : De la inteligencia y el placer, la dietetica
del cerebro, Biblioteca Mondatori, 1991 Espagne. Bourre J.M. :Intelligenz und
Erndhrung, Econ Verlag, 1992 Germany. Bourre J.M. :La dietetica del cervello,
Sperling Kupfer, 1992, Italy. Bourre J.M. : Comida inteligente, a dietética do cérebro,
Gradiva, 1993 Portugal. Bourre J.M. : Brainfood, Little Brown, 1993, USA.

Bourre J.M. La vérité sur les oméga-3. Odile Jacob. 2004.

Legrand P., Bourre J.M., Descamps B., Durand G. and Renaud S. Lipides. Apports
nutritionnels conseillés pour la population frangaise. Martin A éditeur. Tec et doc
Lavoisier, 2000; 63-82.

Combe N. and Boue C. Apports alimentaires en acides linoléique et alpha-linolénique
d’une population d’Aquitaine. OCL 2001; 8 : 118-121.

Weill P., Schmitt B., Chesneau G., Daniel N., Safraou F. and Legrand P. Effects of
introducing linseed in livestock diet on blood fatty acid composition of consumers of
animal products. Ann. Nutr. Metab. 2002; 46 : 182-191.

AFSSA - Acides gras de la famille oméga 3 et systeéme cardiovasculaire :
nutritionnel et allégations. AFSSA 10 juillet 2003.

Innis S.M. and Elias S.L. Intakes of essential n-6 and n-3 polyunsaturated fatty acids
among pregnant Canadian women. Am. J. Clin. Nutr. 2003; 77 : 473-478.

Xiang M., Alfven G., Blennow M., Trygg M. and Zetterstrom R. Long-chain
polyunsaturated fatty acids in human milk and brain growth during early infancy.
Acta Paediatr. 2000; 89 : 142-147.

Morris M.C., Evans D.A., Bienias J.L., Tangney C.C., Bennett D.A., Wilson R.S.,
Aggarwal N. and Schneider J. Consumption of fish and n-3 fatty acids and risk of
incident Alzheimer disease. Arch. Neurol. 2003; 60 : 940-946.

ISSFAL www.issfal.org.uk. PUFA intakes, 2004.

Abaza L., Msallem M., Daoud D. and Zarrouk M. Caractérisation des huiles de sept
variétés d’oliviers tunisiens. OCL 2002; 9 : 174-179.

Mourot J. and Hermier D. Lipids in monogastric animal meat. Reprod. Nutr. Dev.
2001; 41 : 109-118.

Mourot J., Camara M. and Fevrier C. Effects of dietary fats of vegetable and animal
origin on lipid synthesis in pigs]. C. R. Acad. Sci. III 1995; 318 : 965-970.

Van Oeckel M.J., Casteels M., Warnants N. and Boucque C.V. Omega-3 fatty acids
in pig nutrition: implications for zootechnical performances, carcass and fat quality.
Arch. Tierernahr. 1997; 50 : 31-42.

Nguyen L.Q., Everts H. and Beynen A.C. Influence of dietary linseed, fish and
coconut oil on growth performance of growing pigs kept on small holdings in central
Vietnam. J. Anim. Physiol. Anim. Nutr. 2004; 88 : 204-210.

Lin D.S., Connor W.E. and Spenler C.W. Are dietary saturated, monounsaturated,
and polyunsaturated fatty acids deposited to the same extent in adipose tissue of
rabbits? Am. J. Clin. Nutr. 1993; 58 : 174-179.

Demirel G., Wachira A.M., Sinclair L.A., Wilkinson R.G., Wood J.D. and Enser M.
Effects of dietary n-3 polyunsaturated fatty acids, breed and dietary vitamin E on the
fatty acids of lamb muscle, liver and adipose tissue. Br. J. Nutr. 2004; 91 : 551-565.
Cooper S.L., Sinclair L.A., Wilkinson R.G., Hallett K.G., Enser M. and Wood J.D.
Manipulation of the n-3 polyunsaturated fatty acid content of muscle and adipose
tissue in lambs. J. Anim. Sci. 2004; 82 : 1461-1470.

