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1. Introduction

A key function of ALA (C18:3 n-3) is as substrate for the synthesis of longer-chain omega 3
fatty acid found in fish EPA (C20:5 n-3) and DHA (C22:6 n-3) which play an important role
in the regulation of inflammatory immune reactions and blood pressure, brain
development, cognitive function, etc. (Sirot et al., 2008).

The American Heart Association (AHA) recommends to increase the consumption of n-3
fatty acids and to reach a low omega 6/omega 3 ratio for reach a healthy status (Russo,
2009). Fat is an important component of the human diet, but current levels of intake are
considered too high and the overall fatty acid composition imbalanced. There is an excessive
intake of saturated fatty acids (SFA) relative to polyunsaturated fatty acids (PUFA),
expressed usually as the P/S ratio, and the consumption of n-6 PUFA is too high relative to
n-3 PUFA. The ratio of n-6/n-3 PUFA is a risk factor in cancers and coronary heart disease,
especially the formation of blood clots leading to a heart attack. More recently, nutritionists
have focused on the type of PUFA and the balance in the diet between n-3 PUFA formed
from C18:3 n-3 and the n-6 PUFA from C18:2 n-6 (Willians, 2001)

ALA and LNA (C18:2 n-6) serve as the precursor molecules from which the rest of fatty
acids belonging to the n-3 and n-6 fatty acid family can be synthesized through a series of
elongation and desaturation reactions. All the reactions are catalyzed by an enzymatic
system consisting in fatty acyl-CoA synthetases A-6 and A-5 desaturases and respective
elongases. These two fatty acid families not only share these enzymes, but they also compete
for the same enzymes (Brenner, 1989).

There are two basic metabolic fates for ALA. First it is subjected to PB-oxidation and
extensive carbon recycling. Second, it is converted into longer fatty acids via elongation and
desaturation. The predominant fate of ALA is catabolism (Demar et al. 2005) and carbon
recycling to acetate (Cunnane et al., 1997, 2003). In rodents, only 16% of an ALA dose is
found in rat tissues, mainly adipose, and 6% was elongated /desaturated (Kaduce et al.,
2008). Increasing the ALA content of the maternal diet of sucking rats led to increased of
ALA, EPA and DPA (C22:5 n-3) in the whole body, skin epididymal fat pads and but there
was no effect on the DHA content of these tissues nor on the brain or muscles (Bordoni et

www.intechopen.com



350 Soybean and Nutrition

al., 1996). For studies on ALA metabolism, the main focus is to establish if it is converted in
sufficient quantities to maintain adequate tissue levels of DHA. Although less importance
has been given to the EPA and DPH accumulation.

The conversion of ALA from vegetal oils in long-chain fatty acids EPA (C20:5 n-3), DPA
(C22:5 n-3) and DHA (C22:6 n-3) is a hot point in this moment because many studies
considere that its conversion is not important. There is little doubt regarding the essential
nature of ALA, yet the capacity of dietary ALA to maintain adequate issue levels of long-
chain fatty acids remains quite controversial (Barcelo-Coblijn & Murphy, 2009).

The metabolization of ALA to long-chain seems to be affected for several factors as amounts
of other fatty acids in the diet as LA, sex, animal species, etc. Several reviews concerning the
ALA metabolism to EPA, DPA and DHA have appeared recently (Brenna, 2002; Burdge &
Calder. 2005)

EPA and DHA present different effects on several functions of leukocytes, insulin secreting
cells, and endothelial cells. These differences are associated with their effects on membrane
physicochemical, intracellular signalling pathways and gene expression (Gorjao et al., 2009).
The marked differences between the effects of EPA and DHA indicate that it not possible to
generalize the effects of omega 3 fatty acids on cell function. Substantial improvement in the
therapeutic usage of n-3 fatty acids will be possible with the discovery of the different
mechanisms of actions of DHA and EPA.

Meat, fish, fish oils and eggs are the only significant sources of long-chain n-3 PUFA for
man. Although meat has lower concentrations of these FA compared to oily fish, it is a very
significant source for many people, since fish consumption is low. The low PUFA
concentration and the high concentrations of saturated FA in ruminant tissues result from
the biohydrogenation of dietary PUFA in the rumen. (Harfoot &Hazlewood, 1988). Ruminal
micro-organisms in vitro did not hydrogenate EPA and DHA to any significant extent
(Ashes et al., 1992). Several studies have been published covering studies describing
manipulation of the fatty acid composition of animal meat but paying less attention to long
chain PUFA.

Soybean oil is one of the few plant sources providing ample amounts of both essential fatty
acids C 18:2 n-6 and C18:3 n-3. The fatty acid content of soy foods is often unrecognized by
health professionals, perhaps because there is so much focus on soy proteins. The major
fatty acids in soy oil are the essential fatty acid linoleic (C18:2 n-6) (54%), oleic acid (C22%),
palmitic acid (C16:0) and the essential omega 3 fatty acid alfa- linolenic (C18:3 n-3) (8%).
Soybeans are used in cattle, poultry and pigs diets and could be a more important source of
ALA for animal nutrition and also increase ALA and its fatty acids metabolites in meats.
Canola oil is the other important source in commercial oils that contain the precursor alfa
linolenic acid (ALA). The main sources of ALA are presented in Table 1.

