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SUMMARY 
The enrichment of poultry products by the manipulation of feed 

composition has been widely studied. Eggs and meat from poultry could be 
considered as excellent sources to supply human diets with specific 
nutrients, vitamins, and trace minerals with beneficial properties on health. 
Enrichment with some of them, such as n-3 polyunsaturated fatty acid 
(PUFA), vitamins (e. g. vitamins A, D3, and E) and minerals (e. g. selenium 
and iodine) , as well as the reduction of the cholesterol level of the eggs, 
have been considered for improving nutritive value of poultry products. 
The dose and length of supplementation might determine the efficiency of 
deposition of selected nutrients. The combination of PUFA with anti-
oxidant compounds in the feed might be  advisable to preserve the 
oxidative stability. 

Keywords: poultry products, enrichment, PUFA 
 
 

INTRODUCTION 
Poultry products play an important role in human diet worldwide due 

to their high nutritional value and low relative cost. Meat end eggs from 
poultry are considered sources of energy and amino acids, but also of 
several essential factors such as vitamins and minerals. However, the way 
that consumers look at food has changed in the past decades and the 
concerns about the relation between diet and human health has increased 
in western countries. In this regard, the poultry industry has worked to 
increase the nutritional properties and quality of eggs and meat to promote 
their healthy consumption. Several strategies have been used to diversify 
poultry products and to provide additional value to conventional 
production. Feeding the birds over nutrient requirements has resulted an 
effective method to enrich the nutritional and biological value of poultry 
products, especially in those nutrients that might either provide with an 
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additional health benefit in humans or help to overcome nutritional 
imbalances (Bourre and Galea, 2006; Schiavone and Barroeta, 2011). 
Therefore, the supplementation with selected compounds might be 
considered as an interesting commercial strategy to obtain added value 
products with increasing demand in the European Union. However, the 
response to dietary levels and transfer efficiency varies among compounds, 
and their study becomes essential to achieve an effective enrichment by 
feed manipulation. Nutrient fortification of poultry products through feed 
modification has been widely studied (Sirri and Barroeta, 2007; Singh et al., 
2012). Most of these studies have been focused on the modification of the 
fatty acid (FA) profile [enrichment in omega-3 polyunsaturated fatty acids 
(n-3 PUFA) and conjugated linoleic acid (CLA)], the decrease in the level of 
cholesterol, and the enrichment with vitamins and minerals. In addition, 
carotenoids, xanthophylls, herbal principles, and therapeutic antibodies 
have also been studied. 

The objective of the present manuscript is to review different 
approaches to modify the nutritional value of eggs and meat from poultry 
through feed manipulation, in order to obtain products with an additional 
value that might result  profitable for producers.  Those strategies that 
might be of special interest such as lipid and vitamin enrichment of table 
eggs will be emphasized. 
 
 

Omega-3 enrichment 
The family of n-3 PUFA are associated to several positive effects on 

human health. An appropriate intake of n-3 PUFA is recommended to 
prevent atherosclerosis, hypertension, diabetes, cancer, Alzheimer´s 
disease, and cardiovascular diseases, and it is also associated to anti-
inflammatory processes and brain development (Shahidi and 
Ambigaipalan, 2018). Therefore, the enrichment of poultry products with 
this FA can be used as an alternative to fish in order to increase the intake 
of n-3 PUFA in humans. The concentration of the different n-3 PUFA 
depends widely among sources (Table 1).  

 
Table 1. Fatty acid composition (g/kg) of different n-3 PUFA oil sources (FEDNA, 
2010). 

 Canola Linseed Herring Anchovy Tuna Sardine 
C18:3 (α-linolenic) 90 540 - - - - 
C20:5 (EPA) - - 70 104 80 110 
C22:6 (DHA) - - 60 108 210 110 
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The α-linolenic acid (C18:3n-3) is present in vegetable sources, such as 
soybean, canola, and especially, linseed oils. In contrast, the 
eicosapentaenoic (EPA: C20:5n-3) and docosahexaenoic (DHA: C22:6n-3) 
acids, which are related to most of the beneficial properties associated with 
n-3 PUFA, are generally abundant in marine sources, such as fish oil and 
algae. Birds and mammals are not able to synthesize α-linolenic acid, which 
is a precursor to produce EPA and DHA, and therefore, its incorporation 
depends on diet supplementation. 

