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ABSTRACT

Among polyunsaturated fatty acids (PUFAs) targeted for manipulation in animal tissues
(poultry eggs and meat), omega-3 PUFAs (n-3 PUFAs) are discussed in this review, 3 or 5% diet-
ary menhaden oil (MQ) supplemented layer diets was reported to increase docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA) contents in the egg. MO at 1.5% also increased the de-
position of up to 180mg total omega-3 fatty acids /yolk. Utilization of 5% ground flax seed (FS)
resulted in similar total omega-3 fatty acid (FA) deposition as 1.5% MO, However, the basic feed
formulations used in the Canadian feed industry usually include 10 to 20% FS in the egg laying
diets, Recently several studies reported that addition of tocopherols in layer diets increased the
tocopherol content more in the egg than any other tissue., One of reports szid that 3.5% dietary oil
with added tocopherols resulted in increasing tocopherol deposition and FA compositicn of the egg
and other tissues.

In the poultry meat, redfish meal (RM; 4, 8, 12, 15 and 30% of diet) or redfish oil (RO: 2.1 or 4.
2% of diet) added to the practical corn-wheat-soybean based diets resulted in an increase in
omega-3 FA and docosapentaenoic acid (DPA) contents in broiler meat lipids. Linseed oil (LO;
1.0, 2.5, and 5.0% of broiler diet) supplemented in broiler diets also resulted in omega-3 FA and
the ratio of omega-3 . omega-6 being significantly higher in poultry meat lipid than MQ, Concern
about fish flavor resulted in research about fish oil (FO) supplementation in broiler diets. Witheut
the use of antioxidants, no more than 1.5% FO should be fed to broilers due to unacceptable orders
from the chicken carcasses, One recent research project found that over 50mg /kg of vitamin E
was required for maintaining the stability of unsaturated lipids in the meat. In regards to ‘fishy’ or
‘crabby* taint in the eggs and poultry meat, poultry products remained acceptable when dietary
fish oils were stabilized with antioxidants,

(Key words: Omega-3 PUFAs, flax seed, fish oil, antioxidant, EPA, DPA, DHA}
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INTRODUCTION

It has been recognized that there is excess fat
in the human diet and there is a definite need to
produce leaner meats, especially chicken. The
amount of fat we consume is not only too much,
but the types of fat we consume is incorrectly
balanced. For many years we have heard that
the cholesterol in eggs is the major killer. Many
national heart foundations have recognized their
error in saying this and are now allowing four
eggs to be consumed each week /person. We
now know that dietary cholesterol for 98% of
the population is not an important risk factor in
heart disease., The normal human preduces chol-
esterol for its own cellular requirements irres-
pective of dietary cholesterol{(Van Elswyk,
1994).

Dutch scientists have found that people who
consumed an average of 32g of fish daily,
compared to those who did not consume fish,
had a 50% less chance of dying from coronary
heart disease. But what is so special about fish?
The important omega-3 fatty acids (FA) are
found exclusively in fish in significant quanti-
ties. Fish is expensive and may often not be in
regular supply: it can be contaminated with
heavy metals, pesticide residues and contain
pathogenic microorganisms. Some people do not
like the taste of fish. This causes their supply of
omega-3 polyunsaturated fatty acids{PUFA) to
be small and they have large imbalance of
omega-6 : omega-3 PUFA(Farrell, 1993), l

It is well known that the composition of fat in
the egg yolk and poultry meat can be changed.
Changing these fat compositions may provide an
answer, which allows us to design foods to cre-
ate designer eggs and designer poultry meat
(Farrell, 1993).

Health-conscious consumers have raised a
number of guestions about the potential for
altering the composition of poultry products
through feed formulation-designing food, cre-
ating the so called “designer foods”(Barlow and
Pike, 1991). Until now several research papers
have explored the feasibility of using various
oils such as fish oil, ground flaxseed, flax oil and
other oils to produce eicosapentaencic acid
(EPA) and docoszhexaenoic acid (DHA)
enriched poultry products under laboratory as
well as commercial conditions, Their research
results have been strongly positive and will be

discussed in this review.

THE CHEMICAL STRUCTURE OF
OMEGA-3 AND-6 LIPID

Even though alpha-linolenic acid is required
for nervous tissue and the retina, the primary
FA for poultry is linoleic acid. Linoleic (18:2n6)
and alpha linolenic (18:3n3) acids have two and
three double bonds, respectively, and both are
18 carbons in length. Linoleic acid belongs to
the omega-6 series of PUFA since the terminal
double bond is located at the sixth carbon from
the methyl end of the molecule, In the same
manner, alpha-linolenic acid is a member of the
omega-3 series of PUFA since the terminal
double bond is at the third carbon from the
methyl end. The principle PUFA are summ-
arized in Figure 1 and Table 1{Chung, 1991).

Linoleic acid, found in many seeds, is the
parent member of the omega-6 family. The
other essential fatty acid(EFA}, linclenic acid,
is present in leaves and green plants. It is the
parent member of the omega-3 family, In animal
studies, linoleic acid is converted to arachidonic
acid. Alphalinolenic acid is converted to EPA
and DHA, The end products of desaturation and
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Figure 1. The chemical structure of omega-3
and omega-6 family.

Table 1. Types of unsaturated fatty acids

Types Unsaturated Fatty Acid

Linolenic acid(C18§:3},
EPA(C20:5), DHA(C22:6),
DPA(C22:5)

Omega-3

Omega-6 Linoleic acid(C18:2),
Arachidonic acid(C20:4})

Omega-9 Oleic acid (C18:1)

Omega-7 Palmitoleic acid{C16:1)

elongation serve as the eicosanocid precursors of
the 2-series and 3-series lipid modulators of cell
function, These lipid modulators include pro-
staglandins, thrombaoxanes, lipoxins and leuko-
trienes{Farrell, 1993).