Ashes J., Siebert B.D., Gulati S.K., Cuthbertson A.Z. and Scott T.W. Incorporation
of n-3 fatty acids of fish oil into tissue and serum lipid of ruminants. Lipids 1992; 27:

intérét



The Journal of Nutrition, Health & Aging©
Volume 9, Number 4, 2005

217.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

THE JOURNAL OF NUTRITION, HEALTH & AGING©

629-631.

Loor J.J., Ueda K., Ferlay A., Chilliard Y. and Doreau M. Biohydrogenation,
duodenal flow, and intestinal digestibility of trans fatty acids and conjugated linoleic
acids in response to dietary forage:concentrate ratio and linseed oil in dairy cows. J.
Dairy Sci. 2004; 87 : 2472-2485.

Doreau M. and Chilliard Y. Effects of ruminal or postruminal fish oil
supplementation on intake and digestion in dairy cows. Reprod. Nutr. Dev. 1997; 37 :
113-124.

Ueda K., Ferlay A., Chabrot J., Loor J.J., Chilliard Y. and Doreau M. Effect of
linseed oil supplementation on ruminal digestion in dairy cows fed diets with
different forage:concentrate ratios. J. Dairy Sci. 2003; 86 : 3999-4007.

Petit H.V. Digestion, milk production, milk composition, and blood composition of
dairy cows fed whole flaxseed. J. Dairy Sci. 2002; 85 : 1482-1490.

Chilliard Y., Ferlay A., Rouel J. and Lamberet G. A review of nutritional and
physiological factors affecting goat milk lipid synthesis and lipolysis. J. Dairy Sci.
2003; 86 : 1751-1770.

Ledoux M., Chardigny J.M., Darbois M., Soustre Y., Sébédio J.L. and Laloux L.
Variations saisonniéres et régionales des taux d’acide linoléiques conjugués dans les
beurres frangais. Sci. des Alim. 2003; 23 : 443-462.

Keady T.W., Mayne C.S. and Fitzpatrick D.A. Effects of supplementation of dairy
cattle with fish oil on silage intake, milk yield and milk composition. J. Dairy Res.
2000; 67 : 137-153.

Soita HW., Meier J.A., Fehr M., Yu P., Christensen D.A., McKinon J.J. and Mustafa
AF. Effects of flaxseed supplementation on milk production, milk fatty acid
composition and nutrient utilization by lactating dairy cows. Arch. Tierernahr. 2003;
57 : 107-116.

Kitessa S., Gulati S., Ashes J., Scott T. and Nichols P. Utilisation of fish oil in
ruminants. II. Transfer of fish oil fatty acids into goat’s milk. Anim. Feed Sci.
Technol. 2001; 89 : 201-208.

Mustafa A.F., Gonthier C. and Ouellet D.R. Effects of extrusion of flaxseed on
ruminal and postruminal nutrient digestibilities. Arch. Tierernahr. 2003; 57 : 455-
463.

Ackman R.G. Nutritional composition of fats in seafoods. Prog. Food Nutr. Sci.
1989; 13 : 161-289.

Van Vliet T. and Katan M. Lower ration of n-3 to n-6 fatty acids in cultured than in
wild fish. Am. J. Clin. Nutr. 1990; 51 : 1-2.

Medale F., Lefevre F. and Corraze G. Qualité nutritionnelle et diététique des poissons
: constituants de la chair et facteurs de variation. Cah. Nutr. Diet. 2003; 1 : 37-44.
Dosanjh B., Plotnikoff D., McBride J., Market J. and Buckley J. Efficacy of canola
oil, pork lard and marine oil singly or in combination as supplemental dietary lipid
sources for juvenil coho salmon (oncorhynchus kisutch). Aquaculture 1984; 36 : 333-
345.