Typical western diets are rich in n-6 PUFA, abundant in vegetable oils 
and deficient in EPA and DHA (Blasbalg et al., 2011). The synthesis of EPA 
and DHA from α-linolenic acid is conducted by the same enzymatic 
processes involved in the n-6 FA desaturation pathway. Therefore, it is 
recommended to reduce the ratio n-6: n-3 FA in the diet to maximize the 
production of DHA. (Schmitz and Ecker, 2008).  

The inclusion of high levels of long chain PUFA in the feed is associated 
to a higher oxidative susceptibility of lipids and  might alter the 
organoleptic properties of the egg and meat from poultry (Cortinas et al., 
2005; Galobart et al., 2001a). In fact, this susceptibility to oxidation is 
higher in n-3 than in n-6 PUFA (Li et al., 2013). The source and the dose of 
oil used, as well as the conditions and duration of storage, determine the 
effects of the oxidation processes and therefore the acceptance by 
consumers. For example, the main flavor rejected by consumers is the taste 
of fish in poultry products when the supplementation with n-3 is excessive 
(Van Elswyk et al., 1995), and the anti-oxidant properties of carotenoids 
contained in algae provides further oxidative stability compared to other 
n-3 sources (Rymer et al., 2010a).  

Several studies (Grobas et al., 1999, 2002; Galobart et al., 2001a; Nain 
et al., 2012; Ehr et al., 2017) have reported the significant effect of the 
characteristics of feed on the FA composition of the lipid fraction of the egg. 
However,  the efficiency of retention of n-3 and the FA profile of the egg 
yolk is directly affected by the source of enrichment. According to de Blas 
et al. (2005), results from various research works showed that the 
retention of EPA and DHA in the egg yolk is linearly related to the levels of 
n-3 in feed. However, the retention efficiency was reduced as the levels of 
supplementation increased, an effect that was independent from the source 
of n-3 used. According to these authors, the highest retention efficiencies 
were obtained with DHA concentrates. When linseed oil is supplemented, 
an important part of the of the α-linolenic acid is retained unaltered in the 
egg yolk, and therefore the retention of EPA and DHA is lower than that 
obtained with feeds supplemented with algae or fish oil at the same level of 
total n-3. As a consequence, the amount of supplemented n-3 PUFA needed 
in feed to obtain a determined concentration of EPA and DHA in the egg is 
significantly reduced when sources of DHA, such as algae or fish oil, are 
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used. The egg yolk stability against oxidation is significantly decreased at 
high levels of supplementation with long-chain PUFA. In this regard, the 
sensorial quality of the product might be compromised, especially with 
high levels of fish oil inclusion (>1.5%) and under long-term and 
inadequate conditions of storage (Van Elswyk et al., 1992, 1995). 
Consequently, the enrichment of meat and eggs with n-3 PUFA should be 
combined with the addition of anti-oxidant compounds, such as vitamin E 
or selenium, in order to interrupt lipid oxidation and avoid unpleasant 
flavors (Galobart et al., 2001b; Rymer et al., 2010b).  

The FA profile of the lipid fraction of the chicken meat can also be 
modified by dietary supplementation with n-3 PUFA (López-Ferrer, 2001; 
Lu et al., 2014). Zuidhof et al. (2009) reported an optimal strategy for n-3 
enrichment using 10% flaxseed starting 24 d before slaughter in broilers 
from 1 to 35 d of age to reduce feed costs and to obtain adequate levels of 
n-3 enrichment, carcass weight, and meat yield. However, the inclusion of 
sources of n-3 PUFA might compromise lipid stability. Lipid content and 
composition might influence meat quality characteristics such as firmness, 
juiciness, and flavor (Wood et al., 2008). Furthermore, increased lipid 
oxidation by PUFA enrichment also affects fat soluble pigments of the meat. 
According to Mooney (1998), n-3 PUFA enrichment by supplementing with 
either 5.5% golden marine algae or 2.1% menhaden oil increased 
deterioration of flavor quality of the breast meat. These authors also 
concluded that the supplementation with 2.8% golden marine algae 
increased n-3 PUFA concentration in the meat with negligible effect on 
flavor or lipid quality. Supplementing oil sources and anti-oxidants 
maximizing the deposition of n-3 FA in the egg yolk without altering the 
sensorial characteristics of the egg should be considered to optimize the 
egg enrichment. 