Genomics, specifically marker assisted plant breeding combined with recombinant DNA
technology, provided powerful means for modifying the composition of oilseeds to improve
their nutritional value and provide the functional properties required for various food oils
(Owen & Sing, 2005).

Transgenic canola oil was obtained that contains >23% of SDA (C18:4 n-3) . In a clinical
study (James et al., 2003) observed that SDA was superior to ALA as a precursor by a factor
of 3.6 in producing EPA, DHA and DPA (C22:5 n-3).

Modern plant husbandry, either through selective breeding or genetic modifications, affords
the opportunity to alter the fatty acid profile of plants. The result was the development of
soybean plants, traditionally rich in PUFA, which are high in MUFA, and rapeseed plants
traditionally rich in MUFA, which are high in PUFA (Hazebrock, 2000).
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Common name Scientific name A LA/100g material
Flaxseed Linum usitatissimum 22.8a
Flaxseed oil 53.3a
Perilla Perilla frutescens 58.0
Chia seed Salvia hispanica 17.6a
Camelin oil Camelina Sativa 38.0c
Canola oil Brassica campestris 9.1a
Soybeen oil Glycine max 6.8a

Soybeen green raw 0.4

Walnuts Juglans regia 9.1a
Cloudberry Rubus chamaemorus 1.2b
Blueberry Vaccine corymbosum 0.8b
Cowberry Vaccinium vitis-idaea 0.2b

a) Agricultural Research Service USA 2009
b) Bere E. , 2007
c) Karvonen et al., 2002

Table 1. Main natural sources of ALA

2. Conversion of ALA into long-chain n-3 PUFA in meat animals

The potential use of livestock products as vehicles to deliver n-3 fatty acids has been the
subject of intensive research (Moghadasian, 2008).

The lipid composition of animal body tissues largely depends on the feeding background of
the meat producing non-ruminant animals. There has been an increased interest in the
substitution of animal fat sources with vegetable oils in animal nutrition.

Vegetable oils have been attributed with reducing the level of saturation in animal fat tissue
due to their unsaturated fatty acid concentration when compared with animal fat.

Since some meats naturally have a P/S ratio of around 0.1, meat has been implicated in
causing the imbalanced fatty acid intake of today’s consumers. Thus the recommended ratio
should be increased to above 0.4. In addition, some vegetable oils are rich in n-3 PUFA,
mostly C18:3 n-3.

Increasing the n-3 content in animal meats can be achieved by including fish oil or fish meal
in the diet, rich in EPA and DHA or vegetable oils rich in ALA. Diet rich in ALA results in
an increased level of ALA, EPA, and DPA in the meat, while in most cases no effect on DHA
level was observed.

Several reviews have been published covering studies describing manipulation of animal
meat but paying less attention to long chain PUFA. All data should be presented as g/100g
of total fatty acids to obtain a better comparison of results originated from studies with large
differences in fat content. Fatty acid of neutral fraction was characterized by a high
proportion of SFA and MUFA, whereas the PL fraction showed a high proportion of PUFA
(Raes, De Smet & Demeyer, 2004).

Fish oil and other marine raw materials are limited, expensive and the quality varies.

EPA and DHA, and to a lesser extent DPA, are mainly found in marine products, and fish
oil additions to pig diets have been evaluated in several experiments with different
inclusion levels. Overland et al. (1996) fed pigs with 1% and 3% dietary fish and found a
dose-dependent increase in long-chain n-3 PUFA in fat and muscle.
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From a general stand point, fish oil supplementation seems to be the most effective way to
increase tissue deposition on DHA, whereas the dietary inclusion of ingredients, flaxseed
and flaxseed oil, containing its precursor, ALA, results only in a small increase in DHA,
probably due to the limited conversion of DPA to DHA ( Riley et al 2000, Raes & De Smet,
2004, Portolesi, Powell & Gibson, 2007; Pawlosky et al., 2003).

Microalgae, the original source of DHA in the marine food chain (Abril et al, 2003) have
been included in animal feeds to improve the DHA level of foods of animal origin.

In Tables 2, 3, 4 and 5 are present the effect of different feeding in the proportions of ALA,
EPA, DPA and DHA in pork, poultry, beef and lamb meats.