FUNCTIONS OF POLYUNSATURA-
TED FATTY ACIDS FOR EICOSA-
NOID BIOSYNTHESIS

The PUFA are derived mainly from 18-carbon
EFA of dietary origin. The most important of
the long-chain PUFA are the 20 carbon fatty
acids of the omega 6 and ocmega-3 series. The
majority of eicosanoids (prostaglandins, leuko-
trienes and lipoxins) are biosynthesized from

arachidonic acids that are maintained in mem-

brane phospholipids. The long-chain PUFA are
recognized as components of structural phos-
polipids in membranes of cells and subcellular
organelles where they serve as precursors to
prostaglandins, Arachidonic acid is the precur-
sor for the 2-series of prostaglandins, but 20 :
3n6 and 20 : 5n3 are substrates of the l-and
3-series prostaglandins, respectively. Prior to
eicosanoid formation, phopholipase A2 cleaves
arachidonic acid from the sn-2 position on the
glycerol backbone of phospholipids(Watkins,
1991; Watkins et al., 1993). Once arachidonic
acid is liberated, it can undergo controlled oxi-
dative metabolism to form varicus eicosancids
that have different physiological effects,
Prostaglandins have been described as “local”
hormones synthesized in organs and cells in re-
sponse to specific stimuli that exert their effect
generally at the site of production,

There are two primary requirements for
PUFA in developing embryonic tissues. The
first is to provide a supply of PUFA for
glycerolipid synthesis during membrane forma-
tion, The second is for maintenance of adequate
precursers for eicosanoid biosynthesis. The
rapid tissue proliferation during mitosis requires
that sufficient substrate be available to form
cell membranes and organelles, It is vita] that
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sufficient amounts of EFA and PUFA are sup-
plied to the chick embryc. The immense meta-
bolic conversion of yolk lipids provides PUFA
for activities occurring in embryonic tissue
growth, membrane formation in the brain and
retina and eicosanoid synthesis during myoblast
and chondrocyte cell differentiation(Van Ela-
wyk et al., 1991: Watkins, 1994).

Prostaglandins are mediators of cellular ac-
tivity during oviposition in hens, Most of these
compounds cause contractions of the uterine
muscular wall. Prostaglandin F may also take
part in ovulation by acting on the preovulatory
follicle. Prostaglandins have alse been known to
have a role in long-bone development. At the
cellular level, logically produced cytokines,
growth factors and prostaglandins orchestrate
the events of bone formation and resorption
(Watkins, 1992). There is considerable evidence
for a role of eicosancids in immune regulation,
Although the relationship between eicosanoids
and cellular and humoral immunity is complex,
there appears to be opportunities to utilize diet-

ary lipids to modutate immune responses.

THE ESSENTIALLITY OF OMEGA-3
FATTY ACIDS IN HUMANS

1. Proper amounts of omega fatty acids

The minimum requirements of omega-3 and
omega-6 fatty acids are that these essential
fatty acids (the sum of omega-3 and omega-6)
should proved at least 3% of the energy intake
of humans. In pregnant women, the fatty acids
should provide 4.5% and for lactating women at
least 6% of the energy. The omega-3 PUFAs
should provide at least 0.5, 0.8 and 1.0% of the
energy for these population groups, respectively
(Nordic Council of Ministers, 1989; Bjerve,
1991).

In reality, the typical North American con-
sume about 17g of omega-3 and omega-6 PUFA
per day. The above requirements indicate the
amount of omega-3 PUFA needed is about 3.0g
per day. In practice, the average U.S. citizen
consumes 1,7g of omega-3, with 90% of this be-
ing linolenic acid(C18:3 omega-3}. This means
that there is a deficiency in these diets of at
least 1g per day of omega-3 PUFA, principally
of the long-chain type, namely EPA and DHA
(Barlow et al., 1990).

What is the optimum ratio of omega-6 PUFA
to omega-3 PUFA in our diet? These fatty acids
work together at the cellular level, The ratio in
most of our diets of omega-6 to omega-3 is 25 or
30:1; the ideal ratio is less than 10:1(Farrell,
1993), The proposed ratio of 5:1 between
omega-6 and omega-3 fatty acids was based on
the ratio found in fetal and neonatal structural
lipids in the human, as well as the ratio found in
some human milk(Nordic Council of Ministers,
1989).

What happens if there is an imbalance? In a
variety of circumstances, if the smooth surface
of the arterial wall is damaged, the repair mech-
anism may go wrong if there is a gross imbal-
ance of omega-6 : omega-3. This imbalance may
also cause arteries to constrict, resulting in high
blood pressure, which in turn damages the cells
on the surface of the arterial wall(Farrell, 1993).

2. Healthy people

Animal experiments have shown that the
brain, retina and nervous tissue have very high
concentrations of DHA. A deficiency of omega-3
fatty acids decreases the animal ability to learn
and its ability to see properly{Crawford et al,,
1988). Limited observations have shown that
there is a dramatic increases in DHA in the hu-
man brain during the last trimester of human
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fetus development, with the DHA level doubling
during this period(Neuringer et al., 1988; Cam-
pbell et al., 1996). Babies fed infant formula
milk with high ratios of linoleic to linolenic acid
have poorer electroretinogram responses than
those fed breast milk with lower ratios of lino-
leic acid to linolenic acid (9:1). The addition of
fish oil to infant formulas improves some
electroretinogram responses, even though fish
oil is not recommended for infant milk formula,
Visual activity also improved with fish oil sup-
plementation during the first half of infancy,
compared with formula containing between 1.5
and 2.5% of the energy as linolenic acid. Thus,
there seems to be a need for the preformed
DHA({Carlson and Salem, 1991).

Adult diets deficient in omega-3 fatty acids
resulted tn scaliness and lesions of the skin of
patients, which were cured when thesacids were
added to the diet{Bjerve, 1991). He concluded
that optimally 5.4% of the energy of the diet
should be in form of total PUFA and 0,6% as
linolenic acid with 0.2% as EPA and DHA.