Skonberg D., Rasco B. and Dong F. Fatty acid composition of salmonid muscles
changes in response to high oleic acid diet. J. Nutr. 1994; 124 : 1628-1638.

Boggio S., Hardy R., Babbitt J. and Brannon E. The influence of dietary lipid source
and alpha-tocopheryl acetate level of product quality of rainbow trout (Salmo
gairdneri). Aquaculture 1985; 51 : 13-24.

Bell M.V., Dick J.R. and Porter A.E. Biosynthesis and tissue deposition of
docosahexaenic acid (22:6n-3) in rainbow trout (Oncorhynchus mykiss). Lipids
2001; 36 : 1153-1159.

Van Elswyk M.E., Hatch S.D., Stella G.G., Mayo P.K. and Kubena K.S. Poultry-
based alternatives for enhancing the omega 3 fatty acid content of American diets.
World Rev. Nutr. Diet. 1998; 83 : 102-115.

Ayerza R., Coastes W. and Lauria M. Chia seed (Salvia hispanica L.) as an omega-3
fatty acid source for broilers: influence on fatty acid composition, cholesterol and fat
content of white and dark meats, growth performance, and sensory characteristics.
Poult. Sci. 2002; 81 : 826-837.

Hermier D., Quignard-Boulange A., Dugail I., Guy G., Salichon M.R., Brigant L.,
Ardouin B. and Leclercq B. Evidence of enhanced storage capacity in adipose tissue
of genetically fat chickens. J. Nutr. 1989 ; 119 : 1369-1375.

Leclercq B., Hermier D. and Guy G. Metabolism of very low density lipoproteins in
genetically lean or fat lines of chicken. Reprod. Nutr. Dev. 1990; 30 : 701-715.
Hermier D. Lipoprotein metabolism and fattening in poultry. J. Nutr. 1997; 127 :
805S-808S.

Fournier E., Peresson R., Guy G. and Hermier D. Relationships between storage and
secretion of hepatic lipids in two breeds of geese with different susceptibility to liver
steatosis. Poult. Sci. 1997; 76 : 599-607.

Hermier D., Salichon M.R., Guy G. and Peresson R. Differential channelling of liver
lipids in relation to susceptibility to hepatic steatosis in the goose. Poult. Sci. 1999;
78 : 1398-1406.

Cazeils J.L., Bouillier-Oudot M., Auvergne A., Candau M. and Babile R. Lipid
composition of hepatocyte plasma membranes from geese overfed with corn. Lipids
1999; 34 : 937-942.

Cherian G. and Goeger M.P. Hepatic lipid characteristics and histopathology of
laying hens fed CLA or n-3 fatty acids. Lipids 2004; 39 : 31-36.

Simopoulos A.P. and Salem N. n-3 fatty acids in eggs from range-fed greek chickens.
The new England journal of medicine 1989; 16 : 1412.

241

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

Bean L.D. and Leeson S. Long-term effects of feeding flaxseed on performance and
egg fatty acid composition of brown and white hens. Poult. Sci. 2003; 82 : 388-394.
Cherian G. and Sim J.S. Effect of feeding full fat flax and canola seeds to laying hens
on the fatty acid composition of eggs, embryos, and newly hatched chicks. Poultry
Sci. 1991; 70 : 917-922.

Anderson G.J., Connor W.E., Corliss J.D. and Lin D.S. Rapid modulation of the n-3
docosahexaenoic acid levels in the brain and retina of the newly hatched chick. J.
Lipid Res. 1989; 30 : 433-441.

Carrie I., Guesnet P., Bourre .M. and Frances H. Diets containing long-chain n-3
polyunsaturated fatty acids affect behaviour differently during development than
ageing in mice. Br. J. Nutr. 2000; 83 : 439-447.