ALA | EPA | DPA | DHA | Reference

Grass silage only (GS) 1.88 | 1.00 | 1.52 | 0.24 | Faucitano et al. (2008)
Growing: G5+4% Soybean 083 | 039 | 085 | 0.13 | Faucitano et al. (2008)
Finish: G5+ 4% barley
Growing: G5+8% soybean 072 | 0.31 0.63 | 0.09 | Faucitano etal. (2008)
Finish: G5+ 8% barley

C German Holstein bulls 034 [ 014 | 036 | 0.09 | Nuernberg et al. (2005)
Grass German Holstein bulls | 1.67 | 0.58 0.80 | 0.15 Nuernberg et al. (2005
C German Simental bulls 0.46 | 0.08 0.29 | 0.05 | Nuernberg et al. (2005
Grass German simental bulls | 2.22 | 0.94 132 | 0.16 Nuernberg et al. (2005
Pasture only 1.30 | 0.52 0.71 | 0.43 Garcia et al. (2008)
Pasture+0.7% corn grain 0.89 | 0.31 0.51 | 0.18 Garcia et al. (2008)
Pasture+1.0% corn grain 074 | 026 |049 | 014 | Garcia et al. (2008)
Concentrate 0.28 | 0.12 030 | 0.16 Garcia et al. (2008)
Grass +4 kg C 071 {020 | ND Woods et al. 2011

8 kg concentrate+1 kg hay 0.72 | 012 | ND Woods et al. 2011

6 kg grass+5 kg C 0.87 | 027 | ND Woods et al. 2011

12 kg grass+2.5 kg C 1.01 | 024 | ND Woods et al. 2011

22 kg grass 113 [ 023 | ND Woods et al. 2011
Feedlot 0.48 | 0.47 091 | 0.11 Alfaia et al. 2009
Pasture+ 4 month C 0.84 | 0.77 1.04 | 0.12 Alfaia et al. 2009
Pasture+ 2 month C 1.96 | 1.28 148 | 0.14 Alfaia et al. 2009
Pasture only 553 | 213 | 256 | 0.20 | Alfaiaetal. 2009

C concentrate

Table 2. Effect of dietary source of ALA on the long-chain n-3 PUFA of the beef
Longissimus muscle (% of total fatty acids)
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ALA | EPA | DPA | DHA | Reference

Pasture LD 264 | 1.07 | 091 | 041 | Garcia etal. (2008)
Pasture Leg muscles 289 | 137 | 123 | 041 | Garcia etal. (2008)
Extruded linseed-high.oleic 220 [ 058 | 0.75 | 0.17 | Berthelot et al. (2010)
rapessed

Extruded linseed normal 238 [ 060 | 0.79 | 0.20 | Berthelot et al. (2010)
rapeseed

Extruded linseed-soybean 258 [0.75 | 097 | 0.22 | Berthelot et al. (2010)
Grazing T. subterraneum 197 (048 | 092 | 0.64 | Chiofalo etal. (2010)
Grazing L.Multiflorum 152 | 047 | 090 | 0.64 | Chiofalo etal. (2010)

Control (C)High concentrate diet | 4.18 | 0.07 | 0.06 | 0.31 | Radunzetal. (2009)

Soy bean + linseed oil (2:1) 490 |0.04 |002 | 032 | Radunzetal. (2009)
Grass hay 227 (123 | 0.77 | 0.38 | Demirel et al. (2006)
Concentrate 0.72 | 0.60 | 0.31 | 0.17 | Demirel et al. (2006)
Soy oil replaced with 0% 093 | 019 | 046 | 0.14 | Jeronimo etal (2009)
Soy oil replaced with 33.3% 1.57 {029 | 054 | 0.15 | Jeronimo et al (2009)
Soy oil replaced with 66.6% 262 | 051 | 062 |0.19 | Jeronimo etal (2009)
Soy oil replaced with 100% 3.05 | 050 | 054 | 0.20 | Jeronimo et al (2009)

Table 3. Effect of dietary source of ALA on the long-chain n-3 PUFA of lamb Longissimus
muscle (% of total fatty acids)

2.1 Conversion of ALA in humans

If humans receive an ALA- enriched source there are a generally increase in ALA, EPA and
DPA in plasma, in red blood cells and in mononuclear cells (Goyens et al., 2006). More
controversial and less consistent are found in regards of the conversion and accumulation of
DHA from dietary ALA.

Several reviews concerning the issue of ALA metabolism to EPA, DPA and DHA have
appeared recently (Brenna,2002;Burdge et al.2005). Recently Brenna et al. 2009 concluded
that there is a little doubt regarding the essential nature of ALA, yet the capacity of dietary
ALA to maintain adequate tissue levels of long-chain n-3 fatty acids remains quite
controversial.