 
Low cholesterol 
Consumers frequently demand low cholesterol products and therefore, 

decreasing the level of cholesterol might be an interesting strategy for 
producing table eggs. However, this reduction is not easy to achieve as the 
level of cholesterol in the egg yolk is mainly determined by the strain and 
age of the bird. The reduction of the size of the egg yolk might result in a 
lower level of cholesterol in the egg, and could be reached by fiber 
supplementation and the reduction of the energy intake of the bird. 
However, these strategies are usually associated with a reduction in egg 
production and weight (Grobas and Mateos, 1996). Other alternatives, such 
as the supplementation with chromium, nicotin acid, statin, garlic, basil 
plant sterol, and n-3 FA have also been used with inconsistent results 
(Singh et al., 2012). 
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Vitamin enrichment 
Vitamins play an important role in many different physiological 

processes in human health. The growing concern of consumers about the 
nutritive and biological value of food has increased the interest for vitamin 
enrichment of the egg. The vitamin content of the egg yolk is directly 
affected by the vitamin concentration of the feed, especially for fat-soluble 
vitamins, such as vitamins A,  D3,  and  E (Sirri and Barroeta, 2007). 
However, the enrichment with water-soluble vitamins (folic acid and 
vitamin B12) has also been studied (House et al., 2002; Squires and Naber, 
1992). The transfer efficiency varies significantly among vitamins and 
depends on the level and duration of the supplementation (Naber, 1993). 

Among several physiological processes, vitamin A is involved in the 
development and conservation of the mucosa, visual functions, bone 
development, and immune response. Retinol, retinyl esters, and retinal are 
included in the group of vitamin A compounds, which are only present in 
animal tissues and result from the conversion of their precursors in the 
intestinal epithelium. The β-carotene is considered the most active 
provitamin A. The deposition of vitamin A in the egg increases linearly in 
response to increases in the dietary dose, although the retention efficiency 
is conditioned by the intermediate storage of the vitamin in the liver 
(Squires and Naber, 1993). These authors observed that the response to 
dietary vitamin A in the egg yolk content delayed 13 weeks from the start 
of supplementation. In addition, the retention efficiency decreased as the 
levels in the feed increased from 4,000 to 16,000 IU retinyl acetate per kg. 
Similar results have been reported by other authors (Jiang et al., 1994; 
Surai et al., 1998; Mori et al., 2003). Especial attention has to be paid to 
interactions among fat-soluble vitamins during the absorption process in 
the gut.  

Vitamin D is involved in the formation and maintenance of the bone, 
and an extended deficiency can result in osteoporosis and osteomalacia 
(Sirri and Barroeta, 2007). The vitamin D can be obtained by the action of 
sunlight in the skin and by food intake. The most active form of this vitamin 
in birds, the cholecalciferol (vitamin D3), is relatively scarce in common 
foods. Therefore, insufficiency in this vitamin is frequent in some European 
countries during the winter period, when the exposure to ultraviolet light 
is reduced. Eggs are considered a natural source of vitamin D for humans 
and dietary supplementation has resulted in a consistent enrichment of the 
egg yolk (Mattila et al., 2003, 2004). These authors observed that the 
maximum content of cholecalciferol contained in the egg yolk was reached 
after 8 to 13 d of supplementation and was higher as the concentration in 
the feed increased. 