Carrie 1., Clement M., de Javel D., Frances H. and Bourre J.M. Phospholipid
supplementation reverses behavioral and biochemical alterations induced by n-3
polyunsaturated fatty acid deficiency in mice. J. Lipid Res. 2000; 41 : 473-480.
Carrie I., Clement M., de Javel D., Frances H. and Bourre J.M. Specific phospholipid
fatty acid composition of brain regions in mice. Effects of n-3 polyunsaturated fatty
acid deficiency and phospholipid supplementation. J. Lipid Res. 2000; 41 : 465-472.
Carrie I., Smirnova M., Clement M., de Javel D., Frances H. and Bourre J.M.
Docosahexaenoic acid-rich phospholipid supplementation: effect on behavior,
learning ability, and retinal function in control and n-3 polyunsaturated fatty acid
deficient old mice. Nutr. Neurosci. 2002; 5 : 43-52.

Jiang Z. and Sim J.S. Effects of dietary n-3 fatty acid-enriched chicken eggs on
plasma and tissue cholesterol and fatty acid composition of rats. Lipids 1992; 27 :
279-284.

Ide T. and Murata M. Depressions by dietary phospholipids of soybean and egg yolk
origins of hepatic triacylglycerol and fatty acid synthesis in fasted-refed rats. Ann.
Nutr. Metab. 1994; 38: 340-348.

O'brien B.C. and Andrews V.G. Influence of dietary egg and soybean phospholipids
and triacylglycerols on human serum lipoproteins. Lipids 1993; 28 : 7-12.

Oh S.Y.,Ryue J., Hsieh C.H. and Bell D.E. Eggs enriched in omega-3 fatty acids and
alterations in lipid concentrations in plasma and lipoproteins and in blood pressure.
Am.J. Clin. Nutr. 1991; 54 : 689-695.

Ferrier LK., Caston L.J., Leeson S., Squires J., Weaver B.J. and Holub B.J. alpha-
Linolenic acid- and docosahexaenoic acid-enriched eggs from hens fed flaxseed:
influence on blood lipids and platelet phospholipid fatty acids in humans. Am. J.
Clin. Nutr. 1995; 62 : 81-86.

Lewis N.M., Schalch K. and Scheideler S.E. Serum lipid response to n-3 fatty acid
enriched eggs in persons with hypercholesterolemia. J. Am. Diet. Assoc. 2000; 100 :
365-367.

Surai P.F., MacPherson A., Speake B K. and Sparks N.H. Designer egg evaluation in
a controlled trial. Eur. J. Clin. Nutr. 2000; 54 : 298-305.

Agostoni C., Marangoni F., Giovannini M., Galli C. and Riva E. Prolonged breast-
feeding (six months or more) and milk fat content at six months are associated with
higher developmental scores at one year of age within a breast-fed population. Adv.
Exp. Med. Biol. 2001; 501 : 137-141.

Chirouze V., Lapillonne A., Putet G. and Salle B.L. Red blood cell fatty acid
composition in low-birth-weight infants fed either human milk or formula during the
first months of life. Acta Paediatr. Suppl. 1994; 405 : 70-77.

Decsi T., Thiel I. and Koletzko B. Essential fatty acids in full term infants fed breast
milk or formula. Arch. Dis. Child. Fetal Neonatal. 1995; 72 : F23-F28.

Kohn G., Sawatzki G. and Van Biervliet J.P. Long-chain polyunsaturated fatty acids
in infant nutrition. Eur. J. Clin. Nutr. 1994; 48 : S1-S7.

Simopoulos A.P. and Salem N. Egg yolk as a source of long-chain polyunsaturated
fatty acids in infant feeding. Am. J. Clin. Nutr. 1992; 55 : 411-414.

Bondia-Martinez E., Lopez-Sabater M.C. and Castellote-Bargallo A.I. et al. Fatty
acid composition of plasma and erythrocytes in term infants fed human milk and
formulae with and without docosahexaenoic and arachidonic acids from egg yolk
lecithin. Early Hum. Dev. 1998; 53 : S109-S119.