Most of the effects of linoleic acid are di-
rectly related to eicosanoid biosynthesis. The
type and amounts of eicosanocids produced vary
between cells and tissues involved in regulating
immune response, bone remodeling and ovi-
position. It must be recognized that lincleic acid
will not substitute for alpha-linolénic acid in pro-
viding omega-3 PUFA to tissues. The long chain
omega-3 PUFA derived from alpha-linolenic acid
are present in the retina and nervous tissue
(Rezanka, 1989). Recognized deficiency symp-
toms of omega-3 fatty acids in mammals include
defective vision and impaired learning ability.

The long chain PUFA such as EPA and DHA
are used to build structural lipids with varying
degrees of fluidity to meet different structural
and functional needs, These fatty acids may be

found in areas of rapid biochemical reactions
such as in signal transmitters and receptors in
the brain and nervous, wvascular and visual
systems, In the photoreceptors, DHA represents
60% of the fatty acids(Watkins et al., 1991),

Several studies have evaluated the effects on
blood characteristics of consuming eggs contain-
ing an increased level of long chain omega-3
PUFA. In one study, eggs from hens fed a 10%
menhaden oil diet were tested(Oh et al., 1991).
Healthy male volunteers consutmed either four
control eggs or four omega-3 fatty acid-enriched
eggs per day for a four week period. The plasma
levels of both cholestercl and triglycerol were
increased in the volunteers who ate the control
eggs and their blood pressure was unchanged.
In contrast, the consumption of the omega-3
fatty acid-enriched eggs generated no change in
blood cholesterol concentration, while the level
of triglycerol was significantly reduced. Fur-
thermore, bhoth systolic and diastolic blood
pressures were significantly reduced in subjects
who consumed the fatty acid-modified eggs.
Similar results were obtained in another study
where marked increases in the omega-3 fatty
acid levels in the blood were alsc noted(Jiang
and Sim, 1993).

3. Patients with disease

Many human diseases have been associated at
the biochemical level with a change in prostagl-
andins and leukotrienes. The metabolic half-life
of the derivative of prostaglandin, prostacyclin,
is less than one circulation time. Fish oils have
been shown to change the balance of these
powerful physiological agents(lLands, 1986),
And prostacyclines and leukotrienes have heen
shown to play important roles in the develop-
ment of coronary heart disease, strokes, inflam-

matory disease and tumors{Salem, 1989; Cane,
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1991; Ferretti et al,, 1991; Simopoulos et al,,
1991).

ESSENTIAL FATTY ACIDS(EFA)
IN POULTRY

1. Lipid composition of the egg yolk

All of the lipids of the egg are confined within
the yolk. The yolk exists basically as an oil
-water emulsion in the form of lipid spheres
(25~150 um diameter) held within an ag-
ueous-protein phase(Noble et al., 1987). Almost
all of the lipid is present as lipoprotein
complexes, with the overall lipid : protein ratio
being approximately 2:1. Twe major yolk lipo-
protein fractions have been identified based on
their different physical properties and conse-
quent separation during centrifugation, Thus
“low™ and “high” density fractions exist, with the
most of the yolk lipid (over 90%) found within
the low density fraction,

Yolk lipid is made up almost entirely of
triacylglycerol (63% of total lipid) and phos-
pholipid (30%5). Free cholesterol {i.e, cholesterol
not esterified to fatty acids) forms approxi-
mately 5% of the total weight of the yolk
(Stadelman and Pratt, 1989).

The fatty acid composition of the triacylgly-
cerol and phospholipid fractions of the yolk form
a standard egg. In both fractions, oleic acid is
the major fatty acid present. Together, palmitic
and stearic acids account for more than
one-third of the fatty acids, while substantial
levels of linoleic acid are also present(Whi-
tehead, 1934),

The fatty acids in the triacylglycerols of the
volk display a preferential distribution of the
glycerol moiety, High levels of arachidonic and
docosahexaenoic acids are present in the phos-

pholipid fraction, In all of the lipid classes, pal-

mitic and stearic acids together account for
approximately 5024 of the total fatty acids. The
posphotidylcholine fraction contains the highest
level of linoleic acid. The phophotidylethanola-
mine fraction contains high levels of arachidonic
and docosahexaenoic acids{Brown, 1991).

The phospholipid contains higher levels of
stearic, linoleic, arachidonic and docosahexae-
noic acids than the triacylglycerol which con-
tains a higher level of 2-linolenic acid. In both
the triacylglycerol and phospholipid fractions,
the chicken, turkey and quail were charac-
terized by higher levels of linoleic acid than the
duck, goose and pheasant, The level of DHA
was highest in the volk of eggs of the domestic
fowl and goose{Whitehead, 1984: Stadelman
and Pratt, 1989).

2. EFA deficiency symptoms and require-
ments

EFA deficiency symptoms in chicks include
retarded growth, increased water consumption,
reduced resistance to disease, enlarged liver
with increased lipid content and an alteration of
tissue fatty acid composition(Balnave, 1570). In
males there may be a reduced testicle size and
delayed development of the secondary sexual
characteristics. In layers, linoleic acid defi-
ciency results in decreased egg size, lowered
egg weight and changes in egg yolk fatty acid
composition. However, reproductive failure and
increased susceptibility to disease might be
more related to defective eicosanoid biosyn-
thesis than to strictly EFA deficiency{Watkins,
1951),

For optimal growth in poultry, the linoleic
acid requirement is suggested to be 1% of the
diet {Oh et al., 1988), although other reports
{Whitehead, 1984) concluded that 0.8% may
satisfy the growth requirement in chickens. It is
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more difficult to determine the recommended
levels for adult poultry since tissue reserves of
the essential fatty acids are influenced by the
composition of diets used for growth. Other
investigators have suggested that the laying
hen has two requirements for linoleic acid.
Physiological maintenance may require 0.9%
(Balnave, 1971), while an additional 2 to 4%
may be needed for maximum egg size(Whi-
tehead, 1984).