2.2 Conversion of ALA in pigs
Different factors determine the fatty acid composition in pig's carcasses (Wiseman et al.,

2000). In non-ruminants, the fatty acid pattern of dietary lipids is reflected in the fatty acid
composition of tissues. Dietary strategies used to customize FA composition of pig fat have
been proven to be very effective because dietary fatty acids can be incorporated into pig fat
with little modifications (Bee, Jacot, Guex & Biolley, 2008).
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ALA | EPA | DPA | DHA | Reference
6% crushed linseed 20 days 2.77 0.68 | 0.90 0.44 Kouba et al. (2003)
6% crushed linseed 60 days 3.00 0.77 | 0.82 0.21 Kouba et al. (2003)
6% crushed linseed 100 days 2.19 0.44 | 0.63 0.11 Kouba et al. (2003)
Control LD 0.49 013 | 0.34 0.15 Huang et al. (2008)
Linseed (10%) 30 days LD 2.46 0.46 | 0.56 0.15 Huang et al. (2008)
Linseed (10%) 60 days LD 3.32 0.61 | 0.65 0.16 Huang et al. (2008)
No fat 0.47 ND |0.12 0.06 Duran et al. (2010)
Tallow (T) 0.93 0.03 | 0.21 0.11 Duran et al. (2010
High oleic sunflowe oil (SFHO) | 0.72 ND | 0.14 0.11 Duran et al. (2010
Sunflower oil (SFO9 0.70 ND | 0.17 0.15 Duran et al. (2010
Linseed oil (LO) 1418 | 0.27 | 0.43 0.10 Duran et al. (2010
T(55%)+SFHO (35%) + LO (15%) | 5.42 013 | 0.36 0.14 Duran et al. (2010
Fish 0il(40%) +LO (60%) 8.86 093 | 1.02 3.11 Duran et al. (2010
Palm kernel 0il LD 0.63 ND | 048 0.34 Teye et al. (2010)
Palm oil LD 0.57 ND | 0.54 0.36 Teye et al. (2010
Soybean oil LD 0.87 ND | 047 0.27 Teye et al. (2010
Corn+WCR+0% Soybean oil 0.33 0.06 | 0.23 0.16 Wang et al. (2011)
LD
Corn+tWCR+8% Soybean oil 0.52 0.08 | 0.29 0.19 Wang et al. (2011)
LD
Corn+WCR+12% Soybean oil 0.68 011 | 0.27 0.21 Wang et al. (2011)
LD
Corn+WCR+16% Soybean oil 0.72 0.08 | 0.29 0.15 Wang et al. (2011)
LD
Basal+ 3 % Rapessed oil LD 3.03 0.15 0.11 Tikk et al. (2007)
Basal +3% Palm oil LD | 117 0.09 0.08 Tikk et al. (2007)
Basal LD 0.55 022 | 047 0.14 Haak et al. (2008)
Linseed crushed 3% LD 1.24 054 | 0.75 0.18 Haak et al. (2008)
Fish 0il 10% LD 0.47 1.37 ] 0.82 1.02 Haak et al. (2008)

Table 4. Effect of dietary source of ALA on the Long-chain n-3 PUFA of pork muscles (% of
total fatty acids)

Different studies agree in that saturated fatty acids are deposited to a higher extent than
unsaturated fatty acids (Leyton et al., 1987) and that the degree of deposition of fatty acids
increases as fatty acid length increases. In relation to unsaturated fatty acids it seems that
as unsaturation increases, deposition decreases (DeLany et al., 2000). However, differences
in the relationships between intake and deposition exist, and these relate to whether the
specific FA can be synthesized in vivo (Enser et al., 2000). Duran-Monge et al. (2010) found
that deposition rates where between 65 and 73 % for diets rich in LA and between 63 and
64% for diets rich in ALA.
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ALA | EPA | DPA | DHA | Reference
Breast
Control +3% rapessed oil 233 | 0.07 | 0.57 0.32 | Kitessa & Young (2009)
Control + 3% Echium oil 6.50 | 0.24 | 1.09 0.37 | Kitessa & Young (2009)
Thigh
Control +3% rapessed oil 284 | 0.03 | 0.12 0.03 | Kitessa & Young (2009)
Control + 3% Echium oil 6.40 | 0.17 | 0.33 0.08 | Kitessa & Young (2009)
Control Breast 1.76 | 0.10 | Traces | 0.01 | Rondelli et al. (2007)
Control+5% chia seeds 6.73 | 0.65 | Traces | 0.86 | Rondelli et al. (2007)
Control+10% chia seeds 9.26 | 0.68 | Traces | 1.01 | Rondelli et al. (2007)
Control Tigh 144 | Tr Tr Tr Rondelli et al. (2007)
Control+5% chia seeds 656 | 029 | Tr Tr Rondelli et al. (2007)
Control+10% chia seeds 956 | 021 | Tr Tr Rondelli et al. (2007)
Breast
15% Sunflower high oleic 203 | 013 | 0.82 0.79 | Lozupone at al. (2009)
(SFHO)
15 % Flax seed + SFHO 791 10.79 | 1.93 1.46 | Lozupone at al. (2009)
15% Canola + SFHO 279 | 016 | 092 0.86 | Lozupone at al. (2009)
15% Chia+SFHO 10.82 | 0.61 | 1.51 1.02 | Lozupone at al. (2009)
15% Chia expeller +SFHO 873 1042 | 119 0.95 | Lozupone at al. (2009)
Breast
Concentrate +Soybean 1.71 | 0.13 | 0.79 0.75 | Azcona et al. (2008)
Concentrate + soybean 1.61 | 0.27 | 0.65 0.87 | Azcona et al. (2008)
pasture
Linseed+SFHO+pasture 432 039 | 122 1.45 | Azcona et al. (2008)
Basal 1.29 | 0.07 | 0.38 0.14 | Crespo et al. (2002)
Tallow 1.26 | 0.05 | 0.51 0.25 | Crespo et al. (2002)
Olive oil 114 | 0.05 | 0.32 0.17 | Crespo et al. (2002)
Sunflower oil 098 | nd 0.03 0.18 | Crespo et al. (2002)
Linseed oil 3528 | 1.01 | 0.91 0.35 | Crespo et al. (2002)
Control (Corn-soybean) 319 | 011 | 0.57 0.47 | Azcona et al. (2008)
Flaxseed (15%) 10.03 | 0.55 | 119 0.85 | Azcona et al. (2008)
Rapeseed (15%) 3.69 | 016 | 0.70 0.60 | Azcona et al. (2008)
Chia seed (15%) 11.73 | 0.92 | 1.23 0.72 | Azcona et al. (2008)
Chia meal (15%) 882 032 | 1.16 0.89 | Azcona et al. (2008)