Cherian G. and Sim J.S. Changes in the breast milk fatty acids and plasma lipids of
nursing mothers following consumption of n-3 polyunsaturated fatty acid enriched
eggs. Nutrition 1996; 12 : 8-12.

Gandemer G. Lipides du muscle et qualité de la viande. Phospholipides et flaveur.
OCL 1997; 4 : 19-25.

Elmore J.S., Mottram D.S., Enser M. and Wood J.D. Effect of the polyunsaturated
fatty acid composition of beef muscle on the profile of aroma volatiles. J. Agric.
Food Chem. 1999; 47 : 1619-1625.

Elmore J.S. and Mottram D.S. Formation of 2-alkyl-(2H)-thiapyrans and 2-
alkylthiophenes in cooked beef and lamb. J. Agric. Food Chem. 2000; 48 : 2420-
2424.

Leskanich C.O., Matthews K.R., Warkup C.C., Noble R.C. and Hazzledine M. The
effect of dietary oil containing (n-3) fatty acids on the fatty acid, physicochemical,
and organoleptic characteristics of pig meat and fat. J. Anim. Sci. 1997; 75 : 673-683.
Howe P.R., Downing J.A., Grenyer B.F., Grigonis-Deane E.M. and Bryden W.L.
Tuna fishmeal as a source of DHA for n-3 PUFA enrichment of pork, chicken, and
eggs. Lipids 2002; 37 : 1067-1076.

Romans J.R., Wulf D.M., Johnson R.C., Libal G.W. and Costello W.J. Effects of
ground flaxseed in swine diets on pig performance and on physical and sensory



The Journal of Nutrition, Health & Aging©
Volume 9, Number 4, 2005

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

OMEGA-3, ANIMAL FEEDING, NUTRITIONAL VALUE, AND DERIVED PRODUCTS

characteristics and omega-3 fatty acid content of pork: II. Duration of 15% dietary
flaxseed. J. Anim. Sci. 1995; 73 : 1987-1999.

Romans J.R., Johnson R.C., Wulf D.M., Libal G.W. and Costello W.J. Effects of
ground flaxseed in swine diets on pig performance and on physical and sensory
characteristics and omega-3 fatty acid content of pork: I. Dietary level of flaxseed. J.
Anim. Sci. 1995; 73 : 1982-1986.

Gonzalez-Esquerra R. and Leeson S. Effects of menhaden oil and flaxseed in broiler
diets on sensory quality and lipid composition of poultry meat. British Poultry Sci.
2000; 41 : 481-488.

Marshall A., Sams A. and Van Elswyk M. Oxidative stability and sensory quality of
stored eggs from hens fed 1.5 % menhaden oil. J. Food Sci. 1994; 59 : 561-563.
Cunnane, S.C., Ganguli S., Menard C., Liede A.C., Hamadeh M.J., Chen Z.Y.,
Wolever T.M. and Jenkins D.J. High alpha-linolenic acid flaxseed (Linum
usitatissimum): some nutritional properties in humans. Br. J. Nutr. 1993; 69 : 443-
453.

Cunnane S.C., Hamadeh M.J., Liede A.C., Thompson L.U., Wolever T.M. and
Jenkins D.J. Nutritional attributes of traditional flaxseed in healthy young adults. Am.
J. Clin. Nutr. 1995; 61 : 62-68.

Tarpila, S., Aro, A., Salminen, I., Tarpila, A., Kleemola, P., Akkila, J., and
Adlercreutz, H. The effect of flaxseed supplementation in processed foods on serum
fatty acids and enterolactone. Eur. J. Clin. Nutr. 2002; 56: 157-165.

Ackman R.G. The absorption of fish oils and concentrates. Lipids 1992; 27 : 858-
862.

Lawson L.D. and Hughes B.G. Human absorption of fish oil fatty acids as
triacylglycerols, free acids, or ethyl esters. Biochem. Biophys. Res. Commun. 1988;
152 :328-335.