A number of workers have observed some ad-
verse effects on the performance of feeding
diets containing varying amounts of fish meal or
fish oil. It has been observed that the feeding of
iscenergetic and isonitrogenous redfish meal and
redfish oil diets to broilers caused lowered feed
consumption, body weights and poorer feed con-
version efficiency than feeding the control diet
(Hulan et al., 1989). These authors attributed
the reduced performance of chickens given
redfish meal to lower palatability and higher cal-
cium levels,

Several studies have reported a lowering of
egg or yolk weights or egg number when fish
meal or fish oil diets were fed, although a nwm-
ber of other studies have observed no such ef-
fect. In one study, a linear decrease in egg
weights with increasing amounts of dietary her-
ring meal was observed{Nahm, 1996).

Effects on blood characteristics of chickens
receiving fish oil or fish meal have been
observed in line with changes which have been
observed in mammals(Fritsche et al.,, 1993).
Thus, as a result of omega-3 PUFA intake, the
FA composition of the blood has shown dose re-
sponse increases in the levels of omega-3 FA,
while the levels of omega-6 FA have decreased
(Huang et al.,, 1990; Hargis and Elswyk, 1993).
Cthers have observed that as the level of diet-
ary omega-3 FA increased, the amount of

triacylglycerol decreased in the plasma and in
the very low density plus low density lipoprotein
fraction (VLDLALDL) {Phetteplace and Wat-
kins, 1990). The ratio of omega-6 to ome-
ga-3 FA in the plasma was reduced form 7.7 to
3.7 in chickens fed increasing amounts of her-
ring meal and there was no effect of the modi-
fied diets on plasma total cholesterol(Nash et
al,, 1995).

3. The pattern of EFA absorption

Most poultry diets should provide adequate
amounts of lincleic acid since plant oils in grains
are usually rich sources of this EFA. Under cer-
tain conditions these diets may not contain ad-
equate amounts of EFA, Certain nutrients and
dietary factors may increase the EFA require-
ments, Biotin, antioxidants, fat soluble vitamins
and trans-fatty acids effect the metabolism of
EFA in poultry{Stadelman and Pratt, 1989).

Commercially blended feed-grade fats can be
variable in their concentrations of linoleic and
alpha-linolenic acid and they should be analyzed
for fatty acid composition before use(Al-Athari
and Watkins, 1988). Both linoleic and alpha-lino-
lenic aicds are readily absorbed through the in-
testinal wall where resynthesis of triacylgly-
cerols and packaging of lipids into portomicrons
occurs for transport to the liver(Krogdahl,
1983). Long-chain omega-3 PUFA present in
marine oils and fish meals seem to be absorbed
and metabolized to the same extent as the
omega-6 PUFA(Phettplace and Watkins, 1850).
Since varying the levels of EFA and PUFA in
diets will modify the composition of long-chain
PUFAs{omega-3 and omega-6 fatty acids)in
poultry tissues, enriching poultry meat and eggs
with specific PUFA may be done to meet con-

sumer demands,
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FATTY ACID MODIFICATION IN
EGG PRODUCTION

For years we have been told that dietary chol-
esterol is a major killer and we should avoid
foods high in cholestero] such as eggs. Today,
we know that dietary cholesterol is not an im-
portant risk factor in heart disease, There are
many other factors that are more important
such as the amount and nature of the fat in the
diet, A good example of this is the case of the
Greenland Eskimo, They consume almost twice
as much cholesterol in their diet than do their
neighbors the Danes, but the incidence of
deaths from heart disease is almost seven times
higher in the Danes, The answer lies, in part, in
the source and nature of the fat consumed
(Farrell, 1993),

Changing the quantity and or quality of the
fat-rich components in the egg lipids has poten-
tial for manipulation of eggs to design the
“modified” egg{leeson, 1993). He stated that
linolenic acid intake is important in its role as a
precursor of docosahexaenoic acid, a metabolite
found to reduce blood platelet aggregation and
adhesiveness and plasma triglyceride levels,
‘The current sources of linolenic acid are fish
products and oil seeds, such as flax, When hens
are fed flax, there is a considerable accumu-
lation of linolenic acid in the egg, to the extent
that the consumption of one or two “modified”
eggs per day would provide most of the adult re-
quirement for this nutrient,

One research paper has shown that inclusion
of various fish oils, seeds, and seed oils in layer
rations readily results in the incorporation of up
to 220mg of omega-3 FA per egg yolk{Hargis
and Van Elswyk, 1993). This level of omega-3
FA is equivalent to that which would be con-
sumed in a 100g serving of lean fish: therefore

consumption of one omega-3 fatty acid-enriched
egg potentially could replace consumption of
fish.

1. Feed-grade fats for pouliry feeds

The addition of feed-grade fat (yellow grease
or vegetable frying oil) to the poultry feed
improves growth rate and feed conversion, In-
dustry analysts predict that vegetable frying oil
use will increase at the expense of animal tal-
low, resulting in an increase in the hydro-
genated oil content in vellow grease. Since the
primary component of blended fats is yellow
grease, the concentration of trans-fatty acids
(present in hydrogenated vegetable oils) will in-
crease significantly in these products and in
poultry feed. Trans-fatty acids form a side reac-
tion isomerization during catalytic hydrogen-
ation of vegetable and marine oils. Feeding
experiments with hydrogenated sovbean oil and
native soybean oil indicated that hydrogenated
oil had a lower ME value in broiler chicks
{Brown, et al., 1993). The lower ME value may
be due to the trans-fatty acids in the hydro-
genated soybean oil.

The nutritive value of rendered fats in animal
feeds has been questioned due to the harsh
treatment they undergo during processing, To
prevent peroxidation, which decreases the feed-
ing value of rendered fats, nutritionists rec-
ommend that antioxidants be added during
processing, Antioxidants help prevent oxidative
damage to unsaturated fatty acids and fat-sol-
uble vitamins. They also insure that ingredient
quality is maintained unti]l the feed is con-
sumed{Kim et al., 1995).