The anti-oxidant function of vitamin E is frequently used to improve 
the oxidative stability of lipids and preserve those products rich in 
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unsaturated FA, such as those from poultry (Galobart et al., 2001a, b). 
Moreover, a fortification of vitamin E provides further benefits in human 
health associated to a reduction in different pathologies and metabolic 
disorders (Sirri and Barroeta, 2007). The concentration of α-tocopherol, 
the most active form of vitamin E, in the egg  yolk increases linearly with 
the level of supplementation in the feed (Qi and Sim 1998; Meluzzi et al., 
1999; Galobart et al., 2001a). However, high concentrations of n-3 PUFA in 
the feed increase the requirements of vitamin E in order to overcome the 
increased lipid peroxidation and therefore reduce the deposition of α-
tocopherol in the egg yolk (Valk and Hornstra, 2000). Therefore, the type 
and level of fat and other fat-soluble vitamins (e. g. vitamin A) might affect 
the transference of the vitamin E from feed to the egg (Jiang et al., 1994; 
Grobas et al. 1996, 2002; Mendoça et al., 2002). The conditions of 
processing and storage might also affect the vitamin E concentration of the 
egg. In this respect, the duration of storage did not significantly affect the 
content of vitamin E in the egg yolk of shell eggs (Cherian et al., 1996; 
Meluzzi et al., 1999), but this content decreases significantly when the eggs 
were stored at high temperature (Franchini et al., 2002) or when were 
subjected to hard cooking and drying processes (Wahle et al., 1993; Murcia 
et al., 1999; Cortinas et al., 2003). 

 
Mineral enrichment 
The mineral enrichment of eggs has been widely studied in order to 

overcome mineral deficiencies in humans. The response in the 
concentration in the egg without shell to variations in the diet differs 
among minerals and most of them are deposited in the egg yolk (Grobas et 
al., 1996). Selenium and iodine might be considered of especial interest but 
others such as iron and zinc have also been studied (Park et al., 2004; Stahl 
et al., 1988).  

Selenium supplementation in human diet helps to reduce the risk of 
arthritis and cancer (Finley, 2007; Fisinin et al., 2009; Schrauzer and Surai, 
2009) and also improves the oxidation stability of the PUFA of the egg yolk 
(Cai et al., 2012; Lee et al., 2014; Han et al., 2017). In this respect, the egg 
has been considered as an effective vehicle for selenium supplementation 
in the human diet (Surai et al., 2007).  

Iodine deficiency disorders are common in many European countries, 
and increasing the iodine concentration in eggs by feed supplementation 
may contribute to solve these problems. According to this, Opaliński et al. 
(2012) reported that the concentration of iodine in the egg yolk depends 
on the level of supplementation in the feed. 
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Other sources of enrichment: conjugated linoleic acid and lutein 
The CLA consists of a group of isomers of linoleic acid with potential 

properties to reduce the risk of cardiovascular diseases and diabetes. 
However, these isomers are produced in the microbial biohydrogenation of 
PUFA occurring in fermentative digestive sites, and thus are common in 
ruminant and rabbit products, but very scarce in pig and poultry. 
Therefore, studies for enriching eggs and meat by adding CLA were 
conducted some years ago. In this respect, CLA is efficiently incorporated 
in tissue lipids of eggs (Álvarez et al., 2004;  Cachaldora et al., 2005) and 
broiler meat (Suksombat et al., 2007; Jiang et al., 2014) with increased 
supplementation in the feed. In addition, Jiang et al. (2014) found that 
feeding broilers with 1% of additional CLA in the diet had beneficial effects 
on meat quality, antioxidant capacity, and FA composition. 

Carotenoids are known to pigment the lipid tissues of meat and eggs of 
birds and to work as anti-oxidant agents, but are also related to further 
beneficial on human health effects, such as prevention of macular 
degeneration that might result in different eye disorders (Landrum and 
Bone, 2001). Leeson and Caston (2004) reported that lutein 
supplementation increased the Roche color score of the egg yolk rapidly 
within 7 d in response to dietary levels, although no differences were 
observed over 375 ppm of lutein in the feed. Furthermore, the addition of 
PUFA in feed decreases the deposition of lutein in the egg yolk. 

 
 

CONCLUSIONS 
The new trends of demand of consumers ask for enriched products 

with higher contents of specific nutrients with positive properties in 
human health and disease prevention. Several researches have confirmed 
that poultry products, particularly eggs, are appropriate vehicles to 
increase the daily intake of some of these beneficial compounds because of 
their nutrient stability and bioavailability, conservation capacity, 
palatability, and importance in the human diet. Fortification with n-3 PUFA, 
fat-soluble vitamins, and specific minerals and the decrease in the 
cholesterol and saturated fat content are the most common ways  for 
adding value to poultry products. In coming years, the guarantee of a 
profitable production and consistent quality of these products and the 
development of new enrichment strategies might become “key” for the 
industry of added value products in poultry production. 
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