Table 5. Effect of dietary source of ALA on the Long-chain n-3 PUFA of poultry meat (% of

total fatty acids)
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The deposition rate for long-chain PUFA was 33.6%, 47, 9% and 48.9% for ARA (C20:4 n-6),
EPA an DHA respectively. When no EPA and DHA were added to the diet, high linolenic
acid content s in the diet only can increase EPA contents in the whole animal but not DHA.
Mathematical relationships between the dietary concentration of PUFA and the fatty acid
composition of back fat and intramuscular fat of swine have been established (Nguyen et al.,
2003).

Poumes-Ballihaut et al. (2001) have shown that the tissue concentrations of the long-chain
n-3 PUFA, particularly DHA, are lower in an ALA-based diet than one in which the
performed long-chain n-3 PUFA are presented. Barcelo-Coblijn et al. (2005) found in guinea
pigs, both the brain and retina DHA levels were greater when a diet containing 1% of ALA
and 1.8% of DHA was fed relative to one with only 7.1% ALA. When guinea pigs were fed a
high level of ALA, many tissues had very substantial increases in ALA, EPA and DHA but
comparatively little increase in DHA.

Pork normally has a high C18:2 content, producing a high P/S ratio, but an unfavourable n-
6/n-3 ratio. A major aim of the feeding strategy was to improve the n-6/n-3 ratio, whilst
maintaining a beneficially high P/S ratio.The n-3 PUFA level can be increased in pork by
feeding fat sources as linseed, which contains abundance of C18:3 n-3, C18:3 n-3 might
elongate in pig tissues to produce long chain n-3 PUFA (Wood & Enser 1997). Conversely, a
higher proportion of long chain n-6 PUFA derived from linoleic acid results in a pro-
inflammatory status. The ratio of n-6/n-3 PUFA is a risk factor in cancers and coronary
heart disease, especially the formation of blood clots leading to a heart attack (Enser, 2001).
More recently, nutritionists have focused on the type of PUFA and the balance in the diet
between n-3 PUFA formed from C18:3 n-3 and the n-6 PUFA from C18:2 n-6 (Willians 2001)
According to Canadians standards, enrichments of n-3 PUFA, can be obtained in pork
products when relatively low levels of back fat from pigs fed flaxseed are included. with
pig diets supplemented with vegetable oils such as soybean oil, sunflower oil, and corn oil,
contain a high percentage of PUFA and should lead to healthy products for consumers.

Flax is a rich oilseed source of ALA and feeding flax to pigs has been used to increase levels
of n-3 PUFA in pork, as reviewed by Nuijens et al. (2003).The effect of feeding flaxseed on
tissue deposition on n-3 PUFA in pigs has been found to be quite variable. Feeding extracted
flaxseed oil likely provides the most digestible form of ALA, but would be relatively
expensive for inclusion in swine diets. Huang et al. (2008) found 9,72% n-3 PUFA in back fat
fatty acids when feeding 10% flax to pigs for close to 13 weeks.