2. Feeding to produce essential fatty acids in

eges
The findings that the consumption of omega-3
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PUFA can have beneficial effects on important
aspects of human health and disease have
stimulated interest in the possible increase in
the levels of these fatty acids in foods by the in-
clusion of dietary fish oil. Several investigations
have been conducted with the aim of increasing
the omega-3 PUFA composition of the egg yolk,

Since the chicken is a monogastric animal,
much of the dietary fat is assimilated directly
with minimal modification(Watkins, 1991),

Scientists (Reiser, 1951; Rhodes, 1958} repor-
ted the following.

—Egg pentaencic and hexaencic acids are
increased by dietary cod liver oil,

—There is preferential insertion of marine
fatty acids in egg phospholipids.

—The selective incorporation is at the ex-
pense of monounsaturated and diunsatura-
ted fatty acids and yolk fatty acid can be
modified by :

a) dietary lipids in different systems of hus-
bandry

b) different strains of chickens, and

c) different species of birds.

Several egg producers are marketing omega-3
PUFA enriched shell eggs and others are begin-
ning to produce them. Canola oil, olive oil, flax
seed oil and fish ails, such as menhaden oil, are
available to the poultry industry for inclusion of
omega-3 PUFA in the laying hen rations(Van
Elswyk et al,, 1991. Watkins and Elkin, 1992:
Leeson, 1993),

Concentrations of omega-3 PUFA in poultry
meat and eggs have been elevated to produce
foods with new concepts by the commercial
poultry industry through the feeding of flax
seed and flax seed oil(Stadelman and Pratt,
1989). The overall nutrient content of feeds can

be improved by adding flax sced due to its rela-
tively high protein and energy levels. Flax seed
cil is high in linolenic acid (omega-3 fatty acid),
which has been shown to have positive health
effects on people. Flax seed is included in ani-
mal feed mainly to increase the levels of
omega-3 fatty acids in the amimal products and
increase the value of these products as sources
of omega-3 fatty acids for human diets, The
main difference from other oil seeds is its high
levels of linolenic aicd, with approximately 55%
of it oil being cmega-3 fatty acid. This is four
times the level found in canola and eight times
the level in soybeans.

Flax seed in the laying hen diet sigificantly
increases the linolenic acid content in the yolk.
Dietary flax was shown to increase the pro-
portion of linolenic acid and decrease the pro-
portion of shorter chain saturated fatty acids in
the yolk(Hickling, 1997). A typical western
Canadian feed formula for layers containing flax
seed increased the level of omega-3 fatty acids
in the egg yolk from less than 1% to more than
5% of the total oil. The basic feed formulations
used in the Canadian feed industry usually in-
clude 10 to 20% flax seed in the egg laying
diets,

Most feeding programs use ground flax seed,
but the chicken has a gizzard capable of grind-
ing the seed so that whole flax seed can be used
in the diet, There does not seem to be an effect
of egg production, but the level of omega-3
fatty acids may be reduced when whole seed is
fed(Scheideler and Froning, 1996). Other re-
ports, however, have shown that flax seed
vielded no differences in total yolk omega-3
PUFA deposition as compared te equivalent
amounts of ground flax seed, The advantage of
using whole flax seed is that the feed will not go
rancid and therefore will require less antioxidant
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stabilization. There may be problems with the
mixing of the whole flax seed so it does not sep-
arate out in handling or the bird does not
selectively consume more or less of the flax
than is intended.

Ground flax seed has been promoted as being
a more stable alternative to marine oils, but oxi-
dative stahility tests conducted with eggs from
hens fed ground flax seed indicate an increase in
the lipid peroxidation products in the egg yolk,
Antioxidants are usually added to the feed in or-
der to prevent rancidity from the oxidation of
the dietary omega-3 fatty acids in the flax seed
cil. Egg production and the sensory eating qual-
ity of the egg can both be affected by rancidity
of the flaxseed cil., The ability to change the
fatty acid composition through addition of flax-
seed depends on the choice of antioxidant and
the flaxseed processing methods{Hickling,
1997).

Dietary menhaden oil at 3% for 18 weeks
increased egg EP A and DHA contents without
altering egg output and total egg lipids{Hargis
et al., 1991). 5% dietary menhaden il also was
reported to increase DHA content in the egg
from 2.9 to 11.8%(Couch and Saloman, 1973).
Inclusion of 1.5% menhaden oil in a laying hen
ration has also been reported to result in the de-
position of up to 180mg total omega-3 fatty
acids /yolk. According to these results, it is
possible to increase DHA contents of eggs.
Another comparison of undeodorized and deo-
dorized menhaden oil at 4% in layer diets
showed that both sources were similar with re-
spect to vyolk content of EPA and DHA
{Maurice, 1994),

Dietary fish oil has been indirectly implicated
in “fishy” or “crabby” taint in eggs from hens
fed different types of fish meal at different
concentrations(Koehler and Bearse, 1975). In

one study in which hens were fed a 3% men-
haden oil diet, taste panelists were able to dif-
ferentiate between omega-3 enriched and con-
trol scrambled eggs on the basis of flavor
differences; some of the panelists reported that
they noticed a “fish-like” flavor in the scram-
bled egs{Van Elswyk et al., 1691). Hard boiled
eggs were not distinguished on the basis of diet-
ary treatment by panelists, but this was
attributed to the fact that the scrambled eggs
were presented to the panelists warm whereas
the hard boiled eggs were presented at room
temperature,

One alternative to feeding fish oil as a way of
increasing the content of omega-3 PUFA with-
out any off-flavors is to increase the levels of
dietary alpha-linclenic acid. It has been
ohserved that the feeding of high levels of
alpha-linolenic acid does not entirely remove the
threat of off-flavors(Hargis and Van Elswvyk,
1993). In recent studies with fish oils, egg
remained acceptable with up to 3% (the maxi-
mum concentration studied) dietary fish oil
stabilized with antioxidant (Huang et al., 1990}.
Feeding fish oil at or above 3% of the weight of
the diet without adding antioxidants should be
avoided (Van Elswyk et al., 1991},

Storage of feed containing 4 %5 fish ¢il at 40°C
resulted in a significant decline in EPA and
DHA after one week {(Maurice, 1994). There-
fore, egg producers should regularly turnover
stored feed to prevent degradation of fish oil in
the feed and to maximize egg enrichment of
EPA and DHA. Eggs should be assayed during
the egg production period to estimate variances
in EPA and DHA to assure the desired concen-
trations of these in the eggs.