Lawson L.D. and Hughes B.G. Absorption of eicosapentaenoic acid and
docosahexaenoic acid from fish oil triacylglycerols or fish oil ethyl esters co-ingested
with a high-fat meal. Biochem. Biophys. Res. Commun. 1988; 156 : 960-963.
Nordoy A., Barstad L., Connor W.E. and Hatcher L. Absorption of the n-3
eicosapentaenoic and docosahexaenoic acids as ethyl esters and triglycerides by
humans. Am. J. Clin. Nutr. 1991; 53 : 1185-1190.

Burdge G.C. and Wootton S.A. Conversion of alpha-linolenic acid to
eicosapentaenoic, docosapentaenoic and docosahexaenoic acids in young women. Br.
J. Nutr. 2002; 88 : 411-420.

Burdge G.C., Finnegan Y .E., Minihane A.M., Williams C.M. and Wootton S.A.

93.

94.

96.

97.

98.

99.

100.

101.

102.

103.

242

Effect of altered dietary n-3 fatty acid intake upon plasma lipid fatty acid
composition, conversion of [13CJalpha-linolenic acid to longer-chain fatty acids and
partitioning towards beta-oxidation in older men. Br. J. Nutr. 2003; 90 : 311-321.
Francois C.A., Connor S.L., Bolewicz L.C. and Connor W.E. Supplementing
lactating women with flaxseed oil does not increase docosahexaenoic acid in their
milk. Am. J. Clin. Nutr. 2003; 77 : 226-233.

Burdge G.C., Jones A.E. and Wootton S.A. Eicosapentaenoic and docosapentaenoic
acids are the principal products of alpha-linolenic acid metabolism in young men. Br.
J. Nutr. 2002; 88 : 355-363.

Muskiet F.A., Fokkema M.R., Schaafsma A., Boersma E.R. and Crawford M.A. Is
docosahexaenoic acid (DHA) essential? Lessons from DHA status regulation, our
ancient diet, epidemiology and randomized controlled trials. J. Nutr. 2004; 134 : 183-
186.

Pawlosky R.J., Hibbeln J.R., Lin Y., Goodson S., Riggs P., Sebring N., Brown G.L.
and Salem N. Effects of beef- and fish-based diets on the kinetics of n-3 fatty acid
metabolism in human subjects. Am. J. Clin. Nutr. 2003; 77 : 565-572.

Descomps B. Les désaturases au cours du développement chez 1'homme. Cah. Nutr.
Diet. 2003; 38 : 384-391.

Legand P. Données récentes sur les désaturases chez 1’animal et chez I’homme. Cah.
Nutr. Diet. 2003; 38 : 376-383.

Specht-Overholt S., Romans J.R. and Marchello M.J. et al. Fatty acid composition of
commercially manufactured omega-3 enriched pork products, haddock, and
mackerel. J. Anim. Sci. 1997; 75 : 2335-2343.

Scollan N.D., Choi N.J., Kurt E., Fisher A.V., Enser M. and Wood J.D. Manipulating
the fatty acid composition of muscle and adipose tissue in beef cattle. Br. J. Nutr.
2001; 85 : 115-124.

Ponnampalam E.N., Sinclairt A.J., Egan AR., Blakeley S.J. and Leury B.J. Effect of
diets containing n-3 fatty acids on muscle long-chain n-3 fatty acid content in lambs
fed low- and medium-quality roughage diets. J. Anim. Sci. 2001; 79 : 698-706.
Ponnampalam E.N., Sinclair E.N., Hosking B.J. and Egan A.R. Effects of dietary
lipid type on muscle fatty acid composition, carcass leanness, and meat toughness in
lambs. J. Anim. Sci. 2002; 80 : 628-636.

Chanmugam P., Boudreau M., Boutte T., Park R.S., Hebert J., Berrio L. and Hwang
D.H. Incorporation of different types of n-3 fatty acids into tissue lipids of poultry.
Poult. Sci. 1992; 71 : 516-521.