Several authors have reported a lack of effect of flax diets on tissue levels of DHA and only a
few studies have reported increased levels of DHA after feeding a relative low level (2-2.5%)
of dietary flax (Corino, Musella & Mourot, 2008; Enser et al.,2000). The lack of effect on DHA
may be explained by competition for A6 desaturase activity between ALA and the precursor
for DHA (i.e. 24:5 n-3), when the dietary concentration of ALA is high (Cameron et al.,
2000).The addition of a 50:50 mix of extruded flax/peas to pig diets provided a highly
available source of ALA yielding n-3 fatty acid enrichments in back fat comparable to
reports when feeding supplemental flax seed oil (Juarez et al., 2010). Kouba et al. (2003)
studied the FA composition of longissimus muscle from pigs fed a 6%crushed linseed diet
for 20, 60, or 100 days. The ALA proportions were 2.77, 3.00 and 2,19% respectively, the EPA
0.68, 0.77 and 0.44 respectively, the DPA 0.90, 0.82 and 0.63 respectively and the DPA 0.44,
0.21 and 0.11 % respectively. The reason of the absence of effect of linseed-supplemented
diets on the proportion of the quantity of DHA in pig's tissues is not clear. It is either
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directly due to the low capacity of the pig to synthesize DHA from EPA, or it is due to a
rapid utilization of DHA in pig tissues (Kouba & Mourt, 2011)

The supplementation of pigs fed with whole crop rice with soy bean- oil at levels of 0, 8, 12
or 16% affected the fatty acid composition of back fat and Longissimus muscle. The
concentration of SFA and MUFA in back fat and in Longissimus dorsi muscle decreased
significantly with the inclusion of soybean oil in the diet (p<0.05). The n-3 and n-6 PUFA
were significantly higher in back fat and in Longissimus dorsi muscle of pigs fed diet with
soybean oil. The ratios P/S were significantly higher and lower in n-6/n-3 in both tissues of
pigs fed with soybean oil (Wang et al. 2010). Feeding 3% of soybean oil to seventy -to
crossbreed barrows increased the contents of C18:3 and C18:2 in the neutral lipids and
phospholipids in both Longissimus and biceps brachii muscles (Ping et al., 2008).

Male and female pigs were fed diets containing palm kernel oil to fish oil in ratios given as
% inclusion 4.1:0.0, 3.9:0.3, 3.6:0.5, and 3.4:0.7.The levels of EPA, DPA and DHA in M.
Longissimus increased in a dose-dependent manner when dietary fish oil increased up to
0.7%. The high levels of DPA compared to a markedly lower percentage of EPA than seen in
the diet, suggests a strong activity of EPA elongation. The decrease in the ratio between
DPA: EPA with increased inclusion of fish oil further suggests a tendency of saturation of
this activity (Hallenstvedt et al., 2010).

In pigs the duration and time of feeding a specific fat source on the muscle FA is dependent
on the FA considered. For the deposition of ALA and its conversion to long chain
metabolites in muscle after the supply of linseed, only the last phase before slaughter was
determinant. When fish oil was used, the greatest EPA and DHA proportions were found in
case of a continuous supply throughout the fattening period, and levels of DHA but not
EPA were lower when fish oil was fed during the first fattening phase followed by linseed
feeding before slaughter (Haak, et al., (2008).

2.3 Conversion in poultry

There are opposite deposition patterns between broilers fed fish products and those fed
flaxseed and suggests that n-3 fatty acid tissue deposition is source dependent. Fish
products are a source of EPA and DHA. whereas crop such as flaxseed provide ALA. Long
chain n-3 were either not detected or were detected in very low concentrations in white and
dark poultry meats tissues.

Several authors have shown that poultry meat can also be enriched with EPA an DHA by
supplementing their diets with marine-based n-3 PUFA sources (Rymer & Givens, 2005).
The incorporation of dehydrated leguminous- based forage in the diet for broiler chicks
results in more favourable polyunsaturated fatty acid/ saturated fatty acids and n-6/n-3
nutritional ratios for animals slaughtered at early stages of grow (Ponte et al., 2008).
Addition of 0.5 and 10% of chia seed to poultry diets increased in broiler breast lipids the
ALA proportions (1.76; 6.73 and 9.26 % respectively), the EPA proportions (0.10, 0.65, and
0.68% respectively) and DHA proportions (0.0, 0.86 and 1.01% respectively (Rondelli et
al.,2007)

Broilers fed rapeseed, flaxseed, chia seed and chia meal increase the ALA, long-chain n-3
and total PUFA n-3, contents of white and dark meats. Chia seed gave the highest total
PUFA n-3 increasing, yielding 157 and 200%increases for dark and white meat, respectively
(Ayerza et al., 2002; Azcona et al., 2008).

Birds fed Echium oil-supplemented rations had more than double of ALA, SDA, EPA and
DPA in tissues than those fed similar rations supplemented with rapeseed oil. Echium oil
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was more effective than rapeseed oil in changing the EPA levels in chicken meat, but the
two vegetable oil sources were similar in that they both had no impact on the amount of
DHA (Kitessa & Young, 2009).

2.4 Conversion in cattle

Meat from pasture- finished beef has greater amounts of n-3 PUFA compared to
concentrate-based diets (French et al., 2000; 2003; Garcia et al., 2008). Similar results were
observed by Lorenz et al. (2002) in pasture finished bulls compared to concentrate fed. The
types of forage, crop variety, cutting, season, year, etc, affects the fatty acid composition of
forage crops for grazing forage beef production (Preston, 2005; Garcia et al., 2007)

The forage-based diets increases ALA in LD muscle as compared with feeding concentrates,
agreeing with previous studies with beef cattle comparing alfalfa silage (Mandell et al., 1998)
or pasture (French et al., 2000, 2003).