There has been some research done which has
reported on the differences between feeding flax
seed and fish oil. Hens fed flax seed laid eggs
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with 486 mg of omega-3 fatty acids per 60g egg
compared to 282mg per egg from hens fed fish
oil, However, eggs from hens fed menhaden oil
contained 262mg EPA and DHA per 60g egg
compared to 94mg EPA and 23mg DHA from
hens fed flax seed{Maurice, 1994), It has also
been reported that utilization of 5% ground flax
seed resulted in similar total omega-3 fatty acid
deposition as 1.5% menhaden oil, However,
composition of the egg yolk profile is much dif-
ferent, which means the predominant omega-3
fatty acid deposited in response to dietary flax
seed is linolenic acid, a shorter chain omega-3
fatty acid.

Recently, one study showed that feeding pearl
millet which was substituted for corn produced
eggs significantly enriched in omega-3 FA and
dietary treatments {corn, equal amounts of corn
and pearl millet) had no effect on feed intake,
body weight, egg production, egg weight and
yolk weight(Collins et al., 1997). These results
reported that feeding millet to layers in place of
corn significantly decreased yolk pigmentation
and the ratio of omega-6 FA to omega-3 FA in
eggs was 13.1, 10.1 and 8.3 for hens fed corn,
corn + pearl millet and pearl millet, respect-
ively. Pearl millet, the world’s most drought re-
sistant grain, has been studied for its possible
use in the production of egg yolks high in
omega-3 FA. Compared to common cereals,
pearl millet is rich in oil, with a typical fat con-
tent above 5%. Linolenic acid (C18:3, n-3)
comprises 4% of the total fatty acids in this oil,
giving it a higher content to omega-3 FA than
other cereal grains, which means further re-
search is needed for this grain (Rooney, 1978),

There was a study utilizing four diets, includ-
ing a control, cod liver oil, cancla (rapeseed) oil
or linseed oil at 72 of the diet. Forty-four hu-
man volunteers consumed 14 of the egg types

weekly for nine weeks(Farrell, 1993), There
were no significant changes in the blood
parameters that could be attributed to the egg
types. High density lipoprotein cholesterol
(HDL) did show a small decline and there was a
small increase in low density lipoprotein choles-
terol(LDL), on the 7% fish oil diet. A sensory
panel in this trial was unable to distinguish be-
tween the four different egg tvpes, but they
were evaluated in only one way, as scrambled
eggs microwave cooked, Further testing should
be undertaken.

‘When adding dietary oils or seeds to the hen's
diet in order to increase omega-3 PUFA in eggs,
the use of antioxidants in the hens feed is still
important. One report has indicated that
incorporating antioxidants into poultry products,
especially eggs, would increase oxidative stab-
ility and also provide a natural dietary source of
antioxidants(Ajuyah et al,, 1993). Recently, the
effect of each 3.5% dietary oil(menhaden, flax,
palm and sunflower oils) with added tocopherols
was studied for their effect on the tocopherol
deposition and fatty acid composition of the egg
and other tissues(Cherian et al., 1996). Addition
of tocopherols increased the tocopherol content
more in the egg than any other tissue(liver, adi-
pose tissue, dark meat and white meat),

3. Eggs from free range hens

There has been some debate as to the benefits
or otherwise in terms of nurtrition of consuming
free range eggs. The observations of some
scientists of an increased content of long chain
omega-3 PUFA in eggs from free range hens in
Greece are noteworthy{Simopoulos and Salem,
1991). These hens were said to consume large
amouts of purslane{Which is rich in alpha-lino-
lenic acid) and other food sources stich as grass,
twigs, cereals and insects. The fatty acid com-
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position of the eggs from the free range hens
has been compared with that of a U, S. super-
market egg. The Greek eggs contained‘higher
contents of saturated and monosaturated fatty
acids than the supermarket eggs. In addition,
The total content of omega-6 fatty acids was
lower and that of the omega-3 fatty acids was
markedly higher in the Greek eggs, with the re-
sult that the total omega-6 to total omega-3
fatty acid ratios were 1.3 to 19.4 for the Greek
and supermarket eggs, respectively.

However, it is doubtful whether “free range”
hens raised in large commercial numbers within
a limited space on commercial diets would have
access to sufficient quantity and vanety of veg-
etation to give rise to omega-3 fatty acic
enriched eggs. One review article noted the
marked difference in fatty acid composition
depending on the rearing conditions{Leskanich
et al,, 1997). In nearly all cases (chicken, duck,
pheasant and ostrich), the contents of oleic and
linoleic acids were higher in the commercial

than in the free living animals.

4, The amount of omega fatty acids supplied
by one designed egg

The optimal human dietary requirement of
18:3 omega-3 fatty acid, in the absence of EPA
and DHA, has been estimated at 860 to 1220mg
per day or 1.0 to 1.2% of the total energy in-
take., The optimal requirement of EPA and
DHA has been estimated at 350 to 400mg per
day or 0.4% of energy intake(Bjerve, 1991).
Based to these estimates, one designer egg,
enriched with EPA and DHA from feeding 3 to
4% menhaden oil, would provide about 50 to
65% of the estimated requirement.

Such designer eggs could be promoted in all
markets or to specifically targeted groups. Eggs
enriched in EPA and DHA will provide

consumers with the opportunity to exercise per-
sonal choice, The three top motivators in pur-
chasing food-taste, price and healthfulness-will
determine the demand for designer eggs(Nahm
and Chung, 1695).