The most common method of enhancing the CLA (cis-9, trans-11 C18:2 isomer) and TVA
(trans-11 C18:1) content of ruminant meat and dairy products is to provide the animal with
additional dietary unsaturated fatty acids, usually from plants oils such as soybean oil
(SBO), for use as substrates for ruminal biohydrogenation (Mir et al., 2003). Steers fed a
corn-based diet supplemented with SBO may enhance TVA without impacting CLA, while
reducing the MUFA content of lean beef (Ludden et al., 2009).

Bulls grazing on pasture and finished on a diet containing linseed accumulated two or three
fold higher concentrations of total n-3 PUFA in their muscles compared to those fed
concentrate. The increased concentrations of EPA, DPA and DHA in muscle of animals fed
on grass suggests that the high availability of ALA in the diet has resulted in an enhanced
synthesis of these n-3 long- chain PUFA (Nuernberg et al., 2005)

Supplementation to Friesian bull calves with a high forage fattening diet with soybean oil
or extruded full fat soybeans, at a level of 33 g added oil per kg of diet, increases de level
of ALA in intramuscular lipids (Aharaoni et al. , 2005).

Concentrates enriched with linseed oil-enriched concentrates results in a favourable n-6/n-3
PUFA ratio. The fatty acid proportion of polar lipids of fat from Longissimus dorsi
presented similar proportions of ALA and EPA but less DPA and DHA compared with beef
heifers offered pasture only (Noci et al., 2007).

2.5 Conversion in lamb and sheep

All n-3 polyunsaturated fatty acids were higher in muscle from lambs fed dried grass- based
diet than from lambs fed concentrate-based diets (Demirel, 2006)

Meat from Patagonian lamb raised on natural grasses showed high concentrations of ALA
and long-chain fatty acids, EPA, DPA and DHA compared with lipids from other lamb
production systems (Garcia et al., 2008).

The feeding regime, herbage or concentrate affected the total n-3 PUFA in Longissimus dorsi
muscle of lambs. The herbage regime presented more ALA and EPA but no significant
changes in DHA (Vasta et al. 2010).

Berthelot & Schmidely (2010) used sixty male lambs in two trials to study the efficiency of
transfer and elongation of ALA in muscle and caudal adipose tissue. In experimental 1 diet
lambs were fed a control diet or extruded linseed diet either with wheat or corn and in
experiment 2 lambs were fed with normal rapessed or hig-oleic rapessed, or soybean. In
experiment 1 linseed increased ALA proportion and total n-3 PUFA in muscle and adipose
tissue. In experiment 2 increasing LA intake increased LA proportion in muscle and
adipose tissue but did not modify ALA proportion. They concluded that in agreement with
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published results, feeding extruded linseed increased the proportion of ALA and long-chain
n-3 PUFA in the muscle and adipose tissue of intensively-reared lambs fed high starch
concentrates. The type of cereal grains was not a major factor of transfer of ALA in
carcasses. Increasing LA intake in lambs fed linseed did not affect ALA transfer or
elongation and desaturation of long- chain n-3 PUFA in the muscle.

Several strategies have been tested to improve the nutritional value of meat of intensively-
reared lambs, kept indoors and fed high- concentrate diets rich in LA and poor in ALA.
Incorporating linseed rich in lipid and ALA in the diet has been advocated by several
research (Wachira et al., 2002; Bas et al., 2007) because it induced a high ALA in tissue
content and an increase in long-chain PUFA n-3.

The effect of grazing on Trifolium subterraneum and lolium mltiflorum on lamb meat was
studied (Chiofalo et al., 2010). The grazed forage species has influenced the fatty acid
composition of lamb meat. The grazing on T. subterraneum as monoculture and associated
with L. multiflorum in the proportion T/L =66/33 has increased the linolenic acid of L.dorsi
muscle.

Supplementation of linseed and soybean oils as a source of PUFA en lambs finishing diets
had only modest effects on fatty acid composition on muscle and adipose tissues (Radunz et
al., 2009). Similar studies have come to the same conclusion based on effects of feeding
unsaturated oil supplementation in high-concentrate diets (Beaulieu et al. ,2002; Engle et al.,
2000; Rizzi et al., 2001; Santos-Silva et al., 2003).

The dietary replacement of sunflower oil with linseed oil increases significantly the n-3
PUFA in lamb meat. However, the synthesis of EPA and DHA from dietary C18:3 n-3 seems
to be limited, and thus the EPA and DHA enriched lamb meat contributes only in a small
amount to the recommended daily intake for humans diet (Jeronimo et al. (2009).

Lambs initially fed with concentrate showed a lower proportion of most of n-3 PUFA than
lambs initially fed with lucern in intramuscular fat from Longissimus muscles (Bessa et al.,
2008).