Anticipated success of omega-3 PUFA shell
eggs in the marketplace was demonstrated re-
cently in a survey(Marshall et al,, 1994). 73%
out of five hundred consumers indicated they
would be interested in purchasing omega-3
PUFA eggs. They would be willing to pay more
for the eggs: 60% would pay an additional $0.
50 /dozen, 40% would pay $1.00/dozen more
{Elswyk, 1994).

FATTY ACID MODIFICATION IN
POULTRY MEAT PRODUCTION

Consumers are striving to reduce fat con-
sumption in their diet. As a result, there has
been a great deal of interest in investigating
methods that are effective in reducing abdomi-
nal fat in broilers. Most research has shown
that increasing energy levels tends to increase
the carcass fat content, while increasing levels
of protein tends to decrease carcass fat content,
Health conscious consumers are going one step
further. Their behaviors regarding food choices
are changing and they are continuing to be
interested in the composition of food and the
diet as a whole. A good example of this is the
interest in omega-3 fatty acids which have been
recognized for their benefits to human health,
as the dietary lipids exert a marked effect on
the composition of poultry meat lipids, This
provides broiler producers with a technological
option to manipulate broiler meat fatty acids
and create “modified” meats for specific mar-
kets,
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1. Feed manipulation for fatty acid modifi-
cation in pouliry meat

Scientists have insisted that dietary manipu-
lation has the potential for modifying the fatty
acid content and protein content of poultry
meat, When the dietary protein level was
increased from 24 to 36%, the absolute quantity
of carcass protein increased only one gram(from
233 to 234g), while the absolute quantity of car-
cass fat decreased 3lg(from 210g to 179g)
{Barlow et al., 1990; Leeson, 1993). Dietary en-
ergy levels have the same basic effect, except
in the opposite manner. Increasing the dietary
energy levels significantly increases the per-
centage of carcass fat. Increasing the levels of
dietary energy significantly reduces the per-
centage of carcass protein(because of the in-
crease in fat content) while the absolute quan-
tity of carcass protein changes very little
(Leeson, 1993).

The poultry carcass is primarily composed of
protein, fat, moisture and ash. The absolute
values of protein and ash do not appear to
change much. The absolute values for fat and
moisture can change markedly due to dietary
cormnposition, feeding programs and other man-
agement programs. Fat and moisture basically
interchange.

Scientists observed that chickens could chain
elongate and desaturate dietary sources of al-
pha-linclenic aicd(18:3n3) tc form eicosapen-
taenoic acid{20:5n3) (Phetteplace and Watkins,
1990) These scientists reported that the omega
-3 PUFA contained in these products are readily
incorporated into tissue lipids of the broiler,
when fish meal and menhaden il are fed to
broilers. Chickens fed linseed oil, which is also a
rich source of long-chain omega-3 PUFA(18:
3n3), accumulate these fatty acids in their

tissues. The chicken can modulate its concen-
trations of PUFA by the types and amounts of
fatty acids it consumes(Watkins, 1991),

The liver of the chicken contains desaturation
and elongation enzymes to facilitate the forma-
tion of omega-3 PUFA. When the dietary con-
centration of 18:3n3 increases relative to the
18:2n6, there is an elevation in the omega-3
PUFA, Feeding sources of omega-3 PUFA to
poultry increases the carcass concentration {o
20:5n3 but lowers that for 20:4n6. When both
18: 2n6, 18:3n3 are deficient, Mead acid
(20:3n9) is formed from oleic acid. In most
practical poultry diets, the EFA linoleic acid
(18:2n6) is at a higher concentration than
alpha-linolenic acid(18:3n3). When this happens
greater amounts of omega-6 PUFA are formed
compared to the amounts of omega-3 PUFA
(Watkins, 1991; Watkins et al., 1993).

Feeding incrementally higher levels of redfish
meal or oil results in an increased accumulation
of beneficial fatty acids in edible chicken meat
lipid. The 5000 broiler chickens were fed practi-
cal corn-wheat-soybean based diets containing 0,
4, 8, 12, 15 and 30% redfish meal(RM) or 2.1 or
4.2% redfish 0il(RO)(Hulan, 1988). The ad-
dition of RM and RO resulted in a substantial
increase in omega-3 fatty acids and in the accu-
mulation of significant amounts of docosa-
pentaenoic acid in the edible meat lipids of the
broilers, The breast meat was found to be lower
in lipid and triglyceride but higher in free chol-
esterol and phospholipids than thigh meat, The
carcass lipid content or composttion was not af-
fected by the dietary treatment. Breast meat
contained more of the docosapentaencic acid
and total omega-3 PUFA,

The addition of plant seed or oil(flax seed or
linseed oil) to the broiler diet also increased the

level of omega-3 fatty acids in the poultry meat,
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Studies have shown that levels of omega-3
PUFA as well as linoleic acid increased the lipid
content of both dark and white meats. The pro-
portion of oleic acid decreased to compensate. It
appears that flax seed changes the pattern of
fatty acid composition in broiler meat in a very
similar manner that the fatty acid composition
of egg yolks are altered by feeding flax seeds to
layers{Ajuyah, et al, 1991), Many practical
questions about the meat stability and sensory
properties need to be studied before there will
be commercial feeding of flax to broilers,

There has also been a report that birds
supplemented with linseed 0il(1.0, 2.5 or 5.0%),
tich in linolenic acid(18:3n3), had significantly
higher levels of omega-3 FA and higher
omega-3:omega-6 ratios than those supple-
mented with the same level of menhaden oil,
primarily due to an accumulation of 18:3n3
{Chanmugam et al., 1992). Levels of EPA were
increased with the controls fed the same level
of corn oil, in groups fed the two higher levels
of linseed oil, and in all the groups fed men-
haden oil, Linclenic acid is less susceptible to
antioxidation, and is less likely to impart an
off-flavor to the muscle,

Another recent research report showed that
adding tocopherols to the 3% plant oils{men-
haden, flax, palm and sunflower)increased the
content of tissue tocopherols in the liver, adi-
pose tissue, dark meat and white meat of the
chicken{Cherian et al., 1996). Dietary toco-
pherols in this study resulted in a significant in-
crease in the content of C20:5n3 and C22:6n3 in
adipose tissue and white meat from birds fed
menhaden plus tocopherol diets,

On the other hand, another researcher has
calculated the amount of long chain omega-3
PUFA which could be supplied to human as a
result of consuming the fatty acid modified

meat (Hulan et al., 1988). In this study, it was
stated that a 100g portion of fat-modifed
chicken meat equally divided between 50g
breast meat and 50g thigh meat would provide
approximately 142mg of EPA+DPA(CZ22:5n3,
docosapentaenoic acid)+DHA(6lmg from the
breast+8lmg from the thigh). This provided
slightly more than the 138mg of these fatty
acids found in 100g of cod flesh, In their sub-
sequent study, they also cbserved that feeding a
129 redfish meal diet would provide about
197mg of EPA-4+DPA+DHA per 100g of
chicken{Hulan et al., 1989).

2. Conversion of omega-3 PUFA

Humans can convert omega-3 short-chain
fatty acid (linolenic acid-C18:3) to long chain
omega-3 fatty acids by desaturation and chain
elongation steps(Brenner, 1989). This trans-
formation is very slow, the delta 6-desaturation
being the rate limiting step{Crawford et al.,
1989). Therefore, the C18:3 omega-3 fatty acid
(linolenic acid), through a precursor of EPA
and DHA in humans, has not been considered a
significant source. Enriching the diet with a
linolenic acid does not appear to produce the
clinical effects that EPA and DHA produce
{Barlow et al., 1690).

Livestock animals are also believed to convert
linolenic acid to EPA and DHA, but at a slow
rate, This conversion is also influenced by the
ratioc of omega-6: omega-3 fatty acids: the
higher the ratio the slower the conversion. In
chickens, increasing the omega-3 long chain
(LC)PUFA content of the diet increases the
EPA and DHA content of chicken meat, A re-
view of literature shows that there appears to
be a linear relationship between the EPA plus
DHA content of the diet and that in chicken
meat{De Thomas and Mercuri, 1971). Conse-
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quently the amount of EPA and DHA in the
tissues of land animals fed diets lacking in EFA
and DHA are small (Huang et al., 1890).

3. Use of antioxidanis for poultry meat
flavor ’

Fish oil and the oil in fish meal are a rich
source of EPA and DHA(Young, 1986). How-
ever, they can cause off-flavors in the meat if
included at high levels. These off-flavors and
fishy taints occur through the oxidation of
omega-3 LCPUFA. Some of the aldehydes pro-
duced like 2-trans, 4-cis, 7-cis-decatrienal and
4-cis-heptenal, have been isolated and are clai-
med to have a fishy flavor, Use of antioxidants
to aveid the production of these compounds is
necessary if the omega-3 LCPUFA in animal
products are to be increased,

Without the use of antioxidants, unacceptable
odors have been observed in the carcasses of
chickens fed fish oil at level of 4%/ (Dansky,
1062}, 2.5%(Holdas and May, 1966), 22(Ed-
wards and May, 1965) and 1.8%/(Hardin et al.,
1964). It has therefore been recommended that
no more than 1.5% fish oil should be fed, and
that this level should be reduced in proportion
to the amount of fish meal in the diet(Fry et al,,
1965). In broilers, no effect on off-flavor has
been observed with respect to the sex or geno-
type. Recent reports showed that the levels of
fish meal and fish oil in broiler diets should be
no more than about 1225 and 1% by weight of
the diet, respectively(Klaus et al., 1995).

Antioxidant treatment is standard practice for
livestock animals and farmed fish. There is evi-
dence that increasing the vitamin E content of
the animal’s diet helps to stabilize the tissue
lipids, It has been recommended that diets for
broilers should be supplemented with 50mg /kg
of vitamin E above that required for normal nu-

tritional maintenance to improve the stability of
unsaturated lipids in the meat{Klaus et al,, 1995
: Leskanich et al., 1997).

CONCLUSION

Growing interest in the role of dietary fat in
development of chronic disease has promoted
debate concerning the potential benefits of
modifying peolyunsaturated fatty acid(PUFA)
composition of animal products, Among PUFA
targeted for manipulation in animal tissues,
omega-3 PUFA(n-3 PUFA) have received con-
siderable attention. Omega-3 PUFA are long
chain fatty acids proposed to reduce the inci-
dence of coronary heart disease in humans, Re-
cent findings indicate that omega-3 PUFA play
an esgential role in growth and development of
brain and retinal tissue in the newborn infant,

Desires to design such egg and meat products
has resulted in more research in the area of
modifying fatty acid composition of eggs and
poultry meat through feed manipulation, par-
ticularly of the omega-3 PUFA. Plant seeds or
oils (flax seed, flax seed oil, canola oil, linseed
oil, sunflower oil, and palm oil), and fish oils
{such as menaden oil}have been focused on for
this research as sources of omega-3 PUFA for
feed rations. Scientists reported that 10 to 20%
flax seed in the egg laying diets, less than 3%
fish oil by weight in the diet without additiona}
antioxidant, or substituting entirely corn with
pear]l millet in the layer diet increased the egg
EPA and DHA content without altering egg
output and total egg lipids, Studies have proven
that these seeds and oils also have the potential
for modifying the fatty acid content of poultry
meat. 4, 8, 12, 15 and 30% redfish meal or 2.1 to
4.2% redfish oil in the broiler diet, up to 5% lin-
seed oil, 3% palm oil or 3% sunflower oil in the
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broiler diet resulted in a substantial increase in
omega-3 fatty acids and in the accumulation of
significant amounts of docosapentaenoic acid in
the edible meat lipids of broilers.

It is 2 common practice to add antioxidants to
the feed in order to prevent rancidity from the
oxidation of the dietary omega-3 fatty acids in
the plant and fish oils. In recent studies with
fish oils, poultry preducts remained acceptable
(in regards to “fishy” or “crabby” taint in the
eggs and poultry meat) when dietary fish oils
were stabilized with antioxidants.

8
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