Peng et al. (2010) investigated the effects of supplemental oilseeds in the diet (sunflower
seed, saflower seed, rapeseed and linseed), on fatty acid composition in different ewes
tissues. Beneficial fatty acid content of tissue can be increased by oilseed supplementation,
but the magnitude of increase varies according to tissue.

The dietary replacement of sunflower oil with linseed oil increased significantly the n-3
PUFA in lamb meats, with the highest value of n-3 long-chain PUFA achieved with 78% of
sunflower oil with linseed oil replacement. However, the synthesis of EPA and DHA from
dietary ALA seems to be limited, and thus the EPA and DHA enriched lamb meat
contributes only in a small amount to the recommended daily intake for human diet
(Jeronimo et al., 2009).

3. New sources of long chain PUFA n-3

It is know that global fish stocks are in danger, so, fish production may decrease in the
future. In addition of this, some fishes, especially marine fishes like salmon, sardine, tuna,
anchovy, mackerel or hake, are sometimes contaminated with heavy metals as copper or
mercury, and organic pollutants as PCBs or dioxins, which have a toxic effect for human
health (Domingo et al., 2007). Worm & Barbier (2006) predicted that sea food resources
would face total collapse mid this century.

For that reasons, several alternative sources for omega-3 PUFA have been proposed, as
marine microalgaes, algaes or transgenic plants (Lichenstein et al., 2006).
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Marine microalgae, provide the food base that supports the entire animal population in
open seas. Cardoso et al.,, (2007) have reviewed the most recent research on microalgae
production of high-value compound having relevance in food science, pharmacology or
human health, as PUFA. Marine microalgae are one of the primary producers of long-chain
PUFA, and these are capable of converting LNA and ALA to ARA, EPA and DHA, by a
series of aerobic desaturations and elongations.

Both LNA and ALA are found in many crop plants such as canola, linseed and soybean and
provide a good stating point for transgenic conversion to long-chain PUFA. The transgenic
aerobic long-chain PUFA production begins with either a A6-desaturation or a A9-elongation
as the first commited steps of two separate pathways that lead to long -chain PUFA. These
enzymes can often act on ALA and LNA equally well, resulting in parallel pathways, which
yield both omega-3 PUFA and less desirable omega-6 PUFA product including ARA. ARA
will only be converted to EPA, and thus DHA, by a A17-desaturation (Wu et al. 2005).

Petrie et al. (2010) have identified and characterised a probable acyl-CoA A6-desaturase with
strong omega-3 preference from the marine microalga M. Pusilla. They have used this
enzyme in a highly productive pathway in N. benthamiana that culminated with the
accumulation of 26% EPA in TAG and have confirmed strong omega 3 preference in
transgenic Arabidopsis.

Plants have the capacity to serve as a sustainable source of omega -3 fish oils. In order to
investigate the impact of different genes on accumulation of n-3 long chain n-3 PUFA, plants
were transformed with a number of recombinant binary plasmids, expressing a range of
different genes from a variety of organism under control of seed-specific promoters.
During the last 10 years, genes encoding the primary enzymes involved in biostnthesis of
these fatty acids have been succeefully isolated from a range of VLC-PUFA-synthesising
organisms with a number of these being heterologously expressed, syngle or in
combination, in oil-seed crops (Sayanova et al., 2004; Napier, 2007) Depending of the
combination of genes, Ruiz et al.,, 2010 could identify in Arabidopsis plants lines with
high EPA and/or DHA content, and with/ without the accumulation of intermediates.
They showed the practical feasibility of large-scale production of these important n-3
PUFA.

Although the biosynthesis of ARA, EPA and to some extent to DHA has been demostrated
using different approaches in transgenic plants, the resu

Itant fatty acid composition and levels are not equivalent to that found in fish oil. In most
current examples such transgenic plants also contain high levels of n-6 and n-3 metabolic
intermediaries (Venegas-Calderon, Sayanova & Napier, 2010). Fish oils are almost free of
omega- 6 fatty acids such as GLA and DHGLA.

Some early results in enriching plant with n-3 PUFA through transgenesis have been
reported in Arabidopsis, soybean and rapeseed (Robert et al., 2005; Sato et al., 2004; Ursin,
2003). The profile and relative profile concentrations of fatty acids in corn and soybeen seed
from transgenic and isogenic crops was reported by Jimenez et al., 2009.

4. Conclusions

The conversion of ALA from vegetal oils in long-chain fatty acids EPA (C20:5 n-3), DPA
(C22:5 n-3) and DHA (C22:6 n-3) as a results of many studies with both ruminants and non-
ruminants is not important, resulting in only a small increase in the deposition of EPA and
DPA. The capacity of dietary ALA to maintain adequate issue levels of DHA in meat lipids
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seems to be very low. The nutritional importance of increased ALA concentration is not
clear since ALA is not as bioactive as longer chain n-3 PUFA such as EPA, DPA and DHA.
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